]

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES
AND DOCUMENTATION

WORKING COMMISSION W18 = TIMBER STRUCTURES

CiB - w18

MEETING SEVEN 7
STOCKHOLM, SWEDEN
28 FEBRUARY/1, 2 MARCH 1977




CONTENTS §. 23

1

(<) N 2 . . ¥

o

10
11
12
13
K14
15
16
i
18
19
20

21

- ——

LIST OF DELEGATES

CHATRMAN'S INTRODUCTION

CO=OPERATION WITH OTHER ORGANISATIONS
STRESS GRADING

JOINTS

PLYWOOD

GLUED~LAMINATED STRUCTURES

LLOAD DURATION EFFECTS

LONG-TZRM JOINT TESTS

TIMBER CODE

FIBRE BUILDING BOARDS

BRACING OF STRUTS

JOINTED BEAMS

TORSIONAL TESTING OF SOLID AND LAMINATED TIMBER
SWEDISH TIMBER HOUSING

NEXT MEETING

PAPERS PRESENTED AT THE MEETING
CURRENT LIST OF CIB-W18 PAPERS

ISO TECHNICAL COMMITTEES

IS0 TC 165 MEMBERSHIP

o O v B

11
11
12
12
12
13
13
3
13
14
15
16
23

VOLUME ONE: COMMON UNIFIED RULES FOR DIFFERENT TYPES

O CONSTRUCTION MATERIAL

ﬁ 107 /;ln,

Lehrstuhl for
lngenieurholzbau u. Baukeonstrukfionen
Universitat (TH) Karisrone
Prof, Dr.-Ing. K. Mdhler




1 LIST OF DELEGATES
AUSTRIA

E Armbruster

BELGIUM

L Montfort
Riberholt

A Visser

CANADA

C R Wilson

TENMARK
M Johansen
H J Larsen
FINLAND
E Niskanen

T Rechardt
U Saarelainen

Stamolovt-Npr.w LH-T213
Imu. Ay EA0L1T

Lehrstuhl fir Inganieurholzbau
und Boukonsirukiionen
Universitatl Karlsruhe

Univ.-Prof. Dr.-Ing. H. J. Blaf

EBuropean Federation of Building Joinery Manufacturers!
Association, Wien,

Institute National du Logement, Brussels
Automated Building Components, Brussels
Automated Building Components, Brussels

Council of Forest Industries of British Columbia, Vancouver

Statens Byggeforskningsinstitut, Horsholm
Instituttet for Bygningstekn, Aalborg

Technical University, Otaniemi
Technical Research Centre of Finland, Espoo
Technical Research Centre of Finland, Espoo

FEDERAL REPUBLIC OF GERMANY

P Frech
K M8hler
P Taylor
NETHERLANDS

J Kuipers

NORWAY

P Aune

O Brynildsen

0 B Kristiansen

FRANCE

P E H Crubile

Otto-Graf-Institut, Stuttgart
Universit¥t Karlsruhe, Karlsruhe
American Plywood Association, Sandwiese

Stevin Laboratory, Delft

Norges tekniske hﬁgskole, Trondheim
Norsk Treteknisk Institutt, Oslo
Norges Byggstandardiseringsrgd, Oslo

Centre Technique du Bois, Paris




RO ENTENL S b

B Bany Centralny Osrodek Badawezo Projektowy, Warsaw
W Wozynski Centralny Osrodek Badawezc Projekiowy, Warsaw

REPUBLIC OF SOQUTH AFRICA

J Simon Council for Industrial and Scientific Research, Pretoria
WEDEN

H Edlund Svenska Plywoodforeningen, Stockholm

T Englesson Swedish Forest Products Research Laboratory, Stockholm
B Johannesson Chalmers Tekniska HBgskola, GBteborg

C Johansson Chalmers Treniska H¥gskola, GBteborg

B K#ilsner Swedish Forest Products Laboratory, Stockheim

B Noren Swedish Forest Products Laboratory, Stockholm

B Robens Triinformation, Stockholm

T Schmidt Swedish Forest Products Laboratory, Stockholm

B Thunel Swedish Forest Products Laboratory, Stockholm

H Wickholmn Triinformation, Stockholm

UNITED KINGDOM

L & Booth Imperial College, London

H J Burgess Timber Research and Development Association, High Wycombe
W T Curry Building Research Establishment, Princes Risborough

P Grimsdale Swedish Timber Council

R March Arup Associates, London

J G Sunley Timber Research and Development Association, High Wycombe
J R Tory Building Research Establishment, Princes Risborough

T Williams Hydro-Air International, High Wycombe

UNITED STATES OF AMERICA

D H Brown American Plyweod Association, Tacoma

1) Chairman and Co-ordinator, CIB-W18
2) Technical Secretary




2 CHAIRMAN'S INTRODUCTION

The seventh meeting of the commission was opened by the chairman and coe-ordinator,

MR SUNLEY, who welcomed delegates to Stockholm. He pointed out that the meeting haad
attracted several new participants and that this meeting would be the largest yet held
by the Commission. In particular he welcomed those representing American and Finnish
plywood interests, the two delegates from Poland and the representative from the
GLULAM sub-group of FEMIB,

3 CO-OPERATION WITH OTHER ORGANISATIONS

I50/TC_165: PROF LARSEN reported that a preparatory ad hoc meeting of TC 165 had

Taken place in Copenhagen on 28 September 1976. He said that it had been agreed by

the majority of members at that meeting that CIB-W18 should be entrusted with the

main drafting work for TG 165. Canada had been opposed to that proposal on the

grounds that CIB-W18 was too academic, and Forway had opposed on the grounds of the time
that would be taken to produce drafts,.

MR SUNLEY said that the drafting of international codes was expensive and the werk of
W18 was not financed from & central fund., He had made application to the EEC for funds
to finance the timber code, he continued, and he was hopeful that EEC would eventually
finance the work for IS0. The chairman concluded by saying that he hoped the work on
testing joints, solid timber and plywood which were to be discussed at this meeting

of W18 would very soon be ready for presentation to IS0.

PROF LARSEN said that he expected EEC to delay funds for a timber code until CEB had
produced a code for concrete.

150/TC 55: PROF THUMEL explained that the areas of interest of this technical committse
were grading and lest procedures for solid timber.

The secretary, MR TORY, said that TC 55 had circulated to their members two documents
(Document T4 (July 1976) and Document 75 {July 1976) on the testing of structural |
gizad timbers, |

DR KUIPERSsaid that he had not seen these papers but as chairman of RILEM he thought
they should be taken into account by RILEM before the Jjoint CIB/RZLEM paper was
published on the same subject.

IS0/TC¢ a8: It was reported that ?C 98 was soon to publish a "Bases for Design'.
ISO/TC 139: PROF MOHLER and DR WILSON, both members of this technical committee

concerned with plywood had nothing to report.

Secretary's note: The areas of interest of some relevant IS0 technical commititees and
the membership of TC 165 are given elsewhere in this publication.

BECE: The chairman told the meeting that ECE were discussing the harmonisation of
huilding regulations and the unified stress grading of timber. ECE would continue
to consult CIB-W18 on matters related to structural timber he said.

TUFRO: The chairman reporited that there continued to be close co-operation between
CIB-W18 and IUFRO Wood Engineering (Group. He reminded delegates that the next IUFRO
meeting would be held in Vancouver in August 1978 and would be preceded by a symposium
on fracture mechanics.

RILEM: DR KUIPERS reported that RILEM-3TT would be meeting in Stockholm immediately
after W15. He hoped that they would be able to agree on the publication of CIB/RILEM
documents on joints and testing of structural sized timber, Another paper onr plywood

testing, to be discussed later at this meeting, was also at an advanced stage, he said.
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FEMIB: DR ARMBRUSTER told the meeting that he was representing the GLULAM sub-
commission of FEMIB., He explained that GLULAM was an association of manufacturers
representing eight Buropean countries. The sub-commission was drafting a two-part
code for glulams The first part, said DR ARMBRUSTER, was involved with designr and
was nearly complete. The second part, dealing with manufacture, would be discussed
at their next meeting in May 1977.

4 STRESS GRADING

MR CURRY made a statement on progress within ECE towards unified visual stress grading
rules. He explained that the first draft set of rules, circulated for comment in
January 1975, had adopted the knot area ratio system of grading and had made provision
for two visual grades EC1 and EC2. In July 1676 the limiting knot ratios for EC1 had
been relaxed from & margin knot ratio, % total knot ratio to ¢ margin, ¥+ total. At
that time too, conmtinued Mr Curry the limits for distortion had been relaxed at the
request of the North Americans. A meeting to discuss the rules was to take place in
London on 7 March 1977 and he asked for the views of the delegates on the proposed

grades,

PROF LARSEN spoke against the %, I limits for EC1. He pointed out that although yields
increased (compared with i,%) stresses ®1l. He also spoke against the EC2 limits,

These were identical to the British GS grade of British Standard 4973 he said and
accepted material that was unsuitable for structural use, He thought that for the

ECE grades to be acceptable to the Nordic countries the lowest characteristic stress
for BC2 would have to be 18 N/mmg. Mr Curry's figures, said Prof Larsen, suggesied
stresses of 17 and 23 N/mm2 for EC2 and EC1 (%, § limits) respectively. He would like
to see these raised to 18 and 24 with a third, higher grade at 30 N/mm2,

MR CURRY explained that in the UK the limits for GS had been largely determined by

the timber trade's requirements for low reject rates from mill outturn and commercial
Vths; the same siarting point for a grading sysiem was egually applicable in ECE,

He agreed that GS grade could be poor quality timber but he expected that eventually
in the UK SS would be increasingly sought for structural use. A characteristic stress
of 30 N/mm2 for Buropean redwood/whitewood could only be achieved by introducing a
density requirement into the rules, conciuded Mr Curry.

MR WILLIAMS supported the %, % limits for EC1., The greatly increased yields, he said,
would far outweigh the slight reduction in stresses.

PROF THUNEL seid that the yield figures he had seen had nearly all been based on
grading only for knois. He expected other defects to affect yields as much as knots
and in any case, he continued, there would be substantial differences in yields
between different mills. Although stress graded timber was important to engineers he
said, it should not be forgotten that it only accounted for about 10 per cent of mill
outiurne

PROF LARSEN did not accept that distortion was likely to significantly affect yields
and he thought it unlikely that by taking into account defects other than knots
inereases in characteristic stresses could be achieved.

MR CURRY agreed that mosi of the work carried out at Princes Risborough on siresses
and yields for the ECE grades had been based on results which did not include detailed
information on defects other than knots, But the Data Bank at PRL was the largest
single source of relevant information he added.

MR SUNLEY wound up the discussion by saying that W18 was naturally interested in these
proposals now before BCE sgince grading was a fundamental part of structural timber




design., The number of grades had not been fixed and it might be necessary to have
different grades for Worth America and for Burope. MNr Sunley undertcok to represent
W18 at the next Jeneva meeting of ECE,

% JOINTS

PROF LARSEN introduced Timber Standards 06 and 07 {parts of paper 7-100-1 Draft CIB
Timber Code/Timher Standard). He drew attention to the Preface where he had admitlod
that the CIB-RILEM label of the siandards was incorrect. In answer to DR HOREYW he
agreed that there werec differences in content between these documents and the papers
6-7-1 and 6-~7-3 that had been agreed at Aalborg (meeting €; June 1976). Prof Larsen
explained that he had attempied to iranslate paper 6-7-1 into the more obligatory
form that would eventually be required for IS0,

DR KUIPERS said that in many respectis this paper was similar to 6-7-1 though the long
duration test had been omitted., RILEM he said would procesd with the publication of
paper C-~7-%1 in accordance with the agreement at Aalborg.

PROP LARSEN asked for written comments on Btandard 07 before the end of April 19277
and he would redraft ithe Standard for the next meeting.

MR SUNLEY commented that he expected the Aalborg ver ion to form the basis of a
British Standard,

MR RIBERHOLT pointed out that Prof Larsen's version required displacement measured
at the ultimate load and Dr Kuiper's version measured displacement at 0.4 ult load,

Paper CIB-W18 7-T-1, "Testing of Integral Nail-Plates at Timber Joints" was introduced
by PROF MOHLER. This paper had originally been presented at Aalborg {meeting ©;

June 1976) but because of problems with translation had not been discussed at that time
The paper wag considered page by page and the feollowing comments were made:

Section 1 PROF MOHLER asked if the paper need be confined to integral nail plates.
The tests could equally well be applied to nail-through plates.

DR KUIPEES pointed out that the nail bending tests would not apply to
plates with separate nails.

MR SUNLEY suggested that a note could be included in the paper requiring
only relevant parts of the tests to be carried out.

Section 2 MR WILLIAMS said that a minimum thickness of 1 mm was impractical since
thisg was nearly the upper limit of the tolerance range for the most usual
plate thickness., It was agreed that this dimension should be amended to
0.91 mm.

Section 3 DR NOREWN suggested that the terminology *'Permissible force! was incorrect,
The aim of the tests was t¢ produce & characteristic strength at an
ultimate limit state.

PROF LARSEN said that it was unnecessary to mention the purposes of the
tests,

DR WOREN disagreed saying that although they may not appear in the final




Section 3.C

Section 4,2

Section

5-101

Section
501-2

standard they should be included in CIB papcrs.

¥R BRYNILDSEN would have preferred " o = 0° and o = 900" to read
"0 & o€ 909", This he said would permit calculation of the moment

capacity of plates.

PROT MOMLER said that there were too many difficulties with gaps and
butting ends to allow satisfactory measurement of the moment capacity
of plates and in any case these would be difficult to calculate from a
tensile test,

MR SUNLBY sugsested that there should be asn item 3e to introduce long-
term testing.

PROF LARSEN pointed out that it would be difficult to decide on guitablz
cilimatic conditions for long-term tesis.

DR NOREN asked why corrosion proofing was included,

PROF MOHLER explained that although this would not necessarily
influence the testing corrosion proofing was accepted by most countries
a5 necessary to produce satisfactory performance.

MR WILLIAMS asked that the method of mamifacture be included in the
data, He said that this could significantly influence the resultis and
if 1t were omitted it could make some comparisons of resulis meaningless.

MR AUNE suggested that section 6 of Timber Standard 06 paper 7-100--1 be
copied into this paper in place of paragraph 1 of section 4.2,

MR BRYNILDSEN asked why different moisture contents were specified for
testing and production.

DR KUIPERS s=aid it should not be necessary to specify a moisture content
for production.

PROF LARSEN observed that to comply with previously agreed papers climatic
conditions should be defined rather than moisture content.

It was agreed that moisture content classes from the Code should be
included,

MR CURRY said that it had been agreed some time ago that sampling, testing
and analysis should be treated as separate topics. Paragraph 3 Section
4.2 should therefore be deleted.

PROP MOHLER, in answer to a question from MR BRYNILDSEN, explained that
the last paragraph of section 4.2 was included to facilitate the comparison
of results,.

MR AUNE suggested that 'determined' should be replaced by 'recorded!.

MR WILLIAMS did not consider this test necessary. He thought it might
be used to produce a measure of plate performance whichwuld be quite
unacceptable,




Section
5.2.111 a-)

Section
S5e2¢1e3

6 PLYWOOD

PROF MOHLER agreed that this test was more applicable to a production
quality control procedure.,

MR AUNE said that for values of og other than 6% or 90o this would not
produce a pure tension test of the plate since moments would be
introduced.

MR BRYNILDSEN said that the test as it stood would be useful for testing
plates cut at varying angles to the nails,

DR KUIPERS considered the test an acceptable simplification.,

There followed a lengthy discussion on the size of the gap between the
timber members of the test pieces., MR WILLIAMS thought a gap unnecessary
while MR BRYNILDSEN thought it should be increased. It was eventually
agreed to retain the 1 mm gap until it could be shown to be unsatisfactory.

MR BRYNILDSEN asked that'l, should always be greater than 0.6 b,

PROF LARSEN thought this unnecessary since the mode of failure of the
joint was more likely to be governed by the width of the plate rather
than a small change in its effective length on the specimen.,

PROF LARSEN asked for this section to be included in a Preface,

MR VISSER suggested that this section be deleted. He did not agree that
compression shear joints were not allowed; only that they were not very
often used.

MR WILLIAMS suggested that the 1/b ratios should be determined by
preliminary tests to ensure failure in the plates.

MR AUNE and MR BRYNILDSEN agreed since they required a shear value for
the plate,

PROF MOHLER said that the purpose of the test was to test the joint and
not just the plate,

HERR FRECH said that the load capacity of the nails and the plate were
required, Square plates, he continued, would produce shearing of the
nails while narrow plates could produce shear in the plates.

It was agreed that this paper should appear as an annexe to the RILEM
Standard on Joints.

DR BOOTH, introducing papers T-4-1 and T-4-2 "The Determination of the Mech Properties
of Plywood containing Defects'" and "Comments received on T-4-1" explained that this
second draft on testing plywood was the result of a united effort by himself,




Dr Kuipers, Dr Noren and Dr Wilson. He thought that the only problems that remained
unresolved concerned the rate of loading, specimen size, large deflections with
thinner specimens and shear.

TR WILSON introduced "The Effect of Rate of Testing Speed on the Ultimate Tensile
Stress of Plywood" (CIB—W18/Tu4~3). He explained that both the in-grade and clear
plywood specimens higher mean and the five per cent exclusion values were achieved
using the 0,003 in/in/min rate of strain rather than the 0,001 in/in/min rate. The
choice for rate of loading, he continued, was between a constant rate of strain and

a constant time to failure, He preferred constant time to failure., A%t the 0.001
in/inﬁnu1rate of strain average testing time was 4.5 nin, at 0,003 in/in/min the time
fell to 1.5 min.

PROF LARSEN agreed with Dr Wilson that time to failure should bve specified since this
would be consistent with the testing of joints.

MR CURRY said that it was not practical to specify a constant rate of strain for
joints but it was for solid timber, he favoured a constant rate of cross~head motion.

. MR SUNLEY pointed out that time to failure could be open to abuse with loads perhaps
applied slowly at first and then more rapidly to achieve failure within the time limit.

PROF MOHLER asked why the test methods proposed by Dr Booth were different to the
agreed IS0 standards on tension, bending and compression. The IS0 standards specified
time to failure, he said.

DR BOOTH explained that the ISO standards were for testing defect-free specimens and
paper T-4-1 was concerned with in-grade plywood. The IS0 standard required a constant
rate of loading with failure within a given time.

DR HOREN said, and it was generally agreed, that a constant rate of loading was
impossible, particularly in compression.

DR KUIPERS proposed that an elapsed time of 5 1 2 mins should be specified togethser
with guidelines on typical rates of cross—head motion to achieve this time. This
was accepted,.

DR WILSON introduced "Comparison of the Effect of Specimen Size on the Flexural
Properties of Plywood using the Pure Moment Test". (CIB—W18/7—4—4). He said that
although COFI preferred the full size panel test they recognised the need for test
procedures that could be carried out on standard test machines, He suggested that

a cholce of 300, 450 and 900 mm specimens could be given with correction factors for
the size effects,.

PROP NISKANEN produced test resulis to support his case for a 50 mm specimen. He
agreed that 300 mm might be the most suitable for spruce plywood but he preferred
50 mm for combi and birch plywoods. :

DR BOOTH poinied out that both Dr Wilson and Prof Niskanen's figures had shown a
tendency for larger specimens to achieve higher stresses. He favoured the 300 mm
specimen for the gtandard as a compromise between 50 mm and 1200 mm, with conversion
factors, if necessary, for these other sizes, Dr Booth offered to draft a foreword
that would include provision for these factors and for the testing of larger size
specimens.

PROF MOHLER asked if these standard test procedures would be suitable for quality
control,




DR BOOTH said that it was envisaged that this standard would only be used for deriving
characteristic stresses, In answer to a question from PROF NISKANEN he agreed that the
50 mm specimen was probably more suitable for gualiiy control.

¥R SUNLEY assured Prof Niskanen that there would be no question of the United
{ingdom asking Finland to carry out large scale tests on 300 mm specimens, He was
sure that the extensive work carried out by Finland would retain its wvalue,

DE WILSON asked for positive wording in the body of the standard to permii both 300
and 900 mm specimens., He pointed out that using a 900 mm specimen would reduce the
nuniber of teslts to be carried out.

¥R CURRY favoured only one standard size which would make the definition of
characteristiic stresses easier.

PROF LARSEN said that there were only two machines in the world capable of testing
the 900 mm specimens, It would be absurd to alter the standard to suit them.

DR WILSOW said that acceptance of a standard size depsnded paril, 9.0 Lhe cuiting
schedules. Was it possible for the parallel and perpendicular to the grain specimens
to be cut from one sheet?

DR BOOTE said that the cutling schedule was included in this document concerncd with
testing rather than in a sampling document because it was intended to produce a2
random distribution of defects.

PROF LARSEN suggested that the cutting schedule should appear in an appendix rather
than in the main body of the standard.

DR BOOTH asked the meeting for views on the length of the bending specimen., He

pointed out that if the length was fixed for all thicknesses of plywood then

deflections in some cases could e very large and he drew attention to MR SAARRLATHNEN'S
comments in paper T-4-2. If on the other hand the specimen length were related to ,
thickness then tests wounld often be conducted on clear plies, ;

PROF LARSEN explained that the secondary loading effects noticed by Mr Ssarelainen conld
be overcome by careful attention to details of the supports and loading heads on the
test machine.

DR WILSON favoured a fixed specimen length with a constant bending moment span of 450 mm,

DR NOREN proposed that the length of specimen should ke related to thickness but there
should be & minimum constant bending moment span of 300 mm,

MR SUNLEY agreed with PROF LARSEN that the problems with test machines could be
resolved and in any case bending was unlikely to be an important structural property
for the thinner plywoods.

DR BOOTH introduced the problem of shear, He explained that from the rolling shear
test, common in the UK, only results that were genuine shear failures were accepted.
The ASTM two-rail method accepied all results regardless of the mode of failure, and
called this shear in the plane of the plies, The choice was either to accept both
methods of test or to dispense with one of them, If the ASTM method was to be used,
continued Dr Booth, he thought that only genuine shear failure results should be used
1o determine characteristic stress.

MR BROWN favoured the ASTM method. He did not consider that manufacturing
characteristics were fully represented in the rolling shear test.
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DR WILSON and DR KUIPERS also spoke in favour of the ASTM method.

PROF MOHLER expressed doubts about the compression test. He thought that by
building up the test specimen from several layers of plywood the effects of defects
would be completely masked by clear plies.

DR BOOTH agreed but preferred this to the test method used by COFI where buckling
was restrained.

It was agreed that paper CIB W18/7-4-1 should now be referred back to the sub-committee
for consideration of the particular points that had been discussed.

DR NOREN agreed to produce a paper for the next meeting on sampling plywood and the
evaluation of test resulis.

7 CLUED LAMINATED STRUCTUHRES

The chairman told the meeting that although it had been iniended that glulam should
be a major topic of discussion no papers had been received., However he reminded the
delegates that the GLULAM sub-commission of FEMIB was now working on design and
manufacturing codes and asked for opinions on how W18 should become involved with
GLULAM.

PROF LARSEN said that he saw no reason for W18 to become involved in producing grading
rules or mamufacturing standards for glued laminated structures since these two lopics
had not been the concern of the commission for plywood.

MR SUNLEY pointed out that design could noi be isclated from grading. Before
producing standards for glulam it was essential that: they ensure suitable grades
existed.

DR NOREN said that W18 should discuss how %o arrive at characteristic stress values
for glulam and this would be more difficult than for solid timber,

DR KUIFERS asked what siress values GLULAM would be using for their designs.

MR CURRY said that since GLULAM was a manufacturing organisation he did not expect
their stresses 1o be acceptable to W18,

PROF LARSEN gaid that W18 should not co-operate with GLULAM,

DR KUIPERS believed that W18 should be prepared to co-operate with anyone that had
constructive ideas to offer, and this included GLULAM,

MR SUNLEY agreed with Dr Kuipers and asked Dr Armbruster if it would be possible for
W13 tc see the GLULAM design cods.

DR ARMBRUSTER said that he would ftry to produce the code for the next meeting of W18,
DR BANY told the meeting that Peland had recently introduced z new timber design code.

He hoped to have an English translation of this code avallable for the next meeting
of W18,

8 LOAD DURATION
PROP LARSEN introduced "Code Rules Concerning Sirength and Loading Time" (CIB-W18/7-9-1).

He explained that the paper assumed an approximation to the Madison strength/time
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relation and all loads were adjusted to the shortest load duration.

After a short discussion it was agreed that this paper should be included in the
Timber Code,

MR BRYNILDSEN reported to the Commission on progress in the joint CIB—W18/IUFRO
Working Party on Time and Moisture Effects (CIB—W18/T-106—1). He explained that

the purpose of the sub-group was to study the work on moisture content and long-
term stresses carried out by Prof Madsen, University of British Columbia, and to
relate it to Buropean species. Two pilot projects investigating matching technicquss
were progressing in Sweden and the United Kingdom. If these projects were successful
the amount of testing required would be greatly reduced., Mr Brynildsen also told
the meeting that it might be necessary to ship material to Vancouver for testing by
Prof Madsen since it would be difficuli to find adequate facilities in Europe.

2 LONG-TERM JOINT TESTS

DR KUIPERS introduced MLong Duration Tests on Timber Joints" (CIB-W18/7-7-2). He
explained that this was an interim report which was noit complete in all details. He
drew attention to Fig 8, 9, 10 which compared his test results against the 'Hadison
curve', Tig ¢, said Dr Kuipers, showed that toothed-plate commectors were less
influenced by time than the other joints tested.

PROF LARSEN suggesied that for nailed joints the square root of ihe Madison curve
should be considered since the joint was dependent on the yield strength of the steel
nails, He pointed oui that such an adjustment would put the results shown in Fig 10
nearer to their expected wvalues,

10 TIMBER CCODE

PROF LARSEN introducing "CIB Timber Code: Chapter %3 Mechanical Pasteners" (CIB~W18/
7-100-1), drew attention to the inclusion of formula 5.3.1.1a for the calculation of
the characteristic load-carrying capacity of nails. He explained that acceptance of
this expression would reduce the need for testing and since k'would vary with species
it should be applicable to both hardwocds and softwoods. For simplicity, loading
parallel and perpendicular to the grain had been taken as equal to each other,

DR BOOTH asked how the factors given on page 3 had been derived for board to timber
joints.

PRO™ LARSEN said that much of this code was based on other national codes and
engineering judgment, The background work, if any, was not always available,

4
After a short discussion Prof Larsen agreed that he would redraft this paper for the
next meeting and would take into account any written comments he received.

11 FIBRE BUILDING BOARDS

MR BRYNILDSEN introduced "Fibre Building Boards for CIB Timber Code" (CIB—W13/7-13~?)
and said that the figures given on page 3 for rolling shear should be factored by 0.5.
He drew attention to the factors for long-term loading, page 4, and said that these
were applicable to all boards with no distinction beiween ocil-tempered and ordinary
fibre boards.

Both PROF LARSEN and MR CURRY said that this paper would not be acceptable to the
whole of Burope and pointed out that it should follow the pattern set by plywood;
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with testing, sampling and evaluation of results as separate topics.

DR KUIFERS thought that table 4 should be included although in reality the values
would probably vary between manufacturers.

DR BOOTH considered it the marmfacturers' responsibility to produce details of long-
term strength and other properties., He would also have preferred the permanent load
factor equal to unity with the other factors related to it.

It was agreed that although this paper provided a useful introduction of fibre building
hoards to the Commission further discussion would be needed bafore it was included in
the Code.

12 BRACING OF STRUTS

MR SIMON introduced "Lateral Bracing of Timber Struts" (CIB—W18/7—2—1), explaining
that the paper was primarily concerned with the failures that had occurred in pre-
fabricated itrusses in South Africa., Analytical methods had not been satisfactery

and rule—of—thumb recommendations based on experience had been substituted. HNr Simon
described the experimental work that had been undertaken and how the modes of failure
that had been achieved had not been as predicted.

MR BRYNILDSEN said that failures of this type were nct a problem in the Nordic
countries since sheeting under the tiles provided adequate bracing.

PROF MOHLER and MR SUNLEY expressed interest in the paper saying that there had been
failures in Germany and the United Kingdom attributable ito inadequate bracing,

At this stage in the meeiting Mr Sunley vacated the Chair and by common ccnsent
Dr Bocth acted as chairman for the remainder of the meeting.

13 JOINTED BEAMS

PROF MOHLER introduced his paper "Tests with Mechanically Jointed Beams with a
Varying Spacing of Fasteners" (CIB—W18/7~7~3). He explained that the paper was in
support of an amendment to CIB Timber Standard 02 (paper CIB-W18/6-11_1) and proposed
that the spacing of fasteners should be defined as s = 0.75 Soin + 0,25 S o ®

It was agreed that Standard 02 should be amended.

14 TORSIONAL TESTING OF SOLID AND LAMINATED TIMBER

PROF MOHLER gave a short talk, illustrated by photographic slides, on his paper
"Strength and Long-term Behaviour of Lumber and Glued Laminated Timber under Torsion
Loads" (CIB—W18/7~6—1). During the discussion that followed Prof Mohler said that
many more tests would have to be carried out before the results could be included in
gither the German or CIB Codes.

15 SWEDISH TIMBER HOUSING

DR WOREN spoke to the delegates on work being carried out at the Swedish Forest
Products Research Laboratory by MR B ERIKSSON on timber housing. Although there was
nothing new or revolutionary in the system it included many interesting features
thai made it suitable for all sizes of builders and for varying degrees of automation
said Dr Noren. Using slides to illustrate his talk Dr Noren showed how this building
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system placed greail emphasis on insulation, and on an unbroken vapour barrier between
the inner and outer walls of the structure.

