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2 CHAIRMAN'S INTRODUCTION

Delegates were welcomed to the meeting by the co~ordinator of CIB-W18,
MR SUNLEY. An agenda was agreed.

MR SUNLEY told delegates that the United Xingdom Building Research Establishment
had written to him to explain that after holding the secretariat for CIB-W18
for more than seven years they now wished to relinguish those duties within the
next twelve months. Delegates were asked to consider what alternative
secretarial arrangements counld be made and were notified that in future scme
form of payment might be necessary for proceedings and papers for meetings.,

3 CO-OPERATION WITH OTHER ORGANISATIONS

1S0/TC_165: MRS SPRENSEN circulated paper CIB-W18/13-103-1 as a report of
activity within ISO/TC 165. PROFESSOR LARSEN said that there had been no action
by TC 139 on the plywood testing standard. No date has been fixed for the next
meeting of TC 165,

RILEM: DR KUIPERS reported that the RILEM 3~TT/CIB—W18 group had now completed

their work on the structural timber testing standard and the joints testing standard.

Both had been submitted to ISO/TC 165, The first annex 1o the joint testing
standard,on nail plates, had also been completed and annexes on nails and on
staples were being prepared. A new RILEM committee TBS 57 has been formed with
two sub-groups to deal with board testing and structural testing. Lee from the

United Kingdom is o provide a draft standard for the festing of board materials which
will follow closely the methods adopted for plywood., Two papers had been received

on structural testing and these would enable a draft standard to be prepared.

E@I-Bois/FEMIB: MR SUNLEY told delegates that it was hoped that the final draft
of the CIB Code would be completed at this meeting for presentation %o :
ISO/TC 165. Tt was also hoped that the same doocument could form the basis for
the EEC Eurocode 5 if agreement could be reached with CBI-Bois, He expected
that it would be possible to produce Burocode 5 from the CIB Code without major
technical changes. If agreement could not be reached between W18 and CBI-Bois
1t would be a problem for the EEC on how to proceed with the production of their
timber code,

PROFESSOR LARSEN said that it would be unacceptable for a small drafting group
from GEI—Bois/CIBnW18 to make significant changes to the body of the CIB Code,

DR KUIPERS pointed out that although CBEI-Bois had been invited to comment on the
content of the CIB Code there had so far been no response from them,

4 TRUSSED RAFTER SUB-~GRCUP

DR EGERUP reported that the trussed rafter sub-group had had a useful meeting
in their efforts to provide a section on truss design for the CIB Code. The
Nordic countries tended to favour frame analysis as the basic design method but
for some designs this could be grossly conservative. The sub-group had agresd
that for about ninety per cent of cases the pin-joint method with moment co-
efficients was most suitable, The frame analysis method was to be preferred
only when all parameters could be adequately defined,

MR RIBERHOLT suggested the need for a comprehensive analysis of the large number
of truss tests carried out in different countries to identify the significant




parameters for frame analysise The model, he said, became impracticable if
attempts were made to include all effects.

PROFESBSOR LARSEN agreed with Mr Riberholt that a complex analytical method
calibrated against test results was required to produce the moment coefficients
for the simpler pin-jointed model.

Papers CIB-W18/13-14-1 *Truss Design Method for CIB Timber Code' CIB-W18/13-14=2
'"Trussed Rafiers, Static Models! and GIBJH18/13-14—3 "Comparison of 3 Truss Models, :
Designed by Different Assumptions for Slip and E=modulus', were circulated from the sub-
groups The minutes of the Trussed Rafter Group meeting are included in these
proceedings (page 12).

5 PLYWOOD SUB—GROUP |

DR NOREN and DR BOOTH reported that the plywood sub-group had begun %o make
progress with the difficult problems of sampling which they had been working
on for more than two years. The sub-group had agreed that the Princes Risborough
Laboratory and Dr Booth should investigate methods of predicting the properties
of plywood from species and lay-up data and should calibrate their model againsi
test results. Dr Barrett, Dr Stieda and Mr Warren are to continue ito pursue the
concepts of compliance testing set out in paper CIB-W18/13~17~1 "On Testing
Whether a Prescribed Bxclusion Limit is Attained'. The sub-group are of the
opinion that if a satisfactory predicative method can be established for ply-
wood it will considerably simplify the problem of adequate sampling.

6 STANDARDISATION WORK IN POLAND

DR MAROSZ briefly introduced paper CIB—W18/13~102-1 "Programme of Standardisation
Work Involving Timber Structures and Wood-based Products in Poland!, He told

the meeting that as the programme of work progressed they would report progress
and submit draft standards to CIB-W18 for information.

7 STRENGTH CLASSES

Paper CIB—W18/13-6~1 'Strength Classes for the CIB Code' was introduced by MR TORY who
explained the UK, Australian and CIB strength class systems, pointing out that all
introduced some penalties. He suggested that there should be more classes to cover hard-
woods and a wider range of softwoods and that the interval between classes should bve
smaller to reduce the possible penalties for thoge wishing to adopt a gtrength class |
system. He alsoc explained probable difficulties with secondary properties and suggested
that until more characteristic stress values were defined by national commitiees it was
diffiecult to predict the probable success of any system,

PROFESSOR LARSEN accepted the need for more classes and was satisfied that a
geometric series of bending strength with a common ratio of 1.12 either side of
15 N/mm would provide a workable system, He also accepted the idea for 5 per
cent relaxation for secondary properties as proposed for the UK BS 5268.

MR ELDRIDGE quesiioned $he use of bending strength as the property for defining
class intervals tut it was generally agreed that it should be retzined as the
primary property.

DR HOREN did not agree with the introduction of a modified R2C series of classes,
For exporiing countries he saw considerable disadvantages in so mary classes,

W



He was supported by MR SUNLEY who said that in his opinion the United Kingdom
would probably accept a system with a common ratio of 1.26 centred on 15 N/ﬁm2.

PROFESSOR LARSEN agreed to draft a revised table of strength classes and to
circulate iy for comment. He agreed to reconsider the profile of properties
for the classes taking into account a wide range of species and grades.,

38 FIES

MR TORY told delegates that he had drafted paper CIB—W18/13~100~2 tCIB Structural
Timber Design Code: Chapter §: Performance in Fire! as instructed at Bordeaux,
from British Standard BS 5268:Part 4.1.

PROFESSOR MOHLER said that DIN 4102 Part 4 gave particular member sizes for
specific fire resistance. In Germeny they would be unable to use the idea of
charring rates,

Units of mm/min are to be included in Table 9,1, The title of Figure 9.2 is to
be changed to: 'Sections and joints with metal fasteners?
Clause 9.2.4+3 18 to be deleted,

PROFESSOR LARSEN is to redraft the paper taking account of the shorter wording
in the Dutch code and condensing section 9.2.

9 JOINTS

DR MAROSZ introduced paper CIB-W18/13-7-1 'Polish Standard BN-80/7159-04;
Parts 00-01-02~03-04-~05, He explained that it was a draft standard, circulated
for comment, He drew attention to the adoption of the RILEM general test procedure.

DR KUIPERS said that this paper would be most useful in drafting further
annexes to the RILEM joint testing standard.

DR MOHLER expressed inferest in equation 4/14/ asking for the basis for the fifty
year strain. Dr Marosz was unable to provide an immediate answer,

Paper CIB-w18/13-7-2 'Investigation of the Effect of Number of Nails in a Joint

on its Load Carrying Ability' was presented by PROFESSOR NOZINSKI who said that
although {riangular rails were used in some of the tests they were only manufactured
in small quantities. In the paper the 'd' for the triangular nails was the theight!
and not the side length of the triangular section., Both circular and triangular
nails were manufactured from similar steels,

PROFESSOR STERN said that the manmufacture of triangular nails would be more
difficult and expensive than circular nazils and he did not consider the apparent
10 per cent improvement in performance significant. He also expected more
problems with splitting.

PROFESSOR LARSEN suggested that {riangular nails were theoretically superior and
this paper itended to confirm thai, particularly when load per unit area was
considered. He asked Professor Nozinski to extend his work to joints with larger
nunbers of nails,




DR NOREY inftroduced paper CIB—W18/13—7-4 "Design of Joints with Nail Plates -
Calculation of Slip', and paper CIB-W18/13-7-8 *Comments on Paper CIB-W18/
12-7-3", He explained that paper 12-7-3 that had been presented at Bordeaux
‘had not been fully discussed and 13-7-4 was an extension of the design
method ocutlined there.

It was pointed out by MR BOVIM that if this design method was adopted it would
be wnmecessary to carry out the full range of tests given in the RILEM annex
on nail plates,

DR EGERUP said that these Nordic propeosals for joint design were very much
different and more complex than current Buropean practices., He stressed ithe
need for practical verification before the method was included in the CIB Code.

PROFESSOR LARSEN asked whether slip should be calculated about the centre of
gravity or the centre of rotation of the plate; there could be considerable
differences between the two answers, He also suggested that paper 12-7-3 should
be rewritten as an annex to the CIB Code, DR NOREN agreed to do this.

Paper CIB~W18/13—7—5 'Design of Joints with Nail Plates — The Heel Joint! was
introduced by MR KALLSNER,

MR JOHANSEN told delegates that within a few months he expected to publish a
report which would relate his test results to the design method given in papers
12w7-3, 13~7-4 and 13-7-5.

DR KUIPERS briefly introduced paper CIB-W18 13~7-7 'Test on Bolted Joints!
explaining that it was a recent translation of a report on tests carried out in
1962. He drew particular attention to the comparison of test results and theory
(page 28 and graphs 4 and 5).

MR BURGESS said that the Timber Research and Development Association were
conducting a survey of published literature on bolted joints and they expected
to publish a report on this in the future.

MR BURCESS presented paper CIB-W18/13-7-6 'Nail Deflection Data for Designt
pointing out that the variety of units used in the paper complied with the
published papers referred to.

PROFESSOR LARSEN questioned the value of giving slip modulii in the CIB Codes
gince they were obviously sc imprecise and so seldom used.

DR BOOTH, MR CGEERI, MR RIBERHOLT and MR MEIERHOFER were amcng the majeority
favouring some guidance in the Code on joint deflection.

Papers CIB—N18/13u7~3 'International Acceptance of Manufacture, Marking and
Control of Finger-jointed Structural Timber' and CIB-W18/?3—?—9 tStrength of
Finger Joints! were circulated for information,

10 COMMENTS ON CIB STRUCTURAL TIMBER IRSICGN COIE

The comments included in papers CIB-W18/13-100-3a, CIB-W13/13-100~3b, CIB-H13/
13-100~3c, and CIB-{18/13-100-4 were considered, and the following changes to
the CIB Structural Timber Design Code were agreed:



Contentes Some of the Polish proposals should be incorporated in
annexes when the subjects have been more fully discussed.

Title of Chapter 1 to be changed to 'General Provisions'
‘Chapter 9 'Performance in Fire' is to be included.

Section 1.4: Other symbols are required for fire and trussed rafter
design and for partial factors,

Section 1.5: No proposals have been received for this section.

Section 2,1: The tolerences on temperature and relative humidity are
to conform with IS0 554 ie 20 + 2% 0,65 + 0.05 RH,
The term 'relative density' is to replace 'specific
gravityt.

Section 2.,2: The comments below the climate classes are to be deleted,
The wording of the definitions of climate classes is to
be reconsidersd,

Tables 2,3a: Replace 'permanent! by 'long'
and 2,3b: Replace 'long-term' (introduced by CIB~W18/13-100-1) by
Tmedium? . :
Chapter 3: Remove references to accidental loads,
Clause-4.2,0: Accepi wording proposed in 13-100-3c,
Clause 4.3.1: Glulam strength classes are to be deleted from the Code.
Section 4.4: Reference to be changed to the RILEM document, Add a note

that standards on the interpretation of the test data ars
in the course of preparation.

Formula 5.1,%,.1c: Replace '2' by t>°

Below Figure 5.1,2: Replace 'a = 20°t by ta 15°

Tables 5.1.0a: Delete '(for strength caleulations)' and *{for
and 5.2.0 deformation calculations)!
Section 5,2: MR GEHRI and PROFESSOR LARSEN are to redraft this section

along the lines of the Swiss Code,




Pormula 5.2.3e:

Section 6.0:

Clause 601.1 01:

Table 6.1.2:

Chapter 7, page 23

Table Telael:

Section T.3:

Annexes

" To be changed.

Reword text for combinations of different types of
fastener,

For more than 10 nails the effective number of nails,
Nopp = 10 + £ (n-10).

Replace by MR BOVIM'S formula (13-100-3a),

The wording above this table for more ithan four bolts
is to conform to the wording of clause 6.1.1.1 for
more than 10 nails,

Replace third line by: "It must be shown that the webs
do not buckle, or that the forces can otherwises be
resigted by the diagonal tension strength of the web,

Delete fibre board from line 4.
Delete third line.

DR RGERUP is to reword this sectione.

DR BOOTH reported that he and DR FOICHI were still working
on an annex for the design of thin webbed beams but they
lacked test results to verify their medel for birch,
birch-faced and combi plywoods. Dr Booth did not think

it would be possible to draft a sufficiently general annex
to cover all design cases but offered to draft a warning
note to cover certain thin plate constructions,

It was agreed that the wording for clause 6.1.5 Nail Plates
should be more gensral than proposed by MR BOVIM in

paper CIB~W18/13-?OO—4. The following changes to that
paper were agreed:

6.14541; first paragraph: Delete last sentence.

second paragraph: Delete second sentence,

Change refersnce from 12-7-3 to an Annex in course of
preparation.

6ele5,2; first paragraph: Provide more gsneral wording.

641 »He2A

601.502:83

Delete indented paragrarhs.

Delete Fn and Hp

Delate T, and i,

¥y a
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11 SHEAR STRENGTH OF BEAMS

DR BARRETT introduced papers CIB-W18/13-6-2 'Consideration of Size Effects in
Longitudinal Shear Strength for Uncracked Beams' and CIB~W18/13~6~3
"Consideration of Shear Strength on End-cracked Beams'!, He agreed that there
were very few problems with the shear strength of beams but the methods adopted
by some codes to assess shear strength were theoretically incorrect.

Dr Barrett said that test methods to evalunate KI o were required although it
might be possible to relate this parameter more precisely to standard shear
strengths than had teen dorne in paper 13-6-3,

MR ELDRIDGE pointed out that adoption of these proposals would introduce
complication to design procedures since superposition theory could not be
applied.

12 OTHER BUSINESS

It was suggested that since manufaciuring standards should not be incorporated
as part of the CIB Structural Timber Design Code the publication of Glulam
Standard Part 3:Glued Timber Structures:Performance (4th draft) CIB-W18/
13-12-1, was the responsibility of the FEMIB/GLULAM orgenisations. The co-
ordination between design and manufacturing standards is to be the subject of
discussion between CIB-W18 and CEI-Bois.,

Papers GIB—W18/13~14—3 'Comparison of 3 Truss Models Designed by Different
Assumptions for Slip and E-modulus! and CIB-W18/13-15-1 tTimber and Wood-based
Products Structures. Panels for Roof Coverings. Methods of Testing and
Strength Assessment Criteria, Polish Standard BN—78/7159—03' were referred to
the truss rafter sub-group and the W18/RILEM sub-group respectively.

MR SUNLEY closed the meeting and thanked the Finnish delegates and the State
Institute for Technical Research for their hospitality and for the facilities
that had been made available for the meeting. On behalf of all the delegates,
Mr Sunley congratulated MR SAARELATIMEN for the efficient orgesnisation of
accommodation, excursion and administration arrangements.

13 NEXT MEETING

The next meeting of CIB-W18 will take place during the week 11-15 May 1981 in
Warsaw, Poland. The programme for the week will be:

Monday 11 May: RILEM 3-TT (members only; Chairman Dr Kuipers)

Tuesday 12 May: Plywood sub—group (Chairman, Dr Noren)
Truss rafter sub—group (Chairman, Dr Bgerup)

Wednesday 13 May: CIB-W18
Thursday 14 May: CIB-{13
Friday 15 May: CIB-W18

Items for discussion will include:

1 Pinal draft of the CIB Code

2 Review of annexes required for the code, eg truss rafter design and
design of nail-plate joints.

3 Code requirements for supporting standards on testing, sampling and
analysis,

10




The meeting-after-next is tentatively scheduled for either GBteburg, Sweden or
Oslo, Norway in May 1982,
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CIB-Wi8 TRUSSED RAFTER GROUP
Meeting at Otaniemi, Finland, 3 June 1980

A. Egerup {Chairman)
E. Aasheim

J.D. Barrett

H.J. Burgess

Present:

W.W.L. Chan

P. Crubileé

w.T. Curry

B. Edlund

V. Ellebracht

M. Escudie-Calvignac
B. Kallsner

J. Kangas

J. Euipers
W. Marosz

K. Mohler
B. Norén

W. Nozynski
T. Poutanen
H. Riberholt
U, Saarelainen

J.R. Tory

Denmark
Norway
Canada
U.KD

U.K.
France
U.K.
Sweden
Germany
France
Sweden

Finland
Netherlands
Poland
Gérmany
Sweden
Poland
Finland
Denmark

Finland

U.K.

COUNTRY POSITIONS

United Kingdom

Technical University of Denmark
Norsk Treteknisk Institutt
Forintek Canada Corp.

Timber Research and Development
Association

FIDOR

Centre Technique du Bois
Princes Risborough Laboratory
Chalmers University of Technology
American Plywood Association
Centre Technique du Bois
Swedish Forest Product Research
Laboratory

Technical Research Centre of
Finland

Technical - Tniversity Delft
Union of Building Joinery Industrj
(Zjednoizenie Pnemystu Stolarki
Budowlanej)

Universitdt Karlsruhe

Swedish Forest Products Research
Laboratory :

Centralny Ofrodek Badawczo-
Rozwo jowy PSB

Tampere University of Technology
Technical University of Demmark
Technical Research Centre of
Finland

Princes Risborough Laboratory

Burgess said fhe U.K. trussed rafter code, Part 3 of CP112, had been revised

as part of the new code BS 5268 which will replace CP112,

However agreement

had not been reached on the design method and it was proposed to engage a

consultant to draw up recommendations for design.

One system ownexr's

computer program was known to be based on pin-jointed analyeis with members
subsequently treated as continuous at nodes, and it was understood that

other systems followed similar methods.

In the particular system known, no

reduction was applied to the moment coefficients but an advantage was gained
by taking & very low slenderness ratio at the intermediate node and using a

combined stress ratio of 1.0 instead of 0.9.
spans currently used in the U,K. had been established by prototype testing.

Norway

Curry added that the limiting

Aasheim said there were five system owners in Norway, four using a common
frame-analysis program and the fifth using his own program also based on

frame analysis.

followed the code for timber structures in general.

There was no special trussed rafter code and design

No big test programme

had been conducted as in the U.K., so frame analysis had been chosen for
design and this was based on a complex model.




2.

Designs of special form were peformed 'manually' (not using a computer) but
the use of computers was being extended to these, again using frame analysis.
There had been no failures in service, and a recent increase in design snow
load bad been countered by a change in the timber desipgn code.

Denmark

Riberholt said the six or seven systems in his country used pinned-joint
analysis with adjusted woment coefficients but the method was not liked by

some approving authorities. Special designs such as attic trusses were
performed by frame analysis. The industry wanted a simple design method but
this would sometimes be unrealistic. He felt the CIB-W18 group should put
forward a simple method together with a more sophisticated one. The
competition between different systems was partly based on differences in design
methods.

Egerup added that short and long term tests had been made, and also tests on
joints, and the influence of member stiffness variations had been investigated.
The results of seven years' work had been collated in a draft report by T.
Feldborg and M. Johansen, 'Wood Trussed Rafter Design', SBI report draft,

May 1980 . ) ’

Canada

Barrett reported that designs in Canada were derived from pin-point analysis
and that span tables were available. Proposals had been made for cantilever.
trusses. A constant moment coefficient was applied rather than the TPI type
varying with roof slope.

Finland

Poutanen said there were thirty fabricators in Finland. There was no strict
standard for design and there were no span tables. Design was mainly omn the
pin-jointed assumption, with some frame analysis. For joint design, a code
gimilar to the Swedish one was applied.

Producers were required to follow a strict quality control procedure which
led to 50-100 tests being made each year. He thought there would be a move
to frame analysis over the next two or three years. Joint design was a
problem, calling for moment stiffnesses; some tests that had been done
showed a large variation between plates.

Truss plates were not allowed in timber with a moisture content greater than
20 percent, but this requirement was concerned with anchorage strength and
not corrosion. Research was in progress on the effect of moisture content
on anchorage strength,

The timber used in trussed rafters was mostly T30 grade. Hultible plates
were commonly used, resulting from the high snow load and a 1.2 m spacing.

Kangas reported that a load factor of 3 was generally achieved in tests, only
5 percent falling below 2.5.




Sweden

Norén reported that Swedish practice was similar to that in Denmark, using
pin-joint analysis with adjusted moment coefficients and also frame analysisz.
Prototype testing was required for the validation of any special assumptions
proposed for use in calculations, but it was too early to say if the
procedure was confirmed by experience. There was a collaboration between
the Nordic countries on design models and calculation methods. The

approval procedure took account of the model chosen and if thought

necessary & limited number of tests were made and the results interpolated.
It had been found necessary to alter some earlier approvals after finding
that tests were not reproducible because of sampling difficulties.

Kallsner stated he found a tendency for a lower factor of safety with lower
pitches, and there were some problems with heel joint failure. Egerup
added that a greater combined stress was allowed for higher roof slopes.

Germany

Moller said the design rules in Germany were derived from tests and were
printed in a document he produced at the meeting. The moisture content
had 10 be not greater than 20-22 percent when the trusses were pressed.
There were no fixed rules for desigm, which followed the same method as for
nailed trusses, using pinned-joint analysis with the moment coefficients
given by the TPI. A supervision scheme was applied, involving vigits

twice & year to the factories concerned. Double plates were sometimes used
for large spans, and rules derived from tests were applied to the plate
width in these scasesn,

In connection with the revision of DIN 1052 some recormendations for trussed
rafters were being introduced but these would be no alteration to the design
procedure unless this was influenced by CIB proposals.

Poland

Marosz said only about a thousand trussed rafters a year were used because
Poligh buildings were mostly built with flat concrete roofs. The design
standard 'Static calculations and design' had been presented at the Stockholm
meeting. Pinned-joint analysis was applied, followed by a form of limit
state design,

France

Crubilé said the French code made no reference to trussed rafters but
provisional texts had been issued as Cahier 90 of 1972 and Cahier 111 replacing
it in 1978. Member forces were found from pinned-joint analysis and perimeter
members were designed as comtinuous beams., Tests had been made to determine
moment coefficients and work was in hand to improve these values. Cahier 111
provided for cantilever trusses a manner in which agreed with test resulis,
and there was a demand for similar work on atiic trusses.

It was proposed to introduce a prototyﬁe test method calling for a load
factor of 2.5 for a single truss falling to 2.2 for three trusses, compared
with a value of 3 expected from calculated designs.




‘Ifo

Nine configurations had been tested to provide calibration on the
conservative side for the design method. From the tests it appeared that
the deformation limitation in the calculations gave satisfactory results
in service. ’

~

DESIGN METHOD FOR CIB CODE

In presenting his paper 'Trussed rafters, static models', Riberholt said
the Nordic countries aimed to establish common rules for design. He
suggested the frame analysis method {method 2 of the paper) was applicable
widely as the systems using it covered most of Europe. There was a need
to discover how a simplified model might be used, for example in choosing
an appropriate effective length for a column, to obtairn resulis the same
as given by a sophisticated model. The models in the paper were based
on judgement and not on test. The two on the last page were for momeni-
stiff joints and gave similar results; the support position was vital.
In summary, Riberholt felt that method 2 should be developed, while none
computer calculations could be made for most common truss types.

Egerup thought frame analysis should be applied carefully because it tended
to give conservative resultis which could be regarded as a lower-bound
solution. Chan said the distance between points of contraflexure was
sensitive to the type of cladding. He felt it was difficult to be precise
about distances in the last diagram of the paper because of the plate
positioning tolerance. Poutanen described & trusgs type common in Finland
which contained a large heel-joint eccentricity leading to a need for frame
analysis to secure economy.

A long digeussion ensued, and Riberholt finally asked how a simple method
could be decided upon for the CIB code. Norén suggested starting with
guidelines for method 2 together with the pinned-joint method. He said
the type of calculation in his Bordeaux paper corresponded to method 2.

The method was under development and he was hoping to receive comments from
CIB-W18 members. Chan thought the real economic difference between methods
was not very great because of the steps in member depth using commercial
timber sizes.

Egerup said his impression from the meeting was that pinned-joint analysis
should be put forward for the standard configurations composing the great
bulk of trussed rafters, and that frame analysis was acceptable for the
more special cases. However he thought the exact method of application
should be set down for pinned-joint analysis, together with guidelines for
frame analysis which could lead to more formal rules later.

DOCUMENTS
The following papers were put before the meeting:

H. Riberholt - Trussed rafters, static models. CIB~Wi8 paper,
Helsinki, June 1980.

A.R. Egerup -~ Design of metal plate connected wood trusses,
CIB-W18 paper 11-14-1, Vienna, March 1979.

AR, Egerup ~ A simple design method for standard trusses.
CIB-w18 paper 12-14~1, Bordeaux, October 1979,

A.R. Fgerup -~ Truss design method for CIB timber code.
CIB-W18 paper 13-14~1, Helsinki, June 1980.
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References was also made to the following CIB papers:

r
B, Noren

B. Norén

B. Kallsner

Design of joints with nail plates. CIB-W18 paper
12-7«3, Bordeaux, October 1979. Corrected version
in bound volume. Further corrections in manuscript
paper numbered BN 1980-06-04, distributed for
Helsinki meeting.

Design of joints with nail plates - calculation of
slips CIB~-Wi8 paper 13-7-4, Helsinki, June 1980, -
Design of joints with nail plates — the heel joint.
CIB-wW18 paper 13-~7-5, Helsginki, June 1980,
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STRENGTH CLASSES FOR THE CIB CODE
J R Tory: Princes Risborough Laboratory; United Kingdom - May 1880

The strength classes given in the fourth draft of the CIB Structural Timber
Design Code were accepted by CIB-Wl8 as tentative proposals until they could
be substantiated or superseded by alternatives based on structural sized
tests and an agreed method of stress derivation, There has been little
progress in either of these directions and CIB-W18 must now make more positive

decisions on strength classes before the Code is submitted to ISO/TC 165,

There are at present three strength class systems that could form the basis

for the CIB Code strength classes, They originate from:

1 A proposal by Larsén; at present given in the fourth draft of the Code.
2 Australiaa. '
3 The United Kingdomﬁ

Estimates of the characteristic bending stresses associated with each of these
systems are given in Table 1. It should be emphasised that the characteristic
stresgses associated with the UK code are crude estimates since moisture content,
section depth and other factors in the UK code are not identical to those in the

CIB or Australian codes,

Larsen's original proposal3 for four strength classes T15, T1E, T24 and T30

was latef modified to five; SC15, SC19, SC24, SC30 and SC38, The characteristic
bending stresses for the system were linked to tentative stresses for the LCE
gradesl. As time passed these stresses have tended to be viewed by some as final
values, even though a planned verification programme to agreed standards for
sampling, testing and analysis of results has yet to be undertaken, The

system has alsoc been criticised at meetings of CIB-W18 for not adequately
covering a sufficiently wide range of species, In the United Kingdom for example
the class characteristic ben&ing stresses need tc cover the range 5 to 50 N/mmz.

For Australia the range should be about6 to 8C N/mmz.

The Australian system more adequately caters for a full range of species/grades,
. s . . . 3

Characteristic stresses estimated from their design stresses by Larsen

suggest that the system is reasonably compatible with that given in the present

CIB Code, both being approximate geometric series with common ratio 1,258,

-




The maximum possible penalties inherent in these systems, for a species/grade
which just fails to qualify for a class, is therefore approaching 26 per cent,
It has been pointed out at earlier meetings that this possible penalty is

unacceptably high.

The system included in the draft UK Code of Practice BS 5268:Part 2“’2 was

initially based on a geometric series with a common ratio of 1.4, centred on the
grade stresses for GS and S5 European redwood/whitewood, However, the original
series was manipulated to particularly fit the species and visual grades that
wepe most important to the UK., The large ratic between adjacent classes was
chosen partly to 1imit the number of classes, partly in recognition of the
coarseness of visual grading, and also in anticipation of the continuing success
of machine stress grading which enables penalties to be minimised by the setting
of machine limits at the class boundaries, The UK experience in deriving & class
system suggests that departure from a rigid mathematical series is almost
inevitabile at the national level to utilise to the full the most important commercial
species and grades., Practical visual grading rules, which are the predeminant

means of specifying structural timber, cannot be written to produce specific

stresses: some discretion is therefore boundto be exercised by national code

committees in defining classes for their domestic use.

The CIB approach to strength classes could ideally be one which ignores all current
design stress values since none canbe tpanslated into characteristic values which
comply Wlth internationally accepted standards for rhe derivation of characteristic
stresses: such standards do not exist. Also, if strength classes are established
on the basis of present grade stresses, when these grades are tested in accordance
with agreed procedures it may be found that the classes are biased against them,

Consider for example the ECE grades: if an agreed test programme on ECE 8

redwood/whitewood produces a stress of, say 23 N/mmZ; or both ECE 8 and ECE 10
produce stresses between 2h and 30 N/me, how acceptable would the class system

in the present code draft be within Europe?

Any system of strength classes will inevitably introduce some measure of
conservatism into the utilisation of structural timber., By adopting a system
which contains a large number of classes for a given range the inefficiencies
may be minimised and therefore the system becomes more readily acceptable to
more countries. Within a large number of classes, from which each country would
select a lesser number to suit its present needs, it might be possible to
identify a more limited range that machine grading and visual grading revisions

should eventually aim for, i



The maximum possible penalties inherent in a class system based on a geometric
series are a function of the common ratic between successive classes, To
establish a system an acceptable maximum percentage penalty must therefore be
decided, as well as a starting point for the series. Larsen and the Australians
adopted for their systems a common ratio of 'é 10 (= 1,259) which was

presumably taken from the R1C series of preferred number55’9 even though the
system stresses did not follow the preferred series, The use of preferred numbers
in timber engineering has been suggested and explained by Booth6. They are
introduced here as an arbitrary series as well suited to sirength classes as

any other geometric.series. The terms of the R5, R10, R20 and RLO series

which would be relevant te bending strength are given in Table 2,

It could justifiably be argued that the 5,9 per cent difference between successive
terms in the RUO series is unnecessarily small for a strength class system,
considering the inaccuracies and errors in grading., But some designers and commercial
interests on code committees might well consider that even this value represents

a significant penalty.

The R20 series, which would require a more manageable 25 terms to cover the full
range of timber strength, increases the maximum penality to 12,2 per cent. This
figure, although not large considering the inaccuracies in the stresses, would
perhaps deter some from adopting a standard system. Table 2 indicates how
estimated characteristic stresses from the ECE document , the draft BS 52682

and the Australian code3 might f£fit into classes based on the R20 series, The

penalties are also given,

Since the R10 series has the same common ratio as the system in the fourth

draft of the CIB Code it would probably be unacceptable as an initial class
system because, as explained earlier, the inherent penalty of about 26 per cent
is considered too high. However, either the R10 or the RS series could provide
the more limited range of stresses for machine grading and for longer term target

class stresses,

A more difficult problem than establishing strength class boundaries simply
on the basig of a single primary property is that of assigning values to other
properties for the classes. In the fourth draft of the CIE Code the other

property values assecciated with bending strength are particularly dependent on

Lo



experience with European redwood/whitewood; they are therefore unlikely to
receive worldwide acceptance, Leicester and Keating have identified this
problem and have calculated regressions for the small clear mean strengths

of several properties against mean bending strengths for different regions of
the worlde, but their approach is also uniikely to have general validity or
acceptance, The approach adopted for the revised UK code is to have a teolerance
on the secondary class values, Species/grades which exceed 95 per cent of the
class value are permitted in the class. This relaxation is applicable to

modulus of elasticity, shearand compression stresses.

It may be of interest to note that in the machine stress grading research at

PRL the relations between the characteristic values of modulus of elasticity
bending, tension and compression strengths are being examined. These relations
have been determined for r*edwoc:»d/whitewoodll"-L2 and are currently being

explored for Canadian spruce-pine-fir, If such relations can be established they
may considerably simplify the development of a strength class system, but

obviously much more research has yet to be done,

It is felt that the definition of other properties for the strength classes
requires further international consultation and a more comprehensive survey of
current values; perhaps through ISC/TC 165, The first priority must be the basic
framework for strength classes: that is, the number of classes, the common ratio
between classes, the fixed datum within the series and the cheice of the primary

property.
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Table 1 CIB (fourth draft), Australian and United Kingdom Strength Classes,

Estimated characteristic bending stresses.,

(i) CIB (fourth draft)

Strength class SCL5 3C19 SC2u SC30 SC38
£ (¥/mm2) 15 19 2L 30 38

(ii)y Australian® _
Stress grade F2 F3 F4 F5 TF7 F8 Fli Fi4 F17 F22 F27 F3u
fm (N/me) 8§ 7.5 9.5 12 15,5 1% 24,5 31 . 38 49 61 77
(iii) United Kingdom+

Strength class cl c2 C3 Ch C5 c6 c7 c8
£ (N /mm2) 5,6 8.7 1ll.& 16,4 22.4 31.4 38,1 52,9

#Sea yeference 3

+5See references 2,4, Characteristic stress estimated as 2,24 grade stress,
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Table 2 Series of Preferred Numbers and Penalties for ECE, UK and Australian

Characteristic Bending Stresses Fitted to the R20 Series

Serles and Common Ratios ECE UK Australia
RS R10 R20 RHO Stress % Stress % Stress %
(1.585) | (1.259) | (1,122) | (1,059) | (N/mm?) | Penalty | (N/mm?) | Penalty| (N/mm?) | Penalty
5.0 5.0 5,0
5.3
5.6 5.6 5.6 0.0 5,0 6.7
8.0
6.3 6.3 6.3 5.3
6.7
Tl 7.1 7.5 5.3
7.5
8.0 8.0 8.0 8,7 8,0
8,5
9,0 9.0 9.5 5.3
9,5
10.0 10,0 10.0 10.0
1C,6
11,2 11,2 11,4 1.8 12.0 6.7
11,8
12,5 12,5 12.5 \
13,2
14,0 14,0 15,0 6.7 15,5 9.7
15,0
16,0 16,0 16,0 16.0 16,4 2.4
17.0
18,0 18,0 18,0 0.0 19,90 5.3
12,0
20,0 20,0 20,0
21.2
22,4 22,4 24,0 8,7 22.4 c.0 24,5 8.6
23.8
25,0 25,0 25,0 25,0
26.5
28.0 28.0 30.0 6.7 31l.k 10,8 31.0 8,7
30,0
31.5 31.5 31.5
33.5
35,5 35.5 38,1 6,8 38 6.8
37.5
40,0 40,0 40,0 40,0
42,5
45,0 45,0 49 8,2
47,5
50,0 50.0 50,0 52.9 5,5
53,0
56,0 56,0 61 8,2
60,0
63,0 63,0 63,0 63.0
67,0
71,0 71,0 77 7.8
75,0
80,0 80,0 80.0
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CONSIDERATION OF SIZE EFFECTS IN LONGITUDINAL SHEAR STRENGTH FOR

UNCRACKED BEAMS

Two recent publications in the Canadian Journal of Ciwvil Engineering

-

[1,2] report on research conducted at the Western Forest Products Laboratory
on size effects in the longidut;nal shear gtrength of uncracked beams.
Results from this research form the basis for new design recommendations in
the Canadian Code CSA-086 (1980).

In the context of the CIB Code, Clause 5.1,1.4 specifies that the
shear stresses, 1 , calculated according to the theory of elasticity,

shall satisfy the condition

T < f Nl

where fv is the characteristic value given in Table 5.1.0.a (with the
appropriate modification factors) and 1 is the maximum shear stress
Q
= 1.5 —= (2)
A
where QM is the maximum shear force and A the beam cross-section,
The characteristic value fv changes with the volume of the beam and

the loading condition. It can be written as follows:

1/k

v q
£, = sfv,o( 0) — &




where fv o = characteristic shear strength value for the volume Vo R
»
3

uniformly stressed and arbitrarily chosen (0.02 m™ if chosen

the same as for tension perpendicular-to-the-grain);

Qo = total load applied to the beam;

k = size effect coefficient;

B = factor dependent on the loading condition and the coefficient k;
AL = total beam volume, A being the cross—section and L the beam length.

The coefficient k must be obtained by tests. For Douglas-fir [1,2] ,

k = 5.53; for Hem-fir [3] , k = 5.94. It may be assumed, for convenience,

that k = 6,0 represents a value sufficiently accurate and approximately

species—independent,
The loading condition factor 8 is obtained by integration of the
stress distribution over the volume of the beam, and the background

this integration is given in [1,2] . The general formulae for B is:

~1/k
1 k

N
L, Q_(&) Q, (&)

8 = F(k)z -—1-[ s & +8 d )dEJ
[L (° Q 4 g

i=1 -1 o o

where F(k) is the integral

1 i , Kk
F(H“""f (1 -87) dg&
Al

and the remaining parameters in Eq.{(4) are defined as follows:

shear

for

(

(4)




N = is the number of segments along the beam length such that, within
each segment, the shear force diagram is continuous and does nat
include a zero shear force;

L = the length of the particular segment;

Q = the shear force produced by concentrated (live) loads, given as
a function of £ , a non-dimensional integration wvariable which
takes the values -1 and 1, respectively, at the beginning and the
end of the segment of length Li H

Q = the shear force produced by distributed (uniform dead)leoads, given
as a function of & ;

S = factor (smaller than 1) that accounts for the influence of the ’
supports upon the magnitude of the shear stresses near the beam
mid-depth;

Sd = factor analogous to Sc but corresponding to distributed (dead) loads.

can be repfesented by the following eprnential

The factors S and S
c d

relationships:
-2,592 (x/d)
¢ (6)

~3.410 (x/d)
S = 100 - e

where d is the depth of the beam and x islthe distance to the nearest support,.
The shear forces in Eq.(4) must be taken in absolute value.
Eq.(4) can be integrated numerically for any value of k and any leoading
condition (including any combination of live/dead load raﬁios). Numerical
integration is imperative for non-integer k, asg in the case of k = 5,53 for

Douglas~fir. Values of the integral F(k) are as follows:



Values of F(k)

k F (k)
5.00 0.184704
5.53 0.176732
6.00" 0.170496
7.00 , 0.159136
8.00 0.149769

Values of 8 for different loading conditions are shown in[2]. Table 1
shows the values of B obtained for distributed load, and for a.single concentrated
load at different positions along the span of a single span beam. There is ;
position that corresponds to the lowest load carrying capacity for the beam;
and the coefficients B listed in [2 Jcorrespond to this 'worst" position.

The CIB Code could include the general equation for the calculation of 8 , and
different national codes could take different approaches to the presentation
of these caiculapions in their recommendations. Ideally, a designer should be
able to estimate B for the particular loading condition that faces him. This
can always be done by resorting to the basic equation, but a simplified approach
may be desirable. In Canada, the approach followed is to publish tables of
B values corresponding to common loading situations {(as shown in [2 ]}, and
to give an approximate integration procedure to estimate g for other cases.
This approximate procedure leads to conservative estimations. Another approach
that could be followed is the following:

..Take the factors Sc and Sd = 1 (i.e., neglect the favorable effect of

supports and adopt a conservative assumption);
. Compensate for this congervatism- by increasing the factor k and

thus reduce the size effect;




« In increasing the value of k, choose an integer value to facilitate
the integrationj
", Introduce modification factors (as needed) to minimize the differences

with the basic formula for a range of loading conditions and volumes.

