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2, CHATRMAN'S INTRODUCTION

MR. SUNLEY said the publication of the Structural Timber Design Code by CIB
Headquarters marked the end of a stage of work and resulted in a document +o
provide a basis for further developments in the EEC and I30. It was now
necessary to schedule the production of any further annexes that were felt to be
needed, and to invite proposals for future alteration of the Code provided these

were submitted in Code format.

3., CO-OPERATION WITH OTHER ORGANISATIONS

IS0/TC 165: DR. LARSEN said IS0 6891 had appeared, giving general principles for
the testing of mechanical fasteners. A test standard for timber in structural
sizes was to be circulated for voting. Another for plywood in structural sizes
had encountered disagreement on specimen size. The first working draft of a
design code based on the CIB Code would be sent out in advance of a meeting on the
28-9 May 1984 in Corsica, which would also consider strength grouping, glulam

production and testing and other topics.

RILEM:  PROFESSOR KCUIPERS said his meeting on the previous day had divided into
three working groups, and the group proceedings were reported by their Chairmen as

follows:

TESTING METHODS TFOR NAILS AND STAPLES. MR, TORY said Annex B on nail testing would
appear shortly in the RILEM journal 'Materials and Structures! for comment. Annex
C on staples would be similar and would be civculated to the RILEM group for
preparation as a Recommendation. A discussion stimulated by PROFESSOR EHLBECK

and DR, LARSEN agreed on the need for RILEM conclusions to be reached in
collaboration with and endorsed by the CIB. MR, SUNLEY said the RILEM document on
the testing of timber structures could appear on the agenda for the next meeting,
and those on the testing of nails and staples could be included in the Lillehammer

proceedings for comment.,

TESTING OF STRUCTURES. DR. GLOS reported that comments had been received on a paper
by MR. TORY which had also been adapted for the British design code. It had been
agreed that the worﬁ should concentrate on timber struclures in the first place,
later seeing what should be added to deal with reconstituted materials. The
interpretation of test results was to be considered but this topic would not be
ineluded in the second draft, which would appear at the next RILEM meeting for

reporting to the associated CIB meeting.



BOARD MATERIALS TESTING. MR. ILEE said the group had considered papers by himself
and MR. POST. It seemed possible that the testing methods could follow clesely
those established for structural plywood but it was desirable to maintain a
relationship with small quality contrel specimens, The responsibility for
developing a draft document had been apportioned between himself and the American
Plywood Association, For the longer term the development of non-destructive
testing was foreseen following the lead given by MR. MORKVEDT; the possible use of
stress—-wave methods could be considered, and attention would be given to impact and
creep testing.

It was agreed that a repori on the RILEM discussions would be included in the CIB

proceedings.

CEI-Bois/FEMIB: MR, SUNLEY said there had been no contact with this group, who
were not represented at the meeting. DR. BRﬂNINGHOF said he understood the FEMIB

Sous—-Commission GLULAM were discussing the control rules for glulam in different

countries.

TUFRO $5.02:  PROFESSOR EDLUND reported that the proceedings of the meeting in
Boras, Sweden, 13~18 May 1982 were now available. A meeting would be held in
Madison during the Division 5 conference, 27 June~5 July 1983 and several CIB-W18

members would bhe attending,

AFRICAN, CARIBBEAN and LATIN-AMERTCAN sub-group: MR. BECKETT said he was acting
as joint coordinator with DR. de FREITAS for this new sub~-group. A three-week
UNIDO workshop in Melbourne had been attended by representatives from twenty

countries and many papers considered on a variety of topics. The Pacific Area
Standards Congress were being joined in a larger group including South and Central
America, India, South-East Asia, China and Tonga. There was greal interest in the
use of local renewable resources in timber engineering for low-cost housing and
industrial buildings, He wished to express formal thanks to CIB members for the
research basis they provided and for visits by certain CIB-W18 individuals, and

would supply a brief report for inclusion in the CIB proceedings.

IABSE: PROFESSOR EDLUND reported as a representative of the International
Association for Bridge and Structural Engineering, which he said had some 3000
members and held a conference in September each year as well as other minor
meetings., A congress was held every four years and the one in Vienna in 1980 had

included some reports on timber, The next would be in Vancouver in early



September 1984, It would include a half-day session on developments in wood
structures and these interested were invited to obtain more information from the

secretary in Zurich.

EEC EUROCODES: DR. LARSEN said drafts for steel and concrete had bheen sent out

as technical reports for comment and not as binding on member countries; another
would be the combination of concrete and steel, A coordinating group had set out
to harmenize the different codes and CIB-W18 had heen invited to collaborate.
PROTFESSOR KUIPERS had attended the first meeting and he himself had attended the
second., Work on a timber code would probably be started as soon as the one for
steel and concrete combined had been sent out. MR, SUNLEY said a sub-group would

be formed early in 1984 to draft a code for timber,

4, TRUSSED RAFTER SUB-GROUP

DR. EGERUP reported there had been a decline in the activities of the sub-group but
development work was going on in the different countries. The work of the Nordic
group had been exemplified by papers by MR, RIBERHOLY for the Karlsruhe meeting.
Denmark was working on span tables and MR. KALLSNFR of Sweden on mathematical
models. It was difficult to relate the Nordic approach applying sophisticated
models and the simple methods favoured in some Westerm Buropean countries; a

combination might be found practicable, but research might be needed.

MR, SUNLEY said an Annex on a simplified method of trussed rafter design was needed
for the Code, and it was agreed that the Nordic group should draft one for the next

meeting.

5. DPLYWOOD AND SAMPLING SUB~GROUPS

DR. NOREN said his plyweod sub-group had been dealing with sampling but there was no
Turther work to report since the Karlsruhe meeting.and it was difficult to approach

more precise recommendations than had heen given in the past.

MR. SUNLEY said a sub-group on materials sampling, not limited to plywood, had
been set up at the last meeting and DR. NOREN thought the two groups should combine;
he said he weuld write to members of his sub-group to suggest that they joined in
the work of the new sub-group under DR. GLCS. He thought the work should perhaps

extend to the determination of characteristic values.



DR. GLOS said there were four topics to consider:

(1) the sampling of sheet materials including plywood as investigated by DR. NOREN,
DR. BOOTH and others,

(2) sampling for joint tests,

(3) gampling for prototype timbher siructures,

(4) sampling of structural timber.

As there had been coverage of items (1) to (3), he had started with item (%),
looking at the objective and the analysis required to achieve it while bearing in
mind the needs of the next 10-15 years in view of the non-stationary timber supply.
It appeared to him that random sampling was of limited value and that advantage

should be taken of the available engineering knowledge of the material.

He had made contact with individuals but a working group had not been composed
formally pending a consideration of who would be in a position to make substantial

contributions.

DR, STIEDA said the Canadian large~scale sampling of structural timber should be of
interest to the group. DR. LARSEN suggested there might be papers on safety
topics-for the next meeting, including load duration effects as a reason for a

different treatment of timber in comparison with other materials,

MR, MEIERHOFER said there was a special CIB sub-group on structural safety and that
a member should perhaps be invited to the CIB-WI18 meetings. PROFESSOR KUIPERS added
that there was a TNO joint committee on steel and concrete; he thought it would be

valuable for timber interests to have contact with other materials.

MR, SUNLEY concluded that the work would be continued by a single group on sampling,
with a membership to be determined, and said he hoped it would meet before the next

main meeting.

6. TIMBER FRAME HOUSING

MR, SUNLEY said terms of reference for this sub-group had been agreed but he had not
found someone to act as its chairman, The need for a sub-group was questioned
becausge the design methods in the CIB Code were applicable to houses as well as
other structures, Following a later suggestion to consider earthquake design for
timber frame housing, it was agreed to retain timber frame housing as an agenda

item.



7. JOINTS

Intreducing MR, GEHRI's paper CIB-W18/16~7-1 'Load Carrying Capacity of Dowels',
MR. SUNLEY said it indicated the values in the CIB Code were too high. DR.
LARSEN said the equations in the original draft had been simplified but Gehri's
work showed that a dowel withouta head would have a substantially lower strength
than a bolt. It was agreed to revert to the earlier system of formulae; this
would be kept in mind for an amendment and in the meantime the modification would

be noted in the Proceedings.

The following New Zealand papers by MR, HARDING were introduced by MR. BURGESS:
CIB-W18/16-7-2 'Bolted Timber Joints: a Literature Survey!, CIB-W18/16~7~73
'Bolted Timber Joints: Practical Aspects of Constrﬁction and Design', CIB-W18/
16-7-4 'Bolted Timber Joints: Draft Experimental Work Plan'. The papers were
welcomed as a contribulion to the meeting and their practical approach was
commended, The Secretary was asked to thank the contributors for the papers,

which would be included in the Proceedings.

8, STRESSES IFOR SOLID TIMBER

MR. TORY introduced the paper by MR. FEWELL, CIB-W18/16-6~1 ?Size Factors for
Timber Bending and Tension Stresses?®, He said it was developed from the paper by
Fewell and Curry which appeared as an Appendix, concluding with the choice of a
certain formula for modifying characteristic stresses, This had been adopted for

application to bending and tension stresses in the British code,

After discussion it was felt that a depth factor of this kind could not be included
in the CIB code because of the definition of characteristic stress in the code and

because the formula was linked to a particular grading system.

9, SHEET MATERIALS

MR. STIEDA presented his paper CIB~W18/16~4—1 "Planar Shear Capacity of Plywood in
Bending'! developing formulae for the convenient calculation of shear stresses and
shear capacities where an equivalent modulus of elasticity for the full thickness

is quoted. An alternative calculation was snggested by DR. LARSEN,

MR, POST introduced his paper CIB-W18/16—13—1 1Effect of Test Piece Size on Panel
Bending Properties!?. This demonstrated reasons why the strength and stiffness

derived from large panel tests differed from the results of tests on small specimens,



4 different relationship was found for different materials, The paper concluded
that it was best to use a specimen size reflecting that used in structural

applications,

10. STIRESS GRADING

Two related papers were presented by DR. THUNELL: CIB-W18/16~5~1 'Grading Errors in
Practice® and CIB-W18/16-5-2 '0On the Effect of Measurement Errors when Grading
Structural Timber® by L. Nordberg and B. Thunell, The papers showed that the
tolerances permitted by grading may influence the risk level considerably.

Timber producers would favour a liberal tolerance but it should be considered what
degree of latitude was acceptable to structural engineers. DR. GLOS drew
attention to a paper at the Boras IUFR0 meeting that might assist the studies, and
it was agreed that he and Dr, Thunell would prepare a paper on their application

for the next CIB-W18 meeting.

11. TRUSSED RAFTERS

The paper CIB-W18/16-14-1 'Full-scale Tests on Timber Fink Trusses made from Irish-
Grown Sitka Spruce' was introduced by the author MR. PICARDO. He said use of a
standard frame analysis package for design had resulted in excessively large member
sections, while the spans in the British code were thought too great. Following
tests on fifty-eight trusses, permissible spans were worked out corresponding to a

load factor of 2.5,

DR. EGERUP said the test data would be needed for others to make use of the work,
MR. PICARDO said he would supply the results and could include them in another
paper. A number of questions were raised including one by MR. POUTANEN who asked
whether the assumption of moment-stiff or hinged joints gave the best correspondence
between calculations and tests. MR. PICARDO replied that the half-fixity

provision in the British code seemed satisfactory.

12, CIB STIRUCTURAL TIMBER DESIGN CODE

MR, SUNLEY expressed the appreciation of CIB-W18 members to DR, LARSEN for the work
he had put into the preparation of the newly~published Code. Considering what
further Annexes were needed, he suggested that perhaps Annex 43 should be replaced

by one advising how to obtain characteristic values; this was agreed.



It was pointed out thal Annexes on simplified trussed rafter design and the design
of nail plates were needed and DR. LARSEN said the Nordic areas could produce the
two documents, He added that a Chapter 7.4 on bracing was needed and it was
agreed at the suggestion of PROFESSOR EHLBECK that DR, BRUNINGHOF would write this
for the next meeting, DR. IARSEN agreed to produce an Annex giving definitions.

13. BRACING

DR. BRUNINGHOF introduced his paper CIB~W18/16~15~1 'Determination of Bracing
Structures for Compression Members and Beams!. Following a question by MR.
RIBERHOLT on the meaning of the assumed initial curvature, MR. BURGESS said that
calculations in the United Kingdbm were based on an estimate of the residual out-
of~balance, He added that tests at the Central London Polytechnic showed that
once the braced members were all deflected in the same direction, the bracing
forces were not reduced by the fact that some were initially deflected in the

other direction.

Answering a question by MR, DRING, the author said that eguations 11.1 to 11.4
could be used for combined bending and axial loading, but as a simplification
the bending and compression effects could be worked out separately and added

finally.

14, TIMBER GROUPING

Presenting his paper in collaboration with Mr., A.R. Fewell, CIB-Wi8/16~6-2 *Strength
Classes for International Codes', MR, SUNLEY said the United Kingdom nceded a system
of strength classes because of a wide range of imports but had to locate the class
houndaries to make the most economical use of the chief timbers. Its application
made allowance where appropriate for questions involving joint design loads,

durability and resistance to preservative treatment..

DR. LARSEN thought another paper should be prepared showing exactly what factors
were applied in deriving design values from characteristic values and DR. NORéN
sald this would provide a starting point for assessing how a more widely applicable

system might be devised.

It was concluded that such a paper should be provided for the next meeting, together
with another to serve as a basis for Amnex %%, MR. TORY added that information on

design stress derivations in other countries would bhe valuable.



15. SAMPLING

DR, GLOS's paper CIB-W18/16-17-1 'Notes on Sampling and Strength Prediction of
Stress Graded Structural Timber! and DR. NOREN's paper CIB-W18/16-17-2 'Sampling
to Predict by Testing the Capaecity of Joints, Components and Structures' were
introduced by their authors. Relating a diagram in the former report to truss
testing, DR, NOREN showed that approval testing of a small mumber of prototypes
could not make adequate allowance for the variability of timber.  He thought the
aim should be to develop more truly representative models as a basis for
calculations, using prototype testing for joints and to check the correctness of
the models, A proposal for selecting wood for truss tests was given in the

Appendix of his paper.

Following a discussion of the two papers DR. GLOS confirmed that his sampling
group would make a proposal for Annex 41 for the next meeting and asked for data
from other countries to yield infermation on the variability of timber from

different locations at different times.

MR. POST introduced his paper CIB-W18/16-17-3 'Discussion of Sampling and Analysis
Procedures', favouring the use of the weakest material for structural tests. He
gaid it was difficult to pick oul the lowest strength panel from a group of panels,
and random procedures should then be used, but the worst material should be

selected from each panel.

MR, LEE said non-random selection of the worst material was difficult in the case
of particleboard and expressed surprise that non-destructive testing methods were
not given greater prominence. MR. SUNLEY concluded that the ideas expressed by
MR. POST would be received by the sampling group in connection with the preparation

of Annexes 41 and 4k,

16, OTHER BUSINESS

In addition to the lopics already noted for consideration at the next meeting, DR.

LARSEN propesed an item on earthquake desipgn for timber-frame housing,

MR. SUNLEY said he wished to relinquish his chairmanship of CIB~W18 after ten years

of office, He hoped to hand over to a new chairman at the next meeting.

10



MR. SUNLEY expressed the thanks of all those attending for the excellent
arrangenents made for the meeting by MB. AASHEIM and the host country.

17. NEXT MEETING

The next meeting of CIB-W18 will take place in Zurich, Switzerland, on the
22nd-25th May 198%4.

The Chairmen of sub-groups are invited to progress the proceedings of their sub-

groups well in advance of the main meetings.
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PLANAR SHEAR CAPACITY OF PLYWOGD IN BENDING

The magnitude of planar shear stresses in a narrow plywood panel subjected
to bending due to lateral loads can be caiculated using the same principles
that are used to derive shear stresses in isotropic and homogeneous beams.
Assume that the material is elastic and that plane sections remain plane
during bending. Stresses due to bending then will be distributed 1linearly
as shown in Fig. 1. Because the modulus of elasticity for adjacent plies
differs, the stress distribution will be stepped as shown in Fig. 2.

Consider now the forces on an isolated element A B C D of length .ax as
shown in Fig. 3. The line B D of this element shall coincide with the
neutral axis of the panel. Maximum bending stresses on faces AB and C D
will differ by the amount df due to the change of bending moment dM
over the distance dx. The integration of all differential stresses

dfx = f, - f, over the height D C and the width b of the panel has

2 1
to be equal to the total force along the neutral axis due to shear stresses

¢
b J’ df dy = v b dx
D

Using elementary bending theory, the magnitude of bending stresses is
given by the stiffness EIl of the section, the modulus of elasticity Ev
of individual plies and the location y of the point for which the stress
is calculated,

My EV
f=—Tn

The shear stress therefore becomes

C
dM y EV

VY TIED dy



Since dM/dx = V and the stiffness EI is constant, the shear stress becomes

c
¢ Ty Df By ¥ dy )

The modulus of elasticity E; is constant for a given veneer, but will vary
from one ply to the next. The integration therefore can be replaced by a
summation for the individual veneers (i}, so that the shear stress becomes

- v
Ve T R S (2)

For a given planar shear stress the planar shear capacity therefore will
be

v EI
V = (3)
? Evitiyi

For a homogeneous, isotropic section EV in Eg. 1 will be constant and the
equation then reduces to the familiar

_ v
V=g Aj by dy

where the value of the integral often is given the designation Q. An
analogous expression Q for plywood would be

Q- (§ Eyityyy) 1b
(EI)
which would allow shear stresses to be calculated by the familiar equation
= Vg
VT Tb

This would require the separate tabulations of (EI) for bending calculations
and of Q and I for shear calculations. It is more appropriate therefore to
define a guantity (EQ)

EQ = b B £yt (4)

and calculate planar shear stresses as

V(E




This will require the tabulation of (EQ) only for shear calculations
and would be a visual reminder that the shear stresses induced are
affected by the magnitude of the modulus of elasticity of the various
plies.

If planar shear capacities are to be calculated, this can be done
readily as

_ v b (E]

It is proposed that in future all planar shear calculations at COFI
be done using Eq. 4, 5 and 6.
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GRADING ERRORS IN PRACTICE

Bertil Thunell

ROYAL INSTITUTE OF TECHNOLOGY Keywords:
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Tolerance in grading

Tolerances in Visual Grading and their Influence on the Strength

of Timber of a certain Grade.

The strength properties of structural timber can be forecast and
determined in a number of different ways on different premises,
though two methods predominate.

Using one of the methods timber already visually strength graded
is tested and the test material is related to a certain timher
grade. A result is then obtained which is given in the form of a
diégram showing the distribution of the different strength values.
With this diagram as a basis and applying statistical methods, one
may determine the so-called 5% percentile level with a certain
confidence. Many views of the choice of statistical methods have
been published and the main cause of this discussion is that the
distribution curves are asymmetrical.

The method implies an in-grade testing and has been used where
structural grade have already been established, The procedure is

Paper originally prepared for the Meeting of IUFRO Timber Engineering
Group, April, 1982. Revised May, 1982,



reliable and applicable if the considered variable is determined
with the constant accuracy, that is if the grading is done with

the same margin of error every time.

Another way to obtain a basis for grading rules is to test timber
sampled at random from mill-run timber and determine the characters
of quality in connection with the strength testing, according to
some method of criteria that one wishes to study then or that per-
haps already has been decided upon.

One then obtains a correlation between the criterion of quality and
the strength with its distribution and its correlation coefficient.
Using this material the quality 1imits may then be determined for the
desired strength levels in relation to the 5% percentile Jevel.
Because the distribution of the strength deviates from the normal
distribution-the same statistical complications arise using the in-
grade method. This method has given the basis of several of the rules
for structural timber in use today.

To make the statistical calculations valid, the quality variables
have to be determined in practice with the same accuracy as when

testing.There may often be a discrepancy between the measurement

in connection with the testing and the visual Judgement, when the
grading is done in practice,

Using the in-grade method the quality is determined through the
grading and the timber is normally sampled from saw timber handled
in the ordinary way under conditions valid in practice and with the
normal uncertainty attached to visual grading. Within the distribu-
tion that the figures from the strength test show, some of the un-
certainty may be due to tolerances in the visual grading.

With timber that has not been visually stress graded before the test,
the qualities determined in connection with the test and the defects



measured with great precision and the necessary time may be em-

ployed without being limited by the usual production demands. The
grading in a sawmﬁ]? or timber yard has to be done relatively

quickly in order to meet the demands of economical production. This
means that when the grading rules are used in practice, the conditions
that were ruling when the correlations between strength and quality
were determined, are no longer valid. The quality variable put in is
bound to be more uncertain in practice than in testing.

A certain feeling for the uncertainty seems to have been allowed

for when working out many of the rules applied for structural grades,
as limitations for the deviations allowed at the grading have been
introduced.

In the Swedish rules for structural timber that have long been in
use, there also is a 1imit in respect of the deviations. According
to the T-timber rules, when a timber parcel is re-examined the
maximum allowed defects must not be exceeded by more than 10%
irrespective of the number of pieces with too big defects.

In BS-4978 it is stated that not more than 5% of the pieces may
exceed up to 10%. The North-American grading rules provided that
95% of the number of pieces must be within the grade. In the ECE-
Standard from 1977 it is said that 90% of the pieces should be
within the permissible 1imits and the remaining 10% must not ex-
ceed the 1imits by more than 15%.

In the proposed revision (July, 1981) of the ECE recommended
standard for coniferous sawn timber, it is stated that re-inspec-
tion of a graded parcel reveals that not more than 3% of the pieces
in the sample exceed the permissible 1imits by more than 30% of
the parcel, the parcel is then considered as being on grade.



Three different principles may be discerned from these rules:

1 During regrading for control purposes the stated
Timits may be exceeded up to a given tolerance
withour the number of pieces with larger defects

being limited.

2 A certain part of the parcel may have greater defects
but no timit is set for these defects.

3 Both the relative number of pieces with greater
defects than stipulated and how much the Timits may

be exceeded are maximized.

In the first case the Swedish T-timber rules may serve as an
example. When these rules were first made, one started from the
strength levels wanted and decided the permissible knot sizes from
the test results and sthracted 10% from the knot sizes originally
obtained. This means that no Timits to the number of knots are

needed to ensure the strength,

The North-American rules may serve a5 an example of the second

case. It may seem bold not to have any limits for the size of
deviations, if only what is specifically prescribed is taken into
account, However, it is necessary to look at the North-American

system as a whole, if one is to make a correct Judgement. In this
system a relatively intensive and continuous control of the grader's
work is presupposed and the deviations that may occur have to be
regarded as mere accidental errors and not as gereral tolerances.

On the whole this system works satisfactorily. One must not take

the conditions given for the deviation, though, without considering the
other parts of the control system. It is above all since "in- -grade"
testing started that it has been possible to ensure the strength of the
timber qualities declared.



The third case where the number of deviations as well as the size
of deviation are maximized is to be found in the BS-4978 and the
ECE-Standard. If the permissible deviations are kept down, one
may perhaps overlook the risk of extremely low strength by the
occurrence of bigger timber defects than those stipulated in the
Timit value. If the permissible deviations become considerable,
supplemientary "in-grade" testing has to be done with a grading
reproducing the conditions from the practical conditions. Another
way could be to consider the tolerances in the practical grading

when making the statistical analysis.

If, for example, one supposes that 10% of the timber is allowed to
deviate up to 15%, this increases the amount that could fall below

the characteristic strength value considerably, if the grader has

made full use of the allowance. Depending on the strength and knot size
distribution for the pieces, this could possibly cause noticeable re-
duction in the characteristic strength.

Conclusions

1 In setting up grading rules for the visual grading of
structural timber for practical use with corresponding
characteristic values, the whole system in which the
rules is supposed to work in the mills and yards has to
be considered - i.e. responsibility, supervision, etc. as
in the US and Canada.

2 Tolerances in the stipulated size ‘1imits for defects must
not be used to stretch out the 1imits but to take care of
occasional errors in a practical and economical way.

3 When calculating characteristic strength the uncertainty
of the grading work in practice must be taken into con-
sideration, if this has not already influenced the material

from which the sampling is performed.



4.

The maximum permissible tolerance must be internationally

studied and recommended to avoid difficulties in the use
of timber.



CIB-W18/16-5-2

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 -~ TIMBER STRUCTURES

ON THE EFFECT OF MEASUREMENTS ERRORS
WHEN GRADING STRUCTURAL TIMBER

by
L Nordberg and B Thunell

Royal Institute of Technoiogy
Sweden

LILLEHAMMER
NORWAY
MAY/JUNE 1983



CIB-W18/16-5-2

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 -~ TIMBER STRUCTURES

ON THE EFFECT OF MEASUREMENTS ERRORS
WHEN GRADING STRUCTYURAL TIMBER

by
L Nordberg'and B Thunell

Royal Institute of Technology
Sweden

LILLEHAMMER
NORWAY
MAY/JUNE 1983



CIB-W18/16-5-2

INTERNATIONAL COUNCIL FOR BUILODING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 - TIMBER STRUCTURES

ON THE EFFECT OF MEASUREMENTS ERRORS
WHEN GRADING STRUCTURAL TIMBER

by
L. Nordberg'and B Thunell

Royal Institute of Technology
Sweden

LILLEHAMMER
NORWAY
MAY/JUNE 1983



ON THE EFFECT OF MEASUREMENT ERRORS WHEN GRADING STRUCTURAL TIMBER

Lemnart Nordberg and Bertil Thunell

ROYAL INSTITUTE OF TECHNOLCGY Keywords:
Wood Technology and Processing Structural timber, grading,
S-100 44 STOCKHOIM, Sweden errors in grading, tolerances
in grading
CONTENTS
Page
Abstract
1. Tntroduction 1
2. Basic assumptions and formulas 2
- 5. The case of a systematic error 5
a) Normal distribution )
b) Uniform distribution 7
¢) Remarks 9
4, The case of a random error ' 9
5. Conclusions 11
References 11
Appendix i2



ON THE EFFECT CF MEASUREMENT ERRORS WHEN GRADING STRUCTURAL TIMBER

Lermart Nordberg and Bertil Thunell

ROYAL INSTITUIE OF THCHNOLOGY
Wood Technology and Processing
S-100 44 STOCKHOLM, Sweden

ABSTRACT

When grading timber for structural purposes one carnot measure the strength
properties, e.g. Modules Of Rupture (MOR), directly for each piece in
current operations. Instead one has to use some related Estimated Parameter
(EP) such as the Knot Area Ratio (KAR).

Extensive tests have shown thatthere is an approximate linear relation
between MOR and XAR for structural timber. Thus a guality criterion in
strenglhh can be transformed into one in EP. In doing so a certain mis-
clagsification risk is introduced due to the statistical nature (linear

regression) of the relation between strength and EP.

Wnen determining EP in practice a measurement error is introduced. The
aim of this paper is to investipate the effect of this error on the above
misclassification risk, The systematic — as well as random — case is

treated.



1. INTRODUCTION

Grading of sawn timber for structural purposes 1s done in two principle
ways, visually by a grader or mechanically by a machine. Knotiness must
De considered first but the grading is also influenced by other quality
factors., By making a quality definition you thercfore have to use an
estimable parameter, for example the knot area ratio, KAR, a machine
modulus or any other property related to the strength properties. In the
following text this parameter is called EP.

In the first case with grading visually, the grader has to observe the
strength reducing defects in each piece and classify them according to
given rules and sizes. In doing so he has to keep a certain rate for pro-
duction reasons and cannot possibly pay much attention to each piece. As

a consequence the result of this examination is impaired by a certain lack
of exactness. The grading rules he has to work with are based on very ex-
tensive tests at which the defects in the timber have been measured care-—
fully and very precisely and the strength properties have been determined

by rupture tests,

'rom the test results the correlation between the quality — mainly the
knotiness  — and modulus of rupture (MOR) has been calculated with the

corresponding standard deviabtion. Tn Section 2 we will specifly how the

woper knot size limit (permissible limit) can be determined from an in-
tended minimum MOR-value through this relation between KAR and MOR.

As the strength properties can be more or less normally distributed, there
have been discussions in the literature as to which statistical mathod
should be used. Since a statistical material is not better than the sampling
method used, and the sampling in this case cannot be done without influence
from a iot of local factors, the following text is based on the assumption

of a normal distribution,

By using the obtained regression equations, it is possible to establish the
maximum sizes for the defects — imots — for the structural grades.

With respect to the difficulties to judge the sizes exactly, it is necessary
to permit certain deviations defined as tolerance limits. The measurement

of the defects at the test is thus very accurate but in the sawmill and tinber
yard it has to be done by eye.
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List of

abbreviations and symbols

EP

-~ Estimable parameter

- Knot area ratio

- Modulus of rupture

~ Permissible EP-limit

- "True" EP-value of a piece of timber

- Registered EP-value of a piece of timber
- Systematic error in EP (Section %)
- Standard deviation of random error in EP
- Average "true'" EP in a package

- Standard deviation of EP in a package

- Probabiliby density for "true™ EP

~ Strength (e.g. MOR) of a piece of timber

-~ Minimuwn strength limit.

(Section #)



In the second case — grading by machine — the machine is using one or
other mechanical or physical property as a parameter. This parameter is
related to an acceptable correlation to the strength properties which

have been established by tests. Normally the machine has been used to
classify the timber which then has been tested to determine ultimate load
and standard dﬂvlatlon to enable the calculation of the 5% f{ractile limit.
The machine can thus be calibrated and programmed to sort timber out with
a desired stress level. The uncertainty in the operation of the machine in

practice is incorporated in the final results.

This method is working well in practice on two provisions:

1. The machine must be properly maintained and trimmed so that the
function will be the same as when the calculation was made.

2. The machine must be correctly progremmed without eny systematic error.

There are hence reasons to try to analyse both how a lack of exactness in the
grading work will influence the accepted risk for rupture and what will
happen with the risk if the meximum limits for the defects in a grade could
be moved with regard to the formulation of the tolerance limits or a syste-

matic error in the machine.

2, BASIC ASSUMPTIONS AND FORMULAS

Consider the following problem. In a timber yard or sawmill handling timber
for structural purposes, one would like to grade the timber into two quality
classes (acceptable vs, not acceptable) according to the desired strength

properties.

