
. INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

CIB-W18 

MEETING SIXTEEN 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CJB-W18/16-4-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

PLANAR SHEAR CAPACITY OF PLYWOOD 
IN BENDING 

by 

C K A Stieda 

Council of Forest Industries of B.C. 
Canada 

LI LLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/l6-5-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

GRADING ERRORS IN PRACTICE 

by 

B Thunell 

Royal Institute of Technology 

Sweden 

L!LLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlB/16-5-2 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

ON THE EFFECT OF MEASUREMENTS ERRORS 
WHEN GRADING STRUCTURAL TIMBER 

by 

L Nordberg and B Thunell 

Royal Institute of Technology 

Sweden 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/16-6-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

SIZE FACTORS FOR 
TIMBER BENDING AND TENSION STRESSES 

by 

A R F ewe 11 

Building Research Establishment 
Princes Risborough Laboratory 

United Kingdom 

MEETING SIXTEEN 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlB/16-6-2 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

STRENGTH CLASSES 
FOR INTERNATIONAL CODES 

by 

A R Fewell and J G Sunl ey 

PRL I TRADA 

United Kingdom 

,LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlS/16-7-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

LOAD-CARRYING 
CAPACITY OF DOWELS 

by 

E Gehri 

Applied Statics and Steel Structures 
Swiss Federal Institute of Technology 

Switzerland 

L!LLEHAMMER 

NORWAY 

~~AY/JUNE 1983 



CIB-Wl8/l6-7-2 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

BOLTED TIMBER JOINTS: 
A LITERATURE SURVEY 

by 

N Harding 

Building Research Association of New Zealand 

New Zealand 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlS/16-7-3 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

BOLTED TIMBER JOINTS 
PRACTICAL ASPECTS OF CONSTRUCTION AND DESIGN 

A SURVEY 

by 

N Harding 

Building Research Association of New Zealand 

New Zealand 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlS/16-7-4 

.INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

BOLTED TIMBER JOINTS 
DRAFT EXPERIMENTAL WORK PLAN 

Building Research Association of New Zealand 

New Zealand 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/l6-13-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

EFFECT OF TEST PIECE SIZE 
ON PANEL BENDING PROPERTIES 

by 

P W Post 

American Plywood Association 
USA 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/l6-14-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

FULL-SCALE TESTS ON TIMBER FINK TRUSSES 
MADE FROM IRISH GROWN SITKA SPRUCE 

by 

V Picardo 

Forest Products Department 
Institute for Industrial Research and Standards 

Ireland 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlS/16-15-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

DETERMINATION OF BRACING STRUCTURES 
FOR COMPRESSION MEMBERS AND BEAMS 

by 

H BrUninghoff 
Federal Republic of Germany 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/l6-17-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

NOTES ON SAMPLING AND STRENGTH PREDICTION 

OF STRESS GRADED STRUCTURAL TIMBER 

by 

P Glos 

Lehrstuhl Baukonstruktion und Holzbau 
Technische Universitat MUnchen 

Federal Republic of Germany 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/16-17-2 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

SAMPLING TO PREDICT BY TESTING THE CAPACITY 
OF JOINTS, COMPONENTS AND STRUCTURES 

by 

B Noren 

Swedish Forest Products Research Laboratory 
Sweden 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlS/16-17-3 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION Wl8 - TIMBER STRUCTURES 

DISCUSSION OF SAMPLING 
AND 

ANALYSIS PROCEDURES 

by 

P W Post 

American Plywood Association 

USA 

L!LLEHAMMER 

NORWAY 

MAY/JUNE 1983 



NOTES AND PAPERS 

OF THE RILEM-MEETING 

LILLEHAMMER 
NORWAY 

MAY 1983 



REPORT 

AFRICAN, CARIBBEAN AND 
LATIN-AMERICAN SUB-GROUP 

by 

R S Beckett 

University of Zimbabwe 

Zimbabwe 

LILLEHAMMER 
NORWAY 

MAY/JUNE 1983 



CONTENTS 

1 List of Delegates 

2 Chairman's Introduction 

3 Co-Operation with Other Organisations 

4 Trussed Rafter Sub-Groups 

5 Plywood and Sampling Sub-Groups 

6 Timber Frame Housing 

7 Joints 

8 Stresses for Solid Timber 

9 Sheet Materials 

10 Stress Grading 

11 Trussed Rafters 

12 CIB Structural Timber Design Code 

13 Bracing 

14 Timber Grouping 

15 Sampling 

16 Other Business 

17 Next Meeting 

18 Papers Presented at the Meeting 

19 Current List of CIB-W18 Papers 

20 Notes and Papers of the RILEM-Meeting 

21 Report African, Caribbean and Latin-American Sub-Group 



1. LIST OF DELEGATES 

CANADA 

G A Dring 
C K A Stieda 

DENMARK 

A Egerup 
M Johansen 
H J Larsen 
H Riberholt 

Dring Canada LTD, Boissevain 
COFI of BC, North Vancouver 

Technical University of Denmark, Lyngby 
Statens Byggeforskningsinstitut, H¢rsholm 
Statens Byggeforskningsinstitut, H¢rsholm 
Technical University of Denmark, Lyngby 

FEDERAL REPUBLIC OF GERMANY 

H BrUninghoff 
J Ehlbeck 
A Epple 
p Glos 
G Steck 

FINLAND 

J Kangas 
T Kelkola 
E K Leppavuori 
T Poutanen 

IRELAND 

V Picardo 

ISRAEL 

U Ko r i n 

NETHERLANDS 

J Kuipers 

CEI-Bois, Femib, Glulam, Ulm 
Universitat Karlsruhe, Karlsruhe 
FMPA, Stuttgart 
Technische Universitat MUnchen, MUnchen 
Universitat Karlsruhe, Karlsruhe 

Technical Research Centre of Finland, Espoo 
Tampe re 
Technical Research Centre of Finland, Espoo 
Tamp ere 

Inst. f. Ind. Research + Standards, Dublin 

Building Research Station, Haifa 

Delft University of Technology, Delft 

1 



NORWAY 

E Aasheim 
p Aune 
0 Brynildsen 
R Lackner 
p H Leirtun 
K M¢rkved 
T 0 Ramstad 

SWEDEN 

B Edlund 

B Kall sner 
B Noren 
B Thunell 

SWITZERLAND 

U A Meierhofer 

UNITED KINGDOM 

H J Burgess 
I D G Lee 
R Marsh 
R c Mitzner 
J G Sunley 
J Tory 

Norsk Treteknisk Institutt, Oslo 
University of Trondheim, Trondheim 
St r¢mmen 
Norsk Treteknisk Institutt, 0 s l 0 

Norges Byggstandardiseringsrad, Oslo 
Norsk Treteknisk Institutt, Oslo 
Norges Byggforskningsinstitutt, Oslo 

Chalmers University of Technology, Goteborg 
Svenska Traforskningsinstitutet, Stockholm 
Svenska Traforskningsinstitutet, Stockholm 
Royal Inst. of Techn., Wood Techn. + Proces­
sing, Stockholm 

EMPA, DUbendorf 

TRADA, High Wycombe 
Chipboard Promotion Association, High Wycombe 
Ove Arup and Partners, London 
American Plywood Association, London 
TRADA, High Wycombe 
Princes Risborough Laboratory, Princes 
Risborough 

UNITED STATES OF AMERICA 

W A Baker 
P W Post 

ZIMBABWE 

R Beckett 
D T Fawcett 

American Plywood Association, Tacoma 
American Plywood Association, Tacoma 

University of Zimbabwe, Harare 
Standards Ass. of Central Africa, Mutare 

2 



2. CHAIRMAN'S INTRODUCTION 

MR. SUNLEY said the publication of the Structural Timber Design Code by CIB 

Headquarters marked the end of a stage of work and resulted in a document to 

provide a basis for further developments in the EEC and ISO. It was now 

necessary to schedule the production of any further annexes that were felt to be 

needed, and to invite proposals for future alteration of the Code provided these 

were submitted in Code format. 

3. CO-OPERATION WITH OTHER ORGANISATIONS 

ISO/TC 165: DR. LARSEN said ISO 6891 had appeared, giving general principles for 

the testing of mechanical fasteners. A test standard for timber in structural 

sizes was to be circulated for voting. Another :for plywood in structural sizes 

had encountered disagreement on specimen size. The first working draft of a 

design code based on the CIB Code would be sent out in advance of a meeting on the 

28-9 May 1981, in Corsica, which would also consider strength grouping, glulam 

production and testing and other topics. 

RILEM: PROFESSOR KUIPERS said his meeting on the previous day had divided into 

three working groups, and the group proceedings were reported by their Chairmen as 

follows: 

TESTING METHODS FOR NAILS AND STAPLES. MR. TORY said Annex B on nail testing would 

appear shortly in the RILEM journal 'Materials and Structures' for comment. Annex 

C on staples would be similar and would be circulated to the RILEM group for 

preparation as a Recommendation. A discussion stimulated by PROFESSOR EHLBECK 

and DR. LARSEN agreed on the need for RILEM conclusions to be reached in 

collaboration with and endorsed by the CIB. MR. SUNLEY said the RILEM document on 

the testing of timber structures could appear on the agenda for the next meeting, 

ru1d those on the testing of nails and staples could be included in the Lillehammer 

proceedings for comment. 

TESTING OF STRUCTURES. DR. GLOS reported that comments had been received on a paper 

by MR. TORY which had also been adapted for the British design code. It had been 

agreed that the work should concentrate on timber structures in the first place, 

later seeing what should be added to deal with reconstituted materials. The 

interpretation of test results was to be considered but this topic would not be 

included in the second draft, which would appear at the next RILEM meeting for 

reporting to the associated CIB meeting. 
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BOARD MATERIALS TESTING, MR. LEE said the group had considered papers by himself 

and MR. POST. It seemed possible that the testing methods could follow closely 

those established for structural plywood but it was desirable to maintain a 

relationship with small quality control specimens. The responsibility for 

developing a draft document had been apportioned beh,een himself and the American 

Plywood Association, For the longer term the development of non-destructive 

testing was foreseen following the lead given by MR. MORKVEDT; the possible use of 

stress-wave methods could be considered, and attention would be given to impact and 

creep testing. 

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

proceedings, 

CEI-Bois/FEMIB: MR. SUNLEY said there had been no contact with this group, who 

were not represented at the meeting. DR. BRUNINGHOF said he understood the FEMIB 

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

countries. 

IUFRO S:;!.02: PROFESSOR EDLUND reported that the proceedings of the meeting in 

Boras, Sweden, 13-18 May 1982 were no1v available, A meeting would be held in 

Madison during the Division 5 conference, 27 June-5 July 1983 and several CIB-W18 

members would be attending, 

AFRICAN, CARIBBEAN and LATIN-AMERICAN sub-group: MR. BECKETT said he was acting 

as joint coordinator 1d th DR. de FREITAS for this new sub-group. A three-week 

UNIDO workshop in Melbourne had been attended by representatives from twenty 

countries and many papers considered on a variety of topics, The Pacific Area 

Standards Congress were being joined in a larger group including South and Central 

America, India, South-East Asia, China and Tonga, There was great interest in the 

use of local renewable resources in timber engineering for low-cost housing and 

industrial buildings, He wished to express formal thanks to CIB members for the 

research basis they provided and for visits by certain CIB-W18 individuals, and 

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

IABSE: PROFESSOR EDLUND reported as a representative of the International 

Association for Bridge and Structural Engineering, which he said had some 3000 

members and held a conference in September each year as well as other minor 

meetings. A congress was held every four years and the one in Vienna in 1980 had 

included some reports on timber, The next would be in Vancouver in early 
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September 1981±, It lVOUld include a half-day session on developments in \Vood 

structures and those interested ~Vere invited to obtain more information from the 

secretary in Zurich. 

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

as technical reports for comment and not as binding on member countries; another 

1wuld be the combination of concrete and steel. A coordinating group had set out 

to harmonize the different codes and CIB-\118 had been invited to collaborate. 

PROFESSOR KUIPERS had attended the first meeting and he himself had attended the 

second. Work on a timber code \Vould probably be started as soon as the one for 

steel and concrete combined had been sent out. MR. SUNLEY said a sub-group \Vould 

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

4. TRUSSED RAFTER SUB-GROUP 

DR. EGERUP reported there had been a decline in the activities of the sub-group but 

development \Vork ~Vas going on in the different countries. The ~Vork of the Nordic 

group had been exemplified by papers by MR. RIBERHOL1' for the Karlsruhe meeting • .. 
Denmark \Vas \Vorking on span tables and MR. KALLSNER of S1;eden on mathematical 

models. It \Vas difficult to relate the Nordic approach applying sophisticated 

models and the simple methods favoured in some \iestern Euvopean countries; a 

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

MR. SUNLEY said an Annex on a simplified method of trussed rafter design ~Vas needed 

for the Code, and it \Vas agreed that the Nordic group should draft one for the next 

meeting. 

5. PLYWOOD AND SAMPLING SUB-GROUPS 

DR. NOREN said his plYlfood sub-group had been dealing lVi th sampling but there \Vas no 

further lVOrk to report since the Karlsruhe meeting and it was difficult to approach 

more precise recommendations than had been given in the past. 

MR. SUNLEY said a sub-group on materials sampling, not limited to plywood, had 

been set up at the last meeting and DR. NOREN thought the two groups should combine; 

he said he ~Vould ~Vrite to members of his sub-group to suggest that they joined in 

the \Vork of the ne\V sub-group under DR, GLO S. He thought the work should perh!'ps 

extend to the determination of characteristic values. 
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DR. GLOS said there ~<ere four topics to consider: 
r 

(1) the sampling of sheet materials including ply~<ood as investigated by DR. NOREN, 

DR. BOOTH and others, 

sampling for joint tests, (2) 

(3) 
(4) 

sampling for prototype timber structures, 

sampling of structural timber. 

As there had been coverage of items (1) to (3), he had started ~;ith item (1;), 

looking at the objective and tbe analysis required to achieve it while bearing in 

mind the needs of the next 10-15 years in view of the non-stationary timber supply. 

It appeared to him that random sampling was of limited value and that advantage 

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

He had made contact with individuals but a working group had not been composed 

formally pending a consideration of who would be in a position to make substantial 

contributions. 

DR. STIEDA said the Canadian large-scale sampling of structural timber should be of 

interest to the group. DR. LARSEN suggested there might be papers on safety 

topics-for the next meeting, including load duration effects as a reason for a 

different treatment of timber in comparison with other materials. 

MR. MEIERHOFER said there was a special CIB sub-group on structural safety and that 

a member should perhaps be invited to the CIB-W18 meetings. PROFESSOR KUIPERS added 

that there was a TNO joint committee on steel and concrete; he thought it would be 

valuable for timber interests to have contact with other materials. 

MR. SUNLEY concluded that the work would be continued by a single group on sampling, 

with a membership to be determined, and said he hoped it would meet before the next 

main meeting. 

6. TUllER FRAME HOUSING 

HR. SUNLEY said terms of reference for this sub-group had been agreed but he had not 

found someone to act as its chairman. The need for a sub-group was questioned 

because the design methods in the CIB Code were applicable to houses as 11ell as 

other structures. Following a later suggestion to consider earthquake design for 

timber frame housing, it 11as agreed to retain timber frame housing as an agenda 

item. 
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7. JOINTS 

Introducing MR. GEHRI 1 s paper CIB-W18/16-7-1 'Load Carrying Capacity of Dowels 1 , 

MR. SUNLEY said it indicated the values in the CIB Code were too high. DR. 

LARSEN said the equations in the original draft had been simplified but Gehri's 

1;ork showed that a dowel without a head would have a substantially lower strength 

than a bolt. It was agreed to revert to the earlier system of formulae; this 

would be kept in mind for an amendment and in the meantime the modification would 

be noted in the Proceedings. 

The following New Zealand papers by MR. HARJ)ING were introduced by MR. BURGESS: 

CIB-W18/16-7-2 'Bolted Timber Joints: a Literature Survey', CIB-W18/16-7-3 

'Bolted Timber Joints: Practical Aspects of Construction and Design', CIB-W18/ 

16-7-4 'Bolted Timber Joints: Draft Experimental Work Plan'. The papers were 

welcomed. as a contribution to the meeting and their practical approach was 

commended. The Secretary was asked to thank the contributors for the papers, 

which would be included in the Proceedings. 

8. STRESSES FOR SOLID TIMBER 

MR. TORY introduced the paper by MR. FEWELL, CIB-W18/16-6-1 'Size Factors for 

Timber Bending and Tension Stresses'. He said it was developed from the paper by 

Fewell and Curry which appeared as an Appendix, concluding with the choice of a 

certain formula for modifying characteristic stresses. This had been adopted for 

application to bending and tension stresses in the British code. 

After discussion it was felt that a depth factor of this kind could not be included 

in the CIB code because of the definition of characteristic stress in the code and 

because the formula was linked to a particular grading system. 

9. SHEET MATERIALS 

MR. STIEDA presented his paper CIB-\ViS/16-4-1 'Planar Shear Capacity of Plywood in 

Bending' developing formulae for the convenient calculation of shear stresses and 

shear capacities where an equivalent modulus of elasticity for the full thickness 

is quoted. An alternative calculation was suggested by DR. LARSEN. 

MR. POST introduced his paper CIB-W18/16-13-1 1Effect of Test Piece Size qn Panel 

Bending Properties'. This demonstrated reasons why the strength and stiffness 

derived from large panel tests differed from the results of tests on small specimens. 
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A different relationship was foU11d for different materials. The paper concluded 

that it was best to use a specimen size reflecting that used in structural 

applications. 

10. STRESS GRADING 

Two related papers were presented by DR. THUNELL: CIB-1118/16-5-1 'Grading Errors in 

Practice' and CIB-\118/16-5-2 1 On the Effect of Measurement Errors when Grading 

Structural Timber' by L. Nordberg and B. Thunell. The papers showed that the 

tolerances permitted by grading may influence the risk level considerably. 

Timber producers would favour a liberal tolerance but it should be considered what 

degree of latitude was acceptable to structural engineers. DR. GLOS drew 

attention to a paper at the Boras IUFRO meeting that might assist the studies, and 

it was agreed that he and Dr. Thunell would prepare a paper on their application 

for the next CIB-1118 meeting. 

11. TRUSSED RAFTERS 

The paper CIB-1118/16-14-1 'Full-scale 1'ests on Timber Fink Trusses made from Irish-

Grown Sitka Spruce' was introduced by the author MR. PICARDO. He said use of a 

standard frame analysis package for design had resulted in excessively large member 

sections, while the spans in the British code were thought too great. Following 

tests on fifty-eight trusses, permissible spans were worked out corresponding to a 

load factor of 2.5. 

DR. EGERUP said the test data would be needed for others to make use of the work. 

MR. PICARDO said he would supply the results and could include them in another 

paper. A number of questions were raised including one by MR. POUTANEN who asked 

whether the assumption of moment-stiff or hinged joints gave the best correspondence 

between calculations and tests. MR. PICARDO replied that the half-fixity 

provision in the British code seemed satisfactory. 

12. CIB STRUCTURAL TIMBER DESIGN CODE 

MR. SUNLEY expressed the appreciation of CIB-1118 members to DR. LARSEN for the work 

he had put into the preparation of the newly-published Code. Considering what 

further Annexes were needed, he suggested that perhaps Annex 43 should be replaced 

by one advising how to obtain characteristic values; this was agreed. 
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It was pointed out that Annexes on simplified trussed rafter design and the design 

of nail plates were needed and DR. LARSEN said the Nordic areas could produce the 

two documents. He added that a Chapter 7.4 on bracing was needed and it was .. 
agreed at the suggestion of PROFESSOR EBLBECK that DR. BRUNINGHOF would write this 

for the next meeting. DR. LARSEN agreed to produce an Annex giving definitions. 

13. BRACING 
., 

DR. BRUNINGHOF introduced his paper CIB-W18/16-15-1 'Determination of Bracing 

Structures for Compression Members and Beams'. Foll01;ing a question by MR. 

RIBERHOLT on the meaning of the assumed initial curvature, MR. BURGESS said that 

calculations in the United Kingdom were based on an estimate of the residual out-

of-balance. He added that tests at the Central London Polytechnic showed that 

once the braced members were all deflected in the same direction, the bracing 

forces were not reduced by the fact that some were initially deflected in the 

other direction. 

Answering a question by MR. DRING, the author said that equations 11.1 to 11.4 

could be used for combined bending and axial loading, but as a simplification 

the bending and compression effects could be 1wrked out separately and added 

finally. 

il;. TIMBER GROUPING 

Presenting his paper in collaboration with Mr. A.R. Fewell, CIB-W18/16-6-2 'Strength 

Classes for International Codes', MR. SUNLEY said the United Kingdom needed a system 

of strength classes because of a wide range of imports but had to locate the class 

boundaries to make the most economical use of the chief timbers. Its application 

made allowance where appropriate for questions involving joint design loads, 

durability and resistance to preservative treatment •. 

DR. LARSEN thought another paper should be prepared showing exactly what factors 

were applied in deriving design values from characteristic values and DR. NOREN 

said this would provide a starting point for assessing how a more widely applicable 

system might be devised. 

It was concluded that such a paper should be provided for the next meeting, together 

with another to serve as a basis for Annex '"'"· MR. TORY added that information on 

design stress derivations in other countries would be valuable. 
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15. SAMPLING 

DR. GLOS's paper CIB-W18/16-17-1 'Notes on Sampling and Strength Prediction of 

Stress Graded Structural Timber' and DR. NOREN's paper CIB-W18/16-17-2 'Sampling 

to Predict by Testing the Capacity of Joints, Components and Structures' 11ere 

introduced by their authors. Relating a diagram in the former report to truss 
• testing, DR, NOREN sho11ed that approval testing of a small number of prototypes 

could not make adequate allo11ance for the variability of timber. He thought the 

aim should be to develop more truly representative models as a basis for 

calculations, using prototype testing for joints and to check the correctness of 

the models. A proposal for selecting 11ood for truss tests 11as given in the 

Appendix of his paper. 

Follo11ing a discussion of the two papers DR. GLOS confirmed that his sampling 

group 11ould make a proposal for Annex 1,1 for the next meeting and asked for data 

from other countries to yield information on the variability of timber from 

different locations at different times. 

MR. POST introduced his paper CIB-W18/16-17-3 'Discussion of Sampling and Analysis 

Procedures', favouring the use of the 11eakest material for structural tests. He 

said it was difficult to pick out the lowest strength panel from a group of panels, 

and random procedures should then be used, but the 11orst material should be 

selected from each panel. 

MR. LEE said non-random selection of the worst material was difficult in the case 

of particleboard and expressed surprise that non-destructive testing methods 11ere 

not given greater prominence. MR. SUNLEY concluded that the ideas expressed by 

MR. POST 11ould be received by the sampling group in connection with the preparation 

of Annexes '•1 and 1,1._ 

16. OTHER BUSINESS 

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

LARSEN proposed an item on earthquake design for timber-frame housing. 

MR. SUNLEY said he 11ishcd to relinquish his chairmanship of CIB-W18 after ten years 

of office. He hoped to hand over to a ne11 chairman at the next meeting. 
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MR. SUNLEY expressed the thanks of all those attending for the excellent 

arrangements made for the meeting by MR. AASHEIM and the host country. 

17. NEXT MEETING 

The next meeting of CIB-W18 will take place in Zurich, Switzerland, on the 

22nd-25th May 198q. 

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

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

The magnitude of planar shear stresses in a narrow plywood panel subjected 
to bending due to lateral loads can be calculated using the same principles 
that are used to derive shear stresses in isotropic and homogeneous beams. 
Assume that the material is elastic and that plane sections remain plane 

during bending. Stresses due to bending then will be distributed linearly 
as shown in Fig. l. Because the modulus of elasticity for adjacent plies 
differs, the stress distribution will be stepped as shown in Fig. 2. 

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

dfx = f2 f 1 over the height DC and the width b of the panel has 
to be equal to the total force along the neutral axis due to shear stresses v. 

c 
b J df dy 
D 

= v b dx 

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

f = 
M y Ev 

(EI) 

The shear stress therefore becomes 

c _ s dM y Ev 
v - dx (EI) dy 

D 

1. 



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

c 
v = \Etr J Ev y dy 

D 
(1) 

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

( 2) 

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

be 

v EI v = :o-;"'-7-=--­
l: E .t.y. 

V1 1 1 

(3) 

For a homogeneous, isotropic section Ev in Eq. 1 will be constant and the 

equation then reduces to the familiar 

v = 
v 

fb J b y dy 
A 

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

(Z: E .t.y.) Ib 
Q = i V1 1 1 

( E I) 

which would allow shear stresses to be calculated by the familiar equation 

v = Y.Q. 
Ib 

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

define a quantity (EQ) 

EQ = b l: E . t. y. 
i v 1 1 1 

and calculate planar shear stresses as 

- V(IQl_ 
v - bTETT 

2. 

( 4) 

( 5) 



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

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

V = v b (EI) 
(EQ) 

It is proposed that in future all planar shear calculations at COFI 
b~ done using Eq. 4, 5 and 6. 

3. 

(6) 



Fig. l Strain Distribution due to Bending 
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GRADING ERRORS IN PRACTICE 

Bert il Thune 11 
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Tolerance in grading 

Tolerances in Visual Grading and their Influence on the Strength 
of Timber of a certain Grade. 

* 

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

Using one of the methods timber a 1 r~ady vi sua Uy sLrength graded 

is tested and the test material is related to a certain timber· 
grade. A result is then obtained which is given in the form of a 

diagram showing the distribution of the different strength values. 
With this diagram as a basis and applying statistical methods, one 
may determine the so-called 5% percentile level with a certain 
confidence. Many views of the choice of statistical methods have 
been published and the main cause of tliis discussion is that the 
distribution curves are asymmetrical. 

The method implies an in-grade testing and has been used where 

structural grade have already been established, The procedure is 

Paper originally prepared for the Meeting of IUFRO Timber Engineering 

Group, Apt'il, 1982. Revised Hay, 1982. 
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reliable and applicable if the considered variable is determined 
with the constant accuracy, that is if the grading is done with 

the same margin of error every time. 

Another way to obtain a basis for grading rules is to test tin1ber 
sampled at random from mill-1un tin~cr and determine the characters 

of quality in connection ~ith the strength testing, according to 
some method of criteria that one wishes to study then or that per­
haps already has been decided upon. 

One then obtains a correlation between the criterion of quality and 
the strength with its distribution and its correlation coefficient. 
Using this material the quality li!llits may then be determined for the 
desired strength levels in relation to the 5% percentile level. 
Because the distribution of the strength deviates from the normal 

distribution·the same statistic~! complications arise using the in­
grade method. This method has given the basis of several of the rules 

for structural timber in use today. 

To make the statistical calculations valid, the quality variables 
have to be determined in practice with the same accuracy as when 
testing.There ~ay often be a dis(repancy between the measurement 

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

Using the in-grade method the qual tty is determined through the 
grading and the timber is normally sampled from saw timber handled 
in the ordinary way under conditions valid in practice and with the 

normal uncertainty attached to visual grading. Within the distribu­
tion that the figures from the strength test show, some of the un­
certainty may be due to tolerances in the visual grading. 

With timber that has not been visually stress graded before the test, 
the qualities determined in connection with the test and the defects 
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measured with great prec1S1on and the necessary time may be em-
ployed ~1ithout being limited by the ~1sual production demands. The 
grading in a sawmill or timber yard has to be done relatively 
quickly in order to meet the demands of economical production. This 

means that when the grading rules are used in practice, the conditions 
that \vere ruling when the correlations between strength and quality 
were determined, are no longer valid. The quality variable put in is 
bound to be more uncertain in practice than in testing. 

A certain feeling for the uncertainty seems to have been allowed 
for v1hen wor·king out many of the rules applied for structural grades, 
as limitations for the deviations allowed at the grading have been 
introduced. 

In the Swedi~h rules for structural timber that have long been in 
use, there also is a limit i11 respect of the deviations. According 

to the T-timber rules, when a timber parcel is re-examined the 
maximum allowed defects must not be exceeded by more than 107; 

irrespective of the number of pieces wHh too big defects. 

In BS-4978 it is stated that not more than 5% of the pieces may 
exceed up to 10%. The North-American grading rules provided that 

95% of the number of pieces must be within the grade. In the ECE­
Standard from 1977 it is said that 90% of the pieces should be 
within the permissible limits and the remaining 10% must not ex­
ceed the limits by more than 15%. 

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



Three different principles nhly be discerned from these rules: 

During regrading for control purposes the stated 

limits may be exceeded up to a given tolerance 

withour the number of pieces with larger defects 

being limited. 

2 A certain part of the parcel may have greater defects 

but no limit is set for these defects. 

3 Both the relative number of pieces with greater 

defects than stipulated and how 1nuch the limits may 

be exceeded are nmximized. 

In the first case the Swedish T-timber rules may serve as an 

example. When these rules were first made, one started from the 

strength levels wanted and decided the permissible knot sizes from 

the test results and subtracted 10% from the knot sizes originally 

obtained. This means that no limits to the number of knots are 

needed to ensure the strength. 

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

case. It may seem bold not to have any limits for the size of 

deviations, if only what is specifically prescribed is taken into 

account. However, it is necessary to look at the North-American 

system as a whole, if one is to make a correct judgement. In this 

system a relatively intensive and continuous control of the grader's 

wot·k is presupposed and the deviations that may occur have to be 

regarded as mere accidental errors and not as general tolerances. 

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

the conditions given for the deviation, though, without considering the 

other parts of the control system. It is above all since "in-grade" 

testing started that it has been possible to ensure the strength of the 

timber qualities declared. 
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The third case Vlhere the number of deviations as well as the size 

of deviation are maximized is to be found in the BS-4978 and the 

ECE-Standard. If the permissible deviations are kept down, one 

may perhaps overlook the risk of extremely low strength by the 

occurrence of bigger timber defects than those stipulated in the 

limit value. If the permissible deviations become considerable, 

supplementary "in-grade'' testing has to be done with a grading 

reproducing the conditions from the practical conditions. Another 

way could be to consider the tolerances in the practical grading 

when making the statistical analysis. 

If, for example, one supposes that 10% of the timber is alloVJed to 

deviate up to 15%, this increases tt1e amount that could fall below 

the characteristic strength value considerably, if the grader has 

made full use of the allowance. Depending on the strength and knot size 

distribution for the pieces, this could possibly cause noticeable re­

duction in the characteristic strength. 

Conclusions 

In setting up grading rules for the visual grading of 

structural timber for practical use Vlith corresponding 

characteristic values, the whole system in which the 

rules is supposed to VIOrk in the mills and yards has to 

be considered - i.e. responsibility, supervision, etc. as 

in the US and Canada. 

2 Tolerances in tl1e stipulated size ·lin1its for defects must 

not be used to stretch out the limits but to take care of 

occasional errors in a practical and economical way. 

