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2 CHAIRMAN'S INTRODUCTION

Delegates were velcomed to the meeting by the Chairman and co~ordinator of
CIB~W18, MR SUNLEY, The agenda was circulated and agreed.

3 CO-OPERATION WITH OTHER ORGANISATIONS

I80/TC 165: MRS S{RENSEN circulated paper CIB-W18/12-103-1 which contained
the resolutions and other papers from the IS0/TC 165 meeting held in Ottawa,
Canada in September 1979,

Resolution 10: PROF LARSEN agreed with DR KUIPERS that it would not be possible
to add annexes to an internaticnal standard. The general jolnts testing would
form one standard with others for particular forms of joints,

Resolution 11: PROF LARSEN reported that TC 139 were willing to produce a
standard for testing structural plywood and he would propose a joint TC 138/
TC 185 working group for this work. He agreed with a proposal from DR BOOTH
that TC 139 should be asked to circulate the RILEM testing standard as a first
draft for comment,

DR KUIPERS said that he did not agree with the letter from Professor Noack,
that stated that a purpose of the tests was to provide comparison with the
results from small clear specimens.

Resolution 13: DR EHLBECK saild that he would like to see British participation
in the working group on timber classification and that the working group would
not necessarily adopt the Australian system,

PROF LARSEN, snswering a question from DR KUIPERS, said that although it was
important to have a strength class system for timber, stresses for individual
species would still be permitted.

Resolution 14: TC 165 would like to have a final draft of the CIB Structural
Timber Design Code for circulation as a working paper before the end of 1980,
This document would not necegsarily have to be complete.

RILEM 3-TT: DR KUIPERS reported that in accordance with RILEM policy the 3~TT
sub=group should be disbanded, However he is to propose to RILEM that the
group be re-formed to draft standards for the testing of structural board
materizls. At the meeting immediately preceding the W18 meeting it had heen
agreed that Mr I D G Lee of the United Kingdom should produce a draft standard
for the testing of particle board. It was the intention of 3~IT that this,
and standards for other sheet materials such as hardboard and composite

beoards should bear a cleose similarity to the standard for plywood.

PROF LARSEN suggested that perhaps there should be cne general testing standard
for all sheet materials with annexes for tests applicable only to individual
materials, There might also be a need for an IS0 technical committes on
structural wood-based sheet materials,

MR KUIPERS also drew the attention of delegates to the need for standards on
prototype testing, structural testing and in-sitw testing. He alsc stressed the
need for standards on sampling and analysis to support the work that had already
been completed by RILEM 3-TT,




It was agreed that the plywood sub-group of DR NOREN, DR BCOTH, DR KUIPERS and
DR WILSON should be encouraged to continue its work on sampllng and analysis,
The formation of other sub-groups was deferrved until later in the meeting.

EEC: MR SUNLEY told delegates that at a joint CEI~Bois/CIB-W18 meeting in June
it had been agreed that the two crganisations should produce a joint submission
to EEC for Eurccode 5. The first formal meeting to discuss the drafting of

the code would take place in Bruxelles on 29 October 1978,

PROF MONTFORT said that scme chapters of Euroccode 1 had now been drafted.
Eurccode 5 should follow the safety methods adopted for Eurocode 1 and be
based on the CIB Code. However he pointed ouit that there could be difficulties
in drafting Eurocode 5 since Sous-commission GLULAM did not accept the
probablilistic design philosophy.

DR ARMBRUSTER said that there was a need for a simple code and this should
permit deterministic design for an interim period before limit state design
was introduced,

PROF LARSEN tcld members that the decision had been made that the Eurccodes
should adopt the limit state design system. This would allow governments to
introduce their own levels of safety and neither CIB-W18 or GLULAM could
produce a code which defined safety levels, The first priority within EEC
should be the harmonization of loading rules, continued PROF LARSEN,

He asked Dr Armbruster to explain to Sous-commission GLULAM that the fourth
draft of the CIB Code, with the exception of Chapter 3, was equally applicable
to deterministic or limit state design,

LUFRO 55,02: DR BARRETT told delegates of the long-term loading projects being
undertaken by the University of British Columbila; Forest Products Laboratory,
Madison and the Forintek Canada Corporation, Vancouver. He expressed

the need for international participation and suggested that an internatiocnal
co-ordinating committee should be set up to provide comment before the start
of the proposed test programme,

MR SUNLEY asked delegates to consider how they might contribute and to be prepared

to discuss the project in detall at the next IUFRO meeting in Oxferd, England
8-16 April 1980, ‘

4 GLULAM STANDARD

DR ARMBRUSTER presented paper CIB-W18/12-12~1 'Glulam Standard Part 2: Glued
Timber Structures: Rating (3rd draft)' and paper CIB-W18/12-12-2 'Glulam
Standard Part 8: Glued Timber Structures: Performance (3rd draft)}', explaining
that the content of these standards was based on practical experience and not
solely on theory,

PROF LARSEN did not accept that the content of the three parts of the GLULAM
standard was appropriate to the drafting of the CIB Code, He agreed that
sub~commission GLULAM should produce a production standard but this should not
inciude stresses and could not form part of a design code.

It was agreed that these two papers should be considered as comments on the
fourth draft of the CIB Code and further discussed at the next meeting,




5 CIB STRUCTURAL TIMBER DESIGN CODE

The following comments and amendments were made to paper CIB Wig/12-100-3
'CIB Structural Timber Design Code {fourth draft)'.

Clause 2.1.1: The reference depth for glued laminated timber is to be retained
as 300 mm. DR ARMBRUSTER had requested 500 mm.
Insert 'populaticn' between 'as' and 'lower'.
Delete the words in brackets,
Small print text to be inserted to the effect that recommendations on
board materials will be produced.,

Clause 2,2: Climate classes are to be changed to moisture classes and an
example of the translation of moisture content to temperature and
humidity will be provided.

Table 2,3a: Replace normal! by 'medium',

Chapter 3: To be reduced to small print,
Structural or prototype testing is to be included as & permitted design
method,
Reference to performance in fire is required,

Table #.1,1: The first two lines below this table are to be in normal print,
A note is to be inserted that poles may be graded to the same strength
classes,

Clause 4,7: This clause is to be revised to take account of International
Standards and to permit other methods of protection,

Table 5.1.0a: Strength class SC 38 to be inserted.

Clause 5,1,1.0: Note required to avoid the inadvertent use of characteristic
stresses in the equations,

Clause 5,1,1,6: DR BARRETT is to produce a proposal on shear and torsional
stresses, %

Clause 5.2.2: Replaée 'Cambered'! by 'Pitched and tapered',

Clause 5.2.3: A note will be provided on the facing page about tapered curved
bheams.,

Chapter 6,0: DR KUIPERS is to provide a clause on calculating the deformation
at joints.

Clause 6.1,1.,1:t MR VAN DER PUT is to produce a paper recommending changes
to this clause.

Fig 6.1.1.1b: End distances are to be increased to 15d.
Table 5,1.1.2: The values for round nalls are to be reconsidered.
{lause 6,1,%.3: PROF LARSEN will predyaft this clause.

Clause 6,1.2: Formula 6.1.2d is to be deleted,
The loading for dowels is to be increased.

Formula 6,1.3.2a: To be simplified.



Clause 6,1.4: To be revised,
Formula 7.,1.1f: An alternative recommendation is to be produced from Australia.

Annexes: DR BOOTH and DR FOSCHI are to produce a joint paper on the desipgn
of thin-flanged beams.

PROF LARSEN undertook to consider and answer the comments recelved from
Sous-commission GLULAM (paper CIB W18/12-100-1).

The secretary drew attention to paper CIB Wi8/12-100-2 !'Comment on the CIB Code'.

6 STRENGTH CLASSES

MR TORY introduced 'Strength Classes for British Standard BS 5268' (Paper CIB-W18/
12-8-2), explaining that the proposed revision of the British Code of Practice
CP 112 into BS 5268 included the strength classes given in this paper,

PROF LARSEN said that the UK had spoilt the strength class system proposed
for the CIB Code by bending the principle to fit commercially important grades,

MR SUNLEY replied that there was no point in introducing to any national code
a strength class system which would not be used. It would be easy to have a
class system for European timber and another for, say, North American use; but
it would be difficult to provide a common system since each would he reluctant
to accept the penalties inwvolved,

PROF MONTFORT said that the basic requirement for international agreement was
material classification. MR CURRY agreed, saying that grading would be the
common factor, not stresses., MR CURRY saw the strength class system as an
introduction to the decline of visual grading and to the optimisation in use
of timber by the increasing use of machine grading, He pointed out how

closely the British visual grades were to the ECE grades and offered to produce
a paper for the next meeting comparing the UK system to that given in the

CiB Code,

7 FIRE

MR SUNLEY introduced paper CIB W18/12-15-1 "British Standard BS 5268:Fart i:
Fire Resistance of Timber Structures'.

It was agreed that a draft section on fire performance should be prepared for
the next meeting, based on this British Standard.

8 TRUSSED RAFTERS

Paper CIB W18/12-1u4~1 'A Simple Design Method for Standard Trusses' was
introduced by DR EGERUP, He said that he was trying to develop a design system
for trusses that would permit any country adopting the system to insert it s
own coefficients, Ideally it should take into account joint slip, plasticity
and non-linearity.

DR CHAN offered to contribute to the work on the design method for trussed
rafters.

;
E
‘
;
E
E




g8 JOINTS

DR EHLBECK briefly spoke on his paper 'Load-carrying Capacity and Deformation
Characteristice of Nailled Joints'! (CIB W18/12-7-1). He regarded the paper as
an interim report identifying the parameters influencing joint performance.

He is to produce rules for the CIB Code to permit the calculation of jeint
deformations,

PROF LARSEN presented paper CIB W18/12-7-2 'Design of Bolted Joints', The
purpose of the paper, he said was to explain how the rules contained in the
CIB Code had been derived, Before the next meeting Prof Larsen hopes to
carry out some test work to compare with the theoretical approach.

MR CURRY said that both this and the previcus paper were very useful.theoretical
approaches to the problems of joints but they showed how few test results
were avallable to verify the theory.

Agreeing with Mr Curry, DR BOOTH suggested that part of the problem was that
joint geometry was so varied. To adequately cover the subject there was a
need for a co-ordinated program of joint testing.

Paper CIB W18/12-7~3 'Design of Jointswith Nail Plates' was circulated by
DR NOREN. He pointed out it was a joint proposal from the Nordic countries
and if accepted would limit nail plate testing to the principal directions
only. The Johansen and Bovim theory would permit the translation of these
1imited tests into the regquired strengths at angles to the principal axes.

DR KUIPERS drew attention to the conflicting test requirements of this paper
and the RILEM test method for nail plates. He suggested that the RILEM method
should be published but that if the Nordic proposals were accepted it could

be necessary to amend the RILEM method at a later date.

MR BOVIM and DR NOREN asked for these proposals to be discussed in greater
depth at the next meeting. They will then provide specific recommendations
for the CIB code.

10 PLYWOOD

DR BOCTH reported that the plywood sub-group (Barrett, Booth, Ehlbeck, Norén

and Wilson) had met to discuss the derivation of characteristic values, sampling
and paper CIB-W18/12-i~1 'Procedures for Analysis of Plywocod Test Data and
Determination of Characteristic Values Suitable for Code Presentation’.

Tt had been agreed that Dr Norén and Dr Wilson should produce a further paper

on sampling and analysis and the sub-group would meet again early in 1880,

The group would requive guidance on statistical methods to derive fifth percentiles
with 75 per cent confidence limits, said Dr Booth; and they would also have

to decide whether to recommend one particular method or to give a choice.

PROF LARSEN said that no method of analysis should be given since the appropriate
distributional assumption could be different for each property and might
vary with grading. Some element of judgement should be permitted.

MR SUNLEY considered it important that the sampling and analytical papers to
which the Code would vefer should contain some advice on which parametric or
non-~parametric methods were appropriate.

MR CURRY agreed with Mr Sunley, saying that some degree of standardisaticn was
required.




PROF LARSEN, commenting on paper CIE W18/12-4-~1, said that evaluation and
presentation were being confused., He would have preferred the presentation

to be in the form of load-carrying capacity rather than stresses and geometrical
properties,

DR WILSON agreed that the presentation of load-carrying capacity could simplify

codes but there were occasions when it was necessary to analyse data in
greater depth,

11 OTHER BUSINESS
DR KUIPERS taold delegates that two RILEM sub-groups were to be formed to
consider structural testing and sheet materials. The membership of these

two sub-groups was agreed as follows:

Structural Testing: Kuipers (chairman}, Chan, Crubilé, Curry, Norén,
Nozynski (+ 1 German)

Sheet Materials: Kuipers (chairman), Booth, Chan, Curry, Lee, Mgrkved
(+ 1 German)

MR SUNLEY closed the meeting and thanked MR CRUBILE and CHAMBRE DE COMMERCE
ET D'INDUSTRIE DE BORDEAUX for their hospitality and for the facilities that
had been made available to CIB W18,

12 NEXT MEETING

The next meeting of CIB Wi8 will take place during the week of 2-7 June 1880
in Oteiniemi, Finland. The programme for that week is as follows:

Monday 2 June: RILEM 3-TT (members only;
chairman, Dr Kuipers)

Tuesday 3 June, morning: Trussed rafter sub-group
(chairman, Dr Egerup)

afternoon: plywood sub-group

Wednesday & JSune : CIB W18
Thursday 5 June : CIB W18
Triday 6 June : CIB WiB, technical exXcursion

Saturday 7 June, morning: CIE W18/CEI~-Bois discussion on Eurccode 5

The meeting-after-next has tentatively been arranged for Warsaw, Poland in
May 1981,
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R H Leicester and W G Keating.
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Design of Joints with Nail Plates -~ B Noren

Glulam Standard Part 2: Glued Timber Structures; Rating
(3rd draft)

Glulam Standard Part 3: Glued Timber Structures;
Performance (3rd draft)

A Simple Design Method for Standard Trusses - A R Egerup
Comment on the CIB Code = Sous-Commission 'GLULAM!
Commen:t on the CIB Code - R H Leicester

CIE Structural Timber Design Code (Fourth Draft)
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CURRENT LIST OF CIB-W18 TECHNICAL PAPERS 79.11,20

Technical papers presented to Working Commission Wig - Timber Structures are
classified by a code identifying the meeting at which the paper was presented,
the subject heading and the number of the baper. 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-W18/4-102-%

refers to paper 5 (Extract from Norwegian Standard NS 340 - "Timber Structures")
on subject 102 (Structural Design Codes) presented at the fourth meeting of Wig
(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, Denmapk; October 1973
Delft, Netherlands; June 1974

Karlsruhe, Federal Republic of Germany; October 1875
Aalborg, Denmark; June 1978
Stockholm, Sweden, Feb/March 1977
Bruxelles, Belgium, October 1977
9 Perth, Scotland; June 1978
10 Vancouver, Canada; August 1978

1

2

3

4 Paris, France; February 1975
5

6

7

8

11 Vienna, Austriag March 1979
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Limit State Design

Timber Columns

Symbols

Plywood

Stress Grading

Stresses for Solid Timber

Timber Joints and Fasteners
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8 Duration of Load

10 Timber Beams

11 Environmental Conditions

12 Laminated Members

13 Particle and Fibre Building Boards

14 Trussed Rafters

15 Structural Stability

16 Fire
100 CIB Timber Code
101 Loading Codes
102  Structural Design Codes
103 International Standards Organisation
104 Joint Committee on Structural Safety
105 CIB Pyogramme, Policy and Meetings

106 International Union of Forestry Research Organisations

Listed below, by subiects, 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 DESIGHN
1-1-1 Paper % Limit State Design - H J Larsen

Lel-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 Hopén

1~k Paper 8 Werking stresses veport to British Standards Institution
Committee BLCP/17/2

§-1-1 On the application of the uncertainty theoretical methods for the
definition of the fundamental concepts of structural safety -
K Skov and O Ditlevsen

T ewue] Safety Design of Timber Structures « H J Larsen




TIMBER COLUMNS

2-2-1

3-2-1

5-9~1

5-100-1
6~100-1
6-2-1
6-2-2
6-2~3
T=-2-1

B 5

SYMBOLS
3-3-1

4=3-1

1

PLYWOOD
2-4-1

3-l4-1

3-14-2

Paper 3 The Design of Solid Timber Columms - H J Larsen
Paper 6 Design of Built-up Timber Columns - H J lLarsen

Paper 3 Tests with Centrally Loaded Timber Columns -
H J Larsen and Svend Scndergaard Pedersen

Paper 4 Lateral-Torsional Buckling of Fcecentrically Loaded Timber
Columns -~ B Johansson

Strength of a Wood Column in Combined Compression and Bending with
pespect to Creep - B Kdlsner and B Norén

Design of Sclid Timber Columns - H J Larsen

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

Lattice Columns -~ H J Larsen

A Mathematical Basis for Design Aids for Timber Columns - H J Burgess
Comparison of Larsen and Perry Formulas for Solid Timber Columns - H J Larsen
Lateral Bracing of Timber Struts - J A Simon

Laterally Loaded Timber Columns: Tests and Theory ~ H J Larsen

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




7-limly

g-t-1

Q-1

Gulgon2

Gelgm3

i Lt

10-4-1

11-4-1

112

11-4~3

12-U-1

Veneer Plywood for Construction - Quality Specification - IS0/TC 13% -
Plywood, Working Group ©

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

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 Noren, C R Wilson

Comments on Paper 7-4-1

The Effect of Rate of Testing Speed on the Ultimate Tensile Stress of
Plywocod ~ 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

Sampling Plywood and the Evaluation of Test Results - B Noren
Shear and Torsional Rigidity of Plywood -~ H J Larsen

The Evaluation of Test Data on the Strength Properties of Plywood -
L B8 Booth

The sampling of Plywood and the Derivation of Strength Values (Second
Draft) - B Noren

On the Use of the CIB/RILEM FPlywood Plate Twisting Test: a progress
report - L G Booth

Buckling Strength of Plywood - J Dekker, J Kuipers and H Floos van
Amstel

Analysis of Plywood Stressed Skin Panels with Rigid or Semi~Rigid
Connections ~ I Smith

A Comparison of Plywocod Modulus of Rigidity Determined by the ASTH
and RILEM 3-+t/CIB Test Methods - C R Wilson

Sampiing of Plywood for Testing Strength - B Noren

Procedures for Analysis of Plywood Test Data and Determination of
Characteristic Values Suitable for Code Presentation - C R Wilson,

i




STRESS GRADING

1-5-1

1-5-2

YmGe1

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

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

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

STRESSES FOR SOLID TIMBER

5~-6-2

5-6-3

6-6-1

11l=6-~1

11-6-2

11-6-3

12-6~1

12-6-2

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 ECl 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 Tersion Loads - K MShler

Classificaticn of Structural Timber ~ H J Larsen
Cede Rules for Tension Perpendicular to the Grain - H J Larsen
Tension at an Angle to the Grain - K MBhler

Consideration of Combined Stresses for Lumber and Glued Laminated
Timber ~ K MBhler

Evaluation of Lumber Properties in the United States -
W L Galiigan and J H Haskell

Stresgses Perpendicular to Grain - K M&hler

Consideration of Combined Stresses for Lumber and Glued-laminated
Timber (addition to Paper CIB-W18/G-6-i)

Strength Classifications for Timber Engineering Codes - R H Leicester
and W G Keating

Strength Classes for British Standard BS 5268 - J R Tory




TIMBER JOINTS AND FASTENERS

1-7-1

Y71

5=7=3

671

B~ 7-4

=71
FAVE

773
7-100-1.

g~T=1
9-7-2

11-7-1
12-7-1

12--7<2

12-7-3

Paper 12 Mechanical Fasteners and Fastenings in Timber Structures -
E J Stern

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

Paper 9 Test Methods for Wood Fasteners -~ K Méhler

Influence of Loading Procedure on Strength and Slip Behaviour in
Testing Timber Joints - K Mdhler

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

CIB Recommendations for the Evaluation of Results of Tests on

Joints with Mechanical Fasteners and Connectors used in Load~Bearing
Timber Structures - J Kulpers

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 Mdéhler

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 Jeints and Derivation of
Characteristic Values for Rigidity and Strength - B Norén

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

Tests with Mechanically Jointed Beams with a Varying Spacing of
Fasteners - X Mthler '

CIB Timber Code Chapter 5,3 Mechanical Fasteners; CIB Timber Standard
08 and 07 - H J Larsen

The Design of Truss-Plate Joints -~ F J Keenan
Staples ~ K MBhler

A draft Proposal for an International Standard: IS0 Document ISO/TC
165N 38R

Load-carrying Capacity and Deformation Characteristics of Nailed
Joints ~ J Ehlbeck

Design of Bolted Joints - H J Larsen
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PROCEDURES FOR ANALYSIS OF PLYWOOD TEST DATA
AND
DETERMINATION OF CHARACTERISTIC VALUES
SUITABLE FOR CODE PRESENTATION

1. Background

In recent years the CIB W18 "Timber Structures" Committee
has been working towards the development of a timber design
code to provide a basis for the international use in the
design of timber structures. As plywcod is perhaps the most
common internationally traded engineered wood based
structural panel product, it was ildentified that there was
an early need for internationally accepted sampling, testing
and analysis procedures which would permit development of
consistent design information for different plywoods.

Work is currently underway to develop an appropriate sampling
document and a joint RILEM/CIB 37T committee has developed

a plywood testing document titled, "Testing Methods for
Plywood in Structural Grades for Use in Load-bearing
Structures.”

This paper presents a proposal for CIB W18 consideration on

-~ the analysis of plywood test data resulting in four
forms of presentation,

= +he manner in which data from a limited number of con-
structions may be used to provide data for constructions
{which have similar performance characteristics) not
tested, and

« +he adijustment c¢f data from one form to another.
Though the procedures outlined below are applicable to any
plywood test data,; the illustration examples specifically
reflect the RILEM/CIB 3TT test document.

Z2. Introduction

Current engineering practices present plywood engineering
design properties at a preselected characteristic level
{usually five percent exclusion limit) which is either at
the ultimate level or at the working {(permissible) level.
These characteristic values are generally modified for load
duration and for the working level are modified with a
factor of safety.




2.

At either the ultimate or working level, plywocd data can be
presented in design codes using a form of presentation based
on

- carrying capacity,

- full cross section,

-~ effective cross section, br
- theoretical cross section.

For the most part, codes present the design data using one of
the first three forms of presentation whereas researchers may
use the theoretical cross section form where the need is to
more accurately predict the actual rather than the apparent
strength of panels.

This paper concentrates on the first three forms of presen-
tation. The last form is only presented in an attempt to
ensure compatibility of apprcach to the analysis of plywood
data. It is not recommended that this last approach be used
in the presentation of data suitable for design purposes.

3. Determination of Geometrical Properties

3.1 Carrying Capacity

If this form of presentation is to be used, no further
analysis of test data is required once the characteristic
capacity value (ultimate or working) has been determined.

Carrying capacity data can only be directly used in a code
providing each construction and thickness has been tested.
{(In this regard, it is important to recognise that the con-
struction giving the lowest test capacity in both the parallel
and perpendicular direction must be tested.) Therefore to
econcmically and realistically obtain design data information
for a range of constructions not tested, the plywood test
data must be further analysed using the effective cross
section or theoretical cross section methods. Providing this
additional analysis is undertaken, the following sections in
this paper will suggest a way in which load carrying capacity
data can be determined for constructions (which have similar
performance characteristics) not tested.

In design codes, carrying capacity information is listed
separately for each construction {(or "minimum" construction)
of each thickness. Therefore simple straightforward designs
can be developed using the code information directly. If£
required, however, more sophisticated analysis cannot be
undertaken by the designer unless additional lay-up infor-
mation is also included in the code.




3.2 Full Cross Section

The full cross section method of analysis assumes a homo-
geneous cross section for both the parallel (0°) and perpen-
dicular (90°) to face grain orientation. Therefore the |
overall panel thickness and the width of the plywood specimen

are reguired to determine the geometrical properties. Appen-

dix A indicates the areas used to determine the geometrical
properties and presents an example calculation. |

The limitations of direct use in codes of full cross section

data are the same as those identified for direct use of
carrying capacity data. Hence, once again, test data must
be further analysed using the effective cross section or
theoretical cross section methods.

In design codes, full cross section information requires
listing of separate stress and moduli information for each
construction (or "minimum" construction) of each thickness
and geometrical properties of each thickness. Again,
straightforward designs can be developed directly but infor-
mation is not available for more sophisticated analysis.

3.3 Effective Cross Section

The effective cross section method of analysis (often referred
to as parallel ply theory) assumes that only the plies with
grain parallel to the principal stress contribute to the load
carrying capacity and stiffness of the plywood. Appendix A
indicates the areas used to determine the geometrical
properties and presents an example calculation.

Some discussion related to the simplified assumption that
the plies perpendicular to the principal stress do not con-
tribute to the overall carrying capacity of the panel is
warranted. The effective cross section method does provide
a relatively straightforward way to determine the extreme
fibre stress in the outermost load carrying ply. Hence, the
method is particularly effective in permitting use of the
data to make adjustments for constructions not tested. How-
ever, as the plies perpendicular to the direction of applied
principal stress are assumed to carry no lcad, the methed
does not describe adequately some plywood constructions,
particularly three ply plywoods.

In examining the figure of Appendix A dealing with effective
cross section, attention should be given to the distance

from the neutral axis to extreme fibre dimension, particularly
for the 90° face grain orientation. To account for the fact
that the outer ply does in fact carry some load and to bring



the flexure data to an overall common bais, practice in North
America has been to modify the flexure test data by employing
an experimentally verified flexure factor. This flexure
factor is used in order to account for differences in apparent
values which result from ignoring plies perpendicular to face
grain and to provide a common value for these properties.
(At a later stage in this paper, an alternative to the use of

a flexure factor is proposed.)

From the above it can be seen that the effective cross section
approach permits an analysis of the data which provides a
means to evaluate the stress level in the outermost load
carrying plies. The value so obtained when combined with the
appropriate geometrical property permits the calculation of
load carrying capacity of the construction. In addition,
providing that different constructions perform similarly to
the one tested and that these different constructions conform
to the same product standard, the procedure permits the
realistic calculation of load carrying capacity of construc-
tions and thicknesses of panels not tested.

Simple straightforward and sophisticated analysis can be
done by the designer furnished with a limited number of
common stress and moduli information and the appropriate
{(actual or "minimum") geometrical property of each thick-
ness. Thus the effective cross section method simplifies
the data required for inclusion in a design code.

3.4 Theoretical Cross Section

The theoretical cross section method of analysis assumes
that the plies with grain parallel and perpendicular to the
principal stress each contribute to the load carrying
capacity and stiffness of the plywood. As the moduli of
elasticity differ for the plies having face grain parallel
to the principal stress as compared to the plies having face
grain perpendicular to the principal stress, the theoretical
¢cross section method is calculated in such a way so as to
transform the cross section into an egquivalent cross section
of a single apparent modulus of elasticity. Appendix A
indicates the areas used to determine the gecmetrical
properties and presents an example calculation.

With the theoretical cross section method of analysis, the
calculated extreme fibre stresses and moduli reflect the
manner in which the forces are distributed in the test panel
to a greater degree of accuracy than the effective cross
section method. As a result, this method permits the re-
searcher to more accurately predict the strength and stiffness
of multi species and multi lay-up constructions. However,




for codification {(classification) purposes, the method intro-
duces a degree of sophistication and complexity not generally
required by the designer and hence will not be further dis-
cussed in this paper,.

4. Representative Panel Test Results

The overriding principle of the RILEM/CIB 37T test procedures
is to provide a common basis on which to determine plywood
mechanical properties. Providing the same sampling techniques
are used and a consistent analysis of the test data is applied,
then the resulting properties reflect in a compatible way the
strength and stiffness of the plywood tested, provides
strength and stiffness information of different plywoods
relative to each other, and give the same degree of reliabil-
ity in the design,

The RILEM/CIB 37T test document outlines two different thick-
ness measurement procedures. If the results are to bhe intern-
preted using the effective or theoretical cross section
method, the individual ply thickness of each test piece is

to be recorded. If, on the other hand, the way in which the
results are to be interpreted is not known at the time of
test, the total thickness of each test piece is to be
recorded. In addition, for at least five test pieces from
each panel, the thickness of each ply is to be recorded.

This latter requirement has been included so that any data
developed can be universally analysed at some future date.

Where the RILEM/CIB 37T test standard requires two or more
test pieces (for a given property) be obtained from a single
panel, it is recommended that a single representative pro-
perty be calculated for each panel prior to conducting an
overall statistical analysis of the results.

(Note: At the time of writing, it was unclear which cutting
schedule will be included in the final test procedure docu-
ment. If two or more test pieces for a given test are
obtained from a panel then the average of the test results
reflects the representative panel property. If only one
test piece for a given test ig obtained from a panel then
the result reflects the representative panel property.)

To illustrate, let us examine the bending strength case using
the full cross gection method and then the case where the
effective cross section method is used.

For the full cross section method, the extreme fibre bending
stress of each test piece is determined by dividing the
maximum moment by the calculated section modulus using the




overall measured thickness of the test piece. This paper
recommends that the representative panel bending stress of
the panel be then determined by averaging the individual
bending stresses of the test pieces obtained from one panel.

If at a later date the data is to be re-interpreted using

the effective and/or theoretical cross section methods, the
extreme fibre bending stress of each test piece is determined
by dividing its maximum moment by the average section modulus
derived using the individual ply thicknesses of five test
pieces. The panel representative bending stress is then
determined by averaging the individual bending stresses of
the test pileces obtained from one panel.

For the effective or theoretical cross section method, the
extreme fibre bending stress of each test piece is determined
by dividing its maximum moment by the calculated section
modulus derived using the individual ply thicknesses of that
test piece. The representative bending stress of the panel
is then determined by averaging the individual bending
stresses of the test pieces obtained from one panel.

Appendix B provides an example of how the test data and the
physical thickness measurements are used to determine
representative properties of a panel.

5. Representative Plywood Test Results

Once the individual representative panel properties are
determined, representative characteristic plywood property
values can be calculated using acceptable statistical tech-
nigues. Normal Gaussian statistics are generally acceptable
and hence the following expressions should be used.

n
z ¥ i
. i=1
Mean X = a
n —
Lo{%i ~ x)?
Standard Deveiation & = j>— i 1

Coefficient of Variation cv =

L




6. Representative Plywood Properties

6.1 Introduction

If all constructions have been tested then the representative
plywood property values can be used directly for code purposes
(modified as required for load duration and factor of safety).
However, as many product standards permit a range of construc-
tions and ply thicknesses for a given panel thickness, testing
all constructions may prove impractical and the test data
obtained from the test program must be in a form applicable
to constructions not tested directly. Therefore some recom-
mendations are required in order to provide for a grouping

of plywood property values,

6.2 Grouping of Plywood Data

To determine plywood properties for a range of constructions
and thicknesses, first, it is necessary to conduct some pre-
liminary tests in order to determine what constructions
perform similarly. The main test program can then be devised
s0 as to ensure that property data will not be extrapolated
to constructions that basically perform differently, e.g.
three ply perpendicular to face grain results may be signif-
icantly different to five and more ply perpendicular to face
grain results. Providing these differences are identified,
the test program may be developed in such a way so as to
reflect the common performance of each specific type. Note
that by developing data in this way, it is not necessary to
incorporate the flexure factor in any analysis of flexure
data. ‘

To determine a characteristic level of stresses (or moduli)
common to several constructions, it is recommended that the
preselected exclusion limit value be calculated for each
construction tested and the same exclusion limit value be
calculated for the group of constructions. If this grouped
exclusion limit value does not exceed the exclusion limit
value of the poorest construction by more than 10%, then the
grouped exclusion limit value may be used for code inclusion
purposes. If the exclusion limit value of the weakest con-
struction is less than 90% of the grouped exclusion limit
value, then the lowest exclusion limit value controls or

the plywood having the lowest value should be eliminated
from the group and the grouping analysis be recalculated.

7. Plywood Properties for Inclusion in Design Codes

Effective (or theoretical) cross section representative ply-
wood properties controlling exclusion limit values can be




directly included in engineering design codes providing
appropriate minimunm geometrical properties are also included.

In determining these minimum geometrical properties, several
factors must be considered., These are

1. panel thicknesses as specified in the product standard
and as measured by the plywood quality control require-
ments,

2. how the quality control thickness measurements relate to
the thickness of the panels as tested, and

3. minimized constructions as permitted by the product
standard,

Product standards specify minimum panel thickness and guality
control procedures check panel thickness to ensure conform-
ance to the product standard. These quality control measure-
ments are usually done at the time of manufacture when the
panels have a moisture content in the range of 0.04 to 0.06.
The panels as tested according to the RILEM/CIR 37T test
standard have a moisture content of approximately 0.15 which
reflects the approximate end use dry service conditions.
Therefore if test data is to be used to predict the strength
(or moduli) of similar constructions and grades not included
in the overall test program, then it is recommended that (in
addition to the test standard requirements) the overall panel
thickness be measured at the time when normal gquality control
thickness measurements are made. Using this information and
the minimum thickness specified in the product standards
(quality control), geometrical properties can then be
determined for a range of constructions which would reflect
the panel thickness at the time of test conditions.

It is therefore recommended that as a starting point the
effective cross section properties be determined by adjusting
the minimum thickness of the standard to reflect the differ-—
ence in overall thickness between the time of guality control
check and end use (time of test). Minimized geometrical
properties can then be calculated using this latter thickness
and the ply thicknesses permitted in the product standard for
each face grain orientation.

It is recognized that the above does not provide for a change
in individual ply thickness (due to moisture content changes).
However if this was done it would unnecessarily introduce a
complication which is not warranted from a practical point

of view.

Appendix C illustrates the recommended procedure to determine
minimized effective cross section geometrical properties.




8. Adjustment of Plywood Properties to Any Form of
Presentation

Providing data has been developed on the basis of effective
cross section, then the information can be easily transformed
to either the load carrying capacity or full cross section
form of presentation for code purposes. This is done

by determining the load carrying capacity by combining the
effective cross section stresses (moduli) and related geomet-
rical properties. Then, knowing the full cross section
geometrical properties, the load carrying capacity information
can be used to determine the full cross section stresses

and moduli.

Appendix D illustrates the procedure of determining plywood
properties for different forms of presentation.




APPENDIX A

AN EXAMPLE OF DETERMINING
GEOMETRICAL PROPERTIES FOR PLYWOOD
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APPENDIX B

AN BXAMPLE OF DETERMINING
REPRESENTATIVE PANEL TEST RESULTS

Assumptions

~  Bending strength tests conducted on two test pileces
having the same face grain orientation from one panel.

-  Ultimate moment capacity

415,800.0 N.mm
457,380.0 N.mm

i

Test piece 1

it

Test piece

~  Test pieces have dimensional measurements similar to
those identified in Appendix A.

Cage T Full Cross Section

Prior to conducting tests, it is known that the results
will be interpreted using the full cross section method.
Therefore the overall thickness of each test piece has

been recorded. In addition, to provide a means to evaluate
+he results at a later date using another method, the
individual ply thickness of five test pieces from the panel
have been also recorded.

Fall Cross Sechicon Evaluatlon

Agsumne
Test plece 1 W o= 11,628.1 e ®
Test plece 2 Wy o= 12,403.1 mm®

Evaluation of Test Pileces

£, test piece 1 =

25,76 N/mm?

£y, test piece 2 = 4{2 Qggig‘m 36.88 N/mm?’
._‘.(' L

Representative Panel Test Results

. 35.76 + 36,
Fry = = g > 38:88 o 36,32 N/mm?




Effective Cross Section Evaluation

Assume
Piece 1 Wo = 11,628.1 mm®
Piece 2 Wog = 11,820.3 mn®
Piece 3 Wg = 12,012.5 mm®
Piece 4 Wy = 12,207.8 mn®
Piece 5 Wg = 12,403.1 mm?

Therefore the Wp average of the five pieces is
12,014.36 mm®.

Evaluation of Test Pieces

. . 415,800.0 2
fp test piece 1 = 12 . 014.3¢ = 34.61 N/mm
. . A457,380.90 _ 2
f, test piece 2 = 15 014, 3¢ 38.07 N/mm
Representative Panel Test Results
£, = 34:61 * 38.07 _ 3¢ 94 g e

2

Case 1I Effective Cross Section

Prior to conducting tests, it is known that the results
will be interpreted using the effective cross section
method. Therefore the thickness of the plies of each test
plece has been recorded.

Assume
Test piece 1 Wog = 9,205.5 mm’
Test pilece 2 Wg = 9,823.3 mm?
Evaluation of Test Pileces
f, test piece 1 é%%égggég = 45,15 N/mm?
£y, test piece 2 = 5§%§§§%§9 = 46.56 N/mm?

Representative Panel Test Results

£ = 45:15 ; 46.56 _ 45 g6 1 /mm?




