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2. CHATRMAN'S TINTRODUCTION

MR. SUNLEY said the CIB had accepted his proposal to hand over to DR, STIEDA
as the new coordinator of W18, He expressed his thanks to those who had
assisted over the last 12 years, in particular the different secretaries,
the host countries and those who had attended meetings, especially

individuals who had made notable contributions.

He felt very real results had been achieved in the CIB Code, the liaison
between people of different countries and the collection of published papers.
These would form an impressive background for the international harmonisation
which he felt must happen, and he emphasised the reputation built up by CIB-

W18 and its potential in future developments.
DR. STIEDA then took over as chairman of the meeting.

3. COOPERATION WITH OTHER ORGANISATIONS

IS0/TC 165 MR, LARSEN reported on the Corsica meeting of May 1984, saying
certain test standards had now become draft proposals and been sent out for
comment. New work being taken up included performance reguirements for
glulam and safety in relation to biodeterioration, and the ECE recommendations
on grading and finger joinits were to be appraised for presentation as
international standards. The next meeting would take place at TRADA in the
third week of March 1986,

RILEM:  PROFESSOR KUIPERS said the nail joints test method had been agreed
for printing as a final recommendation and the methods for staples, wood-
based boards and structures as tentative recommendations, The work of

57 TSB was now concluded,

There were suggestions for a new committee to consider im-grade test methods
and also a probabilistic approach to potential bio-degradation in structural
timber. A discussion of the need for a standard on in-grade testing in

addition to the existing IS0 standard concluded that a paper was needed for

the next meeting to assist in resolving the question,



Several of those present agreed with a suggestion by MR. LARSEN that a
Code section en earthquake design was desirable, but added that research
was needed before test methods could be established to yield data that
might be required and that a paper on the topic should be invited for

the next meeting,

MR. SUNLEY said it was unclear what would be done in the durability gtudy.
PROFESSOR KUIPERS said three or four people could consider what was needed;
it the proposal did not develop in a promising way, the topic could be
dropped, It was decided that an outline should be provided for the next

meeting to assess whether W18 could make a contribution.

CEI-Bois/FEMIB:  MR. RIBERHOLT introduced his paper CIB-W18/18-12-1 ‘Report

on European glulam control and production standard?, gsaying the object of
the Furopean control bodies who had attended two meetings had been to
establish common rules for control of production and approval of the

product. Draft proposals were expected abhout the end of 1985,

Answering MR. TORY, he said their relationship with IS0 standards would be
considered very shortly and that quality control would be included.

IUFRO 85.02: Reporting on the Mexico meeting of December 1984, PROFESSOR
MADSEN said only about 19 people attended but the meeting was successful,
The Proceedings would be available shortly, He drew attention to the
Pacific Timber Engineering Conference held at Auckland University in May
198%L, The Proceedings of the Conference may be obtained from the
Institution of Professional Engineers New Zealand, Box 12241, Wellington
(NZ & 62,50 including postage). A Timber Engineering Seminar in South
Africa was also mentioned; this was held at the Couneil for Scientific and
Industrial Research, Box 395, Pretoria, in April 1985,

IABSE:  PROFESSOR EDLUND reported on the Congress held in Vancouver in
September 1984, He felt the small attendance of timber specialists might

reduce the emphasis on timber at the next Congress in Helsinki in 1988,

Four papers had been presented by PROF. GUTKOWSKI, MR. GEHRI and DR. GIRHAMMAR,
a couple of posters on timber bridges were presented (deck systems and
inspection respectively), and among others a TRADA paper on mechanical fasieners

had appeared.



LEC BUROCODES: MR. LARSEN listed the structural Eurocodes in preparation,

saying he was in a coordination group formed by representatives of the
different drafting panels., Model chapters were being prepared for all
materials but there would be some variations for the different materials.

A common chapter not subject to changes was also being produced,

MR, SUNLEY said five individuals were employed as consultants for Burocode 5
(Briininghoff, Ehlbeck, Crubilé, Larsen, Sunley). They would produce a
document by October 1985 for circulation to the ten member states. There
would be a year for comments, and these would be considered by a new
committee which would produce a final document for adoption, perhaps

alongside national codes,

Answering DR. STIEDA, MR. LARSEN said that common reliability was not being
sought for all materials but that calibration would lead to member sizes

similar to those now being used.

it was agreed that MR. SUNLEY would continue to represent CIB-W18 in
Eurocode meetings.  DR. STIEDA said the American Society of Civil Engineers
was producing information on limit state design, and those interested could
contact Dr. Joe Murphy. Referring to the main CIB organisation, MR. LARSEN
gave information on the joint committee on structural safety which had
developed from a CIB working commission, and described the CIB Congress to
be held in Washington DC, 21-26 September 1986, MR, SUNLEY said a Congress

paper on the gemeral activities of W18 had heen requested,

LOAD DURATION GROUP:  Under this Agenda item added by the chairman,
PROFESSOR GLOS reported the activities of a number of cooperating

institutions in Irance, Holland, Denmark, Germany, Sweden and the United
Kingdom under the EEC 'wood as a renewable material! project,  Firnal
reports would be produced for the end of 1985 and an additional programme

was to he planned,



. AFRICAN, CARIBBEAN AND LATIN-AMERICAN SUB-GROUP

MR, SUNLEY said this sub-group had been established at the request of

MR. BECKETT and its future was not clear. DR. STIEDA added that Wi was
prepared to help with advice and PROFESSOR EHLBECK suggested writing to
the institutes involved to offer them the W18 Proceedings.

3. TRUSSED RAFTER SUB-GROUP

MR, LARSEN said an Annex on the design of "W" trussed rafters had been
produced for the Eurocode and IS0, and papers extending to other

configurations would be produced for the next meeting.

6. SAMPLING SUB-GROUP

PROFESSOR GLOS said a paper to be presented would form a first working
draft for Annex 4i. He thought the work should extend to data analysis,
which would require an additional Annex. Considerable work had been done
already by DR. NOREN and others. The present gtudies dealt with the
sampling of structural materials, and the earlier work should be added for

the Annex.

T TIMBER FRAME HOUSING SUB-GROUP

MR. SUNLEY said terms of reference had been drawn up (last page of Karlsruhe
Proceedings) but there had been difficulty in finding a chairman., MR, TORY
suggested that a UK wall design standard presently heing prepared might bhe
of interest elsewhere. MR, SUNLEY said recent delegations from France and
Holland had been keenly interested in UK practice and MR, VERHORST said he
had joined the group from Holland, which arose from government pressure to

draw up adequate specifications.

PROFESS0R EHLBECK said the group could cater also for seismic design.

MR, RAMSTAD asked if special design rules were needed for timber frame
houses and MR. SUNLEY replied that additional information was needed on
racking resistance and the interaction between adjacent panels, DR. NOREN

thought that if something was missing from the Code then it should be added.

It was concluded that by next year's meeting opinions should be developed on

whether the efforts to establish a sub-group should be continued or not.



8, TROPICAL TIMBERS

MR. SUNLEY said the proposed sub-group arose from correspondence with
CIB headquarters in which he had suggested that it was appropriate for
W18 to deal with the structural use of tropical timbers.  PROFESSOR
STERN suggested inviting Dr, de Freitas to be chairman of the sub-group.

The chairman concluded that the CIB could be advised that a framework had
been created for such a group and that Wi8 would give all possible

assistance.

9. TRUSSED RAFTERS

MR. AASHEIM presented the paper by himself and N.I. Bovim, CIB-W18/18-7-6

'The strength of nail plates', saying it was based on work in Norway

several years ago which had not until now been reported. DR. NOREN said the
work was related to other CIB papers and formed part of the background to
Nordic group discussions on trussed rafter joint design. He thought he could
prepare a summary from the existing summary in Swedish as a possible Annex,

MR. POUTANEN supported the method presented as safe and simple.

Introducing his paper 18-14-1 'Simplified calculation method for 'W' trusses
(Part 2)' MR. KALLSNER said it was a less complex version of a paper
presented at the Rapperswil meeting. In answer to gquestions by PROFESSOR

STERN, the form of construction chosen for the eaves joint was explained.

Paper 18-14-2 'Model for trussed rafter design' was introduced by the author
MR, POUTANEN, He said the paper showed thal eccentric connections have a
large effect on moments transferred; by adjusting eccentricities, heneficial

effects could be achieved to lead to economical structures.

At a later stage of the meeting further papers relating to trussed rafters
were presented by MB. KANGAS, paper 18-7-4 'A detailed testing method for
nail plate joints' and paper 18-7-5 'Principles for design values of nail
plates in Finland!,. The author described a modified method for the plate
shear test and PROFESSOR KUIPERS suggested that a proposal could be made for

amendment of Annex 3TT~1A based on the research performed.



After discussion of the Code needs, the hope was expressed thatl the
Scandinavian group would produce an Annex based on the Eurccode draft
and another giving a simple guide to connection design for the next

meeting,

10, STRUCTURAL STABILITY

MR, CECCOITI presented paper 18-15-1 "Full-scale structures in glued
laminated timber, dynamic tests: theoretical and experimental studies',
by himself and MR, VIGNGLI. Answering MR, MEIERHOFER, he said the work
had heen done to satisfy the building control authorities, The effect of
dead load was only minor, and as timber structures were not well known in
Italy, the authorities had required this type of test. In response to a
guestion by MR. MARSH he said the test was more economical than a static

Load test, Special instruments were needed but the loading was small.

11. SIZE EFFECTS

Paper 18-6-4 'Size effects in timber explained by a modified weakest link
theory' by PROFESSOR MADSEN was presented by the author, who said the work
indi cated that strength was related to the volume of material that is

highly stressed. He found the depth effect was not significant in

bending but existed in tension. The breadth effect seemed to be an inverse
relation, but this was complicated by the effect of grading rules. MR,
RIBERHOLT said the effect found was not necessarily a depth effect but
might arise from random positioning of defects, also that types of extreme
distribution other than Weibull could be tried. The author agreed that

further investigations and contributions by others would be valuable.

12, CODES AND STANDARDS

Presenting paper 18-1-1 '"Notes on the development of a UK limit states
design code for timber' by A.R. Fewell and C.B. Pierce, MR. TORY said the
first part seemed the more important as a strictly probabilistic method

was not practical and calibration must be applied, He gquestioned the need
for a consequence factor, which however was supported at the meeting and

MR. LARSEN said provision was made for such a factor in Eurocode No.l.



MBE. LARSEN introduced his paper 18-1-2 'Furocode 5, timber structures’
saying the dividing factlor of 1.% perhaps led to an unrealistic factor

for long term load; it was now proposed to change to 1.3 for normal
structures. There was an extensive discussion of the proposals,
including gquestions on the factors for load duration and creep. The
author proceeded to deal with shear design, responding to a gquestion by
PROFESSOR GLOS that the more complex formula would not be applicable for
solid heams of normal size. MR. SUNLEY explained the application of
strength class design values in the case of glulam beams, saying the actual
figures were based on those applied in the United Kingdom and could he

changed if necessary after comment from other countries,

Paper 18-0-0 'Partial safely coefficients for the load~carrying capacity

of timber structures' by B, Noren and J, 0. Nylander was presented by DR,
NOREN. Answering DR. STIEDA he said the proposed method was being
considered for the future Swedish code which was now cirveulating for
comment, PROFESSOR EHLBECK asked if the materials factor used was similar
to the Eurocode 5 value, and MR, LARSEN replied that it differed because a
factor of 1.35 was applied to dead load in the Eurocode loading.

PROFESSOR MADSEN presented paper 18-2-1 '"Column design methods for timber
engineering' by A.H. Buchanan, K.C. Johns and himself. He concluded that
the proposals should be examined and considered for incorporation in the
CIB Code, He felt it was important for a model code to be based on the
actual performance of the material, MR, LARSEN said an underlying theory
including deflection would bhe needed to form a basis for a Code proposal,
After discussion the Chairman concluded that the meeting was not in a
position to say that a new formulation was needed, and that any new

proposal would be for study by experts in the field.

Paper 18-102-1 'Antiseismic rules for timber structures: an Itelian
proposal' by G, Augusti and A, Ceccotti was presented by the latter.
Answering DR. SMITH who pointed out that a lot of related work had been
done by New Zealand workers, MR, CECCOTTI said the New Zealand proposals
were very detailed; in Italy the rules were needed only for certain types
of timber structures. DR. STIEDA said there was a real need for the type
of work displayed, to contribute towards filling a gap in the existing
Code,
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13,  JOINTS

DR. STERN presented paper 18-7-1 'Model specification for driven fasteners
for assembly of pallets and related structures' by himself and W.B. Wallin.
Answering DR. KORIN he said a coating was required only for staples which
have plain shanks; the coating must improve the withdrawal strength by

thirty per cent.,

Two papers were introduced by DR, SMITH: paper 18-7-2 'The influence of the
orientation of mechanical joints on their mechanical properties’ by I. Smith
and L.R.J. Whale and paper 18-7-3 'Influence of number of rows of fasteners
or connectors upon the ultimate capacity of axially loaded timber joints'

by I. Smith and G. Steck. He said papers on these topics had been requested
at the previous meeting and concluded the presentation by pointing out that
the paper on multiple fasteners showed the need for further research of
various kinds., MR, LARSEN said the recommendations on this topic would be

borne in mind for the future revision of the CIB Code and for Burocode 5,

PROFESSOR KUIPERS introduced his paper 18-9—1 !'Prediction of creep
deformations of joints' and answered a number of questions about the type
of fastener, the environment of the tests and the influence of moisture

content variations.

14%. BRACING

The Chairman announced that DR, BRUNINGHOFF had prepared paper 18-15-2 as
an Annex on bracing as requested at the last meeting, and this would be

included in the Proceedings for comment,

15, TIMBER STRESSES AND GROUPING

The Chairman referred to three papers by R.H., Leicester: paper 18-6-1
giving a comment on the two following, paper 18-0~2' Configuration factors
for the bending strength of timber' and paper 18-6-3 'Notes on sampling
factors for characteristic values'. PROFESSOR GLOS said the last of these
dealt with the derivation of characteristic values from small samples and
could be better titled. He felt the results would be valuable for use in

quality control and data analysis.
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MR. RIBERHOLT presented his paper 18-0~5 '"Placement and selection of
growth defects in test specimens'. He said the paper gave rise to
questions and he would like the opinions of others on these. After
discussion and following a suggestion by MR. LARSEN, there was a
measure of agreement that for the time being tests should be made with
the worst defect in the zone of maximum stress but the characteristic

strength should take lhe higher wvalue corresponding to random placement.

16, SAMPLING

Paper 18-17-1 'Sampling of timber in structural sizes' by P. Glos was
introduced by the author, who said it provided a first working draft for
Annex 41, It was agreed to put the paper on the Agenda for thorough

discussion at the next meeting.

17. DBEAM DESIGN

Note was taken of paper 18-10-1 'Submission to the CIB-WI8 committee on
the design of ply-web beams by consideration of the type of stress on the
flanges' by J.A. Baird. MR. LARSEN said that he did not agree with the
design method proposed and that he would write to Mr. Baird explaining

the reason,

Paper 18-10-2 'Longitudinal shear design of glued laminated beams' by

R.0. Foschi was also noted in the absence of the author, The paper gave
a further éxplanation of design recommendations in the Canadian Code CSA-
086 and was accompanied by a paper reprinted from the Canadian Journal of

Civil Engineering, Vol.k, No.3, pages 363-370, 1977.

18, OTHER BUSINESS

There was strong support for a suggestion by MR, LARSEN to hold an
international symposium on timber structures in two or three years' time,
It was left to DR. STIEDA to set up a small group to make preliminary
arrangements, MR, SUNLEY reminded the meeting that a great deal of work

would be involved for the host country, with financial implications also,
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The Chairman expressed the gratitude of members for the excellent
arrangements made by DR, KORIN and the opportunity he had given them
to appreciate the culture and history of Israel as well as providing

first class facilities for the technical meetings,

19, NEXT MEETING

Those present were very pleased to accept an Italian invitation to

hold the next meeting in Florence, It was agreed that this would be

a joint meeting with IUFRO S$5.02 and would take place in early September
1986 near the time of the IUFRO Congress in Yugoslavia.
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20, PAPERS PRESENTED AT THE MEETING

CIB-W18/18-1-1

CIB-W18/18-1-2

CIB-¥18/18-2-1

CIB-W18/18-6-1

CIB-W18/18-6-2

CIB-W18/18-6-3

CIB-W18/18-6-4

CIB-W18/18-6~5

CIB-W18/18-6-6

CIB-W18/18-7-1

CIB-W18/18-7-2

CiIB-W18/18-7-3

Notes on the Development of a UK Limit States
Design Code for Timber - A R Fewell and C B Pierce

Eurocode 5, Timber Structures - H J Larsen

Column Design Methods for Timber Engineering
- A W Buchanan, K C Johns, 8 Madsen

Comment on Papers: 18-6-2 and 18-6-3
- R H Leicester

Configuration Factors for the Bending Strength of
Timber - R H Leicester

Notes on Sampling Factors for Characteristic Values
- R K Leicester

Sijze Effects in Timber Explained by a Modified
Weakest Link Theory - B Madsen and A H Buchanan

Placement and Selection of Growth Defects in Test
Specimens - H Riberholt

Partial Safety-Coefficients for the Load-Carrying
Capacity of Timber Structures - B Norén and
J=0 Nylander

Model Specification for Driven Fasteners for
Assembly of Pallets and Related Structures
- E G Stern and W B Wallin

The Infiuence of the Orientation of Mechanical
Joints on their Mechanical Properties - I Smith and
L R J Whale

Influence of Number of Rows of Fasteners or
Connectors upon the Ultimate Capacity of Axially
Loaded Timber Joints - I Smith and G Steck



CIB-W18/18-7-4

CiB-W18/18-7-5

CIB-W18/18-7-6

CIB-Wi8/18-9-1

CIB-W18/18~10~1

CIB-W18/18-10-2

CIB-W18/18-12-1

CIB-W18/18-14-1

CIB-W18/18-14-2

CiB-W18/18-15-1

CIB-W18/18-15~-2

CIB-W18/18-17-1

CIB-W18/18-102-1

14

A Detailed Testing Method for Nailplate Joints -
J Kangas

Principles for Design Values of Nailplates in
Finland - J Kangas

The Strength of Nailplates - N I Bovim and
E Aasheim

Prediction of Creep Deformations of Joints -
J Kuipers

Submission to the CIB-W18 Committee on the Design
of Ply Web Beams by Consideration of the Type of

Stress in the Flanges - J A Baird

Longitudinal Shear Design of Glued Laminated Beams
- R 0 Foschi

Report on European Glulam Control and Production
Standard - H Riberholt

Simplified Calculation Method for W-Trusses
(Part 2) - B Kdllsner

Model for Trussed Rafter Design - T Poutanen
Fuil-Scale Structures in Glued Laminated Timber,
Dynamic Tests: Theoretical and Experimental Studies
- A Ceccotti and A Vignoli

Stabilizing Bracings - H Brlninghoff

sampling of Timber in Structural Sizes - P Glos

Antiseismic Rules for Timber Structures: an Italian
Proposal - G Augusti and A Ceccotti
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21. CURRENT LIST OF CIB-W18 PAPERS

Technical papers presented to CIB-W18 are identified by a code
CIB-Wi18/a-b~-c, where:

a denotes the meeting at which the paper was presented. Meetings
are classified in chronoiogical order:

1 Princes Risborough, England; March 1973
2 Copenhagen, Denmark; October 1973
3 Delft, Netheriands; June 1974
4 Paris, France; February 1975
5 Karlsruhe, Federal Republic of Germany; October 1975
& Aalborg, Denmark; June 1976
7 Stockholm, Sweden; February/March 1977
8 Brussels, Belgium; October 1977
9 Perth, Scotland; June 1978

10 Vancouver, Canada; August 1978

11 Vienna, Austria; March 1979

12 Bordeaux, France; October 1979

13 Otaniemi, Finland; June 1980

14 Warsaw, Poland; May 1981

15 Karlsruhe, Federal Republic of Germany; June 1982

16 Liliehammer, Norway, May/June 1983

17 Rapperswil, Switzerland; May 1984

18 Beit Oren, Israel; June 1985

b denotes the subject:

1 Limit State Design 7 Timber Joints and Fasteners
2 Timber Columns 8 Load Sharing
3 Symbols 9 BDuration of Load
4 Plywood 10 Timber Beams
5 Stress Grading 11 Environmental Conditions
& Stresses for Solid Timber 12 Laminated Members
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14
15
16
17
100
101
102
103
104
105
106
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Particle and Fibre Building Boards
Trussed Rafters

Structural Stability

Fire

Statistics and Data Analysis

CIB Timber Code

Loading Codes

Structural Design Codes
International Standards Organisation
Joint Committee on Structural Safety
CIB Programme, Policy and Meetings
International Union of Forestry Research Organisations

is simply a number given to the papers in the order in which they
appear:

Example:  CIB-W18/4-102-5 refers to paper 5 on subject 102 presented

at the fourth meeting of W18.

Listed below, by subjects, are all papers that have to date been
presented to W18. When appropriate some papers are listed under more
than one subject heading.

LIMIT STATE DESIGN

1-1-1
1-1-2

1-1-3
1-1-4

6-1-1

11-1-1

18-1-1

18-1-2

Limit State Design - H J lLarsen

The Use of Partial Safety Factors in the New Norwegian
Design Code for Timber Structures - 0 Brynildsen

Swedish Code Revision Concerning Timber Structures - B Norén

Working Stresses Report to British Standards Institution
Committee BLCP/17/2

On the Application of the Uncertafinty Theoretical Methods
for the Definition of the Fundamental Concepts of Structural
Safety - K Skov and 0 Ditlevsen

Safety Design of Timber Structures - H J Larsen

Notes on the Development of a UK Limit States Design Code
for Timber - A R Fewell and C B Pierce

Eurocode 5, Timber Structures - H J Larsen
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TIMBER COLUMNS

2-2~1
3-2-1
4-2-1

4-2-2

5-9-3

5~100-1
6-100-1

6-2-1
6-2-2

6-2-3

7-2-1
8-15-1

17-2~1

18-2-1

SYMBOLS
3-3-1
4-3-1

1
PLYWOOD
2-4-1

3-4-1

3-4-2

The Design of Solid Timber Columns - H J Larsen
The Design of Built-Up Timber Columns - H J Larsen

Tests with Centrally Loaded Timber Columns - H J Larsen and
S S Pedersen

Lateral-Torsional Buckling of Eccentrically Loaded Timber
Columns - B Johansson

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

Design of Sotid Timber Columns (First Draft) - H J Larsen

Comments on Document 5-100-1, Design of Solid Timber Columns
~ H J Larsen and E Theilgaard

Lattice Columns - H J Larsen

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

Comparison of Larsen an Perry Formulas for Solid Timber
Columns - H J Burgess

Lateral Bracing of Timber Struts - J A Simon

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

Model for Timber Strength under Axial Load and Moment
- T Poutanen

Column Design Methods for Timber Engineering - A H Buchanan,
K C Johns, B Madsen

Symbols for Structural Timber Design ~ J Kuipers and B Norén
Symbols for Timber Structure Design - J Kuipers and B Norén

Symbols for Use in Structural Timber Design

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

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

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

5-4

1

5-4

2

6-4-1

6-4-2

6-4-3

7-4-1

7-4-2
7-4-3

7-4-4

8-4-1

9-4-1

9-4-2

9-4-3

9-4

4

10-4-1

11-4-1

11-4-2
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Standard Methods of Testing for the Determination of
Mechanical Properties of Plywood - Council of Forest
Industries, B.C.

The Determination of Design Stresses for Plywood in the
Revision of CP 112 - L G Booth

Veneer Plywood for Construction - Quality Specifications
- IS0/TC 139, Plywood, Working Group 6

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

Comparsion of the Size and Type of Specimen and Type of Test
on Plywood Bending Strength and Stiffness - C R Wilson and
P Eng

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

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

Comments Received on Paper 7-4-1

The Effect of Rate of Testing Speed on the Ultimate Tensile
Stress of Piywood - £ R Wilson and A V Parasin

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

Sampling Plywood and the Evaluation of Test Results -
B Norén

Shear and Torsional Rigidity of Plywood - H J Larsen

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

The Sampling of Plywood and the Derivation of Strength
Values (Second Draft) - B Norén

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

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

Analysis of Piywood Stressed Skin Panels with Rigid or
Semi-Rigid Connections - I Smith

A Comparison of Plywood Modulus of Rigidity Determined by
the ASTM and RILEM CIB/3-TT Test Methods - € R Wilson and
AV Parasin
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Sampling of Plywood for Testing Strength - B Norén
Procedures for Analysis of Piywood Test Data and
Determination of Characteristic Values Suitable for Code
Presentation - C R Wilson

An Introduction to Performance Standards for Wood-base Panel
Products - D H Brown

Proposal for Presenting Data on the Properties of Structural
Panels - T Schmidt

Planar Shear Capacity of Plywood in Bending - C K A Stieda
Determination of Panel Shear Strength and Panel Shear
Modulus of Beech-Plywood in Structural Sizes - J Ehlbeck
and F Coliing

Ultimate Strength of Plywood Webs - R H Leicester and L Pham

STRESS GRADING

1-5-1

1-5-2

4-5-1

16-5-1
16-5-2

Quality Specifications for Sawn Timber and Precision Timber
- Norwegian Standard NS 3080

Specification for Timber Grades for Structural Use - British
Standard BS 4978

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

Grading Errors in Practice - B Thunell

On the Effect of Measurement Errors when Grading Structural
Timber - L Nordberg and B Thunell

STRESSES FOR SOLID TIMBER

4-6-1

5-6-1

5-6-2

5-6-3

6-6-1

7-6-1

9-6-1

Derivation of Grade Stresses for Timber in the UK
- W T Curry

Standard Methods of Test for Determining some Physical and
Mechanical Properties of Timber in Structural Sizes

-~ W T Curry

The Description of Timber Strength Data - J R Tory
Stresses for EC1 and EC2 Stress Grades - J R Tory

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

Strength and Long-term Behavicur of Lumber and Glued
Laminated Timber under Torsion Loads - K Mighler

Classification of Structural Timber - H J Larsen
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9-6-2 Code Rules for Tension Perpendicular to Grain - H J Larsen
9-6-3 Tension at an Angle to the Grain - K Mohler
9-6-4 Consideration of Combined Stresses for Lumber and Glued

Laminated Timber - K Mohler

11-6-1 Evaluation of Lumber Properties in the United States
- W L Galligan and J H Haskell
11-6-2 Stresses Perpendicular to Grain - K Mohier
11-6-3 Consideration of Combined Stresses for Lumber and Glued
Laminated Timber {addition to Paper CIB-W18/9-6-4)
- K Mohler
12-6-1 Strength Classifications for Timber Engineering Codes
- R H Leicester and W G Keating
12-6-2 Strength Classes for British Standard BS 5268 - J R Tory
13-6-1 Strength Classes for the CIB Code - J R Tory
13-6-2 Consideration of Size Effects and Longitudinal Shear
Strength for Uncracked Beams - R G Foschi and J D Barrett
13-6-3 Consideration of Shear Strength on End-Cracked Beams
- J D Barrett and R O Foschi
15~6~1 Characteristic Strength Values for the ECE Standard for
Timber - J G Sunley
16-6-1 Size Factors for Timber Bending and Tension Stresses
- AR Fewell
16-6-2 Strength Classes for International Codes - A R Fewell and
J G Sunley
17-6-1 The Determination of Grade Stresses from Characteristic

Stresses for BS 5268: Part 2 - A R Fewell

17-6-2 The Determination of Softwood Strength Properties for
Grades, Strength Classes and Laminated Timber for BS 5268:
Part 2 - A R Fewel]

18-6-1 Comment on Papers: 18-6-2 and 18-6-3 - R H Leicester

18-6-2 Configuration Factors for the Bending Strength of Timber -
R H Leicester

18-6~3 Notes on Sampling Factors for Characteristic Values -
R H Leicester

18-6-4 Size Effects in Timber Explained by a Modified Weakest Link
Theory - B Madsen and A H Buchanan
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Placement and Selection of Growth Defects in Test Specimens
- H Riberholt

Partial Safety-Coefficients for the Load-Carrying Capacity
of Timber Structures - B Norén and J-G Nylander

TIMBER JOINTS AND FASTENERS

1-7-1

4-7-1

4-7-2
5-7-1

5-7-2

5-7-3

6-7-1

6~7-2

6-7

1

3

6-7-4

7-7-1
7-7-2
7-7-3

7-100-1

9-7

t

1
9-7-2

Mechanical Fasterers and Fastenings in Timber Structures
- £ G Stern

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

Test Methods for Wood Fasteners - K Mghler

Influence of Loading Procedure on Strength and
Slip-Behavicur in Testing Timber Joints - X Mghler

Recommendations for Testing Methods for Joints with
Mechanical Fasteners and Connectors in Load-Bearing Timber
Structures - RILEM 37T Committee

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

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

Proposal for Testing of Integral Nail Plates as Timber
Joints - K Mohler

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

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

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

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

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

Design of Truss Plate Joints - F J Keenan

Staptes - K Mthler
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11-7-1 A Draft Proposal for an International Standard: IS0 Document
ISO/TC 165N 38E

12-7-1 Load-Carrying Capacity and Deformation Characteristics of
Nailed Joints - J Ehlbeck

12-7-2 Design of Bolted Joints - H J Larsen

12-7-3 Design of Joints with Nail Plates - 8 Norén

13-7-1 Polish Standard BN-80/7159-04: Parts 00-01-02-03-04-05.

"Structures from Wood and Wood-based Materials. Methods of
Test and Strength Criteria for Joints with Mechanical

Fasteners"”

13-7-2 Investigation of the Effect of Number of Nails in a Joint on
its load Carrying Ability - W Nozynski

13-7-3 international Acceptance of Manufacture, Marking and Control
of Finger-jointed Structural Timber - B Norén

13-7-4 Design of Joints with Nail Plates - Calculation of Slip
- B Norén

13-7-5 Design of Joints with Nail Plates - The Heel Joint
- B K&llsner

13-7-6 Nail Deflection Data for Design - H J Burgess

13-7-7 Test on Bolted Joints - P Vermeyden

13-7-8 Comments to paper CIB-W18/12-7-3 "Design of Joints with Nail
Plates" - B Norén

13-7-9 Strength of Finger Joints - H J Larsen

13-100-4 CIB Structural Timber Design Code, Proposal for Section
6.1.5 Nail Plates - N I Bovim

14-7~1 Design of Joints with Nail Plates (second edition)
- B Norén
14-7-2 Method of Testing Nails in Wood (second draft,
August 1980) - B Norén
14-7-3 Load~S1ip Relationship of Nailed Joints
- J Ehlbeck and H J Larsen
14-7-4 Wood Failure in Joints with Nail Plates - B Norén
14-7-5 The Effect of Support Eccentricity on the Design of W- and

WW-Trusses with Mail Plate Connectors - B Kdllsner

14-7-6 Derivation of the Allowable Load in Case of Nail Plate
Joints Perpendicular to Grain - K Mohler

14-7-7 Comments on CIB-W18/14-7-1 - T A C M van der Put
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15~7~1 Final Recommendation TT-1A: Testing Methods for Joints with
Mechanical Fasteners in Load-Bearing Timber Structures.
Annex A Punched Metal Plate Fasteners - Joint Committee
RILEM/CIB-3TT

16-7-1 Load Carrying Capacity of Dowels - E Gehri
16-7-2 Bolted Timber Joints: a Literature Survey - N Harding
16-7-3 Bolted Timber Joints: Practical Aspects of Construction and

Design; a Survey - N Harding

16-7-4 Bolted Timber Joints: Draft Experimental Work Plan -
Building Research Association of New Zealand

17-7-1 Mechanical Properties of Nails and their Influence on
Mechanical Properties of Nailed Timber Joints Subjected to
Lateral Loads - I Smith, L R J Whale, C Anderson and L Held

17-7-2 Notes on the Effective Number of Dowels and Nails in Timber
Joints - G Steck

18-7-1 Model Specification for Driven Fasteners for Assembly of
Pailets and Related Structures - E G Stern and W B Wallin

18-7-2 The Influence of the Orientation of Mechanical Joints on
their Mechanical Properties - I Smith and L. R J Whale

18-7-3 Infiuence of Number of Rows of Fasteners or Connectors upon
the Ultimate Capacity of Axially Loaded Timber Joints -
I Smith and G Steck

18-7-4 A Detailed Testing Method for Nailplate Joints - J Kangas
18-7-5 Principles for Design Values of Mailplates in Finland -

J Kangas
18-7-6 The Strength of Nailplates - N I Bovim and £ Aasheim

LOAD SHARING

3-8-1 Load Sharing - An Investigation on the State of Research and
Development of Design Criteria - E Levin

4-8-1 A Review of Load-Sharing in Theory and Practice - E Levin

4-8-2 Load Sharing - B Norén

DURATION OF LOAD

3-9-1 Definitions of Long Term Loading for the Code of Practice -
8 Norén
4~9-1 l.ong Term Loading of Trussed Rafters with Different

Connection Systems - T Feldborg and M Johansen
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7-6-1

7-9-1

17-9-1

18-9-1
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Strength of a Wood Coiumn in Combined Compression and
Bending with Respect to Creep - B Kdllsner and B Norén

Long Term lLoading for the Code of Practice (Part 2)
- B Noreén

Long Term Loading - K Mohler

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

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

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

On the Long-Term Carrying Capacity of Wood Structures
- Y M Ivanov and Y Y Slavic

Prediction of Creep Deformations of Joints - J Kuipers

TIMBER BEAMS

4-10-1
4-10-2

5~10~1
9-10-1

8-10-2
11-10-1
13-6-2

13-6-3

18-10~1

18-10~2

The Design of Simple Beams - H J Burgess

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

The Design of Timber Beams - H J Larsen

The Distribution of Shear Stresses in Timber Beams
- F J Keenan

Beams Notched at the Ends - K Mohler
Tapered Timber Beams - H Riberholt

Consideration of Size Effects in Longitudinal Shear Strength
for tncracked Beams - R O Foschi and J D Barrett

Consideration of Shear Strength on End-Cracked Beams
- J D Barrett and R 0 Foschi

Submission to the CIB-W18 Committee on the Design of Ply Web
Beams by Consideration of the Type of Stress in the Flanges -
J A Baird

Longitudinal Shear Design of Glued Laminated Beams -
R 0 Foschi

ENVIRONMENTAL CONDITIONS

5-11-1
6=11~1

Climate Grading for the Code of Practice ~ B Norén

Climate Grading (2} - B Norén
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Climate Classes for Timber Design - F J Keenan

LAMINATED MEMBERS

6-12-1

8-12-1
8-12-2

8-12-3

9-12-1

9-12-2

9-6

4

11-6-3

12-12-1

12-12-2

13-12-1

14-12-1
14-12-2

14-12-3
14-12-4
18-12-1

18-10~2

Directives for the Fabrication of Load-Bearing Structures of
Glued Timber - A van der Velden and J Kuipers

Testing of Big Glulam Timber Beams - H Kolb and P Frech

Instruction for the Reinforcement of Apertures in Glulam
Beams - H Kolb and P Frech

Glulam Standard Part 1: Glued Timber Structures;
Requirements for Timber (Second Draft)

Experiments to Provide for Elevated Forces at the Supports
of Wooden Beams with Particular Regard to Shearing Stresses
and Long-term Loadings - F Wassipaul and R Lackner

Two Laminated Timber Arch Railway Bridges Built in Perth in
1849 - L G Booth

Consideration of Combined Stresses for Lumber and Glued
Laminated Timber - K Mohler

Consideration of Combined Stresses for Lumber and Glued
Laminated Timber {addition to Paper CIB-W18/9-6-4)
- K M8hler

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

GluTam Standard Part 3: Glued Timber Structures; Performance
{3rd draft)

Glulam Standard Part 3: Glued Timber Structures; Performance
(4th draft)

Proposals for CEI-Bois/CIB-W18 Glulam Standards - H J Larsen

Guidelines for the Manufacturing of Glued Load-Bearing
Timber Structures - Stevin Laboratory

Double Tapered Curved Glulam Beams - H Riberholt
Comment on CIB-W18/14-12-3 - E Gehri

Report on European Glulam Control and Production Standard -
H Riberholt

Longitudinal Shear Design of Glued Laminated Beams -
R 0 Foschi

PARTICLE AMD FIBRE BUILDING BOARDS

7-13-1

Fibre Building Boards for CIB Timber Code (First Draft)
- 0 Brynildsen
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11-13-3
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Determination of the Bearing Strength and the
Load-Deformation Characteristics of Particleboard
- K Mohler, T Budianto and J Ehlbeck

The Structural Use of Tempered Hardboard ~ W W L Chan

Tests on Laminated Beams from Hardboard under Short- and
Longterm Load - W Nozynski

Determination of Deformation of Special Densified Hardboard
under Long-term Load and Varying Temperature and Humidity
Conditions - W Halfar

Determination of Deformation of Hardboard under long-term
Load in Changing Climate ~ W Halfar

An Introduction to Performance Standards for Wood-Base Panel
Products - D H Brown

Proposal for Presenting Data on the Properties of Structural
Panels - T Schmidt

Effect of Test Piece Size on Panel Bending Properties
- P W Post

TRUSSED RAFTERS

4-9-1

6-9-3

7-2-1
9-14-1
9-7-1
10-14-1

11-14-1
12-14-1
13-14~1
13-14-2
13-14-3

14-14-1
14-14-2

Long-term Loading of Trussed Rafters with Different
Connection Systems - T Feldborg and M Johansen

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

Lateral Bracing of Timber Struts - J A Simon
Timber Trusses - Code Related Problems - T F Williams
Design of Truss Plate Joints - F J Keenan

Design of Roof Bracing - The State of the Art in South
Africa - P A Y Bryant and J A Simon

Design of Metal Plate Connected Wood Trusses - A R Egerup
A Simple Design Method for Standard Trusses - A R Egerup
Truss Design Method for CIB Timber Code- A R Egerup
Trussed Rafters, Static Models - H Riberholt

Comparison of 3 Truss Models Designed by Different
Assumptions for S1ip and E-Modulus - K Mohler

Wood Trussed Rafter Design - T Feldborg and M Johansen

Truss-Plate ModelTing in the Analysis of Trusses
- R 0 Foschi
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15-14-1

15-14-2

15-14-3
16-14-4

15-14-5

16-14-1

17-14-1

17-14-2

17-14-3
18-14-1

18-14-2
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Cantilevered Timber Trusses - A R Egerup

The Effect of Support Eccentricity on the Design of W- and
WW-Trusses with Nail Plate Connectors - B Killsner

Guidelines for Static Models of Trussed Rafters
- H Riberholt

The Influence of Various Factors on the Accuracy of the
Structural Analysis of Timber Roof Trusses - F R P Pienaar

Bracing CalcuTations for Trussed Rafter Roofs - H J Burgess

The Design of Continuous Members in Timber Trussed Rafters
with Punched Metal Connector Plates - P § Reece

A Rafter Design Method Matching U.K. Test Results for
Trussed Rafters - H J Burgess

Full-Scale Tests on Timber Fink Trusses Made from Irish
Grown Sitka Spruce - V Picardo

Data from Full Scale Tests on Prefabricated Trussed Rafters
- ¥V Picardo

Simplified Static Anatysis and Dimensioning of Trussed
Rafters - H Riberholt

Simplified Calculation Method for W-Trusses - B Kdllsner

Simplified Calculation Method for W-Trusses (Part 2) -
B Kdallsner

Model for Trussed Rafter Design - T Poutanen

STRUCTURAL STABILITY

8-15-1

13-15-1

16-15~1

17-15-1
17-15-2
18-15-1

18-15-2

l.aterally Loaded Timber Columns: Tests and Theory
- H J Larsen

Timber and Wood-Based Products Structures. Panels for Roof
Coverings. Methods of Testing and Strength Assessment
Criteria. Polish Standard BN-78/7159-03

Determination of Bracing Structures for Compression Members
and Beams - H Brininghoff

Proposal for Chapter 7.4 Bracing - H Briininghoff
Seismic Design of Small Wood Framed Houses - X F Hansen
Full-Scale Structures in Glued Laminated Timber,
Dynamic Tests: Theoretical and Experimental Studies -

A Ceccotti and A Vignoli

Stabilizing Bracings - H Brininghoff
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British Standard BS 5268 the Structural Use of Timber:
Part 4 Fire Resistance of Timber Structures

CIB Structural Timber Design Code. Chapter 9. Performance 1in
Fire

STATISTICS AND DATA ANALYSIS

13-17-1

16-17-1

16-17-2

16-17-3
17-17-1

17-17-2

18-17-1
18-6-3

On Testing Whether a Prescribed Exclusion Limit is Attained
- W G Warren

Notes on Sampling and Strength Prediction of Stress Graded
Structural Timber - P Glos

Sampling to Predict by Testing the Capacity of Joints,
Components and Structures - B Norén

Discussion of Sampling and Analysis Procedures - P W Post

Sampling of Wood for Jdoint Tests on the Basis of Density
- I Smith, L R J Whale

Sampiing Strategy for Physical and Mechanical Properties of
Irish Grown Sitka Spruce - V Picardo

Sampling of Timber in Structural Sizes - P Glos

Notes on Sampling Factors for Characteristic Values -
R H Leicester

CIB TIMBER CODE

2-100-1

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

6-100-2

7-100-1

8-100-1

9-100~1
11-100-1

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

Design of Solid Timber Columns (First Draft) - H J Larsen
A Draft Outline of a Code for Timber Structures - L G Booth

Comments on Document 5-100-1; Design of Solid Timber Columns
- H J Larsen and E Theilgaard

CIB Timber Code:; CIB Timber Standards - H J Larsen and
E Theilgaard

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

CIB Timber Code - List of Contents (Second Draft)
- H J Larsen

The CIB Timber Code (Second Draft)

CI8 Structural Timber Design Code {Third Draft)
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11-100-3
12-100~1
12-100-2
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13-160-3¢

13-100-4

14-103-2
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Comments Received on the £IB Code

Saarelainen

M Ivanov

il Leicester
Nozynski

R A Meyer
Beckmann; R Marsh
R A Meyer

R A Meyer
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CIB Structural Timber Design Code; Chapter 3 - H J Larsen
Comment on the CIB Code - Sous-Commission Glulam

Comment on the CIB Code - R H Leicester

CIB Structural Timber Design Code {Fourth Draft)

Agreed Changes to CIB Structural Timber Design Code

CIB Structural Timber Design Code. Chapter 9: Performance in
Fire

Comments on CIB Structural Timber Design Code

Comments con CIB Structural Timber Design Code
- W R A Meyer

Comments on CIB Structural Timber Design Code
- British Standards Institution

CIB Structural Timber Design Code. Proposal for Section
6.1.5 Nail Plates - N I Bovim

Comments on the CIB Structural Timbeyr Design Code
- R H Leicester

Resolutions of TC 165-meeting in Athens 1981-10-12/13

LOADING CODES

4-101-1

4-101-2

Loading Regulations - Nordic Committee for Building
Regulations

Comments on the Loading Regulations - Nordic Committee for
Building Regulations

STRUCTURAL DESIGN CODES

1-102-1

1-102-2

Survey of Status of Building Codes, Specifications etc.,
in USA - E G Stern

Australian Codes for Use of Timber in Structures
- R H Leicester
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1-102-4

4-102-1

4-102-2

4-102-3

4-102-4

4-102-5
4-102-6

8-102-1

§-102-2
9-102~1

11-102-1
13-102-1

17-102-1
17-102-2

18-102~1

18-1-2
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Contemporary Concepts for Structural Timber Codes
- R H Leicester

Revision of CP 112 - First Draft, July 1972
- British Standards Institution

Comparsion of Codes and Safety Requirements for Timber
Structures in EEC Countries - Timber Research and
Development Association

Nordic Proposals for Safety Code for Structures and Loading
Code for Design of Structures - 0 A Brynildsen

Proposal for Safety Codes for Load-Carrying Structures
- Nordic Committee for Building Regulations

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

Extract from Norwegian Standard NS 3470 "Timber Structures"

Draft for Revision of CP 112 "The Structural Use of Timber®
- W T Curry

Polish Standard PN-73/B-03150: Timber Structures;
Statistical Calculations and Designing

The Russian Timber Code: Summary of Contents

Svensk Byggnorm 1975 (2nd Edition); Chapter 27:
Timber Construction

Eurocodes - H J Larsen

Program of Standardisation Work Involving Timber
Structures and Wood-Based Products in Poland

Safety Principles - H J Larsen and H Riberholt

Partial Coefficients Limit States Design Codes for
Structural Timberweork - I Smith

Antiseismic Rules for Timber Structures: an Italian
Proposal - G Augusti and A Ceccotti

Eurocode 5, Timber Structures - H J Larsen

INTERNATIONAL STANDARDS ORGANISATION

3-103-1

4-103-1

Method for the Preparation of Standards Concerning the
Safety of Structures (ISO/DIS 3250) - International
Standards Organisation IS0/TC98

A Proposal for Undertaking the Preparation of an
International Standard on Timber Structures
- International Standards Organisation
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5-103-1 Comments on the Report of the Consultion with Member Bodies
Concerning ISO/TC/P129 - Timber Structures - Dansk
Ingeniorforening

7-103~1 IS0 Technical Committees and Membership of ISO/TC 165

8~103-1 Draft Rescluticns of ISO/TC 165

12-103-1 ISO/TC 165 Ottawa, September 1979

13-103-1 Report from ISO/TC 165 - A Sgrensen

14~103~1 Comments on ISO/TC 165 N52 "Timber Structures;

S01id Timber in Structural Sizes; Determination of Some

Physical and Mechanical Properties"

14-103-2 Comments on the CIB Structural Timber Design {ode
- R H Leicester

JOINT COMMITTEE ON STRUCTURAL SAFETY

3-104-1 International System on Unified Standard Codes of Practice
for Structures - Comité Européen du Béton {CEB)

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

CIB PROGRAMME, POLICY AND MEETINGS

1-105-1 A Note on International Organisations Active in the Field of
Utilisation of Timber - P Sonnemans

5-T105-1 The Work and Objectives of CIB-W18-Timber Structures
- J G Sunley

10-705-1 The Work of CIB-W18 Timber Structures - J G Sunley

15-105-1 Terms of Reference for Timber - Framed Housing Sub-Group
of CIB-W18

INTERNATIONAL UNION OF FORESTRY RESEARCH ORGANISATIONS

7-106-1 Time and Moisture Effects - CIB WI18/IUFRO 55.02-03
Working Party
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NOTES ON THE -DEVELOPHMENT OF & UK LIMIT STATES DESIGN CODE FOR TIMGER

Lo

by AR Fewusll and C B Pierce. 1935

T INTRODUCTION
Through the requirements of the Eurocodes it is Likely that a limit states
partial coefficients design format will beconmsz an option for timber in the
UK. The benelfits of sush a change are unclear put pernaps the major ong is
that by using a format cormmon to all materials across Europe (and other
countries) timber design procedures will become less specialised and will be
understood and usad by an increasing number of designers. Often quoted
benelits such as rationalisation of probatilities of Failure are likely to be

Initially very limited because of the current state of knowledgs,

The problem that we are confronted with 18 hew timber design can accommodate
a limit states format with partial coefficients consistent with values for
other materifals, whilst at the aame time both adhering strictly to the
Eurccode definitions and achieving acceptable design solutions, Whnilst
reliability estimates of these gsolutions should he examined and comparsad
between components and materials [t would be pointless €0 start with the
objective of rationalising rellability because too many assumptions would
need to be made., Tnhis would result in meaningless rellability estimates and
make any resulting radical changes in design solutions unaccentable.  The one
thing we know for sure s that current design solutions are generally
accepltable, and we can use these to estimate the partial coefficients ang

ameters for which we have iittle or ro data., This would in

¢
[o]
2
O
O
ot
¥
(¢
E)

effect be adopting a similar approach to that used in the UK for the

Eurocodes for concrete and steel,

This paper firstly illustrates by a simple calibration example, the extent of
the problen of using a limit states design procedure for Limber that aims LG

u
use partial coefflcients consistent wit at the same time
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maintain current design solu“ions. it then revicws and comments on various
inc

d
Suggestions for the Iusion of factors which might alleviate the problem,
Lastly comments are made on the inclusion of rellabllity coneepts and the

presentation of design valuss in structural codes,

PRLES G4



. K ox 0.563 . L
But fio = i ’ where {K is characteristic strength {for test

- M duration loads)

Yy 18 the material partlal coefficient
and 0.563 is a factor to adjust fig to long
duration loads
£ fha fA . e

. K x 0,562 (Q + &) (1)
e i = - o L I I I R R I I N I I )

M (Y + Y G)

ST Y8

This assumes that Q and § are the same in both cases and also that in the

.

fo)
o

11t state eguation the safety element For geometrical propertles Az i3
zero., This last assumption is reasonable dbscause the negative tolgrance on

timber ¢ross ssotlion dimensions is very small (1 mm) and is only allowed on

up to 10 ver cent of pleces.