DR BOOTH closed the meeting and thanked DR NOREN and MR SCHMIDT, as representatives
of the Swedish Forest Products Research Laboratory, for their hospitality and for
their invaluable assisiance in arranging and rumning the meeting,

After the meeting the delegates were escorted on a tour of building sites in the
suburbs of Stockholm by TrHinformation AB (Swedish Timber Council),

16 NEXT MEETING

MR MONTFORT of Institute National du Logement has kindly undertaken %o arrange the
next meeting of CIB-W18 for 19, 20, 21 October 1977 in Brussels., Topics for
discussion will include:

Sampling of plywood and evaluation of test results
Glulam design

Timber fasteners

Fibre building boards

The Polish timber design code

M e P —
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17 PAPERS PRESENTED AT THE MEETING

| CIB-W13/7~2~1

J cIB-W13/7-4-1

Y CIB-W18/7-4~2

i CIB-W18/7-~4-3

7
¥ CIB-W18/7-4-4

2 CIB-W18/7-6-1

[JCTIB-W18/7-7-1

§ CIB-W18/7-7-2

JOTB-H18/7-7-3
/ CIB-W18/7-9~1

Y CIBW18/7m13=1

v/ CIB-W18/7=100~1

| CIB18/7=106=1

v -3 -1

f £ R~ 78 /l et

~

Lateral Bracing of Timber Struts - J A Simon

Methods of Test for the Determination of Mechanical Properties
of Plywood - L G Booth, J Kuipers, B Noren, C R Wilson

Comments received following circulation of CIB~W18/7_4—1

The Effect of Rate of Testing Speed on the Ultimate Tensile
Stress of Plywood -~ € R Wilson, A V Parasin

Comparison of the Effect of Specimen Size on the Flexural
Properties of Plywood using the Pure Momeni Test - C R Wilson,
A V Parasin

Strength and Long—term Behaviour of Lumber and Glued-
Laminated Timber under Torsion Loads — K MBhler

Testing of Integral Nail Plates as Timber Joints — K MBhler
Long Duration Tests on Timber Joints - J Kuipers

Tests with Mechanically Jointed Beams with a Varying Spacing
of Fasteners —~ K M¥hler

Code Rules Concerning Strength and Loading Time -~ H J Larsen,
E Theilgaard

Fibre Building Boards for CIB Timber Code -~ 0 Brynildsen

CIB Timber Code; Chapter 5.3 Mechanical Fasteners
CIB Timber Standard 06 and 07 -~ H J Larsen

Meeting of CIB~W18/ZUFRD Working Party on Time and Moisture
Bffects

z: So (e deeds lg“fi/( CC'-L‘ Zf'u't;f'vg'vfﬁ"ﬁ‘ ti -
st b ot S of TSe/TC 145

—

Wl onet 10 Cenr ca g L c,-o,.-.}l,;,_ £
C‘CN‘\, ~ —ﬁww{“qﬂ'b“v P R ’g{, f(:'%ﬁ/v’)‘.;/{f
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18 CURRENT LIST OF CIB-W18 TECHNICAL PAPERS

Technical papers presented to Working Commission W18 - Timber Struectures are
classified by a code identifying the meeting at which the paper was presented,
the subject heading and the number of the paper. The full classification number
of a document will start with CIB-W18, although where the context is clear this
prefix may be omitted.

Example: CIB-WiB/4~102-5

refers to paper 5 (Extract from Norwegian Standard NS 340 - "Timber Structures™)
on subject 102 (Structural Design Codes) presented at the fourth meeting of W18
(Paris, February 1975).

Published documents emanating from the Commission will simply be numbered in the

order in which they appear.

Meetings are classified in chronological order:

Princes Risborough, England; March 1973
Copenhagen, Denmark; Cctober 1973
Delft, Netherlandsi June 1974

Paris, France; February 1975

Karlsruhe, Federal Republic of Germany; Cctober 1875
Aalborg, Denmark; June 1976

Stockholm, Sweden, Feb/March 1977

<1 O 0 ow N

Subjects are denoted by the following numerical classification:

Limit State Design

Timber Columns

Symbols

Plywood

Stress Grading

Stresses for Solid Timber
Timber Joints and Fasteners

Load Sharing

O @ 3 M M, F W N

Duration of Load

Timber Beams

s
(&}

11 Environmental Conditions

Laminated Members

[
N
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13 Particle and Fibre Building Boards

14 Trussed Rafters

100 CIB Timber Code

101 Loading Codes

102 Structural Design Codes

103 International Standards Organisation

104 Joint Committee on Structural Safety

105 CIB Programme, Policy and Meetings

106 International Union of Forestry Research Organisations

Listed below, by subjects, are all papers that have to date been presented to W18.

When appropriate some papers are listed under more than one subject heading.
LIMIT STATE DESIGN
1-1-1 Paper 5 Limit State Design - H J Larsen

1-1~2 Paper 6 The use of partial safety factors in the new Norwegian design
code for timber structures ~ 0 Brynildsen

1-1-3 Paper 7 Swedish code revision concerning timber structures - B Norén

1-1-4 Paper 8 Working stresses report to British Standards Institution
Committee BLCP/17/2

6-1-1 On the application of the uncertainty theoretical methods for the

definition of the fundamental concepts of structural safety -
K Skov and 0 Ditlevsen

TIMBER COLUMNS

2-2-1 Paper 3 The Designof Solid Timber Columns - H J Larsen
3-2-1 Paper 6 Design of Built-up Timber Columns - H J Larsen
y-2-1 Paper 3 Tests with Centrally Loaded Timber Colummns -

H J Larsen and Svend Sondergaard Pedersen

4-2-2 Paper % Lateral-Torsional Buckling of Eccentrically Loaded Timber
Columns - B Johansson

5~9-1 Strength of a Wood Column in Combined Compression and Bending with
respect to Creep - B Kilsner and B Norén

5-100-1 Design of Solid Timber Columns - H J Larsen

6-100-1 Comments on Document 5-100-1, Design of Timber Columns - H J Larsen

6-2=1 Lattice Columns = H J Larsen

6~2-2 A Mathematical Basis for Design Aids for Timber Columns - H J Burgess

B-2-3 Comparison of Larsen and Perry Formulas for Solid Timber Columns ~ H J Larsen
7=-2-1 Lateral Bracing of Timber Struts -~ J A Simon
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SYMBOLS
3-3-1

4-3-1

1

PLYWOOD

2-4-1

3-l-1

3-14=2

§eb-1

§-L4=2

6-4-1

6-4-2

6-u4-3

Paper 5 Symbols for Structural Timber Design - J Kuipers and B Norén
Paper 2 Symbols for Timber Structure Design - J Kuipers and B Norén

Symbols for Use in Structural Timber Design

Paper 1 The Presentation of Structural Design Data for Plywood - L G Booth

Paper 3 Standard Methods of Testing for the Determination of Mechanical
Properties of Plywood - J Kuipers

Paper 4 Bending Strength and Stiffness of Multiple Species Plywood -
C K A Stieda

Paper 5 Standard Methods of Testing for the Determination of Mechanical
Properties of Plywood - Council of Forest Industries, BC

The Determination of Design Stresses for plywood in the revision of
CP 112 - L G Booth

Veneer Plywood for Construction - Quality Specification - ISO/TC 139 -
Plywood, Working Group 6

The Determination of the Mechanical Properties of Plywood Containing
Defects - L G Booth

In-grade versus Small Clear Testing of Plywood - C R Wilson

Buckling Strength of Plywood: Results of Tests and Recommendations for
Calculations - J Kuipers and H Ploos van Amstel

Methods of Test for the Determination of the Mechanical Properties of
Plywood - L G Booth, J Kuipers, B Norén, C R Wilson

Comments on Paper 7-i-l

The Effect of Rate of TestingSpeed on the Ultimate Tensile Stress of
Plywood - C R Wilson and A V Parasin

Comparison of the Effect of Specimen Size on the Flexural Properties of
Plywood using the Pure Moment Test - C R Wilson and A V Parasin

STRESS GRADING

1~5=1

1=5=2

4-5-1

Paper 10 Quality specifications for sawn timber and precision timber -
Norwegian Standard NS 3080

Paper 11 Specification for timber grades for structural use -
British Standards BS 4978

Paper 10 Draft Proposal for an International Standard for Stress Grading
Coniferous Sawn Softwood - ECE Timber Committee.

Lehrstohl for
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STRESSES FOR SOLID TIMBER

=61,

5-6-1

5-6~2

5-6-3

6-6-1

7-6-1

Paper 11 Derivation of Grade Stresses for Timber in UK -~ W T Curry

Standard Methods of Test for Determining some Physical and Mechanical
Properties of Timber in Structural Sizes - W T Curry

The Description of Timber Strength Data - J R Tory

Stresses for EC1 and EC2 Stress Grades - J R Tory

Standard Methods of Test for the Determination of some Physical and
Mechanical Properties of Timber in Structural Sizes (third draft)
- W T Curry

Strength and Long-term Behaviour of Lumber and Glued-laminated Timber
under Torsion Loads - K M8hler

TIMBER JOINTS AND FASTENERS

1-7-1

Y71

Y72

5-7-1
§-7-2
5-7-3

6-7~1

6-7-2

6-7-3

6-T~4

7=-7-1
7-7-2

7-7-3

7-100-1

Paper 12 Mechanical fasteners and fastenings in timber structures - E G Stern

Paper 8 Proposal for a Basic Test Method for the Evaluation of Structural
Timber Joints with Mechanical Fasteners and Connectors - RILEM, 3TT Committee

Paper 9 Test Methods for Wood Fasteners - K Mihler

Influence of Loading Procedure on Strength and Slip Behaviour in Testing
Timber Joints - K M&hler

Recommendations for Testing Methods for Jeints with Mechanical Fasteners
and Connectors in Load-Bearing Timber Structures - RILEM 3TT Committee

CIB Recommendations for the Evaluation ¢f Results of Tests on Joints with
Mechanical Fasteners and Connectors used in Load-Bearing Timber Structures -~
J Kuipers

Recommendations for Testing Methods for Joints with Mechanical Fasteners
and Connectors in Load-Bearing Timber Structures (seventh draft) -

RILEM, 3TT Committee

Proposals for Testing Joints with Integral Nail Plates - K M&hler

Rules for Evaluation of Values of Strength and Deformation from Test
Results ~ Mechanical Timber Joints - M Johansen, J Kuipers, B Norén

Comments to Rules for Testing Timber Joints and Derivation of Characteristic
Values for Rigidity and Strength - B Norén

Testing of Integral Nail Plates as Timber Joints - K M8hler
Long Duration Tests on Timber Joints - J Kuipers

Tests with Mechanically Jointed Beams with a Varying Spacing of Fasteners -
K Mbhler

CIB Timber Code Chapter 5.3 Mechanical Fasteners; CIB Timber Standard 06
and 07 - H J Larsen
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LOAD SHARING

3=8=-1

4-8-1

4-8-2

Paper 8 Load Sharing - An Investigation on the State of Research and
Development of Design Criteria - E Levin

Paper 12 A Review of Load Sharing in Theory and Practice - E Levin

Paper 13 Load Sharing - B Norén

DURATION OF LOAD

3-9-1

4-9-1

5-9~1

5-9-1

6-9-2

6-8-3

7-6-1

7-8-1

Paper 7 Definitions of Long Term Loading for the Code of Practice -
B Norén

Paper 14 Long Term Loading of Trussed Rafters with Different Connection
Systems - T Feldborg and M Johansen

Strength of a Wood Column in Combined Compression and Bending with
Respect to Creep ~ B Killsner and B Norén

Long Term Loading for the Code of Practice (Part 2) - B Norén

Long Term Loading - K M&hler

Deflection of Trussed Rafters under Alternating Loading during a Year -
T Feldborg and M Johansen

Strength and Long Term Behaviour of Lumber and Glued-Laminated Timber
under Torsion Loads ~ K MShler

Code Rules Concerning Strength and Loading Time - H J Larsen and E Theilgaard

TIMBER BEAMS

4-10-~1

4-10-2

5-10~1

Paper 6 The Design of Simple Beams - H J Burgess

Paper 7 Calculation of Timber Beams Subjected to Bending and Normal
Force - H J Larsen

The Design of Timber Beams - H J Larsen

ENVIRONMENTAL CONDITIONS

§-11-1

6-11-1

Climate Grading for the Code of Practice - B Norén

Climate Grading for the Code of Practice - B Norén

LAMINATED MEMBERS

6-12-1

Manufacture of Glued Timber Structures ~ J Kuipers

FIBRE BUILDING BOARDS

7-13~1

Fibre Building Boards for CIB Timber Code - O Brynildsen
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TRUSSED RAFTERS

4-g-1

6~8-3

T=2-1

Paper 14 Long Term Loading of Trussed Rafters with Different Connection
Systems - T Feldborg and M Johansen

Deflection of Trussed Rafters under Alternating Loading During a Year -
T Feldborg and M Johansen

Lateral Bracing of Timber Struts - J A Simon

CIB TIMBER CODE

2-100-1

5-100-1
5-100-2
6-100-1
6-100-2

7-100-1

Paper 2 A Framework for the Production of an Internaticnal Code of
Practice for the Structural Use of Timber - W T Curry

Design of Solid Timber Columns - H J Larsen

A Draft Outline of a Code of Practice for Timber Structures - L G Booth
Comments on Document 5-100-1; Design of Timber Columns - H J ﬁarsen

A CIB Timber Code -~ H J Larsehx

CIB Timber Code Chapter 5.3 Mechanical Fasteners; CIB Timber Standard
06 and 07 - H J Larsen

LOADING CODES

4-101-1

4-101-2

Paper 19 Loading Regulations - Nordic Committee for Building Regulations

Paper 20 Comments on the Loading Regulations - Nordic Committee for
Building Regulations

STRUCTURAL DESIGN CODES

i-102-1

1-102-2
1-102-3

1-102-4

4-102-1

4-102-2

4-102-3

4~102-4

4-102-5

Paper 2 Survey of status of building codes, specifications etc, in USA -
E G Stern

Paper 3 Australian codes for use of timber in structures - R H Leicester
Paper 4 Contemporary Concepts for Structural Timber Codes - R H Leicester

Paper 9 Revision of CP 112 - First draft, July 1972 - British Standards
Institution

Paper 15 Comparison of Codes and Safety Requirements for Timber
Structures in EEC Countries - Timber Research and Development Assocciation

Paper 16 Nordic Proposals for Safety Code for Structures and Loading
Code for Design of Structures - O A Brynildsen

Paper 17 Proposals for Safety Codes for Load-Carrying Structures -
Nordic Committee for Building Regulations

Paper 18 Comments to Proposal for Safety Codes for Load-Carrying Structures -
Nordic Committee for Building Regulations

Paper 21 Extract from Norwegian Standard NS 3470 "Timber Structures"
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4-102-6 Paper 22 Draft for Revision of CP 112 "The Structural Use of Timber" -
W T Curry

INTERNATIONAL STANDARDS ORGANISATION

3-103~1 Paper 2 Method for Preparation of Standards Concerning the Safety of
Structures - Published by International Standards Organisation
(IS0/DIS 3250).

4-103~1 Paper 1 A Proposal for Undertaking the Preparation of an International
Standard on Timber Structures - International Standards Organisation

5-103-1 Comments on the Report of the Consultation with Member Bodies concerning
I1S0/7S/P129 - Timber Structures - Dansk Ingeniorforening

7.103-1 IS0 Technical Committees and Membership of ISO/TC 165
JOINT COMMITTEE ON STRUCTURAL SAFETY
3-104-1 Paper 1 International System of Unified Standard Codes of Practice for

Structures - Published by Comité Européen du Béton (CEB)

7-104-1  Volume One: Common Unified Rules for Different Types of Construction
Material — CEB

CIB PROGRAMME, POLICY AND MEETINGS

1-105-1 Paper 1 A note on international organisations active in the field of
utilisation of timber - P Sonnemans

5-106-1 The Work and Objectives of CIB~W18 - Timber Structures - J G Sunley

INTERNATIONAL UNION OF FORESTRY RESEARCH ORGANISATIONS
7-106~1 Time and Moisture Effects - CIB W18/IUFRO $5.02-03 Working Party
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IS0/1C 165 N 6E

ISO TECHNICAL COMMITTEES . 1976-11-04 (page 1)

Crads LS

Inventory of I180/TCs with which TC 165 should liaise
{(Extract from IS0 Memento 1976)

a) TCs concerned with timber products and related materials

3 . e e
EF TITLE AND SCOPE SLL(/;"EJ‘.:.’EA?’..H‘-ﬁ;"
TC 55 Sawn tlmber and saw!ogs : GOST

Standardization of sawlogs, non-profiled sawn tmber and test me-
thods of mechanical propertins of wood.

SC 1 Test methods of physical and mechanical properties of wood GOST
s5C 2 Ceniferous sawn timber i . GOST
§C 3 Broadieaved sawn timber GOST
SC 4 Coniferous sawlogs GOST
SC 5 Broadieaved sawlogs AENOR
TC 88 F‘hre bu:ldmg boards D/N

Standardization of fibhre hunlamg poards and other similar board pro-
ducts made from wood or other lignocellulosic fibrous materials,
including nomenciatures, specifications and test methods,

wa 1 Ceo-ordination and editing DIN
WG 2 Sampling, cutting of test pieces and snspectlon DIN
wWaG 4 Dimensional stability DiN
WG 5 Detarmination of punctural resistance . CSN
WG 6 Zimensions and telerances ' 518
wea 7 Quality specifications DIN
WG 8 Technological properties . SIS
5 WG 8 Internal bond test AFNOR
) waG 10 Soft boards. Svecial quality requiremants DIN
wWGE M Special quality requirements and terminology Sis
e As it ae o rere b 88 A i Ak 11 Y T 2 Y8 7 A e 4 Sen s o B R A s e 4 et e
TC ‘l 3.9 Plywood - DIN:
e g M AT B e on e £ B N PR 3 AR AL A 1 B3RO e S R AR SR AR gk RS 3
halrman ! Standardization of plywood panels, inctuding terminology, classifica-
Dr. 0. Noack tions, test methods, dimensions and tolerances, and specHlications.
Germany
(1877) :
i WG 1 Dimensions and tolerances AFNOR
WG 2 Grading ’ CSN
WG A4 Sampling, cutting and inspection DiN
WG 5 Test mathods DIN
WG 6 Specifications for structural plywood sScC*
WG 7 Core p!ywoad Bsi
- v -n vervan SR, b b 3 A4 P4 A A i B 4t 39 A AP £ 1 R
TC 151 Parttc[e boards DIN -
B e A P A ¢ A B 0 barn S 1 8 R A A £ Ny £ Rk T IR G AR § BT L NIRRT P T 1L 4T T S 3 Mt B LT A T R e - e A Iy
Chairman * Standardization of particle boards and other similar board products
Dr. 3. Moack made fronm wood or other lignoceliulosic fibrous materials, including
Germany terminology, classifications, test methods, dimensions and tolerances,
(1977} . and specifications,
Nota, — The figuras in brackedyshow the ysar atthe snd of whick the term of offica exXpires. K ] * Provisimel

% \ﬂﬁ‘!; . - -




180/TC 165 N 6E

{page 2)
b) TCs concerned with general mattexrs
REF. TITLE AND SCOPE ) SECRETARIAT
TC‘ 59 Building construction AFNOR
Chafrman: Standardization of
Mr. G, Blachdre \ \ . . . L
France 1. Terminology in the construction and civil engineering industry.
(1976} . 2. Generel geometric requirements for buildings, building elements,
componegnts and products, including mocdular co-ordination and
its basig principles, joints, toleronces and fits,
3. Other genaral porformance requirements tor buildings and building
elements {user nenrds) including the co-ordingtion of these with
parformance requirements of building components and products to
be used in the construction and civil engineering industry.
sro oxcluded:
- Bases for design of structures (TC 98)
~ Particular geometric requirements and performance requitements of
building components and products which are in the scops of separ-
ate 150 technical committees,
SC 1 Dimensional and modular co-ordination SiSs
sC 2 Tenminology. symbois and unification of language - AFNOR
we 1 Termineclogy . NSE
sSC 3 Functional/user requiremenrts and parformanca in building
.construction BSi
SC 4 Lirmits and fits in building construction ' Ds
WG 1 Tolerances in buitlding, Geuneral principlas BSI
WG 2 Measurement procecures in building 518
WG 3 Classes of tolorances for the building industry DN
SC 6 Joints AFNOR
SC 6 Structures, oxternal envelopes, internal subdivisions AENOR®
we 1 Pre-fobricuted componants for floors and roofs, structural
framing componeints and vertical loadbearing components GOsT
WG 3 Curtoin walling and panels and vertical non-loadbearing ]
components AFNCR
WG 4 Staircases and staircase wells 518
WG 6 Windows BSH
waG 7 Pitched {slopiny} and flat roof coverings, non structural AFNOHR
WG 8 Floor and wall finishes AFNOR
WG 8 Ceiling components AFNQGR
sSC 7 Eguipment, services and drainage : AFNOR
waG 2 Bathrooms and toilets AFNOR
WaG 3 Mechanical transporting systems AFNOQR
WG 4 Accommodation ducts B3
sC g Jointing products AFNOR *
8C 9 Bullding hardware AFNOR
§C 10 Doorsets AFMNOR *
SC 1 Kitehen equipment . sis
- T A 1 R LA AR Lo X Y N A S S AT 2 AT s TH TR 4, T S R D AT LAY 0 VAR 603 P TIT W 20l L VAL e AR S b S T S b T e e s (e Y i AT
TC 98 Bases for design of structures PKN:’VI
A 4 S BV L O PBI | HAT R v At £ i Mk 3 AT P, M Y R 8 o o T DTS |t AR 4 R BT ML ST A A ey M LA O B0 L TR b im0t iy D S LA

Standardization of tha bases for design of structures irrespactive of the
materia! of construction including especiaily terminologv and symbols,
loads, forces and other actions and limitations of deformations,
Consideration and coordination of bzsic safety requirements concern-
ing the structures as a whola, including considerations of structures
made of particular materials (steel, stone, concrete, wood, etc.) as far
as is.necessary for the preparation of common systems of safety, and
in tizison with tha relevant tochnical committees.

wWaG 1 Earthquake forces JISC
wG 2 Rules for the use of the intarnational system of units for the
dosign of structures PKNIM
SC 1 Terminology and symbols AFNOR
WG 1 Terms, definitions and symbols AFNOR
WG 2 Notations far ling printers : —
§C 2 Safety of structures PKNiM
-8C 3 Loads, forces and other actions GOST
WG 1 Snow joads NSF
wa 2 Wind loads DIN
SC 4 Limitation of deformations BSI
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b)) O-members of I80/TC 165 Timber Structures

(page 2 of) ISO/TC 165 N 10
as per 1977-01-3]

AUSTRIA/AUTRICHE {ON)

Osterreichisches Normungsinstitut
Leopoldsgasse 4

ost.fach 130

A-1021 wien 2

CHILE/CHILI (INN)

Instituto Nacional de
Normalizacion o
Matias Cousino 64-6  piso
Casilla 995-Correo 1
Santiago

CUBA (NC)

Instituto Cubano de Normalizacidn,
Metrologia y Control de la Calidad
Reina 408
La Habana

ETHIOPIA/ETHIORPIE (ESI)

Ethiopian Standards Institution
P.0. Box 2310 '
hddis Ababa

FINLAND/FINLANDE (SFS)

Suomen Standardisoimiliito r.y.
P.0. Box 205
SF-00121 Helsinki 12

IRAN (ISIRI)

Institute of Standards and Industrial
Research of Iran

Ministry of Industries and Mines

P.C. Box 2937

Teheran

IRAQ/IRAK (IOS)

Iragi Organization for Standards
Planning Board

P.0. Box 11185

Raghdad

IRELAND/IRLANDE (IIRS)

Institute for Industrial Research
and Standards
Ballymun Road
Dublin-9
~
ISRAEL/ISRALL (S1I)

Standards Institution of Israel
42 University Street
Tel Aviv 69977

JAPAN/JAPON (JISC)

Japanese Industrial Standards
Committce

Ministry of International Trade
and Industri

3-1, Kasumlgaseki, Chiyodaku
Tokyo

PAKISTAN (PSI)

Pakistan Standards Institution
39 Garden Road, Saddar
Karachi-3

PORTUGAL (IGPAT)

Repartigdo de Normalizagéo
Avenida de Berna 1
Lishoa~-l

SINGAPORE/SINGAPOUR (SISIR}

Singapore Institute of Standards
and Industrial Research

179, River Valley Road

P.0O. Box 2611

Singapore 6

SUDAN/SOUDAN (S58D)

Standatdization and Quality
Contrel Department

Ministry of Industry and Mining
P.0O. Box 2184

¥hartoum

SWEDEN/SUEDE (SIS)

Sveriges Standardiseringskommission
Box 3 295
8-103 66 Stockholm

TURKEY/TURQUIE (TSE)

Tiirk Standardlari Enstitisd
Necatibey Caddesi 112
Bakanliklar

Ankara

UsA (ANSI)

Bmerican National Standards
Institute

1430 Brodway

New York, N.Y. 10018

YOGOSLAVIA/YOUGOSLAVIE (JZ5)

Jugoslovenski zaved za
standardizaciiju

Slobodana Penazifa- Krcuna
br. 35

Post. pregr. 933

11000 Beograd




MEMBERSHIP OF ISO/TC 165

List of P~ and O-MEMBER COUNTRIES

Ty

ISO/TC 165 N Ul %<
1977-01~31 {(page 1)

OF ISQ/TC 165 (with adresses)

a) P-monbers of ISO/TC 165 Timber Structures

as per 1977-01-31

AUSTRALIA/AUSTRALIE {SAA)

standards Association of Australia
Standards House

850-86 Arthur Strect

North Sydney~N.S.W, 2060

BLLGIUM/BTLGIQUE {IBN;

Institut belge de normallsatxon
Av, de la Brabangonne 29
B-1040 Bruxelles

CANADA (SCC)

Standards Council of Canada
International Standardization
Branch

Meadowvale Corporate Centre
2000 Argentia Road,

Suite 2-401

Mississauga, Ontario

LSN 1p7

CZECHOSLOVAKIA/TCHECOSLOVAQUIE (CSN)
0fad pro normalizaci a mé¥eni
vaclavské namésti 19

113 47 Praha 1

DENMARK/DANEMARK (DS)

(represented by DIF)} (SECRETARIAT)

Dansk Ingenigrforening
"Vester Farimagsgade 31
DX 1606 Kgbenhavn V

FRANCE (AFNOR)

Association frangaise de normalisation

Tour' Burope
Codex 7
92080 Paris - La D&fense

GERMANY /ALLEMAGNE (DIN)

DIN Deutsches Institut far
Noxmung

Burggrafenstrasse 4-7
Postfach 1107

1 Berlin 30

INDIA/INDE (IST)

Indian Standards Institution
Manak Bhavan

9 Bahadur Shah Zafar Marg
New Delhi 110001

NETHERLANDS/PPAYS-BAS {(NNI)

Nederlands Normalisatie-Instituut
Polakweg 5
Rijswijk

NEW ZEALAND/NOUVELLE~ZELANDE (SANZ)

Standards Association of New Zealand
Private Bag
Wellington

NORWAY /NORVEGE* (NSF)
{represented by NgR)

Norges Byggstandardiseringsraad
Kgbenhavngatan 10
N~-Osleo 5

ROMANIA/ROUMANIE (IRS)

Institutul Roman de Standardizare
Casuta Postala 6214
Bucarest 1

SOUTH AFRICA,REP. of /AFRIQUE DU SUD,
Rép. d' (SABS)

South African Bureau of Standards
Private Bag X191

Pretoria

0001

UNITED KONGDOM/ROYAUM-UNI (BSI)

British Standards Institution
Park Strect

_London Wlh 28BS

USSR/URSS (GOST)

Gosudarstvenny3

Komitet Standartov
Soveta Ministrov S5.S.8.R.
Leninsky Prospekt 9b
Moskva 117049

P members - Participating
0 members ~ COhserving




CIB-W18/7-104~1

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 — TIMBER STRUCTURES

VOLUME 1: COMMON UNIFIED RULES FOR

DIFFERENT TYPES OF CONSTRUCTION AND MATERIAL

STOCKHOLM, SWEDEN - FEBRUARY/MARCH 1977
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LATERAL BRACING OF TIMBER STRUTS

by

J.A. Simon Pr. Eng¥

SYNOPSIS

Current codes of practice give little guidance on the design
of bracing and its effect on the strength of struts.

Available information on the variables affecting the behaviour
of bracing is given, as well as results from a limited amount
of analytical and test work done recently by the NTRI.

1. OBJECT OF THIS PAPER

The object of this paper is not to offer draft clauses on
the design of bracing for inclusion in codes of practice,
but rather to ocutline the problem areas and to provide a

' description of the ‘staté-of-the-art' to be used as a
basis for discussion and future research work. There
appear to be conflicting results on the effects of the
variables involved, and considerable research effort is
required before a realistic code for the design of bracing
can be compiled. In the near future, the NTRI hopes to
commence a project which will be designed to investigate
the problem in more detail.

Senior Research Officer, NTRI, CSIR, Pretoria, South Africa:;
Paper presented to CIB-W.18 meeting, Stockholm, March 1977




INTRODUCTION

In a recent study of the causes of failure of timber roof
structures in South Africa since 1971, it was found that
in at least half of the cases investigated, the failure
was directly or indirectly a result of inadequate bracing.
Tiled roofs supported by prefabricated trusses, in
particular, appear to have been a severe problem. Part
of the reason for this is that it is commen local practice
to lay tiles on battens which are nailed direct to the
rafters with no cladding or sheathing between the rafters
and battens.

Common assumptions implicit in the design of braced struts
are that the battens or purlins constitute an effective
lateral restraint and that they themselves are sufficiently
restrained from longitudinal movement. The effective length,
and hence the allowable compressive stress in a rafter is
therefore governed by the spacing of the lateral restraints.
As the battens on a tiled roof are much more closely spaced
than the purlins on a sheeted roof, the allowable compressive
stress in the rafters of tiled trusses is considerably

higher than_ that in the rafters of sheeted trusses, and

there is therefore a greater need to ensure their stability.
Sheeted roofs by their very nature also have a fair amount

of lateral rigidity due to the diaphragm action of the

"sheeting panels, and have not given much trouble in the past.

Bryant3 has identified five basic bracing requirements
which are

. to provide temporary support for trusses during erection
until the rest of the roof structure is complete;

. to prevent lateral buckling of the rafters by
longitudinal restraint of the purlins or battens;

. to prevent bowing of the tie if the truss should
twist or if a reversal of stress due to wind uplift

should cause it to buckle;




. to keep the trusses vertical under wind forces at
right angles to them;

. to prevent horizontal distortion of the whole roof

structure by wind forces'paréllel to the trusses.

It is the second requirement which is generally of paramount

importance to the designer.

Inspection of codes of practice reveals that there are few,
if any, analytical techniques available for ensuring that
the bracing is of adequate strength and stiffness to satisfy
these requirements. The stiffness aspect is of extreme
importance in timber structures since there must be some
relative displacement between the strut and the bracing
member before any load can be developed on the connection
between these two members. This relative displacement
generally results in some additional eccentyxicity in the
strut, and hence an increased lateral force on the bracing.
Codes for other materials such as steel are also of little
help, since the past conservative *rule-of-thumb' methods
appear to have been adequate'to ensure structural stability
for those materials. As a result it is often difficult
or impossible for a designer to prove analytically that a
bracing system which he knows from experience isg satig-
factory, will withstand the specified lateral loads.
Leicester4 has made recommendations which relate to the
maximum grading imperfections allowed for Australian
timbers. These recommendations, which have been included
in the latest Australian Timber Engineering Codel, are
attached (see Appendix} and as far as is known have not

been backed up by any experimental work.

On the other hand, Bryant3 has produced a number of bracing
recommendations which are based purely on experience and

'rule—~of-thumb' decisions.