AN EXAMPLE OF DETERMINING MINIMIZED

APPENDIX C

EFFECTIVE CROSS SECTION GEOMETRICAL PROPERTIES

ASSUMPTIONS

5 ply - 15.5 mm panel

«  Product standard specifies

mimimum
minimum
maximum
max imun

nominal

face/back ply thickness
interior ély thickness
face/back ply thickness
interior ply thickness
panel thickness

negative tolerance

- The average panel thickness of all 15.5 mm

2.4
2.4
3.2
5.0
15.5
0.5

mm
mm

panels

sampled for the test program at the time when normal
gquality control measurements are made (0.04 to 0.06

moisture content)

igs 15.2 mm and at the time the

RILEM/CIB tests are undertaken (0.15 moisture content)
is 15.8 nmm. ‘

EXAMPLE CALCULATION

1. Determine the increase in average thickness between the
time normal guality control measurements are made and
at the time the RILEM/CIB tests are undertaken.

RILEM/CIB test thickness
Quality control thickness

Increase

in thickness between

guality control and time of test

15.8

2. Determine the minimum panel thickness specified in the
product standard.

Nominal panel thickness

Negative tolerance

Minimum panel thickness

15.5 mm

- 0.5 mm

15.0 mm




3. Determine the minimum panel thickness of the product
standard at the time of RILEM/CIB test.

Minimum panel thickness 15.0 mm

Increase in thickness between
quality control and time of test x 1.04

Minimum panel thickness at
time of test 15.6 mm

4. Derive construction with minimum geometrical properties
parallel to face grain.

(a) Calculate the minimum thickness for all plies with
grain parallel to the face grain.

Face 2.4 mm
Back 2.4 mm
Centre 2.4 mm
Total thickness of all plies with grain
parallel to the face grain 7.2 mm

(b) Calculate the crossband thickness.

Minimum panel thickness ("at time of test"} 15.6 mm

Total thickness of all plies with grain

parallel to the face grain - 7.2 mm
Total thickness of crossbands 8.4 mu
Ccrossband thickness (8.4 mm + 2} 4.2 mm

(c) Describe the construction with minimized geometri-
cal properties parallel to face grain.

Face 2.4 mun
Crosshand 4.2 mm
Centre 2.4 mm
Crossband 4,2 mm
Back _3.4 mm
Panel thickness 5.6 mmm

5. Derive construction with minimum geometrical properties
perpendicular to face grain.

(a) Calculate the minimum thickness for all plies with
grain perpendicular to the face grain.



(b)

(c)

A(d)

Crossband 2.4 ram

Crossband 2.4 mm
motal thickness of all plies with grain
perpendicular to the face grain 4.8 mm

Calculate the maximum thickness for face grain and
back plies.

Face 3.2 mm
Back 3.2 mm
Total thickness of face and back plies 6.4 mm
Calculate the thickness of the centre ply.
Minimum panel thickness {("at time
of test") 15.6 mm
Crossbands - 4,8 mm
Face/back plies -~ 6.4 mam
Centre thickness 4.4 mm

Describe the construction with minimized geometri-
cal properties perpendicular to face grain.

Face 3.2 mm
Crosshand 2.4 mm
Centre 4.4 mm
Crossband 2.4 mm
Back 3.2 mm
Panel thickness 15,6 mm

Calculate geometrical properties for the minimized
constructions (per metre width).

Ag

Ip
Wo

it

7,200.0 mm? Agg = 4,800.0 mm?

57,792.0 mm*

]

212,544.0 mm* Iag

27,249.2 mm? Wgg = 12,563.5 mm3




APPENDIX D

AN EXAMPLE OF DETERMINING PLYWOOD PROPERTIES
FOR DIFFERENT FORMS OF PRESENTATION

Assumptions

-~

Effective cross section theory has been utilized to
analyse the test data and a characteristic level of
stress/moduli common to several constructions identi-
fied, For this example, only the tension strength
case will be examined and the stresses are

ft = 25 N/mm?.

0 = ftgg
Code values are required for the minimized construc-
tions identified in Appendix C. Geometrical properties
are
Effective Cross Section
Ag = 7,200 mm? Agg = 4,800 mm®

Full Cross Section

Ag = Aggp = 15,600 mm?

Example Calculations

00

Orientation | 90° Orientation
Effective Cross Section Effective Cross Section
fro = 25 N/mm’ frgg = 25 N/mm?
Ag = 7,200 mm? Agp = 4,800 mm?
Load Carrying Capacity Load Carrying Capacity
Tg = 25(7,200) Tgp = 24(4,800)
= 180,000 N = 120,000 N
Full Cross Section Full Cross Section
Ag = 15,600 mm? Agg = 15,600 rm?
fro = 57500 fego = 157500
= 11.54 N/mm? = 7.69 N/mm?
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STRENGTH CLASSIFICATIONS FOR ;
TIMBER LENGINELRING CODES _ |
by
R.il. Leicester and W.G. Keating
{C5TRO Pivision of Building Research,
Melbourne, Australia, Aug. 1879)

SUMMARY

+

This paper contains a general discussion on the use of strength ;
classification systems in timber engineering Codes. In order to ‘ ;
iilustrate some of the meore important concepts involved, it includes |
2 detailed description of the classification systems used in Austral- ;
ian Codes. There is also discussion on aspects to be considered in
the development of 2 classification system for an international Code.

L. INTRODUCTION

L1 Definition of Classification Systems

In this paper the term "Classification System” refers to the use
of & set of ovdeved values for design parameters. Examples of struct-
ural parameters that ave suited te such a system are basic design
5??93@@5, elastic constants and connector strengihs., Thus each
design parameter tabulated within a classification system of a timber
eng3n09r1np Code, is applicable not just to a spec1f1c timber, but
rathey to 2 omp]ehe class or group of timbers.

1.2 Motivation for the Use of Classification Systems

Where the structural species of tiwmber utilised in a country ave

easily ldentifiable and few in number, say less than five, it

may be appropriate that specific structural design properties be pub-
Lished for each of these species. However, in many countries, numerous
species ave utilised. For example Pong Sono (1974) has listed approx-
imately 200 species of merchantable timber in Thailand. Espiloy (1978)
netes that in the Philippines there are over 3000 timber species of
which several hundred are probably potentially merchantable. In
Australia asbout 80 species are used extensively and ovexr 500 species
have been classified for structural utilisation (Standards Association
of Australia 1980). These species are often sold in mixtures, because
of the practical difficulties associated with their identification and
segregration, ‘

Where numerous species arce utilised, it is not feasible for timber
engineering Codes to publish design information specific to each
species. Rather, 1t is preferasble to group structural desipgn properties
into a limited number of strength classes. In gencral each strength
class will cover a large number of species and mixtures of species.

The vse of a limited number of u?'ongt1 classifications is of con-
siderable value to the designery as 1t enables him to specify timber
by s strength classification rather than by species. e thus has a
Wwider cholice of timbers to choose from for any specific design. For
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the producer it assists in the utilisation of lesser known timbers which
may be sparodic and regionally limited in their occurrence. For Code
writers, strength classification systems are helpful in that their
obvious vounding off of design properties alerts the design cengineer to
the degree of approximation inherent in design information, This is
particularly true when strength classifications are applied to mixtures
of species,

lHowever, the greatest benefit from strength classifications is
probably obtained in the production of building Standards. For exampie,
in Australia, the Australian Standard 1684-1979, the SAA Timber Framing
Code {Standards Association of Australia 1979), through a limited set
of tables covering only seven strength classes, manages to present
timber sizes for domestic construction applicable to unseasoned timber
of several hundred species. As another example, the United Nations Devel-
opment Organisation (1978), has in preparation a set of standard designs
for wooden bridges which is based on only eight strength classes and yet
is directly applicable to the commonly available timber species of India,
South and Central America, West Africa, East Africa, the Pacific Region
and South East Asia.

1.3 Limitations of Strength Classification Systems

The primary limitation of strength classifications is that they may
lead to inefficiencies, usually of a minor nature, in the utilisation
of some important timber species. There is of course, no reason as to
why structural timber Codes written primarily in a strength classific-
ation format should not be able to provide also for the use of special
design recommendations for specific species. This would normally be
done for species that dominate the utilisation picture for a particular
country, to an extent that is sufficient to justify the additional costs
involved in obtdining specially for these species design information and
also the associated building Standards, such as those giving framing
sizés for domestic construction.

However, even for the extreme case of a single dominant species,
the use of a classification system may well prove to be the most effect-
ive design Code format, as this will remove the necessity of changing
all the associated building Standards each time the grading methods are
altered, regional effects on timber properties are noted, or new
research indicates that a change in design paranmeters 1s necessary.

1.4 Classification Systems for Non-Structural Properties

For countries utilising numercus species it is obviously useful
to apply classification systems as a general means of tabulating inform-
ation. In particular it is fairly common for information on density,
shrinkage and durability to be tabulated in this manner.

1.5 Bibliography on Strength Ciassification Systems

Apart from Australian publications which will be mentioned in tne
course of this paper, there are also many other publications on strength
classifications, but these are often difficult to find. Some useful
publications are those prepared for ISO (Larxsen 1978}, Africa (Bblza
and Keating 1972, Campbell and Malde 1970, Comben, Okigbo 1966, Ward
1974), Malaya (Burgess 1956, Engku Abdul Rahman bin Chik 1972), Singapore
(Singapore Timber Standardisation Committee 1966), Philippines (Epsiloy
1978), Indonesia (Suparman Karnasudirdga ct al 1978, Iding Kartasujana
and Abdurahim Martawijaya), Laos (Timber Rescarch and Development Assoc-
iation 1976), Papua New Guinca {Department of Forests 1973, Lddows 1977,
Bolza 1975), Fiji (Department of Forestry 1968, 1970), Solomon Islands
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(Forestry Division 1976, 1979), South Last Asia (Bolza and Keating 1980),
South America (Berni g&_g&_lQSO), United Kingdom (Britisin Standards
Institution 1971) and Australia {(Standards Association of Australia 1975,
1979, 1980).

In addition to strength classifications, many of these publications
also contain classifications for density, shrinkage and durability.

1.6 Reference to Australian Standards

In this papcr most of the methods described and Standards cited will
be taken from Australian sources. This is primarily because the authors
arc most familiar with these sources, but also partly because these are
fairly extensive as Australia has used strength classification systems
now for more than 40 years.

It is of interest to mention that one particular method of entering
the Australian system (Standards Association of Australia 1980) has now
been applied to some 2000 species around the world including 700 African
species {Bolza and Keating 1972), 500 South East Asian species (Bol:za
and Keating 1980), 100 South American species (Berni et al 1980} and 500
Australian species (Standards Association of Australia 1980). With the
use of the related Australian Standards, such as AS 1720-1975, the SAA
Timber Engineering Code (Standards Association of Australia 1975), it is
possible to produce structural designs for all these timber species
with respect to sawn timber, pole timber, glued laminated timber, ply-
wood and the associated metal connectors.

From the bibliography cited in the previous sections, it would
appear that the current Australian system of strength classification
has been used in United Nations Development Organisation projects, in
Kenya, Tanzania, Nigeria, Papua New Guinea, Fiji and tne Solomon Islands.
Some of the classification systems used in other countries are similar to
or closely resemble the previous Australian system (Pearson et al 1962),

1.7 Qutline of This Paper

The following is intended to explain the concept of strength class-
ification systems. First the classification system used in Australia
is described as an example to illustrate both the features of a class-
ification system and the method of its use, This is then followed by
a more general discussion on the development of a classification system
for an international Code,

2. THE AUSTRALIAN CLASSIFICATION SYSTEMS

Australian classification systems have evolved over a period of
about 45 years, The current forms are given in the Australian Standard
1720-1975, the SAA Timber Engineering Code (Standards Association of
Australia 1975) and the basis of this method has been describeu by
Pearson (1965} and Kloot (1973). The system is still undergeing minoxr
modifications, and the following is from the current proposals for tihe
revision of AS 1720-1975,

For obtaining design parameters, the following £four strength
classifications are used:




(i) Strength Groups for timber species and mixtures
(S1-S7 and SDI-SD8)

A total of 15 strength groups related to the strength
propertics ofysmall clear timber; seven groups for
‘green timber énd e¢ight for seasoncd timber.

(ii) Stress Grades for sawn and pole timbers (F2-F34)

A total of 12 stress grades related to the properties
of structurally graded timber.

BCiii) Stress Grades for plywood (F7-F34)

A total of eight stress grades for structurally graded
plywood.

(iv) Joint Groups (J1-J4) and {JD1-JD4)

A total of eight joint strength groups; four for green
timber and four for seasoned timber.

Tables 1-5 show some examples of design properties specified in
terms of these strength classifications., It is to be noted that these
tables cover the properties required for the design of sawn timbers,
pole timbers, plywood and the associated metal connectors., Design
properties for glued laminated timber could also be specified in terms
of strength classifications such as the one proposed for the draft
CIB-Structural Timber Design Code (1878) . However, in AS 172G-1975,
the design properties of glued laminated timber are obtained by apply-

ing suitable modification factors to the design properties for sawn
timber.

S

TABLE 1

BASIC WORKING STRLSSES (MPa) FOR COMPRESSION PERPENDICULAR TO
GRAIN AND SHEAR AT JOINTS RELATED TO STRENGTH GROUPS

Compression Shear at
Strength Group perpf:-ndicular joints
Seasoned to crain details
Green cason (iPa) | (¥Pa)
sD1 16.4 4,15
sD2 9. 3.45
5D3 "7.8 2,95
51 Sh4 6.6 2.45
52 SDS 5.2 2.05
S3 506 4.1 1,70
54 57 3.3 1.45
55 sDs 2.6 1,25
S0 2.1 1.05
57 1.7 D.56




TABLE 2

BASIC WORKING STRESSES ARD ELASTIC CONSTANTS

FORSAWN TIMBER AND POLE TIMBER
Type of stress
Moduius Modulus
Stress Tension Shear Compression of , of
Gruade Bending parallicl in parallel clasticity rigidity
(M) te prain beaus to grain (+1Pa} {Nita) ;
(MPa) (MPa) (MPa) |
Fad 5.5 24,2 2.45 26.0 21500 1130 |
F27 27.% 19.5 2.05 20.5 18500 1230 ?
F22 2.0 15.4 1,70 16.5 16000 1070
Fi7 170 1Ly 1.45 13.0 14000 930
Fld 14,0 9.8 1.25 10.5 12200 830
11 il.o 1.7 1.05 8.3 10500 700
F8 8.0 6.0 0.8% 6.6 vio0 G10
7 6.9 4.8 0.72 5.2 7900 * 530
I 5.5 3.9 0.62 4.1 6200 , d60
I 4,3 3.0 .52 3.3 6100 414
4] 3.4 2,4 0.43 2.0 n20u 350
i 2.8 2.0 .36 2.1 4500 300
TABLE 3
BASIC WORKING STRESSES AND BLASTIC CONSTANTS TFOR
STRUCTURAL PLYWOOD AT 12 per cent MOISTURE CONTENT
Stress
Stress Compression |Compression Moiﬁgus Moiigus
1a [T - .
grace Bending Tension Shear in the 1 normal to clasticity |rigidity
\io A, plane of the plane :
(MPa) (MPPa) {MPa) s ‘
. the sheot af shcet
(MPa) (MiPa)
F31 34.5 24,2 2,50 20.0 10.4 21500 1075
27 27,5 14,3 2.30 20.5 v.0 18500 925
F22 22.0 15.4 KAL) 16.5 7.3 folay S0
Fi7 7.0 i1y 2.30 15,0 0.0 14400 7o
Fid 10 9.8 2.03 6.5 5.2 12200 . 023
Fil 11.0 1.7 1,80 8.3 4.1 10500 525 -
3 8.6 6.0 1.60 6.6 - 3.3 9100 5
F7 G.Y 4.8 1.4 5,2 2.6 Y00 i3




-6~ ' 1

TABLE 4

BASIC LATERAL LOADS FOR ONE NAIL
IN SINGLE SHEAR IN S1DE GRAIN

Joint Group Basic lateral leoad per nail (N)
Grecen {Seasoned} d=2.5 | d=2.8 d=3.15 {d=3.75 d=d.5 d=5.0 d=5.0
Jii 435 530 650 8585 1220 14060 1780
J1 Jp2 330 400 490 665 815 1106 T 1340
J2 Jus 200 315 385 5§25 720 870 1060
J3 Jid 188 225 275 375 515 620 755
Jd 130 160 195 265 365 440 540
d = nail diameter {mm)
TABLE S

BASIC WITHDRAWAL LOADS TOR COACH SCREWS

Jeint group | kithdrawal load {N/mm penetration of threaded porticon)
Green | Scasoned | d=6 d=3 d=10 d=12 | d=1o d=20
Ji 59 67 75 83 96 108
Jo1 74 34 94 104 129 135
J2 47 53 61 67 77 87
Jo2 .59 66 76 84 So s
Jai 35 39 45 49 57 ' 05
JD3 41 44 S0 61 71 51
J i 20 28 31 33 5y 15
Jo 32 35 39 41 Jy 306
d = shank diameter (mm)
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S, METHODS FOR ENTLRING THE AUSTRALIAN CLASSIFICATION SYSTEMS

3.1 Strength Groups

The method of determining the strength group for a particular species
is described in a Miscellancous Publication of the Standards Association
of Australia (Standards Association of Australia 1880) and is summarised
in Appendix 1. it is bascd primarily on the strength of small clear
specimens of wood, but may also be derived (albeit more conservatively)
from density values alone,

3.2 Stress Grades for Sawn Timber

In Australia stress grades are derived either through visual methods
or through mechanical grading methods based on measurement of local
stiffness. A third method, proof grading (Leicester 1979), is currently
being assessed. '

Tables 6 and 7 show the relationship between visual grade, strength
group and stress grade., . All three increment by a factor of 1,25 between
each step and consequently.they mesh together very effectively. Thus,
for a specific stress grade, timber species from different strength
groups may be interchanged.

3.5 Stress Grades for Pole Timber

The stress grades of pole timbers are considered to be related
directly to the timber strength group as indicated in Table 8.

3.4 Stress Grades for Plywood

In the Draft’ Standard DR 78051, Draft Australian Standard Specific-
ation for Structural Plywood (Standards Association of Australia 1978},
visual grading rules for plywood veneer are specified so that their
strength is roughly 60 per cent of the clear wood strength when the
maximum permissible defects occur, With this prerequisite satisfied,
the stress grade for a plywood may be derived from any one of the
following three parameters: -

(i} strength group of the timber veneer,
(i1} the density of the veneers, or
(iii) the stiffness of the lywood sheets.
p

_ Table 9 shows the relationship between these parameters and the
plywsod stress grade,

3.5 Joint Groups

Joint groups are derived from density as shown in Tables 10 and 11.
Tho basis for this has been described by Mack (1978).

3,6 Tablo of Strength Classifications

An example of a table of strength classifications is shown in

- Tables 12 and 13, As indicated previously, if it were required it would
be possible to extend Table 13 immediately to all 2000 species of the -
world's timbers that have already been strength grouped according to

the Australian system, It will be noted that for each type of strength
classification, there should be an associated Standard that specifies
the method for determining the correct classification,




RELATIONSHIP BETWEEN STRENGTH GROUP,
VISUAL GRADE AND STRESS GRADE FOR UNSEASONED TIMBER

.

TABLE ©

VISUAL GRADE*

STRESS GRADE

Per cent
Nomenclature |SCrength s1 52 53 54 S5 $6 s7
of clear ‘
material
Structural 75 £27 F22 17 Fl14 Fi1 F8 F7
Grade No.l
Structural 60 F22 £17 Fi4 F11  -F8 77 ES
Grade No,2
Structurdl .
Jrierras 43 F17 F1d F11 F8 E7 FS 74
Structural ; . - . :
AN 38 P14 P11 F8 F7 Fs5 Fd F3

* Australian. Standard AS 2082-1977, Visually stress-graded Hardwood for
Structural Purposes, and AS 1648-1974 Visually Stress Graded Cypress
Pine for Structural Purposes.




TABLE 7

RELATIONSHIP BETWEEN STRENGTII GROUD,
VISUAL GRADE AND STRESS GRADE FOW DRY TIMBER

VISUAL GRADL* STRESS GRADE
Per cont . : '

Nomenclature |SSYENBERI  op, sD2  Sb3 Sn4 SDs§ SD6 SD7 SD8 .
of c¢lear . §
material ' |

Structural . . : : : ‘
~ Grade No. i 78 k34 F27. F22 F17 F14 F1; F8

Structural :

Crade No. 2 60 F34 F27  F22 | F17 F14 F11 F8 7

Structural . - \ :

Grade No. 3’ 48 Fay Faz P17 F14 F1l F8 £y FS

Structural . '

Grade No.d 38 Fa2 Flz F14 F11 P8 F7 FS5 F4

* Australian Standard AS -2082-1977, Visually Stress-grade Hardwood for Structural
Purposes and AS 2009-1977 Visually Stress-graded Seasoned Australian Grown
Softwood (Conifers) for Structural Purposcs (Excluding Radiata Pine and Cypress
Pine), AS 1490-1973 Visually Stress Graded Radiata Pine For Structural Purposes
and AS 1648-1974 Visually Stress Graded Cypress Pine for Structural Purposes.

TABLE 8

CORRESPONDENCE BETWEEN STRENGTH GROUP AND
STRESS GRADE FOR ROUND TIMBERS GRADED TO AS 0317

Strength Group Stress grade

s1 F34
52 (k27
8% e
54 #L7
88 4 ¥14
56 1l
57 '8

NITE:  The equivalence expressed is based on
the assumption that poles or logs are from
mature trees.
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TABLE 9

. GRADING PARAMETERS FOR PLYWOOD STRESS GRADES

GRADING PARAMCTLRS®
' Minimum Air-pry Density (kg/ms)
M
PLYWOOD bt‘flus _
STRESS Timber elasticit Single Single
GRADL strength of vl :\*oog Species VENerTS veneers
Group 5!!1;’ \t l;iean of plywood of plywood
(\IPi) ) of a single of mixed
' species species
F34 SD1 21500 1200 1020 1110
F27 sh2 18500 1680 920 1000
F22 sb3 16000 960 820 890
F17 SD4 14000 840 700 780
Fl4 5hE 12500 730 620 G680
F1i sho 10500 620 530 - 570
Fe sn7 9100 520 440 480
F7 508 7900 420 360 F 350
* Only one of the five grading parameters need be used
TABLE 10
MINIMUM DENSITIES FOR JOINT
STRENGTI! GROUPS I GREEN TIMBER
{
‘ JOINT GROUP J1 Jz ‘. J3 J4
BASIC DENSITY . . "
(kg/ms) ) 750 600 475 380
TABLE 11
MINTMUM DENSITIES POR JOTNT
STRENGTH GROUPS IN DRY TIMBER
JOINT GROUP Jol Ju2 Jul Jod ’

AIR-DRY OENSITY :
AT 12% MOISTURE 9.10 750 600 4
CONTENT, (kg/wd)

-1
L9
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4.  STRENGTH CLASSIFICATIONS FOR AN INTERNATIONAL TIMBLER ENGINEERING
CoDpL

4,1 Applicability of the Australian Classification System

The Australian system has evolved through usage over several
decades and has been found suitable for application by the United
Nations Development Organisation and several countries. Consequently,
the format should be useful as a general guideline for an international
Code., Particularly successful features of the system are the wide
range of species covered, the use of a geometric progression for the
steps hetween various strength classes, and the facility to enter the
system through several procedures, including procedures that may be
used when there is limitved technical information available.

The example of the Australian classification system also indicates
an important point with respect to timber composites; namely that a
deciszion must be made as to whether design properties for composites
are presented as a function of strength classifications or whether the
properties are to be computed from the design properties of solid
timber. In the Australian system the choice was made to use a classif-
ication system for plywood, but to use a computatioh method for glued
laminated timber. The use of classification systems with composites
leads to similar advantages as those obtained through their use with
solid timber, but they also lead to a considerable restriction in the
range of possible design properties for composites. -

Before the Australian or any other existing classification system
can be modified for use in an international Code, two aspects should
ne dnvestigated. The first is to determine whether the existing system
has the accuracy necessary for an international Code. the Second is
zo determine the modifications necessary to extend it for international
use, These two points will be discussed in the following sections.

4,2 Accuracy of Classification Systewms

Most ¢lassification systems and the associated grading Standards
have evolved over a period of time and their ranges of applications
have been extrapolated with little assessment of their effectiveness.
For comparison with other countries, the intended load factors implied
in the use of Australian Standards are given in Appendix B.

Measurements by Madsen (1975, 1978), Madsen and Barret (1976) and
Madsen and MNiclsen (1976) of Canadian softwood timber strengith at the
S-percentile level has shown that the influences of many material
parameters such as small clear material strength, moisture content,
lumber size and material defects do not follow some of the tradition-
ally held views. Thus with the introduction of classification systems
for structural timber Codes, it would be timely to initiate in-depth
investigations on the effectiveness of the various methods used for
entering these systems,

Apart from improving the accuracy of design parameters these
investigations may lead to a considerable simplification in timber
utilisation., For example, Madsen has noted that many of the expected
affects on strength of forest location, visual grading rules, moisture
content and even species differences do not occur and so may not be
necessary to consider in entering a classification system.
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Onc matter that would need to be resolved at the outset is the
degree of accuracy that would be required in a classification system.
Obviously it would be uncconomical to require from classification
systems a degrce of reliability that is considerably in excess of
that ovtained from the remainder of the design process.

In this context it is well to bear in mind that the design
process can involve uncertainties that are of considerublic magnitude
(Pham and Lelcester 1979), A simple exanple of this would be the
uncertaintics that occur in the design of the top-chord of a truss,
Lven if the basic strength of the lumber were correctly specified
through a strength classification system, there still remains con-
siderable uncertainty on the beam-column action of top chord members.

4.3 Extrapolation of Classification Systems

Some care is required in the translation of classification systems
from one region of the world to another. One obvious source of
difficulties is that the characteristics of structural timbers may
differ. For example, the design properties related to the stress
grades shown in Table 2 refer to Australian timbers visually graded
according to Australian Standards. In other countries, the relation-
ship between the various design properties may differ, either because
of the use of different grading metnods, or because the basic properties
of the timber are different. As an example, Fig. 1 and 2 shows
regression lines obtained from small clear samples of roughly 30
commonly available species from each of four regions.around the world.
The data is taken from the publications by Lavers (1969), Kukachka
-(1970), Wangaard (1952), Bolza and Kloot (1963 and 1975). While the
regression lines for all regions are similar, tliere are some significant
differences such as, for example, the relatively low modulus of -
elasticity of African timbers compared to the other three regions.

There are other factors to be considered in the transiation of
classification systems, such as tihe technological and socio-economic
environment in which the timber engineering Code is to be used., For
example, in Australia there has been a change from traditional practice
and it is now considered that the usc of certain metal connectors
should be permitted in locations where natural defects occur in
timber. Another example would be the acceptance of reduced levels of
reliability in certain countries.

i

Probably a workable approach would be for IS0 to specify the
ciassification system and then to permit each region to choose or
_develop a method for entering the systen.

5. CONCLUSIONS

The usc of strength classification systems is essential for
countrics concerned with the utilisation of numerous timber species.
This is particularly true for countrics in which the species arc
used in mixtures, or in countries where there is iittle technical
information on local timber properties,

The Australian classification system provides useful guidelines
on the format that would be suitable for an international Code. This
system has evolved through usage in Australia over a period of 40
years and has also been used in sceveral other countries and a United
Nations  Organisation project. A method is available for entering
the system when only limited technical data is available and some
2000 of the world's timbers have been classified in this way.
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Bocause of regional differcnces, it may be nccessary and desirable
that wethods for entering an international classification system be
determined by and related to the requirements of each specific region.
llowever, in the interests of facilitating international exchanges of
technological information it is essential that the strength classific-
ations themselves be defined in international Standards. These
Standards should specify procedures for assessing any proposed methods
of entering a classification system. In this regard, the technique of
in-grade tcstlng developed by Madsen (1978) would be particularly
useful ., .
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8. APPENDIX A. METIODS FOR STRENGTH GROUPING TIMBER

The following describes briefly the method used in Australia for
classifying timber according to strength groups S1-S7 and SD1-SD8
(Standards Association of Australia 1980). These groupings are based
on propertics measured in mechanical tests on small clear specimens
of wood (Mack 1979). Depending on the data available, several methods
of assessment are given. If data on modulus of rupturc, modulus of
clasticity and compression strength for more than five trees are avail-’
able, then the average values are used to make a preliminary classific-
ation according to Tables 14 and 15. If all these three properties do
not lead to the same preliminary classifications, then Rules are
given for choosing the appropriate classifications., The basis of
Tables 14 and 15 have been described by Pearson (1965) and Kloot (1973).

Another useful method of classification given in the same document
is one that may be used when there is data only on density. For this
case the classification is made as indicated in Tables 16 and 17,
Obviously this method should and will lead to more conservative
classifications than the method described previously which is based
on structural properties.

TABLE 14

PRELIMINARY CLASSIFICATION VALUES FOR GREEN TIMBER

Minimum Species Means

Property |
s1 §2 . 53 54 S5 56 §7
Modulus of rupture 103 86 73 62 52 43 36
(MPa)
Modulus of

elasticity (MPa) 16390 ;4200 12400 10700 9100 7900 6900

Max imum crushing 52

strength (MPa) 43 56y 3 26 2 18




TABLE 15

PRELIMINARY CLASSIFICATION VALUES FOR SEASONED TIMBER

Minimum Species Means

Property
spl | sp2 SD3 SD4 SDS SD6 SD7 | SDB

Modulus of rupture | 1o | 430 | qq 94 78 65 | 55 | 45

(MPa) _ |
Modulus of | 21500 | 18500 | 16000 | 14000 | 12500 | 10500 | 9100 | 7900

elasticity (MPa)
Maximum c¢rushing :

6
strength (NPa) 80 70 61 54 47 41 3 30
TABLE 16

MINIMUM AIR-DRY DENSITY VALUES FOR ASSIGNING
-« SPECIES TO GREEN STRENGTH GROUPS

Strength Group 81 S2 | 83 54 "85 86 s7
Air-dry density

at 12% moisture 1180 1630 900 800 700 600 500
“content - kg/m3

TABLE 17 !
MINIMUM AIR~DRY DENSITY VALULS FOR ASSIGNING
SPECIES TO SEASONLD STRENGTH GROUPS

Strength Group SDL | SD2 | SD3 | SD4 | SDS | SDG | SD7 | sD8
Air-dry density '
at 12% moisture 1200 1080 | 960 | 840 730 4 620 | 520 | 420
content - kg/m3 :
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Y, APPENDIX B. LOAD FACTORS IN AUSTRALIAN STANDARDS

9.1 General

Load factors cannot be considered in isolation from other factors
(such as design loads) specificd in design Standards and consequently
some carc must be exercised in comparing the load factors used in -
various countries. In Australia, basic design values of structural
propertics are obtained by applying load factors or material coefficients,
to characteristic valucs obtained in short term laboratory tests that
last roughly five minutes. The following equation describes the
relationship between these three quantities:

basic design value = characteristic value/load factor

In design Codes it is stated that the design strengths for a five
minute load duration are to be bbtained by multiplying the basic design
strength by a factor of 1.75. Hence the true load factors implied in
the Australian Codes are roughly 1/1.75 = 0,57 times the nominal
values of load factors given in the following sections.

9.2 Load Factors for Visually Graded Timber

For tirber assessed through tests on small clear specimens (Mack
1979}, the appropriate load factors used are given in Table 18.

9.3 Load Factors for In-Grade Tests on Structural Lumber

This refers to in-grade tests of lumber where each stick is tested
at the worst defect and, in the case of bending tests, with that defect
on the tension edge., The basic design stresses in bending B and tension
T* are given by .

B Bp.os X 1.15
.75 (1.2 + 1.4Vg)
. To, 05

T

1.75 (1.2 + 1.4 Vp)

where Bg g5 and Tg g5 denote the S-percentile strength values, and

Vg and Vp are the coefficients of variation of the measured bending

and tension strengths respectively. If tests are made only on a single
population of timber for a particular species, then a contingency
factor of 0.9 on B” and 7" is used to allow for the occurrence of poss~
ible regional effects. ' -

9.4 Load Factors for Mechanically Stress Graded Lumber’

The basic design stress in bending is given by

L4

B® = Bp.ps/2.35

9.5 Load Factors for Pole Timbers

Load factors for pole timbers assessed from rechanical tests on
smalil clicar specimens are taken to be the same as those for structural
lumber as given in Table 18 with an effective grade factor of 0.94.

No form factor relative to the use of a round section is to be used in
design computations.
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9.6 Load Factors for Plywood

Load factors for plywood assessed from mechanical tests on small
clear specimens are taken to be roughly the same as those for struct-
ural lwmber as given in Table 18 with the addition that the load
factor for in-plane shear is -taken to be 6.4 on the shear-block’
strength, Associated factors to account for the geometry of the
plywood lay-up are given in AS 1720-1975,

8,7 Load Factors for Metal Connectors

The load factors specified in the Australian Standard 1649-1974
(Standards Association of Australia 1974) are given in Table 19,

TABLE 18

CHARACTERISTIC STRUCTURAL PROPERTIES AND LOAD FACTORS FOR
STRUCTURAL LUMBER ASSESSED FROM TESTS OM SMALL CLEAR SPLCIMENS

et DRADE Ty CHARACTERISTIC VALUE
DES Lo prorERTY FOR MEASURED ON SMALL LOAD FACTOR
' CLEAR SPECIMENS

Tension strength one-percentile of FG 3.17/GF

bending strength one-percentile of [y 2.22/GF

i . th . ' .
Compression strengt! one-percentile of Fp 1.67/GF
parailel .te grain
Mean limit of propor-
tionality in compression

Conpression strength perpendicular to the 1.33
grain test

Shear strength ) v . i

of boams mean F, . 4.2/GF

Shear strength '

. . nea .

of jeint details mean Fy 4.7
Modulus of Elasticity mean (0.75/GF)0'5

Note 1 Fy, Fu and Fy are ultimate strengths in bending, com-
pression and shear in-tests on small clear specimens.

Note 2 GF = érade factor =

bending strength of structural scantiing containing
maximum permissible defect
bending strength of swall clear specimen cut from
scantling

The foilowing are typical grade factors used for sawn
timber in Australian grading rules:

~ Structural Grade No. 1t F = 0.75
- Structural Grade No. 2: GF = 0.60
- Structural Grade No. 3. GF = 0.48
= Structural Grade No. 4! &GF = 0.38
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TABLE 19

‘/' -
CHARACTERISTIC STRENGTH AND MATERIAL COEFFICIENTS FOR
METAL FASTENERS ASSESSED FROM SHORT DURATION LABORATORY TESTS

Note 2

connected

TYPE OF TYPE OF . _ : LOAD
LOAD FASTENER CHARACTERISTIC VALUE FACTOR
ALL ALL Mean ultimate strength of 2.0
fastener metal -
All All Mean Yield of fasteners metal 1,67
Withdrawal{ Nails one-percentile of max. loads 2.0
Withdrawal| Scrcws ong-percentile of max. loads 2.5
one-percentile of max. "loads 4.15
Lateral Nails, Screws, i— '
Staples one-percentile of loads at
. 1.25
slip of 0.4 mm
. Split rings one-perceittile of max. loads 2.8
Lateral bolts
average of max. loads 4.0
one-percentile of max, loads 2.5
Lateral Toothed plate one-percentile of loads at slip
: 1.6
of 0.8 mm
one-percentile of max loads 4.3
teral 3 . _
;g_e?ul Nailed plate one-percentile of loads at sliip
1.6
of 0.8 mm
Note 1 Where two sets of characteristic values and material
coefficients are cited, the set to be used is that
leading to the smaller design working load.
Slip refers to displacement between the members
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STRENGTH CLASSES FOR BRITISH STANDARD BS 5268

The British Code of Practice for structural timber, CP 112:Part 2, is to be revised
to form part of 2 new British Standard, BS 5268. Included in the draft proposals
for the new code is a series of strength classes to cover the range of softwoods
and hardwoods used in the United Kingdom. This paper explains the procedure that
was adopted to establish the provisional stresses for the classes. Only softwood
properties were considered as those for hardwoods have yet to be formally placed

before the code committees.

For some time there hag been a significant body of opinion in the timber industry
and in the code committees in the United Kingdom in favour of simplifying the
gpecification of structural timber. At the moment the designer has more than

270 species/grade combinations from which to choose, each with different stress
values, Although this number will be reduced by the new national grading standards1’
it will sti1ll remain at about 160 because of the need to provide for the use of

imported timber graded to other national rules.

If simplification is to be achieved the only altermatives are to group species, or
to develop a system of sfrength classes. In the current code CP 112:Part 2:1971

a system of softwood species groups is included, as reproduced in Table 1. This
has the.disadvantage that some grades within a species group can be of greater
strength than inferior grades within a superior group and yet they may be excluded
from use by the specification. A strength class system, taking into account both
gpecies and grade would avoid this problem. It also offers advantage with the
increasing use of machine grading and the opportunity that affords for selecting
timber to target stress values. 3Strength classes have therefore been proposed to

supersede species groups.