More specifically, we will assume that a piece of timber is acceptable if
its strength vy is larger than a prescribed number Yo and nol acceptable
otherwise. (In the sequel we will refer to this as the "ideal” quality

eriterion, )

However, strength cannot be measured directly in current operations so the
grading has to be made by some related quant ity which can be readily deter-
mined for each picce of timber. As mentioned in Secticn 1, such a quantity
dencted EP, exists, For instance, earlier studies have shown that there is
an approximate linear relationship between the modu1u> of rupture MOR, in



bending and the knot area ratio, KAR, of a plece of timber. We now make the

following technical assumption.

Assumption 1

Consider a piece of timber chosen at random from the population of pieces.
having EP-value £ = €, where € is a given nunber, Then the strength y of the
chosen piece may be considered as an N{a+bt,o)-disvributed random variable.

The parameters a > 0, b < 0, and ¢ > 0 arve assuwned to be known.

Fxperience from earlier studles indicates that if y and § are MOR and KAR
respectively then the following numerical values (measured in MP@) are
reasonable: a = 60, b = =50 and ¢ = 6. These values will be used in the

numerical examples presented ahead.
Now, the following procedurs seems natural.

rading procedure

lﬁéasure the EP-value £ for each piece of timber. A piece is classified as

Eﬁcept&ble if €5 go and not acceptable if £ > EO, where go is a prescribed

cermissible limit¢ for the intended stress grade.
-

In this paper we will assume that the permissible limit &o has been deter-
mined by the following relation.

Plysy, |8=6,) = 0.05 , (2.1)
i.e, the (conditional) prcbability is 5% that the strength properties of
a piece of timberare not acceptable (by the "ideal" criterion) given that

its EP-value attains the permissible limit.

The following relation between Yo and EO is readily obtained from (2.1)

and Assumption 1.

o = atbg - 1,6450 , (2.2) -
and thus
Yo = & * 1.645¢
o © R _ (2.3)
b o

where a, b and ¢ were intreduced in Assumption 1.



Now, in addition to Assumption 1 we will make the following one:

[ Assumption 2

Consider a pilece of timber chosen at random from the production line of a
sawmill or a timber yard. The EP~value £ of the chosen piece is a random
variable with probability density, say fg(t) , and the corresponding strength
|y is a random variable with probability density, say ;y(t).

We can now calculatbe the conditional probability p(y:;yoig:sgo), i.e. the
probability that a piece which has been judged as acceptable by the grading
procedure, would not be acceptable by the ideal criterion. We are going to

use this quantity as an efficiency measure of the grading procedure.

By Assumption 1, 2 and standard probability theory we have

to y, -&-bt
”{’ofg(tW( O_——w)dt
Plysy lese,) = 3 , (2.4)
e ) as
e £
which by (2.2) takes the form
£ h(g ~t) - 1.6450
RO _ )
P(ySy,lg s £,) = == 3 - (2.5)
]
S fg(t)dt

where ¢ is the (cumulative) normal distribution function. Obviously
P(y:éyolg £ £,) depends, among other things, on the form of fg(t) .
In this paper we will calculate P(y:SyOIE s Eo) for different condi-

tions on fg(t).

In the above grading procedure we have assumed that EP can be measured
without error for each plece of timber. Obviously, that is not a very

realistic assumption. We now assume that for a piece with "true" EP = £

the EP-value x, x = §, is registered, Thus FP is estimated with an error.

The main aim of this paper 1s to investigate how the efficiency of the
grading procedure is affected if x is used instead of &, i.e. a piece
and not acceptable if x > Eo.

is classified as acceptable il x s £



More specifically, we will compare P(y§§y |x s & ) {efficiency of the
"practical" grading) to P(y:iyo|€ 3 50) (efflclenoy of the "theoretical
grading) for different conditions on the measurement error x - &.

Section 2 treats the case of a systematic error (e.g. if the grading is

made by an accurate but poorly calibrated machine) and Section 3 treats
the case of a random errvor {e.g. if the grading is made visually by a

skilled worker).

3. THE, CASE OF A SYSTEMATTIC ERRCR

In this section we will assume that & = x+A, where 4 > 0 is a constant,
i.e, the quantity EP is measured with a systematic error, Then
Hysydxsgd =PW5yOHSEO+A) and thus, by (2.5):

£+

b(E;Owt) ~ 1,650
"fco fg(t)@'( < )dt

Pysy,|xse) = < . o (3.1)
o .
f f‘g (t)dt

- O

Mm,inom%rtocm@wmlﬂy<ylx<E )uaP@€y M<F } numerically we
must know (or assume) the form of fp(t) In the following numerical
examples we will consider two different distribution forms of £; normal
and uniform respectively, Furthermore we will assign the following nume-
rical values to the parameters involved (cf, the discussion in Section 2):
b= ~50, 0 = 0, ﬁo = 0.5, A = 0.05 (which means that there is a 10% rela-
tive error in the permissible limit). The E,-value corresponds fairly
well to a Swedish middle structural grade.

a) Normal distribution: In this case we assume that & 1is N(ug,og) which

-.‘UA .
means that ig(t) = JL w<_- F) where ¢ 1s the normal density function.
E

Then {(3.1) and (2.5) re>pect1ve1y take the forms

Efm_i_( £ “g\ /b(g -t) - 1. 61450)dt
oy & e O Gg / \ 5
VSV lxsE) = ¢(§BE:.LL€.) , (3.2)
%



and

o]

&0 oy b(E ~t)~1.6450
i & 0 .
PLYSY,lE5E,) = (3.3)

We have evaluated (3.2) and (3.3) in some practical cases, presented in
Table 3.1. £ is N(ug,og), i.e, Mg and op are the average and standard
deviation respectively of the kot area ratio. P(E:EEO) is the probability
that a plece is judged as acceptable by the "theoretical' grading.

P(ysy,
acceptable by the "theoretical" grading would not be acceptable by the

5§5€O) is the probability that a plece which has been judged as

"ideal" quality criterion, The guantities P(xs§ ) and P(y sy lxs€,)
are interpreted correspondingly ("theoretical grading" changed to "practical
grading').

Case | Me o }P(asgc,) P(xs&)) (Pysy, lEsEy) Plysy lxgEg,)
Lt | 0.0 | o8 995 | 0.3 0.4%
2 0.0 | 0,35 75 gug | 0.8% 1.5%
310,50 | 0.15 3 50% 63% ' 1.2% 2.5%
i 10.50 | 0,05} 50% gy 2.7% H.6%
5 Jo.6o | 0.15 ) 258 5. 1.6 5,64
6 joo 005! 2t | 16 s 7.6%
! 1 i i

TABLE 3.1: Efficiency of the practical vs the theoretical grading.
£ is N(ug,ag}. The EP-variable subjected to a systematic error A= 0.05.
Ehmﬁmﬂﬂelﬁﬁt€o=&5.

The efficiency of the practical as well as the theoretical grading depeonds
on the parameters Mg and o, in quite a complicated way. This can be seen
from (3.2) and (3.3) respectively. Now, .the following relations are readily

verified,
& ~Hp
P(gsg,) = ¢ ( gg E’) : | (3.4)
£ th-u
P(xsg)) = ¢ (%mgf-—) . (3.5)



We have chosen (by using (3.4) and (3.5)) the parameters Mg and O in
Table 3.1 as to satisfy the following requirements.

Case 1: P(E:SEO) = 0.98, i.e. practically all the pieces in the package
would be accepted by the theoretical grading. Furthermore, Ph{&&o):=0.99
80 the additional proportion accepted by the practical grading (in rela-
tion to that accepted by the theoretical grading) is very small. This is
a case where the fact that grading must be done by x instead of & would
cause very few problems,

Case 2 illustrates a package of good timber (relative to Lhe permissible
Limit £, = 0.50) since P(§5&.) = 0.75. Furthermore, P(x<¢ ) = 0.8 so
the additicnal proportion accepted by the practical grading is substantial.

Cases 3 and 4 illustrate cases of "medium quality timber", P{g:;go)zzo.so
where the level of the additional proportion accepted by the practical

grading 1s increased in case 4 compared to case 3.

Case 5 corresponds to Case 2, the only real difference being that
P(Es EO) = 0.25 instead of 0.75, due to a larger average knot area ratio,

gase‘g illustrates a package of poor timber; P(g:iEO) = 0.02, The addi-
tional proportion accepted by the practical grading (in relation to 0,02)

is substantial.

As seen from the cases in Table 3.1 the efficiency loss induced by the
practical grading can be considerable.

In Taeble 3,41 we have chosen to vary the parameters My and 0g while EO
and A are kept fixed.

Alternative modes of study ave certainly possible, e.g. keeping Hes Op
aind Eo fixed, while A is varied, or keeping Mg and & fixed while O
and A are varied etc. However, we have confined curselves £o the mode
presented in Table 3.1 and leave the alternative modes of study to the

reader,

©) Uniform distribution: Here we assume that £ is uniformly distributed

on an interval (§ ), l.e. .

min? gmax



1 .
e if &, 8t sk
fét)z %mx€MH min max (3.6)
0 otherwlise
We also assume that
Emin<go<£o+ﬂ<gmax ' (3.7)

We have imposed this condition only to exclude some trivial cases. If
Emin 2 go then the theoretical grading would reject all the pieces in
the packsge, while if £0-+A 2 Emax the practical grading would accept
all the pieces, The condition (3.7) guarantees that there are acceptable
as well as unacceptable pieces (by both grading criteria) in the package.
It is readily shown that (3.1) takes the form

Eoth b(EOnt)-1.6&56

i @( = )dt

Pysyglxseg,) = min (3.8)
<["‘o'{'A"E"min)

while (2.5) takes the form
fo ¢(b(€o—t)~1.645o)dt
£ . g
it ; (3.9)

(€0~ €

P(ys¥,1E58,)

Note that (3.8) and (3.9) are independent of Epaxe This is due to the
special form of the uniform probability density.

We have evaluated (3.8) and (3.9) for different chosen values of €
as presented in Table 3.2,

Case | & . | Pysyolese)) | Plysylxse)
1 0.00 0.5% 1.1%
2 0.10 0.6% 1.4%
3 0.20 0.8% 1.8%
L 0,30 1.2% 2.5%
5 0.40 | 2.2% 4.0%
6 0.45 3. 3% 5.4%

TABLE 3,2: Efficiency of the practical vs the theoretical grading.
£ is uniformly distributed. The EP-variable subjected to a syste-
matic error A = 0.05. Permissibie limit &0 = 0.5



As seen from Table 3.2 the efficiency of the practical grading (with a
gystematic error) can be notably less than that of the theoretical
one aiso in the case of a uniformly distributed EP.

¢) R Remarks: Cbviously our numerical results depend on the parameters

A, E y by a, L; and OE as well as the form of f (t). Other values of
these quantities will yield different numerica) results than the onen
presented above, However, our examples show that systematic measurement
errors in the EP-variable may lead to a notable loss in grading effi-
ciency. We believe that an analysis along the lines presented here is
helpful when Judging the size of such a loss or when Judglng whether
the permissible limit should be changed or not.

L, THE CASE OF A RANDOM FRROR

In this section we will make the following assumption (in addition to
the ones in Section 2).

= £+ §

where
(1) £ is N(Ug‘:gg) (4,1)
(i1) & is N(o, Ug)
(iii) £ and 8 are statistically independent, J

We will confine ourselves to the case of normally distributed £,

in contrast to Section 5, where we studied normally as well as uni-
formly distributed &« The main reascn for thi is is that the comput.a-
tion of P(y:&yoixzéio) becomes quite extensive in the random error
case unless § is normally distributedg, Besides, a comparison of
Tables 3.1 and 3.2 indicates that the distribution form of £ should
not substantially affect the main conclusions of the analysis.

It follows from (4.1) that P(yzy IFSE ) takes the same form as in
(3.3). Furthermere,

x is N( 252 ' Y
“g"/gg t0, ). - (4.2)
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It is then straightforward to show that

£y t M
P(y sy |x=t) dt
-foo OI \/0: +o 40( ‘/02+06)

HySny§£6)= (4.3)
4 q,(fo_i‘.‘_%_,)
; VO§+G§
Now, 1t can be shown (see Appendix) that
02
bCEO'”E>"1'6“50"b(EE:§5§—)(t-1u£)
P(ysy,lx=t) = ¢ . (b))
VAT
g +h ( 53 )
05+6§

ﬁmm%ﬁg(%“)hmo(MB)ﬁEMSPWSnysgy.WehMQ evaluated
this quantity as well as P(ySyO|£ $E,)s (see (3.3)) for different com-

. binations of the parameters involved., The following parameters were
: fixed: b = -850, 0 = 6, o = 0.50, 05 = 0.05, while Mg and g were chosen
. in the same way as in Table 3.1. This way we get cases comparable to

those in Table 3.1, the only difference being that £ was subjected to
a systematic error while here £ is subjected to a random errcr. The
results are presented in Table k4.1,

. I

Case | ug | o PEsE) PXSE)NP(ysy lese ) I Pysy IxsE)

1 10.300.10 98% 96% G.3% 0.3%

2 10,401 0.15 5% T4% 0.8% - 1.0%

3 10,501 0.15 50% 502 4 1.2% - 1.8%

b 10,50 0.05 50% 50% 2.7% 3.7%

5 10.601 0,15 25% 264 1.6% 2.7%

& |C.6010.05 2% 8% 3.7% 9.6%
TABLE 4.1: Bfficiency of the practical vs the theoretical grading. & is

1
N(UE’GE;)'
Permissible limit CO = 0.50.

The EP-variable subjected to a random error which is N{0,0.0%).

The interpretation of the quantities in Table 4.1 is the same as that of
Table 3.1 {see Sectlion 3).
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By comparing Table #.1 to Table 3.1 1t is scen that a random error in
the EP-variasble may lead to an elficiency loss of comparable size to
the case of a systematic error (all other conditions equal).

5e CONCLUSIONS

The conditions that have been illustrated here by some examples show
that the tolerances permitted by grading of structural timber, may
influence the risk level for ruptures considerably. It is therefore
necessary to take this into consideration when determining the per-
mitted stresses or conversely when working out a grading system and
rules of control for the grading, so that the deviations permitted
have s magnitude and design that do not jeopardize the intended risk

level. .
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Appendix

The aim here is to prove formula (4.4). We will base the proof on the
following well known result which appears in most statistical textbooks,

Theorem: Suppose that 2, and z, are N(m.l,oi) and N(m2,02) respectively

and that the correlation between %4 and @, is p. Then the conditional
. . . . . O 2

distribution of z, given zy = U is N(mg+p-g§(t—mi); Js \/;L-p )

Assunption 1 and the fact that £ is N{ug,o0,.) imply that y is
e -t
N(a+bu€,‘ c“+b og).

Then by the above thecrem the conditional distribution of y, given x=t

o e ey

o
1 . - y S . A 2 \
is N(a+ bu£+ Py x ' 5 (t ug),cy \/(i py,x)’

X
where
2 _ 2,2
o, = Og +°5
2 2..22
= 0" +b
%y %
02
o = Bx)-EGEG) _ T7E

Thery the conditional distribution is

= 1
. bc‘g 5 o 02;062
N(“b”a* 5 (B-ug)s Vot ("“’é““?é))

and (4.4) follows immediately.
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SIZE FACTORS FOR TIMBER BENDING AND TENSION. STRESSES
A R Fewell - PRL

INTRODUC TION

The writer was asked to present a paper for the CIB-J18 meeting in Norway 1933
on size factors., Fewell and Curry1 have written a paper which analyses existing
PRL and Canadian data to examine the effect of depih in the determination

of characteristic bending stresses. That paper iz to be published in

The Structural Engineer but due %o delays in publication some of the information
in that paper has been cutdated by committee decisions in producing the final
draft of the revised Code of Practice for timber structures, BS 5268:Part 22.
Rather than re-produce the data analysis of that paper, this short note updates
it by pointing out the subsequent committee changes and adds information

on the adjustment of bending and tension design siresses given in BS 5268.

The Fewell and Curry paper is attached as an appendix.

CHANGES IN DRAFTING BS 5268

The Fewell and Curry paper gives no information on size adjustmenis to tension
stresses and states that no bending stress adjustment will be allowed for

sizes smaller than 300 mm. In fact the 1S 5268 drafting commitiee subsequently
decided that both bending stresses and *ension stresses should bhe allowed to
increase for depths or widths less than 300 mm, The reason for this decision
was to overcome the low tension siresses derived from analysis of structural

gize test data.

SIZE FACTOR3

To adjust lower fifth percentile stress values to characteristic values factors
from the equations K = (2OO/h)O'4 and XK = (200/h)0'192 were used for bending
gtress and tension stress respectively by Curry and Fewell3 in their determination
of stresses for BS 5268. Where X is the factor by which a bending stress
specified for a depth of 200 mm should be auliiplied to obtain the stress

values for a depth or width of 'h' mm. These characteristic values wers further
reduced for the derivation of design stresses appropriate to 300 mm which meant
that in effect the bending and tension stresses from tést samples were being
adjusted to the datum width of 300 mm using factors from ¥ = (BOO/h)O‘4 and

i
K= (3OO/h)O 92 respectively. Figures 1 and 2 show plots of the data from which



these equaticns were determined. The considerable amount of scatter in
Figure 1 is probably partly due to the fact that only an ad justment for
depth is considered whereas the size effect is also dependent on thickness

and test method,

Because of the scatter in-Figure 1, use of the above equation K = (300/h)0'4

to adjust design stresses given in BS 5268 for 300 mm depth to smaller depths
could prove to be unsafe. Additionally for simplicity it was thought desirable
that one equation should be given for both bending and tension and for all

grades, whether visual or machine.

Machine grading is based on selection with respect to modulus of elasticity and
there is no theoretical reason why a size effect for timber selected on this
basis should be the same as for %imber selected on the basis of knots. In

fact for machine grading a denth effect described by the equation

K = 0,81 (h2 + 92300)/(h2 + 56800) currently given in CP 112:Pari o4 appears

to fit the data very well. This equation gives a smaller size effect than

X = (300/n)°%, |

It was therefore decided that BS 5268:Part 2.should allow bending and tension

stresses 1o be increased for depths or widths less than 300 mm using factors

calculated from K = (3OO/h)O‘11. The increase would become a maximum at a

depth or width of 72 mm. This equation was derived theoretically by

>

Bohannan” and is generally conservative for visual grades as can be seen from

Figures 1 and 2 but is less conservative for machine grades.,

April 1983
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APPENDIX ‘

DEPTH FACTOR ADJUSTMENTS IN THE DETERMINATION OF CHARACTERISTIC BERDING STRESSES
FOR VISUALLY STRESS GRADED TIMBER

A R Fewell and W T Curry

SIMMARY

This paper examines the application of equations used to define the effect of section
depth on the ultimate bending stress of timber to characteristic stress values
obtained from tests carried out at PRL and in Canada. It deals specifically

with the determination of the most suitable general equation for adjusting test
results to a standard depth. From a comparison of root mean square differences
between depth factors obtained from the test results, and those predicted by the
equations, it is concluded that for visually stress graded softwood timber the

depth effect is best defined by the equation K = (ZOO/h}O'u

INTRODUCTION

It has long been recognised that the modulus of rupture or ultimate bending
stress of timber is lower for larger than for smaller sections. Although factors
other than depth are also involved the effect has come to be known as a depth
effect which must be quantified so that it can be allowed for in design, and in
the determination of the stress values to be gpecified for timber. These stress
values will generally be determined from tests on samples of timber in different

sizes and the values specified will be for some arbitrarily chosen depth.

This ﬁaper deals with depth effect on sections up to 300 mm deep and is concerned
principally with the determination of grade characteristic stresses rather than
modification factors for use in design where much deeper sections would also

have to be covered. However, consideration might be given to the inclusion of
depth factors in future Codes of Practice for sections shallower than 300 mm. With
such factors some of the differences between Eurcopean and North American grade
stress specifications could be eliminated, and much simpler stress tables could be
produced for the Codes,

Depth effect was first investigated by Newlin and Trayer in 19241, In 1954 Freas
and Selbo? published the results of tests on beams with depths up to 406 mm (16 inches)
and derived an equation which defined a depth effect ratic indewed to 1.0 at 50 mm
(2 inches), the depth of section specified at that time in the standard test
procedures for the determination of timber strength properties. This equation

wag included in North American design metﬁods and was subsequently adopted in the
UK Code of Practice for the structural use of timber in 1967. TFor design purposes
the equation was indexed to 1.0 at a 12 iach depth but this was later changed to

300 mm when the UK Code was metricated in 19713.



Recently a section depth of 200 mm has become the preferred standard depth for the
specification of timber bending stress values in many countries and indexing the

equation to this depth gives:
K = 0.73 (h% + 92 300)/(h? + 56 800) e (1)

where K is the factor by which a bending stress specified for a depth of 200 mm

should be multipliedifo obtain the stress values for a depth of 'h' mm.

A theoretical study by Bohannanq'in 1966 using the Weibull 'weakest link' theory

produced the equation currently used in North American design:
' 1
K=(200/h) /9 .'.l.vr.ll.l'.lll.tl.l.h.ll.l.o'.l..u'.itOl.l.!l.vll..c.l.. (2)

This eguation is also indexed to 1.0 at 200 mm and syggests a depth effect which

is somewhat less severe than equation (1) over the normal range of joist sizes.

The results of an extensive investigation made in Canada in 1977/8 were analysed

by Burys and Madsen6 who produced sets of equations for the effect of depth on the
characteristic ie 5th percentile values of bending stress for timber in standard
joist sizes and visually stress graded to the NLGA rules7. The object of these
analyses was to obtain factors to permit test results for different section depths to
be adjusted to a standard depth for the determination of grade characteristic stress
values. Their equations were grade related but when combined and indexed to 1.0 at

200 mm give:

for Bury

0.403 (3)

K (200/h) R A B R A S S B R A BN S R IR BN I N B O B L

and fbr Madsen
K = 1.631 - 0.00316 h PP PPN €3 |

Equation (%) was obtained by pooling all the test results while equation (4) is
simply the average of the slopes and intercepts of the separate grade eguaticns.

The four depth factor equations are illustrated in Figure 1.

The purpose of this paper is to identify using the PRL and Canadian test data the

equation which gives the best overall definition of depth effect.

Test Data

PRL Data. The test procedures that were used are those now given in BS 5820:19798.

The tests covered samples of Swedish and Finnish redwood/whitewood, British grown

9 and

Douglas fir and Canadian hem-fir and spruce-pine~fir graded to the BS 4978
NLGA stress grades. The test specimens were conditioned to a moisture content of

14 to 17Z and the tests were carried out under laboratory conditions with no



adjustments made to the results for the differences in moisture contents. A span
to depth ratio of 18 was used, the load was applied at the third points of the
span and the duration of each test was about 15 minutes. The grade determining

defect in each test specimenwas located within the zone of maximum stress.

From the test results characteristic bending stresses were calculated for each
sample using 3-parameter Weibull functions. Where more than one sample of a
particulaf section depth, species and grade was tested the characteristic stress
was taken as the weighted average of the sample values. The resulting stress

values are given in Table 1.

Canadian data. A proof loading test was used to determine values of ultimate

bending stress at the lower end of the range in strength expected for each
species and grade. For this test the proaf load was set and adjusted as
necessary,” to break only about 10% of the specimens thatwere tested.

The load was applied at a rapid rate and the value attained when

fracture occurred was recorded. The species tested were Douglas fir-larch, hem-
fir and spruce-pine-fir, and the specimens were selected from mill production.
The tests were carried out at the mills and the timber covered a

wide range in moisture contents, from 107 to green, with temperatures ranging
from ~17°C to 13°¢. A span to depth ratio of 17 was used, the load was applied
at the third points of the span and each test lasted generally less than one minute.
No positive action was taken to locate the grade determining defect in each test
specimen within the zone of maximum stress. The full test programme involved
the testing of some 4000 specimens, but the number of specimens in each sample

is not known.

In the Bury analysis the individual test results were adjusted to 157 moisture
content. A procedure was developed for fitting 3-parameter Weibull functions

to the test data and this was used to calculate characteristic stress values for each
of the samples, TIn the Madsen analysis no adjustments were made to the test

results for moisture content differences and a ranking procedure, involving fitting

a straight line to the results close to the 0.05 probaﬁility point, was used to
determine the sample characteristic stresses. Of the two sets of data, that

produced by Bury was taken as defining the Canadian species and grades. For those
species and grades where more than one sample wag tested for a particular depth,

the average value of thesample characteristic stess values was taken as the value

appropriate to that depth. A summary of the stress values is given im Table 2.



The Canadian and PRL test procedures are obviously quite different and there must
be some uncertainty that the test results are directly comparable. However,
it is the relativity of the stress values at the different section depths and

not their magnitude which is of interest.

Analysis
In the following analysis three questions are examined:
a is there a grade effect _
b which type of squation best defines depth effect, and

¢ can this type of equation be improved for gemeral use.

It should be noted that equation (2) is of thesame type as equation (3) so that
three and not four types have to be considered. A decision has also to be made
as to whatcriterion should be used to assess the relative effectiveness of the
equations. TFor this the root mean square differences ie the square root of the
mean of the sums of the squares of the differences between the depth factors

determined from the tests and those predicted by the equations, is generally used.

Grade Effect. Table 3 gives the depth factor equations for the NLGA grades determined

by Bury and Madsen. These are illustrated in Figure 2 from which it can be seen

that while there are large differences in the factors defined by the two types of
equations, the sequence of the equatiens does not match the grade strength sequence
and the differences between the equations of the same type are quite small, less than

4% over the range of joist sizes. These differences are of no practical significance.

To extend the comparison best—fit equations of the three types,.for characteristic
stress against depth, were calculated for those species and grades for which more
than three samples of timber were tested. From a comparison of variances for
equations type {2, 3) and (4) no statistically significant interaction between
grade and section depth was found, with the gingle exception of the type (4)
equations for Douglas fir-larch. Alsc, as measured by the percentage of total
variance accounted for by the equations, the type {2,3) equations fit the test data

better, on the whole, than the type (4) equatioms.

The individual best-fit equations were also converted to depth factor equations
indexed to 1.0 at 200 mm. These are given in Table 4, together with the 200 mm
characteristic stress values calculated from the equations. Examination of the
equations shows that the effect of depth on the different grades is not consistent
between species as might be expected. For example, the equations indicate that with

the NLGA grades the depth effect is greatest for:



1 the Sel grade of Douglas fir-larch
2 the No 3 grade of hem—fir, and

3 the No 1 grade of spruce-pine-fir,

For the UK data the differences in the values of the depth factors for each of
the grades as defined bv equations of the same type are, as with the Canadian

data, quite small, being less than 57 over the range of joist sizes.

In any assessment of depth effect the method used to stress grade the timber can
in itself influence the results., Not only are the sémples of timber that are
tested likely to contain greater or lesser numbers of pieces with defects towards
the maximum size permitted for the grade, but the effect of the defects themselves
may differ with the size of the section. With visual stress grading there is also
no control over the density of the material selected within a grade, and this

can have a significant effect on strength. The influence of these factors cannot
be isolated from the gross effect attributed to depth so that not only is it
uncertain that like is being compared with like, but the measured effect of depth
may well be different between visual and machine stress grading, and between
softwoods and hardwoods. On the basis of the above comparisons it is concluded

that any grade related effect is small and may be ignored.

Type of Equation To compare the effectiveness of the three Eypes of equation

the characteristic stresses for a standard depth of 200 pm were determined for
each species and grade. The general equations (1), (3) and (4) were used to adjust
the individual stresses for each section depth to 200 mm, and the resulting values

were averaged to obtain the characteristic stresses for the species and grades.

¥or the PRL data where the strength of each specimen is known and therefore could

be included in one sample for each grade and depth, the average was obtained by
weighting the individual sample stresses by the number of specimens in each sample.
For the Canadian data which comprises multiple samples for some grade/depth combina=
tions with a similar but unknown number of specimens,lthe average was obtained by

weighting the stresses for each depth by the number of samples.

The results are included in Tables $ and 6. The characteristic stresses for each
section depth, as given in Tables 1 and 2, were then expressed as ratios of these
grade characteristic stresses to give values of depth factor for the test

results. These factors are included in Tables 5 and 6..



The root mean square differences between the test values of depth factor and those
given by the equations were then calculated and are given in Table 7 for each species

and grade.

The use of equation (1), as indicated in Tables 5 and 6, leads to higher grade
characteristic stresses than those obtained with equations (3) and (4). However,
as can be seen from Table 7 it has a much higher overall root mean square difference,
and in only 7 out of the 19 species/grade combinations has it a lower value than
either equations (3) or (4). Equation (1) is therefore in less accord with the
test evidence and since it yields higher stress values it would be imprudent to
use it when deriving grade characteristic stresses from test results on a range of
joist sizes. As to which of the other two equations should be preferred the
evidence is less convincing. A comparison shows that equation (3) has a lower
root mean square difference in 11 out of the 19 species/grade combinations, and a
slightly lower value overall. On this marginal superiority it must be considered
preferable to use equation (3) for determining what grade stress values should

be specified for timber at a standard section depth,

Modified Equation Equations (2) and (3) are of the same type, the exponent 'p!

having the values of L9 (0.111) and 0.403 respectively. To determine the value

of "b' which best fits the test data, species/grade characteristic stress values

and root mean square differences were calculated as before for a series of similar.
equations with 'b' increasing from 0.1 to 0.5 in increments of 0.0l. The results

are shown graphically in Figure 3 from which it can be seen that the root mean square
difference is least when b = 0.39. This is close to the value for equation (3) and

for general use a value of 0.4 should be adopted for 'b' to give the equation

K = (200/h)0'4

Conclusions

From the results of this analysis it is concluded that:

1 The effect of section depth on the characteristic bending stress of visually
stress~graded softwood timber, in sections from about 100 to 300 mm deep,

can be defined by the general equation

K = (200/m)°
where K is the factor by which (a) the stress value obtained from tests onm sections
with a depth of 'h' mm should be divided to obtain the stress corresponding to a
depth of 200 mm or (b) the stress.value for a section depth of 200 mm should be

multiplied to obtain the corresponding stress for a section depth of 'h' mm,

2 In applying the general equation no distinction need be made between species or

visual grade.
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Table 1 Summary of PRL Test Data

Characteristic

Species Grade Depth No_of bending

T specimens stress

N/mm2
Redwood/white- | SS. 100 214 25.7
wood 150 1077 24,9
170 85- 24,0
195 91 23.1
200 661 23.6
Hem-fir Ss 100 149 27.3
150 195 23.4

200 110 21.8
250 83 22.3
Sel 100 55 30.7
150 96 24.4
200° b4 25.2
250 65 24.9
No 2 | 100 79 21.4
150 65 18.9
200 39 18.0
Spruce-pine-fir | 8% &8 214 28.6
184 264 20.9
Sel 88 180 29.6
184 237 22.2
No 2 88 40 18.6
184 26 13.3
British-grown Ss 100 84 21.8
Douglas fir 200 129 18.8




Table 2 Summary of Canadian Test Data

Characteristic

Species Grade Depth No of bending
mm Samples stress

N/mm?