Approximate approach calibrated to Douglas-fir

Consider Figure 1, showing a segment of the beam where the shear force
diagram is linear, with QL and QR the shear force values at the left and at
the right end of the segment, respectively. For an integer k, the integration

in Eq.(4) simplifies to the following: ,

ktl k+1
(_SR_) - (f&.)
2 Q Q
Ii - o} o _ %D
k+ 1 QR _ QL
Qo Qo
which, for the case of QR = QL becones:
k
Q
= 2 (...E‘.) 8) |
Q

Eqs.(7) and (8) are easily computed for each segment and Eq.(4) becomes

the approximate equation for 8 :

~1/k

N
& Lj_

B =8 = F(k) — I, (D)
L

i=1



Furthermore, in order to minimize differences between the Yexact' and

the approximate approaches, let us introduce a factor a @

B = a8 (10)

*
Using k = 6, Table 2 shows the values of = B  corresponding to different

loading conditions taken for the calibration. The ratio r shown 1s the

ratioc between ’

1/5.53

" 1/6
B / ( Volume ) and o 8 / ( Volume )

as these quotients affect directly the characteristic value fV + The ratio r

is, therefore, g

B* 0.014165
r= o =-— { Volume ) {11}
)

and Table 2 shows this ratio for a small wolume of 10,000 in3 { 0.164 m3 )
and for a large volume of 500,000 in3 { 8.194 m3 ). The factor ¢ can be

obtained to minimize
M

2
S = - :E:: (1.0 -~ rj ) (12)

3=1

since, ideally, all the ratios should be as close to 1.0 as possible., For
the conditions considered in Table 2, ¢ = 0.91095 . Thus, the approximate

equation for 8 becomes:

-1/6

N
B = g = 0.91095 (0.170496 > @, /1)1, ) (13

i=1



-1/6

N
L
&
B =8 =1.223 E = 1, |
1=1 "

which can be verified to lead to errors of + 7% for the calibration conditions
congsidered in Table 2.

This calibration example has been presented as a possible avenue for
national Codes to make siﬁplifications to the basic Equation (4). It would
allow the designer to compute B for the particular sifuation, rather than '

taking the conservative assumption of location at the worst position ( as

done in CSA-086, of necessity to reduce the number of Tables shown ).
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TABLE 1

Values of 8 ( k = 5,53 )

Single Concentrated Load

Live Load to Load Location

Dead lLoad (UDL) At one beam At worst At beam Moving
ratio depth from location midspan across
support (x/1=0.2) span
0.0 3.69 3.69 - 3.69 3.69
0.5 4,03 3.15 3.34 2.60
1.0 3.71 2.83 3.14 2.25
1.5 3.51 2.66 3.01 2.08'
2.0 3.38 2.55 2.92 1.98
3.0 3.23 2.43 2.80 1.87
5.0 3.09 2.31 2.68 1.77
10.0 : 2.98 2,22 2,58 1.68
infinite 2.85 2.11 2.46 1.59

Note: L/d = 20

FIGURE 1
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TABLE 2

Calibration of Simplified

Approach to B

(Ratios r)
Load . 5 Volume
Case Considered B g 16,000 in 500,000
lP midspan
2.48 2.39 1.107 o 1.170
F 4 F 3 .
P worst
l 2.11 1,93 1.042 o 1.102
A r Y
P moving ;
—_—1 1.59 1,49 1.068 a 1.129
F Y A A
UDL: _
i L * 4 l { ] 3-69 3.31 1.022 o 1.080
P P
0.2L l 0.2L
P =< 2.73 2.61 1.089 o 1,151
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CONSIDERATION OF SHEAR STRENGTH ON END--CRACKED BEAMS

Figure 1 shows a case of a beam with an end-crack (split) of length a.

The reaction at the support where the crack is present is R, and the

cross-sectional dimensions of the beam are, respectively, b and d.

The stress intensity factor KII at the tip of the crack for such

- a configuration has been studied by Barrett and Foschi (1] and Murphy [2] ,

and can be expressed as follows:

Ky = 2.8 R 4 oos B (1)
b o302 b a2

According to the hypothesis of Linear Elastic Fracture Mechanics, the end-crack

will propagate in a shear mode when the stress intensity factor KII equals a
critical value KIIC + If the shear stress t at the support is defined as
R .
Tt = 1.5~ (2)
bd
Eq.(l) can be re-written in terms of T :
KII
T = ' (3)
at? (1.867 aja + 0.500 )



Therafore, the design condition must bhe

TE kcrack KIIc:. (4)
where the factor kcrack is given by
1
kcrack - (5)

41’2 ¢ 1.867 a/d + 0.500 ) ‘

and KIIc is the characteristic value for the critical stress intemsity
factor. This characteristic value must be shown, along with other
characteristic values, on Table 5.1.0.a . Unless determined by tests

for different species, a conservative estimate 1is
Kyze © 20 fuom (6)

where fASTM is the shear strength determined with the ASTM standard block.
A beam with an end-crack must also be verified for shear strength
using the formulation for un-cracked beams, as the crack may be located

over the support corresponding to the beam end least stressed in shear.
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Building INDUSTRY~WIDE STANDARD BN~80
members 7455-04
from wood . Structures from wood and wood— Sheet / £/ 00
and wood-based based materials. | get spaxr
materials’ . Methods of tests and strength Supersedes

agssessment criteria for joints

with mechanical fasteners. Catalogue group
General provisions. VII 39

<

INTRODUCTION

This standard is composed of a number of sheets /parts/.
Fundamental tests, common for all types of mechanicél connectors
used in structures from wood aid wood - based materials are given
-on sheet 01. Every successive gheet ig dédicated to the tests
on determinéd'meohanical connectors, together with additional
tests, special for this type of connectors. Bvery sheet constitu-
tes a component of a shivet standard, being an independent standard
by itselfs This standard shall be completed with new sheects as
the need ariges, it meens, when new connectors for such structu-

reg are introduced.

Actually the following sheets are prepared: 01, 02, 03, 04, 05,

Prepared by the Building Joinery Research and Development Centre
having been approved by the Director of Builiding Joinery Union
as en obligatory one SINCe sesveeesssas




BN-80/17459-04 2

1o Scope. The standard provides for methods of tests and

strength assessment criteria for joints with mechanical fasteners

used in load-bearing structures from wood and wood-based materials

undexr.

&5
static loads, This standard does not concern methods of tegt

‘and strength assessment criteris for mechanical fasteners undexr

dynamic loads.

20
a/

b/

c/

a/

3e

Fieldlof epplication. This standard shall be used for:
determining of load~caﬁrying ability of Joints with mecha-
nical fasteners in structures from wood and wood~-baged
materials;

determining Qf design load-carrying ability of mechanical
fasteners in structures from wood and wood-based materials,
determining of modulus of flexibility for joints with mecha—
nical fasteners in structures from wood and wood-based
materigls,

quality inspection of joints being rejected during ecceptan=-

CSe

Themes included in the standard are giyen on sheets as -

foliows:

Sheet 00 -~ Structures from wood and wood~based materials.

Methods of tests and strenglhh assessment criteria for Joints

with mechanicel fasteners. General provisions,

Sheet 01 - Struciures from wood and wood-based materials.

Methods of tests and strenght assessment criteria for joints

with mechanical fasteners. Testing.

Sheet 02 = Structures from wood and wood-based materials.,

. Methods of tests and gtrength assessment criteria for joints

with mechanical fasteners. Nailed joints.




| BN-80/H459-04 | 3

Sheet 03 - Structures from wood and wood-based materials.
Methods of tests and strength assessment criteria for jointg
with mechanical fasteners. Screw joints. . | <

Sheet Oa‘- Structured from wood and wood-based - materials,
Mefhods of tests and strength assessment criteria for joints
with mechanical fasteners. Bolted and screwed joints.

Sheet 05 ~- Structures from wood end wood-based materials.
Methods of tests and strengih assessment critgria for joints
wlth mechanical fasteners. Joints with toothed rings.

Ay

The successive gheets shall be prepared for Joxnts with new

mechanlcal fasteners.

ADDLTIONAL INFORMATiONS.

1. This stendard has been prepared by - Building Joinery

Research and Development Centre in WoZomin, Poland. P

2. Authora of draft

- Prof. Enge. | ~ MICHNIEWICZ Wincenty

- ASS.PI‘OfeEngo' - DZIARNOWSKI Zbigniew
- Eng. - SKALMOWSKA Danuia

Consultants Ass.Prof.Eng. - NOZYNSKI Wiadysiaw
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maveria.ls assessment criteria for joints w7
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1e INTRODUCTION

Telo Scopé. This standard provides for testing procedure and

-8trength assessment criteria.

142, Definitions

Te2s7e Structures from wood and wood-based materialsi

building structures from timber, compogite buiiding structures
from timber and wood-based materials, building structures from
-~

wood~-basged materials,

14202, Joints with mechanical fasteners - part of structure

composed of members joined tbgether with mechanical connectors.

14243+ Mechanical fastener ~ fastener joining members of struc

ture together, transmitting forces from one member to ancther,

1.2.4+ Sgmple - & jodint to be tested.

102.5, Bilogarithmic nét - a net having ordinates and abscissee

in logarithmic scale.

Prepared by Building Joinery Research and Development Centre
having been approved by the Director of Bullding Joinexry Union
terosrsevae ag an Obligatory one Since_-o-.o......-.
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1630 Deéignationso In ﬁhis standard the following symbols

and designations are used?
A - afea of conheqtor ,mmz,
F - load /force/ , N, , &

F_ - characteristic load carrying ability of joints, N,

- failure 1oad of a sample /joint/ ,N,

- design load-carrying ability of joints,TV,

- lndex corresponding ﬁo the order of samples or resulis,

T
R
i
‘ X - symbol corresponding to the number of samples and result
k_ - flexibility of -joint, mm/N,
M = modulus of flekibility cf joint, N/mm,

m

- number of shearing surfaces per joint,'directivity\factc
of straight-line,

m, - coefficient,~

n = number of connectors per sample, ‘

8 = symbhol of mean,value, symbol of flexibility,
t =~ time , days,

* T = characteriatic load carrying ability of connector per
1 incision, N, '

n'" load carrying ability of connectors per 1 ineision,N,

=
L

design load carrying ability- per 1 incision, N,

o
o
I

mevching strain , mm,

- 3lip between members of sample, mm,

e
=

- deformation of joint /slip between its members/
after 50 years of loading, mm, ‘

u

|3

50

U, =~ initial strain of sample o ITITL,
Uy - elastic strain of joint ,mm,
U, = slip of members of sample after % time,mm,

vy = deformation rate of joint after t time, mm/day,
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S

zZz = theoretical deformatlon rate Vg after 1 day from loading

mm/day, |
. fﬁ;a partial safety factor.

| | ]
20 ZESTS

291. T&Des of tests

20161+ Determination of load carrying ability of joints

2:102, Defermination of slip of jointed members

2e¢1e3e Determination of the effect of loading time

2e704o Determination of the effect of rmonnectors number

2ele5e Additional tests

2¢2. Specifications for samples /ioints/

242.1. Materials of the sample /joint/. Materials of joiﬁted
and‘joining ﬁembers shall comply wi%h the regquirements of stan-
dard specifications and wiﬁh special requirements determined in
corregsponding sheets of this standard., In some special cases

deviation from these requirements is allowed,

2e202s Joint. The form and dimensions of a joint shell comply
with the requirements of the respective sheet of this standard,
with corresponding standard specifications and with technical

documentation. In some speclal cases deviation from thege requi-

rements ig allowed.,

2630 Test requirements,

2:30¢1, amples. The samples shall be of rectangular form
having the edges stralght-lined, being perpendicular to sach

other, Other requirements. are as in- clause 2,
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263 2+ Minimum numbers of samples. For ell the tests gpecified

in 2eT 1e and Z2e71, 2. the number of samples k is of 12, for the

teats ag in 247430 5, 2.1, 4° and 2¢1.50 kmlnu 60

In the test ag in clause 2d of BN-80/5059-04, 00 y K depeﬁgg on

' method of acceptance. The number of samples to be tested shall. be

at lLeagt 3,

2¢3:3. Preparation of samples. Before starting the testAevery‘
sampie shall be; _
a/ seasoned.at least for 6 days in a plimate a8 in 2+3.50,
b/ marked , not to be mistaken with another ones,
_6/ described, specifying:
.: - form and dimensions of its jointed end joining members,
- type of materials of sample members and their defects,
~ water uptake of materials of sample members,
- other characteristicg influehcing the pogitioning of
sample members, o |

d/ position of sample members shall be determined, using esge

an ruler,

Co3edo Determination of water uptake in materials of the.sample

Determination shall be carxried out using devices having an accu-
racy at least of 1%. |
2e3e50 Climate, The tests shall be carried out in a cloged

room having a temperature of 20 * 2°¢  and relative humidity of
60 + 5%.

In épecial cases ovher climate is allowed.

L]
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2.3+64 Static arrancement. Static arrangemént shall comply

with. the respective sheet of this standard.

24347, Equipment. The machines and loading devices as @éﬂl as
gauges and ancillary equipment shall comply with requirements
of PN~-73/B=06281, Equipment having an accuracy of loading of 1%

end an accuracy of measurementsof slip of 0,01 mm is allowed,

2e3686 Determination of denSity of materials of Joints -~ accor

ding with the respective standerd specifications.

2.40 Determination of load carrying ability of ijoints

20441, Static arrangement - acce 203066

. . 244024 Method of test. A joint shall be submitted to a load -
increasing from zero until failure value and failure load /force/

i3 recorded.

2e4034 Test procedure., A sample prepared as in 2e3.3, shall
be placed in testing machine as loaded ag in 2edo26

As a moment of failure is considered a recesg of the indicator
of testing machine or its stopping the determined value when the
glip between members of sample exceeds 15 mm, After the test is
over, water uptake of samples shall be measured as in 2.3.4, as

well as their density accs. 2.3.8.

2ede4s Tegt resulis. The following values shall be calculated:

a/ load carrying ability per 1 incision from the formula:

. T - i : )
() g - men /N( : /1/
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or _
. B
o “ng |
w2 /2/
where; ’ - ' dﬂ “ g

Fni- load carrying sbility of i-sample, /N/,

m - number of shearing surfaces according with the respective

sheet of this standard,

A - area of aucomnector in the sample, according with the
regpective standard /sheet of this standard/ ,mmz,

n - number of commnectors in the sample.
b/ mean load carrying ability of & serie of joints from the
- formula; | T

1=l

Fn, ~=—m/— /W Y

¢/ mean load carrying ability of a connector per 1 incision

from the formula:

o /¥, Pa/ L

2+5. Determination of slip between jointed members

24541, Static arrangement = 2c¢c. 2¢3¢6,

24502, Method of test. The sample shall be submitted to an

initial loading, umloaded and then loaded again until failure,
as on static arrangement on fige 1. During the test the siip betw=

ween sample members uki /fige 2/ and failure load are recorded

3 .
[ Fay
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Loading diagram - Slip diagram

2e503s Test procedure o The sample prepared as in 2s3+3+ shall

be placed in testihg machine according with the respective static
arrangement. After the dial gaugea for'slip measurement are inge

h‘talled, the sample shall be loaded with F1 = 0,1 F g end the res-
peotlve readings of Uq “taken, Then the- load shall'be incressed
until F2 =4F1 gradually./4 tlmes F1/ and the- respectlve readings
of uy 8lip are taken. The load shall be increased to F1 in 30 sec
After F2load is reached, the sample shall be left under load for

' 30 sec and the readings of m,, VYaken, and then the sample shall b
unloaded until Fivalue is reached. The unloading time shall be of
30 sec for each F, value. After this value is reached, the slips
Uyg shall be read and the sample left under this load for 30 sec.
After Uip slip values are read,the sample shall be loaded gradual-
1y F, by F, until F = 47y , end then until F ﬁF and F4= 8F,,

' 6

N T e r— e R G BT 4
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always t-aking the respecﬁive readings of Uy us'gnd u8-slips.

‘Later the sample shall be loaded until failure. Every load incre- E

ment in F, shall be reached in 30 sec. | &5

2e544s Test resulfso The following values shall be calculated

for each-joint?

8/ initial strain sUyy &8 the minimum velue from the formulae:

4/ u4-_"‘u1l/
.u0= 3 /IIIIH/ " /5/

u, = u, - /mm/ 5_ /6/

b/ metching strain siys from the formula s

Uy = Uy - U /mm/ ! | 1/
¢/ elastic strain s Uy , from the formula:
4 Yga 4 Bgp/ Hig * By

a/ U, strain from the formulas

> . R
uFB.f Ug, + Vg = Uy /mm/ /9/
ef un strain from the formula:
4
Uy uol+ ua;é LY /mm/ - - /10/

4

£/ flexibility of joint 'Trom the formulas

ky = __° /ma/ N/ /11/
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g/ load carrylng gblllty of gomnt B

b and for a gerie o 301nts tested

h/ mean values of | Uogr Yggr Lo uF4s’ uF}S, Koo s ?ngmm

,.ya;s&‘ygtermination of ths effect of loading bime

246, 1, Statlc arrangement = acc. 26¢3.50

2 6 2e Method of test. The sample shall be submltted to

- .
- a load F2 according with 2.5, for a determined period of time,

during whizoh the slips between members of the sample are measuw-

red.,
2, 6o 3» Climate, The test shall be carrled out in a closed

room, hav1ng the cllmate ag in 2.3.5.

2e60ds Measurementse During the test the follow1ng values

shall be recorded~

- 8lips between the members of the sample during loadlng,mm,
- time to failure, if it occurs, days,

~ temperature and humidity of air in the testing.statiop,oc,%'

20645, Measurement of slips. The glips shall be recorded

continouosly.

AGradual readings of slip values are allowed in g following
waysr the first reading is ta-ken before ipading the sample, the
gecond one ig taken immediately after first loading and the succe-
- ggive readings are takens |
during.TO deys évery 24 hours, during the successive 20 days every

48 hoursg, then 30 days every 5 days and finally everj 10 days,.

rl
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A}

- 2460 6 Loadlng tlme ghall be determlned 1nd1v1dually for each

cage on the basis of test reeults until astabilishing the relatio
ship between slip rate for members of the sample, and loadmﬁg tlms

Minimum 1oad1ng time 1s of 100 days.

2 6.7. Test Qrocedur .The sample prepared for testlng a8 in
20343+ shall be placed in ftesting machlneo After gauges for measus

'_rement of slips between members of the sample are installed,so

- called, zero readlngs are taken, and then the sample ghall be load

":;;ed as in 2.6. 2° taklng the respectlve readlngs. Latexr the sample

is left for a time specified in 2.6. 6@ and the\raedlngs are taker

-~ as in 24645,

© 24648s Measurement of temperature and relative‘uﬂwidity of air

shall be done contlnuouely / equipment with automatlc recordlng/.

2e 6 90 Test results. After flnlshlng the test on joints

is necessary:
- a/ calculate slips-of their members:
- immediately efter lqa&ing, U s M,
. = during loading y Upy according with 2.645., mm,
b/'detefmine time to failure, if it occured during the testas,
‘deys, | _ |
¢/ calculate deformation rate in relation to time,”vt, from

the formula s

g = — /mm/days/ ' |/12/

where; -
We s U, ~ are from clause &/

t - loading time, days.




iy

'where-

R i Bm-80/¢11159-o4 S T

d/ the ralatlonshlp between deformatlon rate ,vt, and tlme,'i
‘ accordlng with /12/ shall be drawn on bilogarithmic net,
Tlme axis ig that of abscisgae and deformatmon rat%ﬁyxls

. is this of ‘ordinates /mm/days/,

-

: g‘e/ approxlmate tna curve as in clause 4/ plottmng Bego stralg

-

llne representlng time- defOJmatlon rate relatlonshlp,
_ f/'dete:mlne the value of m from the equation e/

log~vt -m o, log % {Jlog B _ - f /137

T direct1V1ty factor of gtraight’ llne on the dlagram, _
B theoretlcal deformation rate \ after one day of loading,

mm/days,

g/ calculate‘the strain after 50 Yyears , ukSO’ from the forﬁu]

/1+m/ .

uk50 =z .t + oy, /mmf /14/
whare: ' |

m, % = are from the formula /13/,
U, - ig from the clause a/,

t. = 18250 days /50 years/,

h/ from the results for a serie of 301nts is necessary to cale-

culate the respectlve mean value of uk50'

247 Determination of the effect of connectors numbexr

2eTole Statio arrangement = 8¢Cs 2,3.6,

2+7+2, Sample - according with the respective sheet of this
standard, '
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2eTe3e Method of test = acce 2.4.2,

2eTolde Test procedure = &CCe 2edelo

'2.7,5. Test results = acce 2e40ds

2480, Additional tests =~ according with the correspondingﬁﬁhe&ts

of this sftandard.

3o STRENGTH ASSESSMENT CRITERLA

3.1, Characteristic load carrying ability of joints is calculat

ed from the formular ' ‘ L
F =P =tes /N /15/
where; & | | '
F,q = is from formula /3/, as F . shall be substituted all n-ve=
lues obtained during the tests as in 2+4., and 2.5. /N/,
t - regpective factors from'tables of normel distribvution

at the significance level <= 0,05

S - gtandard deviation calculated‘from the formulars

l=k
. o _ |
8 = /F . - F_ / '
ni ns
| [ /N/ /16/

k-1

3420 Charecteristic load carryving ability of connector per 1

irfigion  shall be calculated from the formulae:

T, = e /N /17/
m « C
or
) F, S

T, = // | /18/
N i m.A‘_ .

where;

F, - acc. /15/,

MyNyli = 8CCe 20444,
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B.BQ,Modulus of flexibility of Fjoints shall be calculated from

the fdrmula?

1 | -
M = ——te—  /N/mm/ 119/
T Tk, 4

3ed4e Degign load carrying ability of joints shall be calculated

F o I

F. o= ~~9 /y/ /20/
0 . :
. ' m .
. F :° m )
P, = e // ' /21/
’ . 2,25 '
FO ==M . 1,5 L] mo /N/ ‘ /22/
where s - ’
a F : : - .
lr"11 =5 24/
. c ' ]
fmz = 1,5 ior Weeg 2525 |
- X250 '
mz ' T45 & 2,250 for uk50>2.,25 | i
.mo '_'mo1 s mo'z ° m03 . ‘ . /25/
m,4 = factor determining the effect of connectors number

from thé respective sheel of thls standard,
moé = factor determining the effect of joint manufaciuring
Moo = 0,9 for construction manufactured industrially,
My = 0,8;fof Jolnt manufactured in enother way,
My = factor including additional facior affeciing the load
carrying ability of joints - according with the r4spec=—

‘%ive sheet of this standard,
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.F, = from formula /15/,
M -'from formula /19/.

As a load carrying abilify of a joint the lower value from the

formulae /20/, /21/, /22/ is taken. o :as

3¢5+ Design load carrying ability of connector per 1 incision

is ealculated from the formulae;

P : o o6
2, ~EE /N/ : : /26/
or
Fo
To % - A“/N( , | /2717
ﬁhere;
B ‘ = from 3.4,

o .
m,n,A‘, = from 204.40

4. SELECTION OF TYPE OF TESTS

{

In dependence on field_of epplication as in claume 2 of the
standard BN—86/5059704 sheet 00 the following types of tesis ars ‘
recommended :

- for the field of application as in 2a - tesfs aCCa 244,

= for the field of application as in 2b - all the testy acc, 2

for the field of application as in 2¢ - tests acc. 2.4, and 2s56

= Tor the field of application as in 2d- testa acc. 2.4,

De SIRENGTH ASSESSMENT .CRITERIA FOR_JOINTS

BELNG REJECTED DURLNG ACCEPTANCE

The load carrying ability of a Joint per 1 incision ghall ful-
fill the following conditions

LY

02_

5>

2 /28/
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where;‘
T = load éarrying‘ability of a connector per 1 incisgion,
calculated according with PN-73/B~03150, 55

Tn - load carrying ability of & connector per 1 incision '

calculated on the basis of test results
‘t'm.-xﬁt o fmz

rmt = 1,25 for wood ,
%n1 = 1,50 for wood-based materials,
ﬁhz - partial safety factor determining the effect of long-

term loads,

. Tmz - 1,50

m, . = 0,80 , factor acce. 3.4.

6o TEST REPORT

The report from every test performed shall contains

- description of samples being tested,

description of test procedure
-~ data concerning accuracy of measuring equipment,
- test daily register , with photographies, if needed,

~ test results with discussion.

ADDITI ONAL INFORMATIOKNS
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9,

Regearch and Development Centre in Wozomin, Poland.

2o

3u

4.

PN=73/B-03150 = Timber structures. Static calculationg

" ADDITIONAL INFORMATIONS

Thisg standard has been prepared by? Bullding Joineryi

Beference standards;

and desién. ’
PN-76/B=03001 - Building structures and soils. Design
- | | principles. | o
PN-73/B=06281 - Building pre—fgbricaﬁed products from con-
. crete, Méthods of strenght tests.

Foreign standards:

CIB-RILEM Timber standard -~ 06, Test of mechanical fastéhérs

test method for short-term testing. Draft,

Authors of thig standard

Prof., Eng. = MLCHNIEWIGZ Wincenty
A88.Prof.Eng, = DZIARNOWSKT Zbigniew

Eng. = SKALMOWSKA Danuta

Consultant : AsseProfs Eng. - NOZYNSKI Wiadyskaw



Proposal.

Building INDUSTRY-WIDE STANDARD BN=-80

members . = - q'59-o4
and wood-base ; .
materials Method of tests and strength Supersedes

agsegsment criteria for joints

with mechanical fasteners.

Neiled joints. Catalogue sroup

VII %

1+ INTRODUCTION

Telo Scope. This stan&ard prbvides for methods of tests and

strength assessment criterla for nailed joints in load~bearing

structures frqm ﬁood and wood-based materials under static loads.

1e2s Field of appllcatlon- according with the clause 2 of
N“‘BO/ndsg“O‘q'o Shee? 000_

T1e30 D931gnatlons- in thls gtandard the followmng symbols and
degignations are used-
a = thickness of joint mémbers, mm,
aq= tﬁickness of joint members,mm,
B = width of joint members, mm,
b - helght of sample, mm,
¢ - dimension-of & parv of joint memﬁer, mmm,

d = nail diameter, mm, cm.

Prepared by Bullding Joinery Research and Development Centre

‘having been approved by the Director of Building Joinery Union

tsorsesenvrens G5 Al Obligatory oNne SiNce eesesscsse
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e eymbol of a force, N, .
Pk withdrawal force;
g - thickneas of a panel from wood ubaeed materials,nqg5
f - safety factor,

lenght of nail, mm;

I =
1

> ~Jlenght of part of nail in withdrawal,mm,
Myq = factor correapondlng to the effecﬁ of numbex of naile

rows in a joint on its load carrying ablility,

| mr = load carrying ability factor of nails for withdrawal,

m., characteristic value of mﬁ,

M. = design value of m,, :

m - mean- value of m

rs | Lo TPl e e
Moo %.faqtor corresponding te%the_effect'of gtructure manufacw
turing on load earrying-aeglity of ﬁpiat,.
p- = number qf'feaaoﬁails in a joint, |
- dimension of.spaciag of nails in a jeinﬁ, mm,
1 - dimension'ef spacing of nails in a joint; mm,
S, =~ dimension of spacing of nails in & Joint, mm,

83 - dimension of spacing of naile in a joinﬁ, mm,

‘ ns - mean value of load carrylng ability of nalls per one

lncmsmon, N,

Tnap - value of Tns for p rows of nails,N;

2o T BES TS

2+1e Types of tests = acc. BN-8B0/f159~04 ,sheet 01, clause 2e 1.

2.2, Specifications for samples /joints/ = acc. BNwSO/Q4S9,-O4,

sheet 01, clause 2,2.

2.3 Climate ="mcc. BN-80/M1159-04, sheet 01, clause 2.3.
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2.4 Investigation of -load carrying ability of joints.

2¢ds1, Static arrangement. The static arrangement, dimensiong

of samples, spacing of nailg and distances between nails d ed~
| ges of the ~sample shall ?e as glven on fig. 1 and on table 1°
X F -k
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Plg. 1 Sampla for detemination of lcad oarrying abili’cy
' of aoints
Table 1, Nominal dimensions of joints
Designation , -
acc, fig, a 8. . S S S S B
1 and 2 L ! 2 3
Material
Wood 8d 6d 204 254 64  6a  1aq
Pgnels ' g g 204 25d 6d - 64 184

d - diemeter of medl.. _
g = thickness of panel or sheet
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-Nommnal dlmen31ons of 301nts from wood-based materlals shall .
be checked having in consideration their gtrenght characterlstmce
244.2. Method of tesh - 8cc, BN-80/7459~04,sheet 01, c%é;ee

2442,

- 2eds 3o Tegt procedure = gacces the abcve standard clause 2,4.2,

2 4 4. Test resulty = acce BN—80/7459-04 sheet 01,clause 2.3, 4

2 5. Determlnatlon of sllps of ]01nted members

24 5 1. Static arrancement,.' Static arrangement dimensionsg of

samples, spaclng of nails and dlstances between nails and edges

of e sample shall be a3 in 2,441,

; 2.5.2. Method of bests - ace. BN-80/11159-04,sheet 01,clause
2.5.2.

vo-

205¢30 Test procedure - acc, BN-80/1459-04, sheet 01,clause 2.5

26564, Test results - acc, BN-BO/W459~O4, sheet 01,clalse 2.5.4

* 2460 Determination of the effect of loading time

26516 Static arrengement - 8CCo 2odole

26602, Teogt method‘- acce BN-80/%159-04,sheet 01, clause 2,6,2,

246430 Climate - acc, BN-SO/W459h04, sheet 01, clause 20643,
J | ’ .
26644, Measuremente = &cCo. BN-80/Y159-04, sheet 0T, clause 2,6,4

2¢645. Measurement of slips - acc. BN—SO/Q459 ~04, sheet 01,

clause 26605,

2.6, 6. Lcading tlme - acc, BN—BO/Q459-O4, sheet 01, clausgse 2,6,6

2. 6e7s Test procedure - acce. BN-SO/W459 -04, sheet 01, clauge
206070
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The screws shall be driven into holes drilled previously having

-diemeters in 2 mm ﬂsmaller than their own diameters; These holes
. shall be drilled on a lenght of 0,8 1.
2e4.24 Test method -~ acc. BN-80/M159-04, sheet 01, claﬁg% 20ds

 2.4.3., Test procedure - acc. BN~80/1M459-04, sheet 01, clguse
24443,
2404, Test results -acc. BN-80/01159-04,sheet 01, clause 2.4.4

2:5, Defermination of slips of jointed members

205.3, Static arrangement ~Static arrangement, dimensions of,
samples, spacing of‘screws aﬁd distances betweenscrews axis and
edges of sample shall be as in 2.4.1.
 2.5.2, Hethod of tests- acc. BN-B0/7159-~04,sheet 0F,clause 2.5

2¢503¢ Zest procedure - acc. BN-80/1459-04,sheet 01,clause 2.5

24504, Lest results ~acc. BN~80/f459~04,sheet O1,clause 2.5.4.

2.6, Determination of the effect of loading time = acc. BN-80/
f1459-04,sheet 01 ,clause 2.4.7.

'207. Determination of the effect of connectors number

2eTo1s Static arrangement - as on figs 3 and acc. 2.441,

. 2e47+2, Sample ~ acc. fig. 3 under the following conditions:

a/ every type of sampleg has a different number of rown
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Flgo - Sample for determlnatlon of the effeot
of connectors numoey

. 2¢Te5e. Tegt results = acce 2.7.5 -Bl-80/1459-04,sheet 01
besides

-4/ is necessary determine the value of moT for a variation of

load carrying ablility of nails per one incision in dependex

on rows number, from the formula:

i mE e o

of




'WOod and determing the maximum withdrawal force - P

. . ¥ '
PRI ' e e s e ke gt s Kt B sl i et bt e oat
O S

T Gt o sor—

’BN-807ﬂ55§-04 ' . S

—————

whereji

i /p/ - corelation relatlonshlp /function of regression derelop
on the basify of test results/ Stralght-llned regr9951a
is allowed. 5 | o

Tnsp ~ from the formule /4) from BN-80/1459~04, sheet 01 -
mean load carrylng ability of nails per 1 inecision de~
termined durlng the tests on aomnts having p nails rows

Tﬁs = from the formula /4/ from BN-80/M159-04, sheet 01,

| mean value of load ééfrying ability of nails per 1 in-

clsion,determined during tests on joints hav1ng pm 24

' 2~é. Addmtlonal tegts . An additzonal test to be carried out

constltutés determlnatlon load carrying ability of ‘nails from
wmthdrawal force i u31ng tlmber having the following water. uptaka"
A/ 12 & 2% ; B/ 23 + 2%o - e

24801, Statlc arrancgement - accbrding with that represented

on figc'ﬁ. Dimension of samples shall be as on the regpective fi~fi

gurea, !
' }

2.8.2. Method of test consistsg in withdrawing the nail ﬁrom

b

2.8,3, Test procedure. The sample prepared for testing aéc.

BN—80/7459~04, clause 2.3, 3+/sheet 01/ shall be placed in testing

- machlne and loaded ag descrlbed in 2.8.2. After finishing the test

water upbake of wood and its density shall be determlned 8CC,

BN-80/M159~ 04, sheet 01, clauses 2.3.4. and 2.3.8,

2¢8.4, Test results. The following shall bve calculated?

&/ for each semple = coeficient of load carrying ability of

TS

nails from withdrawal force = mr y. from the formular
F ."-..“
e N VY, -3

"
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b/ for the whole serie the mean value of m*

from the fofmulaé

1=k

m
T,

m. ™ =1
rs 'S

/N/mm?/

o/ characteristic value of m,, from the formula.

Mg = Mg = %0 & /N/mn?/

- . "
ey,
———— .

shall be dalculat

/4,

/5/
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(X2

d/'design'value of m., from the formula:

) . ‘ '
, o | _ .
., = ?EE——-—Jﬁi _ /N/me/ AT
; ) r} o _ B
where:
d - diameter of nail , cm,
1, = Iw = 1,54 |
Lw « acc. figc 3

t, 8 - from the formula /15/ = BN-BO/W459-O4, sheet 01
3;1 ° r2

m

rs
K&1 = W

.x}2 - 1,5

M,o = 8CCe BN-80/M159-04 sheet 01 clause 3ebs
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Buildings . __INDUSTRY-WIDE STANDARD .- _BN-80

members: Structures from wood and wood- 153=04
. from wogdb d based materialg. Sheet 03

and wood-based  Nethods of tests and strength Superseden

materials assessment criteria for joints

with mechanical fasteners,
Szrew joints. . Catalogue group

VII 39

‘14 INTRODUQTION

1ol Scope.This standard provides for methods of tests and
strength assessment criteria for gorew joints used in load-bearing

structures from wood and wood~-based matérials under static loads.

VeZo Field of application = acc. BN-80/M159-04,sheet 00,

clause 2,

103. Designations: In this stenddrd sheet the following symbols

and designgtions are ﬁsed}
a - dimension of joint member,
8, = dimension of joint membex,
B~ dimension of joint mémber,
b~ = height of sample,
¢ - dimension of joint member,

’

- diameter of gcrew,

oo
1

symbol of force, load,

=]
§

withdrawing force of screw,

Prepared by Building Joinery Research and Development Centye
having been approved by the Director of Bullding Joinery Union
*tcreeseseees as an obligatory one since R
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. { .
g ~ dimension of joint members,
?ﬁ - safety factor,
1 -~ lenght of screw,

m - factor correspondlng to the effect of number of screw’

o1
Tows in e joint on its load carrying ability,

Mo = factor correspondlng to the effect of structure manufgce

turing on load carrying ability of 301nts,

m, - load carrylng ability factor of screws for withdrawal

m, - oharacterlstlc value of m_,

m - mean value of My

m - degign value of mr;

P -~ number of csrews rows,

S = dimension of spacmng of srews in g 301nt, mm,

S, = dimension of spaclng of screws in g Jjoint,

.S2 =~ dimengion of Spacing of screws in s Jjoint,

.SB - dimension of épacing of screws in g Joint,

Tns - mean value of load carrylng abllity of screws per one

incision,

Tnsp - value of Tns for p rows of Screws.

/
!

2¢e T ES TS

2o1¢ Types of tests - accs BN~80/5059~04, sheet 01, clause 2,1,

242, Specifications for sampleg/ Jjoints/ - acc. BN-80/5059-04,
& sheet 01, clause 2.2,

2430 Climate = acc, BN~80/5059—O4, sheet 01, clauge 2+3%
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2044 Determination of load carrying ability‘of jointsg o )

e : . : 2
o v 2041, Static arrangement. The staetic arrangement, dimension:

of samples, spacing of screws and disgtances between screws d&is
: o _ ' . asg
e and edges of the sample shall be given on fig. 1 and on ¢3ible

The samples as represented on fig.1 shall be used for screws ha-
ving diameter 4 € 10 mm. For the screws having larger diameters

v ~ the corregponding samples shall be as represented on fig,2,
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" Fig.2 Sample for determidation of load'Gerying ability
of joints=withﬁsCrews‘having diametery d® 10 mm
| ) EESRP ‘
_ ""* Dable 14 Nominal dime=nsion of Joints

L Designation 4
- acc, fig, a a, S S1i 82 S3 B
1 and 2 < o

Materigl

Wood - 34 1a-104 124 244 54 s5q. 15¢

o ’  1-g+24
Panalg g g 12d . 244 5d 5d 156

d = diameter of screw

) 1 « lenght or screw
‘ 1 3 - . ' ) ) o ,
} ' § = thickness of panel orp sheet T

Nominal dimensioen of jointg members from wood-bageq materialg

shall be checked in view of theiy atrength"charaoteriaticn.

T e eere e g i —— o n - (R R [
T '
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2+6.8. Measurement of tempéréture and'relative humidity of air
- gcce BN-80/5059-04 ,sheet 01, clause 24648,

”

', 2.6. 9 Test results - acc. BN=-80/5059-04, sheet, 01,olau5652 6 9. |

:'2 7. Determlnatlon 0f the effect of connectors number

2.7.1. Static arrangement - as on. figo 1o

i 2 74 2. Samgle - a3 on i‘igo 2 under the following condltions-

a/ eVery type of samples has a dlfferent number of rows in the :
tested part = p, |

b/ number of nails fows‘in the tééted paft of sample sh&il be
‘ even, | . _
e/ number of nails rows in the other part ofthe sample shall .
be of 1 5 p,
d/ apaoing of nails and the dlstances between the nails ang
| _ edgea shall be ag those specifled in clause 2 4.1.-table 1.;

: e/ minimum number of samples for one test ghall be of 5.

L aama, Method of tegh aco, BN-80/5059-04, sheet 01, clause -
']’2.7 3, | ' ’

24Te4s Test Erocedure - aco, BN-80/5059-04 ,sheet 01, clause ;ﬁ R
2 7 40 ' ' ' '
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o Fg.3 Somple for deterrnination » f z’be effecz‘ a/" cormectors” pumper. 1
: | ¢7 3 Method of test -~ accs, BN~80/5059 04, sheet 01, clause_"
2.7430 S -

. . ' T
|

- Test procedure ~8CC, BN-80/5059 04 sheet 01

» clause 2,7.4,

24705 Test results - acc, BN-80/5059-04 sheet 01
and additionally;

yclauge 26 7o 5a

da/ ig.necessary determine the value of m,4 from the formula /1/

~ A
% of BN-80/5089-04, sheet 02

tive values for screws.

y ¢lause 2.7.5,,'substituing the resﬁec-'w

i

2.8, Additional tests, Addltlonally the load carrying abllity

of surbws from w1thdrawal force shall be determlned.
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?3ge of mample shall be as thnse on fig. 4. '

’:hj !a 8. cm K{ﬂ“
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. and determining of maximum- w1thdrawing force -F a

T meBo/MMsg-oa T j:‘

2'8 1 Static arrangement. Static arrangement foT test &imenu

L A g ' ‘ . ,.I K . ,} .
F/z

|

, s ‘..... ) . . T E
sgbr woodi o o
. E.u SRR I

F

e & tem L'
© = lalw - . gl
1w§2/3 1 |

‘| For wood-based . N \ W e Ty

- materialg:s = = L A
g - thickness
\of panel .

o s

lw = g - @

C¢-141W;§1‘/31 .