A code of practice for the design of bracing for compression

members, whether they be columns, compression rafters or the




compression flanges of beams should give guidance on the

following points

(a)

(b}

Force on lateral restraints

The design force on laterai restraints will be a
function of initial eccentricity, joint stiffness,
restraint spacing, and number of restraints. In
South Africa as in most other countries the following
inadequate clause from the Steel Design Code is used
as the basis for bracing calculations :

'The lacing of compression members shall be proportioned

to resist a total transverse shear force at any point
in the length of the member equal to 2% per cent of the
axial force in the member, which shear force shall be
considered as divided equally among all transverse

lacing systems in parallel planes’'. (BS 449 - 1969)2

According to Leicester4 (see FPigure 3) the restraint
stiffness has an effect on the lateral force only for
very low values of restraint stiffness (i.e.

stiffness < 50 N/mm). Most connections have a stiff-
ness in excess of this value with the result that
according to Lelcester, under design lcoads the lateral
force is independent of the joint stiffness. Recent
computer simulation studies at the NTRI appear to

have contradicted this (see Section 3).

These studies have also contradicted Leicester's
claim (Figure 4) that the total lateral force reduces
with an increase in the number of restraining members.

Maximum eccentricity

Few timber members are perfectly straight, but have
distortion due to twist, spring, bow and cup which

will affect both the force in the lateral restraints
as well as the force in the strut itself. Grading




(c)

rules limit these distortions to a particular value,
and an initial eccentricity value is generally in-
cluded in the calculation of permissible compressive
stresses using the Perry-Robertson or similar formula.
These two eccentricity valﬁes_are often not identical,
Since trusses are very'flexible in a horizontal

direction, and since the timber can be built into a

truss with some bow remaining, a certain amount of

lateral eccentricity is often built into the rafters
during erection. Some guidance must be given to a

site engineer on the magnitude of the eccentricity he

" can allow in an erected truss or rafter hefore it is

rejected.

Forces on a braced bay

It is common practice on large truss rafter roofs to
construct a 'braced bay' with bracing girders in the
plane of the rafters and ties. For the calculation
of the forces due to the purlins on this bracing girder,

some assumption must be made on the magnitude of the

- cumulative effect of a number of adjacent trusses on

the force in a purlin connecting these trusses..

For example,if there are 20 trusses between braced bays

and the force on each purlin due to a single truss is

calculated to be F, the following completely different

assumptions have been found to be applied by designers
for the calculation of the force due to a purlin on

the bracing girder :

. The force is cumulative and is therefore equal
to 10F.

. The force cannot reach a value greater than 5F
(our interpretation of Australian code).

. The force cannot reach a value greater than 2F
(used by many steel designers). This figure may
be less valid for timber than it is for steel where

the probability of having the initial eccentricity

of a number of adjacent members in the same direction

is small.




(a)

(e)

Effect of roofing materials

Due to diaphragm action, different roofing and
ceiling materials can have a marked effect on the
rigidity of a roof. Braging rules for tiled roofs
should be much more stringent than those for sheeted
roofs where, provided the sheets are firmly attached
to the purlins, the sheeting will provide better
bracing in the plane of the rafters than almost any
other form of bracing. Sheathing and ceilings can -
also have a beneficial effect, which could be
allowed for in a code if some knowledge of the
magnitude of this effect was available.

Effect of the restraint stiffness on the load capacity

of a strut

The buckling mode of a strut with intermediate
restraints is highly dependent on the axial and
rotational stiffness of the connection between the
restraining member and the strut as shown below.
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- Tests

WORK BY NTRI

Computer simulation studies

A number of mathematical models were recently analysed
using a stiffness matrix package;6 in an attempt to
investigate the effects of joint stiffness, strut
eccentricity, purlin spacing, and number of purlins.

These models assumed elastic behaviour of the system.

The results shown in Figures 1 and 2 indicate the following

. The 2% per cent value currently recommended by
BS 449 and the South African Standard Building

Regulations will yield conservative results (Figure 2).

. The lateral force is independent of purlin spacing,
_but is dependent on number of purlins, joint stiffness
and initial eccentricity.

A series of pilot tests recently completed at Pretoria
University5 has yielded some interesting results.

Timber struts 2 metres long, planed to cross-sectional
dimensions 36 x 111 mnm aﬁ& restrained with 38 x 38 mm
purlins were loaded to destruction in an attempt to
simulate the behaviour of’a rafter in a roof. All
struts were machine stress graded in a TRU Timber Grader
prior to assembly of the test spécimen, and the lateral
force on the central purlin was measured by means of a
calibrated proving ring. A brief description of the
test specimens used and results obtained is given in
Figure 5. Load factors were calculated on the basis of
the grade stress for the timber, using the Perry-Robertson
formula and using the purlin spacing as the effective
length for the calculation of slenderness ratio. This

assumption is commonly used by local truss designers.




The results of these tests indicate the following.

. Using the present assumptions, the load factors in
braced struts appear to be below the expected
minimum value of 2,22. '

. The buckling mode in all cases implies that the
effective length used by designers appears to be
incorrect since the jeints do not have sufficient
strength and stiffness to force buckling between

adjacent joints.

. The lateral force in the restraints was more variable
than expected, but was of the order predicted by the
computer simulation study.

. If the system behaved elasﬁically, the lateral force

in the purlins would be a fixed proportion of the
axial force in the strut regardless of the value of
this axial force. It was found that the ratio of
lateral force to axial force increased with increasing
axial force. The values given in Figure 5 are those
measured at maximum load.

. The use of framing anchors at the intersection of the
strut and Ehe restraints resulted in only a marginal
increase in the ultimate strength of the strut since ‘
the stiffness of the large number of small nails used %
in the framing anchor is roughly equivalent to the 3

stiffness of the few large nails acting alone. The
stiffness of the connections was, therefore, not '
sufficient to develop the predicted ultimate loads.



CONCLUSIONS

Implicit in the design of braced struts are a number of
assumptions on the degree of lateral restraint offered by
the bracing members. The magnitude of this restraining
force depends on factors such as initial eccentricity in
the strut, number of restraints, and connection stiffness.
In many cases connections between rafters and purlins or
battens may not have a sufficiently high stiffness to
validate the design assumptions. It is therefore possible
that rafters and similar members do not always have the
factor of safety suggested by the design calculations.

The analysis of the forces in bracing members is currently
based on ‘'rule-of-thumb' calculations resulting in values
which bear little resemblance to those actually occurring
in the erected roof. Although bracing which has been
designed by experienced guesswork rather than by detailed
calculation appears to have behaved adequately in the past,
it is difficult to prove analytically that it is
satisfactory. Some realistic design method, based on the
variables involved, must therefore be developed for

inclusion in codes of practice.
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FIGURE 5 : Summary of tests on restrained struts

seneral test set-up
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4p1 350 4 1,31 0,624
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METHODS OF TEST FOR THE DETERMINATION OF MECHANICAL PROPERTIES OF PLYWOOD

FOREWORD
{(to be prepared when standard is agreed)

METHCDS OF TEST

1 SCOPE

This CIB/RILEM Standard covers procedures for measuring the mechanical properties

of commerclal plywood containing defects permitted by the manufacturing specification.
The tests described may de used to obtain characteristic strengths for design
purposes, to determine the effect on strength of various natural and manufacturing
defects, to ascertain properties in relation to grain or fibre directlon in the
material, to compare the properties of different species and for other similar
purposes.

Methods are described for determining the following properties:

bending (clause 4), compression (clause 5), tension (clause 6),

panel shear (clause 7), modulus of rigidity (clause 8), rolling shear
(clause 9), shear in plane of plies (clause 10}, moisture content (clause 11)
and density (clause 12).

Any of these tests, or part of them, may be undertaken.
Tests of the glue in plywood are not included in this Standard.

Clear plywood, defined as that manufactured from veneers containing no strength
reducing defects and with no manufacturing features that will influence strength
(eg core gaps), may be tested in accordance with this Standard but in general it
will be more economical to test it in accordance with IS0 G000,

Recommendations for the sampling of the panels from which the test specimens are
cut are given in CIB 0000,

Recommendations for the evaluation of the test results are given in CIB 0000.

2 TEST SPECIMENS

2.1 Sampling of panels:
The panels from which the test specimens are cut shall be sampled in accordance
with CIB 0000, or by other methods which are adequate for the purpose of the testing.

2.2 Sampling of test specimens from panels: :

Specimens shall be cut from the panels in accordance with the cutting schedule

given in Pigure 1. Specimens for test may be selected either with the long dimension
parallel to the face graln or with the long dimension perpendicular to the face
grain., Alternative schedules may be developed when the specimens are cut at an

angle to the grain.




3 CONDITIONING AND TESTING CLIMATES

A1l specimens shall normally be conditioned, prior to final machining and testing,
to constant mass and moisture content in a conditioning chamber maintained at a
relative humidity of 60 + 2 per cent and at a temperature of 23 + 3°C. Constant
mass 1s considered to be reached when two successive weighing operations, carried
out at an interval of 24 hours, do not differ by more than 0.1 per cent of the mass
of the test plece.

Where possible, conditions of testing should be the same as those in the conditioning
chamber, but where this is not possible tests should be undertaken Iimmediately after
the specimens have been removed from the conditioning chamber.

Other climates at which testing may also be undertaken are defined in paper
CIB-W18/6-11-1.

4 BENDIKNG

4.1 Test Specimen:

4.1.1 Measurements: The method of taking measurements and the type of equipment
t0 be used shall be in accordance with I180/DIS 3804: Plywood - Determination of
dimensions of test pleces.

The specimen thickness shall be measured to the nearest 0.02 mm at four points, two
on each edge 100 mm from each end, and the average recorded. The specimen width
shall be measured to the nearest 1 mm at two polnts 100 mm from each end, and the
average recorded.

When needed for the interpretation of test results, the thickness of each ply in
the test panel shall be measured to the nearest 0,02 mm.

4.1.2 Size of specimen: The test specimen shall be rectangular in cross-section,
The depth of the specimen shall be equal to the thickness of the plywood and the
width shall be 300 mm. The length of the specimen will depend on the method of
applying the load (see clause 4.7) but shall be sufficient to ensure that the length
of the zone subjected to the uniform moment shall be not less than 300 mm,

4,1.3 Sampling of test specimens from a panel: Three test specimens shall be cut
from each panel in accordance with the schedule given in Figure 1. Unless otherwise
specified, an estimate shall be made of the worst face of the specimen and this

face shall be stressed in tension during the bending test.

4,2 Loading method and equipment:

The method of applying the load shall be such that a zone of length 300 mm shall
be subjected to a uniform moment, The load may be applied as equal and opposite
pure moments at the ends of the specimen, or at the third points of the span, or
by other equivalent methods.

The method of applying the load shall be such that direct tension or compression
forces are not applied to the specimen at large deformations,

4,3 Test procedure:

4.3.1 Rate of application of load: The load shall be applied with a contlnuous
motion throughout the test. The rate of load application shall be such that the
unit rate of fibre strain is equal to 0,000 05 mm per mm of outer fibre length
per second, within a permissible variation of t+ 25 per cent.




The time taken from the beginning of the loading to the maximum load shall be
measured and recorded to the nearest 30 seconds.

4,.3.2 Measurement of deformation: The deformation of the specimen shall be measured
between two points on the longitudinal axis of the specimen located in the zone of
uniform moment and spaced as far apart as possible consistent with maintalning
adequate clearance between the gauges and the loading frame. The deformation data
shall be measured to an accuracy of not less than 1} per cent of the proportional
limit values.

The curvature data may be obtained from measurements by elther the mid-ordinate
deflection methed or the angular rotation at the ends of the zone of uniform moment.
The mid-ordinate method uses readily available equipment and is satisfactory for

most test programmes. The angular rotation method requires special instruments whilch
are not usually available,

The mid-ordinate deflection shall be measured to the nearest 0.02 mm.
4,4 Calculatlons:

4.4.1 Bending stiffness and modulus of elasticity: The bending stiffness of the
specimen shall be calculated from

_ AM
EL = AK
where EI = bending stiffness of the specimen, N.mm2
AM = increment of moment on the straight line portion of the mement-curvature
curve, N .mm?2 -1
AK = increment of curvature corresponding to AM, mm 7,

If the curvature is obtained from the mid-ordinate method

1.12,8
XK 868 2
where K = curvature, mm“l

L = chord length for measuring mid-ordinate or deflection, mm
& = mid-ordinate or deflection, mm

If a value for the bending modulus of elasticity (E) is subsequently calculated
from the bending stiffness, the method of specifying the second moment of area
(1) (eg full cross-sectional area, parallel plies only) must be stated.

4.4.2 Ultimate moment capaclty and ultimate bending stress: The ultimate moment
capacity (M) of the specimen is the maximum moment resisted by the specimen.

If a value of the ultimate bending stress ls subsequently calculated from the
ultimate moment capacity it shall be calculated from

6=
W
where o0 = ultimate bendlng stress, N/mm2
M = maximum moment, N.mm
W = section modulus, mm

The method of specifying the section modulus (eg. full cross-sectional area, parallel
plies only) shall be stated.,




4.5 Moisture content and density:

After each test, samples which are to be used to measure the molsture content and
density shall be cut from the specimen. The samples shall have a minimum volume
of 50 000 mm° and shall be free of visible knots, knot holes, core gaps and other
volds in any ply.

The moisture content and density of each test specimen shall be determined in
accordance with clauses 11 and 12,

5 COMPRESSION

5,1 Test specimen:

5.1.1 Measurements: The method of taking measurements and the type of equipment
to be used shall be in accordance with IS0/DIS 3804: Plywood - Determination of
dimensions of test pleces.

The specimen thickness shall be measured to the nearest 0.02 mm at four points,
two on each edge 100 mm from each end, and the average recorded, The specimen
width shall be measured to the nearest 1 mm at two points 100 mm from each end,
and the average recorded.

When needed for the interpretation of test results, the thickness of each ply in
the test panel shall be measured to the nearest 0,02 mm.

5.1.2 Size of specimen: The test specimen shall be rectangular in cross-section,
Care shall be taken in preparing the test specimens to make the end surfaces
smooth and parallel to each other and at right angles to the length.

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

In order to eliminate buckling several pleces of the plywood to be tested shall be
glued face to back until the thickness of the test specimen is not less than 40 mm.

5.1.3 Sampling of test specimens from’a panel: The test specimen shall be made
from each panel in accordance with the schedule given in Figure 1.

5.2 Loading method and equipment:

The load shall be applied through a hinged connection on the upper head of the
testing machine to allow for any deviation from parallel of the ends of the specimen,
and permit adjustment to the end of the specimen in one direction. The specimen
shall be loosely held by the side restraining rail. An apparatus sultable for
making compression tests is shown in Figure 2.

5.3 Test procedure:

5,3,1 Rate of application of the load: The load shall be applied with a continuous
motion of the movable head to maximum load at a rate of 0,000 05 mm per mm of length
of the specimen per second within a permissible variation of + 25 per cent.

The time taken from the beginning of the loading to the maximum load shall be
measured and recorded to the nearest 30 seconds.

5.3.2 Measurement of deformation: Data for load-deformation curves may be taken
to determine the modulus of elasticity. The deformation shall be read to the
nearest 0.002 mm. The deformation shall be taken over the central portion on
both sides of the specimen using a gauge length of not less than 125 mm., The
average of the two readings shall be used in the calculation of the specimen
stiffness and modulus of elastlcity,




5.4 Calculations
5.4,1 Compression stiffness and modulus of elasticity: The compression stiffness
of the specimen shall be calculated from

AFL
A=A
where EA = compression stiffness of the speclmen, N
AP = increment of load on the straight line portion of the load-deformation
curve, N
L = gauge length, mm
AL = increment of deformation corresponding to AP over the gauge length L, mm

1f a value for the compression modulus of elasticlty (E) is subsequently calculated
from the compression stiffness, the method of specifying the cross-sectional area
(AY (eg full cross-sectional area, parallel plies only) shall be stated,

5.4,2 Ultimate compression capacity and ultimate compression stress: The ultimate
compression capacity (F) of the specimen is the maximum compression force resisted
by the specimen.

If a value of the ultimate compression stress is subsequently calculated from the
ultimate compression capacity it shall be calculated from

. 2
where o = ultimate compression stress, N/mm
F = maximum compression force, N
A = cross-sectional area, mm

The method of specifying the cross-sectional area (A) (eg full cross-sectional area,
parallel plies only) shall be stated.

5.5 Moisture content and density:

After each test, samples which are to be used to measure the wmoisture content and
density shall be cut from the specimen. The samples shall have a minimum volume
of 50 000 mm® and shall be free of visible knots, knot holes, core gaps and other
voids in any ply.

The moisture content and density of each test specimen shall be determined in
accordance with clauses 11 and 12,

& TENSION

6.1 Test specimen:

6.1.1 Measurements: The method of taking measurements and the type of equipment
to be used shall be in accordance with ISO/DIS 3804: Plywood - Determination of
dimensions of test pleces.

The specimen thickness shall be measured to the nearest 0,02 mm at four points, two
on each edge 300 mm from each end, and the average recorded. The specimen width
shall be measured to the nearest 1 mm at two points 300 mm from each end, and the
average recorded.

When needed for the interpretation of test results, the thickness of each ply in
the test panel shall be measured to the nearest Q.02 wmm.




6.1.2 Size of specimen: The test specimen shall be rectangular in cross-section.
The width of the specimen shall be 250 mm and its length shall be 1200 mm,

6.1.3 Sampling of test specimens from a panel: Three test specimens shall be cut
from each panel in accordance with the schedule given in Figure 1.

6.2 loading method and equipment:

The specimen shall be held in grips which apply the required forces to the specimen
with the minimum influence on load at, or location of, failure. Such devices shall
not apply a bending moment to the test section, allow slippage under load, or
inflict damage or stress concentrations to the test section., (Figure 3 illustrates
the test grips.)

For ideal test condltlons, the grips should be self aligning. When self-aligning
grips are not avallable, the specimen may be clamped in the heads of a universal
type testing machine with wedge-type Jaws.

6.3 Test procedure

6.3.1 Rate of application of the load: The load shall be applied with a continuous
rotion of the movable head to the maximum locad at a rate of 0,000 05 mm per mm of
net length of specimen per second, within a permlssible variation of + 25 per cent.
The net length of the specimen shall be taken as distance between the inside faces
of the grips.

The time taken from the beginning of the loading to the maximum load shall be
measured and recorded to the nearest 30 seconds,

65.3.2 Measurement of deformation: Data for load-deformation curves may be taken

to determine the modulus of elasticity. The deformation shall be read to the nearest
0.002 mm. The deformation shall be taken over the central portion on both sides of
the specimen using a gauge length of not less than 125 mm. The average of the
readings shall be used in the calculation of the stiffness and the modulus of
elasticity.

6.4 Calculations
6.4..1 Tension stiffness and moudlus of elasticity: The tension stiffness of the
specimen shall be calculated from: '

AFPL
EA-—E-L—-
where EA = tension stiffness of the specimen, N
AT = increment of load on the straight line pertion of the load-deformation
curve, N
L = gauge length, mm .
AL = increment of deformation corresponding to AF over the gauge length L, mm

1f a value for the tension modulus of elasticity (E) is subsequently calculated
from the tension stiffness, the method of specifying the cross-sectional area (A)
(eg full cross-sectional area, parallel plies only) must be stated.

6.4.2 Ultimate tension capacity and ultimate tension stress: The ultimate tension
capacity (F) of the specimen is the maximum tension force resisted by the specimen.

If a value of the ultimate compression stress is subsequently calculated from the
ultimate compression capacity it shall be calculated from:




.-
T A

ultimate tension stress, N/mm2

where o =
F = maximum tenslon load, N
A = cross-sectional area, mm

The method of specifying the eross-sectional area (A) (eg full cross-sectional,
parallel pliesonly) shall be stated.

6.5 Moisture content and density:

After each test, samples which are to be used to measure the molsture content and
density shal% be cut from the specimen., The samples shall have a minimum volume
of 50 000 mm° and shall be free of visible knots, knot holes, core gaps and other
voids in any ply.

The moisture content and density of each test specimen shall be determined in
accordance with clauses 1l and 12,

7 ULTIMATE STRESS IN PANEL SHEAR

7.1 Test specimen

7.1.1 Measurements: The method of taking measurements and the type of equipment
to be used shall be in accordance with ISO/DIS 380u4: Plywood - Determination of
dimensions of test pieces.

The specimen thickness shall be measured to the nearest 0.02 mm at four points,

two on each edge 100 mm from each end and the average recorded. The specimen lengthﬂ

shall be measured to the nearest 1 mm at two points 50 mm from each side, and the
average recorded.

When needed for the interpretation of test results the thickness of each ply in the
test panel shall be measured to the nearest 0.02 mm.

7.1.2 Size of specimen and method of manufacture: The dimension of the test
specimen shall be as shown in Figure 4,

The plywood specimen to which the rails are glued shall be 600 mm long and not less
than 430 mm wide. The distance between the rails shall be 200 mm.

The face grailn of the plywood may be either parallel or perpendicular to the rails.
For thin plywood 1t may be necessary to orientate the face grain perpendicular to
the rails in order to preclude failure through buckling. Any specimen that faills
in buckling shall be rejected.

Rails having minimum dimensions of 35 mm by 115 mm by approximately 700 mm long
shall be glued to both sides of the plywood sample at each edge. The wldth of the
rails may be increased to eliminate a shear failure between the ralls and the
plywood. The rails shall be spaced 200 mm apart wlth their ends even with the
plywood sample at two diagonally opposite corners as shown in Figure 4.

Prior to gluing, the rails and the specimen shall be conditioned to the approximate
moisture content at which the specimen is to be tested,

After gluing, a bevel of 1u deg shall be cut on the end of both pairs of raills
where the major compression load is to be applied.

It is recommended that the time between gluing of rails and testing be only long
enough to ensure adequate curing of the adhesive,




7.1.3 Sampling of test specimens from a panel: Three test specimens shall be cut
from each panel in accordance with the schedule given in Figure 1.

7.2 Loading method and equipment:

The load shall be applied so that the resultant of the forces applied to a pair of
rails shall be a single force acting along the longitudinal axis of the test
specimen both in the plane of the specimen and in the thickness direction. The load
on the ratls shall be applied by separating the machine crossheads.

A suitable apparatus for applying equal loads to the rails is shown in Figure 5.

The opposing collinear forces applied to pins located on the longitudinal axis of

the spectmen and perpendicular to its plane are divided into two components: (1)

a major compression force applied to the end of the rail by a loading yoke free to
nivot about the pin; and (2) a minor lateral force applied to the projecting end

of the rail by a block that keeps the pin spaced the correct distance from the rail
it loads. The major compressive load is applied through a two-way rocker and bearing
plate arrangement to distribute the load uniformly to the rail end. The rigid block
applying the lateral force to the projecting rail ends ensures that the pin remains
perpendicular to the plane of the specimen.

7.3 Test procedure
7.3.1 Rate of application of the load: The movement of the crosshead of the testing
machine shall be continucus at a rate of 0.0333 mm/s + 25 per cent.

The time taken from the beginning of the loading to the maximum load shall be measured
and recorded to the nearest 30 seconds.

7.3.2 Acceptable test results: Any specimen that fails in buckling or in shear at
the interface of the rails and the plywood shall be relected.

7.4 Calculations
7.4.1 Ultimate panel shear stress: The ultimate panel shear stress shall be
calculated from

T =L
Lt
where T = ultimate panel shear stress, N/mm2
P = maximum load, N
L = length of shear area, mm
t+ = thickness of shear area, mm

7.5 Moisture content and density

After each test, samples which are to be used to measure the moisture content and
density shall de cut from the specimen. The samples ghall have a minimum volume of
50 000 mm° and shall be free of visible knots, knot holes, core gaps and other
voitds in any ply.

The moisture content and density of each test specimen shall be determined in
accordance with clauses 1l and 12,

8 MODULUS OF RIGIDITY IN PANEL SHEAR

8.1 Test specimen

8.1.1 Measurements: The method of taking measurements and the type of equipment
to be used shall be in accordance with ISO/DIS 3804: Plyweod - Determination of
dimensions of test pleces.

The specimen thickness shall be measured to the nearest 0.02 mm at the mid-points
of the four sides and the average recorded,




The length and width of the specimen shall be measured to the nearest 1 mm,
When needed for the interpretation of test results the thickness of each ply in
the test panel shall be measured to the nearest 0.02 mm,

8,1.2 Size of specimen: The test specimen shall be square and the length and
width not less than 25 nor more than 40 times the thickness,

8.1.3 Direction of grain: The grain direction of the individual plies shall be
parallel or perpendicular to the edges of the test specimen.

8.1.4 Sampling of test specimens from a panel: Specimens shall be reasonably flat.
Any showing excessive initial curvature shall be rejected.

Two test specimens shall be cut from each panel In accordance with the schedule given
in Figure 1.

8.2 Loading method and equipment

The test specimen shall be supported on rounded supports, having a radius of
curvature not greater than 6 mm at the opposite ends of a specimen diagonal and
loaded in a similar manner on the opposite ends of the other diagonal. In order
that the loads may be applied at the corners, metal plates shall first be attached
as shown in Figure 6. The loading and supporting frame shall be rigid.

8.3 Test procedure

8.3.1 Rate of application of the load: The load shall be applied with a continuous
and uniform motion of the movable head at a rate of 0.000 05 times the length of the
specimen in mm/s, within a permissible variation of + 25 per cent,

The time taken from the beginning of the loading to the maximum load shall be
measured and recorded to the nearest 30 seccnds.

8.3.2 Measurements of deformation: The deformation shall be measured to the nearest
0.02 mm at two points on each diagonal equidistant from the centre of the specimen.
These measurements shall be made at the quarter points of the dlagonals. The
specimen shall not be stressed beyond its elastic range. To eliminate the effects
of any slight initial curvature, two sets of data shall be obtained, the second set
with the specimen rotated 90° about an axis through the centre of the specimen and
perpendicular to the plane of the plies. The two results shall be averaged to obtain
the modulus of rigidity for the specimen. A satisfactory arrangement for measuring
relative deformations is indicated in fipgures 6 and 7; the dial readings in this
case give twice the average deflection of the four points,

8.4 Calculations
8.4.1 Modulus of rigidity in panel shear: The modulus of rigidity shall be
calculated from:

2

G:ia_é.ég—
2t Aw
where & = modulus of rigidity, N/mm2
AP = increment of load applied at each cormer on the straight line portion of
the load - deformation curve, N
t+ = thickness of the specimen, mm
Aw = increment of deflection relative to the centre, mm speclmen
a = distance from the centre of the specimen to the point where the deflection

ts measured, mm (see Figure 7).

8.5 Moisture content and density
After each test, samples which are to be used to measure the moisture content and
density shall be cut from the specimen. The samples shall have a minimum volume of




50 000 mrn3 and shall be free of visible knots, knet holes, core gaps and other
voids in any ply. The moisture content and density of each test specimen shall
be determined in accordance with clauses 11 and 12,

Where additional tests are to be made on the specimen a separate matched moilsture
specimen shall be provided when the specimen is cut out, in which case this
moisture specimen shall be subjected to the same condltioning as the specimen itself.

9 ROLLING SHEAR

9.1 Test specimen

9.1.1 Measurements: The method of taking measurements and the type of equipment
to be used shall be in accordance with ISO/DIS 3804: Plywood - Determination of
dimensions of test pieces, The test specimen is shown in Figure 8,

The thickness of the two central strips and the two cover plates shall be measured

to the nearest 0.02 mm at the mid-point of thelr areas, and the average recorded.

The widths of the central strips and the cover plates shall be measured to the nearest
0.1 mm at the mid-point of the length of the smaller area of overlap (le at section

XX in Figure 8), The length of the smaller area of overlap shall be measured to

the nearest 0.1 mm at the centre line of the specimen,

When needed for the Interpretation of test results, the thickness of each ply in
the test panel shall be measured to the nearest 0.02 mm.

9.1.2 Size of specimen and method of manufacture: The test is made on the double
lap tension specimen shown in Flgure 8, The specimens comprise two 50 mm wide
cover plates having the face grain perpendicular to their length. The cover plates
are positioned so that there is a 50 mm double lap joint at one end and a 100 mm
double lap joint at the other; the gap between the ends of the central strips is

5 mm. The centre strips both have the face grain parallel to their lengths.

The plywood strips are conditioned as required before assembly and the assembled
specimens are again conditioned before testing.

9,1.3 Sampling of test specimens from a panel: Three test specimens shall be made
from each panel. The knife checks in the face veneer of the cover plates shall be
oriented so that they open during the application of the load. The face veneers of
the cover plates shall contain no natural or manufacturing defects.

9.2 Loading method and equipment

The load shall be applied in tension along the length of the specimen. The
specimen shall be held in grips which apply the required forces to the specimen
without slipping and which do not apply a bending moment to the overlapplng areas.
Suitable apparatus is shown in Figure 9.

9.3 Test procedure
5.3.1 Rate of application of the load: The movement of the crosshead of the
testing machine shall be continuous at a rate of 0.0l mm/s + 25 per cent.

The time taken from the beginning of the loading to the maximum load shall be
measured and recorded to the nearest 30 seconds.

9.3.2 Acceptable test results: Any specimen which fails in a manner other than
in rolling shear in the shorter lap shall be rejected,

9.4 Calculations

9.4.1 Ultimate rolling shear stress: The ultimate rolling shear stress shall be
calculated from:

10



ultimate rolling shear stress, N/mm2

where T =
F = maximum applied force, N
A = smaller area of overlap, mm

9,5 Molsture content and density
After each test the whole of the test specimen shall be used to measure the molsture
content. The moisture content shall be determined in accordance with clause 11.

The density, if required, may be found from samples matched to those from which the
test specimens are made, or on samples cut after test from the longer tension tab
('A' in figure 8) clear of the area affected by the toothed grip.

10 SHEAR IN PLANE O PLIES

10.1 Test specimen

10.1.1 Measurement: The method of taking measurements and the type of equipment
to be used shall be in accordance with ISO/DIS 3804: Plywood - Determination of
dimensions of test pileces,

The specimen thickness shall be measured to the nearest 0.02 mm at four polnts,

two of each edge 100 mm from each end and the average recorded. The specimen length
shall be measured to the nearest 1 mm at two points 50 mm from each side, and the
average recorded.

When needed for the interpretatlon of test results the thickness of each ply shall
be measured to the nearest 0.02 mm.

10.1.2 Size of specimen and method of manufacture: The test is made on the
specimen shown in Figure 10.

The plywood specimen to which the side metal plates are glued shall be 450 mm long
and 150 mm wide.

The face grain of the plywood shall be parallel to the length of the specimen. The
knife edges of the loading plates shall be oriented to cause opening of the knife
checks during loading in the core of a 3 ply specimen as shown in Figure 1l:

in the case of 5 or more ply materifal the knife checks in at least one of the two
veneers adjacent to the face veneer shall open during loading (see Figure 11).

The steel plates shall be 450 mm long, 150 mm wide and 25 mm thick. The plates
shall be bonded to the plywood with an adhesive sufficlently rigid to preclude a
significant contribution of adhesive creep to the measured deformation. One end

of each plate shall be provided with a knife edge proijecting 6 mm beyond the end
of the specimen as shown in Figure 1C.

10.1.3 Sampling of test specimens from a panel: Three test specimens shall be cut
fprom panel in accordance with the schedule given in Figure 1.