3 When calculating characteristic strength the uncertainty 

of the grading work in practice must be taken into con­

sideration, if this has not already influenced the material 

from Vlhich the sampling is performed. 
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4. The maximum permissible tolerance must be internationully 

studied and recommended to avoid difficulties in the use 

of timber. 
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ON THE EFFEC'r OF JVIF..J\SUHE.II1EN'l' ERHOH.'3 h1fl':N GRADING S1'RUCTUHAL TIMBER 

Lenrk'u't Nordberg <md Bortil Thunell 

ROYflL INS'l'ITlJl'E OF crt:CHNOLOGY 

Wood Technology cmd Processing 

S-100 411 STOCKHOLM, Sweden 

ABSTRACT 

When grading timber for structural purposes one cannot measure the strength 

properties, e.g. !'jodules Qf B_upture (MOR), directly for each piece in 

current operations. Instead one has to use some related Estimated Parrureter 

(EP) such as the _!Snot }lrea B_atio (KI\.R). 

Extensive tests have shown that there .Ls ru1 approximate linear• relation 

betv;een f10H aYJd KAH for structural timber. 'l'hus a quality criterion in 

strength ca'1 be trcmsformed into one in EP. In doing so a certab mis­

classification risl{ is illtroduced due to the statistical nature (linear 

regression) of the relation between strength and EP. 

When determining EP in practice a rrl2asureMmt error is introduced. The 

aim of this paper is to investigate the effect o.f' this error on the above 

;nisclassi.f'ication risk. The systematic - as well as rcmdom - case is 

treated. 



1. IN'l'HODUC'riON 

Grading of so.wn timber for structuro.l purposes is done in two principle 

ways, visually by a grader or mechanically by a machine. Knotiness must 

be considered first but the g;rading is also influenced by other quality 

factors. By making a quality definition you therefore have to use an 

estimable parameter, for example the knot area ratio, KAR, a rr.achine 

modulus or any other property related to the strength properties. In the 

following text this parameter is called EP. 

1 

In the first case with grading visually, the grader has to observe the 

strength reducing defer;ts in each pier;e and classify them according to 

given rules and sizes. In doing so he has to keep a certain rate for pro­

duction l"easons and cannot possibly pay much o.ttention to each piece. As 

a consequence the r•r;sult of' this examination is impaired by a certain lack 

of exactness. 'The grading rules he has to work with are based on very ex­

tensive tests at which the defects in the timber have been measured care­

fully and very precisely and thco strength properties r1ave been determined 

by rupture tests. 

Prom the test results the correlation between the quality - mainly the 

~lotiness·- and modulus of rupture (MOR) rBs been calculated with the 

coPresponding standc'lrd deviation. ln 3ection 2 we vrLll specify how the 

upper lmot size limit (permissible limit) can be determined from an in·­

tended minimum fiJ()H-value tr1rougb this relation between KJ\R and MOR. 

As the strength properties can be more or less nol'lllc<lly distributed, there 

have been discussions in the l.itcr:1ture as to which statistical m=thod 

should be used. Since a statistical material is not better than the sampling 

method used, and the sarnpbne; in this case cannot be done without influence 

from a lot of local factors, the following text is based on the asswnption 

of a normal distribution. 

By using the obtained re[!,ression equations, it is possible to establish the 

maxi'llum sizes for the defects - knots ··· for the struc':ural grades. 

With respect to the difficulties to judge the sizes exactly, it is necessary 

to permit ce.rtain deviations defined as tolerance limits. The measurement 

of the defects at the test is thus very accurate but in the sawmill and timber 

yard it has to be dono by eye. 



List of abbreviations ·and symb_ols 

EP - Estimable parameter 

KAR - Knot area ratio 

MOR Modulus of rupture 

(,b - Permissible EP-limit 

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

x -- Registered EP-value of a piece of timber 

()"(\ 

l-Is 
OS 
ff.(t) .. 
y 

- Systematic error in EP (Section 3) 

- Standard deviation of random error in EP 

- Average "true" EP in a package 

- Standard deviation of EP in a pacl<.age 

·- Probability density for "true" EP 

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

Y 0 -- ~1ini.mwn strength limit . 

(Section lj) 



In the second case - gt•ading by llBChine - the machine is using one or 

other mechanical or physical property as a parameter. 'l'his paraJneter is 

related to an acceptable correlation to the strength properties which 

2 

have bet•n established by tests. Nonrnlly tbe llBCbine has been used to 

classify the timber which tben has been tested to determine ul.tillBte load 

and standard deviation to enable the calculation of the 5% f'ractUe ljJllLt. 

'l'he machine can thus be calibrated and programmed to sort tim':Je.r out with 

a desired stress level. 'l'he uncertainty in the operation of the machine in 

practice is incorporated in the final results. 

This method is working well in practice on t;1o provisions: 

1. The ma.chine must be properly m.a:intained and trimmed so that the 

function will be the same as when the calculation was made. 

2. 'l'he llBChine must be correctly programmed without any systematic el'POr. 

'l'here a'ce hence reasons to try to analyse both how a lack of exactness in the 

g<'ading work will influence the accepted risk for ruptw:·e and what will. 

happen with the risk if the maximum Hrnits for the defects in a grade couid 

be moved with regard to the formulation of the toleraYJce liJnits or a sy,;te­

matic error in the machine. 

2. BASIC ASSUe\i'l'IONS AND PORMULA.'l 

Consider the following problem. In a tiJllber yard or sawmill handling timber 

for structural purposes, one would like to grade the timber into two quality 

classes (acceptable vs. not acceptable) according to the desired strength 

proper'ties. 

More specifically, we will a:JSWT!e that a piece of timber is acceptab_l_9_ if 

its strength y is larger than a prescribed number y
0 

and not accepta!:'lEC 

otherwise. (In the sequel we will refer to this as the "ideal" quality 

criterion. ) 

However, strength cartl1ot be rneasur'ed directly in current operations so t"te 

grading has to be rm_de by some related quar1t.Lty which can be readily deter'­

mined for each piece of timber. As mentioned in Section 1, such a quantity 

denoted EP, exists. For instance, eal'lier studies have shown that there ic; 

an approxim'l.te linear relationship between the modulus of rupture !"'!OH, in 
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bending and the knot area ratio, KAH, of a p.iece of timber, We now 1mke the 

following teclmical assumption. 

Assumption 1 

Consider a piece of timber chosen at random from the population of pieces · 

having EP-value t; = t, where t is a given number. 'I'!1en the strength y of the 

chosen piece may be considered as an N(a + bt ,o)-discributed random variable. 

The parameters a > 0, b < 0, w1d o > 0 are asswned to be known. 

Experience from earlier studies indicates that if y and t; ace MOH and KAR 

respectively then the following numerical values (measured in MPa) are 

reasonable: a = 60, b = -50 and o = 6. These values will be used in the 

nwnerical exwnples presented ahead. 

Now, the following procedur.o seems natural. 

0;~a~~~_E~ocedure 

r'vieasure the EP-value [, for each piece of timber. A piece is classified as 

!acceptable j f t; :'i 1;
0 

and not acceptable if i; > F,
0

, where t;
0 

is a prescribed 

~ermissible limit for the intended stress g-,oade. 

In this paper we will assume that the permissible l.imit [,
0 

has been deter­

®ned by the following relation. 

(2.1) 

i.e. the (conditional) probability is 5% that the strength properties of 

a piece of timber are not acceptable (by the "ideal" criterion) given that 

its EP-value attains the permissible limit. 

The following relation between y
0 

and t;
0 

lS readily obtained from ( 2 .1) 

and Assumption 1. 

y = a 
0 

+ bt; -
0 

1.6115 i} (2.2) 

and thus 
Yo - a + 1.645 0 

t; = ' 0 
b 

(2.3) 

where a, b and o were introduced in Assumption 1. 
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Now, in addition to Assumption 1 we will nuke the following one: 

Assumption 2 

Consider a piece of t:i.miJer chosen at random from the production line of a 

sa'llmill or a timber yard.. 'l'he EP-valuc t; of the chosen piece is a random 

variable with probability density, say f t; (t) , and the corresponding strength 

is a random variable wit.h probability density, say fy (t). 

We can now calculate the conditional pmbability P(y ~ y
0 

J t;::; 1;
0
), i.e. the 

probability that a piece which has been judged as acceptable by the grading 

procedure, would not be acceptable by the ideal criterion. vie are going to 

use this quantity as an efficiency mem;ure of the grading procedure. 

By Assumption 1, 2 and standard proba.bility theory we have 

which by (2.2) takes the form 

t;o (b(f;0 -t) 
J f[(t) ¢ 

- 00 ' 

t; 
0 

J ft;(t)dt 
-00 

where <I> is the (cumulative) normal distribution function. Obviously 

P(y :> y 
0 
I~ ::i 1';

0
) depends, an1ong other things, on the form of f t; ( t) . 

In this paper we will calculate P(y :> y
0 

It; S t;
0

) for different condi­

tions on f f ( t) • , 

(2.4) 

(2.5) 

In the above grading procedw·e we have assun10d that EP can be measured 

without error for each piecr~ of timber .. Obviously, that is not a very 

realistic allsumplion. We now asswne that for a piece with "true" EP = £, 

the EP-value x, x "' t;, is registered. 'T'hus EP is Estimated v1ith an error·. 

The m'l.in aim of t11L; paper :Ls to investigate ho1.,r the efficiency of tc1c 

gmding procedul'e is affected if' x is u~;ed instead of E,, :L. e. a piece 

is cJ.assifiecl w; acceptable if x :S £;
0 

:md not acceptable :i.f x > 1';
0

• 

! 



5 

~1ore specifically, we will compar·e P(y $ y
0

lx $ F,
0

) (efficiency of the 

"practical" grading) to P(y S y
0

1 E; :i t;
0

) (efficiency of the "theoretical" 

grading) for different conditions on the measurement error x- t;. 

Section 2 treats the case of a syste1mtic error: (e.g. if the grading is 

made by an accurate but poorly calibrated machine) and Section 3 treats 

the case of a random er.r•or (e.g. if the grading is made visually by a 

skilled worker). 

3. TilE CASE OF A SYS'l'EJ'1ATIC ERROR 

In this section we will asswne that t; = x + t:,, where t:, > 0 is a comotant, 
, 

i.e. the quantity EP is measured Vlith a syste1mtic error. 'l'hen 

P(y;;; y I X;;; E; ) = 
0 0 

P(y$y0 [t;~ £;
0 

+6) and thus, by (2.5): 

£;0+/::, ( b(i; -·t)- 1,61!5 rJ) 
J ft;(t)¢ 

0 rJ dt 
- "' = --r:+r;--

0 

------- (3.1) 

I ft; (t) dt 
- 00 • 

Now, in Of'der to compare P(y :5 y I x ;'; t; ) to P(y ~ y It; s t; ) numerically we 
0 0 0 0 

rnclst know (or assume) the form of fi: ( t). In the following nun:erical 
. . 

examples we will consider• two different distribution forms of t;; normal 

and uniform respectively, Fu:rtr:ermore we will assign the following nume­

rical values to the parEuneters involved (cf. the discussion in Section 2): 

b = -50, o = 6, I; = 0.5, 6 -" 0.05 (which memJS that there is a 10% r•ela-
o 

ti ve error in the permissible limit). 'I'he I; -value correi3ponds fairly 
0 

well to a Swedish middle st.ructural p-,rade. 

a) Normal distribution: In this case we ai3Surrie tha.t 

means that fc ( t) = _2_ ())1 _ _::__r clhero <P is the normal 
. . (t \.1 ) 

'" ot; \ ot; 

t; is N(]Jt;,ot;) which 

density function. 

(3.2) 



6 

and 

f -(j) -- <!> ---- dt 
~o 1 (t-\Js) (l>(t; 0 -t)-1.645o) _ 

_"' of, os . a ___ _ 

<t>(-s ~-~-\J t;_) 
(3. 3) 

vie have evalu~'l.ted (3.2) and (3.3) in some practical cases, presented in 

Table 3.1. E; is N(]JVOE;), i.e. Jls a11d os are the average and standard 

deviation respectively of the knot area ratio. P(i;:;; 1;
0

) is the probability 

that a piece is judged as acceptable by the "theoretical" grading. 

P( y :> y 
0 

It; :ii 1;
0

) is the probability that a piece which has been judged as 

acceptable by the "theoretical" grading would not be acceptable by the 

"ideal" quality criterion. The quantities P(x:Si;
0

) and P(y:>y0 Jx~s0 ) 

are interpreted correspondingly ("theoretical grading" changed to "praetical 

grading" ) . 

Ff;--

r 
i 

1 '0.30 

2 I o. LIO 

-------.-------'--,------
' 

at; jr(t_::>£;
0

) 

0.10 98% 

0.15 75% 

3 0.50 0.15 50% 

lj 0.50 0.05 50% 

5 0.60 0.15 25% 
I 

6 jo.6o o.o5 2% 
i 

'---~----·-___j__ ___ _ 

99% 

63% 

3'/% 

16% 

o. 3% 

0.8% 

1.2% 

2.7% 

1.6% 

3.7% 

o.IJ% 

1.5% 

2.5% 

4.6% 

3.6% 

7.6% 

TABLE 3~-~: Efficiency of' the practical vs the theoretical grading. 

J 

E; is N(Jlt;'os). 'rhe EP-variable subjected to a systematic error 6 = 0.05. 
Permissible ljmit s

0 
= 0. 5. 

'I'he eff'icier1cy of' the practical as well as the theoretical grading depends 

on the parameters Jls and o E; in quite a complicated way. 'l'his can be seen 

from (3.2) and (3.3) respectively. Now, .the f'ollo;ving relations are readily 

verified. 

(3. 5) 
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He have chosen (by using ( 3, 4) and (3. 5)) the paramete.rs llr; and o t; in 

Table 3.1 as to satisfy the followinl'; requirements. 

Case 1: P(E; :5 1;
0

) = 0.98, i.e. practically all the pieces in the package 

would be accepted by the theoretical grading. Furthermore, I'( x:;; 1;
0

) = 0. 99 

so the additional proportion accepted by the practical grading (in rela­

tion to that accepted b~' the theoretical grading) is very small. This is 

a case where the fact that grading must be done by x instead of E; would 

cause very few problems. 

Ca3e 2 illustrates a package of good timber (relative to the permissible 

limit 1;
0 

= 0.50) since P(t;~t;0 ) = 0.'75. Furthermore, P(x:;t;
0

) = O.SIJ so 

the additional proport~on accepted by the practical grading is substantial. 

~a:o;es 3 an~ illustrate cases of "medium quality timber", P(t; ~ 1;
0

) = 0.50 

where the level of' the additional proportion accepted by the practical 

grading is increased in case 4 compa~'ed to case 3. 

_gase 5 corresponds to Case 2, the only real difference be:Ln.g that 

P(t;:;; 1:;
0

) = 0.25 instea.d or 0. 75, due to a larger average knot area ratio. 

~ase §._ illustrates a package or poor timber; P(t;:; F,
0

) = 0.02. The addi­

tional proportion accepted by the practical grading (in relation to 0.02) 

is substant:L:tl. 

As seen from the cases in Table 3.1 the efficiency loss induced by che 

practical gmding can be considerable, 

In Table 3.1 we b.:tve chosen to vary the parameters llr, and o~ while <;
0 

and 1::. are kept fixed. 

Alternative modes of stuJy are cectainly possible, e.g. keeping 11!;' at; 

a;,,d i; 
0 

fixed, while 1::. is varied, or keeping 11 t; a11d (,
0 

fixed while at; 

and 1::. are varied etc. However, v:e have confined ow'selves to the mode 

presented in 'J'able 3.1 and leave th2 alternative modes of study to the 

reader. 

_b) Uniform distribution: Here we assume that t; is uniformly distributed 

on an inter'Val ( smin, smax) , i.e· 
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= r 
1 

~.:.[--. 
"rr13X •nun 

0 

We also assQ~e th~t 

(3.6) 

otherwise 

(3. 7) 

We have imposed this condition only to exclude some trivial cases. If 

l;mL~ ~ 1;
0 

then the theoretical gradli1g would reject ~11 the pieces in 

the paclw.ge, while if 1;
0 

+ !::. ;:: !;max the practical gradmg would accept 
all the pieces. 'rhe condition (3. 7) guarantees that there are acceptable 

as well as unacceptable pieces (by both grading criteria) 

It is readily shown that (3.1) takes the form 

ill the package. 

~ 0 +!::. (b(l;0 -t)-1.645o) 
f ~ 0 dt 
!;min 

P (y ::; Yo I x ;;; t;o ) - ·-"='-'----------
( t;o + 6 - !;min) 

while (2.5) takes the form 

fa ~t(t;o-t) -o1.645 o) dt 

P(y:; Yolf,;;; so) = ~mill ____ _ 
(l;o-l;mill) 

Note that (3.8) and (3.9) are mdependent of !;max. This is due to the 

special form of the unifonn probability density. 

We have evaluated (3. 8) and ( 3. 9) for different chosen values of !;mill 
as presented in Table 3.2. 

Case I I; . P(y ~Yo I I;~ l;o) P(y ~ Yolx:; l;o) 
; nun 
I 

1 I 0.00 0.5% 1.1% 
2 0.10 0.6% 1.4% 

3 0.20 0.8% 1.8% 
4 I 0.30 1.2% 2.5% 

5 0.40 ! 2.2% 4.0% 
6 0.45 I 3.3% 5.4% 

Tj\BLE 3.2: Efficiency of the practical vs the theoretical gcading. -----
I; is Wlifonnly distributed. 'l'he EP-variable subjected to a syste­

natic error 6 = 0.05. Pennissible limit ~0 = 0.5 

(3.8) 

(3.9) 



• 

-
• 

As seen from 'rable 3.2the efficiency of the practical grading (with a 

systematic error) can be notably less tlmn that of the theoretical 

one also in the case of a uniformly distributed EP. 

c) Remarks: Obviously our numerical results depcwJ on the parameters 

9 

D., 1;
0

, b, a, ~:~ and a!; as well as the form of f I; ( t). Other values of 

these quantities will yield different numericaJ results than the one'1 

presentcod above. Ho1qever, our examplcos show that systematic measurement 

errors in the EP-variable m:1.y lead to a notable loss in grading effi­

ciency. We believe that an analysis along the lines presented here is 

helpful when judging the si.:z.e o.f such a loss or when judging whether 

the permissible limit should be changed or not. 

4. 'l'HE CASE OF A RANDOM ERROR 

In this section we will nake the .following assumption (in addition to 

the ones in Section 2). 

v.>here 

(i) I; is N(JJ~;,at;) (4.1) 
(ii) 6 is N(O,a0) 

(iii) I; and o are statistically independent. 

We will confine ourselves to the case of no.t'rrl'llly distributed 1;, 

in cwtrast to Section 3, where we studied nomally as wen as uni­

formly distributed 1;. The main reason .for this is that the computa­

tion of P(y ~ y
0

fx :> 1;
0

) becomes quite extensive in the random error 

case Unless I; is nonnally distributed. Besides, a comparison o.f 

Tables 3.1 and 3.2 indicates that the distribution form off, should 

not substantially affect the main conclusions of the analysis. 

It .follows fr·om ( 11.1) that P( y::; y 0 j!; $ 1;
0

) takes the same form as in 

(3.3). Furthermore, 

X (4.2) 
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It is then straightforward to show that 

(4.3) 

Now, it can be shown (see Appendix) that 

(11,4) 

Inserting (It, 4) into ( 4. 3) yields P(y S y 
0 
I x::; 1;

0
). We have evaluated 

this quantity as well as P(y :> y0 fi; $ 1;
0

), (see (3.3)) for different com­

binations of the para~eters involved, The following parameters were 

fixed: b = -50, o = 6, 1;
0 

= 0.50, o 0 = 0.0'), while \11; and ol; were chosen 

in the same way as in ·Table 3.1. This way we get cases comparable to 

those in Table 3.1, the only difference being that I; was subjected 'co 

a systematic error while here I; is subjected to a randon1 error. Tne 

results a.re presented in Table IJ. 1. 

r -,-
P(x:;t;

0
) P(y =>Y

0
Is:;; E.

0
) J P(y ~ y

0
fx :> 1;

0
) Case )Jt; ot; I P(t; Ho) 

-
1 0.30 0.10 98% 96% 0.3% 0.3% 
2 o. 40 0.15 75% 74% 0.8% 1.0% 
3 0.50 0.15 50% 50% 1.2% 1.8% 
4 0.50 0.05 50% 50% 2.7% 3.7% 
s 1 o.so 0.15 25% 26% 1.6% 2.7% 
6 1 o.6o 0.05 ' 2" 8% 3.7% 9.6% I /0 

--
TABLE 4.1: Efficiency of the practical w the theoretical gradinG. t; is 

N(pl;,ot;). 'l'he EP-variable subjected t6 a random error which is N(O,O.O'i). 

Permissible limit [,
0 

= 0. SO. 

The int;crp:cctat.ion oC tho quantities ln 1l1ablc lt .1 1.::1 the same as tfl::it of 
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By compadng 'l'able 1+.1 to 'I'ablc 3.1 it is seen that a random error in 

the EP-variable may lead to an efficiency loss of comparable size to 

the case of a systerratic error (all other conditions equal). 

5, CONCLUSIONS 

The conditions that have been illustrated here by some examples show 

that the tolera.YJces permitted by grading of structural timber, may 

influence the risk level for ruptures con:oiderably. It is therefore 

necessary to take this into consideration when determining the per­

witted stresses or conversely when working out a grading system and 

rules of control for the grading, so that the deviations permitted 

have a mag,."1itude and design that do not jeopardize the intended risk 

level. 
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Appendix 

The aim here is to prove formula ( IJ. 4) . We wDl base the proof on the 

following well known result which appears in most statistical textbooks. 

Theorem: Suppose that z1 and z2 are N(m1,o1 ) and N(m2,o2) respectively 

and that the correlation between z1 a.'1d z2 is p. Then the conditional 

.3istribution of z2 given z1 = t is.N(m2 +p·&i(t-m1); o2 /1-/). 

Assl.l1nption 1 and the fact that s is N()Jr:.,oc) imply that y is 
0--;--n, - " 

N(a+b)J~,vo-+b a~). 

Tl1en by the above theorem the conditional distribution of y, given x = t 
a ··-------, 

is N (a + b)J c + p • 
0
Y ( t - )J r); oy j (1-py2 x) ) 

~.;. y ,x X ? , .. 

where 

'I11en the conditional distribution is 

and ( 4.11) follows immediately. 



CIB-W18/16-6-1 

.INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

SIZE FACTORS FOR 
TIMBER BENDING AND TENSION STRESSES 

by 

A R Fewell 

Building Research Establishment 
Princes Risborough Laboratory 

United Kingdom 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-W18/16-6-1 

INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

SIZE FACTORS FOR 
TIMBER BENDING AND TENSION STRESSES 

by 

A R Fewell 

Building Research Establishment 
Princes Risborough Laboratory 

United Kingdom 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



CIB-WlS/16-6-1 

.INTERNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

SIZE FACTORS FOR 
TIMBER BENDING AND TENSION STRESSES 

by 

A R Fewell 

Building Research Establishment 
Princes Risborough Laboratory 

United Kingdom 

LILLEHAMMER 

NORWAY 

MAY/JUNE 1983 



•· 

SIZE FACTORS FCR TIMBER BENDING AND TENSION STRESSES 

A R. Fewell - PRL 

IN~['RODUC TION 

The writer 11as asked to present a paper for the CIB-'f18 meeting in Norway 1983 

on size factors, Fewell and Curry1 have written a paper which analyses existing 

PRL and Canadian data to examine the effect of depth in the determination 

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

The Structural Engineer but due to delays in publication some of the information 

in that paper has been outdated by committee decisions in producing the final 
2 

draft of the revised Code of Practice for timber structures, BS 5268:Part 2 • 

Rather than re-produce the data analysis of that paper, this short note updates 

it by pointing out the subsequent committee changes and adds information 

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

The Fewell and Curry paper is attached as an appendix, 

CHANCES IN DRAFTING BS 5268 

The Fewt?ll and Curry paper gives no informati.on on size adjustments to tension 

stresses and states that no bending stress adjustment will be allowed for 

sizes smaller than 300 mm. In fact the BS 5268 drafting committee subsequently 

decided that both bending stresses and tension stresses should be allowed to 

increase for depths or widths less than 300 mm, 1'he reason for this decision 

~tas to overcome the low tension stresses derived from analysis of structural 

size test data. 

SIZE FACTORS 

To adjust lower fifth percentile stress values to characteristic values factors 

from the equations K = (200/h)
0

•4 and K = (200/h) 0 •192 were used for bending 

stress and tension stress respectively by Curry and Fewell3 in their determination 

of stresses for BS 5268. Hhere K is the factor by which a bending stress 

specified for a depth of 200 mm should b• multiplied to obtain the stress 

values for a depth or width of 'h' mm. These characteristic values were further 

reduced for the derivation of design stresses appropriate to 300 ~" which meant 

that i.n effect the bendinr, and tension stresses from test 

300 mm using factors from K 

samples were being 

~ (300/h) 0 '4 and adjusted to the datum width of 

K ~ (300/h)
0

•
192 

respectively. Fi[,'llres 1 and 2 show plots of the data from e:hich 

1 



these equations Here determined. 1'he considerable amount of scatter in 

Figure 1 is probably partly due to the fact that only an adjustment for 

depth is considered Hhereas the size effect is also dependent on thickness 

and test method, 

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

to ad,just design stresses given in BS 5268 for 300 mm depth to smaller depths 

could prove to be unsafe. Additionally for simplicity it Has thought desirable 

that one equation should be given for both bending and tension and for all 

grades, whether visual or machine, 

Machine grading is based on selection with respect to modulus of elasticity.and 

there is no theoretical reason Hhy a size effect for timber selected on this . 
ba.sis should be the same as for timber selected on the basis of knots. In 

fact for machine grading a depth effect described by the equation 

K = 0,81 (h
2 

+ 92300)/(h
2 + 56800) currently given in CP 112:Part 24 appears 

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

K = (300/h)
0

' 4 , 

It ~;as therefore decided that BS 5268:Part 2.should alloH bending and tension 

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

calculated from K = (300/h)
0

•
11

, The increase Hould become a maximum at a 

depth or Hidth of 72 mrn. '!'his equation ,;as derived theoretically by 

Bohannan5 and is generally conservative for visual grades as can be seen from 

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

April 1983 

2 
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APP~NOIX 
DEPTH FACTOR ADJUSTMENTS IN THE DETERMINATION OF CHARACTERISTIC BENDING STRESSES 

FOR VISUALLY STRESS GRADED TIMBER 

A R Fewell and W T Curry 

SUMMARY 

This paper examines the application of equations used to define the effect of section 

depth on the ultimate bending stress of timber to characteristic stress values 

obtained from tests carried out at PRL and in Canada. It deals specifically 

with the determination of the most suitable general equation for adjusting test 

results to a standard depth. From a comparison of root mean square differences 

between depth factors obtained from the test results, and those predicted by the 

equations, it is concluded that for visually stress graded softwood timber the 

depth effect is best defined by the equation K = (200/h) 0 · 4 

INTRODUCTION 

It has long been recognised that the modulus of rupture or ultimate bending 

stress of timber is lower for larger than for smaller sections. Although factors 

other than depth are also involved the effect has ·come to be known as a depth 

effect which must be quantified so that it can be allowed for in design, and in 

the determination of the stress values to be specified for timber. These stress 

values will generally be determined from tests on samples of timber in different 

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

This paper deals with depth effect on sections up to 300 mm deep and is concerned 

principally with the determination of grade characteristic stresses rather than 

modification factors for use in design where much deeper sections would also 

have to be covered. However, consideration might be given to the inclusion of 

depth factors in future Codes of Practice for sections shalloHer than 300 mm. Hith 

such factors some of the differences between European and North American grade 

stress specifications could be eliminated, and much simpler stress tables could be 

produced for the Codes, 

Depth effect was first investigated by Newlin and Trayer in 19241. In 1954 Freas 

and Selbo2 published the results of tests on beams Hith depths up to 406 rr!Ill (16 inches) 

and derived an equation which defined a depth effect ratio indexed to 1.0 at 50 mm 

(2 inches), the depth of section specified at that time in the standard test 

procedures for the determination of timber strength properties. This equation 

was included in North American design methods and was subsequently adopted in the 

UK Code of Practice for the structural use of timber in 1967. For design purposes 

the equation 1o1as indexed to 1.0 at a 12 inch depth but this was later changed to 

300 mm 1<1hen the UK Code was metricated in 19713 • 

1 
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Recently a section depth of 200 mm has become the preferred standard depth for the 

specification of timber bending stress values in many countries and indexing the 

equation to this depth gives: 

K = 0.73 (h2 
+ 92 300)/(h2 +56 800) •••••••••••••••••••••••• 0 •••••• 0 

~<here K is the f'}ctor by ~<hich a bending stress specified for a depth of 200 mm 

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

A theoretical study by Bohannan4 in 1966 using the Heibull 1Heakest link' theory 

produced the equation currently used in North American design: 

K = (200/h) 
119 

••••• 0 0 •••••••••••••••• 0 0 • 0 ••• 0 •• 0 •••••••• 0 • 0 0 0 ••••• 0 •• 

This equation is also indexed to 1.0 at 200 mm and swggests a depth effect ~<hich 

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

The results of an extensive investigation made in Canada in 1977/8 were analysed 
5 6 by Bury and Madsen who produced sets of equations for the effect of depth on the 

characteristic ie 5th percentile values of bending stress for tir.Jber in standard 

joist sizes and visually stress graded to the NLGA rules7 , The object of these 

(l) 

(2) 

anal.yses was to obtain factors to permit test results for different section depths to 

be adjusted to a standard depth for the d-etermination of grade characteristic stress 

values. Their equations were grade related but when combined and indexed to 1.0 at 

200 mm gbe: 

for Bury 

K = (200/h)0.403 .............................. ~·················· (3) 

and for Madsen 

K = 1.631 - 0.00316 h ••••••• 0 •••• 0 ••••••• 0 ••••••• 0 ••••• 0 ••••• 

Eauation O)was obtained by pooling all the test results while equation (4) is 

simply the average of the slopes and intercepts of the separate grade equati<lns. 

The four depth factor equations are illustrated in Figure 1. 

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

equation which gives the best overall definition of depth effect. 

Test Da.ta 

(4) 

PRL Data. The test procedures that were used are those now given in BS 5820:1979 8 • 

The tests covered samples of SHedish and Finnish redwood/whitewood, British groHn 

Douglas fir and Canadian hem-fir and spruce-pine-fir graded to the BS 49789 and 

NLGA stress grades. The test specimens were conditioned to a moisture content of 

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

2 



adjustments made to the results for the differences in moisture contents. A span 

to depth ratio of 18 was used, the load was applied at the third points of the 

span and the duration of each test was about 15 minutes. The grade determining 

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

From the test results characteristic bending stresses were calculated for each 

sample using 3-parameter Weibull fun.ctions. Where more than one sample of a 

particular section depth, species and grade uas tested the characteristic stress 

Has taken as the weighted average of the sanple values. The resulting stress 

values are given in Table 1. 

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

bending stress at the lower end of the range in strength expected for each 

species and grade. Fer this test thii: proof load was set and adjusted as 

necessary; to break only about 10% of the specimens that were tested. 

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

fracture occurred was recorded. The species tested were Douglas fir-larch, hem­

fir and spruce-pine-fir, and the specimens were selected from mill production. 

The tests were carried out at the mills and the timber covered a 

wide range in moisture contents, from 10% to green, with temperatures ranging 

from -17°C to 13°C. A span to depth ratio of 17 was used, the load was applied 

at the third points of the span and each test lasted generally less than one minute. 