.u/[.i* NS A‘\ : ‘ o

l"“F'

L a L

N Fig. 4 Sample for determlnatlon ofload carrying: abilify
. : An w1tdrawal

248, 2°

Test method consmst in extractlng the screw from wood

'3}sioné of sample and - distances between the eerews axis and the ed- f
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2. 8 3+ Test procedure. The sample prepared as in BN—80!5059~04
sheet 01 0
clauge 2:3.3. shall be pleced in tegsting machine and loaded unifor-

mely according w1th 2.8.2. After findshing the test is necessary
determine the water upbake of %he samplé!éhd 1ts density according
with BN-80/5059-04 ;sheet 01, clauses 2.3.4. and 2:3.8

2844, Tesf results. The following shall be calculated;frw

a/ load carrying ability factor for withdrawal from. the formula?
. o . ‘ . |
L omy =—E— /Wm? /1
- ']TI d . 1p ’ ' .

b/ mean value = Mg .
c/'oharéotaristic“value - M. from the formula£

- Mpy = Wpg = T8 /N/mmz/ ‘ o 12
d/ design value = m. . ocnom the formulas
m_ .. o I . ’ . ‘
. re 02 2 ' ‘ '
Mg = e s /3/

where:
d = screw diameter
Ip =lw = 1,54
lw = as on figo 4

ty8 - from the formula /15/-BN-80/5059~04 sheet O1
B} _
hr = {;1 ° f;Q

m

f - T8

ri‘ mrc

| f = 1,5
re

m,, = acc. BN-80/5059-04 sheet 01 ,clause 3.4.

ADDITIONAL INFORMATTONS
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Fropesard,

Building _ INDUSTRY~WIDE STANDARD BN-80
members - 1459-04
from wood ﬁzgggt;§§zrf§§§°W°°d and WOOd _Sheet 04
and wood-baged Methods of tests and strength Supersedes

- mgterlals agsessment criteria for joints

with mechanical connectors.

Bolted and screwed JOlnts. Catalogue group

VIE&&?

-1+ INTRODUCTION

T¢1e scope., This standard provides for methods of'tests and
strength gesessment criteria for bolted end screwed joints in
load-bearing gtructures from wood and wood-based materials under

gtatic loadso \

142, Field of application: = acc. BN-80/"159-04, sheet 00,

“1e3. Designations:

a - dimenéion of jolnt member

8qm dimension-of Joint member,

B‘n dimension of joilnt member,
¢ - dimanslon.gf.doint member,
& ~ [dameter of bolt or screw,

F - ssymboi of force,

¥

Prepared by Building Joinery Research and Development Centre
- having been epproved by Building Joinery Union *ereessesiaa
as an obllgatory one since Trereseverene

G -- -
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g = dimension of joint member,

D51 =
P 0=
S_ -
Sy =
33 -
The =
?hsa -

per one incision,

factor determining the effect of screw and bolt rows
number on load cérrying ability of joint, &
factor determining the effect of grain direction in rela-

tion with force direction of action on load carrying

ability of joint,

number of rows of bolts or screws,

spacing of bolis or screws in a Jjoint,

gpacing of bolts or screws in a Jjoint,

Spacing of bolts'qr screws in a jolnt,

_spacing of bolts or screws in a joint,

mean value of load carrying ability of bolts or screws

value.of.T for a force acting §érpendiculary to grain.

2o I E S T S

911 ”xges of tests = acc BN-SO/x¥59~04 sheet 01, clauge 2414

1 2620 Specifications for semples /joints/ - acc. BN—BO/G459-O4,

sheet 01, clause 2

2430 Climate - 8CCoe BN—SO/H¢59~O4 sheet 01, clause 2.3,

244, Determination of load carrying ability of joints

20401 Static arrangement oStatlc arrangement, dismensions of

samples;

spacing of bolts and screws and distances between bolts

L and screws axls ‘and edges of the sample shall be as  those répre-

- " sented on flg, 1 and on table 1. : ‘ '
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Flge 1 Sample for determination of 1load carrying'ability
. of symmetrical joints' - : :
Table 1, Nominal dimensions of joints ;
Designation: Type v o
acc. fig. = of & &y 8 8y Sz"'s3 B
1 and 2 sgamples : .
Material ' :
A 34 3d 84 84 . 4d 54 =134
wood B 2d 64 o
: _ A E g 84 84 44 54 =13d
panels B e 3g
@ ' : |
‘ d = diameter of holt or acrew
g = thickness of pansl or sheet
¢ ,
Nominal dimensions of Joints from wood -based materiels shall be

checked having in consideration theirp strength characteristics,

1

Both, bolts and screws - e

“laned 2 0y
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' having a diemeter of 0,97 de .

. BN-80/71459~04 . . e 4 F

—— e = : ]

2, 4, 2, Tvpes of samples « For- thia test three types of samples

 shal1 be prepared having dlfferent forms and dimenslons. tvpes A

: % ‘
and B as on figo 1 and according with the table 1 , and type ¢ 'w

as on flg. 2 and accordmng with table 1s ‘The correspondlng dmmen-1
|

gions- are as follows- a= 24 or as= g, a1 = 6d or a1= 3 g

-

. ) . . é
1 . i

1

N T I
3
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A -:v:- o 0 ’
. Wy . .
‘. ' - le o o
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- Fige. 2 Sample for determining load caéé&iﬁg abiiity
of’ assymmetrlcal joints.

o 2.4.3° Method of test = acc. BN-80/1459~04 ssheet 01 ,clause
204.20 | |

| 2.4}4. Test procedure = acc. BN-80/'159-04, sheet O1,cleuse
2,43, - - | ‘

_ 2.4.5. Tegt results = acc. BN-80/'153~-04 ,sheet 01, clause

2udode

il
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2450 Determination of slips of 101nted memberyg o acCe BN-BO/

;W459-04, sheet 01, clause 205 Statmc arrangement and sampkea

o -
‘shall be as those in 2.4.1. and 2.4.2, of this sheet, & Y

i2.6,-Determinétion of the effect of loading time - acc. BN-BO{

W159~04. The correspondlng statlc arrangment and samples ghall be

.. ds those in 2,401, and 2.4.2. of this sheet. . |

Y

t

2.7.‘Determination of the'effeét of connectors humber
. : .

. . !
S w2, 7 1. Static arrengement - as on fige 3o - '
, o M . . S
[ - .. . %F - . é F |l :
E‘ 7' ) ‘ + ‘ Q ‘-‘ I - | .‘ '
R | e
—Vn O 0 , i
\, ;
4 ' ! v WQ- ° ©° |
! d -%‘\ o
’.,:- : =S I \9‘:? :L‘f‘: S ( J
rr r g ) o 0-‘ f
nk . o
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: e o ©° Lk ! E
Cd » : o e ° o0 ' ' i :
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, W - e 6 o
; o Yy LT
1 _r S o 0
| o ) :
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f I Lﬁr“ - L3 :
i"- . b o e y 7 C
N R R o o
| B U A4 i
e l; T o
HE - . L—J S e . )
8=z 34 ] : B 6};‘ _ _ :
Figs 3 Sample for determining of the effect i , "-%
‘ = of connectors number . A
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2eTele Sample-—.as on fig.3 under’fql%owing conditionse

a/ every gsample type has a different number of bolts and
sCrews roWs in its tested part - p ,

b/ number of bolts or screws rows in the other part of sample
shall be as specified on table 1,

¢/ minimum . number of samples for testing shall be of 5,

| 2.7.3. Method of test. - mcc. BN-80/7459-04 ,sheet 01,clause
27030 | -

 2.T+40 Tegt procedure - acce BN-80/%159-04,sheet 01, clause .
2,744 R | -

2,745. Test resulis = accs BN—80/7459-O4, gheet 01, clause

2.7+5+. and besides is necessary:. .

'd/ determine factor m_, - accs BN-80/M59-04 ,sheet 02,

clause 247.5.

2¢8¢ Additional tests. As an additional test the load carrying

ability of bolts and screws shall defermined in direction perpeﬁ-

diculsr to graiﬁ in Joints from wood or fo'grain,of face veneer

in joints from plywood Er to main direction of panels from wood=—
" based materials. The mein direction for panels from wood-baséd

materials 1s that along the panel.

2:841, Static arrangement, Static arrangement, dimensions of

sample, spacing of bolts and screws and distances between boltg

* and screws axis from egdes of sample shall be as given on fig.4

and according with table 1. For bolts and screws having diameters
up to 10 mm - sample A is taken as on fig. 5 and according with

the table 1, for bolts and screws having diameters more than
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10 mm - sample A is tamen N Bolts and screws shall be placed

1

in holes prev1ously drilled having diameters of 0, 97 de

i B | i
] §
Q
o allo la ,
}
A e b
. L . ;}5 ‘ i
Lle.e l & '
i F - ‘;‘\{‘, A
éb V'Z W ‘l.l‘-- ,
|44y g‘!l‘. 51 Jﬁ}{, ’/Odle VF
i . v I " |
Voo
R v : Figo 4 Sample for determlning load carrying ability

of bolts and screws in direction perpendicular

to grain for d £ 10 mm

A '
. 1{ ,.
: \ ‘ \:
Looall |l ,
Lo - ‘QI"{ L""T o
| : | £
b o, - |
o o pmemmmed, appne

¥ - . . /
Fig. 5 Sample for determining of load carrying ability

| of bolts and screws.in dlrectlon perpendicular
to graln for 4 2 10 mm, -

e
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2.8.2. Method of test - atc. BN-80/M.59-04,sheet 01,clause
204,20 '

2.8.3. Test procedure - acc. BN-80/Y59-04 sheet 01, clause
244:»30 -

2.8.4, Test results - acc. BN-80/Y459-04, sheet 01, clause

2e4.4, and determine the value of m03 from the formulae;

M,y = 1,00 - for direction paralel to grain of wood, plywoad

and panels,

Myq= moBa - for direction perpendicular to grain of wood,

1,00} Mo > My3q = for other directions.

Linear interpolation
. . -
where: ‘ . _ _
‘ 0
o nsa

038 -
: .Tns

Tnsé - mean value of Tns from the formula /4/ -BN-80/5059-04,
sheet 01 and on the basi® of results according with 2.8.4.

ng T~ mean value of T, determined as in 2.4,

| ADDITIONAL INFORMATIONS
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1+ INTRODUCTION

Mol Scope. This standard provides for methods of $ests and
strength assessment criteria for joints wiih toothed rings in

load bearing.structﬁres from wood undexr static load.

1e26 Pield of application - as in BN-80/7459-04,sheet 00, but

exclusively for wooden structures.

1e3. Designations.

a - dimension of joint member,

b - diameter of screw,
'do ~ diameter of toothed ring,

F - gymbol of force |

Myq ™ factor of load carrying ability variation in relation

with kLn%a number in a joint,

“

Prepared by Building Joinery Research and Development Centre
having been approved by the Director of Bulilding Joinery Union
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M3 = factor determing the effect of grain direction in rela«
tion with direction of action on load carrying ability
6f a Jjoint, | | )

P - Number of groups of rings pexr s0int, 4

S = spacing of rings in a joint,

81 - spacing of rﬁngs in a joint,

S2L -~ gpacing of rings in a joint,

Tns - mean value of load carrying abi;ity of rings in joint,

Tnsa- value of Tns for direction of action perpendicular to.u

grain.

2, TESTS

2+1. Types of tests -acc. BN-80/5059-04,sheet 01, clause 2.1,

2.2, Specifications for samples /joints/ - acc. BN-80/5059~04,

sheet 01, clause 2s @
203+ Climate = acc., BN-80/5059-04, sheet 01, clause 2.3,

2¢4o Determination of load carrying sbility of joints

20441e Static arrangement. Static arrangement for this tests,

dimensions of samples, spacing of axis of rings, distances betwee:
rings axis and edges of sampies shall be as given on fig, 1 and
on table 1o Jointed members of sample shall be screwed together
with screws with washers ,placed on axis of each ring. The screw
shall be placed in the holes drilled previously having diameters

of 0,97d, where d - diameter of screws.

]
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‘Table 1 , Nominal dimensions of joints

Designations | ' o
. ag on fige1 & - 8 . 5y 8,

values of 3t 1,54, ed. 0,51 4k

above ' : . - - N 0

designations bom : 0,50 07, 5

- 8ize of screws and washers for determined external diameter of

rings shall comply with PN~73/B~03150,

204:2¢ Test method, test procedure, test results - ancc. BN=-80,

5059~04 , sheet 01, clause 2.4.

‘2e5¢ Détermination of slips of jointed members - acc. BEH-80/

5059=04 |, sheet 01,clause 2.5, Static arrangement for this teat
i

acc. clause 2¢4ele of this standard.
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2.6. Determination of the effect of loading time = acc. BN=80/

‘5059-04, sheet 01, clause 2.6, Static arrangement - according

-tb thels sheet of the sirandard, clause 2. L

2.7. Determination of the effect of connectors number

2¢7s1e Static arrangement - as on fige 2.
24T-2. Sample = as on fig, 2 wunder following coﬁditions;

a/ types of samples differs from each other by number of group |
of rings in the tested part of the sample - Doy

b/ spacing of rings axis and .disfances-between rings axis
~and '‘edges of samples shall be as-on table 1, |

'c/ minimum number of types of samples being tested shall be

of 3,

3
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Fige 2 + Sample for determination of the effect
of connectors number

24743+ Method of test - acce BV—86/5059 04 sheet 01,clause
2oTe30

26740 Test procedure - acc. BN—80/5059~04 sheet O?,ciause
2eTeba

. 207450 Test results -acc, Bi-80/5059~04, sheet Ol,clause 2,7.5

d/ factor of load carrying ability variation ~ Moy = &oc.

Bi~80/5059~04, sheet 01, clause 207456
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- 2480 Additional tests .As an addltlonal test the load cerrylng

e — e s

abillty of rings in dlrectlon perpendicular to graln ghall be

determlnedo

€3

2.8.1. Static arrangement. Staticfarrangement for this tesf

dimensions of semple, spacing of rings axis and dlstances between %

rlng axis end edges of sample shall be as those on flg 3 and on

table 1, The screws shall be placed in the holes drllled prev1ous-§

ly accs 2, 4 1

It

- e s e

: ' J»‘_.._dn b R Y
Fige3 Sample for determlnatlon of load carryin

f

do

k <.

-k

!
4 ]

1

~S2 Sz 1 Sa

LS

-

-5 ”'117?

R

km¢k4—3%+—ﬂk4~—
g abllity

. of rings mn direction perpendicular 0 grain.

2¢842. Method bf test -acc..BN~80/5059

=04, sheet Ol,claugse 2,4.2

248, 3. Test procedure= acc. BN~80/5059-04 sheet 01,clause 2 4, 3

2:8444 Tesgt results = 8cce BN-80/5059 04,sheet 01 clause 244, 4,

end besides is necessary',

d/ determine of mbB;value from the formulae:

Moy = 1,0 for direction of action paralel to grain of

o | .Joint,
& R o
: o nsa
. m; T 7

118

Tor direction of action perpendicular

%o grain,
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where;
?hsa," mean value of Tns cglculated from the formula /i4/
BN-80/5059-04 ,sheet 01,clause 2.8, d§
Tns - value of Tns calculated on the basis of ftest resulits

aCCe 2ede’
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1o TMYESTIGATION ON THE_EFFECT OF NAILS NUMBER IN 4 JOINT
~ ON _ITS LOAD CARRYING ABILITY '

lela Dugeription of sumpleg

The {nveattgation of the effect of ntmber of nalla in a. joint
on ite lond ecarrying abllity ham been carrfed cut 1o Polund
for the Mrst times The investigatfonfnvolved symeirical jpfnts

withi GO and GTP nulls™ s The forms and dlmensgtona of Juints and
arrangoment of triangulur crcss-scetion nulle in respeet’ with

luad direction are {1lustrated on [fp. l.la

| - =N
; . ey ey = Ve
®
4 « - ¢
&
. 4« i i e e 2 B
; 3
4 4q nindl naule indhess MG g - .
. 3
‘a bt el e e
3
4 9 aulion bl ool SRS, 1 . *
3
4d i . o
param  wuw  mmi %;——J% qdr. oot e e v
T o
/3'5, .?I:/J | | 'y #ﬁﬁLz fﬁ}_ﬂ&z}ﬁ
8:57 (e8! 23 8=

Fige lele Forms and dimensions of juints = in mm =
tor 1avestigatton of the effect on number of nallsg
in a joint on itas Joad carrying abllity.

Statlc arrangement,

1/

GO - nails having round crosa-sections,
GIr 5 nalls having triangular ecross-secctions,
35/90 = 10 /dlameter/ / nails lenght, mm,
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The study involved joints having the following number of rows
of nails:
s/ one ruw of natls / 2 nafls/,
b/ four rows of nalls /8 nalls/,
e/ 8ix rows of nalle /12 nails/,
d/ efght rows of nails /16 natls/.

For saeh test 20 Jjoints have been preﬁared.

lecs Deulpnotion of joints

Rwery joint has. had a sxmbpl iﬁvoivihg:

M‘OQT and TSI, - .

-~ 3%,

- A, |

~ N, where N=1lw~28,

.= succesal ve number of Jjofnt,

- Where T mcané'an {avestigution oflthe effect of natls numhcr

in a‘Joint‘un tts IOgﬁ—CArrging abllity; A = type ?f Jotat,

"N = number of rows of nafls; O = nalls having :uund‘croaa—amct{ono, ,
T = nalla having trtungular crosse-sections, S -Qymetr4ca1 joint,

1s3. Methed of testing

Joints have been submitted to a compreosive load action and
maximum beoring load  was determined with an aecuracy of 100 ;i
Numbér of samples for eéch tent ham been 20 for every type of
joint, Bafore the test hoa atarted, all jolnta were seamsoned

tn 8 climate having refative humfdfity of 65 # 2% and tempersture

of 20 & 2°C,
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Water uptake of timber ‘n joint haa baen of 12 =~ 15%, In

the course of investligation 5 tfmber aumpleé havee bean taken
from each sexie fn order to Yetermine its compressive strepath,
“which wam found to be of 53 = 62 MPa. | _ 'i
Th! erneam of Jotnt members haa bean measured uaing slide
- ealiper having an accurucy of 0,1 mm. Statie arrangement of
jointe 1a {llustrated on fge Iele
10e4s Tegt results .

The mean values of the tyicknaaa_uf joinﬁa are givgn on tébla
Ll | .

Table 1,1, -
Mean values of thickness of jofnts membera in mm,

o i U A . gt iy Y T ) SO S S g P B At Gn e L e Y ) A G el W D ek M g S G ) B N g i el g S gy i T SR gy Ak e

Duesignation ]
of jofet serde . _ . .2 Sl
’ . . . ' \ ) . :
0sT=35=A1 28,06 20,64 28,01
0SI~35~A . 2T,93 . 20,70 27,78
0SI=35-A6 - 27,67 20,71 27,72
05T=J5=A8 -~ - 27,55 . 20,73 27,56
TSI~35-AY 28,03 . 20,67 28, 07
TSX=35=04 | 27,68 20,74 2T, 47
TSIw35mA6 27,70 20,70 27,70
TST=35~A8 | 27,68 20,87 27,65

Sl s G A S Y gy U A g S By A W SRR APt e g S A Rl PP himn S S w e oy kWU RS U g = S ot b ey oot Bl s e W S g B ) o A et e o e o b

Tha: test results related with load carrying ability of
joints In dependence on a number of rows of nalls are glven

on table leZe ' *



" fablie 1.2,

Test results from the investigetion of the effect of number

of nails on load carrying ablility of joints = in N &
Dosignation Z 8 . v
ﬂ—&d-“ﬂ-ﬁd-ﬂﬂu“--“-ﬂm“‘ 1 Q:-G}Q-N-I—‘--I:---——-ﬂl—k—-2-}:9-“--.-—--—0--—‘——-r-a----t
0ST~3%Al o 721 ¥ 12,9
05T=35=A4 ' - 2638, 340 12,9
0ST=35-A6 3679 260 6,8
05T=35-48. " 4956 f 846 17,1
PST~35-A1 790 - e2 10,4
TET3GmAd 2925 281 9,6
TSI=35A6 4121 407 2,9
TSI=35-A8 5155 933 18,1

*ﬂﬂ-ﬂh‘ﬂﬂ“‘-,“hﬂﬂ_‘““d---‘ﬂ‘ R el gl gy R whd iy S i S SN bl pe NS R e e --l“ﬂnn—-‘- P PR R Syt G SRS by S A
where: X - mean value of load carrying ability of joints
8 = standard deviatiun, ' .

L}

1lea3s Conelugfon aFout_bebaviour of jolnt during testa

The batiaviocar of jolnts bas bewun obaserved in order to establish

the charagter of joint failura. Three characteriatic typea of

fallura have been observed:

- slip of joint fnsert in relutfon with $ts covering plates
without Increment of locad , as a regult of max!mum pressure

stresaes under natls betng reached and bending

p

of natls,
~ characteristic fatlure of an i{nscrt as a result of surpassing
of cowmpresalve stresses /fMg. 1247,

= fracture of one of joinis members along the line of natls row.




'Fig.l.z.'Chnractor{atic fa'lure of jouint when muxd mum
comprosaive s*riuses are curpassed,

Tafie Discuss?on of #est results

In order to analyse the tuest reszults, load carrying ablillity

of neils per one punched hole = Ng - in | dependence of number

of viud oF iuile TR Jolnka hod bosh ealeninbed frma b pooeaios

Ng = -—g- . lo1a
where: k = number of holeé-punched by nafls in a jeint
K = 2py = 4z 1424

where: py = number of nails in a joint,

x ~ number of nafls rows in a Jjoint,
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Ng values %taken as means for ecach serfe, are given In table l.3.

| Table 1.3 L ‘ - - o
Tond carrﬁing ablllty of a nall per 1 punched hcle =~ Ng -~

‘and safety factor of jolnta = n - in dependeance pn

number of naila fows in u joint

" Pusignation | Ng - Ng, Kg = 10N
of jolnta . kg = 108 % :r-,( ne T 45 n Neg,n
UST=55=A1 180,0  169-191,5 4,83 100
OSI-B“}—JM- . - 164,8 135175 4,42,, ‘ 91,5
08I=~3%-A6  153,2 143-158 4,11 85,2
05Im35-A8 154,99 143~167 4,15 86,0
TEI=35-A1. ° 197,% 188-207 5,60 100
TEI-35mA4 o182,8  175-191 4,91 - 92,6
TSI~35~A6 17,8 7 164-180 4,86 87,0
TS&I=35~A8 - - 161,2 145173 4,56 81,8

B el U iy o Sln oonl e g i iy ‘ﬂﬂﬂﬂﬂ-ﬂﬂ-ﬂd--‘—ﬂ-lﬂlﬂn— ok gl S Ak W ol B T e R A VRO bt g Gl I g S s vl G e At g el Bl
_After ealeulating Ng , safety factor = n~ for joints has been

alsu derivead, from the forrulut

- N
B =y

wherat
N« % from table 1¢2e

T = the minimum velue Ty T ,T

c .
Ty = ¥ o 300 & . | 8444
‘ra‘;k,soaa | 8454
T, =X o 40 cé& : . : B.5a

>4




- di umeter of & nall / for natls having triangular cross-sec-
| tions =~ height of a triangle/

aw aicrfaé o

The values of safety factor are glven on tabla 1.3.,which

also includaa.m range of méans of Ng, whare:

| B'* to,e &
Vo

_where. tod, = 1,96
& - standard davfat1on‘
The ralatfona%ip between Ng and number of rows of naiis

fa represented on fig.’l.B- /considering nlso m rangn/s On @l
Cgram leds 8 ycavity®on the dotted line for six fows of GO nalls
15 shown, The‘cav{txiis due to a very little coeff!el ent of Tom
‘riat{on, f'fbr serie 05T~35-A6 ig 6,5% and for aarie OST-)5-A8
e 17,1% In the test on serie TSI'qoefficiunt of variation v

has been not so raduced, and fur this raanon the lina ecrraspon-

ding Prr‘naila 1a almoad a siralght one,

(o w6 210 - 200 #5 «f1on/
A fgg ) E:FL\ Lérr
1804 B2 ' “Q(“’“kJ @
lm: i oo s fa ?7{3
- Rl TN
g gt150
140 140

12345878 Joscwpabivgunrt 2 84 567
A BRIBOUNIR Jias cric 432%&&@&

Numher of rowm of nalls:
Number of punched holes

P pee 1e7s Relationship botween Ng and number of rowa of naila
fn a jolnt.

From the tabla l.3. comparailve coefficlents have been cal~

awlated /€ y G/ from the formulae:
1 6P
N nGTP
O,y 2 aelim In *" G0 ' le3e
' o




The values derived are glven on table l.4., whlch {ncludes also

 3 decrement of n value per 1 row of Gofﬁand_GrP nalls,

Table led. , : . ':lnai :
Gy end “n  and decrement of n value per 1 row of nails

o in relat!on wifh nafils rows

i - S iy N0 S it B il dair vl g O (el SN i ) T v gy LS ey S g W okt M Ay el D D i ey W v Akt S T D G v e ST L X 1) ot e i gl s At g i

0 Desige~  Decrement Denl g~ Decremert

nation %1 zn - nation of n valua nation cf n value

©of Jotnta . of joints per 1 row of joints par 1 row .

. --ﬂ----n—-—m-n-t—-n-d--.tu--ﬂnn--——ﬂ-;-—nudgg—ggizg-mn-;-n——q-damsgqggi;ﬂ;
| ST=3%-A1 1,096 1,158 O-AL 0 T~Al 0
 ST=3%-A4 1,108 1,111 O-A4 0,0212 . TeA4 0,0185
ST=35=46 1,121 1,182 0-A6 0,0247 | T-A6 0,026
 SI-35-A8 1,041 1,100 0=A8 0,0256 TwhB 0,0222

v g SOl Wk iy, Wrhopu iy A Al it i iney i ok iy ek O v e A S S ) e Skt A veve s S o) SO S e S g i S8 gy O ey v o g v '---—l—o-q--.u--unh

+

- From the table 1.3« cne can deduce that the nails GIP are
“more convenlent for nailed juintsA{n structural members thun -
GO nalla, Their load carrying ability per 1 punched holé in

- higher than the load carvying ab*lfty of GO nalls por 1 punched
hole: , in 10%, and the respective safety factor 1s higher in
13%. Load carxylng ability deerement per 1 punched hple‘in A=
pendence © o, number of rows of na{;s In a joInt 1a lower for |
TP nalls than GO onesy as one can sae from tabile l.4,

Prom dlagram l.4e one can deduce that load carrying ubllity
decrement pef 1 punched hole is 1¥near and that lowd carkyng
abi1lity of a nail per 1 punched hole 1s in inverae proportion
to a pumber of rows of nalls. Another conclusion that can be
drawn from table l.4e i8 that an aéditional row of natls in a
jotnt shall decrease the load carrying ability of a nall per
1 punchied hole fn appruximately 2% and the sefety factor of a

Joint shall decrewss fn the same proportion.




Forr thie %ery resson a decrement of luad carrying abiiity
of nailm per 1 punched hole fn depcndence on number of nails rowa
shall be cunstdered Wwhilst designing a nailed Joints The vﬁﬁﬁe
of eorrection ractor - p = shall be detaermined by sepurate tests,
but'before‘perﬁbrmihg.them » thls factor ean be derfved from
thu formalat H :

| po= 0,02 /2 5/ N To4e
where: 22> % number of ruws of nails in s Jjuint, |
O,GZ - decrement of load carrying ability ot nalls
per 1 row ofrnailm:in a jolnts, per 1 punched hole

le7e Conclustiuns

1. Load carrying aebility per 1 punched hole of GIP nails 1s higher
than load carfy{ng ability per 1 punched hole of GO nails
1n-10%..f ' _

2e Loud carrying ability per 1 punched hole shall decresme with
the inerement of number of rows of nails in 2% per 1 rom

‘Js Facttor -of safety of Jolnts for GOPnalle fa'higner than corraer-
ponding safeiy factor for GO nalla 4n general in 13%,

4a Factor of safety shall decressw  with the fnerement of numb e
of rawa of naile tn 2% per 1 row / for GIP nalle in 1, 9%,
fur @0 naila In 2,37/

5. Whilae 'destgning a nafled joint factor p shall be Introduced

which cun be calculated from the formula la4d.
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2s ITETS ON JOINTS UNDER IONG-TERM LOAD

e e

2+1s Description of somplen

The tests on nalled jotnts under long=term load hnve
Been porformed in Poland for the first times The tosta Involved
axme{ricai Jointa having forms and dimunatons as given on (1y4.8.4,

35/90 _
and on table 2.1, with GO and GTP nsils,

1 & |
L I l:] < 4
%
o,
3
Susase) ) S| 52
b8 A4%4£4a%l 5

Table 241,
Destpnation and dimensions of aymetrieal jolnts

for teating under long-term loads

Mc--‘—l-ﬂdl—-d-——nﬂn‘—.——u-_-----u-.—-‘-—m-.m——-———.m—-—-m——-....--‘-. . e Ty L e R o

Designution _ Dimenslons of symetrlfcal joints es 1n_Bats
of samplea B T T
e 9 S e W S S
o 28 17,5 57 52 50 18 21 60
B 8 21 7 2 60 18 21 6O
on 2 5 5
g 28 24,5 57 52 60 18 21 6O
N - ,
28 28 27 52 60 18 21 60

It i ot o R ) 0 At S g

AR N R By o RN i o A e Bl wt i -h‘«ﬂn—q-ﬂmu-‘-umﬂd-—mduum-m i o —
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FPor testing four types of jolnts have been tuven having inserts
of different thicknees /table 2,1./, three for cach th!cknuiéﬁ

/tutal number of juinkts - 24/,

2e2s Mutbod of testing
Jeints have besn submiticd to tenatle load , ns on £ig.2.1,
and a]fp»of'thuﬁr members wee meusured alter detarm!ned time

under lasds - &)
L

!
L ——
il
if
H
|
i |
) S
1 B
il

1

. g 2.1; Stutic dtagram foretusting jotnts
gnder leng=term loud | | .
For louGing Ry = un £1g. 2.1a/ metallle welpghts have bean
uged irom 0,20 up to 20 Kg /10N/. The load has been Lransmiites
to joint by weans of lever arm having leverage of 1:10 as on
fhis 241, | -
The slip of members of jofnta , one #n relatlon to the other,
has been measwred wtth dial gauges having an accurucy of 0,01 mmra.
To every Jjoink two dﬁai gavges have been uattached. The louuwdn
applled, having {n eonslderatton the holding down the ceuntral
member of joint, have been calculated frum formula 8,64 and are

given I1n lable 2,2.



'_I_.‘__le & - 2__{5_

Louds applied Lo joints Tn Kg /1 Xg = 10 N/

5
'f5;;{}531533f~h~-f ‘‘‘‘‘‘‘‘ Tloads
Jof jolms . FE/ION/
CTA | | 106
. 135
T8 e
OB. - : 295
- | 275
og 275
D 14
oD 414

B D g B Vot iy g S A T by T W v o ek e S e e A AR e e et 48 oy v bl e el

 Time of testﬁng hus been eppruximalely of 3 months,
During the tests the following elimate has been montefned:

. L]

‘retative humidlity of'SJ“ and témperature of 20%»

2a3s Teat resulls

Slfp va1ues-- g =~ for members of'jo{ﬁts have been obtained
ne a—fUnction of loading time. Mean values of slip for three
joints 1n relation with loading time are given on table <.3.
Prom the Lable 2.3, the rate of delcrmation of Joints in time

w ¥ = hag been derived using the fermula:

13

u
v =~ 241,
N |

shere: u, - slip of members of Jointa after time ,t7- fn mm

£ = loading time /duys/.
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T‘hu der? ved v values are g7 ven on table 2,4, and are 1llustruted
. a5 a curves in double logartthmic gcale on Ligs 2434
The eyuatton of strafght 1'ne in double lugart thmtc acale fa

as fullows:

log v = W’lug t + log €
whera: v = mean rate of deformation of Jolnts in mm/24 h
| Y directfvﬁtf‘factor of stratght 1line,
¢ -~ rate uf‘deformat{en - v = after one dsy of losding,
Prom formzla 2.3e. directivity faclors have been éalculated

as well 8a ¢ values, which are given on tabla 245

Tahle & P_h

“t' ond ¢ wvalucs

Designation of Jointa d _ ¢
T ~0,52 0,017
OA | | -0,54 0,024
B - ~0,60 0,026
0B -0, 62 0,039
TC : ~0,75 0,050
oc 0,76 0,060
™ | | -0, T4 £ 0,051

oD ~0,75% 0,073
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. 240 ABzessment of test pesulbs

Duf*ng the testo on na4leq joints with G0 and GTP nalls
the relat?onshipy between defurmatfop rate, d.ge 8llp rate 0&3
members of joinfs, and load value has been determineds Thia
‘relnttonstidp 1s oxpreséed by the formula 2.2. The mean deforma~
tfon rate of jointa shall be derived from the formula:s )
| ve gt ' - | ‘2530
1 e W

+ u.o 2¢4o

utwj.t+uuact
where: u, = deformation of jofnts after ytftime , mm,
v, - iniital daf.‘orfnatfrm, Mite
- Valng the above formula duﬁurmuﬁiona aof jolnla have been calcu-
lated after 10, 30 and 50 years of load!ng, which are given

on table 2»6?*

Table 2&6‘9‘ '

Deformation of Jofnta under lung-term load
after a perfod of 10 , 30 und 50 yeears

Deslgnation | u, | u, ‘ Uy

of joints 10 30 50
' ‘ mm . mm mm
TA 0,889 1, 494 1,815
0A 1,044 1,731 2,134
™ | 0,718 - 1,099 1,313
OB 0,719 1,367 1,628
TC 0,438 0,565 0,627
e 0,490 0,619 0,684
TD | 0,481 0,624 0,681

oD | 0,640 0,820 - 0,210

U o) S il ik o) oAl bl AT b A P ) el T e s = W ) e e il n T et W il avle Pri o mnh S ek b et e bew ol e e ok b win ol b S A Sulh . ) i e i et el ey W sl . Sty
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On the bausis of table 2.6. compartsons have bean madq-betwmﬁn

Jeinﬁu with GIP and GO nalls uasing the formala:

L o | ufrP : <
L m ln és . . 2.50
| | ' Yix '
. Thu resulis of'commhrisons are glven in table 2.7

. Table 2,7,

" u~comparative factore [
Designation o, e e, ¢
of joint s S %30 t50
mﬁ-’d“ﬂﬂﬂ.“f‘nﬂl-q’h:lnuw—ne——-——yﬁqﬂnh-—nnfl-ﬁ—fwnu -uug_g-u-uu—— mmmmmm -

A o1 0,862 0, 864
B 7T " 0,780 o 0,804 0, 807
¢ . 0,895 | 0,912 - 0,911
.3 - 0,752 | 0,761 0,748
Uhﬂmd'
30 I
%g__lZZII:L:ITE:Z. '*(
7 TR 1l |
E“:‘ Pttt ot s mad W W T T AeEn A = s .’
e
. i
p

2

7 20 20 40 50 laty Yeara
P1ge2eds Deformation of jointa under long=term load
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~ On fig._2.4 the funct!ons loading-time - deformation of
joints are represented, @aiculuted f1*om the;meula 2rfe
| AfLer eomparing joints after .20 up to 50 years of loading &%
w 247e ~ one can deduce thatnnaila are more suitabla for jolnte
than @O nailm,'cohaidering thelr lower deformation in 10-25%.
Frem the graphlca on fig. 2.4« one enn see that certain tyﬁea
of joints shall reach the allowable daformat{on of 1,5 mm after
; 2% yesrs of lecading, while others shail do not resch 1% aven
. after 50 years. Conajdering th{a it Wuula_bé apprepinte to fnere-
ase the load earrying adllity of nafls per puncheé hole, incres-
aing all the same the load carrying ahflity of Jointn, connidering
besidaes the service tima of structure {n’ des#gn. This problrm

deserves Eurther {nvest{gut{on.

2+%s Conelusionas ;

l» Tn wooden structural nalled jointa submitted to a long-term

| " 1oed an tQreasing rate off deformation {a continuoualy 1nﬂnc9du

2o The deformation rate of nailed jointa under long-term load
dependa on load value and loading time, Tt i{s iIn @{remt Propor-
tlon to a lcading time,

3+ Tha rheclogleal daformations of nailed joints depend on type
of’ nailss Rheolegical defurmations of joints with GTP nalls
arc at least in 10% smaller than thdau-of jointa with GO natls,

4e OIP nallm are more sultable for wooden joints in structural
members even under lang-term load , than 6O nalla,

5 Rheological phenomena related with nailed joints under lopp—-t arm
load, doserve further inveatiéat{on in order to determine
the destgn load carrying ability of joints /load carrying abie~
lity of nails per 1 punched hole/ or derive approplate formilae

for these phencmehag'to-be usad In deslgn procedure of wooden




Btructurés@
6 Study on the effeel of scrvice time of juints under Inng-term
losd on safety fuctours in 6rder to introduce tham to du@ﬁkq

'prﬂcedUre‘ In relatfon whith service time of structurcs
Te Tt shall be wseful t@ introduce the service time 4n destgn

\

procedure of wooden structuren
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introduction

Building s subject to regulations and codes in most countries.

The codes also concern building material and components. Diver«
gences between national codes may cause significant obstacles to

the trade. Considerable efferts are made on various levels to har-
menize rules. Such harmonization or standardization is narticularly
important for material and components traded as such or integratled

in constructions,

Structural timber is the example dealt with here. 1t is stili a
material but the demands for an improved classification with respect
to premerties, as well as the trend against an extended initial end-
use adaption, have made international agreements on this product more

necessary than ever.

Although it is appreciated that such agreements ultimately are
bilateral, they should be gquided by international recommendations

and standards. The agreement on a product will have to include

i) Definition and declaration of nroperties
2} Manufacture and control

3} Marking

The definition and declaration of proverties should give any infor-

mation of the nroducts that the user necds. This is simplified if



,
5 2

SWIDISH FORESY PRIDULTS
AESEARCH LABORATORY

the product can be referred to classes in recognized.classification
systems, for example, rating in a series of structural grades.

Marking is for identification. The mark itself saldom specifies the

necessary properties, but is a code which by some record make such a

specification possible.

The reiation between the mark, the class and the properties (per-

mitted stresses) is established by the code of practice in order to

(\\ make it possibie for the designer tc prescribe grade.

Tne control has primarily the aim to guarantee that the product,

[ ans) subject to marking, will have - with stipulated confidence - the pro-
perties indicated by the mark. The rules -for manufacturing and
control concern the manufacturer, the inspecting agency and the
authorities involved, but is hardly of any inte§e§&§gg1the designer

or even the builder or user.

Finger-joints for structural timber or finger-jointed structural timber

By the caption is made a distinction which may appear academic, but
wnich in fact is of importance for the manufacturing rules, the cont-
G:: rol procedure and the marking. it is fundamentaily a matter of res-

poasibility and of administration of the control. First there is the

product responsibility of the seiler to the buyer. When a timber dea-
F e ler sells structural timber to a builder, the latter will direct a
ciaim for poor finger-joints or false grading to this dealer, no mat-
ter who has jointed respectively graded the timber. Naturally the

dealer will claim backwards in his turn. >

bt is more complicated with the responsibility of a Building Authority
(BA}, a Control Board {CB), a Testing Agency (TA) and the Building
Inspection (B1). ALl these parties may be involved the 8A taking res-
ponsibility for the stresses in the Code of Practice, the (B for the
administration and the TA for the performance of the control and the
Bi teking some responsibility by spot-checking that the timber is
marked as specified. Ve may assume that the official authorizaticn

and manufacturing control have been committed either to a control

A4 2000 0 0 KDR
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board or directly to a testing laboratory. This '""0Official! Control
Board" is a supplement to the Building Inspection for components the
quality of which cannot easily be checked on the building site.