10.2 Loading method and equipment

The load shall be applied through V blocks so that it is uniformly distributed
along the knife edges. Pivots permitting rotation about an axis parallel to the
knife edge or spherical seats free to pivot in this manner shall not be used as
they create unstable loading which may cause violent ejection of the specimen from
the machine and hazard to operating personnel, The V blocks shall be vertlcally
positioned in the machine, one above the other, causing the forces applled to the
specimen to act parallel to the axls of the machine, The specimen itself will be
slightly inclined when placed in the machine,

11




10.3 Test procedure
10.3.1 Rate of application of the load: The load shall be applied continuously
throughout the test at constant rate of cross-head motion determined as follows:

N = 0.00012 (th + RZtL)

where N = crosshead speed, mm/sec
Et|!= total thickness of plies having grain parallel to direction of shear force
mm
R = 8 (assumed ratlo of shear modulus of parallel plles to shear modulus of

perpendicular plies), and
Etl_= total thickness of plies having grain perpendicular to the direction of
shear force, mm

The time taken from the beginning of the loading to the maximum load shall be
measured and recorded to the nearest 30 seconds,

10.3.2 Measurement of deformation: Data for load-deformation curves may be taken
to determine the effective modulus of rigidity.

The slip between the steel plates shall be read to the nearest 0,002 mm, A suitable
method of measuring the slip is shown in Flgure 10,

10.3.3 Acceptable test results: Any specimen that fails in the bond between the
metal plates and the plywood shall be rejected. Fallure may occur in rolling
shear, or in shear parallel to the grain, or as a combination of these fallure
modes with the fallure plane crossing a glue line., The type of fallure shall be
recorded.

10.4 Calculations
10.4.1 Effective modulus of rigldity: The effective modulus of rigidity of the
specimen shall be calculated from

(At
T Aa Lb

where G = effective modulus of rigidity of the specimen, N/mm2

G

AF = increment of load on the straight line portion of the load deformation
curve, N

fa = increment of slip corresponding to AF on the straight line portion of the
load deformation curve, mm

t = thickness of specimen, mm

L = length of specimen, mm

b = width of specimen, mm

10,4.2 Ultimate shear in plane of plies stress: The ultimate shear in plane of
plies stress of the specimen shall be calculated from

T o= e
T Lb
where T = ultimate shear in plane of plies stress of the specimen, N/mm2
L = length of specimen, mm
b = width of specimen, mm

10.5 Moisture content and density

After each test, samples which are to be used to measure the molsture content and
density shall be cut from the ply which has failed. The samples shall have
sufficient volume of material to be representative of the falled ply and shall be
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free of visible knots, knot holes, core gaps and other volds.

The moisture content and density of each test specimen shall be determined in
accordance with clauses 11 and 12.

11 MOISTURE CONTENT

11.1 Procedure

After each test a sample which is to be used to measure the moisture content shall
be cut from the body of the specimen near to the point of failure, For specimens
of thin material or of small size it may be desirable to use the entire specimen

as a moisture sample, Where it is not possible to use the test specimen or a part
of it for moisture content measurement, a separate matched moilsture specimen shall
be provided when the specimen is cut out. The matched specimen shall be taken from
the same portion of the board as the test specimen and shall be subjected to the
same conditioning.

Reference should be made to the clauses relating to each individual test for
further instruction on the size of the sample and on moisture measurement.

The moisture sample shall be weighed immedlately and dried in an oven at 103 i_QoC
until approximately constant mass® is attained. After drying the sample shall be
welghed immediately to an accuracy of not less than + 0.2 per cent.

12 DENSITY

12.1 Procedure

A rectangular sample taken from the test specimen or the same portion of the board
as the test specimen, shall be used to determine the density. Where sultable, the
specimen which is prepared for moisture content measurement (12,1) may also be
used to determine density.

Reference should be made to the clauses relating to each individual test for
further instructions on the size of the sample,

The sample shall be measured and welghed to an accuracy of not less than + 0.2 per
cent.

12.2 Calculatlon of density
The nominal density shall be calculated from:

10%M
Po = "TIt
where ﬂo =z mass of sample, g
L~ = length of sample, mm
b = width of sample, mm
t = thickness of sample, mm
DO = nominal density, kg/m

Note:

The above density is based on the volume at test and the mass when oven-dry. If
the density is obtained on a different basis, then the basls of the density value
with respect to volume and moisture content shall be stated.

%

Constant mass is considered to be peached when two successive welghing operations,
carrled out at an interval of 24 hours, do not differ by more than 0.1 per cent
of the mass of the test pilece.
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13 REPORT

The report shall include details of the test material, the method of test, and the
test results. The amount of detail given under each of these headings will depend
on the purpose of the tests,

The following material data shall normally be given: the species and nominal
thickness of each veneer, the grain direction, the adhesive, the overall thickness,
the number of veneers, the surface treatment, the manufacturing standard and the
grade of the panels from which the specimens were cut.

The following data concerning the test conditions shall normally be given: the type
of test, the accuracy and method of loading, the accuracy of measurements of
deformation, the temperature and relative humidity at the time of test.

For individual specimens the following data shall be given: specimen dimensions,
motsture content, time to fatlure, maximum loads, description of fallure, and the
calculated values of stiffness and capacity. When moduli of elasticity and ultimate
stpesses are calculated the basis on which they have been determined (parallel plies
only, full cross-section, etc) shall be stated.

Additional data may be required in some cases. This may include the following:
Full details of method of manufacture, actual thickness of each veneer, full
detalls of any natural defects or manufacturing features which influence the test
results, density and load-deformation dlagrams. If the test specimens are cut with
their long dimension other than parallel or perpendicular to the face grain,
detatls of the cutting schedule from the panel shall be glven,

The number of specimens tested for each property shall be stated in the test report,
and if a statistical treatment of the data is possible then the value of the
standard deviation or coefficlent of variation for each property shall also be
glven, as well as the mean.
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Figureékf
showing method of loading and

Modulus of rigidity test of

plywoo
reasuring differential deformation along

the two diagonals

At the time of printing no suitable photograph was
available for reproduction.

Refer to: ASTM D805; Fig 13 or British Standard 4512;

Fig 9
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COMMENT KEY

PAVB - P A V Bryant, National Timber Research Institute, Pretoria
HK - H ¥loot, CSIRO

JK - J Kuipers, Technische Hogeschool, Delft

HJL = H J Larsen, Aalborg Universitetscenter

£GS - E G Stern, Virginia Polytechnic Institute

Us - U Saarelainen, Helsinki

GENERAL COMMENTS |
PAVB We have vead the second draft of the proposed CIB/RILEM standard methods of

test for plywood and find it quite acceptable though unfortunately we have
had only very limited experience with the testing of plywood, and are therefore

not really in a position to make any detalled comments.

JK After the foreword a list with notations or symbols should be added, as well
as perhaps a list of related ISO Standards. I have not checked the symbols

with our list, but I wonder if we should not use the strength symbols fc, ft’ etc.

HJL T find that all sizes should refer to a unit width and not to the width of the
test specimens. They should at least be converted to the prescribed test width

(which might deviate a little from the measured width).

EGS This second draft looks very good to me.
1 SCOPE
HJIL It is stated that 'Methods are described for determining the following properties'.

In the following list Ffor example modulus of rigidity is a property, but bending,

compression ... is not.

HK 1f, as the Scope states, the standard is to be used to study the effects of
various defects and for measuring the properties of commercial plywood, then
we believe it should include recommendations as to the placement of the defects
being studied, or of the worst defect allowed in a particular grade. The second
sentence of 4.1.3, for example, does not ensure that a knot will be placed

between the load points, only that it be placed on the tension face.



JK

HJL

HK

HK

HEL

us

2.2 Sampling of test specimens from panels:

I enclose a slightly changed cutting schedule, with which it becomes possible

to get information of one panel about the strength properties in both directions.
It is possible to get more specimens from onme panel, which iIn both cases is
possible, but gives a bit more elegance in my proposal.

No number of tests for rolling shear has been given,

Panel Panel
T 11 1 11
ot 8; 10; |85 8% 1 10; 12
12
ol |1s 3 5, 52| 1; 3
5
0t|| 7; 95 |7; 9 )iy 11®
11
g L 2; 4, €; 62 2; 4
t 6

3 CONDITICNING AND TESTING CLIMATES
Has the conditioning climate been stated in accordance with current or coming

standards?

We feel the tolerance on the relative humidity is unreasonably small - + 5 per

cent, would seem more reascnable.

4 BENDING
On past experience, we cannot see how the bending test can become a standard
procedure unless the span and the distance between the load points are expressed

in terms of the plywood thickness.

4,2 Loading method and equipment:
I still will not accept that the Canadian test machine gives pure bending at the
ends. In all cases there is 4Y4-point loading where the two middle loads may be

pilaced in the third-points or near the outer loads.

My comments merely concern the spans in bending test.




If the length of the uniform moment is to 300 mm, you should state in 4.2:

'The load must be applied as equal and opposite pure moments'., If, similarly

third point loading is used, the deflections will be so large, that the contact line
at the rollers will be significantly moved from the centre-lines of rollers, and, 3
on the other hand, the direction and the magnitude of the acting forces are
increased (Fig 2). The former feature decreases the moment arm, the latter

increases the acting forces.

These combined, the actual moments may deviate from the calculated moment

(product of applied force and distance between support and loading head) by much

more than 1.5 per cent.

Only when the plywood thickness is about 30 mm (which happens to correspond to
the commonly used span-to-depth-ratio of 30), the error becomes negligible.

On the other hand, if you use the expansion L2/86 for the radius of curvature instead
of(L2/86) + (5/2), the error can be formulated as err (1L/k)} = 1/(1 + Lz/{26)2)a ‘
(L = 250 mm) which reaches a value of 0,015 when & is more than 15.4 mm (L = 250 mm}.

Up to that value (ref Fig 1) you will find larger errors in your estimate for

moment, whatever your roller diameter. You can, of course, avoid a large amount
of the errors in moment by allowing the span-to-depth ratio at 3rd point loading

to stay between 20 and 0,

.y,
HJL N.mm2 should also here be written as Nmm, AM is in Nmm,
bou,2
HJL Nmm instead of N.mm!
HK We heartly endorse the regquirement that the section modulus be specified as

based on full cross-sectional area and/or parallel plies only.

5 COMPRESSION
5.1.2 Size of specimen:
JK The size of the test specimen for compression seems Pather large ta me. We
have éhosen a smaller specimen which has in addition the ratios of h, b and d
comparable with normal wood specimens. This specimen with b d and h = 3b needs

no side restraining (dimensions 150 x 450 x (= 50) mm).



HJL

HJL

HK

JK

JK

HJL

HK

5.2 Loading method and equipment

I do not understand the test set-up. In Figure 2 there is a distance of 173 inches

(v 450 mm), but the specimen length is only 400 mmg. Besides, side restraint
should be superflucus, otherwise the slenderness ratio of the specimen should be

reduced.

5.3.2 and 6.3.2

It is impossible to measure a deformation of 0.002 mm.

& TENSION

6.1.2 Size of specimen:

Having done quite a few tension tests on plywood specimens, 250 mm or more in

width, we cannot see how tests are going to be effective on purely rectangular
specimens. Either the specimen has to be shaped or the ends must be built up
to ensure that failure takes place in the body of the specimen and not at or

close to the grips.

6.2 Loading method and equipment:

The tension test specimen as proposed has no profile along the length; 1is the
risk of failure in or near the grips of the testing machine not toco great?

Is it allowed to glue blocks to the plywood specimen to reach in certain cases
a sufficient thickness for the grips?

Why are only wedge-type jaws allowed; is this restriction necessary?

We use grips which are pressed together with oil cylinders.

7  ULTIMATE STRESS IN PANEL SHEAR
7.1.2 Size of specimen and method of manufacture
Why is it recommended that the time between gluing of rails and testing be

'only' long enough to ....?

If the width of the railings is increased the values given in Figure 4 (eg the

14°) are no longer valid.

7.2 Loading method and equipment:

We would question whether the rail shear specimen loaded as in Fig § would give
any more meaningful results than a specimen as shown in Fig 4 with the opposite
ends of the rails cut at the appropriate angle, and the specimen loaded in

simple compression.




8 MODULUS OF RIGIDITY IN PANEL SHEAR
JL Does this method really give Modulus of Rigidity in Panel Shear? In my opinion

it gives torsional rigidity.

8.3.2 Measurements of deformation:
TK Proposal: 'the dial readings in this case give twice the increment of deflection

relative to the centre (so 2 Aw, compare 8.4.1)'.

¢ ROLLING SHEAR

3.4 Even after our discussions at Blockhus I am not sure if there is a difference
between ‘'rolling shear' and ‘shear in plane of plies'. I understand that the
latter method gives the possibility of measuring a G-value, but as I expect that
there will be differences of T according to both test methods I should prefer

only one methed.

This then should be the one given in rig 10 and 11. In Fig 10 and for 11 the
action line of the loads could be given. In Fig 11 it should be added that

case (a) has to be tested.

HK - We would also question the difference between 'S8 Rolling Shear' and 'l0 Shear
in the Plane of Plies'. Certainly the test for '9' invelves a stress concentration

which however may not be critical in this ply configuration,

9.1.2 Size of specimen and method of manufacture:

JK Has anything to be said about the type of glue used to manufacture the specimen?
Should a remark be made that the gap between the central strips may not be filled
with glue?

11 MOISTURE CONTENT
2GS The only question I have is that of the minimum volume of the samples required
for the determination of moisture content and demnsity. We are using the mercury
volumenometer and prefer to use several small specimens instead of one large
specimen. The use of several small specimens has the advantage that they can be taken

from different locations of the plywood; hence, are more representative.
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APPENDIX 1

COMMENTS FROM Dr € R WILSON - COUNCIL OF FOREST INDUSTRIES

Comments dealing with matters of principle are given first. These are
followed by comments of an editorial nature.

Rate of Load Application

Rate of load application is based on rate of fibre
strain and is the same for all tests. This differs
from the ASTM philosophy where the time to failure
(3 - 10 minutes) is used for the basis on which to
determine rate of load application. Because of the
way in which plywood reacts to different loads, the
ASTM rates differ from the proposed rate for the
different tests.

Current experimental data on time effect is rather

limited. We are currently examining this effect and
hope to have additional information available,

Bending Test

As the bending properties are perhaps the most
important and as the panel is almost always used in

its full width, we believe that it is a realistic
requirement that the bending test uses a full width
panel or something approaching the full width. Recog-
nizing the concern for using generally available
commercial eguipment, we agree that the standard should
at least provide for an option to the full width panel.
Hence, we are currentlv working on a proposal,

Panel Shear Test

We recommend that the determination for modulus of
rigidity using this test should be provided for as
an option.

Modulus of Rigidity in Panel Shear Test

Tt would appear that the mode of distortion in the
modulus of rigidity in panel shear test - particularly
in plywood containing core gaps - would be better
measured in the panel shear test. Hence, it is
suggested that some experimental work be done prior
to acceptance of the plate shear type of test.




(o .

Rolling Shear Test

It is recognized’that this test was introduced to
provide basic strength data for use in the design of
web beams, stressed skin panels, etc. Recent extensive
tests by COFI and WFPL have determined that knots and
the relatively larger areas of grain distortion around
the knots significantly affect the rolling shear stress
(and the modulus of rigidity) and that the grain charac-
teristics are dependant on the species. As a result of
this phenomenon, species having relatively higher flexural
strength and modulus of elasticity may have relatively
lower rolling shear strength (and modulus of rigidity)

- or vice versa.

Due to the fact that in plywood/lumber structural assem-
blies rolling shear forces are induced over a relatively
large "strip" (where an "averaging"” effect can take place)
and in light of the above we suggest that the use of the
proposed test would result in basic strength data that
does not represent the true strength of the plywood.
Hence, we recommend that this test procedure be deleted
from the proposed standard.

Shear in Plane of Plies Test

In this test the type and size of specimen is such that
knots and the areas of grain distortion around the knot
are accommodated. However, basing the basic property

‘on only open lathe checks is questionable,

In most practical applications shear in plane of plies
stresses are induced in the plywood when the plywood
plate is supported at two or more points and loaded by
either a concentrated or uniform load. For such cases
the direction of shear in plane of plies stresses will
have the "reverse" direction at the point of maximum
moment. Consequently, the cross bands will be stressed
in such a way that the lathe checks will open in one
portion and close in the other portion of the span.
Without going into a detailed analysis, it can be

shown by examining two failure bounds (constant shear
rotation and constant shear stress) that failure in

the cross band will occur at a level somewhere between
the open and closed lathe check shear capacity. There-'
fore, it is recommended that the design stress be based
on testing one-half the specimens open and one-half the
specimens closed. Such a procedure would result in a
relatively high coefficient of variation and in turn
would result in a conservative 5 percent exclusion value,




EDITORIAL COMMENTS FROM Dr C R WILSON (COFL)

The relevant parts of the standard are reproduced followed by the suggested
amendment .

1 SCCPE

This CIB/RILEM Standard covers procedures for measuring the mechanical properties

of commercial plywood containing defects permitted by the manufacturing specification.
The tests described may be used to obtain characteristic strengths for design
purposes, to determine the effect on strength of various natural and manufacturing
defects, to ascertain properties 1In relation to grain or fibre direction in the

material, to compare the properties of differen@_gpsa&es and for other simllar
purposes. .

LAYLPS
—Aat—ef-these-testeror-part—of—them —may Peurrdertaicens 13531-637151

Clear plywood, defined as that manufactured from veneers containing no strength

reducing defects and with no manufacturing s that will influence strength
(eg core gaps), may be tested in accordance with this Standard but in general it
will be more economical to test it in accordance with IS0 0000,

DEFECTS

sut-are-given—in-Ci8-6800— DELETE

2.1 Sampling of panels:
The panels from which the test specimens are cut shall be sampled in accordance
with CIB 0000, or by/other methodf which awe adequate for the purpose of the testing.

ANY 1§

2.2 Sampling of test specimens from panels:

Specimens shall be cut from the panels in accordance with the cutting schedule

given in Pigure 1. Specimens for test may be selected either with the long dimension
parallel to the face grain or with the long dimension perpendicular to the face
prain Alternative schedules may be developed when the specimens are cut at an

angle to the grain,

DELENDING ON THE GRAWW ORAENTATI oA WHICH 18T
CE TESTED




3 CONDITIONING AND TESTING CLIMATES

All specimens shall normally be conditioned, prior to final machining and testing,
- to constant mass and{moisture content in a conditilening chamber mailntained at a
relative humidity of 80 + 2 per cent and at a temperature of 23 i_3°C. Constant
mass/is consldered to be reached when two successive weighing operations, carried |
out at an Interval of 24 hours, do not differ by more than Q-x"per cent of the mass
of the test plece, . 0.2 j

EQuUitt BRIUNA |
AND THEREARLE EQUILIBRIOAM, NMOILTURE CaNTENT

4 BENDING

(BENDING STIFANESS | MODULLS BE ELALTILTY ULTWATE.
)

MemeNT CAPACTY ,Obmmame RENDNG STRESS )

" 4,1 Test Specimen:

+T Measurements: The method of taking measurements and the type of equipment

to be used shall be in accordance with ISO/DIS 3804: Plywood = Determination of
dimensions of test pileces.

4-4-3

The specimen thickness shall be measured to the nearest 0.02 mm at four points, two
on each edge 100 mm from each end, and the average recorded, The specimen width

shall be measured to the nearest )L mm at two points 100 mm from each end,/and the
average recorded.

OF THE ZoNE OF THE SPECMEAN EXPUSED To
MAXIMUM MONENT

When needed for the Interpretation of test results, the thickness of each ply in
the test panel shall be measured to the nearest 0,02 mm, AT THE. SANE

LoCATIonN WHERE. THE SPECIMEN THACE~NESS MEMUREM.ENTT:

AKE MEA&ueﬁ_))Mm AVERAGE. THACICN E80 OF
EALH PLY EECHIRNED .

. Sampling of test specimens from a panel: Three test specimens ghall be cut
from each panel in accordance with the schedule given in Figure 1. Unless otherwise
specified, an estimate shall be made of the worst face of the specimen and this
face shall be stressed in tension during the bending test,

Z
(SimiLAR, RESRDERING oF CLAUIES ON

"MEASUREMENTS' AND  SAMPLING T TD &8 MARE
THRWEGOUT THE STANDARD )

4.



4.2 Loading method and equipment:

The method of applying the load shall be such that a zone of length 300 mm shall
"be subjected to a uniform moment. The load may be appiied as equal and opposite
pure moments at the ends of the specimen](fr at the third points of the span, or

by fother equivalent methodf\
&NY EQVAT. ConCENTRATED LOADS

4.3.2 Measurement of deformation: The deformation of the specimen shall be measured
between two points on the longitudinal axis of the specimen located in the zone of

T ORIform Toment Jand spaced as far apart as possible congistent with maintaining
adequate clearalce between the gauges and the loading frame. The deformation data
shall be measured to an accuracy of not less than 1} per cent of the proportional

1limit values.

deflectiommethed—on the a otatier=t The ends of the zone of uniform moment.

The mid-ordinate method ea e equipment and is satisfactory for

most test gs. The angulgzIZ;:::ii:hizEE%3"?Equ&rea~specig%:égsfgg:gffs which
DELES

MN\DWAY
— THE. TWO fonT8 SualL BE.
5 COMPRESSION

(ComPRES A STIFENESS | ModULL] DF ELASTILTY  DLTIMATE
ComPRESSISAl EAPARITY | ULTIMATE. ComPRESSen]  STRELL)

5.1.3 Sampling of test specimens from a panel: test specimen shall be made
from each pane{[}n accordance with the schedule given\In Figure 1.
FOR Thé. GRA N OlZﬂEhJTpfqﬂapJ BENG TESTEY ONE.
6 TENSION :
(re~siod STiFPnEs - L. o L STRESS)

6.1 Test specimen:

6.1.1 Measurements:

When needed for the interpretation of test results, the thickness of each ply in
the test panel shall be measured to the nearest 0.02 mm‘ﬁ<

ADD RS 41|

6.1.3 Sampling of test specimens from a panel: Three test specimensﬁfhall be cut
from each panel in accordance with the schedule given in Figure 1.

FoR CACAH GRAW ORENTPA onl BENEG TELTEXD —

6.2 Loading method and equipment:

The specimen shall be held in grips which apply the required forces to the specimen

with the minimum influence on load at, or location of, fallure. Such devices shall
" not apply a bending moment to the test section, allow slippage under load, or

inflict damage or stress concentrations to the test section. (Figure 3 1lllustrates

_th€ test grips.)
SOUTARLE.

s,




7 HPIMATE-SPRESS-FN PANEL SHEAR
( ULTiname. PANEL. SHEAL, &T‘R&&s)

7.1.2 Size of specimen and method of manufacture: | The dimension of the test

!specimen shall be as shown 1in Figure 4,
The plywood specimen to which the raills are glued shall be 600 mm long and not less

than 430 mm wide. The distance between the rails shall be 200 mm, <&

The face grain of the plywood may be either parallel or perpendicular to the rails.
For thin plywood it may be necessary to orientate the face grain perpendicular to
the rails in order to preclude failure through buckling. Any specimen that fails
in buckling shall be rejected.
LUMAER
Rails having minimum dimensions of 35 mm by 115 mm by approximately 700 mm long
Shall be glued to both sides of the plywood sample at each edge. The width of the
rails may be increased to eliminate a shear fallure between the raills and the
plywood. The rails shall be spaced 200 mm apart with their ends even with the
plywood sample at two dlagonally opposite corners as shown in Figure 4, S
Rx1.8 MAY &,E—.wugﬂ_aa: N Lt@J 0F LUMRER. RAnLS.

1

Prior to gluing, the;ﬁg and the specimen shall be conditioned to the approximate
LumBeR,

moisture content at which the specimen is to be tested.
After gluing, a bevel of 14 deg shall be cut on the end of both pairs of fralls
where the major compression load is to be applied, '

LuMmEBER,

It is recommended that the time between gluing of fraills and testing be only long
enough to ensure adequate curing of the adheslve, .

7.1.3 Sampling of test specimens from a panel: Three test specimens shall be cut
from each panelzfn accordance with the schedule given in Figure 1. .

Fok, THE. GRAIN DRENTAT o~ B&NG TELTED

[ 3 )

7.3.2 Acceptable test results: Y

ONLY SPECMENS THAT FAIL InNd SHEAE RETWEEN] THE
RAILS SHALL Re. Atcerted

10 SHEAR IN PLANE OF PLIES ‘
(EFFECTWE MOBULUS 0F BLALTICTY | ULTIMATE. SHEAR
i~ PLANE OF PLIES $TRESS )

10,1 Test specimen
10.1.,1 Measurement:

When needed for the interpretation of test results the thickness of each ply shall
be measured to the nearest 0.02 mm.

K Aos A G-

10.1.2 8Size of specimen and methoed of manufacture: The test is made on the
specimen shown in Figure/jﬁh’

1




The face grain of the plywood shall be parallel to the length of the specimen. The
knife edges of the loading plates shall be oriented to cause opening of the knife
checks during loading in the core of a 3 ply specimen as shown in Figure 1l:

in the case of 5 or more ply materlal the knife checks in at least one of the two

veneers adjacent to the(faee-wenees» shall open during loading (see Figure 11).
The steel plates shall 450 mm long, 150 mm wide and 25 mm thick. The plates
shall be bonded to the plywood with an adheslve sufficlently rigld to preclude a
significant contribution of adhesive creep to the measured deformation, One end
of each plate shall be provided with a knife edge projecting & mm beyond the end
of the specimen as shown in Flgure 10,

OUTER, ALY

12 DENSITY

" constant mass is considered to be reached when-two successive welghing operations,
carried out at an interval of 24 hours, do not differ. by more thaq,ﬂei’per cent
of the mass of the test plece. 0-2

’

13 REPORT

The following data concerning the test conditions shall normally be given: the type
of test, the accuracy and method of loading, the accuracy of measurements of
deformation, the temperature and relative humiditx‘ét the time of test. ?

WITHIN THE CoNDiTNING CARINEST

& number of specimens‘fested for each property shall be stated in the test report,
and if a statistical tredtment of the data is possible then the value of the
standard deviation or coefficlent of variation for each property shall also be
glven, as well as the mean.

AND PANELS

Eending: 1, 3, 5, 8, 10, 12
Tension: 2, 4, 6, 7, 9, 11
Compression: (13 + 14 L.uunnn )y (19 + 20 ..., )
Shear in plane .
of plies: R pfeed | 28, 29, 30 JNCE_L..&T‘Er
Panel shear: 31, 32, 33, 34, 35, 36 '
Modulus of
rigidity: 57, 38
Rolling shear: at random from clear material

Figure 1 Custing Schedule
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THE EF¥FECT OF RATE OF TESTING SPEED

ON THE ULTIMATE TENSILE STRESS OF PLYWOOD

Background

The June 1976 Draft of the proposed CIB/RILEM "Methods of Test
for the Determination of Mechanical Properties of Plywood"
standard bases the rate of load application on a rate of strain
that is the same for all tests. This differs from the ASTM
philosophy were the time to failure (3 - 10 minutes) is used

for the basis with which to determine the rate of load appli-
cation. Because of the way in which plywood reacts to different
loads, the ASTM rate differs from the proposed CIB/RILEM rate
for the different tests.

Current experimental data on time effect is rather limited

and as several individuals on the ASTM D07-03 Plywood Sub-
Committee have attached importance to the time failure concept,
it was felt that an indicative type of test program was war-
ranted to investigate the effect of rate of testing on at
least one plywood property.

Objective

To evaluate the effect of rate of testing speed on the ultimate
tensile stress of plywood by testing "matched" specimens
obtained from a single panel.

Selection and Preparation of Test Specimens

Four groups of 10 panels (5 ply -~ 1/2 inch - 1/10 inch plies)
manufactured in accordance with CSA Standard 0121-1973 Douglas
Fir Plywood were randomly sampled from routine mill production
of four mills (ten panels per mill). After delivery to the
laboratory the panels were examined for uniformity of grade
and were number coded and cut as shown in Figure 1. Typical
specimens are found in Plate 2.

In addition to the above, it was felt that the number of
matched pairs of specimens was relatively low (40) for in-grade
type of plywood with variability of ultimate tensile stress

in the neighbourhood of 19%. Therefore, to eliminate the
possible bias which could have been caused by a lack of match-
ing of pairs due to the defect distribution, twenty panels

(5 ply - 1/2 inch - 1/10 inch plies) were custom-made from
"defect free" clear Douglas fir veneers.




After delivery to the laboratory, panels were examined for
uniformity of grain orientation along the length of the panel.
Three panels were rejected as grain distortion made them
unsuitable for "matched" specimen tests, Each of the remain-
ing panels were number coded and cut as shown in Figure 1.

Test Procedures

Tests were conducted following the requirements of
ASTM D3500~76 Testing Plywcod in Tension, Method B.

Strain rates were 0.003 in/in/min and 0.001 in/in/min for the
CIB/RILEM rate and for the ASTM rate respectively.

Plate 1 provides a visual picture of the test set up. Plates
3 and 4 show typical failed tension specimens from the in-
grade and "defect free" plywood panels respectively. 1In
addition, individual ply thickness measurements, moisture
content, and specific gravity tests were determined for each
panel.

Presentation of Test Results

The test results are presented in Tables 1 and 2 for the in~
grade and "defect free" plywood panels respectively.

Discussion of Results

Since the parallel ply theory reasonably well approximates

the actual stresses exerted within wood fibres, results cal-
culated by this theory will be referred to during this discus-
sion. Results calculated by full cross section theory are
presented for comparative purposes.

Results in Table 1 indicate that for in-grade Douglas fir
plywood the mean and the 5% exclusion value of ultimate tensile
stress are greater by 6.1% and 4.8% respectively at a strain
rate of 0.003 in/in/min than at a strain rate of 0.001 in/in/min.
The coefficient of variation has not been practically affected
by the difference in strain rate.

Results in Table 2 indicate that for "defect free" Douglas fir
plywood the mean and the 5% exclusion value of ultimate tensile
stress are greater by 12.3% and 17.7% respectively at a strain
rate of 0.003 in/in/min than at a strain rate of 0.001 in/in/min.
The larger difference in the 5% exclusion value than in the

mean value was caused by the decrease of C.v. from 13.3% to
11.0%.




As expected, the difference in strain rate had greater

effect on clear than on in-grade plywood. This difference in
the intensity of effect is probably caused by lower sensitiv-
ity to strain rate of lower strength - lower stiffness areas
around knots which develop micro failures earlier than the
other portions of wood during the straining-stressing process.

The average time till failure was for both in~grade and "defect
free" specimens approximately one minute thirty seconds at
0.003 in/in/min strain rate and approximately four minutes
thirty seconds at 0.001 in/in/min.

The number of tested matched pairs of specimens was not large
enough to provide a basis for statistically fully justified
comparisons. Nevertheless, for both in-grade and "defect free"
specimens tested, the trend is the same and it strongly
indicates that the strain rate increase from 0,001 in/in/min
to 0.003 in/in/min causes an appreciable increase in ultimate
tensile stress.