Values for loads and load partial coefficlents

There are currently twe proposals for YQ and YG' The first from the
Eurocode draft i3 YQ = 1.5 and YG = 1,35, The second from the UK
concrete code CP 110 is YQ = 1.6 and YG-u 1.4, Beth sets of values are

o glve some indicaticn of the sensiiivity of YN

<t

included in this anzlysis

Lo changes in Y

Yg5e It should be pointed out that these values have

L
i
o
1,

r
|

arbitrarily and are not based on research data,

1

bazen derived somewhatl
Bquation (1) for Yy derived above is applicable to floor joists, celling
joists, roof Jjoists and purlins as given in schedule 5 of the Building
Regulations. For rafters it {s not possible to obtain an expliclit equation
for second moment of area because secondary behding is involved. Ths values

of @ and § used in the deslgn of members are as follows:



~

varty Yo Tor ulwe and would make stress adjustments for member size the smne

in the {nteng

limit stabtes code of practice BS 526 Pe 1 as in Part 2.

The determination of vzlues rfor fK/f for pending and tenslon strength

D

arg shown In Pigure | for visua) grades {taken from ref 3) and Figure 2 for

machine grades. Altneugh machine and visual grades have the same permissible
stresses, machine grades will have lower fy values due Lo the smaller

safely factor applisd as a result of thelr greater grading accuracy. Yy
values are Intended to reflect the uncertaintlies of materlal properties and

will therefore differ for machine and visual grades

Tt can be seen from Figure 1 that faor pending and tenslon strength of

visual grade

-
K. 1 ! 2,45
o b K s = b
Yo 0.2l % 0,553 ’

Similtarly from Figwre 2 Cor machine grades
K 1 1

T O0E X gTagg < 2

But iL must bs remembared that the f, values are basad on 300 mm depth or

width and are not the f, values in Fewell®.
Y

i)

caleulated from egquation 1 using the values for T /f

T values wer
and applied loads given above. Similar calculations were carried out for
other properties aad the range of Yy for varicus ratios of Q/G is
illustrated in Figures 3 and 4. Figure 5 shows the variation in Yy for the
members in the Bullding Regulaticons scheduls £ span tables. From these
Jigures appropriate valuss of Yy were determined and are listed in Table

In & conprenensive code calibraticn exercise Yy, weuld also he influenced by

its ef'fect on volume timber consumption.



I THE CONSIDERATION OF AGBDITIINAL FACTORS AND INPLURNCES
Three of the bhasic components of the design cguation (1) namely, the actions,
the characteristic stresses and the action partial coefficients need to be
exaninsd Lo determine i modifications are justilied wnich will result in
more realistic Ty values. Suggested medifications are now considered under
separate headings to assess thelr justification and the likely extent of any

bpenefit to bae obtained.

It may be thougnt that this exercise is just playing with numbers and the
actual values are irrelevant. Wnilst there is an c¢lement of truth in this in
that the factors and coefficients must tie up with current design solutions,
they do have 2lear aefinitions which cannot be completely ignored. Having Lo
isolate all bthe parameters in ths design eguation will provide us with a
better understanding of their effects, which in the long term can only

improve the cconomy and reliability of timber strughbures.

a. Compariscns between lightweight and heavyweignht materials.
The overall factor on the load side of the desipn equation has a value of

YAG b YOG+ Q). Because Ty and YQ have different values the
ctor varies with the proportions of G and Q@ and consesquently will
oe influenced by the weight of the construction msverdal. Figure 6 was drawn
using the eguation given above and the allernative values for YG and YQ

used previocusly in this paper.
y

Figure 5 z2lsc shows the range of Q/G for timber, taken from Table 1, and for

5 ]

conerete and steel from a personal communication from Judge® giving details

i
o
ot

of floor and roof beams. It can be seen that there is generally a higher
overall lecad factor on timber than the heavier materials although this is
only avound 2 to 7%. It has been sugéested that 2 load reduction factor
should be included which would allow for this effect and at the samsz time
inercase Ty However a principle of the partial coefficient approach is
that where relatively higher proportions of jmposed loads, which are less
predictable, exist the overall load factor is effectively increased, It
would be wrong therefore Lo counteract thils effect with a lightwelght

material factor.



supjecbed to the maximun bending moment would have a probabdbllity of more than
959 of being strongoer Lnan the characteristic value. Appropriate factors are
thercefore required which will increase timber MOR and MOE values Lo achieve

consistency with other materials.

Nata stored in PRL's computer data bank were analysed to determing such
factors using the Cook-Bolinder grading machine measurenents which are
closely related to strength and the MOE values listed in B8 5268, In this
way lower £ifth percentile values of bending strength for a randem test
position within each piece could be compared to the test value which has the
assumed woakest cross-section abt the position of magimum bending moment. The
data comprised two samples of Canadian spruce-pine-fiv {38 x 184) and one
sample of Buropean whitewood (50 x 100). Fach sample was graded into S5 and
0S sub~samples and the resulting mean factors were 1.12 for MOR and 1.08 for
MOE. However this appreoach to determining the required factors 1s not
entirely satisfactory and there was considerable variation between
sub-samples. A programme of tests using a matched distributicn approach i3
being proposed and this should lead to more reliable vaiuesa which 1t Is
estimated will probably be in the range of 1.10 to 1,25 for MOR and 1.00 to
1,08 for MOE and may well vary with grade. These factors are much less than
some rescarchers have assumed but 1t shéuld be noted that Lelcester® uses &
factor of 1.15 to adiust MOR test results with the assumed worst defect at

the position of maximum bending moment and the worst edge In tension to an

MOR value with random defect positlons,

Whilst the above factor will have the desired effeoﬁ of lncreasing Yy by
arcund 15 to 20% this may be counteracted by the possible need to provide &
stricter definition of the characteristic stress. The CIB $truotural Timber
Design Code’ defines the characteristic stress as a lower fifth percentile
with a 75% lower confidence bound. Tnis lower condfidence bound is not yet
mentioned in the Eurocodes already drafted but the intention i= that the £ig
Code will be used as a basis [or the Eurocode for timber. The UK
characteristic stressces are devermined assuming a 3 parameter Weibull
distribusion without a lower confidence bound. Kroll® hnas now produced a
computer pregramme which or the Haibull distribution enables the fifth
percentile to be determined with a 759 lower confldence bound. It seems that

this will have the effect of reducing characteristic stresses by around 1 to

3 % although lts incluslon would he unjustified if 1L was not also a

reguirement for other materials.



L

In fueiralia the specilied duration of the maximum load {or floor jolists has
Just been deorcas Trom 20 years Lo 5 months which lnereases permissible
hending stresses by & factor of 1.4, This may be exbtreme but it ls an

example of a country moving in the direction proposed above,

For strength propertiess other Lhan bending even less cvidencs exists on the
effect of load duration., Currontly the same Tactors are used for all
strength properties but that is probably an over-simplification. It would he
convenlent 1 the offect of leoad duratlion was less for strength properties
cther than bending. This would then counteract the adjusument due to test

method (descoribed under o) for bending strengin.

0 THE PRESENTATION OF STRESSES AdD PARTIAL FACTORS 1K BS 5268:PART 1

The permissible stress design code BS 5268:Part 2 already has a profusion of
grade stress tables whien, 1t has been sald, will be confusing Lo many
designers unfamilliar with the document. To list different partial lactors
and grade stresses for visual and machine grades will only serve to extend
these tables and complicate design procedures vwhzre the method of grading te
be used s uncertain. There is also the problem of strength classes which

include both types of grading and wlll add a fTurther complicatlon.

The easlest way to overcome the above problem would be to tabulate values of

frs {where fig = 0,563 £p/Yy) and therefore remove the need to

1ist separate values for machine and visual grades. A precedent for this
type of presentation already exists in the draft code for steel BS 59650,

This would still require the same amount of information to be tabulated as in
BS B268:Part 2 but the enly way of reducing this further would be to delet
stresses for individual grades and species and include only strength cilas
information . .

5  RELIABILITY ANALYSIS

The usae of classical rellability models to represent the deslen process
completely disregards about 90% of all failures'?,'™: these cccur as a result
of poor workmansnip, abuse or gross human error. As with any medel the
quallity of the result is strongly dependent upon the guality cof the input
data and the accuracy with which the model represents reality. In
representing loads and resistances with particular types of ldeallsed

atatistical distributions the analyst often has to make decisions based on

'



The leoad aistribution vas assuned to have 28 por cent coefflciont of

variation (Vo) throughout, though of courss this could easily be pul into

the analysias as a further variable, A sigple ossumption was made for the

g

duration of load effect in that the strength of every plece iz reduced by
constant modification lactor regardless of quality, the value being taken

from the Madison curve [Figure 7).

Based on a single sample of 154 piecos of 50 x 150 mm Swedish

redwood/whitewoed, Figure § shows the relationship between log pp (or the

=

salety index 8) and tha level of applied load lor both short term (5

o

minutes) and long tersm (5G years) periods, Tho r'o l[ow1ng points emerge!

1 With all models pp increases (f decreases) as the load and strength
istributions become "closer™ (ie as n becomes smaller) but both the

level of pp and 1ts rate of Increase vary enormously depending on Che

madel. However, the N/N, E,/N and N/W2 models produce answers that are

generally qulte similar to each other but Sthe LN/LN, N/W3 and E1/w3 medels

appear to gilve very much smaller pp. values.
+ 5 K

it The H/N and £, /N models produce almost identleal probability of failure
vaiues In this example and indeed they cannot be distinguished in Figure 3,
Tnis is psrhaps a surprising result that is dus Lo the pesitioning of the
fallure distrivution relative to the distributions of R and $. Figure §
shows thal the failure integral may lie almost entirely within the main body
of the resistance or applied stress distributions or anywhere detween thenm
gdepending on n and the coefficilents of varia ation VR and VS‘ When

VR is rarge (as in timber) the pp distribution is governed by the body of
the S distribution and the tall region of 8 is unimport%ntﬂ However, it does
mean thal pp 1s very sensitive to the shape of the lower tail of the R
distribution. These observations would not necessarily be appliecable to a

material with low Ve - Sce Flgures 95 and 9c.

dhen the J-parameter Welbull distribution is fitted to the samc sample of
strength data a falrly high location parameter = is estimated, and since the
Py distribution must lie above €, it lies enbtirely within the |
distripuction. Consequently for a high value of ¢ the value of pp from the
N/W3 and By /¥3 models will be very much smaller than that from the

corresponding N/N ang E1/N rodels,  Hence when R is represented as a



a5 indicaters of population valuesn., The strength values of 21 samples of

[t

rocdwood/whitewcod of varying size and grade vere {itted by 3-parameter

Weibull distributions. Ag might Do expacied intuitively, the value of tne

P

[

estimated location parameler § decreases as the sample size n increases
(Figure 12). There will probably be a iimiting value of § which represents
tho stress abaﬁe which pledes will not be broken by routine handling
operations. This relationsiiip has a very major elfcet on the behaviour of

the N/W3 and 41, W3 wmodels for reliability work., Filgure 13 shows that as

the location paremeter decreasas the prodabllity of fallure at design stress

approaches a value of about 1077 under long-tern load assumptious; this seems
te be regardless of the shape and scale parameters except that variation in
these parameters would contribute to the sampling error either side of

‘L‘F = 10“‘3.

Conseguently Uhis analysls has an impertant bearing on the first analysis,
hich compared the different models. The fact that the H/WR model appeared
to give far lower pp values than the N/N and N/WZ models 13 not a true
model difference but very largely an effect of sample slze; a simllar comment
applies to the El W3 model in relation to EW/N. When the larpgest sample
available (n = 220 for 38 x 150 mm S1Q grade material) was put into the N/WI
and h1, W3 relianility models, Figures 10 and 14 show that the resulting
probabilities of faflure were much nearer to the N/H, E1/N and N/W2 modals,

It also ifmplies Ghat 10 small samples were used the resulting Pp values

Pt

slis

from the N/W3 and E}/HB models could be ridiculously small. Ths anal

n

shows that 1t would be unwise to use sample sizes less than about 200 for

predicting reliability estimates of populatlions.

the questlion as Lo whether the current

w

The above discussion also raise
practice of estimating 5th percentile characterlistle stressés of populations
from small samples using the 3-parameter Weibull Is satisfactory: the true
population value of & is likely to be very small and therefore elther the
P-parameter Welbull or the 3-paramster Weibull with an arbitrarily low value
of £ may be more applicable. Ideally more research is required here to

compare the efficicency of the two models in estimating 5th percentiles from

small samples.

The cholece of distributional types for a reliabllity model should be made

origarily on an understanding of the material behaviour and the nature of



the safeby of particular clements., These methods must nob be used
indiseriminately (or on a large scale), but thay cculd be uselful in comparing
safety levels of existing and proposed design methods as long as the
comparisons are confined within particular element types of the same material

so that the same set of assumptions 1s valid throughout.

CONCLUSIONS

Y. This paper i1llustrates by a calibration example the major problem of
adonting a Limit states formalt for timber design with partial coeflficlents
consistent with values for other materials, whilst abt the same time adhering

to the Furoccode definitions and acnieving acceptable design solubtions

Z. DBy carrying out research and including adiustments Lo the design
parameters for (a) methods of testing and determining characteristic
streases, and (b} the effects of load duration, the above problem can

bly be overcone whilst at the same time achieving a better understanding
of the various factors which influence the design of timber members. This
greater understanding should in the long term help to improve Lhe economy a

<Q

reliability of timbcr structures.

3. The use of a consequence factor to benefit timber in its major use of low
rise housing and a factor to reduce the higher overall load factor for timber

h congrete and steel are difficult to justily.

(e

compared vl

b, In order Lhat the differsant fK and Y values for machine and visual
grades do nct inercase the complexity of thne stress tables over those given
in BS 5266:Part 2, it is recommended thal fyg should be tabulated and

not fy and Yy separately. A precedent for this type of presentation

ready exlists in Lhe draft code for stecl BS 5950.

5. Whilst initially partial ceefficlents could be determined by calibration
to current design solutions it would be advantageous in the long term to
rationalize tne noticnal probabilivies of failure (pF) for various

components by the use of reliability studies. From analyses investigating
the eflecct on P of various distributional models for load and resistance

in the design of a simple beam the ollowing conclusions are apparent.

17
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INTRODUCTION

The European Community is drawing up a series of codes for building
structures, These codes - Burocodes = are intended to establish a set
of common rules as an alternative to the differing rules in force in

the wvarious member states.
The European complex consists of

Eurocode No. 1 Common unified rules for different types of

construction and materials

- : No¢ 2 Concrete structures

- ﬁé.'3 Steel structures

= No. 4 Composite structures (stesel concrete)
:; Ko. 5 Timber structures |
- To. 6 Masonry structures

-~ No. T Foundations °
-  No. 8 ~ Structures in seismic zones

Eurccode No, 1, 2 and 3 have been published, and the member states have

been asked to comment on them before the end of September 1985,
Burccode No. 4 is available in an English version.
A drafting panel consisting of

Heinz Briningshof

Philippe Crubil#

Jurgen Ehlbeck

Hans Jergen Larsen {chairman)

John Sunley

has been asked to prepare a &raft for Eurcccde 5 bhefore the end of

Octcber 1985,

L Tirst draft for the Eurocode has been prepared, tased on CIB Publica-
tion 66, CIB - Structural Timber Design Code, I%f has, however, been
necessary to draft a number of supplementary sections and also to make
changes in the content and the way of presentation in some other

sections to makg the code complete and coherent.

In the following some of these supplements and changes are presented
as a basis for discussion in CIB W18, viz the safety system and partial

coefficients, material specifications, tension perpendicular to the

grain and shesr design.

©



The Eurccode bext is in two levels, Principles, which gpecify the re-

L

quirements and the criteria vo be fulfilled

~

y the structure, and
Rules for Application {identified by : in the margin), which are in-

tended to be examples on acceptable methods of satisfying the Prin-

ciples.

NOTATTION

In “he following only general symbols are given, Other symbols are

defined when used.

resistance

R
o] action effect
Q

load
v volume
T strengih value
z desd load
q veriable load
v partial coefficienv
o stress
T shear stress
¥ combination factor

¢ compression
design
is  distribution .
el effective
X characteristic
m vending |

material property {on v)

maX  maximum

1 tension

v shear

vol volume

wel Weibull

0 in the fibre direction, paraliel to grain

90 perpenaicular to grain



SAFETY SYBTEM AND PARTIAL COEFFICLENTS

The safety system is 2 partial coefficient method based on a limit
state philosophy, see e.g. ISO/DIS 2394, General Principles on relia-

bility for structures.
In brief the design Tormat for a strength problem is as follows:

A structure is lcoaded by dead load g and n variable load. For each
variable load it is assumed that the characteristic value (e.g. corres-
ponding to a return period og 50 years) and the combination value are

k¥nown. The chardcteristic values are Qs eooe Qo The combination

' values are given &s ¥y 4Qqs cenees ¥y 0 . The factors Y. are about
L] ] .

0,5 = 0,7.

The design load effect Sd is ecaliculated for the design load combination:

Sy G+ v (a, + I v.q.)
4 1 v

& e izo YR

The design resistance is calculated from the characteristic resistance
Rk {e.g. corresponding to the S5-percentile) as

Rd:Rk/’Ym.
v are partial coefficients (yg and yq: load factors. vy, : material factor).
It is then reguired that

S& b Rd

hs tentative values for the Eurocodes

1.35

~
Hi

Y, = 1.50

have Leen proposed. Corresponding to these values the drafting panel

for Burccode 5 has proposed

-2

This value has been fixed by comparison with the present safety level
in the codes in France, Germany and Denmark and with the Y values

proposed in Eurocode 2 and 3 for concrete ani steel.

The wvalue should be evaluated together with the long term factors

given in table 3.1.ha on page 6.



AT AR
AT LUND

The drafting panel has set up the following principles for the in-
ciusion of materials.

A very large number of timbers and wood based panel materials ave
available to the EEC countries for structural use, However, only those

materials which satisfy the following conditions sre included:

- Substantial quantities zre likely to be available to the £ec
countries

- The materials are produced (greded of manufactured) to sn accep-
tahle available laid down stendard

- The mill or factory producing the meterial is subjected to accep-
table independent tnird party auality surveillance and the pro-
duct marked acnordingly

- Sufficient test ur design information is available to enable cha-

racteristic strength values to be allocated tn the material,

Alsp, proprietary jointing devices have not been included, It is
assumed that such materials obtain Agrément or other acceptable

certification,

The first draft for the sections on structurasl timber is given below, :

tio
Tt is very preliminary,anda first discussion of it will take place

classes along the seme lines that has been
followed by ISO in IS0 TC 165/DP 8972 Timber Structures - Solid timber
end poles - Structural grouping. But in stead of the strint geometri-
cal scale of the IS0 proposal (characteristic bending strength in MPa:
12 - 15 - 19 - 2L - 30 -‘38) the Furocode classes have in the central
area been based on .the strengith profiles of the most commonly used

nd gredes {characteristic bending strength in MPa: 12 - 15 -
5

The modification factor in table 3.1.ka should as mentioned above de
seen in cornection with the cholce of safety Tactors.

3.1.2 Strength classgs

A series of strength classes C 1 - C § are described in table 3.1.2.

1he bending strength applies to a beaw with s depth of 200 mn. The

tension ctrength aﬁplies to 2 memher with & widbth of 200 nm,



3.1.3

Strength clasa

MPa Ct €2 C3 C4 C5 Cs C7 ce
bending e 12.0 15.0 21.5 28.5 38.0 48.0 60,0 75.0
tension

" - par. ta grain ft,o,x 7.5 9.5 13.5 18,0 24.0 30.0 38.0 4B.0
- perp. to grain fy 95y 0.3 0.3 04 0.5 0.6 9.8 1.0 1.0

<

compression

~ par. to orain  fo gk 14.5 16.5 19.0 26.0 30.0 38.0 4B8.0 60.0

.= perp. to grain fc,90,k 6.5 6.5 7.0 8.0 1.0 13.0 15.0 18.0

shear Fy 1.9 1.9 2.4 3.6 3.8 4.8 6.0 6.0

Modulus of elas- .
ticity, mean Eﬂ,mean BCGO 9000 10000 12000 93560 17000 22000 27000

Speeies snd grades
A species and grade csn be assigned to s strength clsss in accordance
with teble 5.1.3 a. '

Table 2.1.3 a, Classificsation rules

grade elessification for each property resultant assigned
fm,k Ft’g’k Fc,G,k ED,mean strength class

Cy Cx Cy Cy Cy

Cx Cx Cxt Cx41 €x

Cxet1  Ex Cx-1 Cx-1 Cx

C, meanc that the charscteristic value is greater or equal to the

required characteristic value given in table 3.1.2,

The strength classes are independent of species end grades, For some
applications it may however be necessary to specify s particular spe-
cies from within a strength class to tske screount of particulasr cha-
racteristie; e.g. natural durability, ease of preservation, adhesives

angd fasteners.

Teble 3.1.3 b gives species and grades for some softwoods meeting the
requirements of classes 01 - L4 given in teble 3.1.2. Classes {5 - C8

will usually comprise rejatively dense nardwoods.
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Teble 3.1.3 b. Strength c. lags for some nofiwoods

] strength clsss _
[} [ 3 Ca
Luropean
whilewcod, redwood 56 55 510
North American
douglas fir-larch, hem~fir 56 58 S10
gpruce-pine-fir 56 58 510
douglas fip-larch, hem-fir ho. 1, GSel.
ho. 7
spruce-pine-fir N, 1, Sel.
) No. 2
western whitewood (USA} No. 1, Sel.
Ne. 2
southern pine (USA) No, 1, Sel.
No. 2
Ho. 3

S6, S8, 510: Grades according to ECE (1962)
Ne., 1, No. 2, No. 3, Sei(ect): Joist and plank grades according to
NLGA 1979 or NGROL 1972,

Char acteristic strength values
For structures in moisture class 1 and with very short-ters loads the
characteristic strength values given in table cen be used. For beams

a depth of 200 em is assured and for iension members a widlh of 200 o,
If the depih or wigth respectively is h the bending strength or ten-
sion strength should be multiplied by ky

200 0.2
kh - (-%-) . (3.1.15 S)

For other cases than moisture cless 1 and very short-term load the
characteristic values from table 1 - modified for depth and width
other than 200 wm - should be multiplied by the factor kped,t given
in table 3,1.4 .

tensile strength peve. other strength

‘te grain and shzar strength properties
load-duration moisture class '+ meisture class '
class 1 and 2 2 1 and 2 3
long-term 6.60 |7 - 0.50 0.85( - 0.7
medive-tern s | 0.60 0.90 0.70
short-term 0.90 . 0.70 0.95 0.7%
very short-tera | 1.00 1 0.80 1100 0.80
instuntenous .20 | 1.00 1.20 1.00

O



3.1.5

1

If 8 load combination consists of actions belonging to different load-
duration classes kmod,1 should be chosen corresponding to the action
with the shortest duration, e.g. for dead losd and a short terw-load

kmod corresponding to short term-losd is used.

for instsbility calculations {lateral instability, columns, buckling)
the ratio £ 4/f; g,d can be taken from tsble 3.1.4 ?. The table is
based on the essumption that there is no safety differentation between

short and slender columns,

strength classe €1 (2 c3 C4 £5 cé €7 c8

Eg/fe,0,d . 370 356 330 310 30 310 310 310

Characteristic stiffress values g

For structures in moisture class 1 and with short-term loading ceflec-
tions in serviceability states cen be calculated with £y pean from tatle
3.1.4.

For other cases Ef, pean should be divided by kepaep given in table 3.1.5.
The shesr modulus Gpesn Can be taken as Eg,mean/16.

The modulus of elasticity perpendicular to the grain Egg, pean can be

taken as Eg pean/3C-

Table 3.1.5., Modification divisor knrazp gq”qggiﬁgqgs_yglgqg

moisture class

load-duration closs 1 Z
Jong-term 1.5 2.0
medium-term 1.2 1.5

short-tern
very short~term 1.00 1.25
instantaneaus

If a iozd combinstion consists of acticns belsnging to different load-
duration class the deflection arz calculated sepsretely for the diffe-

rent gotion with che appropriate creep factor.
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Glued laminated fimber

3.3

..

)

e

e - e ' ae "

e Y

. e as .

-

e an -

The workmanship should be of such guality that the glued joints main-
tain the required integrity and strength throughout the expected life

of the structure,
For ihe adhesives section 3.6 apply.

Gleed laminated timber should be manufactured in accordance with IS0
BBBB.

Grades
Glued leminated timber should be produced to the same strength classes

as timber (section 3.1.2) and sections 3.1.3 - 3.1.5 spply.

The strength snd stiffness values should be determined either by tes-
ting in accordance with section 3.1.1 or by the use of apnropriate
calculation models for determining the strength end stiffness from

the properties of the lamellae.

It can be sssumed that glue laminated timber of strength class C 3, £ &
and C 6 can be obtained by using timber grades C 2, C 3 and C % in accer-
dance with table 3.3.2. It ia assumed that the lemellee are finger jointcd

in accordance with 3.2 to-the same sirength class as the timber,

Jemella gquality

strength clsss of glued

laminated timber

C3 .C b L5
Tensile members
- all lamellae c2 :,’;ZCiB C4
Bending and compression
.members
- outer lamelloel) : €2 C3 4
~ inner lamellae : : C1 Cz c3

1) Quter lsmelise sre the lamellae in the extreme sixth of the depth

on either side. There should, however, be st least two outer lamellae.




TENSION PERPENDICULAR TQ THE CRAIN

The general rules for tension perpendicular to the grain are as

follows,

5.1.3 Tension perpendicular to the grain

The fallowing condition should be satisfied:

9t,50,d < Kyol keisft,90,d o (5.1.3 a)

where kyoi (€ 1) tskes into account the effect of the size of the
stressed volume V, and kyjs the effect of the distribution of the
stresses, ‘

kygl and kgijs can be determined under the ussumption of a Z-para-

meter Welbull distribution of fy gg.

For a stressed voiume'V kyg) can be taken as

Vo 1/ Ryei

kool = ( v {(5.1.3 b)

4 4 we 44 4 me

[

where VU = {0.02 m3 apd kwei = 5 pan be assumed for most softwocd

-

spacies,

¢ For a uniformly stressed volume kdig = 1.

.

: For 3 volume V with a varying stress ot 90 = ¢ (x,y,2) with a maxi-

Jnum value of opay

: 1 olx,y,z) kwei 1/ Kuei ‘
P e G (X2 ) (5.1.3 c)
: Y Ymax .

As compared to the CIB code the basis for the volume factor has been
given explicitely (a 2-parameter Weibull distribution), and rules for

the general case with a variable stress has been given.

This makes 1t possible for the user to caleulate the distribubion
factor for other cases with tension perpendicuiar to the grain, i.e.

for curved beams, where the Eurccode rules are as fellows:



4 kﬁ»s " \‘g/ kt:hs = .86
'A’"’” P ‘ "_[5‘7’ sl
“Qél,_| 85| 02t L 08! }

ﬁ./%: . “ih"/ "/"}”'/z Proppers 3
!Fn?cﬁ ,

g [T e

LS a

Figure 5,1,7 b. Examples on Keist,y

In relstion to these rules it has been necessary also to link the defi-

nition cf the characteristic shear strength to a specified strength
dietribution volume. In accordance with the tensile strength perpen-
dicular to the grain a uniformly stressed volume of 0,02 m3 has been
chosen,

That V  in (5.1.7¢) is 0,085 m3 and not 0,02 m> is because of the
parabelic stress distribution in the beam,

The correct limit for the use of (5.1.7b) is of course 0,025 m° for
a concentrated load in the middle.”

Te use the limit 0,1 mo corresponds to a distribution factor of
= 1,32, a value to be compared with kdis = 1,43 for & uniformly dis-
tributed load.

12

i
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5.1.12 Curved beams

This section appliss to simply supporfed curved beams with constant,

g

P

CEORs, 42 CLIBH

rectanguler crosssection, see fig, 5.1.1%2.

A . .
g point of point of n
tangency Ctangency
Ll fe * V.5

6, 7, ¢ 058

Figure 5.1.,12. Curved beam. The shaded area is used by calculation

kvol,d

When the bending roments tend to reduce the curvature (increase the
radius) the tensiie stresses perpendicular to the grain should satizfy

the condition

ot,90,d < kvolkgisft,90,d (5.1.12 =)

where kyp) takes into account the effect of the size of the loaded voiume
and kqis of stress distribution on the strength. kyg) can be determined

under the essumption of a 2-parameter Weibull distribution of it og.

The volume factor im (5.1.12 =) cen determined from

A Vo, Vkeei
- kyol = (§~) (5.1.12 h)

ak ap’ em 4k eu we

¢

with v, = 0.02 m° and kyei = 5 for most softwood species.

. -,

..

V is thie volume of the curved part of the beam (corresponding to the

.-

shaded ares in figure 5.1.12 a.}

Yhe distribution factor can be determined from . - |

-

H “1,4 for uniformly distrituted load 2 H(5f1.12 i)
P Kdis —i R
. 1,0 for other loading BENCRIRTIRS!
Since
kdis’kvol B T,h.g’gaojg = 0562
v? A

these rules are in principle the same zs formula (5.2.2¢) in the CIB

code,



N
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SHEAR DRESIGH

The Canadian Ceode for Engineering Design of Wood {Canadisn Standard

CSA CAN 3-086~480) gives as the first code design rules for shear

taking into account the influence of the stressed volume and the dis-

tribution of the shear stresses.

The Cenadian rules are a little complicated and not easily compre-

hensible, The following simplified presentation has therefore been

chosen:

5.1.7 Shear

LT IT S TR AT

LY

-

BE WY A% wa s AE me

'

The totel effective design Ioad Qgr g on the beam should satisfy the

fullowing conditien
. 4
Qer,a £ Ryo1,vKdis, v (3 bh fy d) (5.1.7 a)

For beams with a volumebqf 0,1 m? or less {5.1.7 &) may be replaced
by )

14 £ fu,d ‘ (5.1.7 b)

kvcl,v takes into account the effect of the size of the stressed
valume, and kdig ¢ the effect of the distribution of shear forces.
fhey can be determined assuming & 2-parameter Weibull distribution
of £,

Far a beam with the volume V, kypl,v C&n be taken as

Vo Vkyes
kvol,v = (V‘) {5.1.7 e)

where Vg = 8.02 m3, and K,.; = 5 can be assumed for mest softwood

species.
hoanm wiklh Y oe vimmas e beamn P M ap LY o,
For p bonsm with Yengbh 1 oand wpoyleg vheor fores Vg s Yglad, Ygist,v
can be calculated from
0.5 Qer,d
{5.1.7 d)

kKgia,v =
UL [ Ve dx) 1 *ed

Examples on Kdig,v ore given in figure 5.1.7 b, Further exumples

are given in Annex 101.
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ABSTRACT

Combined bending and axial loading is often encountered in lumber
and timber members. Existing design methods are based on studies
carried out many years ago, and are no longer appropriate because
they do not recognize that wood with defects behaves as a non—-

linear ductile material in compression, and as an elastic brittle

material subject to size effects in tension.

This paper summarizes the findings of a comprehensive Investigation
into the behaviour of lumber subjected to eccentric axial loading
carried out at two Canadian universities. The study included
analytical modelling, and an extensive experimental program using

full size lumber.

The results of the investigation have been used in this paper to
propose improved design methods, ueing design charts and
approximate formulae for im-plane behaviour. The discussion is
extended to general loading cases and biaxial behaviour. Input

information required for the design process is also discussed.



INTRODUCTION

Combined bending and axial loading is encountered in many types of
‘timber structures. The most common are columns, chord and web
members of trusses, and wall studs. Others include arches, domes

and ripid frame structures.

Current design methods, developed in the 1920's, are not
appropriate for modern timber engineering design. Major

deficlencies include the following:

® they are mainly based on concentric loading tests on gemall
clear wood speclmens,

® they assume that realistic strength properties can be
obtained from tests on small clear specimens,

® they assume that a member loaded in combined bending and
compression will fail when a limiting elastic compression
stress is reached. The possibility of a tension fallure is
ignored,

® non-linear stress-strain behaviour in compression is not
considered,

® the effect of stressed volume on the strength in tension is
not recognized,

® they do not recognize that knots and material variability
make it impossible to load a member with perfectly concentric

axial loads,



This paper presents improved design methods which overcome the

deficiencies listed above. The improved methods, based on a
comprehensive experimental and analytical research program, are

much more appropriate for engineering use.

Previous Studies

The strength of lumber subjected to combined bending and axlal
loading has not received much attention. Most conventional design
methods were derived using the results of tests on small clear
specimens. Existing design methods will be discussed later in this

paper.

In recent years it has been recognized that commercial quality
lumber and timber behave quite differently from small clear wood
specimens in many respects. This has led to the development of
"{n-grade testing”, where the weaker portion of large samples of
full size lumber of certain sizes, grades and species are tested to
fallure. Extensive in-grade testing has been carried out in
bending and in axial tension throughout Canada (Madsen and Nielsen
1978a,b), and the results of these tests are being incorporated

into design codes.

Very little in-grade testing has been performed on members

gsubjected to combined bending and axial loading. A few tests under



combined axial tension and bending have been described by Senft

and Suddarth (1970) and Senft (1973). Larsen and Theilgaard (1979)
tested members with combined axial loads and transverse loads to
verify their theory for beam-column behaviour. Malhotra (1982)
tested columns with small end eccentricities, and compared the
results to several older formulae. Zahn (1982) tested short
lengths of lumber with eccentric compression loads to obtain
moment~curvature information for a simulation model. None of the
above studies have led to specific proposals for improved design

methods.

Presentation

The objectives of this paper are to summarize the resulte of a
major experimental and analytical investigation into the strength
of lumber under combined bending and axial loading, and to use

those results to propose realistic design methods.

The paper begins by describing the research program. The behaviour
of eccentrically loaded columns is reviewed, followed by a summary
of existing design methods. Proposed new design methods are
introduced, using both design charts and approxlmate formulae to
consider in-plane behaviour. The discussion is then extended to
more general loading cases and biaxial behaviour. Finally a
description of the input Information required for these design

methods is given.



RESEARCH PROGRAM

Description

The proposals made in this paper are the outcome of a comprehensive
research program conducted at two Canadian universities over a

period of several years.

In the early 1970's the concept of in-grade testing was developed
by Madsen at the University of British Columbia, and considerable
testing was carried out on lumber loaded in bending, axial tension,
axial compression, and shear. As an extension to this in—grade
testing program, Johns of the University of Sherbrooke collaborated
with Madsen in 1980, and they initiated a project for in-grade

testing of lumber under eccentric axial compression loading.

When the first phase of testing was completed, Buchanan develaoped
the basic concepts of a material strength model which was able to
explain the behaviour observed in the experimental results.
Results of the research program to that stage were reported by

Johns and Buchanan (1982).



The research program was then expanded to include further in-grade
testing of lumber under eccentric axial compregsion and tension,
and two strength models were developed, calibrated and verified.

. All of this research was carried out on a co~operative basis with
Madsen and Buchanan working at the University of British Columbia,
with Johns and Bleau working at the University of Sherbrooke.
Testing was carried out at both universities and the test results
were shared. Full descriptions of the research results are given

in theses by Bleau (1984) and Buchanan (1984a).

Strength Model

In the analytical parts of this research program, two similar
strength models have been developed to explain the observed
behaviour. Both models are based on the stress-strain relationship

for wood shown in figure 1, using the following basic concepts.

1. Strength of members subjected to combined bending and axial
loading can be predicted from the behaviour of similar members
loaded in axial tension and axial compression.

2. Plane sections are assumed to remain plane.

3. Timber stressed in tension behaves in a linear elastic manner

until brittle fracture occurs at a limiting tension stress.



5.

Timber stressed in compression behaves in & nonm-linear ductile
manner. The stress-strain curve has a long falling branch
after maximum compression stress has been exceeded.

For both axial tension and axial compression members, maximum
attainable stresses decrease as member length or member cross
section is increased. These effects are referred to as
"length effects” and "depth effects”, respectively.

The maximum attainable tension stress also depends on the
proportion of the cross section subjected to tension. This
phenomenon results in the modulus of rupture belng
considerably higher than the axial tension strength.

The models do not consider torsional or out-of-plane
deformations, duration of load effects, or the possibility of
shear failures. Some of these factors will be discussed

separately, later in this paper.

The main difference between the two models is that when consldering

instability effects, the model described by Buchanan (1984b) uses a

step-by-step procedure to develop column deflection curves, whereas

that described by Bleau (1984) uses energy considerations in a

finite element formulation. Both models make good predictions of

the experimental results.

For the rest of this paper, output from Buchanan's model (referred

to as the "strength model”) will be used as the basis for design



proposals, although similar proposals could have been made using

Bleau's model or experimental results directly.

RESEARCH RESULTS

Experimental Results

This section describes results of testing carried out on 38x89 mm
(nominal 2x4 inch) spruce-pine-fir (SPF) lumber. The lumber was
purchased as "Number Two and Better" grade in 4,9 m (16 ft) lengths.
Average moisture content at the time of testing was 10%. Similar

results were obtained for 38x140 mm (nominal 2x5% Iinch) material.

Eccentric axial compression tests were carried out in a special
testing machine which provided equal end eccentriclties about the
strong axis, with lateral restraint to prevent any twisting or out—
of-plane buckling. Five lengths of lumber were tested in this way

with up to five eccentricities at each length.

Test results for eccentric axial loading of the shortest length,
450 mm (18 in) long, are shown on figure 2. Each point represents
the axial load and mid-span moment at failure, for one board. All
failures at this short length were material failures. It can be
seen that the strength of this lumber varies considerably,

particularly in tension.
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For each end eccentricity, the mean, 5th and 95th percentile values
have been determined, and these have been plotted on figure 3.

Additional points on the axes of figure 3 show the results of axial
tension tests and compression tests (vertical axis) and two bending

tests (horizontal axis).

Comparison with Model

The curves on figure 3 are output from the strength model. Each
curve originates from axial tension and axial compression test
results on the vertical axis, these two polnts having been used as
input. The so0lid curve in figure 3 is output from the meodel,
calibrated to the mean test results. The curves at the 5th and
95th percentiles have been obtained using the same parameters and

the resulting fit is seen to be reasonably good,

The curve at the 5th percentile 1llustrates that the bending moment
capacity can be increased by application of a moderate axial comp~
ression load. This behaviour, which is very similar to reinforced
concrete, occurs because weak lumber loaded in bending fails in the
tension zone. An axial compression force suppresses this tension
failure and hence increases bending strength. This behaviour is not
recognized by design codes which conservatively predict decreasing
bending moment capacity with any increase in compression loading, as

shown by the straight dotted line in figure 3,
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Figure 4 4s an interaction diagram of axial load and end moment for
members 38x89 mm, 1.8 m long (nominal 2x4 in, 6' long). The points
represent test results at the 5th percentile, mean and 95th
percentile levels, obtained from a large number of individual test
results similar to the top half of figure 2. The lines in figure 4
are predictions from the strength model, including instability
effects. The model is seen to give a good prediction of strength,
somewhat conservative at the 95th percentile level. Similar
results have been obtained from other lengths. Increasing member
length leads to decreasing strength, mainly due to instability
resulting from increased slenderness, but also due to size effects

which affect material strength properties.

The model has only been calibrated and verified using two cross

section sizes of lumber, but it is believed to be applicable to

timber members of any size.

COLUMN BEHAVIQUR

Concentric Loading

The mode of failure of a concentrically loaded column depends on
its slenderness. The strength of a ghort column is governed by the
compression strength of the material. A slender column fails in an

instability mode, at a critical load which is proportional to the
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modulus of elasticity and inversely proportional to the square of

the length.

For a column of Intermediate length there is a transition between
these two types of failure, as shown in figure 5, in which case the
load capacity depends on both the strength and stiffness of the
material. It has already been pointed out that for a material such
as lumber, it is impossible to apply concentric loads with no

eccentricities.

Eccentric Loading

The behaviour of an eccentrically loaded compression member will be
reviewed in this section, Conmsider the member with equal end
eccentricities as shown inset in figure 6, as the axlal load P 1is
increased to fallure. If the end eccentricity is a distance e, the
moment at the ends of the member will always be P times e, The
moment at mid-span will be P(e+tA) where A is the mid-span

deflection.

Figure 6(a) 1s an interaction diagram of axial load vs. moment.

fhe outer curved line is the ultimate interaction diagram
representing material failure. An interaction diagram of this

ghape is obtained from experimental and analytical studies on lumber

at the weak end of the strength distribution, as discussed earlier
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in the paper. As an example of typical loading, line 0-A shows the
load path for axial load and end moment as the axial load P is

{ncreased. ‘The corresponding load path for mid-span moment is shown

. by the curved line 0-B. The horizontal distance between lines 0-A
and 0-B represents the amocunt by'which the initfial moment, ¥ times
e, has been magnified to P(etA). In this case the member falls at
an axial load Pl when the mid-span load path O-B intersects the
material strength interaction diagram at point B. This is described

as a material failure.

If the same member 1g loaded with a smaller eccentricity, the load
path for end moments is shown by line 0-C, and the load path for

mid-span moments by line 0-D. In this case an instability failure

oceurs when the axial load reaches a maximum value PZ‘ The mid-
gpan moment at failure is shown by point D, which is inside the
material strength curve. If the member were loaded with a system
under load control (for example, gravity loads) to load P,,
deformations would increase rapidly and a material failure would
follow immediately. If the member were loaded under conditions of
controlled displacement, the load path shown by the extenslon of
the 1line 0-D could be followed to eventual material fallure at

point E.
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If this process is repeated many times for the same member using a
full range of eccentricities, figure 6(b) can be produced. The
solid 1ine is the same ultimate interaction diagram. The dotted
line Pu—D*B-Mu is the locus of points such as B and D in figure

6{a), representing combinations of axilal load and mid-span moment

(or magnified moment) just causing failure. For low axial loads
this line co-incides with the ultimate interaction diagram,
indicating material fallures. For higher axial loads instability
failures occur. The chain-dotted line Pu~C-A-Mu is the locus of
points such as A and C in figure 6(a), representing combinations of
axial load and end moment (or unmagnified moment) just causing
failure. For any axial load the horizontal distance between the
two dotted lines represents the moment magnification due to member

deformations at failure.

Three-Dimensional Presentation

The concentric column curve of figure 5 can be related to the
interaction diagrams of figure 6(b) in three~dimensional sketch

form. TFigure 7 shows the relationship between axial load, moment

and slenderness.

The curve on the axial load - slenderness plane is the column curve
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for concentric loading. The curve on the axial load -~ moment plane
is the ultimate interaction diagram for a cross section; the outer
solild curve {n figure 6. Curves parallel to this plane are
.1nteraction diagrams such as the curve Pu—D-B-Mu in figure 6(b),

for increasingly slender columns.

EXISTING DESIGN METHODS

Existing design methods for combined bending and axial loading will
be discussed below with reference to three major North American

design codes.

Canadian Code

The current Canadian Code (CSA 1980) specifies allowable design
stresses which are intended to provide a certain factor of safety

against fallure under maximum anticipated working loads.

For concentrically loaded columns the code uses the three ranges of
glenderness illustrated in figure 5. For short columns the code
specifies an allowable stress derived from testing of small clear

compression specimens. For long columns the allowable stress is
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calculated from the traditional Euler formula. For columns of
fntermediate length the code specifies a fourth power parabolic
transition curve between short and long column behaviour. This
transition curve is based on studies in the United States in the

1920's (Newlin and Trayer 1925; WNewlin and Gahagan 1930).

These code provisions for concentric loading are based on correct
principles, but improvements could be made in two areas. Firstly,
in-grade testing of full size lumber in axial compression
(restrained to prevent buckling), often produces very different
design stresses than those obtained from small clear specimen
testing. Design stresses should therefore be based on in—grade
test results to give more accurate designs. Secondly, the three-
part formula for three ranges of slenderness could be replaced by a
single continuous formula for all slenderness ratios. The
transition curve for intermediate length columns is slightly on the

unsafe side of the load capacity predicted by the strength model.

Figure 8 shows a comparison of the strength model prediction, the
Code formula, and a simple approximate curve adapted from Neubauer

(1973) as

{1} -
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where Pu {5 the concentric axial load capacity of a slender column,
P, is the axial load capacity of a short column, Fc/E i1s the ratio
of axial compression strength to modulus of elasticity of the
material and L/d is the ratio of effective length to corresponding
cross sectional dimension of the column. This curve will be

referred to later when discussing new design methods.

For combined bending and axial loading the Canadian Code specifies
a simple failure criterion based on a linear interaction between
the axlal load capacity of a concentrically loaded column and the

moment capacity in bending alome. The formula Is

[2] P/A 4 MBS

where P is the axial load, A is the area of cross section, Fa is
the allowable axial stress under concentric loading for the
particular slenderness ratlo, M is the magnified bending moment
which includes that due to axial loads, S is the section modulus

and ¥, is the allowable stress in bending.

b
Problems with this approach are that the code gives no guidance for
calculating the moment resulting from column deflections, and the
{nteraction formula is very conservative for lumber, as shown for

short lengths on figure 3. This conservatism arises because the
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formula fignores the pogsibilities of ductile yilelding in the
compression zone or failure in the tension zone, both of which are

observed in tests.

NFPA Code

A design code widely used in the United States is that produced by
the National Forest Products Association (NFPA 1882), referred to

as the NFPA Code. This code 415 also based on allowable stresses.

The requirements for concentrically loaded columns are essentially
the same as in the Canadian Code. For combined bending and axial
loads an appendix to the NFPA Code provides a general formula which
includes both eccentric axial loads and transverse loads. This
formula 1is based on the work of Newlin (1940) later explained by
Wood (1950). 1Its derivation assumes sinusoidal deflected shape,
linear elastic behaviour, and failure at a limiting compression

gtress with no consideration of failure in the tenslon zone.
These assumptions which need to be reconsidered in the light of
more recent information produce very conservative results compared

with those obtained in the current study.

British and several European codes are based on very similar



- 19 -

assumptions to the NFPA Code, although the code formulae are quite

different.

Ontario Highway Code

A recently produced code is the Ontario Highway Bridge Design Code
(OHBDC 1982) referred to as OBBDC. This code is written in a limit
states format and its requirements for compression members are

quite different from previous codes.

The main change is the absence of a requirement for concentrically
loaded columns, recognizing that it is essentially impossible to

load a timber compression member with zero end eccentricity. The
following formula (the same as used in reinforced concrete deslign

codes) is specified for all compression members

"dl"'d
RIZ
~
-

C
[3] +
a 1 P?Pe "

where P 1is the axial load, Pa iz the compresslon capacity of a
ghort column, M is the unmagnified moment and Mu is the monent
capacity of a cross section,

The moment M is required to be the actual end moment, or the moment
due to & minimum end eccentricity of 0.05 times the cross section
dimension whichever is greater. An initial out-of-straighness of
1/500 times the effective length is also required to be

considered.
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The term 1/(1-P/Pe) is a factor representing moment magnification
due to column deflections, with Pe being the Euler buckling load.
This magnification factor is a good approximation to actual
behaviour of a linear elastic member but underestimates moment
magnification if any non~linear material behaviour occurs in

compression.

The term Cm is a factor to allow for unequal end moments, given by

[4] C, = 0.6+ 0.4MU,/M > 0.4
where Hl and M2 are the larger and smaller end moments,
respectively. The ratio MI/M2 is positive if the member is in

single curvature, negative for double curvature.

Equation 3 assumes that all fallures are material failures, with a
1inear interaction between axial load and moment; instability
failures are only considered indirectly in that the magnification

factor can only be used for axial loads less than the Euler

buckling load,

The OEBDC code format is a major improvement over previous codes,
but it is based on incomplete assumptions which produce very
conservative results in some cases and unconservative results in

others.
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NEW DESIGN METHODS

In this section of the paper several alternative design methods
will be presented. We will initially restrict ourselves to in-
plane behaviour of eccentrically loaded columns with equal end
eccentricities. Extrapolation to other loading cases and blaxlal
behaviour will follow. Lateral torsional buckling is included
under biaxial behaviour. With reference to the three-dimensional
presentation of figure 7, all of the methods to be discussed below
use axial load-moment interaction diagrams rather than axial load-
slenderness curves. This choice has been made because all members
will be subjected to some moments (as recognized by the OHBDC
code), and this presentation makes it easier to understand what is

happening to the members.

All of the design methods proposed in this paper consist of

checking procedures. The structural designer first calculates the
axial load and bending moment that the proposed member is required
to resist, then uses one of the proposed "design methods” to check

whether a trial section has the required capacity.

Design Approaches

There are two basic approaches to design of eccentrically loaded

compression members, depending on how the moment magnification
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resulting from member deformations 1s handled.

Approach 1 considers interaction diagrams for unmagnified
moments, such as the curve Pu-C-A—Mu in figure 6(b)., In this
case the designer is not required to make any estimate of

moment magnification.

Approach 2 considers interaction diagrams for magnified
moments, such as the curve Pu*D*B~Muin figure 6(b). In thls
approach (which is similar in concept to steel and concrete
codes), the designer is required to calculate magnified

noments as part of the design process.

Within each of these two basic approaches, two design techniques

will be considered.

Technique A 1s based directly on the results of the research

program usging a series of design charts cbtained as output

from the strength model.

Technique B uses approximate formulae to describe the results

of the research program. These formulae, which are derived
from the strength model output, are generally conservative,

but may be easier to use in some cases.