It is considered that the opposite party of the Control Board should
primarily be that manufacturer which is the last to process the pro-
duct in a way that the properties or the conditions for control are
influenced. This manufacturer is authorized to use the official cont-
rol sign in combination with {(a code for} his name in the mark on the
product. By making use of that right he will carry the chief responsi-
bitity to the €8 for the product, that is, he will be responsidle for
the grading and the jointing as well as for planing and for a possible
lamination. For those of the mentioned processes which he does not
perform himsel f, his responsibility may weli, by agreement with the
CB, be limited tojéhecking and recording official marks put on at a
previous process by another manufacturer and, maybe, supervised by a

different Control Beard.

One advantage with such an integrated control is that the Building
Authority directly knows from the mark where to start checking back

on the crucial processes which led to the product. Also, the system
of remarking is avoided. Such remarking is very open to mistakes,
particulariy when the remarking company buys his semi-manufactured
timber from several different subcontractors, timber which may be gra-
ded or nerely jointed or graded and jointed. This, and the fact that
the user should preferably deal with jointed structural timber exactly
as with unjointed timber, speaks for ''finger-jointed structural timber"
cr just ''structural timber! with one mark notifying grade (strength)
ond official control, both referring to wood grading as well as te the
jeints. However, other national systems of approval of control must
be anticipated, by which grading and finger-jointing are dealt with

completely separated.

. Standard measures of joints or performance reguirements

The principal requirement of a joint in structural timber is that it

shall not weaken the timber. This requirement is generally not mct

f
1
?
|
|
|
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if it is applied on the part of the piece where the joint is. Hovever,
joints are not allowed in parts where natural defects have weakened ihe
timber. The requirement is therefore that the joint must no weaken

the timber to a strength lower than the strength stipulated for the

grade of the unjointed timber.

It is not possible with present technics to jein clgan wood or straight
grown timber of very high quality to the strength of the wood itself,
that is, Lhe joint efficiency will in this case always be less than
unit. Low graded timber may be considered jointed with 100 percent
efficiency if failure can be proved not to appear in the joints or
close to them. Formally, cne hundred percent efficiency can be claimed
if the S-percentile strength of a popuiation of timber is not decressed
by jointing. Although this criterion is applied in many countries to
verify strength of joints, its significance is not clear without morg

precise definition.

If extended to all types of loads, climates ond stresses the mentioncd
strength requirements constitute the performance requirements. As it
is impossible to verify only by testing that they are continuously
complied with, demands on the means and performance of the manufactu-
ring have been introduced 35 a supplement to product testing. Further,
there may be requirement of the design, that is, of one profile of the
joint. GQbviously some profiles are not suitable for all grades.

Hence, there must be reccmmendaticons on joint-profiles for different
structural grades and sometimes restrictions with respect to other

and-use reguirements.

Marking and remarking for information of properties, responsibility

and control

In discussions on classification, codes, standards ang quality conirol,
the time spent on marking often seem to get out of sroportion.
Obviously there are many interests 1o look after, somatimes contra-

dictionary.terewewi 1l confine ourselves to such information which is
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necessary for the ''user' receiving the timber, including manufactu-

rers of prefabricated components, builders and the official control

which represents the real "end-users'', for example the owner of a
P y ! !

house.

The usual case is that the user orders timber with properties in con-
formity with what is specified by the designer on a construction
drawing. Al receiving the timber he can check some properties visually,
such as nominal dimensions, maybe species or species group, whether the
timber is planed and if there are finger-joints. For other properties,
like strength and structural classification he must rely on specifica-

tions in delivery notes or obtainable from marking.

New techniques of invisible or visible marking in code o7 timber pie-
ces offers input of a practically unlimited amount of information indi-
vidual for the piece, ready for output when nceded for evaluation, qra-
ding or assigning to ciasses of a gquantity of timber. For the near fu-
Lturc and with respect to the nced of a certain standardisation in the
design of structures and particulariy in the trade, we will remain at

conservative marking.

By reference to acknowledged structural classes, defined by standardized
claims on properties, the number of da.3y transmitted by marks can be
increased anyway. However, it is difficult to assign timber (and

other material) of different kind to classes defined Ly "'profiles’ of

several properties.

Classification systems for structural timber, which allow timber from
different sources, of different species and graded by different mathods
to be assigned to the same ciaés, have been discussed at international
conferences for at least 30 vyears. Such systems (should preferably

hsve been ''such a system') are proposed in the CIB Timber enginearing
code and for British Standard. \ith an increasing interest for general

classification, international approving of assignement to classes,

marking rules and gquality control will grow in importance. Stansardi-
sation of grading rules like the ECE recommendations, will facilitate
such international co-operation considerably, but will not be vital.
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The basic princips for marking are the same for ECE-gracded timber and
structural timber graded after other rules and the ECE~marking recom=
mendations do not necessarily have to be changed. Still, the fact
that they were aeveloped separately for grading and finger-jointing

make some improvement by co-ordination possible.

integral and differential marking

it has already been indicated that one possibility is to mark sepa-
rately for the grading and the finger-jointing. Another is tc use a
single mark for the product: Structural timber. Which alternative is
chosen is much dependent on what the administrative routines of the
quality control are. We wil! probably have to accept that internatio=
nal recommendations an& standards for marking must allow the two alter-
natives and maybe combinations of them. They are here denoted

~

S = Separate Marking and IM = Integral Marking.

The ECE-standard stipulates that visually qraded timber shall have the
following information marked on one face (or for an interim period on

cdge or on end):

i

(G!) The company responsible for the grading
(G2) The grade of the piece

(G3) The species or species group

(G4) The control authority, where appropriate

Timber graded by machine shall have the ssme information and one supp-

lementary information: ~

(G5) The licence number of the grading machine
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The ECE-standard for finger-joints stipulates that each separate

piece of timber shall be marked with:

(F1) The common ECE mark: FS10, FS3, FS6, FMS10, FMS8 or FMSE
(F2) The mark of the naticnal spproving and coentrol authority

{F3) A mark to identify the manufacturer

We will here assume that the ECE-rules are based on the assumption
that there should be two separate marks, the "G-mark’ for grading and
the "“F-mark'' for the finger~jointing'. They give 5 + 3 = 8 basic in-
formations. The user/builder will need three of them: The grade (G2)
and the signs of the control authorities (G4), (GS5}. The building
authority {aproving authority) will want to see the same three infor-

mations and, additionally, the codes of the respective manufacturers (G1)
and (F3).

The £CE-grading was developed in order to standardize the grading per-
formance. This is beneficial to grading companies which have to deal
with many species. Unfortunately, the result in terms of structural
rating might well deviate between spacies. |n order to make it possible
in practice to.use the grading for structural (strength) rating,

species or group of species (with approximately the same strength pro-
perties) must be specified. Thus, if the application of the ECE-grading
standard is extended over a large range of species it is necessary to
have sub-grades in terms of species group. |If, for example, they will
be applied on two groups of species, a grade S8 is divided into $8/1

and 538/2 and shouid be marked accordingly. From the users point of

view it had been better to start with a classification system-and assign
the grades {possibly after adjustment of the grading rules) to tha re-
levant classes. The grade mark {62) should then be substituted by a
class mark (for the user) plus a mark to indicate the grading rules

applied, such as ECE or S for the ECE-rules, T for the T-rules, etc.
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Three of the eight pieces of information = (G3), {G5) and {F1) - were
not mentioned above as absolutely necessary. Specification of specias
in the marking of individual pieces is not generally adopted, but
appears for example in UK. |f species grouping with respect to strength
properties is applied the grade-mark can be extended intoc a grade/

_ species~group=- (grade/subgrade-} mark. The information {Gi) ‘'The company
responsible for the grading'' should maybe be substituted by ''The manufac-
turer and production line for which the use of the official control mark

(G4) is issued". The licence number of the grading machine (G5) gives

of course the production line. Still, withcut a date the value of this
[ information &t checking back on possible defects of the machine or its

operation is limited. An appropriate grading code could be

¥ OMR/2 GWO10-ECE MSG/2 ()

saying that the piece was graded 1930, wesk no. 10 {GW010) by the

manufacturer MR on his production line nc. 2 (MR/2), by agreement subject

to official approval and contro! and authorized to use the (official)

control mark (¥). The licence number of the grading machine used on

production line no. 2 will be on file at the Lontrol Board. The machine

has been set as stipulated for the ECE grade MS8 for species group 2.

If finger-jointed two weeks later by another manufacturer NN on line

no. 1 approved and authorized by ancther contrel board to use the

(g (official) control mark ¢ the following code is added
-- ECE/FMS3/2= MH/T WQ12 & {F)

Together the two codes, {(G) + (F) give a rather extended mark. !f we
assume that the grade-potation S alwaysrefers to the ECE-grading rules
we may delete the letters ECE. Let us aiso assume that the ‘'sub-grading”
by introducing species groups is not applied. in this case we can write

the differential mark:

vOMR/Z GWOI0 - MSB--FMS3-NM/1 W02 (1)

or
Y MR (licence-number) GW!Q ~ etc.

AL K £'5 (RSN THN 43I
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Of principal interest for the builder and inspector is the information
i, MS8 and .

In this double mark (G) + (F) we have ali the information stipulated
by the ECE grading and fingerjointing standards but for the species or
spacies group indication. '

I¥ the same manufacturer and the same approval/control body are
responsible for the grading and the finger-jointing the following

condensed mark could be used:

¥ MR/2-MS8--FM S8 w012 Y _ (

-3
—

or

wOHR/2-F MS8 - w012 (2a)

Reviewing the case where twe different manufacturers are involved, that
ts, the mark (1) and {2), 1t is realized that in most cases the timbar

is planed immediately after finger-jointing.

in the planing any grading-code (G} is removed. It is then stipulated

in the ECE Standard for Stress Grading that '"the company carrying out
the processing must reinstate the marking and, in addition, add its own
identification mark’. Actually, the information that the user/builder
needs (grade and control board) he will find in the finger-jointing

code (F} put on after the planing. The reascn for the stipulation on
reinstating the {G)-code thus must be to make it possibie for the
control-board to trace the grader. According to law the finger-jointing
company wili be primarily responsible to the buyer for the total product,
inciuding the grading, so . he must also be able to trace the grauing
company. The finger-jointing/planing company (or merely planing company)
can be a timber dealer or a terminal with many different suppliers, and
several stanps must be kept up-to-date in store.The risk of mistakes in
handling ail these stamps and administrative and legal difficulties have

resulted in doubt about remarking. The alternativeis integral marxing.

In this case the approving board (control board) specifies that the

i
1
:
]
]
3
|
|
i
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finger-jointing/planing company keeps records by which the information,
stipulated for the grading code, can be traced with the (Fl-mark on the
timber as starting point. Thus for exampie the following mark shoulid

be sufficient

Y OMRA2 - FMSE - w012

This is the mark alrcady presented as (2a), but of generaltized signifi-

cance.

Y stands for approving of the product, including the control of the

product. The product is structural sawn timber, which is graded, whicgn

can be unjointed or jointed and unplaned or planed. The right to
use the approval/control sign (¥) is given Lhe mentioned manufacturer
(MR, production line no. 2) by an official, national institute or

authority.

MR is the code for the manufacturer which carries out the last of the

operations subject to control. It can be grading or jointing or planing.

FS8 is the grade mark including the information that the timber is
fingerjointed. {lt might be claimed that the F can be deleted in the

mark as this can be observed anyway, but there are reasons for including

L),

W01Z is the additional code necessary in order to produce from records
the stipulated supplementary information, which is of particular
interest when the product s claimed to be below standard. It s

suggested that the standard codoe for the week of the last coera-
tion (together with the information on dimensions and grade) is

applicable.
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International co-operation on approvali, certification and contral

The evaluation of a building product may involve:

11}

Description of the product, including quality.

b. Account of preperties, including deviation.

c. Rules for manufacturing, including control rules.

d. Assessment for establishing cumpliance with reqgulaticns and
other requirements.

e. Certification to standard.

f. Supervisory control

g. National administrative approval of the product, including
the control, (a to f).

i. International admi5strative approval of the national approval,

including the control, {q).

(a), (b), and (¢) constitute a base for the assessment (d) and for
the approval {(gq) - directly or indirectly through the assessment

{d). Caertification tc standard (e) is principally an aid in estab-

'Iishing the compliance of the product '‘properties' {(a, b, and c)

vwith what is required for an approval, in other words, a method
of simplifying the zssessment which also gives less marqgin for

judgement.

Although approval is & fairly general conception, it is heie, with
reference to fingerjointed structural wood, dealt with in the senseg
of an official administrative approval, applied by a national
authority. The rules for grading and fingeriointing of structurals
timber concern the safety of buiﬁdings and it has been recommended
in ECE "Guidelines for international recognition of acceptance cer~
tificates' that the ECE activities should concentrate, for the time
being and as far as appropriate, on approvals to mandatory require-
ments. Obvicusly, international agreements on grading and finger-
Jjointing of wood for cther purposes,particularly joinery timber, a:e
likewise important, but they are more s matter for the standard or-

ganizations (150).
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It has been indicated in several ECE documents that the ultimate
agreement on accepting approvais and quality control will in the
foresecable future be a concern cof the countries, generally bi-
taterally and probably ilimited with respect to group of products.
Something to look forward to weuld be ‘*'accepting without further
formalities building materials and systems which are subject to
an appropriate foreign approval confirmed by a national body''.
Governments were recommended to study the possibiltities of such
acceptance by the Fourth ECE Seminar on the Building Industry

in its Policy Statement.

Thus, the ideal state, would be that an international approval (i),
let be bilateral, is granted without an extensive debate about the
conditions that qualified for the national approval. One condition
is, of course, that a system of naticnal administrative approvals
and controls exists which is not always the case or they have a
different status. This appears from the (draft) Directory on in-
formation centres and approval agencies made within the ECE/HBP
Committee, VWorking Partyon Building., The publication of the Direc-

tory has been delayed due to a political arqument.

The progress towards the ideal state of more or less automatic
mutual approvals between countries is fairly slow. However, it
scems that an increased suppor:t from governments and authorities
should be expected in future negotiations on approvals of products

and quality contro! with reference to the work within ECE/HBP/WP.2.

It is appreciated that in order to facilitate agreements between .
countries, it is essential to know what data about the product and
the national approval and control sheuld be presented. Hence, apnli-
cation forms for approval of stress-graded and fingerjointed saun
softwood have been prepared within the ECE Timber Committee, Sub-
group on Quality and Marking. The general acceptability of the
proposed forms within the developing ideas of the ECE praject on

the international harmonization of approval and control rules for
butldings and building products has been recognized by the Working

Party ot Building of the HBP Committee.
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DESIGN OF JOINTS WITH NAIL PLATES ~ CALCULATION OF SLIP

B Norén, Swedish Forest Products Research Laboratory

)

Introduction

The proposal of a Nordic group on the design of joints with nail
pltates in timber structures was presented in October 1979 as
CZB”W]Sibaperlﬂéﬁ ]é—7~3. fh that edition the subsection 2.6
Calculation of slip was considered incomplete and left out. The
following draft for that subsection has not been finally adopted by
the group, but it was decided that it shouid be pressnted for the

CiB-W1E as a supplement to the menticned principle paper.

Calculation of slip

The slip between two jointed members (i and 2) due to the force and
moment transmitted is of two kinds: translation (8} and rotation (6).
it is composed of the slip in the plate/timber joints (y1 respectively
y2) and deformation in the plates between the grip areas and in the
wood at contact between the members. The mentioned components of slip
may be given separatelyor integrated into one value of total slip or

correspondent slip moddlus.

For calculation of slip in the servicability limit state the slip
may generally be considered proportional to the force (moment), that
is, a constant value of slip modulus is applied. The slip is modified

with respect to combined action of force and moment.

Translation

The modulus for translation slip between the plate and the timber is
defined by:
%)

Kk = 1/y {N/mm {30)
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where t = F/A is the shear stress in the anchorage area (p/f-joint).
The corresponding contribution to the mutual displacement between

two jointed wood members (1 and 2} is

§ = 1, /K, + 1,7k, , - , (31)

£l

Here T, = F/A and T, = F/A denote the shear stress in the plate
by

(plates) and the respective wood members jointed

The values of the moduli k1 and k2 are dependent on the angles bet-
ween the directions of the force and the principle directions of the
wood and the plates. However, in many cases it will give sufficiently
accurate result if the approximation k1 = kz =k is introduced'aiso.
when the connection is not symmetrical with respect to the {timber/
/timber=) joint. In the symmetrical case when A1 = A, = A and 1, =

2 1
T, =T the mutual displacement of the members is

5 = 3 = L2 (32)

Examples of displacement (translation and rotation) between jointed
timbers are found in 2.65, Table 2.61.

Rotation

The modulus for rotation slip (9) in the plate/timber joint is de-

fined by
M/
P

k= TM/Y = ='$?~ (N/mm

3
M y/r )

(33)

1)

In this supplement A (A, AZ) is denoting the total effective area
of the plate/timber joint of joints available for transmitting the
force from the piate or plates to the wood member. This is inconsi-
stent to the principle paper in which A is used for the grip area
of a2 singie plate and 2A for the total grip area of two equal plates,
one on each face' of the timber. it is suggested that the denctation
of the principle paper is changed.
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In (33) y denotes the tangential slip plate to wood at the distance
.r from the rotation centre (RC). ]p is the polar moment of inertia
with respect to RC caiculated from the total effective area of the

(two) plate/timber joints available for transmitting the moment M.

The mutual rotation between two jointed wodd members, when the de-
formation of the plates themselves is neglected, is the difference

between the rotations of the respective members to the plate (plates):
=0, " ¢, = (EnT_) "'(E—T") {34)

The moments (M1 and MZ) in (34) may be defined either as moment (MCG)

in the centre of gravity of the grip area (plate/timber joint area)

or as the moment (M in the centre of rotation. The distance between

RC)
these two centres, CG and RC, depends on the relative dimensions of
the force and the moment transmitted in the joint and their distribu=-
tion on the plates respectively directly between the members. |t seems
logical to refer the torque and the polar moment of inertia to the
same point (either CG or RC). Anyway, the modulus kM may be used to
some degree to compensate the approximation introduced by adopting

G as RC.

The value of the modulus for rotation, kH, should be specified in the
type approval of the plate. Examples of values for rotation and moduli
are found in 2.65, Table 2.61.

Irenslation and rotation

When there is simultaneous action by a force and a moment in the point
of the plate/timber joint to which the Ip in {33) is referred (for
example the centre of gravity), the translation may stiil be calculated

from 2.62, while the rotation ¢Mcalcu3ated from 2.63 is modified by
by g = oy U E Y F/FY) (35)

The value of the factor vy is given with respect to the type of plate
and joint. The value v = 1.5 has been propsed for symmetrical splices

for which common types of plates are used, see 2.45.
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Symmetrical joints for_splicing
General

There are different proposals for application of (33) and (34) in 2.63,
particularly when the angle generated by load is calculated for splices
in beams or in the rafters and bottom chord of roof trusses. Such
spiices are in most cases of symmetrical design, Figure 2:7, and may

be assumed symmetricaly loaded, that is, the contribution to the rota-

tion by the shear force is neglected.

b . o | /
— - - ‘ N -
il B e A e R B h o —
b '
f 7
g

Figure 2:7  Symmetrical splicing with natl plates

The moment M and the axial force N generate an angle between the

connected timber parts

eM’N = eg + 8, (1 + yN/N) (36)
Mere & is represents the part of the rotation generated when there
is still a clearance between the parts, that is when the tota! load

on the joint is carried by the plates. This part may be neglected when
the joint is performed without gap or it may be included in the second
term. ND is the design value of the force N which appears along the

centre line.

6, is the angle when N = 0 expressed by (33) which in this case (Fi~-

gure 2:7) can be transformed to

MAA
K/ 2

(¥

TR

o
—
L2
-~
~—
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in (37) A = 2ab denotes the totzal of the two pt-areas at each side of

the joint and d = a? + b2 is the diagonal of the individual pt-area.

—— e -

The distance between the endsurfaces of the jointed timbers (56), to
be compensated by the rotation 8, can be regarded as a total of the
initial gap (g); a gap {positive or negative} generated by the normal

force in the plates (3, = N H) and a ''gap' which is equivalent to

N
p
the compression of the wood (6C):
Sg = 9 % 8y y + 8, , (38)
é
0 .
6 = F73 (39)

The following approximation can be used for &

N, M at the ser|ceabf11ty“

limit state /4/

D) 2

h/z ' kA (40)

6N.M = (N +

My is the design value of the moment (N = 0). The values My = 0.5 M

and GC = 0.3 mm have been proposed as approximations /4/.
The method should be appliicable for joints with a gap g & 045 mm,

An alternative method is examplified by the expressions in Table 2.61.

It is based on (34) and a rotation by moment, expressed in the form
e =C..____._.._g ...M...... (t”)

It has been proposed /2/ that the ratio of the design values for moment
and axial force in these joints (Figure 2:7) is approximated to

MD/ND = h/6 in which case {(41) can be transformed into

c
8, ==
MW

th - hy M/A {(42)

9
The value of C/ND is dependent on the type of plate used. The value of
the hg in the term (hg - h), which refers to a depth effect, has to be

determined by experiment, c¢f. /2/.
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Table 2.61

Translation § and rotation 8 in a symmetrical jeint,

- Figure 2:7 {y = 6/2 and ¢ = 8/2 between plates and
" respective timber).

The values refer to short term loading by a force Nj
(1.5 Na) respectively a moment My {1.5 M) transmitted
in the joint. The value of N (Ma) is assumed to be 0.4
times the capacity (5-percentile strength). For long
term loading, muitiply the slip by a factor 2. The
values are applicable for Gang-Nail gage 18, Hydro-.
Nail E, Structo-Nail T, Tr&fGrband T150 and other plates
of similar type, and when the timber depth is limited to
125 £ h £ 225 mm.

Level of force Extension & mm Slip modulus k/2
N/mm3
Na 0,27 ' 5,0
1,5 N, 0,54 3,75
Level of moment Mutual rotation 6 Rotation modulus kM/Z
at zero gap N/mm?
M_ (13-0,04 h) 1072 M/A
1,5 1 1,4(13-0-04 h) 1075 M/A
Level of moment Mutual rotation 8
at 1,5 mm gap
M (26=0,04 h) 107° M/A
or 18 « 1072 M/A 5 500 - 12/d%
- . -5 ] 2
1,5 M 25 10 M/ A L a00 12/4
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/2/

/3/

/4/
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DESIGN OF THE HEEL JOINT IN ROOF TRUSSES USING NAIL PLATES

Introduction

General design rules for joints with nail plates have been proposed

in CIB-W16/12-7-3. The development of siniple rules for specific joints

"were anticipated in section 2.5.

In connection with tests of roof trusses the author has investigated

the heel design with respect to performance and:.calculation of the

joints and their influence on modeiling the truss for the static cal-
culation. In this paper is presented a |imited extraction from the
principal report which has not yet been published /1 /. The paper
contains exampies of design where the supports are eccentrically

located in respect of the intersection of the upper and lower

chords.

i General

For the calculations of the joints is used & model based on plasti-
city theory or in agreement with the principal design rules proposed
in the CIB-W18 paper. Simultaneously the use of a linear elastic
model for the truss is accepted. This may not seem satisfactory but

is part of & desirable simplification.

In the selected examples of design of the heel different assumptions
on stiffness conditions are assumed. This appears from the shown model
consisting of fictitiousmembers connected either by hinges or stiffly,
Semistiffness is simulated by the stiffness vaiues ascribed to the
members within the connection. Also the selected models are examples
and do not exclude alternatives within one and the same connection

design.
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2 Simplification of design

At testing of roof trusses it is observed that the wood members are
mutualiy displaced within the connection in a rather complicated
manner. Hence, it is often difficult to state a force distribution
which is both simple and realistic. Here a theory of plasticity is
applied and it is in most cases assumed -that the plates themselves

do not transmit moment, that is, the stress in the plates in a sec-
tion over the joint between the wood members is considered constant,
see Figure 1. In some cases this section is assumed to be exposed to
(constant) stress only partly. Corresponding conditions as to distri-
bution ‘are adopted for the compression stress between the wood members

at contact. Friction between members is not.taken in account.

In verifying that the stresses in the plate and in the wood members
do not exceed the design values the general rules for design of joints

proposed in the CIB-W18 paper are applied.
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EXAMPLES

The following examples are provided with figures showing the design,
a correspondig model, the forces transmitted between members, the
distribution of forces on plates (Fp) and direct transmission between

members (Ft}, respectively the distribution of stresses.

The denotations appear from the figures. Suffix t is used toc denote
compression, t is for timber, p for plate and D is indicating design

value.

The equaticons are derived from the equiiibrium conditions and, when

these are not sufficientg from stress conditions.

The difference in design of the examples shouid be clear from the

figures.




W

SWEDISH FOREST PRODUCTS
RESEARCH LABORATORY

B4 3000 75 10 KDB

Example 1 {Figure 2}

-1}
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Design condition is

F F
‘“E—'COSCt> + (—Ew-sina 2 (7.9)
(NaD F Moo F

where 9. is the stress and fc is the strength in compression perpen-
dicular to the fibre direction. B denotes the thickness of the wood

members.




Figure 2
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Example 2 (Figure 3)

pl cosa. (7.11)
FV =\ - HtgaF | . (7.12)
F, = F cosa = (v - Htgac) cosa | (7.13)
sz = FV sina = (V = HtgaF) sina (7.!&}
€= %ﬂ TS Hﬁga ) cosa ' (7.15)
£ F

Design_against_plate failure

The components of th.e.forge Fp1 on the first plate are
N, = H (7.16)
N, = H.tg G (7.17)

The design condition is

H 2 HtgaF 2
aD bD

The force on the second plate is

Nb = (V - Htg uF) sina {7.19)

314 3000 75 10 KOf)
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Design condition is

(v - HtgaF)sina

S
Nyp
Design_against_wood failure .
(v - HtguF)
g, . = £f
¢ Z(ht - et) cosu B c

where o_ is the compression stress between the wedge and the

Abottom chord.

(7.20).

(7.21)




Figure 3
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Example 3 (Figure 4)

Ftl B

The vertical force FV is divided into the components Ft

th = FV cosa

sz = Fv Sﬁna

(7.38)

(7.39)

(7.40)

(7.51)

(7.42)

2 and sz

(7.43)

(7.54)

The unknown quantities in (7.39) are eliminated successively

The force in the second plate F

(7.42) and (7.44).

is obtained if e
p2 v

inserted in
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[f it is assumed that the force Feps defined in Figure 4, does not
contribute to the moment stabilizing the rafter (e
(7.38)-(7.4%4) are replaced by ‘

e = 0), the eqgs.

Fo=H : | - (7.46)

pl
= Jh

Fog * F, =V ' {7.47)
F e =M f (7.48)

VAR

Fo=2 (h -e) Bf _ | (7.49).
.ng = FV cosa (7.50)
F ., =F sina (7.51}

p2 v

inserting (7.49) in (7.48) gives

2 i

hv hv M
= ¥ - .52
T2\ I 28F 7.52)
Reference
/1/ Ké&llsner, B Inverkan av indragna upptag pd utform-

ning och dimensionering av W~ och Ww-
takstolar med spikplatsfBrband.

(Influence of support eccentricity on

the design of W- and WW-trusses with

nail plate connectors). MNot vet published.

R4 3000 70 10 KDB
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UNITS

This paper refers to historical documents with test results given in
imperial and technical metric units. For comparing the different

results with each other and with the version of CP.112 that made use
of some.results, the most convenient units are used in the paper but

the final conclusions are expressed in SI units.

" The following table shows SWG sizes in millimetres as quoted in CP.112.

mm SWG
2,64 o 12
2.95 11
3.25 ' 10
3.06 9 )
4.06 8
4,47 7
4.88 6
5.38 5
5.89 L
6.40 3
7.94 -

9.52 -




NAIL DEFLECTION DATA FOR_DESIGN -

Part I - Solid to Solid Joints

The following paper is condensed from reports written in 1977 in relation
ta CP.112, It makes no roference to current work on fastener values

derived for the revision of CP.112 which will appear as BS.5208.

A study of possible presentation methods for fastener test results has been
made by Booth (1969) who. suggests that in addition to the mean force-—
displacement curve the 1 in 100 and 1 in 40 curves should be pfovided.

. This suggestion assumed that in limit state design "deflection limits will

. have to be more clearly specified" than at present and that "force~displacement
information for joints will be essential and analysis will be more complex,
particularly for those joints which behave non-linearly".

 - .

It is not éasy to think of design applications where exclusion limit
forcewdisplacement curves would be useful, They have an application in the
precise calculation of the moment resistence of a nail group, but since there
will usuvally be a considerable number of nails in the group the mecan curve will
be appropriate and not a minimum one., For a nailed ply-box beam Booth acknowledges
that it would seem reasonable te use a mean force~displacement curve for the
nail. He suggests the 1 in 100 value is probably more appropriatc for a single.
fastener acting alone, but practical applications where the deflection is

required are hard to imagine.

Even a mean force-displacement curve seems unlikely to find much application

in practical design, and this view is supported by the absence of enquirices

for the information that would be needed. It mighi be suggested that such
curves are not applied because it is too difficult for designers to obtain and
.use the necessary data. DBut for a limited number of designers the data ave in
fact easily obtained and the fact that they have not been applied indicates ihe
process would be too complicated and unrewarding fof day-to-day design.
Nevertheless for the preseht purposes it will be supposed that at lcast mean
force-displacement curves are needed, to intréduce a discussion of how they

might be derived.
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Fastener data for grouped timbers

If fastener data are given for grouped timbers, tﬂn testod timber should
-presumably be selected to have a characteristic density lower than any
other in the group. Thig density will Dbe taken as the lower Loundary

of the group and the fastener test results when divided by a suitable 'X;f
value will be appropriate for designing structures with joints formed
from é timber having the lowest characteristic density. For timbers in
the same group with a higher characteristic density, the design loads

.calculated from the fagtener test results will be conservative,

Similarly joints made from a higher timber in the group will deform less
than indicated by the mean deformation quoted for fasténegs tested in the
lowest timber in the group. If a mean load—deflcctioh cufve is given for
the lowest timber, its shape will be only roughly applicable to the higher
ones. The shape would still give a roughly correct load distribution for
calculating the moment resistance of a nail group if the nails were loaded
to their full wvalues, but iﬂ fact this will not be the case - they will be
loaded only to the design values found permissible for the lowest timber,
uging only a limited portion of the true load-deflection diagram for the
higher one. Because of this, the load distribution in a moment-resisting
fastener group in the higher timber will actually bLe false. Tor such
reasons if load-deflection curves are given at all the data of this kind

would have to be very complicated.
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FORCE DISPLACEMENT DATA TOR NAILED JOINTS

Rather than consider more sophisticated possibilities, it will be useful

to see what simple data would satisfy the immediate needs of the designer

for ealeoulating the doflection of nailed struetures and how it can bo

provided. Up till now perhaps the most readily available guidance in

the United Kingdom has been the statement by Brock (1957) that "the slip

under permissible load of two-member joints with nails in single shear

should not exceed about 0.008 in. for joints made with 12-gauge nails, 0.016 in.
for 7-gauge nails and 0.020 in. for k-gauge nails". With supplementary
*information, this statement has been enough to give designers a rough notion

" of the order of deflection to be expected.

Long term displacements,

Brock's valueg were found from shortmduration.tcsts aﬁd-considérably higher
displaﬁements will appear after a 16ng périod under full design load.. Mack
found that with initially green timber the displacement increases with time
about scevenfold, and about four times if the timber is initially dry, most

of the creep occurrlng during the first year (Mack 1972). For initially green
tlmber under dead load it was concluded that an eventual displacement of about
1/16 in., should be allowed for with the design loads used in Australia

(Mack 1963), and perhaps half this value would be approprlmte for dry timber.

In service conditions in domestic roofs in the UK, thcsc.fiéures would

perhaps be halved again becausc only half thé total design load is continuous.
As the published test results are limited and very variable beiweeh different
test specimens, precise Code recommendations would not be rcalistic. Nor
would it be recalistic to atlempt a refined study of, for example, ilhe
difference betwecen Australian and UK timbers and loadings. It is suggested
that a wording for the Code might warn that the eventual deflection under full
design load might be 'several times' the figures tabulated, or alternatively
that a crude figurc such as 1 mm might be given as an allowance when estimating
ihe deflection of structures; only the appropriate fraction of this would be

applied, depending on the ratio.of long-term to total load.
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Mean curves for lowest timbers of groups in CP.112.

Brock's figures were derived for the 1 in 100 éxclusion densify of the
“timber tested. Load-displacement curves and slips at design load have

been estimated roughly from his published report for the 1 in 100

exclusion density of the lowest timber in eac¢h fastener group of CP.112

but are not given here. They provide a link with the displacements

quoted by Brock fof three nail diameters‘in J3 timber, and will be

available if a spedial need arises for data relating to the group boundaries.
As already discussed, however, the need in ordinary design is for mean
force-displacement figures and the 1 in 100 calculation would appear

»unnecessarily conservative,

The mean specific gravity for the lowest timber in each group has been

provided by Brock in a draft British Standard for tests on fasteners.

Slip moduli for the groups may be found by applying mﬁthematical relationships’
given by Brock to provide 1oad—dispiacement data at slips 0.0006 in. and 0.030 in.
{rom which load-displacement curves may be sketched for each nail diameter in
timber éf the four group specific gravities. From the resulting curves the slip &

at design load P may be found for each nail diameter, enabling EVS' to be

plotted against nail diameter as shown for the J3 group in Fig.1.

Norén (1968) has proposed the relation k = 2700d for the short term slip
modulus of fluted nails at working load, The corresponding expreésion for
round wire nails would be ‘

k = 2550d with k in kp/em and d in em
36,300d with k in 1b/in and @ in inches,

i}

or k.

The latter line is shown in Fig.1 and may seem low in relation to ithe straight
line sketched through Brock'é results, which has the equation k = 7,5004d

in metric units or k = 107,500d in imperial. However if Norén's proposal

is studicd in relation to the highly-variable test results on which it is
based, while bearing in mind that Brock's test specimens were tightly nailed,
it appears that DBrock's results are not inconsistent with the data quoted

by Noren. An earlier proposal by Noren was k = 3700d which is also shown in
Fig.1. )

Application of Norcn's Table 18 roughly confirmed the suggestion of 1 mm as

the final displacement under the non-factored design load for the smaller-—gauge

nails in dry timber, with twice this value for large gauges.
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Consideration should perhaps be given to taking the.average values from
diagrams such as Fig,! rather than following the conservative dotted

lines which for the J3 group have been found to give displacements

similar to those for the 1 in 100 specific gravify. The briefest way
to present the average results while avoiding an undue impression of o
precision is to quote the slip moduli as k = 7,560d etc for the short-term ‘

displacecment.

The ratio of the long-term to the short-term slip derived from Norén's |
Table 18 is 3400/800 = 4.25., If this factor is applied throughout, the |

"condenscd average data for the four groups would be as follows when converted

" to SI units.

Short~term slip modulus Long-term slip modulus
Group R ’ P/.ﬁ' N/mm ' % N/nun
J1 12004 280d
Jo 9504 2204
J3 7404 | " 1704
Jh : 590d . 1404

S8lip moduli not related to diameter

If conservative values just below the crosses in Fig.1l and corresponding v

diagrams are selected, these would perhaps be

: Short-term slip modulus Long-term slip modulus
Group 1b/in = . N/mm N/mm

J1 ' 25,000 ' 4300 ' 1010

J2 20,000 3500 824

J3 15,000 2600 | 612

Jh | 10,000 1750 412

The figures in ihe right-hand column arc again obtained by dividing by

k.25. This allows a figure to be obtained for comparison with the

value 000 kg/em in DIN 1052, which scems to corrcspond with the long~term

value for J3 timber. Thus slip moduli for the four groups could be provided

in the manner of DIN 1052 with values 400, 600, 800 and 1000 for groups Jh

to J1 respcetively. This would allow the subject to be covered very briefly in a Cod:
catering fairly accurately for the more important smaller sizes of nail but

underestimating {he stiffness of the large diameters.
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REVIEW AND RECOMMENDATIONS

The stiudy from which the above notes derived toolk the following coursc:

(1) 1% exclusion load-deflection diagrams introduced a tentative
sugpedtion of 1 mm for the lonp=term defleetion of joinils.

(2) As the study sugpgested mean data are requlred the 1% cxclusion
basis scemed unnccessarily conservative, so doflectzonq relating
to the mean specific grav1ty of the lowest timber in group J35 were
examined (Fig.l). When diameter-dependent slip moduli on Norén's
conservative basis were introduced, short-term displacements similar
to thosc for the 1% exclusion case were found because of the

conservatism,

Similar results were reached in a different manncr by Morris (1973).
He drew 1% exclusion load~displacement cﬁrves for “the J3 group and
found that a slip modulus k = 350d N/mm suggested by the worlk of
Norén, Niskanen and others yiclded nail design loads very close Lo
those in CP.112, This is the same as saying that the CP112 nail
loads applied to the 1% exclusion curves will indicate a slip

modulus k = 3504,

A diameter-dependent slip modulus was found for long-duration as well

as short—term loading, following Noren's method,

(3) Average load-displacement data for all four groups were plotted as
shown in Fig.l for Group J3, and diameter-dependent slip ﬁodulus
expressions were given for the average values shown by the plotted
crosses. For the J3 group, the short-t{term slip modulus {740d)

about twice Morris's value (3504).

(k) In a fresh approach, a slip modulus not dependent on diaseler was
given from the diagrams, A conservative value jusi below Lhe ploticed
crosses gave the figures 400, 600, 800 and 1000 N/mn for groups JI 1o Ji
respeetively, the 600 for J3 agreeing with DIN 1052.




Conclusions .

The writer favours the last proposal, leng-term slip moduli of 400, 600,
800 and 1000 N/mm for groups J1 to J4. If diameter-dependent moduli

are specially wanted then Morris's k = 3504 for the short-term J3 values
seems accepbtable; it is not so conservative as Noren's latesi .
recommendaﬁion but agrees with his earlier one, Corréspondihg values for
the other groups and related long-~term moduli can be worked out following

. the methods already indicated.
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PART IT -~ PLYWOOD TO SOLID JOINTS

The following notes describe how Fig 3 was prepared to compare
several sets of deflecction data for plywood-to-timber jornts, Tt
will be scen that the results vary widely, allowing ontly crude lipures

to be produccd for use in design,

Nail leads for plywood-to~timber joints have been derived afresh for
BS.5208, and there is no reference to this work in the notes below

condensed from reporis written in 1977.

"Deflection data for Douglas fir.

The load-deflection curves in Fig.2 for Douglas fir plywood attached to
Douglas fir Lraming have becn available for many years and in the absence
of better data have been applied more generally when a displacement under
load has been necded. The curves, taken from DIPA laboratorylreport No.55
by D. Countryman have been applied only for estimating thé deflection of

racking-resistant wall panels under wind loading. For this purposc the

factor 1.25 was formerly applied to the nail design load before using the
curves, and more rccently the factor 1.375 has been adopted for very short-

term wind loading.

The corresponding slip moduli are plottedlagainst nail diameter in Fig.1h Co
using U.S. nail sizes rather.than the U.K. equivalents. The group of points
plotted is joined by dotted lines giving a shape reminiscent of the Great

Bear and marked 'COUNTRYMAN, D.FIR'.

Variation of slip moduli witih specific gravity (Morris)

For the purpose of the following calculations taking Morris's work.furthor,

his expression for Mack's load reduction factor will be ndopfnd. The load-

deflection curve for any nail diameicr and known 'species factor' may be

obtained by multiplying the reduction factor for a given displacement by a

nail factor N and a speciecs factlor %A according {to ihe relationship
P=RrRNE,

Morris has proposed the relationship

/E‘ZA: 350 G
for the spceies factor and if this is also adopted then

P = 350 GIRN

For the J3 lower exclusion specific gra?ity the relationship will be
P 350 x 0.303 RN
i.c.P 100 RN

il
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where R may be fc ind for any displacement from the curve showing the load

reduction factor and N is ihe factor for a given nail diameter and length.