A complete reappraisal of timber stresses has also heen undertaken for the
introduction of BS 5268 and it is these revised material properties which were
considered to establish the strength class system and which are used in this papers.
This revision of stresses showed that whether or not there was to be a strength
class system, it would be possible to assign the same stresses to European redwood,
FBuropean whitewood and British grown Douglas fir, Scots pine and larch. (It may be
of interest to note that in the move towards international harmonisation the properw
ties proposed for BS 5268 will be hased on fifth percentile values rather than on

first percenmtiles as in CP 112.)

2
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Any system of species and/or grade grouping must inevitably introduce pemalties

for some of the comstituent parts of the group. But to optimise on efficiency of
use of timber it is important that the penalties be kept to a minimum, pariicularly
for the high volume species. Initially an attempt was made to develop a rational
set of class boundaries which would give constant percentage increments of span

for the design of beams under uniformly distributed loadse And this initial attempt
was naturally centred on the grade stresses for S35 and @S redwood/whitewood, Ted
and 5.1 N/mm2, However such a rigid framework, coupled with the lack of flexibility
in defining stresses for coarsely incremented visual grades, introduced unacceptable
penalties for many of the species/grades. It was decided that a more subjective
choice of class boundaries taking into account some of the commercial difficulties
of operating such a system and giving preferential consideration to a small number
of speoies/gra&es could produce a more acceptable systems. The 'important? sPecies/

grades were congidered to beiw

European redwood/whitewood - 53 GS
Hem-fir (Canadian) -~ {Light framing; Construction and Standard
Spruce=pine~fir (Canadian) EStructural light framing; Select and No 2

(Joists and Planks; Select and No 2

In addition British grown Sitka spruce was given more prominence than its relatively
small volume would justify. A listing of these primary SPecies/grades, with strength
properties ranked on the basis of bending stress, is given in Table 2. The

stresses given for the Light Framing and Structural Light{ Framing grades are for
nominal 2 x 4 inch (actual 38 x 89 mm) cross-section. The ranking, and therefore

the initial class allocation; could equally well have heen on the basis of modulus

of elasticity or any other property but the use of bending siress isﬁconsidered to

produce the most viable system.

The choice of the number of stremgth classes was an arbitrary one; too many and the
objective of rationalisation would have been partially lost; too few and the penalties
for some of the species/grades would have become unacceptable. BExamination of

Table 2 suggested that a semsible division of the primary spacies/grades could be
achieved by setting bending stress class limits at Te3, 5.1 and 3.9 N/mmgs These
limits would produce reascnable increments between beam spans in design calculations
and limit penalties to tolerable levels. The class limits for the other properties
were taken as the minimum values within the classes except where the penalties
incurred by the whole class would have heen relatively large. For example: The
inclusion of GS Sitka spruce in the class suggested by its bending stress would have
reduced the class E(minimum) from 4100 to 3600; E(mean) from 7700 to 6700 and
compression parallel to the grain from 4.8 to 4.1 ﬂ/mmza It was therefore
preferable to move G8 Sitka spruce to a lower class than to heavily penalise

several other species/gradesm




Consolidation of the class boundaries and the extension of them to provide classes
C1, €2, C3, C4 and C5 was achieved by consideration of the more complete listing
of softiwood species and grades reproduced in Table 3. The proposed class stresses
are given in Table 4; the values for classes C6, C7 and C8 being tentative figures
to make provision for the inclusion of hardwoods. Since it is at present proposed
that for all species, grades and classes tension stress will be taken as 60 per

cent of the bending stress the tension stresses have not been included.

To reduce further some of the penalties inherent in this strength class system -

some marginal relaxations were permitted in aseigning specieg/grade combinations
to the classess To assign a Species/grade to a strength class the bending stress
had to be greater than or equal to the class bending stress. In addition E(minimum),
E(mean), compression parallel to the grain and shear had to exceed 95 per cent of
the appropriate class value. No account was taken of compression perpendicular to
the grain for the purposes of assigning a classs On this basis softwoods graded

to the BS 4978 grades are assigned to the classes indicated in Table 4. Similar
tables have been drawn up for timber graded to the North American rules and these
will appear in BS 5268,

In establishing the strength classes no account was taken of the machine grades
which are now extensively used in the United Kingdome This was because of the
improved flexibility of machine grading relative to visual grading. Changes in
machine limits to grade for nominated bhending strengths are easily'introduced and
the penalties to be incurred by machine graded timber may therefore be kept to a
minimume Tt is anticipated that if strength classes are accepted for BS 5268 the
existing machine grades may be dispensed with in favour of grading directly for
classes. This more precise selection will not be possible for visual grading.

Two disadvantages of the strength class system have become apparent in the discussion
for the introduction of BS 5268. First; although the designer may in many cases
specify timber more easily he must revert to the specification of individual species
if he requires particular characteristics such as durability or amenability to
preservative treatment. Second; the definition of joint performance for strength
classes presents problems since some joints are dependenton a particular property
which may be independent of class, and since any species may be graded to any class
it could be considered that there is no variation in joint performance with classe




These prceblems are currently being considered by the British code committee. They
must also consider whether the mixing of species and species combinations is to

he permitted within individual specifications for strength classified timber.

It is recognised that the class stresses established for BS 5268 will not by themw
selves provide an internationally acceptable strength class system. The more
important grades and species vary from country to country and naturally each country
will wish to minimise the penalties of & system for their high volume material.

A workable international system is more likely to evolve from a large number of
classes, seperated by small penalty increments, from which each country would

select the few classes appropriate to their species and grades, However, since

the relativities between properties varies hetween species such 2 system will not

necessarily be easily estzblished.

REFERENCES

1 BS 4978: Timber Grades for Structural Use. British Standards Institution.
2 BS 5756¢+ The Grading of Tropical Hardwoods for Structural Purposes.
British Standards Institution.




TABIE 1: SOPTWOOD SPECIES GROUPS (CP 112:Part 2)

SPECIES GROUP

STANDARD NAME

ORIGIN

51

Douglas fir = larch
Douglag fir
Pitch pine

Douglas fir
Larch

Imported

British

32

Western hemlock

Western hemlock (commercial)
Hemef'ir

Spruce~pine~fir

Parans pine

Redwood

Whitewood

Canadian spruce

Scots pine

Imported

British

53

Buropean spruce
3itka spruce

Western red cedar

British

Imported




Table 2: PRIMARY SPECIES/GRADES: RANKED ON THE BASIS OF BENDING STRESS

somo QNSO | BOEA)  Cpipim

(/) (x3¢/mn°) (/mm’)

SPECTES AND GRADE®* SHEAR

HEM - FTR  (CAN) SILF SBL 10.6 8.2 11.2 9.3 0. 71
SwPe=F éCAN SLF SEL 9,2 6.5 9.4 83 0.68
M - FIR (CAN) J& SEL 9o 1 8.2 11.2 8.3 0.71
§wP~-F (CAN) J& SEL Te9 6e5 94 Te3 0.68
RED/WHITEWOOD SS Todl 645 9.8 Te3 0.82
HM - FIR CAN) SIF No 2 Ted Ted 9.9 5e9 0. 71
HEM hand FIR CAN SS 703 708 1006 708 0-71
S =P ~F CAN) SIF No 2 6¢5 568 843 Se2 0.68
S =P ~F CAN S8 663 6a2 8.9 6.9 0.68
HEM - FIR (CAN; J& WNo 2 6e2 T3 9e 9 6.2 0sT1
SITKA SPRUCE (HG)** 35 546 5.0 TeT 640 0.64
UM - FIR  (CAN) LF CNST 5ol 6.8 Ge2 6a7 0.71
§-~PwPF (CAN) J& No 2 504 5.8 843 55 0.68
RED/WHITEWOOD GS Se 1 506 8¢5 540 0.82
HRM - FIR  (CAN) GS 5ol s 9.2 Sed 0471
3 =P ~F {CAN) LF CNST 4T S5ed T T 5¢9 0.68
3 ~P =B (CAN Gs Ao d el TeT 4.8 0.68
SITKA SPRUCE (HG Gs 369 4ed 647 44 0.64
HEM - FIR  {CAN) LF STD 3.0 6e3 8.6 55 0a71
S - P had F (CAN LF STD 206 5-0 7a2 4.9 0068

*#Grades
1 Canadian and American
Structural Light Praming; Select
‘ Number 1
Number 2
Number 3
Light Framing; Construction
Standard
Utility
Stud
Joists and Planks; Select
Number 1
Number 2
Number 3

5 United Kingdom, BS 4978 Select Structural
General Siructural

¥®HE = British grown.




SPECTES ¥ GRADE

DOUG FIR«| ARCH
SOUTHERN pInE
DOUG FIRw{ ARCH
DOUG FIR=| ARCH
DOUG FIR=| ARCH
SOUTHERN PINE
SOUTHERN PYINE
DIUG FIR={ ARCH
DOUG FLR=i ARCH
HEM = FIR
POUG FilRwl ARCH
HEM « FIR
POUG FIR=L ARCH
DOUG FIR«LARCH
SOUTHERY PYNE
S = P w f
HEM » FIR
DOUG FIR=LARCH
HEM » FIR
SOUTHERN PINE
WESTERN WMITE
DOUG FIRaARCH
SOUTHERN PINE
DOUG FIR=LARCH
HEM = FIR
PARANA  PINE
HEM = FIR
DOUGLAS FIR
POUG FIRwLARCH
§ @ P w F
LARCH (J+g)

S = P s f
HEW o Fir
WESTERN WHITE
WESTERN WHITE
SOUTHERN PINE

RED/WHITEWOOD
HEM = FIR
HEM = FIR

BOUG FIRwLARCH
HEM w FIR

CORSICAN PINE

POUG FIR=LARCH
HEM = FIR
HEM = EIR
§ « P = §

DOUG FIRwl ARCH
§ = P « F

SOUTHERN PINE

(AlD)
(USA)
(UsA)
(CAN)
(CAN)
{USA)
(USA)
(USAY}
LUsA)
(CANY
{CAN)
(Uga)
(CaN)
(CAN)
(USA)
{CAN)
{LAL)
(USA)
(CAND
(UBA)
{USA)
CiUSA}
(USA}
(UBA}
CURAD

EUSAY

(HGY
LCAN)
(CAN)

(HG)
(CAN)
(CAN)
{USA)
{USA
{USA)

ECAND
(CAN)
(USA)
(USAS

(HG)
(CAND
(USAY
(USA)
(CAN)
(CANY
(CAN)
(USA)

EUROPEAN SPRUCE (HG)

DOUG FIRLARCH
AESTERN WHITE
N
HEM » FIR
WESTERN WHITE

(USA)
(USA)
(CANY
CLAN)
(SA)

TABLE 3 {continued)

SLE SEL
SLE SFL
SLF SEL
SLF 41

JER SFL
SLE #1

JEP SEL

JRP OSFL

SLF a1
SLE SKL
JEP a1
SLF REL
SL¥ ug
58
JEP #1
SLF SEL
JEP SEL
JEP @]
SLE #1
SLF #¢
SLF SEL
SLE u2
§§
85
JEP SEL
55
SLE 81
8%
JEP H2
JEP SEL
§%
SLF #1
JEP O H1
JEP SEL
SLF #1
JRP B
58
SLF #2
58
JEP #2
JEF #1
88
L¥ CNSY
SLF B2
§§
JEP A4
GS
SLE #2
LLF CNSTY
5%
ILF CHST
JEP #1
13
Jup #£2
SLF #82

BENDING
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AESTERN KED CEDAK
AESTERN AHT1E  (USA)
SOUTHERN prINE  (uySA)
PARANA PINE

DOUG FLH=LARCH (USA)

DOUGLAS FiIw (HG)
HEM = FIw (Usa)
SITKA SPRUCE (His}
LARCH (J+E) (H)
HEM w» FIR (CAM)
§ = P = ¢ (Ccan)

DOUG FlKeLARCH (CAN)
WESTERM AHTTE UELD)]

RED/WHITEWOOD
HEM = FTR CCAND)
HEM = FIR CUSA)

DOUG FlRel ARCH (AN
SOUTHERN PINE (USAY)
CORSICAN pINE (HG)
DPOUG FIR=LARCH (#54)
HEM = FIR (USA)
§ = P = F (CAhrY
SVUTHERN PINE  (USa)
PDOUG FIR«{ ARCH (CAMN)
PDOUG FIRel ARCH (USA)
EUROPEAN §PRUCE (HG)
AESTERN WHITE (USR)
S = P &« F (CAal)
NESTERM KED CEDAK
WESTERN JHTITE  (USA)
SOUTHERSNS PTINE  (USA)
DOUG FIR=LARCH (USA)

HEM w FIR (CAN)
SITKA SPRuUCE (HE)
DOUG FIR=|ARCH (CAf)

HEM = F1R (LA

HEM = F1R (4SA)

HEM = FIR (USA)

HEM w» FIR Cohny

S =« P = f (Can)

DOLIGG FIR=L ARCH (USA)
SOUTHERN pLNE CUSA)
§ =« P = F (Chan)
HEM = FIR (USA)
WESTERN NHTTE CUsA)
WESTERN WHITE (USA)

§ = P = F (CAMH)
HEM = FTR (CAM)
AESTERN AWITE  (USA)
HEM « FTR (USA)
8§ = P o= f (CAI)

WESTERN wWdlTH (SA)
DOUG FIR«LARCH (CAID)
POUG FIR=| ARCH (USA)
SOUTHERN PINE  (USA)

HEM = FIR (CAN)
HEM = FIR (USA)
S w P = F (CAN)

AdESTERN JdHITE {J5A)

TABLE 31 SCRTAUAD SPECTES/GRADES RANKED ON THE
RENDING
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Tahle 4

CLASS STRESSES AND MODULI OF ELASTICITY FOR THE
DRY EXPOSURE CONDITION

(/mn?)
E Bending Tension Compresgion | Compression Shear Modulus of
Strength parallel paralilel parallel ¢ perpendiw parallel Elasticity
claas : 4o the I to the to the © ocular to to the
. grain grain grain - the grain grain Mean Minimum
C1 2e 5 15 3.3 2ol 0. 47 6700 4400
c2 3.9 2.3 4.8 2ol 0.66 7700 4900
G3 5¢ 1 361 5.0 23 0.68 8500 5600
G4 : Te3 de 4 Teld 2adl 0.68 3400 6500
G5 i 10.8 6.5 Be 8 3.3 0.89 11600 7100
¢6 P 19,0 9.0 113 4e5 103 12300 7900
7 2164 12,8 141 ‘ 6.3 1,22 14400 9000
c8 | 30.6 1864 170 ? 9.0 140 16200 | 10000
Table 5
SOFTWOOD SPECIES IN BS 4978 GRADES WHICH SATISFY THE
REQUIREMENTS POR STRENGTH CLASSES
Strength class
Standard nanme
¢l c2 €3 c4
Imported
Parana pine Gs 88
Redwood, Gs S8
Whitewood G3 35
Western red cedar LE0e) 58
Douglas fir-larch %Canad&) : GS 35
Douglas fir-larch (USA) a8 S8
Hemefir {Canada) as S8
Hem~fir {USA) Gs 8S
Spruce-pine~fir (Canada) gs 88
Western white woods (USA) @38 88
Southern pine (USA) GS 83
British grown
Douglag fir GS 53
Laxrch 3 33
Soots pine GS S8
Coraican pine a3 853
Buropean spruce Gs 58
Sitks spruce GS 55
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Load~Carrying Capacity and Deformation Characteristics
of Nailed Joints

by
J. Ehlbeck

Introduction

Nailed joints are well-known since hundreds of years. New develop-
ments of numerous types of nails, wood-base materials (e.g. ply~
wood, particleboard, fiberboard), other board materials (e.g.
gypsumboard, asbestos~board) as well as new methods of assembling
using nailing machines raise new questions on the scientific

basis of judging the load-carrying capacity as well as the load-
deformation behavior of nailed joints. This is of great imporbance
in order to provide conditions and supnositions for the develop-
ment in the field of mechanical fasteners at present and in future.
Only if such basic information is avallable, the btechnical pro-
gress can be utilized by being translated into international and
national timber design codes.

The manifold possibilities of application of nailed Jjoints, e.g.
in industrial as well as domestic buildings with different re-
quirements of the deformations, in inberior as well as exterior
application with different climatic influences, or with small as
well as large forces to be joined with different joint configura-
tions, makes it necessary to study the basic performance of nailed
joints using a "standard joint". The results must be accomplished
and modified by systematic research of additional factors influ-
encing the joint's performance, such as the influence of moisture
content of the wood and bthe climatic changes of the environment
ags well as influences of 1oné;term loading.

The Load-8lip Curve

In principle the load-slip curve, as presented in Fig. 1, describes
the load-deformatbion characteristics of a nailed joint. The slip, S,
is the relative movement of the members assembled. An initial
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slip, Sty can be observed during the test performance and is caused
by displacements of the nail shank driven between the wood fibers
during the first lcading. A cerbtain portion of this initial slip
may also be caused by adjustments in the test set-up and by other
test errors. The curve is, however, non-linear from the very be~
ginning, i.e. at low loads. A distinct proportional limit being

a welcome help for stipulabling design lcoads cannot be observed.
This fact indicates the problem of defining a slip modulus to
predict or calculate deformations, even in the low load range.
The slope of the first part of the curve or origin tangent de-
scribes an initial slip modulus, ko, which is a characteristic
value of the load-glip curve,underestimating,however, the actual
deformations. A secant slip modulus may exactly describe the
deformation at a certain load level, overestimating, however, the
slip below this load level. Taking into account that all material
properties in wood construction are of greab variability, it
becomes obvious that slip modull tabulated in timber design codes
are only roughly estimated wvalues. This should be realized when
more and more scphisticated methods of analysis and design are
used, which may not be justified if "constants" of greab varia-
bility are introduced into the calculation.

An extremely important point of the load-slip curve appears to
be the load level beyond which permanent Jjoint creep occurs. This
point of a certain "flow limit" is not yet well known. A definition
was provided by NOREN (1968) using that load beyond which it does
not increase more than 10 % at . a slip increment of 1 mm per member.

After plastic deformation of the nail shank, the nall is stressed
in direction of the nail axis in addition to being loaded perpen—-
dicular to the nail axis. This effect can be observed from the
load~slip curve where any inflection of the curve reflects a
stiffening of bthe joint. The amount of this additional load-
transmission capability depends primarily on the withdrawal re-
sistance of the nail and the friction between the adjacent mem-
bers which are pressed together. This phenomenon is called the
"shain-effect" or "sag-effect". It is difficult to separate from
the total load-transmission that part of the transmitted load
which is the result of this "chain-effect". It depends on the
friction between the adjacent members. The amount of this frict-
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jonal force depends, on the other hand, on the pressure with
which the members are forced together as well as on the coefficient
of sliding friction decreasing with increase in slip and pressure.
Nevertheless, the additional load-carrying capacity due Go this
"echain-effect" is of significance for nails providing a relatively
high withdrawal resistance, i.e. for effectively plastic-coated

or threaded nails.

The ultimate load, Fu, is observed only at a relatively large
slip. It has been proposed that a practical and meaningful ulti-
mate load be defined at that load where the slip between adjacent
members does not exceed a certain maximum vélue, such as 7.5 mm.
This definition may, however, not suit to the modern safety
concepts.

As s distinct proportional limit is difficult to assign to the
load-slip curve, an agreement may be reached to define this point
(see Fig. 2) as being located at a small value of residual slip,
sir,y" This proportional limit can be a basis for determining a
secant slip modulus, k, for the lowest load range. Such a slip
modulus varies with the stipulated residual slip wvalue, Sir,y’
and may coincide with the flow limit discussed above.

Factors of Influence on Joint Performance

The performance of joints is influenced by a large number of
variables. These variables make it complicated to predict the
load~carrying cépacity and the load-deformation behavior of the
joint. It is not possible to describe the joint performance as
indicated by the load~-slip curve using a comprehensive mathe-
matical formula including all factors of influence. Some of Ghe
rost important factors are:
a) the material of which the nail is made and the nail's shape
and dimensions:

size, length, diameter,

point, head, and thread dimensions,

clean, smooth, or rough surface,

plating, galvanizing, or other coating,

nail stiffness and flexural properties;




b) the

(AL

and

¢) the

d) the

-4 -

properties of the fastened and fastening members:

compressive and embedding strenzth,

elastic and creep moduli,

displacement modulus and elasbtic or plastic bearing constant;

these properties are related to density, zrain direction
moisture content)
friction between fastener and its surrournding meterial,

relaxation ;

joint configuration:

single and multiple nails per joint,

single, double, or multiple shear,

thicknese of members,

distances of the fasbener from the member sides and ends,
nail spacing,

predriiling,

nails driven into side~grain or end-zgrain wood,

depth of nail penetration,

clinching of protruding nail points;

loading conditions:

static, repetitive, or dynamic loading,

short or long-term loading,

rate and range of loading,

time interval between nall driving and load application.

In order 5o describe the performance of nailed joints their load-

carrying capacity as well as their deformabion characteristics

under service conditions must be considered. It would be unsuffi~

cient to take into consideration only the ultimate load or only

the slip in the low load range for stipulating basic design values.

Load-Carrying Capacilby

Using a "standard joint" which is a single-shear common round-

wire nail joint with the nails driven inbto solid wood of equili-

librium moisture conbent in normal climate (e.gz. 20°¢ temperature

and 65 % relative humidity) the load-carrying cavacity is essentlally
controlled by '

the embedding strength of the wood,
the bending resistance of the nail,




and the dimensions of the joint, i.e. the thickness
of the members and the diameter of the nail.

The embedding sbtrength, fe’ is defined as the ultimate pressure, Py

per unit length of the nail,divided by the nail diameter, dn:

F

.- S | (1)

fe = tedn

e

Flli’U
=2 le

where t = member thickness and Fu = ultimate load.,

This is a fictitious strength value; consequently varying with

the member thickness and the nail diameter. The bending resistance
of the nail is described by the yield moment, My’ which is the
product of the yield strength, fy, of the nail material and the
section modulus, Wp, when the nail is fully plastic:

My = Ly - W, (2)

The mubtual relationship of these parameters are decisive for
the joint's ultimate load-carrying capacity. Neglecting the
"chain-effect" and the load transmission by friction, which is
difficult to analize because of the wood shrinkage during seasoning,
MOELLER (1951) developed formulse predicting the ultimate load.

He did not take into account any deformation characteristics.
The validity range of these formulae, =28 shown in Fig. 3 for
single-shear nailed joints (i.e."sbandard joints") indicates,
that for small member thicknesses only the embedding strength
controls the ultimate load, whereas the bending resistance of
the nail is not used to advantage. Only with the member thickness,

tq, of the fastened member being

: M
6, > 3.4 ?;¥a; (3)

the load-carrying capaclty reaches a maximum value, with

F, m.ﬂj2°My°fe°dn (4)
With Wp = dé&@ for ¢ircular cross-sections, Eq.4 reads:
f'fe 2
Ry [uCA. A (5)

u 3
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Thus, the load-carrying capacity of a nailed joint can be deter-
mined by using a formula presented in the 4th.draft of the

CIB Structural Timber Design Code of CIB-W18, June 19793, as fy
and fe are dependent on the nail diameter, dn:

N O nail
u nail'“n

F (6)

As a rule, & _.q & 2 for round-wire nails. For threaded nails

this value must be investizated. k is primarily dependent on

nail
the wood species, its properties, and the joint configuration.

In the German code DIN 1052, at present
500

nail =V oo A x
4

k - 2 (7a,b)

nail
with ¥ = safety factor, dn in mm. Thus, for common round-wire
nails in Buropean softwood the basic design load, Fas iss

P, 200 42 (in ) (8)

0+4, "
with dn in mm.
For nails with high shank withdrawal resistance, Eq¢.5 may be
modified by a factor taking into account the additional load-
transmitting capability caused by the "chailn-effect”.

Deformation Characteristics

It cannot be justified to disregard deformation during load
transmission and to refer only to the ultimate load~-carrying
capacity in efforts to establish design loads. Under stipulated
design loads for different tynes of nails as well as different
member materials the deformation of the joints may be different
and even of bad influence on the performance of the complete
structure. Therefore, the load-slip behavior must be studied
and limited slip'values under senvice conditions must be laid .
down. Such values should, however, be differentiated according
to the use and service conditions of the structure. Presuming

a sufficient safety against the characteristic ultimate load
the basic design loads can be modified for different deformation

requirements.




-7 -

studies covering the load-slip behavior of nailed joints were
performed based on different assumptions; yet an all-embracing
theory has not been presented Go-date. In the main, two kinds
of investigation are known: the one using an elastic theory with
the nail acting as a beam on elastic foundation, the other using

empirical methods.

Flastic theory presumes a straight line of the load-slip re-
lationship. Using the stiffness of the nail, EnoIn’ with En =
nodulus of elasticity of the nail and In = moment of inertia of
the nail, and a displacement modulus, K, of the wood which is
defined ms Lthe pressure per unit lengbh of the nail divided by
the displacement, & , the slip modulus, k, (see Fig.2) can be
calculated

(9

with
(10)

A is a characteristic value and ¥ is a "specific slip"’

o function of A and the geometric values of the joint, primarily
the member thicknesses (see NORﬁN, 1968). For large member
thicknesses the specific slip approaches unity.

Hence, the non-linearity of the load-slip curve (see Fig.1)
igs a result of the non-linearity of the load-displacement re-
lationship. The displacenent mddulus, K, decreases with increase
in losd, F« More research efforts need to be made bto investigate
this relationship for all types of materials used for nailed
Joints.

The empirical methods used in recent years refer either to the
load-displacement relationship or directly to the load-slip curve
in the lower lecad range. For certain joints the deformation
characteristics are sbudied using multiple tests and best fitting
mathematical formulae found by means of statistical procedures.
The results of bthese sbudies avallable in literature include the
disadvantage of referring to special Jjoint configurations, tested
by making use of different test procedures. Consequentbly, they
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cannot be generalized indiscriminantly. On the other hand,

these methods can deliver sufficient data to estimate secant
8lip moduli for different slip levels. A comparison of some
empirical studies performed independently on each other indicate
a cerbtain relationship between secant slip moduli for different
slip values,_as is shown in Fig.4. A slip modulus, kﬂ.O’ based
on a 1.0 mm-slip, turned out to be approximately twice the slip
modulus, k2.5, derived from a 2.5 mm-slip, and so forth.

On the basis of this concept it is possible to develop design
values (allowable loads) from the characteristic ultimate load
and to stipulate corresponding slip moduli.

Conclusion and Recommendation

A reliable judgement of nailed joints has to take into consider-
ation a plurality of influencing factors. One all-embracing
formula to describe the joint's performance is not feasible. Tt
is not reasonable to evaluate design data only on the basis of

the ultimate load-carrying capacity. On the other hand, it is
wrong to orientabte design loads only by means of slip limitations,
particularly because the service conditions of sbtructures differ
considerably._Gonsequently, for design codes both the ultimate
characteristic .load and the deformation characteristic under
service conditions should be considered carefully.

The variety of nails developed to-date and the increasing
number of building materials sultable to be assembled by nails
call for intensified research efforts, especially to determine
the material properties needed, such as the bending stiffness
and flexural resistance of the nails as well as the displaceﬁénﬁno_
moduli and the embedding sbtrenshts of the members. Such investi-
gations must include all influencing parameters, e.g. density,
grain direction, long-term loading etc.

Furthermore, nailed joints must be tested to determine additional
factors, such as the "chaln-effect" when using plastic~coated or
threaded nails, creep influences, or repetitive and dynamic
loading.

All research efforts should be carried out on bthe basis of an
international coordination as well as on uniform methods of
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:testing and analyzing test data. By this way may be developed
both general bubt uniform design rules for inbernational codes,
flexible for further technical evolution, and specified rules
in natlonal codes takinz into consideration regional conditions.
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"oroportional limit"

Y
Bha
"g' |
- initial slip modulus:
. F
PR A
o §
yo
slip madulus (secant slip modulus):
F 5
k= X = U .S - k
s s, t5, o
fy. PyoCiny
Al
} .
P o

slip, s

Fig.2.~ Definition of "proportional linit", Fy’ of nailed joint.
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2. THEORY

The rules in the fourth draft of CIB-Siructural Timber Design Code [1] for laterally
loaded bolts and screws are based on a theory originally proposed by Johansen {5}
and later modified and extended by among others Moiler [13] and Meyer f121.

1b} Ie) Ha) Hb) Iif

The theory is based on the theory of plasiicity and is thus aimed at the ultimate

limit states and not the serviceability limit states. There is at present no theory for

the prediction of the deformations in joints, and the necessary information is usually
obtained by festing.

The basic assumptions are thai the load-deformation curves are stiff-plastic for bend-

ing of the bolt as well as for the impression of a stiff bolt into the wood, cf. Figure 1.

o

Figure 1

The yield moment of the bolt is

[,
M =fW (1) .
y ¥ P
Figure 2
where mm is the yield stress and Eu the plastic section modulus. For a circular cross-
section The possible failure modes for two-member joints and symmetrical three-member
joints are shown in Figure 2. ’
Sn =d*/6 (2)

The thicknesses are ¢ and a#, and the embedding strengthsf,_, and nmoEw. ef. Figure

where d is the diameter. 2. For a two-member joint « > 1.

The ultimate impression load F = m,ﬂm per unit width is written as The ultimate load-carrying capacities are given below, For a detailed derivation {71 is

" referred to. Note that the load-carrying capacity for a three-member joint is per

_ . shear,
Fu = fopd (3)

where = m.m.___mﬁﬁw n&.v

emb 1S a fictitious strength value calied the embedding strength.
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Figure 3 shows the general dependence of m.w on the bolt slenderness ratic 2/d in
loading parallel to the grain in all members (8 = 1,0). A value of v = 10 has been ~F I

assumed corresponding to ordinary bolts with m% = 240 MPa and Nordic softwood

withf . ~ 24 MPa. Figure 4-5 show m,w for load perpendicular to the grain in one 2 -

of the members of two-member joints and in the side members or the middle member e T T T T T T T T T T
ofa &wﬁmm&swﬂvmn joint, and parallel to the grain in the others. A valueof g = 0.5 i 4 T

has been assumed. To make the values comparable a change of notations has been / Y
made for the case with load perpendicular to the grain in the side members. 1

Figure 6 shows the influence of the ratio y for a three-member joint with g = 1.

The ordinate in Figure 6a is m.,wkmmuuvau }, in Figure 6b mw‘:/\ aEam«. d*). For small ] Q\\J

2 /d-values the load-carrying capacity is independent of v, for slender bolts the load-

carrying capacity for a given value of moSw is proportional to v/ mw.

In Figure 7 the theoretical values are compared with the design rules given in German Figure 6a
Standard DIN 1052 for ordinary softwoods. The German permissible stresses have

been transformed to characteristic values by multiplication by 3.0. The theoretical
cnrves are drawn with f =25 5andy = 15. ¢ al @
emb &

In Figure 8 the theoretical values are compared with the values proposed by Trayer
{151 based on tests, The comparison has been made for the basic z‘_.n.mm-ﬁmavm... joint,
i.e. a joint with & = 2, and for y-values of 20 and 10, corresponding approximately to

the species groups 1 and 3 aceording to the Trayer-grouping. N F s e S St v =15

In the timber codes in USA, e.g. {2], the load-carrying capacity is related to the capaci- 0.5

iy of the basic three-member joint. Three-member joints with other «-values are reduced T

to the basic case by disregarding the oversize of the outer members {for a < 2} or the . 7] \\.\l\ Vs \\ r— = 5

middle member (a > 2). Except for 2/d < 1 this rule is obviously on the safe side, for 4 7
s

stender bolts no reduction is necessary.

A basic two-member joint, i.e. a joint with two equal members of thickness £, is as- 7 p
sumed to correspond o a basic three-member joint with a thickness 2’ of the side mem-

H
Ny
N

N

bers, ¢f. Figure 9. According to the above-mentioned rules ¢’ = ¢ is assumed. This rule /4
g/d

has recently been questioned by Wilkinson [17], who in accordance with the original Y T T T I T T T }
Trayer-rules proposes ' = 0.52. The correct answer according to Figure 3 is £’ = 2 for 2 4 6 8
o/d>~ 4and2’ =2 ¢fore/d <~ 2. Figure 6b
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4. CODE RULES
In the CIB Structural Timber Design Code approximative expressions are given:

18p Gﬁunw + wwﬂm Jd  (only for two-member joints} (15)
mmuw..w&ma {only for three-member joints) {16)
F=min. { 70pk, t,d (17)
42/p d*+120k t.d (18)
| 75d* /\nl,\ﬁwﬂ_.w»:m V£,1240 £19)

where
t is timber thickness in mm
d is the diameter in mm

k is a factor, taking into consideration the influence of the angle between force
and grain direction. For thick bolts {d = 24) and an angle of 30° k ~ 0.5

p is the density.

In Figures 16 and 11 the theoretical expressions are compared with the approxi-
mative expressions for structural timber at least corresponding to 8C 19 {ie, p =
(.36}, Where the curves coincide only the theorefical curves are shown.

2 mw.;\ﬁ..wb.:u._wNV

ot I [ _ ¥ ¥ T 12/d
2 4 6 8
Figure 10. Joints as shown in Figure 3.

13
-Q~v

J

F, /(1

emb

] T : T T T T T 12/d
2 4 8 8
Figure 11. ¢ = 0.5. Joints as shown in Figure 4.

The approximative formulas may seem a little complicated but are easy to use in
practice. A simplification can be obtained by omitting formula {18) which could
be justified by test result.
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DESIGN OF JOINTS WITH NAIL PLATES

B Norén Swedish Forest Products Research Laboratory

Iintroduction

For some time a small Nordic group has discussed guide lines for de-
sign of joints with nail plates in timber structures.

Members have been N-{ Bovim, Norway, M Johansen, Denmark, B Norén,
Sweden and T Poutanen, Finland.

Their draft proposal contain these sections:

t. Definition and symbols
2. Design calculations

3. Material

4. Manufacture and control
5

Testing of plates and joints

Section 5 is principally a reference to the testing standard pro-
posed by NORDTEST‘and based on the RILEM/CIB recommendations.

The paper, presented here, is a rather free translation of section 2
in which is given rules for design calculations. The outline is

kept from the proposal:

.1 Model for calculation of joints
Design against plate failure

Design against plate grip failure

Rules for specific joints

NN N RN

2
3
i Design against wood failure
5
6 Calculation of slip

However, the last subsection {2.6) has not been completed and is

omitted here, also the rules for special joiats (2.5) arc incomplete.

The paper is presentedAto the CIB-W18 for information and discussion,
The intention has not been to propose that it goes unabridged into

the CIB code, section 6.1.5 Nail plates. in Sweden the proposal will
be used as a base for revised ""Approval Rules" concerning the design

of nail plate joints.
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1 DEFINITIONS AND SYMBOLS

1.1 Definitions

The structure consists of {wood) members and connections {joints) be-
tween the members. The presented design rules shall be applied within
the connection boundaries which as a rule are specified cross sections
of the members at some distance from their ends. The connections are

designed to withstand the internal forces (axial and shear) and moments

'(bending and torsion) acting upon them at the boundary cross sections,

as well as external forces (loads) within the boundaries. The design

of the members is not dealt with here.

The forces and moments acting on the connections are determined by
static calculation. For this calculation a static modei of the structure
is used, built of eiements to describe the real members and imaginary

elements to describe the behaviour of the connections.

Within the connections two types of joints (joint '"lines'') are defined:

The plate/timber-joint (pt-joint) is the contact between the plate and

the timber. The timber/timber-joint {tt~joint) is the direct joint between

timbers. tn general, the area of contact as well as the gap joinfcarea

are included in the definition.

1.2 Symbols
1.2.1 Directions

x~ Joint direction
y= Direction of a perpendicular to the joint line in the centre of
the plate sections. Positive direction is out from the studied

member.,

a- Specified principal direction of the plate. Positive direction is

out from the studied member and part of plate.
b~ Prfncipai plate direction, perpendicular to the a-=direction.

The a/b-cross is rotated the angle a from the x/y-cross. The origons

of the two systems are coincident.
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1.2.2 Angles |

i -

o Angle of x-direction to a-direction (y-direction to b-direction).
O Anq%e of x-direction to plate force (Fb).