- 23 -

Method 1A: Design Charts for Unmagnified Moments

Figure 9 shows & typical design chart which can be used directly
for design of eccentrically loaded columns. The outer curve of
figure 9 i{s the ultimate interaction diagram for the material,
corresponding to the outer curve in figure 6(b) or the 5th
percentile curve in figure 3. The Iinner curves in figure 9 are
interaction diagrams of axial load vs. unmagnified moment, for

several values of slenderness ratilo.

This chart has been non-dimensionalized so that it can be used for
members of different cross sections and different strengths. It is
important to recognize that this chart has been constructed for a
material with certain strength properties, as shown by the ratios
in the upper right corner. Other charts can be produced for

different ratios of strength properties.

Before using the chart, the design values of axial load and moment
must be non-dimensionalized. The axial compression force P is
non~dimensionalized to P/FCA, where F, 15 the code-specified axial
compression stress for a concentrically loaded restrained column
of the same length and A is the cross section area. Rending
moment, M, is non-dimensionalized to H/FbS where Fb is the code-

specified bending stress and S is the section modulus.
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The chart can also be used for combined bending and axial tension.
The design axial tension force, T, is non-dimensionalized to

T/FCA.

Method 1B: Approximate Formulae for Urmagnified Moments

Re~examination of the design chart in figure 8 suggests that many
of the curves can be approximated by straight lines, leading to the

simple design formula

15 T - <

To caleculate the concentrically loaded columm capacity, ?u, the
column formula in the existing code could be used, although the

slmpler expression given in equation 1 {s preferable.

Figure 10 compares this formula with the design chart. The solid
curves are the same as shown in figure 9. The dotted lines have
been produced by equation 5. The formula is a reasonable fit for
all cases except short columns, L/d < 15, in which case it becomes
very conservative. Equation 5 is an empirical expression which
Just happens to work because the shape of the mid-span moment
interaction diagram, reduced by the moment magnification factors,
produces an interaction diagram for end moments consisting of

nearly straight lines. It fs a coincidence that any designers who
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have been incorrectly using the current code requirements without
making allowance for second order deflections, have been producing

accurate designs according to equation 5.

The few unsafe regions visible on figure 9 could be removed by
replacing Pu with 0.9Pu in equation 5, but this has not been

considered necessary.

For combined axial tension and bending, the lower half of figure 9
can be conservatively approximated by the dotted straight line
shown on figure 10, which is algo given by equation 5, replacing P

with T to produce

[6] -+ R«
u

Method 2A: Design Charts for Magnified Moments

This method is very similar to method 1A, the major difference
being that the design charts, such as shown in figure 11, represent
combinations of axial load and mid-span (or magnified) moment at

fallure.

To usge this chart the designer must calculate the maximum moment in
the member, taking second order deformations into account. The
traditional method of doing this has been to magnify the initial

moment by a magnification factor, F, given by
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1

[71 F o= 1= B/?,

where Pe i1s the Euler buckling load for the member. However, both
the experimental and analytical results of the present sgtudy
indicate that moment magnification at failure ig congideradbly
greater than given by equation 7, because of non-linear behaviour
of wood in compression. To avoid unsafe designs, more accuracy can

be obtained with an empiricel modification to equation 7

1 + P/Pe

8 N S N

which gives amplification nearly the same as equation 7 at low
axial loads, but twice that value ag P approaches Pe' These two
expressions are compared in figure 12 for a typical case with
slenderness ratio L/d = 20. The outer curve Pa—Mu is the ultimate
interaction diagram for material strength. The curve Pu-~B--Mu
represents combinations of axial load and unmagnified moment, P
times e, at failure, and the curve Pu*'D--Mu represents corresponding
combinations of axlal load and magnified moment, Pa(e+A), at
failure. The two dotted curves show magnified moments given by
equations 7 and 8 above. The curve given by equation 8 is seen to

give the better approximation to curve Pu-D—Mu.

To use the design chart of figure 11, the designer takes the design
values of axial load and moment, magnifies the moment with equation

B, non-dimensionalizes both axial load and moment, then checks the



- 27 -

chart to see if the selected member is satisfactory. For combined
axial tension and bending the design chart can be wused directly,
as before. The curves in the tension region of figures 9 and 11

are identical.

As before, the chart has been non-dimengionalized so that it can be
used for any cross section size, but again several charts will be

necessary to cover a suitable range of material strengths ratios.

Tt may be that some designers have access to structural analysis
computer programs which include deflections due to second order
effects. In this case an expression for F 1s not required, but the
designer should be aware that moment magnification in a wood column
at failure may be considerably greater than that predicted by

linear elastic analysis.

Method 2B: Approximate Formulae for Magnified Moments

The curves of figure 11 can be approximated by straight lines, as
ghown in figure 13. The sloping lines all originate at the point
marked B, and the sghaded areas {ndicate the extent to which the

lines are comnservative.
A design formula using these lines is given by

[9] P+ Ban, M <M
u
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where ¥ is the magnification factor given by eguation 8. B is a
number which reflects the shape of the interaction dlagrams. A
sami-empirical expression for B is

110] B = 1.35F/F, B>1

Equation 9 can be used directly, given design values of P and M, to

check whether a selected member has sufficlent strength.

Comparison of Proposed Desipgn Methods

A comparison of the four methods described above will be made here.
The two basic approaches (unmagnified vs. magnified moments) will
be compared first, followed by a comparison of the two techniques

{charts vs. formulae).

The main advantage of using unmagnified moments (Approach 1) is
that there is no need to calculate a magnification factor, as the
effects of magnification are included in the design charts or
formulae. This also eliminates the problem of accidentally
omitting or under-estimating the magnification factor. Approach 1,
used with design charts, is an "exact” method, to the extent that
the strength model is accurate in predicting actual behaviour. The
three other proposals involve empirical approximations to output

from the strength model.
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Design based on magnified moments (Approach 2) has geveral
advantages: the designer is given a better understanding of real
column behaviour at ultimate loads, and this approach is similar to
gsteel and concrete code approaches. A secondary advantage of
making the magnification factor a separate item in the calculations
is that it can be easlly modified, 1f further research suggests
that this is necessary for long duration loads or other effects.
The major disadvantage of the magnified moment approach is that an
approximate empirical expression must be used to calculate the
magnification factor. A secondary disadvantage is the difficulty
in verifying this approach experimentally, because it is difficult

to measure the mid-span fallure moment accurately.

When comparing the design chart technique with the approximate
formulae, the formulae are less accurate, because they are very
conservative approximations to the charts in some cases. However,
the formulae are much easier to incorporate into design codes, and
they can be more easily altered to allow for lateral torsional

buckling.

The best solution may be a two-level code format, where the code

specifies approximate equations, but allows the alternative use of

“a rational design method which includes the effects of second

order deflections, non-linear stress—strain behaviour in
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compression and size effects resulting from brittle fracture

in tension”.

The design charts could then be included in a commentary or design
manual, and could be used for large volume applications or other

sﬁecial situations.

For the charts to be used accurately, it may be necessary to
produce quite a number of them, to cover all possible types of
material. The actual number depends on the range of materials to
be included and on the degree of accuracy required. The number

could be 20 or more.

MORE GENERAL LOADING CASES

The presentation of proposed design methods has so far been
restricted to in-plane behaviour of eccentrically loaded members
with equal end eccentricities. In this part of the paper we will
consider minimum eccentricities and the effects of unequal end
moments and transverse loads on in-plane behaviour. We will then

extend the presentation to biaxial behaviour.
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Minimum Eccentricity

It is impossible to load a timber member with perfectly concentric
. axial loads. Wood is a material with considerable variability, and
any varlation of modulus of elasticity within a cross section will
introduce bending into the member. Similarly, any out-of-square
ends or small misalignment of connections will introduce bending.
Another source of bending 1s from initial out~of-straightness about

either principal axis ("crook” or “bow" in the board).

As described above, the OHBDC code specifies a minimum end
eccentricity of 0.05 times the relevant cross section dimension,
and an initial out-of~straightness of 1/500 times the effective
length. These values have not been investigated here, but they
appear to be reasonable, so it 1s recomended that they be included
in any new design method, to produce minimum moments about both

principal axes

Unequal End Moments and Transverse Loads

No experimental or analytical studies have been carried out on
timber columns with unequal end eccentricities. However, many
gtudies have been carried out on steel and concrete, leading to

wide acceptance of the equivalent moment method which is
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believed to be suitable for timber, and which has been included in

the OHBDC code.

For unequal end moments, the member can be designed for an
equivalent uniform moment given by CmM1 where Cm is defined in
equation 4 and Ml i1s the larger end moment. When transverse loads
also occur, the equivalent moment is given by CmM1 + Mc where Mc is
the bending moment at mid-height caused by the transverse loads.
The equivalent moment can be used directly in either the design
charts or the formulae. If end eccentricities are not equal, the
load capacity of the member may be governed by the strength of the
cross section at one end. Using design charts, the design
combination of axial load P and maximum end moment Ml ghould be
inside the curve for L/d = 0 on figure 9 or figure 11. If formulae

are being used, an approximation to this curve is given by

b 4

1
+ BM

a u

[11] <1, M. < M

"cfl“ﬁ

where all the terms are as defined previously.

There are many possible loading cases, some of which may be
difficult to analyse, although no more so than for other materials.
A considerable amount of engineering judgement will often be

necessary, and a more accurate second order analysis may sometimes

be appropriate.
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BIAXTAL BEHAVICUR

Most structural members are not constrained to deform in one plane.
Even if a member has applied moments about one axis, it may fail
due to buckling about the other axis, or lateral torsional
buckling. Very few investigations have been carried out on timber
or lumber subjected to combined axial loads and biaxial bending.
The suggestions in this section have been made by extending in-
plane behaviour to the more general case, using methods previously
developed for steel. In the followlng discussion it is assumed

that the x-axis is the strong axis for any cross section.

Loading Categories

In order to keep the design process as simple as possible, and
accepting that much more study is required in this area, we suggest
that in-plane design methods can be used for certain categories of
columns subjected to bilaxial loading. Obviously, in-plane design
methods can be used for members that are constrained to deform in
one plane. Examples are wall studs or top chords of trusses with

continuous plywood sheathing or closely spaced bracing members.
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For members loaded in bending about the weak axis, with no major
bending about the strong axis, in-plane design methods can apgain be

used because such members will only fail in the weak direction.

The same argument can be extended to members with only nominal
moments about both axes. For example, web members of pinned-
jointed trusses may have nominal moments {due to end eccentricity
and out-of-straightness) about both axes, but it appears reasomable
to design such members for in-plane behaviour in only the more

glender direction.

The final category is for members which have significant moments
about the strong axis, and which are free to deform in any
direction. Examples are web members of rigid-jointed trusses, or
top chords of trusses which have no plywood sheathing. In these
cases lateral torsional buckling must be considered, together with

bending about the weak axis due to accldental or applied moments.

Interaction Between x~axis and y-axis Bending

To use the results of an in-plane investipation for predicting
biaxial effects, it becomes necessary to know the nature of the
{nteraction between x-axis and y-axis bending strengths, for both

short and long columns, with varying amounts of axial load.
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We first make the assumption that this interaction is linear, as
ghown in figure 14. Non-linear interaction will be considered
later. The linear interaction assumption which is probably
conservative, is made for both short columns and long columns, as

tg often done in steel and concrete codes [8]. It is described by

M M
IR A
[12] i + % <1
uxg uy

where M and M_ are the applied moments and M__and ¥ _ are the
x y ux uy
moment capacities for the particular level of axlal load, all for

the respective axes.

Design for Biaxial Loading using Formulae

The design formulae previously presented can be easily modified to
incorporate blaxial behaviour, using the linear interaction
assumption. The formula for unmagnified moments (Method 183

equation 5 becomes

y
[13] +M +M <1

where Mx and My are the unmagnified moments about the X and ¥
axes. The term Pu is the concentric axial load capacity of the

member, considering buckling about the most slender axis.
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Mux and Huy are the moment capacities for bending about the

respective axes, with no axial load,

Using the formula for magnified moments (Method 2B) equation 9

becoumes

F M FM FM F M
P L xx_. Yy XX, ¥y

[14) =+t et g ¢ b + 2L
u ux uy ux uy

where the magnification factor is given by

1+ 'P/'.E’eX
[153] Fo = T-%7%
X 1 -7 Pex

where Pex is the Fuler buckling load considering slenderness about
the x~axis, The term Fy {s obtained in the same way, considering
the y-axig. All other terms are as described in the discussion of

equations 9 and 13.

1f end moments are unequal, a strength check should be made at the

ends of the member, using

M M

b 1x 1 1

[16] rtae twe <L ot <l
a ux uy

where Pa {s the axial load capacity of a short columnm, and Mlx and

Mly are the respective maximum end moments.
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Design for Biaxial Loading Using Charts

To use elither of the design chart methods for blaxial loading, it
_becomes neceesary to use the chart twice, once for each principal
direction, then to check that the biaxial condition is safe, using
equation 12. In {is case the term Mux in equation 12 is the moment
capacity from the chart, as a function of the axial load and the
slenderness ratio in the x-direction. M __1is the equivalent value

uy
in the y-direction.

Once again, if unequal end moments or transverse loads exist, Mx
and My can be modified as described previously, and a strength
check at the ends can be made using the charts for L/d = 0 and

equation 12.

Lateral Torsional Buckling

As mentioned previously, when an unrestrained beam or beam-column
15 loaded in bending about its strong axis, it may fall by lateral
torsional buckling before the in-plane bending strength is

achieved.

This only occurs with cross sections that are significantly stiffer
about one axis than the other. The reduction in bending moment

capacity due to lateral torsional buckling can be calculated using
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the Canadian Code requirements for glulam members. Those
requirements are based on the work of Hooley and Madsen (1964).
This check should be made for all unrestrained members with bending

about the strong axis.

However, the reduced bending moment capacity cannot simply be
plugged into the proposed design methods because the shape of the
interaction diagram between axifal load and bending moment will
change when the bending moment capacity is governed by lateral

buckling.

In this case, any axial load will reduce the mid-span moment
capaclity, producing quite different interaction diagrams from those

$1lustrated earlier in the paper.

To partially overcome this problem, we can use results obtained for
gteel members, where the following interaction formula was found to
be “"quite satisfactory in both the elastic and inelastic ranges”
(Johnston 1976).

F M
[17) Py XX

P M
uy uxt

where Puy is the axial load capacity considering buckling about the

y~axis, Mu 15 the bending moment capacity about the x-axis,

xt
reduced to allow for lateral torsional buckling and Fo is as gilven
by equation 15. This formula implies a linear interaction between

axial load and magnified bending moment.
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Using design methods for magnified moments, this behaviour can be
easily introduced into equation 14 by simply replacing BM with
the reduced moment capacity. If design charts are being used,

equation 17 can be used instead of figure 11 for the x direction.
1t is much more difficult to Incorporate this complication into

either of the desipn methods using unmagnified moments, without

further study.

Non-Linear Interaction

The interaction between x—axis and y-axis bending strength has
received considerable attention for steel members (Chen and Atsuta
1976) where it is recognized that the linear interaction formula

(equation 12) is very conservative.

A simple mon-linear interaction formula proposed for steel codes 1is

L My o
[18] ) + F) <1
ux uy

where = is an exponent describing the shape of the interaction
diagram. For steel the value of = varies from 1.4 to 2 or more,
depending on the level of axial load and the shape of the cross

gection.
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This approach has been investigated for timber columns, as
described in the Appendix. A suggested value of =, for both short

and long columns, can be given by

by
[19] o 1.3 + i?;_
where P is the axlal load and Pa is the axial load capacity of a

ghort column.

To use the non-linear interaction formula with the design chart
methods, it is a simple matter to use equation 18 in place of

equation 12.

With the approximate formulae methods, an extra calculation must be
made before using equation 18. For unmagnified moments, equation 5
must be re-arranged to glve the moment capacities associated with

axial load P, for both the x and y directions.

[20] M = M (1 - P/Pu

X ux )5 M = M a- P/PuY)

X y uy

Similarly for magnified moments, equation 9 must be rearranged to

give

B - B (1 -
[21}] Moo= Mux-i,—x-(l ?/Pux) , My Muy Fy (1 P/Puy)

and in each case the non-linear interaction given by equation 18

can be checked.
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The use of a non-linear interaction formula such as equation 18
could lead to more efficient designs in cases where blaxial bending

1s combined with axial loading.

INPUT INFORMATION

Appropriate input information ts essential if any of the proposed
new design methods are to lead to efficient designs. Four material

properties are required for the member being considered:

1, Bending strength
2. Axial compression strength (as a short column)
3. Axial tension strength

4, Modulus of elasticity

Each of these properties should be derived from in-grade testing of
members of the same size, length, specles, and grade as the member
being designed. They should all be lower 5th percentile values,

modified as necessary with safety factors or resistance factors.

In-grade test results are available for most sizes, species and
grades of Canadian lumber in bending and in axial tension (Madsen
and Nielsen (1980a,b). Compression results are expected to be

available in the near future.



- 42 -

For larger beam and timber sizes, only limted bending gtrength

results are avallable. Until further testing is carried out (which
will be difficult for members of large cross gections, particularly
in tension), strength properties will have to be extrapolated from

gmaller members.

Length Effects

In-grade testing is usually carried out at only one length, for
each cross section size. Recent research indicates that strength
ts length dependant, and that length effects can be quantified
using

%y L, 1/k1

[22] 5 " (£)

oy

where Xy and X, are the strengths of lengths Ll and L2’
respectively (at any level In the distribution of strength) and k,
is a length effect paranmeter. Typical values are kl = 13 in axial
compression and kl = 4 to 6 in bending and in axial tension, the
lower value being for weaker material (Buchanan 1984a). The value
of ky = 4 corresponds to a reduction factor of 0.84 for doubling

length.
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Design stresses from the code should be corrected for length before
using any of the proposed design methods. Length effects will be
discussed more fully in a subsequent paper (Madsen and Buchanan

_19B4).

Moisture and Load Duration Effects

The effect of moisture content should be considered by using
appropriate input values. At the low end of the strength
distribution of lumber, compression strength is significantly
affected by moisture content, whereas bending and tension strengths
are not. Any changes in modulus of elasticity tend to be offset by

gimultaneous changes in cross section dimensions.

This paper has not considered the effects of long duration loading.
It may be appropriate to use a conservative value of modulus of
elasticity to reduce the possibility of failure by creep buckling.
Alternatively some appropriate change could be made to the moment

magnification factor. More research is required in this area.

Safety Factors

Determination of safety factors (for an allowable stress code) or

resistance factors (for a limit states code) is beyond the scope of
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this paper. However, this is an important area that is recelving

increasing attention.

For a code in a limit states format, it becomes necessary to
determine values of resistance factor that produce designs which
have an acceptable reliability index (or probability of failure).
It may be necessary to have different resistance factors for

bending, tension, compression and instability.

For design using design charts, the resistance factors can elther
be applied to code~specified material properties before design, or
they can be incorporated into the design charts when they are

prepared.

CONCLUSIONS

Pour alternative design methods have been proposed for lumber and
timber members subjected to combined bending and axial loading.
These methods are based on the results of experimental and
analytical studies into the strength of lumber under eccentric

axial loading.

The proposed design methods reflect the behaviour of real materials

more accurately than existing methods. They offer potentlal for
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more efficient and economical design of certain types of timber

structures.

This study has identified many areas with potential for further

research, the most important being the biaxial behaviour of slender

timber members at ultimate loads.
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APPENDIX

INTERACTION BETWEEN X-AXIS AND Y-AXTS BENDING

Short Columms

For a short column of a linear elastic material with no glze
effects over the cross section, it can be shown that the
interaction between x-axis and y~axis bending is the linear

relationship given by equation 12.

Timber columns do not fall directly into this category for two

reasons:

1. At low axial loads (or in axial temsion) load carrying
capacity 1s governed by stresses in the tension zone, where
behaviour is linear elastic but strength is affected by size
effects. Extreme fibre stresses at fallure tend to increase
as the highly stressed proportion of the cross section
decreases.

2. At high axial loads much of the cross gection becomes

“plastic” as ductile compression ylelding occurs.

The effects of this behaviour on the biaxial strength of a short
column have been investigated by calculating axial load — moment

interaction diagrams for the actions at several angles through a
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square cross section, then calculating Mx - Hy interaction diagrams
for various levels of axial load. Calculations were made at 15°
intervals for typical material having axial tension capacity 0.7
times axial compression capacity, and a stress - strain

relationship such as that shown in figure 1.

Figure Al shows the resulting Mx - MY interaction diagram, ignoring
the effects of cross section size effects. The curve for zero
axial load is a straight line between points marked 1.0 on each
axis. As the axial load increases to 0.3Pa, the straight lines
move away from the origin, following the pattern shown in figure 3.
For higher axial loads, the bending moment capacity decreases and
the 1lines become more and more curved. The curves for high axial
loads are very similar to those shown by Chen and Atsuta (1976) for
a rectangular steel cross section assuming fully plastic behaviour.
Note that the interaction diagrams become curved when non—linear
compression behaviour occurs. For lumber which 1s weak in tension
there is no non-linear compression behaviour does not occur until
significant axial loads are applied. On the other hand, small
clear wood specimens which are strong in tension would experience
compression ylelding at zero axial load, producing curved

interaction diagrams at low axial loads.
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Returning to the material that is weak in tenslon, if size effects
over the cross section are introduced, the straight lines for low
axial loads become curved as shown in figure A2. Behaviour for
‘high axial loads is not affected; these curves look slightly
different because the moment value that they have been normalized

to has also changed.

The size effect has been quantified using the following
assumptions: The cross gection consists of a large number of
elements of variable strength. The material is perfectly brittle
guch that fallure of any one element will cause failure of the
cross section. The element strengths can be described by a two-
parameter Weibull distribution with a shape parameter of k3 = 8.0.
This value 1s typical of the test results for uniaxial behaviour

(Buchanan 1984a).

To compare the shapes of the curves in figure A2, they have bheen

non-dimensionalized in figure A3,

Following the work of Chen and Atsuta (1976) the non-linear
interaction formula of equation 18 has been fitted to these curves
(by measuring the radial distances for the 45° loading case). The

resulting values of « have been plotted against axial load in
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figure A4. The dotted curve shows that a reagsonable approximation

to this behaviour can be obtained using

p/P
o = - a
[al] 1.3~ 73t /Fa)

an expression almost identical to that proposed by Chen and Atsuta

for steel members.

For cross sections that are not square, the gtrength model in its
present form can only be uged to calculate actions about principal
axes. However it is expected that the results presented for square

gections will be similar for other rectangular sections.

Long Columns

The behaviour of long columns subjected to axial compression and
biaxial compression is very complex because buckling may take place
about either principal axis, or in torsion, or as a combination of
these. 1In the absence of any studies of this behaviour in timber

members, the results of structural steel research will again be

used.

Referring to figure A4, Chen and Atsuta found that the dotted curve
from equation Al predicted short column behaviour, but that a

straight line was more appropriate for long columns. The straight
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dotted line on figure A4 follows the trend observed for steel, its

formula being
P
{A2] = = 1.3 4 5p-
a

This expression is recommended for use until further research is
performed. It should be noted that this straight line is very
close to the curves, for P/Pa < 0.5, so a simple conservative
approach would be to use equation A2 for both short and long
columns. Note that for axial tension, P should be taken as zero in

either of equations Al or A2.
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LIST OF SYMBOLS

A = area of cross gsection

B » axis intercept for interaction diagram

Cm = equivalent moment factor

a’ = depth of cross section

E = modulus of elasticity

¥ « mpoment magnification factor

Fa = allowable stress in short column

Fb = allowable stress in bending

Fc = axial compression strength as short column
Ft = axial tension strength

kl = Jength effect parameter

L = effective length of member

M = applied moment

My = Jarger end moment

MZ = gmaller end moment

Mc = mid-span moment from transverse loads

Mu = bending moment capacity

L . = moment capacity about x-axis, reduced for

torsional buckling

b3 = applied compression force

Pa = axial compression capacity as short column
Pe = Euler buckling load

P = axial compression capacity of slender column
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S = gection modulus
T = applied tension force
Tu = axial tension capacity
. X = gtrength
= = exponent for non-linear interaction

Subscripts “x" and "y" refer to actions about the x- and y—axes,

respectively.
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Comment on Papers:
'CONFIGURATION FACTORS FOR THE BENDING STRENGTH OF TIMBER'
and
'"NOTES ON SAMPLING FACTORS FOR CHARACTERISTIC VALUES'

by R H LEICESTER

Parts of these two papers are relevant to the topic of in-grade testing.
Equations (4), (7) and (8) in the paper 'Notes on sampling factors for
characteristic values' shows the reqired penalty in characteristic value

due to the fact that the tested samples may be of limited size N,

Furthermore, in the paper 'Configuration factors for the bending

strength of timber', equation (3) together with the data shown in

Figures 4{a) and 5{(a) provide an idea of the effect of bias in testing;
thus for the case of biased testing the basic requirement to estimate

the five percentile is replaced by the necessity to estimate the 0.05 Xpp

percentile. Note that pa 2 1.0.

From the form of equation (8) in the paper 'Notes on sampling factors
for characteristic values' it is seen that for a given penalty in
characteristic value due to limited sample size we have roughly Np =
constant, i.e. Nag, = constant. Hence, as an example, if ags = 2, the
required sample size in biased testing is reduced by a factor of 2
relative to that required for unbiased testing (for a given acceptable

penalty).
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a2 hetercgeneous material cgontaining dispersed defects. As a
resuit, the measurad bending strengih of timber depends on many test
factﬁrs sneh as thoe length of the bear, the wmethod of loading, and any
bias usod in gelecting the test beam, The Influence of therce various .
factors are described in terms of two ‘configuration' factors. The paper
uses simpie statistical concepts Logetber with an examination of

characteristics measured by direct test to nrovide an insight into these

Factors., It is cencluded that the broad features of configuration
fectors are adeguately described by simple statistical nodels, but that

mare sophisticated models ave desirable for practical purps

NTRODUCTICN

Timber is 2 heterogencous material whose bohdinv atrength verlies not
anly from stick to stick but also along each stick. As a result, the
statistical distribuetion of bending strength of & given population of
timber will depend not only on the properties of the parent population,

but also ¢in the manner in which it is samnliced and tested.

.

tn the following, toeme of the factors that affect the measured bending

strenrih are discussed in terms of simple statistical models. Further



insights are obtained through consideration of expecvimental data

obtained in a limited set of pilot studies.

DEFIRITTON OF CONFIGURATION FACTORS

Two types of conflguvation factors will be wvsed. They will be denoted by
the syubols ‘e' aad *B'. The definitions of these factors arc
illustrated in Fleure 1, which shows the cumulative distribution

o

fungtions n. and v, of the stransthe A apd B I fermni terms, the
A i “

confipuration factors ave defined by

apal(x) = In[i-pg{n) 1/ Inl1-pg )] ' Y
Bap (%) = xa(p)/x3(p) Y

where xp (p) and xB(p) denote the magnitudes of the p-percentiles of A

and B respectively.

1t is of interest to nhote that for small values of pA(x) and pR{x},

egquation (1) may bs written
apa{x) = pp(x)/pyix) cee (3)

It can be shown that if both A and § are Weibull distributions having
the same cogfficient of varlation V, then both apalx) and f,p(x) are

constants with the following values,

AR = oY
Bap = A/D = ap,

where A and B denolte mean values of A and B respectively.

It ig to be noted that fur the case A > B it follows that Opp > 1 and
BAB > 1, It should also be noted that from the definitions of « and B it
follows that for the case of three strength distributions A, B and C tane

relationship between configuration factors is

%ca ¥ cn 9pp ... (5a)
Bar = Bar Ppe oL (5h)

CONTIGURATION RACTORS FOR TIHE DBONDING STRENGTH CF TIMBER
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Both the cenfiguvation factors ¢ and 8 are of practic
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facter S et the {ive percentliie level is used in desi
the a2ffects of verious parameters on the characteristic strength. The
configuration factor o is of value for proof grading and in-grads
testing cpecifications. For example, the Lesi conditions for in-grade
testing may bhe chosen so as to preduce a bisse strength that is Jower
than the target in-situ etrength; as & result the Five percentile in-
situ strength will correspond to the 0.05a percentile value cf the tezst
strepgth, ano since ¢ > 1 the 0,0ba percentile value can be estimated
with & greater eccuracy than the five percentile valus for a given

sample size.

In“tie interpretation of test data, one of the most important factors to
censider is the effect of leading configuration. It is shown in the
Appendix ihat for the case of symmetrically loaded beams as shown in
Figure 2, a mediflication of the conventional Weibull theory of streungth

leads to

(L + (Kg/Vp}1P/[Ly + (Ky/V0)1? (©)

Bap = [y + (Kg/Vo)1PV/[L, + (Ky/ve)1oY

in which the dimensions L and K are the total and mid-spen lengths as
shown in Figure 2, and r is the coerrelation coefficient for matched
pairs of timber beems, each pair being cut from the same stick of

timber,

For the case of v=1, equations (8)-(8) lead to aBA*l'O and 5AB"1'0; For
the case of r-+0, eguations (6}-({8) lead to the solution given by the

5

convenlional Weibull theory of strengih®,

COVIGURATION VACTORS POR THE RERDING STRERGTH OF TIMBER
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SNTAL DATA

The data to be presented are from tests on 45 x 100 msm scasoned radiota

pine (Pinug iuxdiata) and on 46 x 90 mm unseasoned messmate (Bucalyplus

obliqua). The test beams were cut from sticks thal were 4.3 metres long
and had being graded according to the Australian standards®,4 AS 1400~
1872 and AS 208a-31077 pespectively. The radiate pine was a knotty
malerial cowprising a mixtuve of the ¥7 and F§ stress grades desérihed
in AS 1490, the F7 stress grade being a nominal 38 percent structural
gradé with an sllowable centre face knot size equal to half the face

width. The messmate was gensrally clear materizl. comprising the

jony

structural grades Nes.1l and 2 described in AS 2082, the Ne.2 grade being

a neminal 6C percent grade.

Test Method

Roughly 00 sticks of each species were selected. These were divided
into four similar groups labelled I, II, 1I! and IV. Each stick was cﬁt
in hal?, and from the centre of each half a beaw of length 20D was cot,
whers I denotes the fage width of the timber and the depth of the beans,

Tihe beams were tested over & span of 18D to measure their bending

Beams cut from the sticks in groups I and II were tested ip third point
loading, i.e¢. K/L = 1/3 according to Figure 2, and beams cut from the
sticks in grouns III and 1V were tested with centre point loading, i.e.

K =0,

For beams cul from the sticks in groups 1 and 111, the edge placed in
tensicn was chosen to correspond to the edge along which the grade
controlling defect was located., For beams cut from the sticks in groups
11 and IV thes edge placed in compression was chosen to correspond te the

edge along which the grade controlling defect was located.

Effect of ,ondjﬁg_Conﬁiguration

rigure 3 shows {he neasured configuration factors for the two types of

COHPIGURATICN PACTORS FOR THE DENDING STRERGTI OF TINBER
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ioading applied. The populatiocn A is taken to be bending strength of the

200 heams with

—

centrepeliot loading cut from sticks in groups III and IV,
and configuration B is taken to be the banding strength of the 200 beame

with third point loading cut from the sticke in the groups 1 and 1.

By comparing the strenpgths of the pairs of besms cut from the same
sticks In groups T and T1 it was found that for the radista pine a
suitable choice of statistical paraveters was V = 0.35 and o = 0.3. From

equations (6} &nd (7) thig Jeads to the predicted confligureticn factors

tpy = 1.98 and Bap = 1.26. Similarly for messmate it was found that V
5 = 1,16,

AL

fan]

oL
-

G.1% and r = 0.5 which lead to Apy = 2,73 anc
It is seen that the estimates of configuration factors based on
equations {8) and {7) are reascnsbly good for average conditiens hut do
not £1% well for the lower percentile values that are of considcerable
practical Interest. One reasen for this ceuld be that ths
characteristics of the lowar tails are determined by discrete defectls,

whereas the theory is basod on the assamption of continuously varying

(<)

trength.

Effect of Testing Bias

Two types of testing bias are frequently introduced into in-grade tests.
The first Is te to placs the assessed weskest defect at the point of
maximum moment. This is equivalent to stressing most of the stick to the
maximum momeatl, an effect which can be vredicted by use of ‘¢quations (8}
and (7). To check the ability of the equations to predict this tvpe of '
effect, the effect of doubling the loading lenpth was examined and the

results are shown in Figure 4.

In Figure 4 the popuialion A is taken te ba the strength of all beams
from groups T and 1), end population B 1s taken to be the strength of
the weakest beam from cech stick. From equations (6) and (%) and the
paramelers V oand r previously mentioned the expected configuration
factors are Gpa = 1.93, Bap # 1.26 for radiata pine and Gpa = 1.83, Bup
= 1.08 for passmate. Apain 1t is to be neted that the simple model fits

the dats well in broad terms, hut noet in detail.

COMFIGURATION FACTORS FOR THE BENDING STRENGTH CF TIMBLR
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In addition to sclecting the weakest defect, a further bias is somelimes
introduced inte testing. This s to deliberately wlace the worst defect
on the tension edge in a strength test, The effect of this additional
bias is illustrated by the test dats shown in Pigure 5. Here the
popuiztion A is taken to be made up of the strength of the weakest bean
in each stick of groups I and Ii, and population B is taken to be the

strength of the weakest beswm in eash stick of group T only.

i¢ should be noted that the assumptien of cohtaining a higher Fallure
rate if the worst defect is alwavs placed in the tension edge would be

that the configuration factor ap, is bounded by 1 < a € 2,

Effect of Suick Length
The effect of doubling the length of stick that ls graded is sinulated
in Figure 6. Here the population A represents the strength of all beans
from the sticks in groups ¥ and 11 and populiation B represents the
strength oniy of the beams located in the half of fhe stick that

contains the grade controlling defect.

It is reasqnable to assune that the weakest bzams in A and B are in fact
the same ones and accordingly since there are twice as many beams in
population A as compared with B then the value of ®pa should tend te the
value of 2.0 for small percentiles. This ls in line with the graphs in

Figure 6a. -

CONCLUDING DISCUSSION

Sonme insight into the gonfiguration factors associated with the
meacurement of bending strength has been obtained through examinatlon of
the test data given in Fipgures 3-6 and the application of simple
statistical 'concepts such as the use of equations {8) and (7) which were
developed to precdict the effect of the loading configuration. These
studies Indicate that confipuration {actors cncountered in typical
practical situations ave sufficiently large that they should not be
ignored; the varleus factors studied can be cumulative in the manner

indicated by cquations (Ba) and (5bh).

CONPIGURATION PACTORS POR THE BENDIRG STRENGTH OF TINBER
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Although the effectiveness of the test data clied s limited by the

il elze of the sawples used, they are suflicient to demponstrate that
while the simple ctatistlical models vsed are adecuate to describe the
brosd Featcures of conCiguratlion fagtors, they are not accuraie epough to

yediot the magnitudes of the low percentilzs with an agcuracy
: f )

Gufficiont for vpractionl apnlications. This applies partivularly to the
k i I

.accuracy of the relaticnship between “an sng ﬁAE givern in eguation {4).

It is apparent then, thut to make further prosraess it will be necessary

[

to vest larger samplee of timber and also 10 developn ¢ atistical models
of strength that can describe the characteristles of timber that

containy dispersed isolated defects.
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LPPERDIX

DERIVATION 0OF FACTORS FOR LOADING CONFIGURATIONS

For a Welbull distribution of the random varial:le A, the cumulative

digstribution function pp(x) may be written?

bA(%) = 1 - exp (6(x/A)")

(A1)
where o = P70 [1 + (1/m)], and to a goad approximation
1ty
pow yoi-09 (A2
For a rough approximation eqguation (A2) may be written
moE 1/V ' .. {A3)

where V ois the coefficient of variation of A.

In terms of this approximation for the parameter m, the configuration

or

L al

ars derivaed by Bohannon® for beams loaded as shown in Figure 2 are

given by

A Vory . (v v
An examination of the derivation of equation (Ad4) veveals that it is
bagzd on the assumption that the strengths of timber between any two
peints within a stick are uncorrelated. Tt can be shown that, if there

is gsome degree of correlation, then equation (A4) sheuld be replaced by

CONFIGURATION YACTORS FOR THE BENDING STRENGTH O TIMBER
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. v
, - . . W A ST
Bap = &8 = Ly (Ky/V )T T/ Ly (/0] (A5)

wWhere Vw is the within-stick ceoefficient of variation.

To derive Vw' the strengiths of two beams cut from the same stick wiil be
considered., These sirengihs will be donoted by Al and A, and will be
*a
writien in the form
= A A {56
A] ."SO rl"u’\',l . {”6;
E Y coe (AT
Ag AC “W ( f,}
where A, and A, represent the components of strength that vary wiihin
wl i ! >

a& atick, and Ay is the component of strength that varies Trom stick to
stick., The randon varisbles Ao' Awi and Aw? are assumed Lo be
uncorrelatod,

Taking the natnral logarithms of Ay and A, eguations (A6) and (A7) lead

Lo

rn .- 3 Yy
Ty = %% * T . (A8)
Ty = Ty + Tn (h6)

where the legarithms of A are denoted by 1. From Equations (A8} and (AG)

it follows that

) + Vaf(T2} - 2':']'\1'}2 {VHI‘(T

<
I
[
—
3
[
-
jae)
o
"
<
Q‘\
=
—
[,
<
o
-5
—
=2
y
—

ang

<

&

._s
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variTyy ~Tyz)

S = oyar{? +ovar(T,,) caa (A13)

wl}

where var{ ) denctes the variance and rqq. is the correlation

cocf{icient between Tl and T2~

"
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Introducing the following aepproximations

var(T}} = var(T,) = V©

o
ar{T = 2 4 R Y
VAl\lwl) var(Fwa) S

Pogpp 5 Tatan © T

inte equatiens {a10) and {A1Z) leads to
ve = v2(1-1)

W

Substitution of {ALS) into (AS) leads vo equation (7). Use of

{A12)
Lo (AT
... TAT4)
.. (A13)

the

approxination BAB o agA from equation {4) then leads to eguation {6).

CONFIGURATION FACTORS FOR THE BENDIRG STRERGTH OF TINBER



']0 O 1.0

-~ . -~

',a’/ - '{w‘
g/ /,/ A 8, A

/ X & /r / X
S .8 P S 2 AR .Y
J/ s, S Y i

3 ' ! /.- o £ ia/

X Strengti XX Strengii

§
t
[po]

(¢} Focior oCBA (b} Factor ;Bma

Figure 1. Illustiration of ithe definitions of the
configuration factors a and £

g o ™ T TEmanAs e "wm“! _'I-..__Ji‘ o
L o N
lﬂ

PRI P ]

N K N

Filoure 2, HNotation for loading method

.....

CONFIGURATION FACTORS FOR THE BENDING STRENGTH OF TIMiks



5 - ) 7
F perimant
SRS S rodiate. pine o -
};J 0 ' messmabe 0,
Y BN S A
. Ftitd Aetmh SNE Kesan waerne aody ”i\:ff“ ».«':..}. et danas
g 0
LI
o A i
ol T . .
i : - ragiota pine
ww ESSIMOTE
G et et e e - e J—
0 05 10

] i + r.}
Percantite  p,

{a) Factor oL oA

Figure 3,
Configuration A:
Configuraticn B:

12

Configuration factors for loading method
centre

third peint laoding

?) f sk skttt S
L} QII
[Experiment
@ ragiia pine
« O_messmate |
[2a]
2 - S ‘“:“5"38%¢:f;~v<)«w'3£'~w:*m«---= a
5 AN
-t:“ ..,..wgs,..{},..m....mm.m,._w..mm
=] Jo [ 0
th o Yo o
o
CE Theory I
I+ . .
- - adiata pine
e Messmate
0 : -
N - 05 10
. Percentite 0,

(0) Factor c{BA

Flgure 4.
Configuration A:
Configuration B:

CORFIGURATION FACTORS FOR THE

Percentile F

(b) Facto

" Pae

Configuration factors for effect of loaded length

loaded length = L

loaded length = 2L

BENDING STRENGTH OF

TIMEER

15 l
10+
[Experiment
e radiofa pine
O messmate
05t i
Theory
~nrodiata pine
-= egsmate
0 - ;
0 0s -0
Percentile P,
(b} Factor ﬁ)AB
noint loading
i5r - i
e 3 ‘ﬂ T """"“" 5
.@'\,-V Rt 0@7@@*“ x}djv\v \,?_@ﬂx-é‘ 3
,"‘Jl‘xm Ty
oL NSRS g i S
Experiment
e radiata pine
P .
05 0_messmate N
Theory
- Pciata pine
aew MESSMO TR
0 b 1
0 0-S 10



4 ]
e ; T :
Lxperiment ;
& radiaia pingd
T
@ 1o _messmate J
¥
[
o
2
vt
3
Ll
o)
« i .
& 0 Ogy
!

[

0 05

Percentite

oL

{ [‘\JLT()f

Figure 5.
Configurstion
Configuration

. E U

1-0

B.b\

Configuration factors for
prading
grading

A
B

LE V)

A

i Expected

tail value
@
L)

o

&
Ty €

0, €
“yn @ o B

lfxnnr;

—
B

onfig. Facter ol

m

L .
le rodiata pine
L_messiat
0 -
9 05

Percentite p,

{a) Factor £

Figure §,

Configuration

CORFTGURATION FACTORS FOR

Expeci‘ecpm
taill vaiue

BA

Configuration factors for
Contipuration A:

51

B

THE

¢ls
stick

BENDIRG

i3

L

eyl

o2

AL

acter

ch

o

de

Fi

(o9

the

STRE

nffcet of

[
i L)

messmate

fect
cfent on random edge

15

y@-

”
i
{\1

Percentiie N

by Faclor

o3
/L "'\AB

cdye bies

adge

on tension

fength is half

org

E)’p? im /
fait voiue

e s e e s e

[ KPLI lﬁ—\’lu

o radiato pine
+

0 messmate

1

e b i it s o B e i ek i e e e e e

05
S arcart
FPercentile P

(b} Factor [_’)ﬂ

of stick length
Full =tick
atink

OF Fi

1Y

0



CIB-W18/18-6-3

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 - TIMBER STRUCTURES

NOTES ON SAMPLING FACTORS FOR CHARACTERISTIC VALUES

by

R H Leicester
CSIRO
Division of Building Research
Australia

MEETING EIGHTEEN
BEIT OREN
ISRAEL
JUNE 1985



105/87 - 102RHL.2

NCTES ON SAMPLING FACTORS FOR CHARACTERISTIC VALUES

by
R H LEICESTER
CSIRO Division of Building Research

{March, 1985)

1. SMALL SAMPLES (N € 10)

Rk = Rpin/LF {1
Ry = reguired characteristic value
Rpin = minimum value in a sample of N structural elements

LF = load factor

Load factor is derived from

Ly - {1n (1-confidence) 1}V (2)

{N 1In (i-percentile)]}

where V is the estimated coefficient of variation of the structural

elements,

For a characteristic that is a five percentile value estimated with a 75

per cent confidence, eguation (2) leads to

LF = [27/N]V {3)



[y

{Note: Equations (2) and (3) arc essentially exact for all N {i.e. from
N=1 to N=«) for Weibull distributions of strength, and are

conservative for other practical distributions of strength},
[Note: This formulation is useful for applicaticn in a prototype

testing situation where only a few structures or structural

clowents, sumelimes ‘only one, may be tested],

2. LARGE SAMPLES (N > 30}

2.1 Simple Formulation {5 percentile, 75% confidence)

Rank the data and measure off Ri(est) the data value of the five H
bercentile. Compute Veam, the coefficient of variatien of the sample.

Hence compute

Rk = Ri(est) [1 ~ 2.7 Vgap/(N)%] (4)

where Rk Is the five percentile value estimated with 75 per cent

confidence.

[Note: Ecuation {4} is exact for Weibuil distributions and conservative

for other practical distributions of strength],

2.2 Complex formulation {5 percentile, 75% confidence)

In addition to Rk(est) and Vgam, this formulation requires the

pel

s



computation of R, the mean value of R and Kikew. the coefficient of

skewness. From these compute R as follows,

V0 = (Kskew + 0.95)/3 (5)
GO = ﬁ{l - Vsam/vo) (6)
Rk = 0o + (Rk(est) - 0o) [1 - 2.7 Vo/(M)¥%) (7)

Here again Ry is the five percentile estimated with 75 per cent

confidence.

[Note: Eguation (7) is essentially exact i.e. within 5%, for all

practical distributions of strength].

2.3 Formulastion fer the general case (p-th percentile, 75% confidence)

If we wish to estimate the p-th percentile with 75% confidence, then the
constant 2.7 in equations (4) and (7) are replaced by O.G/pE, for

example equation {4) becomes

Rie = Rp(est) [1 - 0.6 Vgan/(Np)¥] (8)

where Rk{est) nere denotes the data value of the p-th percentile.

[Note. Equations (4) and (7) may be extended for other levels of

confidence].
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ABSTRACT

Size effects in timber have been included in the design proccess for some of
itq minor strength properties {shear, tension porn ) .Thisg paper demo ates
that size effects should also be COﬁSldeYUd when d531gn1n with its major

properties (tension, bending and compression).

Using a modification to the weakest link theory, reflecting the anisotrapic
nature of timber, good agreement have been obtained between tests and the
theory. The theory enables us to compare tests with different spans. and/or

load conflgu1atlon with an understan dlng not pr vicusly possible,

‘Results from several large testing progwams have becen used to quantify some of

the necessary size effect parameters. A simple design method for bending MEmRers,
taking length effects and load configuration effects into account, has been

proposed.

Information for tension members is less comprehensive ; nevertheless a tentative

suggestion fox the design of those members have been included.
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BIZE EFFECTS IN TIMBER EAFLAINED

BY A

rmn e win

MODIFIED WEAKEST LINK THEORY

T INTRODUCTION

FASLURE MODES .

Wood stressed in tension generally follows a linear elastic stress-strain
relationsbip, and faills with a sudden hrittle fracture.In compression, on
the other hand, wood exhibits non-linear behavicur with a large amcunt of

ductile yielding. This behaviour is illustrated in Fig. 1.

In pkending, behaviour can be predicted from the tension and compression pro-
perties, but the failure mcde depends on the relative values of tension and

compression strenghts,

For this reason the failure mode for lumber in bending is very different from
the failure mode of wood. {In this paper a.destinction is made between "wood"
iq the sense of clear defect-free wood and "lunber" or "timber"” which contains
natural growth .characteristics such as knots). Straight grained wood is
strdnger in tension than in compression so failure in bending occurs in the
compression zone vhere small visible wrinkles develop prior to final failure.
This leads to 2 somewhat ductile behaviour. Lumber on the other hand often
containg knots in the tension éone making it much weaker in tensien than in
compression. This causes the failure to occur in the tension zone (with a
brittle fracture} before any ductile compression yielding develops. The failure
initjation often cceurs where the fibres adjécent te knots are at an angle to
the edges 6f the board, in which case a combination of localized tension per-
pendicular to the grain stresses and shear stresses causes crack growth re-

sulting in sudden failure,



IN-GRADE TESTING

The strength properﬁieé for lumber and timber have traditionally been derived
from tests of small clear defect fres wood specimens of the species in question.
These test values have then been corrected for meisture content, duration of
load; and other effeét& to chtain allowable stresses to he uﬁed for structural

design purposes.

Because the failure modes for woed and lumber are very different} the use of

tﬁe small clear specimen approacH as the hasig for design stressas ls slowly
being abandoned in favour of the more realistic "In-Grade testing" apﬁgoachi
Here large répresentatiye samples of full size specimens of lumber are tesﬁed
-to a predetermined proof loéd level which will break 10 to 15% of the sample,
allowing the shape of the'léwer tail of the strength distribution to be
established in an economical manner. The lower tail of the distributidn can be
used to éalculate a suitable characteristic value for design'purposes. The major
Canadian commercial.species, grades and sizes have been tested in this manner
and strength values for bending and tension are now incorporated inté

C3a-086-84,

- SIZE EFFECTS

An important finding ffom the In-Grade testing program was that deeb bending |
members and wide tension members have less strength than their smalier .
counterparxts of the same species and grade. The strength differences due to

size were found to be up to 50%, so size effecf factors had to be.incorporated

into the C5a-086~84 cede reflecting the experimental observations.

These size effects are related to the brittle fractures which occur when lumber

fails in a tension zone.

The tension members were all tested at a constant length of 3.0 m so the size

effects result from varying the width of the menbers.

The hending members were all tested at & constant span to depth ratio of 17:1,
80 the strength differences may be the result of varying beam depth, or length

or bhoth.

kA



The sxistance of a size effect associated with brittle fracture in wood
beams has been reported earlier by Bohannan (1866) Qho conducted tests with
laminated wood beams. His findings were incorporated in the design procedure
for laminafed beams in the United States bﬁt‘were not adopted in Canada. ¥Fox
lumber a depth effect was recognized to the extent that the design values
for 38 x 89 mm material were slightly higher than for deeper members of the

game species and grades.