No positive action was taken to locate the grade determining defect in each test 

specimen within the zone of maximum stress. The full test programme involved 

the testing of some 4000 specimens, but the number of specimens in each sample 

is not known. 

In the Bury analysis the individual test results were adjusted to 15% moisture 

content. A procedure was developed for fitting 3-parameter Weibull functions 

to the test data and this was used to calculate characteristic stress values for each 

of the samples. In the Madsen analysis no adjustments were made to the test 

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

a straight line to the results close to the 0.05 probab.ility point, was used to 

determine the sample characteristic stresses. Of the two sets of dat~ that 

produced by Bury was taken as defining the Canadian species and grades. For those 

species and grades where more than one sample was tested for a particular depth, 

the average value of the sample characteristic stes·s values was taken as the value 

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

3 



The Canadian and PRL test procedures are obviously quite different and there must 

be some uncertainty that the test results are directly comparable. However, 

it is the relativity of the stress values at the different section depths and 

not their magnitude which is of interest. 

Analysis 

In the following analysis three questions are examined: 

a is there a grade effect 

b which type of equation best defines depth effect, and 

c can this type of equation be improved for general use. 

It should be noted that equation (2) is of thesame type as equation (3) so that 

three and not four types have to be considered. A decision has also ·to be made 

as to what criterion should be used to assess the relative effectiveness of the 

equations. For this the root mean ,square differences ie the square root of the 

mean of the sums of the squares of the differences between the depth factors 

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

Grade Effect. Table 3 gives the depth fac:tor equations for the NLGA grades determined 

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

that while there ere large differences in the factors defined by the two types of 

equations, the sequence of the equations does riot matc:h the grade strength sequence 

and the differences between the equations of the same type are quite small, less than 

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

To extend the comparison best-fit equations of the three types, for characteristic 

stress against depth, were calculated for those species and grades for which more 

than three samples of timber were tested. From a comparison of variances for 

equations type (2, 3) and (4) no statistically significant interaction between 

grade and section depth was found, t<ith the single exception of the type (4) 

equations for Douglas fir-larch. Also, as measured by the percentage of total 

variance accounted for by the equations, the type (2,3) equations fit the test data 

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

The individual best-fit equations were also converted to depth factor equations 

indexed to 1.0 at 200 mm. These are given in Table 4, together with the 200 mm 

characteristic stress values calculated from the equations. Examination of the 

equations shows that the effect of depth on the different grades is not consistent 

between species as might be expected. For example, the equations indicate that with 

the NLGA grades the depth effect is greatest for: 
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1 the Sel grade of Douglas fir-larch 

2 the No 3 grade of hem-fir, and 

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

For the UK data the differences in the values of the depth factors for each of 

the grades as defined bv equations of the same tyoe are, as with the Canadian 

data, quite small, being less than 5% over the range of joist sizes. 

In any assessment of depth effect the method used to stress grade the timber can 

in itself influence the results, Not only are the samples of timber that are 

tested likely to contain greater or lesser numbers of pieces with defects towards 

the maximum size permitted for the grade, but the effect of the defects themselves 

may differ with the size of the section. With visual stress grading there is also 

no control over the density of the material selected within a grade, and this 

can have a significant effect on strength. The influence of these factors cannot 

be isolated from the gross effect attributed to depth so that not only is it 

uncertain that like is being compared with like, but the measured effect of depth 

may well be different between visual and machine stress grading, and between 

softwoods and hardwoods. On the basis of the above comparisons it is concluded 

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

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

the characteristic stresses for a standard depth of 200 mm were determined for 

each species and grade. The general equations (1), (3) ·and (4) were used to adjust 

the individual stresses for each section depth to 200 mm, and the resulting values 

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

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

be included in one sample for each grade and depth, the average was obtained by 

weighting the individual sample stresses by the number of specimens in each sample. 

For the Canadian data which comprises multiple samples for some grade/depth combina­

tions with a similar but unknown number of specimens, the average was obtained by 

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

The results are included in Tables 5 and 6. The characteristic stresses for each 

section depth, as given in Tables 1 and 2, were then expressed as ratios of these 

grade characteristic stresses to give values of depth factor for the test 

results. These factors are included in Tables 5 and 6 •. 
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The root mean square differences between the test values of depth factor and those 

given by the equations were then calculated and are given in Table 7 for each species 

and grade. 

The use of equation (l), as indicated in Tables 5 and 6, leads to higher grade 

characteristic stresses than those obtained with equations ·(3) and (4). However, 

as can be seen from Table 7 it has a much higher overall root mean square difference, 

and in only 7 out of the 19 species/grade combinations has it a lower value than 

either equations (3) or (4). Equation (l) is therefore in less accord with the 

test evidence and since it yields higher stress values it would be imprudent to 

use it when deriving grade characteristic stresses from test results on a range of 

joist sizes. As to which of the other two equations should be preferred the 

evidence is less convincing. A comparison shows that equation (3) has a l01;er 

root mean square difference in ll out of the 19 species/grade combinations, and a 

slightly lower value overall. On tl)is marginal superiority it must be considered 

preferable to use equation (3) for determining what grade stress values should 

be specified for timber at a standard section depth. 

~!edified Equation_ Equations (2) and (3) are of the same type, the exponent 1 b 1 

having the values of 1;9 (0.111) and 0.403 respectively. To determine the value 

of 1 b 1 which best fits the test data, species/grade characteristic stress values 

and root mean square differences were calculated as before for a series of similar 

equations with 1 b 1 increasing from 0.1 to 0.5 in increments of 0.01. The results 

are shown graphically in Figure 3 from 1,rhich it can be seen that the root mean square 

difference is least when b ~ 0;39. This is close to the value for equation (3) and 

for general use a value of 0.4 should be adopted for 1 b 1 to give the equation 

K ~ (200/h) 0 ' 4 

Conclusions 

From the results of this analysis it is concluded that: 

l The effect of section depth on the characteristic bending stress of visually 

stress-graded softwood timber, in sections from about 100 to 300 mm deep, 

can be defined by the general equation 

K ~ (200/h) 0 ' 4 

where K is the factor by which (a) the stress value obtained from tests on sections 

with a depth of 1 h 1 mm should be divided to obtain the stress corresponding to a 

depth of 200 mm or (b) the stress value for a section depth of 200 mm should be 

multiplied to obtain the corresponding stress for a section depth of 1h' mm. 

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

visual grade. 
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Table 1 Summary of PRL Test Data 

Characteristic 

Species Grade 
Depth No of bending 

mm specimens stress 
N/mm2 

Redwood/white- ss 100 214 25.7 
wood 150 1077 24.9 

170 85 24.0 
195 91 23.1 
200 661 23.6 

Hem-fir ss 100 149 27.3 
150 195 23.4 
200 110 21.8 
250 85 22.3 

Se1 100 55 30.7 
150 96 24.4 
zoo· 44 25.2 
250 65 24.9 

No 2 100 79 21.4 
150 65 18.9 
200 39 18.0 

Spruce-pine-fir ss 88 214 28.6 
184 264 20.9 

Sel 88 180 29.6 
184 237 22.2 

No 2 88 40 18.6 
184 26 13.3 

British-grown ss 100 84 21.8 
Douglas fir 200 129 18.8 
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Table 2 Summary of Canadian Test Data 

Characteristic 

Species Grade Depth No of bending 
mm samples stress 

N/mm2 

Douglas fir- Sel 89 2 34.9 
larch 140 2 28.6 

184 2 23.2 
235 2 18.2 

No l 89 l 25 .l 
184 l 15.7 
235 l ll. 5 

No 2 89 2 21.3 
140 2 15.3 
184 2 13.4 
235 2 12.0· 

-
No 3 89 l 14.5 

140 l 12.8 
184 l 12.5 
235 l 9.1 

Hem-fir Sel 89 l 29 .l 
140 l 28.7 
184 l 26.0 
235 l 18.5 

No 2 89 l 18 .. 9 
140 l 21.8 
184 1 17.6 
235 1 17.1 

No 3 89 1 20.1 
140 1 15.5 
184 1 14.3 
235 1 11.7 

Spruce-pine-fir Se1 89 4 25.4 
140 4 24.5 
184 4 22.9 
235 2 18.2 

No 1 89 2 24.6 
140 2 19.0 
184 2 16.4 

No 2 89 4 20.7 
140 4 17.3 
184 4 

' 
16.3 

235 2 15.7 

No 3 89 l 17.2 
140 l 13.5 
184 1 10.0 
235 1 12.5 
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Table 3 Depth Factor Equationsfor the NLGA Grades 

-

Grade 
Equation (3) Equation (4) 

Bury Madsen 

Sel (200/h)0.383 1. 594-0.00297 h 

No 1 and No 2 (200/h)0.361 1. 608-0.00304 h 

No 3 (200/h)0.423 1. 691-0.00346 h 

Combined (200/h)0.403 1. 631-0.00316 h 
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Data 
source 

PRL 

Canada 

Table 4 Individual depth factor equations and values of characteristic bending stress (N/mm2) 

Species 

Hem--fir 

Douglas fir-
larch 

Hem--fir 

Spruce-pine-fir 
... 

Equation type 1 

2 & 3 

Number 
Grade of 

samples a 

ss 5 0. 727 
Sel 5 0. 750 
No 2 4 0.674 

Sel 8 0.394 
No 2 8 0.511 
No 3 4 0.485 

Sel 4 0.501 
No 2 4 0.732 
No 3 4 0. 538 

Sel 14 0.585 
No 1 6 0.524 
No 2 14 0.649 
No 3 4 0.567 

2 2 
K = a(h + b)/(h +c) 

b 
K = ah 

4 K = a+ bh 

Equation type (1) 

b c 

(x 10-3) (x 10 - 3) 

70.0 40.0 
70.4 42.8 
70.4 34.4 

119.2 

I 
22.8 

70.4 16.4 
120.0 37.6 

119.6 40.0 
103.2 64.8 

71.6 20.0 

120.0 53.6 
70.0 17.6 
70.4 31.6 
70.0 22.4 

Equation type (2,3) Equation type 

f a b f a b 

3 
(x -10 ) (x .._104) 

22.34 3.246 222.2 22.26 1.267 13.3 
24.67 2.755 191.3 24.53 1.222 11.1 
17.07 4.159 269 .o 17.18 1.397 19.8 

21.55 33.435 662.4 21.23 2.057. 52.9 
12.72 22.578 588.3 12.85 1.954 47.7 
10.83 9.365 422.2 10.75 1.632 31.6 

22.94 9.086 416.5 22.48 1.627 31.4 
18.11 2.019 132.6 18.10 1.212 10.6 
13.02 16.826 532.8 13.07 1.827 41.3 

21.37 3.911 257.4 21.24 1.409 20.4 
15.28 17.132 536.2 15.61 2.194 59.7 
15.80 4.367 278.2 15.91 1.454 22.7 
11.46 9.444 423.8 11.63 1.606 30.3 

-· --------- - - ---- ~ - ----

' 

(4) 

f 

22.56 
24.91 
17.15 

21.83 
13.12 
10.92 

22.85 
18.12 
13.31 i 

21.2s I 
14.56 1 

15.99 ' 
11.93 
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Table 5 Depth Factors (K) obtained by expressing 
the PRL test results as ratios of the species/grade 

characteristic stress values (fK Nfmm2) 

Species Grade Depth Equation Equation Equation 
mm (1) (3) ( 4) 

' Redwood/white- ss 100 1.09 1.15 1.17 
wood 150 1.06 l.ll 1.13 

170 1.02 1.07 1.09 
195 0.98 1.03 1.05 
200 1.00 1.05 1.07 

fK 23.5 22.4 22.1 

Hem-fir ss 100 1.19 1.27 1.26 
150 ~1.02 1.09 1.08 
200 0.95 1.01 1.01 
250 0.97 1.03 1.03 

fK 22.9 21.5 21.7 

Sel 100 1.22 1.28 1.26 
150 0.97 1.02 1.00 
zoo 1.00 1.05 1.03 
250 0.99 1.04 1.02 

fK 25.2 24.0 24.4 

No 2 100 1.16 1.27 1.28 
150 1.02 1.12 1.13 
200 0.98 1.07 1.08 

fK 18.5 16.8 16.7 

Spruce-pine-fir ss 84 1.26 1.40 1. 1,0 
184 0.92 1.03 1.03 

--
fK 22.7 20.4 20.4 

Sel 84 1.25 1.38 1.38 
184 0.94 1.04 1.03 

fK 23.7 21.4 21.5 

No 2 84 1. 23 1.41 1.40 
184 0.88 1.01 1.00 

--
fK 15.1 13.2 13.3 

British-grown ss 100 1.14 1.22 1.22 
Douglas fir 200 0.99 1.05 1.05 

. 
fK 19 .1 17.9 17.9 
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Table 6 Depth factors (K) obtained by expressing the 
Canadian test results as ratios of the species/grade 

characteristic stress values (fK N/mm2) 

Species Grade Depth Equation Equation Equation 
mm (1) (3) (4) 

Douglas fir- Sel 89 1.41 1.52 1.51 
larch 140 1.15 1.25 1.24 

184 0.94 1.01 1.00 
235 0.73 0. 79 0.79 

fK 24.8 22.9 23.1 

No 1 89 1.52 1.65 1.62 
184 0.95 1.03 1.01 
235 0.69 0.76 0.74 

fK 16.6 15.2 15.5 

No 2 89 1.45 1.57 1.56 
140 1.04 1.13 1.12 . 
184 0.91 0.99 0.98 
235 0.81 0.88 0.87 

fK 14.7 13.6 13.7 

No 3 89 1.24 1.31, l. 33 
140 1.10 1.18 1.17 
184 1.07 1.15 1.15 
235 0.78 0.84 0.83 

fK 11.6 10.9 10.9 

Hem-fir Se1 89 1.19 1.28 1.27 
140 1.18 1.27 1.26 
184 1.07 1.15 1.14 
235 0.76 0.82 0. 81 

fK 24.4 22.7 22.8 

No 2 89 1.05 1.12 1.11 
140 1.21 l. 29 1.27 
184 0.98 1.04 1.03 
235 0.95 1.01 1.00 

fK 18.1 16.9 17.1 

No 3 89 1.37 1.48 1.47 
140 1.06 1.14 1.13 
184 0.98 1.06 1.05 
235 0.80 0.86 0.86 

fK 14.7 13.6 13.7 
i 

continued 
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(continued) 
Table 6 Depth facto'rs (K) obtained by expressing the 
Canadian test results as ratios of the species/grade 

characteristic stress values (fK N/mm2) 

Species Grade Depth Equation Equation Equation 

' 
mm (l) (3) (1+) 

Spruce-pine-fir Sel 89 1.15 1.25 1.24 
140 1.11 l. 20 l. 20 
184 1.03 1.13 1.12 
235 0.82 0.89 0.89 

fK 22.1 20.3 20.4 

No 1 89 1.33 1.47 1.48 
140 1.02 1.14 1.14 
184 0.89 0.98 0.99 

fK 18.5 16.7 16.6 

No 2 89 1.24 1.34 1.33 
140 1.04 1.13 1.12 
184 0.98 1.06 1.05 
235 0.94 1.02 1.01 

fK 16.7 15.4 15.5 

No 3 89 1. 35 1.46 1.44 
140 1.06 l.lll 1.13 
184 0. 79 0.85 0.84 
235 0.98 1.06 1.05 

fK 12.7 11.8 11.9 
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Table 7 Root mean square differences between depth factors 
obtained from the test results and from the general 

depth factor equations 

Root mean squares (xl02) 
Data Species Grade source Equation Equation Equation 

(1) (3) (4) 

PRL RedHood/wtn te ss 1.51* 8.26 7.69 wood 

Hem-fir ss 4.97''' 6.95 10.58 
Sel 7 .03* 8.86 12.42 
No 2 3.44''' 4.95 5.14 

Spruce-pine-fir ss 11.27 0. 95* 3.89 
Sel 9.98 0.67* 2.08 
No 2 11.88 2 .20* 4.76 

British-grown ss 1. 98* 8.16 7.72 
Douglas fir 

Canada Douglas fir- Sel 18.89 11.07 10.10''' 
larch No 1 27.24 18.50 17.80* 

No 2 18.39 9 ,88* 11.47 
No 3 11.26 8.17 5.67* 

Hem-fir Sel 12.16 11.17 7.81* 
No 2 8.34* 15.4 7 14.18 
No 3 14.62 6 .10* 6.75 

Spruce-pine-fir Sel 7.35 8.83 6.37* 
No 1 14.01 5.96* 8.85 
No 2 6.04 4.94* 7.12 
No 3 16.06 11.74* 14.35 

Mean values 10.86 8.04 8.67 

*lowesc root mean square value 
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INTHODUCI'ION 

STHENGTH CLASSES FOR IN'l'J<:IINATIONAJ, CODES 

by 

A.R. Fe1<el.l and J ,G, Sunley 

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

Whilst grading machines can be set to grade to any stl·ength level "i thin the 

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

so "ill often result in different st1·esses :Cor the same grade of different species. 

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

countries for structm·al applications is therefore faced "i th an array of 

alternative species/grade combinations "ith varying strength properties. The 

complexity caused by this "ide variety of alternative species and grades has 

prompted the, follo1<ing critic isms in the UK for this system. 

l. To malte the most economical choice of species and grade a designer needs 

kno"ledge of the price and availability of the various alternatives. He 

is not al"ays sufficiently well informed to make the hest choice and even 

if it was the most economical choice at the time of design it may not be 

the most economical choice at the time of purchase. 

2. It has been said that the complexity of species and grades inhibits the use 

of timber in structures designed by persons not regularly engaged in timber. 

desigiJ, 

3, A lot of time is frequently spent by suppliers and specifiers discussing 

alternative combinations of species and grade to those originally specified. 

1,, Host British plantation grown timber is not directly equivalent to grades of 

the same imported species and so finds it difficult to compete for a share 

of the market for structural timber. 

5. The current combinations of grades, particularly for machine grading are not 

always the most suitable for the species being graded, yield.ing too many 

rejects or too fc><: pieces "i thin one grade. 

6. It is difficult for ne" species/grade combir1ations to penetrate the structural 

timber market pm•ticularly when they may be only intermittently available. 
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7. Each time an existing design of timber structure is re-ordered it may 

be necessary to laboriously check and. change the grades and species 

specified to allow for changes in their price and availability. 

The means of overcoming these cri i:icisms is seen in Australia, the UK (in the 

revised Code of Practice BS 5268 : Part 2) and by ISO 1'C/165 as a system of 

strength classes. It should be noted that the North American machine stress 

rated grades are also in effect strength classes. 

A strength class system comprises a number of classes, each with its own set of 

strength properties, into which species/grade combinations of similar strength are 

allocated. Design calculations can be carried out using properties for a 

particular class and any combination of species and grade that meets that class can 

be used, allowing the full advantage of price and availability to be obtained. All 

strength class systems follow these general principles. The major differences arc 

in the numhel' of classes and the method ·of selecting strength property values for 

each class. 

1'IIE UK SYSTEH 

Jn the UK sh·c,ngth class system sho1m in Table 1 there are nine classes. In fact 

classes SC6 to SC9 are for denser hardwoods and SCl and SC2 are unlikely to be 

popular choices. 1'his means that for softwoods a designer will usually make a 

choice between SC3, SC4 and SC5. The stress values shown in 1'able 1 are design 

stresses but a system could be devised using characteristic values. (Table 3 sho,;s 

estimated characteristic bending stresses.) Table 2 shows the allocation to classes 

of the similar BS 4978 grades. BS 5268 also contains other tables allocating North 

American grades and hardwoods. 

1'here are complications, for example a specifier may have to list certain species 

as m1acccptable where fastener strength or durability is important, but it is 

expected that these complications will be minor. 

A major advantage of strength classes for the operators of grading machines will be 

that machines can be set to grade any species exactly to a strength class boundary 

stress level. 1'his overcomes the problem of inefficiency for some combinations of 

species and visual grades which have strengths above those values assigned to the 

classes to which they have been allocated. Grading machines can also be used to 

grcule species into classes in which no visual grade of that species has been 

allocated and in which it would not otherwise be able to compete. 
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AN IN1'E!l.NA1'IONAL SYS'rEM 

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

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

imported, and therefore subject to considerable variability of P''ice and 

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

Northern Hemisphere using similar species, its usc internationally would have 

the following problems. 

1. Any strength class system will contain combinations of species and grade which 

have higher strength than the class to which they are assigned. These 

differences need to be minimised if designers are to be encouraged to specify 

a strength class rather than a species and grade. A national strength class 

system can be tailored to suit the most common species and grades used in that 

com.1try to minimise these differences, whereas an international system cannot. 

2. The inefficiency caused by the above differences can only be reduced in an 

international system by increasing the number of classes, a solution w!1ich has 

its own eli sadvantages. 

3. Grading i'; not always carried out in the country of origin of the timber. 

'l'his can cause problems in identification which would affect the classification 

of particular species in different countries. For example the UK imports 

redwood/whitewood from many different countries and any grade of this species 

combination is assigned one set of strength properties which are obviously 

influenced by the weakest source. Thus }·he UK would assign a particular 

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

country such as Sweden nsing only Swedish redwood/whitewood. 

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

disadvantage. 

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

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

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

all countries to adopt the same strength class system. 

JGS/Ht-lll 
Hay 1983. 



TABLE /. GRADE STRESSr:S AN!l HO!l!JLI 01! ELASTICITY fOR STil£NGTii C!.ASSES: FUll. 11il! Dll.i! EX!'OSURE CONDITlO.'J 

Compres.a:!_.on 
Sl:r.,ngth !lending Tension Compression per !'<'n::l:Lcular Shear Modulus of fi<>pro:dou~te. 

c1atts parallel parallel parallel to graln paralle.l el ast:icity deoeHy 
to g.raln to grain to grain (see nc te l) to gnlin (see nol:e 4) 

(see note 3) Grade Mean Hinimum 
2 (N/mm ) (N/Il'..,2) (N/muh 

2 
(N/ullll ) 

2 
(N/mm ) (Nimm

2
) 2 

(N/nun ) 
2 

(N/mm ) 
3 

(l<g/m ) 

SCl 2.8 2.2 3.5 2.1 1.2 0.~6 6800 lo500 540 

SC2 4 • I 2.5 5.3 2.1 1.6 0.66 8000 5000 540 

SC} 5.3 3.2 6.8 2.2 1.7 0.67 8800 5800 5~0 

SC4 7.5 4.5 7.9 2.4 1.9 0.71 9900 6600 590 

SC5 10.0 6.0 8.7 2.8 
2 ·'' 

!.00 !0700 7!00 590/760 
. SC6 (see 12.5 7.5 12.5 3.8 2.8 !.50 14100 11800 840 

note 2) 
SC7 (see 15.0 9.0 14.5 4.4 3.3 1.75 16200 13600 960 
note 2) 
see (see !7.5 10.5 !6. 5 5.2 3.9 2.00 !8700 15600 wso 
note 2) 
SC9 (see 20.5 12.3 19.5 6.1 4.6 2. 25 21600 !8000 l.2CG 
note 2) 

NOT£ I. h1oen the specification specifically prohibita wcne at bearing areas the higher values of compre:>sion perpendicular 
to the grain str-ess may be used, ot:berwise the lo>Jer values apply. 

NOTE 2. Classes SC6, SC7, SCB and SC9 will usually comprise the denser hardwoods. 

NOTE 3. Note the Light Frat~1ng, Stud, Structural !.ight Fr11ming No. 3 and Joist and Plank No. 3 grades Hhould not be used fo1 
tension me.mLern. 

NOTE 4. Since lllany species may contribute to any of the strength claases, !:he values of density gt .. en in thl" table o:ay be 
contiJJereJ only cntdt: appt·o:x1'1llat1<ma. When a eore accurate value is ,.,~u!"red it muy be ·.necessa;y to !Jent1fy hHl1viJ .. a1 
"pecteu anJ "<:lli·ze the valueu gl.ven in &j>f"'I\•HK A. The higher vah'e fot· SC5 is more appropri•at:e tot" ha£Jwoods·. 
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T-.Alll.E 2 • SOITwOODS 'Willen SATISYY 11:IE 
TO BS 4978 

Standar-d M.lllll S t r ~.S.Sl.E h 

Imp~'ii~:!. 

p·al:'aua Pine 
Pitch l'i.na (Caribbean) 
Red"ood 
mii't:ewood 
We's.tern Red Cedar 

Douglas Pi.r-Larch (Canada) 
Douglas Fir-Larch (USA) 
Hem-Fir (Canada). 
Hiiin-Fir (USA) r 

SCl 

GS 

Spruce-Pine-Fir (Canada) ~ 
Western Whitewoods (USA) t GS 
Southern Pine {USA) 

Bri tis b. gro;n; 

Douglas Fir 
Larch 
Scots Pine 

Corsican Pine 
Europ,.an Spruce t GS 
Sitb: Son:ce t GS --- --·---

REQUllW!lNTS FOR snu::NGTH GLASSES: GRADED 

-class 
SC2 SC3 sc~ SC:S" 

GS ss 
GS ss 
GS/ti!$0 ss M7~ 
GS/t150 ss !05 

ss 

GS ss 
GS ss 
GS/!150 ss Mi5 
GS ss 

GS /!150 SS/!175 
ss 
GS ss 

GS !150/SS M7S 
GS ss 
GS/!150 ss l-!75 

GS !150 ss !175 
l1.50/SS !05 
H50/SS 1175 

·*All t'ofr,roods c..larusi!:tcd ns ~t:rength cJ.&sa SCS, &.cept Pitch Pine i!lld Southern 
l'i.ne (tlSA) should l1£Je thcx fastener loada tabulat:ed for strength classes SC3 and 
SC4. 

tAll grades of llritinh grown Sitka aprucm, British grmm European spt-uce and 
Western Whitewoods (USA) should U!le the fastener loads tabulat:ed for scrength 
clasaes SCl and SC2. 

tFor grades of Henr-F ir (USA) and Spruc.e-Pina-Fir (Canada) in strength cJ.asses 
ot:h®r than SC! and SG2 the values of lateral load perpendicular to the grai.n for 
coach scre,1s, bolts and timber connector·s should be multiplied by the 
joint/class modification factor ~2 which ~~s the value 0.9 • 

. !1£Jchine arac!es HGS and MSS may be substituted for tha GS and SS grades 
respectively. 

A species/grade combination from a higher strangt.h class (see table 8) may be 
used where a lower s i:.reugth class 1.s epeci.fied. 

The S6, 58, MS6 and MS8 grades of the ECJ! 1 Recorrmended Standard for Stress 
Grading of Coniferous Sawn Timber' (1982) ~~y be substituted for GS, SS, ~GS and 
MSS respectively, 

ZZ5141v 22 82/14091 



TABLE 3, 

Strength 
Class 

SCi 

SC2 

SC3 

SC4 

SC5 

sc6 
SC7 

SC8 

SC9 

ES1'IHATED CHARAC'mRISTIC BENlliNG S1'lillSSES 

Bendii1g2Stress 
N/mm 

Equivalent 
Characteristic Stre~· 

(see Note 2) N/mm 
-·--------------

2.8 
1;. 1 

5.3 

7.5 
10.0 

12.5 

15.0 

17.5 
20.5 

5.9 

8.6 

11.1 

15.7 
21..0 

26.2 

31.5 

36.7 
43.0 

------------------------

NOTES ----

L BS 5268 permits all bending ahd tension stresses for members whose depth 

or width is less than 300mm to be increased by a factor K ~ (300/h)
0

' 11 , 

2. The chnracteristie strces-e values arc for 300mm depth and are predicted 

minimum lower 5th percentiles. That is to say they arc the weighted mean 

of 5th percentiles from test samples multiplied by a safety factor, 

Because machine grades and visual grades ,have different safc'Ly factors the 

weighted mean 5th percentiles are different fo1· the t11o methods of grading. 

If the characteristic values quoted above were for visual grades only with 

no safety factor and referred to a 100nml depth the values could be 

multiplied by a factor of approximately 1.60, 
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Load-carrying capacity of dowels 

l. INTRODUCTION 

In connection with the new swiss timber code [l] a few tests on timber-to­
timber joints, mainly connected with dowels, were performed. Since the new 
code gives for these cor.nections sma"iler values than those allowed by the 
german code DIN 1052 [2] Pr by the Cl8-Structural Timber Design Code [3], 
the main purpose of the tests \'las to obtai I' c\n upper limit of the load­
carrying capac-ity. Therefote glued 'laminated timber was used. Due to the 
greater uniformity of glulam, although smaller scatter· of the test values 
could be expected. 

The tests described here were performed with the same joint configuration, 
the only parameter being the thickness of the timber elements. For more 
detailled infonJ,ation see [4J. 

2. DESCRIPTION OF THE SPECIMENS 
-~------~-----------·----

Fourteen tests were performed, with 5 different member thicknesses. The 
jo·ints v1ere buiH up symmetrically and tested in tension. The conf·iguration 
is given in Figure 1 and the thickness of the timber elements in Table 1. 

Fig. 1: Configuration of the 
specimens 11ith 6 
dov1e 1 s ¢ 16 mn 

Table 1: Thickness of the timber elements 

f. 1 . 5 3 4.5 6 7.5 
"' -· -- ------j----1 

am 1.5 d 3 d 4.5 d 6d 7.5d 

as 1 d 2 d 3 d 4 d 5 d 

The timber splices have each 2/3 of the thickness of the main member. 
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3. MATERIAL PROPERTIES 

For the main member and for the splices glued laminated sprucR (picca 
abies Karst.) was used. The relative density was of p = 0.46! 0.02 t!m3 , 
the co1nprcsive st\"ength was about 45 N/mm2 for a moisture content of ll %. 

The dowels were made of steel Fe 360 with a yield point of 262 N/mm2 and 
an ultimate strength of ~04 N/nn2 . 

4. TEST RESULTS 

The results of the 14 tests are shown in Table 2. The scatter was low. The 
final failure occured generally in the side memher through splitting of 
the wood starting in the outer row. For A > 3 failure was always accompanied 
by a pronounced plastic bending of the dowels. 

Table 2: Ultimate load of the joint in kN 

r;-~-----
---·---·- ·-·····--1··--·--------l--·--- ----l 
1.5 3 4.5 I 6 7.5 -·-·-···-- ------+--------· ···--·- ·-·---· 

Test l 

Test 2 

77 123 •
1 

140 159 110 

66 126 133 151 163 

--~~-:---~-- r~~--
middle values 72 
-·--·--·-· --

119 

5. LOAD-CARRYING CAPACITY SY DIFFERENT CODES - ---------·--

5.1 Swiss code 

The swiss code is based on allowable stresses. Per shear plane of a three 
member joi11t with Am • 6 and Aa = 4 the allowable value parallel to 
grain and"for long tem loading is given as 

• 44 . d 1, 7 [F in Newton for d in mml 

For a dO\vel v1ith ¢ 16 mm the allowable value is equal to 4.90 kN. FOl' 
smaller values of slenderness the allowable loads must be reduced in 
proportion; for higl1er values no increase is foreseen. 

The minimum distances observed in tl1e test specimens are those prescribed 
by the swiss code. 

5.2 German code DIN 1052 

The german code allows lower m1n1mum distances between dowels (parallel 
to grain 5 d and perpendicular to grain 3 d) and an end distance of 6 d. 
The allowed loads are nevertheless higher, especially for larger diameters 
of the dowels. 



