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2 CHAIRMAN'S INTRODUCTION 

MR SUNLEY the co-ordinator of CIB-W18 and chairman of the meeting welcomed 
delegates to the eighth meeting of the Commission. He pointed out that the 
present meeting in Brussels followed the W18 tradition of holding each meeting 
at a different venue to permit local participation and to stimulate interest 
in the work of the Commission. 

3 CD-OPERATION WITH OTHER ORGANISATIONS 

rso/Tc 165: PROF LARSEN, the chairman of TC. 165, reported that at the meeting 
of TC 165 in.September it had been agreed that CIB-W18 should provide a draft 
international timber code for submission to TC 165. Their meeting had accepted 
for consideration the RILEM/W18 standard for testing joints but had reservations 
about handling the standards on plywood and structural sized timber since these 
might possibly be the responsibilities of TC 139 and TC 55 respectively. 

DR KUIPERS suggested that the problems of defining areas of responsibility 
belonged within ISO, The RILEM group, he said, would continue to publish 
standards and submit draft ISO standards to TC 165 and then TC 165 could decide 
how they should be dealt with and which other technical committees should be 
involved. 

DR BOOTH said that it would not be desirable for the plywood standard to be 
passed to TC 139. They had dealt mainly with clear plywood and would not 
necessarily understand the reasoning behind some of the decisions taken in 
producing the standard, 

DR WILSON said that he would like to see TC 165 handle all structurally 
orientated standards to avoid confusion between different technical committees, 

MR SUNLEY proposed that Prof Larsen, Dr Kuipers and himself, should make 
personal contact with the chairman of TC 139 to explain the problems, and this 
was agreed. 

PROF LARSEN told the meeting that although a case could be made for retaining 
structural plywood in TC 165 it was more difficult to justify the retention of 
testing structural sized timber since TC 55 had already circulated for comment 
a standard on this subject, He explained that TC 165 would pass the W18 
standard to TC 55 but could only take action if TC 55 failed to act, 

RILEM 3-TT/CIB-W18: DR KUIPERS, the chairman of this group, reported on 
the meeting of 3-TT/W18 that had immediately preceded the W18 meeting. He 
said that the first annexe to the joints standard (on nail plates), the standard 
on testing structural sized timber and the standard on plywood testing were 
now ready for publication in the RILEM journal. It was agreed by the delegates 
that Mr Sunley and.Dr Kuipers should together draft introductions to these 
papers specifically inviting comments within a defined period of time, After 
comments had been considered by the 3-TT/W18 sub-group the papers should be 
submitted to the main committee. DR KUIPERS asked the meeting to provide papers 
on sampling and analysis of data in support of the testing standards and 
suggested that a paper on the evaluation of test results for joints should be 
on the agenda for the next W18 meeting. 
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MR CURRY said that W18 and not the 3-TT/W18 sub-group must decide whether the basis 
for joint sampling should be density or compression strength, 

MR BRYNILDSEN informed the meeting that funds were now available to him for the 
drafting of a Nordic standard on fasteners but because he was not aware of the 
latest changes introduced by RILEM the Nordic standard would probably differ 
from that produced by W18. 

MR SUNLEY pointed out that it was unreasonable for members of W18 to agree to 
proposals at internationai meetings and than to produce national codes which 
were different. He reminded delegates that the membership of the 3-TT/W18 
sub group could vary to take account of the subjects under discussion and those 
with particular interests in testing would do well to contact Dr Kuipers. 

PROF LARSEN asked the delegates if they agreed with the proposed corner loading 
method of measuring shear modulus given in the plywood standard. He said that 
he was still firmly convinced that this test in fact measured torsional stiffness 
and that there was a difference between these two properties. 

PROF MBHLER agreed with Prof Larsen that there were considerable differences 
between shear and torsional modulii and said that tests in Germany indicated 
that the ratio between these two properties could be as high as 5:1, 

DR BOOTH said that he had not been convinced at earlier meetings of the 
differences between shear and torsional modulii and he thought that for 
material made up from thin plies the differences would be small. He pointed 
out that this form of test for shear modulus had been used for many years and 
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in other fields, including the aircraft industry, and no one else had queried its 
validity. However, Dr Booth agreed that in view of Prof Mohler's observations 
further tests were required to finally resolve this problem. 

" MR SUNLEY asked Prof Larsen, Dr Booth and Prof Mohler together to consider the 
problem but that their deliberations should not delay publication of the 
suggested standard. 

DR KUIPERS wound-up his report on the 3-TT/W18 sub-group by outlining a timetable 
which would lead to the publication of standards on board materials, joints 
testing and annexes to joint testing. 

IUFRO: MR SUNLEY outlined the program that Dr Foschi 1 Prof Madsen, Dr Wilson 
and Mr Pellerin were organising for August "1978. This comprised a conference 
on Wood Fracture Mechanics, a meeting of the IUFRO Wood Engineering Group and 
a se~inar on Non Destructive Testing. Each of these activities was scheduled to 
last for approximately one week. Mr Sunley also asked those members of IUFRO 
present at this meeting of W18 to consider nominations for the co-ordinator 
of IUFRO as his term in that office had expired, 

MR BRYNILDESN reported on the activities of the IUFRO S5/CIB-W18 sub-group on 
duration of load and moisture content effects. He said that much of their 
effort so far had been concentrated on the prediction of strength by matching 
paired specimens, but results had been disappointing and the best method of 
predicting strength still appeared to be by measuring E, This meant that groups 
of thirty specimens would have to be tested rather than matched pairs. He 
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also reported that preliminary results on the strength to moisture content 
relation for European spruce supported Prof Madsen's work in this field. The 
sub-group still lacked funds for these projects, Tentative approaches to NATO 
had not been very promising since they did not support applied research. There 
were also problems on finding adequate facilities for the test work. The 
Canadian facilities would be fully extended for more than three years and no 
other single laboratory could accommodate the whole test program. However the 
sub-group was continuing with its work and would soon produce a detailed programme 
of work for the long-term bending project. 

DR WILSON said that Dr Foschi and Dr Barrett were looking at the same problems 
of duration of load and moisture content in North America. He understood that 
the Western.Forest Products Laboratory had extended their facilities and were 
now setting up test rigs. He asked if there were possibilities for co-ordination 
between WFPL and IUFRO/WlS, 

MR BRYNILDSEN said that he would welcome closer contact with the North American 
group. 

ECE: PROF THUNELL reported on the activities within the United Nations Economic 
Commission for Europe. There were three areas of interest to Wl8, he said: the 
stress grading of coniferous sawn timber; finger jointing and dimensions for 
sawn timber. Although there had been agreement in ISO some years ago on 
dimensions there wasnowsome pressure for rationalisation but this would probably 
not influence the work of Wl8. The ECE timber committee had now settled the stress 
grading issue, continued Prof Thunell. There were to be three grades; SlO, SS, 
S6 with visual selection based on the Knot Area Ratio system. In addition there 
was to be a density limit for the highest grade (SlO). The rules for finger joints 
in structural timber were also accepted, For both stress grading and finger 
jointing the Timber Committee had made recommendations on how to ensure the entry 
into service of the standard. 

PROF LARSEN asked how density determination was to be carried out. 

MR CURRY said that a satisfactory measurement of density was not practicable as 
part of the visual grading operation and the SlO grade would therefore probably 
be limited to machine selection. 

PROF THUNELL concluded his report by stressing the urgent need for WlB to produce 
documents on sampling and analysis of test results. He asked for these to be 
ready before the end of 1978. 

PROF LARSEN thought that there shouldbeno problem in the analysis of test results. 
With samples of greater than 300 he was prepared to rely on engineering judgment 
to derive characteristic stresses. He suggested· that the main problem was one 
of sampling. 

DR NOREN and MR CURRY were agreed that sampling was perhaps the most difficult 
problem but they pointed out that different methods of interpretation could 
produce different characteristic stresses from one set of results. It was 
important to give guidance on methodology to produce consistent conclusions. 

MR SUNLEY and MR CURRY drew the attention of the meeting to what they felt was 
a bias towards European red/whitewood in the proceedings of the ECE. They felt 
that this bias should be resisted. 
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4 STRUCTURAL STABILITY 

PROF LARSEN introduced paper CIB-W18/&-.15-1 "Laterally Loaded Columns" explainirw 
that it looked at the problems that arose with combinations of axial forces and ·· 
end moments, He apologised that the English translation was not available but 
undertook to provide this within one month for inclusion in the proceedings. 

DR KUIPERS said that he too was interested in this work and hoped that one of 
his students would soon be preparing a report on combined compression and end 
moments. 

5 GLUED LAMINATED STRUCTURES 

DR ARMBRUSTER presented paper CIB-W18/8-.12-3 "Glularn Standard Part 1 (FEMIB)", 
He explained that this first part of a Glulam standard laid down the grading 
rules for timber for laminating and was the result of agreement between manu­
facturers from eight European countries, 

PROF LARSEN said that the two grades of timber specified by this standard 
permitted the use of an unacceptably low quality timber. 

DR ARMBRUSTER said that the standard was intended to give sensible and practical 
grading limits that would result in economic use of timber. The lowest grade 
was not greatly inferior to many of the lower grades at present in use in Europe, 

~ 
/~ 

MR FRECH told delegates that there were at present three grades for laminating l 
timber in Germany. If they were to lose their top grade with a KAR limit ~f 
0,2 then permitted stresses would be reduced from 140 kgf/cm2 to 110 kgf/cm , 

PROF LARSEN said that he could not accept these grades without supporting stresses 
which ·should be based on test results, 

MR BURGESS pointed out that the lowest grade in the standard was equal to the 
lowest UK grade which was also based on KAR and the stresses for that grade were 
based on tests of individual laminae, 

DR ARMBRUSTER asked the meeting for guidance on what testing was required and 
on how safe stresses should be assigned, 

PROF MONTFORT said that a full testing program of complete laminated members 
would be a very difficult and expensive undertaking because of all the possible 
combinations and mixtures of grades, number of laminations, jointing etc, 

Paper CIB-W18/8-12-1 "Testing cf Big Glulam Timber Beams" was introduced by 
MR FRECH who explained that this short paper summarised the contents of a lengthier 
test report, He said that the testing had included beams of 30 m length and from 
these beams had been cut the smaller beams, Predictably coefficient of variation 
of strength for the beams had been less, at 15 per cent, than would have been 
expected for solid timber, In answer to questions he said that the beams had 
been manufactured from finger-jointed grade 1 timber using urea glue, All laminae 
were 30 mm thiok. In several cases failure had originated at a finger joint, 

PROF LARSEN pointed out that this paper was one of several in which laminated ~7_. beams had achieved only 70 per cent of their expected strength. ~-
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MR FRECH agreed t~ith this. A dmlign Dt:cec:> of ·14 N/mm
2 

w:l'th a safety factor of 
3 had been used in calculation hllt the beams ha.d onl;y achieved factors of between 
2.2 and 2.5 i.e a. reduction approximately in the ratio of tension to bending 
strength. Part of this reduction could. be attrihu·ted. to imperfect finger joints, 

PROF MOHI,ER also agreed tha.t finger join:tD presented problems. ~'ailure stresses 
at finger joints ;~ere generally about 60 per cent of the failUl'e stresses in 
unjointed timber, He considered the;t construction methods should be taken into 
account in s·tandards for laminated memberne 

PROF LARSEN fa.voured a simple s.pp:roaoh ,,, d.of:lning performance standards and 
allo;ling any material or constru.crtional 'tclchniqu.es that would meet those standards. 
He said that such an approach c-wuld have the ad.vantage of avoiding a theoretical 
basis \-lhich coUld be s:Lg:nifiea,ntl;y :inf:Lnen.oeCL by changes in production procedu:res6 

MR SUNLEY said that setttng p:'lr'fonnarwe sta:nda:cds had the advantage of being 
independent of specie~:; and the:cefore :Lmp:coved. the chances of harmonisation in 
design methods, 

MR CURRY did, not ag1•ee Hi.th Prof \,arscm; he po:intecl ou.t that set target stresses 
had no connection with yield.s Hh:lch wn·e commercially· important. Tnere would 
be too much emphasis on VJhat suited. lfuropean red.wood/t~hitevlood and too little 
on a basic methodolog-y.., 

NR MARSH found P:eof LH-:cst.n:t~G system. r1ttract:hre to the practising engineer and 
aslced Nhy suoh a S;jl'stem could_ not he adopted. for ply14ood, 

MR CURRY and DH BOOTH said. that the;>r vmul<l not like to see the idea of performance 
standar•dJ::> intro(h:wed to p1;yuood" ~:rhey felt th.at su.oh a simple system could have 
advantages if the rolativ:LtirH:> beh,ltXnl. st:C'e:ngth properties remained the same for 
different species but sin co they d.id. n.vt remain the same there Nould inevitably 
be quite serious anomalies for some ~ipoc:Les of timber$ For plywood the very large 
variety of specieGp, 1<~\>;·,·=UpE~ a.rH1 oth.e:r .fn,ctor"H ~-m:ce ag-ainst the satisfactory 
implementation of the B;)n:.rl;enL 

It t-tas finall;.T ag:coed. that Dr Arm1n'tU:3terr Mr F'x•ech D~nd Dr Edlund should consult 
together to p:t"odrtce a p<:'i-l)Or·· o:n perfo:cnH-::tner:.; stan.da:rds o:c' stresses for glued 
laminated ti..mbe:r. 

MR FRECH irrtrod.ttoed J)i:lf!B:t' GIJ)o_.J;\r-·18/ [\,.0,12··"~~ "I:ns't:r·uc"t ions for the Reinforcement of 
.Apertures in GluJ.arn Beoxnst~ hovJ the strain around holes in beams had 
been measu.:cHd with a.n.d. "'rLth.out :er.:::Lnfo:r.cing(> 1l1he tests had been conducted on 
22 beams an.d D,1thcfu.g·h tho opt:i..Jnum thiclcness of rei.nfo:c•oing plate had perhaps 
not been achieved they hc0d. o.:c:c:L\rod e/c e,ceep·t:;abl.e and pra,ct icable rules which 
would have been m.liC11 more difficu.1t hb.d they had t.o re:ly on calculation alone .. 