OTHER WEAKEST LINK FEPFECTS

The brittle naturs of failure in lumber, associated with the weakest link
concept, suggests that in addition to depth effect, the strength of luvmber
should depend on the length of the member, the load configuration, and the

type of loading, These subjects will be addressed in this paper.
The weakest link concept has previously been incorporated in CSA~086-84 for
checking tension perpendicular to the grain stresses in tavered ~glulam

beams and also for checking shear stresses in very large glulam beams.

UMMARY

jtn

Since brittle fracture hehaviour apparently governs the strength of Ilumber
it is important to understand the phenomena so it can be incorporated

‘properly in the design process.

This paper presents a review of brittle fracture theory and describes testing
programs conducted in an attempt to guantify the magnitude of the different
weakest lirk effects. The data are compared with theory and suggestions are

rade for incorporating these effects into the design procedure for Jumber,



HISTORICAL DEVELOPMENT

Conventional brittle fracture theory {or "statistical strength theory") ﬁas
been developed ¢n the basis of the weakest link concept first proposed by
Pierce (1926) who studied cotton varns and Tucker (1827) who studied concrate,
Major developments of the theory were made by Weibull (1939 a,b) who

verified his results with tests on many different brittle materials, but
.apparently not wood. Weibuli showed how the strength of a weakest l;nk"system
can be explained by a cumulative distribuition éf the exponeniial type, and how
the strength depends on the volume of the test specimen for uniform or varying

distributicns of stress within the specimen.

Johnson (1§53)‘improved the theoretical basis for Weibull's theory, redognizing
that the exponential type of distribution proposed by Weibull is the ap-

" propriate extreme value distribution for the weakest element in a member.

BRITTLE AND DUCITLE BEHAVIOUR

Most ma&erials can be classified as being éither "bhrittle or "ductile", de-
pending on the type of failure that they exhibit. Brittle materials fail very
suddenly, without warning signs such as large increases in deflections., Glass
and ceramics are typical brittle materials. Ductile materials (including many
metals and plastics) fail in a more gradual manner with a large amount of

vielding befeore final failure,

To further examine the difference between brittle and ductile materials, it
is useful to consider a member which conceptually consists of a large number
of small elements. The strength of the individual elements varies according

" to a strength distribution.

If the member is subjected to a uniform stress (as occurs in, for instance,
3

tension members) and the stress is increased gradually, failure of any one



of The elements will cause a redistribution of stresses within the menmber.
T the member is made of britile material and the failed element loses |
all of its strength suddenly, there will be an instantanecous increase

in stresses in the adjacent elements. There may also be further sitress
increases due to developing stress concentrations in the vicinity of the
failed element, These stress increases maké it highly probakle that the
strength of adjacent elements will be oxceeded in which case the fracturs
‘wili prepagate suddenly through the mewmber, causing immediate and total
fallure. A material of this tfpe is called "peyfectlyAbrittle" matesial and
its strength is governed by the strength of its weakest alement.

In a ductile material, on the other hand, an element will yield and still
carry a portion of the load so there is no sudden increase in. the stres

In the adjacent elements. "perfectly ductile™ material has unlimited

capacity to undergo deformations after the maximum strength has been reached.

‘Host real materials exhibit behaviour somewhere hetween the two extroemes of
perfectly brittle and perfectly ductile behaviour, LLwhor is interesting
because it is somewhat ductile in compr8391on wiile it has a brittle behavicur
“in tension, This behaviour is illustrated by the typibal_stress strain curves

for lumber shown in rFig. 1. .
The eguations used in this paper will be based on an assumption of perfectly
brittle bahaviour. The mathemaflcal theory feor this behaviour is described

in Appendix A.

MANIFESTATIONS OF BRITTLE FRACTURE:PHLNOM TNON

The brittle fracture phenomenon affects material .strength in several different
ways. The most important ones are :

-

i. Large members tend to fail at lower stresses than smaller members loaded

in a similar manner.

2. Por members of a given size, failtre stresses decrease as the highly

stregses portien of the member increases.



3, Failure stresses depend upon tha nature of the applied loading (load

control vs deformation controll.

4, The above effects are greatest for materials with a large amount of

variability in-strength,

Ttems 1,2 and 4 above are size effects which will be diséussgd furtner in
this paper. Item 3 has been described-by ﬂadsen and Mindess (1984}, who
demonstrated that lumber in bending Ls apparently weaker when subjected to a
load controlled bending fegime than a deformation controlled loading

regime, 1t was obsecved that the strength difference between the two loading
-lregimes was large (ébout 30%) at the weak end of the strength AistributTon
vhere brittle fracture modes predominate but that the strength difference
disappeared at'the strong end of the distributiéﬁ where more ductile

compression failure occur.

APPLICATION OF BRITTLE FRACTURE THEORY TO WOOD

The first study in which the Weilbull brittle fracture theory was applied to
wood was reported on by Beohannan (1966). He>studied clear wood beqms and

“found that for geomsatrically similér beams the strength was proportional to the
depth of the begam to the power 1/9, this being the result of a depth effect and a
length effeét of a similar magnitude. He found that strength was not affected

by beam breadth.

Barrett (1974) used the weazkest link thecry in tension perpendicular to

grain studies which were subsequently used to explain cracking phencmenorn
vhich occurred in pitched cambered beams and a design ﬁethod baged upon

that work is includeq in CSA-086.

Feschi and-Baxrett {197%) also applied the weskest iink theory to the shear
strength.of glulam beams and developed a design formula which wasrincorporatéd

into csa-08&86.

Buchanan (1983) used brittle fracture theory to relate the strength of wood

in bending to the strength in axial tension. For clear wood he found that the



effect of varying length was approximately the same for the two testing nodes
hut that the effect of varying depth was much greater for tension members

than for bending members.

BRITTLE FPRACLURY, THEORY MODIFIED FOR TIMBER

™n the above mentioned studies it was assumed tha® wood could be regarded &s
"perfectly brittle" material and that the weakest link theory could be
applied in its simple two-parameter fori.

Some modifications o the theory is neccssary to allew for different magni-

tudes of size effects with length, depth end breadth,.

it is even more Adifficult to apply brittle fracture theory to lumber, because
Lumber tends to have a small number of large defects compared to wood with

a large number of ‘small defects.

Results of lusber testing show size effects of different magnitudes in banding
and in tension. Size effects are also cobserved in axial coupressicn, ever
though conpression failures are relatively ductile. These effects are lesso

in compression than in axial tension or bending but they are still signi-

ficant.

As with othex méterials, gsize effects in lumber are related to variability in
strengthproperties within each nenber., For more homogeneous materials such
as cement, metals or even concrete, the variability in material properties
tends to be the same in all directions within a member and between menbers,.
The size effects can therefore be quantified with a single size effect

- parameter, ' -

However lumber ils very different because it is anisotkopic. A failure in the
clear wood portion would be governed by a flaw (weakest link) on the
microscopic level. It may be a weak cell wall or a deflective connection
between calls. Superimposed on that system of flaws are the effects of the
grain deviations avound knots. They represent a set of flaws on the ma-

croscopic level.



While it may be reasonable o assume that the flaws on the microscopic level
are randomely disﬁributed throughout the volume of a member, the flaws on
the macroscopic level have a distributiaon along the length of the member
which 1s different from its distribution within a cross section. Further-
more, the effects of the flaws are different depending upbn the direction

of the stresses. For these reasons it is advantageous to use a number of
differvent parametérs to quantify the different size effects, at least

initially.

BROLheL asgumpti@n comuonly used by oibers, and followed in £nig papexr is
that the lowar bound for tﬁe strength of a flaw is zero. This leads‘éé-the
two~parameter Weibull distxibution formulation. This assumption implies
zero strength for infinite size which may be appropriate for the lower
grades of lumber but may well be unreasonable for the highest grades. The
assunption is, if anything, conserxvative and is considered to be reasonable
%Eovided that the theory is not extrapolated far beyond the range of the

est data.

STLE BYFECTS

The size effects to be considered in this study are described below. The
formulae shown for quantifying the effects have been developed in Appendix A
using the weakest link theory with the assumption of zero strength for

infinite size.

aj Length effect

The term length effect refers to the phencmenon that when boards of
different lengths are tested under similar loading condition, long
boards tend to be weaker than shorter boards., Using brittle gracture theory

this phenomenon can be described by :

X L 1/k
Loy Tt (1)
x L. .

2 1
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where Xy and X, are the strength of menbers of length L1 and L2

respecitively, k1 ie the length effect parameter. The change in strength

for doubling the length can be obtained by setting L2/L1 = 0,5, The

resulting expreséion has been plotted in Fig. 2. Here the ordinate

is the remaining strength in a piecz of length 2L ag a proportion of

a prece of length L. The abscesia is the ki value as well as the cosf-
lficient of variation (c.v) for a two paramcter WGibull distribution. If

ki is greater than 10 {c.v = 12} the strength is only reduced élightly;

However, as k, becomes smaller (c.v lawger) the effect of doubling length

Jo

" hecomes severe and for kl = 2,5 (c.v = 0.42) only 75% of the strength

remains.
The parameter kl,tends to have similar values in bending andltension. Axial
compression tests do not generally result in brittle frecture buvt the
weakest link desgcriptioen can nevertheless be applied because the fzilure
still oceurs in the weakest cross section, The length effect factor k

1
will have quite different values in tension and compression.

LY Load Configuration Effect

The "load configuration effect” describes the phenomena that the strength
0f a bending member depends on the proportion of the wembers length

subjectod to high stresses,

For example, a single concentrated load gives higher failure stress than

twe concentrated loads spread apart,

The load configuration effect can be guantified by converting the specific

type of loading to an equivalent length and inserting in (1), The

fermula developed in Appendix 2 is : o
. 1+ 2k,
A F (2)
€ 1 + ki

i

where L, is the eguivalent length and a is the distence between two

concentrated loads. Determination of the value. of ki is covered later

in this paper,
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Depth Effect
The term "depth effcct" is used where beams of the same length but
different beam depths show different strengths. The formula derived

from hrittle fracture theory is :

x2 di

where * and xz.are failure stz;sses of menbers of depth 61 anc'i‘g"..’2
respectively. k7 is the depth effect parameter and it canrot be assumed
that it has the same value as kl' Determination of the value of k2 is”
covered later in this paper. .

Stress Discribution Effect

The "stress distribution effect" describes the phenomenon that sgtrength
depends on the distribution of stresses at a cross section. For example,
the failure stress in bending is usually much higher than the failure

stress in axial tension. In a beam it is only the outer fibres which

“are subjected to high stresses and the probability of a flaw geouring

here is less than had the whole cross section been subjected to the same

-

high stress. Again using brittle fracture thecry the failure stress in
the extreme tension fibre fm can be related to the failure stress in an

axial tension test ft by :

1+ k3.1/k3

fm = (‘“‘"C -) ft- (4)

where ¢ is the neutral axis location (as a péoportion ofl the beam depth,
measured from the tension face), and k3 is the stress-distribution para-
meter. In theory the vélue ol k3 should be the same as k
these two parameters may be different.. -

5 but in practice
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Foxr the cowmon case of bending with the neutral exis ab mid-depth,
equation {4) bescomes :

, 17k
fm = 2 (i + k3} £ Fb)

and fm is now the modulus of rupture,

To obtain fm from ft or vise verga, the value of k3 would obvicusly

be needed. In practice however, the values of fm_and ft are each obtained
independently, so the value of k3 can be calculated from them, hut it

is not normally reguired in design.

Breadth Effect

‘

The brittle fracture theory suggests that failure stress should decrease

with an increase of the hreadth of thée menber. The formula would bz

X Dy Uk,
== (3“ : (6)
- 2 st

vhere xl and x2 are the fallure stresses of members of breadth b] and b

respectively. k, is the breadth effect parameter.

4

However the experimental work of Bohannan (1966) could not verify the

existence of & breadth effect. Tests by Madsen and Stinson (1982) =showed
that for beams with the same depth, but of varying breadth. and tested
aver the same span the strength increased as the breadth was increased.
This is cpposite to the predictions of the brittle fracture thecry. A
satisfactory explanation for this anomgly has not been found hut it
could, in part, be associated with the grading rules. The breadth effeét

is not considered further in this paper,

Length effect for Members in Series

All of the discussion of size effects, to this point, has been concerned

with strength of populations of single members, These size effects have
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occured as @ result of the variability in the strength of the constituent

elenents within each member.

For certain structural elements (bottom chords of long span trusses
for example) several members are connected in series. A length effect
will be present here too, this time, as a rasult of the variability in

strength hetween boards.

This multiple-momber lencth effect can be‘quantified as before, re-
arranging egquation 1 to give : .

w /% ‘ ‘ o

R = (7)

n
where Rn is the reduction factor for n members in series and kS is
the multiple member perameter, The value of k, can be chtained from the

5
coefficient of variation (c.v) of test results using :

ke = €.V ~1.22 ; (&)
3 .
The forﬁﬁlation assumes that the-distribution of member strength can
accurately he nodelled by a two-paramcter Welbull distribution. If a
three-parameter distribution is more appropriate, equation 7 and 8 will
be conservative and a more accurate expression is

i

- /k . .
R = a+ {1 - an 5 ) {9)

I
where kS is the shape parameter of the three-parameter Weibull of member
-strength, and “a" is the location parameter expressed as a ratio of the

strength at the quantile of interest, g.

o
o
a = % +m ( -&n (1 - g ).) , (10)

Xo and m are the location and scale parameters, respectively, of the

distribution,
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g) Rifecte of Crading Rules

When investigating size effects in graded lumber, it is very difficult

to seperate the effcct of member size from the effect of grading rules.

Consider for example the effect of member depth. Some defects are
limited to a certain size, independent of membexr depth, while others
are permitted to be a certain percentage of the depth, so strenﬁth
differences between different sizes can be affected by the way in
which grading rules control such defects.

4 similar problem exists with member length. When lumber of a o
certain grade is_cut into short pieces to invéstigate length effects,
many of the short pieces become of a higher grade than the original
pilece because there may be only one limitirg defect in a givén long
board. Conversely, if a defect (such as wane) is limited to some
-percentage of  the member length, then cutting into smaller lengths
may down~grade a board. For these‘reasons, investigations into size
effects using commerciapl Jumber must be reported and interpreted
carefully. In cases where the size effect is found to be independent
of strength, the same size effect factor can of coursec be applied

to all the grades. In cases where the size effect factor appears

to be strength dependent, a different appropriate value of k could be
chosen for each grade using the appfopriate characteristic strength

of the grade.

SUMMARY

To this point, the paper has reviewed thelcénventional size effect theory
for perfectly brittle materials. The thecry has been modified and improved
for applicaticon to lumber, with size effects in different directions
recelving seperate consideration. The above will be used as a Base for

interpretating available test results.
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11T EXPERIMENT

3

L _WORK

i

Three test'programs will be described in this section of the paper, all
designed to elucidate different aspects of the size effect phenomena caused

by brittle fracture in bending of lumber. They ave i

a}l Size investigation of luwber (1976)
b). Load configuration erffects {1983) o

¢} Size effect study, In-Grade testing program (1573)

The studies a and ¢ have been described earlier and only an outline of these
tests is presénted here. However, study b has not been reported on previously
‘and is therefore described in greater detail. Experimental work on tension
properties will be covered later,

a) Size Investigation of Lumber ({1976)

These tests were conducted by and reported on by Madsen and Nielsen(1976).

That report merely describes the test methods and draws experimental
conclusions without attempting to identify the possible underlying

causes for the findings.
Fig. 3 shows the extent of the tests conducted.

Four differents sizes of lumber (38 x 89, 38 x 140, 38 x 184 and

38 x 235 mm) were tested at different span-to-depth ratios as shown.

The sample size used in each test was about 100. The material used was
Hem-Fir (H-F) of "No. 2 and Better Grade". It was kiln dried and cut

to the required length. aAbout half of the umber was of select structural
(85} grade. The data have been analysed accorxding to grade {88 and No 2)
but that division caused a sample size of about 50 which is mafginal for
material with this degree of variability. Some.material of No 3 grade

was included in-the test samples but it was eliminated in the data

|
|



analysis. The data for the whole sample (No. 2 and Bebiter Grade) is more
conclusive. All the tests were conducted with the loads at the third
points. From these tests it is possible to estimate the length effect

separately from the depth effect.

b) load Configuration Bffects (1983)

The objective of this test was to investigate the locad configuration
effects for both simple support conditions and “fixed ends®. The tests
are described in more detail since the data have not been reported

elsewhere,

Yesting Program

Bending tests were conducted using matched samples of one crose
section size of lumber (38 x 140 wm) under zeveral loading conditions,
These included four span to depth ratios, three load configurations and

two different end conditions.

Most of the tests were carried out at span-to-depth ratios of 22:1 and
1i:1. However, supplementary tests were performed at 17:1 in order to
tie into existing in-grade test results and also at a 30:1 ratio to

investigate very long beams,

The three load configurations consisted of a ceﬁtral point load, two
symmetrical loads L/4 apért and two symmetrical loads L/3 apart, L being
the span. Most of the loading éonditicné described were tested twice,
Once-with simple suprorts and once with the beam ends restaired to

prevent rotaticon ("fixed ends"),. :
A sample size of about 100 beoards was used for each test condition resulting
in a total of approximately 3 200 boards. All the tests were carried to

failure.

The testing program is illustrated in Fig. 4.
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Material

The lumber was of the 5prﬁce—pine~fir {(5~P~F) species group. This is
the most voluminous specles group and therefore of greatest importance
to the Canadian economy. As mentioned, only one size (38 x 140 mm) was
used but both select structural grade and No 2 grade material was

cbtained hecause the size effects ware believed to be grade dependent.,

-
bhoesrde intended for apan-to-dopth ratios of 11:1 and 17:1, the longer
for 22:1 and 30:1. Two tests were ccndﬁétéd at one span using the two
different lengths of boards to see if there was a substantial strength
difference due to the length of the boards. No significent difference
was found and the tests could therefore be compared without adjustment

for the length of tha original board.

It was intended that No 2 grade material should consist of pileces which
had been_downgraded due to the prescnce of knots or slope of grain, but
the sawmill was unable to supply sufficievt material of that specification
and ordinary No 2 grade material was received. Many of the pieces had

been downgraded due to wane and other defects which are net believed to
affect strength. The select structural grade did nct cause supply

problems,

Upon arrival at the laboratory the lcng span edgewise modulus of
elasticity (MOE) was established for each piece. The pisces were then
sorted into samples of 100 using the MOE value as a strength indicator.
This was done in order to obtain similar strength distributions for
each sample., Fach sample was then randomly assigned to one of the fest
configurations. The material had moisture content in the range of 11%

to 14%.

Testing

A Tinius Olson test frame was used. It was eguipped with a MTS actuator
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operating in the load controlled mode, Thé xaﬁe of loading was selected
such that failure wouid teke place within ‘one minute. For the tests
with simple end conditions the bearing plates could rotate and one
could additionally translate in the direction of the board. The load
was ¢pplied through plates which could hoth rotate and translate, The
bearing plates wereo lar rge enough to prevent indentation due to

conpression perpendicular to the grain forces,

¥or the fixed end tests speciél shoes were built to clamp the ends,

One could translate along the length of the piece without roﬁating while
the other was stationary. After some tests had been conducted iﬁ-;és
decided to improve the fixed end grips so that the developing end moments
could pe recorded. This was accomplished by incorporating load cells as

shown load cells as shown in Fig. 5.

The in-grade testing equipment developed at U.B.C. (Madsen and Nieleen
1978a) was also used for some tests in erder to tie these new tests to

bravious work.

ija] tension tests at two different lengths were also carried out us :ing
the in- grade tension testing machine developed at U 3.Co {Madsen and

NJelson, 1978n) .

Additional tests were conducted using the same material to investigate
the effect of load control wvs. displacement control on strength. This
work, reported by Madsen and Mindess (1984) has been referred to earliar

in this paper.

Data
During the testing the following information was recorded and placed in
the data acquistion system :

Dimensions

Moisture contont
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Grade determining defect
Grain oxientation

Mode of failure

" Type of defect

Location of failure
Failing load

End noments

In-Grade Testing {1978}

primarily concerned with obtaining characteristic strength values fcr
lumber of different species and grades, some tests were included to
illustrate the size effect, It is that portion of the testing progran

which ig of interest for this paper.

Tumber of 38 x 85, 38 x» 140, 38 x 184 and 38 x 235 mm size was tested
for the three major Canadian species Dougles-Fir (D-F), H-F and 5-p-F.
Tho tests were performed‘on four grades : S3, No 1 grade, No 2 grade and
No 3 grade. For each samplé consisting of akout 200 specimens the
$th.percentile was obtained using a proof loading method whereby only

10 to 15% of the pieces failed, ' _ ‘ .

All the tests were conducted with the loads applied at the third points
of the span. The span to depth ratio was 17:1 for all the tests. The

extent of the testing dealing with size effect is shown in Fig. 6,

A ' ' .
The 1978 tests can provide no independent information on valuesg of kl and

k2. However, once k, has been determined from the 197¢ and 1283 results,

1

the 1978 results can be used to cstimate values of k?.

IV DATA_ANALYSIS FOR BENDING

In this sectien of the paper, the results of the above experimental
test programs are analysed to quantify the length effect parameter kl

and the depth effect parameter k2.
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Values of kl will be dnvestigated first, using the following data

o
e

1976 test results for different spans, all with loads at the third

peints of the upan,

2) 1983 test results, leoking at the z2ffect of doubling the length but
keeping the load configuration constant.

3} 1983 test vesults again, thisg time leooking at the effect of different
load configurations on a constant span.

4} 1978 test results for different sizes tested a2t a constant span to

depth ratio, making the assumption that there is no depth effect.

This assumption will be discussod later,

The values of kl vary considerably, Reasons for that will be discussed

later,

Length Bffect

This zection describes how. the data were analysed and will be followed by a

discussion once 21)l the data have been presented.

The most comprehensive data available is that from 1976; Here different sizas
were tested at different span to depth ratics as shown in Fig. 3. The theory
tells us that the logarithm of strength should 'bé linear related with
logarithm of length and that the slope of the line is "I/kg- Such plots

were made separately for each size and the values of kl and as well as the
correlation ccefficient (») ave listed in Taﬁle I. The calculations were done

for the 5th and 50th percentiles to determine whether k changes with strength,

1
ctiost of the values are based upon four data peints (different span to dapth
ratios) only the 38 x 235 mm size had 3 data points. The analysis wasz done
for Select Structural grade alone, No 2 grade,and all grades combined. The kl

values range from 3.1 te 10,5, most being between 3.5 and 6.5.

The 1983 tests also provide information on the length effect. Here sets of

gecmetrically similar load configurations have been tested at two different
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gpans and they can therefere provide direct estimated of the k, value.

1
Three tests were conducted at spans of 1540 mm and 3080 mm using the

following lead configurations :

a) Single concentraticon load in centre of span
- ) : L/
k) "Two concentrated loads 4 apart

! ¥
) - Two concentrated loads /3 apart.

From these tésts, doubling the span for each lead configuration, 12 esztimates
of kl were optained {6 for the 5th percentile and & for the 30th percentile)
s shown in Table IX. With one exception, all the values range from 2.9 to

&
7.8. ’

It is also possible Lo get estimates of the ki value from the different load
~configuration tests conducted at the sawme span. According to the theory an
effective length can be calculated by formula {2) for two differeﬁt.load
configurations and a comparison of these effective lengths can be used to

estimate k an iterative method was used. An initial value of k, was chosen

17 1

and the effective lengihs established from {2} and inserted inte (1). The
process was repeated until the value of k1 was. the same in the two formulae.
The results are shown in Table III., In scme cases the process did not
converge and an estimate could not be found, If the estimate was less than
unity or greater than 10, the estimaEe was disregarded when calculating

averages.

e \ . , , Ly .
The differences in load configurations bstwesn I/4 ané. /3 is not large and
the slope of the line is therefore not well defined as indicated in the table,

Bowever, the final averages are consistent with those obtained akove.

The 1978 In-Grade tests were conducied with a constant span to depth ratio,
with both depth and‘length being varied simultanecusly. The tests were
originally interpretated as exihibiting a depth effect (which has been
introduced inte the C5A-086-1984 dasign code). However, the obgserved strength

difference between the different depths could just as well have been ascribed

oo



to a length effect but that was not considered at the time. et us make the

assumption that all the strength differences are a length cffect. Then using

foomula (1) in conjunction with (3) it is possible to find a value k such

i I
that kp (the depth effect) tends to infinity or stated differently, that
the slope in a plot of strength ve. depth becomes zero., The values From

that exercise are shown in Tahel IV,

Variobility in Results

The estimates of kl {sumparized in Table V) wvory considerable and contributing

reasons for the variability are :

a) Tumber strength is highly variable. In view of the large number of
factors affecting lumber strength one would expect sowe difficulty in

making precise estimates of a statistical phenomenon such as size effecis.

b} The sample sizes are relatively small particulary vhen the tests are
broken dewn into the two seperate grades (Select Structural Grade and
Ho 2 Grade) so the confidence in the estimates on the Sth percentile is

less than desirable.

]

The weakest edge was placed inthe teansion zone in the 1976 tests while

in the other tests a random placement was used.
d) Material from three species groups was used, obtained from different

suppliers.

e) The 1976 tests were loaded vsing a constant rate of deformation while

the 1983 tests Qere load controlled.”

Despite these shortcomings it is still possible to establich some important

trends.

Deépth effect versus length effect

The question of whether the observed strength differences at constant span
to depth ratic aras caused by a depth effect (as presumed in eavlier studies) or
by a length effect alone is central to the further interpretation of the data

and will therefore be addressed first.
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Only the 1976 data can providé direct information on that questicn. The
test data (5th & 50th percentiles for the combined gradesj are shown in
¥ig. 7. All the tests were conducted using third point lvads. The figure
shows clearly that data points £rom the three largef sizes le. 140, 184
and 235 mm are intermingled and that no consistent depth effect exists

amongst these sizes.

The data voints for the 89 mm size seem to be located slightly below the
rest of the data cluster. Two of the points (1,06 and 3.3% pm) however,

could well belony to the data cluster formed by the other data points and

.

On the other hand the difference in the 8% mm data could be real since that
material is often cut from a different place in the log than the rest of

the sizes, For the purpcse of this analysis it is judged that the data points
for the 89 mm size can be considered to belong to the same data clﬁster

formed by the other sizes and it is, with the abkove caviat, concluded .that

o significant depth effect does not exist. The observed differences in

strength is therefore attributed to a length effect.:

Strength Dependency

To investigate whether the length effect is strength dependent, the k, values
calculated for the 5th, 50th and 95th percenﬁiles were compared, In general
the k1 values for weak material were less than for stronger material. The
spread in the data was largs, with a correlation coefficient of 0.7, but

the slope was distinct and indicates that the length effect is strength
dependent. This observation is reinforced by the notion that the strength

of timber is governed by brittle type failures in the weak end of the strangth
distribution while compression failures are dominalting for stronger

material.

The strength dependency of the length effect was observed over a wide range
of strength (15 - 45 MPa). The differences between the 5th percentiles for

the different grades is smaller (15 - 24 MP&) and the strength dependence



not as pronounced, The average k] value for Select Structural grade is 3.7
while it is 3.4 for No 2 grade. It can theroforehe concluded that the

grade dependency is small.

Spacies Dependency

The 1976 tests were conducted with Hem-Fir and the average values for k, is
s
4.0. The 1983 test conducted with S$-P-F shows an average value of 3.3, The

In-Grade tests also show differences in k, for the different species and

i
additionally the values are generally lower than cbserved with the laborateocy

tests except for Wo 2 Grade Hem-Hir, The value of k1 = 8 is much higher
than the vest. The Hem-Fir In-Grade test values are based upon only four
experiments so the confidence may not be high., One of the four values (140 maw

size) is in fact abnormally high.

Similarly the k  value for Select Structural grade for Douglas Fir is very
Y 1 g

Jow in the In-Grade tests, In that case the 89 mm tects give Sth percentile

. values higher than observed from other tesus with 89 mm material. (H-¥F & S-P-¥).

-

There is a distinct possibility that the kj factors could be specids dependent.
This could well be related to the observation that lumber from some gpecies
such as Douglas Fir is characterized by few but large knots while other
specles, notable spruce produce lumber with many but smaller knots. This

could influence the degree of brittleness and thus the ki values,

Influence of Structural Redun&ancy

"

The tests conducted with "fixed end conditions™ were not included in the

“initial deta analysis because the failures are more complicated. The stress

distribution along the length of the board’is not well known due to the
structural indeterminancy. Full fixity at the ends was not attained because
local compression prependicular to the grain deformation occured at the
support points despite the long bearing plates used. The deformalions and
therefore the rotation were most severe for the stronger boards. Information
on the magnitude of the end moments was obtained in sixrof the tests by in-

serting a lead cell in the clamps.



The mode of failure was different for the fixed ended tests in that the
failures often eppeared to develop in two or more places simultaneously

and the boards scattered into 3 or more'piaces.

Degpite these limitations it is still possible to make some useful obser-

vations from the tests,

The effective length Le was calculated for all the tests (fixed ended as
wall as’simpiy‘supported) and graphs of logarithm of strength vs. lbgarithm

of L were prepared for the two grades each for the 5th percentile and the

4

50th percentiles. Pig. 8 is an example. The effective length was calculated

from a formula developed by A 1 Johnson :

(I} - a) (Il -+ a) (I_n - a}z (}:1 - a.} -‘{_}:._Jq"' a

) .
) (k, +1) O D T ) (L ¥ &) (1i)
L- = gpan
a = distance between two symmetrically placed loads
T length effect parameter

The formula presupposes a perfectly brittle material behaviour. The value

used for kl was 3.5,

For the No 2 Grade shown in Fig., 8 very good coxrelation coefficients
were obtained for both the simple support conditions and the "fixed
ended" tests. However, thé select structural grade 4id not produce
equally good results for the “"fixed ended" tests. The correlation co-

efficient was about 0.7 and the slope for .the fixed ended points was less.
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Forther the slope diminished with increased strength. It would thus
appear that the brittle fracture phenomena is less pronounced where

structural redundancy exists and that the length effect is less

severce.,

It might be specculated that the more knotty material (No 2 Grade at the
3th percentile range) behaves more like a britile material beczuse the knot
freéuency is sufficiently bigh to influence the strength even at the short
spans, while the Seclect Structural Grade has a knot freguency which will

only cause brittle failures ho occur at the longer spans.

Vv DESIGN_CONSI

+

a) Gengral
The present CSAw086‘code (1984) operates with a depth effact for the
design of sawn bending members, The ceéigner hag to calculate the bending
moment and then guess a size in order to obtain the strength to be used
to calculate the reguired section modulus. If his initial guess is not
carroct he has to make a new guess and ﬁry again.

The current strength properties were obtained by testing representative
material at a span to depth ratio of 17:1, which is reasonable hecause

most beams will have span to depth ratios in the range of 12 - 25,

However, this paper demonstrates that both a length effect and a load
configuration effect exist and that they ars of sufficient magnitiude
to be of importance for design. To merely superimpose these effects on
the present depth concept would lead to a véry complicated design

procedure. It may be useful therefore to take a different approach.

It is suggested that a standard beam configuration should be adopted
as the base for referéencing strength, A 3,0m beam with loads at the

third points would be suitable, The 3.0 m span is suggested because it
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is roughly at the middle of most applications for sawn lumber and'.
adjustments to othpr lengths are'therefore minimized. The third point
loading is suggested because it gives a distribution of moments close to
that of a uniformely distributed load. It should be noted that the standard
beam is suggested for representing strength oniy and it is not

necessary to conduct all bending tests with that particular span and

Joad configuration since a conversion to the standard can be made,

Fig. 9 chows an ezanple of converting test results to the proposad standard

beam configuration using the modified weakest link. theory and k, = 3.5.
: . ]

‘

tests, represent}ng our present interpretation. The values vary from.

23.2 Mpa to 14.5 MPa. However, by applying the proposed load configu-
ration effect the values in Column 2 energes. The valuas for the 1.55 m
Span are now very close to each otﬁer and zo are the valuesg for the 3.1 m
span. Applying the adjustment for length effect we obtain the numbers

shown in Celumn 3., The values for the different tests are now very similar

giving us an uniformity between the resulis not previovsly attainable.

The code would publish design values for the relevant species groups and
grades. In addition & set of conversion.factors would he provided to
encompaés depth, length and 1oad configuration effects, Tha désigner xnows
the length and load configuration when he establishes the momént and he
merely has to look up one adjustment factor which he applies to the pu=-

blished strength in order to obtain the required section modulus,

Precission
While the proposed design method is cohceptiomally much simpler than
what is used today it could beccme complicated if the precision of the

k, values has to be high. As indicated the k, values may be both grade

1

dependent and species dependent and this could lead to a cumbersom set

<

of adjustment factors.



A1L the tests teken together represeni a wide variety of leading con-
ditions from very short spens to very long spans cach with several
loading configuraticns. It is therefore possible to assess the effect

on an overall basis.
Two extrene cases are investigatad,

i) The,kl values calculated and shown in Tables I ~ IV, This set
would be the “best possikie” case hecause the k] values were
calculated for the particulay test. It also represents the most
cemplicated case and will be used as a bench mark to'whichngﬂé |
other case can be combared.

A single value of k] = 3.5, This would be the simplest solution

from a design point of view.

s
[

a1l the test results are now converted to the standard kezm configuration

using X, values from i and ii.

Before combining the taest sevies it is however nacessacy to eliminate
the variability caused by different 5ith percentile for the different
species, This is accemplished by normalizing the individual tests data

to the mean Sth percentile for the series.

The normalized values are ranked and the distributicn of all the tests
established, TFig. 10 shows case 1 as a solid line and case ii as a
dotted line. The differences between the two cases is not great leading
to the conclusion tﬁat for engineering purposes it is sufficiently

precise to use a single value kl = 3.5.

:

Fig. 1! compares the present manner of interpretating test data (solid
line) with the suggested method incorporating size effects {dotted line).

In an *

‘ideal world" all the points should be lecated on a vertical line
through x = 1. However, variability caused by : small sample sizes, test

method, method of interpretation etc., causcs deviations from that line.



The improved method of interpretation reduces the overall variability

to about half.

Design Method

The Code should provide strength data (allowable stress ox charac-
teristic values) for relevant species groups and grades, just as it

hag  done in the past. However, the value would be defined,as.the strength
of the mentioned standard beam configuration (3,0 m span ; 1/3 point '
loading). In addition the code would contain a table or graphs guantifying
the length adjustment factor., A suggested layout is shown in Pig. 12,

A variety of load configurations are shown together with values of the
length adjustment factor for different spans. The table has been prepaied

1

values of k1 should that be deemed necessary. T

shown for vge for other cases than those covered in the Fig. 12.

for a value of k, = 2.5 and similar tables could be produced for other
h

@ basic formulae are also

The designer faced with a specific case will know the span and'load
configurétion and he can calculate the woment. With that information he
can look up the appropriate lengfh effect factor which is to be multi-
plied with the strength of the selected species and grade chosen for the

job.

The section modulus can be established from :

M
5 = g
fp X X,
fB = gtrength

length adjustment factor

L

The proposed method is rather simple and accounts for depth effect,

length effect and load configuration effect in a single operation.
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Depth Effact
Axial tension testing of & large number of pleces of 38 mm thick lumber
of different depth (widtﬁ) but constant length has identified a very sig-

nificant depth effect.

Hadsen & Nielsen (1978b) obtained consistant results for several species and
grades with an average k2
stresses in the Canadian code eve based upon these tests.

valua of 5.2 at the 5th percentile., The design

Johnson and Xunish (19275%) found an even greater depth effect in a more
limited series of tests wilh commercial sizes of lurber.These results
are in sharp contrast to the bending results presented above whare no sig-

nificant depth effect occurs,

The reasons for this difference in behaviour between tension and bending
menbers are not clear. They probably include different failure modes,
different stressed volumns, strain energy and fracture mechenics effects, Som

of thege items have been discussed by Buchanan (1983).

Length Effect for Single Members

Very little data is available on length effect in tensicn. As part of the
1983 bending test program described above, axial tension tests were carried
out on boards of two lengths of No 2 Grade &-P-F lunber of size 38 x 140 mu.
The long (3.0 m) boards had only 67% of the strength of the short (0.91 m)
boards, which gives 2 length effect parameter of kI = 3.0, |

In another study, Buchanan (1984} tested similar 38 x 89 mm boards 2.0 m
and 0,91 m long. The strength difference wag iess in this case, giving a

value of kj = 8,3.
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In the absence of any other test data, it appears that the value of

kl = 3.5 obtained for bending could also be used for tension members.

Length Effect for Members in Series
The theory for length effect for members in series has been given earlier.

Tension strength is a very variable property, with coefficlent of variation
up te 40% often heing recorded. Using eguation 8 this gives a value of
ko = 3.1 end hence RS = 0.8 for two wemb:=rs in serles,.

.
When a three parameter Weibull distribution is fitted to tension strength.
result typical values are kS = 2,7 - 2.9 ang Xy © 0.6 times the 5th percentile
value..These numbers are, for the time being, suggested as suitable for code
purposes, giving Rn values as shown in Table VI using k. = 2.8,

5

VII  SUMMARY AND CONCLUSIONS

Various size effects cobserved in lumber have been explained by a modified
weakest link theory. The modifications te the traditional weakest link theory
consist of assighing different size effect parameters to the different direc-

tions of the anisotropitc material.

Some of the salient parameters have been gquancified based upon analyses

from several large testing programs.

While the estimates of the size effect parawmeters varied considerably a
sensitivity analysis showed that the value of the length effect parameter
Ky= 3.5 gave sufficient precision for engineering purposes,

The concept allows comparisons of test with different spans and/or load
configuration to be made resulting in greater conformity between them than

previcusly possible.

A standard bean configuration (3.6 m span, 1/3 point loading) is suggested to



e used as the base for referencing hending strength of Jumber.
3 G J

A design method is proposed for inclusion in tinber design codes which

takes into account both length effect and load configuration effect in a

.simple manner,

Tentative suggestions are also made for design of itension members but furthex

work in this area is urgently needed.

ACKROWLEDGEMENT

The work was carried out with funds from National 8B8cientific and Engineering
Rasearch Council. The lumber used-for the 1983 tests were donated by the
Timber Industry through Canadian Wood Council. This support is greatfully

acknowledged.

REFERENCES

BARRETY, J.,D., 1974, Effect of Size on Tension Perpéndicularvtﬁwﬁrain Strength
of Douglas~fir. Wood and Fiber 6{2):126-143
BOHANNAN, B.,

1 Effect of Size on Bending Strength of Wood Members. USDA For.
Serc. Reg. Pape o

955,
r FPL 56 30p.

BUCHANAN, ®.H., 1983. Effect of Member Size on Bending and Tension Strength
of Wood. Proc Wood Engineering Meeting. IUFRO §5.02. Madison. Wisconsin.
U.S.A. '

BUCHANAN, A.H., 1284, Strength Model and Design Methods for Rending and Axial
TLoad Interaction in Timber Members, PhD Thesis Deparxtment of Civil Engineoering
U.B.C. Vancouver, B.C. CANADA.

BURY, X.V., 1975, Statistical Models in Applied Science, John Wiley & Sons.
New York. 624p.

CSA-086-1580 & €4. Code for Engineering Design in Wood. National Standards of
Canada, CAN2-0U86-MB0 & M34. Canadian Standards Assoc. 139p. :

FOSCHY, R.O. and BARRETY, J.D., 1975, longitudinal $hear Strength of Douglas-
fir. Can. Jo. Civ. Eng., 3(2) : 198 ~ 208,

JOHNSCN , A.L., 1953, Strength, Safety and Fconomical Dimensions of Structures.
Swedish State Committee for Building Research. Bulletin No 22, 159p,



37,

JOMNSON, J.W. and XUNESH, R.H., 1975. Tensile Strength of Special Douglas-
fir and Hem-Fir 2-Inch Dimension Lumber., Wood and Fiber. 6(4) : 305 - 318.

MADSEN, B. and P.C. NIELSEN., 1976. In-Grade Testing : Size Investigations on
Lunber Subjected to Bending. Structural Research Series Rep, No 15,

. Department of Civil Engineering, University of British Columbia, Vancouver.

MADSEN, B. and NITLSEN, P.C., 1%78a. In-Grade Testing : Bending Tests in
“Canada. June 1877 -~ May 1878. Structural Research Series Rep. No. 25.
Departmwent of Civil Engineering. University of British Columbia. Vancouver,

MADSEN, B. and NIELSEN, P.C., 1978b. In-Grade Testing : Tension Tests in Canada.
Prepared foxr National Lumber Grades Authority. Department of .Civil Engineering.
Uiversity of British Columbia, Vancouver.

MADSEN, B. and STINSON,.T., 1982, In-Cvade Toating of Timber Four Inch cx
More in Thickness. Structural Reseaxrch Series, Depariment of Civil -
mgineering., University of British Celumbia. Vantouver.

MADSEN, B. and MINDESS, 5., 1984, The Influence of the Characteristics of the
Testing Machine on the Strength of Lumber. Submitted for Publication to
Can.Jo.Civ.Eng.

PIERCE, F.¥., 1926. Tensile Tests for Cotten Yarns. Jo. Text. Inst, 17 :
7155 - 1368,

TUCKER, J., 1927. A Study of the Compression Strength Dispersion of Material
with applications. J Franklin Inst. 204 ; 751 - 781,

JEIBULL, W., 1938Ba. 2 Statistical Theory of the Strenagth of Materials. Proc.
Royal Swe. Inst. Eng Res. Ne 141 Stockholm 45p.

WEIBULL., W., 193%b. The Phenomenon of Rupture in Solids. Proc. Royal Swed.
Inst. Eng. Res. No 152 Stockholm, 55p.



"k

1

TABLE I

VALUES OBTAINED FRQM SLOPE RNALYSIS

(SLOPES IN BRACKETS)

1976 pDaTa SPECIES BEM-FIR
i —
£0.05 , SS GRADE as + No 2 Ko 2 GRADE
S AN i . A 9 " 5
172% i X k1 b 31 b Li
38 x 89 4 0.82] 2.1 6.80 3.1 || 0.60 4.5
(0.323). (0.323) (0.222)
38 % 140 | i 4, 0.67 6.5 0.7 4.5 0.96 5.5
(0,154) ‘ (0.,222) (0.182)
38 % 184 4 0.67 4.1 0.64 3.5 0.77 5.3
» (0.244) (0. 286} (0.189)
38 x 235 3 0.99 4.7 0.93 4.0 0.25 10,5
; (0.213) (0.250) (0.095)
AVEPAGE SLOPE 0.234 0.270 0.198
' k, 4.3 3.7 5.1
£ SS GRADE SS + Na 2 No 2 GRADE
0.50
STZE I :
B N T Pl r k1 r ki
28 x g9 4 0.88 7.8 0.92 5.0 C.76 6.6
(0.128) (0. 200) (0.152)
38 x 140 4 0.88 6.2 0.77 5.3 0.32 15.8
(0.161) (G.189) {0.0623)
38 x 184 4 0.93 4.6 0,83 4.4 || 0.58 6.1
(0.217) (0.227) (0.164)
38 x 235 3 Q.52 5.2 0.85 6.5 0.73 6.3
’ (0,122 (0.154) (0,15
AVERAGE SLOPE 0.157 0.193 0.158
k1 G.4 5.2 6.3




TABLE

I

Wiyt e e et

k1 VALUES OBTAINED BY SLOPE ANALYSIS

1983 Data Species 1 S-P-I Size : 38 x 140 mm
L, i t
MID j ‘/_4' Y
£ \,«;' .\\;‘, \E’
ix 8 i e £ 5N
Y0.05 | fo.s0 .05 “0.50 6.0 450
SS GRADE 2.9 6.5 6.8 7.8 k,>10 4.9
(0.345) | (0.154) (C.147) | (0.128) (0.204)
No 2 GRADE 3.6 3.2 4.0 3.7 2.9 3.7
(0.278) 1(0.313) (0.250) | (0.270) | (0.345) | (0,270)
3 1 = : 4
QG ID.OS /kl 0.246 ; kl ]
. 1 - ,
S8 £ ¢y _kl 0.162 ; k, 6.2
- -1_?' - * A
go 2 £4 o k, 0.291 ; k 3.
No 2 £ k. = 0.284 ; x 3.5
0.50 1 : i :

fay



TABLE 11¥

k, VALUES OBTAINED FROM LOBD CONFIGURATIONS

1
1983 DaTA SPECIES : S~P-F SIzE ¢ 38 x 140 ‘T
L= 1540 mm /d = 1131 QL = 3075 mm /g = 992:1
' L i L . \ . 0
MID - /3 /3“’ /4 MID'*L/Q MID “’I/3 L/4“’P/3 MID “”L/4
S5 GRADE  [pe, <1.0 [k < 1.0 5.4 7.2 k<1 x>0
; (0.185) || (0.139) - :
0.05. - _ .
No 2 GRADE 2.8 1.0 4.3 1.3 k< 1 6.3
(0.357) | (1.000) 1¢0.2358) I (0.769) , (0,159}
8% GRADE 7.6 k> 10 6.3 4.7 k< 8.8
. (0.132) (0.158) || (0.213) (0.114)
0,50 ' :
No 2 GRADE 5.0 9.5 4,0 7.3 k1>10 6.6
(0.200) | {0.105) |(0.250) | (0.137) 1 (0.152)
$s £ c Mk = 0.162 5 k. = 6.2
®2 Eh.08 ¢ ¢ . PRy .
17,
ss : Y/ = 0,154 ; =
£4. 50 k, 0.154 ; k, 6.5
No 2 £ kw0508 s k. = 2.0
0.05 1 ¥ PRy .
. iy
9 . . - . =
Mo 2 £, .o ¢ Tk 0.169 ; k, 5.9



k, VALUES OBTAINED BY SLOPE ANALYSIS

TABLE IV

1878 IN-~GRADE TEST DATS

U i
i .
DOUG-F'IR HEM-FIR S-p-F
55 No 2 53 No 2 ss No 2
-
6,05 1.6 2.3 2.4 8.0 3.2 2.8
- (0.625) | (0.434) } (0.417 0.125) || (0.313) | (0.337)




SUMMARY OF k 1 VALUES

DOUG~FIR HIM-FIR 'GPy
£0.05 I e R -
S5 No 2 a8 No 2 ss . | No 2
LENGTH EFFRCT 4.3 5.1 4.1 3.4
(0.234) (0.198) || (0.246) (0.291)
LOAD CONFIG. 6.2 2.0
(C.162) (G.504)
IN-GRADE 1.6 2.3 2.4 8.0 3.2 2.8
(0,625) (0.434) I (0.4173 (0.125) (0.313) (0.357)
v o . 1y ;
AVERAGES HEM-FIR k, = 0.244 k, = 4.1
AVERRGES 1
FOR Sepoy : i/k1 = 0312 k= 3.2
d LT D - 1/1, — o Red - .
3:0- 05 DC’L?G ]._'...I\. H 1 J\.i - ° V-Q.J }xj 1 . 9
- s ‘ '/kj = 0.274  x, = 3.7 )
No 2 : 1/;<1 = 0.295 k= 3.4 ‘
e —_
DOUG-FIR BEEM-FIR SPeF
ss No 2 ss - No 2 SS _ No 2
LENGTH FERrpes 6.4 6.3 6.2 3.5
_ (0.157) (0,158) (C.162} (C.284)
LOAD CONFIG. ' _ 6.5 5.9
: (0.154) {0.169)




REDUCTION FACTORS FOR TENSION MEMBERS

TABLE VI

I SERIES

Pes

1.

0.91

6.87

0.84
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APPENDIX A - BRITTLE FRACTURE THEORY
Theory for Uniform Stress Distribution : .

For a relatively simple explanation of conventional brittle fracture theory,

consider several identical members subjected te uniform axizl tension stress.

Asgume that the material is "perfectly brittle" such that the strength of a
weniter i determined by the strength of its veakest element. An alternative
conceptual épproach which preoduces the sawe results, is to consider a home-
genenus brittle material containing a large number of defects with a statis-
tical distribution of size. In this case the strength of the member is

deternined by the size of the largest defect,

If each member consists of a large number of brittle elements, selected at
random from a parent population of elements with a cumulative distribution
function {C.D.F.) of strength given by a Weibull distribution.:
X - x
ok 1

Fiz) = 1 ~ exp{ -(—=7)

nt (A1)

where x is the strength, X is a lower limit or minimum strength called the
“"location parameter", m is a "scale parameter" with the same units as x, and
X is a dimensionless "shape parameter” which reflects both the skewness and

the spread cf the distributicon.

If each member contains n elements, it can be shown (Bury, 1375) that the
c.d.f. of the weakest element in each member (and hence the ¢.d.f. of
member strengths) is given by :

X - X

F{x) = 1 - expl —nbwugﬁia)k } {n2)

1/k

where m in eguation Al has been replaced by mn



a2,

The simplest example of a "weakest link" material is a chain, in which failure
of the weakest link causes failure of the chain. If a chain factory produces
1inks which have a distribution of strength described by equation Al, then

a number of chains, each containing n links, will have a distribution of

strength given by eguation AZ.

Equation A2 can be rearranged to give the strength at any gquantile g in

.the distribution

X, = % + mnwi/k{ - &n {L-q) } L2 - (R3)

{FFox example‘q'i 0.5 would give the median or 50th percentile strength).