Angle of x-direction to joint force (R}

o Angle of fibre direction to plate force (Fp)

Angle of plate force (Fp) to a-direction

Ang!e.of fibre direction to a~direction

¢ -Angle of friction

¢ Polar coordinate

- G-

H Width (depth) of timber

B Thickngss of timber

a Measure of plate In a-direction:

b Measure of plate in b-direction

c Measure of p}ate

d' Diagonai.

d Distance from plate to end of jcint‘

e Distance from plate to end of joint
oA w00 M KR



S u

SVENSKA TRAFORSKNINGSINSTITUTEY

1 Length of plate section in joint line

(1  Projection of plate/timber joint area)

r Division of |

h Length of timber/timber joint i
h = d+ 1 +e

ere Distance of force to centre of rotation

e Distance of force to centre of gravity

A Joint area '

& Length -of constant stress

1.2.4 Forces and _moments \

R Connection force
M Connection moment
Ft Force on timber
' Fp Force on plates
Mp Moment on plates
N Force~component in the y-direction
Na’ Nb‘ Force ~components in the a~ and b-directions
Q Force-component in the x-direction (joint direction)

[ELCANREIUCNE MR



i

SVENSKA TRAFORSKNINGSINSTITUTET

L

1.2.5 Stresses

. (N/mm?) Compression stress in wood

p or p, {N/mm} Tension stress in plates

P Compress ion stress in plates |
s (N/mm) Shear stress in plates
T (N/mmz) Shear stress in the plate/timber joint

p Flate

t Timber

t {Second subscript) tension

o Compression

a {Force or stress) in the a-direction
b {Force or stress) in the b-direction
D (Force or stress) design value

0 Fibre direction

90 Perpendicular to fibre direction
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2 DESIGN CALCULATIONS , |

2,1 Model for calculation of jointé

In the general case the forces are transmitted between the connected

members partly by the plates through the plate/timber joints (pt-

joints) and partly by cbmpression and corresponding friction in the g

timber/timber joints (tt-joints). The proportions of these parts de-
pend on the model chosen for the behaviour of the joints.

The model for calculation of joints should correspond reasonably with
the mode! for the entire structure, especially with respect to defor-
mations. Total correspondance will generally imply too complex models.
The model must give forces and moments transmitted in the joints which
are in equilibrium with the forces and moments acting at the connection
boundaries, including possible loads. This demand is unconditional,

The conditions for such equilibrium are demonstrated for a joint shown

in Figure 2:1. The tt-joint AB and the corresponding cross-sections

CD of the (two plates) are in the XZ-plane, the plates and member

sides in planes paraliel to the XY-plane.

The central line of the member shown in the figure cuts the joint

perpendicular at £ at a distance (~X5) from origon (0) which is cen-
tral to the plate cross-sections CD. The force from connected mem-

bers, acting on the member in E, is R and the bending moment is M

{no torque). Part of that action takes p?ace through the plates by
the force Fp and moment Mp acting in @, and the remaining‘part direct~

ly by a compression force ("Ft) perpendicular to the tt-joint at a

distance (-Xy) from the y-axis and the correspondig friction force %
(-HF¢) . | |

far 4 g o 1 KDY
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The following equations of equilibrium relate Fp, Mp and Ft to

R and M:

Fp sin Nt Ft = R sin N (1)
Fp cos a - uFt = R ¢os @y (2)
M- (-xp)F, = M = (xR sin op {3)

Her g and o denote the angles of the forces R respectively Fp
to the joint (x-axis). Five quantities (all but yu in the left
terms are unknown. Hence, two additional equations are required).
They are the 'action-displacement' equations which in the model
are replaced by equations appearing directly from assumptions on
the distribution of the stresses on the wood member along AB and

on the plates along CD.

When the capacity in the ultimate limit state is verified the mo-
del condition is simply that the force Foo transmitted directiy to
the member, generates a constant compression stress 0. (N/mm?)
over a length Et of the tt-joint AB, while Fp generates a constant
tension p (N/mm) in the cross scction CD of cach of the Ltwo plates.
Other st}esses in the y-direction (perpendicular to the joint) are
not taken into account. Furthermore, the transmission of comp-
ression in the plates is neglected when there is contact between
the timber members (6) and, naturally, the tt-joint js not supposcd
to transmit tension (7). With these assumptions the relations bet-

ween forces and stresses in the joint section are

-F = 0. BE = o, B{h + ZXT - ZXS) ' (4)

Fp sina. = 2p £ = 2p (b/cosp - ZMP/(FpsinaF) (5a}
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chosaF = 2s £ = 2sb/cosB _ (5b)

with the conditions

0

A

Fp sinog < pb/cosp ' {(6)
0 < -F, <0, Bh | (7)

The stress directions are perpendicular to the joint {compression
in the timber, O N/mmz, and tension in the plate, p, N/mm) res-
pectively in the direction of the joint (shear in the plate, s,
N/mm). It is purposeful to use these stresses if the criteria of
failure and design values are based on them. So is the case in
present Nordic codes. However, the design values will then be de-
pendent on the angle to the fibre direction (UCD) and the angle to
the principal directions of the plate (pD and sD). This complicates
the prototype testing of the plates. Hence, in the following sec~
tion the design conditions for the strength of the plate are based
merely on design values in the a- and b- directions of the plate.

F

Na and Nb.

F_and o. In equations (1) and (2) are replaced by the Fp-components

The following stresses are defined:

N
a
Pa——m | o= n/2 + B

P P L E o= b - 2Mp
b~ ngcosa p sina N sino + N cosa.
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Design values for these stresses are given in the code or in cer-
tificates for plates of different types. There respective influence

on the design of the joint appears from the design stipulations which

are based on possible modes of failure in the plate depending on the

pattern of holes.

The necessary equations when the design stipulations are given in
terms of design values for the compression stress on the member per-
pendicular to the joint (contact arca between nmembers) and for stres-

ses in the principal directions of the plates thus are:

Na + Ft (sina + pcose) - Reosla = aR) = 0 (1 1)
Nb + Ft (coso, = psina) + R sinfa - aR) = (2 T)
M+ X;F, = M- X, Rsinag =0 (3)

Stresses (W/mm) :

- Ft
R N ) ()
T 5
P = Ya? (5 1)
b =~ 2M sino/ (N sina + N, cosa) '
p a b
Pb B i aee
S = i
a
5 = - -

Limit values (design values) etc, are given for the stresses.

Ycn’ Pap

In the general case o.p and at least one of the plate stress values

D
are decisive for the joint design. When the stipulations include
interaction between stresses, severel design values may have to he

considered.
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One complication, in spite of the assumptions of the block-distri~
bution of stresses, is that the moment‘(Mp) and the forces (Fp or

Na and Nb) are implicated in the expression for the distribution
length £ . A simpiification would be to assume that the compression
stress (UC) in the tt~joint Is constant until the neutral axis and
that the same applies to the p-stresses In the plate to the limit

set by the size of the plate. With this assumption, corresponding

to full plastic response, gp in (5) and (57) s found from

gp' = b/sino + d =& = b/sino + d ~ (h+ 2Xg = 2X) (8)
where b/sina (= b/cosB) is the length of the plate cross section
over the joint and ¢ is the distance along the Joint from the plate
to the joint end at the compression side. A condition for applica-
bility of (8) is gp < b/sino.  When Ep reaches the limit value
b/sino, it means that the stress is constant all across the plate.
After that the eq. (8) cannot be applied and need not be used any-
way as the moment on the plate is zero (Mp = 0) which simplifies (5)

and (5 T).

It should be observed that the eqs. (1) to (8) «concern the condi-

tions of the very joint and the cross sections of the plate along
this joint. They apply irrespective of what the angles are between
the joint and the principle directions of the plates or the fibre
direction of the members. (Note that the quantity b/cosB, introdu~
ced in (5} is nothing but the length of the part of the joint which
is covered by the plates). These angles have no influence on the
model, although they wii] be of great importance For{the design

xgjues of the stresses or forces.

Also, the transformation Lo a new system of axis, by rotation the
angle @ from the x-y-system, make the transformation of (1), (2) and
{5) into (¥ T), (2 T} and (5 T) pure mathematical as long as the
axis a and b are not referred to as the principle directions of the

plates.
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The conclusion is that the scarfe-joint of figure 2:2 and the two
typical heel-joints of figure 2:3 can be treated by use of the
equations given in section 2.1 and 2.2 with the introduced denota-

tions.

In the example three cases of plate utilization are demonstrated.
The fact that it is illustrated by a scarfe-joint is insignificant
if the dimensions symbolized in the figure are regarded as belonging
to the joint. | f the joints in figure 2:3 or = for that matter -
the joint shown in figure 2:1, are chosen for the illustration,
nothing has to be changed in the following equations, except that b
must be replaced by £ = b/cosP = bsina {or another symbol for the
Jength €D).

in the example the simplifying assumption of "'full plasticity"
leading to (8) has been used. The components of the forces in the

x=- and y-directions have been denoted N respectively Q.

EXAMPLE

General

Symbols see figure 2:2

Forces affecting the joint:
M= M N=Rsinop Q= .R cos O

Forces, transmitted directly from timber to timber:

Forces transmitted by the plates:

N =N+ N Q. =0 - Qt

p t P
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P=Progriipgiig

Case A: Part of the plate utilized (gp < b)

Moment on the plate:

My = 0,5(¢, - d)Np (g, > d)

which introduced in (3) gives:

B 2M 4+ ei .
t o, B(b + d) + N . (1:A)

Moo= 0 (¢, < d)

_ I
b/2 + d - M/Qbfz o gyl - 2o Nd - e) (1:8)

o, B
c

A
i

The cases A and B coincide when the tt-joint transmits a

compression force

L 2M - N(d ~ e}
b+ d

¢ Bd
c
The neutral axis and the stress limits then are at the

edge of the plates (Et = d)

Case [: No contact between the timbers.

e e

The plate is stressed all along the joint (tension and compression)

N =N _ -H =N

Moment on the plate

Mp = 0,5(b - Ept)Npt + 0,5(b - Epc)Npc =M - 0,5(d - e)N

v

a

i

. - / -
ot (Npt/N)p 2M/N + d ~ e

{1:C)

f

gpc b - gpt = = Npc/N + 2M/N + e - d

o4 500 sy 0 KDRB
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IfQ0 =0 ¢ can be expressed explicitel
D pe p p b

L 2M = N{d ~ e)
pc 2pac b + N

-&

2.2 Design against plate failure

2.2.1 geiign_SEERulaEing

The capacity of the plates to carry a force Fp and a moment Mp {evenly
distributed on two plates) is verified with respect to the strength

of the plate itself by the following condition (10):

2 2
A + [ —— < 1 (10)

b
plate, see Figure 2.1:

Na and N_ are the components of Fp in the principle directions of the

Na = chos ty (11a)
Ny = Fpsnn oy (11b)
in which a2 = 1w/ - aF + R

is the angle between Fp and the a-direction.

N and.Nb may be calculated from the model used in section 2.1,

N and N

D bD denote design valucs definced in the following scction,

As design value N_. in {10) is taken the greatest (favourable} value

b v

of

NP = 2b and N°_ =2 a s (12a)

ab aPab ad ab
As design value NbD in (10) is taken the greatest
(favourable) value of

p = S =5
Npp = 2a.ppy and Nop 2b s, (12b)
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in {12) p and s denote plate strength (N/mm) in tension (or com-
pression) and in shear. The length of the cross secfion of the plate
along the joint projected on the a-axis of the plate is denoted a

and the projection on the b-axis is denotet b. It is assumed that
the values a and b are hased on effective plate dimensions; that is,
actual dimensions must be reduced when the punched nail holes inter-
fere with the plate edges.

The index n on a_ and bn indicates that the plate is partly stressed.
|f the model introduced in section 2,1 is used, a and bﬁ are the
projections in the principal directions of the plate of the stress

distribution length gp:

a =£§ cos a
P

b
n

H)

EPSIn @ = a tg o

where Ep is derived from (5a), (5 T) or {8). For example from (5a)

ZM cos o

a = a3 -.......E..:-..«.—..——-. (Wa)
n F sin a

p F

2M sin o
b o= b = e (14b)
no Fp51n Op

2.3 Design against grip failure

2.3.1 General method

The area of contact between a plate and the wood member (the plate/
timber joint) is effective inside certain narrow zones along the tim-
ber edges. The width of the zone is supposed to be given in the
plate type approval (generally 5 to 10 mm). By grip area (anchorage
area) is here referred to effective area. 1t is denoted A or 2A to
indicate the two plates, one on each face of the timber.

When the action on the plate at the section over the tt-joint is

Fp and Mp (Figure 2:1), the reaction force and moment in the centre

of rotation are

RC p RC p p RC (15)




&

SWEDIS, . rOREST PRODUCTS
RESEARCH LABORATORY

1

4 wnn

o WD

where ere is the distance from the force to the centre of the rota-

tion of the plate in relation to the wood member.

The shear stress, generated by the force and the moment, may be
assumed to have a constant vaiue over the pt-joint area, correspon-
ding to full plasticity. Hence, if the design value of shear stress

is Ty the design value of the moment HRC will be

A
Mecp = ZTD_j?RCdA | (16a)

The centre of rotation (RC) is established by iteration from the

conditions for equilibrium

A A
2t/ sin ¢ dA = Fp cos 0. and ZTUf‘cos b dA = Fp sin o {16b,c)

F F

In (16) the polar coordinates of dA is (4, r) and of RC (0,0).

2.3.2 QQEiQ”WQEiRQLQEiEPE

The condition for design against failure in the plate/timber joints

is

. 2 " 2

Py e [ _RC < 1
Fon/ | Mreo

Fp is the force and MRC the moment applied on the joint in the gentre

of rotation (15). The design value of M_. is determined from {16a)}

RC
and the design value of Fp from

Fop = 2R 7, (a) | o (18)

The design value of the sﬁear stress, TD(u), is given in certifica-
tion (type-approval of the plate) as a function of the angles 01,

uz-and a3. in {16a) is used TD = TD (0} if not said otherwise in

the certificate.
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PN e |
.?E._] + ‘T“) < 1 (19}
ij i CGD/
y \ /
in which M.. = Mp - Fp e (20)
where €cq is the distance from the force Fp to the centre of gravity

of the timber/plate joint {grip area).

The design values F_o and M.., are defined by (18) respectively (21)

pd GD

Megp = 2 Tp A d/h : (21)

The length d is calculated from
A-A-
§ =
Ad/t = f reg 9A (22)

which can be differentiated by dividing A into a few AA concentrated
to points. For a trapeziform joint-area, Figure 2:4, AA = A/2 can
be assumed to be concentrated the distance d/4 from the centre of
gravity, that is Ad/b = 2(A/2)d/b with d calculated from

g = ZV/ZZ + zz : (23)
a b
_ 1+ c/a+ {c/a)” | ,
a T+ c/a al3 . (24a)
1 4+ 2¢/a
Z

b T T v /s - P/3 | (24b)

1

. e T 1
In case ¢ = 0 (triangle} d = %-V[gz . b2

e e
a (rectangle) d = v/éz + b2

i

in case c i.c. d is the diagonal.




&P

SWEDIS: . . OREST PRODUCTS

RESEARCH LABORATORY

20

B4 4o /i KDR

/
~ ~\£7
<6 b ~
zt) . ™~ ~
Za | a
a

FPigure 2:4  Diagonal d in trapesium, triangle and
rectangle.

2.4 Design against wood failure

2.4.0 General

It must be verified that stresses {compression, tension, shear)
generated in the wood within a connection do not exceed stipula-

ted design values.

(25)

.The influence on capacity of the angie of stress to the fibre direc~

tion (u1) is presumed to be considered by the value of Sy
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2.4.1 Compression

The stress at transmission of compression force between connected

wood members (N_ ) - evenly distributed on timber thickness (B) and

tc
stressed part of the joint (Ft) - shall be proved not to exceed the

cl

design value for compression stress:

= Y%p (25a)

2.4.,2 Tension

It must be verified that stresses within the connection generated in

the fibre direction «f the wood by the forces transmitted through the

nlates (Fp, Mp), do not exceed stipulated design values at combined
tension and bending.

|f the cross section area of the wood member is reduced by nails

more than 15 %, the reduced area shall be used for the calculation

of stress, otherwise the full section area may be used.

I f the plate anchorage (effective plate/timber~joint area) penetrates
less than 60 % of the width of the timber (H)

]A90 < 0,6 H _ (26)

it must alsoc be verified that a simultancous tensile force Eergend‘~

) does not exceed the design value

cular to the fibre direction (Fp90

{F ) defined by (27)

po0D

Foao < Fogop = “raop B1pg + 0,501 = )] - (27)

The equivalent tength of constant stress, given within the brackets,
is calculated as if the plane of failure is "through thickness (B)",
paraliel to the fibre direction and tangent to the anchorage area,
see Figure 2:5. The lengths 11 and 12 are measured from the projec-
tion (IAO) of the plate anchorage area to the timber end or similar
intersection of the mentioned plane, an overruling stipulation beeing
that 1, or,lé must not be assumed to be longer than four times the

plate/timber=-joint depth, }A90'

HE A4 R L, KD
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Thus

1. < i) :

1 A90 2 4 (28)

A90

I A

The definitions of ]AO’ ]A9U’ 11 and 12 are examplified in Fighre 2:5,
The maximum piate force with respect to the design stress value is al-

so given in the figure.

Shear stress capacity of the wood members within a connection may be
verified by

T, X Ty = Top [ﬁ + 255 1/t BHH (29)
In (29) T, (N/mmz} is a mean value of shear stress parallel to the
fibres calcutated without regard to the contribution to shear rigi=-
dity of the plates and Top is the stipulated design value for shear
in the wood., The mean value of T is determined over a length equal
to the depth of the member (H). 50 (N/mm) is the design value of
plate shear stress in that principal direction which is next to the
shear direction. r is the part of the shear stress distribution
length (H) which is covered by plates. B is the thickness of the

timber.

A S A 10 KDE
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lation,




<éﬂﬁx il

SWEDISH « OREST PRODUCTS
RESEARCH LABORATORY

2.5 Rules for specific joints

2.5.1 Approximations

The model described in section 2.1 is based on the presumption that

the cross section through the joint remains plane and on.a stress
distribution chosen without regard to the deformations. In reality
the distribution of forces on the plate and the wood depends on the
deformations. This is appreciated if a plate is considered which is
cut in strips in the a-direction. The stiffness properties of such

a plate will justify an assumptfon that the plate force Fp occurs in
the a-direction, that is like F_ in Figure 2:6, corresponding to

]
%, =0 and a_ = & in eqs. (1) and (2). The replacement of Fp to Fp

2 F
is made possible by the slip in the joint, which generates an
additionel force Fpg in the plate and a contrary force th in the

timber/timber joint.

The force Fp is adjusted in relation to the anisotropy of rigidity of
the plate. One may well assume an equivalent anisotropy of the strength
with the result that the adjustment is favourable for the design against

failure.

A consequent design method is to adopt certain values of O in the

equations (1) and (2) which places’ the Fp in the joint direction

0) or in the a-direction (o o) or along the b-axis

il

(OLF ;e

(aF =0 * %). As a rule it follows from the joint forces and the posi-

tion of the plates which alternatives that are relevant and favourable.

Further simplifications which often can be accepted is that the total
length of the plate-section over the joint is utilized (Mp = 0} and
that the contribution fronr friction between the members is neglected
(1 = 0).

A vy i KN
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Figure 2.6

' :
Displacement of plate force (Fb to F_) due to
slip in the joint and generated P

forces. Friction tg indicated by the angle ¢.

N
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The heel-joint in roof-trusses is one important object for application

of design rules. There are several suggestions for the calculation.

The following simple methods are quoted from proposals by Johansen and

Kdllsner,

I Heel-joint as in Figure |

Presumpl ions

1)

The a-axis of the plates is in the central plane of the bottom

chord: XS =0

2) No friction: u = 0
3) The stress in the plate is constant over the joint cross
section: M =0
P
The equations of equilibrium are, cf eqs. {1}, {2} and (3}:
Fps:naF + Ft = RsnnaR = N (15)
chosaF = RcosaR = q (25)
FXp = M . ‘ (35)
Design conditions are:
..,Ft
IS (4s)
2(h/2 + xT) Bo
F 2. F ‘ 2-
{N—E cos(u"aF)] + [—2 sin(a~a )] S 1 (105)
N F
ab bD
Solutions for O = and G = 0 (or other relevant values of GF)

are checked with regard to (4S). The solution which is favourable for

the plate design (10S) is chosen.
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2]

Heel-joint as in Figure ||

2.5.3

LRI

2.6 C

In principle this joint can be treated as the heel-joint, type 1.
However, the conditions usually are such that the plate force may
be assumed to lay in the joint direction. Thus the plate force

Fp and timber force Ft are easily related to the joint forces .

Fp = Q respectively Ft

H
=

and the position of Ft s
Ky = M/Ft

in this case friction is simply considered by the alternative

Fp = Q + th

20 % e 0 v A R

alculation of slip

LR I}

s e 8

44 o /a1 KDn

4 4 4 s &8ss

LRI S R R R B




@E ' 28

SWEDIS  1EST PRODUCTS
RESEARLn LABORATORY

a
>
Flgure I  Heel-joint, type I \ ¥
N
b | L]
> X

Filgure II  ideel-joint, lype 1T

Ri 4 10 74 60 KDB




S mﬂw«

4

2

...«.@\MwV

N

..“’

. =




FEDERATION EURGFEENE
DES SYNDHCATS DE FABRICANTS DE MENUISERIES
INDUSTRIELLES DE BATIMENT - SOUS-COMMISSION «GLULAM~>
(F.E.M. L B) ARSENAL, OBJEKT 212
' A-1030 WIEN ;

TELEFON 65 10384 3
«< GL ULAM > Austria / Autriche

July 1979

350 ppOYTSIONAL DRAFT

( to be used as wor-
king document only)

GLUED TIMBER STRUCTURES
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Note: At the session ‘n Milaen, on 27.10.1978,it was
decided to divide Part 2 "RATING AND PERFOR-
MANCE ", which had been intended t41ll then,thus
creating Part 2 " RATING" and Part 3 " PERFOR-
MANCE ", :

Notes within the text, marked by narrower lines
and bordered by transversal dashes, serve as an
explenation and are not subjekt of this GLULAML
Standard.

The results of the meeting of the Workt ng-Group
on 16.2.1979 as soon as of the meeting of GLULAM
on 30.5.1979 in Frankfurt/M are worked ¥n as much
as possible :

S G0y WG i W Ko ik . TS X0 T N

PREFACE:

This GLULAM-STANDARD should give the base for determinations
relating to timber, rating and performance of glued timber
gtructures 4n the member countries of GLULAM. Furthermore,
this standerd should be the base for the intended CEN- and
150~ stenderds in the field of glued timber structures.
There are three parts of the GLULAM-STANDARD:
Part 1 : GLUED TIMBER STRUCTURES

REQUIREMENTS FOR TIMBER

Part 2 : GLUED TIMBER STRUCTURES
RATING

Part 3 : GLUED TIMBER STRUCTURES
PERFORMANCE

L) Scope:

This GLULAM-Draft, Part 2, applies to laminated or to cross-
laminated load bearing structural elements made of sawn t9m-
ber from contferous species. '



2)

The requirements for timber which is glued are stated <n
Part 1.
The determinations and rules which are necessary for the

- manufacture of stuctural elements and for the performance
of glued structures are subject of Part 3. o
Deviations from the reqirements of this code and the use of
materials and methods of destgn or construction of wood struc-
tures not covered by this code are permitted when the validity
s substentiated by analytbical and engineering principles
or reliable test data, or both.

2) Rating:

2.1.1 Permtssible stresses, dimensioning stresses, safety
nargins

Wt Yk vy ey v ey o Baan

Basic dfscussions concerning the system of contem-
plations of security at the present state:

a) Deterministic system ( permissible stresses,
presently usual system) A,B,F,I,

FGR(BED)
b) Limfting condttions ( stochastical) W18 and
Determination of criteria for dimensioning ISO/%gB

on the basis of statdstical data with the

g3id of coefficients

could not be ended n Milan 1978,Munich, March 1978
and Frankfurt/M, May 1979,

The delegates have the opinion, that the daterministic

system for the next years will be kept up in the coun~
tries represented by them,

ke —— Do o 1 T T

The stresses should be determined at or relatsd to a
wood mot sture content of

15%.

The relation

CH

e e NT ™1 73




3)

g A,BRD,F,T
or G;L-n e (Gii G:l.t.) ‘$in et S Nir, s

applies to compress*on slop*ng to the gra*n.

e k. B ovte v b W pin D Y

————rr - Y A b —

2.1.2 Tensile stresses perpendicular to the glueline

2.1.2.1 If tensile stresses perpend*culér to the glueline
cannot be avoided, they must not exceed

0.25 N/mn°. L

2.1.2.2 If components of the beam are strained by
adds tfonal stresses perpendicular to the grain
or by shearing stresses, besides the regular stres-
ses parallel to the grain, the condition

(0' szul. sz,g,zd. W18 ,NL,
In beams with variable height and with curved

or broken axis tensile stresses perpendicular to

the glueline occur, which should be considered

when rating the dimensions. 2) 3)

Footnotes:

1) In unfavourable cases additional measures are
necessary.

2) The tensile stresses perpendicular to the glue-
line in curved beams with constant height may be
rated according to the turning direction of the
moments using the formula-

+ 51
gL =-
2 R.b. h.
Here the M moment of bending
Symbols R radius of bending in the axis of beam
have the b width of beams
neantng: h depth - of beam

( Gro )z ( ) % 7. UsA, FGR(BRD),



3)

&)

At laminated beams with vartable height
(saddle beams) 4t %s recommended to rate the
stresses by means of the formulae given 3n
literature ( e.g.Blumer H," Spannungsberechnungen
an antsotropen Krefsbogenschetben und Sattel-
tragern konstanter Dicke" and see CIB-WL8, 3th
draft, chapter 5, point 5.,2.2 )

TV S i bt A e s e g . i . aan e 5043 M b e o . ——

The presently proposed formulas are not yet
guaranteed suffifciently through the test re-
sults, Therefore  corresponding values or for-
mulas will not be publsshed until the presenta-
tion of extenstve material.

— N S R A o v

—— o

2.3

Modul of elasticity E
] to the grain Rating of defor-

Factor of curvature

Wi th

sharply curved besms, the influence of the

bending stress within the lamellae must not be ne~

glec

ted.The permissible bendings stresses should be

decreased bécause of the stresses occuring in the in-
dividual lamells, using the formula

%k = 1 - 2ooo ( m%* )2

“eurv F,I,8, w18

or instead of this, because of the non-linear

di st

ribution of stresses, a decrease should be

carried through using the formula

— — -

— any

1

ks 1+ §§L

A, FGR(BRD),
NL,

Moduli of elasticity and shearing:

o e S O T W TS SOV g i o AP W M AR Sl e e it 3 s Y G0y snp e ot e Tt P A S e S sl i ek paat S

Stress calculation ac-
cording to theory 2th

mat?ton order

12.0 kN/mm® 9.6 kN/mm°




5)

J. to the gra’n 0.3 kN/mm2

Modulus of shearing 2
G 0.5 kN/mm

Modulus of torsion 0.9 kN/mm2

W S bt Tk s oy K el bk St et G e P e b W vt T S A AL Y WU s — o 90

Bowing must not exceed a measure which s depending on
the purpose of the building. '

For laminated wooden beams 1¢ s recommended the obw-
servance of g value of

V opdm = 1:300 -~ 1/200.

Upper extrades, which have to be consfdered during manu-
facture, need to be stated n the plans.

For deformations, which are Yncreasing under load depending
on time ( creep ), this ‘nfluence should be considered by
means of the creep characteristic ¢, depending on the degree
of exploitation of the load bearing capactty, temperature
and mot sture content

Vo= v, (1 +Y% ),

Initial deformation = elastic deformation

F<nal deformatfon = elastic and plastic defor-
mation

L
#

Vo

5. References to other standards:

GLULAM~STANDARD Part 1 : GLUED TIMBER STRUCIURES
REQUIREMENTS FOR TIMBER

GLULAM-STANDARD Part 2 : GLUED TIMBER STRUCTURES
PERFORMANCE
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Preface: |
This GLULAM-STANDARD should gfve the base for determs- 5
nations relating to timber, rating and performance of
glued timber structures in the member countries of GLULAM.
Furthermore, this standard should be the base for the
intended CENw-and ISO-standards in the field of glued t*m-
ber structures,

There are three parts of the GLULAM~STANDARD:

Part 1 : GLUED TIMBER STRUCTURES
REQUIREMENTS FOR TIMBER

Part 2 : GLUED TIMBER STRUCTURES
RATING

Part 3 : GLUED TIMBER STRUCTURES
PERFORMANCE

1) Se¢c op e:

This GLULAM- DRAFT applies to laminated or to cross—lami-
nated load bearing structural elements made of sawn t¥m-
ber from coniferous species.

The requ#rementslfor timber which 15 glued are stated in
Part 1.

The determinsgtiéns or rules which are necessary for rating
and dimensioning are subject of Part 2,



2)

Deviations from the requirements of this code and the use
of materials and methods of design or construction of wood
gbructures not covered by this code are permitted when the
validity is substantiated by analytical and engineering
principles or relable test data, or both.

2. Performance

Wt G . - T SR A e e T e 0N S A A b S v e e D e M A G LA S M S T it A Ak A ey S i T
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2.1.1 ©Structural elements should be designed avotding
stresces perpendicular to the gluelines as far
as possible. In no case they are allowed to ex-
ceed 0.25 N/mmg. See Part 2.

2.1.,2 With curved beams the thickness of their lamellae
should be determined by a ratio

r/t = 200 - 150
depending on their radius of curvature, wherevy" t "
should be determined in mm according to formula
t % 10+ 0.4 (£~ 15 )

By observance of special production rules the
values can be less than the limit values.

2.1.% With openings ‘n beamg, the stress maxima occuring
particularly n corners should be considered by
design measures, for example,by gluing plywood to
the respective places.

2.1.4 If the besm has step-like cut-outs at its ends,
at the supports, the safe takeup of transversal
and shearing stresses cshould be considered.See part 2.

2.1.5 In the final state as well as in the states of as-
sembly sufficient precautions against upsetting
should be provided by fastenings or sim!lar mea-
sures.,




2.3

3)

If no additional precautions for stabilization are
teken, the retio b : h = 1 : 10 should not be
axceeded.

Deorssowidth of the beam
h veeso. depth of the beam

i wiae v mw i e jarp W o may Boas Yk s o i o Sk v S -~

Generally, end Jjotnts should be made by finger Jjoin-
ting. During manufacture, finger jo*nts should be
tested at random.

Within one lamells, the distance between the end
jotnts should not be smaller than

1.5 m,
For the transmigsion of loads, butt end jointing is
ot permtssible,

(1) In general, the quality requirements for laminated
beams which consist of nd!vidual components having
smaller cross-éect*ons, need to be related only %o
the un*t as a whole but not to the individual parts.
However, the components being sttuated in the ten-
sfon zone must by themselves correspond to the cho-
sen quality class.

In laminated beams, which sre strained by bending
this spplies to all lamellae 3n the outer 1/8 of

the depth of the beam and at least to the two outer
lamellae of the tensile zone; just so the upper of

the cross-section, however at least two lamellae, must
be made of boards without end joints or of lazmellae
with finger Joints.

End Joints ¥n the ‘nterior of s laminsated struc-
tural element which is chiefly strained by bending
or compression may be butt joints. These end joints
in neYghbouring lamellse should be staggered ad

d¥ stances of at least 50 cm.




4)

(2) Smallest number of lamellae
The glued cross~section should be made of a
least

4 lamellge.

2e4 G lues:
Only glues being adequate for this ffeld of appli-
catfon and being tested by an authorized ‘nstitution
may be used,
The use of thermoplastic glues s not permfssible.
The shear strength of the glue must be at least as
btgh as that of the wood, and at least correspond
to the “nstructions of DIN 68141 or AFNOR.

The glues should be rest stent against mof sture as well
as a gatnst chemical or other impacts. Therefore, as
a rule, synthetic resin glues should be used,

Tt R ik MY o g has

Note: A GLULAM-list of admitted glues should be
added as enclosure and should be completed
resp.corrected in regular 45 stances.

n e ;s = e

2.5 Conditions of gluing:

K e S b i T o Sk Sl ot o @t Sih ST o v

2.5.1 Only well planed lamellae should be used, thickness
deviations of up to 0.2 mm are tolerated, 1
2.5.2 Intensity of pressure
The ‘ntensity of pressure should be evenly 4% stri-
buted as much as possible aver the area’'which g
glued and % should be as much as 0.6 N/mmg, 2)

Footnotes:1)Tests for the gluing of saw-rough timber are
carrfed through presently,Corresponding deter-
minations will be gfven, when sufficient re-
sults are avsflable,

2)The intensity of pressure depends d#:the thick-
ness of the lamellae, on the number of the la-
mellae, on the shape of the structural element
( strafght or curved) and on the glue used.
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2.5.3% Pressing time:
The recommendation of the respective glue manufac-
turer as well as the climate (temperatur, huwhdity )
in the gluing room should be cons'dered.

2.5.4 Temperature and humidity: '
The room temperature during pressing should be at
least as high as 18° ¢, Prior to gluing, the wdod
which s glued should be conditioned to room tempera-
ture in time. ‘ .

The relativé humidity in the gluing room should not
be less than 40% and not more than 80%.

With radio frequency gluing, the related rules should
be obtained.

2.6 Supervision:

o ohthe WLty b e e it T L o

2.6.1 Supervision by the manufacturer himself:
The production of glued structural elements s only then
permitted, when besides educated personnel correspon-
ding equipments and ‘nstruments are available.

The gluings carried out should be plotted ¥n datsa
sheet (gluing records), where all the gluing work
is recorded showing kind and amount of the same,.
The gluing records, which may be replaced by auto4
matic records (EDV) as well, should comprise the
following data:

date, buflding project, marking of the struc-
tural element,(project No.,current No.), amount
of elements, wood species, wood qualfty, dimen-
sions of the structural element or sketch of
the same, mofsture content of the wood, outdoor
temperatur, conditioning time of the prepared
timber and of the fintsh glued elements, start
of glue spreading, start of pressing, pressing
time, intensity of pressure, kinds of glues

and hsrdeners used, gluing area per stguctural
element, glue spread per area unit(g/m<), sig-
nature of the supervisor.

G W W e a4 D A e e
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Temperature and relative humidity *n the gluing room
should be plotted by means of s c¢climate~-recorder.




2.6.2

2.8

3) Ref

6)

For the supervision of the production shear-tests 4n

the pla*n of the gluing ares and strenght-tests for
the fonger jo'nts are recommended.

Supervision by competent suthorities:

The production should be supervised and certs fi-
cated by an authorized Ynstitution (assoctations
of manufacturers' of glued structures, research
institutes, etc!) using randombtests, or a superw
vision of this kind may be requested by the custo-
mer.

A oy s s o i S i e L A WA R ke ek B L0p s s e A0 St s Bk ok AR e peag o r o T T T P e it e e o oo P e S T

Tf the structural elements have more severe service
conditions due to motsture a suitable surface pro-
tection is needed but it must be warranted that +t
doesn't +“nterfere with the glue.

A corresponding protection against humidity during
storage and erection has to be provided.

In general, wood preservatives should be applied
only after gluing, as far as no guarantee +s given
that no risk *s involved +f they are applied earlier,

v vt it e S i e e e ST oW L U B SA Ll WY L LR Sk ST AL ALY ST DS SR Ll G AT A0 S I DA OO 5

Glued structurasl elements should be given durable
markings showing manufacturer and date of manufacture.

erence to other standsrds:

GLULAM-

GLULAM-

STANDARD Part 1 : GLUED TTIMRBER STRUCTURES
REQUIREMENTS FOR TIMBER

STANDARD Part 2 : GLUED TIMBER STRUCTURES
RATING.

W e A — AR s AL e




i

e
\....

&

o - = T v

s

KA



A SIMPLE DESIGN METHOD FOR STANDARD TRUSSES
BY
A.R. EGERUP

The Structural Regearch Laboratory

The Technical University of Denmark

Paper prepared for International Council for Building Research

Studies and Documentation.

Working Commission W18 - Timber Structures.

FOREWORD.

At the last meeting of CIB Wl8 (Vienna Austria March 79) a
paper: "Design of metal-plate connected wood trusses "

was presented.The paper described some of the major
differences in the design rules of various countries. These
differences do not immediately seem significant, but a closer

examination shows that they are in fact quite important.

However the differences arise from different ways of

considering the same effect in the truss.

The conclusion was that most codes or recommendations could,
with minor changes form a special CIB Trussed Rafter Code,
which in principle could be followed by all countries.

This paper is meant as an outline of a possible common design

procedure which could be universally followed.




BACKGROUND

The present design criteria for metal-plate-connected
wood trusses in different countries have been developed
and refined more or less according to the same principles.

The level of sophistication is dependent upon experience,

proto~type testing and analytical techniques.

Numercous existing trusses have been designed with very

crude and simple methods and it is correct to say that no

serious incidences of failure due to design method alone
have taken place. The validity of the design is more a
result of field experience and proto-type testing than
actual well-proven theoretical design calculations, the
design method has been calibrated to the experience.

Thig applies to normally supported standard type trusses,
but for individual trusses or other standards, e.g. where
the support joint is moved further in on the lower chord
(cantilevered trusses), the existing procedures which were
perfectly valid for w-trusses are either unsafe or grossly
over-dimensioned. Therefore there is a need for a general

accurate and efficient truss design method.