5.3 CIB-Code 

With density of the wood p = 0.46 t/m3 and a yield strength of the 
dowels of fy = 262 N/mm2 we obtain the load-carrying capacity in N 
per shear plane to 

Fll = min. value. of 
{ 

20. l . 

66.4 . d2 
Al· = 3.3 1m 

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

6. COMPARISON TEST-CODE VALUES 

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

IN/rnrrtl 

60 

40 

20 

CIB-Code 
\ 
I 

42·fji + 12·p·A0 
I 
I 

I ...... -------

,-----~-~--------~~------~~~------\- -~ ....... 
...... .}; 

"'"~~-;;::.- ----~- -:- -... ---
0.82- reduced values 

test values 
(middlo value of 3 specimens) 

0~----~-----+------t------~----~-----4~~ 
0 2 4 6 8 10 12 

Fig. 2: Comparison CIB-Code and test results 

Considerable differences can be noted for the range 3 < \ < 6, even when 
taking the reduced values (due to the shorter minimum distances). A good 
approach can only be achieved by introducing' a third condition (dotted line 
in Figure 2) as it was originally proposed by LARSEN [5] for the CIB-Code. 

In Figure 3 the relation between ultimate loads (short term) and the 
allowable values (long term) is shown for the swiss and gern1an code. As a 
result we found a certain inconsistency of the level of safety. With short 
dowels (Am~ 3) higher factors are obtained. 



Fig. 3: 

Relation between ultimate 
load and ullowable values 

7. CONCLUSIONS 

- 4 .. 

german code 

Actual codps do not take in account the l!ilinecu' relat·ior.sliip betvwen the 
uitimate load and the slender·ness of the clov;cl. i'Joreover tl1c CIB-St:'uctural 
Timber Design Code, as formulated now, gives too high values. A good 
agrccl'••'nt can be attained by introducing a third cordition for· the 
ultin1ate load, as stated in previous proposals. Resides the influence of 
a shorter minim11m dista11ce between dowels in a row (G d instead of 7 d) has 
been overestimated. 
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RES[ARCH R[I~ORT R-. 

REFEr\[NCE 

BOLTED TIMBEr~ JOINTS: A 

LITERATURE SUF\VEY 

N. Hmding 

Harding, N. I 982. Bolted Timber Joints: A Literature Survey. Building Research 
Association of New Zealand. Research Report R-. Judgeford. 
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Frorn Construction Industry Thesaurus, BRANZ edition: Bolts; Bibliographies; Codes of 
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ABSTRACT 

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

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



PREFACE 

This literature survey is the first part of a research programme to be carried out by 

BI'\ANZ to prepare design information on bolted and coach-screwed timber connections, 

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

codes of practice and timber design handbooks. 

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

LITERATURE SUI~VEY 

INTHODUCTION. 

Currently available design information on bolted timber joints loaded in shear concen­

trates on specifying conditions under which a maximum joint load con be developed. In 

practice these conditions ore often highly inconvenient to fulfil and many boiled 

connections ore made which of necessity violate some code rules. Though these 

connections obviously do hove some strength, failure to comply with the rules means a 

code allowable joint load of zero. 

This research programme was conceived with the objective of preparing design 

information on bolted and coach-screwed connections· loaded in shear in circumstances 

not adequately covered by currently available codes of practice and timber design 

handbooks. 

The areas chosen for investigation concern connections which hove end and edge 

distances less than the minima currently specified and those having smaller washers 

than prescribed. These were considered areas in which code violations rnost commonly 

occurred. 

The lest criteria governing the design of timber structures are deflection and strength. 

With regard to the first, the load/deflection data' for bolted joints required by designers 

are not available. With the second criterion, although the bolt loads given in NZS 3603 

hove been derived from ultimate load tests, no indication is given of the ultimate loads 

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

Information on these design criteria will also be provided by this research for joints 

constructed in accordance with code provisions together with details of the 

compmalive behaviour of such 'modifications' to these joints as may possibly be 

necessitated by practical considerations. 

In general, the provisions of the pertinent New Zealand building codes, together with a 
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Iorge number of their overseas equivalents, indicate a wide acceptance of design 

criteria based upon experimental work carried out at the U.S. F ores! Produ.;:ts 

Laboratory during the 1930s and early 19li0s. Research carried out in Europe, notably 

in Scandinavia and the Netherlands during the early post-war years, also appears to 

provide a basis for the formulation of New Zealand and overseas code provisions. 

A survey of literoture relevant to the proposed research was crJrried out prior to 

formulation of a definitive test programme and experimental design. Subjects of 

interest included test and other background data used in preparation of New Zealand 

and overseas code provisions. 

Further investigation was carried out into published data on post research from varied 

sources in on attempt to procure· information of direct relevance to the prop0sed test 

programme, both as a means of evaluating applicable test procedures and to avoid 

unnecessary duplication of earlier research work. Information relevant to the various 

aspects of the proposed research is summarised under the appropriate headings in this 

report. 

This report on the literature survey represents an initial stage of the proposed research 

programme and is intended to provide a basis for discussion cmd suggestions as to the 

subsequent emphasis of the research. The main conclusion is confirmation of the 

suspicion that there was insufficient detailed and replicated information existing on the 

proposed subjects for research. 

DISCUSSION 

Connections which have bolt edge and end distances less than the minima currently 

specified in NZS 3603: 1981 Code of practice for timber design. 

The original experimental work on the strength of bolted timber connections was 

carried out at the U.S. For est Products Laboratory (Troyer, 1932) and is cited in much 

of the other reference material. No evidence of prior research has been found apart 

from a study, again at Forest Products Laboratory, of aircraft bolts (Trayer, 19?8). In 

Trayer's own words; " ... no extensive series of actual strength tests of ordinary bolted 

timber joints from which safe working values might be selected with assurance has 

heretofore been made." This would appear to be true. 
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Trayer's recommendations have been incorporated, with very little modification, into 

the relevant bui I ding codes of Australia (A.S. 1720-1975; S.A.A. Timber Engineering 

Code), Canada (Canadian Wood Construction WJ4 1977 Connectors ond Supports), 1'-lew 

Zealand (NZS 3603:1981), the United Kingdom (CP. 112: Part 2: 1971 The Structural 

Use of Timber) and the U.S.A. (Notional Design Specificatio:-o for Stress-Grade Lumber 

and its Fastenings 1971). It seems quite likely that many other countries will have 

incorporated at least some of Trayer's recommendalions into their own relevant codes 

of practice. (Booth and Reece, 1967). 

In Australia, modifications were made for the use of 

inherently high incidence of splitting during drying. 

green hardwoods, with their 

The working loads for the 

relatively low-densi·ty, North American timber species were extrapolated to apply to 

the considerably higher strength Australian timbers. These modifications, as specified 

in AS 1720-1975, were subsequently adopted by New Zealand far incorporation in NZS: 

3603. f.>reviously the building codes of both countries corresponded more closely to 

Trayer's figures. 

A comparison between Trayer's figures for minimum end and edge distances and t·hose 

minima specified in the publications cited above is. given below: 

Trayer 

Load p9rallel to J]roin 

End distance 

7D Softwoods (loaded end) 

SD Hardwoods (loaded end) 

4D (unloaded end) 

Edge distance 

1.5 D "usual practice requies ... 

Building Code 

7D {WJii 1977, CP 112, NDS 1971) 

8D (AS 1720, NZS 3603) 

5D (W JL1 1977, NDS 197 I) 

No proviso for hardwoods in other codes. 

4D (WJ4 1977, CP. 112, NDS 1971) 

5D (AS 1720, 1'-IZS 3603) 

20 (AS 1720, NZS 3603) 



l 
I 
1 

half the distance between bolt 

rows" 

N.B. Troyer specifies a normal 

minimum 40 spacing between rows 

of bolts. 

Loud perpendi,;ulaJ: to groin 

End distance 

Not specified 

Edge distances 

lfD (loaded edge) 

" •.. relatively unimportant" 

(unloaded edge) 

4 

1.50 (JI1 1977, CP 112, NOS 1971) 

4D(WJ41977,CP 112,NOS 1971) 

Not specified (AS 1720, NZS 3603) 

40 (WJ4 1977, CP.112, NOS 1971, AS 1720, 

NZS 3603) 

20 (NZS 3603) 

1.50 (W Jlf 1977, 1'-105 1971) 

Not specified (AS 1720, CP 112) 

Trayer refers to tests carried out to determine the proper margin and spacing of bolted 

joints. However, no data is quoted from the resul·ts obtained in support of recom­

mended minimum distances- which presumably included same form of safety foetor. 

Although outside the scope of this investigation, it is of interest to note that other 

recommendations included in Trayer's report concerning the undesirability of using 

staggered-bolt joints, loaded parallel to the grain, have not been confirmed in 

subsequent research by various organizations. (l<unesh and Johnson, 1968; Wilkinson, 

1980). Kunesh and Johnson's resul Is indicated that the performance and efficiency of 

such joints equalled or surpassed those of joints with bolts in regular patterns.· (i.e. 

placed opposite each other in uniformly-spaced rov.'s, parallel to the direction of the 

applied load.) 

In the introduction to their report Kunesh and Johnson describe their work 0s part of a 

wider investigation, by the United States Department of Agriculture, For est Research 

Laboratory, of factors relevant to the performance of bolted timber joints. ,~.s Troyer's 

recommendatio;<s appeared in an earlier publication by this organization it is interesting 

.. 
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to find these faclors, which include the effecl of end dist once on joint strength, 

referred to by l<unesh and Johnson as, "not studied intensively at earlier times," with all 

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

One further reference of note was a tentative summary of tests on bolted plywood 

joints. These tests, carried out at the University of Washington in 1951 for the now 

defunct Douglas Fir Plywood Association, indicated that assumption of a load reduction 

in direct proportion to the end or edge distance reduction was highly conservative, for 

reductions of up to 50% of the minimum end and edge distances required to develop full 

timber bearing strength. Further work wos to be carried out to investigate the 

relationship between loads and reduced end and edge margins. No further reference to 

this work could be obtained from any source and the University of Washington was 

unoble to confirm that such research hod in fact been carried out. 

Connections which hove smaller washers than those cun·ently specified in NZS 3603. 

From available data (Noren, 1948, 191!9, 1951; Trayer, 1928, 1932; Wilkinson, 1971) it is 

clear that washer dimensions hove been principally designed for applications in which 

bolts ore acted upon by a direct tensile force (i.e. anchor fixings). This is logical as this 

situation would represe11t a 'worst case' of loading for the joint and by increasing the 

bearing area beneath the bolt· head most of the fu!l tensile strength of the bolt may be 

utilised before failure of the joint occurs due to embedment of the washer and bolt head 

into the timber. 

In the case of coach-screws, additional criteria governing the dimensions of hole sizes 

for both shank and threaded portion and depth of penetration into the main member ore 

strictly specified (I'>JZS 3603, AS 1720, CP 112, WJ4 1977, NDS 1971) in order that the 

maximum resistance to withdrawal of the joint should approximate the maximum 

tensile strength of the coach-screw. (New! in and Gahagan, 1938). 

As the tensile strength of a bolt and the compressive strength of timber are both 

functions of area one moy expect a fairly constant relationship to exist between the 

beorin9 area of washers and the cross-sectional· area of the maximum bolt size 

permitted under code provisions for use with each respective washer size, equivalent to 

the relationship between these strengths. In a 'worst case' situation with a weak timber 
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(compressive strength 2.5-3.0 N/mm<) this relationship would be around 10 or 12. 

Considering the provisions of NZS 3603: 

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

Min washer size 25 x 25 mm 50 x 50 mm 65x65rnm 75 x 75 mm 

Washer thickness 1.5 rnm 3 mm 5 mm 8 mrn 

Bolt cross-sec area (A) 50 mrn < 110 mm' 310 mm< 

Washer bearing area (B) 550 mm< 2300 mm< 3700 mm< 5500 fYim< · 

B/A II 21 12 * 

•B/ A = II for bolt diameter 24 mm 

For bolts of 8 mm and 20 mm diameter the relationship between bolt cross sectional 

area and washer bearing area is of the order expected. The washer specified for use 

with 12 mm bolts (and I 0 mm) appears somewhat oversized and a washer 35-40 mm 

square would scoem adcoquate. 

Of intcorest ore the results of on invcostigotion carried aut into the k1hcral bearing 

strength of wood under the embedment loading of fasteners (Wilkinson, 1971 ). These 

include a maximum load of around 21 KN achieved during on embedment test on 

Douglas Fir, using a 19 mm dio. bolt with a washer bearing area of 11+97 rnm'. The 

fastener bearing area was thus very similar to that of a 1+0 x lrO mrn square washer with 

a hole size intended for belts of 8-12 mrn die. The failure of this joint, due to 

embedment of the washer, occurred at a loading of similar order to the expected 

maximum tensile strength of a 12 rnm steel bolt and is further indication of the 

adequacy of washers somewhat smaller than specified by f'.jZ5 3603 to provide 

embedment resistance for fastener heads, insofar as the direct tensile component of 

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

The function of washers in joints under laterol looding is more problemotical in the 

load/deflection relationship of a bolted joint. Two values are of particular interest: the 

proportionol limit load, ond the yield point load. The relationship of the former to the 

chosen safe working load is the factor of safety against creep. The ratio of the yield 

point load to the c'Jfe wod<ing load giv"s an indication of the joints safety against shor.t 
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term load. 

Available data (Noren, 1948, 1949, 1951; Vermeyden, 1980) indicate that the friction 

forces induced by bending of the bolt under lateral loading are highly dependent upon 

the size of the fastener head and have a considerable influence on the load/deflection 

characteristics of bolted joints with low slenderness values. As the slenderness value 

(i.e. the ratio of the member thickness to bolt diameter) increases this effect assumes 

less importance as shown below: 

Slenderness Washer Pp(kN) PF(kN) Pmax (kN) 

None 2.5 4.6 5.4 

I. 83 40 x 40 x4 rnm 3.2 11.3 14.1 

90x90x!Omm 4.3 13.2 27.9 

None 3.8 8.3 9.9 

3.66 40 x 40 x 4 mm 4.6 12.2 22.3 

90 x 90 x 10 mm 4.9 13.7 35.8 

7.28 None 5.7 12.0 13.7 

90 X 90 X 10 mm 5.8 12.7 29.0 

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

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

proportional to the load). 

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

each small load increment). 

For purposes of comparison, Noren assumed Pp and PF to occur at defleclions of I mm 

and 10 mm respectively. 
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If either the proportional limit load or the yield point load are used as the criterion for 

specifying the safe working load of a bolted joint, loaded parallel to the grain, at a 

slenderness value of 3.66 the 40 rnrn washer offers a performance almost equal to the 

large, 90 mm washer. At a slenderness value of 7.28 the use of a washer appears 

irrelevant. The larger washers do provide a greater facior of safety for maximum load, 

however. Noren describes maximum load as a "!ypical laboratory value" strongly 

dependent upon rate of loading and sugge->ts that the ;,ield point mcy in practice be 

equated with failure load. 

This conforms to the provisions of AS 161!9-1974 (Methods for the determination of 

basic working loads for metal fasteners for timber) in which the 'maximum' lateral load 

for a dowel type timber connector from which the basic working loads are calculated, is 

specified as the load giving a joint deflection of 12.5 mm under the prescribed test 

conditions. 

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

exhibited a similar pattern of behaviour. (Noren, 1948, 191!9, 195\). 

Joints in double shear ore much less sensitive to t:1e effects of washer size than joints 

of similar slenderness ratio in single shear. The maximum load attainable by these 

joints is also virtually unaffected by washer size beyond slenderness rotios of abc,ut 4. 

(Noren, 191!9, 1951; Vermeyclen, 1980). 

Ultimate Strength Design- Load/Deflection relationships. 

Numerous analytical models (various authors, see I) exist to predict the behaviour of 

timber joints with dowel type connectors. Whilst differing widely in form all provide 

comparable results and are based generally upon data from tests carried out up to 

deflections of 10-15 mm. The maximum loads obtained by Noren and cited earlier were 

attained only after deflections of tho order of 20-30 rnm and were in fact largely due to 

the friction induced by this large deformation. 

The methods of test have evolved from obscure origins together with ways of assessing 

the values to be put upon various criteria affecting the results. The remaining 

experimental evidence in their support appeors ·;o be t:<at structures designed according 

to the building codes resultant from such testing huve in general remainced standing. 
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Considering AS I61J9 which has been adopted by New Zealand with slight modification 

as the basis for fastener loads not given ·in NZS 3603, two methods ore cited for 

calculating load per fostener in laterolly loaded joints, one based on the load at a given 

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

A designer can thus never know which of these criteria he must use regarding basic 

working loads. It would perhaps be better to consider joint strength and joint 

deformation seporotely. Knowledge of the ultimate strength of timber joints is 

particularly important in orcas subject to earthquake loads where design to prevent a 

particular collapse mode of a structure may be necessary. 

The results of Noren's research into the influence of washer size ore of great interest 

here as they indicate thot while the size of the washer may hove relatively little effect 

on joint performance (at slenderness values greoter than Lj) under any normal loading 

condition, the monner of foilure under gross overloading may be greatly modified by the 

use of adequate washers. Maximum loads for joints in single shear equal to those 

attained by double-sheored joints, albeit· at deflections in excess of 30 mm, were 

reached and indications were that with adequate woshers such joints would foil by 

'subsidence' rather than 'collapse' (i.e. a ductile rather than a britlle failure) with 

possible advantageous consequences for the inhabitants of buildings featuring such 

joints. 

In early work (Trayer, 1932) the proportional limit load was chosen as a basis for 

assessing the working load of a bolted timber joint. This was done on the grounds that 

it was more reliably predicted from the compressive strength of the wood in bearing 

under the bolt and from the yield moment of the bolt itself than the maximum load on 

which other factors such as friction and spliHing have their effect. The size of the 

proportional limit load is dependent on how rapidly the load is applied. At its lowest 

value this load lies at the creep limit. Troyer chose a loading rate of 0.66 mm/min in 

what appears to be an attempt to achieve a 'worst-case' situation by applying the load 

as slowly as possible. Subsequent research (various authors, see 2) has tended towards 

using a rate of around 1.0 mm/min presumably in an effort to atloin a convenient time 

of I minute to reach proportional lirnit load. No extensive research into the effects of 

loading rate seems to have been carried out with regard to bolted joints. Testing of 

nailed timber joints subjected to lateral loads at a variety of strain rates ranging from 

0.25 to 12.7 mm/min indicates no significant variation in the load/deformation curve or 
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the ultimate load capacity of such joints. (Hall and March 19611). Vibrational loading 

tests carried out on similar nailed joints together with some bolted joints (Wilkinson, 

1976), indicated that joint stiffness increased considerably under such loading as 

compared to static loading. These tests were carried out at levels of load, frequency 

and acceleration typical of earthquakes, based .on availoble seisrnogroph records. 

Apparent loading rates (defined by Wilkinson as displocernent divided by the time for 

one holf cycle of loocling) during vibrotionol loading varied from 10 to 38 mm/min, 

considerably in excess of those used by Hall and Morch. 
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Test Specimen Variables 

The behaviour and strength of bolted timber joints are influenced by too many factors 

for all combinations to have been adequately covered in test. It would probably not be 

feasible to do so. While. the factors under investigation moy have differed and 

researchers have not always agreed in their conclusions, several aspects have been 

common to almost all cases and in these a1 least there is tacit agreement on their 

importance. 

a. Whichever factor was under investigation, single bolt joints were also 

constructed as 'controls' and tested under similar conditions to the remaining 

specimens. These were generally two-member joints in single shear as are used 

in NZS 3603 to define basic working loads. (various authors, see 3). In some 

cases, where the behaviour of multi-member joints was of concern, three­

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

b. Joints were constructed for tests both parallel and perpendicular to the grain 

unless a specific situation was under review and for which one of these directions 

could be discounted. Honldnsons' formula was considered applicable for all 

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

c. Specific gravity tests were often carried out rather than assuming a nominal 

species value from tables. Timber crushing strengths were generally assessed for 

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

Tensile and bending tests of bolts were carried out when these were unkown 

quantities or when significant variation in the quality of the bolts was suspect. 

(various out·hors, see 6). 

d. Most sources favoured a uniform loading rote of approximately I mm/min. 

(various authors, see 7). (Mack, 1981) used a rate of 2 mm/min and (Mcloin, 

1975) a rate of 2.54 mm/min, A.S. 1649 specifies a rate of 1.25 mm/min. In 

some cases an initial small lauding was applied to take up slack in the joint. 

More complicated arrangements utilizing loading to failure in increments, after 

each of which the joint was either wholly or partially unloaded or a loading pause 

of 30 sees to I minute, allowed for creep to occur, were sometimes to be found. 
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e. Joints were both constructed wet/tested dry and constructed dry/tested dry. It 

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

f. Slenderness was considered of greater importance than bolt diameter in its 

effect upon joint behaviour. (various authors, see 8). Most researchers have 

utilised ~ inch or 12 mm bolts in their tests o, these sizes or<' the most 

commonly used in construction. 

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

investigations. 

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

subsequent research. 

g. In reported tests, bolt hole sizes varying from 0.97 times the shank diameter to 

shank diameter plus 5 mm have been used for similarly sized bolts. Not, 

unfortunately in directly comparable circumstances. (various authors, see 9). 

General agreement can be found on the desirability of a bolt hole size as close as 

possible to bolt diameter, without the necessity of hammering the bolt through. 

Quite how this is to be specified is a matter for conjecture. The building codes 

of many countries specify maximum hole sizes of around shank diameter plus 1.5 

mm and often less with the smaller bolt diameters. To what extent this close 

tolerance is based on practical experience or laboratory testing is not clear. 

Troyer, upon whose work many code provisions ore based, states only that, 

... "The bolt holes should be of such diameter that the bolts con be driven easily. 

When the thickness of limbers is great this requirement may meon the boring of 

holes oppreciobly oversize. This, however, is preferable to forcible dri'.;ing ... " 

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

h. Friction between members was recognised as on important factor in joint 

strength and behaviour. (various authors, see 10). 

Though a significant amount of friction between members drawn together by 

joint deformation was unavoidable during the later stages of test, cure woo taker• 

to minimise the effects of friction up to proportional limit load. Nuts were 
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variously 'finger-tight', 'bock half a turn', or 'slightly loose' in efforts to reduce 

friction. While this slight loosening of the bolts was also considered advan­

tageous in that it simulated the possible effects of shrinkage, it was recognised 

that undue slackness in the joint would allow greater deformation of the joinl. 

The variation in the possible effects of friction upon joint strength and behaviour 

appears to be a major reason for selection of the proportional limit load as a 

basis for estimation of basic design loads. 

i. Unless failure had clearly occurred beforehand, joints were generally tested to 

deflections of I 0-12 mm and then deemed to have foiled. They had exceeded 

their proportional limit load at this stag<= and further deflections would not, 

presumably, be contemplated by designers. Where joints were tested to greater 

deflections, this was done for the most part to obtain a clearer indication of the 

type of failure. (crushing, splitting, shear etc.). (Doyle, I 96~; Larsen and 

Reestrup, 1969; Vermeyden, I 980). 

j. It was recognised by mony researchers that factors such as seasoning, rote and 

type of loading, bolt hole size and slenderness were important because of their 

effect upon the proportional limit load and initial deflection rather than 

maximum joint· strength, upon which their effect was considered minimal by 

comparison. (various authors, see I I). 

The desirabili1y of maximum joint strength as a basis for design criteria was 

mooted, without clear indications as to how this should be assessed. Suggestions 

were also made for the relation of design loads to the minimum expected levels 

for maximum load, or for the emphasis to be placed on strength and displace­

ment values for specific applications rather than trying to generalise. (various 

· authors, see I 2). 

Earthquake Loading 

For determination of design loads under any conditions the basic data are taken from 

short-term loading tests such as those described in the Australian Standard used in New 

Zealand, AS 1649. These, modified by information from adequately replicated and 

properly controlled long-duration testing when this is available, together with loud 

duration and safety factors, are deemed suitable for permanent loadings and modifi-



14 

cation factors for varied conditions of live, short-term and impact !coding applied. 

These data do not truly represent the results of long-term loading and the modification 

factors are surely educated guesses. The adoption of a more realistic method of 

assessing loads has been suggested. (Mclain, 1975; Thurston and Flack, 1979; Wood, 

Cooney and Potter, 1916:) 

Little informalion exists to provide a simple description of the motion induced by 

earthquake loading and different structures will probably behave differently under 

similar conditions. Two systems of test can be considered, taking either deflection or 

load as the governing criterion. 

An illustration of the first test (Thurston and Flack, 1979) concerned nail-plate design, 

and cyclic loading tests were compared with the results obtained from monotonic 

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

tension and then pushing in compression up to an applied load approximately equal to' ' 

the proportional load limit obtained from earlier monotonic testing. The test was 

subsequently controlled by deflection with two cycles of load applied at deflections of 

+0.4 mm (deflection at proportional load limit), 0.8, 2.4, 3.2, 4.0 and 4.8 mrn or until 

joint failure, whichever occurred earlier. 

In general, stable load/def:ection."hysteresis loops were generated up to deflections of 

+4 mm. The authors considered this to correspond to deflections of +8 mm in 

timber/timber joints. Less than 10% of specimens tested exhibited significant 

reductions in peak load at these deflections with respect to those obtained during 

monotonic loading. Loading was carried out at the rate of I mm/sec during both cyclic 

and monotonic loading tests. 

In an example of the second test system (Wood, Cooney end Potter, 1976) which 

included tests carried cut on bolted joints, monotonic loading was again compared wi'!h 

cyclic loading. All leading was carried out at the rate of 0.5 kN/sec. Cyclic loading 

consisted of two cycles each (startinq with tension) of :J:3, 5 and 9 kN, four cycles of :':12 

kN and then cycles to failure, increasing maximum tension and compression load by 2 

kN each cycle. Similar displacements were obtained at the working strength design 

lead of 12 kN in beth cyclic and monotonic testing. Insufficient testing was carried out 

to determine the reduction in ultimate load capacity caused by cyclic loading but 

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

maximum capacity. 

An alternative cyclic loading sequence was recommended for future testing in which 

the load would be token, in the first cycle, up to the proposed working strength design 

load and ten cycles carried out at that level before incrementing to the failure cycle. 

This has many similarities with the system used by Thurston and Flock. 

Little information is available on the effects of high roles of load cycling. At low 

rates, os used in the above examples, the envelope of peak loads with each increment of 

cyclic loading appears to conform quite closely with the load/deflection curve obtained 

from monotonic loading of similar joints. (McLain, 1975; Thurston and Flock, 1979; 

Wood, Cooney and Potter, 1976). In each of these instances, both cyclic and monotonic 

loadings were carried out at similar rates; perhaps a similar conformity exists at other, 

higher loading roles. 

Permissible locdings ore probably more frequently set by deflection rather than 

strength criteria, if only to avoid subsequent damage to non-structural components and 

to eliminate excessive structural oscillation under ordinary conditions of live loading. 

In these instances there would tend to be a consideroble sofety factor for ultimate 

strength under normal design loads. 

Whilst the results of tests carried out by Wood, Cooney and Potter indicate that 

ultimate strength may not be significantly reduced by even quite severe cyclic loading, 

a considerable reduction in joint stiffness also occurred. In their cyclic test regimes 

described previously, initial deflections of, typically, 2 mm obtained in the first loading 

cycles had risen close to I 0 mm towards the end of the test for the some applied lood of 

3 kN. 

If deflection had been the governing criterion these joints could well have been 

considered 'failures' long before ultimate joint load had been reached. Similarly, the 

loss of stiffness observ.cd could mean that a joint which can perform in a satisfactory 

manner when subject for the first time to heavy wind or earthquake loading may 

subsequently net meet locd/deflection criteria under normal design loads. In proctice, 

such losses in stiffness migh1 be overcome by grouting the joint with epoxy resin or by 

applying additional bracing to the structure. However, other research (Wilkinson, 1976) 
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indicates that joint stiffness may increase under high rates of cyclic loading, more 

typical of actual earthquake conditions, presumably this would be accompanied by 

increased stresses in the structural members themselves. 

The work carried out by Wood, Cooney and Potter, was intended primarily to check the 

adequacy of new code requirements proposed for sub-floor bracing. Test specimens, 

designed lo conform with sections of full-size floor slru.:tures were tested under 

loading conditions which duplicated the stress and strain patterns, in actual usage, of 

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

The overall capacity of the specimens, under cyclic loading, was generally found to be 

governed by splil"ling of the joist and not the ultimate load capacity of the bolted joint, 

despite losses in joint stiffness. Such failures may also occur in other applications but 

further inforrnotion on the ultimate strengths of timber joints, which would assist a 

decision as to whether timber or joint failure would be the g'werning criterion for a 

specific structure appears to be unavailable. Under flexural loading, timber is likely to 

fail in a brittle manner and a timber structure therefore relies, to a large extent, UjJOn 

the ductile behaviour of its metal fasteners to provide any flexibility necessary to resist 

such failure. This ductility may conflict with the required joint stiffness when 

deformation is the governing criterion in a structure. 

Further information on the load/deflection characteristics of bolted joints would 

perhaps assist in the selection of an optimum design compromise between strength and 

deformation requirements, for which adequate data is at present unavailable. 

CONCLUSION 

This literature review confirmed the suspected leek of detailed and replicated research · 

information on the subjects proposed for research. It also revealed that certain design 

criteria in current use have arbitrary origins and may therefore be suspect in practice. 
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BOL lT:D TIMBER JOINTS: 

PRACTICAL ASPECTS OF CONSTRUCTION AND DESIGN: 

A SURVEY 

INT11.0DUCTION 

A research project is to be carried out by BRANZ to prepare design information on 

bcilted timber connections, loaded in shear, in areas which are not at present adequately 

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

a) Connections which have bolt edge and end distances Jess than the minima 

currently specified in NZS 3603:1981, the Code of Practice for Timber 

Design. 

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

NZS 3603. 

c) Ultimate strength design values of bolted joints. 

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

type of loading. 

A survey of literature relevant to the proposed research was carried out prior to 

formulation of a definitive experimental design. The results of that survey, together 

with further background information on the inception of this research programme are 

discussed in an earlier report (Harding, 1983). In general the literature survey 

emphasized the lock of detailed and replicated research data available in the proposed 

areas of investigation. Rather more surprising were the tenuous and sometimes 

arbitrary origins of certain design criteria revealed by the survey. 

A further survey has been carried out to examine the practical aspects of typical jo;nts 

and bolt sizes currently employed in combination with different forms of construction 

in current use. The availability and demand for various components (i.e. bolts by 

diameter, length, coating and head type; washers by thickness, size and coating) were 

also considered. 



2 

The survey was intended to assist in the design of the subsequent experimental 

programme and was thus somewhat limited with this objective ·in mind. This report on 

the results of the survey represents a subjective interpretation, by the author, of 

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

components from divers areas :throughout New Zealand and cannot be proved to any 

significant deSJree, rather it adds to the ger.eral knowledge of the situation f:-om which 

the programme was originally conceived. 

The report is intended to provide a basis for discussion and suggestions as to the 

subsequent emphasis of the .research. The main conclusion is that the building code 

provisions, with regard to bolted timber joints, are commonly violated and seldom 

enforced. 