DR B001rH asked : r :ce:f.'erenoe oouJ.d. be made to tl'te origina,l report (of which this 
paper i-'J'as a sumJm .. J; l\1r Ifl.rectl to do this"' 

Paper CIB-W18/G"·4-1 "Sa~11pling P:!.yHood. a.nd. the Evaluation of 'rest Results" and 
a.ppendix 13-~-1A were presented hy DE !JOliF:N, v,-ho explained that this was an 
introductory paper to thi.s topic and he invi-ted comments on the content and 
methods proposed. He pointed out that his cho:Loe of 30 for the number of 
panels to be tested. HB..S an arbitl'ar;y figu.ro a.nd. should really depend on how 
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the population was defined, He also pointed out that in the absence of 
contradictory evidence it was assumed that the strength properties of plywood 
were normally distributed, 

DR WILSON told the delegates that in Canada tests were being conducted to 
evaluate the differences between plywoods made from various species, Advice 
from statisticians was that at least 60 panels per species would be required 
to test for differences in the means of 23 species, The number of tests would 
have to be increased to test for differences in lower exclusion values or 
if the distributions were non-Normal. Dr Wilson also suggested that the number 
of tests should depend on whether characteristic stress levels were being 
established or >lhether the tests were to check for compliance with an existing 
standard. In the latter case he would expect that fewer tests would be required, 

DR BOOTH agreed with Dr Wilson. He also drew attention to table 6.1 saying 
that if those values of 'k' were used then stresses would be lower than those 
in current usee 

DR NOREN accepted the comments of Dr Wilson and Dr Booth and said that perhaps 
this paper was inclined towards compliance testing, but the assumption of normal 
distributions, which needed further investigation, had been made in establishing 
existing stresses and there was a better statistical foundation for the factors 
of table 6.1 than for a fixed k = 1,64, However, he pointed out that although 
he had used a 75 per cent confidence level to formulate table 6,1 the question 
of confidence levels should not be for W18 to decide, 

PROF LARSEN said that distributional functions were not required for the timber 
code and in any case it had been internationally accepted that all material 
strengths were log-normally distributed and .loads were normally distributed, 

MR CURRY did not agree with such sweeping generalities which, he said, were gross 
simplifications. 

PROF EDLUN]) suggested that rather than discuss the suitability of various 
distributional functions a non-parametric method could be used, 

DR BOOTH said that the most important part of the problem 11as to agree on a 
method so that consistently comparable fifth percentile values could be derived 
by different countries. It was also important to decide whether nominal stresses, 
actual stresses or load capacities were to be used to define the strength of 
plywood. 

It was agreed that Dr Noren should produce a second draft of his paper, under 
the title "Sampling of Plywood and the Derivation of Stress Values" and that 
Dr Booth should produce a paper on the evaluation of test results. 

7 STRUCTURAL DFSIGN CODES 

DR BANY distributed English translations of "Polish Standard PN-73/B-03150: 
Timber Structures" (CIB-W18/8-102-1). He explained the derivation of the fifth 
percentile bending stress given in the code and said that this could be modified 
by factors of 0.67 f~r long-term loading and 0,4 for size, to produce a working 
stress of 130 kgf/cm , He told delegates that an approximate comparison with 
the German code showed that the German code was more conservative. 

PROF LARSEN asked Dr Bany if he could provide a short paper on load factors and 
design procedures that were applicable to Poland. Dr Bany agreed to do this, 
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A summary of the contents of 1The Russian Timber Code' (CIB-W18/8-102-2) was 
circulated by the secretary v1ho explained that copies of the complete code 
were available but unfortunately only in Russian. 

8 CIB TIMBER CODE 

MR CURRY told the meeting about his interpretation of the JCSS document, 
published by CEB, "Bulletin D1Information No 116: Volume 1; Common Unified 
Rules for Different Types of Construction Material" and how he expected 
difficulties in the adoption of the principles given in this document when 
they were applied to ·timber structures, He pointed out that since the code 
would have to be applied to all structures it would not be possible to avoid 
conflict with some existing practices and particularly with what could be called 
traditional forms of construction, Mr Curry found it regrettable but unavoidable 
that timber should become involved in limit state design where the theoretical 
ideal of a quantifiable probability of failure could not be achieved. 

MR SUNLEY said that limit state codes were being produced for other materials and 
timber was being pressed to follow sui·t, 

PROF LARSEN reported that the Nordic countries had discussed limit state design 
for timber and 11ould probably adopt a method 2 approach, They had presented a 
paper to ECE on this subject which was not based on Volume 1 of the JOSS Code. 
Prof Larsen said that Volume 1 had been produced by designers of concrete 
structures and had a definite bias towards concrete practice. It was not 
acceptable for timber and it was unlikely that it would be adopted by those 
responsible for steel codes. 

MR CURRY said that it was not necessary for W18 to adopt the whole of the content 
of Volume 1 - there was in any case insufficient information to allow a reasonable 
interpretation - but the prj.nciples could be accflpted. Mr Curry also pointed out 
that loacling \•Jas not suitably d_efinecl. by Volume 1 to allaH· vali.d comparisons to 
be made Hith existing p:coceclnres. 

MR SUNLEY said that he woulcl take into account the views that had been expressed 
at the meeting and if asked for comment on Volume 1 by ·the Joint Committee on 
Structural Safety Hould summarise the objections as: inadequate definition of 
loads and their associated garmna factors; a bias towards concrete that Has 
unlikely to produce harmonisation bett~een materials; insufficient information 
for a reasonable interpretation. 

Paper CIB-W18/8-100-1 "CIB Timber Code: List of Contents (second draft) was 
distributed by PROF LARSEN. He explained that he had drafted this paper as 
a response to the request from ISO/TO 165 for a list of contents of the timber 
code, 

)1 
It was agreed that Prof Larsen, Dr Kuipers, Prof Mohler, Dr Booth and one other 
should form an editorial group to draft a code, Comments on the List of Contents 

. Here invited before 1 December 1977, 

9 OTHER BUSINESS 

MR WILLIAMS told the meeting that there was an urgent need for an international 
trussed rafter code. Other delegates agreed that Mr Williams should form a 
corresponding committee consulting 11ith the International Truss Plate Association 
and draft a trussed rafter code for consideration by W18. 
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MR SUNLEY proposed that the seoretary should, after minor editorial amendments, 
submit document CIB-W18-1 "Symbols for Use in Structural Timber Design" to 
ISO TC/165. This was agreed, 

MR SUNLEY closed the meeting and thanked PROF MONTFORT and MR BROECKX, as 
representatives of the Institut National du Logement, for their hospitality, 
for the interesting excursions they had arranged and for the facilities that 
had been made available for the meeting of the Commission. 

1 0 NEXT MEETING 

The next meeting of CIB-W18 will take place on 7,8,9 June 1978 in Edinburgh, 
Scotland, Topics for discussion will include:-

1 Sampling of plywood and evaluation of test results 

2 Glued laminated structures 

3 CIB Timber Code 

The CIB-W18 meeting will be preceded on 6 June by a meeting of the RILEM 3-TT/CIB-W18 
sub-group, 

Arrangements for these meetings will be made by the Tlllber Research and Development 
Association. 
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CIB-W18/8-12-1 

CIB-W18/8-12-2 

CIB-W18/8-12-3 

CIB-W18/8-15-1 

CIB-W18/8-10D-1 

CIB-W18/8-102-1 

Sampling Plywood and the Evaluation of Test Results - B Noren 

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

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

Glulam Standard Part 1: Glued Timber Structures; Requirements 
for Timber. 

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

CIB Timber Code: List of Contents (second draft) - H J Larsen 
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Calculations and Designing 

CIB-W18/8-102-2 The Russian Timber Code: Summary of Contents 
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12 CURRENT LIST OF CIB-Wl8 TECHNICAL PAPERS 

Technical papers presented to Working Commission Wl8 - Timber Structures are 

classified by a code identifying the meeting at which the paper was presented, 

the subject heading and the number of the paper. The full classification number 

of a document will start with CIB-Wl8, although where the context is clear this 

prefix may be omitt~d. 

Example: CIB-WlS/4-102-5 

refers to paper 5 (Extract from Norwegian Standard NS 340 - "Timber Structures") 

on subject 102 (Structural Design Codes) presented at the fourth meeting of \-118 

(Paris, February 1975). 

Published documents emanating from the Commission will simply be numbered in the 

order in l<hich they appear. 

Meetings are classified in chronological order: 

1 Princes Risborough, England; March 1973 

2 Copenhagen, Denmark; October 1973 

3 Delft, Netherlands; June 1974 

4 Paris, France; February 1975 

5 Karlsruhe, Federal Republic of Germany; October 1975 

6 Aalborg, Denmark; June 1976 

7 Stockholm, Sweden, Feb/March 1977 

8 Bruxelles, Belgium, October 1977 

Subjects are denoted by the following numerical classification: 

l Limit State Design 

2 Timber Columns 

3 Symbols 

4 Plywood 

5 Stress Grading 

6 Stresses for Solid Timber 

7 Timber Joints and Fasteners 

8 Load Sharing 
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9 Duration of Load 

10 Timber Beams 

11 Environmental Conditions 

12 Laminated Members 

13 Particle and Fibre Building Boards 

14 Trussed Rafters 

15 Structural Stability 

100 CIB Timber Code 

101 Loading Codes 

102 Structural Design Codes 

103 International Standards Organisation 

104 Joint Committee on Structural Safety 

105 CIB Programme, Policy and Meetings 

106 International Union of Forestry Research Organisations 

Listed below, by subjects, are all papers that have to date been presented to Wl8. 

When appropriate some papers are listed under more than one subject heading. 

LIMIT STATE DESIGN 

1-1-1 

1-1-2 

1-1-3 

1-1-4 

6-1-1 

Paper 5 Limit State Design - H J Larsen 

Paper 6 The use of partial safety factors in the new Norwegian design 
code for timber structures - 0 Brynildsen 

Paper 7 Swedish code revision concerning timber structures - B Noren 

Paper 8 Working stresses report to British Standards Institution 
Committee BLCP/17/2 

On the application of the uncertainty theoretical methods for the 
definition of the fundamental concepts of structural safety -
K Skov and 0 Ditlevsen 

14 



TIMBER COLUMNS 

2-2-1 Paper 3 The Design of Solid Timber Columns - H J Larsen 

3-2-1 Paper 6 Design of Built-up Timber Columns - H J Larsen 

4-2-1 Paper 3 Tests with Centrally Loaded Timber Columns -
H J Larsen and Svend Sondergaard Pedersen 

4-2-2 Paper 4 Lateral-Torsional Buckling of Eccentrically Loaded Timber 
Columns - B Johansson 

5-9-1 Strength of a Wood Column in Combined Compression and Bending with 
respect to Creep - B Kalsner and B Noren 

5-100-1 Design of Solid Timber Columns - H J Larsen 

6-100-1 Comments on Document 5-100-1, Design of Timber Columns - H J Larsen 

6-2-1 Lattice Columns - H J Larsen 

6-2-2 A Mathematical Basis for Design Aids for Timber Columns - H J Burgess 

6-2-3 Comparison of Larsen and Perry Formulas for Solid Timber Columns - H J Larsen 

7-2-1 Lateral Bracing of Timber Struts - J A Simon 

8-15-1 Laterally Loaded Timber Columns: Tests and Theory - H J Larsen 

SYMBOLS 

3-3-1 

4-3-1 

Paper 5 Symbols for Structural Timber Design - J Kuipers and B Noren 

Paper 2 Symbols for Timber Structure Design - J Kuipers and B Noren 

1 Symbols for Use in Structural Timber Design 

PLYWOOD 

2-4-1 Paper 1 The Presentation of Structural Design Data for Plywood - L G Booth 

3-4-1 

3-4-2 

4-4-4 

5-4-1 

Paper 3 Standard Methods of Testing for the Determination of Mechanical 
Properties of Plywood - J Kuipers 

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

Paper 5 Standard Methods of Testing for the Determination of Mechanical 
Properties of Plywood - Council of Forest Industries, BC 

The Determination of Design Stresses for plywood in the revision of 
CP 112 - L G Booth 

15 



5-4-2 

6-4-1 

6-4-2 

6-4-3 

7-4-1 

7-4-2 

7-4-3 

7-4-4 

8-4-l 

Veneer Plywood for Construction - Quality Specification - ISO/TC 139 -
Plywood, Working Group 6 

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

In-grade versus Small Clear Testing of Plywood - C R Wilson 

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

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

. ' 

Comments on Paper 7-4-1 

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

Comparison of the Effect of Specimen Size on the Flexural Properties of 
Plywood using the Pure l~oment Test - C R Wilson and A V Parasin 

Sampling Plywood and the Evaluation of Test Results - B Noren 

STRESS GRADING 

1-5-1 

1-5-2 

4-5-1 

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

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

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

STRESSES FOR SOLID TIMBER 

4-6-1 

5-6-1 

5-6-2 

5-6-3 

Paper 11 Derivation of Grade Stresses for Timber in UK - W T Curry 
,,.,}.~ 

Standard Methods of Test for Determining ~·i§ri,e Physical and Mechanical 
Properties of Timber in Structural Sizes - W T Curry 

The Description of Timber Strength Data - J R Tory 

Stresses for ECl and EC2 Stress Grades - J R Tory 

16 



6-6-1 

7-6-1 

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

Strength and Long-term Behaviour of Lumber and Glued-laminated Timber 
under Torsion Loads - K Mohler 

TIMBER JOINTS AND FASTENERS 

1-7-1 

4-7-1 

4-7-2 

t=_7-l 

5-7-2 

5-7-3 

6-7-1 

~-2 

6-7-3 

6-7-4 

L1-::1 
7-7-2 

l 7-7-3 

7-100-1 

Paper 12 Mechanical fasteners and fastenings in timber structures - E G Stern 

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

Paper 9 Test Methods for Wood Fasteners - K Mohler 

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

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

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

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

Proposals for Testing Joints with Integral Nail Plates - K Mohler 

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

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

Testing of Integral Nail Plates as Timber Joints - K Mohler 

Long Duration Tests on Timber Joints - J Kuipers 

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

CIB Timber Code Chapter 5,3 Mechanical Fasteners; CIB Timber Standard 06 
and 07 - H J Larsen 