Douglas fip- Sel 89 2 34.9
larch 140 2 28.6
184 2 23,2

235 2 18.2

¥o 1 89 1 25.1

184 1 15.7

235 1 11.5

{ No 2 89 2 21.3

140 2 15.3

184 2 13.4

235 2 12.0

No 3 89 1 14,5

140 1 12.8

184 1 12.5

235 1 9.1

Hem~-fir Sel 89 1 29,1
140 1 28.7

184 i 26.0

235 1 18.5

No 2 89 1 18.9

140 1 21.8

184 1 17.6

235 1 17.1

No 3 89 1 20.1

140 1 15.5

184 1 14.3

235 1 11.7

Spruce-pine~fir | Sel 89 A 25.4
140 4 24.5

184 4 22.9

235 2 18.2

No 1 89 2 24.6

140 2 19.0

184 2 16.4

No 2 89 4 20.7

140 4 17.3

184 4 16.3

235 2 15.7

No 3 89 1 17.2

140 1 13.5

184 1 10.0

235 1 12.5




Table 3 Depth Factor Equationsfor the NLGA Grades

Grade Equation (3) Equation (4)

Bury ) Madsen
Sel 200/8)°283 ['1.594-0.00297
No 1 and No 2 | (200/0)%+3%1 |1 608-0.00304
No 3 (2oo/h)o'l‘23 1.691-0.00346 h
Conbined (200/0)°+493 | 1.631-0.00316 &
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Table 5 Depth Factors (X) obtained by expressing
the PRL test results as ratios of the species/grade
characteristic stress values (fK N/mm2)

. Depth | Equation | Equation | Equation

Species Grade o 1 (3) ()
Redwood/white- | S§ | 100 1.09 1.15 1.17
wood - 150 1.06 1.11 1.13
170 1.02 1.07 1.09

195 0.98 1.03 1.05

200 1.00 1.05 1.07

fK 23.5 22.4 22.1

Hem—-fir SS 100 31.19 1.27 1.26
‘ 150 1.02 1.09 1,08
200 0.95 1.01 1.01

250 0.97 1.03 1.03

fK 22.9 21.5 21.7

Sel 100 1.22 1.28 1,26

150 0.97 1.02 1.00

200 1.00 1.05 1.03

250 0.99 1.04 1.02

fK 25,2 24.0 24.4

No 2 100 1.16 1.27 1.28

150 1.02 1.12 1,13

200 0.98 1.07 1.08

fK 18.5 16,8 16.7

Spruce-pine-fir | S8 84 1.26 1.40 1.40
184 0.92 1.03 1.08

fK 22.7 20.4 20.4
Sel 84 1.25 1.38 1.38

184 0.94 1.04 1.03

fK 23.7 21.4 21.5
No 2 84 1.23 1.41 1.40
184 0.88 1.01 1.00

£ 15.1 13.2 13.3

British—-grown 58 100 1.14 1.22 1.22
Douglas fir 200 0.99 1.05 1.05
fK 19 1‘ 17.9 17.9
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Table 6 Depth factors (K) obtained by expressing the
Canadian test results as ratios of the species/grade
characteristic stress values (f N/mm2)

. Depth | Equation | Equation | Equation
Species Grade o (1) (3) %)
Douglas fir- Sel 89 1.41 1.52 1.51
larch 140 1.15 1.25 1.24
184 0.94 1.01 1.00
235 0.73 0.79 0.79
fK 24.8 22.9 23.1
No 1 89 1.52 1.65 1.62
184 0.95 1.03 1.01
235 0.69 0.76 0.74
fK 16.6 15.2 15.5
No 2 89 1.45 1.57 1.56
140 1.04 1.13 1.12°
184 0.91 0.99 0.98
235 0.81 0.88 0.87
fK 14.7 13.6 13.7
No 3 89 1.24 1.34 1.33
140 1.10 1.18 1.17
184 1.07 1.15 1.15
235 0.78 0.84 0.83
fK 11.6 10.9 10.9
Hem—-fir Sel 89 1.19 1.28 1.27
- 140 1.18 1.27 1.26
184 1.07 1.15 1.14
235 0.76 0.82 0.81
fK 24 .4 22,7 22.8
No 2 89 1.05 1.12 1.11
140 1.21 1.29 1.27
184 0.98 1.04 1.03
235 0.95 1.01 1.00
fK 18.1 16.9 17.1
No 3 89 1.37 1.48 1.47
140 1.06 1.14 1.13
184 0.98 1.06 1.05
235 0.80 0.86 0.86
fK 14.7 13.6 13.7
continued
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~{continued)
Table 6 Depth factors (K) obtained by expressing the
Canadian test results as ratios of the species/grade

characteristic stress values (fK N/mmz)

. Depth | Equation | Equation | Equation
Speciles Gradet nm 1) 3) )
Spruce-pine-fir | Sel 89 1.15 1.25 1.24
140 1.11 1.20 1.20
184 1.03 1.13 1.12
235 0.82 0.89 0.89
fK 22.1 20.3 20.4
No 1 89 1.33 1.47 1.48
140 1.02 1.14 1.14
184 0.89 0.98 0.99
fK 18.5 16.7 16.6
No 2 89 1.24 1.34 1.33
140 1.04 1.13 1.12
184 0.98 1.06 1.05
235 0.94 1.02 1.01
fK 16.7 15.4 15.5
No 3 89 1.35 1.46 1.44
140 1.06 1.14 1.13
184 0.79 0.85 0.84
235 0.98 1.06 1.05
fK 12,7 11.8 11.9
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Table 7 Root mean square differences between depth factors

obtained from the test results and from the general
depth factor equations

Root mean squares (x102)
Data Specics Grad
source P © Equation | Equation | Equation
(1) (3 (4)
Redwood/white~
PRL wood ss 1.51% 8.26 7.69
Hem-fir ss 4.97% 6.95 10.58
Sel 7.03% 8.86 12.42
No 2 3,444 4.95 5,14
Spruce-pine-fir | 8§ 11.27 0.95% 3.89
Sel .98 0.67% 2.08
No 2 11.88 2.20% .76
British-grown 88 1.98% 8.16 7.72
Douglas fir
Canada | Douglas fir- Sel 18.89 11.07 10.10%
larch No 1 27.24 18.50 17.80%*
No 2 | 18.39 9,88% 11.47
No 3 11.26 8.17 5.67%
Hem-fir Sel 12.186 11.17 7.81%
No 2 8.34% 15.47 14,18
No 3 14.62 6.10% 6.75
Spruce-pine~fir | Sel 7.35 8.83 6.37%
No 1 14,01 5.96% 8.85
No 2 6.04 4.94% 7.12
No 3 16.06 11.74% 14.35
Mean values 10.86 8.04 8.67

*lowest root mean square value

15
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STRENGTH CLASSEIS FOR INTERNATIONAL CODES

by .
AR, Tewell and J.G., Sunley

INTRODUCTION

Structural timber can be stress graded by both visual and mechanical means.

Whilst grading machines can be set to grade to any strength level within the

range of a given species, visual grading rules cannot be finely adjusted and

so will often result in different stresses for the same grade of different species.

Any country, such as the UK, utilising many different species from different

countries for structural applications is therefore faced with an array of

alternative species/grade combinations with varying strength properties, The

coumplexity caused by this wide variety of alternative species and grades has

prompted the following criticisms in the UK for this system.

j- -

To make the most economical choice of species and grade a designer needs
knowledge of the price and availability of the various alternatives. He
is not always sufficiently well informed to make the best choice and even
if it vas the most economical chojce at the time of design it may not be

the most economical choice at the time of purchase.

It has been said that the complexity of species and grades inhibits the use
of timber in structures designed by persons not regularly engaged in timber

design,

A lot of time is frequently spent by suppliers and speci fiers discussing

alternative combinations of species and grade to those originally specified.

Most British plantation grown timber is not directly equivalent to grades of
the same imported species and so finds it difficult to compete for a share

of the warket for structural timber.

The current combinations of grades, particularly for machine grading are not
always the wost suitable for the species being graded, yielding too many

rejects or too few pieces within one grade.

It is difficult for new species/grade combiﬁations to penetrate the structural

timber market particularly when they may be only intermittently available,



Do 2 -

T Lach time an existing design of timber structure is re~ordered it may
be necessary to laboriously check and change the grades and species

specified to allow for changes in their price and availability.

The means of overcoming these critficisms is seen in Aunstralia, the UK (in the
revised Code of Practice BS 5268 : Part 2) and by ISO TC/165 as a system of
strength classes. It should be noted that the North American machine stress

rated grades are also in effect strength classes.

A strength class system comprises a number of classes, each with its own set of
strength properties, into which species/grade combinations of gimilar strength are
allocated. Design calculations can be carried out using properties for a
particular class and any combination of species and grade that meets that class can
be used, allowing the full advantage of price and availability to be obtained. All
strength class systems follow these general principles. The major differences are
in the number of classes and the method of selecting strength property values for

each class.

THE UK SYSTIM '

In the UK strength class system shown in Table 1 there are nine classes. In fact
classes SC6 Lo SC9 are for denser hardwoods and SC1 and SC2 are unlikely to be
popular‘choices. This means that for softwoods a designer will usually make a
choice between SC3, SC4 and SC5. The stress values shown in Table 1 are design
stresses but a system could be devised using characteristic values. (Table 3 shows
estimated characteristic bending stresses.) Table 2 shows the allocation to classes
of the similar BS 4978 grades. BS 5268 also contains other tables allocating North

American grades and hardwoods,

There are complications, for example a specifier may have to list certain species
as unacceptable where fastener strength or durability is important, but it is

expected thal these complications will be minor.

A major advantage of strength classes for the operators of grading machines will be
that machines can be set to grade any species exactly to a strength class boundavy
stress level, This overcomes the problem of inefficiency for some combinations of
species and visual grades which have strengths above those values assigned to the
classes to which they have been allocated. Grading machines can also be used to
grade species into classes in which no visual grade of that species has heen

allocated and in which it would not otherwise be able to compete.



AN INTERNATIONAL SYSTEM

The foregoing statements and comments relate to a strength class system devised

for a country using many different combinations of species and grade, mostly

imported, and therefore subject to considerable variability of price and

availability. Whilst this system could be applied to other regions in the

Northern Hemisphere using similar species, its use internationally would have

the following problens.

1.

Any strength class system will contain combinations of species and grade which
have higher strength than the class to which they are assigned. These
differences need to be minimised if designers are to be encouraged to specify
a strength class rather than a species and grade. A national strength class
system can be tailored to suit the most common species and grades used in that

country to minimise these differences, whereas an international system camnod.

The inefficiency caused by the above differences can only be reduced in an
international system by increasing the number of classes, a solution which has

its own disadvantages.

Grading is not always carried oat in the country of origin of the timber.

This can cause problems in identification which would affect the classification
of particular species in differeunt couniries. Tor example the UK importis
redwood/whitewood from many different countries and any grade of this species
combination is assigned one set of strength properties which are obviously
influenced by the weakest source. Thus the UK would assign a particular

grade of redwood/whitewood to one class which might be thought too low by a

country such as Sweden using only Swedish redwood/whitewood.

A country using very few species might even find strength classes a

disadvantage.

At this stage efforts should be aimed at unifying standards on sircss grading rules

and sirength class systems should be devised nationally or regionally to include

the international grades of various species. It might not be in the interest of

all countries to adopt the same strength class system.

JGS /MMB
May 1983,
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TABLE 2. SOFTWOODS WHICH SATISFY THE REQUIREMENTS FOR STRENGYE CLASSES: GRADED
TO BS 4978 ‘

Standard nane Strength class

o 5C1 SC2 SC3 SC4 SCo™
Imgo rted
Parana Pine GS SS
Pitch Pime (Caribbean) GS 55
Redwood . GS/¥30  ss M73
Whitewood GS/H30  s8 M75
Western Red Cedar GS SS
Douglas Fir-Larch (Canada) _ -GS 88
Douglas Fir-Larch (USA) GS SS
Hem~Fir (Capada). GS/M50 88 . M7S
Hem-Fir (USA) # Gs 8S
Spruce-Pine-Fir (Canada) & . GS/M50  SS/M7S
Western Whitewoods {USA) ¥ 6S SS
Southern Pine (USA) Gs SS
British grown
Douglas Fir GS M50/88 M735
Larch GS $S
Scots Pine GS/M50  sS M5
Corsican Pine GS M50 ss 3
Enropean Spruce t GS M50/35 75
Sitka Spruce T GS M50/58  M73

" *All softwoods clameified as strength class SC5, ekcept Pitch Pine and Southern
- Pina (USA) should uvse the fastener loads tabulated for strength classes SC3 and

8Ch.

TAll grades of British grown Sitka spruce, British grown European spruce and
Wegteyn Whitewoods (USA) should use the fastener loads tabulgtad for strength
claspsas SC) and SC2.

tFor grades of Hew~Fir (USA) and Spruce-Pine-Fir (Canada) in strength classes
othey than SCl and SG2Z the values of lateral load perpendicular to the grain fov
coach screws, bolts and timber comnectors should be miltiplied by the
joint/class modification factor ¥42 which has the value 0.9.

‘Machine grades MGS and %SS w2y be substituted for the GS and S5 grades

respectively.

A specles/grade combination frow & higher strength class (see table 8) may be
used where a lower sirength class is specified,

The 56, S8, MS6 and MS8 grades of the ECT 'Recommended Standard for Stress

Grading of Coniferous gaup Timber' (1982) may be substituted for GS, SS, MGS and
M58 respectively,

225141y - 29 82/14091



TABLE 3. ESTIMATED CHARACTERISTIC BENDING STRESSES

Strength BendithStress Eguivalent
Class N/mn Characteristic Stre

(sce Note 2) N /v

sC1 2.8 -~ 5.9
sc2 4,1 8.6
SC3 5.3 11.1
SCh 7.5 15.7
SC5 10.0 21,0
Sc6 12.5 26.2
SC7 15.0 31.5
sC8 17.5 36.7
SC9 20.5 43,0

NOTES

1. BS 5268 permits all bending ahd {ension stresses for members whose depth

or width is less than 300mm to be increased by a factor K = (BOO/h)O'il.

2. The characteristic strese values are for 300mm depil and are predicled
winimum lower 5th percentiles. That is to say they are the weighted mean
of 5th percentiles from test samples multiplied by a safety factor.
Because machine grades and visual grades have different safely factors the

weighted mean 5th percentiles are different for the two methods of grading.

If the c¢haracteristic values quoted above were for visual grades only with
no safely factor and referred to a 100mm depth the values could be

multiplied by a factor of approximately 1.060,
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Load-carrying capacity of dowels

1. INTRODUCTION

In connection with the new swiss timber code [1] a few tests on timber-to-
timber joints, mainly connected with dowels, were performed. Since the new
code gives for these cormections smalier values than those allowed by the
german code DIN 1052 [2] or by the CIB-Structural Timber Design Code (371,
the main purpose of the tests was to obtain an upper limit of the load-
carrying capacity. Therefore glued laminated timber was used. Bue to the
greater uniformity of glulam, although smaller scatter of the test values
could be expected.

The tests described here were performed with the same joint configuration,
the only parameter being the thickness of the timber eiements. For more
detailled information see [41.

2. DESCRIPTION OF THE SPECIMENS

Fourteen tests were performed, with 5 different member thicknesses. The
joints were built up symmetrically and lested in tension. The configuration
is given in Figure 1 and the thickness of the timber elements in Table 1.

S P M o I
F o] N N on | menF
Fig. 1: Configuration of the ‘ l } } i } JM#%
specimens with 6 Bd jed b |
dowels ¢ 16 mn ~  dows} 416
: f . _ﬁ_ y mgi 4 ;
= e SR ST 4% | g
; - -? - --—‘lﬂ——- PR SO ..é._. - ;
i i
Table 1: Thickness of the timber elements
A | 18 3 4.5 6 7.5
a 1.5 d 3 d 4.5 d 6 d 7.5d
2y 1 d 2 d 3 d 4d 5 d

The timber splices have each 2/3 of the thickness of the main membher.



3. MATERIAL PROPERTIES

For the main member and for the splices glued laminated spruce (picea
abies Karst.) was used. The relative density was of o = 0.46 7 0.02 t/m’,
the compreossive strength was about 45 N/mm® for a moisture content of 11 %.

The dowels were made of steel Fe 360 with a yield point of 262 N/mn’ and
an ultimate strength of 404 N/mm®.

4. TEST RESULTS

The results of the 14 tests are shown in Table 2. The scatter was low, The
final failure occured generally in the side member through splitting of

the wood starting in the outer row. For X > 3 failure was always accompanied
by & pronounced plastic bending of the dowels.

AP 1.5 3 4.5 6 7.5
Test 1 77 123 140 159 170
Test 7 66 126 133 151 163
Test 3 . 119 136 | 153 167
middle values F 123 136 164 167

i )

5.  LOAD-CARRYING CAPACITY BY DIFFERENT CODLS

5.1 Swiss code

The swiss code is based on allowable stresses. Per shear plane of a three
member joint with Ay = 6 and X, = 4 the allowable value parailel to
grain and for long term loading is given as

F“ = 44 - d]’7

[F in Newton for d in mm]

For a dowel with ¢ 16 mm the allowsble value is equal te 4.90 kN, For
smaller values of slenderness the allowable loads must be reduced in
proportion; for higher values no increase is foreseen,

The minimum distances observed in the test specimens are those prescribed
by the swiss code. :

5.2 German code DIN 1052

The german code allows lower minimum distances between dowels {(parallel

to grain 5 d and perpendicular to grain 3 d) and an end distance of &6 d.
The allowed loads are nevertheless higher, especially for larger diameters
of the dowels.




[£%]

5.3 CI8-Code

With density of the wood p = 0.46 t/m3 and a yield strength of the
dowels of f, = 262 N/mm? we obtain the load-carrying capacity in N
per shear p?ane to

F” = min. value of + A]im = 3.3
66.4 - d

Considering the higher yield strength and the larger required minimum
distances, the above values have to be multiplied by 0.82.

6. COMPARISON TEST-CODE VALUES

A comparison between the ultimate load capacity determined with the CIB-
Code and the test results is shown in Figure 2.

&F‘u : . i2-0°\
pa CIB~Code 2V P B
IN/maf) | '\ » ‘\‘ . -
T,
1 L -
60 ’,Jk'
S e v T G L GRS BALGR AT T SR Lm0 mD s o=
/ \
/ S 0.82-reduced valuss
4Q 1 / "
_ & test values
T/ {middle value of 3 specimens)
20+
0 4 + + { + é§
0 2 4 6 8 0 12

Fig. 2: Comparison CIB-Code and test results

Considerable differences can be noted for the range 3 < ) < 6, even when
taking the reduced values (due to the shorter minimum distances). A good
approach can only be achieved by introducing’ a third condition {dotted line
in Figure 2) as it was originally proposed by LARSEN [51 for the CIB-Code.

In Figure 3 the relation between ultimate loads (short term) and the
allowable values (long term) is shown for the swiss and german code. As a
result 'we found a certain inconsistency of the level of safety With short

dowels (A, < 3) higher factors are obtained.
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7. CONCLUSTONS |
Actual codes do not take in account the bLilinear relationship between the
uitimate load and the slenderness of the dowel. Moreover the CIB-Structural
Timber Design Code, as formulated now, gives too high values., A good
agrecnent can be attained by introducing a third condition for the

uTtimate toad, as stated in previous proposals. Resides the influence of

a shorter minimum distance between dowels in a row (6 d instead of 7 d) has
been overestimated. :
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ABSTRACT

A review of the literature has been carried out to obtain information of direct
relevance to @ proposed test programme with the objective of preparing design
information on bolted and coach-screwed timber joints loaded in shear in
circumstances not adequately covered by currently available codes of practice and
timber design handbooks.

Aspects covered by the review are: Connections which have bolt edge and end
distances less than the minima currently specified in NZS 3603:1981 (Code of practice
for timber design); connections which have smaller washers than those currently
specified in NZ5 3603; ultimate sirength design; lead/deflection relationships; test
specimen variables; implications for earthquake loading.



PREFACE

This literature survey is the first part of a research programme to be carried out by
BRANZ to prepare design information on bolted and coach-screwed timber connections,

loaded in shear, in applications which are not adequately covered by currently available

codes of practice and timber design handbooks,

This report is intended for other workers in the field of timber engineering rescarch,
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BOLTED TIMBER JOINTS : A

LITERATURE SURVEY

INTRODUCTION,

Currently available design information on bolted timber joints loaded in shear concen-
trates on specifying conditions under which a maximum joint load can be developed. In
practice these conditions are often highly inconvenient to fulfil and many boited
connections are made which of necessity violate some code rules. Though these
connections obviously do have some strength, failure to comply with the rules means a

code allowable joint load of zero,

This research programme was conceived with the objective of preparing design
information on bolted and coach-screwed connections loaded in shear in circumstances
not odequately covered by currently available codes of practice and timber design

handbooks,

The areas chosen for investigation concern connections which have end and edge
distences less than the minima currently specified and those having smaller washers
than prescribed. These were considered areas in which code violations most commonly

occurred,

The fest criteria governing the design of timber structures are deflection and sirength.
With regard fo the first, the load/deflection data for bolted joints required by designers
are not available. With the second criterion, although the bolt loads given in NZS 3603
have been derived from ultimate load tests, no indication is given of the ultimate loads

of the bolted connections described, or their mode of failure.

Information on these design criteria will also be provided by this research for joints
construcied in accordance with code provisions together with details of the
comparative behaviour of such 'modifications' to these joints as may possibly be

necessitated by practical considerations.

In general, the provisions of the pertinent New Zealand building codes, together with a



large number of their overseas equivalents, indicate a wide acceptance of design
criteria based upon experimental work carried out at the U.S. Forest Products
Laboratory during the 1930s and early 1940s. Research carried out in Europe, notably
in Scandinavia and the Netherlands during the early post-war years, also appears to

provide a basis for the formulafion of New Zealand and overseds code provisions.

A survey of literature relevant to the proposed resecarch was carried out prior to
formulation of a definitive test programme and experimental design, Subjects of
interest included test and other background data used in preparation of New Zealand

and overseas code provisions,

Further investigation was carried out into published data on past research from varied
sources in an aitempt to procure information of direct relevance to the proposed test
programme, both as a means of evaluvating applicable test procedures and to avoid
unnecessary duplication of earlier research work. Information relevant to the various
aspects of the proposed research is summarised under the appropriate headings in this

report.

This repert on the literature survey represents an initial stage of the proposed research
programme and is intended to previde a basis for discussion and suggestions as to the
subsequent emphasis of the research. The main conclusion is confirmation of the
suspicion that there was insufficient detailed and replicated information existing on the

proposed subjects for research,
DISCUSSION

Connections which have bolt edge and end distances less than the minima currently
specified in NZS 3603 : 1981 Code of practice for timber design.

The original experimental work on the strength of bolted fimber connections was
carried out at the U.S. Forest Products Laboratory (Trayer, 1932) and is cited in much
of the oiher reference material. No evidence of prior research has been found apart
from a study, again at Forest Products Laboratory, of aircraft bolts (Trayer, 1928). In
Trayer's own words; "... no extensive series of actual strength tests of ordinary bolted
timber joints from which safe working values might be selected with assurance has

heretofore been made." This would appear to be true.



Trayer's recommendations have been incorporated, with very little modification, into
the relevant building codes of Australia (A.S. 1720-1975; S.A.A. Timber Engineering
Code), Canada (Canadian Wood Construction WJ4 1977 Connectors and Supports), New
Zealand {NZS 3603:1981), the United Kingdom (C.P. 112 : Part 2 : 1971 The Structural
Use of Timber) and the U.S.A. (National Design Specification for Siress-Grade Lumber
and its Fasfenings 1971). It seems quite likely that many other countries will have
incorporated at least some of Trayer's recommendatfions into their own relevant codes

of practice. (Booth and Reece, 1967).

In Australia, modifications were made for the use of green hardwoods, with their
inherently high incidence of splitting during drying. The working loads for fhe
relatively low-density, North American timber species were extrapolated to apply to
the considerably higher strength Australian timbers. These modifications, as specified
in AS 1720-1975, were subsequently adopted by New Zealand for incorporation in NZS :
3603. Previously the building codes of both couniries corresponded more closely to

Trayer's figures.
A comparison between Trayer's figures for minimum end and edge distances and those
minima specified in the publications cited above is given belows:

Trayer . Building Code

Load paraliel to grain

End distance
7D Softwoods (loaded end) 1D {WIL 977, CP 112, NDS 1971)
8D (AS 1720, NZS 3603)

5D Hardwoods {loaded end) 5D (WJ4 1977, NDS 1971)

No proviso for hardwoods in other codes.

" 4D (unloaded end) 4D (WJ4 1977, CP. 112, NDS 1971)
| 5D (AS 1720, NZS 3603)

EBdge distance
1.5 D "usual practice requies... 2D (AS 1720, NZS 3603)



half the distance between bolt
rows"

N.B. Trayer specifies a normal 1.5D (34 1977, CP 112, NDS 1971)
minimum 40 spacing between rows

of bolis.

Load perpendicular to grain

£nd distance
Not specified 4D (W4 1977, CP 112, NDS 1971)
Not specified (AS 1720, NZS 3603)

Edge distances

4D (loaded edge) ' a0 (WJ4 1977, CP.112, NDS 1971, AS 1720,
NZS 3603)
r...relatively unimportant® 20 (NZS 3603)
(unloaded edge) 15D (W4 1977, NDS 1971)

Not specified (AS 1720, CP 112)

Trayer refers to tests carried out to determine the proper margin and spacing of bolted
joints. However, no data is quoted from the resulis obtained in support of recom-

mended minimum distances - which presumably included seme form of safety factor.

Although outside the scope of this investigation, it is of interest to note that orher
recommendations included in Trayer's report concerning the undesirability of using
staggered-bolt joints, loaded parallel to the grain, have not been confirmed in
subsequent research by various organizations. (Kunesh and Johnson, 1268; Wilkinson,
1980). Kunesh and Johnson's results indicated that the performance and efficiency of
such joints equalled or surpassed those of joints with bolts in regular patterns.. (i.e.
piaced opposite each other in unifermly-spaced rows, parallel to the direction of the

applied load.)

In the introduction to their report Kunesh and Johnson describe their work os part of a
wider investigation, by the United States Department of Agriculture, Forest Research
Laboratory, of factors relevant to the performance of bolted timber joints. As Trayer's

recommendations appeared in an earlier publication by this organization it is interesting



to find these factors, which include the effect of end distance on joint strength,
referred to by Kunesh and Johnson as, "not studied intensively at earlier times," with all

that this implies regarding the scope of Trayer's tests.

Onec further reference of noie was a fentative summary of fests on bolted plywood
joints. These tests, carried out at the University of Washington in 1951 for the now
defunct Douglas Fir Plywood Association, indicated that assumption of a load reduction
in direct proportion to the end or edge distance reduction was highly conservative, for
reductions of up to 50% of the minimum end and edge distances required to develop full
fimber bearing strength. Further work was to be carried out to investigale the
relationship between loads and reduced end and edge margins. No further reference to
this work could be obtained from any source and the University of Washington was

uvnable 1o confirm that such research had in fact been carried out.

Connections which have smaller washers than those currently specified in NZS 3603.

From available data (Noren, 1948, 1949, 1951; Trayer, 1928, 1932; Wiikinson, 1971) it is
clear that washer dimensions have been principally designed for applications in which
holts are acted upon by a direct tensile force (i.e. anchor fixings). This is logical as this
situation would represent a 'worst case' of loading for the joint and by increasing the
bearing area beneath the bolt head most of the full tensile strength of the bolt may be
vtilised before failure of the joint occurs due 1o embedment of the washer and bolt head

info the 1imber.

In the case of coach-screws, additional criteria governing the dimensions of hole sizes
for both shank and threaded portion and depth of penetration into the main member are
strictly specified (NZS 3603, AS 1720, CP 112, WJ4 1977, NDS 1971) in order that the
maximum resistance to withdrawal of the joint should approximate the maximum

tensile strength of the coach-screw. (Newlin and Gahagan, 1938).

As the tensile strength of a bolt and the compressive sirength of timber are both
functions of area one may expect a fairly constant relationship to exist between the
bearing orea of washers and the cross-sectional’ area of the maximum bolt size
permitied under code provisions for use with each respective washer size, equivalent to

the relationship between these strengths. In a'worst case' situation with a weak timber



(compressive strength 2.5-3.0 N/mm?) this relationship would be around 10 or {2,

Considering the provisions of NZ5 3603:

Max bolt diameter 8 mm 12 mm 20 mm 20 mm plus

Min washer size T 25 %25 mm S0 x50 mm  65x65mm  75x 75 mm

Washer thickness 15 mm 3 mm 5 mm 8 mm

Bolt cross-sec area (A) 50 mm? 110 mm? 310 mm?* -

Washer bearing area (B) 550 mm? 2300 mm? 3700 mm? 5500 mm? -
B/A Ll 21 12 *

¥*B/A = 1} for bolt diameter 24 mm

For bolts of 8 mm and 20 mm diameter the relationship between bolt cross sectional
area and washer bearing area is of the order expected. The washer specified for use
with 12 mm bolts (and 10 mm) appears somewhat oversized and a washer 35-40 mm

square would seem adequcte.