Now consider two members of different sizes containing ny and n, alements.
Eguation A3 for each member can be combined to give the ratio of strength

of the two sizes at any quantile g

1/k
i/k

) o ~1/k

kq (nl) X, T Ty _ { -&n (1-q) 1}
’ -1/k

X +oma, / { ~Zn (1-q} }

{nd)
xq (nz)

If the leocation parameter Xo is assumed to be zero, as is often done, the three-
parameter mcedel described above reduces to a two~parameter model and equation

Ad is greatly simplified to

n s
1 = (_gql/k : ‘ (A5)

X2 1'11

wliere xlland X, are the strengths of members of size ry and n2, respectively.
Tt can be seen in this case that relative size effects can be quantified by
the shape parameter k, and the ratio of sizes, regardless of the quantile,

or the actuél values of ny and Noye 2 log-log plot of strength against

volume becomes a straight line of slope -1/k as shown in Figure al,



A3,

In some cases it may be a poor assumption to use the two-paramneter form
of the Weibull distribution, particvlarly when extrapolating to large

volumes, because this assurption implies strength reducing to zero as the

volume becomes infinitely large.

The above development has assumed that the member is subjected to a uniform
distribution of stresses. In the more general case where stresses vary

within a member, equation A3 can be written as :

e X - W .
F) = 1 « exp{- i—{; (——w"wqudv } {A6)
V. m

1

where V is the volume of the nember, and Vj is a reference volums associated
with the scale parameter m. For the two parameter case,.the integral in
this equation can be evalvated for any non-uniform stress distributicn angd

the result expressed as

v x. k
F(x) = 1 >~ exp{~ VE{BO 1 (A7)
1

vhere Ve is equivalent stressed volume.

Values of Ve can be used to predict size effects using eguation A5, with

n1 and né replaced by Val and Ve2 respactively, As an example of the
calculation of Ve, for a beam of span L with two symmetrically.placed leads,
distance a apart, and neutral axis at mid-depth, the integral in eguation

25 can be evaluated over the tension reglon (asswning brittle fracture in

‘tension only) to give and eguivalent volume of :

-

V = Ve - {A8)

which is seen to be a quite simple proportion of the total velume V, of

the member.



A4,

For an axial tension member the equivalent volume Ve in eguation A7 is the
total volume of the member, so the relative strengths of bending and axial
tension members can also be compared using equation A5, The egquivalent
stressed volume of a bending member is much less than the total volumé of
the member stressed in axial ténsion,‘so tension stresses at failure are

greater in bending tests than in axial tension tests.

Coefficient of Variation

" The coofiicient of variatien of the Weibull distribution is given by s

v = (P (1+2/%) - I‘2(1+1/k)}1/2 o
xo/rn + T (1+1/k) |

where [ is the gamma function.

For the two-parameter model with X, = 0, the coefficient of variation becomes
a function only of the shape parameter k. A simple but accurate
approximation is . -

pye

ev. = k . (A10)
Because the coefficient of variation is a function only of Xk, strengﬁh tests
of members of different sizes should all have the same coefficlent of
variation, and the k value obtained from equation Al0 should be the same
as that obtained -in a log-log pleot of strength against velume. The same

should also apply for a comparison of bending tests and axial tension tests,

For this ideal case of a perfectly Erittle material Iollewing a two—pérameter
Weibull distribution it would be péssible, in theory, to cérry out only cne
test series on members of only one size, and to predict the strength of

other sizes on the basis of a k value obtained from equation A10. Unfor-
tunately this is not possible because neither clear woed nor lumber with
defects behave exactly according to this model for tension stresses.

parallel to the grain, as described in the body of the paper.



Load configuration

Yhe conventional britile fracture theory developed to this point can be
used to predict the relative strengths of beams with different load

coniigurations.

The relative strengths can be obtained using equation A5, and the eqguivalent
of equation AS for different load configurations. Fig. AZ (from Johnson 1953)
shows how the relative strength depends on the coefificient of variation {[and
hence on k, from eguation AIO) for seven different coafigurations. The eiffect
of load configuration increases sighificantly &s the coefficient of variation

increases.,
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PLACEMENT AND SELECTION OF GROWTH DEFECTS IN TEST SPECIMENS

Preface

puring the investigation of the significance of the placement
of defects in test specimens it was revealed that the strength
depends on the definition of the structural element for which

it is applicable.

In this paper there has been defined the strength of two different

elements:
The strength of a cross section in a beam element of wood
The strength of a structural element, typical a beam or a bar.

Further, some aspects were found in the definition of the strength
of elements which can be characterized as unclear or may be arbi-
trary. A discussion should be initiated on how the tests can be
performed, and how the test results can be transformed, so that
they are applicable for the modelling of real structures. This
paper treats some of the aspects which should be taken up in the

discussion.

1. Recommendation

Due to the fact that the strength of the cross sections varies
along the length of boards, planks or lumber the placement of
growth defects will influence the result of strength tests.

It is recommended that the placement of growth defects is done
according to the table below. The recommendation is intended

used for coniferous wood.

The selection of the worst growth defect, i.e. the weakest cross
section, in a test specimen is done by an estimation. This can
be based either on visual judgement or on non-destructive measure-

ments.



Test type Placement of the worst growth defect

Bending In the moment span and in the tension
side

Compression parallel to At the middle of the length of the

the grain test specimen

Tensicon parallel to the At the middle of the length of the

grain test specimen

It is recommended that the growth defects are selected so that the
size of the defects belong to the whole interval between two grade
limits. This should reflect praxis, and it would be conservative

+o tend to have defects close to the maximum allowable limit.

For shear and compression or tension perpendicular to the grain
it is recommended to use specimens either with small growth defects

or made of clear wood.

The load should be applied so that the loose spring wood will be-
come decisive for the strength. Figure 1.1 shows the recommended

load directions.

I

N

L ]
L %\
T &
] ] =
h_'———'“\ 5
Tension or Shear Plank cut for
compression shear test

Figure 1.1 Direction of applied stress or force in test specimens.



2, Comments

There is given some comments to rhe recommendations. Further,
some methods are given for how some of the strength results
should be transformed in order to be applicable to structural

elements.

2.1 Bending

T"he intenticon with the recommendation is to obtain the lowest

bending strength.

2.17.1 Defect placed randomly in the compression or tension zone

If the growth defect is placed randomly in the tension or com-
pression side, then the bending strength, the 5th percentile,

will be increased.

The largest obtainable increase in the 5% percentile for a Normal
Distributed bending strength can easily be evaluted. It must be
valid for the weakest 10 percent that, if the defect is put in the
compression side then the strength must be higher than the 10th
percentile for the bending strength of test specimens with the
weakest defect in the tengion side. The 5th percentile strength
for a randomly placed defect simply becomes the 10th percentile
strength for the growth defect in the tension side. Figure 2.1

shows the shift in strength.

The assumption mentioned above does not hold fully in reality, andé
therefore the increase will not be so large. Figure 2.1 illu~-

strates this.

Meanwhile it is recommended that provided the bending tests are
conducted with the estimated worst defect in the tension side, then
the 5th percentile could be increased according to the curve in
figure 2.1 if the percentile shall be used for beams with defects

placed randomly in the tension or compression zone.

This increase will always appear, unless one have the seldom situa-

tion that the moment in the beam changes sign.



4 Increase , %
LQOr
30 Theoretical x Borg Madsen, 1977
max. increqse
. /
20 / Recommended
- increase”?
10+
' >
0 0.1 0.2 03 0.4 Coeff. of Var.

_Figure 2.1 Theoretically largest and recommended increase in the
5th percentile of the bending strength by having the defect placed
randomly instead of only in the tension side. Further some in-

creases based on measurements.

With this testing and interpretation method cne will have the
advantage of preserving the continuity with previous testing
methods.

2.1.2 Defects placed randomly along the length of the beam

For a timber beam the classifying defect may occure randomly along
the length of the beam. The worst defect does not necessarily
occur at the maximum moment. The influence of this on the 5th
percentile of the bending strength can be evaluated based on

assumptions, which for example are given in [Riberholt, 1980].

The change in strength is substantially. It can be illustrated
by an example from [Riberholt, 198017.



In this the occurence of defects along the beam axis is described
by a Poisson process with constant intensity A . The strength
of the cross section with a random defect (not the worst defect)
is described by a Normal Distribution Funktion Fd and the
strength in between is given by another Normal Distribution

Function Fc , (¢ for "clear wood").

Figure 2.2 shows the different distribution functions Fbeam
expressed in the maximum moments.
Fbeam(Mmax) = P{rupture for max. mon. = Mmax}
A=20m"
SS :
%/z o Strength distributions:
SC R Fe: Normal distrn
A N kM) = 5.0 kNm
cc g N g{M) = 1.QkNm
\ - 10 N F.. Normal distr.
k =20 LiM) = 2.5 kNm
oiM} = 0.5 kNm
A
P{rupture}
I
0.3 / / /
/ //
i SS /e CC
median=2.2 median= 3.1
0.2 / %”"' sC
N ! median= 3.3
o / /
. 7
/ / /
-/ 7
0.0 o -
1.0 1.5 2.0 25 3.0 (Mpaxl kNm

Figure 2.2 Cumulative distribution functions for timber beams
with different supports. The dotted line repre-
sents Fd



Figure 2.2 shows that the 5th percentile for M .. in the beams
with 1 or 2 clamped supports is approximately one third larger
than for the simple supported beam. The reason is that for
these beams the likelyhood for coincidens of max. moment and

max. defect is smaller.

This increase will depend on the structure of which the timber
beam is a part. Both the length (size) and the moment distri-

bution will influence the value of the increase.

Meanwhile, one could imagine that conservative increase factors
could be established for the case of strength control at moment
peaks. By the evaluations of the increase factors it should be
taken into account that the form of the moment curve may change

during the life time of the structure.

2.1.3 8ize effect

For a timber beam with a certain cross section the bending strength
will decrease for increasing length. This is due to the fact that
for a long beam there will be present more weak cross sections

than in a short bheam.

Tt is expected that this effect is of the same magnitude as that

of defects in the tension side or random placement.

This type of size effect can be combined with the observation
+hat for similar cross sections but of different size the larger
will have the smallest modulus of rupture. The combined effect

will be of a relatively large magnitude.

But it could also be that the origine of the two effects is the
same. The cross sectional size effect could be due to the fact
that the number of tested cross sections with defects is larger
in beams with large cross sections. As far as the authcr knows,

no report has given the answer to this question.

2.2 Compression parallel to the grain

Due to the short length of the test specimen one does normally
only measure the strength of one cross section with a defect.

Tf the defect is selected as the most weakening of all in a



piece of lumber, then one will approximately get the distribu-

t+ion function for the weakest cross section in a column.

It is expected that the position of the defect in the cross sec-
tion does not give a significant effect on the compression

strength as in bending tests,.

In timber coclumng the random placement of the defects along the
axis will have an effect similar to that found for beams. Again
the 5th percentile could be increased, when the position of the
defects along the axis is more or less random, compared with
the situation where there is coincidens of the weakest cross
section, maximum lateral deflection and maximum moment from a

may be lateral load.

2.3 Tension parallel to the grain

The tested length of a piece of lumber should contain the estimated
weakest cross section. Thereby one will obtain the same statistic

information as described for compression.
Otherwise the comments for compression are applicable to tension.

Since it is expected that the length/size is specially pronounced
for the brittle tension rupture, it is suggested to discuss strength
in dependence of the definition of the structure or structural

element.

For example a bottom chord in a truss. If the tension strength
is connected to a bay one could use a higher 5th percentile than
if it was connected to the whole bottom chord. If one arbitrarily
defined that the tension strength should be the 5th percentile for
the whole bottom chord then the measured tension strength should

be reduced according to this definition.

2.4 Shear and compression or tension perpendicular to grain

The recommended selection of test specimens have been based on

the assumption that growth defects can have a reinforcing effect.

For compression there is certainly a stiffness increase and

thereby an increase in strength.



For tension and shear it is often seen that the rupture surface
follews the annual rings i.e. the loose spring wood. But on
the other hand strength reducing cracks and splits do often
originate in growth defects as knots. Opinions or test reports

which ilucidate this are inguired.
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B Norén and J-0 Nylander: Partial safety-coefficients for the

load-carrying capacity of timber structures.

Introduction

The Swedish regulations for the change-over to partial
safety coefficients at design of building structures is
supposed to be complete during 1986. Principles, classifying
of loads and load combinaticns and the values of the partial
coefficients have been analyzed and discussed for more than
ten years. A volontary code has been in force since 1980
[1], but the code of practice for timber structures,
including the values for partial coefficients on resistance,

has only recently been presented for comments (1985}.

During this process the effect on volume of wood and on the
design of Jjoints has been checked on timber structures of
different kind. Thus, eventually, design in accordance with
the (1985) proposed code has been compared to design in

accordance with the present code (SBN 1980).

The result of such comparisons no doubt had important in-
fluence on the revision of the rules. However, the new code
invelves a number of changes among which the differentiating
of the safety factor is only partly responsible for possible
deviations from traditional design, Also, the aim of the new
code, a better prediction of probablility of failure and a
more uniform safety between structures of different kind,
has necessarily involved occasions where the new code
resulted in a heavier design. Still for medium sized timber
structures in general and structures for the framework of
houses in particular the ambition has been to reduce the

cost rather than to increase it.



General rules

In the following the partial ccoefficients will be expressed
in terms of the traditional single safety factor as well as
in ternms of the safety-index B used in a higher-level-
method. This might be of some help in establishing the
values of the safety coefficients whether one prefers to
base the judgement on experiance rather than adjusting them

to demands for uniform safety or safety index,

§till, background and limits for what can ke done merely
through the choice of the partial factors for the resistance
(the "material"), 1s here assumed to be the appreciation of
the General Rules [2, 2].

It 1s characteristic for the Nordic and probably for the
majority of national rules, that there are General Rules in-
different to material and - as supplement - special rules
("technolegy rules") for structures of the principle buil-
ding materials (steel, concrete, wood, etc) and possibly for
structures for specific purpose. The authors of these appli-
caticn codes are generally tied to the general rules with
regspect to partial coefficients on loads (Ygr Yg) and to

the partial coefficient for safety-class (vyp), while their
freedom is less limited with regard to the coefficients on
the resistance side. However, the general rules recommend
certain principles and stipulate values of the safety-index
B to which the total effect of the partial factoers should

rreferably correspond [41].



Partial-coefficient-method versus traditional method

The criteria for design will always be that the resistance

{R) exceeds the effect of loading:

At the traditional method of design thig condition may be

simplified by

wkfk/n - (@;k + qk) >0 (0: 1)

Here fy 1s the characteristic value of strength and gy

and gy the characteristic values of load-effect.

The factor ¢ transforms f to comparability with g and gq. It

includes geometric parameters, duration factors etc.

The single safety factor (n}) in the traditional method must

compensate for the stocastic variation in f, g, ¢ and o.

n = anfk/(gk + qk) (0-:2)

The values in different codes has not always been possible
to compare directly in the past due to, among other things,

that the fractiles used for the variables deviate.

At the Partial-Coefficient-Method (Level-1i-Methed) the

safety factor is differentiated with respect to the devia-
tion of the different variables. Additionally, a partial

factor (vp) is separated to consider the demand for in-

creased safety due to consequences of failure.



The condition of the traditional ("Level 0") method (0:1) is
thus generalized at the Level-1-Method:

®y Fx

n¥n

- (yggk + quk) 2> 0 (1:1)

or at the limit
= R + (1:2)
Y n mkfk/(wggk wqqk)

The elimination of g¢pfy in (0:2) and (1:2) gives the ra-
tio of the product ypynp and the "traditicnal® safety
factor n (provided that the characteristic values are based

on the same fractile in both cases):

is the ratioc of characteristic values for variable load to

permanent lcad.
EXAMPLE

The Swedish general code stipulates n = 1.8 at the traditio-
nal (Level 0) method and the partial safety factors

Yg = 1.0 and vg = 1.3 at the Level-1-Method. Consequent-

iy, if the aim is that the design should remain the same
when the safety factor of the Level-0-Method is differentia-
ted as in the Level-1-Method, the condition for the product

.Ym'Yn is

1+uk
Tm'n 1.8 1T + 1.3 My



For timber structures in ordinary houses, using vyp = 1.1
(safety Class 2) and px = 4 (20 % permanent load), the
equation gives yp = 1.32. The conclusion has been that
higher wyp-values than 1.3 for timber structures in Safety

Class 2 should be avoided.

Deriving the value cf vy from the Level-Z2-Method

in the same way as the Partial-Coefficient-Method (Level-i-
Method) was compared with the traditional single-safety-fac-
tor-method (Level 0), i1t can be compared with the interna-
tionally recognized semiprobabilistic method, the Level-2-
Method. However, as this method 1s based on the mean values
of the variables, not on fractile values as the other two,

it is practical to transform (1:2) into

RV . . R (1:3)

Assuming the normal distribution for g (and g) and logncrmal

distribution for f and ¢

exp(mkwéw) exp(”kféf)

(1:4)
1+k & + T+k &
wg( g g) uqu( q q)

Here & is the coefficient of variation, k a factor depending
on what fractile is used and uy is the ratio of mean va-

Jues of wvariable to permanent load.

In ordexr to correlate the design limit expressed by (1:3)
and (1:4) with the design limit found from the Level-2-
Methed, the relation of mean wvalues in (1:3) may be written

T
BB - /9

9. (2:2)



Thus the product wygyp, sized by applying the Level-
2-Method, is

Yo ¥n = ¥/Q (2:3)

The expression for Q is analogous to that of ¥

exp(~uw8 ﬁm) exp(-acp 5f)

Q = (2:4)

1 - 5 & 1 - &
ugﬁ g um( qu q)

By integrating ¢ and f into one variable for resistance,
R = ¢f, using &2 = 5w2 + &8¢2, and transformning g and
q similarily into one variable S for load-effect, (2:4) is

transformed for application of the Level-2-Method:

exp("uRséR)

Q = r— QSB 5 where Ap = - cosy and

® 5

it

sinyg

The safety-index B and the angle ¢ in the sensitivity fac-
tors ar and ag are explained in the brief description of
the Level-2-Method to Figure 1.



")

fmt——

Figure 1.

The starting point for the Level-2-Method, used
for calibrating of ~p, is the distribution of
possible combinations of variables important for
effect of load and the resistance of the struc-
ture, After certain transformation of the va-
riables into two mutually independent variables
S{E) and R(n) for load effect resp. resistance,
the fregquence () is represented by the surface
generated by rotating a normal-distribution-curve
fwith standard deviation = 1) around the axis (M)
perpendicular to the £-n-plane and representing
the mean values. Various {-levels of this surface
are shown by the circles in the figure to the
left)

The border between survival and failure
B{S(E}Y,R({n)] = O (2:1)

is represented by the screen OB perpendicular to
the E-n-plane. The shortest distance from the
axis M to the screen (B) represents the safety
index. The direction of the screen is defined by
the angle .

The probability of failure is
e = 0(-B)
If the convex screen OB is replaced by the

touching plane, ¢ is the function for normal
distribution.



Proposal for Yo in the Swedish code

In order to establish a proper value of the factor vy for
the application of the partial-coefficient-method in the new

Swedish code, a number of calculations of
= ¥
YuYn /9

has been carried out. Here is merely quoted one example
which concerns timber structures for housing or similar
structures in Safety Class 2 for which vy = 1.1 is stipu-
lated.

Assumptions on deviations (coefficients of variation) are
b = 0.12 and &f = 0.2 giving 6g = 0.234 and - from
the general loading code - bg = 0.05 and 6q = 0.40.
Further, at calculating ¥, the coefficients k = 2.06 (0.98
percentile) and 1.65 (0.05 percentile) have been used for

load effect respectively resistance.

The full curve in Figure 2 shows the values of the product
YmYn Which should be used in the partial-coefficient-
method {(Level-1-Method) if aimed at complete agreement with
the (Level-2-Method) at the safety index § = 4.3 applied in
Safety Class 2. Correspondent curves (dashed) are shown for

8 = 3.8 and 4.8, stipulated for Safety Classes 1 and 3.

Obviously the partial-coefficients should preferably not be
constants but related to the proportions of permanent'load
{gravity load) and variable load. In the figure these pro-
portions are expressed in terms of the ratic of variable
mean load to permanent mean load (pp) as well as in terms

of characteristic values:
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N
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Figure 2.

I / (%t 133&)

Calibrating the product wypvy for ordinary
timber structures to the safety index (B) of the

Level 2-Method. The broken curve is a proposed

approximation for Safety Class 2.

A



. 1.ng
k 1.ng + 1.3qk

In the Swedish proposal the B = 4.3 curve 1s approximated
the curve of straight lines shown in the figure, at

Yp = 1.1 corresponding to wyp = 1.15 for "light" struc-
tures, increasing linearly between py = 0.25 and

Hy = 0.5 to vy = 1.30 for "heavy" structures.
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FOREWORD

The fasteners used for the assembly of pallets and related struciures are also used
for the assembiy and erection of such timber structures as timber trusses, fimber-
framed buildings, pole-tyne struciures, etc, For such purposes, these fosteneis
are called “tross nails®, "framing nails® Mpole born nails", ete, These structures
are exposed to the elements ((winds, storms, waves, shocks, eie.), Therefore,
these fasieners have to withstand similar forces to which pallets are exposed.

In the light of this, the specificatiens covering pallet nails are also eppliceble

b
v,

fo those naile which are sold s truss natls, framing nails, pole bamn neils, ¢

The test procedures emploved provide dota whizh indicate whather the fasteners
3 P
can, under given conditionz, (1) be driven and {2) transmit pofential forces

without excassive joint deformation and, particularly, fastenerbending.

Paper prepared for presentation af Joint Mecting of CIB W18 ond RILEM 57 TSH
_in Hoifo (Beit Oren), lsroel, June 3to 7, 1985
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SYNOPSIS

A descriptive and performance specification wos drafted covering nails and staples used
for the assembly of wooden pallets cnd related struciures in the U5 A, This specification
s bused on recent fechnological developments in this field and emphasizey the benefils

of the use of fastener withdrawal and shear indzxes us a means of rating fastener parfor-

manoce,

INTRODUCTION

This specificotion is to provide manufacturers and users of paliet nails and staples with

o detailed deseription of common, driven, regular and stiff-siock steel as well as herd-

encd-stee! fasteners used for the assembly of expendable and returnable wooden pallets
and refated structures employed in materials handiing and shipping, Such pallet fasten-
ers which do not conform to this specification shall be considered special fasieners, These
specials include such standardized fasteners having features differant from those descibed

in this specification, such s heads, points, and threads of different designs,

Inspeciion and MIBANT testing (2.3) of the pallet fasteners described in this specificaiion
shall be considerad o routine procedure, Al other testing required sholl be covered spaci-
fically in the purchase order,

The stondard fasteners are number-coded for easy reference by patlet-fusiencr manufac -
turers ond pollet specification writers as well as ordering by pailei manufacturers, The
perfermance index estimated and presented for each standard fustener should be helpful

in the fustener selection us the optimum one for ¢ given end product,

The fasterer information presented includes the input required for the fasteners used in
the Paliet Design System (5.5), the first-generation reliability-based design procedure
for wooden stringer paellets,

The iisfing, coding - and indexing of the standard pallet fusteners in this specification

should result in their preferred use and reduce the proliferation of special fusteners to

the peneflt of all Involved,



This specification may be incorporated in related documaents by reference, Any reguirad
deviation from this specification shall be noted preminently in order o reduce to & mini-
mum any possible misinterpretations, '

This specification may invelve haxardous moterials, operations, and equipment, This
specificaiion does not purport fo address all the safety problems associated with ifs use,
It is the user's responsibility to consult und establish appropriafe safety practices and

determine the applicability of regulatory limitations,

FASTENERS COVERED

Standard Pellet-Assenibly Nails

The standord, helically threadad, stiff-stock und hordened steel, pallet-cssembly nails
are descrived in Toble 1, They have filleted flot heads, are pointless or provided with
short (blunt) or medium diemond or chisel points (not wider than their wire digneter),
have four thread flutes and 60 to 67-deg thread angles, Their fostener withdrawa! and
shear indexes, FWE and FSE, with respect to their withdrowal resistance, FWR, and their

shear resistance, FSR, respectively, are based on the following relationships (4.2, ref.3):

-

WD) 2715 (TD - WD) (Y + 1) (@ listing of the symbols
f"

FWi = 221,24
used is given af end of paper)
!

221.2
FS = 263,260 (WD) / (3M + 40)
The relationships of the naii~design varigbles ore indicaied in Figs, 1to 5,

Standard Paliet-Asseinbly Staples

The standard, bright or cooted, plain-shank, regular-stock stee!, +-in, (13-mm) wide,
paller-asserbly staples are described in Table 2, They have two, equal-length, flattened
legs connected by the flatiened staple crown, The legs are provided with short (biunt)
chisel points, Their fastenerquality indexes, FWI and FSI, with respect to their with-
drawal resistance, FWR, ond shecr resistance, FSR, respectively, are based on the fol-

lowing relationships (4,2, ref, 3%
P

FWI = 221,24 (1273 (WW + WT)
FSI = 263,260 (08476 (WW + WT)) '+ / (3M + 40)

For any coating to be given consideration in determining joint effectivenzss, the increase
in delayed withdrawal resistonce of coated staples, driven into green wood and fested
after its seasoning fo 12-pet moisture content, shall be at least 33 pet above that of idan~
ticol bright staples, If the coating is more effective, its benefit can be prorated in de-

termining the fastener's FWI,
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Stardord, bright and cogted, ploin-shank, regular-steck sieel rigils and staples for
polfetomal commbly are desaribed in Table 3, The nails have filleted flat heads and
short (blunt) dicmond or chisel points, The staples have two, equuiw-ienr%h, flatiened
legs, conneeted by the Hattened staple crown, and short (biunt} chisel points, To al~
tow for at least 3/ 16-in. (5-mm) clinching, the fastener length shall be equal to the
fhickneses of the fastened ond fostening membeis pius 3/16() in, (5 wm) less the

depth of couni'ers?nking,

PERFORMANCE CRITERIA

The performance criteria, in Ib,* are based on the 5-pet excluslon level and are de-
rermined as follows (4,2, 2rd ref,):

Fastener withdrawal resisionce values, FWR:

FWR = 222.2 (FWD G222 p / (MC - 3)

Fastener head-putl~through resistence values, FHR
For natls: FHR= 1,250,000 (HD% - wd?) T 62*° / (MC - 3)
For sicples: FHR = 1,591,550 CL Ww T G / (NC - 3)

Fasicner shear resistence values, FSR:
FSR = 61,926 FSI G T C / (MC - 3)

1ib = 445N

ORDERING iNFORMATION

Orders for the pallet-assembly fasteners listed in this specificotion shall include the

following information:

_ EXAMPLE:
Qdcinii’rv (weigjhf or number of puckeged fasteners) 50 1b bulk
Type and size, inin, Pallet nail: 24 x 0,120
Material, g'(-de and finish Sioel, hardened, bright
Shank-thiread description, in in. Helical, T4TL, 0,142 T3, 60 TA
Head (crown) and poini description, inin, 0,28 flar; pointiess
MIBANT angle, in deg 16
FWI and FSI performance indexes 108 FWly 124 51
NWPCA coda number 10AA
Special information required s

S tandard pallet-assembly fastener-pockage labels shell provide the reguived lobel

mformn’r:on inda Uﬂll(‘)lm manner C!!'%d seguence, as indlcated in /\P“EI!OD{ X ]

MATERIALS AND MANUFACTURING

The steel used for meling the fasteners shotl be made by any wireble means and the

L]



method of fesiener manufucture shall be of the nonufaciurer's discretion fo provide o
product of specified properties, This specification covers the following three steel
grades:

egulur-stock steel —- This grade is customary if no special mechanicat pro-
perties are specified,

Stiff-stock steel -~ This grade is stiffer than ragular stock and resulis in higher
resisiance o buckiing and bending end lesser MIBANT ungles than regulor stock,

Hordened stee] -~ This grade denotes heat-tracted ond tempered fosteners (Note
1), which provide higher resistance to buckling and bending and lesser Ml BANT
ongles thon regular-stock and stiif-stock fusteners,

NOTE T - Waming: The driving of hatrdened-steel {fasteners inte certain ma~

tarials is p o:m.uoliy hozardous bwouse of the ;Jocsibli'%/ of fastener breclkoge

and Hying pczrhc. 25, Hardened-steel fasteners should not be driven without ap-

propriate precauiions, the use of sofety glasses and/or other equivulent profection,
Costings and finishes are applied to fasteners as spacified, The fastener dimensions apply

fo the fasteners prior fo any coating or finishing.,

Galvunized coaling shall meet the requirements of waight and adherence given in ASTM

A 153, Closs D (2.6}, The coating may be apnlied by the hot-dip, tumbiing or mechanical
gelvanizing process, Calvanized wire for ferming into steel stapies shall be coated in
accordance with ASTM A 614, Class T (2.7), Supplemeniary chromate or dichromate treat-
ment may be used, o enhance corrosion resistance, subject fo prior agreement between

vendor and purchuser,

Couted fusteners shall be uniformly covered with a natural resin (cement) or conversion
coating (thermo-plastic or thermo-setiing polymer), Other coatings may be used subject
to prior agreement between vendor and purchaser, |f test verification of the effeciiveness
of the coating is required, it shall provide a minimum increase of 33 pet in delayed with-
drawal resistance of the fastener when driven into green wood and tested after s seasen~
ing to 12-pct moisture content in accordunce with ASTM D 1767 (2,8). None of the

133

coatings shall be tacky or gummy under embient conditions normally encountered,

Helica! shank deformations of the fusieners listed in fhis specification shail be applied
by threading, in tine with ASTM F 547 (2,1),  However, other methods of applying shank
deformations may be used where they are shown to he suitable for the fastener application,

subject to prior ogreement between vendor and purchaser,

The helica! threads shell extend from the nail point to at least two-thirds of the nail
length, The thread flanks on the naii-head side shall be almost perpendicular to the nall
axis and the thread flanks on the peint side shall be fopered foward the point, Both flai-

botom and round~boitom threads are wwitable,

E- N
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PHYSICAL REQUIREMENTS

The natls deseeibed Tn this specificetion shall be sulticiently ductile and tfough to pro-
vide an average MIBANT angle, in line with ASTM F 680 (2.5}, for 25 rendom samples
of the ot under scrutiny, ranging from 8 to 28 deg for hardoned steel neils, 29 to 46
dag for stiff-stock steel noils, and 47 deg and beyond for regular-steck steel nails which
may be clinched, provided that not more then 8 per of the nail heods or shanks fait par-
tially or completely during impocting. In borderline coses, retesting is permiifed, Be-
cause of the different wear condition of different MIBANT devices, correction fuctors

may have to be applied which relate fo the condition of the device in use,

The mechanical propertics of the wire may be used Tn guiding in its selection, Thus,

stiff-stocic wire shall have ¢ minimum tensile strength of 120,000 psi (827 Pu),
Whan MIBANT or couivalent data cannet be made aveilable, stiff-stock steel nails

shuafl have o minimum hardness of HR C 24, as deteimined by conversion of fensite strengti
to hordress in accordance with C.K\E 34176 (6,1); while hardened steel noils shall have o

riinimum hardness of HR C 37 untess specified otherwise,

DEMENSIONS AND TOLERANCES

-The nomina! fostenar dimensions are given in Tables 110 3, The tolerances provided for
- in this specification ore c:p;a[iccil}!rz fo hammer grnd machine~driven nails ond tesi-driven
stoples, The tolerance for focl-driven nails shall be mated o the requirements of the

diiving equipment, subject fo prior agreement between vender and purchaser,

The nail length shall be megsured from the underside of the head fo the tip of the point.
the nwi-io-;g i tolerances shall be & 0,678 in, {2 mm) Tor lengths from 1,00 in. (25 mm}
up to and including 2,50 in {64 mm) and 0,118 in, {3 mm) for lengihs over 2,50 in, (64
min), The length of tool-driven staples chall be measurad from the top of the stuple

crown to the Hip of the stuple point, The si‘ap!e-«leng th foterances shail be +0,016 and
0,067 v, (10,5 and-1,6 mm),

The wire diameter of nails shall be meosured away from the gripper marks and prior to
the application of any coutings and finishes, The diamzier tolesancas shall be £0,002
v (0,05 mm), The leg widih and imci\n\,sw of tool-driven stoples shail be nicasured
priof fo the oo pi ation of any coaling or along that leg portion which is not coated,

The tolerunces of the leg thicknesses and widihs of tool-diiven stoples sholl be us is

indicated in the following tebulaiion:
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Nomiinal Wire Diameter Thicknaoss Range Width Range
In. M In, Mim In. Mm
0,062 0.16 0,054 t0 0,038 0,14 t0 0,15  0.062 10 0,066 0,16 1o 0,17
6.072 0.18 0,064 10 0,068 0.16 t0 6,17 0.072 10 0.076 0.18 10 0,79
0.08G 0,20 0,070 10 0,078 0,18 t0 0,20 0,082 to 0,090 0.21 to 0,23

The threqd-crest digmeters of threaded nalls shall be the mean diometral dimension along
the deformad portion of the shank, The toleronce shall be +0,004 and -0,000 in, {+0,10
and ~0,00 mm),

The tread-ungle tolerance of helically threaded naits shall be T2 deg with the plane per-

pendicular 1o the noti axis,

- The nominal head diometers sholl be based on the mean of the malor and minor heod dia-
meters, The tolerance shall be 210 pet of the nomingt head digmetar in individual mea-~
surements and the differences in major and minor head diameiers shall not exceed 10 pot
of the nominal head diameters, The shape of the heads moy deviate from the round to
permit tHight nall coliation, provided the bearing area of the heud is not decreased by

this chunge,

WORKMANSHP

The fasteners covered in this specification shali be substanti ly clegn and fiee of foreign
moterial, corrosion producis, and fine metol slivers, Coheraed fosteneis chall be p:\»petiy
aligned in their assembled form, Machine-quality fasteners shotl be substantially free

of foreign matter which could clog tocls and machines,

TESTING

When required in the purchase order that fests be conducted on the performance of random-
Iy selected fastenars of the fot invelved, the test methods to be vsed shail be in accordence
with ASTM T 480 (2,3) excent that the MIBANT angle test shall be the goveming test in

preference of the conventions! bend test and the Rockwell hardness test,

When reguired in the purchuse order, the monufucturer shall furmnish ¢ ceriified fest raport
which covers the fasteners in the lot (Note 2) involved,

NOTE 2 -~ A lot shall consist of fasteners of o single shipment of the sume type, grade,
and finish taken from the sume manufacturing lot,

REJECTION AND REH EARi NG

Fasteners that feil to conform fo the requirements of this specification may be rejected.
Rejection shall be reported promptly o the vendor In weiting, in the case of dissatisfac-
tion, the vendar may make a claim for a rebeoring. Under these rehiearing procedures,
the lot slall be reinspected in the presence of representatives of both vendor and pur~

chaser, uniesy speciat arrengements were negofiaied al the {ime of ordering.



A rendom sample sheli be oblained from the 1ot for exanination as follows:

est Type Sowaple Size  Accopiunce Number
for Each Test {Note 3)
Non-destructive test :0u 8
DPQi'IUCJi'i\/( if‘“i 3 2
Funciionally defecitive {Note 4) 100 2

NOTE S~ Acceplance number is the musdmum number of defectives that may ozcur

for goeaptance ofi he lot,

NOTE 4 - A funciionally defeciive lot includes defects such as duds, lack of <‘oaﬁ‘n:1,
tncorrect coating or wrong C"d iz, lf the creepiance number is exceedad for any of the

chargcteristics o 'i)"” tto rehacring, the lob representod by ihe \rfmﬂlv shall be rejectaed,
The resmonsibiliiy for tha sarformn £ the req 5 d ir Bne with
Vhe responsibiiity for the parformance of the required tnspection und festing in line with
inis spocification iz that of the fustener menufaciurer, unless specified otherwize tn the

pu:'ch:f order. The fastener manufocterer moy use his own or any ofhar sultabie focill
or the performance of inspection and lesting, unless snecified otherwise In the pur-
chase order, The purchaser shall have the right to perform any of the inspections and
tests, where such inspactions and tests are considered necesssary to ensure that the fas-

tenaors conform to the specified requirements,

PACEAGING

The fasteners shall be packeged in accordance with the supplier's stundord practics
which is sccepteble {o the cartier ot the lowest rate, wnless Sp(-‘.(:if;ieii otherwise in the
putchase order, Containers ond packaging shall comply with the Uniform Freight Clas~
sification Rules (7.1) or National Motor Classi fication Rules (7.2). Maiking of the con-
tainers for shipment of the fasteners shalf be in cecordance with Appendix X 1, uniess

specified otherwise in the purchase order,

TERMINGLOGY

The terminology used in this specification is in gccordance with 2.1, 2.2, and 3.4, The
per) r F

following additional definitions are applicable:
Staple~wire thickness ~- Stople feg dimension measured in divection parallet &
crown,
Stople-wire widih -~ Staple-leg dimension measured in direction perpendicular
to crown, ¢,

(along

Steple~crown tength - Dimension hetween staple legs! mrrown

5%’(:';3!9 w' dih, staple-crown width ~- Owverall widih of si‘apie inciuding that of

both s ety le legs, .

Helix -~ Single thread crossing elong shank of thieaded fastener,

MIBANT argle ~~ Bend angle formed by natt shank or staple legs when deformad
as canitlever using machine ond method described in 2.3,



SYMBOLS USED IN SPECIFICATION

WD - Wire diameier of fastener, in in,
WW Width of F‘(—ECT&‘HQU{(:{F wire, inin,
WT  Thickness of rectangular wire, inin,
T Threud length, inin,

TA  Thread angle, in dey

D Threod-crest diemeter, in in,

HD  Heod digmeter, in in,

Ci.  Stoeple~crown fength, in in,
H Nomber of holisss per Inch of thread teaghh
P Penctrotion of threaded shonk nortion of fustener in fastening member, i in,
M MIBANT angle of fastener, in deg
C Number of fastener couples (single stanle is one fusiener)
Fasteners per joini: 2 3 4 5 6
Fastener couples per joint: 1 3 4 5 6 ;,%Z\k

Example,~ For 4-notl joint, use four couples as follows:
G Oven-dry specific gravity ‘

MC  Molsture content during assembly, in pot of dry weight (limited to 28 pct for
green wood)

T Thickness of fusired member, in in, (lmited to maxdwum of Fin, in computation
of head-pull-through resisionce) e

Wl Fastener withdrowal index

FS1 Fastener shear index

FWR  Fastenor withdrawal resistance, in b

FHR  Fastener head pull-through resistance, in Ib

FSR  Fastener shear resisionce, in b

APPLICABLE DOCUMENTS
T NWPCA Specifications and Siandurds (NWPCA, 1619 Massachusetis Avenue, N.W.,
Washingten, D,C. 20034) :

1,7 Specifications and Grades for Hardwood Worchouse, Permanent or Refurnable
Palleis, 1962, Amendments, February, 1949; August, 1974; and Fevruary, 1977,

1.2 Specifications and Grades for Warehouse, Permanent or Returnable Pallets of
West Coast Woeds, 1962, Amendments, February, 1969; August, 1974; and
February, 1977,

1.3 Specifications and Grades for Warehouse, Permanent or Returnable Pallets of
Southern Pine, 1974, Amoendment, February, 1977,

1.4 Spocifications for Soffwood Plywood Pallets, PP 61-80, February, 1980,
1.5 NWPCA Logoe-Mark Hardwood Pallet Standards, March, 1982,

1,6 NWPCA Logo-Marl West Coast Pallet Stondard, March, 1982,

1.7 NWPCA Logo-Mark White Woods Paliet Standard, March, 1983,
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ASTH Standards (ASTM, 1916 Race Street, Philodsiphia, Pa, 19103)

2 1 Standard Definitions of Terms Relating fo Nails for Use with Wood end Weca-Base

Maierials, ASTM F 547-77(84).

2.9 Standard Definitions of Terms Relaling to Collaied and Cohered Fasteners and
Their Application Tools, ASTM F 592-80(84).

2.3 Standard Methods of Testing Nails, ASTMF ¢80-80(84).

2.4 Standord Specificaiion for Driven Fasteners: Wire Nails, Spikes, and Stoples,
8rh Draft (Working Decument, Not for Publication), October, 1982,

B

9.5 Stendard Methods of Test for Paliets and Related Structures Employed in Materials
Handling and Shipping, ASTM D 1185~85,

2.6 Siunderd Specification for Zine Couting (Mot Dip) on lron and Steel Hardwure,
ASTEA A 15378, -

2.7 Standard Specification for Zine Couted (Galvenined) Carbon Steel Wire, ASTH
A 6417 1a,

7.85tandard Metheds of Testing Metal Fasteners in Wood, ASTM D 1761-724,

Z

¢ Stunderd Methods of Tesi for Reclwell Hardness and Rockwell Supesficial Herd-
ness of Metatlic Materials, ASTME 18-79,

.

ANSI/ASME Standards (ASME, 345 East 47th Street, New Yorl, NJY, 10017}

2.1 Pollet Definitions and Terminology, ANSI MHT.1.2, 1978,

3.2 Poliot Sizes, ANS! MHT.2.2, 1575,

.3 Procedures for Testing Pollets, ANST MHT 4T, 1977,

3.4 Glossary of Terms in Paifet Field, Draft (Worling Document, Not for Publication),

March, 1984, Proceedings of '85 Internationat Physical Distribuiion Conferencs,
Tokyo, Jupan, May 18 ~ 15, 1985,

. S, Government Publications (Genaral Services Administration, Washingten, D.C,
204057 and Reports (U, S, Foresiry Sciences Lobaoraiory, P, O, Box 152, Princeton, W,

Va, 24740)

4,1 Nails, Brads, Staples and Spikes: Wire, Cut and Wrought, Federal Specitication
FF-N-1058, Mcrch 17, 1971, Amendments, fecember, 1972, and Ocicher, 1974,

4.2 Wallin, Walter B., and Kenneth &, Whitenack, Life Expecitancy and Cost per Use

Analysis of Weooden Fallets, Skids, Bie., Forestry Sciences Labargtory, January,
1981, Also, Life Expectancy and Cost per Trip Analysis for Wooden Pallets and
Related Structures, lhidem, Decamber, 1981, Also, Durability Analysis for Woodan
Paliels and Related Structures, Thidem, August, 1982,

N
LD

Wallin, Waltar B,, and Kenneth R, Whitenack, Pallet Jolnt Shear Resistance, fhe
F(2) Factor, Peiiet Enterprise 1(4): 20-21, May/June, 1982, Also, Application
of Joint Parformance Criteric to Pallet Design, Thidem, 1(58): 24-27, July/August,
1982, A lso, Fastener Fouivalence Guides for Wooden Pallets, Ihidem, 1{(6): 25,
27-29, Sepiember/Cctober, 1982,

VPIESU Bulletins and Reports (VPIESU Williom H, Seardo Jr, Pallet end Container R

search Loboretory, Blackshurg, Va, 24041)

5.1 Stem, B, George. Nails ~- Definitions and Sizes, A Handbook for Neil Users,
Bulletin No. 61, Sepioember, 1967,

52 Strem, B, Goomge, MIBANT Test Criteria for Pollet Nails, Bulletin No, 115,
Decembar, 1972,
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& Stem, £, George, MIBANT Tesis for Pallet Stoples, Bulletin Ne, 149, April, 1977,

3

5.4 Stem, E, George, Waolter B, Wallin, and Kenneth R, Whitenack, Paliet Rigidity,

A Major Indicator of Paller Durability, Unpublished Report, March, 1983, Pro-

ceedings of S vm:sosun. on Forest Products Research International, meoriu, South
Africa, April 22 -26, 1985,

5.5 White, Marshall §, Pallet Design System, TD5 1.0, Unpublished Report, June 26,
1984,

SAE Standard (SAE, 400 Commenwealth Drive, Warrendale, Pa, 15096)

6.1 Herdness Tests und Hardness Number Conversions, SAE J 417h, 19

Transporiati 1or| Sfunomds (UCC, 202 Union Station, Chicego, 1L 60606 and NMFTA,
1616 P, Stree , NW,, Washi: gron D.C, 20034)

7.7 UCC, Umh:.;m Frefght Classification Roles,
7.2 NMFTA, Nationgl Motor Classification Rules,
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Tablie 1

Standard, Halionlly threedsd, Sif-Stack end Hordenad-Steel, Patlet-Aembly Nails with

i Fillejed Fla Haad | Pointless or with Shott (Blont} o Medivm {0 5/3%-1n,) Diumend eor
’ Chitel Point (not wider thon wive dicmeter), end with Fowr” Thread T fuies and 60 to &7~

: Dog Thread Angle

{Code Lenath Wire Crest Dinm, Thread Angle Heod Guality Index Quality Inder (FSD) with Respect to
g 5 ¥ f

vods of comparison,

; in.  Diam. Stand, Min, Stand, Max, Dian, (auy Shaor Resistance for Given MIBANT Angle
: In, in.: In, DReg Deg In, withRessecl to Stiff-Steck Hardened-Steel Dey
] (see Fig. 1) f{see Fig, 2} (see Fig. 4) (scsFig, Withdrowal MNails (see Fig, 5) MNails
1 <) Resistance 29 34 40 46 8 12 16 20 24 28 Deg
1 1IAA 13 0105 0124 -~ 60 -~ 0.25 94 70 63 56 50 140118 102 Y0 80 77
F1AB 0,124 -~ - &7 0.25 76 70 63 56 50 1401318 102 %0 80 72
TIRA - 0,120 60  -- 6,25 81 70 62 56 50 MOTI8 W02 ¥0 80 Y
1 IBB -~ 0,120 -~ 67 0,25 &6 70 62 54 50 140118 102 90 80 72
F2AA 13 005 0124 - 60 -~ (6,25 24 70 63 546 50 MONE 02 90 8O Yz
P AR C,124 -~ - &7 0,25 76 70 63 56 50 T40 18 102 90 80 72
P TBA - 0,120 60 -~ 0.25 81 70 43 56 5D 140118 102 90 80 72
P 268 — 0,13 -~ 67 0,25 664 70 63 56 50 MO8 02 90 80 72
Caaa T 0N2 001320 - &0 -- 0,28 100* 78 70 62 55 154130 112 % B8 80
| 3A8 0,132 -~ - b7 028, &0 78 70 62 55 154130 M2 99 88 80
E3BA - 0,128 60 -~ 0.28 87 78 70 672 55 154130 112 99 68 30
i abB -~ 0,128 -- &7 0.28 70 78 70 A2 55 154130 117 99 83 80
4A4 2 0,105 6124 -- & - .25 24 70 43 56 50 10 1L 02 90 8072
P AAD 0,124 -~ -~ 67 0.25 76 70 462 546 50 4018 W02 90 85 72
ARA -~ 0,120 60 -~ 0,25 81 7063 56 500 10118 102 S0 80 /2
ABB -- 0,120 -- &7 0,25 &6 7063 56 50 140118 02 v0 00 72
sAA 20 012 0132 - 60 -~ 0,28 100 78 70 62 55 154130 112 9% 83 80
0,132 =~- Y4 0,28 8 78 70 462 55 154130 112 99 88 80
e 0128 60 - 0,28 87 78 70 462 55 154730 112 99 83 80
- 0,128 -- &7 0,28 70 78 70 &2 55 154130 112 99 8880
2 0,20 0,142 -~ 60 -~ 0.28 108 84 77 68 62 1771 w4 R4AWT $8 88
T0, 142 - ~- 67 0.28 . 87 86 77 68 62 17114 124 109 98 85
-~ 0,137 60 - 0,28 22 86 77 68 62 171 M4 124 109 98 88
“m 0,137 - &Y 0,28 75 86 77 48 62 171 M4 24102 9888
2: 0,112 0132 -- &6 -~ 0,28 100* 76 70 42 55 147130 112 ¢ L8 80
0,132 - -- &7 0,28 280 78 70 &2 55 154130 112 99 85 060
-- 0128 40 -~ 0.78 87 78 70 62 55 14330 112 99 H8 B0
-~ 0,128 - &7 (.28 70 F8O70 462 55 BAIR0 117 99 83 80
23 0320 0,142 - 60 -- 0,28 108 84 77 68 62 7114 41 9848
BAB 0349 -~ - &7 0.8 87 86 77 68 62 171 M4 D409 98 68
Y -- Q37 40 - 0.28 92 B6 77 68 &2 171 M4 W4 I0Y 9868
. 88B . - 0137 -- 67 0,28 75 86 77 48 67 17144 124 109 98 28
C9AA 2% 03112 0132 - 60 -~ 0.28 100* 78 70 &2 55 154 %0 17 99 83 80
AN 6,132 -- 14 0,28 80 78 70 67 55 154130 112 99 88 50
OB A -- D128 600 -~ 0.28 87 78 70 62 55 154130 112 99 85 80
i1 -~ D,128 -~ &7 0,28 70 78 70 &2 55 1547130 112 F9 88 80
qosA 2% 0120 0,342 - 60 -~ 0.28 108 86 77 66 67 W71 M4 124 0Y Y0 88
10AB 0,142 -~ -—- &7 0.28 87 BS 77 68 62 171144 124 0% 98 88
1084 -- 0,137 &0 -~ 0.26 92 86 77 68 62 17114 24 1G9 98 86
1080 T QUYET7 O - &7 0.29 75 86 77 68 &2 171144 124 0% 98 88
TIAA 21 0135 0159 -- 60 -- 0,30 126 103 92 82 75 20471772 148130 117105
11AR 0,159, -~ - b7 .30 26 03 92 82 F3 2047172 M8 1130 117056
TIBA -~ 0,154 &0 -~ 0.30 103 03 62 82 73 204 172 48130 117305
1188 -~ 0,154 -~ &7 0,30 g4 102 92 82 73 204 12 14E T30 1705
1244 23 0,120 0,142 ~- &G -- 0,28 108 B4 77 68 &2 171 W4 12409 98 38
12ADB 0.142 -~ T .28 a7 B¢ 77 6% 62 T4 R4 0% %688
12BA e 0137 60 -~ 0.28 g2 8& 77 468 62 7144 124 19 98 BE
1258 -- 0,137 -~ 67 0.28 7 B4 77 68 &7 714 2409 98 88
3AA 2% 0135 0159 -- &0 -- 0,30 120 103 92 82 73 204 172 W8 130 117 105
13AB 0159 -- - 67 0,30 g6 103 92 82 73 204 72 148130 7 105
13BA - 0154 60 - 0,30 103 03 92 62 73 204 V2 M3 YL W05
1385 - 0,184 -- &7 0,30 84 103 §2 82 73 204 V2 148 VM) 317105
148 3 0.120 0,142 -~ 60 = p2e 168 86 77 68 HZ 17 WA 2409 Y8 88
T4AD 0,142 - Y 0.28 87 B6 77 68 62 171 W4 124 109 98 83
TAB A w0137 60 - 0,78 92 86 77 &8 62 17 M4 12409 98 a8
1480 -~ 0,137 == 67 0.28 75 86 77 68 47 W1 M4 R4 Y 96 88
15AA 3 0,135 0159 -~ &0 -~ 0,30 126 W03 82 G2 73 204 1772 8130 N7 05
15A8 0,159 -- - &7 0,30 24 W3 97 82 73 204 172 M8 130 W 05
1584 w0354 60 - 0,30 TG2 032 92 82 73 204 172 143130 117 05
1588 -- 0,154 - &7 G20 &4 Hm GF 82 73 204 77 R IS0 W05
16AA al C.135 0,15 - &0 -- (3,30 - 120 105 62 62 73 204 172 145 130 17 105
1648 5o - e b7 G.20 .94 03 ¢ A7 73 204972 W80 N/ 05
16BA -- 0,154 60 - 03,30 103 10 6w 67 79 204 72 M a0 17705
15688 D3 - 67 0,39 H4 03 9y G2 73 204 172 W00 W05
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Tebte 2

Standard, Bright ond Cooted, Plain~Shank, Regulor~Stock Steel, r-In, Wide, Pallet-
Asseinbly Stapfes with Two, Eoual-Length, Flattenad Legs and Shert (Blunt) Chisel Poinis

Code Length Nominel Gross-Seciton Finish Quality Index  Quality Indes (FS1) with Respect
. Wire  Thickn, Widih Bright Cocted (FW1) to Shear Resistance for Given
Digmeter  In, In, *  with Respect o Cemputed MIBANT Angle, Deg
in, {Used for De- Withdrawel for Bright or Coated Fosteners
termingciicn of Resistunce 85 i1 150 Deg

FWT and FSE Onlyy** Bright Cocled®

12 0042 0055 0.061 % w- 33 -= - V7
2 — % e ED -7
5 0.072 0067 0073 x  —- 39 - - 28
5 0.060  0.075 0.080  x - 44 - 42
6 . ;

7 21 0.062 0055 0.061 x o~ 33 = - - 17
8 \

9 0.072  0.067 0.07% x - 39 - - 98 -
1 0.030 0.075 0.080 x - 44 e 42 e e

13 23 9 - - 28 -

0,072 0,067 0073 «x -
15 0.080 0,075 0,080

¥
1
§
[SLT0 RN B %
[~ N :
[
I
L
i
i
!