Conclusions

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

(1) The mean and the 5% exclusion value of the ultimate
tensile stress of Douglas fir type of in-grade plywood
are greater by 6.1% and 4.8% respectively at 0.003
in/in/min strain rate than at 0.001 in/in/min strain
rate.

(2) The mean and the 5% exclusion value of ultimate tensile
stress for clear "defect free" softwood type of plywood
are greater by 12.3% and 17.7% respectively at 0.003
in/in/min strain rate than at 0.001 in/in/min strain
rate.

(3) The average time elapsed till failure for tension tests
on both "defect free" and in~grade softwood plywood is
approximately 1-1/2 min at 0.003 in/in/min strain rate
and approximately 4-1/2 min at 0.001 in/in/min strain
rate.



Recommendations

As the data developed from this program indicates that the
strain rate influences the strength results and as the strain
rate of 0.003 in/in/min results in undesirably short average
time to failure (1-1/2 min), it is recommended that testing
speed be indirectly specified by stating the desirable average
time to failure with specified lower and upper limits. The
above approach is warranted by the fact that strength properties
determined by static tests are adjusted to either "normal
duration" or "long term duration” allowable values by one

single factor applied to the different strength properties.
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PLATE 1
TENSION TEST




B

-

"
N
= z
e

TYPICAL SPECIMENS IN AN IN--GRADE PLYWOOD PANEL BEFORE CUTTING

(only specimens 31-1 & 31-5 were tested in tension)

PLATE 3
TYPICAL FAILED TENSION SPECIMENS
FROM THE PLYWOOD PANEL SHEQOWN IN PLATE 2

PLATE 4
TYPICAL FAILED TENSION SPECIMEN
FROM THE "DEFECT FREE" PLYWOOD PANEL



Plywood:

TABLE 1

'EFFECT OF TESTING SPEED ON ULTIMATE TENSILE STRESS

to C8A Standard 0121-1973

Test Procedure:

Panels Tested:

Specimen Size:

ASTM D3500-~76, Method B
Strain Rates:

40

0.001 and 0.003 in/in/min

250 mm x 1200 mm

(640 mm exposed to uniform tension)

Parallel Ply Theory

Face Grain Orientation to Load: 0°

1/2 inch - 5 ply Sheathing Grade DFP manufactured

Strain No. Ultimate Tensile Stress
Desig-
Rate of lhatiod  Mean 5% e.v. | C.V.
Speci- .

in/in/min mens psi psi %
0.001 40 A 6076 4199 18.8
0.003 40 B 6447 4401 19.3

Difference Eié 100 + 6.1% + 4.8% -

Full Cross Section Theory

Strain No. Ultimate Tensile Stress
Desig-
Rate _ Of_ nation Mean 5% e.v. c.V.
Speci-

in/in/min | mens psi. psi %
0.001 40 1 A 3653 2543 18.5
0.003 40 B 13880 2727 18.1

Difference 2x> 100 + 6.2% + 7.2% -




TABLE 2

EFFECT OF TESTING SPEED ON ULTIMATE TENSILE STRESS

Plywood: 1/2 inch - 5 ply Sheathing DFP manufactured with

clear (defect free) veneers

Test Procedure: ASTM D3500-76, Method B :

Strain Rates: 0.001 and 0.003 in/in/min

Panels Tested: 17

Specimen Size:

250 mm x 1200 mm

(640 mm exposed to uniform tension)

FPace Grain Orientation to Load: 0°

Parallel Ply Theory

Strain No. Ultimate Tensile Stress
Rate of [Pesig-
 bation Mean 5% e.v. c.V.
H>peCl—-
in/in/min mens psi psi %
0.001 17 A 6713 5243 13.3
0.003 17 B 7540 6173 11.0
'Difference ?—;—5 100 +12.3% +17.7% -
Full Cross Section Theory
. Strain No. Ultimate Tensile Stress
Rate of [Pesig-
 bhation Mean 5%‘e.v. C.V.
LpeCcll~
in/in/min | mens psi psi %
OfOOl 17 A 4041 3149 13.4
0.003 17 B 4506 3792 9.6
‘pifference %"—5 100 +11.5% +20. 4% -
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COMPALRISON OF THE EFFECT OF SPECIMEN SIZE
ON THE FLEXURAL PROPERTIES OF PLYWOOD
USING PURE MOMENT TEST

Background

At a recent CIB W18 meeting (Aalborg, June 1976) it was agreed
that the pure moment test as presented in the July, 1976 draft
of the CIB/RILEM "Methods of Tests for the Determination of
Mechanical Properties of Plywood" Standard be used to determine
the bending stiffness and ultimate moment capacity of a plywood
panel. It was also agreed that the test specimen should not

be a "small clear" specimen but should be of a size sufficient
to contain natural and manufacturing characteristics allowable
in the appropriate product standard.

The July 1976 draft of the CIB/RILEM testing standard reguires
three individual specimens of a width 300 mm to be selected
from a panel in accordance with a specified cutting schedule.
These specimens are then exposed to the pure moment over an
area of 300 mm x 300 mm to determine the basic stiffness and
strength of the plywood panel. Such a specimen, of 300 mm
width, is commonly identified as a medium sized specimen which
differs to the large sized specimens, of 1200 mm in width,
commonly tested in Canada.

As a plywood panel is almost always used in its full width, we
believe that is is a realistic requirement that the bending
test uses a full width panel or something approaching full
width. Recognizing the concern for usging generally available
commercial equipment, we agree that the standard should at
least provide for an option to the full width panel. This
paper suggests such an option.

Objective

To evaluate the effect of size of specimen on plywood bending
strength and stiffness by testing 3 ~ 300 mm wide medium sized
specimens versusg 1 - 900 mm wide large sized specimen using
"matched" specimens obtained from a single panel and tested

by the pure moment test.

Selection and Preparation of Test Specimens

Four groups of 10 panels ( 5 ply - 1/2 inch - 1/10 inch plies)
manufactured in accordance with CSA Standard 0121-1973
Douglas Fir Plywood were randomly sampled from routine mill
production of four mills (ten panels per mill).

L e




After delivery to the laboratory panels were examined for
uniformity of grade. One panel was rejected as grain distor-
tion and knot characteristics made it unsuitable for "matched"
specimen tests. Each of the remaining panels were number coded
and cut as shown in Figure 1. Typical specimens are found

on Plate 3,

Test Procedures

Tests were conducted following the requirements of

ASTM D3043-72 Standard Methods of Testing Plywood in
Flexure, Method C, Pure Moment Test
for Large Specimens.

Plate 1 and 2 provide a visual picture of the test set up.
Plate 4 shows typical failed bending specimens from a plywood
panel.

In addition, individual ply thickness measurement, moisture
content, and specific gravity tests were determined for each
panel.

Presentation of Test Results

The modulus of rupture and mcdulus of elasticity test results
are presented in Tables 1 and 2 using the calculation procedure
of parallel ply theory (neglecting the contribution of perpend-
dicular plies in calculating section properties) and the full
cross section theory respectively.

Results were determined for the 39 -~ 900 mm wide specimens,

117 - 300 mm wide specimens and the 39 - 300 mm specimens using
the technique of determining within panel average of the

300 mm wide specimen test.

Discussion of Results

The nature of this test program was to provide an indication
on the effect of specimen size on the flexural properties of

plywood.

Modulus of Rupture

The mean modulus of rupture for 300 mm wide specimens was,
as expected, lower than for 900 mm wide specimens. Detailed
visual examination of the location of failure in respect

to the groups or rows of knots and knotholes revealed that
in 900 mm wide specimens the load was sidewise transferred
from "weaker" areas to stronger and stiffer areas.



This observation can be readily supported theoretically
since the strain in outermost fibres is approximately
constant across the width of the specimen. Consequently,
the less stiff {(and weaker) portions of the cross section
of any ply will generate lower stress than the stiffer
(and stronger) portions of the cross section of any ply,
both being strained equally.

The relationship of fith percentiles (5% exclusiocn values)
for modulus of rupture was affected by the absolute level
of values, as discussed above, and by variabilities which
are mainly due to

(1) physical characteristics of the specimen, and

(2} statistical treatment.

(1) Physical Characteristics of the Specimen

The most active of physical characteristics of the
specimen are:

(a) the ratio of the loss of the wood cross section
(due to knots and knotholes) to the total width
of the specimen,

(p) the type of knot and knothole distribution in

relationship to the width and length of specimen,

(¢} the type of grain distortion around knots and
knotholes.

Factor (a) is partiallv and factors (b} and (c) are
fully a function of species.

(a) Generally. large loss of cross section in a panel

produces large differences in strength between
300 mm wide specimens and hence increases the

¢.v. for medium specimens versus large specimens.

. (b) Panels with many small (or no knots) would produce

relatively smaller variability for 300 mm speci-
mens than species with fewer but larger knots.
Consequently, one could expect the variability
for 300 mm specimens to be only slightly greater
than for 900 mm wide specimens for plywood with
"small, densely distributed knots" and one could

expect much larger difference in C.V. for plywood

with fewer but larger knots.




(¢) Grain distortion is in respect to its effect |
on strength, an extension of knot or knothole.
Effects of knots and knotholes discussed as
factors (a) and (b) are enhanced in species
with extensive grain distortion.

When the analysis of factors involved is directly
applied to the results shown in Table 1, it can be
seen that for Douglas fir plywood with medium size

and medium densely distributed knots and knotholes,
one would expect a medium decrease of mean modulus

of rupture and medium increase of its variability
from 900 mm to 300 mm specimens. The -7.6% difference
in mean is about the minimum expected difference. The
increase of variability from 19.1% to 20.6% (for MOR)
is smaller than expected. The difference was reversely
affected by statistical treatment as will be explained
below.

(2} Statistical Treatment

One 900 mm specimen and three 300 mm specimens were

cut from each panel. If only one 300 mm specimen was
tested, the difference of variability between A and B
(Table 1) would be greater. Larger number of specimens
(117) improved the statistical sample size of B and
caused a lower C.V. than would be produced by testing
of only 39 - 300 mm wide specimens.

When MOR for 3 ~ 300 mm specimens from each panel was
averaged and panel average was used as single statis~
tical observation (C - Table 1), the statistical size
of sample was decreased from 117 to 39 but the effect
of this was overwhelmed by "the averaging effect" which
removed very high and very low extreme wvalues and
resulted in a lower variability of 17.9%.

Since C.V. for B (20.6%) is greater and C.V. for

C (17.9%) is smaller than C.v. for A (19.1%), the
corresponding differences in fifth percentile are
greater (~11.1%) and smaller (-5.1%) than that for
the mean (-7.6%).

Modulus of Elasticity

Modulus of elasticity (MOE) is determined from the slope

of the moment-deflection curve at stresses not greater than
one-third of the ultimate stress. Consegquently, MOE is in

general less affected by the discussed physical character-

istics of the specimen than MOR. The decrease of the mean

MOE of -7.1% from the 900 mm to the 300 mm wide specimen



is only 0.5% less than for MOR (-7.6%). This small
"difference between differences" of mean MOE and mean MOR
was unexpected and is probably caused by the small sample
size (39 panels).

The lower effect of physical characteristics of specimen
on MOE was very evident. in coefficients of variation
where C,V., for B (10.6%) is lower than C.V. for A (15.7%).
The difference is caused by difference in sample size and
was influenced by the reverse effect of physical character-
istics of specimen to a lesser degree than in the case

of MOR. ’ '

The relative position of C.V. for B (10.6%) and C (8.6%)
is about the same as for MOR and is caused by averaging
effect.

Conclusions

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

(1) The mean modulus of rupture and the mean modulus of
elasticity are approximately 7% lower for 300 mm wide
specimens than for 900 mm wide specimens.

(2) The fifth percentile of modulus of rupture is lower for
300 mm wide specimens than for 900 mm wide specimens by
approximately 11% when statistics are based on individual
specimen values and by approximately 5% when statistics
are based on individual panel averages for 300 mm wide
specimens.

Recommendations

As the 900 mm wide specimen better describes the "in service"
strength of the plywood tested, it is recommended that the
CIB/RILEM Standard require the testing of a 900 mm wide specimen.
To ensure that conventional laboratory eguipment can be used,

it is recommended that this "900 mm wide" specimen be 900 mm
wide or 2 - 450 mm wide or 3 - 300 mm wide (the "2" or "3"
specimens being cut from the original 900 mm wide specimen).

In using the "2" or "3" specimens the difference in 5% e.v. of MOR
is minimal providing the individual results are averaged to
determine the resulting individual panel strength. In addition,
it can be anticipated that plywoods with smaller number of small
knots or knotholes than the Douglas fir plywood tested would

have smaller {(and probably negligable) difference in flexural
strength between the 300 mm and 900 mm wide specimens.
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PLATE 1
PURE MOMENT FLEXURE TEST

PLATE 2

DEFLECTION MEASURING DEVICE
FOR PURE MOMENT FLEXURE TEST



PLATE 3
TYPICAL SPECIMENS IN AN IN-GRADE PLYWOOD PANEIL
BEFORE CUTTING

PLATE 4

TYPICAL FAILED BENDING SPECIMENS
FROM THE PLYWOOD PANEL SEOWN ON PLATE 3

;
|




Plywood:

Test Procedure:

TABLE

1

EFFECT OF SPECIMEN SIZE ON FLEXURAL PROPERTIES

(Parallel Ply Theory)

to CSA Standard 0121-1973

Panels Tested: 39

Specimen Sizes:

300 mm x 1200 mm

900 mm x 1200 mm
(600 mm length exposed to pure moment)

Face Grain Orientation to Span: 0°

ASTM D3043~72, Method C

1/2 inch - 5 ply Sheathing Grade DFP manufactured

0 Z MODULUS OF
wiotd |, & 1 . | starisrics| S MODULUS OF RUPTURE ELASTICITY
OF © E © 2} BASED ON &
SPECIMEN g % g E VALUES FOR § .
0 2 MEAN 5% e.v, | C.V. MEAN C.V.
a
mm psi psi % psi %
900 39 39 SPECIMEN A 8332 5718 19.1] 2265730 |15.7
300 117 ] 39 SPECIMEN B 7694 5085 20.6 | 2105000 |10.6
300 39 39 PANEL AVG. C 7694 5425 17.91 2105000 | 8.6
B-A
DIFFERENCE —— 100 -7.6% -11.1% -7.1%
C-A
DIFFERENCE =5~ 100 ~7.6% -5.1% -7.1%




10.

TABLE 2

EFFECT OF SPECIMEN SIZE ON FLEXURAL PROPERTIES

(Full Cross Section Theory)

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

Test Procedure: ASTM D3043-72, Method C
Panels Tested: 39
Specimen Sizes: 300 mm x 1200 mm

900 mm x 1200 mm

(600 mm length exposed to pure moment)

Face Grain Orientation to Span: 0°

2] =z MODULUS OF
WIDTH " 2 - STATISTICS 8 MCDULUS OF RUPTURE ELASTICITY
OF © E © = | BASED ON &
SPECIMEN g % g E VALUES FOR § _
0 a MEAN 5% e.v. | C.V. MEAN c.V.
[
mm psi psi % psi %
900 39 39 SPECIMEN A “ 6573 4629 18,01 17865901 13.5
300 117 | 39 SPECIMEN B 6118 4066 20,4] 16747001 10.4
300 39 39 PANEL AVG. o) 6118 4341 17.61 1674700 8.2
. i B-A
DIFFERENCE —— 100 -6.9% -12.2% -6 .3%
C-A
PIFFERENCE T 100 -6,9% -5.2% ~6.3%
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1. Aim of the Research Work

In modern wood~constructions especially with glued laminated fimber

the wooden members are often strained by torsional loading. Therefore
they must be designed to withstand these stresses. Publications concer-
ning the torsional strength and the distorsion-behavior of larger wood-
structures can hardly be found. The German design standard as well

as the standards of other countries give no special values for the
allowable torsional stresses and the torsion modulus of large sections

of lumber and glued laminated timber. Finally no methods for the
calculation of the torsional stresses and the distorsions are known for

the anisotropic material wood, having natural faults. The metheds,
published until now were only app!icab]gofhe faultless wood rod which
has a fixed position to the rings and the grain direction. The necessary
values for designing torsional members could only be gained by tests

with samples of real sizes. Thereforeit was the aim of this research work
to determine values for the torsional strength and the torsien modulus of
timber and glued laminated timber cross-sections using structural wood.
Also the influence of duration of loads had to be observed. Besides this,
for glued laminated timber, the bearing- and distorsion behavior, by '
simultaneously acting of torsion-, bending~ and shear-stresses should be

investigated.

2. Mathematical Treaiment of the Torsional Problem for the Anisotropic
Building Material Wood
The study of the literature, especially of the works of Voigt [1] , Herig [2]
and Krabbe {3] had the result that the calculation of stresses and distorsions
by the model of Voigf's crystal- theory (wood is adspected as a rhombic
crystal building material) is useless for practical calculations in wood
construction, because on one hand a big expense in calculation is necessary
and on the other hand the assumptions don’t hold true for bigger dimensions
and for the presence of faults in the grain. Therefore it woufd be better to

use the isotropic view which in general is known by each engineer. It had

-2 .
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to be proved by tests in what way the ratio of the depth to the width for the
common rectangular cross-section and the fimber grade were influencihg Tra

Gnd GT-

3. Results of the Tesis
3.1 Torsional Strength Tra by Short-Time Loading

By timber specimens without any faults and with circular or square cross-sections
the mean values of the calculated torsional strength were 10,3 and 12,6 N/mm2
and the 5%-fractiles were 8,9 and 10,0 N/mm2. Increasing the ratio of the
depth to the width the values rose. Besides this a very good linear dependen-
ce of the density p (figure 1) and of the moisture content w (figure 2) could be
found. In both cases with rising values p and & an increase of 71 appeared,
which however was different in the singular series of the tests. Using timber
of the grades | and Il o distinct decrease contrary to the specimens without
faults was seen, Thereby hardly no difference appeared between quality 1 and Il
(figure 3}. The torsional strength of wood without faults was about 75% more
than the values of grade | and I,

For glued laminated timber of quality 1/11 with the same dimension the mean
values were still a little lower, but the deviations were minor, so that the
5%-fractiles were higher than the values for timber.

Simultaneously acting shear loads {shear and bending stresses) only develop a
decrease of the torsional strength when Ty > 0,9 N/mmzrf'gure 4), Bending
stresses alone had no decreasing influence. Also with timber of quality 1/11

and glued laminated timber of the same dimensions an influence of the width
.to the depth ratio could be noticed by the 5%-fractiles. This influence however
was often covered by faults in the grain. 1f can assumed that for normal sections

of glued laminated wood the torsinal strength is about 40% higher than that of

squared sections.

3.2 Torsional Strengt Trat Under Duration of Loads

Regarding the duration of loads, a similar decrease of the short~time torsion=-

-3 -




strengt was found in the same way as by the other short-time strengths,

This relationsship for timber reads
D= B (= Thy* L1-0,0562 - g ()]  (Figure 5),

For glued laminated timber a similar behavior can be assumed. A test
using siresses which were about 78% to 90% of the ultimate strength of
a short-time test, led to rupture by a time of 864 hours. On the other
hand in tests with stresses, which were about 39% and 55% of the shortw
time strength, even after a time of 1.3 years no sign of rupture could be
noticed. This could be expected from looking at figure 5. The test
specimens even reached the same torsional strengths as the values which
were found in the pure short-time tests done before. A decreasing

influence of the preceding long time loading could not be noticed.

3.3 Torsion Modulus GT

By the plotted load-distorsion lines the Gy - values were calculated
with the equation Gy = My - L /@17 for the straightlined part of the
My/9 - lines, The proportional limit was about 50% to 65% of the
ultimate values. A significant relation of the mean value of the Gy -
modulus from the depth to the width ratio was shown by timber and also
by glued laminated timber (figure 6), Similar dependences as seen by
the torsional strength were noticed by the density p (figure 7) and by
the grade of the timber (figure 8)..Besic.fes this a small decrease was ob-

served with increasing humidity.

In practice using the specimens without faults and with circular and
2
square cross-sections the same mean value of Gy = 560 N/mm” was

obtained. For grade 1/11 the value decreased to 410,5 N/mm2 for timber




-4 -

and to 491,5 N/mm2 for glued laminated timber, If simultaneously
bending-shear loads were acting, a decrease of GT was observed for
glued laminated timber, while pure bending had no recognizable de-

creasing influence on Gy,

Under long term loading for timber and also for glued laminated timber
a significant decrease of G could be noticed, which was greater for

timber than for glued laminated timber.

4. Conclusions
For timber and glued laminated timber with a density of Pro = 380 |<g/m3
and with a humidiry of 12%, using a rectangular cross-section and a

depth to the width ratio h/b = 2 an allowable torsional stress of

al TIVH = 1;2 N/mrr!2 :
for timber and of
al TIRSH = 146 N/mm2

for glued laminated timber could be assumed. Theryby the safety referred
to the 5%-~fractile values is at least of 2.5. In a simultaneous acting of

shear from shear loads these values must be multiplied by the factor
=l O, o=t (T el Ty
y.ro :
where "v\," is the actual shear stress caused by the shear loads.

In practice a shear modulus of GT =330 N/mm2 for timber and
Gy =500 N/mm2 for glued laminated timber could be used.



Literature

[1]  Voigt, W.: Lehrbuch der Kristallphysik.
Leipzig 1928

[2] H'dri.g, H.: Tafeln R (p) und Q (p) zur Berechnung der
g—:elrelzzz?gls;n s44+ 55 und sgg und der maximalen Tangentialspannungen.

[3] Krabbe, E.: Messung von Gleit- und Dehnungszahlen an Holz-
stdben mit rechteckigem Querschnitt.
Dissertation TH Hannover, 1960

o

Universitit Karlsruhe
Elubs aonstrukioneR

Lehreieh
Elngang 2 (, HEB. .4/

h

77.10.01

i .

CORRIGENDUM

CIB-W18 Proceedings: Meeting Seven: Stockholm Feb/March 1977.

Paper CIB-W18/7-6-1. Strength and Long-term Behaviour of Lumber and Glued-

Laminated Timber under Torsion Loads.

Section 4, Conclusions

The third equation should read:

_ N 2
-_l (TV/al 'rv)

ol /¥ o, 3 Vgt
{ s 7 e b
S 'r-,."-"f""""'w"




7 [N /mm 13 ko,

24

5
L g

23 1.4

22

F1.3

21 .
20 112 )1
19 | / Kp12
s I

1

16

© <
88 — b . { j: » s~ 33
370 380 390 400 410 420 430 40 450  py,lkg/m™

15

figure 1 :  relation between the torsional strength and the density p.
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influence of the acting shear stresses, caused by shear forces, to the

torsional strength for glued laminated timber
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figure 6:  influence of the depth to the width ratio to

the torsion modulus
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TESTING PUNCHED METAL PLATES AS TIMBER CONNEGTORS:
GUIDE-LINES (Code of Practice) FOR TESTING

1 GENERAL
These guide~lines are intended to promote uniform methods of testing punched

metal plates as connectors for load-bearing timber structural members.

2 CONCEPT AND TREATMENT

Punched metal plates as understood in these guidew~lines normally comprise steel
plates having a thickness at least 1 mm, corrosion-proofed on both sides, with naile
or spike~type parits punched out towards one side and bent up perpendicular to the
plane of the plate.

The punched metal plates serve as splice~plates or gusset-~plates for connecting two
or more timbers of equal thickness. For this purpose they are pressed, by means

of a special platen or roller press, into the surface of the timber to a depth such
that the plate is lying flush and the punched—out paris are embedded in the timber
over their full length.

3 THE PURPOSE OF THE TESTS
The purpose of the tesis is to provide information for the design, construction

and inspection of the timber comnections. The following are the design data required:

a) Permissible force F, in N/mm2 (kp/cmz) at the contact surface area between

f
punched metal plate and timber surface, as a function of the angle o (angle between

the direction of the force and of the plate) and of the angle B{angle between the

direction of the force and of the grain); or

b) Permissible force F, in N(kp) per punching as a function of angles o and B

A
(especially with spike-type punchings);

y in N/mm (kp/cm) of plate width (without subtracting the
apertures), under tensile loads with a= 0° and a= 90O for B = OO;

¢) Permissible force F

d) Permissible force Fy in N/mn (kp/om) of plate width (without subtracting the

apertures), under shear load, as a function of angle a.




4 PRELIMINARIES TO TESTING

4.1 Choice of plate sizes for testing;

Two or three plate sizes are 1o be selected from the production range of the
manufacturer in such a way that the required design values for all plate sizes can
be obtained with adequate reliability by interpolation. When the size of the plate

does not affect the load=learing capacity, it is sufficient to test one size of plate.

4.2 Data required before start of testing:
Data regarding corrosionwproofing, elongation limits and tensile strength of the

basic material (steel plate) is to be provided by the manufacturer. Where the

manufacturer has no special requirements (eg special performance), the following |

conditions are laid downs

Species of timber: spruce, planed (if required other species and sawn surfaces
are to be comparitively tested)
Thickness of timber: 2 x length of punchings +3%5 mm, but not less than 35 mm
Moisture content,

at production: % 22%

at testing : 18 + 2%
Compressive strength: 36 + 2 N/mm2
(at U = 15%) (360 + 20 kp/cmz)

For wood with compressive strength o, above 38 N/mm2 {380 kp/cmz) the test results
(if failure occurs in the timber) must be multiplied by the factora = 36/(’D11;

The test pieces are to be assembled at the testing laboratory or at the factory

under the supervision of an officer of the testing laboratory.

A cutting plan showing how the timber test-pieces were cut from the plank,

must be recorded to ensure comparability of the test resulis.

5 THE TESTS

5.1 Material characteristics:

5.1.1 Material characteristics of the metal plate: Tensile strength, yield
point, elongation and hardness of the steel plate before punching, and corrosion-—

proofing are to be determined in accordance with appropriate test specifications.



5+1+2 Material characteristics of the punched metal plates: The bending behaviour
- of the punched nails (bending-back test) by repeated bending up and down up to
450,(beginning with bending towards the holes) must be investigated, The number

of bendings until fracture should be recorded. Similar tests.should be carried

out on plates with spike~type punchings.

5.2 Testing of timber connectors:
5.2.1 Static tests on individual test pieces: The probable maximum load Fmax
ig to be determined by preliminary tests.

Loading is effected continuously up to 0.4 Fmax with a loading rate of 0.2 Fmam/min
or a testing machine cross-head motion of 1 mm/min to 1.5 mm/min. After half a
minute at 0.4 Fmax the load is reduced to Q.1 Fmax’ and after a further half-
minute continuous loading is resumed at the above loading rate up %o 0.7 Fmax

This is followed by loading to maximum load with a higher rate of deformation
(about 4 mm/min). At each load increment or decrement deformations should be
measured without disturbing the continuity of the loading procedure. If possible
the 1oad/slip curve should be drawn automatically. At least 5 similar test

pieces are to be tested for each type of test.

Tach specimen shall be made with two punched metal plate fasteners wused as
gplice plates, one on each side of the specimen and symmetrically positioned on
the two members which shall be separated by a gap of 1 mme The edges of the
testing machine grips shall be not less than 200 mm from the ends of the plates

for tests of tension parallel or perpendicular to the grain.

5.2.7.1 Tensile tests:
a) Arrangement of the test piece for failure in lateral resistance of nails or
teath.

f
et = ‘*'"“"TE::_: ~— o« = 0% 30° 60° 90°
o]
J 2 p="°

It is generally sufficient to test the longest plate for which failure is to
be expected at the nails or teeth rather than in the plate.




b) Arrangement of the test piece for failure of the metal plate
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The length of plate must be chosen on the basis of the test results of 5.2.71.a

so that failure occurs in the plate.

5e2s1.2 Tensile tests perpendicular to the grain:
Arrangement of the test piece
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The plates should be arranged to ensure that failure of the nails occurs on
the parts of the plate on the cross-~timber (1,1 < 12). Tests shall be made with
length 1, > b/, and £ <b/ 4

5.2.1.3 Compression tests: In compressive members and joints of compression mémbers
it can be assumed that the force is transmitied directly by contact of the connected

timber; for this reason compression tests are usually unnecessary.

5e2¢Ted Shear tests: Only shear tests and tensile shear tests have to be made

since compression shear joints are not allowed.




Arrangement of the test pieces

Fig 4

Fig 5
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*In each case with variation of the ratio l/b by tests on additional
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plate sizes.




5.2.2 Dynamic tests (continuous oscillation tests) with individual test pieces:

Tests by special request, eg when using the plates for crane or bridge building.

The test specimens for cyclic tests are of the same form as those of 5.2.1.

Maximum and minimum loads are to be fixed and the number of load alternations
before fracture are to be recorded. Displacements in relation to the load changes

shall be recorded. In certain cases a Wihler curve musi be established.

5¢2.3 Long~term (endurance) tests with individual test-pieces: Tests by
special request, eg for use in structural members with a high permanent
component 0f load. Test piece in accordance with $.2.1.

Maximum load should be between 50 per cent and 70 per cent of the static

breaking load.

5¢2+4 Static tests with structural members: Tests on special constructions,

eg composite beams with non-standard plate sizes.
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Long-duration tests on timber joints.

Sunmary

An interim report is presented about long-duration tests on joints with
split-ring and toothed plates and on nailed joints. The program started
in 1962 and includes the yresults of 79 test specimens, loaded to 60 to
90% of thé mean ultimate Toad as found from 60 matched specimens tested
according to a standard (short duration) procedure.

In comparison with the expectation, based on available information about
the effect of long-duration of load on small clear wood specimens, the
joints seem to show less time-effect. This is especially the case with
nailed joints.

The creep data of the joints did not show a definite "warning point"
announcing a near failure.




Long-duration tests on timber joints,

. Introduction

After a relatively long period of preparations and preliminary
research, [1] an investigation was started in 1962 to study
the Tong-duration strength of three types of timber joints. Until now
79 joints have been incorporated in the program, while in addition to
this some other joints were tested.

The program has not been finished yet; it is hoped that more information
can be produced in the future. This information is very strongly needed
to reach a sufficient insight into the behaviour of timber structures
under load. This need exists as well in the field of wood as a material
as of the joints needed to make building structures with it. Already
during the period of preliminary research this was realised and in his
paper [1] Vermeyden develops a broad and scientific scope of subjects
which are of interest to study. For shortness' sake this program is not
repeated here but only the results of the tests which were carried out as
yet in a more restricted investigation are qiven and shortly commented.
The object of this restricted investigation is:

"to collect data about the Tong-duration strength of joints with mechanical
connectors and to investigate if the effect of long term loads on such
Joints is comparable with the effect on wood;

to get information about the creep behaviour of joints, and especially

if there could be found in one way or another an indication that failure
of the joint under load had to be expected within a near future,

. Description of the investigation

2.1, Method of testing

Puring the development of the investigation it was realised that
several methods could be used to study the long-term behaviour of joints
under Toad. Although there existed a strong interest in the deformations
of such joints too, especially under service conditions, it was decided
that first of all it was the long-duration-strength that had to be determined.
This long-duration-strength can be estimated 1in different ways, for instance
according to methods a,b and c of fig. 1. The "active" loading procedure
a) seems to be a manpower and time consuming method, even if the constant
rate of loading is substituted by a stepwise loading procedure.