Of interest are the results of an investigation carried cut into the lateral bearing
strength of wood under The embedment loading of fasteners (Wilkinson, 1971). These
include a maximum load of around 21 KN achieved during an embedment test on
Douglas Fir, using a 19 mm dia. bolt with a washer bearing area of 1497 mm?*, The
fastener bearing area was thus very similar to that of a 40 x 40 mmn square washer with
a hole size intended for bolis of 8-12 mm dia. The failure of this joint, due to
embedment of the washer, occurred at a loading of similar order to the expected
maximum iensile strength of a 12 mm steel bolt and is further indication of the
adequacy of washers somewhat smaller than specified by NZS 3603 to provide
embedment resistance for fastener heads, insofar as the direct tensile component of

bolt load is concerned, for joints using 12 mm bolts,

The function of washers in joints under lateral loading is more problematical in the
load/deflection relationship of a bolted joint. Two values are of particular interest: the
proportional linit load, and the yield point load. The relationship of the former to the
chosen safe working loaad is the factor of safety against creep. The ratio of the yield

point {oad to the cafe working load gives an indication of the joints safety against short



term load.

Available data (Noren, 1948, 1949, 1951; Vermeyden, 1280) indicate that the friction
forces induced by bending of the bolt under lateral loading are highly dependent upon
the size of the fastener Eeqd and have a considerable influence on the foad/deflection
characteristics of bolted joints with low slenderness values. As the slenderness value
(i.e. the ratio of the member thickness to bolt diameter) increases this effect assumes

fess importance as shown below:

Slenderness Washer PplkN) PF(kN) Pmax (kN)
None - 2.5 4.6 5.4
.83 40 x 40 x4 mm 3.2 [1.3 14,1
90 x 90 x10 mm 4.3 3.2 27.9
None 3.8 8.3 ‘ 9.9
3.66 40 x 40 x 4 mm 4.6 12.2 22.3
90 % 90 x 10 mm 4,9 3.7 ) 35.8
7.28 None ’ 5.7 12.0 §3.7
90 x 90 x 10 mm 5.8 12,7 29.0

12 mm bolts in single shear parallel to grain. (Noren, 1951).

Pp = Load at proportional limit (i.e. the point at which joint slip ceases to be

proportional to the load).

PF = Load at yield point (i.e. the point at which joint slip increases rapidly with

each small load increment).

For purposes of comparison, Noren assumed Pp and PF to occur at deflectiions of 1 rmm

ond 10 mm respectively,



If either the proportional limit load or the yield point load are used as the criterion for
specifying the safe working load of a bolted joint, locded parallel to the grain, at a
slenderness value of 3.66 the 40 mm washer offers a performance alrmost equal to the
large, 90 mm washer. At a slenderness value of 7.28 the use of a washer appears
irrelevant. The larger washers do provide a greater facior of safety for maximum load,
however. Noren describes maximum load as a “itypical Yoboratory value" strongly
dependent upon rate of loading and suggests that the vield point mey in practice be

equated with failure load.

This conforms to the provisions of AS 1649-1974 (Methods for the determination of
basic working loads for metal fasteners for timber) in which the ‘maximum’ lateral load
for a dowel type timber connector from which the basic working loads are calculated, is
specified as the load giving a joint deflection of 12.5 mm under the prescribed test

conditions.

Tests carried out on joints in single shear loaded perpendicular to the grain have

exhibited a similar pattern of behaviour. (Noren, 1948, 1947, 1951

Joints in double shear are much less sensitive to the effects of washer size than joints
of similar slenderness ratio in single shear. The maximum load attainable by these
joints is also virtually unaffected by washer size beyond slenderness ratios of about 4.
(Noren, 1949, 1951; Vermeyden, 1980).

Ultimate Strength Design - Load/Deflection relationships.

Numerous analytical models (varicus authors, see 1) exist to predict the behaviour of
timber joints with dowel type connectors. Whilst diifering widely in form all provide
comparable results and are based generally upon data from tests carried out up to
deflections of 10-15 mm. The maximum loads obtained by Noren and cited earlier were
attained only after deflections of the order of 20-30 mm and were in fact largely due to

the friction induced by this large deformation.

The methods of test have evolved from obscure origins together with ways of assessing
the values to be put upon various criteria affecting the results. The rernaining
experimental evidence in their support appears 1o be that structures designed according

to the building codes resultant from such testing huve in general remained standing.



Considering AS 1649 which has been adopted by New Zealand with slight modification
as the buasis for fastener loads not given in NZS 3603, two methods are cited for
calculating load per fastener in laterally loaded joints, one based on the load at a given

slip and the other on maximum load, the smaller value obtained being used.

A designer can thus never know which of these criteria he must use regarding basic
working loads. It would perhaps be better to consider joint strength and joint
deformation separafely. Knowledge of the ultimate strength of timber joints is
particularly important in areas subject to earthquake loads where design to prevent a

particular collapse mode of a structure may be necessary.

The results of Noren's research into the influence of washer size are of great interest
here as they indicate that while the size of the washer may have relatively little effect
on joint performance (af slenderness values greater than 4) under any normal loading
condition, the manner of failure under gross overloading may be greatly modified by the
use of adequate washers. Maximum loads for joints in single shear equal o those
attained by double-sheared joints, albeit ai deflections in excess of 30 mm, were
reached and indications were that with adequate washers such joints would fail by
'subsidence' rather than ‘collapse' (i.e. a ductile rather than a brittle failure) with
possible advantageous consequences for the inhabitants of buildings featuring such

joints.

In early work (Trayer, 1932) the proportional limit load was chosen as a basis for
assessing the working load of a belied timber joint. This was done on the grounds that
it was more reliably predicted from the compressive strength of the wood in bearing
under the bolt and from the yield moment of the bolt itself than the maximum load on
which other factors such as friction and splitting have their effect. The size of the
proportional limit load is dependent on how rapidly the load is applied. At its lowest
value this load lies at the creep limit. Trayer chose a loading rate of 0.66 mm/min in
what appears to be an atternpt to achieve a 'worst-case' situation by applying the load
as slowly as possible. Subsequent research (various authors, see 2) has tended towards
using a rate of around 1.0 mm/min presumably in an effort 1o attain a convenient 1ime
of | minute to reach proportional lirnit load. No extensive research into the effects of
loading rate seems to have been carried out with regard to bolted joints. Testing of
nailed timber joints ‘subjecfed 1o lateral loads at a variety of strain rates ranging from
0.25 to 2.7 mm/min indicotes no significant variation in the load/deformation curve or
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the ultimate load capacity of such joints. (Hall and March 1964). Vibrational leading
tests carried out on similar nailed joints together with some bolted joints (Wilkinson,
1976), indicated that joint stiffness increased considerobly under such loading as
compared to static loading. These tests were carried out at levels of load, frequency
and acceleration 1ypicoi of earthquakes, based on available seismograph records.
Apparent loading rates (defined by Wilkinson as displacement divided by the time for
one half cycle of loading) during vibrational loading varied from 10 to 38 mm/min,

considerably in excess of those used by Hall and March.



Test Specimen Variables

The behaviour and strength of bolted timber joints are influenced by too many factors
for all combinations fo have been adequately covered in test. [t would probably not be
feasible to do so. While the factors under investigation may have differed and
researchers have not always agreed in their conclusions, several aspecis have been
common to almost all cases and in these at least there is tacit agreement on their

importance,

a. Whichever factor was under investigation, single bolt joints were also
constructed as 'controls’ and fested under similar conditions to the remaining
specimens. These were generally two-member joints in single shear as are used
in NZS 3603 1o define basic working loads. (varicus authors, see 3). In some
cases, where the behaviour of multi-member joints was of concern, three-

member joints in double shear were used as controls. (various authors, see 4).

b. Joints were consiructed for tests both parallel and perpendicular to the grain
unless a specific situation was under review and for which one of these direciions
could be discounted. Hankinsons' formula was considered applicable for all

angles in between. {(various authors, see 3 and 4).

c. Specific gravity tests were often carried out rather than assuming a nominal
species value from tables. Timber crushing strengths were generally assessed for

investigations into more 'basic' factors., {various authors, see 5).

Tensile and bending fests of bolts were carried out when these were unkown
quantities or when significant variation in the quality of the bolts was suspect.

(various authors, see €).

d. Most sources favoured a uniform loading rate of approximately | mm/min.
{vorious authors, see 7). (Mack, 1981) used a rate of 2 mm/min and (McLain,
1975} a rate of 2.54 mm/min, A.S. 649 specifies a rate of 1.25 mm/min. In
some cases an initial small loading was applied to take up slack in the joint.
More complicated arrangements utilizing loading to foilure in increments, after
each of which the joint was either wholly or partially unloaded or a loading pause

of 30 secs to | minute, allowed for creep to occur, were sometimes to be found.
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Joints were both construcied wet/tested dry and constructed dry/tested dry. It

was.appreciated that the former case was the most likely in practice,

Slenderness was considered of greater importance than bolt diameter in its
effect upon joint behaviour. (various authors, see 8). Most researchers have
utitised 3 inch or 12 mm bolts in their tests o> these sizes are the rost

commonly used in construction.

For very large joints 3/4 inch or 20 mm bolts have been used in some

investigations,

The original justification for this (Trayer, 1932) has been generally confirmed by

subsequent research.

In reported tests, bolt hole sizes varying from 0.97 times the shank diameter to
shank diameter plus 5 mm hove been used for similarly sized bolts. Not,
unfortunately in directly comparable circumstences. {(various authors, see 9).
General agreement can be found on the desirability of a bolt hole size as close as
possible to bolt diameter, without the necessity of hammering the bolt through.
Quite how this is to be Specified is a matter for conjecture. The building codes
of many countries specify maximum hole sizes of around shank diameter plus 1.5
mm and often less with the smaller bolt diameters. To what extent this close
tolerance is based on practical experience or laboratory testing is not cleor.
Trayer, upon whose work many code provisions are based, states only that,
..."The bolt holes should be of such diameter that the bolts can be driven easily.
When the thickness of timbers is great this requirement may mean the boring of
holes appreciably oversize. This, however, is preferable 1o forcible driving..."

Trayer's work is clearly consulted when all other provisions fail.

Friction between members was recognised as an importont factor in joint

strength and behaviour. (various authors, see [0).

Though a significant amount of friction between members drawn together by
joint deformation was unavoidable during the later stages of test, care was taken

to minimise the effects of friction up to proportional limit load. Nuts were
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variously 'finger-tight', ‘bock half a turn'y or 'slightly loose' in efforts to reduce
friction.  While this slight loosening of the bolts was also considered advan-
togeous in that i1 simulated the possible effects of shrinkage, it was recognised
that undue slackness in the joint would allow greater deformation of the joini.
The variation in the possible effects of friction upon joint strength and behaviour
appears fo be a major reason for selection of the proportional limit load as a

basis for estimation of basic design loads,

i Unless failure had clearly occurred beforehand, joints were generally tested 1o
deflections of 10-12 mm and then deemed to have failed. They had exceeded
their proportional limit load at this sfage and further deflections would not,
presumably, be contemplated by designers. Where joints were tested fo greater
deflections, this was done for the most part fo obtain a clearer indication of the
type of failure. (crushing, splitting, shear etc.). (Doyle, 1964; larsen and
Reestrup, 196%; Vermeyden, 1980).

B It was recognised by many researchers that factors such as seasoning, rate and
type of loading, bolt hole size and slenderness were important because of their
effect upon the proportional limit load and initial deflection rather than
maxirnum joint sirength, upon which their effect was considered minimal by

comparison. {various authors, see | 1).

The desirability of maximum joint strength as a basis for design criferia was
mooted, without clear indications as to how this should be assessed. Suggestions
were also made for the relation of design loads to the minimum expecied levels
for maximum load, or for the emphasis to be placed on strength and displace-
ment values for specific applications rather than trying to generalise. {various

“authors, see |2).
Earthquake Loading

For determination of design loads under any conditions the basic dafa are taken from
short-term loading tests such as those described in the Australian Standard used in New
Zealand, AS 1649, These, modified by information from adequately replicated and
properly controlled long-duration testing when Thi“s is available, together with load

duration ond safety factors, are deemed suitable for permanent loadings and modifi-
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cation factors for varied conditions of live, short-term and impact loading applied.
These data do not truly represent the results of long-term loading and the modification
factors are surely educated guesses. The adoption of a more realistic method of
assessing leoads has been suggested. (Mcl.ain, 1975; Thurston and Flack, [979; Weod,
Cooney and Potter, I976:5

Little informalion exists to provide a simple description of the motion induced by
earthquake loading and different structures will probably behave differently under
similar conditions, Two systems of test can be considered, taking either deflection or

load as the governing criterion,

An illustration of the first test (Thurston and Flack, 1979) concerned nail-plote design,
and cyclic loading tests were compared with the results obtained from monotonic

loading of similar specimens. Cyclic loading tests began by pulling the connection in

tension and then pushing in compression up to an applied load approximately equal to 4t . -

the proportional load limit obtained from earlier monotonic testing. The test was
subsequently controlled by deflection with two cycles of load applied at deflections of
+0.4 mm (deflection at proportional load limit), 0.8, 2.4, 3.2, 4.0 and 4.8 mm or until

joint failure, whichever occurred earlier.

In general, stable lood/deﬂecfion,'hys“reresis loops were generated up to deflections of
+4 mm. The authors considered this to correspond to deflections of +8 mm in
timber/timber joints. Less than 10% of specimens tested exhibited significant
reductions in peak load at these deflections with respect to those obtained during
monotonic loading. Loading was carried out at the rate of | mm/sec during both cyclic

and monotenic loading tests.

In an example of the second test system {Wood, Cooney and Potter, 1976) which
included tests carried cut on bolted joints, monotonic loading was again compared with
cyclic loading, All loading was carried out at the rate of 0.5 kN/sec. Cyclic loading
consisted of two cycles each (starting with tension) of +3, 5 and 9 kN, four cycles of +12
kN and then cycles to failure, increasing maximum tension and compression load by 2
kN each cycle. Similar displacements were obtained at the working strength design
load of 12 kN in beth cyclic and monotonic testing. Insufficient testing was carried out
to determine the reduction in ultimate load capacity caused by cyclic loading but

irdications were that this would not be significantly reduced by relatively severe cyclic
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loading and that no marked degradation would occur under cycles up to half the

maximum capacity.

An alternative cyclic loading sequence was recommended for future testing in which
the load would be taken, in the first cycle, up to the proposed working strength design
load and fen cycles carried out af that level before incrementing to the failure cycle.

This has many similarities with the system used by Thurston and Flack,

Little information is available on the effects of high rates of load cycling., At low
rates, as used in the cbove examples, the envelope of peak loads with each increment of
cyclic loading appears to conform quite closely with the load/deflection curve obtained
from monotonic foading of similar joints. (Mclain, 1975; Thurston and Flack, 1979;
Wood, Cooney and Potter, 1976). In each of these instances, both cyclic and monotonic
loadings were carried out at similar rates; perhaps a similar conformity exists at other,

higher loading rates.

~ Permissible loadings are probably more frequently set by deflection rather fthan
strength criferia, if only to avoid subsequent damage to non-structural components and
fo eliminate excessive siructural oscillation under ordinary conditions of live loading.
In these instances there would tend to be a considerable safety factor for uliimate

strength under normal design loads,

Whilst the results of fests corried out by Wood, Cooney and Potter indicate that
ultimate strength may not be significantly reduced by even quite severe cyclic loading,
a considerable reduciion in joint stiffness also occurred. In their cyclic fest regimes
described previously, initial deflections of, typically, 2 mm obtained in the first loading

cycles had risen close to 10 mm tfowards the end of the test for the same applied load of
3 kN.

If deflection had been the governing criterion these joints could well have been
considered 'failures' long before ultimate joint load had been reached. Similarly, the
toss of stiffness observed could mean that a joint which can perform in a satisfactory
manner when subject for the first time to heavy wind or earthquake loading may
subsequently not meet !ood/def[ecﬁon critferia under normal design loads. In practice,
such losses in stiffness might be overcome by grouting the joint with epoxy resin or by

applying additional bracing 1o the structure, However, other research (Wilkinson, 1976)
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indicates that joint stiffness may increase under high rates of cyclic loading, more
typical of actual earthquake conditions, presumably this would be accompanied by

increased stresses in the structural members themselves.

The work carried out by Wood, Céoney and Potter, was intended primarily to check the
cdequacy of new code requirements proposed for sub-floor bracing. Test specimens,
designed to conform with sections of full-size floor siructures were tested under
loading conditions which dupiicated the stress and strain patterns, in actual usage, of

the various components. (i.e. joist, brace and bolt),

The overall capacity of the specimens, under cyclic loading, was generally found to be
governed by splitting of the joist and not the ultimate foad capacity of the bolted joint,
despite losses in joint stiffress. Such failures may also occur in other applications but
further information on the ultimate strengths of timber joints, which would assist a
decision as to whether fimber or joint failure would be the gaverning criterion for a
specific structure appears to be unavailable. Under f!exumi. loading, tirnber is likely to
fail in a brittle manner and a timber structure therefore relies, to a large extent, upon
the ductile behaviour of its metal fasteners to provide any flexibility necessary io resist
such failure. This ductility may conflict with the required joint stiffness when

deformation is the governing criterion in a structure.

Further information on the load/deflection characteristics of bolted joints would
perhaps assist in the selection of an optimum design compromise between strength and

deformation requirements, for which adequate data is af present unavailable,
CONCIL.USION

This literature review confirmed the suspected leck of detailed and replicated reseorch '
information on the subjects proposed for research. It also revealed that certain design

criteria in current use have arbitrary origins and may therefore be suspect in practice,
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- BOLTED TIMBER JOINTS:
PRACTICAL ASPECTS OF CONSTRUCTION AND DESIGN:

A SURVEY

INTRODUCTION

A research project is 1o be carried out by BRANZ to prepare design information on
bolted timber connections, loaded in shear, in areas which are not at present adequately

covered by available codes of practice and timber design handbooks, These areas are:

a)  Connections which have bolt edge and end distances less than the minima
currently specified in NZS 3603:1981, the Code of Practice for Timber
Design.

b) Connections which have smaller washers than those currently specified in
NZS 3603.

c¢)  Ultimate slirength design values of bolted joints.

d)  lLoad/deflection relationships of connections, with reference to rate and

type of loading.

A survey of literature relevant to the proposed rescarch wos carried out prior to
formulation of a definitive experimental design. The results of that survey, fogether
with further background information on the inception of this research programme are
discussed in an earlier report (Harding, 1983). In general the literature survey
emphasized the lack of detailed and replicated research data available in the proposed
areas of investigation. Rather more surprising were the tferivous and sometimes

arbitrary crigins of ceriain design criteria revealed by the survey.

A further survey has been carried oui to examine the practical aspects of typical joints
and bolt sizes currently employed in combination with different forms of construction
in current use. The availability and demand for various components (i.e. bolts by
diameter, length, coating and head type; washers by thickness, size and coating) were

also considered.



The survey was intended fo assist in the design of the subsequent experimental
i programme and was thus somewhat limited with this objective in mind. This report on
the results of the survey represents a subjective interpretation, by the author, of

information and opinions provided by builders, designers, engineers and suppliers of

components from divers areas ‘throughout New Zealand and cannot be proved to any
significant deyree, rather it adds to the gereral knowledge of the situation from which

the programme was originally corceived.

The report is intended to provide a basis for discussion and suggestions as to the
subsequent emphasis of the research. The main conclusion is that the building code
provisions, with regard to bolted timber joints, are commonly viclated and seldom

enforced.
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THE USE AND AVAILABILITY OF COMPONENTS
General

The use of bolfed timber joints was confined almost entirely to foundation bracing and
pole-frame structures. For other applications, nailing or stapling offered more
convenient methods of fixing and bolted joints were used by builders only where obliged
by the provisions of a New Zealand Standard reievant to a particular structure, or to

meet a specific design requirement.

In most districts, especially those close to the main centres of population, components
suitable for bolted joints as specified in NZS 3603 were readily available ~ although not
necessarily utilized. Of interest were the definite local "preferences" for particular
types and sizes of components revecled by the survey. These are discussed in further
detail under their specific headings, but it is noteworthy that other types and sizes of
component were not generally availeble in these districts, having “minimal demand",
according to the suppliers, or being "difficult fo obtain”, in the experience of the
builders. Coach screws were not generally available in quantity nor were bolts of sizes

“greater than 12 x 150 mm.

Bolts

The largest numbers of bolts held in stock and used by the industry were 150 mm in
length, 100 mm bolts were the smallest in common usage. Depending upon local
preference the bolts were of either [0 or 12 mm ‘diameter and either hexagon-headed or
coach-bolts. Most of the bolts were zinc-coated although the use of black bolts or plain

mild-steel bolts was common in some areas.

N.B. " In this report the tferm "zinc-coated" refers for the most part to hot-dip
galvanized components. A considerable number of zinc-plated components were
observed in use and these are also included in the term. With regard to bolts these

occurred largely in [0 mm diameter.

The particuler bolt type most commonly found was the 12 x 150 mm, zinc-coated

coach-bolf. These probably account for well over half of all bolts used by the industry.

Coach-bolts of 10 and 12 mm nominal diameters are also available in a reduced-shank

version, some 1.5 -2mm less in diameter than the nominal-sized bolts. A clear



distinction between the two types was not always made in practice, either by users or

suppliers.

In general, where longer bolts were required 12 mm nominal diameter threaded rods
were used, most commoﬁly in lengths of either 200 or 300 mm. These were the only
sizes found in significant quantities. Only a very few 20 mm diameter rods were noted
and apparently, these are seldom used, multiple 12 mm bolted joinis being preferred.
Most of the threaded rods were galvanised but, in some districts, black bolts or

uncoated mild steel bolts were the preferred type.
Coach Screws

The use of coach-screws was avoided by all builders, long threaded rods or transverse
nail plates being used in their place wherever possible. Their unpopularity was due to
the tedious nature of the fixing method and .also because of subsequent difficulties in
assessing the hole size and the method of "“driving". Problems of splitting and
drying/shrinkage cracking associated with the close folerances required by the code

were also mentioned.

Although no coach-screwed joints were encountered during the survey, descriptions of
fitting methods used in the past were common. Typically, these involved screws
hammered into holes of shank diameter to depths well below that required by NZS 3603
for correctly fitted coach-screws. Given the somewhat fiddlesome ncture of coach-
screwed joints constructed in accordance with the code, the occurrence of such
"modifications" is not altogether to be unexpected and appeared to be regarded as
unavoidable by both builders and designers. Except in "one-off" applications, for which
adequate supervision would be feasible, coach-screws were not considered by either to

be appropriate for structural purposes.
Washers

For bolts up to 150 mm in length, round washers of 28 - 38 mm external and 14 -
I7 mm interral diameters were commonly used. These washers were of two distinct
types: 1.5 mm zinc-plated (engineering washers) and 3 mm thick, either galvanized or
uncoated, mild steel, Most common were engineering washers of 28 or 35 mm external
diameter (c.f. a head diameter of 27 mm for 12 mm diameter coach-bolts). The 38 mm
engineering washers sometimes found had a large internal diameter of 20 mm and
required the use of a second, smaller washer - not always provided - to supply a

supposedly adequate bearing for the bolt heads.



5

Washers as specified in NZS 3603 for use with 10 and 12 mm diameter bolts (i.e. not less
than 50 x 50 mm square x 3 mm thick, or round and of equivalent thickness and bearing
area) were seldom found with these bolts. Their use was considered to be superfiuous
under the nuts of coach bolts, but they were no more commonly found in combination
with hexogon-headed bolts. These large washers, in galvanised or uncoated mild steel,
achieved wider usage with the longer bolfs in pole-frame structures.  Similar
50 x 50 x 3 mm washers, - with suitably lorger holes, - were also used with 20 mm
diameter bolts instead of the 65 x 65 x 5 mm washers required by NZS 35603,

Occasional bolted joints without washers were noted in many siructures, but these

formed a small proportion of the total.

Apparently washers are normally provided along with the bolts by the supplier - the
builder merely ordering "3603 bolis and washers”, The size of the washers is therefore
liable fo vary, depending on which supplier is patronised. This was given as an excuse
for non-compliance by one or two builders, but builders generally considered washer
sizes, as specified in the code, to be excessive and did not see any need 1o justify their

use of the smaller sizes.

Whilst liftle concern was expressecj by designers regarding the reduced sizes {(c.f.
NZS 3603) of washers commonly used in bolted joints, some irepidation was felt over
the widespread use of the [.5 mm thick engineering washers. These were thought fo
provide inadequate support for the boli-head, being more liable to deform under load
than similar 3 mm washers. This objection has u greater relevance to anchor fixings
than to joints loaded in lateral shear and seems sorﬁe?hing of a nicety while reductions
of up to 80% in the code required washer bearing trea are at the same time considered
of minor impori. The behaviour of anchor fixings in not within the scope of this
research programme, nevertheless observations during the survey indicated that
washers as specified in NZS5 3603 are no more commonly used in these fixings than in

other joint iypes.
Timbers
The only timbers noted during the survey were Radiata Pine and Douglas Fir. These

were almost invariably of either 50 or 75 mm thicknesses except in the larger pole-

frame structures where 100, 150 and 200 mm timbers were also encountered.



THE PLACING OF BOL.TS
General

In most sifuations no real problems existed to prevent cognplionce with the strictures of
NZS 3603 regarding the placing of bolts, with the possible exception of bolt hole size.
Bolt boles were always drilled 2-3 mm greater than bolt diameter (c.f. NZS 3603
specified maximum: bolf diameter + 1.5 mm). Problems of splitting, drying/shinkage
cracking and with passing bolts through multiple-member joints were given as reasons .
for non-compliance. Bolt shank diameters were considered by many users ofien to be in
excess of nominal sizes thereby making the close tolerances required by the building

code 1o be impracticable.

Most builders appeared quite conversant with code provisions concerning end and edge
spacings of bolted timber joints but were unconvinced of their validity. No problems or
failures had yet been experienced using components or spacings of reduced dimensions
and their joints were "never questioned" by building inspectors. Many builders were
clearly of the opinion that "scientisfs" had prepared the building codes, basing them on
a mass of laboratory testing with little-regard to any practical considerations and
having limited relevance to actual structures. This was a view shared by many
designers. Little scientific justificdﬁon for the rejevant code provisions was revealed

by our literature search.
Edge Distance

For joints loaded parallel to the grain the edge distance of two bolt diameters specified
in NZS 3603, which for the commonly used 10 and [2 mm diameter bolis approximates
the old familiar inch, is a distance easily judged, it "looks right" and there was little
evidence of it being greatly undercut. Unfortunately, similar reasoning must occur
when the joints are loaded perpendicular to the grain, for the minimum distance to the
loaded edge of four diameters allowed by NZ5 3603 also showed a tendancy in practice
jowards two diameters. Edge distances of 2.5-3 diameters were quite common in such

joints.
Enrd Distance

The minimum distance of eight bolt diameters fo the loaded end of joints loaded

paralle!l to the grain was thought excessive by most builders and frequently disregarded.

End distances as low as four diameters were not uncomimon,



No minimum end distances are specified in NZS 3603 for loadings perpendicular to the
grain. In applications where some such critferion would be necessary a practical
minimum is constrained by the splitting characteristics of the timber, but some tensile
force is also likely to exist. However, no such applications were noted during the
survey. It is of inferest to note that the corresponding codes of Canada (Canadian Wood
Construction WJ4, 1977: Connectors and Supports); Great Britain (British Standard Code
of Practice CP 112: Part 2:1971. The Structural Use of Timber) and the U.S.A.
{National Design Specification for Stress-Grade Lumber and its Fastenings. 1977),
specify a minimum end distance of four diameters for bolted timber joints loaded
perpendicular to the grain. An experimental bases for this distance, which corresponds
with the minimum unfoaded end distance for bolted joints acting parallel to the grain

specified by these codes, did not emerge during the earlier literature survey.
ULTIMATE STRENGTH DESIGN - LOAD/DEFLECTION RELATIONSHIPS

The ultimate resistance of a structure against collopse depends upon either ultimate
joint strength or the strength of the structural members themselves. Timber is not a
ductile material and, when subject to large deformations such as those resultant from
earthquake or high wind loading conditions, depends upon the ductility provided by its
metal fastenings (i.e. their deformation) to avoid collapse. With deformation more
often the criterion governing joint design, most joints are designed to incorporate a
considerable degree of stiffness under normal working loads. In the view of monf
designers, this joint stiffness ensures that failure of the fimber members is almost
always the governing criterion of structural failure and present code requirements
oblige the use of needlessly strong joints, - "putting 20 kN joints in 10 kN structures”, as
one described if. This view is fo some extent supported by the results of past research
work (Wood, Cooney and Polfer, 1976). A common sentiment appeared to be that
current design requirements were based upon tests carried out on components and, as
such, had limited relevance fo the behaviour of the structure as a whole. This is an
interesting parallel with the views expressed by many builders and may exp!oin the
general lack of concern expressed by designers with regard to violations of code

provisions for joint design.

The ocquisition of adequate load/deflection data, particularly in relation to cyclic (i.e.
simulated earthquake) loading, was considered highl):f desirable by all designers. A clear
need was felt for separate consideration of load and deflection data in joint design.
This would allow consideration of the likely failure mode to be incorporated during the
design stage and for optimum design values for load and deflection, having regard to

structural safety, to be chosen.



DISCUSSION

The lack of confirmatory data together with the arbitrary origins of certain design
criteria (Harding, 1983) provide unconvincing evidence of the need either to conform
with or fo enforce the strictures of NZS 3603 with regard to bolted timber connections

loaded in shear,

Experimental evidence (Noren, 1951) suggests that washer size may have little effect
on the lateral shear strength of joints with the slenderness values (i.e. the ratio of the
mermber thickness to bolt diameter) commonly used in construction (i.e. greatér than 4)
and the belief that structural failure may be a function of member strength rather than
joint strength in a timber structure is also supported (Wood, Cooney and Potter, 1976).
Work at the United States Forest Products Laboratory (Wilkinson, 1976) has indicated
that joint stiffress may increase vrder high rates of cyclic loading typical of actual
earthquoke conditions,  Thus, for a given deformation limit « joint may carry

considerably more load during an earthquake than under static conditions.