The value of slip modulﬁs depends on the value of the design load which
lias not been formally established for different plywood constructions.
Adopting a U.S, rule for the minimum plywood thickness for use with a
given nail diameter, the nail design load will be the some as for nails in

solid timber, giving for example for 2 in. 12-gauge nails in J3 timber

40 = 106 R
.= since N =1 for 2 in, 12-gauge nails.
Then R = 0,377, the corresponding value of § is found from the curve to
be 0.007 in. and the slip modulus may be worked out as 40/8& = hO/0.00? =
b

7720

Tor any other specific gravity and nail size, the value of R may be found
from R‘H P

- 350GN
where P isg the design nail load. If the slip corresponding to this value

of R is Sa , the slip modulus is P/ &g

Applying this procedure to a range of nail sizes for the J3 group‘givus
the values of slip modulus plotied against nail diameter in Fig.3 for two
thicknesses of plywood. The resulting lines arc marked MORRIS G = 0.303,

‘2‘" and .g_u .

Redwood plywood nailed to redwond

A naper by Ingvar Jansson ;t the CIB joints symposium in 19065 gave
load-deficction curves for redwood plywood nailed to solid redwoods The
curves Qere fitted by expressions of the form

P = oL?CP-*‘K
and values for tlhe cocfficicnts « B and ¥ arc tabulated in the paper.
These allow slip moduli to bhe calculated without making measuremenis on the
load-deflection curves, but Jansson's suggested design loads when plotted
against nail diameter are much higher than would be allowed by CP.112, The
Cr.112 design loads for the J3 group were plotteﬂ in the sawme diagram and

consonant design loads corresponding Lo Jansson's nail diameters were

derived by projecting downwards to this lower curve and then reading horizontally

to the vertical axis.
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The resulting values are used together with the tabulated values of oA ﬂ
and X to calculate the slip moduli plotted in Plg 14 and marked
JANSSON-REDWOOD., Where several ply thicknesses were testcd with a

single nail diameter, the points are joined together by a vertical line,

Also, points relating to the same plywood thickness are JOlned together,

Birch plywood nailed to redwood

Test results for Finnish Dirch Plywood are available from a paper by

Hall at a 1970 confercnce in Sheffield, reporting tests by Lauricio at
Imperial College (1967\thcsis)‘ Slip moduli tabulated in the paper for
12-gauge and 10-gauge nails are plotied in Fig.3. These are not based on
-dcflection at design load but areV; values of the Stevin Laboratory test
method; however both these values and the slip at design load relatelto
the initial siecep part of the load—deflection curve ‘whiere the curvature
is not very great, so the plotted results give 'a reasonable indication of

the slip moduli that would he expected,

The results for three ply ithicknesses tested with 12-pauge ndils are shown
in Tig.3 by the vertical dotted line marked FINPLY-REDWOOD, For th; game
thicknesses with 10-gauge nails only the 9 mm point is shown at the top of
the page; the values for 12 mm and 18 mm plywood run off the top of the
graph., |

Further results for Douglas fir,

A further set of test results for Douglas fir is provided by DFPA Laboratory
report No.9%4, 'Nails in double shear! by Lyons. The results extracted arc
actually from single shear tosts made to establish a basis of comparison

for the double shear tests in the reportis title.

The design loads for J2 timber that would be allowed in CP,112 for the naitl
sizes used by Lyons arc applied in Pigs.10-11 of report No.94 to calculatoe
the slip moduli plotted in the bottom right-hand corner of Fig.3 and
labelled LYONS D.FIR.
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COMPARISON OF RESULTS (FIG. 3)

Values for redwood

Leaving out the two scts of results for Douglas fir, therc are three
items in Fig. 3 relating to redwood. Jansson's figures are for shimmed
joints of redwood plywood nailed to redwood. Morris's lines predicling
the performance of shimmed joints at the lower exclusion specific gravity
of redwood seem to lie in roughly correct relation to those of Jansson but
his thickness factor shows a much smaller effect of thickness than indicated
by Jansson's results for 12 mm and 18 mm plywood at the 0.11 and 0.134 in.
diameters. '

The TFinply-redwood results at 0.10% diametler (12-gauge) are surprisingly
-pimilar to Jansson's 0.11 in. diameter figures, so it is a pily that the
Finply-redwood results for 0.128 in. diameter (10—guuge) are so high that
they have to be left out of the discussion altogether.  In these tests
following the Stevin Laboratory method the joints were presumably shimmed so
the three sets of results for redwood are all for shimmed single-shear joints
although there are differences in the details of the specimené and fest
methods. The comparisons being made are so rough thai minor differences are
unimportant, but important effects could arise from differences in the manney
in which deflection is measurced.

Still concentrating on the three sets of points fof redwood (Jansson,
Finply, Morris), the lines radiating from thé origin would provide rclations
of the form 4 =md for each of the thiclmesses 4, 7 (or 9), 12 and 18 mm.
Bach line is directed roughly towards the middle of the group of pointis for
the corresponding thiclkmess. The one for 12 mm relates to the two Jansson

resulis and could be steeper if influenced by the Tinply point for 12 nm ply.

Douglas fir

The results for Douplas fir are not sensibly related to those for redwood.

Countryman's sct from Fig.2 is below Jansson's for similar ply thicknesses
and nail diameter: although it refers to the J2 timbexr Pouglas fir while
Jansson's values ave for redwood, a J3 timber.

The Lyons set is still more perplexing, lying so far below the

Countryman set that a scale error of 2 would be suspected.

]
1
|
|
1
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Consideration of all results together

If the Lyons set is left out it is possible td reach some sori of
logical conclusion from this difficult comparison by 1umping.all the
results together without trying to cstablish different slip moduli for
cach timber group. The radiating line marked '7' could be swung lower
and called 9 mm, passing between Countryman's points. for i in. The 1127
line would stay roughly in its present position and the '18' line could be
rotated to a more conservative angle. These remarks assume the radiating
lines should pass through the centres of their respective groups of plotted
points, rather than the lower boundaries of the groups. _

The resulting lines, indicated by sbort dotited lines marked (9), (12)
and (18), have sldpes giving the following diameter-dependent relationships

- for the short-term slip moduli:

‘Ply Short~term slip modulus
thiclmess gé 2 s
mmun A G it
9 55,5004 38904 3794
12 774500d 54504 534d
18 " 100,0004 20304 6894

Another alternative, again leaving out the Lyons set, is obtained by
ignoring nail sizes lower than 12-gauge so that the Jansson value for 12 mm
ply at 0.0906 diamcter is left out. Then hﬁrizontal lines may be drawn as
marked inside the vertical axis (9, 12, 15, 18). Two possibilities arc
ghown. The one on the left indicates constant slip moduli for all diamectlers

as follows:

- Ply Slip modulus
thiclkness 26 fom.

9 mm 6000

12 mm 9000

15 mom 12000

18 mm 15000

The value for 15 mm thickﬁess would not allow for the 15 nm bouplas Tir in
Countryman's results. To include this and establish a more conservative
value for the 18 mm thickiess, the right-hand coluwm of figures inslde the

vertical axis suggests the values:
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Ply . 8lip modulus

thickness o R
9 mm 6000
12 mm 8000 ]
15 mm 10000 | |
18 mm 12000 |

In the Code, long-term values based on these might be guoted as
conservative for any kind of plywoed in CP112 attached to softwood, with '
a note that much higher values may be found in practice.

LONG DURATION LOAD

Only very limited information is immediately to hand on the effect of longz
duration load on ply-to-solid joints, Mack's tests werc on plywood of |
Australian group D species fastened to initially gfecn messmate stringybari
with 12-pgauge nails.

For solid-to-solid green messmate stringybark with'an overall displace-
ment on loading of 0.006 in. for a 55 £b nail (p.6, Table 2), Mack's Fig.h
upper diagram gives a final displacement of 0.05 in, for two joints and 0.15
for a ihird.

In the ply-to-solid construction, the initial displacement for 55 £h.
load may be taken as 0,002 from Table 6 (p.14 - actually 6082%.) and the .
final displacement in Table 8 {p.17) is 0.066 in., Therec is no mention |
of ghims for ilhese joints.

It is concluded that creep in the ply-to-solid joints is at leasi as
scvere as in the solid-to-solid constructioﬁ, and it must be presumed that
this will also be the case Ior‘dry congtructions. For ihe present, then,
the factor of 4.25 applied to solid~to-solid joints in the firsi scctlion of
this report will be adopted also for plywood-to-solid joints. The

long~term slip moduli derived from the last suggestion above will then be-

as follows:

Ply Short-term slip modulus Lonpg~term alip modulus
. b ~
thickness T foopll o
9 mm 6000 1050 247
12 mu 8000 " 1400 529
15 mm 10000 1750 512
18 mm 12000 2100 594

Posgible round velues for the figures in ithe righi~hand column are 250,
330, L00, 500 N/mm for ply thiclmesses 9, 12, 15 and 18 mmn respectlively,
compared wiih the value 600 N/mm suggested for solid-to-solid J3 nailed joints

in the previous section.
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PRACTICAL APPLICATION OF SHORT-TERM SLIP MOﬁULI

The short~term moduli have been taken as directly applicable in the
design of ply-sheathed wall panels against wind loading. The
displacements for the few small nail sizes used in this application
do not vary very greatly with nail diameter and the difference found
from the diameter~dependent relationships is not wery different from

that using a constant value of slip modulus for each plywood thickness.

Bearing in mind the variability of the test results, the differences
. seemed small cnough to allow only a single value to be quoted for all

nail diameters usecd in a given thickness of plywood as follows:-

Ply Displacement at
thickness design load

mm mm

9 ' 0.25

12 } 0.18

18 ' 0.14

In a publication giving these figures, a note as follows appears below
the table:-~
"For nails loaded to full design lead, incorporating the factor
1.25 for wind loading, the following nail slip values may be =

applied. These are conservative estimates taken from very

variable test results, and much lower values may be found in

practice."
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Introduction

A limited number of tests was performed as a follow-up to the literature
research described in Report B lX) relating to *the strength of bolted
joints. The cbject of the tests was to verify or to supplement the
available data in some respects and to obtain insight into the magnitude
of the displacements that occur, on the one hand, and into the scattef
of the failure loads, on the other.

As the ultimate object of this research is to establish at set of
regulations for bolted joints, the results of the tests will be compared
with the theoretical strength values given in report B 1 and with foreign

regulations,

%)

Report 4-62-2-B-1, Literature research concerning the strength

of bolted joints, February 1952,
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II.1.

The tests that were performed can be divided into five main groups,
with the reference designations SBa, SBb, SBec, SBd and SBe. Each main
group is subdivided into series, each comprising five specimens which
are all alike. This schedule of tests is presented in Table 1. Each
letter in this table signifies that five specimens of the dimensions

indicated were tested.

Table 1: Schedule of tests.

bolt diameter d (inch) 3 £
thickness of middle timber m {mm) 38 58 33 | 58
load angle number of arrangement
axes
(o}
T O 1 a ac b d b
00 c
2
OO c
o
[ la] ¢
m L !
Co00 c d
T 30° 1 e
2 o° e
T 60° 1 e
2 o0 e
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In all, 15 x 5 = 75 tests were performed. Of these, the tests in

the two main groups "a" and "b'" were carried out in conjunction

with the investigation of joints formed with toothed plate connectors.
The timber used for these bolted joints corresponded te that used for
certain toothed plate joints. The timber dimensions and the washer
sizes used with the bolts were also so chosen as to correspend to the
toothed plate joints. For the results of this comparative research

the reader is refervedto the report on the plate connector tests which
is to be published in due course.

The specimens 5Ba and SBb were tested in August 1962, the others {5Bc,

S8Bd and SBe) in October and November of that year.

All the specimens are symmetrically constructed
tensile joints., The "straight" joints (Fig. 1)
comprise a middle timber (thickness m) and two

side timbers (each of thickness z); the "oblique"

joints are constructed 'as shown in Fig., 2, where
] s

the horizontal tension members are loaded by the

bolts with a force acting at an angle ¢ on one

sideand at an agle of 30° on the other side.

Drawings of the various test specimens are given =~ Fig., 1: Censtruction of
in Appendix 5. . straight joints
Two different bolt diameters are‘uéed, namely,
d = 3" and d = 2". The timber thickness is

so shosen that the slenderness ratio A = m/d
approximately has the values 2, 3 and 4.5,
having regard to the difference in the action
of the bolt in the Jjoint {<cf. rveport B 1),

In most cases the timber width has been given

the minimum value, while the distances to the

unlcaded and to the loaded edge are r, = 3d

\

and vy = 4d respectively, while in the oblique Fig. é> Construction of

loaded joints the centroid of the group of oblique joints

bolts is always on the centre-line of the memben,




In the quadriaxial joints the width has been made larger than 64
go as not to have high tensile stresses in the weakened timber

section, The dimensions chosen for the washers are as follows:

)

40 mm x 40 mm x 3 mm washers for 1" bolts™’, 60 mm x 60 mm X U mm

washers for #" bolts. Some of the dimensions in the specimens SBa

and SBb are different because these specimens were tested in conjunc-

tion with specimens formed with toothed plate timber connectors,

as already mentioned; the joints of the two types were'matched!" for

the sake of comparability. Some data relating to the specimens ar

given in Table 2,

Table 2: Dimensions of the specimens.

e

g?lf numbar Arrangement timber
Specimen li washerns load of dimensions
noe. meter angle d ar A
SB 4 mm axes / — m 2 b
inch min mm
a 1- 5 . o - 38118 95| 3,0
% 63.63.4 | T O 1
6-16 | *® 58129 95| u,6
- 58 { 29| 120 { 3,0
bo1-3 2 76.76.5 | T 0° 1 -
£-10 38 125|120 2,0
¢ 1~5 1 76
6~-10 , 2 Y oo 89 0 76
Q
11-15 | 1 50.40.4 | T 0° 2 o® | &7 | 2u “ Mo
16-20 55T 5% 58 4,6
4 o0 51 127
21-25% 4 000G 89 0 127
- 115
d -5 1 2 60.60.4 | T 0° 2 38 1 19 -
5-10 L cooo 1 134 0 iys ?
e 1- 5 T 30° 1 101
6-10 T 30° 2 o® 73 | 20 120
1 1
11-15 1 40.40.4 | =273 T 58 | ') rpT] 48
16-20 T 60° 2 o® 57 | 53 133

') Central compression member 95 mmy vertical legs each 47 mm.

Actually, 40 mm x 40 mm x 4 mm washers were supplied and used, howevern.




The end distance (to the loaded end) has been taken as 7d, and this
dimension has also been adopted for d4//, while QL has been taken

as 4d. (The symbols // and l_denote parallel to, and perpendicular to,
the grain respectively). The bolts in the biaxial jeints are in a

staggered arrangement determined in accordance with fig., 3.

14

Fig. 3: Diagram for determining the positions of bolts

Basing oneself on d// = 74 and d l = kd, the curve in that diagram
has been obtained in the same manner as in,the positioning diagram
F] .

)

. . % . .
for ring connectors (see documentation sheet”™ . The region situated
within this curve gives combinations of 4// and dl which are not

permissible in a jeoint,

%)

Documentation no. 4: Ring comnectors H.V.I., Amsterdam, 1961.
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The beolt holes have been formed by drilling; the drills have the
diameters in Table 3. Measurements have shown the diameter of the
actual hole to be on an average about 0.3 mm larger than that

of the drill employed.

Table 3: Diameters of the drills used for forming the bolt holes.

belt drill for specimen no
diameter diameter P '
= 14 a ‘
13 c, &
2 20 b, d

In constructing the joints the bolts are tightened. Prior to testing,

they are slackened and then lightly tightened by hand to the "loosely
tight" condition. The object of this procedure is to eliminate as far

as possible the effect O0f timber-on-timber friction at the start of testing.
In an actual structure friction may, after all, also be ahsent as a
result of shrinkage of the timber.

The straight loaded joints were all tested in the 50-tonne Amsler

tensile testing machine. The oblique joints were tested in the testing
rig devised for the purpose., All these tests were performed in accordance
with standard procedure. In the éasé of the oblique joints the load was
measured with the aid of a load cell installed on the line of the central

compressive member.

%
‘
a
s
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Table 4: Average strength properties of the timbe

The timber used for the specimens was whitewood conforming to the

test requirements for structural timber (grade "constructiehout').

It was purchased in two lots, namely, the timber for the specimens

SBa and SBb at the same time as that for the timber connector tests

in June 1962, and the timber for the other specimens in August 1962,

The moisture content of the timber on delivery was about 19% on

an average (12~25%). At the time of testing the average was 13%

(10-15%) in the straight and 15% (13-18%) in the oblique Jjoints.

The annual rings wére 1-3 mm in width.

After testing, specimens for investigating the timber properties

were prepared from the middle timber and also from the two side timbers
of a number of straight joints. The properties investigated were the
compressive strength, the shear strength, the cleavage strength and

the crushing strength. Drawings of these specimens are given in Appendix 6.
The test results are given in Appendix 1, while the mean values are
listed in Table 4. This table also includes the coefficients of variation,
i.e., the quotients of the standard deviation of the individual result

and the associated mean.

gﬂ

. coefficient of
property average vapiation
compressive strength 04 mpax 564 kgf/cm2 12%
crushing strength Og pay 367 kgf/cm2 16%
shear strength T, 78 kgf/cm2 15%
cleavage strength Spgy 38 kgf/cm’ 16%

%)

Average values of the results obtained with the timber of specimens
SBb 1 to 5, SBec & to 25, SB4d 6 to 10.
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In Graph 1 the compressive strengths have heen plotted against the
erushing strengths for the same member in a number of joints.

The mean value obtained for the ratio & of maximum crushing strength
to maximum compressive strength is £ = US max/gd max - 0.65,

Graph 2 presents the histograms of the strength properties, to which

Table b also relates.

ITZ.2. Bolits

The yield point of bolts simular to those used in the specimen

joints was determined in a three-point bending test. The locad-
deflection diagrams of 1", 2" and 2" bolts are presented in Graph 3.
Each curve is the average of five tests and comprises two branches:

an "elastic" portion below the yield point and a "plastic" portion
above it. In the diagrams the two portions are schematized as straight
Iines; their intersection is taken as‘representing the load at which

the plastic hinge develops.

In all the tests the span was 1 = 107 mm; the mean value of the
diameter, as determined from measurements, was 4 = 12,7 mm for the

A" bolts, d = 16.3 mm for the 5/8" bolts, and d = 18.8 mm For the

3" bolts. In a flexurally loaded bolt the cross-section will undergo
yvielding when a plastic hinge develops, i.e., when the yleld stress

has been reached in all parts of the section. The value of the yield

point is then expressed by: , 5
1
SoLm 5Pl s 10,7 , . 18Py
Yol 175 oaas7gd Y dd

The values thus found (each being the average of five tests) are

summarized in Table 5.



Table 5: Average value of the yield point S from flexural tests.

bolt diameter| yield point
d Oy 5
inch kgf/cm
2 2540
5/8 3050
2 2920

A number of 3" bolts were moreover loaded in tension. In these

tests the average values obtained for the yield point and the tensile
gtrength were 2800 kgf/cm2 and 3780 kgf/cm2 respectively.

Measurements revealed that the diameter of the bolts employed in the
specimen joints was in an average 0.3 mm less than the nominal value,
whereas the diameter of the bolt holes was on an average 0.3 mm more
than the nominal drill diameter., The scatter displayed by these values

is fairly large.

»
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As appears from tables 1 and 2, in all 6 x 5 = 30 uniaxial specimens
were tested. The results, averaged per series, ave given in table 6,
which alsc gives dimensions of the specimens. Appendix 2 contains the

results for the specimens individually.




Table 6: Results for straight uniaxial jeints
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E A 2,0 . 3,0 4,6
Serie SB d 1-5 h 6-10 a 1-5§ b 1-5 c 1-5 a 6-10
Dimensions:
holt diameter d inch 32 2 2 2 * 3
washers mn £0.60.4 76.76.5 63.63.4 786,76.5 40,40.4 63.63.4
drill diameter mm 20 20 1y 20 13 1y
for hole (nominal)
timber dimensions m | mm 38 as 38 58 58 58
z | mm 13 25 19 29 29 29
b | mm 115 120 95 120 7% 95
Failure lcad:
average per serie kgf 2135 2858 1428 3572 26886 2633
coefficlent of 11% 15% 5% 11% 3% 11%
variation
Displacements: ' o i?-",
average mm 0,17 0.19 0.18 0.23 0.14 0,31
€0.4
) coef. of var. 10% 10% 15% 11% 27% 39%
average m 10,52 0,92 1.08 0.87 1.37 1.93 1.87
v -
0.4 coef. of var, 22% 30% 22% 20% 17% 34%
average mm 1.32 1.51 1.38 2,148 3.00 4,06
v
9.8 coef. of var. 20% 25% 13% 14% 4% 24%
average 2.32 2.55 2.31 3.4k 5.13 5.6
¥o0.8 .
coef. of var. 22% 32% 10% 1% 12% 18%
average 2.02 0.92 2,04 1.89 | - 0.07 1.95%
a
coef, of van, 4% 59% 23% 68% 38% 24%
Type of failure:
crushing only - 2m 3m 3m - 5m
cracking, splitting} timber 2m,7 1=z im 2m - 4m -
shearing 2z 2m - 2m Im -
shape of bolt straight| straightl straight] straight bent bent
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In compiling Table &, the value of the slenderness ratio X (= m/d)

was used as the criterion of classification. This was done because,

on the basis of the theory in repoft B 1, 1t is presumed that the
behaviour and the strength on the joint are dependent on A. This

will be further considered in chapter V.

There is very minor difference (to be further neglected here)

in timber width between the two series of joints with %“ bolts and

A = 2.0, and also a difference in the thickness of the side timbers

and in the dimensions of the washers. As a result of these two last-
mentioned differences the restraining moment of the bolt in the side
timber in the specimens of series SNb 6-10 may exceed that in the
specimens SBd 1-5. ' Hence the restraint is more effective in the
épecimens of series b. With slender bolts (high value oflk) this would
result ;p an increase in strength (higher loadbearing capacity: see
Report B 1); however, with bolts characterized by A = 2.0, which are

far from slendér, this has theoretically no effect.

All the joints were given the same treatment before being tested: the
belts were slackened and then tightened to the "looseiy tight" condition
in order to eliminate the effect of friction as far as possible. It

~ therefore appéars unlikely that the difference in failure locad between
the two series is attributable to the difference in side timber thickness
and washer dimensions. More probably, the difference in failure load

is due to the variation in the ﬁroperties of the timber. This assumption’
is supported by the data in Table 4, which indicate a very low value

of the crushing Strength for the side timber of series d 1-5, while the
values of the shear strength and cleavage strength of the timber of

this series (70 kgf/cm2 aﬁd 38 kgf/cm respectively) are lower. . than the
corresponding values of the middle timber of series b 6-10 (82 kgf/cm2
and 43 kgf/cm respectively). ‘ '
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More particulary the difference in crushing stréngth (average 278kgf/cm?
for the side timber of series d 1-5, and 349 kgf/cm2 for the middile
timber of series b 6-10) appears iﬁportant, since the crushing strength'
of these joints will in most cases be the determining property, even
tﬁough crushing does in a number of cases initiate splitting or cracking
and perhaps also shearing, . _

The two series with 3" bolts and A = 4.6 differ drom each other in the
width of timber, in the washer dimensions and in the bolt hole diameter.
There is virtually no difference in failure load., The form of failure
displayed by the specimens does differ, however, this probably being

due to the difference incrushing strength (as indicated in Table &) of
the middle timber in the two series (average 372 kgf/ecm? in series ¢ 1-5,
as against 313 kgf/em? in series a 6-10), forpractically equal values

of the cleavage strength of the middle timber (3% and 35 kgf/cm). N
The difference in timber width or bolt hole diameter was not expected

to have a perceptible effect on the fallure load., However, the differences
in washer dimensions could, in the case of these fairly slender bolts

in series a 6-10, result in more effective restraint and thus give rise

to a higher failure load.

It is quite péssible, however, that this increase in the "frictional
contribution" to the failure load has been cancelled by the reduction in
loadbearing capacity due to the lower crushing strength in series a 6-10.
The two series with bolts having a slenderness ratioc. A = 3,0 give

results which are in reasonably good agreement. This is evident from

the fact that the average failure loads of the two series differ little
when divided by A d2: p/ld? = 295 kgf/cm2 for series a 1-5; P/kd?f= 326kgf/cm2

for series b 1-5. For further information see chapter V.
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In the case of the joints with A = 3.0 the specimens with 2" bolts

o.u0 V0.5 Vooa) than those with 1"

bolts, i.e., the displacement increases with bolt diameter.

display larger displacements (v

The joints with 2" bolts and A = 2.0 display smaller displacements than
those with 2" bolts and A = 4.8. This could mean that in this respect
the slenderness ratioc would be a more important factor than the bolt
diameter. The number of tests is toc small, however, to enable reliable
cenclusions to be drawn from them,

The effect of the diameter of the bolt hole upon the initial displacement
is again manifest in Table 7. In this table the value a (which is the
difference between the measured displacement ast 40% of failure load
and the value VO.H) is compared with the difference between average
bolt hole diameter dg and bolt diameter db (the clearance in the hole).
As indicated in III.Q,:the hole diameter dg is equal to the drill
diameter plus 0,3 mm, while dy is equal to the nominal diameter 4 minus
0.3 mm. In examining these figures the large amount of scatter should

be borne in mind.

Table 7: Initial deformation "a" and existing clearance

Series SB 4 1-5 | b 6-10 b 1-5 1-5 a 6-10 c 1-5
d inch g 3 3 3 % 3
drill diameter| 20 20 20 14 e 13
{nominal)
4, - 4y mm 1.5 1.5 1.5 1.9 1.9 1.9
a mm 2.0 0,9 1.9 2.0 2.0 -0,1
a+ Vo i mm 2.9 2.0 3.3 2.8 3.8 1.9
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Table 7 also indicates the value of a8 + v

0.y Per series, which has
a joint at working load. Entirely as expected, reduced clearance in
the belt hole results in less displacement: the magnitude of a as

well as of (a + v ) decreases.

As regards the tygéqof failure of the joints it is to be noted that
in the joints comprising 3" bolts with 40 mm x 40 mm X % mm washers
these washers cut into the wood at the edges and became tilted in
consequence (see Photo 8). The larger washers used in otherwise
similar joints did not display this effect. The washers (large
and small) were bent a little, but only slightly. The shape of the
bolt in the joints with bolts of slenderness ratio A = 4.6 was as
éhown in Fig. 4 and in Photo 1, where

the "plastic hinges" at B had as yet hardly ..

developed. ‘

Photos 3tc 6 show joints with 2" bolts

and 3" bolts of slenderness ratio A = 3.0. [::::::::::::::::::::::::J
It is clearly seen that the bolt remains A

B
practically straight. The deformation in
the middle timber is found always to be
substantially greater than that in the Fig. 4: Shape of the bolt in

side timber, although in both cases the

sum of the thicknesses of the two side timbers is equal to the thickness of

the middle timber.

]

Two groups of multiaxial straight joints were tested: the specimens
SBe with 3" bolts and X = 4.6 and the specimens SBd with 2" bolts
and A = 2,0, For the dimensions see Table 2. The results of all the

individual joints are presented in Appendix 3. The average results
per series are summarized in Table 8 for the joints with 2" bolts and

in Table 9 for those with 2" bolts. For comparison, the results for the

uniaxial joints belonging to the group were likewise mentioned,

joints with A = 4.6.
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Table 8: Results for 2" bolted joints SBe (A = 4.6)

Series ) SB ¢ 1-5 ¢ 6-10 ¢ 1i-15 ¢ 16-20 ¢ 21-25
number of axes 1 2 2 L : 4 i
PR . o (o]e] :
positioning ° oo =} o0 0000 i
Failure load: )
average per series |kgf 2686 5332 4897 8224 6917
coefficient of 3% 8% 5% 7% 21%
variation
Displacements:
average mm 0.1% 0,19 0.32 0,33 0.32
fo.u
" coef., of var. o 27% 8% 19% 9% 20%
average mm 1,983 1.57 2,08 1.36 1.32
Yoy
*7 coef. of var. 17% 7% 22% 8% 11%
average mm 3.00 2.76 3.98 2.69 2,05
V0.8 )
7 coef. of var. 1% 7% 18% 1% 8%
average mm 5,13 4,71 7.12  4.68 3.23
Vo.8 -
"7 coef. of var. 12% 9% 17% 7% ' 7%
average T -0,07 0.29 1.16 1.28 0,71
a : _
coef. of var, 38% 92% 30% 16% u0%
Type of failure¥*:
Crushing only - - - - -
cracking, splitting 5m im Sz 3m 4z 2m 4z 3m 2z
shearing 2m 2m 1z 2z 3m 1z
shape of bolt bent bent - bent o bent bent

= . . .
) The number of times that a phenomenon occurs is stated; more than one phenomenon

may occur in one specimen (e¢f. Appendix 3).



Table 8: Results for #" bolted joints SBd (A = 2.0)
\
Series’ d 1-5 d 6-10
number of axes 1 4
positioning a 0000
Failure load:
average per series kgf | 2135 3188
coefficient of variation 11% 16%
Displacements:
average mm 0.17 0,27
e
. 0.4 coef, of var, 10% 3%
average ram 0.92 0.886
Vo4 . .
coef. of var. 22% 28%
average mm 1.32 1.38
v
0.8 coef. of var, 20% 15%
average mm 2.32 2.10
V0.8
*7  coef. of var. 22% 12%
average mm 2.02 2.02
a
coef. of var. 1u% 30%
Type of failure®:
crushing only - -
cracking, splitting 2m Zz im 4z
shearing 2z Im 5z
tensile fracture - 1z
shape of bolt straight straight

%) 5ee footnote to Table 8.

- 17 -
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In the failure loéd is divided by the number of bolts in the joint
concerned, and if the average failure load of the straight uniaxial
joint is taken as equal to unity, the ratios presented in Table 10

are obtained. The number of axes successively occurring in the direction

of the force (j) is also stated in this table.

Table 10: Effect of the number of axes on the failure load

2.0

A 4.6
Series ' ] ¢ 6-10 | ¢ 11-15 | ¢ 16-20 | ¢ 21-25 | ¢ 6-10
number of axes 2 -2 L Coh L4
00
arrangement o0 ol 06 0000 0000
average fa%lure lcad series/ 0.99 0.91 0.86 0.64{3 1.08
average failure locad l-a _ =
3 2 -2 2 4 Y

In determining this, the value j = 2
for 4// > 2 ql has been adeopted for a

biaxial jeoint, in analogy with the rule . 1

for ring connectors {see Fig. 5)}.- In ; & |-

the case of the slender bolts there is ; '_ 1:dl l

found to be reduction in the strength . dl i‘
i i

(loadbearing capacity) of the joint; B L T
in the case of the bolts with A = 2.0

this is not so. ’ Fig. 5.
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A
The displacements df the various joints do not differ much from one
another, With the slender bolts fhepe would seem to be some reduction
of the values of v in the quadriaxial joints. Against this, the value
of a for these joints is somewhat higher. With the 2" bolts there is |
vefy good agreement between the values of v and a of uniaxial and '
quadriaxial joints. Why there should be a fairly large difference in
ey, 4 is not clear, Some values are compared in Tab;e 11. See Table 7
for the meaning of these data.
Some idea of the degree of co-operation of the bolts in a multiaxial
joint is given by the photographs of the quadriaxial joints in series
SBe 21-25 and series SBd 6-10. In the case of SBe 21-25 (3" bolts with
A = 4.6) the shape of fhe belts located one behind the other was
photographed after failure of the joint. The extent to which the bolts
is bound up with the magnitude of the failure load. Inthe most cases
there is_fairiy good agreement in shape between the four bolts of one
and the same joint. As appears from Photo 10, there is some difference
between the ultimate bolt hole dimensions - more than in the joints
in series SBd 6-10 ("™ bolts with A = 2.0), as Photo lé shows, All the
bolts in SBd 6-1C remained practically straight. The conclusion that
‘the bolts - at least towards the end of the test - participate in not
too widely differing a manner in the transmission of force would appear
justified for series SBd 6-10, but less to for series SBc 21-25, The
values found for the failure loads (as compared with those for the

uniaxial joints) confirm this.

Table 1l: Initial deformation "a'", direct displacement v and clearance,

0.4
Series SB | ¢1-5] ¢6~10| ¢ 11-15{ ¢ 16~20] ¢ 21-25 d-l—S d 6~10
d ‘ inch 3 3 1 1 1 3 3
Number of axes 1. 2 2 4 4 1 ;
arrangement ) 00 o° o0 0000 o | ocooo
(i;‘iillai%ameter mm | 13| 13 13 13 13 20 20
a mm -0.1 0.3 l.é 1.3 0.7 2.0 2.0
dg ™ 4y mn | 0.9] 0.9 0.9 0.9 c.9 1.5 1.5
a + Vo .y mm 1.9 1.8 3.2 2.8 2.0 2.8 2.9
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L et 2 e

All the oblique joints are formed with 1"

bolts. A joint of this kind comprises (see |

fig., 6):a47mm thick leg, a 58 mm thick g- f. \c .
obliquely loaded member, a 95 mm thick '”'T{éé;‘?"‘\h T
straight loaded central member, a 58 mm 4%4@

thick obliquely loaded member, and a 47 mm

thick leg. Thus each specimen is symmetri- .

cal with respect to a plane through the A S aas
middle of the straight loaded central mem-

ber. On either side of this plane of symme- Fig. 6: Rear view of oblique
tr& there is a joint comprising an obliquely Joint
loaded middle timber (58 mm thick)} and
straight loaded side timber (47 mm thick). The slenderness ratio of
the bolt is therefore A = 58/12.7 = 4.6,

For comparison the series SBe 1-85 and 11-15 may be condidered; these

comprise straight unizial and biaxial joints in which énly the thickness

of the side timber and the timber width differ from the corresponding
dimensions in the SBe specimens. For these and other dimensions see

Table 2. B )

The results of the tests are given in Appendix 4, while the average

results per series are summarized in Table 12. It is to be noted that

in the case of the oblique joints the values of v dnd e stated here.
have been calculated from measurements
performed with dial gauges indicating
the displacements of the sfraight loaded
central (compression) member in its

1
T,

cbliquely loaded tension members (see s i—b
)

axial direction in relation to the

Fig. 7: dial gauges d). In addition, ,
the displacement of the cbhliquely

loaded tension members in their axial

LAY

direction in relation to the central

member was measured (Fig. 7: dial gauge Fig. 7: Measurement of displace=-

) ments in oblique joints.



Table 12: Results for coblique joints

I
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Series SB c 1-5 e 1-5 e 11-15 c 11-15 e £-10 e 16-20
load angle o 0° 30° SCO o° 30° 60°
member of axes 1 1 1 2 2 2
Failure load: %
average per series | kgf | 2686 2903 3450 4897 5592 5698 |
Coefficient of 3% 3% 7% 5% 3% 5%
variation
Displacements:
average mm 0.14 0.39 0.59 0.32 0.33 0.36
“0.4 coef, of var. 27% 4% 33% '19% 12% 29%
average ittsi} 1.93 2,37 4,39 2.08 2.31 3.88
TS v— 17% 21% 26% 22% 11% 13%
average mm 3.00 5.30 9.06 3.98 4,73 7.70
Yo.6 coef. of vap. 4% 1:4% 17% 18% 9% 10%
average mm 5.13 i0.42 13.18 7.12 1C.09 12,88
08T o var 12% 11% 14% 17% 9% 6%
5 average mm -0,07 -0.39 -0.,95 1.16 ~-0.35 -0.867
coef. of var. 38% 57% 27% 30% 47% 12%
Type of failure¥: 1 b.?.
crushing only - 2 4 - - -
cracking, splitting Sm 2m 1z 3m 4z 4m Sm
shearing 2m Im - 2z 4m -
shape of bolt bent bent bent bent bent

bent

x)

See footnote to Table 8

b.v. = failure occurred outside the joint

Based on the measurements obtained with gauge ¢, the mean values and coefficient of

variation for e and v are given in Table 13.For o =

30° ir appears that tha ratio

between the displacements measured with the gauges ¢ and d, thecretically linked by

¢ = d cos o, has an average value of 0,77 for the uniaxial as well as the biaxial

jeints.
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Table 13: Displacements measured at géuges c

Series SB _ e 1-5 e 11-15 e 6~10 e 16-20
load angle 30° 80 - 30° 80°
number of axes 1l 1 2 2
Displacements:
average mm 0.30 C.13 0.28 0.06
0.1
* coef, of var. 20% 28% 12% 57%
‘ average mm 1.87 1,42 1,81 | 1.53
Yo.u
* coef. of var. 22% 2n% 14% 12%
average mm 3.68 2.80 3.70 2,65
V0.6
: coef. of var. 22% 22% 13% 9%
average mm 8.34 L, 64 7.3 4,08
Yo.8
’ coef, of var. : 9% 35% 5%

Phis would correspond to cos 40° instead of actually cos 30° = 0.87.
Again, for a = 60° the average value of the ratio is 0.33, corresponding
to cos 71° instead of actually cos 60° = 0.5. In the joints with o = 60°

a rotation of the member in relation to one another was measured, so that

o, alsc in the bi;xial joints, underwent an increase of about 7°. In the
biaxigl joints with a = 30° no such rotation was measured. The difference
between the theoretical and the actual value of the ratio of the measurements
obtained with the gauges ¢ and d is in part attributable to this rotation;
the rest of the differences is presumably due to a translational displace-

ments of the tension member in the vertical direction (upwards).




-

The average resultant direction of diéplacement of the tension member
in relation to the central cGompression member is approximately;

8 = 40° for o = 30%, and B = 70° for a = 60° (see Photos 17 and 18).

The figures given for the oblique joints in Table 12 are again given

in Table 14, but now as ratios with respect to the corresponding straight

joints.

Table 14: Effect of the load angle: h
Series SB... | e 1-5 |e 11-15 | e 6-10 | e 16-20

a - 30° 60° 30° 600

number of axes. | . 1 .. 1 2x 2"HE
Pop. 1.08 1.28 1,14 1.16
eO.q 2.8 l'I'-2 1.03 1.13
Vo4 1.23 2.28 I 1.87
vo.6 _ 1.77 3.02 1.19 1.93
vo.8 2,03 2.57 1.42 1.81 |

529 -

¥y =14/ < 2:4])

The ratios for the failure load Pbr are 1.08 and 1.14, average 1l.11,

for o = 30°, while they are 1.28 and 1.16, average 1.22, for a = 60°.

The values found for ey, y Were widely divergent. The uniaxial joints

here compare very unfavourably with the biaxial joints. The values

for Vo.u of the joints with a = 30° are, on average, 1.17 times the

corresponding values of the straight joints.
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Since the initial deformations g'of the oblique Jjoints are smaller than
those of the straight jeints, as appears from Table 12, it can be presumed
that, for equal loading, the directly occurring displacements of straight
and oblique joint with o = 30° are of equal magnitude. In the event of
overloading the displacements increase more rapidly in the oblique than
in the straight joints.

In the joints with a = 80° the initial displacement a is even smaller,
but the values Vo u have considerably increased. In this case there is

a greater increase in the displacement than would be deduced from the
higher failure load. .

It is also to be noted that the failure loads of the oblique jolnts are
the loads at 15 mm displacement (average of the measurements at dial
g&uges d); with further continuation of the test in most cases there
was some further (small) increase in load. In the case of the joints
with @ = 60° the test was, especially with the uniaxial joints, somewhat
complicated by the rotation of the members in relation to one another,
including more particularly the tilting of the legs (vertical members).
Because of these difficulties, it was not always possible exactly to
adopt the load at 15 mm displacement as the measured failure load;

The resulting differences are not of any substantial magnitude, however.
The shape of the bolts in the joints is as shown in Photos 16 and 17;
doubly rvurved in each side of the plane of symmetry through the middlh,i
corresponding to the shape to be éxpected with A = 4.6 and the side
timber thickness employed (see further Section V). The washers in these
joints remained flat, but did penetrate deep into the timber (Photo-14),
lecally destroying it. This indicates that the thickness of the washers
was sufficient, but too great in relation to the other dimensions.