—_
~J1
2

0072 0.067 0.073  x 2
8 x589 o _
! 0.080 0,075 0,080 =& e 44 - 42 - -
o xS 42

S
I
H
H
H
PO NS 1
c
T
{

21 3% £,072 0,067 3,073 ® - 39 - e 28 -
22 x50 - > -

23 0,080 0,075 0,080 »x - A4 - 42 e oo
24 e % e 65 42 - -
Increase in delayed withdrawal resistance of couted stoples, driven into green wood ond
tested after its seosoning to 12-pct moisture centent , shall be ot lesst 33 pot above that
of identical bright stuples, 1f the coating is more effective, irs benofit can be prorated in
determining its FWI {sae 5.2,2),

¥ Eor permissibie range, see 10,3,



Tabls 3

Standerd, 51 ight and Cogte -d, Platn-Sink, Regutor-Sto c?' Stexel, Nails end Steplss
for Postlet-h 4? “'"anwg\“ Nl v”h Fitteted Flat Haads and Short (Blunt) Chisel
Points and Stoples with Twe, Equal- oi.qi Fluttenad loq Connected by Staple Croen
and Short (Blunt) Chicsl l’o;m: and -in, \"‘Jluf;

NAILS STAPLES
Code Length Wire H“od Code Length  MNominal
In,  Digmeter Diamste in, Wire Dicmeter
In. In, In,

i i {(3,08% 0.1 i i 0,042
2 0,093 0.22 2 0.072
3 (1O {25 3 G.CE0
4 0,105 (.25 4 il 0,062

5 B 0,086 019 5 0,072
b 0,0M 0,22 b 0.0580
7 0.0%9 .25 7 1% 0,062
g 0,105 0,25 8 0.072
¢ 1F 0086 019 ¢ G.080
10 0.091 1‘3‘22 10 12 0,062
1R 0,099 .25 3 0,072

12 0,105 O/J 12 {0,080

13 1% 0,085 G.i9 13 2 (0,062

14 ¢,0¢M (1,22 14 0,072

) 0,099 0,25 15 0,08

14 0,105 0.25

17 i 0.086 0.9

18 0,097 0.22 .

19 0.0%9 0,25

20 0,105 0.25
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APPENDTX 01

Stondord Fastener Packege Labeals

NAILS  Quentity: cou b

3
. ¢ L .
hAGf\LHGCiLJrC1: ua;a(--unc9e|4efotnouru.ouoeeoo-aveou‘o-wt-oc:vc-oneuocs-o-spueno:.ocvotcn

Menufacturerts Coder v LOE riviiconieo

Typ&: P&HE‘T [\10\35 AP I BAIT PN ORI P IPPEOACCORTOADC L FIFTIRT LIRS
N . . . *
Lengih: Louvvee. 1010 Wire Diametor: ..ecenee it
Metal: Reguler Steel ... Stiff~Stock ..., Hurdened Sieel ...,
Finfsht Bright ereiveeens.  @alvonized L. Couted (Type) vveeneee

.

Shenk Daformations: Helieolly Throoded
b4

Thread Typet Hell col faiimiernsrsmriiicm.

Lengih: oiveeee. in, Crest Dicmeter: ..., 0
Number of Flutess 4
Angle:s ..., deg Helixes per Incht ccvniniioen

Heod Typo: Flof . veveormessnnreennee  Hoad Diometers ... .
Point Typet woiviverrininscorsannrines -

MIBANT Angler ........ deg Performance indax FPWle ...
NWPCA Coda Nout vuivse Performance lndex FST oo,

STAPLES Quentity: ...

: sl ar
N\an{‘uu{‘.}l ary .oounrcu'1a¢-aas---t--¢a¢-rsa-op-n-:nr.-cvo-vcv-:---coc-oc'.o-oc-- aaaaaa

Manutaciorer's Coder vvinee L0 iiciorernee

Type: Pallet Staple oo
Length: ,........ in,  Widths _,......., in.
Nominal Wire Diameters o,...,. in, Leg Gross-Section: (... % ... in.

Metal: Regular Steel Finish: Bright ..... Galvanized ..... Coated Type) ...
Crown Typa: Flaftened

Point Type: Chisel .

MIBANT Angls: ..,...... deg Performance Indax FWit s
NWPCA Code Moyt vrnir..,  Performance Index FSli e

sussreapisansdssrongredy
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THTRODUCTTOH
Following  some discussion at the last CIB-W1S8 meeting on  how test
specimens  should  be  forientated’  during static bending tests on
structural  sSixe  members, Dr., Snith was asked to  consider the

guestion of teslt specimen ovientaticon in  velation o mechanical
jolnts.

Ttodis usovally assumed by those conducting tests on mechanical joints
' Zzg the wesulting test data to establish design

joints are made in such a way that the fastener{s)
is located in clear wood, i.e. features such as knots, fissures and
£ ing  grain ere not included in the arsza of the Jjoint. Joint
resistence is  characterised using tests on axially loaded joints

with @ small nueber {(one to four is typical) of fasteners per joint
Por gsuch joints orientation of test specimens refers Lo:

(i) whether the applied forces produce compressive or tensile
loading, and

{ii) the angle to the grain at  which the fastener(s) load esch
of the jujlnba membhers, '

{(i:1) for solid timber members the positioning of the
fascener(s relative to the growkn rings in the
i ﬂ’dlwtuuucb ial plane.

~

{Strictly speaking item {iil) counstitutes part of the procedure For
sampiing materials but by common usage it is often incorporated  as
part of the testing procedure).

Through study of typical types of jJoints this paper examines the
relative importance of varicus factors which define the orientaition
of a mechanical timber joint. The related topic of what level of
d‘"tinction should be made in design codes between different
jolnting situations is also addressed,




P

TENSION JOINTS v COMPRESIZION JNINTS

Fig. 1 shows a schematic repregentation of compressicn and tension
embedment specimens. The stress distributions fo¥y tension embedment
specimens and compregsicn  embedment specimens are clearly guite
different. It is only in situations where the width of the speciwuen
is very large compared with the fastener diameter, c¢.g. nails in
pilywood, that tension embedment c¢haracteristics will tend Lo
approach those for cowmpressive embedment situations. In general it
s to be expectad that both stiffnesses and ultimate strengths for
Joints loaded in tensicon will be different from thosae Jor nominally
identical joints losded in compression.

On the basis of recent tegts conducted Dy TRADA:

(a} Taterally loaded nailed joints with members loaded parallel
to grain have s ratio of initial slip modulus in tension to
initial slip modulus in compression in the order of 0.80 to
1.30. The ratio varies depending upon factors such as nail
diameter and timber species.

(b) Latevally loaded nalled Joints with members loaded parallel
to grain have a ratic of ultimate capacity in tension Lo
ultimate capacity in compression in the order of 1.00 to
1.05.

{c) Laterally loaded bolted joints with members lcoaded parvallel
to the grain have a ratioefslip modulus in  tension to
initial slip modulus in compression in the order of 0.9 to
1.40, The ratio varies depending upon factors such as naill
dianeter and timber speciles.

{(d} TLaterally loaded bolted joints with members loaded parallel
to grain have a ratio of wultimate capacity in tension to
ultimate capacity 4n compression in the order of 1.00 to
1.10.

These results apply to Joints with an end distance of nct less than
seven times the bolt diameter or twenty times the naill diameter, and
an edge distance of not less than 1.5 times the bolt diameter or
five times the nail diameter. Lower tensile than compressive
strengths may well be observed for jeints with end and/or edge
distances less than these.

It seems probkable that laterally lecaded Joints with connectors of
the split-ring or shear-plate types will have greater differences in
ultimate tensile and compressive capacities than the differences
observed for joints wit nails or bolts.
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INFLUENCE  OF  ANGLE T0O THE GRAIN AT WHICH TIHE FASTENERS
LOAD EACH OF THi JOXWTED MEMBERS

Owing +to differences in embedment characteristics for fasteners
loading timber at different anglies to the gra*n, both stifinesses
and strengths of joints ave functions of the direction to the grain
at which the fastencr(s) loads each Joint member. FEmbedment tests
at TRADA have shown that:

(1) fLor mnails ihe initial embeduent stiffness for loading
' perpendicular to the grain is in Lhu order of 0.65 o 0.90

ol thatl for loading parallel to vhe grain,

(2) for bolts the initial embedmenl stiffness for loading
perpendicular to the grain is in  the order of 0.35 to 0.45
of that for loading parallel to the grain,

{(3) for nails the ultimate embedment strength Ffor loading
perpendicular to the grain is in  the order of 0.75 to 1.15
of that for loading parallel to the grain, and

(4} for bpolts the ultimate embedment strength for leoading
perpendicular to the grain is in +the order of 0.40 to .60
of that for loading parallel to the grain.

Within the ranges guoted, the -actual ratio of a perpendicular to
grain property to the eguivalent parallel to grain property vavies
depending upen factors such as fastener diameter and timber specles

Although variables such ag member thicknesses and material
properties for the fastener(s) also influence joint charvacteristics
it is  obvious that the directions of applied forces relative to
joint member axes can  significantly influence a joint's stiffness
and strength properties.. As an illustration consider the two types
of nailed joints shown in Fig. 2 (type N1) and Fig. 3 (type nN2°
and the two types of bolted joints shown in Fig. 4 (type Bl) ana
Pig. 5 {type B2). The following results were obtained:-

1. Meaguinitial_gl_ @odulus for type §2_101ﬂ23

Mean initial slip modulus for type NI joints = 0.855
2. Mean initial slip modulus for type

Mean initial slip modulus for type = 0.457
3. Mean ultimate capacity for type NZ joints

Mean ultimate capacity for type Nl joints = 1.087

o
s

Mean u]i1“dEEmSQEQEiEXWEQENEXBEW32M19iEEE

Mean ultimate capacity for type Bl joints = 00741

£t



Finargy - i eminnn e
,f,

bromr gy

s
y el
N N N
£ I £
#

Specimen

A s 3 P WA A

Bl 27 |13
BB

Type N1

S

53RN

R
53

A AR g =

_Specimen Type N2

Noles:—
1 Timber members
2. Nails: 50mm

BS 1202 Part 1

1

3. Nails dr

: if; /L

L whieh the mm 5 oare

! s £ e
ap 14 ‘ v b
L. Relad e dig[if x[{ inont of ¢ T0Ced \i j N memb
{F’"'I"J‘ wintos 4 vl f”.n-’i“ﬁf of l T SopE o R, ot INeIE
OUTE PETCS 0 |!. 2RO CRTYIRD O 1 fs It L 0 f}
B Test speod corresponds ‘k; o cross-head nevement {J’ y

planed ol round.
long x 2:65mm diameter tound plain |

ven ‘»ﬁ'i‘!‘nﬁu*' e - hi‘w‘“r“i lead holes,

I"k I}

eed brigh

pn :m

p'mr((i
& o)
1: the direction of the

o

e
L

7

ol
'’

16116{16

i

Twire nails to

hetween
1est mrl

i H

aiplied

ST ger minuro,



E

Fig. &
BOLTED JOINTS |
k
48
64
.+.. [ 1 Y R JUUURIU S
6,
) 148
T 6L 96 |48
2l 24
_Specimen Type B
Fig. 5
8
A e ;
68
T T I P
L ) / //
L 6L, /) i
N L L] o o
' 50 180 !2_;3 i) 80 .50 | L8 96 18
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Notes:~

1. Timber members planed all round,

2. Bolfs: Metric Black Hexagon Hend, M16, strength grade 46, fo BS 4190:1967,

3. Washers: 468 x &8x&mm thick mild steel.

L. The joint is made finger fight prior fo festing,

5. Relative displacement of adjucent joinis timbers in the direction of the applied load
relates 1o the level of the mlT axis. '

6. Test speed corres jJUﬂdQ to a cross-head movenent of 25mm per minufe.



INFLUBNCE OF ORIENTATION OF FASTENER OR CONRNECTOR IN RADIAL -
TANGENTIAL PLANE

The guestion of whether or not  the orientation of a fastener or
conpector  relative to  the growth rings in  the radial-tangential
plane signiricantly influences its atiffness and si_&nth
chalacto,szics under lateral loadings, depends upon  factors  such
as: the type 0f fastener, dimensions of the fasteney and jointed
meichers  and natural features of the wood such as the width of  the
growth rings and relative cleavage strengths in different planes.

Available dats seems to indicate that orientation of fasteners or
connectors In the radial-tangential plane:

(i) has reiﬁfiV@}y iittle influence under lateral loadings on
the stiffness characteristics of joints with faqteners
such: ags nails or Dbolits or Joints  with  shea plate

connectors, (this may not be true for -joints w1tn prnched
metal plates, toothed-plate or split-ring connectors).

(ii)  Thas only a small influence under lateral loadings on the

strength characteristics of joints with Fasteners such as
nails or bolts, and,

(iii) can have a significant influernce upon the uliimate
capacities of laterally loaded Jjoints with connectors UL
the sheor-plate and split-ring types.

BFEFECT OF INCLUDING "UNCLEAR' TIMBER IN THE AREA OF A JOINT

As Was previocusly mentioned Jjoint oproperiies are usually
characterised by tests on specimens that are made in such & way that
fasteners are located in 'clear' wood. In real structures howevsr,
even when correctly stress graded timber is used, fasteners may be
inserted near to or coincident with features such as  kunots  and
sloping grain. There is littie data in the literature from which
reliable estimates can be made of the influences of various ‘'grade'
features on the strengths of timber Jjoints.

It seems obvious that for certain types of joints, e.g. laterally
ioaded joints with Jlarge bolts or split-ring connectors, that
features such as splits and sloping grain will prodwc“ significant
losses in ultimate capacities compared with those for similar joints
in clear wood. Results of some recent embedment tests al TRADA
illustrate that for other situations, e.g. laterally loaded Jjoints
with nails oy small diameter Dbolts, inclusion of grade features in
the arca of a joint does not necessarily produce significant l1losses
in stiffnesses or strengths. Takle 1 shows results from comdression
tests  on 6.5mm (3 ply) French pine plywood embedment specimens with

3.75mm common wire nails loading the pilywood parallel  or
perpendicular to the grain of the face veneers. {Bach plywood

g

specimen was tested parallel to the grain of the face venecers, then
using  a new nail location it was Lested perpendicular to the grain
of the face veneers). Bach of +the original twenty specimens were



cut from a different sheet of plywood. After testing, five of the
specimens  were Jjudged to have produced invalid results. in four

instances this was Dbecause features such as knets or volds were
found in the centre veneer, when the specimen was cut up following
testing. In the remaining specinen (number 19} +the result was
invalid Tbecavse an incorrect test method was used. Five re-tests
were made using pleces of material side matched +to the original
specimens. In general there was no significant influence upon
calculated statistics for stiffness or strength from substituting
results  for re-tests in lieu of original values, especially for
strength. Beaving in mind that in laterally loaded nailed joints,
forces are usually distributed hetween a number of fasteners, it
secms unlikxely thet localised {features such as knots and sloping
grain wi il sericusly infiuvence the gtrength or stiffness
characteristics of such Joints, End splits are likely fo
significantly reduce a joint's resistance whoetever type of fasteners
are used.

From the above, there is clearly a need for an  improves
undervstanding  of the effect of including uwncelear timber in the area
of a joint. This would Lead not only to better assignments of
characteristic resistances but also to better specification of code
clauses dealing with workmanship.

SENSITIVITY OF WOODEN STRUCTURES TO VARIATIONS IN  LOAD -
DEFORMATION CHARACTERISTICS OF MECHANICAL TIMBER JOINTS

Theoretical studles have been conducted at TRADA to assess the
sensitivity of a range of wooden structural components to variations
in the load-deformation characteristics of mechanical joints, (1, 2,
3). Based on these studies it is concluded for components such  as
built-up beams, stressed skin panels, trusses and racking panels
that provided loads at given Jjoint deformations are specified to a

reasonable precision, {(in the ords of ¥+ 20% of their true values),
then deformations, member stresses and Jjoint forces can be predicied
to within at least 10% of their itrue wvalues. It should be noted
that this pre-supposes that a component’s behaviour can e

accurately modelled using available methods of structural analysis.

On the basis of the above it 1is recommended that differences in
joint  stiffness and strength properties of less than 20% should be
neglected when catagorising Jjeinting situations for the writing of
structural timber design codes.
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CONCLUSZLONS

1.

S

[ |
"

For mechanical timber joints forientation’ refers to:
(i) whether the applied forces produce compressive or
tensile loading, and

(ii}) <he angle to the grain at which the fastener{(s) loads
eacli of the Jjointed members,

{(1ii) for solid timber members the positioning of the
fastener(s) relative to the growth rings in the
radial-tangential plane.

Because stress  fieids in Che vicinity of fasteners are
quite different for nominally identical joints subjected to
compressive and tensile loadings, it is to be expectad that
in general stiffness and strength properivies will diffe
for tension and compression Jjoints. This does not of
necegsity imply that distincticons should be made betweaen
tension and compression Jjoints during a deslgn process.
The need for distinctions is dominantly a function of the
type of fasteners or connectors used and the materials uzed
for the joint members.

For laterally loaded nalled Joints it is not necessary Lo
distinguish Dbetween different Joint ‘'orientationg' ir
ultimate capacity calculations ov when assigning stiffness
properties within structural analyses.

For laterally loaded bolted Joints there 1s need Lo
d}stnou"uh betweean differant joint orientations in
ultimste capacity calculations and when assigning stiffness
peropaerties within structural analyses.

For connectors of the split-ring, shear-plate, toothed
~plate and punched metal-plate types, distinctions will
probabhly need to be made in design  calculations between
different joint orientations.

There is need for an improved understanding of the efifect
of including "unclear' timber in the area of a joint. Thj“
would lead not only to better assignments of characteristic
resistances but als to bettery gpecificaticn of code
clauses dealing with workmanshipo

The scope of test prograiunes for wvaricus ‘types of
mechanical Jjoints should reflect the reguirements implicit

in conclusions 3 to 5 above.
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1. INTRODUCTION

Through various investigations, (1, 2, 3, 4, 5, 6,7), it is known
that the ultimate load capacity of an axially loaded itimber joint
with n rows of (lasteners or connector units is less than n  times
the capacity of & similar joint with a single row of fasteners or
connector units. Here a line of fasteners perpendicular to the
axes cof jointed members 1s termed a row. A line cf fasteners
parallel to the axes of jointed members is termed a column.
Attempts have been made to explain the loss in Jjoint efficiency by
analogy to stress concentrations that occur in lap Jjoints with
continuous contact surfaces, (3, 8, 9, 10, 11). Proposed
theoretical models conslder fasteners and Jointed menmbers to behave
as a numpber of interconnected springs with either linear or

non-linear load-displacement characteristics, (3. 8, 9, 11).
Fairly good agreemsnt has been found between theory and experiment
for the influence of number of rows of fasteners upon

load-~displacement relationships for wvarious types of nechanical
joints at small displacements, (12). Unfortunately the same is not
always true for ultimate capacity predictions, (11, 12). Available
theories tend to overestimate the strengths of joints with multiple
rows of fasteners, in situations where failure can be as a result
of brittle fracture, e.g. shear-plate connectored joints.

A number of current 'structural timber design codes’®, (2.q9. 13,
14, 15) make explicit allowance for the influence of the number of
rows of fasteners upon the design strengths of axially loaded

joints. Codes such as the CIB Code, (13), and BS 5268: Part 2,
(14), contain relatively simple rules which are functions of the
type of fastener and the number of rows, Flgures @ tc 8. Cther

Codes, for exanmple CSA 086, (lB5), contain relatively complez rules
which are also functions of the c¢ross—-sectional areas of the
Jointed members. According to Wilkinson, (12), the CSA 086 rules
were derived from the work of Lantosg, (9). Despite their existence
various Code rules are believed ¢  be nominal rather than rational
allowances for observed effects.

In response to discussions pronpted at the last CIB-W18 meeting by
Gunter Steck's waper, (16), this paper examines the correciness of
existing design code rules for the influence of number of rows of
fasteners upon the ultimate capacity of axially loaded timber
joints.



2. TEST DATA AND COMPARISON WITH EXISTING CODE RULES

The following notation is adopted:

p =_F_
© pnm (1)
where f§ = observed reduction factor,

P = gbserved ultimate capacity of a joint with nm
fasteners or connector units,

P = observed ultimate capacity of a joint wmth
one fastener or connhector unlt,

n = number of rows of fasteners or connector
units,

m = number of columns of fasteners or connector
units.

Relatively ~little relevant data ~has been identified in the

literature. Despite this, some comparisons are possible; Figures 1
to 8 show P values plotted against n for various types of Joints .
Individual points represent mean cbservations. No distinction has
been made belween data for compressive and tensile loadings. Also
Figures 1 to 8 show relevant design rules specified in the CIB
code, (13) and BS 5268: Part 2, (14).

2.1 NAILED JOINTS

In Figures 1 to 4 experimental results are compared with

theoretical predictions using Lantos' theory, (9)., Even though the
theory is for fasteners with a linear-elastic response, the
predicticons are reasonably good. The sensitivity of /» to any

variations in joint member cross-sections is indicated in the same
figures by the curves for

P — A - ClB ~ _ aCIB .
Am ~'2A3 = Brig or A, = Ag = AL where:
Am = cross-sectional area of main member,
Ay = cross-sectional area of side member, and
A?”%“ minimum cross-section permitted by CIB Code, (13),

7 x5 xdx {m+ 1)

Ii

Ey = 10" N/mm? , nail spacing = 20d)

£
3
I

The experimental data is for fairly unusual joints with side ‘member
stiffnesses (Eg Ag ) either 2.0 or 2.67 times that of the main
member (¥m Am ). For 'normal joints' Eg Ag is in the order of 0.5
to 1.0 times Ep Am. The effect of the number of rows of nails on
the effective strength capacity per nail would be expected to be



less than that observed in the tests by Potter and Nozynski. This
is why the proposed design rules in Figures 1 to 4 lie above the
experimental observations. Also some account is  taken in the
proposal of the expected reducticn in variabilty of strength with
any increases in the number of nails per Jjoint, {18).

2.2 DOWEL JOINTS AND BOLTED JOINTS

A comparison between Lantos' theory and the current CIB Code design
rule for dowel joints 1s given in Figure 5. This suggests thaxr the
CIB Code rule is conservative for Joints with more than four rows
of dowels. The validity of the Lantos theory will in part depend
upon whether dowel joints with multiple rows of fasteners have a
ductile or a brittle failure mode.

In FPigure % experimental data for Dbolted joints is compared with
existing design rules. It is likely that the apparent lack of a
trend relating § and n, results from & <hange in fallure wode
(ductile to brittle), between joints with one bolt and jecints with
rncre than one bolt in a row. <

2.3 SPLIT-RING JOINTS AND SHEAR-PLATE JOINTS

Figures 7 and 8 show a comparison of available experimental data
with existing design rules for split-ring djoints and for
shear-plate Joints respectively. There appears to be a significant
infiuence of any increase in the number of rows of connectors for

both types of connector, Substantial losses in  strength per
connactor  for n = 2 are thought likely to result from changes in
failure mode relative to joints with n = 1.

3. PROFPOSED DESIGN RULES FOR AXIALLY LOADED JOINTS

%j = ap, nm
where: (2)
Py = ultimate liwmit state design capacity of a joint with
nim fasteners or connector units,
py = ultimate Jlimit state design capacity of a joint with
one fastener or connector unit, and
«w = reduction factor.

3.1 NAILED JOINTS

When n > 5
o = 90 - n for m > 4, and
85
@ = 38 - n for m g 4.
33 (3}
Whenn < 5 : w o= 1,0,



3.2 DOWEL JOINTS AND BOLTED JOINTS

In the absence of any reliable basis for change it 1s suggested
that the existing CIB Code design rule be retained:

o= 1.0 for n

w= 4 + 2 (n - 4) for n
n n

3.3 SPLIT -~ RING JOINTS AND SHEAR
It 1is proposed that the design

adopted:

. 1.0 - 3(n :;Ll for
100

w= 0.70 for

4, PROPOSED REVISIONS TO CLAUSES

< 4, and

> 4.

~ PLATE JOINTS

rule from

n.? 10, and

10.

o]
W

OF CIB CODE

The Appendix gives the proposed revisions to

Cade for structural timberwork.

B5 5268: Part 2, be

(5)

clauses of the CIB

£33



5. CONCLUSIONS AND RECCMMENDATIONS FOR FUTURE RESEARCH

It is concluded that there is a need to include new design rules
for ultimate limit state calculations on axially loaded joints with
nails, split~rings or shear-platas to acccount for the effect of
the number of rows of fasteners or connector uvnits.

It is important to recognise that the rules proposed have been
arrived at on the basis of very limited test evidence. There is a
need to collect more data before definite conclusions <¢an be
reached and before all primary influences upon fastener group
action can be established. For joinits with multiple fasteners such
as nails or bolts, it is possible that existing theories, (3, 9, ¢,
and 11), provide reliable estimates for altimate strengths cf
joints with ductile failures., New theories appear to be necessar
for ultimate capacities of joints with brittlile failures.

Topics not addressed here but which are werthy of discussion
include:

1. The need to account for the number of fasteners or connector
unitvs in ultimate limit states design calculations for Jjointsg
with arbitrary combinatiocns of thrust, moment and shear
ferces.

2. The need to account for the number of fasteners or connector
units in serviceability limit states design calculaticns forx
jeints.

Ut
i

RE- TR
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APPENDIX -~ Proposed revisions to clauses of CIRB - Structural
timber design code, (13)

Clause 6.1.1.1, third paragraph:

For more than five nails in line the effective number of nails

nef iS:

Dgg = n<38—§ for m & 4
33 (6.1.1.1Dh)

Ngf = N (90 ’ﬂhﬂ> form > 4
85 (6.1.1.1c)

where n is the number of nails in line in the direction a
of loading,
m . is the number of nails in line transverse to the

direction of loading.

Clause 6.1.4, inseft after second paragraph:

Unless there is contradictory test evidence, it should be assumed
that for laterally loaded joints with more than one connector in
line the effective number of connectors ng; is:

Ngf = n (l.O - 3{n - l}) for n < 10
100 (6.1.4a)

Ngf = 0.70 n for n » 10
{6.1.40)
where n is-the number of connectors in line in the direction

" of loading.



Observed reduction factor

Fig. 1
{Nails)

Key:— 4 Potters experimenta!l results,{5),
2:65mm common wire nails in European redwood

_____ Lantos theory

Lantos (Am:% Ag :Ami(nm)

- CIB code design rule
B - BS 5266: Part 2 desigh rule
«— Proposed design rule

- N
N >

AN *
AN
\\ .
7 - S
\
.\ of = 387N _
06+ N 33
N
\\
sl 20
0S5+ E A |
m =2
0.[+ | | 1 i 1 1 ] | | | i H { 1
1 2 3 4 5 6 7 8 9 10 M 12 13 1% 15

Number of rows

Observed reduction factors, Bvalues, fer nailed joints
with_loading parcliel to grain




Observed reduction factor

Fig. 2
(Nails)

Key— o Potters experimental results, {5},
2:65mm common wire nails in European redwood
=~ === lLantos theory
Lanfos (Am:% Ag = AmiCnIB)
n- CIB code design rule
- BS 5268:Part 2 design rule

B — o ——e~ Proposed design rule

0-8

o O\ .
\\\\\ é:;>\\\\.
. N s O
| AN 33

0-6
Es As
05 |—— = 20
EnAm
I = 4
04 ; | | r I ! | ! I ! ! | [

|
1T 2 3 & 5 6 7 8 9 10 % 12 13 14 15
Number of rows

Observed reduction factors, Bvalues, for nailed joints
with loading parallel to grain

-10~



Fig. 3

(Nails ]
Key—~ o Potter's experimental results, (5},
2-65mm commen wire neils in European redweod
wn o wem | antos theory
i RS () (01 (Ams% A = AmE}IB)

- (IB code design rule
- BS 5268: Part 2 design rule
w—mee——9— Drgposed design rule

1 H I

Observed reduction factor

H

FsAs
E_mAm = 7:0
M = 6

i H i 1 ! ] 1 H H

—

; 1 | ! L e
2 3 4 5 6 7 8 9 10 N 1213 W% 15 n
Number of rows

Observed reduction factors, Bvatues, for nailed joints
with loading paraliel 1o grain

=11 -



Ohserved reduction factor

Fig. 4

(Nails)
Key .- 4 Nozynski's experimental results, {7},
GO nails (circular section)
x Nozynski s experimental results,(7),
GTP nails ( triangular section)
e e == | antos  theory o '
Lantes (Am= As= AmmB)
- CIB code design rule
- BS 5268 : Part 2 design rule
B e o ——s— Proposed design rule
J
10 bz — - - -
~ \ -
! \
09 3 [ - Hl‘l\..
X \
081 N \\
AN .
0-7 - N \
o = 36 -n
06 - 33
E{iﬁf = 2.47
05 EmAm
m = 2
04 | i | ! i ! [ i | | | 1 |

;J-"—
123&567891011?2131.&1Sn

Number of rows

Observed reduction factors, Pvalues , for naited joints
with loading _parcllel fo_grain

-1‘2'.-



factor

Reduction

0-8 I~

07 -

0-6 -

05 L.

04

Fig. 5

( Dowels)

Note:- This figure corresponds to Fig. 3 in
Stecr’s 1984 CIB paper, {16)

Key i« w— wme — —~ L antos theory
- CIB code design rule

1 i | | | J i L | I

{ !
Z 3 4 5 6 7 8 9 10 11 12 13 1 1

Number of rows

Reduction factors for dowel joints

with _loading_parallel to grain

s 13,..

5



Observed reduction factor

10

0-9

08

07

06

05}

04,

Fig. 6

{Botts )
Key - + - Doyle, (2}, laminated Bouglas--fir, steel
side plates
X Kunesh and Johnson, (4), Douglas—fir
-- CIB code design rule
- BS 5268: Part 2 design rule

I
X
++

x \\ b dir .
] — average B

‘\ observation

L]

+H  +X

1

—

L1 ] !

I 1
T2 3 4 5 6 7 8 % 10 1M 12 13 1 15

Number of rows

Observed reduction factors, Bvalues, for bolted joints

with loading_parallel fo grain

- Vi



Observed reduction foctor

10k

06

0-5

0L

Fig. 7

(Split-rings)

Key - - Stern, (1), Douglas-- fir
. e Graf, (17).
- - BS 5268: Part 2 design rule

-+
7
]
1

] |
Z 3 4 5 6 7 8 9 10 M 12 13 1% 15

Number of rows

Observed reduction factors, Bvalues, for split — ring connectored

average opservafion

| 1 ! ! l | ! | ! A

n

_joints with loading_parailel fo grain

15 -



Fig. 8
(Shear- plates)

Key — 4 Dannenberg and Sexsmith, (6), laminated
southern pine
X Isyumovy, {3), laminated Douglas-fir

e = e BS 5268 1 Part 2 design rule

1-0

0-9

Obeerved reduction facior

05

7.+ N\ - ]

average observation

1
+

04 T | b t I I | |

i i i
12 3 45 6 7 8 9 10 1N o172 13 i 15
Number of rows

Observed reduction factors, Bvalues, for shear—nplote connectored
_joints with steel side plates and loading parallel fo grain

- !6-—



CIB-W18/18-7-4

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION

WORKING COMMISSION W18 - TIMBER STRUCTURES

A DETAILED TESTING METHOD FOR NAILPLATE JOINTS

by

J Kangas
Technical Research Centre of Finland
Finland

MEETING EIGHTEEN
BEIT OREN
ISRAEL
JUNE 1985



INTRODUCTION

Different nailplates have several similar characteristics, The dif-
ferences in design values may be due to test arrangements and particu-
tarly to the shapes and dimensions of the nailplates wused 1in the
tests.

In Finland, several different types of nailplates are used, where the
number of test series in the original tests has often been very small,
To revise the outdated naitplate approvals several new tests were
needed during 1984, Several new nailplates were sent for tests at the
same time. On the basis of earlier tests the Technical Research Centre
of Finland drafted a detailed method that is in agreement with the
final recommendation TT-1A from 1982 of the Joint Committee RILEM/CIB-
3TT, Testing methods for joints with mechanical fasteners 1in load-
bearing timber structures ANNEX A Punched metal plate fasteners. It
presents, for instance, the choice of the nailplate dimensions and
the sampling of timber used in the different tests and the dimensions
and assembling of the specimens.

In winter 1980 - 1981 VTT made an extensive nailplate investigation
for a private customer following the testing rule M.0.A.T. No. 16:1979
June 1979 of UEAtC (European union of agrement): Rule for the Assess-
ment of Punched Metal Plate Timber Fasteners. Some experts have sug-
gested that it should be published. The difficulties associated with
the choice of nailplate sizes, for finstance, have also often emerged
in the discussions. It has therefore been considered justifiable to
present this meeting the detailed nailplate testing method now used in
Fintand and the method for determining the design values of nail-
ntates.

1 THE AIM OF THE METHGD

The strength and deformation Characteristics of joints made with nail-
plates intended for load-bearing timber structures are studied in
order to determine the strength and deformation parameters of the

design values.



2 SCOPE OF APPLICATICH

The method is applied separately to each nailplate type.

3 REFERENCES

The loading procedure, measurements and calculations follow principal-
ly the standard IS0 6891 from 1983, Timber structures - Joints made

with mechanical fasteners - General principles for the determination
of strength and deformation characteristics.

The principles for specimen selection follow mainly the final recom-
mendation TT-1A. The deviations are adjustments to the general text of
the code concerning specimens and nailplate sizes or allowances for
the number of specimens. The tensile strength of the plate material is
determined according to DIN 50114 (Flachprobe 20 x 80).

4 DEFINITIONS AND SYMBOLS

The definitions are according to point Al in TT-1A. The symbois are
according to point 4 in IS0 6881. Other symbols in the test method:

Pou is density of wood when weight is determined from ovendried
wood and volume from wood in moisture content u, kg/m3

T anchorage strength (tateral resistance of the plate pro-
jections), N/mm?

Pe compression strength of nailplate, N/mm

Py tensile strength of nailplate, N/mm

3 shear strength of plate or capacity of nailplate joint in

shear loading, N/mm.

5 SAMPLING OF NAILPLATES

The test plates are taken from the manufacturer's production. Before
and after the test plates are made, specimens, in which there are



punched nails and appr. 30 cm unpunched band, are taken from every
band for determination of the material values. These are delivered
with the nailplates to VIT. At least one plate size is prepared in the
presence of VIT's representative. In case of imported plates the offi-
cial supervisor from the country in question takes care of this con-

trol.

b TEST METHGD

6.1 Principle

The test method clarifies in controlled circumstances and using speci-
mens suitable for each case the anchorage, ftensile, compression and
shear strengths of timber joints assembled using different types of
nailpiates. The numbey of specimens 1is the smaliest possible for a
covering and reliable study of the characteristics.

6.2  Apparatuses

The Tloading and measurement equipment is according to standard IS0
6891 clause 7. They can be either manual or automatic devices connect-
ed to a minicomputer, which during loading output the load-slip curve
and the desired strength and stiffness values.

6.3 Preparation and preliminary treatment of specimens

£.3.1 Timber

Attempts are made to acquire the timber in rather large parcels and to
preselect it thus that it is suitable for the tests.

The timber is acquired air-dry and planed to 45 x 147 mm. The boards
are given numbers 1, 2, 3... and cut to 1 m long pieces, which are
marked with the corresponding board numbers and also with a, b, c..

The pieces are weighed and inspected. The annual ring width shall in



the approved specimens be 1.5 - 3.5 mm. They may not have knots in the
joint area, compression wood nor uneven growth. The sawn and inspected
timber are selected as evenly as possible to test series, whereat only
one piece of the same board comes to one series.

The objective density (pou) of timber for the different test types is

anchorage strength tests (<) 360 + 15 kg/m3

shear strength tests {s) 375 - 400 kg/m3

compressive strength tests (p.) about 400 - 410 kg/m?
tensile strength tests (pt) 410 - 450 kg/m3

The timber members are conditioned and stored at a temperature of +20°
+2 %C and in a constant humidity of 0.80 + 0.05 RH.

6.3.2 Test series and piate sizes

Anchorage strength (Taﬁ) between plate and wood
v, when « = 0°, 30°, 60°, 90° and B = 0.

The size of fastener is selected thus that the anchorage length 19 in
the direction of applied force is the largest with which anchorage
failure occurs. With angles of 0° and 90° the width is about 70 - 120
mm. The limiting factor is the strength of the timber members (Fmax <
70 kN}. With angles of 30° and 60° the width of timber is B = 100 mm
{80 mm). The shape of the plate is selected thus that the excentricity
of the Toad is small, for instance corresponding to plate sizes 130 x

160 mm and 160 x 130 mm,

T (T-joint) with angles

H

a) a=0° 8=45% and 90°
b}a={3=00

The width of naiiplate is about 50 mm in the case a) and the length of
nailplate is about 80 mm in the case b).



In the main test series of T there are 10 specimens with an angle of ¢

= 0%nd in the other test series 5 specimens.

Tensile strength (p ) of nailplate with angles of « = 00, (150), 300,

The width of plate is about 70 - 100 mm (Fmax < 70 kN).

The length of the plate in ioad direction shall be long enough for
plate failure. The same plate size can be used with angles a = 00, 159
and 30° and correspondingly with angles a = 60° and 90°.

With each angle there are 3 specimens,

Compression strength of plate {(buckling) (pCa) with angles « = 0°, 90°.

1

0% the plate size is the same as in the main series Ty
90° the plate size is the same as in series Pgp-

With angle «

1

With angle «
With each angle there are 3 specimens.

Shear strenght s_, when « = n x 15°, n = 0.1 - 11.

Plate size about 120 x 160 mm s used with all angles. In addition,
when o = 0° a narrower ptate size is used {about 100 x 160 mm) and
when o = 300, 450, 60° and 150° plate size about 75 x 200 mm. Plate
size about 160 x 120 mm 1is also used, if necessary, when o = 45° and
150°,

There are 5 specimens in the main test series with o« = 0% and 3 in the

other test series.

6.3.3 Specimens

The specimens are shown in figure 1 - 4. They are put together by means
of nailed strips of wood. The nailplates are fastened with small nails
and pressed into timber using servohydraulic equipment. The compression
force 1is determined so that a compression pressure of 6 MPa can be
obtained on the naiiplate area. The piston velocity is about 30 wm/s.
The plates can also be embedded using the truss manufacturer’s roller.
The strips of wood facilitating assembly, visible in the figure, are



removed immediately after embedding. During pressing the moisture of
the timber members corresponds to equilibrium moisture content when
air humidity is about 0.80. After assembly the specimens are conditioned
at least 2 weeks at a temperature of +209 +2 9C and in a humidity of
0.65 +0.05 RH before loading.

6.4 Material tests

6.4.1 Timber

The density {pou) and moisture (u) of wood is determined from the $ 50
mm drilled sample taken from a representative point of the loaded speci-

men.

6.4.2 Plate material
The following determinations are made from unpunched specimens:
The thickness of plate zinc coated and without zinc coating (t and tFe)'

The ultimate elongation ASG’ yield stress Rai and tensile strength Rm
of the nailplate material are determined in accordance with the standard
DIN 50114 (Flachprobe 20 x 80) by the tension bars made from the speci-

mens.

The ductility of the fasteners at the nail root position is determined
by following the testing rule M.0.A.T. No. 16:1979 June 1979 of UEAtC.
At least three nails per plate from different parts of the plate and one
plate per each used band are tested.

6.5 Loading procedure and results

The wethod of Tloading of the specimens and the presentation of the
results follow in the main the ISO 6891 standard. In accordance with
the recommendation 3TT-1A the greatest lcad F7 5 until the slip limit

v = 7.5 mm is recorded.
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1 AIM AND CONTENT

These instructions contain the methods and principles which the Tech-
nical Research Centre of Finland {(VTT) follows when drafting on the
basis of test results its recommendations for the allowed values of
design quantities in timber Jjoints assembled with each naiiplate

type.

2 EXPERIMENTAL BASIS

The method is based on tests made according to the instructions draft-
ed by VIT's Laboratory of Structural Engineering or tests of the same
quality and extent made by some other acceptable research institute.

3 CALCULATORY AMENDMENTS

3.1 Strength of plate

When needed, the strength of the plate is adjusted to correspond to
the design thickness and design strength of the plate in the specimens
which have failed due to metal failure or in which the material values
otherwise have affected the result. This is done by multiplying the
tensile strength Py (mean of the series), compression strength Pe and
shear strength s of the plate obtained as test result with the coeffi-
cient

ty is design thickness of plate (mm)

teg thickness of plate without zinc-coating (mm)
Ry design strength of plate material {(N/mm?)
R tensile strength measured from plate sample (N/mm<).



3.2  Lateral resistance of the plate projections

The compression strength of wood (density) affects the anchorage
strength <« between the nailplate and timber. Therefore efforts are
made to get the compression strength of the wood in the specimens
close to the objective value, which in Scandinavia has been selected
to 35 MN/m?, The deviation of the compression strength during the test
from the objective value can approximately be considered in the
following way. We calculate the compression strength (MN/m<) of wood
during the test from the equation, given in CIB - RILEM Timber Stan-
dard No. 07

- u
fC = 0-095 pou (2 - '0—.‘1-5-), Whef‘e

Pou is the density of wood when weight was determined from oven-
dried wood and the volume of wood in the moisture content
u kg/m?

u the moisture content of the test sepcimen.

The coefficient for anchorage strength 1 is then

_ .35 172
k, = (?Z) .

4 SAFETY FACTORS
The safety factors used are in the different cases (the different
cases are checked and the determining - which gives the smallest value

- is selected}.

4.1  Anchorage strength

I 3.0 calculated from the mean of the test results (corresponding
variation coefficient 6.7 % with a series of 5 specimens in case
I1}.

IT 2.5 when calculated from characteristic strength, if variation

coefficient is larger than above.



The safety factors are applied to the test results, which are checked

according to point 3.2.

4.2  Plate tensile and compression strength
k(v)_x 1.2 x 1.55/k{t,R) from the mean of the series
k(v) is deviation factor 1 - 2.5 T%U’ where v is the variation
coefficient (%) of the series’' test results
k{t,R) coefficient calculated according to point 3.1.
4.3 Plate shear strength
I 3.0 a) failure of lateral resistance
b} when slip limit 7.5 mm is exceeded
11 1.2 x 1.2 x 1.55/k(t,R) = 2.23/k{t,R)
a) in metal failure when Viax 7.5 mm
b) is checked at slip limit 7.5 mm, if case Ib is fulfilled
I 1.2 x 1.55/k(t,R) = 1.86/k(t,R) the strength value is checked to
an extrapolated value according to the load-slip curve's
initial curvature, if case I or Ila is fulfilled.
IV 1.2/k(t,R) to the point in the load-slip curve where slip ex-
ceeds the value 1.5 mm (figure 1).
5 ALLOWED VALUES

The single values are also graphically smoothed out on the safe side.
The allowed values are presented in table and/or equations with dif-

ferent values of angles « and 8, and also in sets of graphical curves
(figure 2). The allowed anchorage stresses are given separately for

shear force.

6

TIME OF VALIDITY

The approval is normally valid for five years.
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Figure 1. The diagram of different Timit states (point 4.3) for nail-
plate joints under shear load. Three schematic Toad-slip
curves (1.2 and 3) have been drawn one upon another.
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The Strength of Nail Plates

Introduction

The strength of nail plates with respect to failure in the plate
material have been examined by NTI as background for a Nordic proposal})

This proposal has been presented by B.Norén in CIB/W18/paper 14-7-1.

The present paper gives a summary of test results and propoesed design
method for design against plate failure.

Today, the design against plate failure is bhased on:

1) strength of plate with respect to forces parallel to the joint
between connected timber members.

This is called the shear strength
of the plate.

2) strength with respect to forces perpendicular to the joint.
This is called the plate strength of the plate.

The existing rules give no interaction formula for combination of
"shear" and "plate"”-forces. Consider Fig. 1.

The example demonstrates
clearly that existing rules

does not take care of the orthotrop

behavior of nail plates. An interaction formula based on "plate" and

"shear"-components would be still worse and in reality meaningless!

In many cases the rules are extremely unsafe (up to 200 percent for

design values given in the norwegian approval of the tested plate).

This is the main reason for the work presented here.

Yo
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jo]
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Failure ioazf_‘ per pim J'o.r'n& Jenjv% {

[

o

30 60° 90
Angle

Figure 1., Example of nail plate joint. Existing design rules are

drawn as a curve. Test results and common sense tell us

that maximum strength is achieved for,@:éﬂo !



Definitions and symbols

Joint direction x is parallel to the gap between the connected
members., y-direction 1s perpendicular to x and positive out from
the studied member.