. 
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THE USE AND AVAILABILITY OF COMPONENTS 

General 

The use of bolted timber joints was confined almost entirely to foundation bracing and 

pole-f rome structures. For other applications, nailing or stapling offered more 

convenient methods of fixing and bolted joints were used by builders only where obliged 

by the provisions of a 1\lew Zealand Standard relevant to a particular structure, or to 

meet a specific design requirement. 

In most districts, especially those close to the main centres of population, components 

suilable for bolted joints as specified in NZS 3603 were readily available- although not 

necessarily utilized. Of interest were the definite local "preferences" for particular 

types and sizes of components revealed by the survey. These are discussed in further 

detail under their specific headings, but it is noteworthy that other types and sizes of 

component were not generally available in these districts, having "minimal demand", 

according to the suppliers, or being "difficult t<;> obtain", in the experience of the 

builders. Coach screws were not ge,nerally available in quantity nor were bolts of sizes 

· greater than 12 x ISO mm. 

Bolts 

The largest numbers of bolts held in stock and used by the industry were ISO mm in 

length, 100 mm bolts were the smallest in common usage. Depending upon local 

preference the bolts were of either I 0 or 12 mm 'diameter and either hexagon-headed or 

coach-bolts. Most of the bolts were zinc-coated although the use of black bolts or plain 

mild-steel bolts was common in some areas. 

N.B. In this report the term "zinc-coated" refers for the most part to hot-dip 

galvanized components. A considerable number of zinc-plated components were 

observed in use and these are also included in the term. With regard to bolts these 

occurred largely in 10 mm diameter.· 

The particular bolt type most commonly found was the 12 x ISO mm, zinc-coated 

coach-bolt. These probably account for well over half of all bol1s used by the industry. 

Coach-bolts of I 0 and 12 mm nominal diameters are also available in a reduced-shank 

version, some 1.5 - 2 mm less in diameter than the nominal-sized bolts. A clear 
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distinction between the two types was nat always mode in proctice, either by users or 

suppliers. 

In general, where longer bolts were required I 2 mm nominal diameter threaded rods 

were used, most commonly in lengths of either 200 or 300 mm. These were the only 

sizes found in significant quantities. Only a very few 20 mm diameter rods were noted 

and apparently, these ore seldom used, multiple I 2 mm bolted joints being preferred. 

Most of the threaded rods were golvanised but, in some districts, block bolts or 

uncoated mild steel bolts were the preferred type. 

Cooch Screws 

The use of coach-screws was avoided by all builders, long threaded rods or t1·onsverse 

nail plates being used in their place wherever possible. Their unpopularity was due to 

the tedious nature of the fixing method and .also because of subsequent difficulties in 

assessing the hole size and the method of "driving". Problems of splitting and 

drying/shrinkage crocking associated with the close tolerances required by the code 

were also mentioned. 

Although no coach-screwed joints were encountered during the survey, descriptions of 

fitting methods used in the post were common. Typically, these involved screws 

hammered into holes of shank diameter to depths well below that required by NZS 3603 

for correctly fitted coach-screws. Given the somewhat fiddlesorne nature of coach­

screwed joints constructed in accordance with the code, the occurrence of such 

"modifications" is not altogether to be unexpected and appeared to be regarded as 

unavoidable by both builders and designers. Except in "one-off" applications, for which 

adequate supervision would be feasible, coach-screws were not considered by either to 

be appropriate for structurol purposes. 

Washers 

For bolts up to I SO mm in length, round washers of 28- 38 mm external and 14-

I 7 mm internal diameters were commonly used. These washers were of t"o distincJ 

types: 1.5 mm zinc-plated (engineering washers) and 3 mrn thick, either galvanized or 

uncoated, mild steel. Mast common were engineering washers of 28 or 35 mrn external 

diameter (c. f. a head diameter of 27 mm for I 2 mm diameter coach-bolts). The 38 mm 

engineering washers sometimes found hod a large internal diameter of 20 mm and 

required the use of a second, smaller washer - not always provided - to supply a 

supposedly adequate bearing for the bolt heads. 
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Washers as specified in NZS 3603 for use with 10 and 12 mm diameter bolts (i.e. not less 

than 50 x 50 mm square x 3 mm thick, or round and of equivalent thickness and bearing 

area) were seldom found with these bolts. Their use was considered to be superfluous 

under the nuts of coach bolts, but they were no more commonly found in combination 

with hexagon-headed bolts. These Jorge washers, in galvanised or uncoated mild steel, 

achieved wider usage with the longer bolts in pole-frame structures. Similar 

50 x 50 x 3 mm washers, - with suitably larger holes, - were also used with 20 mm 

diameter bolts instead of the 65 x 65 x 5 mm washers required by NZS 3603. 

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

formed a small proportion of the total. 

Apparently washers are normally provided along with the bolts by the supplier - the 

builder merely ordering "3603 bolts and washers". The size of the washers is therefore 

liable to vary, depending on which supplier is patronised. This was given as an excuse 

for non-compliance by one or two builders, but builders generally considered washer 

sizes, as specified in the code, to be excessive and did not see any need to justify their 

use of the sn1aller sizes. 

Whilst little concern was expressed by designers regarding the reduced sizes (c.f. 

NZS 3603) of washers commonly used in bolted joints, some trepidation was felt over 

the widespread use of the 1.5 mm thick engineering washers. These were though·i to 

provide inadequate support for the bolt--head, being more liable to deform under load 

than similar 3 mm washers. This objection has a greater relevance to anchor fixings 

than to joints loaded in lateral shear and seems something of a nicety while reductions 

of up to 80% in the code required washer bearing urea are at the same time considered 

of minor import. The behaviour of anchor fixings in not within the scope of this 

research programme, nevertheless observations during the survey indicated that 

washers as specified in NZS 3603 are no more commonly used in these fixings than in 

other joint types. 

Timbers 

The only timbers noted during the survey were Radiata f>ine anci Douglas Fir. These 

were almost invariably of either 50 or 75 mm thicknesses ex•.~ept in the larger pole­

frame structures where I 00, 150 and 200 mm timbers were also encountered. 
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THE PLACit'-IG OF BOLTS 

General 

In most situations no real problems existed to prevent compliance with the strictures of 

NZS 3603 regarding the placing of bolts, with the possible exception of bolt hole siz.e. 

Bolt roles were always drilled 2-3 mm greater than bolt diameter (c.f. NZS 3603 

specified maximum: bolt diameter + 1.5 mm). Problems of splitting, drying/shinkage 

cracking and with passing bolts through multiple-member joints were given as reasons 

for non-compliance. Bolt shank diameters were considered by many users often to be in 

excess of nominal sizes thereby making the close tolerances required by the building 

code to be impracticable. 

Most builders appeared quite conversant with code proviSions concerning end and edge 

spacings of bolted timber joints but were unconvinced of their validity. No problems or 

failures hod yet been experienced using components or spacings of reduced dimensions 

and their joints were "never questioned" by building inspectors. Many builders were 

clearly of the opinion that "scientists" had prepared the building codes, basing them on 

a mass of laboratory testing with little· regard to any practical considerations 011d 

having limited relevance to actual structures. This was a view shared by many 

designers. Little scientific justification for the relevant code provisions was revealed 

by our literature search. 

Edge Distance 

For joints loaded parallel to the groin the edge distance of two holt diameters specified 

in NZS 3603, which for the commonly used I 0 and 12 mm diameter bolts approximates 

the old familiar inch, is a distance easily judged, it "looks right" and there was little 

evidence of it being greatly undercut. Unfortunately, similar reasoning must occur 

when the joints are loaded perpendicular to the groin, for the minimum distance to the 

loaded edge of four diameters allowed by NZS 3603 also showed a tendency in proctice 

towards two diameters. Edge distances of 2.5-3 diameters were quite common in such 

joints. 

End Distance 

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

parallel to the grain was thought excessive by most builders and frequently dis1·egarded. 

End distances as low as four diameters were not uncommon. 
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No minimum end distances are specified in NZS 3603 for loadings perpendicular to the 

grain. In applications where some such criterion would be necessary a practical 

minimum is constrained by the splitting characteristics of the timber, but some tensile 

force is also likely to exist. However, no such applications were noted during the 

survey. It is of interest to no~e that the corresponding codes of Canada (Canadian Wood 

Construction WJ4, 1977: Connectors and Supports); Great Britain (British Standard Code 

of Practice CP 112: Part 2: 1971. The Structural Use of Timber) and the U.S.A. 

(National Design Specification for Stress-Grade Lumber and its Fastenings. 1977), 

specify a minimum end distance of four diameters for bolted timber joints loaded 

perpendicular to the grain. An experimental bases for this distance, which corresponds 

with the minimum unloaded end distance for bolted joints acting parallel to the grain 

specified by these codes, did not emerge during the earlier literature survey. 

ULTIMATE STRENGTH DESIGN- LOAD/DEFLECTION RELATIONSHIPS 

The ultimate resistance of a structure against collapse depends upon either ultimate 

joint strength or the strength of the structural members themselves. Timber is not a 

ductile material and, when subject to large deformations such as those resultant from 

earthquake or high wind loading conditions, depends upon the ductility provided by its 

metal.fosienings (i.e. their deformation) to avoid collapse. With deformation more 

often the criterion governing joint design, most joints are designed to incorporate a 

considerable degree of stiffness under normal working loads. In the view of many 

designers, this joint stiffness ensures that failure of the timber members is almost 

always the governing criterion of structural failure and present code requirements 

oblige the use of needlessly strong joints, -"putting 20 kN joints in I 0 kN structures", as 

one described it. This view is to some extent supported by the r:=sults of post research 

work (Wood, Cooney ond Potter, 1976). A common sentiment appeared to be that 

current design requirements were based upon tests carried out on components and, as 

such, had limited relevance to the behaviour of the structure as a whole. This is an 

interesting parallel with the views expressed by many builders and may explain the 

general lack of concern expressed by designers with regard to violations of code 

provisions for joint design. 

The acquisition of adequate lood/deflection data, particularly in relation to cyclic (i.e. 

simulated earthquake) loading, was considered highly desirable by all designers. A clear 

need was felt for separate consideration of load and deflection data in joint design. 

This would allow consideration of the likely failure mode to be incorporated during the 

design stage and for optimum design values for load and deflection, having regard to 

structural safety, to be chosen. 
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DISCUSSION 

The lack of confirmatory data together with the arbitrary origins of certain design 

criteria (Harding, 1983) provide unconvincing evidence of the need either to conform 

with or to enforce the strictures of NZS 3603 with regard to bolted timber connections 

loaded in shear. 

Experimental evidence (Noren, 1951) suggests that washer size may hove little effect 

on the lateral shear strength of joints with the slenderness values (i.e. the ratio of the 

member thickness to bolt diameter) commonly used in construction (i.e. greater than 4) 

and the belief that structural failure may be a function of member strength rather than 

joint strength in a timber structure is also supported (Wood, Cooney and Potter, 1976). 

Work at the United States Forest Products Laboratory (Wilkinson, 1976) has indicated 

that joint stiffness may increase or,der high rates of cyclic loading typical of actual 

earthquake conditions. Thus, for a given deformation limit a joint may carry 

considerably more load during an earthquake than under static conditions. 

These ore only indications of an undue conservatism in the building code and do not take 

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

At present, breaches of the building code commonly occur with regard to minimum ' 

dimensions of bolt-hole diameter, distance to loaded ends or edges and washer sizes. 

The most flagrant violations occur with the widespread use of coach-bolts, - implicitly 

forbidden in structural applications by section 4.4.1.2 of NZS 3603 which specifies 

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

Bolts available in New Zealand, manufactured to tolerances allowed in AS 1111-1972: 

ISO Metric Hexagon Bolts and Screws, further complicate implementation of code 

provisions regarding bolt-hole diameter. Variations in bolt diameter approximate the 

maximum leeway of 1.5 mm allowed by NZS 3603 and strict conformance with the code 

is barely feasible without individual measurement of each bolt. If the bolt diameter 

referred to in NZS 3603 is assumed to be the nominal diameter (although the code does 

not state this) the definition of maximum allowable hole size is thus shown to be 

somewhat crude, ~ D + (1.5 + 50%), - implying acceptable diameters in excess of 

D + 2 mm. 

Comments concerning ranges of "to or three .millimetres" in nominal bolt diameter, 

often heard and used in part as reason for enlarged bolt-hole sizes, tended to lay the 

blame on variations in thickness of the zinc coatings. A more likely reason may be the 
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somewhat blurred distinction between cooch-bol ts of nominal and reduced-shank 

diameters. Certainly some suppliers were not aware of two bolt sizes available under 

the same name, and purchasers of coach-bolts may perhaps have received either on 

different occosions. Use of these reduced-shank bolts may be cause for concern with 

its resultant, possibly unforeseen, lo::ses in joint strength. A similar comment may be 

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

Section 22.2 of NZS 3602 : 1975, the Code of Practice for Specifying Timber and Wood­

Based Products for Use in Building, recommends the use of galvanized or non-ferrous 

fastenings for timbers exposed to the weather or in conditions of high humidity, 

mention is also made of a corrosion hazard for metal connectors used with multisalt­

treated timbers specified for such situations. 

The results of a previous BRANZ investigation (Whitney, 1977) made with particular 

reference to pole-frame structures, indicated that hot-dip galvanizing was a minimum 

requirement for adequate durability, - electroplated zinc, customarily having a thick­

ness only 10% of that applied by hot-dip galvanizing was considered inadequate, - in 

conditions such as those referred to above. An interesting side effect of preservative 

treatments such as copper-chromium-arsenic (CCA), - the most widely used in New 

Zealand when high durability of timber is required, - and others, is that they leave 

residues which can in wme instances enhance the corrosion rates of·the metal fasteners 

in timber at higher ( 18% p!us) moisture contents. Ironically such preservatives enable 

timbers to be used at· moisture contents far above those at which untreated timber 

would be expected to decoy. 

The durability requirement for mild steel components laid down in section 2.2 of 

NZS 3604: 1981, the Code of Practice for Light Timber Frome Buildings Not Requiring 

SpecifiC Design, reiterates the recommendation of NZS 3602, in somewhat stronger 

terms, by specifying that such components, including bolts, nuts and washers, exposed 

to the weather or in any position where dampness or condensation may occur shall be 

hot-dip galvanized. The foundation applications in which the majority of bolted 

connections noted in this survey o:::curred are clearly governed by stipulations specified 

in NZS 3602 and as sucl1 should be goivanized. The use of ungolvanized components, 

particularly with regard to the UClcooted mild-steel· bolts preferred in some districts, 

appears not only a violation of NZS 3601J but possibly a distinct hazard in same 

instances, regardless of whether or not the joints conform with the requirements of 

NZS 3603. 
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The loci< of known structural failures attributable to usage of non-conforming connec­

tions is perhaps indication of an undue conservatism in the code; although it is possible 

that these joints have yet to be subjected to their full design loadings. At present no 

known data exists to confirm that such joints will adequately cope with these load 

conditions or conversely, that they will not. Structures, such as those investigated in 

the course of this survey, which incorporated bolted timber joints in vio!otion of 

NZS 3603 seem manifestly capable of withstan,cing at leust moderate loadings induced 

by wind or seismic action. lt is quite possible that there have been situations where 

partial collapse has occurred and remained unnoticed or, bPcouse of the general ease of 

repairs to timber structures, in cases where actual collapse has not occurred, gone 

unreported. 

CONCLUSIONS 

At present several identifiable provisions of NZS 3603 regarding bolted timber joints 

are wilfully ignored by many builders. These violations seem to occur with the 

knowled9e and acceptance of most building inspectors, engineers and designers. All 

parties surveyed sharc similar rese(vations as to the validity of these provisions and 

conformance is seldom enforced. 

from this it may be inferred that: either practical experience has shown that these 

provisions are overly conservative or, large numbers of sub·-standord, under-designed " 

joint connections hove been and are being incorporated in mony New Zealand timber-

f romed structures. 

The code proviSions are certainly unsatisfactory, based as they are on apparently 

somewhat arbitrary criteria, but considerable evidence exists to suggest that if they 

err, at least it is on the side of caution and in the absence of anything better, provide 

safe minlmum design criteria. Of necessity the industry has tacitly substituted another 

quite arbitrary system, with equally unknown but apparently lower safety factors. 

Because there are no established minimum criteria for this system it must, however 

desirable, be considered even more unsatisfactory. 

COMMENT 

Effectively the construction side of the industry has im~Josed it's own standards for 

bolted timber connections. This state of affairs seems likely to continue until adequate 

data is provided to enoble preparation of a new set of properly researched code 

requirements which can be introduced ond enforced with conviction. · 
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That any provisions in o New Zealand Standard should hove inspired so little confidence 

among their users is unfortunate. That provisions in any New Zealand Standard, which 

relo1e to safety, should hove been allowed to go by default for so long that they now 

apparently need to be justified before conformance will be either obtained or enforced 

is clearly unocceptoble. 
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BOLTED TIMBER JOINTS 

Introduction 

\;)0~\< pj_jjf\) 

m 1-s-/3j~-s. 

Design loads for bolted timber joints are detailed in the New Zealand timber design 

code NZS 3503:1981, the Code of Practice for Timber Design. These design loads ore 

restricted in their application because: 

a) Lorge (50 x 50 x 3 mm) washers must be used under the head and nut of very bolt. 

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

design load becomes zero immediately below these minima. 

c) Load/deflection data is not available for deflection design. 

d) Ultimate loads are not available for strength design. 

In practical design situations these provisions are ohen highly inconvenient to fulfil and 

many bolted connections ore made which;of necessity, violate some code rules. These 

connections clearly have some strength but such violations mean a code allowable boll 

load of zero. 

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

that tes!-ing is required to provide additional information. 

Objectives 

a) To determine design loads for bolted joints where the more commonly available 

(and used) smaller engineering washers ore used, and in the case of the heads of 

coach bolts where no washers are used. 

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

are used. 

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



d) To determine the ultimate strengths of bolted joints. 

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

wind and seismic loading. 

f) To promalgate this infon'nation for use by designers and acceptance by local 

authorities for complionce·with the timber design by-law. 

Previous Work 

This is discussed in a report on a literature survey (Harding, 1983a) which formed a 

preliminary stage to this research programme. In general this highlighted the lack of 

detailed and replicated information available on the subjects proposed for investigation. 

It also revealed the somewhat arbitrary origins of certain design criteria in current use, 

which may therefore be suspect in practice. 

A brief survey of current construction practice and usage of components with regard to 

bolted timber joints was also carried out to provide sufficience data to enable the 

emphasis of the following experimental work to be placed such as to yield results of 

practical application and benefit to the industry. This survey (Harding, 1983b) indicated 

two further aspects for inclusion in the test programme: 

a) Undersized bolts. 

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

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

b) Bolt-hole size. 

The maximum tolerance of 1.5 mm allowed by NZS 2603 was considered imprac­

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

3 rnm in excess of bolt-shank diameter. 
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Test Details 

The numerous variables which affect the behaviour of bolted joints precludes a totally 

comprehensive test programme including all possible combinations of these parameters. 

The planned experimental work will therefore be limited to areas relevant to current 

construction practice. 

Two separate issues are under investigation: the effect of several factors on the 

behaviour of bolted timber joints loaded either parallel or perpendicular to the grain. 

These will be kept as two separate experimental series. Each series will be further sub­

divided: those tested green (above 30% M.C.) and those tested dry (below 18% M.C.). 

Both sub-series will be constructed using green timber. 

The factorial design method will be used for subsequent statistical analysis of the test 

data obtained. To simplify analysis, the experimental work will be divided into three 

phases: phase I will contain only two levels of each variable under consideration - in 

general the limiting value as given by NZS 3603 and a reasonably ext-reme value. In the 

case of slenderness ratio, the values of I :4 and I :8 as the minimum ond maximum 

normally applied in practice to bolted timber joints in single shear. From the results of 

these tests, some estimate of the linear part of the effects and interactions should be 

obtained. 

Further testing - phase II - will be designed in the light of these results and will be 

intended to obtain information at intermediate values of the factors considered in phase 

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

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



[0 orometers to be investiqated 

Phose I 

Constants: ------

Loading: 

Testing Speed: 

Groups Materials: 

Moisture content: 

Loading direction: 

Factors 

Bolt size: 12 mm hexagon-head. 

Monotonic, two member single shear, laterally loaded in 
t • . ens JOn. 

2 mm/min 

Radiata pine, No I framing grade (new crop) two 

sources, chosen to cover density range fcir this timber. 

As'sernbled green (above 30% M.C.), testing dry (below 

18% M.C.) 

Assembled and tested green. 

Parallel to grain and perpendicular to grain. 

A. Hole size: 13.S mm, IS mm. 

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

C. Joint Slenderness rot ion: I :4, I :8. 

D. Edge distance: 40, 20 perpendicular to grain constant 20 parallel to grain. 

E. End distance: 40, 2.50 perpendicular to grain. 80, 3D parallel to grain. 

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

Phase II 

Loading type and rate: as for phase I. 



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

Materials: as indicated by phase I data. 

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

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

Phase Ill 

Undefined: Comparison of NZS 3603 joints with joints designed from phase I and II 

data. Loading to be high rate monotonic and/or cyclic to apply acceptable simulation 

of seismic loading, impact and wind loadings. 

Recording of Test data. 

Load/deflection data to be recorded continuously during test up to deflections of at 

least 30 mm relative movement, measured at the bolt, unless ultimate load has already 

been achieved. Yield point and proportional limit determined from data. Note type of 

failure and whether bolt was bent. After test, slices to be cut from specimen ta 

determine wood density and moisture content at time of test. 

Test joint designs. 

These are shown in Figure I. A detailed schedule of phase I iest joints is given in tables 

I and 2. 

Assembly 

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

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

Conditioning 

All joints to be assembled green (i.e. at 30% M.C. or above). Joints to be tested whilst 

green tested immediately after assembly or stored in conditioning chamber to maintain 

constant M.C. until test. 



Joints to be tested when dry stored under cover - preferably in a constant climate 

chomber until desired moisture content (i.e. 18% M.C. or below), as determined by 

moisture meter, is obtained. 

Test Sequence 

The wet tested joints, require no 'seasoning' period and will therefore be tested before 

theJ"dry. in order to expedite. plann:ng of pl~a~e II testing. T.he jo.ints do not need to be 

tes ed 1n any sequence but, 1f possible, all JOints of a sub·-senes will be tested together •. 
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INTRODUCTION 

Effect of Test Piece Size 
on Panel Bending Properties 

by P. W. Post 

Many structural panel products suitable for building construction are now 
available. These include plywood, particleboard, hardboard, waferboard, 
oriented strand board, cement-bonded board and others. Normally these panels 
are used full size in a building or are cut into relatively large pieces. 
Roof sheathing, wall sheathing, floors, shear walls, diaphragms, stressed-skin 
panels, and webs of I beams or box beams are examples. A notable exception is 
gusset plates of trusses which are usually small in size and highly stressed. 
If narrow strips are tested to determine engineering properties, then the 
relationship of small specimens to full panels needs to be understood for the 
important properties. For a variable material such as softwood plywood or the 
various reconstituted boards, these relationships are ~ore complex than one 
might suspect. 

BACKGROUND 

Prior to 1958 in North America and until recently in Scandinavia and Europe, 
mechanical properties of panel materials including plywood were evaluated by 
testing small specimens. Bending specimens were usually center loaded an·d 50 
to 75mm in width. Tension and compression specimens were even smaller and shear 
tests possessed an area of only a few hundred square millimeters. The small 
methods previously covered in ASTM D805 and now covered individually in ASTM 
D2718, 02719, D3043, 03044, D3500, D3501, for plywood and 01037 for particle­
board and other reconstituted boards are North American examples. A European 
example is the various German DIN Standards for plywood. Small methods work 
fairly well for panel materials showing little variation within the panel. 
They were the basis for the excellent design information developed by the 
U. S. Forest Prodcts Laboratory for design of aircraft with plywood. 

In the forties and late fifties in North America the softwood plywood industry 
recognized an enormous market for its product in building construction. It 
also recognized that limitations would be placed on access to those markets by 
building codes and other regulatory agencies if its use recommendations were not 
backed up by good information on panel prope~ties. However, the plywood grades 
the industry proposed to use were of much lower quality than aircraft plywood. 
Knots and knotholes and the associated distorted grain could reduce bending 
and tension by more than 50 pe rcent; core gaps introduced in the manufacturing 
process could reduce shear by a like amount. It was concluded almost entirely 
on the basis of intuition that materials containing such large within-panel 
variations could be fairly evaluated only by testing large pieces. 
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Accordingly, equipment for testing full-size panels for bending strength 'and 
stiffness was developed and methods for shear, tension and compression using 
test pieces large enough to determine the effects of knots and distorted grain 
in a representative manner were adopted. These methods are now included in the 
ASTM Standards for plywood and the concepts are included in RILEM Recommendation 
TT2 for plywood. In the U. S. large methods also are being applied to the 
reconstituted structural panels intended for building construction. 

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

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

Especially pe rtinent is the manner in which elements such as narrow strips 
interact to influence the stiffness or load capacity of large pieces or full 
panels. These inte ractions can cause large pieces to have greater or l esser 
properties than small pieces. 

Combinations of Elements 

For simplicity, e l ements of a panel may be considered as acting either in a 
series or parallel combination, although both actually occur in a panel. In 
the series combination, e l ements are joined end-to-end in the direction of 
stress. In a parallel combination, the e l ements are j oined side-by-side across 
the direct ion of stress. In the series combination the stress level is the 
same for all elements, and deformation varies with the E of the e lements. In 
a parallel combination as a combination of strips arranged side-by- side to make 
up the width of a panel, the deformation t ends to be equal and stress varies 
with the E of the elements. 

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

The modulus of elastic ity of a series combination of elements that would predict 
the e longation of the combination under a given l oad may be c~lculated as 
follows: 

where Et 
En 
N 

N 
1+1+1+1 ... +1 

E 
3 

= apparent E for the ser i es combination, and 
= modulus of elasticity of the nth element 
= numbe r of ele.ments 
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The degree to which the Et is reduced from the average E of the individual 
elemments is directly related to the variability in E among the elements. A 
very close approximation is given by: 1) 

where E 
v 

average E of the elements in the series and 
= coefficient of variation of E of the elements 

expressed as a decimal 

Thus a ser1es combination of elements having a coefficient of variation of 
elastic modulus of 14 percent such as might occur in an oriented strand board 
or waferboard would be reduced from the average of the elements by dividing by 
1.0196 or just under 2 percent. A material showing a 20 percent coefficient of 
variation would ~e reduced by 4 percent. 

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

Stiffness of a Parallel Combination 

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

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

However, this result does not agree with experimental evidence. Szabo,2) 
working with Canadian waferboard, found that tests of full panels produced 
E values about 22 percent higher than small specimens. Differences were 
significant and applied regardless of panel direction. This is in agreement 
with less complete tests conducted at APA. Szabo concluded that the greater 
stiffness of larger specimens was related to edge effects. 

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

2) Szabo, T. "Flexural Properties of Waferboard ." Forintek Canada Corp. 
Eastern Laboratory, Technical Report 505ER Sept. 1980. 
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To study this hypothesis further, APA conducted exploratory testing as fdllows: 
Two full panels, 16mm thick, one a commercial waferboard, the other a commercial 
oriented strand board were tested in flexure to determine their modulus of 
elasticity. Then the tests were repeated a number of times and at each step 
the number of edges in the entral portion of the panel gaged for deformation 
was increased by making parallel saw cuts in the panel. At each step the E of 
the panel was compared to the E of the original uncut panel after correcting 
for the loss of the saw kerf material. Final strip width was 38mm for 31 cuts. 

The panel configuration and loading is shown in Figure 1. TheE ratio to the 
E of the full panel corrected for loss of material of the saw kerfs is shown in 
Figure 2 related to the number of edges per 300mm of panel width. By using this 
variable instead of strip width, the E loss is neirly linearly related to edges 
per foot of panel width. 

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

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

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

No attempt has been made to theoretically study this effect. Again, the average 
is found experimentally to be considerably in error. More sophisticated theory 
than applied here might agree better with these experimental results. 

Strength of Parallel Combinations 

The strenth of a parallel combination of widely varying elements has been of 
much interest because of its application to softwood plywood with knots, knot­
holes and distorted grain. The computation procedure developed for plywood 
has equal application to other panel materials and helps explain experimentally 
observed differences between large and small specimens for these materials. 

The procedure is illustrated here using a plywood example in which the 1200mm 
panel width is divided into 16 strips 75mm wide. Strength of 71 panels was 
determined experimentally by testing them as full panels after the strength 
of the individual 16 strips was estimated by considering the slope of grain, 
knots and other strength-reducing factors. Strength is expressed on a relative 
scale of 0 to 100 with 100 representing the strength of clear, straight-grained 
plywood. 

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

Whatever the method used to combine the 16 individual ratos, it appeared 
necessary to consider the sequence of failure. The procedure that was devised 
can best be explained by considering an example of an actual plywood panel. 
Figure 4 graphs the 16 ratios as they occur across the width of the panel. The 
average ratio is 65.1 percent. The sequence of failure is most easily seen by 
arranging the sections in increasing order from left to right as shown in the 
stair-step pattern of Figure S. As the full panel is stressed to the level 
of the lowest section, the moment sustained is in proportion to the area below 
the lowest section. As the lowest strength section (27 percent) breaks, its 
contribution to moment is lost and the moment is sustained by the remaining 
15 sections. The next lowest section is at a 28 percent ratio which for the 
ramaining 15 sections gives a ratio of only 262 percent. The next lowest ratio 
applicable to 14 sections is 30 percent, giving a ratio of 26.2 percent. Since 
the moment limited by the second and third lowest sections is slightly less 
thhan the first lowest, breakage is likely to cascade rapidly through these 
first three sections. The fourth lowest section, however, has a ratio of SO 
percent which applied to the remaining 13 sections gives an overall ratio of 
40.6 percent, a substantial increase. When this moment level for the panel is 
reached and the fourth lowest section breaks, it is seen that with each succes­
sive section the area and corresponding moment capacity is either almost the 
same or lower. Threfore, the area governed by the fourth lowest section, 
indicated by the dashed lines as Area A, represents the moment capacity of the 
panel. Panel moment determined by the following sections decreases slowly and 
then more rapidly. In theory, breakage of the fourth lowest section should 
precipitate a cascade failure of the rest of the panel. But small variations 
could mean that failure progresses section by section as the panel continues to 
be bent, sustaining slightly lower moment at each step but absorbing consider­
able energy. Finally, failure cascades rapidly as moment capacity drops at the 
eighth lowest and following section. 

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

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

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

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

Area D is area above and to the left of the stair-step line and corresponds 
to the actual moment loss due to strength reducing features without consid­
ering failure sequence. 



- 6 -

Area A + B + C represents the mome nt if all sections could be utilized t~ their 
full capacity. This is assumed when the 16 sections are averaged, namely 60.5 
percent . 

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

Figures 6C and 60 are charts for panels having strength ratios more typical of 
C and D veneers. 

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

The foregoing illustrates the difficulties encountered when one attempts to 
predict the bending performance of full p~nels or large pieces from tests of 
small strips. We have not experimented with size relationships for other 
properties. Since bending strength is closely related to tensile strength of 
the tension face, t he effect of test piece size is likely to be similar but 
less pronounced in tension in the plane of the pane l . Effect of test piece 
s1ze on compression and shear has not been studied experimentally. Experience 
with bending suggests that caution is in order. 