In the investigation
described here, the method
b} was chosen, be it that
only the higher load levels
were introduced in the
program. The load levels

p were.determined on the
basis of standard (short
duration) tests [2:]. This
method b) is also very + Fy
time-consuming but it

has the advantage that
most of the available data

pF

about the Tong-duration
strength of wood has been
based on this method too.

The difficulty of this
procedure is of course that
the standard strength Fu of
the individual test specimen
cannot be determined. It is
therefore only possible to
load such joints to a certain £
pcrcentage of the standard
strength of other test
specimens. The resulting time
to failure will be influenced
therefore by the accuracy with
which each individual test
specimen would have
approached the predicted
standard strength.

Another approach is given in
fig. 1 ¢, wﬁ?e test specimens
are loaded to a certain

a) active loading with different velocities

T s
__L——/w “\_creep limit
-
P
-
-
ol

— %
b) active loading followed by constant load

at load levels p. At Tower loads than F_
it is supposed that a creep Timit exists
after a certain time t.

T

Tt

c¢) standard strength test after preloading
during a certain time to one or to a few

"allowable" Tevels.

Fig. 1.

degree (e.g. about at or scmewhat higher than the working load) during a
predetermined timg, After that time they can be tested according to the
standard test procedure (short duration). This method gives information

e gE




about the eventually occurring strength reduction caused by the preload.

Also - if sufficient tests were carried out - the statistical characteristics
of that remaining strength become available as well as data about creep
figures at normal working conditions. Such tests have been incorporated in
the total program of the investigation but they have not yet been started.

In this connection very briefly a result may be mentioned of long duration
tests.on two similar nailed trusses with a span of 10 m. They were exposed

to static loads as in the table. Affer a _ load _
total test period of more than 3 years one x design load duration
. 1,0 2% year
of the trusses collapsed under 2,2 X design 1.5 5 month
tfoad. The other truss was then tested in 2,0 3 month
kel
a standard (short duration) test. In both 2,2 = month

cases failure occurred in a nailed joint of the lower chord. The short
duration test gave failure at 2,9 times design load.[3]
Madsen [4] also reports that he finds not a loss in strength due to preloading,

2.2. Matching

In order to decrease the unfavourable éffects of the variation of
strength as mentioned before, it was decided that some matching technique
should be used. Because in the program three different treatments are
incorporated {standaw test, long-duration test and loss-of-strength test)
the test specimens for each set of treatments are to be made of the same
pieces of wood (cf.2.4).

A special investigation[HD 5)showed that differences in the behaviour of
joints made of pieces of wood which Were "neighbours™ in the lumber they
were cut from ,were not significant smaller than the differences between
- joints just made from the same pieces of lumber.

In fig. 4 the cutting scheme of the lumber is shown. Each 3-member joint
was made of two pieces of wood: M and Z, "Neighbouring" test joints werei

1-2 9-10 16-17

2-3 (10-11) 17-18

3-4 11-12 18-19

4-5 12-13 19-20 -
5-6 13-14

{6-7)

7-8



In fig. 3 the properties
of the joints were plotted.
It cannot been shown that
the differences between
“neighbouring” test jecints
are smaller thén between
arbitrarily chosen joints
made from two planks

Mand Z.
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In an other small serjes of . ‘
tests with Bulldog toothed- 5000 . = '
plate joints 5 times 3 smf\\ % //iul N |

: — .| failure toad N o -
matched specimens were 50001 T *//’ =

p N . g 4500 \ .. /N] \’-‘ ]

loaded to failure. In this w

case the members S] of the

049
three matched spacimens 08 kT e ‘\\
“\.V/ . \
were cut from the same £ 0.77Z\/ \/
plank, and so were the £ 7
g 08 G ——
three members M resp. S >l M N\
r D.L/ ber AN ~
cut of another plank. 03 . e
x 0.2 =TT~ ‘%’—— w\r—'_
The loading procedure of AT wng
two short-duration * test ;

methods differed as 1is
shown in fig.4® and 4P,

Fig. 3.

3 4 5 B 7 B % W U W K B B T ® W N

The results of the short duration tests a and b have been given in table 2,

Sl Sr

Vi

@ ®
Fig. 4.

x . . .
The third specimen in each series

was a preliminary long-duration test.

A statistical analyses learned that

it 18 very probable that the matching-
procedure has influenced the results,
This 1is visualised in fig. 9.

It can be demonstrated too that the
different loading procedures must have
influenced the results. It was not
expected however that the slower method

b should give higher test results.

The results of these tests have given
some indication that matching of test
specimens will have a positive effect
on the accuracy of the long-duration
program. Therefore such a matching-




procedure has been followed during the whole investigation (cf.2.4).
The loads for the Tong-duration-tests have been based upon the mean

Table 2. Ultimate load of matched

toothed-plate-joints (N) ,/"\
0 series - N
N M- A\
- ¢ b 40000 /\ \‘\.
1 | 39150 41850 / A NN
2 41450 43800 \\\“"sem b
3 | 39250 40500 <
4 | 37150 38500 35000 Jserie @
5 35800 37400 | . Ty S S
Fig. b.

short-duration strength values; the possible effect of matching is neglected
in this way; it remains possible however to study this effect afterwards
{cf.4.2}).

2.3. Loading procedure; circumstances during the tests, etc.

A1l test specimens have been loaded by dead loading. This load was put
in action by using an 0il jack, with a hand pump, with which it was tried to
toad in a predetermined time with constant speed. The loading time was 20 to 85

sec, with 40 to 50 sec as a mean value.

;ggitgg&eigig > 0,80 and partly

those with p= 0,80 were loaded separately. The specimens with p= 0,60 and

The specimens with a loadingpercentage p=

p= 0,65 were loaded in series of four and the other specimens —p= 0,70 and
0,75 — in series of two.

This way of execution of the tests was chosen in order to reduce the amount
of loading material as well as of space. The risk that failure of one of the
specimens in a series would influence the other ones - unloading by a shock and
re-loading ~ had to be accepted. It was not possible in such cases to measure
the amount of elastic recovery in the joint as a result of the unloading.
Creep measurements are in that case not continually. Unless the influence

of failure of one test specimen on the others was shown very clearly (some-
times failure of the re-loaded specimens occurred within a few minutes to
some hours) no influence is supposed. This leads to a conservative estimation
of the long-duration strength.

The test specimens were attached to a crane-beam; the vibrations of the
moving crane along this beam was damped by springs. Some influence however



must have been experienced by the tests. .

The tests have been carried out in an unconditioned room. Very roughly

the temperature varies between 18 and 23 Oc, with tops of 15 to 2706;

the relative moisture content of the air varies between 45 to 75%, with

short periods of one day to 40 resp 80%. Here also an effect on the behaviour
of the tests existed.

The sqmewhat primitive circumstances will of course have affected the results
of the tests. Especially where it was tried to compare the results of these
tests on joints with those of clear wood the complications mentioned above are
a disadvantage. Although consideration was given to the proposal to postpone
the investigation until better conditions should become available, this was
not foilowed. One reason was that this postponement would last for at least
10 years. It was also considered that tests carried out under conditions as
described have more relationship wiih the real circumstances of structures.
In this respect doubts upon the actuai data as to be too sophisticated are
not justified anymore.

At the time of fabrication of the test-joints the timber had a moisture
content of about 20% (it was conditioned in a climate of ca 20°C.; 85%

Rel. Hum.). The joints were then stored in a climate of 20°C and ca 40% RH,
where the wood dried to about 10%, which is the mean equilibrium moisture
~content of European Softwoud in the Taboratory hall during the winter season.
The bolts in splitring and toothed plate connections were tightened at the
fabrication and remained untightened after the drying and shrinking had taken
place. It may be expected that they had the maximum gap between the members
at the time of loading. Because of the realistic conditioning of wood ard
joints it may also be expected that these gaps will be comparable to those in
practice,

2.4, Test specimens.

The test program includes three types of joints:

1) joints with one TECO splitring unit ¢ 73 mm with bolt ¢ 3"; members

{39 x 95 mm) + 2 x (27 x 95 mm); end distance 85 mm;
2) joints with one BULLDOG-connector unit ¢ 75 mm with bolt ¢ }"; members

(33 x 95 mm) + 2 x(18 x 95 mm); end distance 75 mm; : '
3) joints with 60 nails (45 x 28 mm); members (58 x 95 mm) + 2 x{18 x 95 mm);

end distance 34 mm,
More detailed information about these joints have been given in fig. 6.
Theyhave been designed so because in all cases the expected short-duration-
strength ds about 40 kN. In all cases minimum-allowable placing conditions
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(end and edge distances, etc) were chosen, as well as minimum dimensions
of the jointed members. ’ '
 From each type of joint 100 specimens were made:
I) 40 specimens for standard tests,
IT} 40 specimens for long~duration tests and
IIT) 20 specimens for strength-decreasing tests-l)

The needed amount of timber was bought in lengths, sufficient to make 5
members out of one plank or joist, so 2 members for seFies 1, 2 for series 11
and 1 for series III. Each set of 5 matched specimens was in this way built
up of three planks (two side members and one middle member).

In table 1 the test program has been given as well as the number of tests
under consideration now.

Table 1 test program and number of joints tested until 1 January 1977.

Standard Tong-duration tests (series II)
test
series I Toad Tevel p
6,90/0,85)0,80{0,75:0,70(0,65|0,60 |total
splitrings 20 1.8 8 8 4 4 4 4 40
program | toothed plates 20 8 8 8 4 4 4 4 40
nails 20 8 8 8 4 4 4 4 40
splitrings 20 5 6 5 4 - 6 4 30
loaded toothed plates 20 5 [ b 4 - 4 4 29
nails 20 4 4 2 2 - 4 4 20

. Test results.

3.1. Standard tests; loads at different load-levels p.

In table 2 mean values of the ultimate loads as well as the data about
the deformations of the standard tests have been given; the loading procedure
has been given in fig. 6, ,

' - Eeatdff - — —- - oo o
.

4t -~

'] AR

fig. 6

— .t

1) These test specimens are available for teéts where the reméining strength
after a certain duration of load will be determined (cf fig. lc). These
tests have not yet been started.



Table 2 Mean test results

type of joint ultimate . | deformations (mm)
toad (py. e v v v
0,4 0,4 0,6 | '0,8
split» mean 28820 0,22 0,35 0,57 0,94
rings | st dev. 4380 0,06 | 0,05 |- 0,10 | 0,23
. coBff. var.,} 0,15 0,19 G,15 0,17 0,24
| _mean 32160 0,25 1,29 2,30 | 3,36 |
toothed st dev. 2690 0,04 0,21 0,32 0,44
plates coeff., var.| 0,08 0,16 0,17 0,14 0,13
mean 44970 0,21 0,55 1,10 2,26
nails st dev. 1760 0,02 0,05 0,11 0,34
coeff. var.| 0,04 0,08 0,09 0,10 0,15

Compared with the expected ultimate loads the test results of the splitring
and the Bulldog joints are surprisingly low. The nailed joints show scme-
what higher values than the expected 40000 N.

The deformations of the three types of joints show much difference, only the
e-values are about the same. Especially the Bulldog-joints show large
deformations at all load levels.

The load levels for the long-duration tests have been determined on the
basis of the mean values of table 4. They have been mentioned in table 3.

Table.3 Load Levels ( in N.)

type of ‘ load level
joint 0,90 | 0,85 |o,80 {0,755 {0,70 |0,65 | 0,60
splitrings 25940 | 24500 | 23060 | 21620 | 20170 | 18730 | 17290

toothed plates | 28940 | 27340 | 25730 | 24120 | 22510 | 20900 | 19300

nails 40470 ; 38220 | 35980 | 33730 31480 | 29230 | 26980

" The real strength value of a joint will be different from the mean value.
This means that the real load levels of all joints will differ, even if
they are loaded to the same value. It is very probable (about 95%
probability) that the real joint has an ultimate load between ?.i 2 s

(F = mean value; s= standard deviation). This means that also the real

load level of a certain joint is not equal to the predetermined level.

In table 4 the range of real Joad levels has been given for the three types
of joints.




- 10 -

?ggéna] | - range of real load level

level split-rings toothed~p1ate§ mails
0,90 1,29 -~ 0,69 1,08 - 0,77 0,98 - 0,83
0,85 1,22 - 0,65 . 1,02 - 0,73 0,92 ~ 0,79
0,80 1,15 - 0,61 0,96 ~ 0,69 0,87 - 0,74
0,75 1,08 - 0,58 0,90 ~ 0,64 0,81 - 0,70
0,70 1,00 - 0,54 0,8 - 0,60 0,76 - 0,65
0,65 0,93 - 0,50 0,78 - 0,56 0,71 - 0,60
0,60 0,86 - 0,46 0,72 - (.52 0,65 - 0,56

It can also be calculated that there is a probability of about 25% that
a split-ring joint has a failure load of 25940 N, which is the 0,90 -
Toad level, So we can expect 25% of the 0,90-Tevel split-ring-joints to
fail immediately after loading. Even at the €,70-Tevel there 1is a chance
of about 44% that a joint will fail just after loading.

The load levels can also be compared with the allcwable loads on the joints.
These are (NEN 3852, TGB 1972 Hout):
Fa11 = 9600 N for the split-ring-~joints.

Fapp = 8000 N for the toothed-plate joints*) and

F = 12000 N for the nailed joints.

all
As said before, the joints were made with minimum allowable dimensions.
. In table 5 the amount of overload on the joints at different load levels

has been given,

Table 5 Load levels and overload factors.

load level
1,00 0,80 | 0,8 | 0,70 { 0,60

split-ring-joints : F
FFu1tz 28820 N 3.0 2.7 2,4 2,1 1,8 X all
Fali = 8600 N

toothed plate . F
FuTt = 32160 N 4,0 x| 3.6 3,2 2,8 2,4 X all
FaH = 8000 N % (2,8) | (2,5) {(2,2) |(2,2) [{1,9)

(F_+4=11600 N)
all

nails : .

F o,,.= 44970 N ; ' F
F§}§: 12000 N 3,74 3,37 S,Q .2,62 2,24 x all

¥)The standard specifications for these joints were adopted after the start
of the investigation. According to these the end distance of 75 mm is too
small for the bolt so its effect has to be ignored. If the minimum allowed

end d1stance of 7 9 mm was ¢h s n tt 1towabe Jload would have bee
11600 N. The over?oag factors Eage 1%n?s va?ug hgae gegn presgntedn1n

table 5 between {




- 11 -

3.2. Duration of load to failure,.

A1l 30 spiit-ring joints in the program have failed; 28 of the 29
toothed-plate joints failed too; from the 20 nailed joints 10 failed until
now {see table 6) . '

Table 6. Number of joints still under load on 1 Jan. 1977

Toad level p
total
0,80 | 0,85 | 0,80} 0,75 0,70 ¢ 0,65 ! 0,60 B
sptit-rings - - - - - - - -
toothed plates - - - - - 1 - 1
nails _ - - 1 1 - 4 4 10

In table 7 the time-to-failure has been given for all joints seperately.

Table 7. Time-to-failure in hours of the failed specimens

load Tevel p
0,90 0,85 0,80 0,75 0,65 0,60
2640 1,7 | 22390 33056 5410 27872
8,6 11610 0 3048 3771 19960
split- 93 35 20,8 2368 7205 63715
rings 0,02 3,2 46 367 4170 11134
' 63 358 0,9 23772
‘ 0,03 23777
581 191 0 13256 20059 86250
toothed 0 2454 4207 508 3?598 47783
plates 621 4363 584 198 14749 22500
0 2245161) 624 20 >103693
517 5019 169
1,8 1452
8629 0,3 1625 104222 >122976 | >122976
nails 3548 6842 »117630 |>104222 > >
25617 6794 , > " > "
44689 | 68112 > " > "

In this table 7 in several cases the time to failure is quoted as =2

a certain value. In most cases this means that\fai1ure occurred very

soon after the re-loading of the joint in a series (cf 2.3) where another
joint had collapsed and an unfavourable effect on its “"neighbours™ may

be supposed. The sign » means that failure not occurred after the time quoted.

1) Failuré occurred outside joint

oA
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Table 8. shows the log-t values of the joints

Table 8. Time-to-failure {in log 1) of the failed specimens.

load level p

0,90 0,85 0,80 0,75 0,65 0,60
. 3,4216 | 0,2304 | 33,3784 | 23,4852 | 3,7332 | 4,4452
split- | 0,9345 | 3,2068 | O 3,4840 | 3,5765 | 4,3002
rings 1,9685 | 1,5462 |»-0,1079 | »2,5658 | 3,8576 | 4,8042
-1,6990 | 0,5011 | 11,6656 | 2,5647 | 3,6:01 | 4,0467
"1,8007 2,5539 | -0,0605 »3,5766
-1,5229 »3,5771
2,7642 | 2,2817 | -2,5 4,1224 | 4,3023 | 4,9358
0 3,3899 | 3,6240 | 2,7059 | 4,5752 @ 4,6793
toothed~: 2,7931 | 3,6398 | 2,7664 | 2,2956 | 4,1688 ; 4,3522
plates |-3 24,3894 | 2,7952 | 1,3054 | »5,0157 3,1446
2,7135 | 3,7006 | 2,2279
0,2601 | 3,1620
3,9360 | -0,4815 | 3,1833 | 5,0180 | >5,0808 | >5,0808
nils 3,5500 | 3,8352 | »5,0705 | »5,0180 | > " > 0
4,4085 | 3,8321 > M >
4,6502 | 4,8332 > " > "

3.3 Deformations

In a series of graphs the deformations of the different joints

have been given as a function of Tog-t. In table 9 the deformations at

certain discrete values of t have been given, as well as the maximum

deformations "just before" failure, Because the-deformations were not

always continuously measured, the time between the last measurement

and failure is somewhat different however., The time t = 0 is taken

as the moment just after the load has reached its predetermined valtue.
The deformation at that very moment was sometimes difficult to measure;

as a starting point for measuring creep the initial deformation was
considered to be the deformation at 10 min. ( = 0,16 hrs) after the