Plate main directions are a and b. In general a is the direction
having the highest tensile strength of the plate. b-direction is
perpendicular to a. For both axis positive direction is peinting
out from the studied member and part of the plate.

o is the angle of x-direction to the a-direction., 0 £ o< 207,
Limitation of o is a conseguence of the definitions above.

o;F is angle of a-direction to direction of the force F. 0 £%p £ 360°
a is length of nail plate in a-direction
b is width of nall plate in b-direction

f is length of the joint covered by nail plate, measured along the
gap between connected members.

a. is effective length of nail plate covering gap between connected
members. a = f cos e

bn is effective width of nail plate covering gap between connected
members. bn: f sinece

Sy

ajcosc for o4 90°

f is minimum of {b/sing¢ for oc# 0°

1) Members of the Nordic group have been M.Johansen, Denmark,
B.Norén, Sweden, T.Poutanen, Finland, N.I.Bovim, Norway and

E.Aasheim, Norway for the last period of time,



Proposed design method

Design conditions for the strength of the plate are based on design
values in the principal directions a and b. In total 6 different

design values have to be determined:

Pip = plate tenslile strength in a-direction

Pae ~ plate compression (buckling} strength in a-direction
s, - plate shear strength in a-direction

Py ~ plate tensile strength in b-direction

Poe = plate compression (buckling} strength in b-direction
Sy - nlate shear strength in b-direction

Recommended test specimens for determination of design values are
shown in Fig. 2. All tests should be carried out without friction.
The plate size has to be chosen so that the intended failure mode

is reached,

Consider Fig. 3. The force f has to be transmitted by the plate,

F is acting under an angleOEF to the a-axis. F could be replaced

by the compenents Fa and Fb in a- and b-direction.

The strength of the plate should be verified by the design condition:

Fa 2 Fb 2
(-2 + (—=) = 1 (1)
Nap Nho
NaD and NbD dencote design values in a- and b-direction.

NaD is taken as the greatest (favourable) value of

Pag " Bp

N max. of

H

ab 5 +a
a n
celse
N = max., of Pac * P when F_ 1s negative {i.e. coso .<0) (3°
aD R s, oA, ) a ' ’ T aF (
NbD is taken as the greatest (favourable) value of
N = max., of "ot " when F, is positive (i.e. sin& .20) ‘
bD ' s, < b, b e af (&,
else

hb s b b

P fa
N = max. of be n when F
b n

when F_ is positive (i.e. cosc%FéO) (2"

is negative (i.e. sin® <0} (5



It is seen from Fig. 3 that

Fa = F‘coscxaF and Fb = F-sin o E (6)

From (1) and (&) the following design formulae is derived

1
- (7)

coSoL 2 since o 2°
(el (20
N N
ab bD

The design formulas (1) or (7) make it possible to check the strength
of nail plates for all possible combinations of & and 0L - on the basis

of the 6 design values for a spesific nail plate.
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Figure 2. Test specimens used for determination of design values
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Figure 3. Tllustration of geometry and angles in a nail plated joint
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Test results

Tests were carried out for all combinations of angles o and O%F

with maximum intervals of BOC, as shown in Fig. 4. Because testing
of shear and plate strength of nail plates ocrdinary result in small
values for the Coefficient of variation (3 to 5 percent), only two
test specimen of each type were tested. Test results shown are mean
values. Difference in failure locad for each pair of specimen gives
an indication of the deviation of test results. In percent of mean
values for each pair, the average difference for all series was

5.4 percent.

In total 96 specimens were tested. For all these tests the wellknown

Gang Nail 18 ga. were used, in 2 different sizes

Size I « 72 x 198 mm
Size II - 107 x 117 mm

Strength in a-direction

Results from testing of strength in a-direction (D%ono) for various o
angles o (joint/plate-angle) are shown in Fig. 5a). Failure loads F
are divided to the length of the joint covered by plate, f. ¥When o%F:OG

the plate is under tension or shear.

Tension failures are marked with $S. Failure mode is a steel-tensile
failure of the bars in a-direction, see Fig. 6. It is seen from Fig. 5
and 6. that this failure mode does occur for 30%2 o¢= 90°, Steel-
tensile failure will only occur if the anchorage area is strong enough

to withstand the force until steel-failure.

Test results marked with A is from tests with plate size II where
anchorage failure took place. Design against anchorage failure

will avoid such low values. The excentricity moment in the anchorage
area is for these tests of great importance. Stresses resulting from
excentricity are 50% higher than stresses from the transverse load F
alone. The resulting anchorage stress calculated by elastic theory

is 100 percent higher than the anchorage capacity determined from
tests without excentricity. Thus, excentricity should not be neglected

in design against anchorage failure.

Shear failures are seen as deformation of the plate in the ineffective

area between the connected members, see Fig. 7. Shear failure is



*UOTADSBITPp-q ul yabusags

~93e(d Jo0 1523 woay s3nsay (g¢ 2anbHT4

0¢ 0

TUOTJZ0BATIp~e UT yYahbuaaas

-97eTd Jo 1593 wWoly s3[nsay (eg 2anbry

o086 002 4 o o086 09 o0€ 00 N
o086 L0906 L0 . 006 09 0%
>0 - O 7O
™
a1}
0~
Ttl
o
T'a sk Irass -
o Q T'al 7
/o] P Vi
v w\// 2% m\o.mw/@ﬂl& 007 © A Tve [~
I'e S ©) T = e /9,
T Q, Mfmm ra'9
FTo Toz; = Ies
M
K 5’8
0ST 3 7
Y g0
=
pun ] ’
002 =
o
3
e
t
pupy
osz T
, 40 40 - 70 Pe
OGVNANI Ay .ugm.n e \N) OQ%\N 8 oQ...h a
=
NOISSI5dH0D NOISNIL 0oe 3 NOTSS30dH00 NOTISHIL
WwWoZTT X /01 97Zzts ezeTrd - 7y ‘uw 9gT X 27 @zis o3eTd -~ I
*RANTTRY OTTSUD] T993S - g
fautof Jeau suoz jo uoTlewdogep - ¢ ‘BurTyong - g ‘santtey sebesoyoue - y
"y B4 s8s faoqunu adAy 3591 031 I9ied usatb Togunu oyl :puaban

Gs

007

0sT

00<

0ge

00¢

Jad peotT sanjytey

preey
[EAYERS

y3buay gurof

/4

(wu/N)



b
e

Figure 6, Steel~tensile failure in a-direction

-5?1

The failure mode and failure load is almost the

same for angles 30° = oc = 90°, Load in a-direction.

Figure 7, Shear failure in a-direction. The plate is deformated

in the zone over the joint between connected members.
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marked with D in the diagrams.

In Fig.5 also the calculated strength based on the design method
have been drawn. The black dots are design values from tests, used

for calculation of the curves.
Also results from compression tests have been included. In
compression tests the gap between timber members were & mm. Failure

load was recorded before closure of gap.

Strength in b-direction

Results from testing of plate strength in b-direction are given in
Fig. 5b). Failure modes are shown in fig.8 and 9. It could he seen
that the mechanism of failure and the failure load is almost equal
for all wvalues of angleo. Joint length f is longer when angle oo
is lying between 0° and 90° resulting in a lower fraction F/f. That

is the only reason of the curved form of results and theory.

Interaction of forces in a- and b-direction,

WYhenever % ¢ differs from 0, 90, 180 and 270° there will be forces in
both a- and b-direction. The test results show a distinct interaction
effect on the failure load. Therefore the sccond order interaction
formula (1) and (7) has been drawn through the test results, see

Fig. 9, 10, 11 and 12. Each figure covers forces acting in

all possible directions X to the plate located at one specific

joint/plate angle o,

Note that only the black dots (design values) have been used for

determination of the design curves.

A few values are weaker than the design curve because of anchorage

failure. Design against anchorage failure would avoid this in practice,
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Conclusion

The presented design method gives a good prediction of the
plate strength of nail plates. The existing Nordic rules are
partly unsafe and do not reflect the orthotrop behaviour of

nall plates.

The amount of testing is considerably reduced - down to the

6 design values, see Fig. 2. Tests with skew plates often give

confusing results - the need of these tests is eliminated,
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Prediction of creep deformations of joints.

Introduction.

In 1970 an investigation was started about the loné—duration strength
and the creep properties of joints with a special type of fastener,
Four such joints remained loaded until 1983 at & load level of 0,30,
i.e. a load of 30% of the mean short~duration strength.

Six different creep formulas were applied and compared with the
creep measurements. Only one of them seems to predict the behaviour of

the joints reasonably well, using the measurements ©f cone half year.

Considered part of the investigation.

Two double-~joint specimens with four joints were loaded
in a string to a tensile force of 30%Z of the short-
duration strength {(mean value of 25 joints was 38,91 ki,

coeff, of var. 0,10). The string was loaded with dead

load, connected with a spring system to the cranerail
in the not—-conditioned hall of the Stevin Laboratory

{(temp. about 20 C; Rel, Bum,.(45 toe 0,75, The slip in

LAAAA,

the joints was measured manually during 13 years.

MAOAL j [\mmn

AALD,

Other load levels were also incorporated in the investi-
gation, namely 0,22; (0,30); 0,40; 0,60; 0,70 and 0,80.
The results were mentioned in Ll] I

Damage due to long duration of loading.

Five specimens loaded to a level of 0,22 during
2640 hours, another five loaded to a level of 0,40
during 4776 hours and four specimens loaded to

a level of 0,30 during i3 years, were unloaded
after these perlods and then tested in a short-

duration load. The results are given in table 1.



In these formulas a, b, ¢ and d are constants, the values

of which have been determined by fitting procedure. This has been done
after several periods: 0,5 vear; 1; 2; 5; 10 and 13 vyears.
Each set of constants was then used to predict the further development

of the creep curve and the results compared with the real measurements.

The tables | to & and the graphs show that the predictive properties of
the different formulas are not the same. If for instance a creep period
of a half year is taken to predict the deformation after 13 years these
predictions must be compared with the measured value of 1,125 mm, or,
may be better, with the result of the fitted curves through the measure—

ments during 13 years.

formula prediction based on real

measurements during measurement
} year i3 years

l 1,433 i, 145

2 0,988 1,107

3 1,025 1,133 1,125

4 1,146 1,123

5 0,615 1,057

6 5,103 1,153

From these results it was concluded that

- for this case — it is: this joint, at this locad level in these
circumstances — the formula 4 of these six gives the best results
when predicting the deformations after 13 years on the basis of
measurements during one half year;

~ the simpler formula 3 is a good second-best, although it under-
estimates the reality a little bit. It is of interest that in this
case the only twe constants a and b de not vary much when the fitting
is based on longer periods of time than half a year (see table 3

for formuia 3 and table 4 for formula 4).
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Table 2 - fovmula 2@ at =z + b in(t + ¢)

constants fitted values (left) and prediected values {right) of
based on slip after ... vears
measuyre-— a
ments of a i b ¢ d { i 2 5 10 13 30 50
. years
} -0,8405 5 0,1168 9991 0,622 | 0,698 | 0,779 | 0,886 | ©,968 | 0,398 | 1,005 | 1,15
: ~0,9175 | 0,1233 | 11780 0,628 | 0,707 | 0,792 | 0,905 | 0,991 1 1,023 1 1,125 | 1,189
2 ~1,067 | 0,1355 | 16050 0,633 | 0,720 § 0,813 } 0,936 | 1,031 | 1,066 | 1,179 | 1,248
5 ~1,128 | 0,1409 | 16430 0,640 | 0,730 {0,826 | 0,955 | 1,053 | 1,090 i 1,207 | 1,279
10 ~1,157 10,1434 | 16430 6,642 | 0,734 | 0,832 | 0,963 | 1,063 | 1,100 | 1,220 | 1,293
i3 -1,182 0,1454 16430 0,642 | 0,735 | 0,835 | 0,967 | 1,069 | 1,107 | 1,228 | 1,302
- !
tesk - - - 0,624 | 0,7i5 | 0,826 | 0,940 | 1,076 | 1,125 - -
results :

Proefstukid. et = a + bxln{t+c)
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Table

4 ~ formula 4:

2= a+bin{e + d)+ cf{fnle + 4)3°
[

based on

é fitted values (left) and predicted values {(right) of

*10 2 %min.

tiid

%10 ® xmin. =

slip after .., vyears
MEASUY @
ments of d f | 2 30 50
. years
i 1702 1 0,627 | 0,717 | 0,820 1,312 1,421
} 1680 | 0,627 | 0,717 | 0,821 1,318 ¢ 1,427
2 1692 ¢ 0,628 | 0,719 | 0,824 1,328 1,440
5 5275 | 0,631 | 0,721 | 0,822 1,288 | 1,389
10 5640 | 0,631 0,719 § 0,819 1,271 1,368
13 5272 1 0,630 | 0,719 | 0,818 1,274 1,372
rest - 0,624 | 0,715 | 0,826 - -
results
Proefstukid, et = a+bxlin{t+d) +cxlln (L+d} I xxp
B
[is3 on
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SUBMISSION TO THE CIB/W18 COMMITTEE ON THE DESIGN OF PLY WEB BEAMS
BY CONSIDERATION OF THE TYPE OF STRESS IN THE FLANGES

BY Jack A Baird
C.Eng.

May 1985

INTRODUCT ION

The current CI1B/W18 draft details a method of designing ply web beams.
Considering the 'tension flange', the method calls for the applied
stress at the extreme fibre to be limited to the permissible 'pure
bending' value and the applied stress at mid-depth of the flange to
be limited to the permissible 'pure tension' value.

The method may work in practice. However, it is not feasible to
consider that the stress in the flange can change in half the depth of
the flange from pure tension to pure bending. Particularly because of
the large differences likely to be given in future codes between
permissible tension and bending values | beljeve that a more logical
method should be considered for CIB/W18 and suggest the following.

Here is an outline which should be adequate to explain the principle:-

1. Assuming that web splices are adequate, allocate bending moment
to the flanges about the XX axis and the web/s in proportion to
their stiffness about the XX axis. {If web spiices are not adequate,
allocate all bending moment to the flanges.)

2. Calculate the extreme fibre stress on the flanges by dividing the
bending moment allocated to the flanges by the modulus of the
flanges about the XX axis of the beam.

Now look at the plot of this in Figure 1, shown for an I beam.

3. Express the stress distribution as shown in Figure 2. Considering
this figure one can see that, in the 'tension flange', the stress
in the extreme fibre is mainly ‘pure tension® but contains an
element of bending which varies over the depth of the flange. The
‘compression flange' can be considered in a similar way.

L. As far as the tension flange is concerned the extreme fibre stress
is checked as: :

" ‘Applied Bending Stress . Applied Tension Stress

Permissible Bending Stress Permissible Tension Stress = 1.0
On,a,ll + SEoal = Lo
G, 2, |l %, vdm il

5. The compression flange is checked in a similar way.

Because of the differing permissible bending and tension stresses allocated
in the U.K. Code of Practice, considering the extreme fibre stress as part
tension, part bending, rather than entirely tension, allows & useful increase
in the moment capacity of the beam.
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CIB-WI8 Meeting, June 1985, Haifa, Israel

LONGITUDINAL SHEAR DESIGN OF GLUED LAMINATED BEAMS

(Comments on the Canadian Recommendations CSA-086)

by
Ricardo 0. Foschi
Department of Civil Engineering

University of British Columbia
Vancouver, B.C., Canada

This short commentary refers to the design recommendations for
longitudinal shear in glued-laminated beams, as they are currently
implemented in the Canadian Code C5A-086.

The design criteria are based on research conducted during the 1970's at
the (then) Western Forest Producté Laboratory in Vancouver (now Forintek
Canada Corp.}. This research was based on the premise that longitudinal
shear failures are of a brittle mnature and that, therefore, the statistical
theory of strength of brittle materials could be used to interpret test data
and to formulate design procedures.

The fundamentals of brittle fracture theory are discussed by V.V.
Bolotin in his book "Statistical Methods in Structural Mechanics” (1). The
application of the theory to shear in timber has been shown in two
publications in the Canadian Journal of Civil Engineering (2,3). The first
of these discussed the theory and the second focusses on the derivation of a
design procedure, which is essentially identlcal to the one adopted for

C8A-086. A reprint of the paper In Ref. (3) accompanies thils commentary.



The Theorz

The concept of brittle fracture can also be described as a criterion for
the failure of the weakest link in a chain. The probability of failure of
such a chain was studied by Weibull and is controlled by the so-called
Weibull probability distributions. Assume that we have a volume V of brittle
material under a stress distribution S(x,y,z). The probability of failure Pg

of such as volume is given by

Pf = 100 - e (l)

where m, SO and k are distribution parameters (material properties) to be
determined from tests. In particular, S0 is a threshold or minimum strength
(there is zero probability of finding a strength lower than SO). As shown in
Eq. (1), the probability distribution is known as a 3-parameter Weibull. In
the particular (and conservative) case of So = 0.0, the problem becomes
controlled by only a 2-parameter Weibull (m and k).

According to Eq. (1), what is then required is the integration of the
stresses 5(%,y,z) over the volume V. ¥q. (1) can be used in another manner.
Consider two volumes, V, and V,, the first with stresses 5, and the second
with stresses Sy« Then, if they have the same probability of failure, it

follows that

[ sFav=] 5, av (2)



Let V, now be a unit volume (say, 1 m3) under a uniform shear stress S*.
Then, any other volume V under stresses S will have the same probability of
failure as the unit volume under uniform shear if

)i sk av = g*f

v

(32

Now, letting the stresses S be normalized with respect to a nominal (or

representative) stress SN’ we can write

SE f ek(x,y,z) dv = S*k (4)
Vv

where B8(x,y,2z) is the ratioc between the actual stress S and the nominal SN.

Since the integral in Eq. (4) can always be written as

/ Sk(x,y,z) v = 1V (3)
v

we can finally express the nominal stress at failure as follows:

s, =B -5 (6)
N Vl/k
where B 1s a coefficient given by
1.1/k
s = bt )

Eq. (6) represents the design equation. If the strength of the unit
volume S* is known at different probability levels, Eq. (6) permits the

calculation of the strength Sy at the same probability levels. Thus,



knowing the median we can compute the median, knowing the 5th-percentile we
can compute the 5Sth-percentile. The strength is inversely proportional to
the veolume V, thus, the larger the volume the smaller the strength.

The coefficient B is a function of the type of loading applied. This
coefficient can be computed from a stress analysis of the beam (say, a finite
element analysis), or whenever the stress distribution is known. Since the
coefficient k is generally of the order of 5.0 (approximately 1.2/coefficient
of variation of strength), the integration of stresses will be dominated by
those areas of stress concentration. Thus, the effect of high concentration
may be offset by the reduced volume over which the stresses have high values.
For this reason, for example, the theory predicts higher strength for a
uniformly loaded beam than for a beam with a concentrated load at midspan.

The Canadian Code CSA-086 (1980) has chosen to use the notation Kl for
the coefficient B of Ref. (3). The tables of K1 as they appear in CSA-086
(1980) are enclosed with this commentary.

The definition of the nominal stress used for checking in CSA-086 is as

follows:
W
g 1.5 1 (8)

where W is the total load applied to the beam (i.e., sum of all concentrated
loads plus all distributed loads), and A 1s the beam cross—section. Thus,
this avoids the need to compute the shear force, a most coﬁvenient choice in
the case of moving loads. In this situvation, the force W is the sum of all
the wheel loads plus all the distributed loads, even if all wheel loads
cannot be on the span at the same time.

Combining Eqs. (6) and (8), it is possible to arrive at a direct design



equation (since Eq. (6) would appear to require a trial and error procedure
in its use). As the result of the combination, CSA-086~-1980 (Clause 5.3.4.1)
requires that the beam cross—-section, in order to meet shear requirements,

satisfy the following relationship:

k
o
A= BH > (Wléssf) ket (9)

where 1L is the beam span.

The values of m and k and the distribution for the strength S* can be
obtained from tests, not necessarily of beams. One of the advantages of the
theory 1s that it allows a comparison of different test specimens: thus, beam
tests can be combined with torque tubes or (in North America) ASTM standard
specimens. The fit of the distribution parameters to test data is shown in
Ref. (2).

The theory has been confirmed experimentally, as shown 1in (2).
Furthermore, it has been applied to obtain the wood failure loads in "glulam
rivet connections”, when this failure is controlled by shear around the
cluster of nails. Again, these predictions have been verified experimentally
(4).

In conclusion, Welbull's brittle fracture approach appears to be a very
useful tool to characterize the size effect implicit in shear strength, and
has been implemented with success for several years in the Canadian Code

CSA-086.

{1) Belotin, V.V. "Statistical Methods in Structural Mechanics"”, Holden-Day

Inc., San Francisco, 1969, p. 5I.



(2) Foschi, R.0. and Barrett, J.D. "Longitudinal Shear Strength of Douglas

Fir", Canadian Journal of Civil Engineering, Vol. 3, No. 2, 1976,

pp- 198-206.
(3) Foschi, R.0. and Barrett, J.P., "Longitudinal Shear in Wood Beams: A

Design Methods"”, Canadian Journal of Civil Engineering, Vol. 4, No.

3, 1977, pp. 363-370.
(4) Foschi, R.0. and Longworth, J. “Analysis and Design of Griplam Nailed

Connections”, Journal of the Structural Division, ASCE, Vol. 101,

No. Sle, Dec. 1975, PP 2537_2555.



Table 17a .
Factor K, for Single Span Beams 't

Number of Equal and Rati
Equally Spaced alio r
Concentrated Loads | e/L 0.0 105 2.0 10.0 and Over
1 — 3.69]3.15 | 255 2.11
1 3.69(3.34 | 2.92 2.46
0.1 323 | 2.68 2.25
0.2 3.29 | 2.81 2.40
0.3 335 | 2.94 2.56
. 0.4 3.38 | 3.04 2.71
2 0.5 341 | 3.12 2.84
0.6 3.47 | 3.22 2.99
0.7 o |358 | 340 3.21
0.8 3 {ass | 373 3.50
0.9 % 1434 | 453 4.53
1 g 1337 | 3.01 267
0.1 > (328 | 280 2.40
2 0.2 & |338 | 3.04 2.71
0.3 o 345 | 3.22 2.98
0.4 £ |37 | 370 3.59
1 € (341 | 3.12 2.84
0.1 T {333 | 2.91 254
4 0.2 2 1345 | 321 2.97
0.3 5 {399 | 425 4.41
1 % [3.45 | 321 2.97
0.05 | © [s27 | 278 2.37
010 | £ 337 | 3.01 2.68
5 0.15 £ |344 | 319 2.96
020 | %= |a64 | 357 3.48
025 | 3 |403 | 4.39 4.73
1 S [s48 | 328 3.08
0.05 3.30 | 2.84 2.44
6 0.10 3.39 | 3.10 . 281
0.15 355 | 3.40 3.26
0.20 3.94 | 4.21 4.45
+ 351 | 3.34 3.16

_ Tota! of concentrated loads
Total of uniform loads

e = distance between two consecutive concentrated loads
*Intermediate values of K+ can be linearly interpolated.

tValues shown correspond to the worst position of concenfrated load unless
noted §.

tindicated values for concentrated loads equally spaced and symmetrically
focated on the simple span.

1



Table 17b
Factor K, for Distributed Loads

Type of Loading - Proin/Pmax
0.0 0.2 0.4 0.6 0.8 1.0
Pmin Prmax 340 | 3565} 3631 3.67 | 3.89 | 3.69
A ~
}q—— L ——-‘-b\‘
Table 17¢
Factor K1 for Canlilevered Beams
Beam Type L./L r
and Loading YE210.0 | 05 | 2.0 | 10.0 and Qver
[ ! C.05 | 3.911 bo4| 4.06 2,73
A 0.10 | 413 519 3.07 2.08
e -l 0.20 | 4551 4.36| 2.53 1.75
| b L= | 050 | 48| 583| 201 1.62
L=Li+ L
Q.05 | 413 | 618 7.13 4.86
'y x C.10 | 458 | 6.72| 5.42 3.72
0.20 1550 | 680 449 3.17
o L L fe— o] | 0.30 [6.40| 631 4.10 2.97
Lo Ly + 2L,
_ JTotal of concentrated loads
Total of Uniform ioads
Table 17d
Factor K, for 2-Span Continuous Beams
r
Loading Case” L/L {00 | 05 | 2.0 1§ 10.0 and Over
’ P
0.2 4,091 3.04) 235 2.01
0.3 5.10 | 3.48 1 2.57 2.15
JRareed b ddVieet il | o4 leoo| 3.06| 282 2.32
fe—, | 0.5 6.66 | 4.42 | 3.07 2.50
b= L |

e Concentrated [oad
Total of Uniform loads

*Values shown correspond o the worst position for the concentrated load.



Table 17¢
Factor K, for Moving Loads

Span
L 10.0 and
Type of Concentrated Loads {m) 0.5 1.5 3.0 Over
’ 10 | 329|263 237 | 2.01
20 {329 263|237 201
P . | 30 | 3201263 237 201
b : o | 40 | 320263 237 201
I3 P
10 | 357 | 297 2721 2.37
20 | 342|280 253 2.18
. 1030 1338|273 2471 2.41
pam—] 40 1335|271 2.44 | 209
’ ’ 10 |3.99 ] 356 3.35| 3.04
| 20 | 367|311 286 252
—> | 30 |3581208| 273 238
P tzmeefe—tzma] 40 | 352|291 265 229
o] L .. | 10 | 467 | 463 | 460 | 452
™| 20 | 399 | 3.56 | 3.35 1 3.05
& e x| 30 | 375|323 2971 265
i 40 | 365|308 282! 247
e L 10 | 3.66 | 3.09 | 2.84 | 2.49
l 12w 20 | 354|295 268 | 2.33
p — | 30 {346 | 284 257 2.22
fo=smea] 40 | 342 | 279 | 252 | 2.16
UL A 10 | 442 | 422 | 4.09 | 3.90
‘ l t2m 20 386337 314 2.81
< o | 30 | 370|314 | 290 | 256
raomef  pe—som—eq 40 3.80 | 3.01 | 276 | 2.41
[
ot ters pri2 10 | 4.86 | 500 | 508 | 5.18
"MI (gmH 20 14.29 1401 387 3.65
. 30 | 4.01;358| 337 3.08
posm] feeometerzmey 1 40 | 3.84 | 333 | 3.10 | 2.77

r=

- Total of all concentrated loads
Totai of all uniformly distributed loads
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Report on European Glulam Control and Production Standard.

From an initiative taken by F.E.M.I.B., Sous Commission GLULAM
a process has started which eventually will end up with a simpli-

fication of the the production and the contrecl of glulam.

The following representatives of European control bodies have

attended two meetings, one in November 1984 and one in March 1985,

Franz Solar A

Osterreich. Holzforschungsinstitut

E. Sauvage (chairman) B
CTIB, Brussel

Christian H. Burgbacher BRD

Studiengemeinschaft Holz-Leimbau

A, Epple BRD

Forschungs- und Materialpriifungsanstalt

H. Riberholt DX, SF, N,

Techn. University of Denmark

A. Demange F
CTB, Paris

Gérard Sagot F

Syndicat National degs Constructeurs,

G.N. Ruysch NL
TNO, Delft

It is the intention of the group to set up:

Bilateral or multilateral control agreements s¢ the control
body of the export country surveies that the glulam is manu-
factured according to the standards and rules of the import

country.

A common production standard and common rules for approval

and control of glulam factories.

S



This intention has been endorsed by 8 representatives, see the

enclosure.,

Bilateral control agreements have already for some years been
established between some countries, and will thus be extended

further,

The work with the common production standard have started, and
it will comprise only the production of soft wood glulam, The
requirements will be formulated congsidering European conditions

mainliy.

It has been agreed that the production standard will go along
the same line as the present national standards. The main object
will be to set up requirements based on the common experience

and knowledge in the European ccuntries.

Concerning the rules for approval and control it has been realized
that there should be a set of rules partly for the factory and
the production equipment, partly for the control of the product,

i.e. the glulam.
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Introduction

At the CIB-W18 meeting in Rapperswil 1984 the author presented a

paper /1/ entitled "Simplified calculation method for W-trusses". It
was stated in this paper that a more complete report dealing with W-
and WwW-trusses would be published later. This complete report is now

under preparation.

The calculation method presented in /1/ dealt with the general case
of a heel joint subjected to an eccentric support reaction. At the
CIB-W18 meeting some participants suggested that the proposed analy-
tical method was too complex for design application. The author's
response to the suggestion was that it was possible to develop a
simplified procedure based on the results of the study. This is de-
monstrated in this paper. The calculation method is simplified by
neglecting some moment contributions which have only a small in-
fluence on the total bending moment distribution in the truss, and

which are thus not significant.

The calculation method is presented for two different cases, a W-
truss without support eccentricity at the heels and a W-truss with

support eccentricity at the heels.

Assumptions

In the case of a W-truss with support eccentricity at the heels the
calculation method is based on the static model presented in

Figure la. In the case of a W-truss without support eccentricity at
the heels, the fictitious bars 1A-1B and 5A~5B are omitted and the
static model shown in Figure 1b is obtained. The upper and lower
chords are assumed to be continuous beams and pin-connected at the
heels. The fictitious bars in the heel joints and the diagonals are
assumed to be pin-connected to the chords. As far as the chords are
concerned, the system lines are placed at the centre of gravity of
the timber. In the diagonals, the system lines have been placed so
that no eccentricities occur at their connection to the upper and

lower chords. In the same way it is assumed that the hinges between



the fictitious bars and the chords are placed on the system lines of
the chords.

a)

Sty
ffigure 1. Static model for a W-truss.

a) with support eccentricity at the heels
b} without support eccentricity at the heels.

In the case of support eccentricity at a heel, the angle between the
fictitious bar and the upper chord shall not be less than 14 degrees,
and the point of intersection of the fictitious bar with the system
line of the upper chord shall be 50 mm from the end of the wedge

along the upper chord, see Figure 2.

7

Figure 2. Example of a heel joint with a wedge. Assumed static model.



Finally, the fictitious bar shall be placed at least 50 mm from the
point of intersection of the underside of the wedge and the upper

side of the lower chord.

The roof truss is assumed to be symmetrical with respect to the
orientation of the chords and the diagonals but not with regard to
the supports. The notations used in the paper are defined in Fi-

gure 3.

tRq L tRo

Ny

b 0

4 .

Figure 3. Notations introduced for geometry and support reasctions.

The uniformly distributed loads acting on the roof truss are divided
into three parts, as shown in Figure 4. These are g, g, the symmetri-
cal upper chord load, g5, the asymmetrical upper chord load, and q ,

the symmetrical lower chord load.

ATTTTTTTTTITETS qus

[J1iT11]Y Qua

HEREERER!

PEVAVN

A7 »
JTTTTIITTTTTTITe 9

Figufe'4. Notations introduced for loads.




The unit-load method was used to calculate the displacements of the
joints and the resulting bending moments. A detailed description of
the application of this analysis method is included in the report
under preparation and the reader is recommended to refer to this

report.

W-truss without support eccentricity at the heels

In the case where the support eccentricity is either very small or
non existent and no special arrangements have been made to increase
the stiffness of thé heel joints it is reasonable to assume that
there is no transfer of bending moments between the upper and the
lower chords. By using the static model shown in Figure 1lb the
bending moment distribution of a W-truss easily can be calculated in

two steps.

1. Calculate the bending moment distribution caused by the external
loads qugs Oya a&nd g, under the assumption that the chords are

simply supported on rigid supports at nodes 1-7.

2. Consider the influence of axial deformation in the chords and the
diagonals caused by the axial forces. The corresponding displace-

ments of the nodes will generate the additional bending moments:

2
b
AMp = (0.55 qug + 0.21 qug + 0.52 g ) —=
2 sin‘a
2
52 q)
= . ""Do Ov
AMg = (0.55 qug 21 gug + 9 TinZs
2
(0.30 0.19 +029q)b£
M = . - - -
A¥g Aus Qua 2 SinZa
2
(0.30 +0.19 qug + 0.29 q ) —%
M7 = . . .
AM7 Qus ua 2 inZa
where b, = the depth of the upper chord (Figure 2).
b, = the depth of the lower chard ( " "y,
a = the slope of the roof (" ".

Ja5



In the derivation of the coefficients it was assumed that the
cross-sectional properties of the upper and lower chords did not
differ considerably from each other. Also, the cross-sectional
properties of the diagonals were assumed to be small relative to
those of the chords.

W-truss with support eccentricity at the heels

In the case of support eccentricity at the heels, the solution with =
wedge can be used. An example of such an aspproach is shown in Fi-
gure 2. Even when the eccéﬁtricities are moderate, the bending mo-

ments caused by the support eccentricity can be rather high.

For the calculation of the bending moments the static model of Fi-
gure la can be used. A simplification can be made by neglecting the
forces transmitted to the fictitious bars at the heels when the ben-
ding moments caused by uniformly distributed loads are calculated.
With this simplification it is only necessary to consider the forces
transmitted to the fictitious bars originating from the support loca-
tions at the heels. Another simplification can be made by neglecting
the influence of the axial deformations caused by the support reac-
tions at the heels when the truss is regarded as simply supported at
the nodes 1 and 5.

The bending moment distribution for this type of W-truss can thus he

determined in three steps.

1. Calculate the bending moment distribution caused by qug, Gugs q,
in the same way as for the W-truss without support eccentricity
at the heels.

2. Consider the influence of the axial deformations in the chords
and the diegonals in the same way as for the W-truss without

support eccentricity at the heels.

3. Determine as to how the support reactions Ry and Rp are distri-

buted to the upper and lower chords via the fictitious bars at



the left and the right heel joints. The vertical components of
the forces acting on the upper and lower chords denoted by X,;

and Xpj (Figure 5) can be approximated as follows:

Xpi = il
. Ey | ot
TR L. LR 0 - ve)
u

Xui = Ry - Xgi
where E I, = bending rigidity of the upper chord

EgI, = bending rigidity of the lower chord

i = 1 for the left heel joint and i = 2 for
the right heel joint.

Calculate the additional bending moments in the upper and lower

chords by assuming that the chords are simply supported on rigid

supports at nodes 1-7.

Influence of joint slip on moment distribution

The influence of joint slip on the moment distribution can easily be
included in the calculation method by assuming that these reach spe-

cific fixed values. The additional bending moments cen be calculated
by the following eguations:

LMy = op ———

MMy =

H
9
=

AMg = c6 Lzsina

AM7

The above equations were developed by considering the slips as axial
deformations in the members. The values of the coefficients "¢,
which have the dimension of length, depend on the type of connector

used.

2859



Figure 5. Assumed forces acting inlfhe fictitious bar.
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1. SUMMARY

The paper describes a design model for trussed rafter with emphasis on stress
analysis. The model is based on a two-dimensional nonlinear frame program,
Special attention is paid to joint modeling. Joint eccentricities are calculated
assuming that all forces are transferred through nail plates, which means no
contact and friction between timber beams. The model is used in everyday

trussed rafter design. Some design experience is described,
2. INTRODUCTION

The nordic M-group (Aasheim, Killsner, Poutanen, Riberholt) has under the
leadership of Riberholt worked out paper /1/. The aim of the group has been to

define guidelines both in sophisticated and simple design.

In Finland trussed rafters are very different from those used elsewhere due to
several factors e.g.

- heavy snow load

- wide spacing of trusses (900 or 1200 mm)

- thick insulation (350...450 mm)
- large use of attic trusses (frames) with composite beams

The author has worked paper /1/ further and developed a design method and

computer program which differ from /1/ mainly in 4 points:

a)  All connections are assumed to be semi-rigid (moment and force) and in
extreme cases include pin jointed and fully stiff assumptions

b)  Eccentricites are calculated assuming that forces are transferred
through centroids of anchorage area (not through center lines of timber
beams)

c)  Buckling is taken into consideration using geometric nonlinear {physically
linear) analysis

d) Rotation between nail plate and timber is calculated and its effect on
deflection and strength is considered.

Otherwise design principles are the same as in /1/, though many limitations
can be omitted because the model seems to be suitable to analyze and design
any kind of 2-dimensional structure made of nail plates and straight timber

beams.



3. NOTATION

The same notation as in /1/ and other general notations are used, The

following notation is further explained:

Trussed rafter is a load bearing structure which is loaded, supported and
deflected in two dimensions and made of nail plates and timber beams. The
structural model of trussed rafter may be truss, frame or beam or a

composition of these,

Timber beam is a straight timber member having constant cross section with

one or two end cuts: in an extreme case the timber beam is triangular (wedge).

Connection is the part of trussed rafter where the nail plate is pressed into the

timber beam, One nail plate and one timber beam form one connection,

Joint is a composition of several connections with the same nail plate and
several timber beams. If several nail plates are near each other, they form

several joints, which may overlap each other,

Node is a point which is utilized in (two dimensional) frame analysis. It can
move in 0, 1, 2 or 3 dimensions, each connection having 3 or 5 nodes. Most
nodes are located in connections but there may also be nodes elsewhere in the

structure e.g. in supports and point loads.

Member is a straight line utilized in frame analysis connecting two nodes,
Members may be 'real", having correspondence in real geometry and having
the same static properties as in real geometry, on fictitious, having
calculative static properties.

Spring is an element utilized in frame analysis connecting two nodes

(elastically) to each other.



4. ASSUMPTIONS
4,1  General

A trussed rafter has two kinds of physical elements: timber beams and nail
plates. For calculation purposes a structural model is created, It can be
defined by members, nodes and springs. In addition, physical reality and its

structural model have boundary elements: supports and loads,
4,2 Connection model

A connection has one nail plate and one timber beam which may end in the
connection or pass through it. According to this, a timber beam may have two
structural patterns in the connection, shown in figure 1, where plate Pj is

pressed into timber beams Tj.
Nodes A-E are located in the following way:

A is a node which is located on the center line of a timber beam, its
position on the center line being defined by load, support, timber end or
other connection.

B is located on the center line of a timber beam and on the boundary line
of a connection, which is a line perpendicular to the center line touching
upon the anchorage area of a nail plate.

C is a node used only if the timber beam passes through a connection. It is
on the center line of a timber beam, and on a line perpendicular to the
center line passing through point {node) D.

D is in the center of an anchorage area formed by plate i and timber beam
j, D is located on the timber and moves with it.

E has the same position as D but is located on the plate and moves with it,



a)  Timber beam ends in b) Timber beam passes through
connection,. connection,
Fig. 1.

Connection model, connection between nail plate Pi and timber beam Tj.

Nodes D and E are connected to each other by (elastic) springs. Spring value

k 8 between deflection and force is calculated:

ks =2A Kk (1)
where
ke = stiffness of nail plate (N/mm3), got from nail plate tests.
A= anchorage area of nail plate and timber

Spring value k between rotation and moment is calculated:

kg =2Tkm (2)
where
I= polar moment of inertia of anchorage area A
km = stiffness of nail plate (N/mm?3), got from nail plate tests. It may

be justified (if better information is not available) to use value



km = k/I,5, but in most connections the km value has no
practical effect on the results. If km Is reduced, rotation is
increased but stresses remain unchanged. There are nevertheless a

few connections where km has a large influence.

Nodes A, B, C, D, E are nodes which are used in two dimensional frame
analysis. Between nodes there are members which have the following stiffness

and strength values:
stiffness value strength value

A-B calculated from cross section calculated from timber code
(bxh) and elasticity (E)

B-C,D asA-B ® (failure never occurs in

this member)

One nail plate connects several timber beams and there are several patterns of
nodes in each joint. It is assumed that the nail plate moves as a solid element.
This is achieved by connecting all nodes F to each other by members with

structyral stiffness «.

If there is support or point load in the joint, an extra node or nodes may be
needed, Then members B - C,D are divided into two or more short members.

It is assumed that timber failure never occurs under a nail plate. This
assumption is made for practical reasons. Point loads and supports are often
located on a joint which creates large stress peaks. It is assumed that these

stress peaks are not real and they can be ignored.
4,3 Contact

In connections of trussed rafters gaps between timber beams must be allowed

due to production inaccuracies.



Present Finnish tolerance standards allow timber beams to move (appt.) 0...2
mm and rotate 0..10 mrad until full contact is made between connecting

timber beams.

If contact is somehow utilized, assumptions about size and location of contact

force and also stiffness of contact connection must be made.

Many combinations of assumptions can be made, and different assumptions

may lead to complicated calculations.

In this model the following assumption has been made: compressed connection

behaves in the same way as tension connection. This means that stresses are

calculated assuming no contact. This assumption Is justified for several
reasons:

- Calculation is very simple e.g. it is not necessary to distinguish between
tension and compression connections before calculation.

- The assumption is on the safe side as far as deflection is concerned and
calculation results correspond relatively well to the case of large gap.

- The assumption is a relatively good compromise between the different
locations of contact force. It has turned out that eccentricities
calculated in this way are reasonable.

- The assumption leads to a simple tolerance requirement: "timber beams
must have good contact under the nail plate in compressed connection",

There are however some joints with large eccentric contact force, especially
heel and apex joints, which need special attention. Our present design methods
are liberal in utilizing contact, which may be large, 60...90 % out of the total
compressed force. No attention is paid to the location of compressed force and
the location of the force which is transferred through the plate. This design
method is correct only if the contact force between timber beams and the
compressed force of the plate are close to each other. This means that the nail
plate must cover practically all the area where contact between timber beams
may occur. The model necessitates the use of large nail plates because if too
small nail plates are used it very often leads to large eccentricities and

stresses,



It must be emphasized that an assumption of no contact is made only in stress
analysis. Present nail plates cannot transfer all compressed forces and contact
must be utilized in plate design. This procedure may not lead to any essential
error if there is good contact under the nail plate and a large gap elsewhere or
connection is formed in such a way that essential contact cannot occur outside
the nail plate. It must also be required that the nail plate must not be located
essentially outside the contact area of timber beams in compressed

connections.
4.4  Friction

Calculation of iriction requires knowledge of the compression force between
timber beams. So friction calculation creates the same problems as contact
calculation. Besides, friction has features which make it even more

complicated.

Friction becomes essential in joints with large shear force. Connection types

behave very differently in shear connection depending on plate and force

direction and plate type, e.g.

a) A plate may act like a large number of cords compressing timber beams
to each other. In this case essential plate deformation is not necessary.
The ultimate shear load may be very high.

b) A plate may deform plastically, usually creating contact and friction
between timber members, Deflection and ultimate load are usually large.

c) A plate may lose strength through buckling. This may happen suddenly in
the elastic loading phase.

d) A plate may have a small anchorage area compared to shear strength;
the plate has large deflection and rotation compared to timber and this
dominates the connection. The failure is anchorage failure with small

anchorage strength compared to strength measured from a tension test.

Our present nail plate design procedure does not differentiate between cases
a-d. It is difficult to make shear tests as cases vary because of different plate
sizes and plate directions; a small change in plate size or direction may create
a large change in connection behavior (uitimate load and/or deflection),
Friction brings a great advantage to connection design because ultimate

strength increases essentially, even up to double.



Friction has also disadvantages:

- Friction means compression force between timber beams, which closes
the gap which may occur in the connection. This leads to internal
stresses in timber. It may be estimated that as much as 20 % of the
timber strength may be lost because of this reason.

- If shear force includes a large amount of friction it is not possibie to
define stiffness of connection (or else calculation of spring value for
force and moment becomes very complicated). Connection stiffness is
essential when eccentricity is calculated,

- It is found that plate anchorage strength is essentially smaller in shear
than tension connection. The reason for this is rotation between plate
and timber. Calculation of rotation is essentially simpler if it is assumed
that there is no friction (or contact) between connecting timber beams.

When friction is removed from plate shear strength, the design shear values

may be decreased to half. In most cases the design value for shear will be

decreased only by c. 20 %. When shear forces are completely transferred via
steel plate it leads to only a small deviation of strength. It is also possible to
use a smaller safety factor for steel than composite steel and friction. All this
means that leaving friction out of shear connection will lead to no practical
reduction in design shear values, However, there will be an essential reduction
in anchorage strength in shear connection compared to tension connection.

This reduction happens also if friction is utilized.
4,5 Plate behavior

When nail plate behavior in trussed rafter is investigated the following
considerations become relevant:

- linearity - nonlinearity

- elasticity - plasticity

- buckling

Buckling does not create any problem. If a plate buckles it forms a clear

desigh state.

Plasticity is more difficult, Connections usually do not lose strength when
plate plasticity limit is reached but may bear even a double load. The reason

for this is contact and friction of timber beams.
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Plate plasticity has thus great advantage but also disadvantages:

- Plasticity leads to contact, friction and increased deflection

- It is very difficult to calculate connection stiffness and strength. This is
important in eccentricity calculation

- It is less justified to assume that timber never fails under the nail plate.

In this design model problems of plate plasticity are ignored; therefore this

design model is correct only if design values are calculated from plastic limit.

If plate plasticity is not allowed the plate is elastic and linear. At any rate
connection between plate and timber is nonlinear with no clear nonlinearity

limit. Nonlinearity depends on stress level,

This design model is based entirely on linear behavior of connections. The
calculation is satisfactory if spring values (k , km) are calculated from the

same Joad level as that from which the calculation is made.
5. DESIGN PROCEDURE

The design consists of stress analysis (which is described in chapter 4) as well

as timber and joint design.

The timber design can be done according to timber code, yet it seems useful to

include size effect in the design to cut large eccentricity moment peaks.

Timber and joint design are in a development and calibration phase; therefore
this topic is not discussed further.

Usually trussed rafter design is carried out by doing analysis work before
connection design and before knowing exact timber cross sections and grades.
In this respect this design method is different. The exact geometry of timber
and joints must be known before analysis because different joints may lead to

completely different eccentricites and stresses.
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6. COMPARISON WITH TEST RESULTS

It is very difficult to make trussed rafter tests because timber has a large
elasticity and strength deviation. If strength is used as reference the number
of tests must be large enough to make statistical analysis. It would be much

cheaper to find out stresses,

A test method has been developed in which stresses can be determined

relatively quickly, cheaply and reliably.

Everything is based on the fact that normal forces can be analyzed reliably

with a simple analysis method.

Testing is carried out in the following way:

- A trussed rafter is loaded and strain is measured in the upper and lower
cross section edges of the timber beam. These measurements are made
in as many cross sections as possible,

- After testing, the trussed rafter is analyzed to find out the normal force
in each measured cross section,

- The modulus of elasticity is calculated from normal force and mean
strain,

- Cross section moments are calculated in each cross section from

modulus of elasticity and upper and lower strain.

When this method is used it is found that deviation in (measured and
calculated) moment is small and it can be estimated that total error may be
below 15 %.

One tested truss is shown in figure 2 and figure 3 shows the moment
distribution calculated from the model. The measured moments are marked
with a dot. As a comparison, calculation has been made with some other
models /2/. Moment values are shown in figures 4...7. Many other calculation
models have been tested. The following conclusions could be drawn:

- Frame analysis must be used if deflection is large.

- Assumption of stiff connection gives better results than pinned

connection,

- Connection eccentricities have an essential influence on stresses.
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7. DESIGN EXPERIENCE
7.1 General

The model has been used since autumn 1984, and there is experience of ¢. 1500

designs.

The model requires a large computer and the design procedure is much more
laborious than many other design methods because the exact geometry must be

known before analysis.

The model has however proved useful mainly for two reasons:

- It gives economical structures. These can be achieved by connection
eccentricity, which can be utilized to get balanced moment distributions.

- The model does not make any practical restrictions to connection or
rafter configuration, This has made it possible to introduce completely

new rafter types.
7.2 Eccentricity

According to the model, connection eccentricity is very important in trussed
rafter design. Eccentricity moment may be far larger than e.g. maximum
moment calculated from continuous beam theory. As a result eccentricity may

completely dominate moment calculation.

Eccentricity calculation of normal K and E joints has earlier been done in the
following way: Eccentricity has been assumed to be either half a chord in
depth or eccentricity has been calculated from diagonal and vertical center
lines. In both cases the eccentricity moment is shared by chord beams only

because diagonals and verticals are assumed to have pinned connections.

The mode] is different in this respect. Calculation made with the model shows

the following things:

- a) If it is assumed that eccentricity is half a chord in depth, difference
from the model may be large (though, usually on the safe side).

b) Eccentricity cannot be calculated from the center lines of members. I{
center lines pass through the same point, meaning no eccentricity in
center line calculation, the model may show large eccentricity. If center

lines of diagonals and verticals are changed but the nail plates with
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anchorage areas remain unchanged, there is no practical change in chord
moments {but an essential change in diagonal and vertical eccentricity
moments).

c)  If timber members (and center lines) remain unchanged but the nail plate
is changed there may be an essential change in eccentricity. In practice
this change is not large because plate changes must be made below
strength limits. Anyhow it is possible to use larger plates than necessary
for connection strength to avoid large timber stresses. Though plate
costs are increased, total costs may be decreased, due to timber or labor
saving.

d)  Diagonals, verticals and wedges (members with composite beams) may
have large eccentricity moments which may have the same size as

maximum moments on chords.

The model shows that the strength capacity of diagonals and verticals can be
utilized to carry eccentricity moments, which means small eccentricity

morments on chords and economical designs.
7.3 New rafter models

There are three major features in the model which make it possible to analyze
new rafter types: nonlinear analysis of buckling, careful calculation of
connection deflection and transferring moment via nail plate. Figures 8-11

show four examples.
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FURTHER DEVELOPMENTS

As stated before, connection and timber design is still in a development and

calibration phase. In timber design there are two problems:

a)

b)

Eccentricity dominates moment calculation which means high stress
peaks. The present timber code does not allow reduction of these stress
peaks. The author believes that these stress peaks should be cut off by
size (or "stress wideness") factor.

The model is based on physically linear analysis. Yet it is known that
timber has nonlinear behavior in compression. It would seem that
physically nonlinear analysis should be used. {Connections are also
physically nonlinear, though it is not possible to consider this so far due
to insufficient knowledge of connection behavior and its great
complexity).