Photos 18 and 18 show the deformation of the obliquely loaded timber

of the horizontal tension members for loading at 60° anda 90° respectively.
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Discussion of the results

The theoretical determination of the distribution of force in bolted
conntections and the calculation of the failure load, as set forth
in report B 1, will be briefly summarized below, using the following

notation:

I max " crushing strength of the timber;
- (real) yield point of the bolt; if determined from a three-
point flexural test, the full plastic moment should be adopted:

- - - Jea -
o, = M/Wpl’ where Wpl.- 1.7 W = 0.167 d%;8 = Uv/cS nax

- slenderness ratioc of the bolt: A = m/d;
ratio of thicknesses of side and middle timber:}p = z/m;

~ timber-om-timber coefficlent of friction;

< = e >
1

- factor indicating the extent to which axial forces may occur
in the bolt; together with U, this factor determines the magnitude
of P ‘
W ~ factor indicating the degree of restraint (fixity) of the
bolt in the side timber: w = 0 correspends to non-restraint,
w = 1 to fully effective restraint;
P - that portion of the failure load which is contributed by
forces perpendicular to the axis of the bolty; - :
P - that pof%ion of the failure load which is contributed by timber-
on-timber friction, i.e., by the axial force in the bolt;

P - failure lecad (ultimate load) of the joint: P

br = PV + Pw'

br
The data given in Chapters IV, V and X of Report B 1 are repfoduced

here in tabular form. Table 15 gives the magnitude of the failure load
according to Johansen's theory; Tables 16 and 17 give the corresponding
information according to Fahlbusch and Norén respectively. These data

relate to joints comprising two side timbers and one middle timber connected

by one bolt.
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Table 16: Theoretical failure load per belt, according to Fahlbusch

= . P = 2 =
distribrution of crushing Pbr Pv f Pw’ Pw YOy ud
pressure along the bolt valldkfor |
Py Y |
o |
] A< 1648 iumaxl ) d? Y >0
f 1t 5,75 gh
| Ax16es Lo, d/ T y>o
Nl = ’ v s max
R Sy

*% Fahlbusch proposes that, to be on the safe side, Pw should not be

taken into account in determining the permissible load.

Table 17: Theoretical failure load per bolt, according to Norén

valid for
P
" | X br

> 0.5 A< Lt os 8| O pax *h a2
1. 57 _ -

i0.5 AéT‘ S O'S max' lp:\d

> 0.5 A2 L.y o» S| - 5 - ‘
2. 1.4 4V <o

< 0.5 A;_-%Z- S v, s max ' :

If different values are found for the crushing strengths of the middle

and the'side timber, the values of Oy max to be substituted into the
formulas can, according to Norén, be determined from:

2*C Je)
S max m s max.z

o] =
s max eq O + O
s max m S max.z



v.2.

- 28 -

The resulté of tests on uniaxial straight joints given in Table &
will now be compared with the failure loads predicted on the basis

of the zbove-mentioned theories.

Series SBd 1-5: A = 2,03 ¢ = 0,55 d = 13.1 mm

. 2.361.278 _ 2
9s max eq - 361 + 278 314 kef/em

o= 2920 kgf/cm®

v
= =v-gggg = 3.05
31y

Johansen: A o= 2.0¢< E%%EL.S,OS

Py = 314.2,0.1.91% = 2290 kgf.P,_ = 0
Fahlbusch: A< 1,6.3,05

P, = E;;ii__&Hm'2°5'l’912 = 2230 kgf.P, = 0

6.785 3{054

Norén: same as JohagSen

‘e

Test result: Pbr = 2135 kgf




We similary obtain:

Series

Series

Series

Series

Series

SBb 6-10:

S5Ba 6-10:

SBb 1-5:

SBe 1-5:

SBa 6-10:

A= 2.05 0= 0.665 5 = 2.86

Johansen

A= 3,03 Y = 0,5;

Jeohansen
Fahlbusch
Norén

Test result

A=

Johansen (w < 1, therefore analysis method 2): PV

Fahlbusch
Norén

%est result

Y = 4.6; = 0.5

Johansen
Fahibusch
Norén

Test result

P

br
Fahlbusch Pbr
Test result Pypn
A= 3,0; 9= 0,5
Johansen Py
Fahlbusch Pv
Noréen Pbr
Test result P

br

br
br

g g v g
< <

P
W

P
v

p

br

Pbr

br
br

La e v L v B v
< <

1

i

H

1

4.6 ¢ = 0,55 § =

1 i1 -

2610 kgf Norén same

2520 kgf
2850 kgf

S =2,7
1260 kgf
1390 kgf
1630 kgf
1428 kgf

S = 2,85
3100 kgf
3320 kgf
3950 kgf
3572 kgf

2,6

4110 wyu kgf
1260 kgf P
2210 kgf
2686 kgf

W

S = 2.75
1350 kgf
1200 kgf
2100 kgf
2633 kgf

&
o O

R

u

t

4110 yu kgf

4110 yu kgf
4110 yu kgf

- 29 w

= 1450 kgf
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In Graph 4 the average failure loads, determined experimentally

for the series with A = 2.0 and A = 3.0, have been plotted against

the calculated values of Pbr = PV + Pw. There is found to, be good
agreement between experiment and theory,

For the two series withA = 4.6 the situatiqn is more cﬁmplex in

that here a factor yu occurs in the theoretical value of Pbr’ It

emerges that good agreement between experimental and theoretical o
values is obtained on substitution ofvyu= 0.3,

In the above treatment of the subject the average values of OS max
and g, for each series have always been employed., If constant values

are adopted for these — here they have been chosen as GS max -

350 kgf/cm2 and g = 2750 kgf/em? (so that S = 2.8) — and if

YU = 0.3 is furthermore introduced, the theoretical failure loads will
then have the values listed in Table 18,

In that table the average values of the test results have again been
included, for comparison. These values have béen plotted against one
another in Graph 5. Graph 6 gives the failure loads of the individual
joints, compared with the theoretical values according to Fahlbusch,

as indicated in Table 18. The magnitude of the scatter (dispersion,
represented by the coefficient of variation, has been calculated for
this distribution and for the distributions of the individual joints
compared with the theoretical values according to Johansen and according
to Norén. This has been done separately for the 20 joints for which

A = 2.0 or 3.0 and for all the straight uniaxial joints, the object
being to ascertaig the favourable or unfavourable effect (if any) of the
assumption yy = 0.3, Table 18 gives the coefficients of variation

and also the quotients of the average failure load determined expe-

rimentally and the average theoretical value.
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Table 18: Comparison of theoretical and measured failure loﬁd

- 2. - 2. ~ .

(OS max = 350 kgf/em -0, = 2750 kgf/em”™; yu = 0.3), in kef.

A 2.0 3.0 4,
Series d 1-5 b 6-10 a 1-5 b 1-5 c 1-5 a 6~10
theoretical failure load
according to:
Johansen 2550 2550 1300 2950 2750 2750
Fahlbusch 2450 2560 1420 3210 2600 2600
Norén 2550 2550 1690 - | 3830 2220 | 2220
iZZi:ge fallure load from | ,, .. 2858 1428 3572 2686 2633

Table 19: Comparison of theoretical and measured failure load -

(Us max

350 kgf/cmz; g, =

magnitude of the coefficient of variation.

2750 kgf/cm?; yu = 0.3) and the

A= 2,0y 3.0 A= 2,03 3.0; 4.6
20 jolnts 30 joints
P .. P .
test coefficient test coefficient
B of variation 5 of variation
br theor. br theor.
Johansen 1.07 16.9% 1.G3 15.0%
Fahlbusch 1.03 15.1% 1.03 13.1%
Norén 0.83 14.8% 1.02 18.0%
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It appears from Tables 18 en 19 that there is fairly good agreement
between the various theoretical failure loads themselves and also
between these and the values found experimentally. The failure loads
calculated on the basis of Fahlbusch's theory tie up, on an average,
mést satisfactorily with the test results. In the following, only
Fahlbusch's theory will therefore be used, but this choice must not
be taken expressly to indicate a preference for the method of analysis
to be adopted.

The data obtained from the tests on multiaxial and oblique joints
have been compared with the theoretical failure loads according to
Fahlbusch, For this purpose some correcfions have been introduced on

the basis of the results reported in Chapter IV.

Table 10 gives the effect of the number of axes

on the failure load. On an average, it follows from this that for

a joint of series ¢ with two axes behind each other in the direction

of the force (j = 2) the ratio of the average failure load for "mul-
tiaxial" to that for "uniaxial” is 0.92, which can suitably be rounded
off to 0.9. For j = 4 this ratioc is found to be 0.84, say 0.65.

In series d for j = 4 the ratio is 1.08, say 1.0. In order to eliminate
the effect of the number of axes, the respective failure loads have been
divided by one of these ratio values. The same has been done with the failure
loads of the oblique joints. Having regard to what has been said in IV.3,
the failure loads of the joints with o = 30° are divided by 1.11 and those
of joints with o = 60° by 1.22, :
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Graph 7 gives the histrogramé of the ratios between the theoretical

and the measured failure load of, successively, the straight uniaxial
joints, the straight multiaxial joints, the oblique joints and all the
Joints together. The average measured failure load of all the specimens
turns out to be 1.02 times the theoretical value calculated by Fahlbusch's
analysis; the coefficient of variation is 12.5%.

On compariscn of the results of the tests with the values obtained

with Fahlbusch's theory, values of between 12 and 15% are found for the
coefficient of variation of the failure load.

Since a value of 15% is found for a fairly homogeneous group of joints
to which no corrections have been applied, as is apparent from Table 19,
it would appear advisable to adopt this value for the coefficient of

vériation of the load.

Note

)

In report N-1% a description is given of tests performed on straight
uniaxial bolted joints with d = 1", m = 70 mm and z = 18 mm (series
SBA 1 to 5). The results found in those tests have been checked against

the theory outlined above.
A= 70/12,7 = 5,53 ¢ = 18/70 = 0.26.

g and ¢_ have not been seperately determined; assuming o«
s max v s max

= 350 kgf/cm? and’ o, = 2750 kgf/cm?, we obtain S = vZ750/350 = 2,8.

%)
Report U-62-8-N-1:

;
T
]
]
i
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0,41
Johansen: A= 5,5 > TR 2.8 = 4.4
1.4 -
< .26 2,8 = 15,0
.58 _
<~6":":'2-é-.2._8 = 6.2
P, = % 350.0.26.5.5.1.272 (2 /1 +—-———g-ﬁ—§- . 2.82-1)=1300 kef
0.267.5,5
Pw z Y.2750. 4. 1.272 = B4N0 vy.u.kgf, Pbr = 1300 + 4440y u kgt

Fahlbusch: A = 5.5 > 1.6, 2.8 = 4,5

P,= 0.8.1.272/350.2750 = 1270 kgf

1270 + 4440 yu kgf

)
H

w = HHE0 Yukgf Pbr
Norén: . Y = 5.5 < -69:'~2:-’6— .2.8 = 71.5
P, = 350.2.0.26.5.5.1.27° = 1610 kgf
Test result: ?br = 3040 kgf

Hence it follows that for Pw = 3040 - 1270 = 1770 kgf 4440 v, the value
of Yu'is 0.4, So with X = 5.5 the value found for yu is somewhat higher

than withyu = 4.6, which is reasonable,
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Timber stresses, weakening of members

Various data relating to the joints tested are additionally given in
Table 20, namely, at the failure load of the joint: the tensile siresses

in the unweakened section of the middle timber (Ugross) and in weakened

section of the middle *imber (Gn ), the force per mating surface at

et
failure load (P, _/F )¥, the area of the weakened section (F_ __) and the
br' "a net

extent of weakening (F ). By mating surface Pa is understood

net:Fgross
the area of contact of the connected members. Since ¢ > 0.5 for all the
joints, it will suffice to refer all the values to the middle timber,
as this timber has a cross-section which is either equal to, or smaller

than, that of the side timber.

Table 20: Timber stresses, weakening of members, and force per mating

surface at fallure load, average per series.

P
Sepies O‘g]:'oss Tnet Fhet Fret’ 7;2
xgf/em?]  kgf/cm? cm? F a 5
: gross kgf/em

SBa 1- 5 33.5 45.6 31.3 0.87 4.3
610 47,8 55.1 7.7 0.87 7.8
b 1~ 5 51.3 61.1% 58.5 0.84% 5.5
6-10 £2.6 Th. b 38.4 0.84 4.4
¢ i- 51 8l.0 73.3 36.7 0,83 10.0
6-10{ 120.% 45,2 36,7 0.83 3.1
11-15 82.8 94.6 51.8 0.87 9.8
16~-20% 125.2 156.8 58.9 0,80 13.6
21-25 93.5 104.4 66,3 0.30 6.1
d 1- 5 48.8 58.6 36.4 0.83 3.5
6-10{ 166.8 132.3 47.8 0.87 L7
a 1- 5§ 49.86 56.7 51.2 0.87 7.6
6-10 8C.4 89.8 62.3 0.89 9.7
11-15 58.9 57,4 51,2 .87 15.5
16-20 73.8 31.3 62,4 0.81 13.9

%)

This quantity is one measure for the effectiveness of joints
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It is apparent from this table that uniaxial bolted joints give

rise to very low stresses in the connected members; only multiaxial
joints give serviceable results in this respect. The forece to be
transmitted per unit area of mating surface shows a similér paftern.

It is to be noted that the values given in the table velate to failure
lecad; in order to obtain the correspondingivalues for permissible load,
all the wvalues in the table must be divided by a "factor of safety".

It emerges that the weakening of the members is between 10% and 20%

of the gross section.
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Conclusions

The féliowing conclusions can be drawn from the results obtained from

testing 75 bolted timber joints, namely 30 straight uniaxial, 25

straight multiaxial and 20 oblique joints, and from a comparison of

these results with the theory described in Report B 1:

(1) The timber (fir) employed for the straight joints is found to have
an average crushing strength 9 = 367 kgf/cng a design value

of 350 kgf/cm? has been adopted.

(2) The bolts employed in the test specimens have a yield point o,
2

max

averaging 2540 and 2920 kgf/cm” for 1" and 2" bolts respectively;
a value of 0 = 2750 has been adopted.

(3) The failure loads of the straight uniaxial joints with A = 2.0 and
3.0, in which the proportion P, of the failure load transmitted
by friction can be taken as zero, are in good agreement with the
predicted values calculated with the theories of Johansen, Fahlbusch
or Norén. Fahlbusch's appears to tie up most satisfactorily with
the tests.’

(&) In the straight uniaxial joints with A = 4,6 there occurs yielding
of the bolt, while the contribution by friction also plays a part
in determining the failure load. With the assumption yu = 0.3 a
result is obtained that is in good agreement with the measured valués.

(5) If the number of bolts located one behind the other in the direction
of the force in a straight multiaxial joint is j, the failure lcad
per bolt in éach a joint is found to be, on an average, egual to §
times the failure load of a uniaxial joint; the values given in

. Table 21 have been found for this coefficient &,

Table 21: Reduction coefficient § for multiaxial stféight joints.

Y = 4,6 | 0.9 0.65




(6)

(7)

(8)

(9)
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The effect of the angle & of the -load upon the failure load of
joints with A = 4.6 is, irrespective of the number of axes per joint,
equivalent to an average failure load increase by a factor 1.11 for

a = 30° and of 1.22 for a = 60° as compared with corresponding straight
joints.

The coefficient of variation of the failure load, determined

from the tests, is about 15%. '

The effect of the diameter of the bolt holes upon the initial
displacement a is appreciable; it is advisble to use a drill

whose nominal diameter is the same as the nominal diameter of

the bolts,

The displacements occcurring unde? load ére large; inclusive

of initial displacements their magnitude at 40% of failure load

is between 2 and 4 mm (depending on the difference between bolt
diameter and hole diameter). The effect of the number of axes upon
this displacement 1s not demonstrable, but the effect of the load
angle is manifest: in the case of oblique joints with o = 30° the
displacemepts are not yet increased .whereas for o = 60° there is

a substantial increase,

Delft, March 1963

5 _ ir. P. Vermeyden
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Appendix 2: Results of tests on straight uniaxial joints.

Specimen | failure | e v, . v v a
no. load O.% 1 0.4 0.8 0.8 type of failure
SB kgt ™ ram mm mm mm

a 1350 | 0.15 0.55 | 1.08 1.87 2.80 [ (0 + 8)m
1380 | 0.18 1.02 | 1.50 2.48 1.79 Sm
410 | 0,18 0.96 | 1.52 2,142 1,71 Sm
1520 | 0.18 0.3 | 1.38 2.18 2.10 Om

1480 | 0.22 0,90 §1.u3 2.48 1.80 Om

2975 0.48 2.38 4,73 6,93 1.7 Om
2460 0.34 2.26 h,72 7.53 2.07 Om
2750 0.18 0.81 2.38 L.57 1.3y Om .
2290 0.31 2,08 L,26 7.22 2,23 Om
2750 0.21 1.78 k,20- 5.71 2,34 Om

=

M FWRNMH| OO NFOwNEL] CWoNG] & wi e

3180 [0.19 | 1.53 | 2.34% | "3.68. ] -0.84. | (A + S) m
3760 | 0.22 | L1.7% [2.43 | 3.75 | 1.43 | Om (+ Sm)
3560 [o.24 | 1,15 |1.82 | 3.01 | 0.67 | Om
4150 | 0.23 | 1.06 |1.82 | 2.87 | 3.07 | Am
3210 [0.26 | 1.39 |2.29 | 3.92 | 3.42 | Om

3490 0.22 .65 .96 1.82 1.74 Am
2760 0.19 G.86 1.28 2.06 0.26 Am
2780 0.17 1.32 1.89 2.88 0.93 Om
2450 0.19 1.42 1.72 3.76 0.94 Om
2830 .17 1.21 1.68 2.44 0.72 Sm

2725 | 0.10 1.86 | 2.96 5.04 { ~0.43 Sm

2610 | 0.16 2.20 | 3.41 | 5.85 {-0,23 Sm

2610 | 0.18 2.26 | 3.4y 5.61 1-0.23.1(S+ A)m

2745 | 0,16 1.72 | 2.686 4,47 0.08 [{(S + A)m

2740 | 0.09 1.50 | 2.54-1 4,66 0.47 | Sm i

d 1 1890 0.18 .17 1 1.59 2.52 2,11 Az
2 2210 | 0.1% 0.82 | 1.11 1.85 2.06 | (A + S) zz
3 2485 0.18 0.71 1.07 1.96 1.63 Sm .
4 2000. . . . . . Sm
5 2090 | 0.18 0.97 | 1.48 2.93 2.29 S z -
* Key: A = sheari
ey - shearing N m = middle timber )
S = cracking, splitting of the (
0 = erushing z = gide timber
T = tensile fracture



"Appendix 3: Results of tests on straight multiaxial joints
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Specimen | faiiure e v v v a
no. lcad 0.4 0.4 0.6 0.8 Type of failure
SB kgf mm mm mm mm mm
c B 5640 0.17 1.55 2.52 4,13 0.18{S m zz
7 5000 0.21 1.40 2.83 4.69 0.75|8 zz
8 5280, 0.20 1.69 2.88 4.76 0.1%|A m Sz
g 4860 0.20 1.62 2.98 5.31 0.238 zz
10 5880 0.20 1.61 2.81 4,67 0.08{A mz Sz
¢ 11 4300 .38 1.85 3.66 6.27 0.88|S m z
12 ¥900 0.34 2,61 4,83 8.60 1.141(A +.8)z, Sz
13 5000 0,31 2.21 4.05 7.61 1,371S m
14 4515 0.35 2.31 4,34 , 0.801(A + 38) z
15 5170 0.21 1.41 2.93 6.00 1.84|S m z
¢ 16 8350 0.30 1.47 2.74 4.69 1.47|S m zz
17 3760 0.36 1.43 2,70 5.18 1.04/A m Szz
18 8730 0.32 1.19 2.686 4.68 1.42}A m
19 9550 0.31 1.35 2.67 4.31 1.38]S m =
20 9730 0.36 1.34% 2.68 4.55 1.04{A m Sz
¢ 21 6625 .40 1.49 2.25 t 3.23 0.531A zz
22 6270 0.29 1,12 1.86 3.12 1.22{Sm
23 7660 0.37 1.31 2.15 3.55 0.62{S zz
24 5050 G.24% 1.44 2.07 . 0.52|S m
25 8980 0.30 1.25 1.82 3.01 0.67|S m zz
d 6 9840 0.30 l.24() | 1.862 2.47 1.27)(A + S)m zz
7 3800 0.25 0.72 1,20 1.87 2.391A =z
8 10000 0,23 0.61 1,20 1.89 2.30}(A + S)zz
9 9800 0.27 0.87 1.32 2.08 1.481(A + S)z
10 6500 0.27 0.86 1.58 2.621Tz,(A + 8)z |

* See footnote to Appendix 2,

o

i
]
?
i




Appendix L: Results of tests on oblique joints.

- k2

Specimen | failure o1 Vo.u Vo.6 V0.8 a L
ne. lead Type of failure
SB kgt mm mm mm mmn mm

e 1 3040 0.32 1.51 4.01 9.10 ¢ -0.37 1 0
2 2870 0.40 2.52 5.45 9.46 1 -0.07 | Sm
3 2840 0.44 2,79 5.73 1 11.45{ -0.60 | buiten ver>.
b 2810 0.35 2.68 5.89 11.50 | =0.60| (S + A)m
5 2830 0.44 2,33 5.41 ¢ 10.58 ) ~0.301 0
e 6 5420 0.36 2,38 .74 9.80 1 -0.13| (S + A)wn
7 5400 0,37 2.70 5.36 11.47 | =0.57 [ A =m
8 5700 0.29 2.23 4.68 9.78 ] -0.28 1 (S + A)mm
9 5650 0.28 2,18 4,71 { 10,40 | -0.35 | Am, Sm
10 5790 0.386 2,04 4,16 9.01 ] ~0.42§ S mm
e 11 3380 0.66 5.46 10.52 13.18 [ ~1.18 | O
12 3630 0.37 2,67 7,07 | 10.48 1 -0.86 {0
13 3800 0.69 3.81 7.80 12.45 1 -0.94 [ O
4 3250 0.83 5,14 10.38 15.3¢ | -1.23 | Szz
15 3190 0.42 4.89 9.56 14.3¢ | -0.75 | 0
e 16 : 5540 0.42 4.05 8.16 13.47 [ -C.88 | Sm
17 5920 0.23 3.10 6.57 | 12,21} -0.76 | Sm
18 5660 0.49 3.96 8.04 | 12,83 | -C.56 | Sm
19 5320 0.35 4,43 8.50 13,69 | -0.54 | Sm
20 8050 Q.30 3,92 7.22 12,08 | -0.71 { Sm

* See footnote to Appendix 2
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B 1980~06=04

Comments to paper CIB-W18/12-7-3
DESIGE OF JOINDTS WitTH NATIL PLATES

1 There are two editions of the paper:
That distributed in Dordeaux and that appearing in the proceedings from
the Bordeaux meeting (12). The corrections mentioned when the first
edition was presented are made in the latter edition.

2 Turther corrections and alterations are suggested:

X _ :
7 ls replaced by d'XF

= S =8 —

» is replaced by H, (or 2N <xaF)
=, and 03 are deleted (in 1.2.2)
ﬂ is replaced by o~ TY/2

The tex? and figures are changed accordingly, for example, at the boliom
of page 18t .veeee as a function of the angle's behaviour, the plate force
and plate and fibre directions.

The denotation A should generally be used as the total effective grip area
on one side of the (timber/timber) joint, of foot note (1) page 2 of
paper CIB~W18/13-Tw4,

The next last sentence of 17 is changed to:
tIt is denoted A and generally is a total of two areas (A/2) from plates
on each face of the timber.!

The factor 2 in egs (16), (18) and (21) is deleted.
3 The alterations suggested above may be anticipated in a third edition {draft).
In this also the sub-section 2.6 Calculation of slip, will be incorporated,
of paper CIBi18/13~T-4.
It is further suggested that the subwsection 2.5.2 (pages 26 and 27} are

replaced by the examples from K¥llsner*spaper CIB-i{18/13~7~5 and references -
te reports by M Johansen respectively B K#llener,

4 The validity of 2.4.3 shear, eq {29) still has to be verified.

Otaniemi June 1980
Bengt HNoren
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1, SUMMARY

The results from three test series on finger joints are
briefly summarized.

In section 2 tensile testing of 80 finger jointed glulam
lamellas of spruce is reporied. The mean value of the
tensile strength varied between 26 MPa (ECE grade 8)
and 32 MPa (ECE grade 10} with a coefficient of vari-
ation of 15-20 per cent. The 5-percentiles (character-
istic values) varied correspondingly between 18 and 20
MPa. The mean strength is approximately 80 per cent
of the strength of unjointed lamellas, the 5-percentiles,
however, differ less because of a smaller coefficient of
variation. The 5-percentiles assumed in CIB-W18-Strue-
tural Timber Design Code vary between 9 and 20 MPa,

In section 3 bending and tensile tests on finger jointed

lamellas from 10 different glulam factories are reported.

The investigation had a twofold purpose.

The first was on matched samples to compare bending
strengths as determined rather crudely in the factories
as part of the quality controi with Jaboratory values.

The second was to compare bending and tensile strengths.

The test results showed great variation (coefficients of
variation for the bending strength were about 20 per
cent, for the tensile strength 25-30 per cent), and the
ratio between the two bending strengths and between
the tensile strength and the bending strength of the in-
dividual test specimens varied strongly {coeffictent of
variation about 20-30 per cent).

On the other hand there was, perhaps with one excep-
tion, very good agreement between the mean values of
the bending strength determined by the factory and at
the laboratory, and it can thus be concluded that the
factories carry out the testing satisfactorily.

Also a rather constant ratio between the mean values of
the tensile and bending strength was found; the tensile

strength was about 60 per cent of the bending strength.
This corresponds to the theoretical value derived in ap-
pendix 1.

For the tensile strength the 5-percentiles varied for the
individual factories between 7 and 24 MPa, for all test
results as a whole the value was 17 MPa. The value as-
sumed in the Danish Timber Code for the grade in
question is 27 MPa.

Section 4 concerns bending and tensile tests on 40
finger jointed pieces of structural timber, A ratio of
0.85 was found between the tensile and the bending
strength. The 5-percentile in bending was 31 MPa,
in tension 18 MPa, again to be compared with the
assumed 27 MPa,

The conclusion is that the present practice where the
same grades and strength values for unjointed and fin-
ger jointed timber are assumned should probably be

changed taking into account a lower ratio between
tensile and bending strength for the higher grades of
finger jointed timber.

2. TENSILE STRENGTH OF GLULAM
LAMELLAS ‘

As part of an investigation into the sirength and
stiffness of glued laminated beams the tensile strength
of 180 unjointed and 80 finger jointed lamellas were
determined. The complete test report is given in [Lar-
sen, 1978}

The boards were of Swedish spruce graded according
to the ECE-rules [ECE, 1977]. The cross-sections were
33X 140 mm planed. The finger length was 20 mm and
corresponded to DIN 68140, cf. figure 2.1. The fingers
were visible on the wide side.

_’t‘d e 4t
:‘:t

10 4 1
— |

Figure 2.1 Finger profile, Measurements in mm,

Failure in or in
connection
with joint

Tensile strength, f; MPa

s

Mean = 29,6 v 50

Fallure in or in
connection
with foint

Modulus of elasticity, E MPa

—

Mean = 12600 10000

Figure 2.2. Distribution functions (step functions) for
finger jointed boards. For comparison the corresponding
notmat distributions are drawn.




Table 2. Tensile strength and stiffness of spruce

ECE-class Faiiure in
Failure or in con- Failure in All
10 8 6 not in nection joint
joint ' with joint
Finger jointed boards
Density, p
Mean value 0.437 0.436 0.437
Tensile strength, f,
Mean value, MPa 31.53 28.68 26.14 24.4 29.64 31.51 29,21

Coefficient of variation, pet. 19 16 15 19 20 21

Minimum value, MPa 18.0 17.8 21.9 17.8

5.-percentile, MPa 20.4 19.3 18.4 19.3 20.0 184
Modulus of elasticity, E

Mean value, MPa 12560 12480

Coefficient of variation, pet. 15 15
Minimum value, MPa 9370 2030

Unjointed boards

Density | p
Mean value, MPa
Tenstle strength, [y
Mean vaiue, MPa 40.56 35.06 31.04 34.73
Coefficient of variation, pet. 21 24 25 . 27

0.437 0.415 0.433 0.431

5-percentile, MPa 23.3 19.7 17.4 18.5
Modulus of elasticity, E
Mean value, MPa 12940 12430 12080 12370

The moisture content was approximately 12 per cent, The mean sirength is lower than for unjointed boards

{the ratio is app. 0.80), Due to a lower coefficient of
variation this is generéily not reflected in the 5-percentiles,
For comparison it can be mentioned that the CIB-code
assumes the following 5-percentiles: 20 MPa for ECE 10,
16 MPa for ECE 8 and 9 MPa for ECE 6. The values are
met by the tested joints.

The testing was made in the testing machine described
in [Andersen et al., 1977]. The grips of the machine

are not hinged, and the action thus corresponds to uni-
form strain over the cross-section. A ramp load was used
with approximately 5 minutes to failure. The modulus
of elasticity was measured at midspan over a length of
400 mm, for the finger jointed boards the measurements
were taken across the joint,

. IN E
The test results for the finger jointed boards are sum- 3. BENDING AND TENSIL STRENGTHS,

marized in figures 2.2 and table 2 together with some
values for unjointed boards for comparison. The failure
oceurred in the finger joint in more than 90 per cent of
the tests.

The test distributions were compared with normal dis-
tributions, log-normal distributions and 3-parameter
Weibull distributions. There is good agreement between
the test distributions and the theoretical distributions, .
the Weibul} distribution being perhaps a little beiter
than the other two.

The 5-percentile (the characteristic values) are in ac-

cordance with the CIB-Structural Timber Design Code
[CIB-W18, 1979] calculated corresponding to the nor-
mal distribution and a confidence level of 75 per cent.

GLULAM LAMELLAS

As part of the internal control factories producing struc-
tural glulam are required to test at least § finger joints
a day per production line. The joints are tested in bend-
ing as shown in figure 3.1 with the distance a between

Figure 3.1



5t and 8t. The test apparatus is rather primitive, con-
sisting of a manually operated hydraulic jack with a
manometet, and the time to failure is 10-20 seconds.

Tests were made for the Danish Glulam Control in
cooperation with Teknologisk Institut (Danish In-
stitute of Technology) and had a twofold purpose:

To evaluate the testing at the glulam factories,

To get information about the bending and tensile
strength of finger jointed glulam lamellas.

The complete rest report is given in [Larsen, 1979].
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Ten factories were included in the investigation (in ! % !
total there are 11 factories, but one had a very limited U |
production at the time of the investigation). . h"?-,_
specimen " 20 40 | s0 | s0
) A B C , strength, MPa
! 7 i 7 z 17 2 ii F‘igure 3.3. Distribution of test results and the correspond-
ing theoretical distributions: N = Normal distribution. L. =
Log normal distribution. W = Weibull distribution. W as W
700 2800 mm i but with the lowest value disregarded.
Figure 3.2
Table 3
Factory No. 1 2 3 4 5 6 7 8 9 10 All
Specimen A:
Bending strength, £ own, MPa 55.1 51.8 53.9 481 60.6 47.89 514 588 579 524 538
Coefficient of variation, pet. 12 16 i4 20 26 9 16 8 15 12 17
Specimen B:
Bending strength, £, MPa 529 51.3 558 46.4 62.2 588 452 604 504 560 53.9
Coefficient of variation, pct. 14 13 18 20 15 13 11 19 27 15 18
Minimum value, MPa 42.3 429 397 206 439 34.2 375 3819 242 458
5-percentile, MPa 385 377 354 276 431 436 356 36.9 234 398 36.2
Specimen C:
Tensile strength, f,, MPa 29.1 253 30.9 286 344 884 277 384 282 409 324
(30.2) (34.2) (28.5) (38.4) (28.4) (42.6) (32.5)
Coefficient of variation, pet. 18 18 28 25 28 20 23 19 35 23 28
(27 (32) (20)  (20) (36) _(22) (29)
Minimum value, MPa 207 171 16.8 16.8 156 282 16.9 271 7.0 281
(18.8) (15.68) (20.3) (27.1) (7.0) (29.1)
S-percentile, MPa 18,9 175 137 150 15.2 238 151 24.0 84 225 169
{13.8) (11.9) (20.8) (23.3) (7.3) (23.7) (16.9)
Specific density, p ™ 0.397 0.411 0.453 0.423 0.443 0.437 0.428° 0.433 0.437 0.426 0.4290
Coefficient of variation, pet. 8 18 7 8 8 11 8 9 12 10 10
f o/ own 0.97 101 105 1.00 106 1.24 090 1.03 0.88 1.08 1.02
Coefficient of variation, pct. 18 19 18 26 20 16 20 20 30 16 22
LI 056 050 056 067 056 089 062 066 060 073 0.82
(0.67) (0.56) (0.64) (0.62) (0.61) {0.76) (0.61)
Coefficient of variation, pet. 22 18 25 34 28 29 24 27 43 21 36
(37} (30) (23) (18) (46} (21} (30)

*)based on dry weight and volume corresponding to a moisture content of 12 per cent.

Numbers in hrackets { ) apply to tensile rupture in or mostly in connection with ioint, the other numbers apply to all tests.




Three times a day during a one-week period a fest speci-
men as shown in figure 3.2 was produced, giving 15
test specimens per factory.

The thickness of the boards was 33 mm planed, the
widths varied between 70 mm and 195 mm planed.

The moisture content was 10-14 per cent. The test speci-
mens were handled, cured, pianed, etc. as the ordinary
lameilas. The wood quality was T300 according to the
Nordic T-grading system, approximately corresponding
to ECE 10 and the better half of ECE 8,

Each test specimen contained three finger joints marked
A, B, and C.

Joints B were tested in bending with a = 7t (figure 3.1}
at Teknologisk Institut in ramp loading with a time to
failure of approximately 3 minutes,

Joints C were tested in tension at Aalborg University
Centre in ramp loading with approximately 3 minutes
to fatlure. The test results are summarized in figure 3.3
and table 3.

In the tensile tests more than 30 per cent of the failures oc-
curred in or in connection with the finger joints. The prepa.
ration of the test results has been made for all test results as
well as for those only where the failure oceurred in the joint.
In most cases it was advantageous to include ail the test re-
sults.

Two finger types were included in the investigations both cor-
responding to DIN 68140, of. figure 2.1, The factories 1.9
use 20 mm fingers, factory No. 10 uses 10 mm fingers. In
all cases the finger profiles are visible on the wide side. Six
factories use hot curing, five of them by radio-frequency
heating of the glue in the finished joint, the sixth by radio-
frequency heating of the fingers before application of the
glue. As far as the remaining four factories are concerned
the completed lamellas rest at least 24 hours before they
are handled. Application of glue is made manually on one
end or mechanically on one or both ends. The investigation
gives no basis for preferring one method to the other as long
as the equipment and the procedure is fit for the finger
jointing method chosen,

The mean value of the bending strength is about 54 MPa
with a coefficient of variation of about 20 per cent. The
ratio f /fm.own between the bending strength determined
in the laboratory (f } and that determined by the factories
(fm.0wn) I8, apart from that of factory No. 6, equal to 1.00,
which indicates that the testing equipment has been correct-
ly calibrated and that the primitive loading procedure is in-
significant. As regards factory No. 6 it is possible that an
error has been made in the force measuring, although the
possibility of a coincidence cannot be dismissed (the pro-
bability, however, is only 5-10 per cent).

The requirements made in {DS 413, 1974] for the bending
strengths of glulam lamellas T300 are either that all values
should be above 39 MPa or that the characteristic vaiue of

80 o=1 4 =2 +=3 x =4 ®=5
I' +=6 x=1 z2=8 v=9 «=10

The requirements made in [3} for the bending strengths of
glulam lamellas T'300 are either that all values should be
above 39 MPa or that the characteristic value of the test
the test set should be above this value. For test series of
15 the characteristic value - under the assumption of nor-
mal distribution - is equal to

27,
100

{(m—2s)=m(1 —

where m is the mean value, s the standard deviation and v
the coefficient of variation.

All values from the testing at the factories are above the
required 39 MPa which can hardly be surprising.

The testing in the laboratory showed that 9 values from g
5 factories were below the required value and only for one :
of them the required characteristic value was above the 39
MPa, and this only when the Weibull distribution was used.

The tensile strengths derived can be compared with the fact
that the Danish Timber Code for structural timber T300 as-
sumes a characteristic short-term strength of 27 MPa and for
the next grade, T200, 18.5 MPa. Thus, the jointed lamelias
just fulfil the requirements for T200. For glulam made from
T300 a characteristie tensile strength of about 35 MPa is as-
sumed. The values for ECE10 and ECE 8 are according to
the CIB.code 20 and 16 MPa, respectively. The require-
ments for ECE 8 {but not ECE 10} are met by the indivi-
dual factories. The vary low value - 7 MPa - for factory

No. 9 should be noted.

The ratio [/, between the tensile and bending strength
is on average 0.62 and for the individual series there is
great variation, from 0.50 to 0.69. While the ratio between
the group results is thus rather constant this does not ap-
ply to the individual tests, of. figure 3.4. Perhaps this was

Factory No.
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not to be expected when it is taken into consideration that
the coefficient of variation for the bending strength is about
20 per cent and for the tensile strength 25 - 30 per cent,

A ratio of 0.60 - 0.65 hetween the tensile sfrength and the
bending strength is what would be expected acgording to
the theory in Appendix 1,

" In figure 3.5 corresponding values of density (minimum
values for the two mermbers in 4 joint) and the tensile
strengths are shown, It can be seen directly that there is
no great dependence between the values. The piciure of
the bending strength has not been given here but it is quite
analogous,
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Figure 3.6. The bending strength, f_, and the tensile
strength, f;, dependent on the width of the lamellas,
The values give the number of specimens.

Figure 3.6 shows the dependence of the strengths on the
width of the raw timber (the real widths are 5-10 mm smal-
ler). It seems that the strengths tend to decrease with in-
creasing width, but the number of wide specimens is so low
that there is no statistic significance.

4, BENDING AND TENSILE STRENGTHS,
STRUCTURAL TIMBER

The test pieces were of pine of quality T300 with a
cross-section of approximately 50X 200 mm. The fin.
ger joints corresponded fo figure 2.1 with 2 = 10 mm,
The profile was visible on the wide side.

20 specimens were tested in flatwise bending witha =
350 mm, cf. figure 3.1. The specimens were not planed
before testing. The bending strength based on the nomi-
nal cross-sectional area had a mean of f, = 44.9 MPa
with a coefficient of variation of 16 per cent corre-
sponding to a 5-percentile of approximately 31 MPa,

19 of the fallures were caused by the finger joint, only
1 was outiside the joint. The mean value of the modulus
of elasticity was 11050 MPa with a coefficient of varia-
tion of 7 per cent,

20 specimens were tested in tension. The test specimens
were planed to approximately 48X 197. The tensile
strengths {, based on the actual areas had a mean of 28.3
MPa with a coefficient of variation of 19 per cent cor-
responding to a 3-percentile of approximately 18 MPa.
The Danish Code assumes 27 MPa for T300 and 18 for
T200. 16 of the failures were caused by the finger joint,
1 of the failures was at the grips of the testing machine.

The ratio £, /f | is approximately 0.65, i.e. the same as
found for the glulam lamellas and in accordance with
the expected theoretical value, of. the appendix,
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APPENDIX 1. THE RATIO BETWEEN TEN-
SILE AND BENDING STRENGTH

Reference is made to e.g. Johnson, A. L: Sirength
safety and economical dimensions of structures. Statens
Kommitte f6r Byggnadsforskning, Medd. No. 22, Stock-
holm, 1953,

A weakest link failure theory is assumed.