These are only indications of an undue conservatism in the building cede and do not take

into account any possible adverse effects of reduced end and edge spacings,

At present, breaches of the building code commonly occur with regard to minimurn
dimensions of bolt-hole diameter, distance to loaded ends or edges and washer sizes,
The most flagrant violations occur with the widespread use of coach-bolts, - implicitly
forbidden in structural applications by section #4.4.1.2 of NZS 3603 which specifies

washers under both bolt-head and nut of load-bearing bolts.

Bolts available in New Zealand, manufactured to tolerances allowed in AS 11111972
SO Metric Hexagon Bolts and Screws, further complicate implementation of code
provisions regarding bolt-hole diameter. Variations in bolt diameter approximate the
maximum leeway of 1.5 mm allowed by NZ5 3603 and strict conformance with the code
is barely feasible without individual measurement of each bolt. If the bolt diameter
referred to in NZS 3403 is assurned to be the nominal diameter (although the code does
not state this) the definition of maximum allowable hole size is thus shown to be
somewhat crude, - D+ (1.5 + 50%), - implying acceptable diameters in excess of
D+ 2mm. '

Comments concerning ranges of "o or three millimetres"” in norﬁino] bolt diameter,
often heard and used in part as reason for enlarged bolt-hole sizes, tended to lay the

blame on variations in thickness of the zinc coatings. A more likely reason may be the



somewhat blurred distinction between coach-bolts of nominal and reduced-shank
diometers. Certainly some suppliers were not aware of two bolt sizes available under
the same name, and purchasers of coach-bolts may perhaps have received either on
different occasions. Use of these reduced-shank bolts may be cause for concern with
its resultant, possibly Um-‘oresecn, losses in joint strength. A similar comment may be

made regarding the use of threaded rods, in effect a form of reduced-shank bolt.

Section 22.2 of NZS$ 3602 : 1975, the Code of Practice for Specifying Timber and Wood-
Based Products for Use in Building, recommends the use of galvanized or non-ferrous
fastenings for timbers exposed to the weather or in conditions of high humidity,
mention is also made of a corrosion hazard for metal connectors used with multisalt-

freated timbers specified for such situations.

The results of a previous BRANZ investigation (Whitney, 1977) made with particular
reference fo pole-frame structures, indicated that hot-dip galvanizing was a minimum
requirement for adequate durability, - electroplated zinc, customarily having @ thick-
ness only 10% of that Gppiied by hot-dip galvanizing was considered inadequate, - in
conditions such as those referred fo above. An inferesting side effect of preservative
freatments such as copper-chromivm-arsenic (CCA), - the most widely used in New
Zealand when high durability of timber is required, - and others, is that they leave
residues which can in some instances enhance the corrosion rates of -the metal fasteners

in fimber at higher (18% plus) moisture contfents, lronically such preservatives enable |
timbers to be used at moisture confents far above those at which unireated timber

would be expected fo decay.

The durability requirement for mild steel components laid down in section 2.2 of
NZS 3604 : 1981, the Cede of Practice for Light Timber Frame Buildings Not Requiring
Specific Design, reiterates the recommendation of NZS$ 3602, in somewhat stronger
terms, by specifying thai such components, including bolts, nuts and washers, exposed
to the weather or in any position where dampness or condensation may occur shall be
hot-dip galvanized. The foundation applications in which the majority of bolted
connections noted in this survey occurred are clearly governed by stipulations specified
in NZS 3602 and as such sheuld be gaivanized. The use of ungalvanized components,
particularly with regard to the uncoated mild-steel bolts preferred in some districts,
appears not only a violation of NZS 3604 but poésib]y a distinct hazard in some

instances, regardless of whether or not the joints conform with the requirements of
NZS 3603.
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The lack of known structural failures atiributable to usage of non-conforming connec-
tions is perhaps indication of an undue conservatism in the code; although it is possible
that these joints have yet to be subjected to their full design loadings. At present no
known data exists to confirm that such joints will adequately cope with these load
conditions or converse]y; that they will not, Structures, such as those investigated in
the course of this survey, which incorporated bolted tirmber joints in viclotion of
NZS 3603 seem manifestly capable of withstanding at least moderate loadings induced
by wind or seismic action. it is quite possible that there have been sifuations where
partial collapse has occurred and remained unnoticed or, because of the general ease of
repairs to timber structures,. in cases where actual collapse has not occurred, gone

unreported.
CCNCLUSIONS

At present several identifiable provisions of NZS 3603 regarding bolted timber joints
are wilfully ignored by many builders. These violations seem to cccur with the
knowledge and acceptance of most building inspectors, engineers and designers. Al
parties surveyed share similar reservations as to the validity of these provisions and

conformance is seldom enforced.

F'rom this it may be inferred that: either practical experience has shown that these
provisions are overly conservative or, large numbers of sub-standard, under-designed
joint connections have been and are being incorporated in many New Zealand timber-

framed structures.

The code provisions are certainly unsatisfactory, based as they are on apparently
somewhat arbitrary criteriq, but considerable evidence exists to suggest that if they
err, at least it is on the side of caution and in the absence of anything better, provide
safe minimum design criferia. Of necessity the industry has tacitly substituted another
quite arbitrary sysiem, with equally unknown but apparently lower safety factors.
Because there are no established minimum criteria for this system it must, however

desirable, be considered even more unsatisfactory.
COMMENT

Effectively the construction side of the industry has imposed it's own standards for
bolted timber connections. This state of affairs seems likely to continue until adequate
data is provided to enable preparation of @ new set of properly researched code

requirements which can be infroduced and enforced with conviction, -
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That any provisions in a New Zealand Sf‘cxwdord should have inspired so little confidence
among their users is unfortunate. That provisions in any New Zealand Standard, which
relate o safety, should have been allowed to go by default for so long that they now
apparently need to be justified before conformance will be either obtained or enforced

is clearly unacceptable.
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BOLTED TIMBER JOINTS

introduction

Design loads for bolted timber joints are detailed in the New Zealand timber design
code NZS 3503:1981, the Code of Practice for Timber Design. These design loads are

restricted in their application because:
a)  Large (50 x 50 x 3 mm) washers must be used under the head and nut of very bolt.

b) Minimum end and edge distances for bolt holes are specified and the permissible

design load becomes zero immediately below these minima.
c}  Load/deflection data is not available for deflection design.
d) Ultimate loads are not available for strength design.

In practical design situations these provisions are often highly inconvenient to fulfil and
many bolted connections are made which, of necessity, violate some code rules. These
connections clearly have some strength but such violations mean a code allowable bold

load of zero.

The code is based on published information which has been sighted but it is believed

that testing is required to provide additional infoarmation.

Objectives

a)  To determine design loads for bolted joints where the more commonly available
(and used) smaller engineering washers are used, and in the case of the heads of

coach belts where no washers are used.

b) To determine design loads for bolted joints where reduced edge and end distances

are used,

¢)  To determine load/deflection curves for bolted joints.



d)  To determine the ultimate strengths of bolted joints.

e)  To determine the effect of rate and type of loading on bolted joints in relation to

wind and seismic loading.

f) To promalgate this information for use by designers and acceptance by local

authorities for compliance with the timber design by-law.

Previous Work

This -is discussed in a report on a literature su'rvey {Harding, 1983a) which formed a
preliminary stage to this research programme. In general this highlighted the lack of
detailed and replicated information available on the subjects proposed for investigation.
It also revealed the somewhat arbitrary origins of certain design criteria in current use,

which may therefore be suspect in practice.

A brief survey of current construction practice and usage of components with regard to
bolted timber joints was also carried out to provide sufficience data to enable the
emphasis of the following experimental work to be placed such as to yield results of
practical opplicoffon and benefit to the industry. This survey (Harding, 1983b) indicated

two further aspects for inclusion in the test programme:

a)  Undersized bolts.
These appeared in two forms, reduced shank' coach bolts, some 1.5-2 mm less in

shank diameter than the nominal sized bolts, and threaded rods.

b}  Bolt-hole size.
The maximum folerance of 1.5 mm allowed by NZS 2603 was considered imprac-

tical and generally disregarded. In practice hole tolerances are rarely less than

3 mm in excess of bolt-shank diameter.

References

Australion Standard.  Al11-1972, 150 Melric Hexagon Bolts and Screws: Standards

Association of Australia.

Harding, N.,.1983q, Bolted Timber Joints: A Literature Survey: Building Research

Association of New Zealand. Research Report R. Wellington.



Harding, N., 1983 b, Bolted Timbér Joints: Practical Aspecis of Construction and
Design: A Survey: Building Research Association of New Zealand. Unpublished Report

UP 185. Wellingion.

New Zealand Standard. NZS 3603: 1981, Code of Practice for Timber Design: Sfcmdcn;ds

Association of New Zealand.

Test Details

The numerous variables which affect the behaviour of bolted joints precludes a fotally
comprehensive test programme including all possible combinations of these parameters.
The planned experimental work will therefore be limited to areas relevant fo current

construction practice,

Two separate issues are under investigation: the effect of several factors on the
behaviour of bolted timber joints loaded either paratlel or perpendicular to the grain.
These will be kept as two separate experimental series. Each series will be further sub-
divided: those tested green (above 30% M.C.) and those tested dry (below 18% M.C.).

Both sub-series will be constructed using green timber.

The factoria! design method will be used for subsequent statistical analysis of the test
dota obtained. To simplify analysis, the experimental work will be divided into three
phases: phase | will contain only two levels of cach variable under consideration - in
general the limiting value as given by NZS 3603 and a reasonably extreme value. In the
case of slenderness ratio, the values of 1:4 and 1:8 as the minimum and maximum
normally applied in practice to bolted timber joints in single shear. From the results of
these tests, some estimate of the linear part of the effects and interactions should be

obtained.

Further testing - phase ll - will be designed in the light of these results and will be
intended to obtain information at intermediate values of the factors considered in phase

1. Variations in bolt size/type may be introduced at this stage.

Phase 11l testing will consider the effects of variations in rate and type of loading.



Parameters to be investigated

Phase |

Constants:

Loading:

Testing Speed:

Groups Materials:

Moisture content:

{.cading direction:

Factors

Bolt size: 12 mm hexagon-head.

Monotonic, two member single shear, laterally loaded in

tension.
2 mm/min

Radiata pine, No | framing grade (new crop) fwo

sources, chosen to cover density range for this timber.
Asserbled green {above 30% M.C.), testing dry (below
18% M.C.)

Assembled and tested green.

Paralte! to grain and perpendicular 1o grain.

A. Hole size: 13.5 mm, 15 mm.

B. Head type: 50 x 50 x 3 mm washer, 32d x 3 mm washer.

C. Joint Slenderness ration: 1:4, 1:8.

D. Edge distance: 40, 2D perpendicular to grain constant 2D parallel to grain.

E. FEnd distance: 4D, 2.5D perpendicular fo grain. 8D, 3D paraltel to grain.

A total of sixty-four fest specimens for each timber type under investigation.

Phase |l

Loading type and rate: as for phase I.



oF et

Loading direction and moisture content groups: as for phase L.

Materials: as indicated by phase | dafa.

Bolt type: 12 m Hexagon-head, threaded rod, coach bolt,

Factors A-E: values intermediate to phase ! as indicated from previous data.

Phase 1

Undefined: Comparison of NZ5 3603 joints with joints designed from phase | and 11
data. l.oading to be high rate monotonic andfor cyclic to apply acceptable simulation

of seismic loading, impact and wind loadings.
Recording of Test data.

Load/deflection data to be recorded continuously during test up to deflections of at
least 30 mm relative movement, measured at the bolt, unless ultimate load has already
been achieved. Yield point and proportional limit deiermined from data. Note type of
fallure and whether bolt was bent. After fest, slices to be cuf from specimen fo
determine wood density and moisture content at time of test.

Test joint designs. " / 7 /
{ 5‘:!}2‘,_7;3-'{/‘ o

[y i

o

These are shown in Figur’e I. A detailed schedule of phase | test joints is given in tables
| and 2.

Assembly

All joints to assembled with nuts tightened to known constant forque. Nuts to be

loosened and re-tightened finger-tight immediately prior to test.
Conditioning

All joints to be assembled green (i.e. at 30% M.C. or above). Joints to be tested whilst
green tested immediately after assembly or stored in conditioning chamber to maintain

constant M.C. unti! fest,



Joints to be fested when dry stored under cover - preferably in a constant climate
chamber until desired moisture content (i.e. 18% M.C. or below), as determined by

moisture meter, is obtained.

Test Sequence

The wet tested joints, require no 'seasoning' period and will therefore be tested before
4dry in order to expedite planning of phase Il testing. The joints do not need to be

the
?eszed in any sequence but, if possible, all joints of a sub-series will be tested together.
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Effect of Test Piece Size
on Panel Bending Properties

by P. W. Post

INTRODUCTION

Many structural panel products suitable for building construction are now
available. These include plywood, particleboard, hardboard, waferboard,
oriented strand board, cement-bonded board and others. Normally these panels
are used full size in a building or are cut into relatively large pieces.

Roof sheathing, wall sheathing, floors, shear walls, diaphragms, stressed-skin
panels, and webs of I beams or box beams are examples. A notable exception is
gusset plates of trusses which are usually small in size and highly stressed.
If narrow strips are tested to determine engineering properties, then the
relationship of small specimens to full panels needs to be understood for the
important properties. For a variable material such as softwood plywood or the
various reconstituted boards, these relationships are more complex than ome
might suspect. o

BACKGROUND

Prior to 1958 in North America and until recently in Scandinavia and Europe,
mechanical properties of panel materials including plywood were evaluated by
testing small specimens. Bending specimens were usually center loaded and 50
to 75mm in width. Tension and compression specimens were even smaller and shear
tests possessed an area of only a few hundred square millimeters. The small
methods previously covered in ASTM D805 and now covered individually in ASTM
D2718, D2719, D3043, D3044, D3500, D3501, for plywood and D1037 for particle-
board and other reconstituted boards are North American examples. A European
example is the various German DIN Standards for plywood. Small methods work
fairly well for panel materials showing little variation within the panel.
They were the basis for the excellent design information developed by the

U. S. Forest Prodcts Laboratory for design of aircraft with plywood.

In the forties and late fifties in North America the softwood plywood industry
recognized an enormous market for its product in building construction. It
also recognized that limitations would be placed on access to those markets by
building codes and other regulatory agencies if its use recommendations were not
backed up by good information on panel properties. However, the plywood grades
the industry proposed to use were of much lower quality than aircraft plywood.
Knots and knotholes and the associated distorted grain could reduce bending

and tension by more than 50 percent; core gaps introduced in the manufacturing
process could reduce shear by a like amount. It was concluded almost entirely
on the basis of intuition that materials containing such large within-panel
variations could be fairly evaluated only by testing large pieces.



Accordingly, equipment for testing full-size panels for bending strength and
stiffness was developed and methods for shear, tension and compression using
test pieces large enough to determine the effects of knots and distorted grain
in a representative manner were adopted. These methods are now included in the
ASTM Standards for plywood and the concepts are included in RILEM Recommendation
TT2 for plywood. In the U. S. large methods also are being applied to the
reconstituted structural panels intended for building construction.

Variation within panel of reconstituted boards is neither as obvious nor as
great in magnitude as with sheathing plywood, but is nonetheless present.
Within panel coefficients of variation 14 percent for E and 18 percent for
strength occur in one oriented strand board. For determining the engineering
properties of reconstituted boards a choice can now be made between large and
small specimens. That choice can be made in a more rational and less intuitive
manner than was the case for plywood twenty years ago.

In this paper we will explore by theory and by experiment some of the
considerations relevant to that choice.

Especially pertinent is the manner in which elements such as narrow strips
interact to influence the stiffness or load capacity of large pieces or full
panels. These interactions can cause large pieces to have greater or lesser
properties than small pieces.

Combinations of Elements

For simplicity, elements of a panel may be considered as acting either in a
series or parallel combination, although both actually occur in a panel. 1In
the series combination, elements are joined end-to-end in the direction of
stress. In a parallel combination, the elements are joined side-by-side across
the direction of stress. In the series combination the stress level is the
same for all elements, and deformation varies with the E of the elements. In

a parallel combination as a combination of strips arranged side-by-side to make
up the width of a panel, the deformation tends to be equal and stress varies
with the E of the elements.

Strength of a series combination is clearly limited, like links in a chain,
by the weakest element.

The modulus of elasticity of a series combination of elements that would predict
the elongation of the combination under a given load may be calculated as
follows:

where E; = apparent E for the series combination, and
E, = modulus of elasticity of the nth element
N number of elements

]
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The degree to which the E; is reduced from the average E of the individudl
elemments is directly related to the variability in E among the elements. A
very close approximation is given by:

E

E, = ———
& i v2)

where E = average E of the elements in the series and
coefficient of variation of E of the elements
expressed as a decimal

<
]

Thus a series combination of elements having a coefficient of variation of
elastic modulus of 14 percent such as might occur in an oriented strand board
or waferboard would be reduced from the average of the elements by dividing by
1.0196 or just under 2 percent. A material showing a 20 percent coefficient of
variation would be reduced by 4 percent.

To summarize, strength of a series combination is governed by the weakest of
the elements and elastic modulus by the average reduced in accordance with the
coefficient of variation of the stiffness of the elements. In neither case is
the average of the elements an accurate representation of the combination.

Stiffness of a Parallel Combination

Parallel combinations have greater application to panel materials. 1In the test
of a full panel in accordance with ASTM D3043, the side-by-side strip elements
are bent to approximately equal curvatures as required by the rigidity of the
loading frames and continuity of the panel. Stress levels among the strips may
vary depending upon the E of the individual strip.

In the parallel combination it is the load or moment carried by the individual
strips that varies with the E of the strip rather than the distortion. The E
and load are directly related rather than inversely (as was the case in the
series combination). In theory, averaging the E's of the elements gives the
correct E of the combination, assuming negligible effect of plate action such
as anticlastic curvature.

However, this result does not agree with experimental evidence. Szabo,z)
working with Canadian waferboard, found that tests of full panels produced
E values about 22 percent higher than small specimens. Differences were
significant and applied regardless of panel direction. This is in agreement
with less complete tests conducted at APA. Szabo concluded that the greater
stiffness of larger specimens was related to edge effects.

1) Suddarth, S. K., F. E. Woeste, J. T. P. Yao. "Effect of E Variability
on the Deflection Behavior of Structures. Forest Products Journal.
25:1 January 1975. :

2) Szabo, T. '"Flexural Properties of Waferboard." Forintek Canada Corp.
Eastern Laboratory, Technical Report 505ER Sept. 1980.
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To study this hypothesis further, APA counducted exploratory testing as follows:
Two full panels, lémm thick, one a commercial waferboard, the other a commercial
oriented strand board were tested in flexure to determine their modulus of
elasticity. Then the tests were repeated a number of times and at each step

the number of edges in the entral portion of the panel gaged for deformation
was increased by making parallel saw cuts in the panel. At each step the E of
the panel was compared to the E of the original uncut panel after correcting

for the loss of the saw kerf material., Final strip width was 38mm for 31 cuts.

The panel configuration and loading is shown in Figure 1. The E ratio to the

E of the full panel corrected for loss of material of the saw kerfs is shown in
Figure 2 related to the number of edges per 300mm of panel width. By using this
variable instead of strip width, the E loss is nearly linearly related to edges
per foot of panel width.

The ratio at 75mm strip width (8 enges per 30 mm) is .89 for waferboard and
about .95 for oriented strand board. For waferboard, the effect of edges

accounts for about half the 22 percent difference between large and small
specimens obtained by Szabo. The effect of number of edges appears to be
quite different for the two panel types suggesting that differences between
test methods may depend upon the elastic properties of the panel in the two
directions and poissons ratios.

A full panel is forced to deform as a unit and individual elements are not free
to respond independently of the whole panel. As the panel is cut into smaller
and smaller pieces the stiffening effect of these interactions is lost and a
reduced E results., Anticlastic curvature which depends for its effect on
width/span ratio is substantially reduced.

No attempt has been made to theoretically study this effect. Again, the average
is found experimentally to be considerably in error. More sophisticated theory

than applied here might agree better with these experimental results.

Strength of Parallel Gombinations

The strenth of a parvallel combination of widely varying elements has been of
much interest because of its application to softwood plywood with knots, knot-
“holes and distorted grain. The computation procedure developed for plywood

has equal application to other panel materials and helps explain experimentally
observed differences between large and small specimens for these materials,

The procedure is illustrated here using a plywood example in which the 1200mm
panel width is divided into 16 strips 75mm wide. Strength of 7! panels was
determined experimentally by testing them as full panels after the strength

of the individual 16 strips was estimated by considering the slope of grain,
knots and other strength-reducing factors. Strength is expressed on a relative
scale of O to 100 with 100 representing the strength of clear, straight-grained
plywood,

The first attempt at calculating the strength of the panel from the 16 sections
was the intuitively obvious one of averaging the 16 values. The result is shown
in Figure 3, Predicted strength is erratic and almost always too high.
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Observation of the large panels as they were tested provided some indications of
the source of the errors. Areas of lowest strength, usually having distorted
grain associated with knots and knotholes, often broke before the maximum moment
for the panel was reached. After breaking, these areas contributed little or
nothing to the moment carry capacity of the panel. This fact helps explain why
the experimental ratios are lower than the average of the 16 estimated ratios.

Whatever the method used to combine the 16 individual ratos, it appeared
necessary to consider the sequence of failure. The procedure that was devised
can best be explained by considering an example of an actual plywood panel.
Figure 4 graphs the 16 ratios as they occur across the width of the panel. The
average ratio is 65.1 percent. The sequence of failure is most easily seen by
arranging the sections in increasing order from left to right as shown in the
stair-step pattern of Figure 5. As the full panel is stressed to the level

of the lowest section, the moment sustained is in proportion to the area below
the lowest section. As the lowest strength section (27 percent) breaks, its
contribution to moment is lost and the moment is sustained by the remaining

15 sections. The next lowest section is at a 28 percent ratio which for the
ramaining 15 sections gives a ratio of only 262 percent. The next lowest ratio
applicable to 14 sections is 30 percent, giving a ratio of 26.2 percent. Since
the moment limited by the second and third lowest sections is slightly less
thhan the first lowest, breakage is likely to cascade rapidly through these
first three sections. The fourth lowest section, however, has a ratio of 50
percent which applied to the remaining 13 sections gives an overall ratio of
40.6 percent, a substantial increase. When this moment level for the panel is
reached and the fourth lowest section breaks, it is seen that with each succes—
sive section the area and corresponding moment capacity is either almost the
same or lower. Threfore, the area governed by the fourth lowest section,
indicated by the dashed lines as Area A, represents the moment capacity of the
panel. Panel moment determined by the following sections decreases slowly and
then more rapidly. In theory, breakage of the fourth lowest section should
precipitate a cascade failure of the rest of the panel. But small variations
could mean that failure progresses section by section as the panel continues to
be bent, sustaining slightly lower moment at each step but absorbing consider-
able energy. Finally, failure cascades rapidly as moment capacity drops at the
eighth lowest and following section.

Assuming all actions at 100 percent ratio and the entire area within the
_rectangle taken as 100 percent, the rectangle may be subdivided into areas
that relate to panel moment capacity as follows:

Area A represents the moment capacity actually obtainable in test, namely
40.6 percent.

Area B represents the moment capacity lost by low strength sections
breaking before maximum moment is attained and therefore not contributing,
in this case 5.3 percent.

Area C represents the portion of moment capacity of high strength sections
whose strength capacity could not be utilized due to the failure sequence.

Area D is area above and to the left of the stair-step line and corresponds
to the actual moment loss due to strength reducing features without consid-
ering failure sequence.
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Area A + B + C represents the moment if all sections could be utilized to their
full capacity. This is assumed when the 16 sections are averaged, namely 60.5
percent.

Figures 6A and 6B provide examples of similar charts for panels having high and
low strength ratios respectively. .

Figures 6C and 6D are charts for panels having strength ratios more typical of
C and D veneers,

Figure 7 shows the relationship of estimated to observed strength ratios shown
in Figure 3, but in this case the estimated ratio was obtained by considering
the sequence of failure as shown in Figures 5 and 6. The improvemet in the
relationship is substantial, though the correlation is far from perfect. Much
of the scatter is probably related to inaccuracy in estimating the strength of
strips. Thus a much closer representation of strength is obtained by consider-
ing failure sequence.

The foregoing illustrates the difficulties encountered when one attempts to
predict the bending performance of full panels or large pieces from tests of
small strips. We have not experimented with size relationships for other
properties. Since bending strength is closely related to tensile strength of
the tension face, the effect of test piece size is likely to be similar but
less pronounced in tension in the plane of the panel. Effect of test piece
size on compression and shear has not been studied experimentally. Experience
with bending suggests that caution is in order.

In summary, the relationships between results of tests using different sizes of
specimens is much more complex than one would intuitively suppose. Therefore,
the most reliable data for use in the engineering design of buildings is
obtained on test pieces of size comparable to those in actual use. Normally
these are of large size or full panels, but exceptions such as truss gussets do
exist.

The interaction of small elements of large panels can cause large pieces to have
either higher or lower properties, depending upon the property. Within-panel
variability greatly influences the magnitude of differences. Within-panel
variability of reconstituted boards is significant though less obvious than

.for construction grades of plywood. It is recommended that for purposes of
developing engineering design data the large methods developed for plywood be
applied to other reconstituted wood panels as well. Large plywood methods are
being incorporated in RILEM recommendation 3TT. They can be easily extended

to other panel products.

PWP:ram
June 1983
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Figure 1. Layout and loading of test panels used to evaluate edge effects
; on.bepging stiffness.
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SCOPE

Full size tests have been carried out on fifty eight trusses
of the Fink configuration using home-grown (Irish) Sitka
spruce timber. The timber was of the M75 grade. Metal
plate fasteners with integral teeth were used at all joints
using the sizes recommended by the plate manufacturers.
Forty ejght of the trusses were fabricated to the Timiting
spans for a higher Species Group (S2 - M75) published in
I.S. 193P : 1978. Except for three trusses all passed

the acceptance criteria set in the Irish Standard. The
results obtained from the tests are not included in this
paper. Only a brief summary of some of the analyses is
shown in the tables at the end of t@e paper. On the
results obtained new Timiting spans were proposed for Fink
trusses made from home-grown timber.

Institute for Industrial Research and Standards

April 1983



1.0

INVESTIGATION

1.1

1.2

Selection of Species

Roughly 95% of the trees grown in Ireland in the last 60 years

belong to the softwood group of species, of which Sitka spruce,
Norway spruce and Lodgepole pine are the most predominant. The
percentages of each species grown in Irish forests vary from

- year to year but a recent estimate obtained from the Forest and

Wildlife Service suggest the following distribution.

Sitka spruce 44%
Norway spruce 19%
Lodgepolie pine 12%
Larch 9%
Douglas fir ‘ 7%
Others 2%

The percentages given above refer to the volume of timber in trees
with a top diameter of at least 140 mm.

As Sitka spruce was found to be by far the most predominant species
it was chosen as the species to use in this project. Statistics
available from the Forest & Wildlife Service also indicate that
Sitka spruce will, in fact, constitute about 75% of the home grown
timbers available for constructional purposes in the next decade.
0f the five species stated above Sitka spruce has also the lowest
published strength values. The selection of Sitka spruce,
therefore, served two purposes:

(i) the tests would show whether Sitka spruce could be used
to published span 1imits.

(i) by inference the other species would have at least the
same 1imiting spans. :

Selection of Pitches, Section Sizes and Spans.

1.2.1  Pitches.
" The pitches selected were 17.5%, 22.5% and 30°.  There were
two reasons for selection of these three pitches

-
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2.2

2.3

(a) They are the most commonly used,

(b} The author felt that they were sufficient to enable
dinterpolation for intermediate pitches.

Timber Sizes and Grade.

The selection of section sizes was 1imited to those that

were most commonly used and which are covered by the Irish

~Standard.  The required timber thickness was 34 mm through~

out and the specified depths were 72 mm, 97 mm, 112 mm or
120 mm. A1l the web members were 72 x 34 mm.

The timber was graded to the M75 grade in a Plessey
Computermatic grading machine.

Test Spans.

In the absence of any relijable theoretical design method as
a starting point the 1imiting spans given in Table 3 of

IS 193P : 1978 for M75 - S2 timber were used. Table 1
shows the various spans and section sizes tested.

LT

Phase I: For each of the three pitches there were four
groups of trusses using the same four section sizes in the .
ceiling tie and rafter members. The Timiting span chosen
was the smaller of the ceiling tie/rafter span for the
particuiar section size. As spans were not available for
the 112 x 34 mn size, these were interpolated from Table 3
(IS 193). Two more groups were added to the 22%0 and 30°
pitches in which 97 x 34 and 112 x 34 section sizes were
interchanged in ceiling-tie and rafter members, and the
1imiting span used in each case was the smaller of the
ceiling-tie/rafter span for the 97 x 34 section size.

The reason for including the two extra groups was to see
whether it is valid to give Timiting spans separately for
ceiling-tie and rafter sections. Three trusses were
tested in each group except in one case where the first
two trusses tested had to be'disregarded because of mal~
function of the recording system.



1.3

Phase II: The purpose of this phase of tests was to carry
out a Timited investigation into the effects of altering
the thickness of the timber. Two groups were tested for
each of the three pitches. The Timiting span used for
the first group in each case was the published one for
home grown M75 - S$3 timber. In the second group the same
section size with increased thickness i.e. 97 x 41 mm was
used and the Timiting span was that for M75 - S2 timber.

1.2.4 Types of Plate.
In Phase I Presslock and Rollock metal plate fasteners were
used, while in Phase II Hydro-Nail plates were used. The
size of plate used at each joint was obtained from the plate
manufacturers' manuals. The truss manufacturers were
asked to make no special alterations in fabricating the
trusses and all the samples were produced.during a normai
day run. '

Test Equipment.

A1l the tests were carried out in a test rig specially built for
testing full sized trusses. The rig consisted of two independent
cable pulley systems by means of which Toads were applied to four
equally spaced points on each rafter and six equally spaced points
on the ceiling tie. The load points were positioned at the quarter
points on each bay.