At present only two methods of analysis exist

‘L. Pin-jointed analysis where the structure is modelled as
a statically determinate structure assuming the
members to be pin~connected.
Axial forces in truss members are determined explicitly
from an equilibrium eguation.
The moments are determined by moment coefficients de-
pending on the type of loading and the number of panels
normally based on an elastic solution for continuous

beams over fixed supports.
For manual calculation and computer analysis this is a

very easy operation performed at a low cost and with
high accuracy both manually and on the computer.



Frame analysis where the structure is considered

ag an indeterminate structure. This method considers

a complex mathematical model of the truss with stiffness
variation of the members (usually constant along each
member ).

The partly rigid joints are modelled as small fictitious
beam elements with stiffness and length more or less
related to the physical model.

Forces and deflections are determined by solving a great num-
ber of linear equations, which is expensive and time
consuming on computer and impossible by manual calculation.
The frame analysis is based on the theory of elasticity and
produces a solution where the deformations are consti-
tutive. This type of solution will normally be an upper
bound solution and thus be conservative.

Furthermore the moment distribution is very dependent

on the mathematical model.

There are two demands to be met in a truss design code:
1. A simplified efficient design procedure which produces

designs for ordinary standard truss configurations.

2. A sophisticated computerized. method which produces
accurate design for any timber truss, taking all sig-

nificant effects from truss behaviour into account.

The first method should be used as an every day design
procedure which can be performed very easily at a low
cost, either manually or on a small computer.The sophisti-
cated computerized method should be used for individual
structures and for calibration of the simplified procedure.




PROPOSAL FOR A SIMPLIFIED METHOD

A simplified method for standard trusses should produce

the following parameters for use in the design criteria®

1 Axial forces.

2 Moments.

3. Buckling length
4

. Deflections.

The axial forces in a truss are determined very accurately
in the pin-jointed analysis, but moments are not determined
very well in either the pin-jointed or the frame-analysis.
The reason is the non-linear behaviour (plasticity)of the
truss for even low load levels. However, test calculations
and experience show that the moments can with reasonable
accuracy be estimated by moment coefficients. 1) These can
amond other things vary with the sleope of the truss which

can be taken into account 1f required.

The buckling length can also be given as a constant multi-

plied by the distance between panel pointsg,

1)
The moment coefficient is a factor ¢ which multiplied by
the simple moment MO gives the moment in the required
point M =

M. o= 1
© 3

c MO for a uniform distributed load w is
2
w 17,




END PANEL MID PANEL END PANEL

PANEL 1 PANEL 2
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Fig. 1. Moment distribution in a W~truss.

Figur 1. shows the gimplest example of a truss: the w-con-
figuration. The moment distribution in the upper and lower
chords is shown assuming uniformly distributed loads. The
effective buckling length is calculated from the inflection
points of the moment curve for a member. In the moment
distribution it is assumed that both the support Jjoint and
the top joint are able to transfer moments.



Cy=Qy

Fig. 2. Moment coefficients and effective buckling lengths.

In fiqure 2. moment coefficients in different parts of the
trugs are indicated as a variable g:; the effective buckling
'length for compression members is also indicate as a variable
B multiplied by the panei length.

The axial forces are determined from a pin-jointed analysis.

o and B are deliberately indicated as variables.

o and 8 are determined by calibration or judgement. For example o
will depend on the plastic capacity of the timber and might
vary from country to country according to the softness
{ductility} of the timber. l

A pure elastic solution will give the following o - values.

oq = 0.0
uz = 0,070
ay = 0.125

0.0




For example a plastic solution will give the following «~- values

oy = 0.01
x, = 0.083
6y = 0.083
a6, = 0.01

In the plastic solution it is assumed that the moment-capacity
of the joints is approx 1o0% of the moment capacity of the timber.

Other types of standard-configuration trusses (triangular-
configurations) can be described with regpect to moments and
buckling length in a similar way ,

The deflection criteria can be treated in a similar manner

with a coefficient-system.

The method has the advantage that it can be used both
manually and at low cost on a computer. Furthermore the
method can generate limiting span=tables which must be
part of the national code bkased on the rules in the

‘CIB=~code.
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FEDERATION EUROPEENE
DES SYNDICATS DE FABRICANTS DE MENUISERIES
INDUSTRIELLES DE BATIMENT

(F.E. M. L B)
« GLULAM »
To
SOUS-COMMISSION «GLULAM
Tnternational Council for ARSENAL, OBJEKT 212
Butldfng Research studies A-1030 WIEN
and Documentatton/Wl8- TELEFON 65 10 384
II\-Q mber St mcture s Austria / Autriche
Wien, th
vienna 1 October 1979
Vienna

Ref.: Comment to the CIB-CODE 4°% draft

The present 4P Draft CIB-W18 Code was discussed ab the
CLULAM-MEETTNG at Franfurt/M on 30'® May 1979.1t was de-
ctded to comment varfous paragraphs referring to glued
timber structures:

ad Chepter 3: This chapter had been presented at the CIB-
w18mmeetiﬁg in March 1979: 4t 45 basing on the method of
partial factors.

In the End Draft FW, page 1, provivions had been made for

ustng the deterministic system as well as the method of
partial factors.

Tn the opinion of the delegates of the member countries

of BLULAM 4t should be left for chofce which system s
used to rate structures. The f‘antroduction of a new con-
cept of securtty can be done by the national asuthorities
only. As regards the member countries of GLULAM it 4s to
be assumed that the determintstic system will not be dis-~
carded st least with'n the next years. In most of the
countries the standards for rating concrete, timber and
steel have been revised and published recently. Also for
th%s reason, an alteration %s not to be expected in the
next time.However, above all, it appears necessary to make
safety considerations sccording to the same principle for
all structural materials. In large structures made of tim-
ber, particularly n glued structures, parts from steel
are usgsed frequently. It would be intolerable to lay down

BANKVERBINDUNG: CREDITANSTALT-BANKVEREIN,  A-1030 WIEN, KONYO NA. 55-44986
WGLULAM» / DSTERR. GESELLSCHAFT FUR HOLZFORSCHUNG
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4% fferent principles for rating these two structurasl ma-
terials. ' ' o

Other doubts were expressed as to the dffffculty of the
application of this proposed system in practice.It should
be considered that the gtandards have to be applied in
small plants as well, where no experts having the neces-
sary knowledge of statistics and of the theory of proba-
bilities are avatlable. Hence the factors should be sta-
ted 4n so simplified a manner as to make them applicable
in practice,

Further on, it was proposed to add exemples to the CIB-
Draft as soon as security sybtems snd factors will be sta-
ted conclusively, *n order to facilitabte the application
of the standard.

ad Chapbter 5 : Paragraph 5.2.1 Height Factor
For long time it fs known that the strength of beams which

are bearing bending loads s decreasing with increasing
hetght of the beam. (Studies by Newlin and Traver 1924,
further studies by Mollin, Cfzek,A.Ylinen and others),how-
ever, with the usual dimensions of timber, this was of no
practical ‘mportance.

By contrast, with high glued laminated timber beams, this
influence has to be considered, whereby the way how to
constder it still has to be decided.

In fact, in the standards of varfous countr«es, ds fferent
figures are stated, as shown “n Fig.,l ‘n the sppendix,

Now the courses of the curves show very well that part?cu-
larly with heights of more than 100 mm no decrease of the
strength takes place, presumsbly due to an ‘mproving effect
caused by the lemination.

The fédrmula, comprised “n the CIB-Cod

00
oy = (wégm ) in mm

is basing on the highly theoretical studies by B;Bohannan
"Effect of size on bendng strength of wood members", US
Forest Service, Research Paper May 1966, *n th's studies

e 4th Draft
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the experiments had been carried out using samples mea-
suring 5 by 5 cm. It is our opinfon that the results of
this experiments are not applfcaeble n practice of con-
structton becausge 3t is ‘mpossible to extrapolate f3gu-
res from small-scale experiments with sesmples stzed % by
5 em to 10 to 20- fold these dimensions.

The exponent X depends on wood species and on greding; in
former studies it had been stated as much as 1/9.

The height factor, having been calculated using this
exponent % s plotted *n the enclosed Fig.l, where devia~
t4ons chiefly occur in the range between H = 300 and H =
1000 mm,

Tt is the opinton of the delegates of GLULAM that in this
matter a unification should be *nduced and that *f a height
factor should be considered at sll, % should be applied
only with hefghts from 500 mm on. The alteration of the
formula for example to

b8
kﬂ“("%%g'>

with X = 1/9 would make a deviation of a few percent on-
ly, however, for tractical use, this would result ‘n a
stmpld £9cation.

ad Paragraph 5.2.%

The Wtlson-formula, ‘nitially provided for

t 2
Kourvy = 1 - 2000("5" )

was replaced by the modtfied Wilson-. Hudson- formula

= .
L 0.76 + 0.00L £

In the usual range _%_ = 200 - 150 ©both the formulas give

practically ‘dentic figures,

The Wilson- formula ¥s included in the standards of vard-
ous countries, therefore *t should be thought over whether
or not it s possible to use this formula further on in
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i1ts preve’ling shape #n order to factlitate the sdaption
of the nationsl standards and codes.

For the rest we noted the following:

ad Formula 6.1.3.1lb

The formula shall be corrected:

P osn © 42.\/?‘, 4= + 12.¢ .k . b, d

with other words, in the second part of the formula "h
shall be replaced by " &t " .

it
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CIB-18/12=100=2

CIB-{18 - TIMBER STRUCTURES; BORDEAUX, FRANCEH

Dr R H Leiocester of the Commonwealth Scientific and Industrial Research
Orgenisation, Australis, wishes to draw the attention of the members of
CIB-18 in their deliberations for the CIB Structural Timber Design
Code, to the following documents:

1 Latersl Deflection of Timber Beam=columns during Drying - R H Leicester,
Wood Soience and Technology Vol 5 (1971) No 3, pages 221231,

2 A Rheological Model for Mechanowsorptive Deflections of Beams -
R H Leicester. Wood Soience and Technology Vol 5 (1971),
pages 211=220,

2 Design of Bracing Systems for Timber Structures =~ R H Lelocester
CSIRO Lecture.

4 Buckling Strength of Slender Timber Members — R H Lelcester.
Extract from CSIRO course Lecture notes (1973).

5 Buckling Strength of Plywood Webs —~ R H Leicester.
1Tth Forest Productes Research Conference (1975) CSIRO.

& Contemporary Concepts for Structural Timber Codes -~ R H Leicester,
Forest Products Reprint No 993 (1972).

7 Linear Fracture Mechanios Solutions for Zero and Right-Angle Notoches -
P F Walshe CSTRO Division of Building Research Paper No 2 (1974).

8 Effect of Size on the Strength of Structures ~ R H Leicester.
CSIRO Division of Building Research Paper Ho 71 (1973).

9 The Strength of Glued Lap Joints in Timber - P F Walsh, R H Leicester,
L Ryen. Torest Products Journal Vol 23 Fo 5.

10 The Size Effect of Notoches ~ R H Leicester. The Proceedings of the
Second Australasian Conference on lMechanice of Structures and
Materials (1969).

i1 fPracture at Buit Jointe in Laminated Pine ~ R H Leicester and P C Bunker.
Forent Products Jourmal Vol 19 No 2.

12 Applications of Linear Fracture lMechanice in the Design of Timber
Structures « R H Leicester. 1374 Conference of the Australian
Fragture Group.

13 Applications of Fracture Mechanics in the Timber Engineering Code
€A65 ? R H Leicester. 16th Porest Products Research Conference
1973).

14 TPracture Strength of Wood = R H leicester. Iirst Australian Conference
on Fnginsering Materials (1974).



15
16

1

18

19

20

The Fracture Strength of Wood ~ R H Leicester, CSIRO Lecture.

Fracture at Bult Joints in Laminated Pine — R H Leicester and
P ¢ Bunker. Forest Products Journal Vol 19 No 2 (1969).

Loadmgharing Cheracteristios of Timber Structural Systoms e
G ¥ Reardon and R H Leicester., Conference on Application of
Probability Theory to Structural Design (1974).

Proof Grading, A Practiocal Application of Reliability Theory =
R H leicesber. 3rd International Conference on Applications of
Statistics and Probability in Soil Structural Imgineering (1979).

Australian Standard 1649-1974. Determination of Basic Working Loads
for lMetal Fasteners for Timber,

Australian Standard 1720«1975. SAA Tlmber Imgineering Code.
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FOREWORD

A first draft of the C1B Structural Timber Design Code was discussed atl CIB-W18 meetings in June
1976 (document CIB-W18/6-100-2), February 1977 (document CIB-W18/6-100-2; Joints) and Oc-
tober 1977 (document CIB-W18/8-100-1; List of Contents).

Rased on comments received on these documents a final draft was prepared of the List of Contents
and presented to ISO/TC 165 for comment. A new preliminary draft for the code was pre-
pared and discussed by a Code Drafting Sub-Committee consisting of CIB members L. G. Booth, W. T.
Curry, J. Kuipers, H., J. Larsen, K. Mohler, J. G. Sunley, J. R. Tory and also T. A. Eldridge, F. Keenan
and W. R. Meyer representing the Canadian Standards Association and Dutch TNO.
A second draft of the code was prepared by L. G. Booth, H. J. Larsen and J. R. Tory. This was dis- :
cussed, except for Chapter 6, Mechanical Fasteners, at the CIB-W18-meeting in June 1978 and it 1
was agreed that a third draft should be sent out for comments, among others from the members |
of ISO/TC 165-Timber Structures. |
The third draft was discussed at the CIB-W18-meeting in March 1979 together with chapter 6 from
the second draft and a draft for chapter 3, Basic Design Rules. Based on the discussion this fourth
draft was prepared.
The draft contains only rules for the design of timber structures and recommendations which define
their validity. It does not contain rules common to the construction of other structures or safety
criteria, and reference is made to Comité Euro-International du Béion, Volume 1, Commeon Rules
for Different Type of Construction and Material.
Although chapter 3 is based on the partial factor method of design the remainder of this draft
standard is equally applicable to either deterministic or partial factor methods provided material
properties are given as characteristic values and suitable safety factors for strength and stiffness
parameters are introduced to the design calculations.

Sections changed from third draft are marked with a vertical line of diamonds in the left-hand margin,

Related Documents
The draft code makes reference to other documents at a preliminary stage which have been submitted

to ISQ/TC 165 for comment. These are:
Timber Structures - Joints - Determination of Strength and Deformation Characteristics of Mechani-
cal Fasteners - prepared by CIB-W18 & RILEM 3TT.
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Timber Structures - Plywood - Determination of some Physical and Mechanical Properties.

*

Timber Structures - Timber in Structural Sizes - Determination of some Physical and Mechanical
Properties,

Other documents relating to the sampling of test specimens and the analysis of test data to produce
characteristic values will be prepared by CIB-W18.
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The background for the CIB-Structural Timber Design Code is technical papers prepared for and dis- |
cussed at meetings in CIB-W18 Timber Structures. 5
The papers are identified by CIB-W18 and a number a-b-¢: 3
denotes the meeting at which the paper was presented. Meetings are classified in chronological

order:

a

Princes Risborough, England, March 1973
Copenhagen, Denmark, October 1973
Delft, Netherlands, June 1974

Paris, France, February 1975

Karlsruhe, Federal Republic of Germany, October 1975
Aalborg, Denmark, June 1976
Stockholm, Sweden, Feb./March 1977
Bruxelles, Belgium, October 1977

Perth, Scotland, June 1978

Vancouver, Canada, August 1978

11. Vienna, Austria, March 1979

Pt
e

-

b denotes the subject by the following numerical classification:

1. Limit State Design 12. Laminated Members

2. Timber Columns 13. Particle and Fibre Building Boards

3. Symbols 14, Trussed Rafters

4, Plywood 15.  Structural Stability

5. Btress Grading 100. CIB Timber Code

8. Stresses for Solid Timber 101. Loading Codes

7. Timber Joints and Fasteners 102. Structural Design Codes

8, Load Sharing‘ 103. International Standards Organisation

9, Duration of Load 104. Joint Committee on Structural Safety
10. Timber Beams 105, CIB Programme, Policy and Meetings
11. Environmental Conditions 106. International Union of Forestry Research

QOrganisations

¢ is simply a number given to the papers in the order in which they appear:

Example: CIB-W18/4-102-5 refers to paper 5 on subject 102 presented at the fourth meeting
of W18,

A current list of CIB-W18 technical papers from meeting 1-11 is given as an Annex to this code.
Copies of individual papers are available from:

The Secretary, CIB-W18
Princes Ribourough Laboratory
Princes Risborough
Buckinghamshire HP17 9PX
United Kingdom
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1. INTRODUCTION

1.1 Scope

The primary purpose of this code is to provide an agreed background for the international bodies and na-
tional committees responsible for formulating timber codes, to ensure a reasonable and consistent quality
of timber structures.

The code relates primarily to the siructural use of timber and is intended for use in the design, execution
and appraisal of structural elements made from timber or wood products and of structures containing
such elements.

It is based on the principles of structural mechanics, engineering design, and experimental data, interpret-
ad statistically as far as possible.

Deviations from the requirements of this code and the use of materials and methods of desigh or con-
struction of wood structures not covered by this code are permitted when the validity is substantiated
by analytical and engineering principles or reliable test data, or both.

1.2 Conditions for the validity of this document

Safety and serviceability are not simply functions of design, but depend also on the care and skill of all
personnel involved in the construction process, and on the proper use and maintenance of the structure.
HEssential requirements are therefore that

- projects are carried out by qualified engineers,
- the consfruciion is carried out by personnel having both the required skill and experience,
- the required supervision is always available,

- the structure, by design or the use of suitable materials or by impregnation, is protected against
attack by fungi, insects, shipworm, gribbie, etc., and its integrity is ensured by correct maintenance,

- the actual conditions of use of the structure during its life do not depart significantiy from those
specified during the design stage.

1.3 Units

The units used are generally in accordance with the »International System of Units, SI» and »Rules for
the Use of the International Systera of Unitsy established by IS0 and prepared by ISO/TCO8/5C2.

Exceptions are the units for time, temperature and plane angle. In accordance with common and well
established practice the Celsius scale is used rather than the Kelvin scale for thermodynamic tempera-
ture; degrees are used rather than radians as the non-dimensional units of plane angle; and hours, days,
weeks, months and years are accepted as derived units of time.

The following basic units and derived units are used for structural timber design calculations:

Table 1.3 Units for structural timber design

Physicsl quantity Unit Abbreviation (and derivation)
Length Metre m

Mass Eilogram kg

Temperature Degree Celsius o

Time Second ]

Plane angle : Degree ° (1% = 1%6)

Forece Newton N(1N=1%gm/s?)

Stress, pressure
Elastic moduli

Only multiples of 10%%; e.g. MN, kN, N are used.

Pascal Pa (1 Pa=1 N/m? 1MPa=1N/mm?)
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1.4 Notations
The notations used are in accordance with International Standard 1SO 3898.

In addition the notations given in document CIB-W18-1 »Symbols for Use in Structural Timber Design»
are used.

The following general terms and symbols are used. Symbols which are not explained here are defined
when used. Attention is drawn to the special notations used in Annex 7A -B - C.

Main symbols

e e 2 e 2B

R

T S - T~ Y

Q

-3

Area
Modulus of elasticity
Force

Shear modulus

Second moment of area {(moment of inertiz)

Moment, unless otherwise stated Bending
moment

Axial force

Shear force
Volume

Distance
Width

Diameter
Side length for square nails

Eccentricity

Strength

Depth of beam

Radius of gyration

Factor, always with a subscript

Span
Length

Radius
Thickness

Coordinates

Angle

Factor

Factor

Factor
Slenderness ratio
Ratio

Poisson’s ratio
Specific gravity
Normal stress.
Shear stress
Ratio

Subscripts

apex At apex

axial Axial

bearing Bearing

holt Bolt

buck Buckling

c Compression

col Column

con Connector

crit Critical

curv Curvature

depth  Depth

E Euler

e Effective

f Flange

head Head (nail)

i Inner

inst Instability

m Bending

max Maximum

mean  Mean value

min- Minimum

nail Nail

o Outer

size Size

t Tension

tang Tangency

thread Threaded

tor Torsion

v Shear

w Web

X Related to the x-direction

N Related to the y-direction
Yield

Numbers 1, 2, . . . are used. The following have

a special meaning:

0
90

In the fibre direction, parallel to grain

Perpendicular to the fibre direction, per-
pendicular to grain

1.5 Definitions (will be prepared at completion of the work)
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The test climate and the climate in section 2.2 is chosen with regard to International Standard
ISO 554, Standard atmospheres for conditioning and/or testing specifications.

The climate class grading is based on CIB-W18/5-11-1 with small changes as motivated in 6-11-1.
The climate classes should not be confused with meteorological climates.

The load-duration grading is based on CIB-W18/3-9-1 and especially 7-3-1.
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2. BASIC ASSUMPTIONS

2.1 Characteristic values and mean values

2.1.1 Characteristic values

The characteristic strength and stiffness values given in this code for timber and wood-based materials are
defined as lower H-percentile values (i.e. 95% of all possible test results exceed the characteristic value)
directly applicable to a load duration of 3 to 5 mins. at a temperature of 20 + 3°C and relative humi-
dity of 0.65 + 0.02. Where the characteristic values are estimated from a limited number of tests the
estimate shall be made with a confidence level of 0.75.

The characteristic strength values are related also to

a section depth of 200 mm for the bending strength of solid timber,
- 3 section depth of 300 mm for the bending strength of glued laminated timber,
- avolume of 0,02 m® for the tensile strength perpendicular to grain.
The characteristic specific gravity for a species or species group is defined as the lower 5-percentile value
with mass measured at moisture content w = 0 and volume measured at a temperature of 20 = 3°Cand
relative humidity of 0.65 = 0.02.

2,1,2 Mean values
For some elastic properties the mean values are also given in this code and are defined at the same tem-
perature and humidity conditions as the characteristic values.

2.2 Climate classes
Structures dependent on moisture content shall be assigned to one of the climate classes given below:

The examples given below each climate class definition are particularly appropriate to European conditions.

Climate class 1
The climate class is characterized by a moisture content in the materials corresponding to a tempera-

ture of 20 + 3°C and a relative humidity of the surrounding air never exceeding 0.80 and only ex-
ceptionally, and then only for short periods (less than a week), exceeding 0.65.
The following structures can be included in this ¢lass:
structures in outer walls in permanently heated buildings where the structures are protected by a well-ventilated

tight cladding.

Climate class 2
The climate class is characterized by a moisture content in the materials corresponding to a tempera-

ture of 20 * 3°C and a relative humidity of the surrounding air only exceptionally, and then only for
short periods (less than a week), exceeding 0.80.

The following structures can be included in this class:
structures in not permanently heated, but ventilated, buildings in which no activities particularly likely to give
rise to moisture take place, for example, holiday houses, unheated garages and warehouses, together with ser-
vice space,
ventilated roof structures and other structures protected against the weather,

Climate class 3
All other climatic conditions,

The following structures are included in this class:
concrete forms and unprotected scaffolding,
marine works.

2.3 L.oad-duration classes

For strength and stiffness calculations actions are to be assigned to one of the load-duration classes given
in table 2.3a.




ik

The load-duration class for a given load (specified by its time spectrum) depends on the properties

of the material or the whole structure. For the intermittent load shown the effective loading time

is equal to T if T is long as compared to the recovery time for the material, and equal to the accumu-
lated loading time if there either is no recovery or if T is comparatively short.
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The load-duration classes are characterized by the effect of a constant load acting for a certain period
of time. For variable action the appropriate class is determined on the basis of an estimate of the inter-
action between the typical variation of the load with time and the rheological properiies of the materials

or structures.

Table 2.3a Load-duration classes

load - duration class duration :
permanent >10%h |
(> 10 years)
normal 10°-10%h
(6 weeks - 10 years)
short-term 10-10°h
{10 h - 6 weeks)
very short.term < 10h
instantaneous < 3 seconds

In table 2.3b are given examples of loads in the different classes for permanent buildings {i.e. a life time of 50-100
years),

Table 2.3b Examples of load-duration classifications for actions

permanent dead load
earth and water pressure, loads in some warehouses and storage tanks

normal floor loads
loads in warehouses
loads on grandstands and some scaffolds
frequent value of snow load in some countries

short-term load on most scatfolds
characteristic value of snow load in some countries
frequent value of wind load
temperature actions

very short-term  imposed load from persons on roofs not intended for traffic
characteristic wind load
mooring forces (ships)

instantaneous wind gusts
impact
earthquake




Chapter 3 is new and is based on CEB, Volume I and General principles on reliability of structural de-
sign, May 1978 prepared by L. Ostlund.
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3. BASIC DESIGN RULES

3.0 General

Structures should be designed in such a way that there is a prescribed safety against the limit states de-
scribed below being exceeded.

Furthermore, they should be designed in such a way that when exposed to fire they have adequate load-

carrying capacity and integrity for a certain amount of time, out of regard for evacuation, limitation of

flame spread and protection of firemen.

The main structure should normally be designed in such a way that it should not subsequently be da-

maged to an extent disproportionate to the extent of the original incident. This requirement may be

achieved by

a) designing the structure in such a way that if any single load-bearing member becomes incapable of
carrying load this will not cause collapse of the whole structure or any significant part of it, or

b) where necessary, ensuring (by design or by protective measures) that no essential load-bearing mem-
ber can be made ineffective as a result of an accident.

3.1 Limit states

A structure, or part of a structure, is considered to have become unfit for its intended purpose when it
reaches a particular state, called a limit state, in which one of the criteria relating to its load-bearing
capacity or its conditions of service is infringed.

Limit states are classified into ultimate limit states and serviceability limit states.

3.1.1 Ultimate limit states
Ultimate limit states correspond to the maximum load-carrying capacity or to complete unserviceability.

Ultimate limit states may for exampie correspond to:

- loss of static equilibrium of the structure, or part of the structure, considered as a rigid body (overturning),
rupture of critical sections of the structure due to exceeding the material strength (in some cases dependent
on the load history) or by deformations,

- loss of stability (due to among other things buckling},

- unlimited stip of the whole structure or mutually between parts of it.

3.1.2 Serviceability limit states
Serviceability limit states are related to the criteria governing normal use.

Serviceability limit states may for example correspond to:
deformations which affect the efficient use of a structure or the appearance of structural or non-structural ele-

ments,
excessive vibrations producing discomfort or affecting non-structural elements or equipment (especially if
resonance OCCUES),
local damage (including cracking)} which reduces the durability of a structure or affects the efficiency or appear-
ance of struetural or non-structural elements,

- local buckling of thin plates (for example in thin webs or flanges) without rupture.

- excessive impressions due to stresses perpendicular to the grain and not affecting the ultimate strength.

3.2 Actions and their combinations

3.2.1 Actions
It is assumed that actions are classified according to ISO . . . (DP 6116, under preparation) and that
the following values are given for the individual actions

- characteristic value Fy
- combination value ¢ 4 F,

and furthermore, that the necessary information is given to assign the actions to one of the load-
duration classes given in section 2.3.




A level 1-method according to CEB, Volume I has been chosen, see CIB-W18/11-1-1.
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It is assumed that the load values are given in separate documents, for example in the form of commeon load regula-

tions or IS0 standards.

An action is an entity of
- an assembly of concentrated or distributed forces acting on the structure (direct actions), or
- the effect of imposed or constrained deformations in the structure (indirect actions)

and due to the same cause.

In addition to the duration classification (see 2.3), actions are also classified by ISO DS 0000 (at present Draft
Proposal DP 6116) according to their variation in time as

permanent actions

variabie actions

acciderital actions

The characteristic value of permanent actions from self-weight of the structure and weight of superstructure, ete.
may be caiculated from the intended values of the geometrical parameters and the mean unit weight of the material.

For variable action the vharacteristic value is defined as the value which has a prescribed probability of not being
exceeded in one year. When characteristic values cannot be determined from statistical data, as for example for
actions from special equipment, the corresponding values may be estimated on the basis of available information.
In some cases minimum characteristic values are prescribed by the competent public authority.

For the combination value the factor v takes account of the reduced probability of simultaneously exceeding the
design values of several actions, as compsred with the probability of the design value of a single action being ex-

ceeded.

For accidental actions the characteristic value is normally prescribed by the competent public authority.

3.2.2 Combinations of actions
In the ultimate limit staies the following two types of combinations should be applied:

- ordinary combinations
- accidental combinations.

In the serviceability limit states the combinations of actions should be chosen with regard to the purpose
of the actual calculation.

3.2.2.1 Ordinary combinations
Permanent action + one variable action with its characteristic value + variable actions with their com-
hination values.

3.2.2.2 Accidental combinations
Permanent action + one accidental action + variable actions with theilr combination values.

3.3 Verification of design

The verification of the design should be made according to the method of partial coefficients.
In this method

- actions are expressed by design values F; according to 3.3.1,

- strength parameters are expressed by design values f; according to 3.3.2. Other relevant properties
{e.g. modulus of elasticity in connection with instability design) are freated in a similar way,

geometrical parameters are expressed by design values a; according to 3.3.3.

If the general condition for the actual limit state not being exceeded is expressed as
o(F,f,a,u,C)=0 (3.3a)
the design criteria will be

a(Fd,f Cy=0 , (3.3b)

ar 3qr Mg

where
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¢{) represents the limit state function, and

subscript d denotes design value.

The special problems in connection with soil mechanics are not treated in this code.

3.3.1 Design values of actions
The design value shall be obtained from the characleristic value or the combination value by multipli-

represents actions,

represents material properties,

represents geometrical parameters,

are quantities covering the uncertainties of the calculation model,

are constants including preselected design constraints,

cation by a partial coefficient v;: ‘ ‘

P

or

Fq=7p9oFy

a =y

(8.8.1a)

(3.3.1b)

The values of v are prescribed by the relevant public authority.

In CEB-volume II, concrete, the values for Y given in tahle 3.3.1a have been proposed.

Table 3.3.1a CEB-proposal

action . unfavourable favourable
combination action i effect effect
ordinary permanent Ty 1.35 1.0
variable Tq 1.5 not to be taken into account
accidental permanent Yy 1.1 0.9
variahle Tq 1.0 not to be taken into account
accidental T, 1.0 not to be taken into account
serviceability  permanent Ve 1.0
variable Tq 1.0

In the NKB-proposal the values for v, given in table 3.3.1b have been proposed.

Table 3.3.1b NKB-proposal

action . unfavourable favourable
combination action i effect effect
ordinary permanent Te 1.0 0.8%)
variable Yo 1.3 not to be taken into account
accidental permanent Te 1.0 1.0
variable Ya 1.3 not to be taken into account
accidental Ta ’ 1.0 not to be taken into account
serviceability  permanent Tg 1.0
variable Yq 1.0

*) The factor should be applied to the total constant action, not to part of it.

The design load combinations according to section 3.2.2 are thus for ordinary combinations



The examples are of a very general nature and should be adjusted to timber structures.
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I (3.3.1¢)

T 3 " O ERY s
g.fav i Tq(Iq.l * w0,2}‘(q.2 i V0.3FQ.3 )

"l
Tg,unf1 g.unf + 7fg.fav
and for accidenial combinations

F

DR (3.3.1d)

F

. T o~ (4 o PR ; L
‘g,fav ! TaFa ; 7(1(V0,1P<;.1 ! Vo,zrq,z ! Y 0.3

yg.unffg,unf + Vg fav

3.3.2 Design values of strength parameters
The design values shall be obtained from the characteristic values, modified according to climate class

and load-duration class, by division by a partial coefficient v  :

Y = 1.0 (3.3.2a)
for serviceability limit states.

For the ultimate limit states v, 1s prescribed by the relevant public authority dependent on the
failure classes given in table 3.3.2a

Table 3.3.2a Fallure classes

failure class consequences

less serious risk {o life negligible and economic consequences small or negligible
serious risk to life exists and/or economiec consequences considerable

very serious risk to life great and/or economic consequences very great

The failure ciass for a given type of structures is normaliy prescribed by the competent public authority, e.g. in
the form of a list of examples as given below. The authority may decide to refer all structures to the class serious.

Less serious:

- Buildings in which there are persons only oceasionally, for example warehouses and sheds, if the buildings
have no more than two stories and moderate spans.

- Partition walls.

- Lintels.
Roof and wall sheathing.

Serious:
Buildings in which there are persons only occasionally, for example warehouses, if the buildings have more

than two stories, or in one- or two-storey buildings with large spans (hall structures).
- Buildings in which there are frequently many persons, for example dwelling houses, offices or factories, if
the buildings have no more than two stories and moderate spans.
Building scaffolds and concrete forms.
Exterior wails.
Staircases.
Railings.
Very serious:
- Buildings in which there are frequently many persons, for example dwelling houses, offices, theatres, sports
halls or factories, if the buildings Mave two or more stories or large spans (hall structures).
Grandstands.
A structure is to be referred to a higher class than stated, if, in special cases, stricter requirements are made with
regard to the risk of personal injury or the sighificance of the structure altogether as compared to what is normal
for the actual type of structure.
For structures where the surroundings are decisive for the class consideration should be given to future buildings,

if any, in relation to the life time of the structure.
For structures under erection, the class to which the structure is to be referred must be decided upon in each in-

dividual case.
In CEB-volume II, concrete, the values given in table 3.3.2b have been proposed.
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Table 3.3.2b CEB-proposal for Yo
action combination conerete steel
ordinary 1.5 1.15
accidental 1.3 1.0 |
According to the NKB-proposal: |
- 3.3.2b
'Tm ‘ynl'yml ( )
where Y1 is taken from tabie 3.3.2¢c and
Yy = 140 for structures or structural members produced in a factory under special control arrange-
ments
and
for structures or structural members where the characteristic values have been found by
testing
Yoy = 1.50 in all other cases

Table 3.3.2¢ The partial coefficient ni

failure class Tn1
less serious 0.9
serious 1.0
very serious 1.1

The value assumes a coefficient of variation not deviating from what is usual in timber structures, i.e. a coeffi-

cient of variation between app. 0.15 and 0.25.

According to the NKB-proposal accidental action combinations are considered only for the failure class »very

seriousy,

3.3.3 Design values of geometrical parameters
In most cases the geometrical parameters may be assumed as specified in the design. When the size of
a geometrical parameter may have a significant effect on the struetural behaviour or the resistance of
the structure the design values ay should be obtained from the characteristic value a as

a;=a+t Aa (3.3.33)
or

ag =a—Aa (3.3.3b)

where Aa takes account of the importance of variations in a and the given tolerance limits for a.

3.4 Analysis

For the ultimate limit states linear elastic, non-linear elastic and plastic theories may be applied ac-
cording to the structural response of the structure or structural member to the actions. The charac-
teristic values in chapter 5 are, however, derived from the test loads by the theory of linear elasticity
and this theory should therefore also be used in the design of the members.

It dees not involve the requirement that the stress resultants in, for example, a lattice structure must be calculated
under the assumption of linear-elastic behaviour but oniy that investigation of the individua} members/cross-sections
from the stress resultants found must be in accordance with the theory of elasticity, provided the strength values and
simptified design methods used in the code are used directly.

For the serviceability limit states linear methods of analysis will usually be appropriate.

In the calculation of distribution of forces in statically indeterminate structures consideration should be
given to unfavourable slip in joints etc.



The standard strength classes are introduced in CIB-W18/9-6-1.
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REQUIREMENTS FOR MATERIALS

4.0 General

Strength and stiffness properties shall be based on tests for all actions to which the material may be
subjected in the structure. 4

This requirement does not prevent properties in some cases being based on comparisons with similar species or on

well-established relations between the different properties.

It must be shown that the form stahility, environmental behaviour ete. are satisfactory for the purposes
of construction and eventual end-use.

4.1 Solid structural fimber

4.1.0 General

Structural timber, i.e. timber where the strength and stiffness are of importance, shall be graded in ac-
cordance with rules ensuring that the strength, stiffness and other properties of the timber are satisfac-
fory.

The strength grading rules may be based on a visual assessment of the timber, on the non-destructive
measutement of one or more properties or on a combination of the two methods,

Strength and stiffness parameters shall be determined by standardized short-term tests in accordance
with ISO/TC 165: Timber structures - Timber in structural sizes - Determination of some physical and
mechanical properties. The test specimens shall contain g grade-determining defect - preferably knots -
in the zone with maximum force or bending moment.

4,1.1 Standard strength classes!)
In this code the following standard strength classes are used for solid timber: SC15, SC19, SC24 and SC30.

A given visual grade can be referred to one of the standard strength classes if the characteristic bending
strength, fm {5-percentile), and the mean maodulus of elasticity in bending, Eo,mean, are not less than the
values given in table 4,1.1, For machine siress-rated timber it should further be shown that the character-
istic tensile strength, ft,()’ is not less than given in the table,

Table 4.1.1 Siondard strength classes. Characteristic strengths and mean moduius of elasticity, in MPa

standard strength class SC15 SC19 SC24 SC30 SC38
bending f 15 19 24 30 38
bending By ean 6000 7200 8500 10000 12000
tension ft.O 6 9 18 20 25

It is emphasized that the introduction of standard strength classes does not prevent the introduction of other grades
with for example higher valtues for'EO,mean/fm and fi,@’lfm'

European redwood/whitewood graded according to UN/ECE Recommended standard for stress grading of coniferous
sawn timber (UN/ECE TIM/WP.3/AC3/B-Annex I} can be assumed to meet the demands of the foilowing standard
grades: ECE6 :5C19 - ECES8 :8C24 - ECE10 : 8C30.