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

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

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

PWP: ram 
June 1983 
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SCOPE 

Full size tests have been carried out on fifty eight trusses 
of the Fink configuration using home-grown (Irish) Sitka 
spruce timber. The timber was of the.M75 grade. Metal 
plate fasteners with integral teeth were used at all joints 
using the sizes recommended by the plate manufacturers. 
Forty eight of the trusses were fabricated to the limiting 
spans for a higher Species Group (S2 - M75) published in 
I.S. 193P : 1978. Except for three trusses all passed 
the acceptance criteria set in the Irish Standard. The 
results obtained from the tests are not included in this 
paper. Only a brief summary of some of the analyses is 
shown in the tables at the end of t~e paper. On the 
results obtained new limiting spans were proposed for Fink 
trusses made from home-grown timber. 

Institute for Industrial Research and Standards 

Aprtl 1983 



\ 

\ 

1.0 INVESTIGATION 

1.1 Selection of Specj~ 

Roughly 95% of the trees grown in Ireland in the last 60 years 
belong to the softwood group of species, of which Sitka spruce, 
Norway spruce and Lodgepole pine are the most predominant. The 
percentages of each species grown in Irish forests vary from 

·year to year but a recent estimate obtained from the Forest and 
Wildlife Service suggest the following distribution. 

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

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

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

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

(ii) by inference the other species would have at least the 
same limiting spans. ' 

1.2 Selection of Pitches, Section Sizes and Spans. 

1. 2.1 Pitches. 
T . 1 0 0 0 he p1tches se ected were 17.5 , 22.5 and 30 . There were 
two reasons for selection of these three pitches 

I' 
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(a) They are the most commonly used, 
(b) The author felt that they were sufficient to enable 

interpolation for intermediate pitches. 

1:2.2 Timber Sizes and Grade. 

2. 

The selection of section sizes was limited to those that 
were most commonly used and which are covered by the Irish 
Standard. The required timber thickness was 34 mm through­
out and the specified depths were 72 mm, 97 mm, .112 mm or 
120 mm. All the web members were 72 x 34 mm. 

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

1.2.3 Test Spans. 
In the absence of any reliable theor.etical design method as 
a starting point the limiting spans given in Table 3 of 
IS 193P : 1978 for M75 - S.2 timber were used. Table 1 
shows the var'ious spans and section sizes tested. 

Phase I: For each of the three pitches there were four 
groups of trusses using the same four section sizes in the 
ceiling tie and rafter members. The limiting span chosen 
was the smaller of the ceiling tie/rafter span for the 
particular section size. As spans were not available for 
the 112 x 34 mm size, these were inte1·polated from Table 3 
(IS 193). Two more groups were added to the 22~ 0 and 30° 
pitches in which 97 x 34 and 112 x 34 section sizes were 
interchanged in ceiling-tie and rafter members, and the 
limiting span used in each case was the smaller of the 
ceiling-tie/rafter span for the 97 x 34 section size. 
The reason for including the two extra groups was to see 
whether it is valid to give limiting spans separately for 
ceiling-tie and rafter sections. Three trusses were 
tested in each group except in one case where the first 
two trusses tested had to be disregarded because of mal­
function of the recording system. 



3. 

Phase II: The purpose of this phase of tests was to carry 
out a limited investigation into the effects of altering 
the thickness of the timber. Two groups were tested for 
each of the three pitches. The limiting span used for 
the first group in each case was the published one for 
home grown M75 - 53 timber. In the second group the same 
section size with increased thickness i.e. 97 x 41 mm was 
used and the limiting span was that for M75 - 52 timber. 

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

1.3 Test Equipment. 

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

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

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

The ceiling tie and rafter cab 1 es were both ! " diameter 12 strand 
steel wire cables. 
independent of each 

Each cable was of one continuous length and 
other. The pulleys were all light weight 

aluminium alloy frictionless pulleys. 



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

4. 

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

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

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

1.4 Test Procedure. 

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

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

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

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

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

Dead load - tiles 0.575kN/m2 on slope 

- felt, battens, etc. 0.11 kN/i on slope 
Live load - snow 0.75 kN/m2 on plan 

Ceiling tie load: 
Dead load 0.25 kN/m2 

Live load 0.25 kN;m2 

Tank load 2.70 kN over 4 trusses 
Concentrated point load (midspan) 
where H exceeded 1.2 m 0.9 kN 

RESULTS 

In a 11, 23 trusses were tested for 1 ong-term deflection. None of the 
trusses in Phase II were tested for 24 hour deflection, as the purpose 
of Phase II was to study the effect of increased thickness on strength. 

2.1 Deflection/Span Ratio. 

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

in the average ratios worked out for 
' 



Pitch (Deg) 

30 

22~ 

17; 

Deflection/Span Ratio 

0.00107 

0.00138 

0.00176 

2.2 Midspan/Node Deflection Ratio. 

6. 

From curvature theory it can be shown that the midspan deflection 
should be 1.2 times the deflection of the node points which are 
at the third points of the ceiling-tie (Fig. 1). An analysis 
of the results shows that the average midspan/node deflection 
ratio for the 17~0 and 22~ 0 pitch trusses was exactly 1.2 but in 
the case of the 30° pitch the average ratio was 1 .32. A possible 
explanation for this is that the queen ties in the 30° pitch 
truss provided more of a restraint to the node deflection, than in 
the lower pitch trusses. 

2. 3 Recovery. 

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

2.4 Load Factors at Failure. 

The final load factors (i.e. ratio of final load to design load) 
were calculated separately for rafter, ceiling-tie and tank 
loads, as the magnitude and method of increasing the three 
different loads was such that they could not be increased at 
the same rate and simultaneously. In the case of the tank 
loads the trays supporting the dead weights had a limited 
capacity which when reached was kept constant. As the 
increments for the ceiling-tie 1 oad were small, these were put 
in one go at each increment stage. Only the rafter loading 



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

7. 

The table below indicates as percentages the number of trusses 
with load factors 2.05, 2.15, 2.30 and 2.50 for ceiling­
tie and rafters. 

Pitch No. of 2.50 2. 30 2.15 2.05 Deg Trusses 

17~ 16 56.3% 87.5% 93.8% 93.8% 

22~ 22 59.1% 81 .8% 86.4% 86.4% 

30 20 90.0% 95.0% 100% 100% 

Total 58 69% 88% 93.1% 93.lrj 

Ceil.ing-Tie Load Factors 

Pitch No. of 2.50 2.30 2.15 2.05 Deg Trusses 

17~ 16 68.8% 81.3% 87.5% 87.5% 

22~ 22 63.6% 81 .8% 90.9% 90.9% 

30 20 95% 100% 100% 100% 

Total 58 75.9% 87.9% 93.1% 93.1% 

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

(i) Except for one truss there were no ceiling-tie 
failures and therefore the load factors obtained 
are not the ultimate load factors for the 
ceiling ties. 

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

(iii) A number of the strength tests were terminated 
when the lateral buckling or distortion became 
too dangerous. 

2.5 Mode of Failure. 

The types of failure encountered during the tests could 
broadly be classified under five headings as shown in the 
Table below. The lateral failure has been shown grouped with 
rafter break as in most cases where fa i1 ure occurred in the 
rafter it was a combination of the two types. 

Type of Fa i1 ure Phase I Phase I I Overa 11 

Rafter/lateral break 50.0% 66.7% 53.4% 
Ceiling-tie break 2.2% - 1. 7% 
Lateral distortion in rafters 45.6% 8.3% 37.9% 
Q. T. withdrawa 1 25.0% 5.2% 
Plate shear 2.2% 1 . 7% 

No. of Trusses 46 12 58 
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Four of the failures did not occur in the timber but were 
plate failures; these occurred mainly in Phase II in the 
trusses where the thickness was 34 mm and the pitch 22~ 0 • 

9. 

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

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

2.6 Derivation of Limiting Spans. 

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

( i) 

( i i) 

(iii) 

the truss members were uniform in cross­
section and design properties and remained 
straight throughout the test. 
the truss members were in the same vertical 
plane and braced to prevent lateral buckling. 
the axial forces were determined on the basis 
of pinned joints with all loads acting as 
point loads at the joints. 

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

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

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

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

(i) In the actual tested truss the combined stress 
at the critical points can be expressed as a 
function of the span (La), cross-sectional 
dimensions (da and ba), pitch (e) applied 
design loads on rafter (Wld) and ceiling-tie (W2d) 
and point load (P). In an ideal situation where 
failure occurs in the rafter and ceiling-tie 
simultaneously the load factor (F) can be defined 
as follows 

F "' Wlf = 

where Wlf and W2f are the failure loads on rafter 
and ceiling-tie respectively. 

The combined stress (CSI) can be expressed as a 
function of all the variables stated above as 
follows 
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(ii) The combined stress index CS2) in the truss 
defined by the adjusted span (L), load factor 
2.5 and cross-sectional dimensions d and b can 
be expressed as 

CS2 = f(Wld, W2d, P, 2.5, L, d, b, ) 

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

When the effect of sinking supports and joint 
slip were included, the final equation was a 
fourth order equation in L. The method adopted 
for the solution ·of the equation was the Newton­
Raphson iteration method with a convergence 
criterion of 0.001. The use of a computer 
program developed by the author, on the 
DEC VAX 750 simplified this task considerably. 

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

A frequency distribution of the medium term indices is 
shown in Figures 2, 3 and 4. From the figures it 
appears that the indices show a definite tendency to 
incre'ase with increasing pitch in the case of the 
rafters. In the ceiling-tie the indix was similar 
for the 30° and 22~ 0 pitches and then dropped for the 
172° pitch. The average values are shown in the 
table below 
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Pitch (Deg 

30 22~ m 
Rafter 1 .818 1. 569 1 . 381 

C.Tie Node 1. 364 1. 306 1 . 101 

C.Tie Midspan 1 .404 1 .305 0.916 

Combined Stress Index 

The combined stress indices were all (except in one 
case) in access of unity and would seem to confirm 
Davies' (1976) findings. Onl,Y,tbe:)~fter iridites 
showed an apparent relatioilshlp with pitch. 

2.6,3 Relationships between Spans and Section Modulus. 
The safe spans were calculated for the three critical 
locations (i.e. rafter node, ceiling-tie node and 
ceiling-tie midspan) and the results were grouped by 
pitch. In addition, the averages and 95% Lower 
Confidence Levels were worked out for each group of 
three trusses in Phase I and groups of two in Phase I L 

The results were further grouped by pitch and similar 
section modulus. 

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

In all cases four regression models were tried as 
follows: 

.,, 



('I) y = AX + B 
(ii) · log Y = AX + B 
( 'li 'I) log Y = A log X + B 
(i v) y = AX 

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

2.6.4 Other Relationships. 
Various other relationships were tried. These 
included 

(i) Safe working stress vs section modulus 

13. 

(ii) Safe span vs pitch for the various depths 
(iii) Safe working stress vs pitch for the 

various depths. 

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



14. 

Finished Sizes I 
! 

Pitch 0/A Span Rafter Ceiling Tie No. Tested 

17 .S0 5.4 34 X 72 34 X 72 3 

7.6 34 X 97 34 X 97 3 

8.4 34 X 112 34 X 112 3 

9.0 34 X 120 34 X 120 3 

22.5° 5.6 34 X 72 34 X 72 3 

8.1 34 X 97 34 X 97 3 

8.7 34 X 112 34 X 112 3 

9.3 34 X 120 34 X 120 3 

8.7 34 X 112 34 X 97 ·3 

8.7 34 X 97 34 X 112 3 

30° 6.0 34 X 72 34 X 72 3 

8.3 34 X 97 34 X 97 1 

9.1 34 X 112 34 X 112 3 

9.8 34 X 120 34 X 120 3 
.. 8.3 34 X 112 34 X 97 3 

8.3 34 X 97 34 X 112 3 

PHASE I 

17 .S0 5.9 34 X 97 34 X 97 2 

7.6 41 X 97 41 X 97 2 

-
22.5° 8.3 34 X 120 34 X 120 2 

8.1 41 X 97 41 X 97 2 

30° 8.4 34 X 112 34 X 112 2 

8.3 41 X 97 41 X 97 2 

PHASE II 

Table 1 DETAILS OF TRUSSES 
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Y = AX + B Corr log Y = AX + B Corr 
Coeff Coeff Pitch -

A B r A B 

17~ 0.0627 5175 0.994 5676 0.32 X 10-5 0.992 

22~ 0.0782 4903 0.972 5548 0.39 X 10-5 0.966 

30 0.0871 4920 0.975 5740 0.40 X 10-5 0.978 

RAFTERS 

17~ 0.0562 5410 0.999 . 5834 0.29 X 10-5 0.997 

22~ 0.0667 5205 0.879 5579 0.35 X 10-5 0.876 

30 0.0846 4630 0.976 5369 0.42 X 10-5 0.967 

CEILING-TIE NODE 

17~ 0.0336 6223 0.958 6416 0.18x10-5 0.963 

22! 0.0516 5182 0.973 5521 0.29 X 10-5 0.966 

30 0.0739 4107 0.984 4774 0.41 X 10-5 0.976 

CEILING-TIE MIDSPAN 

Table 2 : · REGRESSION ANALYSIS. 
Calculated Safe Span (Y) vs Section Modulus (X). 
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DETERMINATION OF BRACING STRUCTURES FOR COMPRESSION 
MEMBERS AND BEAMS 

1. INTRODUCTION 

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

exterior loads such as wind. 

Additional to the exterior loads there are no further 

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

2. PRE-CONDITIONS AND FUNDAMENTALS 

We look at a beam with a rectangular cross section, 

being constant along the support. The part is loaded 
vertically and supported elastically in.a horizontal 

line. Further data can be taken from fig. 1. 
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Assuming the validity of Hooke's law and in addition 
of Bernoulli's theorem, so that one gets the Bernoulli­
Euler's theorem of the technical bending theory, 

1/r = M/(El). All the deformations have to be small in 
comparision to the main dimensions of the building parts. 
A pure torsion according to de Saint Venant is presup­

posed. (Rectangular cross cuts have no further conside­
rable torsional rigidity as it have for example sections 

with webs and flanges.) 

At a very small segment of beam, as shown in fig. 2, 

there can be written down six conditions of balance, com­
bined to two equations, (2) and (3). To simplify the dif­
ferential quotients e.g. dM/dx = M' is applied. 

M" - (M · \0 ) " - q = O 
z Y I ( 1 ) 

~ - My. v" + p • e · 'f' - q • 8 0 
( 2 ) 

The following expressions can be taken 

M El·(v-v)" 
z (\ ( 3 ) 

( 4 ) 

[ 

till 

m . q + w = EIW ( v - v 
0

) + s 
( 5 ) 

in which v
0 

and 'Po are the displacements of the beam with­
out loads. If the eq. (4) to (6) are inserted in (2) and 
(3) one gets two connected inhomogeneous differential e­
quations. The following expressions have been assumed for 
the initial displacements 

v v · sin (1\/L) · x 
0 ( 6 ) 

'flo = 'f'. sin (!t/L) · x 
( 7 ) 
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The system of differential equations can be exactly 
calculated, if the coefficients are constant, these 
are in that case the values of the cross section and 
the bending moment My. A constant moment however means, 
that the connected loads are equal to zero. The direct 
loading and above all the point of the attacking forces 
in the cross section are without doubt important to the 
problem of stability. 

The beam is simply supported at the ends, u = v = 0, 
and secured against rotation about the z-achsis, 'f = 0. 
A constant loading produces a bending moment in form of 
a parabolic curve. Approximately 
tuted for the parabolic line. 

M = M· sin (rT'/L)• x 

a sine wave is substi-

( 8 ) 

The functions (9) and (10) satisfy the boundary condi­
tions but not the differential equations. 

v = (V + v). sin err /Ll. X 

'f= C,P+i{SJ ·sin (rf/L) • x 

The unknown values V and~ 
an approximation method. 

( 9 ) 

( 1 0 ) 

are determined by the aid of 

As we have now the deformations, the loadings of the bra­
cing members can be found out of eq. (5). Eq. (11) gives 
the loads on the bracing structure caused by exterior 

(e.g. wind) or interior lateral forces. Only the initial 
curvature u

0 
= li.sin(fi/L)·x is taken, the initial twist 

neglected. The bending rigidity EI
2 

of the beam is nor­

mally low in comparison with that of the bracing struc­
ture and is therefore taken equal to zero. 
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mq + w ~ ------ sin (rr/L)·x 
Ne 

in which 

N·(.!:..c;I -~·M l 

- rrJ. 
q- ~ v- m 

v L2 

8 J) 8 
+ -·M' 

8 

q­
w 

/12 8 
---· 
L 2 m 

(2-!)·M + ~ Gl - 8N 
8 8 J) 

~ w·-----------------
§_111 
m ' W 

l 
1 

I [ -l' sN I ~ C: 1 - .'::. M M 

- --;;- ---- II f s 2 J) s - J- - 2 s 

[_ ~ EI _[_ ~ El _[_ nl Elwj 
L' m W L2 m W j L' 

(11.1) 

( 1 1 . 2 ) 

(11.3) 

( 1 1 . 4 ) 

In conformity to the solution of the differential equa­
tions 

8 
M ~ Jfr' M ~ ca. 0, 85 M 

can be introduced. M is the maximum bending moment of 

the sine-shaped function. w is the maximum lateral force 
of an odd Fourier's series of which only the first term 
is taken. 
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3. COMPRESSION MEMBERS 

Setting M = e = 0 in eq. (11) and assuming that the 
lateral support of the beam is in the middle of the 
cross section, so that also s = 0, the lateral forces 
can be expressed as 

v ·(IT' /L') · mN + w 

mq + w = -----·--- sin Ui/L) · x ( 1 2 ) 

The effort for the calculation of the bracing stiffness, 
which is contained in eq. (12), is normally considerable, 
because the bending and shear rigidity of the bracing 
structure and also the slip of the used connectors have 
to be considered. To simplify the formula a bracing mem­
ber is chosen with such a stiffness, that an assumed de­
formation is not exceeded. 

The maximum deflection of the bracing structure is 

mq + w 
f = 

Eiw 

in which 

-

L4 

fl 

w = w sin (rr/L) x 
-q = q · sin (IT 1 L) x 

If the eq. (13) is inserted in (12), one gets 

mq = (rr/L")·mN·(~ + f).sin(~/L) x 

and with 

( 1 3 ) 

( 1 4 ) 

( 1 5 ) , 

( 1 6 ) , 
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mN 
mq = qs =--·sin(II/L) x 

L · k N 

in which 

1 -
Jr2. ( - + -) 1\ 1\ 

kN is given in Table 1 for 
sumed initial deflections 
of the bracing structure. 

( 1 7 ) 

( 1 8 ) 

different values of the as­
and the tolerated deformations 

The function of the lateral forces is sine-shaped. The 
accompanying shearing forces are following the cosine 
wave, the bending moments again the sine wave. Having as 
usual an uniform load, it would be practicable, to trans­
form the sine-shaped load into an uniform load. As shown 
on fig. 3, it can be requested, that for example the ma­

ximum bending moment or the maximum shear force are cor­
responding. 

Here the bending moment was chosen. The sine-shaped and 

the parabolic moments are similar. In that case also the 
reduction of the shear force is less, so that a suffi­

cient shear reinforcement is given. The values kN' mul-
z 

tiplied by 8/~ are shown in table 1 in parentheses. 

Fig. 4 also gives the coefficient kN in dependance of 
the initial deflections of the compression member and 
of the guaranteed deformation of the bracing structure. 
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4. FLEXURAL MEMBERS (BEAMS) 

If in the generally valid equations (11) the axial force 
N is equal to zero, the eq. (19) and (20) will be re­
ceived. 

-+ w 
mq + w =--------·sin(fY/L)·x 

m~ 

k = 
m 

1 -
s 

~-Eiw L' 

( 2 - ~) + .§lo_ 
s Ms 

( 1 9 ) 

( 2 0) 

Eq. (19) for the beams conforms to eq. (12) for the com­
pression members. The nondimensional value ks takes into 
account the torsional rigidity of the regarded flexural 
member. M can be replaced by the reduced value 8/{3·rr) .R 
~0,85 · M, in which M is the maximum of the sine-shaped 
bending moment. 

After the calculation of k the handling of eq. (19), 
m 

beams, is as easy as that of eq. (12), compression members. 
It should be said, that the direction of the bending mo­
ment and height of the exterior forces can be chosen at 
anyones discretion. e and s are positively valued, if 
they are from the main axis upward directed. It is pos­

sible, to choose these parameters freely and to calculate 
beams, of which the upper chords are loaded and the lo-
wer flanges are supported. 



- 8 -

The boundary of stability of the whole stiffed system 
has to be considered. That is given, if the denomina­
tor of the e q . ( 1 9 ) becomes zero , so that the 1 a t era 1 
stability forces are growing without limit. 

A sufficient stability is guaranteed, if 

m-(M/s)· km 

(li 2 /L 2 )·EIW 
( 2 1 ) 

The check of the stability is especially necessary for 
beams, supported at the tension flange and for bracings 
of such a rigidity, which is not sufficient without any 
doubt. This has to be regarded, if bracings are formed 

by beams of less heights or by columns, which are not 
fixed at the upper end. 

To simplify eq. (13) can be used as a relation between 

the bracing ri~idity Elw and a bracing deformation, which 

can be guaranteed. The type of the equation for compres­
sion members and beams is very similar; in comparison 

with the eq. (13) to ( 18) can be written 

mq ~ q s sin(r//L) x ( 2 2) 

wherein is 

( 2 - ~) + G I D-
s ~1 s 

k ~ 

s 1 1 lF·(- + 
Bf 

) 1\ 

( 2 3 ) 

Now the stability limit of the stiffed system is not 

clear in any case, because the coefficient of deforma­
tion Bf' and herewith the deflection, js chosen espe­
cially. Therefore for the development only beams are 
regarded, which are supported at the compression flange. 
These types are normally stable, if the bracing struc-
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ture is formed regularly. The maximum lateral loads are 
received, if the exterior uniform loads are set on the 
upper flange, which is the compression part of the beams 
under positiv< bending moments. Only regarded the parts, 
of which are supported and loaded the upper compression 
flanges, than is s ~ e ~ hl2. The eq. (22) and (23) can 
be expressed as 

sin(IYIL) X ( 24) 

with 

( 2 5) 

Introducing 

'1 ';;' (1 - 0,63 (blh))/3 , 

M~S'·W 
m w ~ b h2 I 6 

and assuming an initial deflection and a known deformation 

of the bracing structure, kh of eq. (25) depends only on 
the dimensionless relations hlb and Gl~m· With 

8 -M ~ -- M 
3 . f)' . 

i s 

m M q ~ ---- · sin (rr I L) x s L h kh ( 2 6 ) 

wherein 
3 ( 1 + 4(1-0,63(blh))_G . .E..':. 

81 ( 311) G" h2 

kh ~ -------------------------~n~l __ __ 
1 6 • ll·( 1 + --1 -- ) 

13v 13f 

( 27) 
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The profile coefficient s or h, connected with the ben­

ding moment, is only chosen, that ks, kh and kh are di­
mensionless. In the same manner the width of the rectan­
gular cross section can be introduced 

m·M 
q s = L · b · k­

b 

in which 

sin(tr/L) x ( 2 8) 

Fig. (5) shows kh and kb in relationship of h/b. As pa­
rameter Bv = 500 and Bf = 1000 are chosen. 

Beams of a practical importance have a cross section re­
lation h/b between 4 and 15. The coefficient kh moves 
here very much. The coefficient kb has a less variation 
in the same area with a special minimum in the neigh­
bourhood of h/b =13. Therefore the eq. (28) is the most 
practicable approximation. 

Fig~ shows the value kb in relationship of h/b and 
G;l;"m. The initial deflection v and the deformation of 
the bracing structure can be chosen freely. 

The coefficient of the sine-shaped lateral force can be 

transformed into a value for uniform loads in the same 
manner as shown in chapter 3. 
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5. RESUME 

Equations are given, which allow to calculate the loa­

dings of bracing structures. The members with the risk of 
lateral deflection can be forced by compression forces 
and by bending moments. The favourable torsional rigidity 
of the beams is taken into consideration. 

The lateral loads of compression members, e.g. flanges 
of trusses, and of glued laminated beams, subjekt to ben­
ding and of combined stressed parts can be calculated. 

Simplificated expressions are given for parts, subjekt 
to pure compression or bending. If the rigidity of the 
bracing structure is assumed, so that a given maximum 
of the deflection is not exceeded, very simple expres­
sions are available. 
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1\ 300 600 1000 2000 

Bv 

250 14 18 20 22 

( 1 7 ) (22) (25) ( 28) 

500 19 28 34 41 

( 23) (34) (42) (50) 

1000 23 38 51 68 

(29) ( 47) (62) ( 83) 

Table 1: Coefficient kN for the sine-shaped lateral force of compression 

members in dependance of the pre-deflection of the beams and of 

the guaranteed deformation of the bracing structure. 

( In parentheses: kN for uniform loads ) 
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ABSTRACT 

There are various factors that influence the quality of esti­

mating characteristic stress values. Among these are the 

definition of the specific population about which inferences 

are to be made, decisions about the sampling method and the 

sample size as well as the statistical definition of the 

characteristic stress value and the choice of the statistical 

model used for its computation. 

For many of the decisions mentioned above the statistical 

theory does not offer satisfactory decision rules. Hence in 

some cases the engineer must decide intuitively. Regarding 

the harmonization of codes and standards it would be help­

ful if such decisions were standardized internationally. 

As a contribution to the discussion of this topic this paper 

summarizes the poten·tial errors that may arise when estimating 

the 5 percent exclusion limit and tries to assess their 

magnitude as a function of the sample size and of the under­

lying statistical assumptions. 
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1 INTRODUCTION 

When characteristic stress values are to be evaluated experi­

mentally, there are, among other things, three questions 

that have to be answered first: 

How many pieces of lumber do I sample? 

- How do I sample these pieces of lumber? 

- How do I interpret the test results, which statistical 

inferences can be made? 

As a prerequisite it is mandatory that the objective of the 

experiment be defined as precisely as possible. Thus the 

sampling plan and the statistical methods for the analysis 

of the data have to be established so that within the scope 

of given economic circumstances the inferences to be made 

are as accurate and as precise as possible, i.e. that poten­

tial systematic and random errors are reduced as much as 

possible. 

Essentially there are five possible sources of error (cf. 

Fig. 1): 

- e1: The definition of the population including the diffi­

culty involved in inferring from one subpopulation -the 

sample- to other subpopulations -e.g. the timber likely 

to be obtained from one source and used in one structure­

(cf. e.g. Madsen 1978, Warren 1979, Fewell 1982). 

- e2: The sampling plan. Due to its limited size no sample, 

not even a so-called 'representative' one, exactly repre­

sents its population. The degree of statistical uncertain­

ty partly depends on the size of the sample (cf. e.g. 

Madsen a. Nielsen 1978, Curry a. Fewell 1981, Pellicane 

a. Bodig 1981). 

- e3: The testing methods including systematic errors due 

to specific testing conditions and random errors due to 
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the accuracy of the measurements taken. 

- e4: The data modification, i.e. the potential deficiency 

of some of the modification factors (cf. e.g. Madsen 

1 9 7 5 and 1 9 7 8) . 

- e5: The statistical analysis. Depending on the statis­

tical models used, i.e. the assumption of the underlying 

distribution function and the statistical definition of 

the exclusion limit, different results can be obtained 

from the same data set (cf. e.g. Tory 1975, Warren 1979, 

Johnson 1980, Glos 1981). 

In the following the problems related to the sampling of the 

material and to the statistical analysis are discussed. More­

over an attempt is made to assess the magnitude of the re­

spective uncertainties. Finally the problems caused by the 

adequate definition of the specific population about which 

inferences are to be made, will be discussed. 

2 EVALUATION OF THE 5% EXCLUSION LIMIT OF A SPECIFIED 

POPULATION WITH UNKNOWN DISTRIBUTION 

2.1 General 

Today it is generally accepted that the lower 5 percent 

exclusion limit is used as a characteristic stress value (i.e. 

as a basic reference point for the derivation of design 

stresses). However, researchers interested in the behaviour 

of systems and/or in probabilistic modeling of structures 

need to know more about the strength distribution than this 

single value. 

The evaluation of an exclusion limit requires the assumption 

of an underlying statistical model. Hence the exclusion limit 
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is a conditional value, it cannot be determined unequivocally. 

In the past 10 years this aspect has been subjected to serious 

scrutiny, but today different methods for the computation 

of an exclusion limit from test data are still in general 

use (cf. e.g. Warren 1979, Johnson 1980). The choice of one 

of these methods depends on two decisions: 

- The assumption of a hypothesis regarding the type of the 

probability distribution function of the underlying 

population or the decision for a nonparametric approach, 

resp.; and 

- the choice of a confidence level associated with the 

estimation of the exclusion limit. 

2.2 Influence of the confidence level 

From a statistical point of view one must distinguish be­

tween a so-called point estimate and a so-called lower 

tolerance limit. When a point estimate is applied, the ex­

clusion limit is thus estimated that on the ave~age it 

corresponds with the true, however unknown, population 5th 

percentile. Consequently, with a single sample, it has an 

almost equal chance of lying on either side of the population 

value. It is not usual to associate a confidence level with 

this estimate; however, its value would be approximately 

So percent. 

A toZe~ance limit is constructed so that it has a specified 

confidence of lying below the population 5th percentile. If, 

say, a 95 percent confidence level is chosen (cf. e.g. ASTM 

D 2915-74) then, on the ave~age, 95 times out of 100 the 

calculated tolerance limit will fall below the true population 

value and 5 times out of 100 it will exceed it. A tolerance 

limit is a function of the sample size, in opposition to a 
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point estimate. As the statistical uncertainty inherent in 

the estimation and hence, on the average, the distance be­

tween the lower tolerance limit and the true population 

value decreases with increasing sample size, on the average 

an increased sample size gets 'repaid' by means of a higher 

value. However, a tolerance limit is more conservative on 

principle than the corresponding point estimate. These values 

are not directly comparable. 

The distinction between a point estimator and a tolerance 

limit should be borne in mind when it comes to the deter­

mination of partial safety coefficients for a design code. 

If the same partial coefficients are to be used for different 

materials and the exclusion limits are defined differently 

for different materials, then materials to which the tolerance 

limit approach is applied would be handicapped. 

Utilizing the results of a computer simulation, the influence 

of the confidence level on the estimation of the exclusion 

limit was examined as a function of different assumptions 

concerning the distributional form of the underlying popula­

tion. In all cases qualitatively similar results were ob­

tained, therefore only two cases are presented here. Fig. 2 

shows the results for a normally distributed population, 

Fig. 3 shows the results for a population that follows a 

three parameter Weibull distribution. In all cases under 

investigation the population mean and standard deviation was 

40 MPa and 10 MPa, resp., and the location parameter was 

chosen to be 15 MPa, if applicable. The true population 5th 

percentiles are 23.5 MPa for the normal and 24.3 MPa for 

the Weibull distribution. 

From each population samples of size n = 25, 50, 100 (50) 400, 

100 samples each, i.e. 9 x 100 samples, were drawn at random. 
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From each sample the 5 percent exclusion limit was determined 

as a point estimate and as a lower tolerance limit with a 

confidence level of 75 and 95 percent1 . Figs. 2 and 3 show 

as a function of the sample size the minimum and maximum 

estimates out of 100 samples and the mean estimates calculated 

from these 100 samples. 