Connection design has also two major problems:

a)

Present nail plates cannot transfer all compression forces which occur in
connections. As a result, contact must be utilized, which means that
assumptions about size, location and stiffness of contact must be made.
In stress analysis a clear assumption is made about these factors.
However, in plate design other assumptions must be made. A good
assumption might be the following: Contact force is max. 60...80 % of
the total compressed force, it is located in the center of the contact

area perpendicular to it and contact stiffness is ignored.

Another assumption is the following:

- It is assumed that connecting timber beams have a constant gap
(0.3...0.5 mm) in the unloaded stage

- A check is made to see if timber beams get into each other in the
loaded stage and if so a contact force is created. The size and
location of this force is calculated from linear surface stifiness,
which depends upon timber grade and grain direction,

This assumption leads to an iterative process but it can be included in

the nonlinear analysis cycles and it does not essentially increase the

calculation time. Some tests of this calculation method have been made

and it seems to work well. It also seems that friction can be considered

by this means.

Reas
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Present nail plate tests are carried out in a way which is not completely

suitable for the model. The following changes should be introduced:

- Design values should be defined from linear state. Range after
plate plasticity should not be utilized.

- Tests should be carried out without contact and friction. A large
enough gap (c. 4 mm) should be used in shear tests or friction
should be removed by other means.

- Tests to find out rotation stiffness should be added.
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culzy Uhe theoretical approach and the importance of results
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1. Introduction

1.1 Factory control

In Italy quality control on glusd-laminated timber 1s
usuelly conducted by cecking single structural elements while
they are being manufactured in factories. This involves first of
all the quality control of machinexry and staff training, followed
by the checking of glueings in the finger joints {bending tests)
and between on:s lamina and another {sheay tests) according  to
statistics.

1.2. Assembly Field control

Checks in the finished structure are left to the discretion
of the "Dircttore dei lavori” ( Chief Resident Engineer),firstly,
and the "collaudatore" (Yesting Englneer), sucondly. They have the
yight to carry out tests that they consider suitable both bafore
ascembly as well as  after assembly in order to check the guality
of the materials themselves and to check the structural diagram
provided by the designer.

Without entering upon the varicus problematics that appear
al” this stage (cfr. (1)), from now on. we would like to concen-
trate on the particular aspects of loading tests  In styructures
after asscmbly, proposing an agile dynamic variant to thomn.

2. General
2.1 Dynamic tests on structures (from vibrations)

In the fizld of structures already assambled, b they in
steel, reinlforced concréte Or dasonry (2, 3 ) "aynamic' testing
mothols have alreosdy started making themgelves Knowi.

Juslt to give a broad ouvtline, these aethods  consist  of
exciting the structure's froe vibrotions, detocting the velative
frequencies by noeans  of sccoleromelers  or  other  Instruments
capable of detoecting vibrations more genorically,  and comparing
rosulis  to those predicted according to o mathomatic modael  pre-
voiusly prepared,

2.2 hpplication field

These  Lests are not only eppicable to struccures vhich have
to support dynomic actions during their life span, but olso T
overy Lype of sUruCiurl oS they éenable one Lo obvain cxporilmental
indications usciul on the hand in finding a mors precise  theore-
fical modcl of the sbructure, and on tae other in finding princi-
pal  Melestic’  parunclors of the materinl, ALl thig is  dono
through  goneral informacion, that 1% not fimikad to » Low  sec—
Lions  and which is obtainod through tests that Lxe not expensive
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ouving (o loading meuns and times oven if, on the contrary, they
require sophisticated cxperimental survey eguipnent.

2.3 The cuse of wooden structurcs

The  present paper's writers think it is not unsuitable to
start experimenting this testing methodology on wooden  struc-
tures, especizlly if one considers that this method requires
excitations lasting’ only for few seconds; it enables one to
derive indications that are not affected by time as in the case
of static loading.

Moreovern, the stutic loading due to thelr own nature, in the
case of sssumbled structures of a certain dimension and  structue-
ral complexity, can't be ezsily codifisi and lead to results that
are anyway «ffected by creep phenomena in the wood, which are not
negligible  right from the tests beginning unlike other building
meterials such as steel and concrete, for example.

2.4 Other dynamic tests

Other dynamic methods like the resonance or ultrasonic tests
which have already coms into use and which can ba used for the
stress—grading of sawn pleces of wood zre unsuitable for large
structures already belng assembled whetber duc to the very.nature
of the test (In the cuse of the rosonance test, it can be carried
out easily in a lzboratcry on spocimens of reduced dimensions but
it can become very problematic on assarbled structures (1))  or
due to the power of the necessary equipment which in the case of
uitrasounds should be much nigher than that used st present for
stress-grading.

The sonic method is easler to use (4) but it enables one
to obtain uscfull indications of single structural elenents but
not of the whole structure taken as a whole.

2.5 Subject of the prosoent paper
The present work illustrates an example of application of
the provosed methodology just at it was used during testing

carried out on a structure in glued-laminated timber with a span
of 40 m,

3. Description of the structurc that was the subject of research

The structure (fig. 1) comprises a series of 16 three-hinged
arches in glued-laminated timber of commen pruce, placed at 5 m
from one to the other with a span of 46 m (central "aisle"). On
the sides are two 12 m train sieds in continuity with the arches
and supported by columis also in glue-laminated timber (side
“"aisles"). The cross sections of the arches is rectangular with a
base of 14, 5 cm and depth of 76 to 120 .

The arches are hinged at the springer on slender columns in
reinforced concrete which discharge on  foundation  plinths
comnected on the arches plane, by mzans of a steel tie bar, and



longitudinally, by moans of a reinforcad concrete glrder.

The windbrecing is formed by purlins in solid wood and tie
hars  in steel bolted at the apchos. The secondary structure 1s
formed by purlins in solid wood nailed at the arches. lThe roofing
ig in corrugated asbestos-coment shoeets,

4, Experimental surveys and instrumentations

The strutcure has been submittad to numerous tests to ek
the behaviour poth in the static as wail as Lho dynamic ficlds.
For Lhe static tests refer to (5Y. During tests the average
moisture  content of the tigber measurad with o]“’tr1pal methods
wag about 12%; Dbefore tests the metal wind-brace had heen
strainad,

4.1 Testing methods

Free vibrations were <& Lrl&ﬁ out both in @ tsrtheL
girection o arxch plane, &s well as in an  approximately
horizontal direction parallel to the longitudinal axis of the

A

construction {fig. Za;.

The firet were obtained by hanging a weight of 549 dal  and
roughly cutting a conncction spocially preparod.  The test  was
repeatad  both  at e crown and at a gus rior of the span  (fig.
2o) .

the oscillaticns  in the longitudinal dirzction (that 13
orthogeonal on the arches plane) has been py imed my minns of  the
ContE-pOraneous reloase of tihroe cables anchored at 50 mo fxom
fhe arch and  strained by neans of mechanical jack until  thoy
bransmit co the quartors and crown of the 2rd arch throe actions

of about 104# dan sach (fig. 2c).
4.2 Dxperimental measurements

During oscillations socelarations have been moasurad  in
five peints, of which ihree are locallzed on tne arch anc two at
the top of exch column of the side uisles, onG J1003<gkvbn+ of
ona of the two reinforced concreta colunns, that support Lhe sprin-
ger hinges of the archoes,

scme  of the most significant regults are sumned up  in

figuies 3 oand 43
in the vertical dynamic tests with crcitations at 1/4 of tne

span, the freguencies dotected 1n seversl measuring points have
the same value, the "mode’ of vibration excited a freguency of
about 2,4 M7}

in the uar1/0ﬂta] Jghqm c tests, the freguencies Q“ivCCuj
gseveral measuring polpts don 1+ phave the same value, the structu
oscillated but not according to & particular “mode’,

H. -
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5. humerical model ing

5.1 Structural shape

For the numerical study ot thc‘structute, a model was built
to the finite elemonts of the whole structure including 16 arches
connectad by purlins and windbracing cross, with the wwo sido
alsles and reinforced concrete colwrns which carry the springer
hinges of the arches.

5.2 Llastic parameters

As  reference values for the wood's elastic paraneters,
higher values than  those usually feund in  static stress are
adopted, namely: for the dynamic modulus Ed = 1650d N2,  and
for the corresponding tangenticl modulus G3 = L/15 Bd (6 ).

As  the average valae of the wood's density mass we took
g = 5¢U kg/m3.

5.3 Automatic calculation coda

The calculation of the‘quantities_necessary for a comparison
with  expoerimental  resulis was developad by using the automatic
SAP IV cole which enables both stabic as well ag dynanic calcula-

tion in & linear field,

3.4 Modal analysis of the whole structure

In the dynamic case, the modal dynamic enalysis, up te the
12th mode, of the whole shed has been carried out. On examining
the relative deformed shapes (in fig., 5§ are shown those relative
to the [lirst 6 modes), it could be deducted that the various

moddal  shapes  of entire shed cen always be traced back  to  the
"joininy" of the moual shapes of a double windbraced arcit.  Hote
amongst  other things that the shed can be considgered as a group
of wmany double wind-braced srches homegenously  distributed  in
zlignment and whicn  are merely connected to  the  socondary
purlins,

5.5 Choice of referring medel (partial)

1t was observed moreover, in the case of dynamic vertical
tests, that, anyway, certalnly in order to ¢xcite one of the
moedal  shapes  involving the entire shed it would take &
cdistribution of impulses and a guantity of energy much greater
than those transmitted acting with a single impulse at one point
in only one arch, {impulse amonast other things certainly guickly
damped  in a longitudinal direction because of the high capacity
cf dissipating energy of the conncctions nailed of the puriins}.
Cn the basis of thesc considerations, we thougnt it not incor—
rect to limit curselves to the simpler theoretic model (and with
essier  computational manipulation) than the double wind-braced
axch, .

oo
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5.6 Influence of the connaections

At this point, we tried to quantify the influence on the
model of the varicus iimit conditions of rigidity, within which
certain  connactions between structural alements could find  them-

selves, in terms of modal shapes and reletive frequencles,
5.7. Single arxch connections

we examined the cases in which the junciion element  betweln
the arch and train sheds of the side aisles was restrained {case al
or hinged at the ends (case b); the supporit COlumn of the trailn
shed has always bezen considered ningad at the ends.

5.8 Connections between one arch und another
The system of wind-brace nurlins was taken us hingad (casa

¢y as well as restrained at the ends  (c2so d)y. Moveover, We
congidercd  both the case of the presence cf the puriins of the

wind-brace s stem (case ¢ on their own as well as the presence

of secondary purlins (using an oversize seotion equivalent  for
the wind-brace purlins: case L).

e dié not consider the prescnce of the corrugated ashestos-
cement shoets both due to agsembly wodalities (through rubberized
bearings) as well as due w0 their nooligible relative rigidity as
comparad  to other olaments: the booms and purlins, depending on
the dirsction considored {(the direction of the greatest rigidity
being placed along the pitch of the roofl).

6. Nuneric results
6.1 Connection rigidity

Finally, ve bhad maximum deviations in the values of

frequency in  the order of 1%, depending on  the various
combinations examined ol tne aforomentionod cascs.
One can therefore rooch the conclusion that for a structure such
as one being exzmined, with a stotic scheme which is  already
basically cicay and considerably stiffercd by wind-braces the
rigidity of certsin connoctions has little influenca.

6.2 The choscn case: the first modal shapes

cgults we

As reference for the comparison with experimentsl
odal  shapoes

chose the case by +¢) + ) of which the first six m
and relative frequencics are shown 1n fig. oa).

6.3 Comparison with the whole model
It was thon obzorvoed that there is, s furthoer conbirmation of

tie correctness of the choice of the partial structural arrange-
went, o substantial colnclasnes not only in certuln scdal shepes



but also in the relative values of the corresponding freguencics
thewpselves:  the shape of the 5th vibrating mode of the wntire
shed 18 similar. to that of the 3rd vibrating mode of the double
wind-brace arch with a freguoncy of 2,43 iz as opposcd to 2.9 Hz

(A = 1,7%).

7. Comparison with experimental rosults

7.1 A vibration mode was excited

On  exanining  the exporimental results, it turns out that
while in the case of horizontal and vertical at {he crovn suress
there is no real vibrating "mode" of the structure itself, in the
case of vortical stress st the gqusrter of the span, there is an
ovident 31¢ "mode' of vibrating if one consider that bzcause of

the load's assymetries (epplied only to an arch) one must find a
phase shift in the way of vibrating of the two arches.

7.2 Comparison between theoretical and experimental freguencies

The corresponding expzrimental freguency turned out to be
2,40 Hz =s opposed to a calculated valus of 2,39 Hz. Even within
the limits of experimentzl survey approximations and  theoretical
scheme, tnis would oppaear to confirm after all the choice -of the
value of dynamic moduius of the timber Ed = 16500N/mm2

&. Cbservations on the method's accuracy

£,1 Variation of the referring freguency with the varying of
the size of massss and the mechenical characteristles of
materials.

For the aforementionod static scheme of reference, we tasted
the wvariability, in rterms of freguency, of the modal shapes
primed with dynamic tests, doubly assymetric (cfr. par. 7.1} with
the varying of the timber's density mass (evidently not directly
measurable on elements already assembled) and the timber's dyna-
mic modulus,

The diagram of fig. 7 synthetically shows the results of
this survey.

8.2 Method's accuracy

It can be observed that in order to determine exactly the
timber's dynamic modulus (apart from the obviocus consideration
that a correct valuation of the dead-icads during testing is very
important), as the dead-loads increase in proportion to the
structure's mass, an error in the valuation of the timber's
density mass loses importance. (*)

Finally, considering the density mass of the timber in-
cluded between 450 and 55¢ Kg/m3 (cfr. fig. 7 ), corresponding to
the value of experimental frequency (2,40 Hz), it can be cbserved

1g



30

that Bd can oscillate between 14000 and 19608 N/mn?2; therefore Ed
= 16500 £ 15%N/mmZ. This accurscy when determining Bd is goed in
order to valuste the resistance characteristics required by Test-
Engineexr {7}.

Fig. § synoptically shows all the freguency values relative
to the first 6 modes of vibrating for the various valugs of Ed
and P studied. Fig. 6 by and ¢) also shows the medal shapes
relative to the cases EG = 11000N/mZ @ = 560 Kg/m3 and Ed =
22000N/mn g = BEOKg/m3.

Note that for Ed = 110B6N/mu2 the modal shape similar to the
experimental one 1s no longer the 3rd but becomes the 4th.

8.3 Chservations on Ed value

Finally, it must be observed that the value of elosticity
rodulus  obtained in this way 1s an average value which gives an
noverall' idea of timber. According to the writers, since it is &
real structure, this is a much more significant indication than
that supplied by the knowledge, which might be wore precise but
is only local, of a specifc value of the modulus (traction,
compression or other).

. Conclusions

rlso for timber structures, the dynamic testing methods
with the evcitation of free oscllations, already  applicd
successfully to  structures in otner materials, Secm worthy oOf
being  refined through fuxther theoretical-experimenial studies,
due Lo their positive contribution when checking structures  al-
ready assembled  in terms of results validity and in texms of
reduction of test means.

(¥) In the case belng axamined, the incidence of leoads carried
was youghly cqual to the welght of tha timbor (purlin  included),
therefore an wrror of 10U% on the Censity mass of the timbor would
lead to an orror, in the total of the massos, of the half, that

ig Just 5%,
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Undeformed shape

Fig., 5 - Whele struciure: the first six wmodal shapas and  their

TEQUOTICIVS.
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1st mode

f1= 1.646 Hz

Fig.5 {cont.)
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2nd mode

1.765 Hz

f =

Fig.% (cont.)
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Fig.5
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Fig.5 {cont.)
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Fig., & - Double brucud
frequencies:
&) Ed = 16500
b) EG
¢) Ed

22000
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Fig. 7 - The
tal

11000

6300

2004 -

Q::;% kgfﬁ?
550
Tomaee—
Ed  (Ninm?)

freguencies of the modal shapes like the experimen-

shapo,

versus the dynamic clastic modulus (EQ)
the density mass of timber (g).

and

! e )
Ed = 11000 . N/mm® Ed = 186500 N/mm? Ed - 22000 N/im? '

, g /s K/ m3 kg /m®

450 9:.500 2 =550 g =450 £ =500 9 =550 g =450 9 =500 ¢-:55
lai G.903 ¢.883 0.8a63 1.088 1.058% 1,040 1.236 1.2G8 1.183
2nd 1,350 i .320 1.292 1.653 1.574 1.581 1,808 1.865 1.824
3rd 2.308 1.802 1.848 2.448 2,390 2,346 2.542 2.487 2,436
ath | 2.290 | 2,241 | 2.195 | 2.49% 2.404 | 2.384 |2.857 2.755 | 2.736
5th | 2.563 2.509 2.457 2.760 2,687 2.643 2.379 2.813 2.751
Gth 2.761 2.707 2.656 3.367 3.29% 3.239 3.874 3.758 3,727

(frequencies in Hz)

fig. 8 - The freguencies of the first six vibrating modes versus
The values of modol shapes similar
expsrimental shape, ave underlined.
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Bracing

Adeguate bracing should be provided to avoid lateral instability of
individual members and the collapse of the whole structure due to
external toading such as wind.

s

exierngl food oh brocing

n members

Fig. 1: Bracing System

With n equal members (e.g. beams or chords in a truss) of rec-

tangular cross-section, the bracing should in addition to external
loads (e.g. wind) be designed for a uniform load g per unit length:

n-N
q:
1'kbr,dkbr,m
where
k A TN ST
br.,c T n-1-"0

N 1s the axial force in a member,



Where the member is a beam with maximum moment M and depth h,

N should be taken as 1.5 M/h.
Where the member is a truss N is the maximum compressive force.

: .
V1571 (1 is span in m)

kn = 0,5 (1 + o )
Uy, is the initial deviation from straightness at midspan.
u is the deflection of the bracing caused by the sum of g and

external loads calcuiated with E = ED’kfm d/fm K
The effect of slip in joints should be taken into account.

£O,k _ Gmean

Korom = (14 15001 - 0.63 2). (D)2,
g h h fm,k EG,mean

o
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SAMPLING TIMBER IN STRUCTURAL SIZES

P. Glos, Institut fiir Holzforschung, Universitdt Minchen

1. SCOPE

The mechanical properties of structural timber strongly depend upon natural
growth characteristics and manufacturing practices. Under otherwise same
conditions (species, grade, size, moisture content etc.) timber may exe -
hibit a substantial variation in properties. From this follows that test
results are strongly influenced by the respective sampling procedure and
that the method of choosing a sample is an allsimportant factor in deterw
mining what use can be made of it., If a generalization is to be made from
the results of an empirical investigation to & specific population, it is

a prerequisite that the test material sampled is representative for that
population.

In the field of timber engineering various questions can arise, that pree
sume different test material selection procedures, Among these are e.g.:

. Evaluation of characteristic mechanical properties related to a pop=
ulation defined in space and time.
This requires sampling of specimens that are representative for the
defined population,

. Evaluation of the effect of specific treatments on characteristic mes
chanical properties,
This may require sowcalled matched subsamples, that are selected from
a given sample so that they have the same distribution of mechanical
properties.

. Evaluation of mechanical properties of timber structures and of joints



made with mechanical fasteners.
In general this requires selecting timber whose growth characteristics
vary only in predetermined narrow limits.

In the following, sampling or selection procedures are described for the
aforementioned points under discussion.

These sampling procedures are generally applicable. They do not depend
upon the planned sample size nor on whether all elements of the sample
or, as in the so«called In«Grade Testing Programs, only a part of the
sample will be destructively tested.

Decisions on sample size and number of elements tested destructively are

governed by the financial scope of the program, the chosen degree of pree
cision with which the properties are to be estimated and the chosen test

and data analysis procedures. Some relations between sample size and the

precision of the statistical inference are shown as a general information
in section 2.4.

#,

2. SAMPLING OF TIMBER FOR THE EVALUATION OF CHARACTERISTIC PROPERTIES

2.1 CONDITIONS FOR VALID SAMPLING
2.1.1 Population

It is imperative that first of all the population of interest, termed the
target population, to which we would like our conclusions to be
applicable, is defined as clearly as possible in terms of geographical
area, time span, and manufacturing practices. In practice it is most likely
that sampling from the target population is not possible, e.g. because
there is no access to the production of coming years. Hence, the population
from which the sample is taken, termed the s amp 1l e population, may

be different from the target population,

There exist no statistical methods to convert inferences on the sample
population into inferences on the target population., The further the
sample population is removed from the target population, the more the



desired conclusions will have to be based on perhaps unwarranted “other
considerations", This aspect should be borne in mind throughout the whole
sampling, testing, and data analysis process.

Care must be taken that a consideration for convenience does not unknows
ingly lead to a sampling of the wrong population, such as timber n o w

being produced instead of timber expected to be produced within the next
10 to 20 years,

In the following the term "valid sampling" and the discussion of sampling
methods are restricted to sampling from the sample population, which
itself must be defined as clearly as possible.

2.1.2 Sampling procedure

In order to make valid nontrivial generalizations from a sample about
characteristics of the population from which it comes, the sample must

have been obtained by a sampling scheme which insures that the distribue
tion of values in the sample represents the distribution of values in the
population, i.e. that the sample is a so=called representative
sample. This requires that the sampling scheme involves some type of
random selection,

In practice, it is not always easy to obtain a random sample from a given
population. Unconscious selections and biases tend to enter.

It cannot be overemphasized that the randomness of a sample is inherent

in the sampling scheme employed to obtain the sample and is not an intrine
sic property of the sample itself. Experience teaches that it is not safe
to select a sample haphazardly, without any conscious plan. Nor does it

seem to be possible to consciously draw a sample at random. In order to
avoid bias, e.g. bias through personal judgment of appearance in either
direction when selecting the material, it is mandatory that the selecting
procedure is defined in advance and that sampling follows this predetermined
plan strictly.

Some possible schemes for formally drawing a sample at random from a
particular population are given in section 2.2.



2.2 METHODS OF SAMPLING
2.2.1 Sampling with equal probabilities (simple random sampling)

The most widely recommended type of random seiection is simple or unree
stricted random sampling. This type of sampling is defined by the requiree
ment that e a ¢ h individual in the population (commonly the individual
piece of timber) has an equal chance of being the fir st
member of the sample; after the first member is selected, each of the
remaining individuals in the population has an equal chance of being the
second member of the sample; and so fortih,

Where a population consists of a finite set of N elements, each element
is allocated a number from 1 to N. In order to obtain a sample of size n,
n numbers are depicted randomly from the numbers from 1 to N {e.g. by
using a random number generator or random number tables} and the pertaine
ing elements are selected for the sample.

For typical timber research tasks with large populations involved, this
method is generally uneconomic and hardly feasible from a practical point
of view,

2.2.2 Sampling with unequal probabilities (stratified cluster sampling)

If there is an indication of any potential systematic sources of variation
within the population, that is, when the population can be subdivided
into diverse groups (strata) and the probability of an individual element
of the population belonging to one of these groups is known, this infors
mation should be considered in selecting the sample. By doing this appro=-
priately, it is ensured that the distribution of potential sources of
variation in the sample coincides with the distribution in the population.

In @ multistage procedure, the successive stages being e.g. regions,

mills (size, type), pieces within mills; or logging areas, tree sizes

(age, yield class), positions of specimen in tree, the sample population

is subdivided into potential groups, or strata. In order to prevent bias,

it is imperative

. that the number of individual pieces selected from each stratum at
each stage corresponds to the respective relative volume of timber apw



pertaining to that stratum {volume of timber available or volume of
timber being milled at present or in future), and
. that within each stratum, the pieces are selected at random.

It can be shown that stratified cluster sampling, as more information
is utilized, in general yields more consistent results than simple random
sampling, especially when the sample size is small.

Test results at hand indicate that regional differences in timber propers=
ties, if observed at all, can generally be explained by density differw
ences. This raises the guestion whether the required regional and possibly
temporal stratification could be reduced if appropriate, i.e, sufficient
closely correlated concomitant variables, such as density, were identified.
If so, sampling could be restricted to a very limited area if it were
ensured that these concomitant variables are equally distributed both

in the sample and in the population. However, there are objections to

this procedure: There remains the uncertainty of other potential regional
factors, as e.g. specific processing effects.

2.2.3 Sequential sampling

Sequential sampling, in its original meaning, is a stepwise sampling and
data analysis procedure, It is applicable to both simple random sampling
and stratified cluster sampling,

The first step is to select a sample of size Ny Based on the test results
from that sample a decision is made whether to continue with sampling,

If so, the second step is to select a second sample of size No. Based

on the results from the joint sample (n1 + n2) a decision is made whether
to continue with sampling; and so forth,

On the average the number of pieces to be sampled and tested
can be reduced by applying this method. However, the practical application
may be complicated.

Sometimes selection of packages, that is serial selection of individual
pieces of timber may be appropriate and sometimes this method is also



called sequential sampling, In the case of serial sampling the principles
in 2.2.1 and 2.2.2 apply to the composite sampling units (packages), they
do not apply, however, to the serially sampled individual pieces of timber,

2.3 REPORT

In order to make interpretation of test results and conclusions feasible,
it is highly recommended to include the following in the report:

. the definition of the target population
. the definition of the sample population
. the sampling method chosen, and

. the steps taken or planned to bridge the gap, if any, between the
target and the sample population,

2.4 SIZE OF SAMPLE

Apart from the given financial scope of the program the required sample
size depends upon the objective of the research, on the chosen precision
with which the properties are to be estimated, as well as on the variation
of the test material and the chosen data analysis procedure,

For general information, Figs. 1 and 2 show, based on a population that
follows a Weibull distribution, how the precision of the estimated prope
erty depends upon the size of the sample and the chosen statistical model.
Fig. 1 shows the influence of the chosen confidence level, Fig. 2 the
influence of the assumed statistical distribution. The true population

5 percent exclusion limit is 24.3 MPa; the graphs indicate the spread

of the estimated values of the exclusion limit, based on the estimation
from 100 independent samples.

It can be seen from these Figs. that independent of the chosen confidence

level and of the assumed statistical distribution the estimated valué
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may vastly differ from the true population value. The larger the sample
size, however, the more likely the estimated exclusion limit will be
close to the population value. It is, therefore, desirable to select a
sample size as large as possible commensurate with the cost of sampling
and testing.

The Figs. indicate that a sample size of n = 200 may be adequate in many
cases.

Fig. 3 shows how many elements out of a sample of size n =200 0on t he
average must be tested destructively, when the M = 10...40 weakest
elements are to be broken and when the testing plan makes use of a non= -
destructively tested concomitant variable, which exhibits a correlation
coefficient of ¢ with the investigated property.

3. SAMPLING OF TIMBER MATCHED FOR STRENGTH FOR EXPERIMENTAL EVALUATION
OF SPECIFIC EFFECTS SUCH AS DURATION OF LOAD, MOISTURE CONTENT, SIZE ETC.

For a description of problems involved and possible procedures that may be
employed reference is made to

. Gerhards, 1976

. Madsen and Barrett, 1976

. Pierce, 1980

If the results are to be representative for a given population, the total
test material must first be selected according to one of the methods outs -
lined in section 2. This material is then subdivided into matched groups.

The chosen sampling method shall be completely reported.

4, SAMPLING OF TIMBER FOR JOINT TESTS

One of the two sampling procedures as specified in the International
Standard IS0 xxxx ' Timber Structures. Testing of joints made with meche
anical fasteners. Requirements to the wood' shall be applied.

The chosen sampling method shall be reported.



5. SAMPLING OF TIMBER FOR STRUCTURES TO BE TESTED AS PROTOTYPES

For a description of problems involved and possible procedures that may

be employed reference is made to
. Norén, 1983,
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ABSTRACT

Most modern Codes of practice for antiseismic consiructions accept the
limit state appreach, bdut allow to take advantage of siructural
ductility in order to reduce the effects of earthquake actions. &
recent draft proposal for a substantial revision of the current Itzlian
Rules follows the same trends.

Structural fimber however, be it massive or glue~laminated, exhibits a
comparatively fragile behaviour, mainly because of its natural defects:
the necessary ductility can only be obtained by means of appropriate
structural joints.

This paper illustrates the "Timber Structures” Chapter in the proposed
new Italian Rules, as an example of how provisions for structural
timber can be incorporated in modern antiseismic rules,
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1. IRTRODUCTION

In the law that has ruled "Constructions in Seismic Areas” of Italy for
the last decade [Roma 1974], four structural systems are fermally

allowed, namely:

a) reinforced or prestressed concrete and/or steel frames,
b) load-carrying panel structures,

¢) masonry,

d) timber structures.

Nevertheless, in the "official" Instruciions so far issued by the
Ministry of Public Works for application of the said law, the
indications regarding timber structures have been limited to a Clause
of few lines, of which the latest version [Roma }984] is reported in
Appendix A1 of this paper.

This has generated lots of confusion about the admissibility of ftimber
in earthguake-resistant consiructions (in particular of glue-laminated
timber, which is not explicitiy mentioned in the Law nor in the
relevant Clause of the Instructions) and has certainly been a great
hindrance to the development of timber buildings in the "official™
seismic gones, which have been greatly extended between 1981-8% and at
present cover about 80% of the national territory.

Therefore, it is evident that if the present situation did not change,
all timber construction in Italy could be practically blocked, notwith-
standing the growing initerest in this material, confirmed by some
recent examples of very beautiful and selsmically adequate structures
(see e.g. "AUGUSTI et al. 1984%). ‘

Fortunately, an "sd hoce" Task Group was recently set up by the
(Italian) National Research Council (C.N.E.) in order to draft a new
set of Hules for antiselsmic constructions in Italy, intended to
replace the currently valid Ministerial Instructions, thet in many
technical circles are considered partialiy obsolete. The wvwriters, who
thirk that timber may be a suiteble and convenient construction
material in seismic areas, have taken the occasion and prepared a
Chapter on Timber Structures, which has been included among the
proposed rules. The draft has been completed a few months ago and, in
accord with previous practice of other anaslogous C.N.R. proposals, has
nov been published [Roma 1985] in order that ali interested research
and professional peonle may test the proposed rules, point out possible
mistakes, suggest modifications and imprevements, before submitting a
final text to the Minister of Public Works for their adoption as
officially valid Mirnis*terial Instruciions.

The proposed rules, following a generalized internationsl trend, are
biased ftowards 1imit state decign procedures rather than the more
traditional allowable gfress methods. As well known, this trend poses
very special problems for timber structures, because limit state design
reguires expleitation of the structural ductility and capacity to
dissipate energy, %bui the knowledge about these properties is still

ANPISEISMIC RULES FOR TIMBER STRUCTURES: A FROPOSAL 1
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appropriate response parasmeter (e.g. horizontal displacément) in the
"actual” elastic-plastic behaviour and the value x_ of the same
parameter at the limit of elasticity. This ratio can be shown (Fig.4)
to be equal to the ratio between the forces, For and Fu respectively,
thet correspond to x, in the elastic-plasiic behaviour and in an ideal,
indefinitely elastic behaviour.

3. ANTISEISKIC STRUCTURAL DESIGE

3.1 Seismic actions

Because of the randomness of the seismic input, most modern Codes
prescribe one or more "design specira” (usually, acceleration spectra)
for the design of earthgquake-resistant structures. The "intensity"
(i.e. the values of the ordinates of the spectrum) is calibrated versus
the esrthquakes "expected"” in the area, while its "shape" is related o
the general geological characteristics of the region and the geo-
technical nature of the foundation soil. By way of example, the spectra
included in the repeatedly quoted draft proposal for rew Italian Rules
[Roma 1985] are shown in Pig.b.

One of the ways in which some Codes (and the new Italian draft) take
account of ductility, is to reduce the prescribed actions by dividing
the design spectrum by an appropriate "structure factor” K > 1: the
choice of the values of this factor for each construction type is
clearly one of the most delicate and difficult points in the writing of
a Code. In fact, by the very naturs of the simplifications and
approximations introduced in such an approach, no choice can be fully

and always satisfactory. T ' N

In the current Italian by-law [Roma 19841, that follows the "admissible
stress" approach, the siructural ductility factor is implicitly assumed
equal t¢ 5 for all structures, irrespective of type and material; ne
differentiation with the foundation so0il is introduced in the seismic
loading. The dotted line in #ig.5 is the spectrum for the high-
seismicity =zone prescribed by the current by-law, muliiplied dy 1.5 in
order %o allow compariscns with the spectra of the new drafz, written
from the "limit state" viewpoint: remember that the latter spectra must
be divided by the relevanit structure factor K, but note that when K =1
the load reguirements of the new Tules are much more siringent than the
current ones.

3.2 Combination of actions

Another very important point in earthquake-resistant structural design
is the choice of the other actions that are assumed present when the
quake occurs. The relevant provisions of the Italian draft are reported
in Appendix A.2 b). It can be ssen that two short-duration loads must
never be considered as acting together; thus, if the structure is
calculated for another comparatively heavy but short-duration load
(such as may be snow loading), it may resuli also safer with respect to
seismic actions, always of short duration.

ANTISEISKIC RULES FOR TIMBER STRUCTURES: A PRCPOSAL 3



Thus, the final text of the draeft Chapter, slthough much longer than
the single paragraph of the current by-law (ef. Appendix A1), is still
much less detailed than the analogdus provisions of other Codes. For
instance, only three types of tinber constructions have been listed,
which is a very rough classification. However, there are at least two
gignificant improvements: firet, no height limitation is set; second,
glue-laminaied constructions, whose admissibility had given rise to
doubis in the recent past, are explicitly accepted.

Moreover, ihe strengzth under short duration loads (such as seismic
actions) can be faken 1.5 times that under long duration loads.

As for ductility, the drafi states thai none can be expected from
timber as a siructural material but that, in principle, the ductility
of timber siructures can be assured by sppropriate structural Joints.
Conseguently, the writers had proposed an articulated set of values for
the diviscr "structure coefficient” K, derived from the New Zealand
Seismic Code [Wellington 1976], in which ductility is accounted for by
applying to the acitions of a multiplying facior <1. However, the same
prudential attitude led the Task Group finally to agree on tvwo
conservative values, namely
K = 2 for siructures braced by panels (i.e. "sheathed"), and
- ¥ =1 (i.e. no ductility) for framed and truss-braced structures.

By comparison, ncte thet in the draft typical values of X for
reinferced concrete frames vary between 2.5 and 4, and for steel
gtructures TDetween 2 and 5. Thus, the horizontal actions assumed on a
timber siructure are usually much larger than those considered for an
analogous reinforced concrete or steel structure {typically, 2 tc 4
times higher) and, as already noted with reference to Fig.b, than the
actions prescribed by the current rules. ’ o

Some numerical calculations, developed by the wrifters as examples of
appliication of the proposed rules and not reported here for hrevity,
have shown that %fimber structures well designed to resist vertical and
other environmental lcads, may be well adeguate for the seismic loading
required by the drafi, when the rule of load combination and/or the
increment of strengih under short-duration actions are taken into
acccunt. This was e.g. the case of the structure quoted in AUGUSTI et
al. 19840b.
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Upit simultaneity coefficients to be applied to the masses in the
determination of the forces of inertia........... The values of the

coefficients Up;, relevant to the floor loads on buildings, are
reported in Section II.3.4.

¢) From Section TI.3.4 Coefficients of combination

The combination coefficients U; to be used in local checks as quoted in
Sec.l.4.2, are shown in the following Table:

1, Buildings... nof open to the public U = 0.30
2, Public premises ... (shops, restaurauts, ...) 0.30
3, Public premises with possible large crowds (meeting
' places, theaters, churches, voees) 1.00
5. Balconies and staircases: a) residential buildings 0.50
b) public premises 1.00
8. Archives and libraries i
9. SBnovw in sites H > 1000 m 0.30
10. Snow in sites H < 1000 m 0
1. ¥Wind O
12. Temperature 0]

The simulteneity coefficients Up; quoted in sec.1.4.2 for the
calculation of the inertia forces, are evaluated as follows.

In generel, Uy, = g Uy

Por multi-storey buildings with independent uses, ¢ = 1 at the top
floor and ¢ = 0.5 at all other floors.

For mulvi~storey buildings with correlated uses, % =1 at the top
floor, ¥ = 0.8 at the floor with correlatsd use, ¢ = 0.3 at all other
floors.

For ioads of type &) in the Table above, § = 1.

d) Text of Chapler III.4 BUILDINGS WITH TIMBER STRUCTURE

ITI.4.1 Structural types

1. A1l wooden structural elements which must resist selsmic actions
shall fullfill the provislions of Part I end II of the present
Instructions, besidesz the following rules.

Usually, these structures belong to one of the fellowing types:
a) framed structures;
b) structures with trusz bracings;
¢) structures with panel bracings.

2. Timber structures shall fullfill the following requirements:

- details of the junctions between timber struciure and foundations
and of the structural elements with each other shall be studied in
such a way %o avert the possibility of slips and connection
failures;

ARTISKISMIC RULES POR TIMBER STRUCTURES: A PROPOSAL g
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RILEM 57-TSB

Beit Oren, Haifa, Israel. 3 June 1985

Present:

J Kuipers, Chairman, The Netherlands P Lelrtun, Norway

E Aasheim, Norway B Madsen, Canada

D Brown, United States of America R Marsh, United Kingdom

J Brundin, Sweden U Meierhofer, Switzerland
H Burgess, United Kingdom B Norén, Sweden

A Ceccotti, Italy T Ramstad, Norway

P Colclough, Ireland I Smith, United Kingdom

B Edlund, Sweden E G Stern, United States of America
J Ehlbeck, Federal Republic of Germany C Stieda, Canada

P Glos, Federal Republic of Germany J Sunley, United Kingdom
M Johansen, Denmark B Thunell, Sweden

J Kangas, Finland J Tory, United Kingdom

B Kilsner, Sweden R Verhorst, Belgium

U Korin, Israel A Vignoli, Italy

Member by correspondence: W.Nozyfiski Poland.

1  The RILEM group was welcomed to Israel by Dr Korin on behalf of the Building
Research Station, Technion.

2 Nalled joints

2.1 Comments had been received on the draft recommendation 3TT-1B for the testing
of nails. The chairman drew attention to his own remarks on these comments and
invited discussion.

2.2 It was agreed that figures to illustrate the configuration of timber-to-board
material joints should be included in the test standard.

2.3 Norén, Tory and Melerhofer spoke in favour of using fewer nalls in the
specimens to provide data more appropriate for analysis. They pointed out that

the test included a special joint configuration with possible grouping effects and
would not necessarily be appropriate for different types of nails. Norén said that
although Sweden accepted the principles of the standard it would probably not be
uged in itg present form.

2.4 Ehlbeck said that the standard was for testing joints, not nails, and
variability would be less with more nails in the joint. Kuipers alsc supported
the draft recommendation and pointed out that the test ensured the same numbers of
nail shear planes for single and double shear tests.

2.5 It was concluded that the no change should be made to the standard as regards
the numbers of nails in the test joints.

2.6 It was agreed that clause B.4.1 should be amended to require that the nail
head should not protrude above the surface of the test specimen.

2.7 The symbols for nail spacings (clause B.6.1.1.4) are to be replaced by text,

2.8 It will be made clear in the text tha*" laminated timber is permissible for the
manufacture of specimens but when used the laminations should be matched for
density.



2.9 Kuipers and Stern are to draft a clause to cover the withdrawal strength of
nails in end grain. The figure illustrating the withdrawal test specimen is to
show a longer specimen containing more nails and may also include a nail in the
end grain.

2.10 Smith suggested that the tests of material properties, ie embedding strength
and nail bending, were more sulted to another test standard. After some
discussion it was agreed that no reference should be made to the testing of
embedding strength but that the nail bending test should be retained.

2,11 Noréh, on behalf of the committee, thanked Professor Kuipers for his efforts
in preparing and carrying through the work on this test standard.

2.12 The test standard for nails will now be submitted for publication as a
RILEM test standard.

3 Embedding strength

3.1 The paper 'A Method for Determining the Embedding Characteristics of Wood and
Wood-based Materials! was introduced by Smith who said that TRADA had carried out
2000 tests in developing the test method. He explained that when testing board

materials in their manufactured thicknesses there were likely to be problems with
nail bending which could be adversely reflected in the application of the results.

3.2 Meierhofer suggested that with such thin specimens splitting of the timber
would be a problem and the proportion of summer to spring wood could also be quite
significant. He also asked how test results could be interpreted and related to
design leoads.

3.3 Tory said that the test method was not too relevant to the work of RILEM; it
was a research tool related to a theoretical model. However Noren supported the
idea of a standard embedding strength test to compare different types and shapes
of nail. Ehlbeck disagreed, saying that basic and practical research should not
be mixed.

3.4 The discussion was concluded with no proposal for a standard test method for
embedding strength.

4 Wood-based board materials

4.1 It was agreed that the American Plywood Association should provide a
definition of wood-baszed board materials for inclusion in the sceope of the draft
standard and that the testing of plywood should be specifically excluded.

4.2 There was criticism of the panel shear test specimen that had been taken from
the plywood standard. Ehlbeck suggested that the test should be removed from the
standard. Smith said that in tests carried out by TRADA they had not had a true
shear failure. Tory stated that it was a difficult test to carry out with very
cumbersome apparatus; he described an alternative 'T' shaped specimen but admitted
that few had been tested. Brown supported the test, saying that APA had satisfac-
torily tested many particle boards.

4.3 Smith was also critical of the test for panel shear modulus of rigidity. He
said that shear stress distribution was not uniform across the specimen and
therefore the shear modulus measured was unreliable.
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4.4 Tt was agreed that a test for panel shear strength was required and since
there was more experience of the ASTM method than of any other, it should be
retained,

4.5 It was agreed that the provision for selecting small specimens for quality
control checks (clause 8.2) should be removed from the standard.

4.6 Clause 8.5.3 relating to creep in bending is to be deleted.
4.7 Smith and Tory teold the meeting that they had both had difficulties in

achieving acceptable failures in the tension testing of thick high quality
plywoods. However there were no proposals for a change to the standard.

5 Timber structures

5.1 Norén proposed that the third draft of the test standard for timber structures
should be published as a tentative recommendation. He agreed that significant
differences had been intrcduced since the second draft but explained that it
provided a general test programme which could be modified.

5.2 There was a short discussion on the sampling of materials for the test
structures but no changes were agreed.

6 Conclusion

6.1 The chairman summarised the state of progress of the testing standards being
considered by the committee., The final recommendation on nails would now be
submitted tc RILEM for publication; the tentative recommendation on staples was
awaiting publication; the tentative recommendations on wood-based board materials
and timber structures would also be submitted to RILEM. An editerial group
comprising Kuipers, Ehlbeck, Norén and Tory is to deal with comments received on
these standards. Should major difficulties arise they will be referred to
CIB-W18,

6.2 The chairman brought the meeting to a close and told members that now that
the objectives of the committee had been achieved he would inform RILEM of their
progress and committee 57-TSB would cease to function.



May 1985

*
RESULTS OF RESEARCH ON WOODEN BEAMS SUBJECTED TO LONG TIME LOADING )

by Vladyslaw Nozyiiski

Centralny Odrodek Badawezo-Romwojowy Przemystu Stolarki
Budowlanej, Wotomin, Poland

Research on solid timber beams and on glulam beams was carried out

from 1971 te 1980.
400

All beams were l i

50 x 100 % 2400 mm A .

. . , L 2200 L
and tested in bending as in i 1
fig. 1. Deflections were measured )
figure 1

at mid span. Several series of beams

were tested,

Series S1-A Solid timber, tested for 588 days in a not heated,

close room, loaded at 3 levels.

stresses
10 L4 20 N/mm?
repetitions 3 3 3

Series Si~-B Solid timber; 3 cycles of loading and unloading.

!

stress
0 100 200 300 400 500 GODI days
. B2t
Same climate as Sl-A
Series §2 Beams loaded for 1091 days in a tent for protection against

rain and sun.
stresses :
13 16 N/mm®

repetitions 6 5

*) Late-received contribution



Series 83

Results

May

1985 2

Solid timber and glulam (10 layers; glued with resorcincl)

loaded in the open air during 1170 days.

solid glulam i
stresses 13 16 13 16I
repetitions 3 3 3 3'

Series Sl-A

duration of deflections in mm
loading days stress level
10 14 20
11.60 14.50 17.00
1 13.40 16.66 20,00
9 15.30 19.06 23,10
15 16.43 20.73 25.60
20 16.46 21.33 27.40
40 17.20 21,96 28.70
59 17.26 22.40 30.30
80 16.93 22.80 31.40
104 17.83 23.60 33.60
151 18.30 20,40 35,10
202 19.00 25.30 37.70
248 20.20 26.50 39.50
297 17.40 24,30 42.50
364 19.16 25.50 41,80
412 21.86 26.20 44.00
455 19.23 26.80 44,60
512 20,10 27.50 -
588 22.90 29,00 -
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duration of

loading days

deflections in mm

stress level

13 16
9.25 9.52
i 10.70 11.10
12 13.18 13.30
45 16,40 16,06
108 17.93 17.41
168 18.18 17.80
200 17.85 17.55
240 18,15 17.75
300 18.16 18.10
360 18.96 18.75
420 £9.55 19,28
520 20,28 20.63
600 20.50 20.30
690 20.88 20.71
750 20.86 20.85
840 22.78 22.75
950 23,60 24,13
1091 23.56 24,23
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Series S1-B

s LY es s e s
duration 10 |14 20 |10 s 120 Jio 11s |20 | 10 |14 | 20

of loading after cycle 1 after cycle 2 after cycle 3 after cycle 4

11.63115.90119.60(18.6017.40{29.10[19,00/19.10129.50:20.30/19.60131.60
1 [1.90117.00]21.90119.20{17.90(29.70{20.30{20.90131.20121.10]20.40(32.40

20 - - - 19.50119.20130.6C; - - - {21,70121.60{33,20
50 15.13121,93129.90] - - - 122.00423.50(34.60| - - -
52 - - - 12G.30(19.60131.80| - - - - - -
98 17.70425.30|33.1¢| - - - - -~ - - - -
187 - - - {21,60121.00134,10] - - - - - -

111 - - - - - ~ 122.50|24.00{35.50] - - -

recovery
after

7.030 9.80116.80{11.70] 7.53{15.30112.80} 9.03(16.50| - - -
1 6,467 9.20(15.90 11.201 7.33(14.70{12,40} 8.43[15.60] - - -

50 | 4.10f 5.80012.10] - - - 11,50} 7.40114.00, - - -
52 - - ~ | 9.46| 4.73|11.90| - - - - - -
107 - - - | 8.76! 3.66|10,10] - - - ~ - -
Series 53
duration solid glulam
of loading 13 16 13 16
9.07 11.33 11.50 15.45
] 9.90 12.40 11.75 15.90
8 12,46 14.53 14.60 19.65
37 14.76 16.90 16.50 23.80
52 15.49 17.66 16.35 24,60
97 16.13 18,40 18.75 28.05
157 16.50 18.46 19.40 28.50
197 16,60 19.23 20,75 29,39
290 16,76 16,10 21.35 30,40
350 17.23 19.70 21.20 30,45
510 18.87 23.33 21.10 32,10
750 19,70 23.13 22.60 32.75
990 20.53 23,93 24.10 33.55
1170 20.53 24,16 24,90 33.70
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Analysis of results

The aim of the research was to study the behaviour of beams under
long duration of loading and to find methods for the prediction of
deflections. Therefore the deflections were expressed as increasing

percentages of the elastic deflections (table 5)

Table 5

Series Time in days

I 30 180 365 730 1095
Si-A - 1 116 145 160 165 - -
St-A - II 115 149 171 176 - -
St-A - 111 118 165 214 246 - -
§2 - 1 116 162 195 204 226 255
52 - 11 117 156 184 197 219 255
83 - 1 110 163 182 190 217 226
§3 - 1T 109 149 168 174 204 212
83 -~ III 102 143 174 184 197 217
53 - 1V 103 154 188 197 212 218

From this table it can be seen that after 1 day the deflections increase
with about 15%, after | month with about 50Z, after ome year with
about 807, after two years with about 100% and after 3 years with more
than about 130%.
A creep formula wasg proposed:

I+ k

Ut = (I + ct ) U0

From this creep formula it follows that

Ze "% ct! Tk r—-——-—-—-mUt o _ ct
U s © Ut :

o
U =-U
Ut
)
the values of k and ¢ were calculated and given in table 6.

In figure 2 plots of versus t have been given, from which
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figure 2  Dependence of fast deflections to time of active load

{in relation to elasticity deflections).

Series k ¢
St-A - 1 -0,785 0,18
11 ~0,771 0,20
III -0,684 0,21
§2 - I -0,732 0,24
II -0,713 0,18
83 - I ~0,797 0,30
1T -0,745 G,18
11X -0,786 0,25
IV ~(,829 0,36

Table 6
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From this it was concluded to a proposal for k~ and c-values below:

- in conditions of clim. class 1: ¢

1]

0,203 k = -0,750
0,20; k = ~0,720

- in conditions of clim. class 3: ¢ = 0,30; k = -0,800

= in conditions of clim. class 2: ¢

If
#

{clim. classes as in CIB-WI8 code).

Conclusions:

t. Deflections of beams increase in time, but growth is smalling
in time.
2. Propose to define the deflections of beams after time of activity

of load by formula given above.

3. Suitable is to subject beams in natural scale research under long

time load. The beams with 6,00 m span.