The ends of the cable threading the pulleys hanging from the ceiling
tie were attached at each end to trays on which dead weights could
be placed.

The ends of the cable threading the pulleys on the rafters were
attached to hand winches at each end.

The ceiling tie and rafter cables were both 1" diameter 12 strand
steel wire cables. Each cable was of one continuous length and
independent of each other. The pulleys were all 1light weight
aluminium alloy frictionless pulleys. '



The supports were made to resemble as close as possible, actual
conditions and corisisted of a 100 mm x 50 mm timber wall plate

at each support placed on metal plates bearing on electrical load
cells. The reaction at each support was measured by means of
electrical load cells (two under each support) and deflection
measurements were taken by means of electrical displacement trans-
ducers at the points shown in Fig. 1. The reactions, total load
and deflections were recorded on a chart recorder.

The rafter members were Taterally restrained by pivotted radius
arms at each load point and 38 x 38 battens between loading points.
No Tateral restraints were used on the ceiling tie.

The concentrated point load at midspan and tank Toad were applied
on the ¢e11fng tie by means of dead weights placed in trays
suspended from the ceiling tie. The tank load was placed as close
as possible to the node point in the centre bay of the ceiling tie.

Test Procedure.

The test procedure was in accordance with that specified in the
Provisional Irish Standard 193 P : 1978, Appendix A, Clause A2.

In the 24 hour deflection test, deflection measurements up to
design load and during the 24 hour under design load were made
without the 0.90 kN point load at midspan of ceiling tie.

In the strength tests all the Toads except the concentrated point
Toad at centre span of ceiling tie were increased in proportional
increments up to failure. Deflection measurements were taken but
were stopped when it was considered unsafe to leave the transducers
in place, firstly because of the safety of the personnel who
removed the transducers and secondly to prevent damage to the
expensive transducers.
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1.5 Test Conditiaons

The design loads and truss spacing used in the computation of
the test loads were taken as follows:

Spacing of trusses 600 mm
Width of wall plates 100 mm
Rafter loading:

Dead load - tiles 0.575'kN/m2 on slope
- felt, battens, etc. 0.11 kN/m2 on siope
Live lToad -~ snow 0.75 kN/m2 on plan
Ceiling tie load:
Dead Toad 0.25 KN/m’
Live load - 0.25 KN/m°
Tank load 2.70. kN over 4 trusses
Concentrated point load (midspan)
where H exceeded 1.2 m 0.9 kN
RESULTS

In all, 23 trusses were tested for long-term deflection. None of the
trusses in Phase 11 were tested for 24 hour deflection, as the purpose
of Phase II was to study the effect of increased thickness on strength.

2.1 Deflection/Span Ratio.

The deflections at the end of the 24 hour test were in all cases
found to be well within the requirements of the Standard. The
deflection/span ratios varied between 0.00224 and 0.000902 which
is less than the acceptance ratic of 0.0024. It was also found
on examination that the steeper the pitch, the stiffer was the
truss and this was reflected in the average ratios worked out for
each pitch and shown below a



2.2

2.3

2.4

Pttch (Deg) Deflection/Span Ratio
30 0.00107
223 0.00138
173 - 0.00176

Midspan/Node Deflection Ratio.

From curvature theory it can be shown that the midspan deflection
should be 1.2 times the deflection of the node points which are

at the third points of the ceiling-tie (Fig. 1). An analysis

of the results shohs that the average midspan/node deflection
ratio for the 17%0 and 22%0 pitch trusses was exactly 1.2 but in
the case of the 30° pitch the average ratio was 1.32. A possible
explanation for this is that the queen ties in the 30° pitch

truss provided more of a restraint to the node deflection, than in
the Tower pitch trusses.

Recovery.

The recovery of deflection immediately after the 24 hour tfest
was worked out for the nodes and midspan of the ceiling-tie
and were found to vary between 65% and 94%. The figures
represent the recovery immediately after release of the loads.
The deflection readings taken fifteen minutes after release
of load indicate that the recovery had not reached its limit,

Load Factors at Failure.

The final load factors (i.e. ratio of final load to design load)
were calculated separately for rafter, ceiling-tie and tank
loads, as the magnitude and method of increasing the three
different loads was such that they could not be increased at

the same Eate and simultaneously. In the case of the tank
loads the trays supporting the dead weights had a limited
capacity which when reached was kept constant. As the
increments for the ceiling-tie load were small, these were put
in one go at each incremgnt stage. Only the rafter loading

ALL
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could be increased steadily as this was applied by means of
the hand winches.

The table below indicates as percentages the number of trusses

with Toad factors 2.05, 2.1b5, 2.30 and 2.50 for ceiling-
tie and rafters.
Pitch No. of
Deg Trusses 2.50 2.30 2.15 2.05
173 16 56.,3% 87.5% 93.8% §3.8%
223 22 59.1% 81.8% 86.4% 86.4%
30 20 90.0% 95.0% 100% 100%
Total 58 69% 88% 93.1% 93.1%
Ceiling-Tie Load Factors
Pitch No. of
Deg Trusses 2.50 2.30 2.15 2.05
173 16 68.8% 81.3% 87.5% 87.5%
223 22 63.6% 81.8% 90.9% 90.9%
30 20 95% 100% 100% 100%
Total 58 75.9% 87.9% 93.1% 93.1%

Rafter Load Factors




2.5

From the tables above it appears that the 30° pitch trusses
showed the best results. However, three points should be
borne in mind when considering the other pitches and these are

(i) Except for one truss there were no ceiling-tie

| failures and therefore the load factors obtained
are not the ultimate Toad factors for the
ceiling ties.

(1) In most cases where a rafter failure was recorded
it was more of a lateral failure, due to the
bracing being rendered inadequate at the higher
loads, rather than the normal compression or
bending failure in the direction of the load.

(1i1) A number of the strength tests were terminated
when the Tateral buckling or distortion became
too dangerous.

\Mode of Failure.

The types of failure encountered during the tests could
broadly be classified under five headings as shown in the
Table below. The lateral failure has been shown grouped with
rafter break as in most cases where failure occurred in the
rafter it was a combination of the two types.

Type of Failure Phase I {Phase II|Qverall
Rafter/lateral break 50.0% {66.7% 53.4%
Ceiling~-tie break 2.2% - | 1.7%
Lateral distortion in rafters 45.6% 8.3% 37.9%
Q.T. withdrawal 25.0% 5.2%
Plate shear 2.2% 1.7%
No. of Trusses 46 12 58

Y aa



2.6

Four of the failures did not occur in the timber but were
plate failures; these occurred mainly in Phase II in the
trusses where the thickness was 34 mm and the pitch 22%0.

This would seem to indicate that the plate size was inadequate.

There was only one ceiling tie break although according to

Table 3 in IS 193, 38% of the trusses should have failed in
the ceiling tie and 14% could have failed in either the
ceiling-tie or rafter. It has been.the author's experience
in the testing of trusses for outside clients that the
ceiling-ties have always been adequate for whatever span used.

Derivation of Limiting Spans.

The derivation of Timiting spans was based on a combination
of test data and theoretical analysis. In doing so, the
following assumptions were made

(i) the truss members were uniform in cross-
section and design properties and remained
straight throughout the test.

(ii) the truss members were in the same vertical
plane and braced to prevent lateral buckling.

(i11)  the axial forces were determined on the basis
of pinned joints with all loads acting as
point loads at the joints.

{(iv) the bending moments were determined on the basis
of half-fixity at apex and heel joints,
continuity over all the internal node points,
and allowance for sinking supports at nodes and
apex.

{v) the maximum combined stress occurred over the
‘strut/rafter node in the case of the rafters and
either the node or midspan in the case of the
ceiling-tie. |

(vi) the joint slips increased linearly right up
to failure. '
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The failure load was divided by the appropriate Toad

factor given in Table 5 of IS 193 to obtain a safe working
lToad for each truss. This load was then used together
with the minimum dimensions of each member and a safe
combined stress was determined for each truss at the three
critical points stated in (v} above. The combined stress
was then used to determine a span that would fail at a load
factor of 2.5. The method was a combination of that
adopted by Grainger (1976) and Davies (1976).

2.6.1 Theory,
As explained by Davies (1976) two systems are
involved - the actual test and required result.

(i) In the actual tested truss the combined stress
at the critical points can be expressed as a
function of the span (La), cross-sectional
dimensions (da and ba), pitch (B) applied
design loads on rafter (w1d) and ceiling-tie (NZd)
and point load (P). In an ideal situation where
failure occurs in the rafter and ceiling-tie
simultaneously the load factor (F)} can be defined
as follows

Wiy We 4

where w1f and wzf are the failure loads on rafter
and ceiling~tie respectively.

The combined stress (LSI) can be expressed as a
function of all the variables stated above as
follows

CST = f (Wly, W2gs Py Fy Lys dyy by 6)
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(1) The combined stress index CS2) in the truss
defined by the adjusted span (L), load factor
2.5 and cross-sectional dimensions d and b can
be expressed as

€S2 = f(Wly, W2, P, 2.5, L, d, b, )

By equating these two functions, the values of
the adjusted span (L)} can be determined since
all the other variables are known.

When the effect of sinking supports and joint
s1ip were included, the final equation was a
fourth order equation in L.  The method adopted
for the solution of the eguation was the Newton-
Raphson iteration method with a convergence
criterion of 0.001. The use of a computer
program deve]oﬁed by the author, on the

DEC VAX 750 simplified this task considerably.

2.6.2 Combined Stress Index.
In determining the combined stress values at the three
critical locations, it was decided to include within
the computer program the determination of the combined
stress indices based'on medium-term and short-term
design stresses.

A frequency distribution of the medium term indices is
shown in Figures 2, 3 and 4. From the figures it
appears that the indices show a definite tendency to
increase with increasing pitch in the case of the
rafters. In the ceiling-tie the indix was similar
for the 30° and 221° pitches and then dropped for the
17%0 pitch. The average values are shown in the
table below



2.6.3

12.

Pitch (Deg)

30 223 173

Rafter ' 1.818 1.569 1.381
C.Tie Node 1.364 1.306 1.101
C.Tie Midspan 1.404 1.305 0.916

Combined Stress Index

The combined stress indices were all (except in one
case) in access of unity and wou1d seem to confirm
Davies' (1976) findings. On1y :
showed an apparent re1at1onsh1p with p1tch

Relationships between Spans and Section Modulus.

The safe spans were calculated for the three critical.

Tocations (i.e. rafter node, ceiling-tie node and
ceiling-tie midspan) and the results were grouped by
pitch. In addition, the averages and 95% Lower
Confidence Levels were worked out for each group of

three trusses in Phase I and groups of two in Phase II.
The results were further grouped by pitch and similar

section modulus.

Two sets of graphs were plotted. In the first set
the calculated safe span was plotted against section
modulus for each pitch and the 95% Lower Confidence
Level was plotted using normal statistical analyses.
The second set of graphs drawn were plots of the
individual 95% Lower Confidence Levels of each group
of three against section modulus.

In a1l cases four regression models were tried as
follows:

.. E Y“@'fte!" ’lnd?ces " v

o~
e
=
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2.6.4

13.

(1) Y = AX+B

(31) log¥Y = AX+ B
(i11) logY = Alog X+ B
(iv) Y = AX

Only the first two relationships are shown in
Tables 2 and 3. The linear regression gave the
best relationships in most cases.

Other Relationships.
Various other relationships were tried. These

included
(i) Safe working stress vs section modulus
(ii) Safe span vs pitch for the various depths
(ii1) Safe working stress vs pitch for the

various depths.
The correlations in the case of (i) were found to be .
too erratic to attach any confidence to them. The
other relationships, although significant, were
discarded as they each had 3 points only.



Finished Sizes

~ Pitch 0/A Span Rafter Ceiling Tie | No. Tested
17.5° 5.4 34 x 72 34 x 72 3
7.6 34 x 97 34 x 97 3
8.4 34 x 112 34 x 112 3
9.0 34 x 120 34 x 120 3
22.5° 5.6 34 x 72 34 x 72 3
8.1 34 x 97 34 x 97 3
8.7 34 x 112 34 x 112 3
9.3 34 x 120 34 x 120 3
8.7 34 x 112 34 x 97 - 3
8.7 34 x 97 34 x 112 3
30° 6.0 34 x 72 34 x 72 3
8.3 34 x 97 34 x 97 1
9.1 34 x 112 34 x 112 3
9.8 34 x 120 34 x 120 3
8.3 34 x 112 34 x 97 3
8.3 34 x 97 34 x 112 3
PHASE T
17.5° 5.9 34 x 97 34 x 97 2
7.6 41 x 97 41 x 97 2
22.50 8.3 3 x 120 | 34 x 120 2
8.1 41 x 67 41 x 97 2
30° 8.4 34 x 112 34 x 112 2
8.3 41 x 97 41 x 97 2
PHASE IT
Table 1 DETAILS OF TRUSSES

14.
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it Y = AX +B sorr log ¥ = AX + B corr
A B r A B
174 | 0.0627 [ 5175 | 0.994 | s676 |0.32 x 10°5] 0.992
224 | 0.0782 | 4903 | 0.972 | 5548 |0.39 x 1075} 0.966
30 0.0877 | 4920 | 0.975 | 5740 |o0.40 x 1075 0.978
RAFTERS
173 0.0562 | 5410 | 0.999 | 5834 |0.29 x 107°| 0.997
223 0.0667 | 5205 | 0.879 | 5579 |o0.35 x 10°°] 0.8
30 0.0846 | 4630 | 0.976 | 5369 |0.42 x 1075 0.967
CEILING-TIE NODE
173 0.0336 | 6223 | 0.958 | 6416 |0.18 x 1075 | 0.963
223 0.0516 | 5182 | 0.973 | 5521 10.29 x 107° | 0.966
30 0.073¢ | 4107 | 0.984 | 4774 |0.41 x 1075 | 0.976

CEILING-TIE MIDSPAN

Table 2

: ° REGRESSION ANALYSIS.

Calculated Safe Span (Y) vs Section Modulus (X).
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DETERMINATION OF BRACING STRUCTURES FOR COMPRESSION
MEMBERS AND BEAMS

1. INTRODUCTION

To obtain a sufficient lateral stability of wooden
structural members they get connected to walls,
supports or bracing members being enough resistant.
Those prevent too great lateral deflections rectan-
gular to the main supporting direction of the compo-
nents. Simultaneousiy they also can be taken to carry
exterior loads such as wind,

Additional to the exterior loads there are no further
forces to the bracing members as long as all parts
are ideal straight and in a vertical position and if
there is a perfect bringing in of loads, consequently
the applied surcharge has no components rectangular
to the main supporting direction of the wooden parts.
In practise deviations of the ideal position have to
be accepted due to anavoidable manufacturing and as-
sembling inaccuracies. They always occur as soon as
tateral thrusts due to the wind or other from the out-
side attacking horizontal forces are led in the plane
of the supports and bracings, and thus cause deforma-

tions.

2. PRE-CONDITIONS AND FUNDAMENTALS

We took at a beam with a rectangular cross section,
being constant along the support. The part is loaded
vertically and supported elastically in.a horizontal
Tine. Further data can be taken from fig. 1.



Assuming the validity of Hooke's law and in addition

of Bernoulli's theorem, so that one gets the Bernoulli-
Euler's theorem of the technical bending theory, _
1/r = M/(EL). A1l the deformations have to be small 1in
comparision to the main dimensions of the building parts.
A pure torsion according to de Saint Venant is presup-
posed., (Rectangular cross cuts have no further conside-
rable torsional rigidity as it have for example sections
with webs and flanges.)

At a very small segment of beam, as shown in fig. 2,
there can be written down six conditions of balance, com-
bined to two equations, (2) and (3). To simplify the dif-
ferential quotients e.g. dM/dx = M' is applied.

L S (1)

Z

The following expressions can be taken

M

1

- EL -{ v - v )" ’
pa i

z (3)
Moo= 6Ly (p-1p,)! ’ (4)
m-q +w= Elw [(V - VO)"” +os (kP“kPo) J ) (5)

in which Vo and o are the displacements of the beam with-
out Toads. If the eq. (4) to (6) are inserted in (2} and
(3) one gets two connected inhomogeneous differential e-
quations. The following expressions have been assumed for
the initial displacements

v . sin (/L) X

b
il

\{:HDA sin (/L) - x

Yo



The system of differential equations can be exactly
calculated, if the coefficients are constant, these

are in that case the values of the cross section and
the bending moment My. A constant moment however means,
that the connected loads are equal to zero., The direct
Toading and above all the point of the attacking forces
in the cross section are without doubt important to the
problem of stabitity.

The beam is simply supported at the ends, u = v = 0,
and secured against rotation about the z—achsis,kP = 0.
A constant Toading produces a bending moment in form of
a parabolic curve. Approximately a sine wave is substi-
tuted for the parabolic line.

M=M-sin (F/L)+ x (8)

The functions {9) and (10) satisfy the boundary condi-
tions but not the differential equations.

v = (V + G)-sin (/L - x (9)

= ($+H) - sin (T/1) - x (10)

The unknown values V and @)are determined by the aid of
an approximation method,

As we have now the deformations, the loadings of the bra-
cing members can be found out of eq. (5). Eg. (11) gives
the loads on the bracing structure caused by exterior
(e.g. wind) or interior lateral forces. Only the initial
curvature u_ = u-sin{fr/L).-x is taken, the initial twist
neglected. The bending rigidity EIZ of the beam is nor-
mally Tow in comparison with that of the bracing struc-
ture and is therefore taken equal to zero.
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mg 4w = sin (/L) x

Ne

in which

1 e 1
A= GT, - —- + — M2
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e 1
=5y, - - &N
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In conformity to the solution of

tions
8 - —
M='§‘n,M = ca, 0,85 M

-Ekd

the differential

(11.3)

equa-

can be introduced. M is the maximum bending moment of

the sine-shaped function. w is the maximum lateral

force

of an odd Fourier's series of which only the first term

is taken.



COMPRESSION MEMBERS

Setting M = e = 0 in eq. (11) and assuming that the
tateral support of the beam is in the middle of the
cross sectijon, so that also s = 0, the lateral forces

can be expressed as

RGN T
mg + w = . sin (/L) -x . (12)
L
(U2/L2)-EIW

The effort for the calculation of the bracing stiffness,
which 1s contained in eg. {12), is normally considerable,
because the bending and shear rigidity of the bracing
structure and also the slip of the used connectors have
to be considered. To simplify the formula a bracing mem-
ber is chosen with such a stiffness, that an assumed de-

formation is not exceeded,

The maximum deflection of the bracing structure is

f= 9w L (13)
EL, iy
in which

If the eq. (13) is inserted in (12), one gets
mg = (W/L2)-mN-(v + f).sin(r/L) x (14)

and with v L/B, (15),

fo=L/B, (16),



kK, = . 18

N e
BV Bf

kN is given in Table 1 for different values of the as-

sumed initial deflections and the tolerated deformations

of the bracing structure.

The function of the lateral forces is sine-shaped. The
accompanying shearing forces are following the cosine
wave, the bending moments again the sine wave. Having as
usual an uniform load, it would be practicable, to trans-
form the sine-shaped 1oad into an uniform load. As shown
on fig. 3, it can be requested, that for example the ma-

ximym bending moment or the maximum shear force are cor-
responding.

Here the bending moment was chosen. The sine-shaped and
the parabolic moments are similar. In that case also the
reduction of the shear force is Tess, so that a suffi-
cient shear rejnforcement is given. The values kN’ mut -
tiplied by 8/ are shown in table 1 in parentheses.

Fig. 4 also gives the coefficient kN in dependance of
the initial deflections of the compression member and
of the guaranteed deformation of the bracing structure.



FLEXURAL MEMBERS {BEAMS)

If in the generally valid eguations (11) the axial force
N is equal to zero, the eq. (19) and (20) will be re-
ceived.

-7 -
v %;-m%-km + W
mq + w = y csin{{Y/L) x 3
mx? ,,,,,,,,
1T - km {19)
g
L2 W
1
km = (20)
e GI
(2 - g) +HD’

Eq. (19) for the beams conforms to eg. (12) for the com-
pression members. The nondimensional value kS takes into
account the torsional rigidity of the regarded flexural
member. M can be replaced by the reduced value 8/(3-%) .H
~ 0,85 - M, in which M is the maximum of the sine-shaped

bending moment.

After the calculation of km the handling of eq. (19),
beams, is as easy as that of eg. (12), compression members.
It should be said, that the direction of the bending mo-
ment and height of the exterior forces can be chosen at
anyones discretion., e and s are positively valued, if
they are from the main axis upward directed., It is pos-
sible, to choose these parameters freely and to calculate
beams, of which the upper chords are loaded and the lo-

wer flanges are supported,



The boundary of stability of the whole stiffed system
has to be considered. That is given, if the denomina-
tor of the eq. {19) becomes zero, so that the lateral
stability forces are growing without limit,

A sufficient stability is guaranteed, if

m*(M/S)'km < ) (21)
(WZ/LZ)'EIW

The check of the stability is especially necessary for
beams, supported at the tension flange and for bracings
of such a rigidity, which is not sufficient without any
doubt, This has to be regarded, if bracings are formed
by beams of Tess heights or by columns, which are not
fixed at the upper end,

To simplify eq. (13) can be used as a relation between
the bracing rigédity EIw and a bracing deformation, which
can be guaranteed. The type of the equation for compres-
sion members and beams is very similar; in comparison
with the eq. {13) to (18) can be written

ng = qg %ﬁu sin(n/L) x : (22)
s
wherein is
G
(2 - g) + ﬁéD'
K, = — (23)
2 - -
LAY A I

Now the stability 1imit of the stiffed system is not
clear in any case, because the coefficient of deforma-
tion Bf, and herewith the deflection, is chosen espe-~
cially. Therefore for the development only beams are
regarded, which are supported at the compression flange.
These types are normaltly stable, if the bracing struc-



ture is formed reguiartiy. The maximum lateral loads are
received, if the exterior uniform loads are set on the
upper flange, which is the compression part of the beams
under positivebending moments., Only regarded the parts,
of which are supported and loaded the upper compression
flanges, than is s = e = h/2. The eq. (22) and (23) can
be expressed as

q. = MM sin{rm/L) x (24)
S
L-h-k
h
with
1+ ﬁ%%lﬂ
K, = (25)
1 1
2% (5 + 5 )
B, © B

117

(1 -~ 0,63 (b/h))/3 ,

M =G W , W =~>bh / 6

and assuming an initial deflection and a known deformation
of the bracing structure, kh of eq. (25) depends only on
the dimensionless relations h/b and GAIm. With

_ 8 .
M= M 'S
_mM /L 26
9 =T R &y SIn(/L) x (26)
wherein
3 (1 4 41-0.63(b/h)) G b
8/ (3N he
;, - (3T Cm (27)
1 1
16 M — +—7—)
B,  Br



The profile coefficient s or h, connected with the ben-
ding moment, is only chosen, that koo ki and Eh are di-
mensiontess., In the same manner the width of the rectan-
gutar cross section can be introduced

9, = ”L‘_‘;f,rb . sin(Y/L) x , (28)
in which
Ky = (h/b)- K, . (29)

Fig. {5) shows Eh and Eb in relationship of h/b. As pa-
rameter BV = 500 and B]C = 1000 are chosen.

Beams of a practical importance have a cross section re-
fation h/b between 4 and 15. The coefficient Eh moves
here very much. The coefficient ib has a less varijation
in the same area with a special minimum in the neigh-
bourhood of h/b =43, Therefore the eq. (28} is the most
practicable approximation.

Fig. 6 shows the value Eb
GA . The initial deflection v and the deformation of
the bracing structure can be chosen freely.

in relationship of h/b and

The coefficient of the sine-shaped lateral force can be

transformed intoc a value for uniform foads in the same
manner as shown in chapter 3.



RESUME

Equations are given, which allow to calculate the loa-
dings of brab?ng structures. The members with the risk of
lateral deflection can be forced by compression forces

and by bending moments. The favourable torsional rigidity
of the beams 1is taken into consideration.

The Tateral loads of compression members, e.g. flanges
of trusses, and of glued laminated beams, subjekt to ben-
ding and of combined stressed parts can be calculated.

Simplificated expressions are given for parts, subjekt
to pure compression or bending. If the rigidity of the
bracing structure is assumed, so that a given maximum

of the deflection is not exceeded, very simple expres-
sions are available.
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Fig. 2  Sectional forces of a beam eiement, vertically loaded
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300 600 1600 20600

250 14 18 20 22
(17) (22) (25) (28)

500 19 28 34 41
(23) {34) (42) (50)

1000 23 38 51 68
(29) (47) (62) (83)
Table 1: Coefficient kN for the sine-shaped lateral force of compression

members in dependance of the pre-deflection of the beams and of
the guaranteed deformation of the bracing structure.

( In parentheses: kN for uniform loads )
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ABSTRACT

There are various factors that influence the guality of esti-
mating characteristic stress values. Among these are the
definition of the specific population about which inferences
are to be made, decisions about the sampling method and the
sample size as well as the statistical definition of the
characteristic stress value and the choice of the statistical

model used for its computation.

For many of the decisions mentioned above the statistical
theory does not offer satisfactory decision rules. Hence in
some cases the engineer must decide intuitively. Regarding
the harmonization of codes and standards it would be help-

ful if such decisions were standardized internationally.

As a contribution to the discussion of this topic this paper
summarizes the potential errors that may arise when estimating
the 5 percent exclusion limit and tries to assess their
magnitude as a function of the sample size and of the under-

lying statistical assumptions.



1  INTRODUCTION

When characteristic stress values are to be evaluated experi-
mentally, there are, among other things, three guestions
that have to be answered first:

- How many pieces of lumber do I sample?

- How do I sample these pieces of lumber?

- How do I interpret the test results, which statistical

inferences can be made?

As a prereguisite it is mandatory that the objective of the
experiment be defined as precisely as possible. Thus the
sampling plan and the statistical methods for the analysis
of the data have to be established so that within the scope
of given economic ¢ircumstances the inferences to be nade
are as accurate and as precise as possible, i.e. that poten-
tial systematic and random errors are reduced as much as

possible.

Essentially there are five possible sources of error (cf.
Fig. 1):

- e1: The definition of the population including the diffi-
culty invelved in inferring from one subpopulation -the
sample~ to other subpopulations -e.g. the timber likely
to be obtained from one source and used in one structure-
(¢f. e.g. Madsen 1978, Warren 1979, Fewell 1982},

- e2: The sampling plan. Due to its limited size no sample,
not even & so-called 'representative' one, exactly repre-
sents its population. The degree of statistical uncertain-
ty partly depends on the size of the sample (cf. e.g.
Madsen a. Nielsen 1978, Curry a. Fewell 1981, Pellicane

a. Bodig 1981).

- @3: The testing methods including systematic errors due

to specific testing conditions and random errors due to



the accuracy of the measurements taken.

~ @4: The data modification, i.e. the potential deficiency
of some cf the modification factors (cf. e.g. Madsen
1975 and 1978).

~ e5: The statistical analysis. Depending on the statis-~
tical models used, i.e. the assumption of the underlying
distribution function and the statistical definition of
the exclusion limit, different results can be obtained |
from the same data set {cf. e.g. Tory 1975, Warren 19879,
Johnson 1980, Glos 1981).

In the following the problems related to the sampling of the
material and to the statistical analysis are discussed. More-
over an attempt is made to assess the magnitude of the re-
spective uncertainties. Finally the problems caused by the
adequate definition of the specific population about which

inferences are to be made, will be discussed.

2 EVALUATION OF THE 5% EXCLUSION LIMIT OF A SPECIFIED
POPULATION WITH UNEKNOWN DISTRIBUTION

2.1 General

Today it is generally accepted that the lower 5 percent
exclusion limit is used as a characteristic stress value {i.e.
as a basic reference point for the derivation of design
stregses). However, researchers interested in the behaviour
of systems and/or in probabilistic modeling of structures

need to know more about the strength digtribution than this

single wvalue,

The evaluation of an exclusion limit requires the assumption

of an underlying statistical model. Hence the exclusion limit



is a conditional value, it cannot be determined unequivocally.
In the past 10 years this aspect has been subiected to serious
scrutiny, but today different methods for the computation

of an exclusion limit from test data are still in general

use (cf. e.g. Warren 1979, Johnson 1980). The choice of one

of these methods depends on two decisions:

- The assumption of a hypothesis regarding the type of the
probability distribution function of the underlying
population or the decision for a nonparametric approach,

resp.; and

-~ the choice of a confidence level associated with the

estimation of the exclusion limit.

2.2 Influence of the confidence level

From a statistical point of view one must distinguish be-
tween a so-called point estimate and a so-called lower
tolerance limit., When a point estimate is applied, the ex-
clusion limit is thus estimated that on the qverage it
corresponds with the true, however unknown, population 5th
percentile. Consequently, with a single sample, it has an
almost equal chance of lying on either side of the population
value. It is not usual to associate a confidence level with
this estimate; however, its value would be approximately

50 percent.

A tolerance limit is constructed so that it has a specified
confidence of lying below the population 5th percentile. If,
say, a 95 percent confidence level is chosen (cf. e.g. ASTM

D 2915~74) then, on the average, 95 times out of 100 the
calculated tolerance limit will fall below the true population
value and 5 times out of 100 it will exceed it. A tolerance

limit is a function of the sample size, in opposition to a



point estimate. As the statistical uncertainty inherxent in
the estimation and hence, on the average, the distance be-
tween the lower tolerance limit and the true population

value decreases with increasing sample size, on the average
an increased sample size gets 'repaid' by means of a higher
value. However, a tolerance limit is more conservative on
principle than the corresponding point estimate. These values

are not directly comparable.

The distinction between a point estimator and a tolerance
limit should be borne in mind when it comes to the deter-
mination of partial safety coefficients for a design code.

If the same partial coefficients are to be used for different
materials and the exclusion limits are defined differently

for different materials, then materials to which the tolerance

limit approach is applied would be handicapped.