wanted load was acting.
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creep deformation
Tnitial deformation
creep deformation
~~~~~~~ initial deformation

Values of C =

have been given in table 10,

t Toad Tevel
hes | 0,601 0,651 0,75| 0,80] 0,85 0,90
init.def.(wm) | 0,16} 0,7 | 0,9 | 1,0 + 1,0 ) 1,2 | 1,5
10§ 0,3 | 0,3 1 0,5 | 0,4 | 0,3 | 0,3
split | C 10, 10,6 | 0,8 | 0,7 | 0,6 1,0 | 0,8
rings 10 2,0
Cinit.def.(wm) | 0,16, 2,1 | 2,4 | 3,1 | 2,9 | 3,3 | 3.4
1o§ 0,2 1 0,2 | 0,3 | 0,81 0,3 0,8
toothed C 10, 0,4 0,4 0,7
plates 105 0,7 0,9
S 1.8 .
dinit.def.(mm) & 0,16] 1,7 1 2,2 i 2,6 } 3,9 ) 3,3 ]
10§ 0,3 | 0,4 0,5 | 0,4 , 0,3
C 10, | 0,7 | 0,8 | 1,0 | 0,9 | 0,7 | 0,7
100 11,2 | 1,4 1,7 1,7
100 12,3 | 2,9 | 4,2

4, Discussion

4.,1. Strength of standard-test~specimens.

As was mentioned before, the standard tests of the split-ring and the
toothed-plate joints showed lTower values than was expected on the basis of
foregoing tests,

The mean specific gravity of the members was

‘0,39 for the split-ring-ioints,

0,40 for the toothed-plate-joints and

0,42 for the naiied joints.

These differences cannot explain the differences between the expected
uttimate load of ca. 40000 N and the mean test values of 28820 N, 32160 N
and 44970 N respectively; another explanaticn could not be found too.

The deformation of the split-ring-joints can be compared with results of
older tests, which were tested in a somewhat other way. Probably the joints
in this new investigation show about the same deformations as the earlier

ones.
The same seems to be true for the toothed-plate joints; for the nailed

joints earlier tests showed somewhat higher values of the deformations.
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The failure of the specinens occurred as normai:

The split-ring-joints showed shear of the core together'with shearing

and splitting of the members at the loaded ends;

the toothed~p1ate~joints showed scratching or dragging of the triangular
teeth through the wood, bending of those teeth, and shearing under the

bolt at the loaded ends of the members;

the nailed joints showed always sp%itfing of the members, together with the
occurrence of plastic hinges in the nails.

There is a feeling that the long-duration test specimens are more broken info
pieces than the standard tested specifens , but tiis may be caused by the
fact that the dead load remains unchanged during Tailure, so the joint is
then totally pulled apart.

4.72. Duration of load to failure.

In fig 8 to 10 the results of the three types of joints with respect
to - the time to failure have been given.
There also a "linearised" Madison curve has been given, together with a
shaded area where 90% of the test results must be expected if the hypothesis
is true that joints follow the same law as the (clear,small} tests in bending.
As could be expected this range is rather broad for the split-ring-joints,
sialler for the Bulidog joints and narrow for the nailed joints; this according
to their respective variation in the failure strength (standard test).
Only one of the split-ring-joints shows a load-duration cutside the lower
expectation, although it may be said that most test results are on the
"safe side" of the expectation. There is also a tendency that the resultis at
Tower load levels show less variation in time.and are near the expectation.
The Bulldog joints are more on the safe side and 10 of the 27 joints are
even outside the 90% area. This occurrence however disappzars at the lower
Toad levels.
The nailed joints are all outside the expectation-area and show definitely
much longer 1ife-times than could be expected on the basis of the Madison
Tine. This is even the case with the test specimens of tevel 0,60, although
continuation of the tests during the next years must confirm this trend.

4.3. The possible effect of matching.

Until now there are some matched specimens incorporated in the
investigation,
From planks 8,15,18 and 20 short duration strength as well as times to faiiure
under long-duration load are available. In table 11 data about these metched
speciinens have been given. If the matched long-duration specimens are
supposed to have tne standard strength of their mates,
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the load levels can be re-calculated, For the split-ring-joints some
effect can be seen in fig., 11, the tendency leads to a somewhat steeper
regression line. Not much difference is seen for the tocthed-plate and
the nailed joints. ‘

Table 11, Adaptation of load Tevel of mean ultimate load to ioad level

of matched specimens.,

standard strength (N) long duration test
matched spec. load Toad level based on
20 spec. matched
mean indiv. mean (N} 20 spec ispec.along log-t
26900 | . T ]
27200 | 7O%0 | =162 BT | D80 2
split- 22000 . .\l 0,234
rings | 2o | FAE00 2800 ) 0,85 ) LI8L) o 601
28820 33500 | 41400 17290 0,60 0,55 | 4,047
29300 T | 21620 0,75 0,69 ]3,4840
33600 31300 17290 0,60 0,56 |4,3002
29000 | 18730 0,65 0,60 |3,5765
30250 ] . .
36400 33380 27340 0,85 0,82 | 3,389
! ] I 2y
30500 , 28940 0,90 -
| 34100 | 34300 28940 0,90 0,89 | 3
toothed- 30160 | e e S
plates 29900 29900 19300 0,60 0,65 | 3,1446
o 24120 | 0,75 0,80 | 2,705¢ |
33000 33350 19300 0,60 0,58 | 4,6793
33700 20900 0,65 0,63 | 4,5752
45500 |
47000 46250 38220 0,85 0,83 | 3,835
jgggg 46500 40470 0,90 0,87 | 4,6502
nails 44970 LTI TXY }
43500 12450 26980 0,60 0,64 {>5,0808
41400 33730 0,75 0,80 |[>5,0180
43200 44450 26980 0,60 0,61 |>5,0808
45700 0 29230 0,65 0,66 |>5,0208

1) Failed outside joint
2) Failed during loading.

4.4, Deformations

All deformations have grown steadily from the time of loading during
the whole tests. In most cases the curves are smooth and they do not show
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a very distinct pattern. It is difficult to
decide from these curves if there exists a certain warning point for
coming failure. The splitring joints of load levels 0,60 and 0,65 perhaps
do demonstrate such a warning after about 1100 hours, failure takes place
after about 1300 hours. The higher load levels give Tess smooth curves.
The Buildog connector joints show very smooth curves, which lead directly
to failure or to a very steep increase in deformation and then to failure.
This holds for the Tower and for the higher load leveis upto 0,80. For
level 0,85 the curves show a continuously increasing ralte of deformation
(on the tog t scalel} until failure.

The nailed joints of load Tevels 0,60 and 0,65 show after 1600 hours a

clear increase of the creep deformations. These specimens are tested in two
series of four, each series loaded separately. Probably the increased rate
of deformation has something to do with changes in the atmosphere; some

700 to 100C hours later the delormations are more or less back on iheir

old curve. The specimens were loaded in September (5 resp. 6 September 1967}.
The test specimens at higher load levels show different behaviour.

The maximum defarmations are different for the three types of joints. For
split-ying-joints they range roughly from 2 to 4 mm, for Bulldogconnector
joints from 3 te 16 mm, and for nailed jeints from 11 to 22 mm, where the
lower load levels are not yet finished, but where deformations of 6

to 12 mm occur.

creep deformation

Some’ creepfactors € = initial deformation

in table 10,

at distict times have been gi?en

It was nof possible as yet to study in detail the effect of changes in
temperature and humidity of the air on the deformations of the joints.
In a later stage some attention to these aspects will be given.

Conclusions

From the results of the investigation it becomes clear that the
prediction of the short-duration-strength of a certain type of joint
can not be very precise; it is not sure that matching of the.jointed member-s
has given much help in this respect. In the investigation this doubtful effect
of matching resulted in the determination of the long-duration loads on the
basis of mean values rather than on individual strength values of matched

joints.
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Despite the rafher large variations 1n.strength values and the Tow values

there of, especially with the split-ring-joints, the trend of the investigation
seens to show that the effect of duration of Toad is somewhat smaller than
expected on the basis of the generally for wood adopted Madison relationship,
Especially nailed joints showed this tendency.

The smaller effect of load duration is not yet as distinct for longer times

as for the shorter times in the investigation; the nailed joints seem to
demonstrate also at the lower load levels longer time-to-failure values,.

The investigation will be proceeded with the remaining joints and 35 new

joints during the next years.




fig. 8. Time to failure; split-ring joints.
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fig. 9. Time to failure ; toothed plate joints.
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spacing of the fasteners by inserting into the equation of y

1
= 2 )
1+E-L—2—~A. %Sef

ek 2 (o)L
v — Sef =gy (1-v)y
The s~values received are compared in table 1 to those values given
by the formulas from Kdster [1] and Larsen (2] . The comparison
shows that the propesal from Kuster

LI

(0,75 » mins +0,25 * maxs) (n= number of rows of fasteners)

3{—

Sof

is corresponding comparatively good to the test results, if the fasteners
are arranged according to the course of the shear force.

As by a beam under uniform load also in the middle area, that is the area
withaut nearly any shear force, a certain maximum spacing of the fasteners
(e.g. maxs=4 » mins referred to the DIN 1052 for nail-connections) can

not be exceeded the result is in the most unfavorable case

- 1,75 min's.

S)—

s* =

Thereby the number of the fasteners can be reduced about 50% opposite to
the DIN = procedure. The mathematical reduction of the ot consequently
is less than the reduction of the number of the fusteners. Therefore it can
be economical to arrange the fasteners according to the course of the shear
force and not with a constant distance designed on the basis of the maximum
shear force.

Literature \

[I ] Késter, P. in: Neuere Karlsruher Forschungsarbeiten und Versuche im
- Ingenieurholzbau. Kapitel: Nachgiebig verbundene Biegetriger,
Bauen mit Holz, Heft /1972

[2] 1tarsen, H.in: CIB timber standard No. 02, Mechanically jointed beams
and columns with ] =, T = or box cross—sections, Draft No. T, 15.12.1975



Aim of the Research Work

According to the theory of composite beams with yielding connections,
on which the calculation method shown in the German standard DIN 1052
is based, the spacing of the fasteners must be constant, independent

of the distribution of the shear force. Thereby the distunce between the
fasteners is calculated by means of the maximum shear force. In this case
the connectors are required totally in regard to the slipresistance but not
to the bearing capacity. Using a design analogous to the distribution

of the shear force the number of fasteners used can be reduced remarkably.

This would take an economical effekt in regard to the reduced expenditure
of work. The tests performed with beams in natural size should show
whether the calculation method according to DIN 1052 can also be used
for mechanically jointed beams with a varying spacing of fasteners if an

effective distance S;.'f between the connectors is used in the calculation.

Testing Methods and Evaluation from Test Results

The main test programm with beams with cross~sections composed from

2 or 3 members were done after some pre~tests with small model - beams.
The members used had the dimensions /12, 10/20 and 12/24 ¢m, The
material was spruce of grade 1l. The wood had a medium moisture content
of 14%, a density of 450 kg/m3, a sfrength in compression of 40,5 N/mm2
and a mean elasticity modulus of 12 040 N/mmz. The beams tested were
supported in two points with a span of 3,0m and 6,0m and were loaded

by 4 equal loads. Nails 60/180 and drift bolts of 8,16 and 20mm for

digmeter were used.

Loading the beams step by step the beam - deflections and the slip between
the members were measured. Also the strains at the top and at the bottom
of the members could be determined nearly until rupture. Using the values
of the beams with a constant spacing of the fasteners the effective slip~
modulus k at each loading step could be calculated. Knowing y from the

deflections measured before, s can be calculated for the beams with varying
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H.J. LARSEN & E, THEILGAARD 76.12.15

CODE RULES CONCERNING STRENGTH AND LOADING TIME.

0. INTRODUCTION

In connection with the preparation of an inter-Nordic timber code, the practical possibilities of
taking the relationship between load level and time to rupture into consideration have been dis-

cussed. Among other things, the advantages of and possibilities for using the principles presented
in [1] have been discussed. '

On the basis of the following considerations, among others, it was decided to continue the pre-
sent procedure where the strength parameters are adjusted according to the shortest load-dura-
tion of the load combination,

It is noted that loading group division and time dependence in the following have been chosen
according to current practice in the Nordic countries and will be adjusted in conformity with the
CIB-W18 decision.

1. CONSTANT LOAD

In the following the' relationship between load level, p, and time, t, to rupture is assumed to be
known.

In the Nordic countries it has so far been assumed that the reference value, pg» for timber corre-
sponds to a loading time of about 107 h, while the minimum value, about 0.6 Py is reached in
the interval 10°—10°h (10 - 100 years). The relationship between p/p, and log t is considered
linear.

In conformity with {1]* a slightly deviating relationship is assumed, i.e,
1 fort< 1h
p/py = (1)
1—0.08 logt fort> 1h

which gives convenient calculations, and is therefore used in the following fundamental calcula-
tions,

| P/Pg

‘ﬁ

= logt

t i timer

Fig. 1

* [1] Bengt Noréen: Long-term loading for the code of practice, CIB-W18/6-9-1, Aalborg 1976.




Hitherto, it has been assumed in the Nordic countries that the load is divided into 8 groups, i.e.
long-term load (load group A), a middle group (load group B), and short-term load (load group
C). The strength parameters for timber corresponding to these groups are 0.6 Py, 1.2-0,6p,, and
1.4-0.6p,.

In conformity with the curve in fig. 1 the load groups correspond to load durations of 105, 1033
{(~ 4 months) and 10? hours.

2, FLUCTUATING LOAD
2.0 General

The problem is how to incorporate the relationship assumed in section 1 into code rules for struc-
tures which in the period 0 < t < t, are loaded to the level p, and, additionally, during part of
this period (total time t,) to the level (p; + p,), and in part of this time (t3) further to (p, + p,
+ py), cf. fig. 2. In the figure all loads are assumed to be applied at t = 0 and reduced at tq, ty,
and t, . In practice, the periods of time, where the load level is (py + py)or(py + p, + Pg), can
be distributed over a number of periods. The choice of three load levels is due to the desire to re-
late the following to the division used so far.

AP

Pg=py + Py + py

P3
Po=py + by
Po
P,=p
170
| | SN
by to by
Fig. 2

Rules have to be fairly simple to be included in a code. Therefore, there are only two possibilities
in practice, namely adjustment of the strength parameters dependent upon the time distribution
of the load or modification of the real loads, so that they are converted into a common duration,
normally to an equivalent long-term load.

2.1 Adjustment of the strength parameters

A very simple method is used in the current editions of timber codes in e.g. Denmark, Norway,

and Sweden: The strength parameters are determined corresponding to the duration of the shortest
loads of the load combination. With reference to fig. 2 this means that the structure is only investi-
gated immediately before the times t,, t,, and t,. The strength reduction, which a load with shorter
duration might cause, is thus disregarded.

The method has worked satisfactorily and has great advantages where calculations are concerned.
- For example, it is possible in many cases to set up design formulas,

- The detailed investigation can often be reduced to a single load situation, whereupon it is shown
by rough calculations that the other load combinations are acceptable.

- Different signs on the individual load contributions give no complications.




A more complicated method was used in the previous edition of the Danish timber code. The strength
parameters corresponding to long-term load for timber were increased by the factor

{0 + 1205 + 1.400)/(0A + og + UC)

Here o, , 0y, and 0 are the stress contributions (or torce contributions) from loads belonging to
groups A, B, and C, respectively. The factors 1.2 and 1.4 may be different for other materials. The
method has no theoretical background, but was simply chosen as the simplest interpolation for-
mula. It was given up because ordinary users had great difficulty in using it correctly, even in the
simplest cases. (In more complicated cases, e.g. where the stress contributions have different signs
and are due to different internal forces with unequal combinations of A-, B- and C-loads even the
more advanced users can have difficulties),

A further drawback was that it was only possible to set up design expressions for the simplest cases
(all stress contributions of the same type and with the same sign).

More complicated interpolation formulas can be set up according to the same principles as used in
the following section. They will have the same drawbacks (and advantages, if any) as mentioned
there,

2.2 Adjustment of the loads

The short-duration load contributions are reduced to equivalent long-term loads. The reduction
factor can be determined from the accumulated duration of the load contribution alone, or more
specifically, from the time variation of the load, taking into consideration the rheological properties
of the materials. An example of such an evaluation is given in [1]. Determination of equivalent loads
can be made for the individual load or for the entire load combination, where, for example, the e-
quivalent value of a snow load depends on the size of the snow load in relation to dead load, wind
load, ete,

The disadvantage of this method is that the loads - and with that the internal force calculation - are
different for e.g. timber members, board materials, joints and any members of other materials. In
more complicated cases, e.g. live load on statically indeterminate structures, especially when the
loads do not have the same direction - it can be almost impossible to determine the correct load
set-up. In principle it will be necessary to investigate the conditions both to ty and tg (cf. fig. 1)
with the ntruer loads and to t = t, with the equivalent long-term loads. Des1gn formulas cannot nor-
mally be set up, but in most cases proof of the adequacy of a selected structure will be required.

3. THEORETICAL EVALUATIONS

As a background for an evaluation of the different methods a simple rupture theory is used according
to which the destruction of a material at a given load level is proportional with time; however, the

destruction rate varies with the load level corresponding to the curve in fig. 1.
i

For a given load level P = 2' p; the time to rupture, T is found by (1)
i=1

T = 1012502 /p0) ' (2)

and for the load case shown in fig. 2 the described rupture condition gives
t t, —t t, —t
3 2 1 2
== + =1 (3)
T, T T,
Inserting (2) and assuming t, = 10°, t, = 10*%, and t4 = 10° we get the following equation to de-
termine the permissible combinations of loads belonging to the different load groups:

3

2

10128525105 0968410125 y0g=0 4. 1(12:5P1/05=76) = | (4)




Results for the simple cases with pg =0 orp, = 0 are given in table 1, assuming p, = 0.6 p,.

Table 1
pg = 0 Py = 0

Py Py Py t Py Pt Py Py + Pg Pi T P3
Pa Po Py Pa Po Pa
1,00 0,60 0,600 1,00 0,600 1,00
0,99 0,594 0,661 1,10 0,776 1,29
0,97 0,682 0,680 1,15 0,809 1,35
0,94 0,564 0,705 1,18 0,825 1,37
0,90 0,540 0,713 1,19 0,833 1,39
0,80 0,480 0,719 1,20 0,839 1,40
0,70 0,420 0,720 1,20 0,840 1,40

It is seen that the influence from the load contributions p, and p; on the long-term strength is
very slight, i.e. the simplest method mentioned in section 2.1, namely just investigating the
structure to the times t,, t,, and tg, gives a very satisfactory approximation, especially when

py = 0, L.e. the difference in loading time of the two significant load contributions is rather large.

This approximation must be most critical where

Py =Dy
P,=12p, G
Py=14p,

To estimate how much the approximation is on the unsafe side, we insert

1:’1 =ap,
P,=120ap, {6)
P, =14ap,

into equation (4), which gives an equation for determination of «. By iteration we get
a=0.947 (7

Thus, the maximum error will be of the order of 5%.

If p, is assumed a few per cent lower than actually found from long-term tests, it is possible to
calculate entirely on the safe side,
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Introduction

This draft has been prepared for discussion at the CIB
W18 Meeting in Stockholm 1977.

It has been drafted to fit into the CIB Timber Code
clause 4.2.3.

The CIB Timber Code suggests the following list of contents:

4, MATERIAL SPECIFICATIONS AND CHARACTERISTIC VALUES

4.2 Sheet material

4.2.3 Fibre boards

4.2.3.0 General, including claims of tolerances etc.

4.2.3.1 Special conditions in connection with material
specifications including grading principles

4.2.3.2 Special conditions in connection with testing

4,2.3.3 Special conditions in connection with determination

of characteristic values

For prepéring the paper the following literature has been

used:

SBN Godkinnande regler 1975:5, Stockholm 1975

SBN 1975, Svensk byggnorm, Stockholm 1975

Brynildsen, Larsen and Noré&n: Structural use of

particle board and fibre board, IUFRO, Oslo 1976.




4.2.3.0

4.2.3.1

General

Structural fibre boards are manufactured in
three grades:

Nem. Thickness, mm

S~board 50 Oil-tempered 3 4.5 6 g
S~board 35 Hard 3 4.5 6 9
S5-board 13 Semi~hard 5 9 12 18

The nominal thickness is the mean thickness for
a single board.

Material specification

The water absorbtion and thickness swelling
as calculated mean values for a single board
shall not exceed the following values:

Max. water Max. thickness
absorbtion swelling
% %
S-board 50 10 5
S-~-board 35 30 20
S~board 13 . 30 10

The characteristic strength values (5-percentiles)
shall not be less than the following values:

Thickness Bending strength Tension

5 perpend.
rm : N/mm N/mme
S-board 50 = 3 52 0.85
> 3 44 0.85
S-board 35 = 3 36 0.65 -
> 3 31 0.65
S-board 13 5-16 13.5 0.11




The characteristic short term dry strength (5-percentile)

and stiffness (30-percentile) values are:

S-board 50 S~-board 35 S-board 13
Thickness, mm 3 4.5-9 3 4. 5-9 5-16
Density, kg/mm3 >800 | > 800 >800 > 800 400-800
STRENGTH, N/mm>
Bending 52 44 . 36 31 13,5
Tension in plane 30 25 25 22 6
Tension perp. .85 .85 .65 .65 .11
Compr. in plane 25 23 19 17 6
Panel shear i9 16 16 14 3,5
Rollihg shear 2.5 2 1.8 .4
STIFFNESS, N/mm’
In plane E-modulus
Bending )
Tension ) 6500 ? ? 2500
Compression)
In plane
G-modulus 3250 ? ? 1250

4.2.3.2 Testing

The properties of structural fibre board shall
be established by tests according to the following
standards on TEST METHODS FOR RIGID FLAT SHEETS:

)

NS 325177

NS 3252:

NS 3253:

NS 3254:

Ns 3255%)

)

NS 325677 ;

Ns 3257%

Apparatus and general testing
condition

Modulus of elasticity in bending
and bending strength

MoE in tension and tensile strength.
{(Not yet available)

Transversal internal bond {(Tension
perpendicular)

Density
Moisture content

Water absorption and swelling in
thickness

x) English translations as appendices to this paper.

3 -




4,2,.3.3 Characteristic strength and stiffness values
for design

The characteristic strength and stiffness values

for design are derived from the table clause 4.2.3.1
by multiplication with the factors below, which

are dependent on the climate class and the load
duration class.

Load duration Permanent | Normal Short Inst.
term
STRENGTH VALUES .70 1.00 1.25 1.5
Climate 0 .44 .31 .44 .55 .66
Climate 1 .40 .28 .40 .50 .60
Climate 2 .25 .18 .25 .30 .38
STIFFNESS VALUES .50 1.00 1.50 2.00
Climate O .40 .20 .40 .60 .80
Climate 1 .30 .15 .30 .45 .60
Climate 2 .15 .08 .15 .22 .30

X 5183




NORGES BYGGSTANDARDISERINGSRAD TB/TS

1976-05-11

NS 3251

- RIGID FLAT SHEETS. TEST METHODS

Apparatus and general testing conditions

This standard is in agreement with corresponding standards
in Denmark and Sweden.

SCOPE

This standard forms a gpzar: of a series of general test
methods and lay down spessifications for frequent occuring
testing apparatus and stztes. general testing condltlons,

see comments.

SPECIFICATIONS FOR APPARATUS AND GEVERAL TESTING CONDITIOVS

“FOR TEST PIECES

. Conditioning

The test pieces shall be conditioned until constant mass
has been reached in an ac wosphere of relatlve humidity
of (50 + 5) % and a temgarature of 20 + 2 9C, the con-
ditioning though to be lasting for at least 48 hours if
not more time is reguired in the individual product
standard or in each testing method for rigid flat sheets.

Constant mass 15 c¢onsidered to be reached when the results
of two successive weighing operations, carried out at an
interval of 24 hours, do not differ by moxre than o, 1 %

of the mass of the test piece.

When the test pieces is to be conditioned in airx, they
shall be kept in such a way that form and dimensional
changes can take place without any hindrance, and such
that the air can sirculate alongside all the sides of
the test pilece at a speed of 0,1 to 0,3 m/s.
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Side 2

Aggaratus

See also comments.

Determination of mass

S e i i e . " . . L Ry B Ay ok o} e

nalance which allows the determination of mass with an
error less than 0,05 %.

Determination of thickneés

n i e e e . et T ook g i bk Gk WAL S A . S B WS S T S W M

Meaéuring instrument, having flat and parallel circular

‘measuring surfaces of 10 + 10 mm in diameter, which

allows the determination of thickness with an error
less than 0,01 mm.

The measuring load shall de 1 N.

Determination_of lengtn zzd width

Measuring instrument, sl:iding caliper or similar
instrument which allows the determination of length
with an error less than 0,1 mm.

4

The'width of the measuring surfaces of the apparatus
shall be 3 rum. ' ’
Procedure

For measuring the thickrass the measuring surfaces of
the measuring instrumens shall be applied slowly to the
test piece.

For measuring length and width with a sliding caliper,
the jaw of the sliding caliper shall be applied slowly

‘to the test piece at an angle of approximately 45 @ to

the plane of the test piece (see Figure 1)

Thickness, width and legth is determined in measuring
points as specified in the Norwegian Standard for each
test method concerned.
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NS 3256

1976-05-11

RIGID FLAT SHEETS. TEST METHODS

Moisture content

This standard is in agreement with corresponding standards
in Denmark and Sweeden. -

SCOPE

This standard lay down a method of determining
the moisture content of rigid flat sheets.

DEFINITION
Moisture content - the ratio of the mass of free

water in a test pilece and the
mass of the test piece when dry.

PRINCIPLE OF THE METHOD
The moisture content is found by weighing the mass

of each test piece in its state at the time of
sampling and in its state after drying,

APPARATUS

Determination of mass

See NS 3251, point 2.2.1

Air connection drying oven, the temperature of
which can be maintained at 103 * 2 ©C, . : :

TEST PIECES

The taest pieces can be of any shape, but the area
shall be minimum 5000 mm?,
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6 . PROCEDURE

Each test plece shall be weighed immediately after
sampling, and the mass is determined with an exror
less than 0,01 g. If the test pieces cannot be
weighed within 5 minutes after sampling, all
precautions should be taken to avoid .variations

of the moisture content during the time from
sampling to weighing. '

Bach test piece shall be dried at a temperature of
103 % 2° to constant mass.

The test piece is to be weighed within 15
seconds or after cooling in dehydrater.

7 RESULTS

The moisture conzent of each test piece shall be
calculated in acccrdance with the following foxmula.

M - M,

o
H = ————— =~ 100
, Mo

Whera

H is the percsntage moisture content of
the test piece.

M is the mass of the test piece at the time
of samzling, to the nearest 0,01 g.

Mgy is the mass of the test piece after drying,
‘ to the nsarest 0,01 g.

The moisture cornient of each test piece shall bé
noted. '

8 TEST REPORT
The test report shall contain

the type of rigid flat sheet and all necessary
details for identification

the results expressed as stated in point 7
the reference to this standard

REFERENCES

‘NS 3251. Rigid flat sheets. Test methods.
Apparatus and general testing conditions.

x) Defined in NS 3251 point 2.1
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TEST REPORT
The test report shall contain

The type of rigid flat sheet and all necessary
details for identification.

The..results expressed as stated in point 8.

The reference to this standard.

REFERENCES

NS 3251 Rigid flat sheets., Test methods. Apparatus
and general testing conditions. '




NORGES BYGGSTANDARDISERINGSRAD - TB/TS
1976-05-11

NS 3257

RIGID FLAT SHEETS. TEST METHODS

Water absorption and swelling in thickness

?his standard is in agreement with corresponding standards
in Denmark and Sweden.

1 SCOPE

This standard lay down a method of determining the water
absorption and swelling in thickness of rigid flat sheets.

2 DEFPINITIONGS

e in mass of the test piece

Water absorption - the incraas
—ersion in water.

after i

a
a
2

Swelling in ,
thickness - the increase in thickness of the test
" piece after immersion in water.

3 PRINCIPLE OF THE METHOD
The water absorption and swelling in thickness is found
by weighing the mass and by measuring the thickness of
each test piece before and after complete immersion in
water.

4 CONDITIONING

Se NS 3251, point 2.1.

5 APPARATUS

5.1 Determination of thiqkness

Se NS 3251, point 2.2.2.

5.2 Determination of mass

See NS 3251, point 2.2.1
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5.3

5.3.1

5.3.2

Side 2

Testing apparatus

A thermostatically controlled tank, with a stirring
device, the temperature of which can be kept at 23 + 2 ¢.

Wire screen with an aperture size of approximately'lo'mm.

TEST PIECES

The test pieces shall be square’ in shape with sides
measuring approximately 100 x 100 mm, see figuye

100 P
] 25 : ) 25 : |
i e
i - o~
T
i . o
' ‘ e
SN
. ; s
o~ .
PROCEDURE

The test pieces shall be conditioned according to NS 3251
point 2.1 and are thereafzer measured and weighed. The
measuring procedure shall be done according to NS 3251
point 2.3. '

The thickness shall be measured at the four different
points as shown in the figure. The measuring paints
shall be clearly marked on the test plece. The mean
arithmetical value of the four measurements is con-
sidered to be the thickness of the test plece.

Length and width shall be measured 25 mm from and
parallel to the edges.

Each test piece shall be weighed and the mass is
determined with an error less than 0,1 g.

Each test piece shall be welighed and measured before
testing.
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At the beginning of each test, the water shall have a
pH value of 6 + 1, and the temperature shall be kept
at 23 + 2 ©C during the test.

The test pieces shall be immersed vertically with the
upper edges approximately 200 mm below the surface of
the water. The test pieces shall be well separated

from each other as well as from the bottom and sides
Qf the tank.

The water absorption and swelling in thickness shall be

registered 2 and 24 hours after immersion.

Before weighing and measuring of the immersed test
pieces, they shall be placed on the wire screen havning
an inclination of 60 ©, The test pieces should be
kept there in 60 + 10 s in order to allow excess water
to drip off.

Each test piece is then weighed and measured within
10 minutes in the same way as before immersion so that
the mass and thickness azain is determined.

RESULTS

Water absorotion

The water absorption of each test piece shall be
calculated in accordance with the following formula.

M, - M
L2 1
An = g X 100
1
hyvor
A is the percentage water absorption after immersion

in n nours where n shall be 2, respectively
24 hours

Ml is the mass of the test piéce after conditioning,

to the nearest 0,1 g
M, is the mass of the test piece after immersion,'
to the nearest 0,1 g. -

The water absorption of one sheet is obtained by calcu-
lating the arithmetical mean value of the results
obtained on all test pieces taken from the same sheet.

The water absorption shall be calculated to the nearest
0,1 %. ‘
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Side 4

8.2 Swelling in thickness

The swelling in thickness of each test piece shall be
calculated in accordance with the following formulae

a1

a2~al

x 100

G is the percentage swelling in thickness after
immersion in n hours where n shall be 2,

respectively 24 hours.

1 is the thickness of the test piece after conditio-

ning, to the nearest 0,01 mm

a2 is the
to the

The swelling in
calculating the
obtained on all
The swelling in
nearest 0,1 %.

9 TEST REPORT

The test report

thickness of the test piece after immersion,
nearest 2,01 mm.

thickness of one sheet is obtained by
arithmez:.z2l mean value of the results
test pieces taken from the same sheet.-

thickness shall be calculated to the

shall ccrntain

the type of rigid Zizat sheet and all necessary
details for identification

the results expressz=3 as stated in point 8,

including the state of conditioning

the results shall ke stated for all tests

the reference to this standard

REFERENCES

NS 3251 Rigid flat sheets. Test methods. BApparatus and
general testing conditions. '
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NS 3255

RIGID FLAT SHEETS. TEST METHODS

Density

This standard is in agreement with corresponding standards
in Denmark and Sweeden.

SCOPE

This standard lay down a method of determining the

density of rigid flat sheets, where the volume is
determined by measuring.

DEFINITION
Density - the ratio of the mass of the
. test piece to its volume when
conditioned
: /
PRINCIPLE OF THE METHOD
3

The mass in kg and the volume in m~ of the test piece

is found by weighing and measuring.

CONDITIONING

See NS 323 ; point 2.1

APPARATUS

Determination of thickness

See NS 3251, point 2.2.2

Determination of length and width
See NS 3251, point 2.2.3

Datermination of mass

See NS 3251,point 2.2.1
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6 TEST PIECES

The test pleces shall be square in shape with
sides measuring approximately 100 x 100 mm, see

figure.
100 )
1
25, 25
m‘!’
o ne ~!
R b e S sy anane
1 T |
i I -
0 — At
¥ v n
o4

6 PROCEDURE

See NS 3251, point 2.3.

The thickness shall be measured at the four dlfferent
points as shown in the £figure. Length and width
shall be measured 25 == from and parallel to the
edges.. .

8 RESULTS

The density of each t=st piece shall be calculated in
accordance with the Lollowing formula.

.‘_b'jl*' 3
P =g ka/m
hvor

p is the density,

M is the mass of the tes& piece,
to the nearest 1 - 10 kg.

V is the volume of the tsst3piece,
to the nearest 1 -+ 10

The density og each test piece shall be noted.
. 3
The density shall be calculated to the nearest 10 kg/m



Side

Fig. 1

COMMENTS -

Information is given about guality spesifications and
sampling in individual product standards.

The cutting of test pieces is if needed specified in
individual product standards.
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PREFACE

Further to the draft for a number of chaptexrs of CIB-Timber Code a draft is given in the following for
chapter 5.3. Mechanical fasteners.,

The background for the draft is the draft for the corresponding chapter in a Nordic timber code on
which comments will be invited in the cause of 1977, The present draft, however, has been made more
general than the Nordic draft, which only comprises structures of Nordic softwood. The special rules
for these woods are given as examples.

A number of comments elaborating and explaining the proposed formulas are given in an appendix
after the code text.

In a number of cases comparisons with national codes and rules have been included in the comments,
However, comparisons are difficult because the safety systems are inhomogeneous and often they are
not explicitly described. A further estimate of the drafts is therefore expected from the individual
members of the CIB-W18,

Together with the code two standards denoted CIB-RILEM Timber Standard 06 and 07 have been
prepared.

The first (No. 06) on test of mechanical fasteners has been prepared on the basis of the RILEM draft
which was discussed and accepted at the CIB-W18 meeting in June 1976 (CIB-W18/paper 6-7-1, J.
Kuipers), but a number of verbal alterations which have not yet been discussed by RILEM have been
made. The name of CIB-RILEM Timber Standard is thus a bit incorrect.

The second {No. 07) on requirements of the timber and calculation of characteristic values has also
been prepared on the basis of a draft discussed and accepted in June 1976, namely CIB-W18/paper
6-7-3, B. Noren and M. Johansen. This draft has not been finished by RILEM either.

H. d. Larsen
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5.3 Mechanical fasteners

5.3.0 General

5.3.0.1 General requirements

Where asymmetric fasteners are used or where the load is eccentric consideration should be given to these
factors. This applies also to the determination of the load-carrying capacities of the fasteners.

In a joint where several identical fasteners are used it can be assumed that each fastener is loaded equally.
However, where a large number of fasteners are used at a joint the loading capacity of the joint can be
less than the sum of the capacities of the individual fasteners.

The entire load on a joint should normally be carried by one type of fastener. In some cases, however,
two types of fastener may be used provided their stiffness are the same or similar.

Giue and mechanical fasteners have very different stiffness properties and thus they can never be assumed to act
in unison,

The arrangement of timber joints and the size of the fasteners, mutual distances and distance to end
or edge of the timber should be chosen so that the expected strengths can be obtained without unaccep-
table splitting or damage to the timber.

5.8.0.2 Determination of characteristic load-carrying capacities

The characteristic load-carrying capacities for other fasteners than those mentioned in section 5.3.1 -
5.3.4 are determined from tests carried out in conformity with the CIB-RILEM Timber Standards 06
and 07.

The load-carrying capacities given in sections 5.3.1 - 5.3.4 apply, unless otherwise stated, to permanent
load and moisture classes 0 and 1, and assume that the rules given for workmanship, etc. are satisfied.

Where nothing else is stated the load-carrying capacities for other load durations and moisture classes
are found by multiplication by the factors given for structural timber.

The stated load-carrying capacities apply to statical load and are reduced in some cases by fluctuating
or dynamical load.

Attention is drawn to the fact that certain fasteners, e.g. nails, bolts without connectors and bolts with split ring
or shear-plate connectors, have only inferior strength and will reveal great slip when exposed to heavy stresses
with frequently alternating directions or vibrating load.

5.3.0.8 Requirements to protection against corrosion
Nails and screws in climate classes 0, 1, and 2 and other steel parts in climate class O are normally al-
lowed to be unprotected.

The consideration for the finish of the structures may call for stricter rules for corrosion protection, especially
in climate class 2. Attention is drawn to the fact that certain woods, e.g. oak, and some treatments, e.g. fire re-
tardant, may have a corroding effect on unprotected steel.

Furthermore, steel members in climate classes 1 and 2 should be protected against corrosion corre-
sponding to galvanizing with a minimum thickness of 25um. In climate class 3 corrosion protection
should correspond to hot galvanizing with a min. thickness of 70um.

5.3.1 Nails

5.3.1.1 Laterally loaded nails

Timber-to-timber joinis

In joints where the following minimum timber dimensions and distances are obeyed the characteristic
load-carrying capacity in N can be determined by

1.7
nailCl

F=k (56.3.1.1 a)
where d {in mfn) is the diameter for round nails and the side length for square nails. The factor, k ;.
which is dependent on among other things nail type and yield moment of the nails, wood species and
grade (especially the density) must be determined by tests.
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For round nails with a characteristic yield stress of at least 40(20 — d)MPa the following equation can be used for ‘
Nordic softwood and other woods with corresponding properties

kpait = 120 Vg 4 (5.3.1.1 b)

where o 15 is the density of the timber corresponding to mass at a moisture content of w = 0 and volume at
w =0.156.

For structural timber at least corresponding to T18 Py 1y = 0.36 and thus k =72 can be assumed.

nail

In gusset joints with more than 10 nails in each line parallel to the direction of force only 2/3 of the
load-carrying capacity of the nails in excess of 10 may be taken into account.

1 [
" [ i
R — L . —J A