17 



LOAD SHARING 

3-8-1 

4-8-1 

4-8-2 

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

Paper 12 A Review of Load Sharing in Theory and Practice - E Levin 

Paper 13 Load Sharing - B Noren 

DURATION OF LOAD 

3-9-1 

4-9-1 

5-9-1 

6-9-1 

6-9-2 

6-9-3 

7-6-1 

Paper 7 Definitions of Long Term Loading for the Code of Practice -
B Noren 

Paper 14 Long Term Loading of Trussed Rafters with Different Connection 
Systems - T Feldberg and M Johansen 

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

Long Term Loading for the Code of Practice (Part 2) - B Noren 

Long Term Loading - K M5hler 

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

Strength and Long Term Behaviour of Lumber and Glued-Laminated Timber 
under Torsion Loads - K M5hler 

7-9-1 Code Rules Concerning Strength and Loading Time - H J Larsen and E Theilgaan 

TIMBER BEAMS 

4-10-1 

4-10-2 

5-10-1 

Paper 6 The Design of Simple Beams - H J Burgess 

Paper 7 Calculation of Timber Beams Subjected to Bending and Normal 
Force - H J Larsen 

The Design of Timber Beams - H J Larsen 

18 



ENVIRONMENTAL CONDITIONS 

5-ll-1 Climate Grading for the Code of Practice - B Noren 

6-ll-1 Climate Grading for the Code of Practice - B Noren 

LAMINATED MEMBERS 

6-12-1 

8-12-1 

8-12-2 

Manufacture of Glued Timber Structures - J Kuipers 

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

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

8-12-3 Glulam Standard Part 1: Glued Timber Structures; Requirements for Timber 

FIBRE BUILDING BOARDS 

7-13-1 Fibre Building Boards for CIB Timber Code - 0 Brynildsen 

TRUSSED RAFTERS 

4-9-1 Paper 14 Long Term Loading of Trussed Rafters with Different Connection 
Systems - T Feldberg and M Johansen 

6-9-3 Deflection of Trussed Rafters under Alternating Loading During a Year -
T Feldberg and M Johansen 

7-2-1 Lateral Bracing of Timber Struts - J A Simon 

CIB TIMBER CODE 

2-100-1 Paper 2 A Framework for the Production of an International Code of 
Practice for the Structural Use of Timber - W T Curry 

5-100-1 Design of Solid Timber Columns - H J Larsen 

5-100-2 A Draft Outline of a Code of Practice for Timber Structures - L G Booth 

19 



6-100-1 

6-100-2 

7-100-1 

8-100-1 

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

A CIB Timber Code - H J Larsen 

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

CIB Timber Code: List of Contents (second draft) - H J Larsen 

LOADING CODES 

4-101-1 

4-101-2 

Paper 19 Loading Regulations - Nordic Committee for Building Regulations 

Paper 20 Comments on the Loading Regulations - Nordic Committee for 
Building Regulations 

STRUCTURAL DESIGN CODES 

l-102-1 

1-102-2 

1-102-3 

1-102-4 

4-102-1 

4-102-2 

4-102-3 

4-102-4 

4-102-5 

4-102-6 

Paper 2 Survey of status of building codes, specifications etc, in USA -
E G Stern 

Paper 3 Australian codes for use of timber in structures - R H Leicester 

Paper 4 Contemporary Concepts for Structural Timber Codes - R H Leicester 

Paper 9 Revision of CP 112 - First draft, July 1972 - British Standards 
Institution 

Paper 15 Comparison of Codes and Safety Requirements for Timber 
Structures in EEC Countries - Timber Research and Development Association 

Paper 16 Nordic Proposals for Safety Code for Structures and Loading 
Code for Design of Structures - 0 A Brynildsen 

Paper 17 Proposals for Safety Codes for Load-Carrying Structures -
Nordic Committee for Building Regulations 

Paper 18 Comments to Proposal for Safety Codes for Load-Carrying Structures­
Nordic Committee for Building Regulations 

Paper 21 Extract from Norwegian Standard NS 3470 "Timber Structures" 

Paper 22 Draft for Revision of CP 112 "The Structural Use of Timber" -
W T Curry 

8-102-1 Polish Standard PN-73/B-3150: Timber Structures; Statistical Calculations 
and Designing 

8-102-2 The Russian Timber Code: Summary of Contents 

20 



INTERNATIONAL STANDARDS ORGANISATION 

3-103-l Paper 2 Method for Preparation of Standards Concerning the Safety of 
Structures - published by International Standards Organisation 
(ISO/DIS 3250). 

4-103-1 Paper 1 A Proposal for Undertaking the Preparation of an International 
Standard on Timber Structures - International Standards Organisation 

5-103-1 Comments on the Report of the Consultation with Member Bodies concerning 
ISO/TS/Pl29 - Timber Structures - Dansk Ingeniorforening 

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

8-103-1 Draft Resolutions of ISO/TC 165 

JOINT COMMITTEE ON STRUCTURAL SAFETY 

3-104-1 Paper 1 International System of Unified Standard Codes of Practice for 
Structures - Published by Comite Europeen du Beton (CEB) 

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

CIB PROGRAMME, POLICY AND MEETINGS 

1-105-1 

5-105-l 

Paper 1 A note on international organisations active in the field of 
utilisation of timber - P Sonnemans 

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

INTERNATIONAL UNION OF FORESTRY RESEARCH ORGANISATIONS 

7-106-1 Time and Moisture Effects - CIB W18/IUFRO S5.02-03 Working Party 

21 





INTERNATIONAL COU1TCIL FOR BUILDING HES&ARCH STUDIES AND DOCill.~ATION 

., 

WORKING COMMISSION W18 - TIMBER STRUCTURES 

MEN:BERSHIP OF CIB-W18 

(Nov~mber 1977) 

:Bruxelles 

October 1977 





INTERHATIOHAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUMENTATION 

13 MEMBERSHIP OF CI:&-W18 TIIviDER STRUCWRES 

Co-ordinator & Chairman - J G Sunley 77-11-1 

K Amonoo-Heizer 

Dr E Armbruster 

Dr B Bany 

B Bohannan 

Dr L G Booth 

D H Brown 

P A V Bryant 

0 Brynildsen 

Building and Road Research Institute 
(Council for Scientific and Industrial Research) 
University PO Box 40 
Kumasi 
Ghana 

, I ' / Confederat1on Europeene des Industries duBois 
1030 HIEN 3 
MUnzgasse 8 
Austria 

Tp 73 53 35 
72 23 01 

Centralny Osrodek Badawezo-Projektoh'Y 
Budownictwa Przemysto1-1ego BISTYP 
00-518 Harszawa 
UL Perkingo;1a 1 
Poland 

Tp 21 92 11 
Tx 81 36 23 

Assistant Director for Hood Engineering Research 
USDA Forest Products Laboratory 
PO Box 5130 
Madison 
\>lisconsin 53 705 
United States of America 

Department of Civil Engineering 
Imperial College of Science and Technology 
Imperial Institute Road 
London S\'17 
United Kingdom 

Tp 01-589-5111 Ext 1308 
Tx 261503 

American Plyv.:rood Association 
1119A Street 
Tacoma 
Hashington 98401 
United States of America 

Timber Research Unit 
CSIR 
PO Box 395 
Pretoria 
Republic of South Africa 

Norsk Troteknisk Institutt 
Box 337 
Blindcrn 
Oslo 3 
Norway 

Tx 327430 

22 



R Marsh 

Professor Dr K Mohler 

Professor L Montfort 

Dr B Noren 

W Nozynski 

A Pereira de Castro 

Dr R S Ratra 

P 0 Reece 

U Saarelainen 

W R Schriever 

Professor P Sonnemans 

Arup Associates 
Dean House 
7 Soho Square 
London W1V 6QB 
United Kingdom 

UniversitUt Karlsruhe (TH) 
75 Karlsruhe 1 
Kaiserstrasse 12 
Postfach 6380 
Federal Republic of Germany 

Tp 6082211 and 
6082217 

Institut National du Logement 
Boulevard St Lazare 10 
13-1030 Brux:elles Tp (02) 218 45 70 
Belgium 

Swedish Forest Products Research Laboratory 
Wood Technology Department 
PO Box 5604 
S-11486 Stockholm 
Sweden 

Tp 08 22 43 40 
Tx Woodres 10880 

Centralny Osrodek Badawczo 
Rozwojowy Ppzemysku Stolarki Budowlaney 
05-200 Wokomin 
Laskowa 4 
Poland 

Institute de Pesquisas Teonologioas 
de Salles Oliveira 

Caixa Postal 7141 
Sao Paulo 
Brazil 

National Building Organisation 
"G" Wing 
Norman Bhawah 
New Delhi- 110011 
India 

Hydro-Air International Limited 
London Road 
High Wycombe 
Buokinghamshire 1 HP11 1HR 
United Kingdom 

Technical Research Centre 
Timber Laboratory/PTA 
SF-02150 Espoo 15 
Finland 

Building Research Division 

Tp 34006 
Tx 83450 

of Finland 

Tp 90 4561 
Tx 122 972 

National Research Council of Canada 
Ottawa 2 
Canada K1A OR6 

Sextant 37 
B-1080-Brussels 
Belgium 

25 



Professor E G Stern 

J G Sunley 
(co-ordinator) 

Professor B Thunell 

J R Tory 
(Technical Secretary) 

F N Walsh 

T Williams 

Dr C R Wilson 

Proceedings only: 

R E Huberman 

Dr D R Yamai 

Mrs Marjorie Wickens 
(Librarian) 

Virginia Polytechnic Institute 
College of Architecture 
Blacksburg 
Virginia 24601 
United States of America 

Timber Research and Development Association 
Hughenden Valley 
High Wycombe 
Buckinghamshire HP14 4ND 
United Kingdom TpoZ.-1-0- Z+- 3091 

Swedish Forest Products Research Laboratory 
PO Box 5604 
S-11486 Stockholm 
Sweden 

Princes Risborough Laboratory 
Princes Risborough, 
Buckinghamshire HP17 9PX 
United Kingdom 

Tp 084 44 3101 
Tx 83559 

Council of Forest Industries of British Columbia 
1500/1055 West Hastings Street 
Vancouver 1 
Canada 

Hydro-Air SA (Pty) 
PO Box 48145 
Blackheath 
Johannesburg 2001 
South Africa 

Tp 678 5367/8 
Tx 88371 

Research and Development Department 
Council of Forest Industries of British Columbia 
735 West 15th Street 
N Vancouver BC 
Canada V7M 1 T2 

Tp (604) 985-4191 
Tx 2104507752 

Human Education Research and Development Foundation 
3671 SE Tenine Street 
Portland 
Oregon 97202 
United States of America 

Government Forest Experimental Station 
5-Chome 
Shimo-Meguro 
Tokyo 
Japan 

Eastern Forest Products Laboratory 
Canadian Forestry Service 
800 Montreal Road 
Ottawa 
Ontario K1A OW5 
Canada 

Tp 613 993-9900 
Tx 053 3606 

26 



Secretary-General CIB 

P R Colclough 

Mrs J C MacDonald 
(serials librarian) 

Secretary General 
International Council for Building Research Studies 

and Documentation 
Postbus 20704 
Weena 704 
Rotterdam 
Holland 

Tp 116181 
Tx 22530 

Institute for Industrial Research and Standards 
Ballymun Road 
Dublin 9 
Ireland 

Nova Scotia Technical College 
Halifax 
Nova Scotia 
Canada 

Tp 01 370101 
Tx 5449 

Engineering Societies Library 
345 East 47th Street 
New York 
NY 10017 Tp 212 752 6800 
United States of America 

27 



Paper 8-4-1 

IN'l'BHNATIONAL COUNCIL FOR BUILDING RESEARCH STUDIES AND DOCUl-1ENTATION 

HORKING COMMISSION vl18 - TIMBER STRUCTURES 

SAMPLING PLYWOOD AND THE EVALUATION OF TEST RESULTS 

B Noren 

Bru.xelles 

October 1977 





TESTING OF STRUCTURAL PLYWOOD FOR ASSIGN ING CHARACTERISTIC STRENGTH 

VALUES - (1) SAMPLING AND ASSISSING TEST RESULTS 

B Noren - Swedish Forest Products Research Laboratory, Stockholm 

1. Purpose 

2. Defin iti on of the popu lation 

3. Samp 1 i ng of panels from the population 

4. Samp lin g of test specimens 

5. Definition of characteristic va 1 ues 

6. Derivation of cha racteri st i c values 

7. Classification with respect to characteristic value 

Purpose 

The purpose of the t es ting i s to estab li sh characteristic va l ues for 

strength (and stiffness) to be used in design and verification of safety· 

of structures. It is essential in defining the population of plywood and 

in choosing samp ling method that conditions in production, marking and 

end-use are considered. 

2 Definition of the population 

2.1 The popu lation of plywood to which characteristic strength va lues are 

assigned sha ll be li mi ted thus that the st rength deviation at end-use 

i s pr in c ipally due to random var iat ions. Hence, the populat ion sha ll be 

unambigously spec i f ied with respect to type (species) and grade (reference 

to a product standard), th i ckness and construction (lay-up) and- possibly­

- source (factory) and production time. 

2.2 In tegrat i ng panels of different thickness and construction or from 

di fferent -sources into a mixed population is permitted either if it is 

proved that there is no significant deviation of characteristic strength 

va lues between the sub-groups or if the s ub-groups are mixed in a random 

way when the p l ywood is used . 



Plywood strength is sometimes expressed by a single veneer s t ress 

value to be applied on paralle l p l ies. I f the ap proximation of this 

model is accepted at different constructions (thicknesses), a popu­

lation of mixed constructions could be considered in assigning charac­

teristic strength values for design and possibly in sampl ing for 

continous quality contro l testing. For the kind of testing, here dealt 

with, p l ywood of different constructions (thicknesses) should, however, 

as a rule be considered as belonging to different populat ions. 

Sometimes the product standard (in particular the specifica t ions for 

grad ing the veneers) do not guarantee that the p lywood produced at 

different factories wi ll have the same strength, for example due to 

different timber sources. In ~uch cases the popu l ation may have to 

be specified with respect to source. 

2.3 The per iod dur ing which the plywood referred to as a population is produced 

shou l d be as long as possib l e without i nvo l vi ng such changes in the produc­

tion which can be expected to have a sign i ficant influence on the properties 

to be estab l ished by the testing. 