Utilizing the results of a computer simulation, the influence
of the confidence level on the estimation of the exclusion
limit was examined as a function of different assumptions
concerning the distributional form of the underlying popula-
tion. In all cases gualitatively similar results were ob-
tained, therefore only two cases are presented here. Fig. 2
shows the results for a normally distributed population,
Fig. 3 shows the results for a population that follows a
three parameter Weibull distribution. In all cases under
investigation the population mean and standard deviation was
40 MPa and 10 MPa, resp., and the location parameter was
chosen to be 15 MPa, if applicable. The true population 5th
percentiles are 23.5 MPa for the normal and 24.3 MPa for

the Weibull distribution.

From each population samples of size n = 25, 50, 100 (50} 400,
100 samples each, i.e. 9 x 100 samples, were drawn at random.



From each sample the 5 percent exclusion limit was determined
as a point estimate and as a lower tolerance limit with a
confidence level of 75 and 95 percentg. Figs. 2 and 3 show

as a function of the sample size the minimum and maximum

estimates out of 100 samples and the mean estimates calculated

from these 100 samples.

Remarkable is the large variability of the individual esti-
mates. The dispersion decreases with increasing sample size

in a decreasing manner; beyond a sample size of 300 the
decrease becomes unsignificant. The dispersion is roughly

the same for the point estimator and for the tolerance limits,
but by definition roughly 75 resp. 95 percent of the tolerance
limit values lie below the population 5th percentile and
therefore, on the average, underestimate the population value

seriously even with large sample sizes.

Depending on the underlying distribution, the increase of the
mean curve of the tolerance limit with associated confidence
level of 75 percent becomes insignificant beyond a sample

size of n = 100 to 200. This means that beyond that sample

size a larger sample will no longer get 'repaid’.

1In the case of a normally distributed population a lower

tolerance limit can be derived directly from the non-

central t distribution; extensive tables exist for many

vears (e.g. Owen 1963). A method to derive lower tolerance
limits for a three parameter Weibull distribution was not

yet available (Haskell 1981, Fewell 1982). The calculations
mentioned here were based on a procedure developed by P. Glos
and K. Schrupp. A paper on this subject is under preparation

( Glos a. Schrupp 1983}).



2.3 Influence of the statistical model

If the distribution function of the underlying population

is unknown, the likely distribution function has to be assessed
from existing empirical data. Hereby it must be borne in mind
that the distribution of a sample may at random differ from

the distribution of the population and that, in addition,

this distribution does not necessgarily follow one of the
available mathematical distribution functions. Moreover,

there is no satisfactory procedure available how to select

the most appropriate distribution function.

As no parametric assumption can be proven to be in accordance
with reality, it appears advisable to handle those assunp-

tions with care.

The influence of the statistical model used was examined as
well by means of a computer simulation. The underlying popu-
lation was assumed to follow either a

- normal '

- 3 parameter Weibull

- lognormal or a

- 3 parameter lognormal
distribution function, each being characterized by a popu-
lation mean and standard deviation of 40 MPa and 10 MPa, and
a location parameter of 15 MPa, if applicable. The population
5th percentiles are 23.5 MPa, 24.3 MPa, 25.9 MPa and 27.3 MPa,
respectively. From each population samples of size n = 25,
50, 100 (50) 400, 100 samples each, i.e. a total of 4 x 9 x
% 100 samples, were drawn at random. From each sample the
5 percent exclusion limit was determined as a

- nonparametric estimate

2footnote see next page



and as a
- parametric estimate, assuming either a
- normal
- 3 parameter Weibull or a
- lognormal
distribution function to be the correct model.

Fig. 4 shows the results for a normally distributed population,
Fig. 5 shows the results for a population that follows a

three parameter Weibull distribution. These two figures

show, as a function of the sample size, the minimum and max-
imum peoint egtimates out of 100 samples and the mean point

estimates calculated from these 100 samples.

These figures indicate that the considerable variability of
the estimated values is further increased in case the under-
lying model is incorrect. The curves of the mean values show
that an incorrect model assumption may yield a systematic
error, independent of the sample size. Moreover, these figures
show that the nonparametric estimate is not inferior to a
parametric estimation, at least if the sample size exceeds

n = 100.

As the underlying distribution generally is unknown, an im-
portant point for the valuation of the different statistical

models is the error that occurs when they are applied to

2The calculation was based on the nearest order statistic
that did not exceed the corresponding theoretical value.
An interpolation between two values was not carried out,
In some cases this leads to an underestimation which, how-

ever, is only significant at a small sample size.



different underlying distribution functions. Fig. 6 shows

how the poznt estimates of the 5 percent exclusicon limit,
based on a sample size of n = 200, deviate from the true
population 5th percentile, if the above mentioned statistical
models are applied and the underlying population follows
either a normal, a 3parameter Weibull, a lognormal or a

3 parameter lognormal distribution. Fig. & shows the ratio

of the estimated to the true 5th percentile, again for the
minimum and maximum values out of 100 samples and for the

mean values calculated from these 100 samples.

This figure shows that the incorrect assumption of normality
yvields a very conservative estimate. On the other hand, the
incorrect assumption of a lognormal distribution may yield
unsafe values that exceed the true value by roughly 5 percent
if the underlying population follows a normal or a 3 parameter
Weibull distribution. On the average the smallest systematic
error is obtained if either a nonparametric estimate is used
or, due to its flexibility, the 3 parameter Weibull model is

applied.

3 NOTE ON THE DEFINITION OF THE POPULATION

From in-grade tests with full-size structural timber it is
well-known that timber originating from different growing

areas or stands may exhibit significant differences in strength
under otherwise same conditions (grade, size, moisture content
etc.). In addition the strength properties can be affected

by the manufacturing process (sawing pattern, kiln-drying
procedure etc.}. There are many papers that refer to this

aspect.

Resulting from this, the strength values of timber from

different mills, asg well as from one mill, if produced at



different time periods, may differ significantly. This situ-
ation is shown schematically in Fig. 7. This raises the
question whether a characteristic stress value should repre-
sent the 5 percent exclusion limit for the entire population
within e.g. the scope of a design code or rather the time
and space dependent 5th percentile of an individual sample
likely to be delivered to an individual consumer and/or to

be used in one structure.

Naturally the answer to this questicon defines the sampling
method and therefore has to be clarified at the very bhegin-

ning. In doing this, three aspects have to be considered:

- With regard to the reliability and to the economy of
structures, as well as with regard to liability problems, the
knowledge and consideration of individual strength values is
desirable. On the other hand, from the code writing point of
view, especially with regard to simple, feasible design rules,
it is desirable to define the population as extensive as
possible, at best in accordance with the scope of the design

code.

- A characteristic stress value ghould not be defined inde-
pendently of the glcobal safety concept, i.e. independent of
the partial safety coefficients included explicitly or im-
plicitly in the appertaining design code. With regard to the
international harmonization efforts that cover all important
building materials, one should try to come to a unified in-
terpretation of these values. Within the field of other
building materials it is common use, to specify a characteris-
tic stress value as the 5 percent exclusion limit of the
entire production within the scope of the corresponding design
code, to limit unconservative deviations of individual samples

by means of an adequate quality control procedure and to



assume that a certain tolerated unfavourable deviation of
the material properties from their characteristic values is

covered by the corresponding partial safety coefficient.

~ The determination of a characteristic stress value is
aimed at the establishment of a design value, as a basis for
future engineering tasks. To this purpose the value is extra-
polated implicitly into the future. However, an extrapolation
necessarily requires either stationarity or at least predic-
table instationarity of the population in guestion and this
does not come true for the timber supply, if freedom of trade
and technological development are to be maintained. Conse-
quently, the derivation of a characteristic stress value
requires more than an analysis of the present or past situation

with common statistical methods.

4 SUMMARY AND CONCLUSIONS

(1} As long as the stationarity of the in~grade strength
properties cannot be guaranteed by the help of adequate gra-
ding rules, a population cannot be defined uneguivocally.
Consequently a characteristic stress value evaluated on the
basis of the present timber supply is not necessarily repre-

sentative for future situations.

{2) The guality of the estimation of a lower 5 percent exclu-
sion limit of a specified population is essentially deter-

mined by three factors:

- the sample size, which affects the random dispersion of
individual estimates. If the population follows a 3 para-
meter Weibull distribution the amount of this random dis-
persion is X12%, *8% and 16% for sample sizes of n = 100,
200 and 300, resp. (e¢f. Figs. 3 and 5).



- the assumption of the underlying statistical model. An
incorrect model assumption further increases the random
dispersion of individual estimates and in addition it
may yield a systematic error. If the population follows
a 3 parameter Weibull distribution and the sample size
is n = 200, the random dispersion may be increased from
¥8% to f12% and the systematic error may come up to 4%

{(cf. Figs. 5 and 6).

-~ the choice of the confidence level. With an increasing
confidence level the estimate becomes more conservative.
With a very large sample size the estimate asymptotically
approximates the true population value independent of the
confidence level. However, if the population follows a
3 parameter Weibull distribution and tolerance limits are
estimated with a confidence level of 75 respectively 95
percent from a sample of size n = 200, then these values
still underestimate the true population value systemat-

ically by 3 resp. 6% (cf. Fig. 3}.

(3) Pollowing conclusions can be drawn from the results of
this study:

- At a given sample size the predominant amount of the
variability of individual estimates must be attributed
to the method of random sampling. It seems especially
important to investigate to what extent this dispersion
may be reduced by utilizing the method of ‘stratified’

sampling and by including available a priori information.

- A criterion for a 'tolerable' between—-manufacturer var-
iability might be the variability of random samples from

one population.

- If 'random' samples are used, a sample size of n = 200
seems to be necessary (¢cf. Madsen 1978, Fewell 1982).
If the condition given in ASTM D2915-74, Sect. 5.5.2



viz.
EL - TL

TL

=< 0.05

where EL denotes the point estimate and

T, denotes the tolerance limit

is applied to a 3 parameter Weibull distribution and a
confidence level of 95 percent (cf. Fig. 3), then a

sample size of roughly n = 250 is obtained.

If there are no strong arguments in favour of a specific
distribution, then it appears advisable to either assume
a 3 parameter Welbull distribution or to apply a non-

parametric method., In any case, the nonparametric sample
5 percent exclusion limit should be calculated as a con-

trol value.

If the exclusion limit is estimated as a lower tolerance
limit with a confidence level that exceeds 50 percent,
then this specific information should be borne in mind

when setting standards.
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SAMPLING TO PREDICT BY TESTING THE CAPACITY OF JOINTS, COMPONENTS AND
STRUCTURES

Background

During the last ten years the working group CIB-W18 has concentrated on
an furopean model code for timber structures: CIB Structural Timber De-
sign Code /1/. Design methods are dominating in this code in terms of
formulas for calculating deformation and strength of structures and
structural components. Introductionary are also presented strength
classes for structural timber and glued laminated timber with the corre-
spondent profiles of characteristic strength at different kind of

stressing.

Additionaly, CIB-W18 has dealt with methods of verifying characteristic
values of stiffness and strength of material, joints, components and
structures of wood. This work had been carried out in subgroups set up by
CiB and RILEM rather informally. The results are passed as proposals to
150, generally through the technical committee TC 165. It is essentially
a matter of testing standards, but complicated by the introduction of
authoritative regquirements on testing conditions based on divergent
opiniecns and code philosophies in different countries. Thus, the selec-
tion of material for the testing, as well as methods for deriving and
transforming of characteristic values from the test results, have been
discussed in detail. A proposal for selection of wood for the purpose of
testing mechanical joints was accepted as a CIB/RILEM Timber Standard al-

ready in 1976 /3/. This standard has been applied in Sweden since then.

Otherwise, the matter of sampling for testing of components and struc-
tures has not been carried to a satisfactory solution. Possibly, an in-

ternational agreement will have to be restricted to general principles.



Testing conditions

It is important that the aim of the testing is well defined before work
on a standard is started. This has not always been sufficiently con-
sidered in the CIB/RILEM standardisation work. The term "pure testing
standard" is here used for a standard in which stipulations for material,
design, climate and type of loading is kept at a minimum, in order to
make the standard cpen to as many applications as possible. Naturally,
there is a limit set by the demand that the results must be realistic.
However, stipulations in terms of limitations or supplements, which are
necessary in the case the results are to be used for deriving characte-
ristic capacity values for the structural code or official approvals in
connections with the code, should preferably be separated from the pure
testing standard. One good reason for this is that the conditions in
practice deviate geographically and with the kind of use. Another reason
is that when it comes to load bearing capacity safety will be more signi-
“Tiviant then in a "common" standard. Consequently, in certain countries
the building authorities, not the standard institutes, are responsible
for this kind of "approval rules", annexed to the building code. One ad-
vantage is the possibility of a close connection between rules for the

selection of material for testing and the rules for quality contrel in

often suffient to stipulate either a minimum or a maximum value, which-
ever gives a result "on the safe side", while in the pure testing

standard the values are given without tolerance or between narrow limits.

Like many national structural codes the CIB timber code recognizes that
testing may be chosen as an alternative to calculation when the capacity
of components or structures are verified. The conditions for the two al-
ternatives to give the same result, that is the same safety, have been
outlined in a previous paper /4/. The demand that the testing object is
well specified whether it consists of one or several units, is recognized
by most testing standards. But the choice of object for the testing is
introduced first in the case that the results shall be applied to other
objects which are not tested. This is very much the case when the testing

results are intended for the derivation of characteristic strength values



for objects which will be produced years after the testing is performed.
The choice of material is significant at timber structures because the
variations of the wood properties in future production may be con-
siderable and difficult to predict., This is a problem of the same nature
and magnitude as that of establishing general partial safety factors con-
sidering excisting local and temporary variations in material. Similar

problems concern the assumptions with regard to load and climate actions.

For the different steps in derivating characteristic values based on
testing is refer to the CIB-W18 paper 6-7-4 /5/.

Selection of wood for approval testing

In the following sections and Appendix A is dealt only with the selection
of wood for testing products with the aim of verifying load carrying
capacity in terms of characteristic values to be introduced in a code of
practice or a correspondent approval. Sampling for testing in connection
with running quality control is outside the scope of the paper. This
limitation generated two questions with reference to the title of the
paper: Does sampling mean drawing samples (examples) from a population at
vandom or by some system, for examination with the purpose of estimating
one parameter or several parameters to describe properties of the popula-
tion? Is "selecting material®™ synonymous to systematic {not random) samp-

ling of material?

The answers were (H J Burgess): Yes respectively No with a comment "I
think selecting material implies selecting it by any means, whether sys-
tematic or random". Accordingly, sampling and selecting are used as next
to synonumous., Thus, sampling does not necessary imply statistical
methods and the conclusions and proposals in the paper should be relevant

to its head-line.



Approval based on type-testing may follow the following procedure:

1. The manufacturer defines the product when searching approval.

2. A small number of units, just about in correspondence to the defini-

tion, are tested,
3. The approving authority prescribes such quality control which gives
sufficient probability that products manufactured in the future under

the name of the approval will correspond to the definition.

According to this philosophy it is ultimately the manufacturer who de-

cides what the material shall be in the products to be type-tested. This
procedure works well for many products, but has caused problems in the
case of approving wood structures. The most important reason for this is
the contradiction of defining products in future manufacturing to testing
a small number of products. Hypotheticly one could define future produc-
tions based exactly on what has been tested. However, in practice this
will merely submit the problem to the point of the quality control when
the difficulty or even impossibility of reproducing the tested products
will be evident. Eventually, the problem is referable to the difficulty
of finding relevant grading criteria for structural wood and a practical

and economical way of grouping such timber,

One may indentify three principles for the selection of wood for type-

testing of structures:

‘Method 1 The number of tested units is considerably increased, either
in an attempt to simulate a "normal" distribution of wood
properties (if it is possible to define what is "normal") or
in order to establish test results on two or three levels of
wood quality.

Method 2 Selection of wood with uniform properties between as well as
within members.

Method 3 Go without testing.



All three alternatives have been considered seriously. Advocates of
Methed 1 are generally referring to the kind of structures where failures
are expected to appear in the members outside the connections. In many
trusses and similar structures the static conditions are such that forces
and moments in the members can be calculated confidently and the resi-
stance of the structure to load directly related to the strength of the
timber. Therefore, much of the testing performed on trusses has been
nothing but testing of structural timber. It is then unacceptable that
rules for testing and approval has made it possible to increase stresses
in the timber by up to 20 % based on testing of 15 to 50 units, while a
much smaller increase of code stresses for the same kind of timber will

require 10 to 20 times that number of specimens.

There are reasons why one may expect higher capacity derived from testing
results then from calculation based on the code. One is the "statistical
effect” from the fact that timber strength is defined by the weakest

T eross-section along the piece without consideration to the high strength
in other sections. However, the magnitude of this effect is dependent on
tie-structural grade of the timber, the design of the structure and on
dtodistribution of the load. In order to separate the statistical effect
“rroil deviation caused by other factors, theoretical analyzis and testing

ivoiequired to an extent that will be unimaginable for approval testing.

The Method 2 is very different from the Method 1, the principle target
being to reduce the deviation of strength and stiffness properties in the
wood members. This indicates that the aim of a testing by Method 2 is to
verify the performance and strength of the connections, rather than to
comzzte with standard testing of timber. It could be said, that in this
case one should select timber to a high grade with respect to knots and
similar defects and also use the density criterion with reference to the
joints. In the proposal, reproduced in Appendix A, one has not gone that
far. The selection of the timber is referred to the grade limitation of
minimum strength but additional stipulations are introduced in order to
reduce the deviation along the member. Consequently the statistical

effect is also reduced. Simultaneously, the additional stipulations will



lead to a reduced deviation of density which will make the information on

the capacity of joints reproducable.

A concentration of the type-testing and approval on the design of joints
and consequent static model for the structure, justifies the question why
"cut out" connections cannot be tested in stead of structures. In many
cases they can. This is a reason why the selection rules for joints and
structures should preferably be conform with respect to the density of

the wood.



Selection of woed for testing joints

In a comment to the "CIB-Timber Code" /1/ it was said that the "CIB-RILEM
Timber Standard No. 07" on requirements of the timber and calculation of
tharacteristic values has been prepared on the basis of a draft discussed
and accepted in June 1976, namely "CIB-W18/paper 6-7-3". The decision at
the meeting No. 6 of the CIB-W1B according teo the minutes read: "it was
agreed that paper 6-7-3 should be included in the Code although some

amendments might have to be made to it in the future".

For the "No. 7" (here is referred to Draft No. 3 76.11.01) the require-
ments regarding the wood are limited to the density and the conditioning
(climate). There is an option between two methods concerning the devia-

tion of density from a characteristic value (p)). The difference is:

In Method No. 1 is stipulated that at least 20 % of the tested joints
‘imust be of wood with a density lower than the characteristic value.
Simultaneously, it is stipulated that the mean value of the density must
not be less than 1.15 times the characteristic value. This means that the
coefficient of variation at normal distribution should be at least 0.15

or that the distribution must be skewed to low density.

In Method No. 2 the requirement on deviation is much more restricted,
stipulating that no individual value (demnsity of an individual test spe-
cimen} shall deviate more than 10 % from the total mean value. The
connection with the characteristic value is a stipulation that the mean
value should fall between 1.05p) and 1.25 py. This is more liberal than
by Method No. 1 but then it should be observed that the joint strength
values measured are supposed to be adjusted to the characteristic density

value. This is not the case at Method No. 1.

What has been guoted here from the "CIB~-RILEM Timber Standard No. 7" con-
centrates on controlling the deviation of the density of the wood selec-
ted for the joints to be tested. If the aim is to get reproducable re-
sults, such as when strength values are searched for different types or

makes of fasteners, Method No, 2 is the superior one. The principles have



been applied for several years in the Nordic countries and the method is
adopted by NORDTEST /7/.

Both methods are open to any level of density defined by the characteris-
tic value pp. With reference to European pine and spruce CIB-RILEM Timber
Standard No, 07, Method 1, gives the value 0.36. The stipulation that at
least 20 % of the tested joints may indicate that the value is a Z0-per-
centile. However, if 0.36 is considered merely as a reference value, a
series of such values could well be where a standard should come tc a
stop. The sampling process will thus start by that a value for pj is cho-
sen within the standard series. It will generally be an estimation within
a species group, covering an extended population of wood which inecludes
different sources and grading methods. In the paper 6-7-3 /6/ was re-
ferred to "softwood D400 (low density)" and "softwood D500 (high den-
sity)". Adding one value in the series this would correspond to the oy~
values 0.36, 0.45 and 8.56, When one is in doubt which of two adjacent
values that will fit the anticipated application of the results best, the
general rule would be either to chose the lowest value or to perform the
testing at two levels of density. Testing at two different density levels
is often to recommend, as a subsequent transformation of results to a
higher level may be difficult if more than one mode of failure is in-

wived,

Note

Sometime during the process of revising the "No. 07", a small dis-
crepancy was introduced between the recommended density-values in
vwthod 1 and Method 2. Preferably the Method 2 should read:

The wood should be selected thus that the density variation within
groups of density is kept small:

No individual value should deviate more than 10 % from the total mean.
The mean value of density within a density group should be between p
and 1.25 p.. A standard geometric series of density values for selec-
tion of the wood for testing of joints is .... 0.36, 0.45, 0.56 ....



Selection of wood for testing structures

As Appendix A to this paper is reproduced a proposal from 1981 for selec~
tion by machine of the wood to be used in structures for type-testing. It
is called Method 2 and corresponds in aim and principles not only with
the Method 2 previously mentioned as one of three solution for the choice
of wood to type-testing, but also with Method No. 2 of CIB-RILEM Timber
Standard No. 7 for the selection of wood for testing joints. The most im-

portant section is repeated here:

"The wood shall be selected by a machine approved for MSG. The machine
shall be set thus that, according to an approved program, the strength
mentioned in what follows (a and b) may be expected in the parts of the

wood, which are intended for the structures to be tested:

a The minimum value of (local) strength within a piece of wood shall be
at least 1.0 but not over 1.1 times the GL-value (grade limit value of

strength).

o

The mean value of {local) strength within a piece of wood shall not

exceed 1,25 times the GlL-value."

The significance of these rules is illustrated by Figure 1. The range of
the expected local bending strength is shown for 24 pieces of timber. A
horizontal line connects the minimum value (right end of the line), the
mean value (small circle) and the maximum value (left end of the line),
Note that the strength is increasing from right to left in a non-linear
nresentation., (The deflection in the machine is linearly increasing from

left to right).

The timber was used for trusses to be tested for approval. It was pre-
graded visually, first into a mixture of o/s and V then in accordance
with the rules for supplementary visual grading of machine graded (MSG)
timber. Afterwards the timber was put through a Computermatic equiped to
record the local deflections along the piece, 20-25 values. The machine

would accept 85 % of the input in selecting T24 or better, that is, in an



ordinary commercial grading for T24. However, for selecting wood for
type-testing purpose, the basic stipulation is that the strength must not
be better then the grade value, in this case T24. Therefore, the minimum
value of expected strength (right end of the line) must fall between the
vertical lines GL24 and GL33. After such exclusion of 33 and better the
yield of 24 should be about 30 %. However, in this case a special stipu-
lation was added: only single local values were allowed to pass the
boarder GL33. This could be satisfied, at least approximately, by check-
ing the lights which indicated each boarder passage, while the piece went

through the machine.

This additional requirement decreased the yield considerably. But, it was
simultanously tolerated that the minimum value just passed the boarder
against the lower quality, T18. It is seen that this tolerance was
applied to five pieces. The reason for accepting the pieces represented
by dotted lines is not clear. Anyway, the final yield was 10 % of the
“timber put through the machine. This may appear a low yield, but as this
only implies the cost of handling the timber, the prize is low for what

is achieved - reduced deviation of strength within the grade.

“iow had it changed the results if Method 2 had been applied in stead of
“ithe temporary stipulations? The four pieces of timber giving the dotted
lines should not be accepted by either method. That should also be the
case with the pieces no. 2 and no. 12, These pieces passed by mistake in
spite of both having six successive local values outside the boarder
GL33, This does not directly appear from the figure, which does not show
the distribution of the local values, but it is indicated by the position
of the mean values. Actually, these two pieces (and another three) had
been rejected by Rule b of Method 2, giving an upper limit for the mean
strength. Rejecting pieces with local strength skewed to high values is
the very purpose of the rule. As a matter of fact the piece number 12
would have been rejected anyway by rule a, stipulating that the minimum
value should not be greater than 1.1 GL (26.4). Both these rules {(a and
b) contribute to rejection of timbers with relative high strength on a
substantial length. Without the 1.1-rule it would be too easy to select
timber close to the next higher strength class than aimed at. This is

particularly the case when the members of the structure are short.

10
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1i



References

/1/

/2/

/3/

/4/

/5/

/6/

CIB Structural Timber Design Code. Fifth edition, August 1980,
CIB-W18 Timber Structures.

Annex 01 and 02 to /1/.

CIB~RILEM Timber Standard No. 7. Draft No. 3 76.11.01.

Norén B: Nachweis der Tragfahigkeit von Holzkonstruktionen durch
Berechnung oder Versuch. Ingenieurholzbau in Forschung und Praxis.
Bruderverlag, Karlsruhe, Juni 1982.

CIB-W18 Meeting No. 6. Aalborg, June 1976. Paper 6-7-4,

Dito. Paper 6-7-3,

Nordtest method NT BUILD 133-136. Approved 1981-06.



B

SWEDISH FOREST PRODUCTS

RESEARCH LABORATORY
1981-12-08 Bengt Norén/YL

Bt

4 3000 75 10 KDB

APPENDIX A

SELECTION OF WOOD FOR STRUCTURES TO BE TESTED AS PROTOTYPES

Principie

These are rules for selection of the wood to structures which are

to be tested for approval of, principally, load bearing capacity.

Such capacity may concern the serviceability limit or the ultimate
failure limit. Usually characteristic values of capacities of stiff-
ness and strength are aimed at. Particularly the fact that the design
generally must be based on a 5-percentile value of strength makes the
selection of the wood intricate. Two different methods have been advo-

cated:

1. The distribution of strength properties between wood members, ex-

pected in practice, is imitated.

2. A distribution is aimed at which has less deviation and is shifted
to give & lower mean of wood strength than the distribution expec-

ted in practice.

Method 1 involves the problem of defining & distribution which is
representive for the variations of strength of structural wood in
practice. And should it be possible to agree upon a standard distribu-
tion, based on variations between and within wood pieces the number

of structures to be tested in order to arrive at reproducable S-percen~

tile values will anyway have to be considerably great.

Method 2 should be simpler to apply and reproducible. That is, it is
possible to repeat the testing under other conditions, such as other
type of connectors, and expect results with negligible influence of

the sampling of the wood.
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It is here proposed that the selection of wood is based on Method 2,
This is in agreement with the recommendations by NORDTEST for the
testing of mechanical fasteners (nails, nail-plates) in joints. It is
emphasized that the purpose is to restrict the variations of the wood,
not to simulate the grading of wood found in practice. In the case the
results of the testing are considered not directly applicable as sub=-
stitute for the characteristic capacity of the structures in practice,
they may be transformed to expected wood conditions by recognized sta-

tistic methods.

Scope of application

The rules for selecting wood for type-testing for approvals are prin-
cipally applicable for complex structures, such as trusses or built up
beams, etc. They are not intended for pure joint testing, for which is
referred to special sampling rules (NORDTEST or similar}. Although the
rules may in principle be applied also at testing of simple beams and
glued laminated beams, they are not suitable for testing of structural
wood itself or laminated wood with the aim of deriving characteristic
strength values. Should such testing be within the scope of type-testing,

it at least calls for a Method 1 sampling.

Considered factors

The following factors are taken into consideration at the sampling of

the wood:

1. Criterion at machine stressgrading (MSG).
2. Supplementary visual grading

3. Density

L. Moisture content {MC)

5. Finger joints
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Stress grading by machine

It is assumed that a strength grade or class is prescribed and that
a correspondent lower limit of the 5-percentile strength value is

defined. This limit is here denoted GL = grade 1imit value of strength.

The wood shall be selected by a machine approved for MSG. The machine

1)

mentioned in what follows (a and b) may be expected in the parts of the

shall be set thus'’ that, according to an approved program, the strength

wood, which are intended for the structures to be testedz):

a  The minimum value of (Ioca])l) strength within a piece of wood

shall be at least 1.0 but not over 1.1 times the GlL-value.

b The mean value of (local) strength within a piece of wood shall not

exceed 1.25 times the GL~value3).

-Note 1 In most stress grading machines the bending stiffness
measured over a short length (0.5 to 1.0 ) is used to predict
strength. The rules are not restricted to these machines.

Note 2 The machine stress grading is in most cases performed
before the wood is cross cut to its final length. Hence, the
grading must refer to the parts used in the structures to be
tested.

Note 3 The aim for limiting the mean value of strength within

a piece to 1.25 times the lower limit value of the grade is to
avoid a large variation of strength within and between the mem-
bers of the structure. Applied on the series of strength classes
{grades) proposed by CiB-W18 the rule is equivalent to saying
that the mean strength must not exceed the lower limit of the
next higher class.

Supplementary grading

The wood shall preferably be stress graded by machine over the total
length of the respective structural members. In the case the initial

tength does not allow the cutting away of ends not graded by machine,
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the strength of these ends - estimated by recognized visual rules
(BS 5268, T-timber rules) - should be equivalent to what is stated

above for the strength of the main parts, graded by machine.

Limitatians of features which are not included in the ordinary grading
rules but which are specified for the structure to be approved by

testing, must be considered at selection of the wood.

Note 5 It is appreciated that visual estimation of the strength
at the ends is approximative. However, it is desirable that

the wood towards the ends (0.9 m or less from the end) is not
significantly stronger than the mean strength of the machine graded
part. In other words, the estimated lowest strength within the
visually graded parts at the ends of the wood piece should be

in the range of 1.0 to 1.25 times the lower grade limit value.

In particutar, this is important if the wood is going to be
fingerjointed.

Density

Wood for testing of structures with mechanical joints should have densi-
ty adopted to rules for testing of joints. If the lower grade limit of
bending strength does not exceed 24 MPa (724, $S$, ECE/26), the mean
value of density of dry wood should not exceed 440 kg/m3 within an

individual piece.

Moisture content

The moisture content of the wood intended for the structures to be
tested must not exceed 0.22 (22 %) when selected by machine stress
grading, should a higher M.C. not be prescribed for the testing of the

structures.