Annex 4 contains a survey of which national grades can be assumed to satisfy the requirements of the different

standard grades. { Under preparation).

1) The specification of structural timber by strength classes (sections 4.1.1, 4.2.1 and tables 5.1.0a and 5.1.0b) has been
included as a background for discussion and as an illustration of a simpler method for the engineer than the one based
on species and grades which is generally used. The strength and stiffness values given are provisional,



The requirements apply to the glulam, not to the laminae. The additional tensile strength requirement
for glulam made from more than one species is necessary to ensure a normal property-profile. The in-
troduction of standard glulam strength classes does not prevent the introduction of other grades, e.g.
grades with a higher fm / £, O-ratio by using high-strength wood in the uttermost laminae.
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4.2 Finger jointed structural timber

4.2,0 General

The manufacture of finger jointed structural timber should be according to rules and control which
does not require less of the production than stated in UN/ECE Recommended standard for finger
jointing in structural coniferous sawn timber (UN/ECE TIM/WP.3/AC3/8-Annex I1).

Strength and stiffness parameters shall be determined according to section 4.1.0 eoupled with the rules in
E and the characteristic values for f m 2nd f; 5 are not less than given in table 4.1.1.

0,mean

4.2,1 Standard structural classes
Finger jointed structural timber can be referred to one of the standard strength classes stated in4,1.1if

Eo mean a0 the characteristic values are not less than given in table 4.1.1.

European redwood/whitewood finger jointed according to the UN/ECE Recommended standard category A can be
assumed Lo satisly the requirements of SC24, and category B the requirements of SC19.

4.3 Glued laminated timber

4.3.0 General
The manufacture of glued laminated timber (glulam) should be done according to rules and control

which does not require less of the production than stated in (CIB-glulam standard under preparation).

In principle, strength and stiffness parameters shall be determined as given in section 4.1.0, combined
with recognized methods for determining the strength and stiffness of the glulam from the properties
of the laminae.

4.3.1 Standard glulam strength classes!’
In this code the following standard glulam strength classes are used: SCL30, SCL38, SCL47.

Glulam made from the same wood species in the entire cross-section may be referred to a standard glu-
lam strength class if the characteristic bending strength, t ., and its mean modulus of elasticity in bend-
ing, E.O mean® &Y€ not less than the values given in table 4. 8 1 In other cases it is furthermore required
that the characteristic tensile strength is not less than given in the table,

Table 4.3.1 Standard glulam strength classes. Characteristic strengths and mean
modulus of elasticity, in MPa

standard glulam strength class

SCL30 SCL38 SCL47
bending f 30 38 47
bending E, mean 16000 12000 12000
tension ft,o 20 25 30

Glulam made from finger jointed timber corresponding to 8C30 in the extreme eighths of the cross-section on
either side, however at least two lamellas on either side, and to SC24 in the vest of the cross-section can be con-
sidered to correspond to SCL38. A corresponding combination of SC24 and SC19 can be assumed to correspond
to SCL 30,

CIB-W18 will produce an annex to this code indicating how the requirements of these standard glulam strength

classes may be met by existing national practices.

1) The specification of glued laminated members by strength classes (section 4.3.1 and table 5.2.0) has been included
a background for discussion and as an illustration of a simpler method for the engineer Lhan the one based on species
and grades which is generally used. The strength and stiffness values given are provisional,



CIB-W18 papers on sampling and evaluation are under preparation.
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4.4 Wood-based sheet materials
Testing must be carried out in accordance with the following standards:
For plywood: ISOQ/TC 165: Timber struclures. Plywood. Determination of some physical and

mechanical properties,

For particle hoard
and fibre board:

4.5 Glue

Only glue giving joints of such strength and durability that the integrity of the glue-line is maintained
throughout the life of the structure, is allowed for timber structures.

4.6 Mechanical fasteners

Refer to chapter 6.

4.7 Steel parts

Nails, screws, bolts, and other steel parts should as a minimum be protected against corrosion according
to Table 4.7.The requirements for protection against corrosion may be relaxed where surface corrosion
will not significantly reduce the load-carrying capacity.

Table 4.7 Minimum protection aguinst corrosion

climate class nails, screws and bolts other stee] parts
]2" none galvanizing with a min. thickness of 20 pum?b)
3 hot galvanizing with a minimum thickness of 70 um

1) 1n permanently heated buildings without artificial humidifying: none.

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. cak, and some treatments may have

a corroding effect.




The modification factors correspond to the traditionally used reduction factors of 9/16 ~ 0.6 for
long-term load and 0.85 for exterior conditions. The reductions are probably less, especially for the
low grades.
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5. DESIGN OF BASIC MEMBERS

5.1 Solid timber members

5.1.0 Characteristic values

Characteristic values for the standard strength classes!} defined in section 4.1.1 are given in table 5.1.0a.
¥or the load-duration classes and climate classes defined in sections 2.2 and 2.3 the factorsin table 5,.1.0 b
should be applied.

Table 5,1.0 ¢ Characteristic values and mean elastic moduli, in MPa Provisional
SC15 5C19 8C24 SC30

charact;—ristic values (for strength calculations) {

bending f, 15 19 24 30 |

tension paraliel to grain f £0 6 9 16 20

tension perpendicular to grain ft,90 0.75 0.75 0.75 0.75

compression parallel to grain fc’0 14 18 23 28

compression perpendicular to grain { .90 6 7 7 7

shear™ f, 2.5 3 3 3

modulus of elasticily Eq 4200 5400 6300 8000

mean values (for deformation calculations)

modulus of elasticity, parallel EO,mean 5000 7200 8500 10600

modulus of elasticity, perpendicular E90,mean 250 300 350 400

shear modulus rmean 375 450 525 600

* In rolling shear the shear strength may be put equal to f_/2

Table 5.1.0 b Modification factors Provisional

values for strength calculations deformation calculations
climate classes Tand 2 3 1 2 3
permanent 0.55 (0.35) 0.45 (0.30) 0.7 0.6 0.4
normal 0.6 (0.4) 0.5 (0.85) 1 0.8 0.7
short-term 0.7 (0.8) 0.6 (0.5) 1 0.8 0.7
very short-term 0.9 (0.85) 0.75 ¢0.70) 1 0.8 0.7
instantaneous 1.1 (1.1) 0.95 (0.956)

Where a load case is composed of loads belonging to different load-duration classes the factors corresponding
to the shortest load may be used.

Values in parentheses apply to tension perpendicular to grain.

Attention is drawn to the fact that deformations 2-3 times those caiculated with the values given may be ex-

pected if green timber is allowed to dry under design load.

5.1.1 Tension members, compression members, beams and columns
5.1.1.0 General
This section applies to prismatic or eylindrical as well as slightly conical members, e.g. timber logs and

poies.
The effective span of flexural members shall be taken as the distance between the centres of areas of
bearing. With members extending further than is necessary over bearings the span may be measured be-

1 See footnote on page 4.1.



In cases where the influence of the size can be disregarded the conditions (5.1.1.1 a)and {(5.1.1.1 b)
can be generalized to an arbitrary angle, o, between stress and grain direction, viz.:

U, = 1
<
t \/ costa. 2 sin‘a.?  SINCCOSQ .*
( f )+ (f Y+ i )
6,0 4,90

v

cf. formula {(5.1.1.6 a).
The introduction of size factor for the two directions of practical interest hias been found more im-
portant than having a general formula.

The values for koo are based on papers by 4. D. Barrett (Wood and Fiber, Vol. 6, No. 2, 1974 and
Canadian Journal of Civil Engineering, Vol. 2, 1975).

Together with the Hankinson formula this formula has been used for many years in many codes for
designing traditional timber structures. No need has been felt for replacing it with a more sophisticated
and more restrictive expression based on formula (5.1.1.6 a}. The formula has been chosen in preference
to the Hankinson formula due to its simplicity.

Ky earing is based on a comparison of the rules in a number of codes, cf. CIBR-W18/5-10-1, and on the

work of G. Backsell (Swedish Institute for Building research, Report 12/66 1966).
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tween the centres of bearings of a length which would be adequate according to this code; attention should
be paid to the eccentricity of the load where advantage is taken of this provision,

The effective cross-section and geometrical properties of a structural member shall be calculated from

the minimum cross-section acceptable for the given nominal size or from the actual cross-section. Nomi-
nal dimensions may be used in calculations when the actual dimensions at a moisture content of 0.20

are not less than the nominal dimensions reduced by 1 mm for dimensions of 100 mm or less; 2 mm for
dimensions between 100 mm and 200 ram and 1 per cent for larger dimensions.

Reductions in cross-sectional area due to notching ete. shall be taken into account. No reductions are
necessary for nails and screws with a diameter of 5 mm or less.

5.1.1.1 Tension

The stresses shall satisfy the following conditions: ,
9 < Kgaa0fio (5.1.1.1 a)

for tension parallel to the grain direction, and

0y < Kg,e 90Tt 90 (5.1.1.1 b)
for tension perpendicular to the grain, and
1 for V<0.02m
{(6.1.1.1¢)

K gize,90 = (0_02)02

~ 3
v for Vz002m

for a volume of V uniformly loaded in tension perpendicular to the grain. Other examples of kg, o are
given in section 5.2.2,

Recommendations on the size factor k ;. , will be produced.
¥

5.1.1.2 Compression without column effect
For compression at an angle 8 to the grain the stresses should satisfy the following condition:

0g S £ (£ = I, gg)sine (5.1.1.2 2)

of. fig. 5.1.1.2 a.

This condition only ensures that the compressive stress directly under the load is acceptable, but not that an ele-
ment in compression can carry the load in guestion. Refer to section 5.1.1.7.

r{>
S ———

Ly

Fig.51.12a
For bearings on the side grain (o = 90°) formula (5.1.1.2 a) may be replaced by

4 (5.1.1.2 b)

<<
¢ khea\ring fc,90




A depth effect can be counteracted by stricter knot limitations for the bigger sizes. This may be the
reason for the different traditions concerning depth factor, and it explains why it i3 impossibie o

give a general expression in this code.

The limising depth of 200 mm has been chosen on the basis of tradilion in the countries where such

a factor has been used.

A present the depth dependence for the ECE-grades is investigated. A provisional value of k = 1/¢ has
hean suggested.

Reference is also made to the survey in CIB-W18/5-10-1.

The rules concerning lateral instability are based on the work of Hooley & Madsen (ASCE Journal of
the Structural Division, Vol. 70 (1964) ST 3) as described in CIB-W18/5-10-1,
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For bearings located at least 75 mm and 1.5 h from the end and 150 mm from other loads kbearing may
be taken from fig. 5.1.1.2 b. In other cases kbea.ring =1,

min.1.5h

d min, 78mm,. ¢ min.150mm
A A * A

an

e I
1.8 551140 NE— — 1YY '
\ . |
h N SRS ; : ‘
16 \ e M_,_._W_u-%m_ﬂi |
1.4
e
1.2
[P
“‘-;-.. 4
1.0 Kpoaring = v 150/%
1< kbearing < 1.8
0 50 100 150 ¢, mm
Fig. 5.1.1.2b

Where the deformations resulting from compression perpendicular to the grain are significant to the
function of a structure, an estimate of the deformations shall be made.

}-

The strain perpendicular to the grain can be estimated as Oc"(kbearingEQO,mean

5.1.1.3 Bending
The bending stresses, o, , calculated according to the theory of elasticity shall satisfy

Ty S kdepthkinstfm (5.1.1.3 a)
ky ept is a factor (< 1) taking into account the reduced strength of deep sections:
1 for h < 200 mm
k (5.1.1.3 b)

depth —

° (_239)“ for h = 200 mm
The value of x depends on among other things the wood species and the grading rules. Recommenda-
tions will be produced.

ki, 1s a factor (< 1) taking into account the reduced strength due to failure by lateral instability (lat-
eral buckling). k; . is determined so that the total bending stresses, taking into account the influence
from initial curvature, eccentricities and the deformations developed, do not exceed fm.

The strength reduction may be disregarded, i.e. k, . = 1, if displacements and torsion are prevented at
the supports and if

M = VI T00 iy < 075 (5.1.1.3 ¢)
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In (5.1.1.3 ¢c) A, is the slenderness ratio for bending, and ¢

according to the classical theory of stability.

m,crit

is the critical bending stress calculated

k. & may also be put equal to 1 for beams where lateral displacement of the compression side is prevented
throughout its lerigth and where torsion is prevented at the supports.

kinst may be determined from fig. 5.1.1.3 if the lateral deviation from straightness measured at midspan is less than
2/200,

Akinst,
1,0 X The curve corresponds to
i \_ A, < 0.75 Pkl
! .
| . = —
! \ 0.75 <« ?\m-’. 1.4 ; kinst 1.56—-0.75 Am
! N
! \\ 1.4 <A kg T I
0.5 | :
}
i
i e
% \"‘*-._\‘_.
; s
; .
0.76 1 1.4 2 3
Fig. 5.1.1.3

For a beam with rectangular cross-section k, may be determined from fig. 5.1.1.3 dependent on the slenderness

inst
ratio Am determined from

eht /B
- \/ebQ Erri _(_}Q.J_n_,eﬂ-g (5.1.1.3 d)
" 0 mean

where Qe is the effective length of the beam. For a number of structures and load combinations Qe is given in table

5.1.1.3 in relation to the free beam length 2,

The free length is determined as follows:

a) When lateral support to prevent rotation is provided and no other support to prevent rotation or lateral dis-
placement is provided throughout the length of a beam, the unsupported length shall be the distance between
such points of bearing, or the length of a cantilever,

b) When beams are provided with lateral support to prevent both rotation and lateral displacement at intermediate
points as well as at the ends, the unsupported length may be the distance hetween such poinis of intermediate

lateral support. If lateral displacement is not prevented at points of intermediate support, the unsupported length

shall be as defined in a).

Table 5.1.1.3 Relative effective beam length 2,/

Type of beam and load g,/0
Simply supported, uniform load or equal end moment 1.00
Simply supported, concentrated load at centre 0.85
Cantilever, uniforra load _ 0.60
Cantilever, concentrated end load 0.85
Cantilever, end moment : 1.00

'The values apply to loads acting in the gravity axis. For downwards acting loads R is increased
by 2 h for loads on the top side and reduced by h for loads on the bottom side,




44009

The reduction of the load near the supports is discussed in C1B-W18/9-10-1.

Further papers concerning size effect and the reduction for notched beams are under preparation
and changes may be made.
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5.1.1.4 Shear
The shear stresses, r, calculated according to the theory of elasticity shall satisfy the following condition

£ (5.1.1.4 2)

v

Fa

T

For beams with bearing in the bottom side and load on the top, loads placed nearer than the beam depth
from the support may be disregarded in calculation of the shear force.

| | e

7 . , .

e S
Fig. 5.1.1.4

For beams notched at the ends, see fig. 5.1.1.4, the shear stresses should be calculated on the effective
depth h, and for notches in the bottom the condition (5.1.1.4 a) should, for a < 3(h —h ), be replaced

by

T < (—h‘i+ (5.1.1.4 b)

a
30ty

Notches with he < (0.5 h are not allowed.

Notches or abrupt changes of section that will produce tension perpendicular to grain stresses at the notch should
be avoided. Stress concentrations produced are likely to cause splitiing at the notch at low tension values and no
satisfactory means are available for determining this tension stress. A gradual change of section and well rounded

corners will reduce these stress concentrations.
Further recommendations on notching are being censidered.

5.1.1.5 Torsion
The torsional stresses, 7., , calculated according to the theory of elasticity shall satisfy the following
condition

Tor <y (5.1.1.5)
5.1.1.6 Combined stresses

General
At present no general theory of rupture exists, but only empirical or semi-empirical expressions for

the most important practical cases, some of which are given below.

Plane stress

e
grain direction
l ] T ]
Bt it =/, g
[~ ersmmsrmr———— e
e

Fig. 5.1.1.6




The interaction formula is empirical and suggested by Norris, ¢f. Forest Products Laboratory, Madison,
Report 1816, 1962, A more complicated formula
00 2 UOU g 2 2
Gy~ Tolee | (g T 1

0 0790 90 v
given in the report mentioned is not supported by the tests described in CIB-W18/9-6-4, and CIB-W18
/11-6-3. Reference is also made to CIB-W18/11-10-1,

Al

N ) line of gravity
i
[

Formula (5.1.1.6c) (and (5.1.1.6e)} ensure that the resultant stress, o,, does not exceed {_ , which
could be the case for unsymmetrical cross-sections if only (5.1.1.6b) (or (5.1.1.6d)) was used, since

i) o a
% Lm! B et R e
fm fm m £,0 m
forft,0 <f,.

See also CIB-W18/4-10-2.

{5.1.1.6f) is based on a paper by Mohler & Hemmer (Holz als Roh- und Werkstoff 35(1977)473-478).

The background for the column design is given in CIB-W18/2-2-1. The code format has emerged from
discussion in CIB-W18 and the work in connection with a revision of the British Code of Practice for
The Structural Use of Timber.
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The stresses shown in fig. 5.1.1.6 should - unless otherwise stated (see e.g. 5.1.1.2a) - satisfy the following
condition:

a a 2
G (2 (&) <1 (5.1.1.6 a)
£y L40 £

4

fy and fg, are chosen according to the sign of the o, and 04, respectively. If o is a bending stress then
£o =1

Tension and bending

Only the case with tension in the grain direclion is considered.

The stresses should satisfy the following condition

0] [9)

fﬁi.,{m f_rr_\&ﬁ 1 (6.1.1.6b)
t,0 m

and in the parts of the cross-section, if any, where g, + o < 0, furthermore
lop, 1= IS fm (.1.1.6¢)

Compression and bending without column effect
Only the case with compression in the grain direction is considered.

The stresses in the parts of the cross-section, where g, + o, < 0 should satisfy the following condition

ol Lo
o< (5.1.1.6 d)

c,0 m

#

and in the parts of the cross-section, if any, where o, + a,, =0

- <
g, O S £ (6.1.1.6 e)
The condition only ensures that the stresses directly under the load are acceptable, but not that e.g. a laterally loaded

column can carry the oad in question. Reference is made to section 5.1.1.7.

Torsion and shear
The stress 7 from shear and Teor from torsion calculated as stated in section 5.1.1.4 and section 5.1.1.5

should satisfy the following condition

2

ST (5.1.1.6 f)

f v
v

5.1.1.7 Compression and bending with column effect (columns)

For columns it must be verified that the conditions in section 5.1.1.6 for compression and bending are
satisfied, when apart from bending stresses from lateral load, if any, the bending stresses from initial
curvature and stresses caused by the deflections are taken into consideration.

These conditions can be assumed satisfied if the stresses satisfy the following condition:

|0, fo 1
+ <1 51.1.7a
kcoifc,{) fm 1 — kcol imfgl ( )
R T
E "¢,0

o, are the bending stresses calculated without regard to initial curvature and deflections, and k_; and
k are factors depending on the slendernessratio A =2/i, the material parameters and the initial curvature.

The initial curvature is assumed to correspond to a maximum eccentricity of the axial force of

e=mr A (5.1.1.7 b)

core

where ¥ eore 18 the core radius.
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Ky =7 =53 (5.1.1.7 ¢)
¢,0 0
where E is the characteristic value of modulus of elasticity
Z ‘ o \/ _ e ,
o Ko = 05[{1 1 (1422 --f*f")kE) e (1 (14 A T*—-)kﬁ) Ak ] (6.1.1.7 d}
Fee m m
<t
= o s the Euler stress.
[£9]
E’; Fig, 5.1.1.7 gives k., and k . /kpp for columns with e < v /300, 3. q ~ 0.005, f(:,()/fm = 0.96 is assumed.
&)
& }
@ Kool f
- )
n I SWNTLS :
= “;
o] — A ‘
5
&
o 1.0 1 T ¥ | T T 1T
sty T I 1
& i ! =
= e
= PSP I"()'lf(:,() - 3919&"“’ - g o i
ixd \‘ - - | ol -
5 S sl 39’0 -
z A 100 -
5 LS Sy JI
= AN =i
5 0.5 ; ‘1 \XV Y Q\‘%
o~ yd IR %
o i =,
& o - = 3 400 7
- i - |\.O|
S £ Bl o 200 S
o o “0e,0 TP 5
i) y - ad
< L — =
] A7 e gL
2 Z - o
<X v i
Z = i
< i —~ — t— — A
& 50 100 150 200
o Fig. 5.1.1.7
=
= The condition {5.1.1.7 a} is on the safe side in cases where the tension side is decisive, ¢f. (5.1.1.6 d).
#
For the purpose of calculating the slenderness ratio of compression members, the values of the length £
; should be caleulated for the worst conditions of loading to which a compression member is subjected, pay-
§ ing regard to the induced moments at the ends or along the fength of the compression member and to
& slip in the connections. The Jength should be judged to be the distance between two adjacent points of
e zero bending momenti, these being two points between which the deflected member would be in single
A curvature.
o . . .
;5 For straight members with mechanical fasteners the values of € can be taken from table 5.1.1.7. The
& actual length of the member is denoted £,
E;;: Table 5.1.1.7 Relative effective length of compression members
z : .
&‘3 Condition of end restraint 2 c,fQ
®
= . . . . .
$ =z Restrained at both ends in position and against rotation 0.7
§ - Restrained at both ends in position and one end against rotation 0.85
4 5‘} Restrained at both ends in position but not against rotation 1.0
2 é Restrained at one end in position and against rotation and at the other end
2 ~ against rotation but not in position 1.5
2 Restrained at one end in position and against rotation and free at the other end 2.5
The slenderness ratio should not exceed 170, or for secondary members, 200,




Reference is made to CIB-W18/11-10-1.
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5.1.2 Tapered beams

Relevant paris of section 5.2.2 may be applied.

The stresses in the cutermost fibres taking into account the influence of the taper should satisfy (5.1.1.6a).

i 2 (b}

\ grain direetion

Fig. 5.1.2

For a tapered beam with rectangular cross-section with the grain direction parallel 10 one of the contours and « <

20° the bending stresses in the outermost fibres can be calculated as

8M
= 20 2
I (1 + 3.7tan*a} it

6M
aln,a- ={1—3.7 tan® o} [J_i_l_?

The stresses should satisfy the following conditions

Q
om,() fm

- m
=

a

ma £ U
\/1 + (——-m tana} o (_Mrg" Lanzoc)z

f f,
v 90

where fgo = fL,Q(} or f90

5.2 Glued laminated members

5.2.0 Characteristic strength and stiffness values
Characteristic values for the standard glulam strength classest) defined in section 4.2.1 are given in table

5 2 (. For the load duration classes and climate classes defined in sections 2.2 and 2.3 the factors in

table 5.1.0 b should be applied.

= fc 90 depending on the sign of the stresses.

{5.1.2 a)

{5.1.2 b}

(5.1.2 ¢)

(5.1.24d)

Table 5.2.0 Characteristic values and mean elastic moduli, in MPa Provisional
' SCL30 SCL38 SCLAT
Characteristic values (for sirength calculations)
hending £ 30 38 47
tension parallel to grain f .0 20 25 30
tension perpendicular to grain ft,90 .75 0.75 0.75
compression paralle} to grain f.o 28 36 45
compression perpendicular to grain fc:% 7 7 T
shear™ £, 3 3 3
modulus of elasticity E, 8000 2600 9600
Mean values {for deformation calcula%z’on}
modulus of elasticily parallel to grain EO,mean 10000 12000 12000
modulus of elasticity perpendicular to grain EQO,mean 400 500 500
shear modulus G ean 600 750 750

* In rolling shear the shear strength may be put equal to f,/2

1) See footnote on page 4.2,




The influence of notches has been found much more severe for glulam than for solid timber, and in

some countries notching of glulam is not allowed. The expression has been proposed by Maohler, see
CIB-W18/9-6-4.

The rules are in principle the same as in the Canadian Standard CSA-086/1977, but slightly simplified.
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5.2.1 Straight beams and coluwmns
Section 5.1.1 for solid timber applies except that formula (5.1.1.3b) should be replaced by
1 for h< 300 mm
depth

(-QBO—O)K for h> 300 mm (5.2.1a)

and formula (5.1.1.4b} by

h

&(1— a (5.2.1b)

r<[1—28 14(h-he))]fv

and notches with h e < 0.75h are not allowed.

5.2.2 Cambered beams

This section applies to double tapered curved beams with rectanguiar cross-section (fig. 5.2.2 a) and
double tapered beams with flat soffii and rectangular cross-section (fig. 5.2.2 b). In the latter case
hir =0, cf. below.

The influence of the cross-sectional variation shall be taken into account. Especially it shall be ensured
that the tensile stresses perpendicularly to the grain satisfy the conditions 5.1.1.1 b, i.e,

g, < ksize,BOft,QO (5.2.2 a)
with
"\(})“6% for uniformly distributed load
Kze,90 = Y (.35 | (5.2.2 b)
o2 for other loading

K,o 9o Should not be taken greater than corresponding to V = 0.02 m®.

hapex E
i

cross-section

apex

Fig. 5.2.2 a Double tapered curved beam

apex

oy

cross-section

Fig. 5.2.2 b Double tapered beam with flat soffit




The background for the calculation of radial tensile stresses etc. is given by Foschi & Fox (See e g.
ASCE, Journal of the Structural Division, Vol. 76(1970) 8710,

The formula and the diagrams are based on papers by H. Blumer (among others Holzbau 6-8/1975) and
Méhler & Blumer (Berichte aus der Bauforschung, Berlin 1974, Nr. 92).
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For double tapered beams with flat soffit V = 0.6 bh

For double tapered curved beams V is the beam volume in m’> between the points of tangency (corre-
sponding to the shaded area in fig. 5.2.2 a). V shall, however, not be taken as less than V = 0.6 bh

2
apex '
2

apex’

Where there is an angle between the grain direction and the top or bottom the bending stress should
satisfy the conditions in section 5.1.2.

The foliowing method may be used for calculating the maximum stresses in beams with rectangular cross-section.

The radial tensile stresses perpendicular to the grain are at a maximum near the mid-depth of the apex, and the

maximum value can be calculaled as

a .
oy = K i (5.2.2 ¢)
bh
apex
where Mapex is the bending moment at the apex-section and kt is given in fig. 5.2.2 ¢ for EO,mean”EQO,mean = 15

&

QLo 0.2¢
Tl T 7 o [ T
[ ! { / / v L /
0.5 = ’/ 0,15
Bl s
—20; _—;'I/l/ / — &//
o 4 =TE DIAGRAMS  UNDER = PREPARATIO
008 £ Lib { | ges Lot i ;
s o e s ! '
=g a,mean £
PXe] b= =ff = OMERT. L34
= Eyo mrean " Ego mean
0 0/ o6z ©3 o4 a5 0O of 02 03 04 of
Fig. 6.2.2 ¢ éag"‘a‘(/’f;’)ean éqyax//" 0

The maximum bending stress in the apex cross-section occurs at the lower face and can be calculated as

o =k —oobok (5.2.2 d)

2-5. L .,L__ - \\ - —
2.0 o L ~ M~ 1. l
' V: Ab\‘*-—-—......_.,—j- -
N% ‘ — N
45 ™ il N o8 2'0‘”::_—"’.,’,,:'—; AN i
TN Il =S R A ':_1';37”4 - 1
== R NG
ol TN L
T .l
\ Dl AGRAMS UNDER  TREPARNT(O W ;
0.5 1+ } - | i |
omean _ 4 éﬂg3_123oi
.5‘90 T ‘-Qoi?f:rz
O ol oz o3 af oS o5 ar oz o3 o4 af
Fig. 5.2.2d /Pqpex/kmean \ ‘{ia,oeg rorn

The bending stresses between the supports and the points of tangency are calcuiated as usual.

In deflection calculations contributions from shear force deformations shall be taken into account.




The formula is a simplification of the Wilson- and Hudson-formulas, see CIB-W18/5-10-1.

The values are suggested by K. Mohler, cf. CIB-W18/5-10-1.
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5.2.3 Curved beams
This section applies to curves beams with constant, rectangular crosssection, see fig. 5.2.3 a.

h

b
e
cross-section

point of tangency - point of {angency

mean =0 0.5h

Fig. 5.2.3 a

Reduction of strength

The ratio between the radius of curvature, r, and the laminae thickness, t, should be greater than 125,
For r/t < 240 the reduction of the strength in bending, tension and compression parailel to the grain
due to the bending of the laminae should be taken into account.

This can be done by multiplying fm, fc o and ft 0 by the factor k where

cury’

k =0.76 + 0.001%-

curv (6.2.3 a)

Distribution of bending stresses

In heavily curved beams (i.e. the ratio between minimum mean-radius of curvature, r_ , and depth, h,
less than 15) the influence of the curvature on the distribution of axial stresses from bending moments
shall be taken into consideration.

The bending stresses in the innermost fibre can be calculated as

&M
“mi = X bRt (5.2.3 b)
while the stresses in the outermost fibre can be calculated by the usual expression
6M
L (6.2.3¢c)

The modification factor k, is given in fig. 5.2.3 b.

k.
1.3 !
1.2 \
1.] \ \
1.0 T
{ 1+ 0.5hr 000 forr, o.n/h< 10
b, =
i .
T 115001 x,,, /b for10 < (r .. /h) < 15
]; : ‘1 | j | . ; ‘ +"mean’™
0 2 4 6 8 10 12 14 16

Fig. 5.23b




This is a simplified version of the rules in Canadian Standard CSA-086-1977.
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When the bending moments tend to reduce curvature (increase the radius) the tensile stresses perpendi-
cular to the grain shall satisfy the condition

0, < Kgpe 00%t,90 (5.2.3d)
where
0.4 . —_
—=  for uniformly distributed load
_ V0.2
ksize,QO - 0.3 . (6.2.3 e)
Voz for other loading

V is the volume in m? of the curved part of the beam (corresponding to the shaded area in fig, 5.2.3 a).

k 0 should not be taken greater than corresponding to V = 0.02 m?.

size, 9
The tensile siresses perpendicular to the grain in the curved part may be calculated as
= J._?.Mw. (5'2_3 f)

g, =
t rmeanbh




Chapter 6 was not included in the third draft. The present text is a complete redraft of chapter 6 in
CIB Timber Code, second draft, May 1978.

This will normally be on the safe side, since the joint strength depends on s;, where 0.5 < x < 1.0.
A more refined system will be so difficult to use that it is not found justified,

Reference is made to CIB-W18 Proceedings - Meeting 11.
o ls in the range of 1.5 to 2.

To take into aceount the possibility of placing a nail in a knot or split most codes have a minimum
requirement of at least 3-4 nails, even though 1 or 2 are in fact accepted in practice. Another rule
has been discussed, namely the addition of one nail in joints where the calculation gives 1 or 2 nails,
but the proposed test is more flexible.
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6.0 General

When the joint is non-symmetric or where the load is eccentric consideration should be given to these
factors by the determination of the behaviour of the fasteners as well as by the design of the members.

It should be taken into account that the load-carrying capacity of a multiple-fasterner joint will frequent- |
1y be less than the sum of the individual fastener capacities and that some types of fluctuating load may ;
cause a reduction, expecially when the stresses alternate between tension and compression.

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 they have similar stiffness characteristics.
Glue and mechanical fasteners have very different stiffness properties and thus they can never be assumed to act
in unison, l

The arrangement of timber joints and the size of the fasteners, mutual distances and distance to end or 1
edge of the timber should be chosen so that the expected strengths can be obtained.

6.1 Jdoints with mechanical fasteners

6.1.0 Load-carrying capacities, general

The characteristic load-carrying capacity should be based on tests carried out in conformity with
ISO/TC 165 DP 6891 : Timber structures - Joints - Determination of strength and deformation charac-
teristics of mechanical fasteners. Consideration should be given to the influence of drying after manu-
facture and to moisture variations in use.

For a number of fasteners characteristic load-carrying capacities under static load are given in section
6.1.1-6.1.4. .

In cases where the dlip is imporiant lower values should be used.
Attention is drawn to the fact that certain fasteners, e.g. nails, bolts without connectors and holts 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.

Where nothing else is stated the load-carrying capacities for the load-duration classes and climate classes
defined in sections 2.2 and 2.3 are found by multiplication by the factors given in table 5.1.0 b.

6.1.1 Nails and staples

6.1.1.1 Laterally loaded nails

Timber-to-timber joints

The characteristic load-carrying capacity in N per shear plane can be determined by:
F =k, dm (6.1.1.1a)

where d (in mm) is the diameter fox round nails and the side length for square nails. The parameters

k a1 and oo depend on, among other things, nail type and yield moment of the nails, wood species

and grade (especially the density), the manufacture (e.g. preboring), and must be determined by tests.

If there are only one or two nails in a joint the values according to formula (6.1.1.1 a) are multiplied
by 0.5.

For more than 10 nails in line the load-carrying capacity of the extra nails should be reduced by 1/3.
Nails in end grain should normally not be considered capable of transmitting force.

For round nails with a characteristic ténsile strength of at least 40(20 — d}MPa the following values can be used

for Nordic softwood and other woods with corresponding properties

anaﬂ=1.7

— (6.1.1.1 b)
K an = 200 Ve 5
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where p is the specific gravity defined in section 2.1. No preboring is assumed.

cprfAe A e AT TV
AR
- t .
Ll J et v
v 5 I8 ; \ ; 02
# 1

Fig.6.1.1.1a
The values assume thal the nails are driven in perpendicular to the grain, that the thinnest member has a thickness
of not tess than 7d, and that the penetration depths (including the point) satisfy the following conditions (cf. fig.

6.1.1.1 a):

Nails in double shear

{driven in aiternating from either side) ¢, = 8d
Other cases

smooth nails g, » 12d

annular and spirally grooved naiis ¢, = 8d

For smaller thicknesses and lengths the load-carrying capacity is reduced in proportion to the length. For smooth nails
it is required that the nail length in any limber member is at least 5d and that the penetration length ¢, , is at least

8d. For annular grooved naiis the penetration iength should at least be 4d.
If ¢, is greater than 3d (cf. fig. 6.1.1.1 a) nails from the two sides are allowed to overlap in the middie member.

Minimum distances ave given in fig. 6.1.1.1 b. The nails should be staggered in the best possible way, for example

as shown in fig. 6.1.1.1 b, one nail thickness in relation to the system lines.

iy thd

dy = 10d
/:n, = 1
3
) g = 100

104 Sk fid AM Achpesd, 10d

| i |
, 10!
O ! diped ity leappres o 4 —+ o
i | 44++4~¢-4~¥ r-a,++++++—1- =
i N »4:—+&++4-_LI_,=;:“
' TR R lﬁbfff*‘##‘l‘ T
- : H , 104

i I 3 I { 1

[ 1 I T

Fig. 6.1.1.1 b

Steel-to-timber joints
The recommendations for timber apply, but the load-carrying capacities for timber-to-timber joints
may be multiplied by 1.25. Adequate strength of the steel plates is assumed.

Board materials-to-timber joints
What is stated for timber applies, but a board with thickness t can be assumed to correspond to a soft-
wood timber member of quality SC19 with the thickness
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2.5t for plywood of birch, beech, and similar hardwaood
1.5t for plywood of fir, pine, and similar seftweod
2.0t for plywood with plies of alternaling hardwood and fir or pine {(combi-plywood)
1.0t for structural particle board and semibard structural fibre board
2.5t for hard or oil-tempered structural fibre board,
This assumes the use of ordinary nails with heads which have a diameter of about 2.5 d.

For smailer heads the load-carrying capacity is reduced. For pins and oval headed nails, for example,
the load-carrying capacity in particle hoards and fibre boards 1s reduced by half.

6.1.1.2 Axially loaded nails _

The characteristic withdrawal resistance of nails in N is applicable to all climate classes for nailing
perpendicular to the grain as in fig. 6.1.1.1 a and for slant nailing as in {ig. 6.1.1.2 b. It is calculated
as the smallest of the values according to formula (6.1.1.2 a), corresponding {o withdrawal of the
nail in the member receiving the point, and formulas (6.1.1.2 b - ¢) corresponding to the head being
puiled through.

The length of the point is denoted QD.

[ i a2 Qp) (6.1.1.2 a)
F=min<f_. dh+ { .d> forsmooth nails (6.1.1.2 b)
fheaddz for annular and spirally grooved nails (6.1.1.2 ¢)

The parameters f_ ., and £ ., depend, among other things, on type of nail, timber species and
grade (especially density) and must be determined by tests. It is assumed that nailing is done in the
green condition and that the test pieces are allowed to dry before testing.

For spirally or annularly threaded nails only the threaded part is considered capable of transmitting
force,

For slant nailing ¢ and h are measured as shown in fig, 6.1.1.2 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, a = 45°
is assumed.

Nails in end grain should not normally be considered capable of transmitting force.