The tensile strength of a unit volume is assumed to be
Weibuil distributed with expectation value y and form
parameter k.

For a volume with length £ {finger length) width b and
thickness t* and uniformly stressed in tension with the
stress o_ . the probability of survival is G*, and

* Orax l koo w
G —(——.u r‘(1+k)) bt

I'is the gamma function.

For a volume of £bt stressed with a varying tensile stress
as shown the probability of survival is G
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Figure A.1

If the two volumes shall have the same probability of survival

then

1 — gkl
(1 —a)(1+k)

t*
--E-=

t* is the equivalent thickness.

The expectation value of the strength of 2 volume corre-
sponding to t* as compared to the expectation value of a
volume with thickness t is

b 1a
r=(—}
t

For k = 5.0, a value usually assumed for wood, r-values
are found as shown. For o < ( only the part with tensile
stresses is taken into account.

The ratio between the strength in pure tension and pure
bending (& = — 1.0) is thus theoretically 0.50 - 0.57.

Table A.1
k=5 k=3 k=17
. £t r 1/t 1/ 1/r
0.75 0.55 1,13 0.89 0.88 0.89
0.50 0.33 1.25 0.80 0.78 0.82
0.25 0.22 1.35 0.74 0.69 0.77
0 0.17 1.43 0.70 0.63 0.74
~1.0 0.08 1.64 0.61 0.50 0.67
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GLUED TIMBER STRUCTURES
PERFORMANCE

Freface: ,

This GLULAM- STANDARD should give the base for determt-
nations relating to timber, rating and performance of
glued timber structures “n the member countries of GLULAM.
Furthermore, this standard should be the base for the ‘n-
tended CEN-and IS0-standards 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

1) S cop e:

This GLULAM-DRAFT applies to lam'‘nated or to cross-lamina-
ted load bearing structural elements made of szwn timber
frém con*ferous species,

The requirements for timber which ‘s glued are stated n
Part 1.

The determinations or rules which are necessary for rating
and dimens*oning are subject of Part 2.

Deviations from the requirements of this code and the use
of materials and methods of design or construction of wood
structures not covered by this code are perm’tted when the
validity ¥s substantiated by analytical and engineering
principles or reliable test data, or both.
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2. Performance

2.1.1

2.1.2

2.1.3%
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Structural elements should be designed avoiding as
far as poss*ble stresses perpendicular to the glue-
l3ne being a2 consequence of exterior loads.

With curved beams the thickness of their lamellae
should be determined depending on the ratio r/t.

See Part 2.

Thereby " » " is the radius of curvature of the ‘n-
dividual lamella and " % " 45 its thickness.

With openings n beams, the stress maxima occuring
particularly in corners should be considered by de-
stgn measures, for example, by gluing plywood to the
respective places.

If the beam has step-like cut-outs at its end, at
the supports, the safs takeup cf traincversal and
shear'ng stresses should be considered,See part 2.

2.1.5 Tn the final state as well as “n the states of as-

2.2

sembly sufficient precautions against upsetting

should be provided by fastenings or similar measures.

With vertically loaded beams having rectangular cross-
section, the ratio should not exceed h : B £ 10, 7f

no sdditional precasutions for stabilization are taken

h......depth of the beam
P ve...width of the beam,

i e e SR did b A MR W e S AR et S ot T P2t A gy

Generally, end joints should be made by finger Jjoin-
t*ng.During manufacture, finger jo'nts should be
tested at randomn.

In the tension zones of beams, within one lameila, the
34 stance between the end joints should not be smaller
than 1.50m, otherw!se spectal measures should be




2.3
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taken to warrant the quality of the finger joints.
For the transmission of loads, butt end jointing s
not permissible.

(1) In general, the quality reguirements for lam'-
nated beams which consist of ‘ndfvidual components
having smaller cross-sections, need to be related
only to the unit as a whole but not to the “ndiv-
dual parts. However, the components be’ng s'tusted
in the tension zone must by themselves correspond
to the chosen quality class.

In laminated beams, which are stra‘ned by bending
this applies to all lamellge n 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- secton, however at least two lamellae,
must be made of boards withour end joints or of
lamellae with finger Jjoints.

End joints 4n the interior of a laminated struc-
tural element which s shiefly strained by ben-
d*ng or compresson may be butt joints. These end
joints +n neighbouring lamellae should be staggered
ad distances of at'least 50 em.

(2) wWith glued laminated timber, the cross-secton should
ne made of at least 4 lamellae.

Only glues beeing adequate for th's field of applica-
t*on and beeing tested by an authorized *‘nstitution
may be used.

The use of thermoplastic glues s not permissible.
The shear strength of the glue must be at least as
high as that of the wood, and at least correspond to
the “nstructions of DIN 68141 or AFNCR.

The glues should be resistent agzains® moi sture as
well as aga’nst chem'cal or other ‘mpacts. Therefore,
as a rule, synthetic resin glues should be used.
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Note: A GLULAM-1Yst of admitted glues should be
added as enclosure and should be completed
resp.corrected ‘n regular df stances,

B L L S p——

2.5 Conditions of gluing:

AL MRS e At S . —— e o e W — e S A

2.5.1 Only well planed lamellae should be glued, deviations
from the ‘ntended thfckness of up to L 0.2mm are
tolerated 1)

2.5.2 Intensity of pressure:

The “ntenstty of pressure should be dfstributed as
evenly as possible over the area which 4g glued and as
a rule St should be as much as 0.6 N/mme. 2)

2.5.3 Pressing time:
The pecommendation of the respective glue manufac-
turer as well as the climate (temperatur, humr*d* ty)
n the glu‘ng room should be considered.

2.5.4 Temperatur and humfdfty:
The room temperatur during pressing should be at least
as high as 18° ¢, Prior to giuing, the wood which ts
glued should be conditioned to room temperature “n
time.
The relative humidity in the gluing room should not
be less than 40% snd not more than 80%.
With redio frequency gluing, the related rules should
be obtained.

Footnotes:

1) Tests for the gluing of saw-rough timber are
carrfed through presently. Corresponding deter-
minatfons will be given, when suffictent results
are available,

2) The intensity of pressure depends on the thick-
ness of the lamellae, on the number of the
lamellae, on the shape of the structursl ele-
went ( straight or curved), on the glue used
and on the way how pressure s generated,
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2.6 Supervision:
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2.6.1 Supervigion by the manufacturer himself:
The production of glued structural elements is only
then perm’tted, when besides educated personnel
corresponding equipments and ‘nstruments are avai-
lable.
The gluings carried out should be plotted in data
sheet ( gluing records), where all the gluing work
*s recoerded showing kind and smount of the same.
The gluing records, which may be replaced by auto-
matic records {(¥DV) as well, should comprise the
foliowing data:

date, bu’lding project, marking of the structursl
element,(project No., current No.),amount of ele-
ments, wood species, wood quality, dimens*ons of the ]

]

structural element or sketch of the same, mofsture
content of the wood, outdoor temperatur, cond*to-

ning time of the prepared timber and of the finish glued
elements, start of glue spreading, start of pressing,
pressing time, intens*ty of pressure, kinds of glues

and hardeners used, gluing area per ﬁtructural ele- |
ment, glue spread per area un't {(g/m®), signature of |
the supervisor.

e o — — oret v — -

- —

Temperatur - and relative humidity *n the gluing room
should be plotted by means of a climaste-recorder.
For the supervision of the production shear-~tests n
the plain of the gluing sreas and strength-tests for
the finger joints are recommended.

For the supervision of the production shear-tests in
the pla‘n of the gluing area are recommended.

2.6.2 Supervision by competent authorities:

The production should be supervised and certificated
by an authorized institution ( associations of manu-
facturers' of glued structures, research insttutes,
ete.) using randomtests, or a supervision of this
kind may be requested by the customer.
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2.7 Pre-and post-treatment of glued structural elements:
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Tf the structural elements have more gsevere service

conditions due to mofsture a sustable surface protec-
tion *s needed but %t must be warranted that +t doesn't
interfere with the glue,

A corresponding protection against hum*d*ty during

storage and erection has to be provided.

In general, wood
after gluing, as
risk s involved

- e e bt W i oot WO s s, v e

Glued structural
mark*ngs show'ng

preservatives should be applied only
far as no guarantee s g'ven that no
if they are applfed earlier.

. T 2 —— = —— T i = St w—

elements should be g*ven durable
manufacturer and number of production.

3) Reference to other standards:

GLULAM-STANDARD Pert 1 : GLUED TIMBER STRUCTURES

REQUIREMENTS FOR TIMBER

GLULAM-STANDARD Part 2 : GLUED TIMBER STRUCTURES

RATING.
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TRUSS-DESIGN METHOD FOR CIEB-TIMBER CODE
BY
A.R. EGERUP

The Structural Research Laboratory

The Technical University of Denmark

Paper prepared for the International Council for

Building Research Studies and Documentation.

Working Commission W!18-~-Timber Structures.

Foreword.

At the meeting of CIB w18 in Perth, Scotland, June 1978, a sub-group
was formed with the task of producing a section for the CIB-Timber
Code on the design of trusses, especially with regard to the use of

nail-plates.

This paper is meant as a proposal for the section "Trusses" in the
CIB-Timber Code.

It is recognised that at present a rigorous theoretical analysis of
forces, moments and deflections will generally not be possible because

of the lack of necessary data in sophisticated computerized method.

Therefore, three methods of analvtical design are given. The struc-
tural design methods are of increasing complexity, but allow for
sophisticated analysis where sufficiently reliable data are established

from test.




7. TRUSSES

7.0 General

The design of a trussed rafter must take the following effect and
aspects of truss behaviour into consideration: eccentricities, slip
and rotation of joints, strength and stiffness variation in joints

and elements and stress-redistribution {ductility).

7.1 Design methods

The structural adeguacy of a trussed rafter design may be established
by one of the methods given below:
A. Pin-joint analysis.

B. Linear Frame analysis

C. DNon-linear Frame analysis (limit state analysis)

Pin-joint analysis.

The axial forces are determined from a statically determinant mathe-~
matical model which assumes hinges in all nodal points. The moments
in continuous members are determined from moments coefficients. The
coefficients are estimated and will in general take into account
rigidity of joints and ductility of timber, and strength and stiffness
variation in members,

Linear Frame analysis.

The non-determinant mathematical model used must be capable cf re-

producing the effect from eccentricities and semi-rigidity of joint.

The fictitious members used in the model to simulate these effects

must be determined by joint test.

The model used in the analysis must be checked by full-scale test
to ensure reasonably realistic behavicur compared with the real

structure.




Limit-state analysis.

The non-determinant mathematical model used in the calculaticon must
be capable of reproducing the effect ¢of non-linear behaviour of

members and joints.

The calculation method can be a step by step analysis or a plastic-
collapse mechanism method. A check for sufficient yield and moment
rotation capacity must be performed tc ensure the correct solution
of the ultimate load-carrying capacity.

Any of the design methods must produce the following design parameters
for use in the design criteria of the individual members and joints

in the truss.

1. Axial forces.

2. Bending moments.

3. Effective buckling length.
4. Deflections.

7.2 Members

The design of members should be in accordance with the recommenda-
tions of section 5.1. Each member should be capable of safelv
resisting the appropriate axial forces and bending moment. .

Compression members should be designed for in-plane bending and com-
pression and out-of-plane compression. The effective buckling length

should be taken as the distance between points of contraflexure.
7.3 Joints

All joints should be designed to transfer axial forces and bending
moments which are assumed to be in the design of the members joined.
Jeint moment capacity can only be disregarded if the members' fixity

in the joint is assumed pinned, and the eccentricity is small.




7.4 Deflections

In addition to deflection due to axial forces and bending moments
in members, allowance should be made for deflection due toc joint slip.
The total deflection of any joint of the truss can be obtained from

the fcllowing formula:

N_N M_M GF
_ a o a o P
6t—§:EA1+jEI dx + I—5-

where the three contributions arise from axial forces, bendinc

moments and siip in joints.
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TRUSSED RAFTERS, STATIC MODELS

H. Riberholt -~ Structural Research Labocratory, Technical University

of Denmark.

Background

February 1979 there was held a meeting at the Danish Building Research
Institute with participants from Finland, Norway, Sweden, and Denmark.
It was decided to form a working group, which should propose guide=-
lines for static models of trussed rafters. The members are: Erik
Aasheim, NTI, Norway. Bo Kidllsner, STFI, Sweden. Tuomo Poutanen,
Tammersfors Tekniska Higskola, Finland. Hilmer Riberholt, ABK, DTH,
Denmark.,

This working group (named the model group) cooperates with another
nordic group which deals with the connections (the plate group). Up
to now there has been formed no group which deals with the strength
control of the timber. The working groups primaryly deal with trusses
assembled with toothed plates.

Introduction

There exist several research reports on the strength and stiffness of
timber trusses and almost Jjust as many methods to analyse. There occurs
of course a lot of effects in trussed rafters which should be taken

into account, and every single effect gives often cause to a new method.
If one adds to this all the effects due to workmanship one gets a rather
complicated problem.

At the moment in praxis there is emploied some simple analysis methods,
f.ex. based on a pinned joint model and some tricks with moment coef-
ficients. These models have been employed succesfully for many years

on the truss types used up to now. But the types of trusses are changing

and how does this influence the analysis methods?

At the meeting February 1979 it was agreed to set up a general analysis
method.and compare it with the test results in the available research
reports. The general analysis method will be based ¢n a frame model
which will be made as simple as possible, but still be able te reflect
the most important effects in trussed rafters. A comparison with test

results and analyses with more refined methods will reveal the most



important effects which must be taken into account.

It is envisaged that the amount of work in setting up and testing
a general analysis method is considerable. But if one wants to
attach importance to the guidelines these must be elaborated care-
fully, and special attention must be paid to the implemention in

praxis,

A brief description of the basic ideas in the nordic group.

The rest of this paper contains an abstract of "Retningslinier for
statiske modeller af traspar. Andet udkast. November 1979".
(English translation: Guidelines for static models of timber trussed
rafters. Second draft. November 1979).

Of practical reasons the dimensioning of a truss has bheen divided into:
1. Analysis of forces and moments.

2. S8trength control of timber.

3. Strength control of joiﬁts (plates) .

The analysis of forces and moments depends in general of the timber
sizes and the stiffness of the joints. Introductory investigations
indicates that it is sufficient to take the joint stiffness into
account in a rough way; the joints are modelled as either pinned joints
or moment stiff joints.

The guidelines will be prepared with reference to 2 metheds. Under
the preparation of the guidelines there will be a need of more refined

methods. The methods are:

1. Simple practical methods for f.ex. hand calculation of certain

often used truss types.
2. General practical method based on a linear elastic frame model.

3. Realistic methods for scientific use, f.ex. for the calibration
of method 1 and 2.

It is the intention to set up general guidelines for method 2 and to
propese simple practical methods for a few common used truss types.

The simple methods will be calibrated so that they give the same results
(dimensions of timber and plates) as method 2.




Some essential assumptiong for a general practical method, (method 2).

GEOMETRY

As a principal rule it must be wvalid that outside the Jjoints the
system linies of the beam elements must coincide with the centre
lines of the lumber.

Where the incoming systemlinies do not cross each other in the same
point, fictitious beam elements must be introduced in order to connect
the beam elements. Under centain conditions the fictitious beam
elements may be omitted.

PHYSICAL ASSUMPTIONS

All beam elements are assumed linear elastic. The stiffness of the
fictitious beam elements is normally set to a large value, but in

some cases specific values are prescribed.

The jeoints are normally modelled as either pinned cor stiff joints,.
The real deformations in the joints are not taken into account in the
force and moment analysis, partly of practical reasons and partly due
to lack of information. In the calculation of the defiection cof the

truss the deformation in the joints can of course be included.
STATIC MODELS OF THE JOINTS

As a principal rule the joints are assumed to act as pinned joints.
There is given some guildelines for the placing of the charniers rela-

tive to the geometry of the joint, see enclosure 1.

In same cases the joints are assumed to be modelled most correctly as

moment stiff Jjoints, see enclosure 1.
SUPPORTS

Unless the supports are designed in a special way they are assumed to

act as pinned supports, eventually with a suitable degree of freedom.
LOADINGS

The loads must principally act on the truss in the form and position

as they occur in reality.

The cords are often loaded with a row of single loads with eguidistant

spacing. When the spacing is less than 2/5 of the distance between




the nodes (joints) it is accepted to let the single forces be equiv-
alent to a line load. (The error in the maximum moments is less
than 10%).

If it occurs, it is essential to take into account that single forces,
among these the reactions, in reality act eccentric on the joints

in a truss. Eccentricities may cause very large moments in the
chords.

STATICS

It is acceptable to carry out the analysis of fcorces and moments with
a first order theory, e.g. where the equations of equilibrium are set
up in the non~deformed state. The second order effects must be taken
into account in other ways. There will be given guidelines for the
effective column lengths, based on comparisons with results of a

geometric non~linear frame program.
MISCELLANEOQUS

In corder to assure that the trusses will act as assumed by the analysis
of forces and moments, there will be set up some requirements to the
production, the transport, the stability in the finished building,

connections to light partition walls and so on.

Simple practical methods

Up to now the moment coefficient method has been emploied succesfully,
and it looks like that it still will be applicable to some types of
trusses. The moment coefficients must be determined so that they give

the same result as the frame model gives.

In some types of trusses the moment coefficients are not useable, f.ex.
trusses supported eccentrically at the heel joint. 1In this case some
simplified formulas can give a practical tool for hand calculations,
see f.ex. Wood trussed rafter design, Marius Johansen et al, Danish
Building Research Institute, 1980.
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ENCLOSURE 1 Abstract of: Retningslinier for statiske modeller for
traspar.
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ber skal tilstrazbes en samling af type A

Examples of moment stiff connections
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I det fglgende er der angivet eksempler p& ueftergivelige sam-

linger, eller samlinger, der har omtrent samme virkemade.

A Heel joint

Tagfod. Dersom samlingen ved

tagfod pavirkes med en vasentlig

vére kraft, f.eks. understgtnings-

reaktionen, der skaber tryk i N

kontaktfladen mellem trazdelene, f

sa kan fglgende modeller anvendes.
Det er en forudsatning, at kraftens

angrebslinie skarer igennem kon-
taktfladen.

A Heel joint

Hvor indrykningen er stor skal

der anbringes en kile, sa remmen
er dzkket. Dersom h¢jden af

kilen h er stgrre end xxx mm,
skal fib€rretningen i kilen vare
vinkelret p& enten hoved eller fod.
Kilen skal altid fasthecldes af en

separat tandplade, der skal kunne
overfgre en kraft pd xxx.

B Scaxrf

Skarringer i hoved og fod.
Ders.m disse lzgges hegjst xxx
fra momentnulpunkterne eller
dersom de dimensioneres for den
beregnede normalkraft samt 1,x
gange det beregnede moment, sa
kan samlingen antages at vare
ueftergiveliqg.
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E-Modul in N/mm< - k-

Stab | Var.1 Var. 2 Var. 3 Var. 4 —
01 | 10.000 |16.000 |16.000 |16.000

02 |(10.000 |16000 {16.000 }16.000

03 |10.000 | 6.000 | 6.000 | 6.000

Q4. [10.000 6.000 | 6.000 | 6.000

ur {10.000 |10.000 {10.000 1{10.000

g2 (10.000 \10.000 |10.000 {10.000

U3 |10.000 10.000 (10.000 10.000

D! {10000 {10.000 |16.000 |} 6.000

D2 (10.000 |10.000 |16.000 6.000

D3 10.000 \10.000 | 6.000 116.000

D4 (10.000 |10.000 | 6.000 |16.000

¢ e —— o VS 2 oy i e e A e e e e e+ e e At

Bei der Darstellung der Momente, Stabkrifte und Spannungen

wurden alle Grépen auf die Werte wvom Grundsysten

(System 2 VAR 1 ) bezogen.

im jeweiligen System vorh. Schnittgr. bzw Spannu

Schnittgr.'bzw Spannung im Grundsystem

Die in den Diagrammen verwendeten Bezeichnungen beziehen

- sich auf die Xnoten bzw Stabnummérierung von System 1 und 2
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BUILDING INDUSTRY-WIDE STANDARD BN-78

715903
JOINERY Timber and wood-based products structures,
Panels for roof coverings. Methods of testing
PRODUCTS and strength assessment criteria.
INDEZX

1. INTRODUCTION

1.1, Scope
1.2, Field of application
1.3, Definitions
1.3,1, Measured characteristics
1.3.2, Zerc reading
1.,1.3., Bilogarithmic net
1.3.4, Rigidity of a member
1,3.5, Elasticity of a member
1.3.8, Characteristic load
1.3.7, Design load
1l.3.8. Permanent load
2. SPECITICATICNS FQOR TESTING
2.1, Technical specification
2,1,1. Specifications for a member to be tested
2.1.2. Testing equipment
2,2, Climatic conditions/temperature and humidity/
2,3. Preparation of a member for testing
2,4, Static arrangement
2,4,1. Suppert diagram
2,4,2, Loading diagram
2.5, Minimum number of members for testing

2,8, Determination of water content in ccmponents of a member

This standard has been developed by Building Joinery Research and Development
Centre, having been approved by the Director of Bullding Joinery Union on

8~ght December 1878 as a mandatory one since l=st July 197¢%r.
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3. TYPES AND METHODS CF TESTING AND ASSESSMENT CRITERIA

3,1. Rigidity and elasticity tests

3.1.1,
3.1.2.
3.1.3,
T
3.1.5.
3.1.6.
3.1.7,
2.1.8,
3.1.9,
3,1.10,

Static arrangement

Types and points of load application

Measured characteristics

Points of measurement of characteristics

Test principle

Test procedure

Determination of water cocntent in components of a member
Test results.

Test results assessment

Criteria for assessment of rigidity and elasticity

3.2, Determination of flexural strength

3.2.1.
3.2,2.
. 3.2.3,
3.2.4,
3.2.5.
3.2.6,
3,2.7.

Static arrangement
Measured chapacteristics
Test principle

Test procedure

Test results

Test results assessment

Criteria for assessment of flexural strength

3.3, Determination of impact strength

3.3.1.
3.3.2,
3.3. 3.
3,34,
3.3.5.
3.3.6,
3.3.7.

Static arrangement

Points of load application
Test principle

Test procedure

Test results

Test results assessment

Criteria for assessment of impact strength

3,4, Determination of long-term load resistance

3.4,1,
3.4.2,
3.4.3,
3.4.4,
3.0,
3.4.6,
3.4.7,
3.4.8,

Static arrangement

Type and value of load

Time of lead action

Measured characteristics

Principle of deflection measurement
Test principle

Test procedure

Principle of determination of temperature and relative humidity of air
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3.4,9, Test results

3,4,10, Test results assessment

3.14,11. Criteria for assessment of long-termload resistance
3.5, Determination of characteristic load resistance of a member having wetted j
surface

3,5.1. Static arrangement

3.5.2. Type and value of locad and mode of its application
3.5.3., Measured characteristics ;
3.5.4, Test principle |
3.5.5., Test prccedure
3,5.6, Test results
3.5.7. Test results assessment
3.5.8, Criteria for assessment of characteristic load resistance of a member
having wetted surface
4, SELECTION OF TYPES OF TESTS AND TEST REPCRT
4,1, Selecticn of types of tests
4,2, Test report
ADDITIONAL INFORMATICN
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1. INTRCDUCTION

1.1. Scope. This standard concerns strength tests and criteria for
assessment of wood and wocd-based panels for roof coverings.

1.2, Field of application. This standard shall be applied for:

a assessment of new pansls/prototype ones/, determination of their detailed
characteristics and performance,
b quality inspection of serialized precduction,
¢ sampling &cceptance inspection,
d quality inspection of elements rejected during acceptance
1,3, Definitions,

1,3,1, Measured characteristics =~ characteristics to be measured eg

deflection, action, water content.
1.3.2. Zero reading - initial reading at the start of the test,

1.3.3. Bilogarithmic net - double logarithmic net having abscissa and

ordinate in logarithmic scale,

1.3.4, Rigidity of a member - its deformation resistance under actual

short—-term loads,

1.3.5. Elasticity of a member - its permanent deformation resistance

under varying in-service leoad.

1.3.8, Characteristic load - acc, PN-74/B-02009,

1,3.7, Design load - acc., PN=-74/8-02009.

1.3,8, Permanent load - acc, PN-74/B-02009,

2, GSPECIFICATIONS FOR TESTING

2,1, Technical specifications,

2.1.1. B8pecifications for a panel to be tested, A panel to be tested

shall comply with standard specification or technical deocumentation as far as
variability of its dimensions, form as well as types of characteristics of iis

components are concerned.,
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2,1.2. Testing equipment. Testing machines, gauges, structure of supports

and auxiliaries shall comply with PN-73/B-06281, Ancther testing equipment shall
be allowed a&lsc but always having the same accuracy of measurement of loads
and readings.

2.2, Climatic conditicns., The test shall be performed in closed rooms,

isclated from direct effect of weather. The temperature of 17-23°C and relative
humidity of air of 50-60% are recommended, When particular specifications are
required cther climatic conditions shall be allowed,

2.3, Preparation for testing. The preparation of a member for testing

is as follows:

a 1inspection of its accordance with the specifications as in 2.1.1.

b desecription involving type, structure, composition, deviation from
specifications as in 2.l,l., quality of finishing and other data, which can
influence the test results, eg if treated or not, type of preservative,

¢ determination of dimensions and mass of a member,

d determination of a form, number and situation of joints,

e determination of type and number of connectors like nails, screws, glue and
assembly of joint eg by pneumatic or manual nailing,

f marking of a member nct to be mistaken with ancther one,

g determination and marking of points for measurement and application of loads,

h determination of water content in components of a member,

1 seasoning in accordance with 2,2, until constant water content shall be
reached, but at least for 6 days,

2.4, Static arrangement,

2.4,1, Support diagram. The statiec arrangement of 2 panel shall correspond

to its technical for-design or to its real in-service conditions,

& substitute of static arrangement/simplified one/is allowed if there is a

possibility of transforming the results to a panel required,
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2.4,2, Loading diagram. The type and points of load application shall

correspond to its technical for-design, to respective standard or in-service
conditions, An alternative loading diagram shall be allowed if there is a
possibility of transforming the results teo a diagram required.

2.5. Minimum number of panels for testing. For all the tests as in 1.2,

a and @ A © 3 panels, for tests as in 1,2,b a2 number of panels shall
correspond to that customary used for gquality inspection and for tests as in
l.2.¢c a number cf panels shall correspond to that used for determined method
of acceptance,

2.6, Determination of water content in components shall be done using

a drier and a balance or hygrometers having an accuracy of 2%.

3. TYPES AND METHODS OF TESTING AND ASSESSMENT CRITERIA

3,1 Rigidity and elasticity tests

3.1.1. Static arrangement for tests acce., 2.4,

3.1.2, [Type and points of load application acc. 2.4%.2.

3.1.3, Measured characteristics, During investigations the following

characteristics shall be determined,

a actual deflection under characteristic load,
b actual deflection under design locad,

¢ deflection after 2% hours under design load,
d¢ deflection after unloading,

3,1.4, Points of measurements shall be determined by the scientist before

an investigation is started. Those are points corresponding tc maximum value of
measured characteristics, specified in technical for-design or by established
static calculations analysis, There is no possibility of determining them in

theoretic way but only on the hasis of preliminary tests,

3.1,5, Test principle, The test ceonsist in applying leoads and measuring

deflections so produced,
3.1.86, Test procedurs. A member shall be placed on supports as in static

arrangement in 2.,4.1,
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Gauges for measurement of characteristics shall be installed as in 3,1.3, in the
points specified in 3.1.4,, then zero readings are taken, Afterwards the
members shall be loaded with characteristic load in accordance with its for-
design or corresponding standard, and again readings are tzken, The design

load shall be applied taking respective readings, Under this lcad a member

is left for 24 hours and readings are taken. Later the member is lecaded until
permanent load is reached and again readings are taken. The successive readings
are taken after 2 hours from unloading, If gauges used are able to record data
continuously, the assessment of recording is dene after the test is over,

3.1.7. Determination of water content in components shall be dene as 2,6,

immediately after finishing the tests,

3,1,8, Test results. Taking an advantage of gauges indications the

following shall he derived:
a total deflection of a member Ua - mm, under characteristic load/considering
also its dead load/ from the formula:
U o= U o+ U /1/
where:
Y . - deflection of a member under characteristic load without considering

bl

its dead load, mm,

Ul - deflection of a member under its dead load, mm,
9
U, = — , U
1 . bl
where!

q; - dead load cf a member, Pa,

q - charecteristic load, Pa,
C
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b “total deflection of a member, Ub’ mm, under design load is calculated from
the formula:
U =0 + U /2
where:
Ub2 - deflection indicated by gauges under design load without
considering the dead lcad of a member, mm,
Ul - from formula /1/.
¢ permanent deflection of a member Uc’ mm, is calculated from the formula:
U =W - W /3/
where:
Wk = indications of gauges after 2 hours from unlcading, mm,
Wz - indications of gauges before starting the test, so called, zero
readings, mm,

3.1.9, Test results assessment. To assess the rigidity and elasticity of

a member is necessary:

a calculate alleowable deflection coefficient, r,, from the formula:

d’
Ua
bos 2 /4/
d U
dop

wherei
u, - is from the formula /1/,
Udop - allowable deflection in accordance with PN-73/B-03150,

b calculate permanent deflection coefficient, P from the formula:

Uc
Yy T T /8/
a
where:
Uc - from formula /3/,
U, - from formula /1/,
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¢ derive lcocad-deflection curve pleotting Ua /formula 1/ and
/formula 2/,

3.1,10. Criteria for assessment of rigidity and elasticity of a member

a r, g 1,0

d

b r, g 0,20

3,2, Determination of flexural strength

3,2,1, Static arrvangement - acc., 2.4,

3.2.2. Measured characteristics. In order to determine flexural strength

the following characteristics shall be measured:
a failure load value,
b maximum deflection corresponding to failure lcad,

3.2.3, Test principle. This consists of impesing on a member a gradually

increasing load until failure shall occur and measuring deflection under this
load,

3.2.4, Test procedure. The member prepared for the test as in 2.3,

shall be placed on supports as illustrated on static arrangement 2.4,1, After
the gauges are fixed as in 3.,1.4. zero readings are taken as 3,2,2., and then
the member is gradually loaded with increasing load until failure. For leading
ballast weights are used, up to 25% of characteristic load, determined by
technical for-design or by respective standard. Every next load shzll be
applied after 15 minutes from the anterior one. After failure is necessary
determine: failure load value, water content in components of a member as in
2.8, and estimate deflection under failure load,

3.2.5, Test results. On the basis of measurements the folliowing shall

be derived:

a estimate maximum deflection under failure load, Un’ mm, from the formula:

%4
n o U /67

v b
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where!

q " failure load including dead load, Pa,

q, - test load /without dead load/ corfesponding to maximum deflection, Pa,

Ub - deflection indicated by gauges in the test loads range, mm,

b Zfailure load - shall be determined with an accuracy of 3% according with
PN-73/B-06281.

3,2,6., Test results assessment. In order %to determine flexural strength

of a member, safety ccefficient,s, shall be calculated from the formula:

w
"

[/

$°1°

where!
q - characteristic load, determined in for-design or standards,
qQ, - from formula /6/.

3.2.7, CLriteria for assessment of flexural strength.

s z Sdop; s - from formula /7/;
sdop -~ allowable safety factor calculate from the following formula:
o
Sdop ) D.m 8/
where ! 5
i Py ey
n, ® ni - load factor acc,
: qus BN=-74/B=-02009 and
EN-74/8-02010,
Qg ~ characteristic loads acc. PN-74/B-02009,
m - correction factor acc. PN-73/B-03150; before corresponding values will be

introduced into standard, this factor for wood-based materials shall be

taken as for solid wood but not exceeding 1,0
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p - limiting stress coefficient for a member made from solid wood
p & 0,6, from plywood p = 0,5, from fibreboard p = 0,4, from other wood
based materials p = 0,3, from composite members
p shall be taken as for extreme fiber in it,

3.3. Determination of impact strength

3,3.1, Static arrangement - acc, 2.4.1.

3.3.2, Points of lcad application, The points of applicaticn of dynamic

and static loads shall be determined individually for each case in relation with

the structure of a member to be tested. The point of application shall be most

weak cones considering local or total strength of a member, eg in the middle span
2

between ribs. The area of static load applicaticn shall be of 0,5 m",

3.3.3, Test principle, The test consist in application of dynamic load,

determination of failure and resistance against concentrated lcads,

3.3.,4, Test procedure. The test is performed in two stages, The member

prepared for testing as in 2.3, shall be placed on supports as on static
arrangement 2.4,1, In the first stage it shall be submitted to 3 impacts of

a building paper roll having a mass of 45 kg, falling down from 1,5 m, measured
in its centre of gravity, in a point determined in 3.3.2,, what shall be done as
follows: during the first impact the axils of a rcil shall be perpendicular to

a tested member, during the second on the axis shzll be parallel to its shorter

side and during the third one parallel to its longer side. Then failure is stated.

In the second stage the member shall be loaded with 2 kN static load imposed to
its surface as in 3,3.2, and the failure or behaviour under load stated.

After the test is finished water content shall be determined in component of the
member as in 2.8,

3.3.5., Test results, Failure of a member or its absence shall be stated.

3,3,8, Test results assessment., The assessment consists in describing the

failure of a member.



BN-78/7159-03 12

3.3.7. Criteria for assessment of impact strength., During the two stages

of the test, the member shall not be totally destroyed,

3.4, Determination of long-term loads resistance

3.4.,1. Static arrangement - acc. 2.4,

3.4.2, Type and value of load shall correspond to design load determined

in for-design or respective standards,

3.4,3, Time of load action is determined individually in relation with

test results and the test is conducted until there will be a possibility of
establishing an estimate relation between deflection velocity variations anﬁ
loading time., Minimum time of load action, if a member have not failed before,
is 100 days.

34,4, Measured characteristics, Testing the member under long-term

load the fecllowing characteristics shall be determined:

a deflection in time,

b failure locad, if a member has failed,

¢ time to failure, if a member has failed, ‘
d temperature and relative humidity of air in testing room,

3.4.5. Principle of deflection measurement. Deflection shall be measured

continuously /continuously recorded/., Periodical readings are also allowed
following the suggestions:
- the first reading shall be taken before loading the member,

~ the second reading shall be taken immediately after loading,

the following readings shall be taken at least:
- every 24 hcurs fer 10 days,
- every 48 hours for 20 days,

- every 5 days for 30 days,

and then readings shall be taken at least every 10 days.

3.4.6, Test principle., The test consists in loading the member with a

load having determined value and establishing the measured characteristics,
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3.4,7. Test procedure, A member prepared for test as described in 2.3,

is pliaced on supports according to static diagram as in 2.4,1, Then gauges are

installed for measuring the characteristics as in 3.,4%,4, Afterwards zero
readings shall be taken in the points specified in 3,1.4, The member is loaded

with ballast weights up to value determined in 3.,4.2, and respective readings

are taken, The member is left under lcad for a time determined in 3,4,3,
" recording indications of gauges, or readings are taken during loading as in

3,4,5, After the time required the member is unicaded and corresponding

readings are taken., The readings are taken then after 24 hours from unloading.
The test being finished, water content in components of a member is determined
as in 2.6,

3.4.,8, Principle of determination of temperature and relative humidity of air,

Temperature and relative humidity of air shallbe recorded continucusly,

3.4,9, Test results, After the test is over the following deflections of

a member shall be recorded in mm:

a after lecading,

b during loading at intervals as in 3.%,5,.,

¢ after unloading, |

d after 24 hours since unloading.

If failure occurs its character shall be described and points of failure defined,

3,4, Test results assessment. In order to determine long-term resistance

of a member is necessary:

a calculate deflection velccity in time, Vt’ mm/24 h, from the formula:

V, 8 e— /8/

wherpe:
Ut - deflection after a time, t, mm
UO - initial deflection of a member after loading, mm,

t - loading time, days, being equal at least to a time as in 3.4.3.,
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b plot a relation time, t -~ deflection velocity, V_, in bilogarithmic scale,

£
abscissae axis having time in days scale and ordinate axis having deflection
velocity scale in mm/24% h,
¢ approximate the graphic so cbtained acc, b/ to get a direct line of time -
deflection velocity relation,
d determine an estimate mathematical data m from the formula for direct line as
in ¢/s

lg Vt =mlgt + 1g = /10/
where:
m ~ directivity factor of a direct line/tangent of an angle of its inclination

in relation with abscissae axis,

z - theoretic deflecticn velocity, Vt’ after 1 day from loading mm/24 h.

e determine in-service deflection, Ue’ mm, and servicing time of s member, te’

until failure, in days, from the formulae:

U =2z, ¢t + U /1lx/

t, /12/
where !
T, - planned or designed time of service of a member until failure, days,
UO - acc., formula /9/,
Un ~ acc, formula /6/,
m and z ~ ace. formla /10/.
f derive permanent deflection factor rid from the formula

U
_ trw
Tva T T /13/

o}
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where!
Utrw =~ deflection after 24 hours from unloading
UO -~ from formula /9/.

3.4.11. Criteria for assessment of long-term load resistance,

3
a
b Ue < Tedop or T 3 m Stp

where:

Uedop -~ allowable deflection in final stage of serviceof a member, determined
by for-design or standards, mm,

t - servicing time of amember, if determined by technical documentation,

Other symbels from formulae: /6/, /11/, /12/ and /L3%/,

3.5, Determination of characteristic load resistance of a member having

wetted surface

3.5.,%, 8tatic arrangement - acc., 2.4.1,

3.5.,2. Type and value of load and meode of its application in accordance

with the for~design or respective standard for a characteristic load.

3,5.,3, Measured characteristics, Is necessary o describe a mode of

failure and supported load.

3.5.,4, Test principle, The test consist in wetting the whole surface of a

member, imposing the characteristic lecad and stating of eventual failure,

3.5.5, Test procedure. The member prepared for test as in 2.3. is placed

on supports as in 2,4.1. To the edges of a member a strap of building paper is
attached, 5 cm deep, protecting it against water leaking, The recipient sc formed
is filled up with water up to 2 cm and left for 24 hours., Water shall be added

to maintain the member surface always under water, After 24 hours of wetting,




BN-78/7159~03 16

water shall be removed and a member loaded with ballast until imposing
characteristic load as in 3,5.,2, After 0,5 hour the state of a member shall
be defined. If a member is destroyed earlier, fazilure lcad shall be determined.

3.5.8, Test results, Failure or its absence shall be stated.

3,.5.7, Tests results assessment, Grade of failure shall be described.

3.5.8, Criteria forassessment of characteristic load resistance of a

member having'wetted surface. The member shall not falil under a

load smaller than characteristic one, determined by for-design or respective
standard.

W, GSELECTION OF TYPES OF TESTS AND TEST REPORT

u.l.A Selection of type of test. Type and method of testing shall be
determined for each case as in 1.2, Tor assessment of members as in 1,2.a
all the tests included in this standard are recommended, and for quality
assessment as in 1,2,b-d tests as in 3,1. and 3.3, are recommended,

b.2, Test report. Every test report shall include:

a description of a member as in 2,3.a-h,

b description of static arrangement as in 2.4.,

¢ data concerning accuracy of gauges used,

d description of test performance /with photographs if possible/,

e specification of test results.

Additicnal information
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On Testing Whether a Prescribed Excluéion
Limit is Attained

W.G. Warren

INTRODUCTION

The problem addressed is that of testing whether a prescribed
exclusion limit (fifth percentile) is attained in a well-defined population
of plywood panels. This population can be envisaged as, and may in actu-
ality be, a shipment. It is assumed that sampling of the shipment is
effectively at random, and that the sample size is a negligible fraction
of the population (shipment).

Several strategies will be considered:

(1) VFixed sample size, normality assumed

(2) Sequential sampling, normality assumed

(3) Fixed sample size, distribution free

(4) Sequential sampling, distribution free.