2.4 A population consisting of p lywood from severa l factories may be substituted 

by plywood from a limited number of factories, if it is proved beyond doubt 

that this will not increase the estimated characteristic strength . On s imilar 

conditions a popu lat ion consisti ng of plywood of severa l construct ions 

(thicknesses) may be s ubstituted by a popu lation consisting of a l imited 

number of se lected constructions. 

I f one characteristic strength va l ue sha ll be evaluated for a plywood 

of standard type, · construction and th i ckness, made at for examp le 150 

factories, one may find out from a l imited number of test ing (compared 

with what is stipu lated i n p . 3. 1), either that the population must be 

di vided into a number of popu lat ions, c. f. 2 . 1, or- if the difference 

between factories is comparative ly sma ll -that the strength values 

can be evaluated from a number of those factories that are at the lower 

end wi th respect to the strength of their produced p lywood. 
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3 Sampling of panels 

3. 1 The number of panels in a sample, drawn for testing from a population or 

substitute population, defined in p. 2, must allow each strength property 

to be tested on specimens from at least N = 30 panels of each construction 

(thickness) and thereby from at least n 5 panels from each factory 

(production time). 

3.2 Samples shall be drawn at random over the production time defined for the 

population (p. 2.3). When the number of panels from one factory (production 

1 ine) for testing one specific strength property is n, these panels must be 

drawn from n different batches (preferably have been produce~ by n different 

shifts). 

4 Sampling of specimens from panels 

4.1 A specific schedule shal 1 be used for the cutting of test specimens from 

panels. This schedule shall define the distance between the specimens and, 

as a rule, their position relative to the edges of the panel. If a charac­

teristic feature of the panels (such as a joint) occurs on a regular distance 

from the edges of the panels, the position of the cutting schedule relatively 

to the edges shal 1 be changed at random from panel to panel. 

4.2 When the size of the cutting schedule is larger than the panel, the schedule 

may be applied on two or more adjacent panels in the batch. 

The number of specimens and cutting schedules are generally given in 

testing standards. (For structural plywood see ISO/TC 165 N, document 

14E.) 

5 Definition of characteristic value 

5.1 For characteristic values of strength or moduli of elasticity (rigidity 

etc.) are used the 1-, 5-, 10- and 50-percentiles. As a rule the 5-percentile 

should be used for the strength and modu l i of elasticity for calculating 

strength (verification of limit state of failure), while the 50-percentile 



(mean value at normal distribution) should be used for calculation of 

deformation at the serviceability limit state. 

4 

The choice of percentile is dependent on the base used in calibrating 

the (partial) safety factors. If the standard deviation and type of 

distribution is known one characteristic value can be calculated f rom 

another. 

6 Derivat ion of characteristic value 

6 . 1 When characte ristic strength values are estimated for a popul ation of 

plywood pane ls (p. 2) from test results from samples of limited numbers 

(p . 3) the unreliability of the re~ults should be dul y considered. Thi s i s 

achieved by applying an increased confidence. 

With 11 increased confidence11 is here meant tha t the method of estimation 

should imply a probability higher than 0 .5 t hat the est imated charac­

teristic value is lower than the real value. 

6.2 The characteristic value may be estimated as 

- s 
mk = m exp( -k 7 ) 

m 

d .f k 7s 02 an 1 . ~ • 5 as 
m 

mk = m - ks 

( 6 : 1) 

(6 :2) 

In (6:1) and (6 :2) mk denotes the character istic value estimated for the 

population, m is the mean value and s the standard deviation for the samp l e . 

The value of the coefficient k de pends on the demand of probability that 

mk is not overestimating the characteristic va lue of the popula ti on, on t he 

percentile used to define this characteristic value and on the numbe r o r 

individual values (N) on which m and s are ba sed . 

If the real characteristic value of the popula t ion is Mk we may want 

75% confidence that the value mk calculated from a samp le by (6:2) is 

lower than Mk . In t he case the individual strengt h values are normally 
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distributed and Mk i s def ined by the 5-percen til e , the values given 

in tab le 6. 1 may be used fork in (6:2). 

Table 6.1 Vul ue of k in (6 :2) for es timat ing characteristic 

strength (5-percentil e) from N strength values in 
1 ) 

a samp l e 

N 

k = 
15 

1. 99 

20 

1. 93 

lQ. 

1. 87 

40 

1 . 83 

7 Class i fi cat ion with respect t o characteristic value 

100 

1. 75 

A popu lat ion (p. 2) can be conside~ed in grade i f a value, ca lcu lated 

from test results from a samp le of l imited number of pane l s (p .. 3) is 

at least equa l to the demand cha racte ri stic grade- value mk : 

- s 
m exp(-k -:=-) ~ mk 

or if 

m 

k s 
m 

< 0. 25 

(Denotat ions seep . 6.2) 

( 7: 1) 

( 7: 2) 

The value of k depends on the demanded con fi dence of the class i ficat ion , 

on the de finition of the character is t i c va lue (what percenti l e) and on 

the number of panels tested in the samp le. 

l f i t i s demanded that the probab ility should be 0 . 75 that a popu­

la tion with a real character i s ti c va l ue Mk = mk is rejected as 

being be low grade , t he k-values from table 6. 1 can be used , pro­

v ided the di str i bution of ind ividua l st reng th values is norma l 

and the characteris ti c va l ue i s def ined by the 5-percent il e . 

1) Determ inat ion of load-bear ing capacity by testing . The National 

Swed i sh Board of Phys ical Planni ng and Building, Approval Ru les 

No . 1975: 4. 



However, the demand may a lt ernative ly be expressed by the proba­

bility t hat a population with a character i stic strength Mk = mk­

less than the grade-value (mk) is est imat ed as within the grade. 

As an example 1) is assumed C = 0.25, normal distribution of indi-

vidual strengt h values, standard deviation of 

to that of the sample (s = s). It is further 
p 

the populat ion equal 

suggested that it is 

allowed 15.9 % probability of acceptance to the grade of a popu la-

tion with a 5-percentile 0.25 t imes the standard deviation lower 

than the grade value. The va lue of k is then calculated from 

1 
k = Vn + (1.645 - 0.25) (7 :3) 

These k-va lues are lower than ·them g iven in table 6.1 for estima­

ting the 5-percentile of the population, the reason partly being 

the assumption s = s. If instead the coeffic ient of variation is 
p -

Cs , 
p 

known (V = V = s/m) , the k-value i s changed according to table 7. 1. 
p 

And if s as well as V are unknown, the k-value to be used in (7 :2) 
p p 

can be determined from the non-central t-distribution, see table 7.1, 

last 1 i ne . 

Tab le 7.1 Va lue of k in (7:2) for assigning to grade 1) 

N 15 20 30 40 100 

v known 1 . 66 1.62 1 . 58 1. 55 1. 50 p 
v and s unknown 1.88 1.80 1. 71 1.66 1. 54 p p 

l) Safety Codes fo r Load-carrying Structures. Nordic Comm i ttee for Bui lding 

Regu lat ions (NKB). Proposa l September 1977 . 

Appendix: Paper 8-4- 1 A 



TESTING OF STRUCTURAL PLYWOOD FOR QUA LITY CONTROL 
B Noren 
Swedis h Forest Products Research Laboratory 

A:O General 

Appendix 

There are severa l met hod s to check whether a product i s contin uously 

produced to certa in demands. There are direct methods of product con­

trol, such as testing strength properties of plywood on samp l es of 

panels regularly drawn from t he production. There a re indirect methods, 

such as checki ng t he production means or check ing a subst itu te for the 

property (visual grading, non destruct ive testing) or a substit ute for 

the product (veneer testing instead of p l ywood test ing). 

In manufacturing of plywood, the quality control i s genera ll y a combi­

nation of indirect and direct methods. By the indirect methods i t i s 

possible to predict with some conf idence the strength properties of 

the p lywood. Thereby the number of pane l s destroyed by testing i s 

reduced. Actually, continuous strength testing of structura l pl ywood 

is not applied in quality contro l in many countr ies. Such testing, 

carr ied out for some period may, however, be va luable for following 

up ass igned characteristic strength values. 

A: l Purpose 

Testing samples from the production 1 ine or the stock is a way of 

verifying that the products satisfy certa in demands. The test resu l ts 

shou ld primarily gui de the manufacturer with respect to measures to 

be taken concerning the product ion. By fo ll owi ng the mean va lues and 

the standard deviations of t he samp les, he can separate chance causes 

of var iat ion which are natural for t he production from ass igna bl e 

causes which he can change . 

In addit ion, there may be an externa l offic ia l demand, such as for a 

minimum 5-percent ile of strength . Us ua lly, thi s demand is also ver i f ied 

primarily through the manufacturers own test ing of sampl es. Possible 

offic ia l spot-check ing by test ing once or tw ice a year can cont r ibu te 

very 1 itt le to the statist ica l treatment and i s mainly used to ca l i­

brate the factory testing. 



A:2 Sampling 

Samples for testing must be distributed with respect to such controlled 

changes in the production which are likely to affect the property to be 

checked. It is a matter of defining "sub-populations" or batches within 

which the variation of the tested property is principally random. 

The number of test specimens (plywood panels) to be tested during a 

period is often made dependent on the number of produced units . Here is, 

as an example, given the number of joints to be tested from each produc- 1) 

tion batch at routine quality control of finger-jointed structural timber. 

Number of joints 
in production batch 

1000 or less 

1001 2000 

2001 or more 

Minimum number of 
joints to be tested 

3 

4 

5 

Specimens should be drawn at random over the period the batch is produced. 

Although in many kinds of production the number of units in a batch wi 11 be 

less than 1,000 there will be several such batches produced to give a 

sufficient number of test results for estimating the statistical parameters 

within a reasonable short time . 

A:3 Characteristic strength value 

To verify from the quality control testing that the product has a charac­

teristic strength at least eq ual to a specified value, the method previously 

shown can be used (7. Classification with respect to characteristic value.) 

The systematic (assignable) variations found from the control charts must 

of course be excluded. The results from similar ba~ches can be pooled and 

after some time the number of results is increased to allow a low k-factor 

to be applied. Furthermore, a mean value of the standard deviation may 

be used instead of the deviation of the sample. 

1) ECE-TIM/WP. 3/AC. 3/8 Annex II 24 June 1977 
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Introduction 

For a long time it has been known that the bending strength of timber 
depends on its dimensions, especially on its cross-sectional depth. 

In 1924 Newlin and Traver first showed this dependence by 
tests and theoretical deduction and determined for cross sec-
tional .<J.epths up to 12 inches (about 300 mm) a reduction factor 
dependent on the depth H 

k = 1 ' 07 - 0' 7-{f 

With the development cf glulam structures it was possible to 
produce beams with depths exceeding 300 mm and it became necessary 
to modifiy or reestablish the formula. 

Dawley and Youngquist indicated in 1947 a reduction factor k 
according to this formula: 

k = 0,625 (H2 + 143) 
(H2 + 88 ) 

With an incfeasing beam depth H the reduction according to this 
formula became bigger than for the formula of Newlin and Traver. 

A board with a 2 in. depth (about 50 mm) was used as ''reference 

beam~. 

As in the American calculation instructions most of the calculated 
stresses with regard to a sufficient rupture strength apply to 
a cross-sectional depth of 12 in. (300 mm), this formula is: 

k = 0,81 (H2 + 143) 
(H2 + 8b ) 

In the above quoted formulae the depth H is in inches. 



- 4 -

In fig. 3 the American and 

sented and compared to the 

Soviet reduction 
mean value curve 
• 

suming a safety against rupture of , = 3,0. 
. ' 

factors k are repre­
calculated by us pre-

In general it can be said that for deeper beams the allowable ben­
ding stress has to be reduced with a factor which corresponds to 

the relation between the allowable tensile stress and the allo­
wable bending stress. 

As long as in Germany no reduction of the allowable bending stress 
is demanded for beam depths h> 500 mm, it is necessary to have a 
very careful choice and grading of timber with, if possible, la­

minae of quality I. 

As an alternative k~ the introduction of reduction factors one 
has to think it over if the requirements to the existing quality 
classes concerning the gross density and the annual layers width 
shouldn't be increased. 

A further natural requirement is a good execution of finger join­
ting in all boards of the beam. 



Table 1 

bending test of the beams, maximum loads and calculated stresses 

type of span depth rupture calculated calculated E-module 
beam load bending shear stress 

stress 
max P max oB max T E 

m rom kN N/mm2 N/mm2 N/mm2 

I 30,00 2000 1136,0 32 ,o 2' 13 11860 

II 30,00 2000 1024,0 28,8 1. 92 12770 

I A 13,50 900 368,0 23,0 1, 53 11540 

I B 13,50 900 352,0 22,0 1 '4 7 11340 

I C 6,00 400 271 ,2 38,1 2,54 11120 

I D 5,25 350 239,4 38,5 2,56 11100 

I E 3,00 200 172,4 48,5 3,23 11500 

-

IIA 9,00 600 281,6 26,4 1,76 11580 

IIB 7' 50 500 342,3 38,5 2,57 11030 

IIC 6,75 450 270,0 33,8 2,25 11780 

IID 6,60 440 301 • 2 38,5 2' 57 10960 

IIE 6,45 436 240,8 31 '5 2 '1 0 11710 

IIF 6,00 400 198,0 27,8 1 '86 10110 

IIG 6,00 400 270,0 38,0 2,53 10590 

IIH 5,50 365 226,0 35,0 2,32 11160 

IIJ 5,50 365 243,2 37,7 2,50 11740 

IIK 4' 50 300 282,6 53 ,o 3' 53 11730 

IIL 3 '75 250 155,6 35,0 2,33 11520 

IIM 3 '75 250 140,0 31 '5 2' 10 10640 

IIN 3,00 200 211 '5 59,5 3,97 12230 

IIO 3,00 200 171 , 2 48,2 3' 21 11600 

IIP 3,00 200 174,2 49?0 3,27 12120 
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Instructions for the reinforcement of apertures in 
glulam beams 

(Recommendation on· the basis of tests carried out by 
FMPA Stutttgart) 

Reinforcing must be done by beech plywood slabs AW 100 according 

to DIN 68705, sheet 3. 