I /
c
d < 4 S
¢ min, 10d
\ | | A\ i ¢

Fig. 6.1.1.2a Fig.6.1.1.2 b

V7

The distances for laterally loaded nails should be complied with and the distance to loaded edge by slant nailing
should he at least 10d, see fig, 6.1.1.2 b,




Reference is made to CIB-W18/9-7-2.
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Normally the values of { given in table 6.1.1.2 can be assumed. For structural timber ai least corresponding to

SC19 a characteristic density of p ~ 0.36 has been assumed,

Table 6.1.1.2

raxia! in MPa rhead in MPa

general SC19 general SC19
ordinary nails, round 12.5p? 1.6 45.0 p? 58
ordinary nails, square 15 p? 1.9
spirally threaded nails =F to be determined by tests
annularly threaded nails < to be determined by tests

6.1.1.3 Staples
The rules for nailed joints apply. The angle between the crown and the grain direction should not be
less than 30°.

6.1.2 Bolts and dowels
The characteristic load-carrying capacity in N per shear plane for bolts and dowels with a yield strength
fy of at least 240 MPa (corresponding to ISO grade 4.6) is the smallest value found by the formulas

(6.1.2a)-(6.1.2e).

18p(k t; + kyty)d (only for two-member joints) (6.1.2 a)
35pkyted (only for three-member joints) (6.1.2 b)
F =min < 7T0pk,t,d (6.1.2 ¢)
42 /p d*+ 12pk t,d (6.1.2d)
L’1’5(12 \/F\/(kl + ky)/2 \/fyj240 (6.1.2 e)

where
t is timber thickness in mm
d is the diameter in mm

k is a factor, obtained from table 6.1.2, taking into consideration the influence of the angle between
force and grain direction.

In three-member joints subscript 1 denotes side member and subscript 2 denotes middle member.
In two-member joints the subscripts are chosen so that k;h; < kgh,.

For more than 4 bolts in line the load-carrying capacity of the extra bolts should be reduced by 1/3.

Table 6.1.2 Factor k(k, k,) in calculation of the load-carrying capacity of bolts,
dowels and screws

Angle between force and Diameter d(mm)
grain direction
6 12 24
0° 1 1 1

30° i 0.88 0.82

45° 1 0.76 0.70

60° 1 0.70 0.58

90° 1 0.64 0.52

Lehrstuhl fir Ingenieurholzbau
und Bauko nen

i vareib~t k
’_E?"\;,(-‘“~i§<.i i

0. Prof. Dr.-Ing. J. Ehlbeck
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When the force acts at an angle to the grain it should further be shown that

2.,
V< S bt (6.1.21)

where V is the shear force produced by the boits or dowels, t is the thickness of the member, and b
is the distance from the loaded edge to the farthest point of the bolt, see fig. 6.1.2 a,

g Se—— Lon | " S SR
" L,TI-"‘Q’ O o t—““ N Epm SN A
|

Fig.6.1.2a Incasea) V=Psine. Incase b} V = % P sina.

in muliiple 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 loads calculated from the above formulas may be used
with t; equal to t, equal to the thickness of the wood member.

Where the middle member is a steel plate formula (6.1.2 b} is omitted and the values of the formulas
(6.1.2 d) and (6.1.2 e) can be multiplied by 1.4.

For structural timber at least corresponding to SC19 (i.e. p = 0.36) the following is found by inserting into
{(6.1.2a)-(6.1.2e):

6.5(}(11;1 + k2t2]d {only for two-member joints) (6.1.2 g}
12.5k2t2d (onty for three-member joints) (6,1.2h)
F=min <« 25k1t1d (6.1.21)
25d? + 4.5k1t1d (6.1.2 1)
4542 \'/(k1 + ky)/2 \/fy/240 (6.1.2 k)

S
Minimum distances are given in fig. 6.1.2 b,
ag =72
a, = 2d

1) The distance a; can be reduced to a minimum of 4d provided the
load is reduced proportionally. If a yield strength f greater than 240
MPa is utilized a, should be increased by the factor \/fy/240.

4

& ) ia

T ——

Ad

IO

T

14d Fig. 6.1.2h
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6.1.3 Wood and lag screws

6.1.3.1 Laterally loaded screws

Timber to timber

The characteristic load-carrying capacity in N of screws with a yield strength fy of at least 240 MPa
screwed at right angles to the grain is the smallest of the values from the formulas (6.1.3.1 a) - (6.1.3.1 ¢)

T0pk, td {6.1.3.1 a)
F' = min 42 /p d* + 120k, hd (6.1.3.1 b)
754° \/_,o—\/(kl + ko )2 \/fy/240 (6.1.3.1 ¢)
where
t is the thickness in mm of the timber,
d is the diameter in mm of the screw, measured on the smooth shank,

k, .k, are faciors, obtained from table 6.1.2, taking nto consideration the influence of the angle
between force and grain direction in the member under the screw head (k) and the mem-
ber receiving the point (k, ).

Furthermore it should be verified that the condition (6.1.2 f} is satisfied.
It is assumed that:
- screws are screwed into pre-bored holes, see section 8.3,

the length of the smooth shank is greater than or equal to the thickness of the member under the
screw head,

- the penetration depth of the screw, i.e. the length in the member receiving 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 not normally be considered capable of transmitiing force.

For structural timber at least corresponding {0 SC19

25k td (6.1.3.1 d)
F=min 4 25d*+ 4.5k td (6.1.83.1 e)
4507 /(ky + ky)i2 \/fy,‘240 ‘ (6.1.3.1 )

is found by inserting p = 0.38 into (6.1.3.1a) - {6.1.3.1 ¢},

The minimum distances are the same as for bolts (refer to section 6.1.2),

Steel to timber
The characteristic load-carrying capacity in N is (cf. formula (6.1.3.1 ¢})

1.4 - 75d> Vo V(1 + k)21, /240 (6.1.3.1g)

and furthermore, what is stated for timber-fo-timber joints applies. Adequate strength of the stee]
plates is assumed,

6.1.3.2 Withdrawal loads of screws
The characteristic withdrawal strength in N of screws screwed at right angles to the grain is

F = (f, + td)(g, —d) (6.1.3.2 a)

where
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d is the diameter in mm measured on the smooth shank,
2, is the threaded length in mm in the member receiving the screw,
foandf are parameters dependent on among other things the shape of the screw and timber species
and grade.

It is assumed that the strength of the screw is adequate.

For serews according to 1SO 0000 the following can be assumed for stractural timber at least corresponding to SC19
F o= (30 + 12d)(%, —d) (6.1.3.2 b)

It is assumed that the minimum distances and penetration lengths given for laterally loaded screws are com-
plied with. .

6.1.4 Connectoxs

The characteristic load-carrying capacity Fy .. oonn of a fastener comprising bolt (or screw) and connector
may be determined as stated in section 6.0.2. The contribution from the bolt (or screw) may be calcu-
lated as stated in 6.1.2. The characteristic load for the connector F, is then determined from:

F (6.1.4)

conn Fooit + conn Frott

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 approvals, ete. are referred to.

When a load is applied at an anglc to the grain direction it should be shown that the condition (6.1.2 f)
is satisfied. In this case b is the distance from loaded edge to farthest edge of the connectors, see

fig. 6.1.4.

The rules for bolts should be complied with and the minimum distances between connectors should be
sufficient to prevent splitting or shearing of the timber.

!

A

Fig. 6.1.4

6.1.5 Nail plates

Recommendations for nail plates will be provided.

6.2 Glued joints

For continuous glued joints connecting unjointed laminae (e.g. in glued laminated timber and between
flanges and webs in beams or columns) the glued joint may be assumed to have the same strength as
the weakest of the jointed materials for the action in question.

For other glued joints consideration should be given to the reduction in strength caused by an uneven
distribution of the stresses over the glued area, including concentration of stresses at edges etc.

For lap joints or gusset joinis a characteristic shear strength of (1.5 — 0.75 sine)MPa, where o is the angle between
the force and grain direction, may be assumed for structural timber at least corresponding to SC19. The force per
section, however, should not be assumed greater than (75 — 37.5 sina }kN corresponding to an area of 0.05 m*.




The inclusion of limitationsono  _ ando, . is discussed. According to established practice in
USA and Canada they are disregarded in designing plywood beams. If the stresses are calculated

according to the theory of elasticity they will for most plywood types be decisive.
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7. DESIGN OF COMPONENTS AND SPECIAL STRUCTURES

7.1 Glued components

7.1.1 Thin-webbed beams
The stresses in thin-webbed beams may be calculated under the assumption of a linear variation of strain

over the depth. In principle the stresses must satisfy the conditions given in section 5.

compression

a -~
— b
b hw
hf tension
e
b b
E,,Hf_ W
F—2 g I B—
Fig. 7.1.1 a

For a beam with flanges of timber or glulam the stresses in the flanges should satisfy the following con-
ditions, ¢f. fig. 7.1.1 a:

o ! < (11.1a)
log ¢l < Koo (7.1.1 b)
o s <fip (7.1.1¢)
O gt S Im (7.1.14)

Koo 18 determined according to section (5.1.1.9) with A =+/12 ¢ /b, where £  is the distance between
the sections where lateral deflection of the compression flange is prevented, and b is given in fig. 7.1.1 a.
If a special investigation into lateral instability of the beam is made as a whole k_, = 1 may be assumed.

For box beams an investigation of the lateral instability may be omitted if (7.1.1 a) is replaced by

10 0| = Kingttm (7.1.1e)

where k; , is determined according to section 5.1.1.3. This is on the safe side.

:
;
:
:




These rules are based on calculations according to the general method given below.

The method given is based on the theory of elasticity, see e.g. Halasz & Cziesielski (Berichte aus der
Bauforschung, Heft 47) and CIB-W18/6-4-3.
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The shear stresses may be assumed uniformly distributed over the width of the sections a-a and b-b
shown in fig. 7.1.1 a.

It must be shown that the webs do not buckle.

If the webs are made from structural plywood, structural particle board or fibre board and the free
depth, hw, of the webs is less than 2hmax, where hmax is given in table 7.1.1 and the shear force V
satisfies the following conditions:

fvbw{hw + h) for hw < hmax
V< he (7110
g Pypyas (1F h—") for h < h_ < 2h_,
w

a buckling investigation is not necessary.

It is assumed that the web is stiffened at the supports and under concentrated loads. The stiffeners
should be fastened to the web and tightly fit between the top and bottom flanges. The cross-section of
the stiffeners are chosen so that the whole force can be transferred between flange and stiffener.

Table 7.1.1

Web B s

Plywood with ¢ < 0.5 (20 + 50 ¢)b,,
Plywood with ¢ 2 0.5 45 b,

Particle board or fibre board with ¢ = 0.5 35 bw

¢ is the ratio between the bending stiffness of a strip with the width 1 cut perpendicular-
ly to the beam axis and the bending stiffness of a corresponding strip cut parallelly to
the longitudinal direction of the beam

In cases where a special investigation must be carried out it can be done according to the linear elastic
theory for perfect plates simply supported along flanges and web stiffeners.

For the case shown in fig. 7.1.1.b these assumptions lead to the following condition:

T

2
<1 (1.1.1g)

Torit  Terit

where o is the critical stress if only the axial stresses were acting and Torit the critical stress if only the shear

crit
stresses were acting.

can be determined as
n* /(BT {ED),

Terit ~ kbuck,a ta?

“erit

(7.1.1 h}

where kbuck,o for a number of cases is given in fig. 7.1.1 ¢ and fig. 7.1.1 d.
can be determined as

2 (BLy (ET)
. T VR
Terit ~ “buck,r ta*

Terit
(7.1.1 1)

where kbuck,r for pure shear is given in fig. 7.1.1 e.
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The following notations are used

(EI)K is the bending stiffness of the panel per unit length in bending about the X-axis. For a homogeneous
orthotropic panel with the main directions X and Y, (EI)K = 1-12 Et* /(1 — "xy”yx)’ where Py and “yx
are Poisson’s ratios. For wood-based panels Peylyx 0 can be assumed.

(EI)y as (EI)X, but in bending about the ¥Y-axis,

(Gl)tor is the torsional stiffness per unit length of the panel. For a homogeneous orthotropic panel, (GI)tor =
Gt* /3 + [vxy(EI)x + vyx(EI)y] = (Gt? /3.
b —
1 = % \/(EI)X,'( EI)y. For an isotropic panel, By = 2/a. .
8g = 0.5 {G}j)tor/\/(EI)x(EI)y. For an isotropic panel, 8, = 2G/E.
a,e,t see fig. 7.1.1 b.
¥ £ X
ey |
T ........ qoF =
| :::T ! X
ai 7 B
=T
i S L
EE:V—-;‘( Yi thickness =t
Fig. 7.1.1 b
k k k
40 buck,o buck,o . buck 0
; 2ol “ = .
6 36 :
a a E a H
20 I i 32 ] E ? 32 I g
o8 O J 28 P S— 08 ety
24 l\‘\ 94 24
20 \ . 20 20
16 |\ // ’ 16 18
12 N = 10l t ﬂz=1.07 05,7 {J] 12
§y = 1.0 0570
8 X Vi i f, =107 057 0
) 7 NRNCRTLAZ
5 3, i E i i By
[t} 3 2 3 4 0 1 2 3 4 0 1 2 3 4
Fig. 7.1.1 ¢
k, k
buck :
40 \ua\a 20 buck,
36 [P
32 \ \ [P ib “ %i Ei }
N |
NI Wy
- TN T

;62220\\ F .
: ) \ ?

BT S
o \§§\ = L

= R
e | "1
0 ! ¢ o 1 2 3 4
-2 —1- 0 1
Fig. 7.1.1d Fig,7.1.1 e

In calculations of deflection the contributions from the shearing stresses in the webs should be taken into
account,




The simple method has been shown by Booth to be satisfactory (IUFRO-Section 41, Madison, 1971).
The effective width for uniform load for plywoeod corresponds approximately to bf = 0.158 (Mdhler
a.0. in Holz als Roh- und Werkstoff Nr. 21, 1963) but has been reduced to take into account the effect
of uneven load distribution.

The limit b, has been calculated according to the method given above.

The design of spaced columns and mechanically jointed components is discussed in CIB-W18/3-2-1.
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7.1.2 Thin-flanged beams (stiffened plates)
‘The stresses may be calculated under the assumption of a linear variation of strain over the depth and the

stresses must in principle satisfy the conditions given in section 5.

b b (4

£ v -

=

& A A
05b N.bh 05 b

220, g 20 e,

L ow

Fig. 7.1.2

The influence of the stresses not being uniformly distributed over the flange width should be taken into
consideration. Unless otherwise proved the calculations can be based on a number of I-beams (taking
the load on a width of by + b jand U-beams (taking the load on a width of 0.5 by + b ) with an
effective flange width, b, ct. fig. 7.1.2, where

b, = bf& + by, (7.1.29)
or

b, = 0.5 bf,e + by, (7.1.2 b}
respectively.

The free effective width, b, _ (< by}, is given in table 7.1.2.

Unless an investigation into the buckling instability of the compression flange is made, by, should not be
put higher than b also given in table 7.1.2.

max?
Table 7.1.2
Fiange by /% By
Plywood with fibre direction in extreme plies
parallel to the web 0.1 25 hy
perpendicular to the web 0.1 20 h,
Particle board or fibre board w. random fibre orientation 0.2 30 hy

£ is the span, however, for continuous beams { is the distance between the points with
zero moment ’

The buckling investigation of the compression flange can be made according to section 7.1.1.

The buckling instability of webs made of plywood or other sheet materials should he investigated in

accordance with section 7.1.1, unless h,<05h . where h .. s given in table 7.1.1,

The shear stresses may be assumed uniformly distributed over the width of the sections a-a, b-b and
¢ shown in fig. 7.1.2.

7.1.3 1- and box columns, spaced columns, lattice columns
To I- and box columns the relevant parts of section 5,1.1.9,7.1.1 and 7.1.2 apply.

What is stated for solid columns (section 5.1.1.7) applies to spaced columns and lattice columns, but
furthermore, the deformation due to shear and bending in packs, battens, shafts and flanges and to the
extension of the lattice should be taken into consideration,

Design methods for spaced columns are given in Annex 7B and for lattice columns in Annex 7C.



The following guidelines were given in CIB-Timber Code, second draft:

The axial forces are calculated assuming hinges in ali nodal points, and the moments in continuous members,

if any, are assumed to e between 80% and 100% of the simple moments (corresponding to hinges in both ends)
dependent upon the degree of end-fixing and the support conditions. For non-continuous members the moments
are assumed equal to the simple moments. The free column length is assumed between 85% and 100% of the theo-
retical nodal point distance dependent upon continuity and degree of restraint.

A sub-group was formed at the CIB-W18-meeting in Perth with the task of discussing these rules,
especially with regard to the use of nail-plates.
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7.2 Mechanically jointed components

If the cross-section of a structural member is composed of several parts connected by mechanical fasteners
consideration must be given to the influence of the slip occurring in the fasteners.

In addition the recommendations of sections 5 and 7.1 apply.

Calculations may be carried out according to the theory of elasticity. For slip modulus the values given
in table 7.2 may be used.

Table 7.2
Fasiener Slip modulus (N/mm)
Round nails with d < 5 mm® 0.02 E,d

Round nails with d > 5 mm”™ 0.1 E,

Bolts with toothed connectors 13E,

£ is the modulus of elasticity of the timber in N/mm?2. d is the diameter in mm for
round nails or the side length for square nails.

¥ For square nails 15% higher values are allowed.

For beams a design method for a number of cross-sections is given in Annex TA and for columns in Annex
TA-B-C.

7.3 Trusses

Trusses may be analysed as frame structures where the influence of initial curvature of the elements,
eccentricities, deformations of elements, slip and rotation in the joints, and rigidity of the joints are
taken into consideration in the determination of the resultant stresses.

As an alternative a'simpliﬁed calculation after the following guidelines is permitted:
(under preparation)
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8. CONSTRUCTION

8.0 General

The recommendations given in this chapter are necessary conditions for the applicability of the design
rules elsewhere in this code.

Tirmber structures shall be so constructed that they conform with the principles and practical considera-
tions of the design.

Materials for the structures shall be applied, used or fixed so as to adequately perform the functions for
which they are designed,

Workmanship in fabricaiion, preparation and installation of materials shall conform in all respects to
accepted good practice.

8.1 Materials

Timber and wood-based components of structural elements should not be unnecessarily exposed to cli-
matic conditions more severe than those te be encountered in the finished structure. In particular they
should not be subject to prolonged exposure to the weather or to conditions conducive to fungal or in-
sect attack.

Timber which is damaged, crushed or otherwise misused should not be used for structural work.

Before construction timber should be seasoned as near as practicable to the moisture content appropriate
to its climatic condition in the completed siructure.

The limitations on bow in most national stress grading rules are inadequate for the selection of material
for colummns and beams where lateral instability may occur. Particular attention should therefore be paid
to the straightness of columns; e.g. limiting bow {o about 1/300 of the length, and to beams where

lateral instability may occur; e.g. limiting bow to about 1/200 of the length. It may also be necessary
to introduce more stringent limits on other particular members, e.g. twist for torsional members.

8.2 Machining

The size, shape and finish of all timber and other materials shall conform with the detailed design drawings

and specifications for the structure.

The cutting of timber after preservative treatment should be avoided. However, when it is unavoidable,
and exposure of untreated timber results, a liberal application of preservative should be made to the cut
surfaces.

8.3 Joints

Fasteners should be placed in conformity with the drawings. The minimum distances given in section
6.1.1 - 6.1.4 should be complied with.

Wane, splits, knots or other defects ave not allowed in joints to such a degree that the load-carrying ca-
pacity of the joints is reduced.

Unless otherwise specified nails should be driven in at right angles to the grain and to such depth that
the surfaces of the nail heads are flush with the timber surface.

Unless otherwise stated slant nailing should be carried out in conformity with fig. 6.1.1.2 a.

Bolt holes may have a diameter not more than 1 mm larger than the bolt. Washers with a side length of
at least 3d and a thickness of at least 0.3d (d is the bolt diameter) should be used under the head and
nut.

Bolts should be tightened so that the members fit closely, and they should be tightened up if necessary
when the timber has reached its equilibrium moisture content.

At least 2 dowels should be used in a joint. The minimum dowel diameter is 8 mm. The tolerances on
the dowel diameter are -— 0/+ 0.1 mm and the pre-bored holes in timber members should have the

same diameter as the dowel. The dowels should be at least 2d longer than the total thickness of the
joing.
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Through the centre of each connector a bolt or serew 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 elamping bolts with washers large and
stiff enough to protect the timber from damage.

Lag screw holes shall be pre-drilled and treated as follows:

a. The lead hole for the shank shali have the same diameter as the shank and the same depth as the length
of the unthreaded shank.

b. The lead hole for the threaded portion shali have a diameter determined by the characteristic density
of the species or species group and by the length and diameter of the screw.
Recommendations on lead hole diameters will be provided.

¢. Soap, or other non-corrosive lubricant {e.g. not ordinary petroleum) may be used to facilitate insertion
of the screw.

d. Screws are to be inserted by turning with a suitable wrench, not by driving with a hammer.

8.4 Assembly

Assembly should be in such a way that unintentional stresses do not occur, Members which are warped,
split or badly fitting at the joints shouid be replaced.

8.5 Transportation and erection

The over-stressing of members during storage, transportation and erection should be avoided. If the
structure is acted upon or supported otherwise than in the finished building it must be proved that this
is permissible and it must be taken into consideration that such action might have a dynamic effect. In
the case of e.g. framed arches, portal frames, etc., special care should be taken to avoid distortion in
hoisting from the horizontal to the vertical position.

8.6 Surface treatment

Under preparation. Will contain recommendations on painting, staining, etc.
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A more general method for types 2 and 3 allowing for unequal flange dimensions and different slip
moduli in the interfaces is given in CIB-W18/11-4-1,
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ANNEX TA
MECHANICALLY JOINTED MEMBERS WITH I-, T- OR BOX CROSS-BECTIONS

1. SCOPE

Members with cross-sections as shown in fig. 1 are dealt with. The individual parts are full length and

connected to each other by nails, bolts with toothed metal plate connectors or similar non-rigid

fasteners.

A method is given to determine stresses, deflections and load on the fasteners of beams and the load-

carrying capacity of columns, including the necessary requirements to the fasteners.

2. NOTATIONS

Reference is made to fig. 1. In all cases the Z-axis is a symmetry axis. For cross-sections of type 1
the Y-axis is a gravity axis, while for type 2 and 3 it is a symmetry axis.

For heams bending about the Y-axis is assumed.

Type No. Cross-section Ar Stress distribution
b, L,
v ¥ Ifmean ¥ . hf
AT Ly by "7
i v <] ;d ' Af + A !
A, : h
" — % ;hw Tt n h
¥ o w W
Z ¥ w ¥ ht -2— + (-é--‘ a)
b, by LW,
P ¥ 2 '
Ay m"g;:'"‘#’g Ay 2T hy g
Yoo Wl
Ay TR Aw T hy, by
L 2 F3 SO _I
L‘—“E“““J Ag “f mear T2
2 &Z Z PG oS
vy W,
Ag Ay
T T
A}Mm. N “ ,'hw
| L
Z
bw
A P bw # 12_'
Lty A SETT
152 NN 2 NN 18 ot g
3 Y § N b ch
] 5 5 ! R o |
Aw o) 2 . i o = T L
V A, 5 7|‘ “fmean 2
2 ot . Al
7, T
Fig. 1
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A Area
Atot, Total area
Ap Flange area

R B B c

col

A, Web area

AL See fig. 1
Modulus of elasticity
Load on one fastener
Shear modulus

Momeni of inertia (second moment of area)

Yot Total value calculated around the geometric gravity axis (Y-axis)
Lown Sum of moments of inertia for the individual parts around own gravity axis
I Effective moment of inertia, see formula (2)

e
Slip modulus, see section 3

Bending moment (about Y-axis)

Axial load on column

Pcrit
Shear force {in the direction of the Z-axis)

Critical value

Static moment (first moment of area)
S, Static moment of flange about Y-axis

Distance of gravity axis from flange

Width

b, Thickness of web

Strength

f .0 Compressive strength

Depth

hy Depth of flange

h,, Depth of web

h, Depth of tension zone in web

Column factor
Span of beam or free length of column

Spacing of fasteners (1/s is number of fasteners per unit length). If s is varying evenly
in the longitudinal direction according to the shear force betweens . ands . < ds ..
an effective value of s equal tos = 0.76 s, -+ 0.25s_ . may be used.

Slip between jointed members
Effectiveness factor, see section 4
Slenderness ratio

X Effective slenderness ratio

e
Axial stresses

g ¢ in outermost fibre of flange
% mean © in the middle of the flange
- o in outermost fibre of web

Shear siress
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3. ASSUMPTIONS
The member is assumed either loaded in the Z-direction giving moments about the Y-axis, or with an
axial load acting in the gravity axis.

The case where both bending moment and axial force are acting (beam columns) at the same time 1s
only treated in a special case, cf. section 7.

The conditions are assumed linear-elastic and the following relation between the load on a fastener
and the slip is assumed to apply.

F=Ku (1)
All members are assumed to have the same modulus of elasticity, but the expressions may be ex-

tended to apply also to cross-sections where the cross-section members have different properties
by transforming of the cross-section sizes in relation to their stiffness after the usual methods.

4. EFFECTIVE MOMENT OF INERTIA

The effective moment of inertia is determined by

(2)

Ie = Iown + Y(Itot - Iown)
where
- i
Y= ‘"2 Ar E (3)
1+ 7 K
For beams with thin webs of plywood, particle boards or fibre hoards, however,
_ 1
T'1+_@§(E_S+”_E:_,) (4)
g ‘K 2Gb
5. BEAMS
5.1, Calculation of stresses
Fig. 1 is referred to.
The stresses in cross-sections of type 1 are calculated from the following expressions:
M
to,l= il hy {5)
e
.M h
19¢ ymean! —E 7("2'""' a) . {6)
= M by
logl = |Gf,mean| + i:? (7)
in cross-sections of type 2 from:
_Mbhy
lo,!= 'I"; 3 (8)
M (b, * hy)
lHf,rruaanl = I_ T e 2 (9)
€
h
|+ Mt (10)

!Ufl = lof,mean

I, 2
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and in cross-sections of type 3 from:

th ‘
lo = (11)
w Ie 2
M (hw ——hf)
Iof,rrle.anf =E Y 2 {12)
- M hy
105 = 10 mean! ¥ 1 3 (13)

5.2, Calculation of maximum shear stresses

For cross-sections of type 1 the maximum shear stresses occur where the stresses in the web are zero
and can be calculated from

_ Qh;
maxr = “ﬁ: (14)

For cross-sections of types 2 and 3 the maximum shear stresses occur in the middle of the web. For
type 2 they can be calculated from
(h, *+hy) 1

Tp, VA3 gAY

(15)

maxrt =

and for type 3 from:

Q (hw_hf) _l
Lo, (YA gt g Ab

(16)

maxr = )
w

5.3. Calculation of load on fasteners

The load per fastener can be determined from

L. Q8
Foy5ts (17
e

5.4, Deflections
The deflections induced by the moment are calculated as usual, using the effective moment of inertia I o

6. CONCENTRICALLY LOADED COLUMNS
6.1. Load-carrying capacity

The load-carrying capacity corresponding to deflection along the Z-axis can be determined as

k f A (18)

3 col ¢,0 " tot

crit —

The columnn factor k_; is determined as for a corresponding column with rigid joints between the
dross-section members, but the effective slenderness ratio:

A_._.
e

is used.
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For the T-cross-section and the I-cross-section, type 2, the load-carrying capacity for deflection in
the Y-direction is found as the sum of the load-carrying capscity of the individual members, i.e. the
stiffening effect that the members might have on each other is not taken into account.

6.2, Load on fasteners

The load on the fasteners can be calculated by eq. {(17), assuming

7. COMBINED LOADS

for 60 < Ao
for 30 <X, <60 ¢

for Ay < 30

(20)

In cases where small moments resulting from e.g. own weight are acting apart from axial load, the
usual interaction formulas can be used for the stresses determined above. '

8. REFERENCES

K. Mdhler, J. Ehlbeck, G. Hempel & P. Kdster: Exliuterungen zu DIN 1052, Blatt 1 und 2 - Holz-
bauwerke - Ausgabe Oktober 1969 with further references.

The design of built-up timber columns, CIB-W18/3-2-1. -
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ANNEX TB
SPACED COLUMNS WITH NAILED OR GLUED PACEKS OR BATTENS

1. SCOPE

Columns as shown in fig. 1 are dealt with, Le. columns with two or in certain cases three or four iden-
tical shafts jointed with packs or battens. The joints may be either nailed or glued or holted with toothed
1netal plate conneclors. Hxpressions are given to determine an effective moment of inertia and thus an
effective slenderness ratio, whereupon the critical column stress is determined as for a column of solid
timber with the same slenderness ratio.

It is assumed that the consiruction rules given In section 3 are observed, and that the joints are de-

signed for forces as stated in section 6.

Only concentrically loaded columns are dealt with,

2. NOTATIONS

Reference is made to fig. 1.

(O o 1 1 Nt I o ol
_____ I oo
. ooy 92
|4 Ql
i L] | Lo
hy,a, h,a,-,;-h h;"; h o a
ty ty Ay Y
Z 7 5 Z ) Z
. HJ TR, T ]
As Ve i As A i As Ass A
& 5
Fig, 1.
A Area
A Area of one shaft
Ay =nA Total area
1 Moment of inertia (second moment of area)
1 I for one shaft about own gravity axis
Yot Total moment of inertia about Y-axis
P Column load
P it Load-carrying capacity
G Shear force
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Ty See fig. 3
a Distance
a Free distance hetween shafts
a, =ath See fig. 3
g/g .0 Compressive strength parallel to the grain
[: K o1 Column {actor
& length
5 g Free length of column
% 4 Distance between midpoints of packs or battens
2 £ Length of packs or battens
:é n Number of shafts
é‘ Slenderness ratio
z \/‘7\7;; . . . .
o A=K T Slenderness ratio for a solid column with the same cross-section
= ot
w e
& A
= Ay o=y \/—15 Slenderness ratio for the shafts
o 5
Ay Effective slenderness ratio
7 Factor, see table 2.

3. ASSUMPTIONS

- The cross-section is composed of 2, 3 or 4 identical shafts.

- The Y- and Z-axes are symmetry axes.
The number of free fields are at least 3, i.2. the shafts are at least jointed in the ends and in the
third points.

- The free distance between the shafts is not greater than b times the lamella thickness (a/h < 5).

- The joints and packs and battens are designed for a shear force Q as stated in section 5

INTERNATIONAL COUNCIL FOR BUILDINC

- The length of the packs should satisfy the condition £,/a = 1.5.

For nailed joints there should in each section be at least 4 nails or 2 bolis with metal plate con-
nectors. For nailed joints at the ends apply that there should be at least 4 nails in a row in the
longitudinal direction of the column.

*

- Battens should be made of structural plywood and their length satisfy the condition £,/a > 2.

n

CONSEIL INTERNATIONAL DU BATIMENT

- The columns are solely subjected to concentrical axial loads.

4. LOAD-CARRYING CAPACITY

For deflection in the Y-direction the load-carrying capacity can be determined as the sum of the
load-carrying capacity of the individual members.

For deflection in the Z-direction the load-carrying capacity are determined as

Pcrit = kcolfc,OAtot (1)

The column factor k col is determined as for solid columns, but the usual slenderness ratio

A
R (2)
I‘tx)t
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is replaced by the effective slenderness ratio
. N3 .
A, =/t n g (3)

1 is given in table 2.

Table 2:

T Pack; “ Battens )
glued nailed (bolted* glued nailed
Long-term loading . 1 4 l 3.5 2 6
Short-term loading 1 1 3 i 2.5 2 4.5

* with toothed metal plates.

5. SHEAR FORCES

The load on the fasteners and battens or packs can be calculated as stated in fig. 3, assuming

e

L e

a, =a+ h

{) 1 . -
50 ko for 60 < X,
A, P
4 e Bl or 30 < A, <
Q=1 Go go ik,  orBUSr =60
CO
P 1
,,,,, <
1356 forx, < 30
2 X % 3 X %e 1 x
« R ﬂ—wE«QT =y r-w“"&qoﬁ-b-&;
e, e 10 o=
3 ) 2 Ls 24T
LS by Bk
E !
CR I ?J? R
oG LA
2, G 762
| a, ¥ I¢ ¥ a 4 A
Fig, 2

6. REFERENCES

-
E—

S e m—

K. Mohier, J. Ehibeck, G, Hempel & P. Koster: Erfduterungen zu DIN 1052, Biatt 1 und 2 - Holzbau-
werke - Ausgabe Oktober 1969 with further references.

The design of built-up columns, C1B-W18/3-2-1.
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ANNEX 7C
LATTICE COLUMNS WITH GLUED OR NAILED JOINTS

i. SCOPE
Lattice columns with N- or V-attice and with glued or nailed joints are dealt with.

Expressions are given to determine an effective moment of inertia and thus an effective slenderness
ratio whereupon the critical column stress is determined as for a column of solid timber with the
same sienderness ratio.

It is assumed that the joints are designed for forces as stated in sections 3 and 5.
2. NOTATIONS
Reference is made to fig. 1.

number of nails:n

number of natls: n

1 ’ i "?
! ;
hi -
D '.'_ i’ S el
Z
¥

number of nails: » nsin” ¢

| number of nails:n
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L

A Area
A, Area of one flange
1 Moment of inertia (second moment of area)
I Ifor one flange about own axis
L., Total value:I , = 2I;+ % Ah?
K Slip modulus for one nail, i.e. the force per nail that will cause a slip of 1
P Axial lead on ¢column
@  Shear force
e Fccentricity

f., Compression strength

h Depth of column (flange centre distance)

i Radius of gyration (=/T;/A;)

Column factor

2, Joint distance

n Number of nails per diagonal in a joint. If the diagonal consists of two or more pieces, n is the
sum of nails, not the number of nails per shear face

8 Angle between a flange and a diagonal

A Slenderness ratio
Aa Effective slenderness ratio
A; Slenderness ratio of a flange (&, /i)

U Parameter, see section 4.

3. ASSUMPTIONS

The structure is assumed to be symmetric about the Y- and Z-axes of the cross-section. However, the
lattice of the two sides are allowed to be staggered the length £, /2.

There should be at least 3 fields, i.e. £ > about 3&31.

The column should be designed for a shear force Q, as stated in section b, i.e. the diagonals and
joints should be designed for Q/sind .

In nailed structures at least 4 nails per shear should be used in each diagonal in each nodat point.
At each end bracings should be used,

The slenderness ratio for the individual {lange corresponding to the length £, must not exceed 80,
e
A <60

Besides, it assumed that no local rupture is occurring in the flanges corresponding to the column
length A, .

4, LOAD-CARRYING CAPACITY

The load-carrying capacity corresponding to deflection in the Y-direction is equal to the sum of
the load-carrying capacity of the flanges for deflection in this direction.

For deflection in the Z-direction the load-carrying capacity is assumed to be equal to
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P, =2k oA

crit col™c,0

where the column factor k_,, is determined as for a corresponding column of solid timber, but
instead of the geometrical slenderness ratio of the column

f2A
- f
A=1R I

{ot

the effective slenderness ratio

?\e=}\\/1+u

is used, where u is defermined as stated below:

Glued V-iruss:

A, 1s not to be taken less than 1.056 A,
Glued N-truss:

el h?

iy ;

A, 18 not to be taken less than 1.05 X,
Nailed V-truss:

hEA,
H= 28 e K eings
Naijled N-truss:
hEA,
# =50 22 nKsin26

5. SHEAR FORCES
The column should be designed for a shear force Q) given by

P 1
e for 60 < A
60 k.y e
=42 P 1 a0<n <60
G0 60 k., e
P 1
t 190 kco! for 7\e < 30

6. REFERENCES

K. Méhler, J. Ehlbeck, G, Hempel & P. K&ster: Erliuterungen zu DIN 1052, Blat{ 1 und 2 - Holzbau-
werke - Ausgabe Oktober 1969 with further references.

The design of built-up columns. CIB-W18/3-2-1.
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PARTICLE AND FIBRE BUILDING BOARDS

1=13~1

Com] Jun]

G132
11131

191132
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Fibre Building Boards for CIB Timber Code = 0 Brynildscn

Determination of the Bearing Strength and the Load—Deformation
Characteristics of Particleboard — K M¥hler, T Budianto and J Thlbecik

The Structural Use of Tempered Hardboard -« W W L Chan

Tosts on Laminoted Beams from Hardboard under Shorte— and Long-term Load -
W Hozytiski

Determination of Deformation of Special Deonsificd Hardboard Under Long~
term Load and Varying Temperature and Humidity Conditions - W Halfar

Determination of Deformation of Hardboard under Long-term Load in
Changing Climate = W Halfar

TRUSSED RATTERS
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Paper 14 Long Term Loading of Trussed Rafters with Different
Conncetion Systems « T Peldborg and M Johansen

Deflection of Trussed Rafters under Alternating Loading Durlng a Year —
T Feldborg and M Johansen

iateral Bracing of Timber Struts « J A Simon
Timbor Trusses - Code Rolated Problems = T F Williams
The Dosign of Truss—Plate Joints « P J Keenan

Denien of Roof Bracing - The State of ithe Art in South Africa =
P AV Bryant and J A Simon

Dosign of Metal Plate Comnected Wood Trusses -~ A R Egerup

CIB TIMBER CODE

21001

 Paper 2 4 IFramework for the Produciion of an International Code of

Practice for {the Structural Use of Timber -~ W T Curry



G-=100-1  Design of Solid Timber Columns — H J Larsen

5-100~2 A Draf% Outline of a Code of Practice fox Timber Structures = L ¢ Booth
6~1QO-1 Comments on Document 5=-100-1; Design of Timber Columns = H J Larsen
O~=100=2 A CIB Timber Code — H J Larscn .