Remarkable is the large variability of the individual esti­

mates. The dispersion decreases with increasing sample size 

in a decreasing manner; beyond a sample size of 300 the 

decrease becomes unsignificant. The dispersion is roughly 

the same for the point estimator and for the tolerance limits, 

but by definition roughly 75 resp. 95 percent of the tolerance 

limit values lie below the population 5th percentile and 

therefore, on the average, underestimate the population value 

seriously even with large sample sizes. 

Depending on the underlying distribution, the increase of the 

mean curve of the tolerance limit with associated confidence 

level of 75 percent becomes insignificant beyond a sample 

size of n = 100 to 200. This means that beyond that sample 

size a larger sample will no longer get 'repaid'. 

1rn the case of a normally distributed population a lower 

tolerance limit can be derived directly from the non-

central t distribution; extensive tables exist for many 

years (e.g. Owen 1963). A method to derive lower tolerance 

limits for a three parameter Weibull distribution was not 

yet available (Haskell 1981, Fewell 1982). The calculations 

mentioned here were based on a procedure developed by P. Glos 

and K. Schrupp. A paper on this subject is under preparation 

( Glos a. Schrupp 1983). 
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2.3 Influence of the statistical model 

If the distribution function of the underlying population 

is unknown, the likely distribution function has to be assessed 

from existing empirical data. Hereby it must be borne in mind 

that the distribution of a sample may at random differ from 

the distribution of the population and that, in addition, 

this distribution does not necessarily follow one of the 

available mathematical distribution functions. Moreover, 

there is no satisfactory procedure available how to select 

the most appropriate distribution function. 

As no parametric assumption can be proven to be in accordance 

with reality, it appears advisable to handle those assump­

tions with care. 

The influence of the statistical model used was examined as 

well by means of a computer simulation. The underlying popu­

lation was assumed to follow either a 

- normal 

- 3 parameter Weibull 

- lognormal or a 

- 3 parameter lognormal 

distribution function, each being characterized by a popu­

lation mean and standard deviation of 40 MPa and 10 MPa, and 

a location parameter of 15 MPa, if applicable. The population 

5th percentiles are 23.5 MPa, 24.3 MPa, 25.9 MPa and 27.3 MPa, 

respectively. From each population samples of size n = 25, 

50, 100 (50) 400, 100 samples each, i.e. a total of 4 x 9 x 

x 100 samples, were drawn at random. From each sample the 

5 percent exclusion limit was determined as a 

- nonparametric estimate 2 

2 footnote see next page 
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and as a 

parametric estimate, assuming either a 

- normal 

- 3 parameter Weibull or a 

- lognormal 

distribution function to be the correct model. 

Fig. 4 shows the results for a normally distributed population, 

Fig. 5 shows the results for a population that follows a 

three parameter Weibull distribution. These two figures 

show, as a function of the sample size, the minimum and max­

imum point estimates out of 100 samples and the mean point 

estimates calculated from these 100 samples. 

These figures indicate that the considerable variability of 

the estimated values is further increased in case the under­

lying model is incorrect. The curves of the mean values show 

that an incorrect model assumption may yield a systematic 

error, independent of the sample size. Moreover, these figures 

show that the nonparametric estimate is not inferior to a 

parametric estimation, at least if the sample size exceeds 

n = 100. 

As the underlying distribution generally is unknown, an im­

portant point for the valuation of the different statistical 

models is the error that occurs when they are applied to 

2
The calculation was based on the nearest order statistic 

that did not exceed the corresponding theoretical value. 

An interpolation between two values was not carried out. 

In some cases this leads to an underestimation which, how­

ever, is only significant at a small sample size. 
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different underlying distribution functions. Fig. 6 shows 

how the point estimates of the 5 percent exclusion limit, 

based on a sample size of n = 200, deviate from the true 

population 5th percentile, if the above mentioned statistical 

models are applied and the underlying population follows 

either a normal, a 3parameter Weibull, a lognormal or a 

3 parameter lognormal distribution. Fig. 6 shows the ratio 

of the estimated to the true 5th percentile, again for the 

minimum and maximum values out of 100 samples and for the 

mean values calculated from these 100 samples. 

This figure shows that the incorrect assumption of normality 

yields a very conservative estimate. On the other hand, the 

incorrect assumption of a logno'rmal distribution may yield 

unsafe values that exceed the true value by roughly 5 percent 

if the underlying population follows a normal or a 3 parameter 

Weibull distribution. On the average the smallest systematic 

error is obtained if either a nonparametric estimate is used 

or, due to its f lexibiU.ty, the 3 parameter Weibull model is 

applied. 

3 NOTE ON THE DEFINITION OF THE POPULATION 

From in-grade tests with full-size structural timber it is 

well-known that timber originating from di.fferent growing 

areas or stands may exhibit significant differences in strength 

under otherwise same conditions (grade, size, moisture content 

etc.). In addition the strength properties can be affected 

by the manufacturing process (sawing pattern, kiln-drying 

procedure etc.). There are many papers that refer to this 

aspect. 

Resulting from this, the strength values of timber from 

different mills, as well as from one mill, if produced at 
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diffePent time periods, may differ significantly. This situ­

ation is shown schematically in Fig. 7. This raises the 

question whether a characteristic stress value should repre­

sent the 5 percent exclusion limit for the entire population 

within e.g. the scope of a design code or rather the time 

and space dependent 5th percentile of an individual sample 

likely to be delivered to an individual consumer and/or to 

be used in one structure. 

Naturally the answer to this question defines the sampling 

method and therefore has to be clarified at the very begin­

ning. In doing this, three aspects have to be considered: 

- With regard to the reliability and to the economy of 

structures, as well as with regard to liability problems, the 

knowledge and consideration of individual strength values is 

desirable. On the other hand, from the code writing point of 

view, especially with regard to simple, feasible design rules, 

it is desirable to define the population as extensive as 

possible, at best in accordance with the scope of the design 

code. 

- A characteristic stress value should not be defined inde­

pendently of the global safety concept, i.e. independent of 

the partial safety coefficients included explicitly or im­

plicitly in the appertaining design code. With regard to the 

international harmonization efforts that cover all important 

building materials, one should try to come to a unified in­

terpretation of these values. Within the field of other 

building materials it is common use, to specify a characteris­

tic stress value as the 5 percent exclusion limit of the 

entire production within the scope of the corresponding design 

code, to limit unconservative deviations of individual samples 

by means of an adequate quality control procedure and to 
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assume that a certain tolerated unfavourable deviation of 

the material properties from their characteristic values is 

covered by the corresponding partial safety coefficient. 

- The determination of a characteristic stress value is 

aimed at the establishment of a design value, as a basis for 

future engineering tasks. To this purpose the value is extra­

polated implicitly into the future. However, an extrapolation 

necessarily requires either stationarity or at least predic­

table instationarity of the population in question and this 

does not come true for the timber supply, if freedom of trade 

and technological development are to be maintained. Conse­

quently, the derivation of a characteristic stress value 

requires more than an analysis of the present or past situation 

with common statistical methods. 

4 SUMMARY AND CONCLUSIONS 

(1) As long as the stationarity of the in-grade strength 

properties cannot be guaranteed by the help of adequate gra­

ding rules, a population cannot be defined unequivocally. 

Consequently a characteristic stress value evaluated on the 

basis of the present timber supply is not necessarily repre­

sentative for future situations. 

(2) The quality of the estimation of a lower 5 percent exclu­

sion limit of a specified population is essentially deter­

mined by three factors: 

- the sample size, which affects the random dispersion of 

individual estimates. If the population follows a 3 para­

meter Weibull distribution the amount of this random dis­

persion is !12%, !8% and !6% for sample sizes of n = 100, 

200 and 300, resp. (cf. Figs. 3 and 5). 
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- the assumption of the underlying statistical model. An 

incorrect model assumption further increases the random 

dispersion of individual estimates and in addition it 

may yield a systematic error. If the population follows 

a 3 parameter Weibull distribution and the sample size 

is n = 200, the random dispersion may be increased from 

!8% to !12% and the systematic error may come up to 4% 

(cf. Figs. 5 and 6). 

- the choice of the confidence level. With an increasing 

confidence level the estimate becomes more conservative. 

With a very large sample size the estimate asymptotically 

approximates the true population value independent of the 

confidence level. However, if the population follows a 

3 parameter Weibull distribution and tolerance limits are 

estimated with a confidence level of 75 respectively 95 

percent from a sample of size n = 200, then these values 

still underestimate the true population value systemat­

ically by 3 resp. 6% (cf. Fig. 3). 

(3) Following conclusions can be drawn from the results of 

this study: 

At a given sample size the predominant amount of the 

variability of individual estimates must be attributed 

to the method of random sampling. It seems especially 

important to investigate to what extent this dispersion 

may be reduced by utilizing the method of 'stratified' 

sampling and by including available a priori information. 

-A criterion for a 'tolerable' between-manufacturer var­

iability might be the variability of random samples from 

one population. 

If 'random' samples are used, a sample size of n = 200 

seems to be necessary (cf. Madsen 1978, Fewell 1982). 

If the condition given in ASTM D2915-74, Sect. 5.5.2 
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viz. 
EL - TL ::;;; 0.05 

TL 

where EL denotes the point estimate and 

TL denotes the tolerance limit 

is applied to a 3 parameter Weibull distribution and a 

confidence level of 95 percent (cf. Fig. 3), then a 

sample size of roughly n = 250 is obtained. 

- If there are no strong arguments in favour of a specific 

distribution, then it appears advisable to either assume 

a 3 parameter Weibull distribution or to apply a non­

parametric method. In any case, the nonparametric sample 

5 percent exclusion limit should be calculated as a con­

trol value. 

- If the exclusion limit is estimated as a lower tolerance 

limit with a confidence level that exceeds 50 percent, 

then this specific information should be borne in mind 

when setting standards. 
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SAMPLING TO PREDICT BY TESTING THE CAPACITY OF JOINTS, COMPONENTS AND 

STRUCTURES 

Background 

During the last ten years the working group CIB-W18 has concentrated on 

an European model code for timber structures: CIB Structural Timber De­

sign Code /1/. Design methods are dominating in this code in terms of 

formulas for calculating deformation and strength of structures and 

structural components. Introductionary are also presented strength 

classes for structural timber and glued laminated timber with the corre­

spondent profiles of characteristic strength at different kind of 

stressing. 

Additionaly, CIB-W18 has dealt with methods of verifying characteristic 

vdlueo"Of stiffness and strength of material, joints, components and 

structures of wood. This work had been carried out in subgroups set up by 

CIB and RILEM rather informally. The results are passed as proposals to 

ISO, generally through the technical committee TC 165. It is essentially 

a matter of testing standards, but complicated by the introduction of 

authoritative requirements on testing conditions based on divergent 

opinions and code philosophies in different countries. Thus, the selec­

tion of material for the testing, as well as methods for deriving and 

transforming of characteristic values from the test results, have been 

discussed in detail. A proposal for selection of wood for the purpose of 

testing mechanical joints was accepted as a CIB/RILEM Timber Standard al­

ready in 1976 /3/. This standard has been applied in Sweden since then. 

Otherwise, the matter of sampling for testing of components and struc­

tures has not been carried to a satisfactory solution. Possibly, an in­

ternational agreement will have to be restricted to general principles. 
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---------------------------------

Testing conditions 

It is important that the aim of the testing is well defined before work 

on a standard is started. This has not always been sufficiently con­

sidered in the CIB/RILEM standardisation work. The term "pure testing 

standard" is here used for a standard in which stipulations for material, 

design, climate and type of loading is kept at a minimum, in order to 

make the standard open to as many applications as possible. Naturally, 

there is a limit set by the demand that the results must be realistic. 

However, stipulations in terms of limitations or supplements, which are 

necessary in the case the results are to be used for deriving characte­

ristic capacity values for the structural code or official approvals in 

connections with the code, should preferably be separated from the pure 

testing standard. One good reason for this is that the conditions in 

practice deviate geographically and with the kind of use. Another reason 

is that when it comes to load bearing capacity safety will be more signi­

. riciant then in a "common'' standard. Consequently, in certain countries 

the building authorities, not the standard institutes, are responsible 

for this kind of "approval rules", annexed to the building code. One ad­

vantage is the possibility of a close connection between rules for the 

selection of material for testing and the rules for quality control in 

tuture production. It is also evident, that for approval testing it is 

often suffient to stipulate either a minimum or a maximum value, which­

ever gives a result "on the safe side", while in the pure testing 

standard the values are given without tolerance or between narrow limits. 

Like many national structural codes the CIB timber code recognizes that 

testing may be chosen as an alternative to calculation when the capacity 

of components or structures are verified. The conditions for the two al­

ternatives to give the same result, that is the same safety, have been 

outlined in a previous paper /4/. The demand that the testing object is 

well specified whether it consists of one or several units, is recognized 

by most testing standards. But the choice of object for the testing is 

introduced first in the case that the results shall be applied to other 

objects which are not tested. This is very much the case when the testing 

results are intended for the derivation of characteristic strength values 
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for objects which will be produced years after the testing is performed. 

The choice of material is significant at timber structures because the 

variations of the wood properties in future production may be con­

siderable and difficult to predict. This is a problem of the same nature 

and magnitude as that of establishing general partial safety factors con­

sidering excisting local and temporary variations in material. Similar 

problems concern the assumptions with regard to load and climate actions. 

For the different steps in derivating characteristic values based on 

testing is refer to the CIB-\~18 paper 6-7-4 /5/. 

Selection of wood for approval testing 

In the following sections and Appendix A is dealt only with the selection 

of wood for testing products with the aim of verifying load carrying 

C'&pacity in terms of characteristic values to be introduced in a code of 

practice or a correspondent approval. Sampling for testing in connection 

with running quality control is outside the scope of the paper. This 

limitation generated two questions with reference to the title of the 

paper: Does sampling mean drawing samples (examples) from a population at 

~ 8,.1dom or by some system, for examination with the purpose of estimating 

one parameter or several parameters to describe properties of the popula­

tion? Is "selecting material" synonymous to systematic (not random) samp­

ling of material? 

The answers were (H J Burgess): Yes respectively No with a comment "I 

think selecting material implies selecting it by any means, whether sys­

tematic or random". Accordingly, sampling and selecting are used as next 

to synonumous. Thus, sampling does not necessary imply statistical 

methods and the conclusions and proposals in the paper should be relevant 

to its head-line. 
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Approval based on type-testing may follow the following procedure: 

1. The manufacturer defines the product when searching approval. 

2. A small number of units, just about in correspondence to the defini­

tion, are tested. 

3. The approving authority prescribes such quality control which gives 

sufficient probability that products manufactured in the future under 

the name of the approval will correspond to the definition. 

According to this philosophy it is ultimately the manufacturer who de­

cides what the material shall be in the products to be type-tested. This 

procedure works well for many products, but has caused problems in the 

case of approving wood structures. The most important reason for this is 

the contradiction of defining products in future manufacturing to testing 

a small number of products. Hypotheticly one could define future produc­

tions based exactly on what has been tested. However, in practice this 

will merely submit the problem to the point of the quality control when 

the difficulty or even impossibility of reproducing the tested products 

will be evident. Eventually, the problem is referable to the difficulty 

of finding relevant grading criteria for structural wood and a practical 

and economical way of grouping such timber. 

One may indentify three principles for the selection of wood for type­

testing of structures: 

+1ethod 1 

Method 2 

Method 3 

The number of tested units is considerably increased, either 

in an attempt to simulate a "normal" distribution of wood 

properties (if it is possible to define what is ''normal'') or 

in order to establish test results on two or three levels of 

wood quality. 

Selection of wood with uniform properties between as well as 

within members. 

Go without testing. 
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All three alternatives have been considered seriously. Advocates of 

Method 1 are generally referring to the kind of structures where failures 

are expected to appear in the members outside the connections. In many 

trusses and similar structures the static conditions are such that forces 

and moments in the members can be calculated confidently and the resi­

stance of the structure to load directly related to the strength of the 

timber. Therefore, much of the testing performed on trusses has been 

nothing but testing of structural timber. It is then unacceptable that 

rules for testing and approval has made it possible to increase stresses 

in the timber by up to 20 % based on testing of 15 to 50 units, while a 

much smaller increase of code stresses for the same kind of timber will 

require 10 to 20 times that number of specimens. 

There are reasons why one may expect higher capacity derived from testing 

results then from calculation based on the code. One is the "statistical 

effect" from the fact that timber strength is defined by the weakest 

- cross-section along the piece without consideration to the high strength 

in other sections. However, the magnitude of this effect is dependent on 

lhe structural grade of the timber, the design of the structure and on 

t'""' .distribution of the load. In order to separate the statistical effect 

rrorii de vi at ion caused by other factors, theoretical analyzis and testing 

ic. 1equired to an extent that will be unimaginable for approval testing. 

The Method 2 is very different from the Method 1, the principle target 

being to reduce the deviation of strength and stiffness properties in the 

wood members. This indicates that the aim of a testing by Method 2 is to 

ver.i fy the performance and strength of the connections, rather than to 

com~=te with standard testing of timber. It could be said, that in this 

case one should select timber to a high grade with respect to knots and 

sir,rilar defects and also use the density criterion with reference to the 

joints. In the proposal, reproduced in Appendix A, one has not gone that 

far. The selection of the timber is referred to the grade limitation of 

minimum strength but additional stipulations are introduced in order to 

reduce the deviation along the member. Consequently the statistical 

effect is also reduced. Simultaneously, the additional stipulations will 
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lead to a reduced deviation of density which will make the information on 

the capacity of joints reproducable. 

A concentration of the type-testing and approval on the design of joints 

and consequent static model for the structure, justifies the question why 

''cut out'' connections cannot be tested in stead of structures. In many 

cases they can. This is a reason why the selection rules for joints and 

structures should preferably be conform with respect to the density of 

the wood. 
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Selection of wood for testing joints 

In a comment to the ''CIS-Timber Code'' /1/ it was said that the ''CIB-RILEM 

Timber Standard No. 07" on requirements of the timber and calculation of 

characteristic values has been prepared on the basis of a draft discussed 

and accepted in June 1976, namely ''CIB-W18/paper 6-7-3". The decision at 

the meeting No. 6 of the CIB-W18 according to the minutes read: "it was 

agreed that paper 6-7-3 should be included in the Code although some 

amendments might have to be made to it in the future". 

For the "No. 7" (here is referred to Draft No. 3 76.11.01) the require­

ments regarding the wood are limited to the density and the conditioning 

(climate). There is an option between two methods concerning the devia­

tion of density from a characteristic value (pk). The difference is: 

In Method No. 1 is stipulated that at least 20 % of the tested joints 

'inutSt be of wood with a density lower than the characteristic value. 

Simultaneously, it is stipulated that the mean value of the density must 

not be less than 1.15 times the characteristic value. This means that the 

coefficient of variation at normal distribution should be at least 0.15 

or that the distribution must be skewed to low density. 

In Method No. 2 the requirement on deviation is much more restricted, 

stipulating that no individual value (density of an individual test spe­

cimen) shall deviate more than 10 % from the total mean value. The 

connection with the characteristic value is a stipulation that the mean 

value should fall between 1. 05 P k and 1. 25 P k. This is more liberal than 

by Method No. 1 but then it should be observed that the joint strength 

values measured are supposed to be adjusted to the characteristic density 

value. This is not the case at Method No. 1. 

What has been quoted here from the "CIB-RILEM Timber Standard No. 7" con­

centrates on controlling the deviation of the density of the wood selec­

ted for the joints to be tested. If the aim is to get reproducable re­

sults, such as when strength values are searched for different types or 

makes of fasteners, Method No. 2 is the superior one. The principles have 
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been applied for several years in the Nordic countries and the method is 

adopted by NOROTEST /7/. 

Both methods are open to any level of density defined by the characteris­

tic value Pk· With reference to European pine and spruce CIB-RILEM Timber 

Standard No. 07, Method 1, gives the value 0.36. The stipulation that at 

least 20 % of the tested joints may indicate that the value is a 20-per­

centile. However, if 0.36 is considered merely as a reference value, a 

series of such values could well be where a standard should come to a 

stop. The sampling process will thus start by that a value for Pk is cho­

sen within the standard series. It will generally be an estimation within 

a species group, covering an extended population of wood which includes 

different sources and grading methods. In the paper 6-7-3 /6/ was re­

ferred to "softwood 0400 (low density)" and "softwood 0500 (high den­

sity)". Adding one value in the series this would correspond to the Pk­

values 0.36, 0.45 and 0.56. When one is in doubt which of two adjacent 

values that will fit the anticipated application of the results best, the 

general rule would be either to chose the lowest value or to perform the 

testing at two levels of density. Testing at two different density levels 

is often to recommend, as a subsequent transformation of results to a 

higher level may be difficult if more than one mode of failure is in-

Note 

Sometime during the process of rev1s1ng the "No. 07", a small dis­
crepancy was introduced between the recommended density-values in 
::.;thad 1 and Method 2. Preferably the t~ethod 2 should read: 

The wood should be selected thus that the density variation within 
groups of density is kept small: 
No individual value should deviate more than 10 % from the total mean. 
The mean value of density within a density group should be between Pk 
and 1.25 Pk• A standard geometric series of density values for selec­
tion of the wood for testing of joints is •••• 0.36, 0.45, 0.56 •••• 
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Selection of wood for testing structures 

As Appendix A to this paper is reproduced a proposal from 1981 for selec­

tion by machine of the wood to be used in structures for type-testing. It 

is called Method 2 and corresponds in aim and principles not only with 

the Method 2 previously mentioned as one of three solution for the choice 

of wood to type-testing, but also with Method No. 2 of CIB-RILEM Timber 

Standard No. 7 for the selection of wood for testing joints. The most im­

portant section is repeated here: 

"The wood shall be selected by a machine approved for MSG. The machine 

shall be set thus that, according to an approved program, the strength 

mentioned in what follows (a and b) may be expected in the parts of the 

wood, which are intended for the structures to be tested: 

a The minimum value of (local) strength within a piece of wood shall be 

at least 1.0 but not over 1.1 times the GL-value (grade limit value of 

strength). 

b The mean value of (local) strength within a piece of wood shall not 

exceed 1.25 times the GL-value." 

The significance of these rules is illustrated by Figure 1. The range of 

the expected local bending strength is shown for 24 pieces of timber. A 

horizontal line connects the minimum value (right end of the line), the 

mean value (small circle) and the maximum value (left end of the line). 

~ote that the strength is increasing from right to left in a non-linear 

presentation. (The deflection in the machine is linearly increasing from 

left to right). 

The timber was used for trusses to be tested for approval. It was pre­

graded visually, first into a mixture of o/s and V then in accordance 

with the rules for supplementary visual grading of machine graded (MSG) 

timber. Afterwards the timber was put through a Computermatic equiped to 

record the local deflections along the piece, 20-25 values. The machine 

would accept 85 % of the input in selecting T24 or better, that is, in an 
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ordinary commercial grading for T24. However, for selecting wood for 

type-testing purpose, the basic stipulation is that the strength must not 

be better then the grade value, in this case T24. Therefore, the minimum 

value of expected strength (right end of the line) must fall between the 

vertical lines GL24 and GL33. After such exclusion of 33 and better the 

yield of 24 should be about 30 %. However, in this case a special stipu­

lation was added: only single local values were allowed to pass the 

boarder GL33. This could be satisfied, at least approximately, by check­

ing the lights which indicated each boarder passage, while the piece went 

through the machine. 

This additional requirement decreased the yield considerably. But, it was 

simultanously tolerated that the minimum value just passed the boarder 

against the lower quality, T18. It is seen that this tolerance was 

applied to five pieces. The reason for accepting the pieces represented 

by dotted lines is not clear. Anyway, the final yield was 10 % of the 

··tiii1ber put through the machine. This may appear a low yield, but as this 

only implies the cost of handling the timber, the prize is low for what 

is achieved - reduced deviation of strength within the grade. 

·How had it changed the results if Method 2 had been applied in stead of 

:the temporary stipulations? The four pieces of timber giving the dotted 

lines should not be accepted by either method. That should also be the 

case with the pieces no. 2 and no. 12. These pieces passed by mistake in 

spite of both having six successive local values outside the boarder 

GL33. This does not directly appear from the figure, which does not show 

the distribution of the local values, but it is indicated by the position 

of the mean values. Actually, these two pieces (and another three) had 

been rejected by Rule b of Method 2, giving an upper limit for the mean 

strength. Rejecting pieces with local strength skewed to high values is 

the very purpose of the rule. As a matter of fact the piece number 12 

would have been rejected anyway by rule a, stipulating that the minimum 

value should not be greater than 1.1 GL (26.4). Both these rules (a and 

b) contribute to rejection of timbers with relative high strength on a 

substantial length. Without the 1.1-rule it would be too easy to select 

timber close to the next higher strength class than aimed at. This is 

particularly the case when the members of the structure are short. 
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for truss testing. 
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SELECTION OF WOOD FOR STRUCTURES TO BE TESTED AS PROTOTYPES 

Principle 

These are rules for selection of the wood to structures ><hich are 

to be tested for approval of, principally, load bearing capacity. 

Such capacity may concern the serviceability limit or the ultimate 

failure limit. Usually characteristic values of capacities of stiff­

ness and strength are aimed at. Particularly the fact that the design 

generally must be based on a 5-percentile value of strength makes the 

selection of the wood intricate. Two different methods have been advo-

cated: 

1. The distribution of strength properties between wood members, ex­

pected in practice, is imitated. 

2. A distribution is aimed at which has less deviation and is shifted 

to give a lower mean of wood strength than the distribution expec­

ted in practice. 

Method 1 involves the problem of defining a distribution which is 

representive for the variations of strength of structural wood in 

practice. And should it be possible to agree upon a standard distribu­

tion, based on variations between and within wood pieces the number 

of structures to be tested in order to arrive at reproducable 5-percen­

tile values will anyway have to be considerably great. 

Method 2 should be simpler to apply and reproducible. That is, it is 

possible to repeat the testing under other conditions, such as other 

type of connectors, and expect results with negligible influence of 

the sampling of the wood. 
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It is here proposed that the selection of wood is based on Method 2. 

This is in agreement with the recommendations by NORDTEST for the 

testing of mechanical fasteners (nails, nail-plates) in joints. It is 

emphasized that the purpose is to restrict the variations of the wood, 

not to simulate the grading of wood found in practice. In the case the 

results of the testing are considered not directly applicable as sub­

stitute for the characteristic capacity of the structures in practice, 

they may be transformed to expected wood conditions by recognized sta­

tistic methods. 

Scope of application 

2 

The rules for selecting wood for type-testing for approvals are prin­

cipally applicable for complex structures, such as trusses or built up 

beams, etc. They are not intended for pure joint testing, for which is 

referred to special sampling rules (NORDTEST or similar). Although the 

rules may in principle be applied also at testing of simple beams and 

glued laminated beams, they are not suitable for testing of structural 

wood itself or laminated wood with the aim of deriving characteristic 

strength values. Should such testing be_within the scope of type-testing, 

it at least calls for a Method 1 sampling. 

Considered factors 

The following factors are taken into consideration at the sampling of 

the wood: 

1. Criterion at machine stressgradi ng (MSG). 

2. Supplementary visual grading 

3. Density 

4. Moisture content (MC) 

5. Finger joints 
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Stress grading by machine 

It is assumed that a strength grade or class is prescribed and that 

a correspondent lower 1 imit of the 5-percentile strength value is 

defined. This 1 imit is here denoted GL =grade 1 imit value of strength. 

The wood sha 11 be se 1 ected by a machine approved for MSG. The machine 

shall be set thus 1) that, ·according to an approved program, the strength 

mentioned in what fo 11 ows (a and b) may be expected in the parts of the 

wood, which are intended for the structures to be tested 2): 

a The minimum value of (local) 1) strength within a piece of wood 

shall be at least 1.0 but not over 1.1 times the GL-value. 

b The mean value of (local) strength within a piece of wood shall not 

exceed 1.25 times the GL-value 3) . 

. Note 1. In most stress grading machines the bending stiffness 
measured over a short length (0.5 to 1.0 rn) is used to predict 
strength. The rules are not restricted to these machines. 

Note 2 The machine stress grading is in most cases performed 
before the wood is cross cut to its final length. Hence, the 
grading must refer to the parts used in the structures to be 
tested. 

Note 3 The aim for limiting the mean value of strength within 
a piece to 1.25 times the lower 1 imit value of the grade is to 
avoid a large variation of strength within and between the mem­
bers of the structure. Applied on the series of strength classes 
(grades) proposed by CIB-W18 the rule is equivalent to saying 
that the mean strength must not exceed the lower 1 imit of the 
next higher class. 

Supplementary grading 

The wood shall preferably be stress graded by machine over the total 

length of the respective structural members. In the case the initial 

length does not allow the cutting away of ends not g;aded by machine, 
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the strength of these ends -estimated by recognized visual rules 

(BS 5268, T-timber rules) - should be equivalent to what is stated 

above for the strength of the main parts, graded by machine. 

4 

LimitatiGns of features which are not included in the ordinary grading 

rules but which are specified for the structure to be approved by 

testing, must be considered at selection of the wood. 

Density 

Note 4 It is appreciated that visual estimation of the strength 
at the ends is approximative. However, it is desirable that 
the wood towards the ends (0.9 m or less from the end) is not 
significantly stronger than the mean strength of the machi.ne graded 
part. In other words, the estimated lowest strength within the 
visually graded parts at the ends of the wood piece should be 
in the range of 1.0 to 1 . .25 times the lower grade 1 imi t value. 
In particular, this is important if the wood is going to be 
fingerjointed. 

Wood for testing of structures with mechanical joints should have densi­

ty adopted to rules for testing of joints. If the lower grade limit of 

bending strength does not exceed 24 MPa (T24, SS, ECE/26), the mean 

value of density of dry wood should not exceed 440 kg/m 3 within an 

individual piece. 

Moisture content 

The moisture content of the wood intended for the structures to be 

tested must not exceed 0.22 (22 %) when selected by machine stress 

grading, should a higher M.C. not be prescribed for the testing of the 

structures. 

Size 

The cross section measures of the wood, selected for the structures 

to be tested,shall be within standard tolerances when graded. If the 
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structures shall be made from planed wood or wood processed in another 

way, the grading shall be performed at the final measures. 

Finger-joints 

5 

If the approval seeked shall concern structures in which finger-jointed 

timber is allowed, the grading for the selection of the wood may be 

performed before or after fingerjointing. At grading of already join­

ted timber, the demands for strength for "individual pieces" apply to 

parts between joints. Spacing of joints and the location of the joints 

in the structure is chosen with respect to what will be specified for 

the structures in the approval. 
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DISCUSSION OF SAMPLING AND ANALYSIS PROCEDURES 
P. W. Post: American Plywood Association, Tacoma, Washington USA- May 1983 

There has been some interest in developing standardized procedures for sampling 

panel products and analyzing test results. Standardizing sampling and analysis 

procedures is likely to be much more difficult than standardizing the test 

specimen and test procedures. The objective is to provide data from which 

engineering properties can be determined suitable for use in building design. 

The difficulties arise because within this broad objective there is a tremendous 

range of size and uniformity of population to be sampled, the economic impact 

of the engineering properties to be derived, and funds available for conducting 

a sampling and testing program, and the degree of refinement needed. Within 

these constraints each research organization is very likely to continue to devise 

its own sampling scheme using a mixture of judgement and statistical techniques. 