The total reinforcing thickness d (per side d/2) is determined 
according to the shear stress ~ in the middle of the aperture 

and the beam width B. 

shear stress total thickness d of the I 
N/mm2 

~ 

(kp/cm2 ) 
reinforcement as a function 

1 
of the beam width B % 

0 ( 0) 10 

0,4 (4) 35 

0,8 (8) 50 

1,2 (12) 65 

Intermediate values must be interpolated linearly. 
Slab thickness ~ 10 mm 
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Size of the apertures and reinforcements 

+­
b, 

r 
b 

L 
b, 

·-t----' 

a~H 

ie!' P,l. H 

a,~ D.t25 a ::o. b, 

b, ~ 0,1. b ~ 0;1 H 

0 

1 
H 

H 

Grain direction of the face veneer parallel to the grain direction 

of the beam 

Gluing with resorcinol glue, 
2 2 pressure about 0,6 N/mm (6 kp/cm ) 
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The corners have to be rounded with a rayon of at least 25 mm. 

Normally the apertures should be symmetrical to the longitudinal 
axis of the beam. But at least a distance of 0,3 H to the above 
or below border has to be observed. 

In the region of the aperture and the reinforced zones no impor­
tant single loads ought to be introduced into the beams. If ducts 
with media the temperature of which doesn't correspond to the room 
temperature are directed through the apertures, the ducts have to 
be carefully insulated. Cross-cut ends should be protected by 

appropriate coatings against uncontrolled penetration of moisture. 

If no appropriate press equipment is available for the gluing of 

the reinforcing slab~, they can be mounted by nail gluing.accor­
ding to DIN 1052, chapt. 11.5.9. The holes in the veneer slabs 
have to be rough-drilled with 85 %of the nail diameter. 

It is necessary that during gluing the moisture content of the 
slabs corresponds to the expected compensating moisture. 

Apertures are openings where at a shear stress~= 1,2 
a or b ~ 0,05 H and at a shear stress~ = 0 N/mm 2 a or 
Between these values one has to interpolate linearly. 

N/mm2 

> b- 0,10 H. 

This instruction applies only to glulam beams which are mounted 
under the roof, thus not exposed to weather from one or all sides, 

see also DIN 1052 1 sheet 1, 3.2.1. 

A more detailed version of this paper has been published in: "Holz als 
Roh-und Werkstoff;" 35· Jahrgang, Heft 4, April 1977. 
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SUB- COI·:.J'iiSSION "GLULAii" 

2nd Draft 

revised and takcm as a resolution during the sessio!l 
in Vienna on 11.5.1977 

GLUED 'l'HiBSR STRUCTUR:t;S 

REQUIREMENTS FOR THiBER 

Preface: 

This GLULAi'l-STANDARD should give the base fo1' c" ~;er­
minations relating to timber, rating and per":ori.::s::ce 

of glued timber structures in the member coun~:::-:i.e:s of 

GLULAI"l. Furthermore this standard should be 'che base 

for the intended CEN-and ISO- standards in tr.e f:'-eld 

of glhled timber structures. 

There are two parts of the GLULAI"l-STA.t'\fDAHD: 

Part l: 

Part 2: 

~-. Scone: 

CrLUED TIMBER STRUCTURES 
HEQUIREMENTS FOR TIMBER 

GLUED TIMBER STRUCTURES 
RA'TING AND PERFORi''lANCE 

(will be prepared) 

This draft of the GLULAI"l-S'l'ANDARD Part l applies to la­

minated or to cross-laminated load bearing structural 

elements made of sawn timber from coniferous species. 

Indicated dimensions refer to the planed condition un­

less they do not explicitely refer to the raw (unplaned) 

condition. 
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La;ninated timber consists of boards glued. tocether, the 

grain directions of all the boards being essentially 
parallel. Fig.l. 

s~s __ Q~2§§_~~~~D2!§~-~~~£§~~ 
Cross laminated timber consists of boards glued together, 

the grain directions of neighbouring boards being not 

parallel. Fig. 2. 

s~2--~2~-~~§s_~2!~2-~~L-~ 
The knot area ratio is the summary of the projected 

cross- sectional areas of all knots within a predeter­

mined reference length parallel to the grain of the wood 

and within an area, where a maxim~~ may be expected, di­

vided by the total cross-sectional area of the lamella. 

Reference length see section 5.4. 

2.4 Moisture Content: 

\{eight of water within the wood, expressed as perce~1tage 

of the weight of oven-dry wood. 

Shrinkage checks and heart checks: Separations usually 

across the growth rings as a consequence of stresses due 

to shrinkage of the wood. 

Ring shake: Separations following the grain, bet1'1een the 

individual growth rings. 
Splits: Checks following the grain, forming cracks ex­

tending either partially or thoroughly across the board. 

s~§ __ §12P~_2f_~~2~D~ 
'!:'he ane;l e between the directions of the grain and the 

axis of the wooden piece, measured over an agreed distance. 
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Local deviations of the cross-section of the board 

from its clear rectan§Sular shape clue to the original 

shape of the roundwood~ 

Spiral grain is given, if the fibres of the wood wind 

·spirally around the axis of the log. 

3. i'lethods of l'leasurement and Dtermination: 

3.1 Knot Area Ratio ( KAR ) : 

rrhe maximum knot area rat(io of each lamella shall Oe 

determined. !(nets with a diameter of up co 5 mm may 

be ignored. All other knots and knotholes, i:rrespec­

ti ve of their shape and location, shall be included in 

the determination of KAR, by projecting them rectangu­

larly into the plane of the board. 

Determining the projected area, overlap:f>ings of the 

projected knots are neglected. Fig. 3. 

'Jlhe slope of grain shall be mea.sured over a re:erence 

length of 

500 m:m. 

L Moisture Content: 

The moisture content shall be measured by r::e ans of pro­

ven, sui table and calibrated instruments. 

Explanatory Note: 

Measurements must be made prior to gluing, a:fter the 

timber had been seasoned to the required moisture con­

tent and brought to the necessary dimensions. 



~·< ·~)lali ty ltoquirement s: 

Sa\~.rn timber from coniferous species of :C:uropean origin 

for laminated. or cross-laminated glued load. bec.ring 

timber structures are classified into two categories, 

namely 

Grade l ( Structural Timber ) 

Grade 2 ( Normal Building 'J:irnber ) . 

Unless it is not commented in the following requiremen~ 

specifications which grade they refer to, they have to 

be applied to both of them. 

Savm timber from coniferous species of other origin may 

be used, provided it meets the requirements of ~his 

standard. 

~~g __ ~Q~§~~E~_QQ~~~~~l 
At the time of gluing the timber shall have a moisture 

,content corresponding to the average moisture content 

which mo,y be expected to have it as a rule under service 

conditions, whereas the moisture content must not decrea­

se below a minimum of as much as 7% nor in any case ex­

ceed a maximum of as much as 17%. 
Therefore, as a rule, the moisture content shall be at 

the time of gluing: 

With service in closed, heated rooms 

9 + 2% 
vJith service in closed, unheated rooms or in 
open, roofed humidity 

12 + 2% 
\h th service in open air or in rooms with ex­
ceedingly high humidity 

15 + 2% . 
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The diffel"ence of the moisture contents among the in­

dividual lamellas must not be more than 4%. 

There is no need to determine the raw density of the 

timber in particu1ar. For the wood species mentioned 
under point 5.1 it may be assumed to be above 0.4 
in air dry condition ( wood moisture content of 2~/o ). 

The requirements are deemed to be met, if the average 
width of the growth rings is as much as 

for Grade l 

for Grade 2 
5 mm maximum 
6.5 mm maximum. 

Wider growth rings are permissible, if the raw density 
is as much as 0.4 g/cm3 

Particular attention is to paid to extremly narrow­
ringed, light- weighted timber. 

The knot area ratio shall not exceed within a reference 
length of 300 mm: 

0.30 for Grade 1 
0.50 for Grade 2. 

2.:.2 __ §:!:.~~U2f_§J2:!:.t~-~2~§.:. 
In addition to paragraph 5.4, the v1idth of spike knots, 
measured at the surface of the timber as shown in Fig.4, 
shall not exceed: 

25 rr® for Grade 1 
40 mm for Grade 2. 

,, 
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5.6 Slone of Grain: 
--------~-----------
As a rule within a reference length of 500 mm, the slope 
of c;rain sha.ll not exceed: 

Grade l 
Grade 2 

35 mm = 7% 
60 mm = 12% 

l 

l 

14, locally up to 10% 

8, locally up to 20%. 

Pith streru<s and timber cut through the pith are permis­
sible, provided the pith is not spongy. 

Checks are permissible with boards intended for horizon­

tal laminated or cross-larr~nated structural members, pro­
vided the angle bet1o~een check and surface of the board i C' 

at least 45°, Fig. 5. 

However, only very small heart checks and mechm1 sized 

checks due to shrinl<age are permitted for boards intended 
for vertically glued load bearing structural member:;, 

irrespective of the magnitude of the angle referred to 
above. 

\Va.'1e is permissible for lamellae, provided they do not 

show on glued structural members in planed condition. 

Parts, teeing resinous over their entire surface or 

showing resin pockets scattered over their surface are 
not permissible. Smaller resin pockets may be permitted 

to a low extent. 
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~ot pcr~issible are: 

Spiral grain ( except for a. low exte;'1t) 

l'::echanical damages 

Insect ducts ( permissible to a low extent, but 
they must not show on the fini she C. 
member). 

R o t 

Discolourations ( except blue stain ) 