Figure 5.3.1.1 a

The values assume that the nails are driven in perpendicular to the grain, that the thinnest member has
a thickness of 7d, and that the penetration depths (including the point) satisfy the following condi-
tions (cf. fig. 5.3.1.1 a);

Nails in double shear

(driven in alternating from either side) 2,2 &d
Other cases

smooth nails £y, > 12d

annular and spirally grooved nails 2, = 8d

By smaller thicknesses and lengths the load-carrying capacity is reduced proportional to the length. It
is required that the nail length in any timber member is at least 5d and that the penetration length &,
1s at least 8d for smooth nails. For annular grooved nails the penetration length should at least be 4d

If ¢4 is greater than 3d (cf. fig. 5.3.1.1 a) nails from the two sides are allowed to touch in the middle
member,

Nails in end grain should normally not be considered capable of transmitting force,

Minimum distances are given in fig. 5.3.1.1 b. Deviations of 20% are allowed provided the total number
of nails is not increased. The nails should be staggered in the best possible way, for example as shown
in fig. 5.3.1.1 b, one nail thickness in relation to the system lines.

A joint should contain at least 2 nalls. If there are only one or two nails the values according to
formula (5.3.1.1 a) are multiplied by 0.7.
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Figure £.3.1.1 b

Steel-to-timber joints
What is stated for timber applies, but the load-carrying capacities can be multiplied by 1.25 and the
distances between nails (but not to edge and end of timber)} can be reduced by 30%.

Bouard materials-to-timber joints
What is stated for timber applies, but a board with the thickness t can be assumed to correspond to a
timber member of softwood corresponding to gquality T18 with the thickness

2.5t for plywood of birch, beech, and similar hardwood
1.5t for plywood of fir, pine, and similar softwood
2.0t for plywood with plies of alternating hardwood and fir or pine (combi-plywood)
t for structural particle board and semihard structu;'al fibre board
3.0t for hard or oil-tempered structural fibre board.
If only splitting of the timber is taken into account, the distances between nails (but not to edge or

end of timber ) can be reduced by 20% compared to the distances in timber-to-timber joints, The
strength of the boards may require greater distances.

If for exampie brads are used instead of ordinary nails with heads of about 2.5 d the load-carrying ca-
pacity for semihard fibre boards is reduced by half.

5.3.1.2 Withdrawal loads of nails

The characteristic withdrawal resistance of nails in N for all moisture classes for nailing perpendicular
to the grain and for slant nailing as shown in fig. 5.3.1.2 a - b is calculated as the smallest of the values
according to formula (5.3.1.2 a) corresponding to withdrawal of the nail in the member receiving the
point, and formula (5.3.1.2 b - ¢) corresponding to the head being pulled through,

fd(Q—QP) (5.8.1.2 a)
F=min < fd(h + 2,)) for smooth nails (5.3.1.2 b)
fde, for annular and spirally grooved nails ' (5.3.1.2 ¢)

The length of the point is denoted &y while the equivalent timber thickness is denoted 2, .

: Normally ¢ = 1.5d and the values of 2y given in table 5.3.1.2 are assumed.

P
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For spirally or annular grooved nails only the grooved part is considered capable of transmitting force.

By slant nailing ¢ and h are measured as shown in fig. 5,3.1.2 b and the load-carrying capacity is cal-
culated as if the force were parallel to the nail. Unless otherwise ensured, e.g. by pre-boring, o = 45° is
assumed.

The parameter f, dependent on among other things type of nail and timber species and grade (especially
density) must be determined by tests.

a} b)

2 min, 10d

Figure 5.3.1.2

Nails in end grain should not be considered capable of transmitting force.

The distances given in section 5.3.1.1 should be obeyed and the distance to loaded edge by slant nailing
should be at least 10d, cf. fig, 5.3.2.1 b.

Normally the values of f given in table 5,3.1.2 can be assumed for softwood. For annular and spirally grooved
nails ordinary good commercial quality is assumed. Special nails will often have higher values. For T18 a charac-
teristic density of Po1p ™ 0.36 is assumed. '

Table 5.3.1.2

f in N/mm?

g, /d

general T18 h/
ordinary nails, round 7.5 p8_15 1.0 36
ordinary nails, square 9 "(2).15 1.2 33
spirally grooved nails 20 p(’)_1 5 2.6 13
annular grooved nails 28 pjys 3.6 10

5.3.2 Bolts and dowels

The characteristic load-carrying capacity in N per shear plane for bolts and dowels with a yield

stress £, of at least 240MPa (corresponding to ISO grade 4.6) is the smallest value found by the
¥ -

formulas (5.3.2 a} - (5.3.2 e).
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10;)0‘15(!{1 h, + kzhz)d {only for two-member joints) (6.3.2 a)

25V pg 15 d*+ Tog 15k 0, d {5.3.2 b)

F=min {40 04,5k hyd ' (5.3.2¢c)
20p 15k hyd (only for three-member joints) (6.3.2d)
h45d2\/p0.15 Viky + k)2 \/fy/240 (6.3.2¢)

where
h is timber thickness in mm
d is the diameter in mm

k  is a factor, obtained from tabie 5.3.2, taking into consideration the influence of the angle be-
.. tween force and grain direction.

In three-member joints subscript 1 denotes side member and subscript 2 denotes middle member,
In two-member joints the subseripts are chosen so that kiby < kgh,.

Table 5.3.2 Factor kik ., k,) in calculation of the load-carrying capacity of bolts, dowels and screws
1+ 72

Angle between force and Diameter d(mm)
grain direction
c 6 12 24
Q° 1 1 1
30° 1 0.88 0.82
45° 1 076 0.70
60° 1 0.70 0.58
90° 1 0.64 0.02
. !'.‘For softwood at least corresponding to T18 {i.e, Pois = 0.36) the following is found by inserting into (5.3.2 a) -
D H(5.8.2 e): ‘
3.6(kyhy + kohg)d (only for two-member joints) (6.3.2 1)
15d% + 2.5k1h1d (6.3.2¢)
F=min{14.4k hd " (5.3.2h)
7.2k2h2d (only for three-member joints) (5.3.2 1)
27d? ‘/(kl + ko)/2 \/ffl240 (6.3.2 1)

Pk e

Minimum distances are given in fig. 5.3.2. The distance from bolt or dowel to loaded end can be reduced
from 7d to 4d provided the load is reduced corvespondingly. If the load-carrying capacity is assumed to
he higher than corresponding to formula (5.3.2 ¢) with fy = 240MPa the distance in the grain direction
should be increased correspondingly.

The stated distances to loaded edge are not always adequate to prevent splitting when the bolts are fully
utilized. When the force acts at an angle to the grain it should therefore be shown that the force can be
sustained without splitting.

?‘tﬂ'Where a detailed analysis is not carried out, this can be proved by showing that Q < vabeh/3, where Q is the shear

force produced by the bolt or dowet, h is the thickness in mm of the member, and be is the distance in mm from
loaded edge to the farthest point of the bolt.
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Figure 5.3.2 7 7

In multiple shear the load-carrying capacity can be found by considering the structure as a number of
three-member joints.

Where the side members are steel plates the above formulas can be used putting h, equal to h, equal to
the thickness of the wood member.

Where the middle member is a steel plate formula (5.3.2 b) is omitted and the values of the formulas
(5.3.2 d) and {5.3.2 e) can be multiplied by 1.4,

5.3.3 Screws

5.3.3.1 Laterally loaded screws

Timber to timber

The characteristic load-carrying capacity in N of screws with a yield stress f_ of at least 240 MPa screwed
at right angles to the grain is the smallest of the values from the formulas (51{3.3.1 a)-(5.3.31¢)

40 p, 15k hd . (5.3.3.1 a)
F=min{ 260,45 d* + 70415k hd (5.8.3.1 1)
45 dz\/,oo_15 \/(k1 + ky)/2 \/fy/240 (5.3.3.1¢)
where
h is the thickness in mm of the timber,
d is the diameter in mm of the screw, measured on the smooth shank,
ky,k,  are factors, obtained from table §.3.2, taking into consideration the influence of the angle

between force and grain direction in the member under the screw head (kI) and the mem-
ber receiving the point (k, ).

For softwood at least corresponding to T18

14.4k; hd (5.3.3.1 d)
F = min 12d* + Sklhd (5.3.3.1e)
27 d*/(ky + kg2 /£,/240 (6.3.3.1 )

is found by inserting Po15 = 0.36 into {5.3.3.1 a) - (5.3.3.1 ¢).
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In the expressions it is assumed that the mutual minimum distances and to end and edge given for bolts
are obeyed, that the length of the smooth shank is greater than or equal to the thickness of the member-
under the screw head, and that the penetration depth of the screw, i.e, the length in the member re-
ceiving the point, is at least 8d.

If the penetration depth is less than 8d the load-carrying capacity is reduced proportionally. However,
the penetration depth should be at least 5d. Screws in end grain should normally not be considered
capable of transmitting force.

Steel to timber
The characteristic load-carrying capacity in N is (cf. formula (5.3.3.1 c})

1.4'45\/,00.15 V1 + kz)/Z\/fy/?AO (6.3.3.1g)
and furthermore, what is stated for timber-to-timber joints applies.

5.3.8.2 Withdrawal loads of screws
The characteristic withdrawal strength in N of screws screwed at right angles to the grain is

F=(f+ fd)(Qg —d) (5.3.3.2 a)
where
d is the diameter in mm measured on the smooth shank, 7
2 ¢ is the threaded length in mm in the member receiving the screw,
f,and { are parameters dependent on among other things the shape of the screw and timber species
and grade.

For screws according to Swedish Standard SMS R 1573-1575 or 1576 or similar the following can be assumed for
softwood at least corresponding to T18

F=(18 + Td](Qg""d) ‘ (5.3.8.2 b)

It is assumed that the minimum distances and penetration lengths given for laterally loaded screws are
obeyed and that the strength of the screw is sufficient.

5.3.4 Bolted and screwed connectored joints
Generally, the characteristic load-carrying capacity is composed of a contribution Fg from the bolt

(or screw), calculated as stated in section 5.3.2, and a contribution F, from the connector. F, is de-
termined as follows:

The characteristic load Fy,  for bolt (screw} and connector is determined as stated in section 5.3.0.
The characteristic load for the connector ¥, is then determined by

Fo=Fy, o Fg (5.3.4)

¢ lpsc”

where Fy, is determined by tests or as given in section 5.3.2.

If a connector is to be used together with several bolt diameters the investigation should comprise
at least maximum and minimum bolt diameter.

For characteristic load-carrying capacities of different types of connector, type dpprovals, ete. are referred to.

The rules valid for boits, e.g. with regard to minimum distances, should be obeyed. Besides, the mini-
mum distances given in table 5.3.4 apply. '
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Table 5.3.4 Minimum distances for connectors

D is the diameter of the connector or
side length in actual direction

Toothed plates

Other connectors

Round  Square

Centre to centre
in grain direction
at right angles to grain direction

Centre to end
in grain direction

Centre to edge
at right angles to grain direction

125D 150D
120D 120D

125D 150D

060D 0.70D

2.00D
1.30 D

175D

080D

ty is reduced correspondingly.

in grooves.

without causing splitting of the timber.

Fig. 5.3.4

5.3.5 Construction rules

The distance to end may in joints with a singlé bolt be reduced to D provided the load-carrying capaci-

if the total height of the connector is denoted h, minimum thickness of the side members is h for
toothed-plade connectors, for single-sided toothed plates, however, 2h, and 1.5h for other connectors.
For middle members the minimum thickness is 1.5h for toothed-plate connectors and 2h for connectors

The stated distances to edge are not always adequate to prevent splitting at maximum load. When the
force acts at an angle to the grain direction it should therefore be proved that the force can be sustained

Where a detailed analysis is not carried out this can be proved by showing that Q@ < 2fvhbe;'3, where h is the thick-
ness of the member and 2, is the distance from loaded edge to farthest edge of the connectors, cf, fig. 5.3.4.

The fasteners should be placed in conformity with the drawings. The min. distances etc. given in section
5.3.1 - 5.3.4 should be obeyed with the given tolerances,

In the joints wane, knots or other defects are not allowed in such degree that it reduces the load-carry-

ing capacity of the joints.

Uniess otherwise stated nails should be driven in at right angles to the grain and to such depth that the
surface of the nail heads flushes with the timber surface.
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Unless otherwise stated stant nailing should be carried out in conformity with fig. 5.3.1.2 a.

Bolts should fit tightly into the pre-bored holes. 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.

The bolts should be tightened so that the members fit closely, and they should be tightened up if neces-
sary 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 diameter as the
dowel. The dowels should be at least 2d longer than the total thickness of the joint.

Tor screws pre-boring to the full length of the screws should be carried out. The diameter of the pre-
bored hole should be equal to d for the smooth shank and 0.9-1.0 times the core diameter for the
threaded length. Washers are used as stated for bolts.

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 clamping bolts with washers large and
stiff enough to protect the timber from damage.




APPENDIX - COMMENTS

C 5.3.0 Generxal

The draft is made very general.

The load-carrying capacity expressions have been exemplified for Nordic softwood of a quality de-
noted T18 which signifies that the characteristic bending strength (short-term load, moisture class 1)

is 18 MPa. It is assumed that the grade EC-2 will be thus determined that it satisfies the requirements
of T18.

C 5.3.0.2 Deformation of characteristic load-carrying capacities

The strength of a joint depends on 7, where 0 < « < 1. Only for « = 1 the factor taking into account
load duration and moisture class will be the same as for timber. However, for practical reasons the
same factor is proposed. The values for permanent load and moisture class 1 in the following sections
have been chosen so this rule is on the safe side.

C 5.3.1.1 Laterally loaded nails

The load-carrying capacity can be composed of two main contributions, namely dowel effect and
friction.

Due to moisture deformations a gap between the timber members should normaily be assumed so
that the friction contribution will only be of importance at deformations so large that it cannot be
utilized in practice. :

Tests, cf. e.g. Larsen [1] and [2], have shown that the dowel contribution Py for slender nails can be
determined with good approximation as

P, =/2M, fyd | (1)

where
I\/Iy is the yjield moment,
fi;  is the impression strength, and
d  is the diameter (round nails} or side length (square nails).

If the yield stress of steel is denoted f o We have My =k, a fy, where k, depends on the cross-section

(e.g. square/round) of the nail. The impression strength can be assumed proportional with the prism
strength, which again can be assumed proportional with the density, e.g. Po.15 (mass at moisture con-
tent w = 0 and volume at w =0.15). Thus, fg =kof, = k3p can be assumed.

The load-carrying capacity can thus be expressed as
Py = 1(4(:12\/,ofy (2)

The yield stress £ is not a constant for a given steel but depends on among other things the ratio be-
tween d and the diameter of the wire, from which the nail has been cold-drawn, a ratio which varies
very much. However, the general tendency is that f_ decreases with increasing d. The general tenden-
cy is the same for k,, and k3 .This can be taken into consideration by replacing {2) with

Po=Xnd” Vo5 (3)

where o < 2. The factor k depends on nail material, wood species, etc.

1] LARSEN, H. J. Determination of load-slip curves for bolts and nails. Aalborg University Centre. Pure and Ap-

plied Mechanics, Report R 7501. (Comparison of tests carried out by among others Aune, Booth, Brock, Kuenzi,
Mack, Meyer, Mohier and Wilkinson).

[2] LARSEN, H. d.: K. W, Johansen’s tests on nailed joints. Bygningsstatiske Meddelelser No, 1, 1977 (hot yet
available).




The condition for the above is that we are dealing with slender nails, meaning that the length, ¢,
in the individual members should be greater than a minimum value, ¢ . , which is 8d - 12d,
greatest when f_/f _is relatively large, i.e. strong nails in weak timber. The necessary length can be
reduced a little in the member under the nail head.

If the length is smaller than #_; . the load-carrying capacity will theoretically be decreased propor-
tional with the length.

In their tests Stoy & Mlynek [3] did not find the dependence {2) between Py and fy, but that Py

rapidly became independent of £_. The reason was that the geometry of the joints was maintained
and that the timber thicknesses f%r the higher values of fy were quite insufficient to ensure the rup-
jure form corresponding to (2).

For three- or multiple-member joints the load-carrying capacity can be found by adding up the load-
carrying capacity in the individual shear planes. In his tests Brock ]4] found a load-carrying capacity
which was only 90% of this. The reason was that the timber dimensions in three-member joints were
below & ...
As suggested by Brock the British Timber Code states that the load-carrying capacity should be as-
sumed proportional to p, but indeed Brock’s tests do not verify this assumption, they give a linear
relationship, not a proportionality. An expression of the form 008 fits just as well as the assumed

proportional relationship.

The values suggested for timber grade T18 have in the following table been compared with DIN
1052 assuming the safety factor equal to 1.5 and with CP 112, group J3, with the safety factor 1.8.

Characteristic values in N

d(mm) Proposed DIN 1052 CPp 112
2 230 ‘ 250 160
3 470 520 370
4 760 860 650
5 1110 1250 1020
6 1510 1690 ) 1470

C 5.8.1.2 Withdrawal loads of nails

According to tests carried out in USA, CP 112 assumes that f is proportional with p%ﬂ, but a
number of B, George Stern’s tests indicate that 93.15 is a better assumption. As a comparison with
the values given it can be mentioned that f = 1.6 has been assumed in CP 112 for group 43, corre-
sponding to T18 and round nails. In DIN 1052 £ = 1.9 has been assumed. When the moisture content
is changed significantly f is reduced te 0.40 (CP) or 1.3 {DIN), respectively. For »improved nails» { =
2.4 is assumed in CP 112, '

C 5.3.2 Bolts and dowels

The proposed expressions are generalizations and simplifications of the theoretical expressions given
in Larsen [5]. It has been assumed that the impression strength for the timber is proportional to the
density. '

(3] STOY, W., MLYNEK, F. Versuche ttber der Nagelfestigkeit und der Holzfestigkeit auf die Widerstandsfihigkeit
von genagelten Holzverbindungen. Fortschritte und Forschungen im Bauwesen, Heft 20, 1955.

{4] BROCK, G. R. The strength of nailed joints. Forest Products Research Bulletin No. 41, London 1957.
{5] LARSEN, H. J. The yield load of bolted and nailed joints, [IUFRO-5, South Africa 1978, p. 646-654.




The proposed values have in the following been compared with DIN 1052 and CP 112.

Characteristic values in kRN

d (mm) h; (mm) h, (mm) v Proposed DIN 1052 CP 112
10 28 25 0 1.8 1.5 2.7
90 1.6 1.4 1:9
32 63 0 2.8 1.9 2.7
90 21 1.4 21
20 38 38 0 5.5 4.6 9.4
90 4.2 3.4 3.6
100 100 0 10.8 10.2 10.9
90 7.5 7.2 6.8

By evaluation of the values it should be noted that the allowed increase at short-term load is
greater in the proposal than according to both of the investigated codes.

7N

s b= O S
J #

The additional rule for load applied at an angle to the grain is just the usual requirement of shear strength
expressed for the part of the beam created if the beam cracks at the bolt hole, cf. the above figure.

The rule has been evaluated in connection with the preparation of the Nordic draft timber code - e.g.
from tests carried out by Nielsen & Johansen [6]. The stresses were calculated by the use of a finite-
element programme for anisotropic elastic materials.

The conclusion of the investigation was:

The calculated tensile stresses indicate that a design on the basis of tensile stresses perpendicular
to the grain is possible.

However, lack of knowledge of the long-term strength for timber stressed in tension gt right angles
to the grain will demand that laboratory tests are carried out together with the numerical tests.

C 5.8.3.1 Laterally loaded screws
The same expression as for bolts has been used. Theoretically, this is in certain cases a little on the
unsafe side due to the reduced yield moment in the grooved part.

However, it is found reasonable because slips can only occur in the hole in one of the members
and because the gap between the timber members will normally be smaller than by bolts.

C 5.3.4 Withdrawal loads of screws
The expression according to DIN1052 corresponding to (5.3.3.2 b) reads F = 4,5 d¢g, while the
rules in CP 112 correspond to approximately 5.5 d2g. The screw shapes in the different countries
may differ. . LehMUhu | £ e E
Ingenieurholzbau u. Baukonsirukiioner

Universitat (TH) Karlsrune

Pref. Dr.-ing. K. Mohiss
[6] NIELSEN, T. FELDBORG, JOHANSEN, M. Forseg med treforbindelser med bolte og mellemlaeg (Investigation
of timber joints with bolts and connectors. Danish Building Research Institute, Report No. 67, 1970.
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1. SCOPE

The present standard lays down a test method for determining the mechanical properties - ultimate
load and deformation properties - for timber joints with mechanical fasteners, so that test results for
different joints and from different testing institutions will be comparable.

To utilize testing of timber Jomts in the best possible way irrespective of the actual purpose of the testing, it
should be carried out in conformlty with the rules of this standard, unless it is incompatible with the purpose
of the investigation. In such cases the deviations should be reduced to a minimum,

2, AREA OF APPLICATION
The standard applies fo joints in statically loaded structures.

Dynamic effects can be expected when the load varies with time with a frequency exceeding 0.5 - 0.6 times the
natural frequency of the structure,

It is not possible to state exactly when a structure can be assumed statical and when it must be treated as dy-
namically loaded, because, among other things, in the determination of loads or stiffness requirements in the
code the dynamic effects have been taken fully or partly into consideration,

3. TEST SPECIMENS, CONDITIONING, ETC.

Requirements of the materials of the joints, their geometry, workmanship, and storing depend on the
purpose of the tests and is outside the scope of this standard.

In cases where the testing should form the basis for determination of code rules the requirements of the test spe-
cimens, including the number of tests necessary to treat the results statistically, are given in the code or attached
standards. These may be general requirements or requirements which are special for the joint type in question
or the purpose of the investigation.

4. EQUIPMENT

In addition to equipment for measuring the geometry of the test specimens, moisture content, etc. the
following are assumed to be available:

A testing machine able to apply the necessary load as prescribed in section 5 and with a recording equip-
ment able to measure the load with 1% accuracy, |

Equipment to measure the mutual displacements with an accuracy better than 1%, for displacements
less than 2 mm, however, 0.02 mm,. The equipment should ensure that eccentricities, twist, eté, have
no influence on the measurings.

Equipment, which can continuously record coherent values of loads and displacements, is recommended.
Exceptionally, it can be accepted that the displacements are only measured at chosen load levels pro-
vided the measurings can be carried out without influencing the continuity of the load application sig-
nificantly.

5. LOAD APPLICATION AND SLIP MEASURINGS

5.1
The loading procedure as shown in fig. 1 should be used. The applied load is denoted F. F,, is the ex-
pected maximum load. The stated rates of loading, etc. should be obeyed with a tolerance of +50%.

* The standard is prepared on the basis of a pmposal from RILEM 3TT-Committee to CIB-W18, which was discussed
and adopted in June 1976.
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Initially the load is applied at a constant rate of 0.2 ¥, per minute up to 0.4 ¥, which is maintained
for 80 seconds, whereupon it is diminished at the samie rate to 0.1 F_,, which is also maintained for 30
seconds. Then the load is increased again. Up to 0.7 F_, the load is increased at a constant rate corre-
sponding to 0.2 F_, per minute. Above 0.7 ¥, a constant deformation rate is used so that the ultimate

load is reached in 3-5 minutes’ additional testing time (total testing time 10-15 min.).

When the displacements reach 15 mm the test can be interrupted even if the ultimate load has not
been reached. '

5.2
F,, is estimated from e.g. experience, preliminary tests or calculations.

Should it be proved during the execution of the tests that the mean value of the maximum load of the
tests already executed deviates more than 20% from the estimated value, F_. should be adjusted cor-
respondingly for the following tests. The already determined values of the ultlmate load are accepted
without adjustment as part of the final results.

5.3
The displacements, v, should be measured at intervals of load not less than 0.1 F_, and from coherent

values of load and displacement a load-slip curve can be drawn, cf. fig. 2.

5.4

The load-carrying capacity of the joint F , is assumed to be the maximum load obtained for dlsplace-

ments less than or equal to 15 mm,

5.5

In the cases where the properties of the joint are to be described by a few numbers the choice should

primarily be among the following:

ultimate load Foi

initie;l displacement Vint = V4

reduced initial displacement Vint red = vy —vy)/3
joint slip Vo = Vint  Vint,red

elastic displacement

slip modulus

v, = 10((v14 + v24) -
0.4 Feat/vint!red

(vll' + v21))/6

displacement at 60% load (F/F;, = 0.6) Ve
reduced vgq Veo,red = V60 ~ V24 * Vint red
displacement at 80% load (F/F ,, = 0.8) Vo

reduced Va0

Vg0.red = V80 V24 * Ving,red
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If the difference between F,y and F_, made it necessary to adjust F_,, the values used to calculate the
displacements mentioned are adjusted on the basis of the load-slip curve. In each case Vgo and vg, are
determined corresponding to the actual F, ;.

6. TEST REPORT
The test report should contain all relevant information available on test specimens, test procedure and
test results, among others:

wood species and quality, relevant strength parameters and in each.case relative density,

- material, quality and strength properties of the fasteners, including any protection against corro-
sion,

drawings of the joints stating among others, dimensions and number of fasteners,

- conditioning of the timber and its moisture content prior to execution of the joints, storing until
testing, gaps between members, fissures, etc, and the moisture content during testing,

- test equipment,
- the load procedure used by reference to this standard with statement of any deviations,

- the individual test results, including mode of failure, average values, standard deviation, and any
other relevant statistical data.
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1. SCOPE AND CONTENTS

The present standard lays down the requirements of the timber and any adjustments of test results
in order that the results for short-term tests with mechanical fasteners can be used to determine charac-
teristic code values.

Two methods, which can be considered equally acceptable are given.

By method 1 the requirements of the timber have been determined so that the test results can be ap-
plied immediately to determine the characteristic values. By method 2 the test results must be adjusted
according to given rules, before they can be used in the determination of characteristic values,

Furthermore, the standard determines how the fest specimens should be conditioned to correspond to
the climate classed stipulated in the code, and in principle it gives guidelines for conversion from one
climate class to another.

The code does not deal with the geometry and workmanship of the test specimens or for which type
of loading they should be tested. This information is given by current timber codes or the standards
derived for the different joints, such as:

CIB-RILEM-Timber Standard 07.w: Laterally loaded nailed joints.

CIB-RILEM-Timber Standard 07.x: Laterally loaded bolted, dowelled and screwed joints.
CIB-RILEM-Timber Standard 07.y: Laterally loaded bolted and screwed joints with timber connectors.
CIB-RILEM-Timber Standard 07.z:  Joints with nail plates,

The code does not deal with the loading procedure. This procedure is assumed to be in conformity
with CIB-RILEM-Timber Standard 06: Testing of mechanical fasteners. - Test method for short-term
testing.

2. SYMBOLS
P load
power, cf. (1)

v}

f, compressive strength
i relative density (mass corresponding to w = 0 and volume to moisture content w)
w  moisture content

Indices: adj adjusted

k characteristic
lim limit
m mean value

obs observed

theor theoretical.

3. REQUIREMENTS OF THE TIMBER

3.0 General
The timber should be free from knots, which might influence the load-carrying capacity of the joints.

* The standard is prepared on the basis of a proposal from RILEM 3TT-Committee to CIB-W18, discussed and adopted
in June 1976,
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3.1 Method 1

If the grading rules contain special density requirements so that the characteristic density is p, the tim-
ber should be, or must be, (depending on whether it is a recommendation or requirement) selected so
that the following requirements are satisfied:

Mean value P S 1160,
At least 20% have p<p,
If the grading rules do not contain special density requirements, p, = 0.36 is assumed.

It is assumed that the density is normally distributed with a coefficient of variation of 0.15.

3.2 Method 2
The timber should be, or must be, (depending on whether it is a recommendation or requirement) se-

lected so that the density variation is as small as possible, i.e. no individual value deviates more than
10% from the mean value,

If the grading rules do not contain special density requirements the mean value should be between
0.9 - 0.4 and 0.44.

If the grading rules contain special density requirements so that the characteristic density is p, the
mean value should be between 1,05 p, and 1.25p, .

4, CONDITIONING

If the test results are to be used directly to determine characteristic values corresponding to the
climate classes given in the CIB-Timber Code, the test specimens should - unless otherwise stated - be
conditioned at room temperature and the following relative humidity until equilibrium is reached:

Climate class 1: relative humidity = 0.60
Climate class 2: relative humidity = 0.80

5. ADJUSTMENT OF TEST RESULTS

5.1 Timber selected according to method 1 A
No adjustment is made apart from those for moisture content, cf. section 5.8.

5.2 Timber selected according to method 2 . .
The calculation is based on adjusted test values Padj’ calculated from the measured values, P obs® 38

- Px .
Padi = Pobs (5 )° , (1)

p is the density of the timber for the joint in question.

The power ¢(12 ¢ 0) is determined on the basis of tests or an accepted theory of the load-carrying
capacity of the joints, Otherwise ¢ = 1.01s used. '

If there is a limit for the density p;,  above which the influence of the density can be neglected, py
is inserted in equation (1) instead of p, provided p);, < p.

The basis of the adjustment method is that the strength is depending on the density. Instead of adjustment on
the basis of density the adjustment depending on mode of failure can be made on the basis of other parameters,
: -e.g. compressive strength or shear strength.

Adjustments, if any, for moisture content should be made as stated in section 5.3.

Unless other correlation has been determined the following relation between the compressive stxength
and density and moisture content should be assumed.

f, = 95 p(2 ~ ©/0.15) N/mm® | (2)

provided the moisture content w is between 0.12 and 0.16.
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5.3 Adjustment for moisture content, etc.
Conversion to other conditions than the test conditions, e.g. regarding moisture content, should be
carried out in conformity with the code rules, unless others can be shown to be more correct by tests.

The conversion factors should be applied to the calculated characteristic values or - if it can be shown
to be more correct - to the individual test results.

6. CALCULATION OF CHARACTERISTIC VALUES

6.0 General _
On the basis of the actual test results or the adjusted ones, the characteristic values are calculated by
recognized statistical methods in accordance with the code rules.

6.1 Application of numericai. meihods

If a theory is available of the relationship between the theoretical Ioad-ca_rrying capacity, Pthm,, and
parameters representing relevant properties, C, of the fastener and, T, of the timber, i.e.

Pyeor = H(C, T) (3)
the characteristic strength P, for given material qualities €, and Ty can be calculated as

Py = ¢k Py theor | (4)
where

Py theor = H(Cy» Ty) (5)

and v, is the characteristic value of the ratiop = P_, /P for the individual joints,

theor
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Introduction

At the meetings of CIB W18 and IUFRO $5.02-00 in Denmark
1976 it was decided to set up a subgroup dealing with
"Time and Moisture Effects".

This is the first meeting of the subgroup.

Terms of reference

The following suggestion to terms of reference had been
presented:

"To study the effect of load duration and moisture
contents on the probability of a timber structure
reaching a limit state at any moment of its life
time, and to make recommendations for implementation
of the results into the CIB Timber Code."

The meeting found this too‘émbitious for the time being
and suggested the following for the next three years:

"To study the influence of moisture contents on the
strength and different stress levels on the time-to-
failure for European pine and spruce."”

The group should regard itself as a permanent European
body for time effect problems. The group should further
work on time effects of mechanical and glued joints,

as well as components and complete structures.

Theories, assumptions, hypotheses

The following statements were referred:

"Strength loss with time is a function of stress level
and short term strength. Strength loss with increasing
moisture contents is negligible for timber with low
short term strength." (Borg Madsen, 1976)

"T,oading of full size structural specimens in bending

and in tension parallel to grain for long duration at
higher stress levels than allowable design stress has

no apparent or measurable effect on short term test
strength, provided that the load-time history does not
include tertiary creep." (Strickler, Pellerin, Martin, 1976)

"Time to failure can be estimated based on a visco-
elastic model calculation of the time dependent accu-
mulated elastic potential during given mechanical
excitations. The approach suggested seems promising
enough to attempt quantitative verification and develop-
ment of more accurate methods to calculate the elastic
potential based on nonlinear viscoelastic model theory."
(Lars Bach, 1973).




The group stated that for the time belng'no theory
or model could substitute a testing of structural
timber and Components..

To develop an applicable theory could be a long term
aim for the group.

Research programmes

P-surface:

The group recommended to start working on long
term effects by spot-checking the validity of
Madsen's conclusions as expressed through the
P-surface:

. W
| F < stress ratio O= applied stress
1,0 |
-
’
I 4
’
I d
ra
_ r
t s .
6 short ., tl t = time to
. ong .
- » failure
/ yd

w = constant (dry)

short term strength

The check of the P~surface should preferably be
performed on long term bending parallel to grain
of European spruce and pine at different stress
levels.

The group recommended to start working on moisture
effects by short term bending parallel to grain

of European spruce and pine with different moisture
contents, preferably w = 0,15 and w = 0,25.




Based on the results from these projects, research
programmes are to be discussed for a number of investi-
gations, such as:

T e ot Sk, e — S " - —

Timber in bending at variable climatic conditions.
Timber in tension parallel to grain.

Gluelam in bending parallel to grain.

Gluelam in tension perpendicular to grain.

Gluelam in torsional shear.

Joints, components and complete structures.

Timber in tension parallel to grain.
Timber in compression parallel to grain.

Joints, components and complete structures.

The group is aware of the fact that some of these
projects are already dealt with or planned at different
research centres. The group would like to encourage
this work to be continued, but also to be informed

in detail about the project programmes. It is important
that the projects are coordinated as far as test
methods, sampling, recorded data etc. are concerned.

The following projects were reported:

HOLLAND

At the Stevin Laboratory, long term tests on mechanical
joints have been carried out., A report is being prepared.

NORWAY

At Norsk Treteknisk Institutt, a project on moisture
effects on short term bending has been planned, and the
sampling of 48x148 mm spruce has just started. A
detailed project programme will be circulated to the’
group before start of the actual tests.

At the Norwegian Institute of Technology, Trondheim,

a pilot project on long term bending of 36x73 mm spruce
has been carried out, and a report is being prepared
for circulation to the group.




Sampling

Ideally, the tests should be carried out without linking
the timber to particular grades in order to obhtain
results which could be converted to any visual or
machine grade. '

The construction of the P-surface requires the stress
ratio € to be known. Thus, the dry short term strength, £,
of the specimens for long term loading and wet loading
must be known or predicted for each single test specimen.

If the strength forecasting through specimen matching
cannot be achieved, a very extensive test programme
based on some distributional approach will have to be
carried out. The group decided that, as considerable
savings would be gained by using a matched specimen
approach, a solution of the matching technigque should
primarily be searxched for.

At present, two projects investigating matching techniques
are carried out by Norén and Curry respectively. The
results will be reported to the group during the summer
of 1977 for discussion when the group is to meet in
August, 1977.

Test methods

The large amount cf variable parameters demands that

all test methods are mutually consistent. The descrip-
tion of specimens, test methods and recording of test
data must be standardized. The group decided that all
tests should be according to the RILEM-document
"Standard Methods of Tests for Determining some Physical
and Mechanical Properties of Timber in Structural

Sizes" (to be presented at the CIB W18 meeting in
Stockholm, February, 1977).

The group agreed upon the following additional conditions:
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Recommended climate for long_term_testing: Temperature
180Z3506C, relative humidity 65 * 3%. .

Human and technical resources

The large research programme will, even when split into
limited test projects, reguire considerable laboratory
space and time. It is therefore necessary to get also
other laboratories than those represented in the group
interested in carrying out parts of the programme. It
might be desirable, if possible, to use Borg Madsen's
testing equipment at the University of British Columbia
as far as long term testing is concerned.




Saarelainen informed that the Timber Laboratory in

Finland could participate in bending tests under cycling .
humidity between 35 and 85% RH.

Hoffmeyer informed that the Technical University of
Denmark could participate in tests on moisture effects
on structural timber and to work on theoretical studies
on fracture mechanics related to time and moisture
effects.

Mohler informed (by letter) that the Universitat
Karlsruhe could participate on long term loading tests
on straight and curved gluelam components, thus investi-
gating bending parallel to grain as well as tension
pexrpendicular to grain.

Van Amstel informed that the Stevin Laboratory could
participate in long term loading of mechanical and
glued joints.

The group emphasizes that all project plans and test

programmes should be circulated to the group for
comments and coordination at an early stage.

8. Cooperation with North America

The group decided to link its work, if possible, to the
North American "Duration of Load" Steering Committee
and to write to Dave Barett for information about

their present and planned activities.

. Financing

As a basic principle, national financing should be
obtained for the part of the project which will be
dealt with within the country.

If the projects will be involving collaboration
between Western Europe and North America, the possi-
bility of obtaining financing through Research Grants
from NATO Science Committee should be investigated.

10. Next meeting

25th ~ 26th August, 1977 at P.R.L., England.

Oslo, 6th December, 1976

" 04d Brynildsen