For (1) and (2} a study of the robustness against departures from
normality will also be undertaken.

Sequential sampling with normality assumed was considered by the
writer in a Supplemental Report (May, 1977). 1In this report the develop-
ment of the operatihg-characteristic curves is not correct; an approximation
of the unconditional distribution of the statistic X - ks (see below) was
used instead of the conditional distribution given that a decision had not
been reached at a previous stage. The implementation of the scheme is not
affected but the operating characteristics are in error, although it is
difficult to ascertain the magnitude of the error. Indeed, the curves
obtained may well be reasonable approximations.

A sequential strategy, based on the normality assumption, thus
needs redevelopment. Mathematically this is'not an easy task., Since
operational sample sizes are urgently required, a fixed-sample size
strategy will be considered, firstly, with sequential methods to be discussed

in a subsequent note.
THEORY

Let us assume that the quantity of interest is normally distzri-

buted, and we can obtain a random sample of size n. Then, a lower 95%



tolerance limit with specified confidence is given by
x - ks
(x = %xi/n, s = %(Xi - x)2/(n - 1))

where k = k(n,y) ig chosen so that

P(x - ks < Xu) =y
where X is the 5th percentile of the population. The statement,
P(% - ks < Xu) = v is equivalent to

P(F(x - ks) < F(x)) =¥

i.e. P(F(x - ks) <0.05) = v

where F(+) is the cumulative distribution function of the variable of interest.
In words, the probability that at most 5% of the population falls below
x - ks 1s v (specified). Tables of k are available for selected values of

v and sample size, n.

Suppose we take v(0 < y < 1) large, i.e. there is a high probability
that x - ks will not exceed the true fifth percentile. Then, if X, is some
specified critical value, and if x - ks > x, we can be reasonably confident
that the true fifth percentile also exceeds X, i.e. that the shipment
complies with the requirement. (xc falls below x - ks which, with sufficiently

high probability, falls below xa).

Conversely, let us take y small; the probability that X - ks exceeds

the fifth percentile is now large, i.e.
P(x - ks > xa) = 1-P(X - ks ¢ Xu) =1 -y .

Suppose that x - ks < X, i.e. X - ks falls below the critical
value, we could then be reasonably confident that the shipment does not
comply with the requirement (xC lies above x - ks which, with sufficiéntly
high probability, is greater than Xa)'

Let us write these values of k as k; and k,, respectively (kj > ki)
and the associated values of v as y; and Yo, respectively.

Note that if x — ks < X, < X - k)8 we are in a state of indecisionm,
i.e. we are not sufficiently confident that the shipment complies or does

not comply with the requirement.




It remains to quantify what is meant by "reasonably confident"

or "sufficiently confident".

If the sample value x - kis actually falls above X (unknowm) we
run the risk of incorrectly judging that a shipment complies, conversely,
if x - kos falls below x, we run the risk of incorrectly judging that a

shipment fails to comply.

Such incorrect judgements have different consequences. For example,
if a shipment that does not meet the requirement is incorrectly passed, there
is a higher proportion of weaker material than allowed and hence an increased
chance of structural failure. The cost of such failure will, of course,
depend on the end use. On the other hand, the incorrect rejection of a
shipment that meets the requirement while not affecting the purchaser, would
result in economic loss to the supplier; indeed the rejection of one shipment

may jeopardize a supplier's chances of further supplying a particular market.

No such risks surround the acceptance of a complying sample, but
if this is the result of overcompliance there is inefficient use of the
material, an aspect which also demands consideration in a time of dwindling

resources.

The quantities y;, Y, have to be chosen, in conjunction with the
sample size, toc reduce these risks to acceptable levels. This, in turn
depends on the value ascribed to the potential consequences, and to the costs
of sampling and testing. Note that, because of the asymmetry of the conse-

quences, one would not necessarily chose y; = 1 = vy,.

The operating characteristics, here expressed as the relationships
between the probability of acceptance/rejection and the actual shipment 5th
percentile, provide a rational basis for choosing a strategy. Operating
characteristic curves have therefore been developed and are presented for
selected values of v, vy and for several sample sizes. The critical value
of X, has been taken as 4305 (= 2.1 x 2050, 2050 being the current allowable
value for 5 + plies, face grain parallel to span) and the coefficient of

variation as 207 (based on available data of equivalent material).

The operating characteristics have been obtained as follows:

P(x - ks < XC) = PCE_:_EE < k)
s




and under the normality assumption t' = vp (x - xc)krisdistributed as a
non-central t with non-centrality parameter vn(u - xc)/U and (n -~ 1) degrees

of freedom.

X =X
C

Accordingly PG—T;H—— <k) = P(t' < vn k). The latter has been

plotted against X the values being obtained from an in-house computer
program for the distribution function of the non-central t. Figs. 1.1-5.9

give the operating characteristics for all combinations of

0.01, 0.05, 0.10, 0.25, 0.50, 0.75, 0.90, 0.95, 0.99
10, 20, 40, 80 and 160,

Y

and

INTERPRETATION

Let us start with Fig. 1.1 (an = 10). v is small so that this

figure represents
P(x ~ kos < x ).
c

If x - kos < x we would wish to reject, and the probability of rejection is
x = 4305
d

given as the right-hand ordinate. Then, if xa
P(x - ko8 € x) = P(x - kos < x ) = 0.0L (= v,)
Clearly, for X, < xC , P(x - kos € Xc) > 0.0l and, indeed,

P(x - kos < xc) increases as %, decreases.

The complement of this is Fig. 1.9, ¥y is large (0.99) so that

this figure then represents
P(x - ks € x ).

1f % - kis > xc we would wish to accept, and the probability of acceptance

is given as the left-hand ordinate. 1If X, T X, = 4305
P(x - kis > x) = P(x - kis > %)
=1 -P(x - k5 € x,) = 1-0.99 = 0.01.
Clearly, for , > X, P(x - k15 > xc) > 0.0l and P(x - ks > xc)
increases as Xa increases.
We take y; to be large so that there is a low probability of

c
is clearly less than 1% (Fig. 1.9). Likewise, we take ¥, small for there

accepting a shipment if x, < xc. The probability of accepting if xa < X




to be a low probability of rejecting the shipment if x& > X . Clearly this
is < 1% (Fig. 1.1).

A consequence of these no doubt desirably low probabilities is
that the probability of accepting a shipment is also low when xa > xc unless
X, is very much greater than X and the probability of rejecting is also
low unless xa is very much less than xc. Indeed, with sample size 10, for a

wide range of X the outcome would most likely be indecisive.

For example, a shipment with x, = 3430 would have a 50% chance of
rejection (but no chance of acceptance) while a shipment would have to have
xa > 10330 to have better than a 50% chance of acceptance {(with no chance of

rejection).

We will use this interwval (3430, 10330) as a measure of the width

of a "zone of indecision'.

It would be surprising if the strategy represented by Figs 1.1,
1.9 were regarded as viable. The zone of indecision can be reduced by (1)
increasing the sample size and/or (2) allowing greater risks of wrong
decisions, i.e. decreasing (increasing) v; (Y¥,). Consider therefore Figs.
1.2, 1.8 {n = 10).

The probability of rejection with Xa> xc has increased. (as has
the probability of acceptance with X, < xc), although depending on. the
costs, these risks may not be damagingly large. The probability of
rejection with X, > X, (= 4305) is less than 5% and is less than 1% for
x, > 4700, The probability of acceptance with X, % 4305 is also less than
5% and is less than 1% for xa < 3800. Our measure of the width of the zone
of indecision is reduced to (3600, 6550). This still seems uncomfortably

wide unless substantial overcompliance were the accepted practice.

The operating characteristics for vy, = 0.10, y; = 0.90 are given
in Figs. 1.3 and 1.7, respectively (n = 10). The probabilities of incorrect
acceptance/rejection are farther increased; for there to be less than a 1%
chance of incorrectly rejecting a shipment x must now exceed 4900 and
for there to be less than a 1% chance of incorrectly accepting a shipment
Xu must now f£all below 3610. On the other hand, the zone of indecision is
now measured as (3720, 5735). There is, however, a new complication, at

X, = 3720 there is a 30% chance of rejection, but unlike the situation




where y, = 1 = v, < 0.05, where the probability of accepting at this boundary

value was close to zero, the probability of acceptance is here approaching 2%.

The operating characteristics for y, = 0.25, y; = 0.75 are given in

Figs. 1.4, 1.6, respectively (n = 10}, The trends noted above continue.

The operating characteristic for vy, = v; = 0.30 is given in Fig.
1.5. Here there is, of course, no zone of indecision, however the prob-

ability of incorrect decision may be intolerably large.

The zone of indecision can also be eliminated by taking vy = v,
(# 0.5) but here the probability of incorrect decision will exceed 50% for
some values of x . This also seems intolerable unless we are indifferent

to the outcome for X just below or just above X,

There 1s, of course, no requirement that vy, = 1 - y;, so that any
one of Figs. 1.1 through 1.5 can be used in combination with any one of
Figs. 1.5 through 1.9. One is also free to choose wvalues for y other than

those illustrated here.

If an acceptable strategy cannot be found with n = 10 there is no
alternative but to increase the sample size. Operating characteristics are
given for n = 20, 40, 80 and 160 in Figs. 2.1 through 5.9. These may be

interpreted in the same manner as Figs. 1.1 through 1.9.

In Fig. 6 we plot the values of X, above which the probability
of incorrectly rejecting the shipment is less than 17 against sample size
for specified values of y,. Also, in Fig. 6 we plot the values below which
the probability of incorrectly accepting the shipment is less than 1% for
specified values of y;. This 1s repeated in Figs. 7 and 8 but for prob-
ability less than 57 and 10%.

To illustrate a use of these figures, suppose that, because of
the incorporation of a safety factor in the allowable load, we feel that
no harm would be done if X, fell below X by 1o more than 10%. Then we
might specify very low probability of acceptance (less than 1%, say) for
X, below 0.9 x 4305 = 3875. From Fig. 6 we see that this can be attained

with the following combinations of v; and n.




1 n
0.95 20445 L 10 = 13.7 = 14
0.90 21437 £ 10 = 25.8 = 26
0.75 2240 L 10 = 52.8 = 53
0.50 2333 £ 10 = 102.0 = 102

Conversely, we may feel that by far the greatest part of production
will have x, well in excess of X, 80 that the actual rate of erroneous
rejection of complying shipments would be low, and hence we may tolerate a
relatively high probability of erroneous rejection for shipments for which
X, just exceeds ¥ Suppose, for example, we allow a 10% erroneous rejection
rate when X, exceeds X, by 5%, i.e. for X, = 1.05 x 4305 = 4520, Fig. 8

shows that this can be achieved with:

1, n
0.25 21465 4 10 = 31.4 = 32
0.50 2380 10 = 139.3 = 140

These are boundary points; clearly we will reduce the erroneous
acceptance/rejection rate by fixing n and increasing (decreasing) Y, (72)

or by fixing Yl (Yz) and increasing n.

Note, however, that the probability of indecision will also be
affected. Recall that for fixed n the probability of indecision decreases
with decreasing v and increasing Yz’ so that we cannot have the best of
all worlds. To glve some feeling for how the probability of indecision
changes with sample size, the width of the zones of indecision are illus-

trated in Fig. 9.

Figs. 6 through 9 show that at some point the improvement brought
about by increasing the sample size is not commensurate with the cost of

sampling and testing.

The above operating characteristics are based on a coefficient
of variation of 20%. The coefficient of variation is unknown - hence one
should examine the effect of the coefficient of variation on the operating
characteristiecs. In Fig. 10.1-10.3 we gave the operating characteristic
for coefficients of variation of 15%, 20% and 25%, for y = 0.05, 0.50 and
0.95, n = 40.




-8 -

From these figures it is clear that incorrect specification
of the coefficient of variation can have an appreciable effect on the
operating characteristic. Indeed, reduction of the ccefficient of
variation ffom 20% to 15% is virtually equivalent to doubling the sample
gize from 40 to 80, while an increase in the coefficient of wvariation

to 25% has an effect very similar to halving the sampling size to 20.

In conclusion, it is emphasized that it is not the intent of
this note to recommend any particular strategy, but rather to put forward
information which coupled with knowledge of costs, etc. will enable a

suitable strategy to be selected.

May 1980
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LIST OF CONTENTS

Addition:
9, CALCULATION OF FIRE RESISTANCE

1.4 Notations

Addition:
Main symbols
¥ Partial coefficient (load factor, material factor)

Subscripts
Accidental

Design

a

d

f Lead (on v)
k  Characteristic
m

Material property {on ¥)

Subscripts are omitted whenever possible without confusion.

As an example (5.1.1.1 a)ioy < kg o ft,O is to be read as o, g < kgpe o ° £ 04

2.1.1 Characteristic values
Change:

The characteristic strength and stlffnes« values given in thls code for timber and wood-based materials are
defined amower S-percentile values 2 :

directly applicable to a load duration of 3 to 5 mins. at a temperature of 20 + 3°C and relamve hurm«

dity of 0.63 + 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.

=Fthe population

2.2 Climate classes
Change:
The name will be changed to Moisture classes.

Addition:

Based on the moisture properties of ordinary softwoods Figure 2.2 shows the moisture class dependent on
temperature and relative humidity.

relative humidity

1.00

FAvS
L moisture class

—20 0 20 1GG

Figure 2.2 temperature " C



, 2.3 Load-duration classes
Change:
The name of the load-duration class »normal» will be changed to long-term

The examples in Table 2.3b are for permanent structures (not buildings only)

3. BASIC DESIGN RULES

Change:
Most of Chapter 3, which is mainly included for information, will be transferred from »normal
print» {main text) to »small prints.

3.0 General
Addition;
The design can be based on calculations, on testing or on a combination hereof.
wher eyposee! v arn
Change: accjelerrbe/ (oael
"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 Kue o ar ccc solenta/ oy

a) designing the structure in such a way that if any single load-bearing membeﬁ)ecomes 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 accidentat load,

4.1.1 Standard strength classes
Addition: :
The standard strength classes can be used also for round timber (poles).

Change:
The lines:
It is emphasized that the introduction of standard strength ciasses does not prevent the introduction of other grades
with for example higher values for.EO‘meanlfm and ft,oﬁm'

are transferred from »small prints to »normal printy (main text).

4.3.1 Standard glulam strength classes

Change:
The lines:
Glulam made from finger jointed timber corresponding to SC30 in the extreme eighths of the cross-section on
either side, however at least two lamellas on either side, and to SC24 in the rest of the cross-section can be con-
sidered to correspond to SCL38. A corresponding combination of SC24 and SC19 can be assumed 10 correspond
to SCL 30.
CIB-W18 will produce an annex to this code indicating how the regquirements of these standard glulam strength
. classes may be met by existing national practices.
are deleted.
Addition:

It is emphasized that the introduction of standard strength classes does not prevent the introduction
of other grades.




=

4,7 Steel parts

Change:
Nails, screws, and other steel parts should as a minimum be protected against corrosion according to
Table 4.7. The protection is described in relation to ISO 2081, Electroplated coatings of zink on iron
or steel, but other protection systems may be used. The requirements for protection against corrosion
may be relaxed where surface corrosion will not significantly reduce the load-carrying capacity. |

Table 4.7 Minimum protection against corrosion

climate class nails, screws and bolts other steel parts
1 nonel’ nonel}
none - Fe/7Zn 5¢2) Fe/Zn Be
2 Fe/Zn 12¢ Fe/Zn 12¢
3 Fe/Zn 25¢%) Fe/Zn 25¢%)

L In permanently heated buildings without artificial humidifying.
2) Only for nails with d < 2.8 mm.

3) Under severe conditions: Fe/Zn 40c or Hot dip zink coatings.

The consideration for the finish of the structures may call for stricter rules for corrosion protection, especially
in climate class 2. Atfention is drawn to the fact that certain woods, e.g. oak, and some treatments may have
a corroding effect, and other protection could be called for,

5.1.0 Characteristic values

Addition:
In Table 5.1.0a a column on SC 38 will be added (the values will be the same as for SC 38 in
Table 5.2.0a).

RSSLepre( Ao be
Change: /

_ * In roliing shear the shear strength may be Mv/ 2

cerred

Change: y

5.1.1 Tension members, compression membersygeams andToirrae.
Addition:

2)

All stresses and strength values in this chapter are design values, cf. Chapter 1.4 and 3.3,

5.1.1.0 General
Change:
Reductions in cross-sectional area due to notching ete. shall be taken into account. No reductions are

necessary for nails end-sesewe with a diameter of 5 mm or less/ anel withord /W?dr/‘//)'f'?ﬁ ,

5.1.1.7 Compression and bending with column effect
Change:

On Fig. 5.1.1.7 2, fco» should be »EO/fco».



4
Change: :
Table 5.1.1.7 Relative effective length of compression members
Condition of end restraint 2./8
Restrained at both ends in position and against rotation 0.7
Restrained at both ends in position and one end against rotation 0.85
Restrained at both ends in position but not against rotation 1.0
Restrained at one end in position and against rotation and at the other end
against rotation but not in position 1.5
Restrained at one end in positicn and against rotation and free at the other end "G 2 2,
5.2.0 Characteristic strength and stiffness values
Change: ) asswmecl 75 be
* In rolling shear the shear strength may be é-eq-ud-bo £,/2
Taperecl
5.2.2 ébﬂﬁ beams
Change: .
{/_3—2— for uniformly distributed load Z.0
kg = —t [ (5.2.2 b)
size, 90 49-6'5' 4 W2,
oz for other loading /7
A%
Change:
Figure 5.2.2.c:
WA : Y
0.2 Lomean | 5 % Sh.mean x 15
. / €30, mean
ozse /
o as257 ] Qs s - ,//
150 / _.’.5.:--//
I ' e S
T
2.5t 240
Oa 0! 0,2 hgpex /tmean 0.3 » 00 0,1 0.2 Papax “Tmean ._'OJ
Change:
Figure 5.2.2.d:
bm A £y mea * !
Wr— EQOQ_-I—I;;E *0 ) 2’;F Somean. , 45
13 g =25% '3 EQO,mean .
L) 7] S— T las2se
17 .
Ls \ T e T
1.5 !
1.4 T . —
. m— o 15 o
13 .
" ‘\‘_75- - //
M 2 ? i
10 i .
0 o1 9,2 0.2




5.2.3 Curved beams
Change: e —
for uniformly distributed load /‘ é

Ksize,00 = .\éi;.f{ — VAV (5.2.3 e)

'\}63 for other loading

6.1.0 Load-carrying capacities, general
Change:

In cases where the slip is important lower values shouid be used.
Attention is drawn to the fact that certain fasteners, e.g. nails, bolts without connectors and bolts with split ring

or shear-plate connectorsﬁave only inferior strength and will reveal great sl;p.fwhen exposed to heavy stresses with

: @requently alternating directions or vibrating load

6.1.1.1 Laterally loaded nails
Timber-to-timber joints

Addition:
The slip at serviceability load is about 0.1d.

Change:
If? is greater than 3d {cf, fig. 6.1.1.1 a) nails from the two sides are allowed to averlap in the middie member.

Change: / /50l /// 5&

N /\{ 2d.5d.5d
[ E [ ]
f bii 1 r ] 10d
44k d .'; SR SO NN Y S _t 1 4 s
A e b 4 b - —ft
(I E A-a-qr-:;fﬁ ’2;4.4,1:.:_1_1_,:5: I )
T e bt L e e S
[ [ 104
E 1} m—
Steel-to-timber joinis
Addition:
No staggering is envisaged.
6.1.1.2 Axially loaded nails
Change: _ _Z 2 4¢£ 245 aSs&nrect
%W‘ ) 3
p
faxia StE—t57 oll (6.1.1.2 a)
F=min ¢f .., dh+f .d*° forsmooth nails (6.1.1.2 b)
fheadd2 for annular and spirally grooved nails (6.1.1.2 ¢)

6£.1.1.3 Staples

Change:
The general rules for nailed joints apply with the two staple legs acting as two nails with the same
diameter. For timber under the crown the angle between the crown and the grain direction should
not be less than 30°. '




6.1.2 Bolts and dowels
Addition:
Bolts

Change:

The characteristic load-carrying capacity in N per shear plane for bolts wmmedamels with a yield strength
fy of at least 240 MPa (corresponding to [SO grade 4.6) is the smallest value found by the formulas

(6.1.22a)-(6.1.2¢).

p
18p(k,ty + kyty)d
350 kytod

F = min { T0pk,t,d

&3 v/‘E’ il b1+1£!_

(75d* Vo ik, ¥ kp)/2 VI, /240

Addition:

The slip at serviceability load is about 0.1d + 1 mm.

Change:

{only for two-member joints)

{only for three.member joints)

(6.1.2 a)
(6.1.2 b}
(6.1.2 ¢)
s

(6.1.2£d

For structural timber at least corresponding to SC19 (l.e. o = 0.36) the following is found by inserting into

(6.1.2 a)-(6.1.2ﬁ:
d

Femin < 25k, t;d
&z i“ L=

1".1.".l
458 /Ty + kI2 VI T340

AN

Addition:
Douwels

,6.5(1:151 + kztz}d {only for two«member joints)

12.5k2t2ci {only for three-member joints)

(6.1.2 gpmm F
(6.1.2 Mg
(6.1.2 e £,

sl

(6.1.2 e 2,

The rules for bolted joints apply, but the load-carrying capacities for bolted joints may be multiplied

by 1.25.
The slip at serviceability load is about 0.1 d.

6.1.3.1 Laterally loaded screws
Timber to timber

Change:
'?Opkltd
F =min éﬂ-—v’f-d&-%l—l'rd—
75d* \/F\/(kl + ky)/2 \/f_y/240
Addition:

The slip at serviceability load is about 0.1 d.

(6.1.3.1 a)
bt

(6,1:3:1 «t) 4




6.1.3.2 Withdrawal loads of screws
Change:
F= - (£, —d) (6.1.3.2 a)

where 7£$ /e

d is the diameter in mm measured on the smooth shank,
Qt is the threaded length in mm in the member receiving the screw,

L.
aaanarameter,{ dependent on among other things the shape of the screw and timber species
and grade.

7(Sc i) |
6.1.4 Connectors 3
Change: |

The characteristic load-carrying capacity and deformation characteristics of joints with connectors are
in general determined by testing.

By the testing consideration should be given to the influence of among other things:
- The angle between force direction and grain.

- The diameter of bolts or screws.

- The dimensions of the members.

- The mutual distances and distances {o end and edge.

- The manufacturing conditions.

When a load is applied at an angle to the grain direction it should be shown that the condition (6.1.2 f)
is satisfied. In this case b e 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.

Fig. 6.1.4

If a connector is to be used with several bolt diameters the investigation should comprise at least maximum and
minimum belt diameter and it can be assumed that the load-carrying capacity of the joint F].Omt is

F,

joint = Fbolt + Fconn

Fbou is the load-carrying capacity of the bolt (or screw) calculated as stated in 6.1.2 {or 5.1.3), and F‘cD

1N
is the contribution from the connector.



7.1.1 Thin-webbed beams

Change: PAY 4 1 #~
1¢7
— A
hy
¥ e
PO B
Change: / ,; /
The shear stresses may be assumed uniformly distributed over the width of the sections £-2’and Lb-z
shown in fig. 7.1.1 a. . 2 2
7.1.2 Thin-flanged beams (stiffened plates)
Change:
” 7

Change:
The shear stresses may be assumed uniformly distributed over the width of the sections J ( Z tLard

f-@hownan fig. 7.1.2.
3

7.2 Mechanically jointed components

Addition:
The values in table 7.2 are provisional.

8.3 dJoints
Change:

At-teast-E-seorwebrshormid-breased-mrzjurirt. 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, Fre-dewelsshould-be-arteast2ekdlongertirrthetotabihitkmessof the
jorinte

Change:
When using toothed plates the teeth should be completely pressed into the timber. In smaller and lighter

structures the boit may be used for impressing, prewvided-tas-atitaiilb-ta-dismaras, 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,
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CIi - STRUCTURAL TIMBER DESIGN CODE 78.12.04 Chapter 9

9 PERFORMANCE IN FIRE

3.0 General

Thn recommendations in this chapter give methods of assessing the performance of
timber members in fire,

For the purposes of this chapter the definition of
as:

‘svability' shall be taken

a the ability to sustain the applied lead throughout the period of the fire
test, and

b in the case of flexural members, the ability to restrict deflection during
the fire test to one-thirtieth of the span.

Charring may be assumed to occur at a steady rate in the fire resistance test
described in IS Q000 and the timber beneath the charred layer may be assumed to
retain its original strength, These chavacteristics make it possible to predict
the performance of timber components in fire, reducing the need for testing!

The stability criteria of IS 0000 are applicable to structural timber:components.
Where members are built inte, or form part of, a fire resisting construction,
the insulation and integrity requirements of that standard may also be applicable.

9,1 Rates of charring

9.1.1 Fire retardants -
Timber treatments, including impregnation to retard the surface spread of flame,
should not e assumed to affect the charring rate.

9,1,2 Solid members

Calculation of the residual section of solid members should be based on the
values given in Table 9,1, These values should be modified in the case of fully
exposed columns and tension members as set out in 9.2.2a2 .and 9.2.3.2a
respectively, - -

Table 3.1 Notional rate of ¢ -~ -lng for the calculaticon
of residual zecuion
~
Shecies Charrving in | Charring in
pecs 30 min 80 min
(aJ Western red cedar 25 50
(b} Other softwoods 20 40
(¢} OQak, utile, keruing (gurjun) 15 30
teak, preanheart, jarrah
Note: Linear iInternc! - -n or extrapolation is permissible

for perieds Lol

‘e

1% min and 30 min,

Notional charring rates for particular specles and
for longer pevicds of time may be established,




.9,1.3 Glued laminated members
The charying rates given in 9,1.1 may be applied to members laminated with the
following thermosetting phenolic ané aminoplastic synthetic resin adhesives:
resorcinol-formaldehyde, urea-formaldehyde, and urea-melamine~formaldehyde,
¢ When other adhesives are to be used their performance in fire
should be verifised by tests.

9.1.4 Finger joints

Finger Jjolnts manufactured usmng the adhesives given in 9 1.3 may be considered
to char at the rates given in Table 9.1,

9,1,5 Sections built up with metal fasteners (see Fig 9$.2)

The charring rates in 9,1,1 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 9,2.4,2).

Where such protection is not given, local structural weaknesses may occur and
the member can only be assessed for fire performance by applying the residual
section calculation (assuming charring on all faces of each component of the
built-up member) or by conducting a fire resistance test,

9,1.6 Increased rate of charring on exposed arrises

Arrvises will become progressively rounded during fire exposure, The radius
of this rounding will be equal to the depth of the charring and the centre
will lie equidistant from the two aspect faces at a distance of twice the
charring depth (see Fig 9.1}, ,

For périods of exposure not exceeding 30 min, where the least dimension of the

residudl section is not less than 50 mm, rounding is insignificant and may be
disregarded,

f?'/f// :} . Caleulated
':f charring ling

Residual ;=
/:i:T}/ = alculated

depth of charring
Ramu

_ Profile of
,////oﬂginoi
qrnsrounmng}_ ¥

section

The radius of arris rounding, 7, equais
the calculated depth of charring,

The area of the section lost due to
rounding will be

A =0215+2
and the cuniro of gravity of this area
will fig at 3 chistance from either side 7
of A

y=0.223r

Fig 9.1 Radius of arris rounding




9,2 Design requirements

9.2.1 Flexural members

9.2.1.1 Stabtlity criteria

"{a) 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 IS 0000 to either the maximum permissible .

design load or the loads which the member is required to support in normal
servigal',

(b) Deflection. The deflection under the appropriate design load should not
exceed 1/30 of the clear span, Consideration should be given te the effect of
deflection on the stability and integrity of other parts of the structure.

9,2,1,2 Assessment of fire registance

{a) Residual section, The residual section should be computed by subtracting
from the appropriate faces the notional amount of charring assumed to occur during
the required period of fire exposure, making allowance for the rounding on the
exposed arrises, where necessary,

(b} Strength, The load-bearingcapacity of a flexural member should be calculated
in accordance with normal practice, using the residual section and characteristic
stresses given in Chapter 4 when the minimum initial breadth of the section is

70 mm or greater; and 0.9 times the characteristic stress when this dimensien

is iess than 70 mm,

(e) Deflectlon. Deflections should be calculated using the residual section
and the’ dry value of the medulug of elasticity, taking the mean or minimum values,
as used in the original design. The resulting deflection should not exceed the
limit defined in 9.2.1.1,

9,2,2 Compression members

9.2,2.1 Stability eriterion

The residual section should be such that the member will support the appropriate
loads such as would be applied if the component were tested in accordance with
the requirements of IS 0000 to either the maximum design compressive load or
loads based on those which the member is required to support in normal servi.s,

9,2.2.2 ‘Assessment of fire restatance

{a) A column that is exposed to the fire on all faces (including & column whlch
abuts on or forms part of a wall that does not have fire resistance, as in

Figs 9.3b and 9,4b) should be assumed to char equally 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 9.1 should be multiplied by 1,25,

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 on the side of the wall on which the column has the greater surface
exposure, using the rates of charring given in Table 9,1 (see Figs 9.3a and 9.ka),

Care should be taken to ensure that the junctions between the wall and the
column will be adequate ss5 a barrier to fire so that the integrity of the
construction is unimpaired,




‘Where a column abuts cn 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 ecolumn, charring on the faces of the column which
can be exposed to fire need only be considered and the rates of charring given

in Tabkle 9,1 should be used., In establishing the wvulnerable 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 to fire so that the integrity of the
construction is unimpaired,

(b) No angular restraint 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 9.2.4)
shows that a degree of restraint would be provided,

(c) The maximum slenderness ratio based on the residual section should not
exceed 200 and the stress modification factor for long-term loading for the
slenderness ratio of the residual column should be derived from clause 5,1,1,7,

(d) The strength of a compression member should be calculated in accordance
with 5.1.1.2 or 5.1.1.7, as appropriate, using the residual section and the
appropriate characteristic stresses or thestress derived in 9,2,1.2b,

9,2,3 Tension members

9,2,3,1 Stability criteria

The residual section should be such that the member will support the appropriate
loads,

9.2.3,2 Assessment of fire resistance
{a) To determine the residual section of a tension member the rates of charring
given in Table 9,1 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 the charactaristic
stress,

(¢) The load-bearing capacity of a %tension member subject to bending should
be calculated in accordance with 5,1.,1.6 of this code using the permissible
stresses derived. in 9.2,1.2b and 8,2.3.2b,

9,2,4 Joints

9,2,4,) Generagl

The charring rates given in Tahle gy 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 placement or protection of metal fasteners and
components (see 9,2.%.2 and 9.2.4,3).

The methods of calculation given previously are directly applicable to the
performance of individual flexural, temsion and/or compression members.

Junctions between members may be particularly vulnerable to the effects of

fire and require 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 be taken of the behaviour of

such joints, An assessment should be made of the residual timber after the
specified period, with particular attentien to the effects of any metal connectors
and the probablllty of rounding at abutting arrises (as indicated in 9,1.6),

In redundant structures, charring may alter the relative stiffness of variocus
parts of the structure and result in a redistribution of forces, and account
should be taken of complete or partial yieldingof the joints as this may change
the structural action, The structure with redistributed forces should be

assessed for fire resistance as detailed in 9,.2.1, 9.2.2 and 9.2.3.

9.2.4,2 Metal fasteners

Where any part of a nall, screw or bolt becomes exposed to heating during a
fire, rapid heat conduction will lead to localized charring and loss of
anchorage., VWhere this effect Is likely to lead to the failure of a structural
member which is required to have fire resistance, protection of the fastener
shovld be provided by any one of the following methods.,

a Ensuring that every part of the fastener is embedded in the timber so that it
remains within the residual section as shown in Fig 9.2, Any holes should be :
fully and securely plugged with timber glued in position. Advice on the use

of alternmative plugging materials should be sought f£rom an appropriate autherity.

% Covering the exposed part of the fastener with a suitable protecting material,
eg timber, plasterboard, asbestos insulation board, or equivalent., Special
attention should be paid to the fixing of such protection to ensure that it
remalns in pesition for the required period of fire resistance, Nails, screws

or staples may be used in this case to fix this insulation,

¢ Any apprepriate combination of the methods ocutlined in (a) and (b),
{

9.2,4.,3 Steel hangers for joists on beams

Where steel hangers are fully protected for the required period of fire
resistance either by a ceiliing membrane or locally by a protecting material,
they will be satisfactory in fire,

Tor floor construction up to and including 30 min fire resistance, jolst
hangers of the strap or shee type formed from 1 mm steel, may be used with
ceiling construction which affords 20 min protection, eg 12 mm plasterboard,

For floor construction up to and including 30 min fire resistance, joist'hangers
of the substantial shce 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, eg 31 mm plasterboard,

9.2.4.4 Metal plates and other metal conrectors

Metal connectors and metal connector plates may be used without restricticn

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 9.2.4.2 apply.

When the bolts of other types of metal connectors, eg toothed plates, split
rings etc, are likely to become exposed during a fire, additional protection
as outlined in 9,2.4,2 should be provided, All other types of joints should
be referred to an appropriate authority.



Plug -——i—- (: il ot PlUg
* Bolt !

Codch screw

N.B.| All metal to be within residual section

i
All arrises of each piece are assumed to be depleted

SO DO VR

Fig 9.2 Sections built up with metal fasteners

i

Depletion on side
subject 1o fire

{8) Wall having fire resistance not less than the column

Depletion all
round column

{b) Wall having less fire resistance than the column

Fig 9.3 Columms bullt into walls

.




(a} Wali having fire resistance not iess than the column - (b] Wall having less fire resistance than the column

Fig 9.4 Columns abutting on walls
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CIB STRUCTURAL TIMBER DESIGN CODE: COMMENTS FROM BRITISH STANDARDS
INSTITUTION CCMMITTEE CSB 32/2 - WORKING STRESSES FOR TIMBER

Contents:

Clause 2.1.1:

Clause 2,2:
Table 2.3a:

ef Table 2.3a
and Table 3,3.%1a:

Table 2e 3b H

Chapter 3:

Table 4,.,1.1:

Clause 4,2.0:

Clause 4:3.1 H

Clause 4.4:

Table 5.,1.,0a:

Either a section on load/proﬁotype testing should be provided
or more positive references to suitable test standards and how
they should be interpreted should be provided.

The tolerance of + 0,02 on relative humidity is impracticable.
Propose + 0,05, o

The tolerance on temperature could be reduced to + 2°C.

These proposals conform with the ordinary tolerances of

IS0 554-1976 'Standard Atmospheres for Conditioning and/or
Testing'.

The term 'relative density' should replace 'specific gravity!.

The requirements for relative humidity are difficult to
interpret.

'long-term' (amended from "normal') would be better defined
as 'mediuwm~term',

In Table 2.3a ' permanent' refers to load duration while in
Table 3.3.1a the same term implies 'constant', Is a dual
classification of duration and frequency required for load?

Characteristic loads are not defined,

It is understood that the content of this Chapter is to de
revised,

The examples of strength classes given in this Table would not
be acceptable, There are insufficient classes and the range is
too limited to cover many hardwoods. Alternative classes
cannot be proposed until standard methods of sampling and
analysis have been agreed.

Proposed rewording of first paragraph:

"Finger jointed structural timber should be manufactured in
accordance with rules and controls which are no less stringent
than those of 'UN/ECE Recommended Standard for Finger Jointing
in Structural Coniferous Sawn Timber! (UN/ECE TIM/WP.3/AC3/8 -
Ammex IT )" .

The strength classes given as examples in this Clause are
uwnacceptable.

The RILEM/CIB test standard should be referred to rather than
the ISO/TC 165 document.

Some guidance should be provided on how the test results are
to be interpreted,

These strength classes are unacceptable,




Table 5.2,0:

Chapter T, page 2:

Table 7-1.1:

These stirength classes are unacceptable,
What is the origin of : 'rolling shear = fv/z’?

Replace third line by:

'It must be shown that the webs do not buckle, or that the
whole of the forces can be resisted by the diagonal tension
strength of the webs!',

It is not clear how the values of Nyaye have been derived,
The values will depend on the safety factors to be adopted
for design (for stability), and as these factors may not be
fixed in the final CIB Code it may be advisable for this
Table to be omitted. In any case the values for hmax for
particleboards and fibreboards will vary widely because of
the large range of elastic modulus values associated with
different grades of these materials.
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CIB =~ STRUCTURAL TIMBER DESIGN CODE

The proposed section for joints with nail-plates is
based on the work of a Nordic group with the following
members: M. Johansen, Denmark, B. Norén, Sweden,

T. Poutanen, Finland, and N. I. Bovim, Norway. The
work of the group is summarized <of B. Norén in the
CIB-W18/12-7~3.

Proposed CIB Timber Code section 6.1.5 Nail plates
6.1.5.1 Joint model

In joints with nail-plates the forces are transmitted
between the connected members partly by the plates
and partly by compression and corresponding friction
in the contact area between the connected members =
if contact could occur. The proportion of these paris
depend on the medel chosen .for the behaviour of $the joints.

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. The
model for calculation of Jjoints should correspond
reasonably with the model for the entire structure,
especially with respect to deformaticns. A basic model
for a joint with nail-plates is described in CIB-W18/
12-7-3.

6.1.5.2 Load-carrying capacity

The load-carrying capacity of a certain type of nail-
plate should be derived from tests carried out in
accordance with RILEM/CIB-3TT Testing standard No. 1,
Annex Al Punched metal plate fasteners.

Characteristic values are to be given in a plate
certificate, type approval etc.

The load=-carrying capacity of joints with nail-plates
are limited by the following design criteria A, B
and C:
A. Design against plate failure
The capacity of the plates to carry a force = and
a moment M_ should he verified with respect tO the
strength of the plate itself.
CIB-W18/12-7-3 gives the following limiting condition:

o)+




N_ and N, are the components of F_ in the principle
p?ate dipections a and b. P '

N D and N 0 denote design values for plate strength
i8% and B directions, calculated as stated in the plate
certificate o.e.

It is assumed that F, and M, generate a uriform stress in the
effective cross sectfon of the plate, and that transmission
of compression in the plates is neglected when there is
contact between the connected timber members,

Actual plate dimensions should be reduced when the
punched nail holes interfere with the plate edge.

B. Design against plate grip failure

The capacity of the grip area to carry the force ¥
and the moment MR applied on the centre of rotatign {RC)
should be verifieg.

The grip area A is the effective contact area between
the nail-plate and the wood member inside certain
narrow zones along the timber edges.

The width of these zones are to be given in the plate
certificate o.e.

The shear stress generated by the force F_ and the
moment M may be assumed to have a constant value
over the grip area, corresponding to full plasticity.

CIB-W18/12-7-3 gives the following 1imiting conditions
for the load-carrying capacity of the grip area:

Fp S'PBD

Moo & Mg

Fa= A. 1y (&) where 1t (a) is the design value
pgf the shegr stress. 1. (&) is given in the plate
certificate o.e. as a fuRction of the angle of fibre
direction to plate force (F_)} and the angie of plate

) to the a-directibn of the plate.

force (Fp

The design value for MRC is determined from
A

M dA

Reo T o f TRe

wheres r is the distance from the rotation centre RC
and T, - tn {a = 0) if not said otherwise in the
certi?icatg.
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FProgranm
Of standardisation work invelving timber -structures and wcod-based products in

Poland.

We are planning to develop the following standards:

1. Reviewed standard: Dimensional co-ordination in building,
Dimensicnal tclerances shall be introduced for members and structures
from timber and wood-based products in Poland.

2., Methods of testing and criteria for assessment of strength for
a wall members, |
b roof members,
¢ trussed rafters,

d beams,
¢ c¢olumns, frames, arcs,
3. Methods for testing of Jjoints and fasteners
a Jjoints with mechanical fasteners /to be finished soon/,
b glued-laminated members,
¢ Joints with nailed plates type Gang No 1.
4, Stress graded sawn building timber.
5, Amendments to standard: PN-73/B-03150: Timber structures. Statical

calculaticns and design,
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