Further on, all flaws causeing a consicterable 
loss of strength or having an adve:'se effect on 
gluing. 

~~~?~-~2~~~~£§§~ 
Generally the thickness of the lamella after planing 

shall not exceed: 

3 3 ITJll. 

Under -...;articular circumstances, as straigl::.-;:; bes.;::s and/ 

or interior use, a:'1d under favoura'ble cond.i tion.;, the 

thickness of the lamella may range up to: 

45 mm • 

1:Jith curved structural members the thicimess of the 

lamellae shall be determined accorC.ing to GLL'LAii­

S'TAlWARD, Par~. 2. 

The width of the lamella shall not exceed 210 mm, pro­

vided no special precautions are ts.ken. The total 

cross-sectional area of the individual lamella shall 

not exceed 70 cm2 • 

b. References to Other Standards: 

GLL"L.Al'l- STPJ\DARD Part 2., 

GLUED TII'J:BEl:t s·rJ.UC·ID~i~S 
RATING: AND J?ERFOill'l.AI-\CE 

( will be prepared ) 
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1. INTRODUCTION 

In the classical theory of centrally loaded columns and lateral buckling 
of beams it is assumed that the materials are ideal-elastic and that the 
members are straight up to a certain critical load by which the rupture 
occurs by sudden deflection of the structure. The rupture is thus con­
sidered a stability phenomena only. 

The correspondence between theory and practice is good for slender 
struetures, but for non-slender structures there are great deviations which 
are traditionally explained by a stress dependent modulus of elasticity. 

For timber, at least, there is bad correspondence between the moduli of 
elasticity normally measured and those that must be assumed theoretical­
ly to explain the load-carrying capacities for columns that are found by 
tests. For columns the correspondence between theory and tests has proved 
much better if the columns are assumed to be elastic to rupture but with 
deviations from straightness. 

In the present paper this view has been extended to comprise lateral buck­
ling of beams with axial force under the assumption of pre-curvature in 
two directions and pre-torsion. 

The theoretical load-carrying capacities have been derived in sect~tm 2. The 
expressions have been verified by tests described in section 3. I 

In section 4 the load-carrying capacity expressions found are discussed 
and simple, approximated design expressions are set up. 

4 

2. THEORY 

2.1 The differential equations 
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Figure 2.1 

A straight beam with the length £ and constant cross-section is considered. 
The cross-section with the area A is shown in the figure as a rectangle. For 
other sections X and Y are the main axes. The bending stiffness about the 
axes is Elx and EIY, while the torsional rigidity is Giv. E is the modulus 
of elasticity, G the shear modulus, Ix the moment of inertia about the X­
axis, IY the moment of inertia about the Y -axis and Iv the moment of 

inertia in torsion. The polar moment of inertia is denoted IP, and ip is the 

polar radius of gyration: i~ = Ip/ A. The z-values are measured from the 
middle of the beam. 

If the shear deformations and displacement in the Z-direction are disre-­
garded the deformations of the beam can be described by the displace­
ments u and v in the X- and Y -direction, respectively, and the rotation 
<P about the Z-axis. The positive directions are shown in figure 2.1. 

The beam is simply supported at the ends, i.e. u = v = 0 and secured against 
rotation about the Z-axis, i.e. <P = 0. 

The loading are equal end moments M about the X-axis and central axial 
end forces N. 

In the unloaded state the beam is assumed to have initial curvature and 
initial torsion corresponding to the initial displacements ui' vi and <Pi· 

The additional displacements from the initial state are determined by the 
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following differential equations 

d2 v EI - = - N(v + v.)- M x dz2 1 
(2.01) 

d2 u 
EI -d 2 =- N(u + u.

1
)- Mr(<P + .p.) 

y z 1 
(2.04) 

d d(u+ u.) 
(GI - Ni') Q'l'. = M 1 

v p dz dz 
(2.03) 

For the torsional expression a solid cross-section has been assumed and 
the notation 

'Y = 1 - EIY/(Elx) (2.04) 

introduced. · 

In the following the notation Give is used for the effective torsional ri­
gidity 

GI = GI -Ni2 
ve v p (2.05) 

2.2 Analyticill solution 

The following expressions are assumed for the initial displacements 

1TZ 
ui=u0 cosT 

1TZ 
vi= v0 cosy 

1TZ 
'~'; = '~'o cos T 

where u0 , v 0 and IP 0 are constants. 

A more general expression for ui and vi would be 

1TZ 
u; = -u1 + u0 cos T 

1TZ vi =v1 + v0 cosy 

(2.06) 

(2.07) 

(2.08) 

(2.09) 

(2.10) 
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where u1 and v1 are constants. A similar constant term in '~'l is not com­
patible with the boundary conditions assumed. The constant terms com­
plicate the calculations considerably, and since they will have no real 
influence on the results in this case they are disregarded. 

When (2.06) - (2.08) are inserted the solution of (2.01) is 

cos(JJC "-z) 
M NEx £ 

v = N (·--~ rNN'"=-tr 
cos(v~---) 

NEx 2 

N 1TZ 
1) + v0 N N cosT 

Ex 
(2.11) 

where N Ex is the euler load corresponding to deflection in the Y -direction 
(bending about the X -axis) 

1T 2 
NEx = ("Q) Elx 

A good approximation to (2.11) is 

M + Nv0 1TZ 

v=N -NcosQ 
Ex 

The solutions of (2.02) - (2.03) are 

N M 2 M 
[N + (M) Juo + li'o'Y N 

Ey cr Ey 7rZ 
N M 2 COST 

1---(-) 
NEy Mer 

u 

M 
N M uo + IPo'Y N 
-~ Ey 1TZ 

IP- rM2 N M 2 cosT 
er 1----(-) 

NEy ·Mer 

(2.12) 

(2.13) 

(2.14) 

(2.15) 

where NEy is the euler load corresponding to deflection in the X -direction 

1T 2 
NEy = (Q) Ely (2.16) 

and Mer is the critical moment corresponding to lateral buckling with 
axial force 

Mer= yNEy Glvefr (2.17) 
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2.3 General expressions for load-carrying capacity 

The resulting bending moments about the X- and Y -axis, respectively, 
in the middle of the beam (z = 0), when the approximation (2.13) is 
used, will be 

Mx = N(v + vo) + M = M + Nvo 
1- ___o'!._ 

N Ex 

MY= N(u + u0 ) + M(<P + <P0 ) 

NE M 2 N 
u 0 [N + ~ (M) ] + M.,0[1- r:.r- (1- -y)] 

'Y cr Ey 
N M 2 

1---(-) 
NEy Mer 

(2.18) 

(2.19) 

Furthermore, shear forces and a torsional moment occur, but they will 
not be determined since there is a total lack of rupture theories taking the 
corresponding stresses into consideration. 

In the following the simplest possible rupture hypothesis is assumed, 
namely that rupture starts in the compression zone, and when the follow­
ing condition is satisfied: 

(J (J 

_£_ + ::Jl = 1 
fc fb 

(2.20) 

where oc is the compression stress (ac = N/A), ab is the bending stress, fc 
is the compression strength and fb is the bending strength. 

To most of the cross-sections used in practice the following expression 
applies 

a =Mx+ MY 
b w w 

X y 
(2.21) 

where W x and W Y are the section moduli. In such cases (2.18) - (2.20) give 
that the following condition must be satisfied to prevent rupture 

r 
! 
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N M + Nv0 -+ + 
fcA f W (1- __1!__) 

b x NEx 

NE M 2 N 
u0[N+ ...!'2'.(M) ]+M.,0 [1-r:.r-(1--y)J 

'Y cr Ey 
.;;1 (2.22) N M 2 f w (1-- -(-)) 

b y NEy Mer 

The expression contains the usual expressions in the simple cases. For 
pure bending, however, there is a difference if lateral deflection has not 
been prevented. Thus, (2.22) gives for M/Mcr =: 0 

M M<Po M Wx 
fW+ fW =rw(l +<Po wl< 1 
bx by bx y 

(2.23) 

and not 

M 
fb wx < 1 (2.24) 

As the bending strength is normally determined by tests without any real 
lateral support fb should be determined by (2.24) and not- as it is always 
done- by (2.25). To take this into consideration the fb -value to be in­
serted in (2.22) must be higher than usual and corresponding to the factor 
1 + <Po WxfWy. 
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3. TESTS 

3.1 Test material 

Sawn redwood covering the normal Danish structural qualities (Unclassi· 
fied, T200 and T300 with short-term characteristic bending strengths of 
18 MPa, 24 MPa and 30 MPa, according to Danish Standard DS 413) with 
the cross-sections bXh = 38X100, 50X150 and 38X175was used. The 
free lengths were 1560, 2640 and 3720 mm. For each cross-sectional 
dimension there were 3-6 individual tests. The total number of tests were 
39. 

Prior to the test the specimens were conditioned indoors at a relative humi­
dity of 65%. 

3.2 Test set-up 

Compression and/or bending were imposed as shown in fig. 3.1. 

The test specimen was supported at the ends by spherical bearings which 
are further described in relation to fig. 3.2. 

At the top the bearing is secured to the loading frame, at the bottom it 
rests through a load cell on a hydraulic press. The horizontal load is im­
posed through long rods (R12) to ensure that the load direction is not 
changed essentially during the test. At the ends of the test specimen the 

. horizontal reactions are transmitted through a knife bearing resting against 
the reaction bars (U-120) on a teflon bearing preventing forces from being 
transmitted perpendicular to the plane of the frame. The horizontal force 
is made by a hydraulic press and measured through a load cell. The joints 
at A are thus designed that the reaction bars can move freely in their longi­
tudinal direction (roller bearings). At B only movements perpendicular to 
the frame were prevented. 

The bearings have been developed on the basis of an idea of Massonnet, 
cf. [3] and [8]. Their principal construction is seen from fig. 3.2 showing 
the lower bearing. The parts A and B are in the contact area formed as 
part of a spherical surface. In the lower part a chamber, C, has been milled 
into which oil is pumped. The oil is pressed out along the contact area so 
that the upper part comes to rest on an oil film. The surplus oil is gathered 
in a groove with drainage, D, and pumped back into the chamber.. 
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Figure 3.1. Vertical picture. Measurements in mm. 
1) Test specimen. 2) Bearings. 3) Combined knife and teflon bearing. 4) Load cell. 
5) Hydraulic press. 6) Load cell. 7) Hydraulic press. 8) Suspension in roller bearings. 
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oil supply 

Figure 3.2. Bearings. 

The displacements were measured at the bearings and at the middle of 
the test specimens by electric displacement gauges. At each measuring 
point two transducers were used at the side of the timber and one at the 
edge. 

3.3 Test procedure 

At first the torsional rigidity of the test specimens, i.e. the constant Giv 
was determined. 

The eccentricities of the test specimen and torsional angle at the middle 
were determined by plumb-lines, two at the side and one at the edge. The 
distances from the plumb lines to the timber were measured by a slide 
gauge at the abutments and at the middle of the test specimen. 

In the set-up shown in fig. 3.1 the following tests were then carried out: 

1. Pure bending about the weak axis. 

2. Pure axial compression without lateral support. 

3. Bending about the strong axis. 

4. Combined axial compression and bending about the strong axis. The 
axial force was applied first and then the horizontal load was increased 
to failure. 

For the longest test specimens, 3720 mm, however, the last-mentioned 
test was not carried out because such weak transversely loaded columns 
are not used in practice. 
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By each of the three first-mentioned tests it was aimed at applying the 
load in 10-20 steps of one minute's duration up to a load by which 
the timber would not be damaged. In cases where test No. 4 was not 
used, however, test No.3 was carried on till rupture. By test No.4 it 

· was aimed at reaching failure load in 5-10 steps of 1 minute's duration. 

Mter the test a prism about 500 mm long was cut off for determining 
density and moisture content. 

3.4 Test results 

The test results are given in table 3.1. 

Columns 1-8 contain general information. UK denotes Unclassified. For 
cross-sectional dimensions only average figures are given from which the 
deviations were up to 1.5 mm; in the preparation of test results the actual 
measurements were used. Correspondingly, only mean values are given for the 
slenderness ratios £fix and £fiy (ix and iy are the respective radii of gyra­
tion). 

The moisture content is not given for the individual tests because the varia­
tion (from about 12% to about 15%) does not give rise to adjustment of 
the other measured quantities. 

Column 9 gives the shear modulus G calculated from the measured torsion­
al stress-strain curve. Iv = b 3 h(1- 0.63 b/h)/3 is assumed. 

Column 10 gives the modulus of elasticity in bending, Eby• determined by 
test No. 1, cf. section 3.3. 

Columns 11 and 16 give the results of the compression test. By the rest re­
lated values of the load Nand deformation u in the elastic area were mea­
sured. If u(N is plotted as abscissa and u as ordinate, cf. fig. 3.3, and if the 
initial deformations vary sinusoidally, the points will lie on a straight line 
the slope of which is the column load-carrying capacity NE according . v 
to the euler formula. The length cut off the ordinate is the initial dis-
placement in the middle, u 0. Normally the diagram is denoted a South­
well-plot. The modulus of elasticity, Ec, in compression is then determined 
asE =N £2/(11 2I) c Ey y · 
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Columns 13 and 19 contain the values determined by bending about the 
strong axis, viz. 'Po and the bending stiffness Elx and consequently, Ebx. 

Columns 15-18 give the initial displacements determined from the plumb­
line measurings and the compression and bending tests. 

Columns 20-21 give the axial force chosen and the moment of failure 
(Mmeas) in the final rupture tests. 

3.5 Treatment of test results 

Mean values, m, and standard deviation, s, for density and moduli of e­
lasticity are given in table 3.2 . 

Table 3.2 
UK T200 T300 Total 

m s m s m s m 8 

Density 452 39 482 66 489 65 468 65: 

G MPa 728 58 748 54 827 47 741 65 

· Eby MPa. 10050 1330 11690 1920 13920 2680 11180 2160 

Ec MPa 8840 1120 1'0390 1670 12850 2460 9950 2020 