It may be more to the point to standardize the end result expected from whatever 

sampling scheme is used, rather than to specify detailed schemes and statistical 

techniques for achieving them. 

In my view there are two areas which could benefit from standardizing. The first 

relates to defining the confidence level with which the key characteristic values, 

such as the 5% for strength or the 30% level or mean for stiffness, are to be 

determined. This is needed if design values for use under the building codes 

are to achieve a uniform level of safety for the various materials. 

Specifying the end result desired, rather than the specific sampling and analysis 

scheme for achieving it, has a number of advantages: 

1. It leaves the material manufacturer or association free to select the most 

cost effective scheme considering the specific uses intended for the material. 

Thus, the required confidence level might be achieved by conducting a very 

thorough and expensive sampling and testing program aimed at obtaining the 

highest possible design stress levels for a demanding structural application. 

The same confidence level might also be achieved by conducting a very limited 

sampling and testing program for a material whose properties considerably 

exceed the requirements of the intended use. In this case there is no economic 

penalty for larger reductions required to offset the limited sample. Both 

options are legitimate and should be available. 
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2. The choice of statistical techniques to be used is left to the investigator. 

Both parametric and non-parametric methods are available. Sequential methods, 

by analyzing results in stages and determining the amount of additional testing 

based on a partial sample can reduce costs without sacrificing needed con­

fidence in results. 

3. The building codes can be assured that the test data they receive as the 

basis for design values is associated with a uniform level of certainty. 

The second area which a standard procedure perhaps should address, is the 

matter of sub-populations within the overall population. When a specific 

product is very homogeneous, this is not a problem. However, in the U.S., 

PS-1 plywood may be manufactured from a variety of species using different 

layups. The result is that the overall property distribution is really made 

up of a number of smaller populations added together according to their produc-­

tion volume. Normally they originate from a particular producer using a given 

species and layup combination or a number of producers using similar species 

and layups. These subpopulations do not get mixed together in shipment. They 

are likely to arrive at the jobsite or other point of use as a separate sub­

population. It would seem desirable to limit the characteristic values of the 

sub-population as well, although perhaps not as severely. 

ASTM Standard D2555 which deals with species grouping, addresses the problem 

relative to sub-populations within species by specifying that the 5% character­

istic level for a group of species could not exceed an approximate 12% exclusion 

level for a sub-population of a species or the 7% level for an individual species. 

Other numbers could be used; these are simply examples of how a similar problem 

was handled in the past. 

Some general notes and comments on setting up a sampling scheme may be useful. 

Unless a very intensive and perhaps ongoing testing program is justified by the 

intended use of the product, testing to evaluate engineering properties is likely 

to be done rather infrequently and with limited resources. Under these conditions 

confidence in the characteristic values obtained from the testing program can.be 

improved by selecting the test material to be near-minimum strength where possible. 
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For example, when sampling from plywood panels: 

1. Bending tests on plywood can be conducted on a full panel or the areas 

most severely affected by knots, knotholes and distorted grain may be 

placed in the zone of maximum stress. 

2. Plywood shear through-the-thickness specimens can be selected to include 

the most severe core-gap and core joint combination. 

3. Rolling shear specimens may be oriented to shear "checks open", and con­

structions may be selected to have the thickest veneers or parallel lami­

nated veneers. 

Weak areas of reconstituted panels cannot be so easily selected by visual 

examination. However, quality control procedures used by the manufacturers 

of these products often include other measures of strength or of variables 

related to strength. This information can help in the selection of near 

minimum material. 

Even when sampling and testing is quite intensive, steps should be taken to 

make certain that near minimum material is included in a representative manner. 

When there is no way of picking near minimum material, random selection is the 

only approach open. While low strength material can be selected within a plywood 

panel, it is often very difficult to pick out the lowest strength panels from a 

group of panels. In this case, random procedures should be used. Likewise there 

is often no means of selecting minimum producers from a group of producing mills. 

Therefore, it is wise to include all manufacturers if at all possible. 

When sampling plywood from a specific manufacturer, it is best to spread the 

sampling, however lightly, over a long period of time. This is because changes 

in the manufacturing process, or in the character of the raw material supplying 

the mill, are apt to occur rather infrequently. Sampling for a specific test 

should be spread out over as many panels of the sample as possible, rather than 

most specimens for a property from a single panel. This is because the panels 

within a sample from a given mill can vary substantially. 
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In summary, a sampling and analysis standard might be most useful if it 

specified rather specifically the statistical lower confidence level for 

key characteristic levels of the property distribution curve, such as the 

5% for strength or the 30% or mean for stiffness. It could also be specific 

in limiting the relationship of sub-populations to these key exclusion levels. 

The confidence level selected should be reasonably consistent with levels 

which have been acceptable in the past on a less formal basis. Thus, if in 

the past the 5% exclusion level of a small sample has been accepted as applying 

to the population, then it would be consistent to require only a 50% confidence 

level for determination of 5% exclusion levels. The confidence level required 

can have a large impact on the amount of sampling and testing required to sub­

stantiate a given exclusion level. One cannot expect to radically change these 

requirements simply by putting them in a standard. 

Other aspects of good sampling practice as detailed above might best be set forth 

as guidelines or principles to be applied using good judgement to specific needs. 
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RILEH 3-TT and 57-TSB 

Hceting No 9, Li.J.lehanmlC'r, Non1ay, Hay 1983 

The chairman, Professor Kuipc;rs, opened the meeting and outlined the 

progranm1e of \Vorking for the group. Because of the large number of 

delegates present and the limited time available he suggested that three: 

sub-groups should be formed to deal separately "it.h plyv10od, joints and 

structures. This proposal was accepted. 

I) 3-TT Testing mE,thods for mechanical fasteners. 

The tentative recommendations for the testing of nails, TT-·1 B) Here discu.':>sed. 

Dr. Korin told the sub--group that he had carried ou.t some tests in ac.cord,;mce 

"ith the standard and these were also discussed. 

The follm·lin,?:; amendments Here agreed: 

clause ll.2.2(c): delete "wood and woocl-bascod slwet. materials" 

2 clause Jl,l,,] replace 11 1 mm 11 by "2 nm/' 

3 clause. B. 7 .3.1 amend to read 11 
••• rate of deformation of 2.5_:_::_ 0.5 mm/min 

A draft standard for the testing of stapl.es, prepared by Professor Kuipers, 

was considered in detail. As a result of tl1e cll'•cuss 1'.ons w ·r · - 11r .ory lS t:o prep~tl~C 

a second draft for comment for inclusion in the. proceedings of the CJB~-\01 8 

meeting. 

2) 57-TSB Testing metlJocls for timber structures. 

A first draft had been prepared by Nr. Tory and severnl comments had been 

received. The first draft and the comments Here d~_scussed in detail. 

Hr. Tory Hill prepare a second draft based on the results of the discussion. 

This second draft 'id.ll be sent out for comment in due timr. bc~fore the n.<~>U: 

meeting. 

The following general dc.c:i sions were taken: 

- This standard 'h1ill not cover on-site testing of completed structures 

- The second draft of this standard will not cover structures made pnrtly 

or "holly from reconstituted 1cood. It is intconded to incorporate such 

structures at a later stage by means of appropriate amendments. 

- The second draft of this standard will not contain a chapter on acceptance. 

- It was felt that guidelines for the interpretation of the test results 

should be 1corked out. 11D11ot:her these guidelines shall be included in this 

standard or puhlishcd elsc"t.-Jhere ~\1ill be decided after their ela~oration. 

" 



3) 57 TSB Testing methods for board materials. 

Papers discussed: RILEH RccOJmnendation TT2 "Testing methods for plywood 
in Structural Grades for use in load-bearing structures'' 1981 
POST P.\V. "Effect of test piece size on panel bending 
properties 11 

RILEH/Clll\<115 Lillehanuner June 1983 
LEE, I. "Tentative pJ:oposals for testing particleboard 
for use in load beaJ:ing structures" lULEH/CIB\-118 Helsinki 1980. 

It was agreed that 1ULEH/TT2 - 1981 Reconunendation could be usefully redrafted 
or extended to relate to particleboard (including wood chipboard), waferboard, 
flakeboard and O.S.B. (but not composite boards or fibre building boards at 
this stage). 

Section 1 - Physical Properties requires littl.e al.teration except that the 
procedure for sampling should mvait ISO recommendations. 

Section 2 - Hechanicol Properties for strength and stiffness 1n bending, 
compression and tension require only minor alteration. There 'i\~as some feeling 
that cycli.c conditioning should precede testing and tltat some means of 
relating these tests to routine quality controls should be sought. 

In trying to adapt the panel shec:t test for particleboard, APA reportc•d 

some difficulty in getting the rails to ~evelop the full s11eor load irtlo 

the specimen. It \vas agreed that tbe shear modulus could be found from 

deformation measurements along a diagonal of the panel shear strength 

test-piece (in accordance '"ith A.S.T.H. procedure). Consequently, the 

separate test for panel shear stress described in TV. was thought to be 

unnecessary. It was suggested that the tests described in TT2 should ba 

extended to cover 'impact' and 'creep'. 

As a long-term aim it should be possible to establish non-·dcstructive 

testing for particleboards. Heanh1hile) it was agreed to adapt the TT2 

plywood tests to suit particleboard material. Hr. Lee offered to draft 

the tests for bending compression and tension) and the APA represo.ntative~3 

agreed to draft suitable tests for shear strength and shear modulus. 
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RECOMMENDATION TENTATIVE 3TT-1; C 

D R A F T TENTATIVE RECOMMENDATION 3TT-1; C 

3TT-I;C 

JOINT COMMITTEE RILEM/CIB-3TT: TESTING METHODS FOR TIMBER 

Testing methods for joints with mechanical fasteners in load-bearing 

timber structures. 

Annex C: "Staples". 

The text presented here is a draft on which views and technical comments are 

invited. A final recommendation taking account of comments will be produced 

by RILEM committee 3TT. Comments to be sent to: Prof. ir. J. Kuipers, 

Stevin Laboratorium, Stevinweg 4, 2628 CN Delft, The Netherlands; before 

FORE1-IORD 

Final Recommendations 3TT-1 : "Testing methods for joints with mechanical 

fasteners in load-bearing timber structures" '"ere published in Vol. 12 

No. 70 1979 of this journal. It was foreseen that Annexes should be produced 

for testing methods for joints with specific fasteners. A first Annex 3TT-1; A 

Punched Metal Plates was published as a tentative recommendation ln 1978, 

finalized in 1981 and published ln Materials and Structures Vol. IS No. 88 1982. 

The second Annex 3TT-1; B about testing methods for nails will be published as 

a Tentative Recommendation in 1983. 

This is the third Annex 3TT-1; C about testing methods for staples. 
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C.O. INTRODUCTION 

This annex was produced in order to encourage the use of standard test 

methods for determining the strength properties of joints with different 

types of staples, used in load-bearing timber structures. I) 

C.l. DEFINITIONS 

Staple 

Staple-back 

double-bent, U-shaped piece of round, 

square, oval or rectangular wire with 

pointed legs. 

connection between 

2 

{eq the two staple-legs. 

centre of staple-back. 

N.B. All end and edge 

1 -------~·--·-~·--

Back-centre 

Staple-length 

Staple-width 

Staple-diameter 

Back-angle y 

distances as well 

as mutual distances 

between staples are measured from back-centres. 

length of each staple-leg, including point. 

distance between staple-legs. 

smallest dimension of 

each staple-leg 

smallest angle bet,.,een 

back-direction and 

grain-direction. 

nn 
• I I 

d d 
·-U- -fl-

l) Standard rules for the determination of characteristic strength and 

deformation values will be developed by CIB-WIS. 
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C.2. SCOPE 

C.2.1. These Recommendations are an Annex to the Recommendations 3TT-I: 

"Testing methods for joints with mechanical fasteners in load­

bearing timber structures 11
• 

C.2.2. This annex gives preferred test methods for determining 

a) load-slip characteristics and maximum load of laterally loaded 

stapled joints; both for wood-to-wood joints and for wood-based 

sheet materials to wood and vice versa. 

Various angles between the applied force and the direction of 

the grain of the timber (load-grain angle 0l are possible; 

b) load-slip characteristics and maximum load for axially loaded 

stapled joints (withdrawal testing); 

c) mechanical properties of staples, timber and wood-based sheet 

materials. 

C.3. FIELD OF APPLICATION 

3 

These recommended test procedures apply to joints with all types of staples. I) 

C.4. MANUFACTURING AND CONDITIONING OF TEST SPECIMENS 

C.4.1. Manufacturing. 

Test specimens shall be made in the same way as in practice. 

The staple-backs should protrude above the surface. 

I) For the intended use in load-bearing structures the user shall pay much 

attention to guaranteed materials and quality control of the staples. 
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C.4.2. Conditioning of test specimens. 

C.5. SANPLING 

The test specimens shall be manufactured with the timber and \,rood­

based materials at an equilibrium moisture content corresponding to 

20 + 2°C and 0.8 + 0.05 relative humidity. Testing shall be carried 

out at either 
I) Z) 

a) 20 ~ 2°C, 0.8 + 0.05 rh; 

b) after further conditioning for at least one week at 

20 ~ 2°C, 0.65 ~ 0.05 rh; 

c) other specified conditions. 

The condition used shall be stated in the test report. 

C.5.1. The materials from ~-rhich the test specimens ~-rill be made must be 

sampled in accordance with ISO 0000. 3) 

4 

C.5.2. For determination of load-slip characteristics and maximum loads, 

species and quality of the materials shall be as specified for the test. 

C.6. TESTING JOINTS HITH LATERALLY LOADED STAPLES 

C.6.1. TEST SPECINENS 

C.6.1.1. Hood to ~-rood joints 

C.6.1 .I .I. To measure joint strength parallel to the grain test specimens 

shall be made either as 

I) 

2) 

3) 

a) 3-member joints according to Fig. I for single shear action 

of the s.tan les; 

b) symmetrical 4-member double joint specimens according to Fig. 2 

for single shear action of the stanles. 

The climate conditions for testing defined in this clause differ from, 

and supersede, those recommended in Annex A Punched Netal Plate Fasteners. 

Attention is dra~-rn to the content of International Standard ISO 554 

'Standard Atmospheres for Conditioning and/or Testing- Specifications' and 

the moisture classes defined in CIB Structural Timber Design Code (fifth 

edition 1980). 

To be prepared by CIB-\•11 8. 
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C.6.1 .1.2. The penetration length into the central member 

shall be chosen so that the yieldpoint of the 

leg will be reached at or before the max. load 

occurs. 

N.B. This penetration length can be 

estimated as 

I .4d ~ * I , I 
s 

'l:vhere 

0 yieldstrength of the staple material 
y 

and 

o embedding strength of the wood. 
8 

C.6. I .I .3. The thickness t of the central member must be 
c 

chosen such that: 

t >(8d+3d=)lld 
c 

(Fig. I) 

C.6. I. I .4. The thickness t of the side members, the mutual s 
staple distances s II and sl as well as the end and 

edge distances shall be chosen so, that the 

embedding strength of the timber rather than e.g. 

its shear strength determines the maximum load. 

C.6.1 .I .5. The number of staples in each contact surface 

between the members and placed in a row 

parallel to the force-direction shall be 2. 

C.6.1.1 .6. Tests shall be done with equal numbers of joints 

with back-angles of y = 0°, y = 45° and 

y = 90° respectively. 

5 



3TT-1; C June 1983 

C.6. 1 .I .7. For determination of the joint strength parallel 

to the grain tension tests should normally be used. 

If a 4 member test specimen similar to Fig. 2 i.s 

used, attention should be given to the fact that 

the strength of the weakest of two joints is found. 

This will influence the statistical interpretation 

of the test results. 

If a specimen according to Fig. 1 is used the 

separation of the side members, in combination tvith 

pulling out of the staples, should not be hindered 

by the loading-equipment. 

Compression test specimens may be used provided 

buckling lS avoided. 

C.6. 1.1 .8. For measuring the strength perpendicular to the 

grain, test specimens according to Fig. 3 shall 

be used. Member thicknesses shall be in accordance 

1,rith C.6. 1.1 .3. Loading may be tensile or 

compressive (compare Fig. 3 and 4 for example). 

C.6.1.2. Sheetmaterial-to-wood-joints 

C.6.1.2. 1. Test specimens shall be made as symmetrical 

3-member joints fastened with eight staples 

(Fig. 5). 

If the sheetmaterial has directional 

properties tests should also be carried out 

to enable assessment of the effect of board 

orientation. 

C.6.1.2.2. The penetration length of the staples into 

the central member shall be chosen so that 

the yield-point of the leg will be reached 

at or before the max. load occurs. 

N.B. See C.6.1 .1.2. 

6 
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C.6.1.2.3. The thickness t of the central member 
c 

shall be 8d +3d= lid (Fig.!). 

C.6.1 .2.4. The thickness t of the side members 
s 

1s equal to the production thickness 

of the sheetmaterial. 

C.6.1 .2.5. The number of staples in each contact 

surface between the members and placed 

in a row parallel to the force 

direction shall be 2. 

C.6.1 .2.6. See C.6.1.1 .6. C.6. I. I .8. 

C.6.2. NUNBER OF TESTS 

C.6.2.1. Sufficient spec1mens should be tested to 

permit a statistical interpretation of 

the results. 

C.6.2.2. If strength values for a series of staples 

with different diameters must be determined 

it is sufficient to test a relevant number 

of diameters so that interpolation of the 

results can take place. 

C.6.3. LOADING PROCEDURE 

C.6.3.1. The load shall be applied and deformations 

recorded in JTT-1: clause 7. 

C.6.3.2. The deformation of the joint is defined as 

the mean value of the mutual displacements 

of the two side members with respect to the 

central member. 

C.6.4. RESULTS 

The deformation and the maximum loads for each 

test as well as all other relevant information 

shall be recorded as recommendation in 3TT-1: 

clause 7. 

June 1983 7 
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C.7. TESTING OF AXIAL LOADED STAPLES I.E. WITHDRAWAL 

STRENGTH AND PULL-THROUGH STRENGTH 

C.7.l. Test Specimens. 

C.7.l .1. Withdrawal strength. 

June 1983 

C. 7. 1. 1.1. The timber member shall be cut and planed such 

that one face is tangential to the grm;th rings. 

C.7.1.1.2. Test specimens shall be in accordance with Fig. 6. 

C.7. 1.2. Pull-through strength. 

C.7.1.2.1. Test specimens shall be in accordance with Fig. 7 

and supported during testing as shown in Fig. 8. 

C.7.2. Number of tests. 

See C.6.2. 

C.7.3. Loading procedure. 

C. 7 .3.1. The load shall be applied at a constant rate of 

2.5 + 0.625 mm/min for a withdrm;al of at least 10 mm. 

Load/slip curves shall also be recorded. 

C.7.4. Results. 

See C.6.4. 

C.8. ~~TERIAL PROPERTIES 

C.8.1. Bending properties of staples. 

The bending strength of the staple shall be determined by 

a bending test according to Fig. 9. The bending strength 

shall be calculated from the highest load achieved for 

a deflection of 2d. 

(Staple test not possible? Alternative?) 

8 
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Values for Z, r and for the rate of deflection 

are given in the table below: 

June 1983 

d (mm) z (mm) r (mm) defl. mm/min. 

2.0 - 3.0 25 6 3 

3. I - 4.4 38 6 5 

4.5 - 6.0 50 I 2 6 

6. I - 8.0 75 I 2 8 

8. I - 10.0 90 20 10 

C.8.2. The embedding strength of the timber and of the 

wood-based sheetmaterials must be determined 

following Fig. 10. 

C.8.3. Test report. 

The test report shall include all relevant information 

recommended in 3TT-I: clause 8. 

9 
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Introduction 

The report deals with the statistical treatment o:= test results 

of symmetrical specimens, one of which 

fails first. The resLlt is twofold in 

such cases: one knows the failure 

strength of one specimen, and also that 

the other one is stronger. 

Theoretical considerations 

The probability that the strength x 

of a joint is less than x be 

p [2:' < X) = p 

The probability that x is in the interval x to (x + dx) be 

dP = p dx 

The probability thaL ~ ~ x is 1-P, and the probability that the 

weakest of 2 elements has a strength value ~ x is the same as 

the probability that both elements have strength values > x. 

This probability therefore is (1-P) 2 . (1) 

The probability that the weakest of 2 elements is in the interval 

x to ( x + dx) is 

f dx = - d(l-P) 2 = (1-P) 2 - (l-P-dP) 2 

2 = 2(1-P) pdx- (pdx) 

or, with an infiniti small interval 

f = 2 p(l-P) (2) 
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Suppose that the original distribution has a mean value x
1 

and standard 
11 11 

deviation 0 1 . The mean value of the distribution of the weakest of two 

is 

x 2 = J x f dx = f 2 x p ( 1- p )dx ( 3) 

with var·iance 

2 ( 2 
0 2 = J X f · - 2 J 2 2 c· Pld - 2 

ax - x
2 

= x p i - x - x
2 

( 4) 

For symmetrical distributions (of the strength of the single elements) 

He write 

p- ~ = Q 

HhE:re Q is an odd function 

of (x x
1

). 

In that case 

x2 = J x p ( 1- 2Q )dx 

= X- - 2 r X D Q dx 
' ' . - ) 

and 

2 r 2 - 2 
02 = " p ( 1 - 2Q) dx - x

2 ) 

( - 2 -

J 
(x-x

1
) p(1-2Q)dx-Cx

1 = 

Because Q is a0 odd function of (x -

( 

X 

- 2 - x2) 

;:1)' 

- 2 

J 
(x - x

1
) pQ dx = o, and thei'efore 

2 

J 
- 2 -· - ~ 2 

00 = (x x
1

) p dx- ( "1 - x2 ) - = 01 L 

0 

so in this case only f x p Q dx needs 1:0 be determined. 

+ 1 

( 5) 

( 6 ) 
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The graphical method 

In the graphical method one makes use of probability paper>:here, -in tt.e case 

of a normal distribution -the cumulative distribution curve appears 

as a straight line. 

From the original 

P-distributio~ of the 

single specimen strenzth 

x, it is easy to find 

the distribution of the 

"weakest of two" by 

plotting values of 

(l-P)2. This appears 

to be nearly a straight 

line, so it is approxi­

mately also a normal 

distribution~ with the 

following values to be 

taken from the graph. 

p + 
I 

0' 84 

0,50 

0,16 

X --

0,84 

0,50 

0' 16 

In evaluating test results one works in reverse, starting with 

values of X
2 

and o
2 

from which the values of the original distri­

bution can be calculated as 

,. = x
2 

1- 0, 68 "l 
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p 

1-P 
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ApproximaTe numerical method 

Let the noY'mal distribt:tion be approximated by a binomial distri­

bution vdth exponent n = 10 (for n _.. oo the binomial distribution 

has the normal distribution as a limit; for n = 10 the approximaLior. 

is rather good). 

The caculation is given in the table, using formula 2a (dx has a finite 
i 

value). 

- . 

- 5 - 4 - 3 - 2 - 1 0 ' 2 3 ~ 

1 10 45 120 210 252 210 120 45 

1024 1023 1013 968 848 638 386 176 56 

4 

10 

11 

2p(l-P) 2048 20460 91170 2 32 320 356160 321552 162120 42240 5040 220 

0 

I 
p" 

f 

fx 

fx 
'-· 

1 100 

2047 20360 

-10235 - 81440 

2 
51175 325760 

In this case 

xl = 0 

2 l: 2 px 
01 = -l:p 

Z fx 

2025 14400 44100 63504 44100 14400 2025 100 

89145 217920 312060 2 5 804 8 118020 27840 3015 120 

-267'-;35 -4 35 840 -312060 0 118020 55680 9045 480 

802305 8716 80 312060 0 11802C 111360 27135 1920 

1. 
' I 

- 2 x_ = ~ 

2560 
'lo2'4 = 2,500; 

~ original distribution 
c 1 = 1,581 J 

-923780 
"2 = = --- = - 0,881 

l: f 

2 ~ 2 
/..., fx 

00 = Tf' -

Formula (6 ), used 

02 
2 = 1,724 = 

1048576 

- 2 2621440 
x2 = lOLt 85 76 

as a check, gives 

2 
(}1 ( ;-, l 

- 2 
") = 

1,724; 0,.._ 
!. 

= 1,313 

2,500 - 0,881
2 

5 

.i 

1 

2 

l 

1 

5 

2:: 
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Here 

x1 = x2 + 
0,881 

02 = x2 + 0,671 02 1,313 

01 = 1' 5 81 
02 = 1,204 02 1,312 

Exact solution 

Take a N(O,l) - distribution, i.e. a normal distribution with 

mean value :: 0 and standard deviation = 1, for Hhich 
1 2 

-2 X 

The value of the following integral is required: 

Let 

So 

ro 00 

( 

U = J xp Q dx = 2 
( 
J xp Q dx 

Q 

u 

-ro 

X 
( 

= I 
J 

0 

1 = 1T 

1 
= 1T 

1 = 1T 

TI/4 
( 

J 
0 

0 

X 
-~ y 

2 
1 ( 

p dy = e 
!2TI J 

dy 

0 

00 X 
-~X 

2 ' 2 
( 

f 
_..l. y 

2 • 

J 
x e dxdy 

0 0 

00 TI/4 2 ·, 

r ( 2 
-2 r 

J 
r cos Q> e drd 

J 
0 0 

J 
ro 

-~ r2 } 
f 11 I 4 

r 2 u cos r e dr 
J 

l 0 0 

cos ¢ d¢ = l ,FL-2 

Further: 

' 2 

r 
-;J r 

-. 2 e d .. r = 
J 

00 1 2 
-2 r oo 

= - I 
' 

r J r d e 
0 

0 0 

y II 
I 
I 

¢ 

1 
¢ d¢t 

!' e 

J 

1 2 
-2 r 

+ 

/ 
integration 
area 

X -

00 1 2 
( -2 r' 
i€ c.~-·= 
) 

0 

.. 
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= 0 + 1 I2Tf = ~ I2TI 2 

So u 1 1 /2n 1 /2 1 
= 2 2 = TI 2111 

According to ( 5) : 

2 u 1 
x2 = x1 - = ' Iii 

And according to 6): 

The relaTionships become 

and 

TI 
o, =v TI 1 . o2 = 1,211 o2 

Further conclusions 

If a structure consists of 3,4 ... n elements-in-series~ so that 

the whole structure collapses of one element fails, similar calcu­

lations can be set up. 

The first (graphical) method is easiest to use. The distribution 

for larger values of n hmvever will become increasir;,gly unsymmetrical, 

v:hich means that the cummulative distribution functior. does not 

reach the values 1-P = 0,8413; 0,500; 0,1587 
-at the abscissae X - o· X ; X + 0 

' 
but at, say x(-) ; x(o); x(+) 
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Taking the known values of the latter abscissae as a starting poinL, 

one can calculate ap:?roximate values for the mean and standard devia~ion. 

Suppose we have the unsymmetrical distribution 

Here 

and 

p=-1-(l 
/2n 

X = a 

cr2 = 1-a 2 

x(- )= - 1 

x(o)= 

x(+)= 1 

+ ax) e 

+ a + 2 

a 
1 + a - 2 

Hith good approximation 

2 a 
1 

--a 
2 3 

a 

x = ~ [x(+) + x(-)] and 

cr = ~ [x(+) x(-)] 

(a small) 

3 4 1 5 - a - a 
8 40 

3 + 4 a5 
T5" 

3 a4 ...l.. a5 + 
8 40 

This has been determined for different values of n (foy-· a N(O,l) 

distribution). 

formulas: l-Pn = (1-P)n, from which x(+) and x(-) follow, 

w.i th these X and a are approximated. 
n n 

X = X + C1 Ci 
1 n - n 

cr,=ccr 
.J.. 2 n 
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X(+) x(-) - un n xn c., c2 

2 +0,2576 -'1,:5868 -0,5646 0,8222 0,687 1,216 
:; -0,1039 -1,5897 -0,84-68 0,7429 1,140 1,346 
~ -0,:5349 -'1,7248 ~1,0298 0,69.50 1,482 1,439 

5 -0,5014 -1,8250 -1,1632 0,66'18 ~.758 1, 511 
6 -0,6304 -1,9052 -1,2678 0,6374 ·~ '989 1,569 

7 -0,7347 -1,9704 -1,:5526 0,6178 2,189 1,619 
8 -0,8229 -2,026'1 -'1,4245 0,6016 2,368 1,662 

~ -0,8965 • -2,0745 -1,4855 0,5890 2,522 1,698 
ho -0,9615 ~2, 1172 -'1,5394- 0,5778 2,664 1, 731 
100 -2,0913 -2,9243 -2,5078 0,4'165 r:. 0.2" "'' ' 

2,40'i 
1000 -2,9042 ~3,5786 -3,241<> 0,33?2 9,6"!3 2,966 
~0000 -:5,5619 -4,1412 -3,85".6 0,2895 ~.3. 300 3,453 

-

The values n = 4 and 8 occur in welding test specimens. The large 

values of n were included to shOi'\' another aspect of testing o'f 

materials. 

Suppose a certain material shows, when tested with specimens of certai~ 

dimensions, a mean strength of 60 N/mm2 , normally distribu-red with 
2 standard deviation of 8 N/mm . Nov: the dimensions are 10 times enlargeC. 

wnen the aggregates are not changed (sand and gravel in concrete) anc 

the material shows brittle behaviour in failure then the test specir:~e;: 

is equivalent to 1000 times the original one mounted in series. 

Th ' h t th + ~ -1. " 3" i' I 2 
lS means t a one can en expect a mean s ... re •. 0 ~.. •. o.:. l...j ~, mm 

2 and a standard deviation of 2,7 N/mm. 

Such phenomena with respect to the compression strength of concrete 

have been known since a long time but usually Here attributed the 

influence of friction. 

The explanation given in the foregoing seems more reasonable, the more 

so because in this way also the decreasing standard deviation can also 

be explained. 

/ 
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As joint co-ordinator of the Sub-Group for 
Africa, Caribbean and Latin American Region 
with Dr. Amintinu De Freitas of Brazil I am 
pleased to report that there was a meeting of 
Third World countries in Melbourne, Australia 
between the 2nd to the 20th of May, sponsored 
by the UNIDO/CSIRO organisations. Fourteen 
countries attended the Workshop on Timber 
Engineering: 

Brazil 

People's Republic of China 

India 

Indonesia 

Malasia 

Nepal 

Pakistan 

Papua New Guinea 

Peru 

Sri Lanka 

St. Lucia 

Thailand 

Tonga 

Zimbabwe 

The meeting considered aspects of timber engineering 
relevant to the application of structural timber in 
the Third World. Much of the Workshop was devoted to 
the valuable lessons to be learnt from the triumphs 
and tragedies experienced in developed countries. 
The Workshop .was a great success and it is felt 
that the contacts made should not only prove 
invaluable but of lasting implication to the 
viability of timber technology in most countries. 

The UNIDO organisation will shortly be publishing 
the various Workshop resolutions and it is interesting 
to note that these may well be a useful basis for 
collaboration between the CIB Sub-Grouo and the Pacific 
Area Standards Congress (PASC) which include such 
countries as Australia, New Zealand, Canada, the United 
States and Japan. 
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