Size

The cross section measures of the wood, selected for the structures

to be tested,shall be within standard tolerances when graded. if the
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structures shall be made from planed wood or wood processed in another

way, the grading shall be performed at the final measures.

Finger-joints

If the approval seeked shall concern structures in which finger=-jointed
timber is allowed, the grading for the selection of the wood may be
performed before or after fingerjointing. At grading of already join-
ted timber, the demands for strength for "individual pieces' apply to
parts between joints. Spacing of joints and the location of the joints
in the structure is chosenwith respect to what will be specified for

the structures in the approval.
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DISCUSSION OF SAMPLING AND ANALYSIS PROCEDURES .
P. W. Post: American Plywood Association, Tacoma, Washington USA - May 1983

There has been some interest in developing standardized procedures for sampling
panel products and analyzing test results, Standardizing sampling and analysis
procedures is likely to be much more difficult than standardizing the test
specimen and test procedures. The objective is to provide data from which
engineering properties can be determined suitable for use in building design.
The difficulties arise because within this broad objective there is a tremendous
range of size and uniformity of population to be sampled, the economic impact

of the engineering properties to be derived, and funds available for conducting
& sampling and testing program, and the degree of refinement needed. Within
these constraints each research organization is very likely to continue to devise
its own sampling scheme using a mixture of judgement and statistical techniques.
It may be more to the point to standardize the end result expected from whatever
sampling scheme is used, rather than to specify detailed schemes and statistical

techniques for achieving them.

In my view there are two areas which could benefit from standardizing. The first
relates to defining the confidence 1evei with which the key characteristic values,
such as the 5% for strength or the 30% level or mean for stiffness, are to be
determined. This is needed if design values for use under the building codes

are to achieve a uniform level of safety for the various materials.

Specifying the end result desired, rathey than the specific sampling and analysis

scheme for achileving it, has a number of advantages:

1. It leaves the material manufacturer or association free to select the most
cost effective scheme considering the specific uses intended for the material.
Thus, the required confidence level might be achieved by conducting a very
thorough and expensive sampling and testing program aimed at obtaining the
highest possible design stress levels for a demanding structural application.
The same confidence level might also be achieved by conducting a very limited
sampiing and testing program for a material whose properties considerably
exceed the requirements of the intended use. 1In this case there is no economic
penalty for larger reductions required to offset the limited sample. Both

options are legitimate and should be available,



2. The choice of statistical techniques to be used is left to the investigator.
Both parametric and non-parametric methods are available. Sequential methods,
by analyzing results in stages and determining the amount of additional testing
based on a partial sample can reduce costs without sacrificing needed con-

fidence in results.

3. The building codes can be assured that the test data they receive as the

basis for design values is associated with a uniform level of certainty.

The second area which a standard procedure perhaps should address, is the
matter of sub-populations within the overall population. When a specific
product is very homogeneous, this is not a problem. However, in the U.S.,
PS-1 plywood may be manufactured from a variety of species using different
layups. The result is that the overall property distribution is really made
up of a number of smaller populations added together according to their produc-
tion volume. Normally they originate from a particular preoducer using a given
species and layup combination or a number of producers using similar species
and layups. These subpopulations do not get mixed together in shipment. They
are likely to arrive at the jobsite or other point of use as a separate sub-
population. It would seem desirable to limit the characteristic values of the

sub-population as well, although perhaps not as severely.

ASTM Standard D2555 which deals with species grouping, addresses the problem
relative to sub~populations within species by specifying that the 5% character—
istic level for a group of species could not exceed an approximate 12% exclusion
level for a sub-population of a species or the 7% level for an individual species.
Other numbers could be used; these are simply examples of how a similar problem

was handled in the past.

Some general notes and comments on setting up a sampling scheme may be useful.
Unless a very intensive and perhaps ongoing testing program is justified by the
intended use of the product, testing to evaluate engineering properties is likely
to be done rather infrequently and with limited resources. Under these conditions
confidence in the characteristic values cbtained from the testing program can. be

improved by selecting the test material to be near-minimum strength where possible.



For example, when sampling from plywood panels:

1. Bending tests on plywood can be conducted on a full panel or the areas
most severely affected by knots, knotholes and distorted grain may be

pilaced in the zone of maximum stress.

2. Plywood shear through-the-thickness specimens can be selected to inciude

the most severe core-gap and core joint combination.

3. Rolling shear specimens may be oriented to shear 'checks open', and con-
structions may be selected to have the thickest veneers or parallel lami-

nated veneers.

Weak areas of reconstituted panels cannot be gso easily selected by visual
examination. However, guality control procedures used by the manufacturers
of these products often include other measures of strength or of variables
related to strength. This information can help in the selection of near

minimum material.

Even when sampling and testing is guite intensive, steps should be taken to

make certain that near minimum material is included in a representative manner.

When there is no way of picking near minimum material, random selection is the
only approach open. While low strength material can be selected within a plywood
panel, it is often very difficult to pick ocut the lowest strength panels from a
group of panels. In this case, random procedures should be used. Likewise there
is often no means of selecting minimum producers from a group of producing wills.

Therefore, it is wise to include all manufacturers if at all possible.

When sampling plywood from a specific manufacturer, it is best to spread the
sampling, however lightly, over a long period of time. This is because changes
in the manufacturing process, or in the character of the raw material supplying
the mill, are apt to occur rather infrequently. Sampling for a specific test
should be gpread out over as many panels of the sample as possible, vather than
nost specimens for a property from a single panel. This is because the panels

within a sample from a given mill can vary substantially.



In summary, a sampling and analysis standard might be most useful if it
specified rather specifically the statistical lower confidence level for
key characteristic levels of the property distribution curve, such as the
5% for strength or the 30% or mean for stiffness. It could also be specific

in limiting the relatiomship of sub-populations to these key exclusion levels,

The confidence level selected should be reasonably consistent with levels

which have been acceptable in the past on a less formal basis. Thus, if din

the past the 5% exclusion level of a small sample has been accepted as applying
to the population, then it would be consistent to require only a 50% confidence
level for determination of 5% exclusion levels. The confidence level required
can have a large impact on the amount of sampling and testing required to sub-
stantiate a given exclusion level. One cannot expect to radically change these

requirements simply by putting them in a standard.

Other aspects of good sampling practice as detailed above might best be set forth

as guidelines or principles to be applied using good judgement to specific needs.
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1)

2)

RILEM 3~-TT and 57-~7SB

Meeting No 9, Lillehammer, Norway, May 1983

The chairman, Professor Kuipers, opened the meeting and outlined the
programme of working for the group. Because of the large nunber of
delegates present and the limited time available he suggested that threa
sub-groups should be formed to deal separately with plywood, jeints and

structures, This proposal was accepted,

3-TT Testing methods for mechanical fasteners.

The tentative recommendations for the testing of nails, IT-185, were discussed,
Dr. Korin told the sub-group that he had carried ocut some tests in accordance

with the standard and these were also discussed.
The following amendments were agreed:

I clause B.2.2(c): delete "wood and wood-based sheet materialg"

2 clause B.4.! : replace "I mm" by "2 mm"

3 clause B.7.3.1 : amend to read "... vate of deformation of 2.5+ 0.5 mm/min ..., "

A draft standard for the testing of staples, prepared by Professor Kuipers,
was considered in detail. As a result of the discussions Mr Tory is to prepare
a second draft for comment for inclusion in the proceedings of the CIB-WI8

meeting.

57-T8B  Testing metheds for timber structures.

A first draft had been prepared by Mr. Tory and several comvents bhad been
received. The first draft and the comments were discussed in detail.

Mr. Tory will prepare a second draft based on the results of the discussion,
This second draft will be sent out for comment in due time before the next

meeting.
The following general decisions were taken:

~ This standard will not cover on-site testing of completed structures

~ The second draft of this standard will not cover structures made partly
or wholly from reconstituted wood. It is intended to incorporate such

structures at a later stage by means of appropriate amendments.
-~ The second draft of this standard wiil not contain a chapter on acceptance.

- It was felt that guldelines for the interpretation of the test results
should be worked out. Whether these guidelines shall be included in this

standard or published elsewhere will be decided after their elaberation.



3) 57 TSB Testing methods for beard materials.

Papers discussed: RILEM Recommendation TT2 "Testing methods for plywood
in Structural Grades for use in load-bearing structures" 198]
POST P.W. "Effect of test piece size on panel bending
properties"”
RILEM/CIBWIS Lillehammer June 1983
LEE, I. "Tentative proposals for testing particleboard
for use in load bearing structures' RILEM/CIBWIS Helsinki 1980.

It was agreed that RILEM/TT2 ~ 1981 Recommendation could be usefully redrafted
or extended to relate to particleboard (including wood chipboard), waferboard,
flakeboard and 0.8.B. (but not composite boards or fibre building boards at
this stage).

Section 1 ~ Physical Properties requires little alteration except that the
procedure for sampling should await IS0 recommendations.

Section 2 - Mechanical Properties for strength and stiffness in bending,
compression and tension require only minor alteration. There was some feeling
that cyclic conditioning should precede testing and that some means of
relating these tests to routine quality controls should be sought.

In trying to adapt the panel sheet test for particleboard, APA reportod
some difficulty in getting the rails to|deve10p the full shear load into
the specimen. It was agreed that the shear modulus could be found from
deformation measurements along a diagonal of the panel shear strength
test-piece (in accordance with A.S.T.M. procedure). Consequently, the
separate test for panel shear stress described in TT2 was thought to be
unnecessaxy. It was suggested that the tests described in 772 should he

extended to cover 'impact' and 'creep'.

As a long~term aim it should be possible to establish non-destructive
testing for particleboards. Meanwhile, it was agreed to adapt the 172
plywood tests to suit particleboard material. Mr. Lee offered to draft
the tests for bending compression and tension, and the APA representatives

agreed to draft suitable tests for shear strength and shear modulus.



3TT=1;5 C June 1983 ]

RECOMMENDATYON TENTATIVE 31T-1; C

DRAFT TENTATIVE RECOMMENDATION 3TT-1; C

3TT-13 C

JOINT COMMITTEE RILEM/CIB-3TT: TESTING METHODS FOR TIMBER

Testing methods for joints with mechanical fasteners in load-bearing

timber structures.

Annex C: "Staples".

The text presented here is a draft on which views and technical comments are
invited. A final recommendation taking account of comments will be produced

by RILEM committee 3TT. Comments to be sent to: Pref. ir. J. Kuipers,

Stevin Laboratorium, Stevinweg 4, 2628 CN Delft, The Netherlands; hefore ......

FOREWORD

Final Recommendations 3TT-~1: "Testing methods for joints with mechanical

fasteners in load-bearing timber structures" were published in Vol. i2

Ne. 70 1979 of this journal. It was foreseen that Annexes should be produced

for testing metheds for joints with specific fasteners. A first Annex 3TT-1; A
Punched Metal Plates was published as a tentative recommendation in 1978,
finalized in 198] and published in Materials and Structures Vol. 15 No, 88 1982,
The second Annex 3TT-1; B aboutr testing methods for nails will be published as

a Tentative Recommendation in 1983.

This is the third Annex 3TT-1; C about testing methods for staples.
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INTRODUCTION
This annex was produced in order to encourage the use of standard test
methods for determining the strength properties of joints with different
. . . 1

types of staples, used in load-bearing timber structures. )
DEFINITIONS
Staple double~bent, U-shaped piece of round, éﬁgﬁ_ Sf?éiﬁ.

square, oval or rectengular wire with \\ //

pointed legs. e (FmZ T
Staple~back connection between

leq

Back-~centre

Staple~length
Staple-width

Staple-diameter

Back~angle v

1)

deformation values will be developed by CIB-Wi8,

the two staple-legs.

centre of staple-back,

N.B. All end and edge
distances as well

as mutual distances

between staples are measured from back-centres.

length of each staple-ieg, including point.

distance between staple-legs.
smallest dimension of

each staple-leg

smallest angle between
back-direction and

grain-direction.

A
F R
%:FLM

df o

A

". %Rm o

Standard rules for the determination of characteristic strength and




C.2.

C.3.

C.4.

3TT-15 C June 1983

SCOPE

€.2.1. These Recommendations are an Annex to the Recommendations 3TT-1:
"Testing methods for joints with mechanical fasteners in load-

bearing timber structures'.

C.2.2, This annex gives preferred test methods for determining

a) load-slip characteristics and maximum load of laterally loaded
stapled joints; both for wood-to-wcod joints and for wood-based
sheet materials to wood and vice versa.
Various angles between the applied force and the direction of
the grain of the timber (load-grain ang1e13) are possible;

b) leoad-slip characteristics and maximum load for axially loaded
stapled joints (withdrawal testing);

c) mechanical properties of staples, timber and wood-based sheet

materials.

FIELD OF APPLICATION

These recommended test procedures apply to joints with all types of staples,

MANUFACTURING AND CONDITEICNING OF TEST SPECIMENS

C.4.,1, Manufacturing.

Test specimens shall be made in the same way as in practice.

The staple-backs should protrude above the surface.

D

Tor the intended use in load-bearing structures the user shall pay much

attention to guaranteed materials and quality control of the staples.

[y
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C.4.2. Conditioning of test specimens.
The test specimens shall be manufactured with the timber and wood-~
based materials at an equilibrium moisture content corresponding to
20 i_ZOC and 0.8 + 0.05 relative humidity. Testing shall be carried
. 1
out at either ) 2)
a) 20 + 2°C, 0.8 + 0.05 rh;
b) after further conditioning for at least one week at
20 + 2°c, 0.65 + 0.05 rh;
c¢) other specified conditions.
The condition used shall be stated in the test report.
SAMPLING
C.5.1., The materials from which the test specimens will be made must be
. . 3
sampled in accordance with IS0 0000. )
C.5.2. TFor determination of lcad-slip characteristics and maximum loads,

species and quality of the materials shall be as specified for the test.

TESTING JOINTS WITH LATERALLY LOADED STAPLES

C.6.1, TEST SPECIMENS

C.6.

C.6,

23

3)

1.1. Wood to wood joints
1.1.1. To measure joint strength parallel to the grain test specimens
shall be made either as
a) 3-member joints according to Fig. ! for single shear action
of the stanles;
b) symmetrical 4-member double joint specimens according to Fig. 2
for single shear action cof the stanles.

The climate conditions for testing defined in this clause differ from,

and supersede, those recommended in Annex A Punched Metal Plate Fasteners.

Attention is drawn to the content of International Standard IS0 554
'Standard Atmospheres for Conditioning and/or Testing - Specifications’ and
the molsture classes defined in CIB Structural Timber Design Code (fifth
edition 1980).

To be prepared by CLB-Wi8,



C.6.1.1.

C.6.1.,1.3.
C.6.1.1.,4,
C.6.1,1.5,
C.6.1.1.6.

3TT-1; C June 1983

The penetration length into the central member
shall be chosen so that the yieldpoint of the
leg will be reached at or before the max. load

oCcCurs.

N.B. This penetration length can be

estimated as

where

GY = yieldstrength of the staple material

and

o, = embedding strength of the wood.

The thickness tC of the central member must be

chosen such that;

(=9

t, > (8d + 3d =)

(Fig. 1)

The thickness tS of the side members, the mutual
staple distances s/ and s; as well as the end and
edge distances shall be chosen so, that the
embedding strength of the timber rather than e.g.

its shear strength determines the maximum load.

The number of staples in each contact surface
between the members and placed in a row

parallel to the force~direction shall be 2.

Tests shall be done with equal numbers of joints
with back-angles of v = 0%, v = 45% and
y = 90° respectively,



C.e.1.1.7,
C.6.1.1.8,
C.6.1.2,
C.6.1.2.
C.6.1.2.

1.

2.
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For determination of the joint strength paraliel
to the grain tension tests should normally be used.
If a 4 member test specimen similar to Fig. 2 is
used, attention should be given to the fact that
the strength of the weakest of two joints is found.
This will influence the statistical interpretation

of the test results.

If a specimen according to Fig. | is used the
separation of the side members, in combination with
pulling out of the staples, should not be hindered

by the loading-equipment.

Compression test specimens may be used provided

buckliing is avoided.

For measuring the strength perpendicular to the
grain, test specimens according to Fig. 3 shall

be used. Member thicknesses shall be in accordance
with C.6.1.1.3., Loading may be tensile or

compressive (compare Fig., 3 and 4 for example).

Sheetmaterial-to-wood=-joints

Test specimens shall be made as symmetrical
3-member joints fastened with eight staples
(Fig. 5).

1f the sheetmaterial has directional
properties tests should also be carried out
to enable assessment of the effect of board

orlentation.

The penetration length of the staples into
the central member shall be chosen so that
the yield-point of the leg will be reached
at or before the max. load occurs.

N.B. See C.6.1.1.2.



C.6.1.2
C.6.1.2,
C.6.1.2.
C.6.1.2

3TT-13 C June 1983

.3. The thickness tC of the central member

shall be 8d + 3d = 11d (Fig.1).

4. The thickness t of the side members
is equal to the production thickness

of the sheetmaterial.

5. The number of staples in each contact
surface between the members and placed
in a row parallel to the force

direction shall be 2.

.6, See C.6.1.1.6., ... C.6,1.1.8.

C.6.2. NUMBER OF TESTS

C.6.2.1.

C.6.2.2.

C.6.3,

C.6.3.1,

C.6.3.2.

C.6.4.

Sufficient specimens should be tested to
permit a statistical interpretation of

the results.

If strength values for a geries of staples
with different diameters must be determined
it 1s sufficient to test a relevant number
of diameters so that interpolation of the

results can take place.
LOADING PROCEDURE

The load shall be applied and deformations

recorded in 3TT-1: clause 7.

The deformation of the joint is defined as
the mean value of the mutual displacements
of the two side members with respect to the

central member,

RESULTS

The deformation and the maximum loads for each
test as well as all other relevant information
shall be recorded as recommendation in 3TT-1:

clause 7,



C.8.

3TT-1; C June 1933

TESTING OF AXIAL LOADED STAPLES 1.E. WITHDRAWAL
STRENGTH AND PULL-THROUGH STRENGTH

C.7.1. Test Specimens.
C.7.1.1., Withdrawal strength.

C.7.1.1.1, The timber member shall be cut and planed such

that one face is tangential te the growth rings.
C.7.1.1.2. Test specimens shall be in accordance with Fig. 6.
C.7.1.2, Pull-through strength.

C.7.1.2.1. Test specimens shall be in accordance with Fig. 7

and supported during testing as shown in Fig. 8.

C.7.2. Number of tests.

See C.6.2.
C.7.3. Loading procedure.

C.7.3.1. The load shall be applied at a constant rate of
2.5 + 0.625 mm/min for a withdrawal of at least 10 mm.

Load/slip curves shall alsc be recorded.

C.7.4., Results.

See C.6.4,

MATERIAL PROPERTIES

C.8.1. Bending properties of staples.
The bending strength of the staple shall be determined by
a bending test according to Fig. 9. The bending strength
shall be calculated from the highest load achieved for
a deflection of 2d,.

(Staple test not pessible? Alternative?)



3TT-1; C June 1883

Values for Z, r and for the rate of deflection

are given in the table below:

d (mm) T (mm) r (mm) defl. mm/min.
2,0 - 3.0 25 6 3
3.1 - 4.4 38 6 5
4.5 - 6.0 50 12 6
6.1 - 8.0 75 12 8
8.1 - 10.0 90 20 10

C.8.2. The embedding strength of the timber and of the
wood~based sheetmaterials must be determined

following Fig. 10,

C.B.3. Test report.

The test report shall include all relevant information

recommended in 3TT-1: clause 8,
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Introduction

The report deals with the statistical treatment of test results

of symmetrical specimens, one of which
fails first. The result is twofeld in
such cases: one knows the failure
strength of one specimen, and alsoc that

the other one is stronger.

Theoretical considerations

v

The probability that the strength X

of a joint is less than = be

Pix<x}l=P

The probability that x is in the interval x to (x + dx) be

The probability that x > x is 1-P, and the probability that the
1

weakest of 2

— [

R S |

M
T4

S -
+

ele
the probability that both elements have strength values > =z,

This probability therefore is (1-P)2,

The probability that the weakest of 2 elements is in the interval

x to {x + dx) is

£ax = - a(1-p)? = (1-p)2 - (1-P-ap)?

or, with an infiniti small interval

2{(1-P) pdx -~ (p dx)?

E
r
—- -

ments has a strength value > % is the sams as

(1)

(28)

(2)



Suppose that the original distribution has a mean value %1 and standard

LA} - "

deviation 01. The mean value of the distribution of the weakest of two

ig

- {
Xo = I ®x f£dx = | 2 xp{l-Pldx {3
2] ) :

with variance

( _ -
02:jx2fd>:-—x22 =J2X2p(1—P)dx—x; (4)

For symmetrical distributions (of the strength of the single elements)

we write

o
1
2
"
L)
ko)

. \ *
Whers 1s an codd function

of (x - xl). ____________ + 2
In that case ////’ﬂddﬂg
— .-;-.-'_l—..'._...'-_.__._._Q mmmmm
X, = %p (1-20)dx -3
=%, -2 [xszdx {5}
- r
and
2 _ 2 . -2
g, = J x"p (1- 2Q}dx-—x2
e e m) T (1-20) x5, - 72
= J ®-x )" p{1-2Q)dx-{x, - %,
Because @ is an odd funection of (x - Ql):
= N2 .
J (x - %,)"pQdx = o, and therefore
2 - W m =2 2 - - .
o, = J (% - Xy 2;;ax—-(xl-x2} = 01Z - (Xl - XQ)Q, (8)

-

6 in this case only | «p Qdxneeds to be determined.

/



The graphical method

In the graphical method one makes use of prebability paperwhere, -in the case

of a normal distribution - the cumulative distribution curve appears
as a straight line.

From the original

P~distribution of the Py Tlmp ; ! i i-F T%T F
single specimen strength l f'dlsk-ib4tion;- ///
X, it is easy to find for wf K ﬁf of 1/ 025
TWO ,
the distribution of the | i
o,8u 4228 T e -1 0,84
"weakest of two' by : ] _Gs25 1 77
e . 0,50 %
plotting valuves of 0,50 -.__-.mm_.J_ e ek 0,50
. 71
(1-P)2. This appears 0 15 10,84 ;k{ +"'-' "Ql“"+ 0. 16
P L PO S, __.._.._._..,.;.
t0 be nearly a straight ’ ori%inaiﬁ?_distpi,: i
line, so it is approxi- , | I bution '
‘ |
mately also a normal o g,

3 sC an ! . 1, |
distribution, with the j l ; !
following values to be il ¥ '

s i

Taken from the graph.

ﬁz = %,-0,56 0, and 0, = 0,82 ©

1 2 1

In evaluating test results one works in reverse, starting with
values of iz and g, from which the values of the original distri-
bution can be calculated as

17 o

=
11

+ 0,88 0, and

Q
H

1,21 o,



Approximate numerical method

Let the normal distribution be approximated
bution with exponent n = 10 (for n =+ « the
has the normal distribution as =z

is rather good),

The caculation is given in the table, using

L

limit: for

by & binomial distri-
bincmial distribution

n = 10 the approximation

formula 28 (dx has a finite

value), ' 3
% -5 -4 - 3 -2 - 1 0 1 2 3 4 5
P 1 10 45 120 210 252 220 120 L5 16 i
i~-P 1024 1028 1013 368 848 538 386 176 56 il 1
2p(1-P) 2048 20460 8117G 1 232320 356160 |[3215521152120! 12240 50401 z2¢ 2
L]
D 1 100 2025 L4800 Luyioe 635041 44100 | 1uucc | 2028 | 100 1
f 2047 20360 89145 | 217820 312060 i2580u48|118020 ! 27840t 3015 12¢ 1
fx L0235 1~ 81440 |~2B7535 |~435840 [-212060 O111802¢) 556801 90u5 1 u8Q o)
2 Eq e
£ fx 511751 3257601 802305 871680 | 212060 01118020 1111360 (27123511920 | 2=
In this case
X, = 0 l
|
2 b original distribution
2_z px_ =2 _ 2560 . - a 4 i
17 TTp T %1 % Togn C 4.%00; 0y = 1,581 |
\
- . Lixw _ ~-923 - _ £~ aon
"2 T EF T Togsse - T U.B81 weakest
5 { of two
2_ T x -2 2821440 =2 _ . oL, o _ 4 asa | distribution
U2 TTTE T %y T Ignesge T ¥p T L7245 05 = 1,313 j

Formula (6),used as a check, gives

~ - -
£

Z — —_
; 1,726 = 0 = (n, - xz) =

2,500 - G,881°




Here

X, =% + 208
15 % T 13
1,581
- 2
%17 T3z %

Exact solution

Take & N{0,1) ~ distribution, i.e. a normal distributien with

‘mean value =

¥

M=

.1
P = e

V2 n

The value of the following integral is required:

(=] oo
f f
U= I ¥p Q dx = 2 } xp Q dx
b ple
l( 1 [ =z2¥
Let Q= | pdy = J e dy
J Y2 T
e e
& x 2 .
1 [ f EERER
Se U= ; ] j X e dxdy
oo
T/l 12
S - . ET
= = r° cos ¢ e drd @
T
oo
[ o ™ 2 {ﬂ/u y
1 ( 2 —51" { i
T o= r e dr [ cos ¢ d@}
™ j
e o
T;/L;
Herein J cos & dé = 3 /2
©
Further
(] o 2 o 2
(2 2% ( -zrt 3
e dr = - | rde =-|n»
J OJ :

0 and standard deviation = 1
2

, Tor which

integration
area




So U= % V2T 05 VT = !
2V
According to (5):
%, =% - 20Uz - =,
v
And according to 6):
2 _ . 1
52--4. -'ET_
The relationships become
- - [
X, = %, *‘M;;fT“I .0,
= %, + 2
, + 0,883 0,
and
_r
o, =\ 0, = 1,211 0
] b T~ 1 2 > 2
Further conclusions
If a structure consists of 3,4 ... n elements~in-series, so that

the whole structure collapses of one element fails, similar calcu-
lations can be set up.
The first (graphical) method is easiest to use. The distribution

for larger values of n however will become increasingly unsymmetrical,

£y

which means that the cummulative distribution Functiorn does not
reach the values 1-P = (,8213; 0,500; 0,1587
at the abscissae X - O N, R+ oo

but at, say 2{-) x(e); %+



Taking the known values of the latter abscissae as a starting point,

one can calculate approximate values for the mean and standard deviation.

Suppose we have the unsymmetrical distribution

5.2
1 Tz
P = (1 + ax) e (a small)
V2 T
Here x = a
62 = l-a2
and x(-)= - 1+ a+ 3 a -2t A8
“ g 50
13 q o
x(o)= a -z & + a”
5 3 3 4 T
x(+)=  l+a-1a +xa -1 a°

With good approximation

[2(+) + x(-)] and

>
n
Mol

Q
1t
Roft

[x(+) - x(-)]

This has been determined for different values of n {(for a N(G,1)

distribution).

T P
formulas: 1~P = (1-P)", from which x(+) and x(-) Zollow,

with these ir and ¢_ are approximated.

%X. = %+ ¢.0 . = ¢.0
1 n 1™n 1 €2 n



n x(+) x(=) En Gn C4 cs

o +0,2576 | -1,3868| -0,5646|0,8222| 0,687 1,216
3 ~0,1039 ) =1,5897 1 -0,8468{0,7429; 1,140 1y 346
na =0,3349 =1,7248] -1,0298{0,6950] 1,482 1439
5 ~0,5014 | -1,8250| -1,1632|0,6648] 1,758 1,541
& -0,6304} -1,90521 =1,2678{0,6374] 1,989 1,569
7 =0y7547 1 =1,97041 ~1,352610,6178] 2,189 1,619
3 -0,8229 | =2,0261| -1,4245/0,6016}2,268 | 1,662
9 -0,8965| *=2,0745] -1,4855/0,5890| 2,522 | 1,698
10 -0,9615] =2,1172| -1,5394|0,5778] 2,664 1,731
100 -2,0913| -2,9243| -2,5078]0,4165 &,021 2,401
1000 -2;9042| =3,5786f -3,2414|0,3372( 9,613 2,966
10000 | -3,5619| -4,1412| -3,8516|0,289¢/13, 300 3,453
The values n = 4 and 8 occur in welding test specimens. The large

values of n were included to show another aspect of testing of
materials.

Suppose a certain material shows, when tested with specimens of certain
dimensions, & mean strength of &0 N/me, normally distributed with
standard deviation of 8 N/mmz. Now the dimensions are 10 times enlarged.
Wher the aggregates are not changed (sand and gravel in concrete) and
the material shows brittle behaviour in failure thern the test specimern
is eguivalent te 1000 times the original one mounted in series.

This means that one can then expect a mean strength of 34 memQ

and a standard deviation of 2,7 N/mmg.
Such phenomena with respect to the compression strength of concrete
have been known since a long time but usuazlly were atiributed the
influence of friction.

The explanation given in the foregoing seems more reasonable, the more
so because in this way alsc the decreasing standard deviation can also

be explained.
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As joint co-ordinator c¢f the Sub-Group for
Africa, Caribbean and Latin American Region
with Dr. Amintino De Freitas of Brazil I am
pleased to report that there was a meeting of
Third World countries in Melbourne, Australia
between the 2nd to the 20th of May, sponscored
by the UNIDO/CSIRO orxrganisations. Fourteen
countries attended the Workshop on Timber

Engineering:

Brazil - Papua New Guinea
Peo?le's Republic of China Peru

India k Ssri Lanka
Indonesia : St. Lucisa
Malasia Thailand

Nepal Tonga

Pakistan Zimbabwe

The meeting considered aspects of timber engineering
relevant to the application of structural timber in
the Third World. Much of the Workshop was devoted to
the valuable lessons to be learnt from the triumphs

and tragedies experienced in developed countries.
The Workshop was a great success and it is felt
that the contacts made should not only prove
invaluable but of lasting implication to the
viability of timber technolcgy in mcst countries.

The UNIDO organisation will shortly be publishing

the various Workshop resclutions and it is interesting
to note that these may well be a useful basis for
collaboration between the CIB Sub-Group and the Pacific
Area Standards Congress (PASC} which include such
countries as Australia, New Zealand, Canada, the United
States and Japan.
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