Ebx MPa 9480 1460 10780 1 2440 12860 2690 10410 2290 

The Ec/Eby -ratio is averagely 0.895 with a standard deviation of 0.114. 
The ratio is significantly higher for the most slender columns (0.99). For 
comparison the ratio 0.933 with a standard deviation of 0.06 was found 
in [7]. 
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The Ebx/Eby -ratio is averagely 0.932 with a standard deviation of 0.106. 

Also in this case the ratio is higher (1.05) for the most slender columns. 
Figure 3.4 shows the linear relation found between E and G. 
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In fig. 3.5 the derived initial displacements (numerical values) in relation 
to core radius in the relevant displacement direction have been drawn. 
There is very large scatter of the test results and there is no dependence 
on the quality. Since u0 and v 0 are partly due to warping caused by 
shrinkage of the timber, it could be conjectured that they for values above 
a certain limit will increase by (QfW. This is confirmed to a reasonable 
degree by the values found. Two straight lines are shown in the figure. On" 
(0.1 + 0.005 Qfi) originating from [6] has been used in various draft codes, 
among others [1) and [2], and the other (0.0062Q/i) is the straight line 
without constant terms giving practically the same column load-carrying 
capacity . 

For 'P no dependence on the length or quality has been found. However, 
dependence on the b/h-ratio has been found, cf. fig. 3.6, where the numer­
ical values have been plotted. The expression 

'Po= 0,05.2_ 
h 

can be assumed. 

~'1 1 1 . individual measurements I ;· mean 

0,051 
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0 1 ~ !' 
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Figure 3.6 

(3.01) 

Apart from v0 , which could be determined by a column test with dis­
placement prevented in the Y -direction, the parameters of the expression 
(2.19) have now been determined for each test. On account of the neg­
ligible influence of v 0 in the cases investigated the column test has been 
omitted and in the following the value found by the plumb-line measurings 
(table 3.1, col. 17) has been used. 
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fb/fc = 1.1 and fc = Ebx/280 have been assumed, cf. [6], and the ex­
pected rupture moments, Meal, have been calculated by eq. (2.19). The 
relation between the calculated and measured moments is given in table 
3.1, column 23. When test No. 2.3.3 is disregarded an average of Meal/ 
Mmeas = 0.960 with a standard deviation of 0.148 is found. This is a 
very satisfactory agreement when it is taken into consideration that fb 
and fc have been indirectly determined. 
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4. DISCUSSION 

4.1 Introduction 

The tests have shown that the expressions derived can be used to deter­
mine the load-carrying capacity when the measured values for the initial 
displacements are inserted. It can then be assumed that they will also be 
applicable in setting up expressions for load-carrying capacities from codi­
fied or prescribed values. The choice of the initial displacements can be 
based on the permitted values for bow and twist according to the grading 
rules. However, these are in most cases very liberal (on these points) and 
it seems reasonable to use smaller values the observation of which is en­
sured by stricter requirements of grading or execution for the structures 
in which it might influence the load-carrying capacity. 

As mentioned in relation to figure 3.6 the variation of the initial displace­
ments should immediately be expected to increase with the length squared. 
Although the use of such.variation would give certain advantages (among 
others the expressions for the load-carrying capacity will mainly be depen­
dent on Qh{b2 only) the following expression has been assumed 

u
0

} = 0,0035 Q 
vo 

(4.01) 

corresponding to the straight line 0.0062 Q{i in figure 3.6. 

By choosing a straight line it is possible to get values which are reasonably 
on the safe side for short or medium-slender st;ructures (the influence of 
the eccentricities is greater for medium-slender structures) without getting 
unreasonably high values for the slender ones. 

4.2 Pure lateral buckling 

Initially, among others to estimate the influence of the parameter <Po, the 
case of pure lateral buckling is considered, i.e. N = 0. The ultimate value 
of the end moments taking lateral bending into consideration is denoted 
Mer, while M0 is the ultimate moment in pure bending 

M0 = fbW (4.02) 
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In fig. 4.1 Mcr/M0 has been drawn dependent on hQ(b2 for h/b = 2, h/b = 5 
and for <Po = 0 and <Po equal to the value found by the tests, viz. 

<Po = 0.05 b/h 

cf. (3.01). E/fc = 280 and E/G = 16 have been assumed. 

For the case <Po t 0 a correction factor for the normal bending strength of 

1 + <PoWxfWy = 1 + 0,05 = 1,05 ( 4.03) 

has been assumed, cf. the text below formula (2.25). 

With the scatter of the properties of structural timber it is seen that 
a single common curve e.g. corresponding to <P = 0 and h/b = 3 can be 
used. 

The assumption of <Po =0 facilitate's the calculations and furthermore, it is not 
necessary to distinguish between.,beams with lateral deflection prevented 
and non-restrained beams of a length where lateral buckling is not relevant. 

Fig. 4.1 also shows Mcr/M0 corresponding to the classical stability theory, 
formula (2.17), and the approximation given by Hooley & Madsen [ 4]. 
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4.3 Combined loading 

As shown in the above (2.22) with <Po =0 can be used as a general expres­
sion. The use of the formula will be a little complicated for ordinary 
engineering practice, but it is easy to work out diagrams which will sim­
plify the calculations very much. 

An example is shown in fig. 4.2. The diagram gives M(M0 dependent on 
N(N0 , the h/b-ratio and the slenderness ratio Qji corresponding to the 
weak direction. N 0 is the axial force correspondlng to the compression 
strength 
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Figure 4.2. The values on the curves state NJN0. 
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The same results as given in fig. 4.2 are shown in fig. 4.3, however, also 
including h/b = 1. 

The acceptable combinations can. with reasonable approximation for prac­
tical use be determined from the following equations 

..B. + .M. ,;;; 1 
.Ncr Mo 

M/Mcr(N=O) .;;; 1 I ( 4.05) 
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No is the loadcarrying capacity for columns determin$ from (2'22)' In

a small area the appro;m;tion is on the unsafe side. Ari expression on the

safe side is

-b/b81---h/b-3

-.- 
h/b - ó

o.5

Ns
o.5

N
Ncr

M
Mcr

(4.06)+ <1

By the way it should be noted that N/No detcrmined ftom.(2'22) is not

oo¡y aeperrdent on À, but also on the h/Ë-'ratio so that No is smallest

when h/b is approxiáating 1. vo will in this case have an-important influ:

ence and the loadcarryinf capaiity will be lower than if the deformations

are considered separatãtyin eitt et direction. If the maintainance of the

usualload-calryingcapacityisdesirablecompensationcanbeu.-adeby
taking uo and vo as functions of b/h'
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5. NOTATIONS

Individuat.symbols which a¡e used only locally have not been included.

A crosseectional a¡ea

modulus of elasticitY

Ec E for coaPression

Eb",Eby . E for bending about the respective areo

shear modulus

moment of inertia

Ix,Iy I for bending

L fortorsion

L-- effective I, (cf. (2.05))-ye v-
moment

E

ilL'My
Mcr

axial force

M about resPective axes

critical vâlue of Mx withiüial force, if any

Ncr critical value of N corresponding to a centrally

loaded column'

NEr, NEy N corresponding to euler deformation

l¡tt section modulus

&,WyWcorrespondingtobendingaboutrespectiveaf,es
X,Y,Z axes, cf. fig.2.l
f strength Parameter

fb bending strength

fc comPression strength

i radius of g¡rration

L, iy i corresPonding to !,I,
io Polar i

g span (or column length)

M

N
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ürV

xrY&

'f

o

displacements, cf. fig. 2.L

ui, vi initial displacements

tl6 r Vg

ul, vl
constants, cf. (2.06) - (2.O7) and (2.09) - (2.10)
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coordinates, cf. fig. 2.1

1 - EIy/(EI*), cf. (2.O4)

normal stress

ob bending stress

oc compression stress from axial force

rotation about beam axis, cf. fig. 2.1

9i initial rotation

9s constant, cf. (2.08)
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1. INTRODUCTION 
1.1 Scope 
1.2 Conditions for the validity of this document 
1.3 Units 

Reference to ISO 

* 1.4 Notations 
Symbols to chosen in accordance with ISO 3898. As a basis for determination of the special timber symbols 
liSymbols for use in structural timber desigm, CIB-Document CIB-WlB-1, June 1976, is used. The final list 
cannot be worked out until the final editing 

* 1.5 Definitions 
To be worked out during the work with the code 

2. BASIC ASSUMPTIONS 
2.1 Characteristic values 

Choice of percentile-values for strength calculations and for stiffness calculations 

2.2 Climate classes 
2.3 Load duration classes 

3. BASIC DESIGN RULES 
* 3.0 General 

A draft has been prepared (1. draft, 3.0, 3.2 and 3.4). It will be necessary to await clarification of the general 
principles in ISO TC 98 before the special conditions valid for timber stl'uctures can be treated. This section 
also comprises requirements of deflections, mainly by reference to ISO ........ .. 

il.l Design by calculation 
3.1.1 Basic assumptions 

Application of the theory of elasticity /theory of plasticity. Allowable simplifications 

· 3.1.2 Cross-sectional dimensions 
Acceptable deviations between true dimensions and those used in calculations 

* 3.1.3 Partial coefficients for materials 

* 

* 

To be determined on the basis of ISO TC 98 to the extent it is not a national or governmental matter 

3.2 Design by testing 
3.2.0 General 
3.2.1 Execution of tests 

An ihdependent standard is on the RILEM/CIB work programme 

3.2.2 Determination of characteristic ultimate value 
Requirements of the statisti~al treatment of the test results 

3.2.3 Partial coefficients 
As 3.1.3 

4. REQUIREMENTS OF MATERIALS 
4.1 Structural timber 

Structural tim.ber is classified on the basis of the characteristic bending strength. The following classes are pro· 
posed for European softwood: 

T18 T24 T30 

Regarding hardwood the following classes could be proposed: 

T40 T50 T60 

It is left to the regional or national organizations to set up the grading rulCs. No differentiation is made between 
ordinary timber and finger-jointed timber. 



4.2 Glulam 
Glulam is classified as structural timber. The following classes are proposed for European softwood: 

GL30 GL40 GL50 

The classification can be extended when necessary. 
It is left to the regional or national organizations to set up requirements of lamellas and cross-sections to 
obtain a given class 

4.3 Plywood 
It is demanded that the production must be subject to a recognized control arrangement and that strength 
parameters are determined on the basis of testing according to ISO ........ 

4.4 Other wood -based panels 
As for plywood 

4.5 Glue 
4.6 Mechanical fasteners 

Reference is made to section 5.3 

5. DESIGN OF BASIC MEMBERS 
5.1 Structural timber 

* 5.1.0 Strength and values 
For the classes mentioned in section 4.1 characteristic strength and stiffness parameters for strength 
and deformation calculations are given for the climate and load duration classes determined in section 2 

5.1.1 Beams and columns 
5.1.1.1 Pure tension 
5.1.1.2 Pure compression without column effect 
5.1.1.3 Pure bending 

Including depth-factor and lateral instability 

5.1.1.4 Shear 
Including notch effect 

5.1.1.5 Tension and bending 
5.1.1.6 Compression and bending without column effect 
5.1.1.7 Compression and bending with column effect 

5.2 Glulam 
5.2.1 Beams and columns 

As 5.1.1 

5.2.2 Curved members 
Effect of bending of lamellas, distribution of bending stresses, tension perpendicular to the grain 

5.2.3 Cambered beams straight or pitched 
5.3 Joints 

All Joad·carrying capacity expressions etc. are given in a general form where the parameters are inserted de· 
pendent on the values for timber and material of the fasteners 

5.3 .0 General 
General requirements, determination of characteristic load-carrying capacities (reference to ISO ............. . 
and ISO ........... ), protection against corrosion 

5.3.1 Nails 
Laterally loaded nails (timber to timber, board materials to timber, steel to timber, withdrawal strength) 

5.3.2 Bolts and dowels 
5.3.3 Screws 
5.3.4 Connectored joints 
5.3.5 Glued joints 
5.3.6 Construction rules 

6. DESIGN OF COMPONENTS AND SPECIAL STRUCTURES 
6.1 Glued components 

6.1.1 Thin-webbed beams 
6.1.2 Thin-flanged beams (stiffened plates) 
6.1.3 I- and box columns, spaced columns, lattice columns 

6.2 Mechanically jointed components 
Subdivision as for section 6.1 

6.3 Arches, portals and frames 
6.4 Trusses 
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1 , INTRODUCTION 

~ .1. Sub~cct of the $tnnd1n•d, 

pe:,lSH STANDARD 

Ti~ber structures 
Statical cAlculations and 

deeisnin& 

":'l~~ c,ubj ect of the atandnrd are the rules of , statical 
calculations end timber str-uctures desienin.to:. 

1 . ? . ...1!..2nli<:Rt ion rBncrc of the standard. The ntan1urd 
~cilild bc;-nj)plied .. in .311 timber structl.lre8 in buil• 
dinr,. It is not nppli~d in bridce conatructionso 

._!..1. ~;tnnOor1ls and connc>cted documcntA. 

F;\-74/B-02009 Loads in atatical calculations. rer<::lanent 
!'lr.j :.:h::m.:ir..g lotld ~ 

?!\-70/D-0201 0 Loads in statical calculations. Sr.ow loads 
PN-70/3-02011 Loads in statical calculations. '.l.'i:1d loads 
r~;-69/S-0)000 Building designs, Statical calculations 
?N-64/B-0)001 Structures and buildin& base. Rules of de-

signing and statical calculations. · 
?N-76/B-0)200 Steel structures. Statical and designins; 

calculations 
:r?>•-75/D ... Q1001 Sawn timber. Classification, ter.:1inology 
FN-74/D-02002 Fibr~boordB. Terminology 