7-100=1 CIB Timber CGode Chapter 5.3 Mechanical Fasteners; CIB Timber Standard
06 and Q07 = H J Larsen

#=100=-1  GIB Timbor Code: List of Contents (Second Draft) =~ H J Larsen
G-100=1  The CIB Timber Code (Second Draft)

11=100-1  CID Structural Timber Design Code (Third Draf+t)

11=100-2  Comments Received on the CIB Code

1 4=100=3 CIB Struciural Timber Design Code: Chapier 3

LOADING CODBS

4=101=1 Paper 19 Loading Regulations = Nordic Committee for Building
' Repgulations

4=101=2 Papor 20 Commonts on the Loading Regulations = Nordio Committee Lor
Building Regulations

SIRUCTURAL DESIGN CODES

=102~1 Paper 2 Survey of Status of Building Codeé? Specifications etc, in USA -
G Stem

1-102~2  Paper 3 Australian Codes for Use of Timber in Structures — R H Leicester
1=102~3  Paper 4 Contemporary Concepts for Structural Timber Codes m'R H Leicester

1=102=4  Paper 9 Revision of CP 112 — Pirst draft, July 1972 = British Standards
Institution

fea 10 2] Paper 15 Comparison of Codes and Safety Requirements for Timber
Structures in EEC Countries — Timber Research and Development Association

4-=102=2  Paper 16 Nordic Proposals for Safety Codo for Structures and Loading
Codo for Desigan of Structures — 0 A Drynildsen

A-102~3 Papecr 17 Proposals for Safety Codes for Load~Carrying Structures =
Nordic Committee for Building Regulations

4-102-4 Paper 18 Comments to Proposal for Safety Codes for Load-farrying
Structures - Nordic Committee for Building Regulations

41025  Paper 21 Extract from Norwegian Standard NS 3470 "Timber Structures®

=102=6  Paper 22 Draft for Revision of CP 112 "The Structural Use of Timber! =
W T Curry



&-102-1  Polish Standard PN~73/B~3150: Timber Structures; Statistical Calculations
and Designing .

3~102~2 The Russian Timber Codes Summary of Contents

Gl 0201 Svensk Byggnorm 1975 (2nd Bdition); Chapter 27: Timber Construction

11=102=1 Durococdes =~ H J Larsen

ATEINATIONAL STANDARDS ORCGANISATION
3=103==1 Paper 2 Method for Preparafion of Standards Concerning the Safety of
Structures = published by International Standards Organisation
(180/DIS 3250).

£==10 3om Paper 1 A Proposal for Undortaking the Preparation of an Tnternational |
Stondard on Timber Structures — International Standards Organisation f

5~103~1 Comments on the Report of the Consultation with Member Bodies concerning
ISO/TS/P129 - Timber Structures - Dansk Ingeniorforening

7-103=1 IS0 Technical Committees and Membership of ISO/TC 165

&=103~1  Draft Resolutions of ISO/TC 165

JOLNT COMMITTES ON STRUCTURAL SARETY

3-104=]  Paper 1 International System of Unified Standard Codes of Practice for
Structures — Published by Comitd Buropéen du Béton {CEB) :

T=104~1 Volume One: Common Unified Rules for Different Types of Construction
Material « CLB

CIZ PROGRAMME, POLICY AND MEETINGS

(5T Paper 1 A4 Note on International Organisations active in the field of
Hilisation of Timber = P Sonnemans

“ei05=1  Tho Work and Objectives of CIB-Wi18 ~ Timber Structures -~ J G Sunley

10=-105=1  The Work of CIB-W18 Timber Structures = J G Sunley

TWTEWATTONAL UNION OF IFORGSTRY RESEARCH ORGANISATIONS

7=106=1  Time and Moisture Effects ~ CIB W18/TUFRO S55.02~03 Working Party
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IS0/TC 165 B

Resolutions of TC 165 — meeting in Ottaws 1975-09-25/27

Resolution No. 9 {Ottawz No. 1}

The following revised scope was accepted:

Scope: $randardizarion concerning the design of lead bearing structures
of timber, wood products and appropriate related lignocellulosic-
fibrous materials, comprising technical requivements for design,
for materials and for work of construction necessary to safe-

guard the design assumptions.

Resolution No. 10 (Ortawa No. 2)

The sceratariat was asked to make a second draft proposal of DP 6891 based

o the comments made during the meeting. Following tecelpt of comments
relative te the amended draft of DP $8%1, this document ghall be submitted

to the Ceantral Secretarlat as a Draft International Standard.

Resolution No. 11 {Qttawa Ne, 3).

1t was agreed that TC 165 should proceed with the work on Test Methods for
Structural Timber. The latest version of the recommeadation from RILEM 3TT/
CI3 W18 was adopted as Working Paper and should be circulatede for comments.
Rased on the couments received the secretariat, in cooperation with RILEM
3TT/CIB WIS, should prepare a revised Working Paper. ISG/TC 55 should be
informed and the members of TC 53/5C 1 invited to participate in the work.

Resolurjon No. 12 {Orrawa No. 4)

It was noted that ISO/IC 139 would produce standards for the testing of
structural plywood based on RILEM 3TT/CIB W18 recomeadations.

150/TC 139 should be askad to create a joimt working group {TC 139 & 165}
for this work at its nmext meeting (spring 1380).

Resclution No. 13 (Qttawa No. 5)

wmmwm.mmlmMﬂMhmmmwm.mmeMHmﬁmmcwnrnrmmowﬁoc»nmmnonm”

1. The primary aim of the working group is to draft methads of grouping
for sawn timber and joints based on the structural properties of the
timber.

2. It is not the coacern of the working growp to discuss metheds for the
grading or the assessment of the strength of timber or the strength of
loints. However, the working group should suggest acceptable methods ~
of entry into the groups.

3. The methods proposed must be wide enough to enable the structural

utilization of most of the merchantable timbers of the world.

4. Consideration should be given to the possibility that a mew IS0
commirtee pn grouping be set up.

5. The working group is asked to produce a first rough draft for general
discugszion in 5-12 months.

o
)

The working group should further consider che possibilizy of applying

methode of grouping to other structural rimber products and components.

and the following members:
R. H. Lelcester, Australia {convexer)
P. Hoffmeyer, Denmark
J. Ehlbeck, Germany F. R.
Borg Madsen, Canada.
France would consider its participation.

Mexico hoped to be able to contrilute. /1.
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NIN Deutsches Institt fir Normuna e, /Y %
Normenausschu8 Holz (NAHOLZY /S0 /717§ /i/6 6

1SO-Sekretarlate far Holrwerkstotfe, Wonn- und Schutmdbet
TC 89, TC 136/SC 3. SC 5. 5C 7, TC 129 und TC 151 .
CEN-Sekretarsate 10r Spanplitten- Formaldenydbestimmung ) Mitglied der

TK §1 und Leitarn TK 53 . ’ internationaten
Crganisation
O Deutsehes instingt 160 Normung a, V. - Kemebests, § - 0-5000 Lo § . tur Noreung {5C)

To: ISO/TC 165 - Timber structures

Prom: D. Noack, Chairman of ISO0/TC 139 - Plywood

) ) Bal Antwort bitte angeben fu (o2 71) 7131
Ihra Zeichan, this Nachricat vom Unsers Zoichen TIO—dU Durchowaht 5713524 xim 1979-09-18

Subject: Report on activities of Hn.aww related to the preparation
of proposals of testing methods for plywood in structurzl
grades for use in load-bearing structures -

Ref.: Trem 7, b) of the draft agenda of the Ottawa-Meeting of
ISO/TC 165 as well as draft resnlution 6 of TC*s 1635
London—-Meeting in September 1977

According to resclution 6 of the Londen—meeting of TC 165, at
which I had the honour to attend, it has been agreed regarding
testing metheds for structural plywood that TC 133 should be con-
tacted in order to decide if the respective draft proposal of
RILEM/CIB-3TT - published by Professor Ruipers in Matériaux et
Constructions, vol. 11, No. 62 — can be accepted as a basis for
further international standardization and included in the programme
of work of TC 138. :

In December 1977 Professor Kuipers kindly sent me the manuskript
ready for printing ¢f this RILEM recommendation and in July 1578 I re-
ceived a reprint of the draft by the technical secretary of CIB WI1i8.
But because TC 139 did not meet during that time I cculd not discuss
the subject within the plywood committee in 1978. The first oppoertu-
nity to raise the guestion in TC 139 was a meeting of scme working
groups of TC 139, especially of the working group 6 on guality re-

- guirements of structural plywcod, which took place only a few days
ago on September 10 to 12, 1979, in Vienna/Austria.

In this meeting of TC 139 of structural plywocod it has unani-
— mously decided that:

1. The preparation of IS0 Standards on test methods for the deter—
mination of physical and mechanical properties of structural ply-
wood lies fully in the scope of ISO/TC 133.

-2 -
i . -

Quachatisrkums. Talex: 8201 040 Oin & Bankhonisn - Postschacrkents
Famekgslt: § Talagremn: Deutscna Bk AG WLI IO 100 R0
{am Frnesengisil) DN KOLN Deponiencaiie HoOhEAIOHE A Ko 557 4 S03

D-3000 Koin 1 05000 Koin 1 3
' N SLZ 37070080 Xonto-Ne 225422

- Toklyne ol = Vet T RARGLT

Seite 2: To ISO/TC 165 - Timber structures, 1979-09-18 G

2. There is a need for the praparation of such test methods in order
to judge the properties of szructural plywood of different grades.
These test methods seem especially necessary for comparative
teszs between medium-sized test pieces with natural and technical
defects and the sc-called small clear test pieces in order to de-
termine the influence of the defects on the mechanical properties
of structural plywood.

The medium-sized test pieces should not be considered in relatiocn
to a continuous guality control of structural plywood in. the fac-
tory which normally is carried out by using small clear test pieces.

3. The work of preparing relevant test methods for structural plywiod
shall be started by TC 139 immediately. This should favourably be
done on the basis of the RILEM-draft 3 TT submitted by TC 165. This
work will be carried cut by Working Group 1 on testing methods for
plywood of which I myself am the chairwman.

The test methods.prepared should be as uniform as possible for.all
kinds of wood-based panel products {such as plywood, particle boards
and fibre building boards) in crder to enable direct comparisan of
board properties. ) . .

At the Vienna-Meeting of the plywood committee it has not been
possible to go inteo technical details of different test methods, >ut
it seems to be a fortune that the next general meeting of the Techni-
cal Committee on Plywood will take place in April/May 19%80C. In the
mean time the relevant working party of TC 132 will he engaged in the
subject by distributing the tentative recommendation of RILEM draft
3TT-2 and by collecting comments regarding the proposed test methods .
I hope that fast progress can be attained on the basis of the RILEM
paper so that more concret results can be reported at the next meeting
of TC 1a&5. - : ’

One important point which has not been mentioned in the RILEM.
draft 3TT~2 is a lower limit of the thickness of constrectural ply-
wood in relation to test methods. It will not be possible to apply
all proposed test methods (for instance that of the bending test} al-
so to very thin plywoods with thicknesses below 4 mm. We therefore
have the question to TC 165 if a lower limit of the thickness of
structural plywood should be considered,or will it be necessary to
determine the mechanical properties of very thin plywood panels tao.
In this case special test methods may be necessary. -

I deeply regret that - in contrary to my original intention and
plans - 1 could not come to Ottawa in order to discuss this important
item of test methods for structural plywood personally, but I hope
that I could explain the present situation in this field with the
foregoing report. I am sure that progress will be made during the next
time and I am looking forwazd to a close successful cooperation be-
tween the Techaical Committees 165 and 139 of ISO.

2L,
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. Annex 2 to gar letter 1979-5G9-10

Conzents fron the Netherlanis on

CTR Ti-ter Cols thirnl drafi - sect. 1973

General comnentis.

a) On the 'left® pages of the codes, too less explanation,
nformation or references have been given for a good
insight of the principles and background of the code.

b) The limited range of strength classes mentioned in table
§.1.1. is too limited to cover the range of timbers used in
the Netherlands.

c) The E values of table 5.1.0. for short—term loading is

very low in comparison with those of the Dutch Timber Code
NEN 3852.

For 5C 15, for instance, Ej, ... ~ 6,000 HMPa.
for the "standaard bouwhout” of NEN 3852, which is comparable
with 8C.15, E = 10,000 MPa.

The E value for permanent loading and climate nwmmmmw 1 and

Z amounts to:

£, = (0.6 & 0.7). 6000 = 3,600 & 4,200 MPa.

According to NEN 3852, including 2 creepfactor of 1.0:

MO = 10,000/(1+1) = 5,000 MPa.

The C I B stiffness is considerable less thaa according to
NEN 3352.

d) In table 5.1.0 two groups of E values have baen given,
for strength and for deformation calerlations resp.

This splitting up is only acceptable 1f the corvesponding
limit state is dictated. . )

An explanation of the lower E value f~r strengih
calculations might be the non-linear se=ress-strain relation
up to rupture of the timber (see figuze .pelow) . In the
pliimate limit.state it is a safe appraach to teke a low
valne for the E in the linear elastic theory. However such
information is missing in C I B code.

Furthermore for imposed deformations the result ing stresses
will follow from the strains and the E value: a too low value

of E may result in an unsafe structur=.

s

;. ultimate limit state: {safe approximation)

/ .
/-

&rf serviceabllity limit state

% .

- E
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; B Germon Comment on Document "CIB Structural Timber Design Code
NABau - NormenausschuBl Bauwesen INDGAET mLM . e : en ’
Building Division of DIN 2 4 WA 1973 Third Draft, September 1973" of ISO/IC 165
¥ e Migired der
Joor 335 leternationaten Organisal )
T —r Bt 7278 - DD B 3 tur Normuag USGH After revision of this document by our experts, we propose the
- T —— follow ing changes and supplements; at the same time we want to
. cue Anpchrift ab OF, -
Secretarist ISO/IC 165 DN b 01 Aot 1578 give general suggesticn concerning the development of an inter-
Dansk Ingenigrforening Deutsches Instiut fur Narmong 6.V )
Noimenausschul Bavwesen . naticnal standard for timber structures.
Vester Farimsgsgade 31 (NABau)
Borggratenstr 4-10 - Portfach 1107
DK-1606 Kgbenhavn V e 10 : .
- ennavn Ted £ §030) 25011 - Durchw. 2601 505 1 Clause 2.1: For the bending strength of solid and laminated

timber, *the characteristic values are related only to a certain
o - section depth. In our cpinion there is also a dependency from N\
tnea Zeichan, thea Rachrichi vom Uhsere Zachen. Unsere Sacheeht vom Teteton 1030) Bericn the length and the cross sectional width of the mostly stressed
— , 1sS0 165/ /ack 2622031 1979-05-15 part of the beam, For finger-jointed laminated beams this influ-
ence seems not to be so decisive as the weakness of the figure joint
Subject: IS 165 "Timber structures® )
Subjegt: 1S0/7C > # 2 Clause 2.2: The temperature according to the indicated cli-
mate classes must be defined more specifically, excluding possible
Dear Sirs, misunderstandings. In this case the temperature should not be
of interest, htecause facts are based on the molsture content of

Please find enclosed the German comments on document tire timbe:, which results mostly from the relation humidity
“CIB Structural Timber Design Code, Third Draft af the surrounding air. Temperatures between -25°C and +mmoo
? r

September 1978" of ISO/TC 165. and on document N 38 E. can oceur at every climate class,

Yours sincerely, ) ' 3 Table Z.3a: The load duration classes "permanent®™ and "normal"”
- Building Division of DIN should be put together, because exact separation seems to be
impsesib i ti t t th £ ti i
mmwmeN mpsssible in relation to sireng and deformaticn under loading

times of more than AOmE.

Dr, Kiehl
o 4 Table 4.1.1: This table should be eliminated , because the vaf 3
Encl ' mentioned in there, are also mentioned in table 5.1.0a.
-— 'S5 Table 4.3.1: This table should be eliminated, because the values
- . . . mentioned in there are also mentioned in table 5,2.0.
The footnate of table 4.3.1 should be restricted to the tension
zone only (instead of both parts). Appropriately, indications
similar to those in DIH 1052 part 4, edition Cctober 1969,
Gexchaltiziche Teten K OOA e 1 hanGengen ’
Raichpichichuler 72-76 tas 41} Bana fur Handel md induste. BLZ 100 BOOG 00, Konto W 36 22 241
1000 Berkn 30 185433 B0l Sparkagse oo Stadt Berhn West, BLT 100 500 00 Konlo N 002180

Postacheciams Berim West, BLZ 00 £00 16, Koo Nr 208 76 108
)

Gloitende Arbeiltzen - Beauche und Triclonsarule worden #0 det Hornatesdar ot monl gy by feeilagy vt 3 bk Eh Lie odba tem
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A
to the respective constructive data, would be better.

13 Clause 5.2.3: For Europeesn . scftvood, the thickness of the
lamellas instead for usual cases is to be reduced for the reletion
r/t < 200, however the value should never be below r/t < 150,

in eorder to avoid failure due io bending.

As intended for the f{uture edition of the Cerman standard, the
thickness of. the lamellas should not be grezater than 32om.

14 General note: It is intended to differentiate the single factors
in a better way; e.g. k for the factors reducing the allowatle
stresses, and another symbol for the factors reducing the effec-
tive siresses.

15 Chapter 5§ (reference is made to the second code draft} Table 6,.0.
There should be a footnote, indicating that the values mentioned
are only valid in the case weod failure for wood Joints using
fasteners; the same applies for nail piates.

Furthermore other cases of failure shouid be mentioned especially.

In zadditicn it has to be verified, vhether the values are only
valid for ultimate load, or whether the values are alsc valid for
deformation (slip modulus) according te thase stated in table 5.1.7

16 Clause 6.1,1.%: For nail joints, infermztions should be taken
from the corresponding German standards DIN 1032 part 1, edition
October 1969, and from the draft DIN 1032 part 3, edition February.
1979. In DIN 1052 part 3 the following is mentioned for wood-based
sheet materials:

"Far lateral loading (shearing}, the acdzmissible lead for load case !
ﬁmmm DIN 1052 part 1, edition October 1559} can be calculated , alss
in the case of nail joints with one sheszr plane only, af particle
or fibre boards with scolid timber by the equation

2
SO0 -
mo "PEIWT!

; v a, in N, ﬁan = neil diameter in mm)

-5 o

provided that the thickness of the particle boards and the medium
hard {ibre boards is ait least 4,5 ° nu. For ihe hard fibre bhoards
the thickness has to be 2. d. In case of thicknesses for particle
beoards and medium {ibre boards between 3 , ms and 4,5 » 4 the

Hw.w
sdmissible lcad has to be reduced to d4/(4,5 » nﬂv.

17 Clause 6.1.1.2: Based on the test results received in Germany
the penetralicn depth ©f Lihe nails should not be deducied by Hv

in ihe equations £.1.1.2a - ¢, if the minimum penetration depth
is at lesst & * aa.

N
The German stendard coiisiders the smooth nail unfavourable. Tt
is only admitted 15r short term withdrawal loads by wind. Further-
more a dedinition for spirally grooved nails and annular grooved
nails should be given. In our opinion the angle between the thread
and the nail axis should not exceed 60° for these nail types.

18 Clause 5.1.2: Due to simplified aspplicetion in practice, it
is intended 1o develop only two equations showing saie results,
instead of ihe five ones {6.1.2a - e} mentioned. The form in which

the formulas are given seem to be too complicated and the expansion
is teco larpe,

The same applies to the comments of table 65.%1.1.2 and to the
conments in chapter 6.1.3.1.

19 Tlsuse €.1.3.2: The zeximum penetration depth vhich should be
1 tere into sceount shiculd be menticned in addition to /7
-1.3.2a.

Equation 6.1.3.2b should read (30 + 12} ... instead of (39 + 12,5).
In both eguaticns the fiminution of the length of the point is

net necessary, if the minimum penetration depth is at least 4d.
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BS 5268 : Part4 : Section4.1:1978

UDC 691.11:874.042.3:6201.08

Code of practice for

The structural use of timber

Part 4. Fire resistance of timber structures

Section 4.1. Method of calculating fire resistance
of timber members

Code de bonne pratique relatif a 'utilisation de bois de charpente
Partie 4. Résistance au feu des ouvrages en bois
Section 4.1. Méthode de calcul de la résistance au feu des pieces en bois

Richtlinien fir Holz fur Bauzwecke

Teil 4. Feuerbestandigkeit von Holzbauten
Abschnitt 4.1. Verfahren zur Berechnung der Feuerbesténdigkeit von Holzelementen

British Standards Institution Gr3




BS 6268 . Part 4 : Section 4.1 : 1878
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This sode of practice represents a standard of good practice and therefore takes the form of recommendations. Compliance
with it does not confer immunity from statutory and legal requirements.

Foreword

The code of practice CP 112 "The structural use of timber’
has been allocated the new number, BS 5268, as part of the
integration of work on codes and standards. The Parts of
CP 112 that have been published are as follows.

Part 1. 1867 Imperial units
Part 2 : 1971 Metric units
Part 3 : 1973 Trussed rafters for roofs of dwellings

Part 1 was withdrawn in 1974, Part 2 remains valid and wili
continue for a further limited period so that the permissible
stress method of design can stifl be used. Part 3 is being
ravised. |1 is intended that the new BS 5268 "The

structural use of timber' will have the following Parts.

Part T Limit state design
Part 2 Permissible stress design
Part 3 Trussed rafters for roofs
Part 4 Fire resistance of timber structures
Section 4.1 Method of calculating fire resistance
of timbear members
Section 4.2 Method of caleulating fire resistance
of timber stud walls and joisted floor
constructions
Part b Preservation treatment for constructional timber
{published 1977)
Part 6 Timber frame watl design
Part 2 of BS 5268 is in course of preparation and is a
revision of CP 112 : Part 2 which it will supersede on
publication. The recommendations of the forthcoming
Part 1 of BS 5268 will entirely supersede those of Part 2
of BS 5268 after a limited number of years. Part 3 of
BS B268 is in course of preparation and is a revision of
CP 112 : Part 3 which it wiil supersede on publication.
Part 4 is 2 new Part consisting of two Sections {described
below). Part & was published in 1977. Part 6 is a new Part
in course of preparation,

Section 4.1 of BS 5268 : Part 4 gives information for the
calculation of fire resistance. Such cajculations are possibie
because, in fire, the behaviour of timber is predictable with
regard to the rate of charring and loss of strength, It is also
free from rapid changes of state and has very low
coefficients of thermal expansion and thermal conductivity,
Timber treatments including impregnation to retard the
surface spread of flame should not be assumed to affect

the charring rate. Section 4.2 will deal with timber stud
walls and joisted floor constructions.

Fire resistance refates to complete elements of construction
and not to individual materials; the appropriate test is
deseribed in BS 476 : Part 8. The stability {resistance to
structural failure), integrity and insulation criteria may all

be applicable and the performance of an element is expressed
in terms of the periods of time that the appropriate criteria
are satisfied.

The methods given in this code for assessing by calculation
the fire resistance of timber members, in refation to stability
criteria, use stress modification factors {see 5.1.2 and 5.2.2)
which have been arrived at empirically and checked against
the results of a number of fire resistance tests conducted

in accordance with the appropriate British Standard.

It is current practice during the fire resistance test in
accordance with BS 476 : Part 8, in the case of
compression members, to apply an axial foad oniy, because
the iimitations of the existing test equipment preclude
other loading arrangements. The information given in this
Part of the code, dealing with the assessment of fire
resistance of compression members, refates to fire resistance
tests, where limited loading arrangements have to be used.
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British Standard Code of practice for

The structural use of timber

Part 4. Fire resistance of timber structures

Section 4.1 Method of calculating fire resistance of timber members

1. Scope

This code of practice gives methods of assessing the fire
resistance of flexural tension and compression members
of solid or glued laminated timber and their joints.

2. References

The titles of the standards publications referred to in this
code are listed on page 5.

3. Definitions.
3.% For the purposes of this code the definitions given in

BS 665, BS 4422 : Part 2 and in CP 112 : Part 2 apply,
together with the following additional definitions.

residual section. The section of the uncharred timber that
would be left after a given period of exposure to the fire
conditions described in the test in BS 476 : Part B,
assuming a steady rate of charring, with allowance for
accelerated chatring at exposed arrises where recommended
herein (see 4.3).

3.2 in addition, the definition of stakility used throughout
Part 4 is based on that given in BS 476 ; Part 8, which for
the purpose of this code is taken as:

{a} the ability to sustain the applied foad throughout the
period of the fire test and,

{b} also, in the case of flexural members, abitity to resist
deflection during the fire test, 10—

NOTE, it should be noted that this may differ from the normal
steuctural engineering interpretation,

4, Behaviour of timber in fire

4.1 General. For the purposes of this cede, charring can be
assumed to occur at a steady rate in the fire resistance test
described in BS 476 : Part 8. The timber beneath the
charred layer does not tose significant strength because

the thermal conductivity is low.

These characteristics make it possible to predict the
performance in a fire resistance test of certain flexural
tension and compression members thus reducing the need
for testing.

The criteria of BS 476 : Part 8 are applicable to

elements of building construction as follows.

{a) Flexural members {beams) : stability, (strength
and deflection).
{b) Compression members {columns) : stability.
(¢} Tension members : stability.
Where members are built inte, or form part of, a fire
resisting construction, the insulation and integrity
reguirements may aiso be appiicable,
4.2 Resistance to charring
4.2.1 Solid members. Calculation of residual section of

solig members should be based on the values given in
table 1, These vatues should be modified in the case of
fully exposed cofumns and tension members as set out in
8.2.2(a) and 5.3.2{a) respectively.

Table 1. Notional rate of charring for the
catculation of residual section

Species Charring Charring
in 30 min in 60 min
mm mm

(a) All structural species listed in

table 1 of CP 112 : Part 2 : 1971,

except those noted in items (b)and (¢} | 20 40

{b) Western red cedar 25 50

(c) Dak, utile, keruing (gurjun), teak,

greenheart, jarrah 15 30

NOTE. Linear interpolation or extrapoiation for periods between
15 min and 90 min is permissible,

Notional charring rates for particular species and longer
periods of time not presently included in table T may be
established by an appropriate authority.

4,2.2 Glued laminated members. The charring rates given
in 4.2.1 may be applied to members laminated with the
following thermosetting phenolic and aminoplastic
synthetic resin adhesives: resorcinol-formaldehyde,
phenol-formaldehyde, phenol-resorcinol-formaldehyde,
urea-formaldehyde, and urea- melamine-formaldehyde.
Where other adhesives are used, guidance should be sought
from an appropriate authority.

4.2.3 Finger joints. Finger joints manufactured in
accordance with the reguirements of BS 5291 using
adhesives specified in 4.2.2 may be considered to char at
the rates given in tahle 1.

4.2.84 Sections built up with metal fasteners {see figure 2}.
The charring rates in 4.2.7 may only be applied to the
section as a whole if metal fasteners on which the structural
performance of the built-up member depends are fully
protected from the effects of fire {see 5.4.2). Where such
protection is not given, local structural weaknesses may
occur and the member can only be assessed for fire
resistance by applying the residual section calculation,
assuming charring on all faces of each component of the
buift-up member, or by conducting a fire resistance test.

4.3 increased rate of charring on exposed arrises, Arrises
will become progressively rounded during fire exposure,
The radius of this rounding is equal to the depth of tharring
and the centre lies equidistant from the two aspect faces

at a distance of twice the charring depth {see figure 1).

For periods of fire exposure not exceeding 30 min, whete
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the least dimension of the rectangular residual section is
not less than 50 mm, reunding is insignificant and may be
disregarded.

5. Design considerations
5.1 Flexurat members
5.1.1 Stability criteria

‘la) Strength. The residual section should be such that
the member will support the appropriate loads that
would be applied if the component were tested in
accordance with the requirements of BS 476 : Part 8
to either the maximum permissible design load or the
loads based on those which the member is required to
support in normal service.’

{b) Deflection. The deflection under the appropriate
design load should not exceed 1/30 of the clear span.
Consideration should be given to the effect of deflection
on the stability and integrity of other parts of the
structure.

8.1.2 Assessment of fire resistance

(a) Residual section, The residual section should be
computed by subtracting from the appropriate faces the
notional amount of charring assumed to oceur during
the required period of fire exposure, making allowance
for the rounding on the exposed arrises, where
necessary.

(b) Strength. The load-bearing capacity of a flexural
member should be calculated in accordance with normal
practice, using the residual section and stresses of

2.25 x permissible fong-term dry stresses given in

CP 112 : Part 2, when the minimum initial breadth of
the section is 70 mm or greater and 2.00 % permissible
fong term dry stress, when this dimension is less than
70 mm.

{c) Deflection. Deftections should be calculated using
the residual section and the dry value of the modulus of
elasticity taking the mean or minimum values, as used in
the criginai design. The resulting deflection should not
exceed the limit defined in 5.1.%.

5.2 Compression members

5.2.1 Stability criterion. The residual section shouid be such

that the member will support the appropriate joads such as

would be applied if the component were tested in

accordance with the reguirements of BS 476 : Part 8, to

either the maximum design compressive load or {oads based

on those which the member is required to support in

normal service,

5.2.2 Assessment of fire resistance
(a} A column that is exposed to the fire on all faces
{including a column which abuts on or forms part of a
wall that does not have fire resistance, as in figures 3(b}
and 4(b)}, should be assumed to char equaily on all
faces during the whole period of fire exposures. To
determine the residual section of such columns, the
rates of charring given in table 1 should be multiplied
by 1.26,

Where a column abuts on or forms part of a wall which
provides fire resistance from either side not less than
that of the column, charring on all faces is unlikely,
Calculations should therefore be based on charring of
the column occurring or the side of the wall on which
the column has the greater surface exposure, using the’.

rates of charring given in table 1 {see figures 3{a} and
4{a}}.

Care should be taken to ensure that the junctions
between the wall and the column will be adequate as

a barrier to fire so that the integrity of the construction
is unimpaired.

Where a column abuts on or forms part of a wall, which
is required to provide fire resistance from one side only
{such as in an external wall) and which has fire
resistance not less than the column, charring on the
faces of the column which can be exposed to fire need
only be considered and the rates of charring given in
table 1 should be used. in establishing the vulnerable
column faces, due regard should be given to the
protection afforded by the walling materials.

Care should be taken to ensure that the junctions
between the wall and the column will be adequate as a
barrier ta fire so that the integrity of the construction
is unimpaired.

(b) No restraint in direction at the ends {as distinct from
positional restraint) should be assumed in determining
the effective length of residual column sections unless
consideration of the residual joint {as indicated in 5.4)
shows that a degree of restraint wouid be provided.

(¢) The maximum slenderness ratio based on the residual
section should not exceed 250 (this limitation replaces
those given in CP 112 : Part 2) and the stress
modification factor for long-term icading for the
slenderness ratio of the residual column should be
derived from table 15 of CP 112 : Part 2 : 1871.

(d} The strength of a compression member should be
calculated using the appropriate residual section, in
accordance with CP 112 : Part 2 as modified by 5.2.2(b}
and 5.2.2(c) with the compressive stress paralle! to the
grain of 2.00 x the permissibie fong-term dry stress.

(e} The strength of compression members subject to
hending should be calculated in accordance with 3.14.3
of CP 112 : Part 2 using the stresses derived in 5.1.2(b)
and 5.2.2{d) in place of the permissible stresses.

5.3 Tension members

5.3.1 Stabifity criteria. The residual section should be such
that the member wili support the appropriate loads.

5.3.2 Assessment of fire resistance

{a) To determine the residual section of a tension
member the rates of charring given in table 1 should be
multiplied by 1.25.

(b} The load-bearing capacity of a tension member
should be calculated in accordance with normal practice
using the residual section and a stress of 2.00 x
permissible long term dry stress given in CP 112 : Part 2.
(c} The load-bearing capacity of a tension member
subject to bending should be calcuiated in accordance
with 3.15.2 of Part 2 of this code using the permissible
stresses derived in 5,1.2(b) and 5.3.2(b).

5.4 Jeoints

5.4.1 General. The charring rates given in table 1 may be
applied provided that in all cases the faces of the abutting
pieces of timber are held in ¢close contact and that special
attention is paid to the ptacement or protection of metal

fasteners and components (see 5.4.2 and 5.4.3).

The methods of calculation given previousty are directly



applicable to the performance of individual flexura,
tension and/or compression members. Junctions between
members may be particularly vulnerable to the effects of
fire and reguire special consideration. Where a compressive
force is transferred by direct timber-to-timber bearing, the
loss in strength of the joint is unlikely to be significant
where members have been designed in accordance with the
recommendations of this code.

However, where a structure is designed to have joints that
transfer forces from one member to another, special account
should he taken of the behaviour of such joints. An
assessment shoutd be made of the residual timber after the
specified periad, with particuiar attention to the effects of
any metal connectors and the probability of rounding at
abutting arrises {(as indicated in 4.3). In redundant
structures, charring may alter the relative stiffness of
various parts of the structure and result in a redistribution
of forces, and account should be taken of complete or
partiat yielding of the joints as this may change the
structural action. The structure with redistributed forces
should be assessed for fire resistance as detailed in 8.1,

8.2 and 5.3,

5.4.2 Metal fasteners. Where any part of a naii, screw or
bott becomes exposed to heating during a fire, rapid heat
conduction will lead to iocalized charring and 1oss of
anchorage. Where this effect is likely to lead to the failure
of a structura!l member which is required to have fire
resistance, protecticn of the fastener should be provided by
any one of the following methods.

(a} Ensuring that every part of the fasiener is embedded
in the timber so that it remains within the residual
section as shown in figure 2. Any holes should be fully
and securely plugged with timber glued in position.
Advice on the use of alternative plugging materials
should be sought from an appropriate authority.

(b} Covering the exposed part of the fastener with a
suitabie protecting materiat, e.q. timber, plasterboard,
asbestos insulation board, or eguivatent. Special
attention shoutd be paid to the fixing of such
protection to ensure that it remains in position for the
required period of fire resistance. Unprotected nails,
screws or staples may be used in this case 1o fix this
insulation.
{¢c) Any appropriate combination of the mathods
outlined in {a} and {b}.
5.4.3 Steel hangers for joists or bearns, Where steel hangers
are fully protected for the required period of fire
resistance either by a ceiling membrance or locally with a
protecting material, they will be satisfactory in fire,

For floor construction up to and including 30 min fire

BS 5268 : Part 4 : Section 4.1 ; 1978

resistance, joist hangers of the strap or shoe type, formed
from 1 mm steel, may be used with ceiling construction
which affords 20 min protection, e.g. 12 mm plasterboard.

For floor construction up to and including 30 min fire
resistance, joist hangers of the substantial shoe type with
gusset or strap bracing, formed from at least 3 mm steel,
may be used without protection.

For 1 h fire resisting floors, a ceiling has to be used
affording at least 45 min protection, e.g. 31 mm
plasterboard. )

5.4.4 Metal plates and other metal connectors, Metal
connectors and metal connector plates may be used
without restriction in trussed rafter construction when no
fire resistance requirements exist. When a member
incorporating exposed nail plates is required to have fire
resistance, the provisions of 5.4.2 apply.

When the bolts of other types of metal connectors, e.q.
toothed plates, split rings, etc., are likely to become
exposed during a fire, additional protection as outlined in
5.4.2 should be provided. All other types of joints should
be referred to an appropriate authority.

S
P

Calculated
charring line

Residuat'|3 |
Gection , /Ca{culoted
i depth of charring
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f arris rounding) section
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The radius of arris rounding, r, equals
the calculated depth of charring.

The area of the section lost due to
rounding will be

A= 02182
and the centre of gravity of this area

wiil lie at a distance from either side
of

y=0223r

Figure 1. Radius of arris rounding
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N.B.

Coach screw

All meta! to be within residual section

Bolt

Figure 2. Sections bullt up with metal fastenars
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{a) Wall having fire resistance not less than the column

Figure 3. Columns buiit into walls

Depletion all
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{h) Wall having iess fire resistance than the column
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[a} WaH having fire resistance not less than the ¢column (b} Wail having fess fire resistance than the column

Figure 4, Columns abutting on walls
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