?N-75/D-0200) Plywood. Classiticntion and terminology 
PN-57/D-96000 Softwood of seneral application 
?N-72/D-96002 Hardwood of &enei'al application 
rN-71/D-97003 Plywood of general application 
PN-72/H-84020 Ordinary structural coal steel o-r general 

Bpplication. Types. 
p~,T-76/H-92:325 Hoop iron without covering or galv.s.nized 
?N-75/R'-9)200.00 ~·are rod and round hot rolled steel 

b~ 8. Dir:.cnaions 
?N'-7~ :-9)200.02 \'tire rod and round and hot rolled steel 

be· 3. Bars of General opplication. Dicensions. · 
?1\-6~ .:-s1 000 Nails. General requirements and research. 
PN-5 ~.:-8201 0 Squaro washers in timber structures 
PN-7 :.:-82101 Hexago·n bolts 
f'N-?J/!.:-8212 f Square .bolts 
:PN-75/:.:-82144 Hexagon nuts 
Pli-75/}.~-82151 Square nuts 
PI\'-72/1:-82501 Hexagon head screws 
PN-72/i~~-82502 Square head screws 
PN-72/~.:-8250) Cone head screws 
PN-72/t.:-82504 Lentil head· screws 
PN-72/M-82505 Round head screws 
PN-72/~~-82509 Screws for timber. General requirements 

and research 
BN-70/5028·12 Building nails, Round and square section 

nails 
BN-70/5028·19 Buildi~ nails. Square twisted pallet nails, 
BN-66/7113-10 Shuttering plywood · 
BN-74/7122-11.21 Fibreboard&, Ordinary harboards. Spec~i­

cationo. 
BN-74/7122-11.22 Fibreboarda. Very hard boarda. ·specifica­

tions 

PN-7)_ 
B·O:J150 

instead of Pll-64/8~0) 150 

Catalogue group VII 02 

2.1 .2. Inserts, pinn, bloclta and 'other 
small structtlral elements should bo mado 
of oak, acacia or other similarly hnrd 
and lasting kinda of timber. 

2.1 .3. Assortments, clBB~ification ot 
onwn timber sa regurda its qualiti,•· 
Specifications - according to P~t-15/D-
01001 1 l'N-57/D-96000 and PN-72/D-96002, 

2.1 .4. Minimur.J in.<~tnntuncO!JO st'rc..!2l.::.ih._9{ 
otnndord nnm:->lco of pine wood nr.d npruco 
wood should be omnllcr thon in Tnblel. 
rr-fimbcr strenGth hn3 been examined nt . 
the dryness \'IX diffcrcn:t rr.m 15~, so th;).t 
15..( W<. .2.) , then atrent;th corl'(H:lpond.i:p.s_ wi t.h 
dryness 15% is calculated according to 
tho formula 

wh-ere: 

K
1
,-,. [ 1- "'w (w- 15JJ.kw 

K15 - strc111lth of timber wizh 
drynoas of 15%, kG/em 

111 

- strength of ti~ber with dry~ 
ness WX, kG/em 

- coefficient ~cc. to Tabla 2 

Table 1. Minimum instAntaneous strencths 
of pine or spruce 

-
kind of 
strcin.gth 

I . 
symbol Strengt2 

kG/em 

n~~ ben ins; Kg 
. 

500 

ten~ion ' 
alo~ the 

Kr 550 
er•ir 

\ 
COITI.fl:IU'IO'V 
P~"'H:f"'l-t. 

ic• Kd )00 a.lo~ the 
grai. 

Shear - -, 
a.lon~ the ~ 40· 
grai 

I 
compfession Kt 20 acroj3a the 
graifl 

' 

I 

' 

Technical instruction regarding aur:t:"ace ;>rotection o~ buil­
dine timb,~r - Instytut Technik1 Budowlanej/lnstitute of 
Buildin;:;:: J.cchnology/, Warsaw 1957 L 

Table ?• Coefficients ~~ 
Instruction concerning complex protection of building 
timber aeainst bioloeical pests and fire - Institute 
of Building Technology, Vlareaw 1969. 

2, !/,ATlilUAIS 

·2, 1 , Timber 

2.1.1. Ti:r:ber- in structural elements should be softwoodl 
pine or spruce. If necessary, it is possible to apply. 
fir, larch and ha::_-wood·: poplar ozo eldora. 

····-~--~-~·-·--- .- .. ··--.-···---·· 

· kind 1 of strength 

compresDion 
the grain 

alons; 

hendins; 

shear alons 
the grain .. 

pine spruco 
larch oak 

fir 

0,05 0,04 

0,04 0,04 

1 

I 
... 

J 
·-

o,oJ o,o; ·-
...... 

.~· 



2.1. 1L Dryness of timber I 
?.1 .5.1, Permissible drvneoo of 9Dftwood .! 
applied in structural element's <lcpende on whar%they ' 
''"" built in and on the kind of joints. Dryness' should 
not exceed: · . 
of for structures prot•oto~.a&a1net moisturo - 20% . I . 
b/ for structures in the open air - 2)% . 

c/ for glued structures - 15,; and it ohould .6omply with 
clueing technology 

? • 1 • 5, 2, Dryn~s s of h3rdwood appli'ed for inserts 1 pins, 
blocks e:ct. ar.ould not exceed 15% •· ,.. 

?.1 .6. Coefficients of elasticity And deformation should 
be taken into account in the calculation o£ deformations 
according to Table 3. 

Table 1. Coefficjents of elaeticitv and deformation 
·-.Ei,.Jl_ 

1. 
Ooefi'icicnt of Coefficient 

kind of 
timber 

elastic it~ 
E1 kG/em 

daformat2on 
0, kG/em 

para- per pen-
llel dicular 
to the to the 
grain era in 

bendine 
tension compre- .. 
compre- osion 
ssion -

pine, spruce 100000 )000 5000 

-
ook, acacia, 
?eech, birch 125000 6000 10000 

o.f 

timet 

.. 

With structures exposed to humiditi for a long 
coefficients E and G should be adop ed with the corre-
etor coefficient o,a . 

... . .. • 
.::·.c.·· ... :_. 

'.! 

.. 

. . 

I 

... ~ •..... ----- ---····· ··---·-·-··-·--· == ::.-... ::.:-/ ~.::.:.: . 
. I 
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Pli-7J/B-OJ150 

v~~-~--- / .~ :n:.i tv of timber fo:r load-bearing olomonta 
. H~_.:: :::;f.:0-.1n on l'icurcs u.nd on liatS of materials. 

.· .. (,~' .~,·:"('r.t:n fo~· clcr:lento of t.1nhcr ntr1lctu:ree 
... -. ·.·,:::,::.v0 c:>t.q:;on.co, muno of OOI'irt !nutcrlnlo 
.,:. ::ot ';)c ,s:..·catcr tllun it ia shown in the appendix 

· > ~3 ..>tu:~C.I:l.;r•d., · 

~~:. y·,·:ood -----

·,. :.-:v ood r~:-nl:cd 1:1 structures allould be water-roaia­
~ -;-:::z~e·~:arc.wooc. or l.n exceptional· cases of pine-

__ ... ') J.:;_;Jrt.r~_vr.t!3 o.nd cJ.nrJGification of plvwood - accor-. 
;; __ ;::·..:;~~-:'_·,- r ~;r::::u2vJJ, .~.'.·•-71/lJ ... :; 7003 ana BH-oG/'/113-1 0 

·l·-;~ic~:nC':->G of plvwood should be at lcasta 

- for 3truc~urcB 
:.~:;- :'or L"'-W:Jct platea of _i;ru~.s ; girders 

~-- - :'or :·oof and wall. po.nela . 

• .. 

..• \'~·.:' --:j.~_,of·-t~~~ t." cnc-:'f1cit<rit of JD.~ood alone the 
. .. ~-:-;:7.::-:~J~r;z; oonro. onoulU De ..,:0 K -;;·"'7o 000 kU/~.;m?-

2 .\>:. -;?::>)8 .. ~, ;;_;c [;l'Ui~ ~?f tho facing board .c. k2 "' )0 000 ~G/cm 
, .... .; """ OL,.a ~~on co e .. u .. cicn t G , "" 5000 kG?m ia ndo:p~cd. 
:::: .:·-.::~:c of lo:·:;_::; luotj.nc woiat 86-ndi tiona the values B and 
G ::::-:,-,uld be di::~ir.isl1cd with the use of a cor:rectorc· oo&ff'i­
cie•;:; 0, S 

:-;,:'.'-, :--.:;':r;r.':n~~eOt::3 Gt:!'Ci..'~tll of ulvwood With dryness 15% 
C:.::lc.·..:-~-i'"l·:-c-',.· ...... 0c u;::a.Ller tmu-. this l.n Table 4 

~;2.,:.:.~..2-..~rii::-.. ,;:-:-. instantaneous strencth of ph"voodt made 
c:: ::~~';.:::;Jcc., \"2.-;:er :re3~stu:1t nna glued w~th sym:ne ic 
~ 

r::ur.;ber of bending tension / comproaaion 
Ve:'lCel·S ir: 
a pl),'IOOd I along along the grain across 

tl:e era in the gra-
8£~~11 So£a in 
ar '-' 

)5 550 450 450 I 330 
I 

?or a pine plyv1ood, vrater resistant~ the values 
siwuld be adopted with the coefficient 0,8 

2.~.1 '.::'vnc:: of boa::-de. In timber structures it is posa1-
brc-1o ~;,~y r.ura &nd very hard fibreboarda which meet 

the requ"rementa of PN-7 4/D-02002 and BN-7 4/7122-11.21 
and 22. 

\ 

2. ). 2. The elh~tici tv end deforrnation coefficients E 
2 P.!",Q v GJJOUJ.c oc aaoptea: for hard boar~s .c!T • JO 000 kG/em , 

10::- v~T--J hard boards EBT "' 40 000 kG/em 
:~ the deformation calculations the elasticity coeffi­

cic~t should be adopted with the use of a corrector cocffi-
cicn~; 0, 5 ... 

Tho Poioson s coefficient for hard and very hard bo~ 
ar<'o: ohould be a<iop.ted 1:, •.,.0, 15. 

~~e defol~ation coe~ficicnt in deformation calcula­
ti:::.ns and taking into account cooperation with tim~er 
should be ndoptcd: for hard board§. Gp • )500 kG/em P for 
Ve:::"J hard boards GBT • 5000 kG/em. , 

4/ 
/ 

\'/hen a structure is expooed to higher 
moiotul'e of nir for a lon& timc/65 ~ ~; .. , .. 
tho vo.luco E and G ohould be mul tipli.:!J. 
by coofficionto 1 for ha:cd boards - 0, 4, 
for vol'y hard bonrdo - O, 5. -

2.3.3. t.:inj.)num int;tr.:'ltnncouf3 otl·on,"'th :d 
1T1')fc tlOUJ'il3 Wl. tb dryneGG i ~~~ ohOU.LU l'.o·~ 
be s;naller than this in Table 5. 

Table 5. J,~inimu:-:J in:JtnntnncouG ot::-'cnc;trJ oC 
hard and vc1·y nnrd 1io1·eDonrds 

:~.no Ln~ltz;g'i::; :;t.ren~tfl 

kind tl1 ick~ wcit;ht ben- ten- sne:nr 
of neoo by J ding.~ a ion in 
board nun volu."n " the 

kG/m3 ' bo-
"- ard f 

' cur-v fc.-

I 
ce 

I I 
I 

I I 
hard J,2 1000 !350 200 200 10 

very 4,0 1050 1400 250 250 11 bo.rd 5,0 

2.4. Ancillary rr:aterials 

2.4.1 Connectors 

2.4.1.1. 3olts­
PN-'7)/~.·.-b21 ~1. 

r::-7 4/1.:-82101 or.d 

c·..;' . .,. 
" ' • ~··.J 

:o-,;t-
]:!(<)1-

.:::-
c.:.-
:..;~;;.· 

0 ... 
tr·-
.. l'd 
;~ ':.:-·~ 

- ;~-

ct.: 

113C 

::(>:. 

·2.4.1.2 Nuto for bolts- Pl:-75/:.:-.:?2~..- ..• ::;.). 

?N-75/l.l-82151. ~y' 

2.4.1.3. Screws- llli-72/l.:-82501, 1:::-12i.~· ,~.), 
PN- /2/l .. -82~04, P!~-72/i.:-82504, ~'H-72/:.:-G: :,;~:.i 
and ?N-72/1.:-82509. 

2.4.:1.4 Naile • Pll-67/J.:-81000, Ell-70/5020-
12 ~nd b<-1075028-19. 

• !nnerts 1nteG ect.Con::1cc-;;o:·J 
a wu oe r.wue o con.L otee;. of o:r-Ci:·,.4·y 
quo.li ty and o.pplied according to 1.1::-?::/i~-
84020 or of othc:y mutcr:L.a.ls with r..nc:::~.:l-
cal pnra:nctersnot sr:,nllc:r than tL .. 
parameters of hardwood .. 

Toothed inserta,for instance toottG~ 
rings, as it is recommende~, ohould be 
made od steel 18G2. 

2.4.1.6 Structur-a.l yh:en should ~e \';;;:.·;"~ ... 
rcs:...stant. 1l1he cnce~ne GlUe ,r::loy be c.;~~~':J..: 
only in connections bc::wccn tir.;.ber :.· .• :~:·::::. 
res protected against moisture or p:~ca~ ~ 
rooms in which relative humidity doc.J ;:-;.o-... 
exceed 65%. 



:_~r<'ry~ materials for 
· ~· ~· r.:~~~ ·,"_::;:;l"r ae:-i•fea mo.tc:r~alo pro ... 
,-_,., :·,,_:; a._:o·.nut oioJ.ocica-.1 corroa~on 
.::·,.-:. :!..:::e :.:;hould be applied in complianc6 wi tb 
·«:c :Jstruction of I'l'B/Inati tuta of Building 
'?-.:C::- o:..or.;:::/1 - 11 Technicnl Instruction on aur­
_>~.,:e p::otect:!..cn of building timber" and 
(l:~::o-;:::-~ctio:1 on complex protection of building 
:imber ncainat biological peste and fire". 
·J'!'le protected placea ohould be indicated on 
\ro~·~:i::-. ..; fi.:;ures and diocuooed in technical des .. 
criptions. 

::."'ire p:;.·eventiva menno, flame retardants should 
·oc U:;Jp!:.cd. in cases when a proper class of fire 
::esi::nance of n otructure ia required or when it 
is :lccesr;n:ry to obtain an uninflarnmable material. 

:? ... : • ) i:3t<>rial:1 rotectinf.!' til:-:ber nr.:ninst chemical 
~:..;?_:::;<lo:>. ' .... J.J;wer, p ywooa an .1~orcoonr s a ou d 
~~e ~)l'otcctcd against chamical corrosion, when timber 
s~ruc:;ures arc to be uned in cbnmically ugreeaivo 
c~~ v:'..ron.:-:1en to Corrosion preventive ron terinls should 
have a cc:-tit'icnte of permission for their appli­
cat.io:-J. in building .. 

2.·t.4 Protection of timl.er 8~n<cturcs arra~nPt stll• 
tics shoul'd be in compliance w1 th the r.Usiruction 16 
according to 1o3~ 

), PHOVISIONS FOil CALCULATIONS AliD DESIGNING 

3.1 Gcr:c:ral rules.Statical calculations should be 
per.:.o~~;;:cu ncco)\dJ.ng to PN~69/B-03000 and this 

star:dard. 
Calculations bo.c;ed on other proviaions than those 

civen in the standard are per;nittcd and it is posoi­
ble to adopt different rules of designing provided 
tha-:; tl:ey arc jUotifiable from the scientific and 
cco~"W;:--.ic point of view. · 

).2 ~.:cthod of calculation .. Statical calculations 
~a: be perfor:~.ca,according to PN-64/B-0,3001, 
with the method of limit states .. 

'l'h€:re are two limit sta.teat . 
a/ 111:-~it oto.te as rer;a1•ds the struc~ure dnma.go 
/excecdin;; the strenth limit, the loss of stability/ 
under the design load 

b/ Limit state ae rebardo deformation Or dislocation 
und0z-o tho otnndard load/without the overload coeffi•. 
c.:.ent/. 

1.3 Lvnd d1otJ':!bution In cnlculntiona for timber otru­
Cturco ono chould taka into connideration the main 

. e.r.d the additional londo according: to PN-70/D-02010 
:. ?:~-70/D-0201 1. Structural loa.da ohould be dincusaed 
in ~heir least favourable diatrirbution during 
exploi,t_a tion and at separate construction stages. 

3. !, Cs. tee:ories of st:ructural elements. Structural 
~·.:_:,~Yo.ta a;;.·e assiencd to one of the four categories 
/Te.ble6/ accorging to a kind of work .. 

). 5 • Weiyht of 5ru.:?~w can be approxiamately de-
ter..'IJ.J~ea ~n kG/m by"_-.-- tho formula 

. Sw a L 

where: L - span, m .. 
il11en the 1·eal weiGht of a structure differs 

;~~ ~~e c~~~~~dt~~e c~ic~l~~i~~:~ 10%J1t is nece-

·.• . -,:.o.::: 

\ 

- -\ ........... _ 
~ 

';.:· 
'"':':' ... 



I 
I 
I 
I 
; 

I 
I 

I 

B 

-,..-
PH-75/D-0)150 

I. ~Slc;::<Xitn witlJ r.wcb:mical connectors 

a; c!c~cn~o tenoioncd axially or eccentrically 
b/. cler..c:-1 ts tcnoioncd in bent composite beama 

a/ clc~cnto compreoscd axially or 
:~cr:.ts ouch as bare of truoGc3, 

b/ ilwentory bonrdG for concreto 

eccentrically and bent elo­
purlino ect. 
or reinforced concrete ot:r."Uc-

turcs 
c/ cler::ents tensioned axially or occent:cically in 

does not exceed 7,0% of calculation stre.n..ghv 
which etreaa 

hoa:-G.G, plnnko, 
IJqun.rc oawn 
iimbcr 

·boards, plnnko, 
oquure sawn tir;.­
ber 

IJ:I 

II 

rv 

II 

a/ bent elements with movo..hle. load/temporary/ such as working pla ·- boa.rds, planks, V 
.forr::s, roof boarding oq1mre sawn ti~ber, 

c b/ ordinary boarding for concrete or reinforced concrete atructul beams III 
res 

c/ secondary tensioned elcmentf)J the failure of which is not fo ... 
llowed by daneerous changes. in a lond-bearine structyre I 

II. G:).ucd .elements 

Ji. Tensioned eler:1ents and the tensioned zone of la:ninated'bent elc 
r..ents/not smaller t})an 0,15 of the heieht of the cross-section boards, plar.ks III 
f:•o;:1 tl1e tensioned edce/ with the hei.:;ht of above S·'( cr:; and ten- ' 

i 
sioned flanges of I - girders/Fig. 39 a,d,e/ I 

I 

a/ ns above but with the posoibility of applying calculation I 
ot:rength only up to 70~~ 

b/ cor::preoscd and tcnGioned zone/with the heic;ht not m:-:aller 
B than 0,15 of the heir;ht of tbe croon-section fro~n the extre-

l:lC tensioned edce or 0,10 from t.l1e cor::prce::;cd edec/ of boards 9 planks IV 
bent elements, compresoesd axinlly and eccentrically such 

es: compressed flanceo 9 [;l'ate elements of lattice eirdere p 

urd1 t:;irJero, laminated beamo wi tb tbe hei$ht up to 50 cm 9 
compreos.ed zone of laminated beumo with tbe height above 
50 em, flb.nge> of I- beams with tbo~chopping tir::ber web· 
/Fig~ 39 b, c~ d,f/ ect, with tbe use of tba standard otre-
ngth of timber aboY.a 70% 

JJ1 as b/ but with the possibility of using standard strengths 
only up to 70% ' boards, :p:an}:s :v;v 

I .. 
c Cent:::·al zone of the cross-oectiOC of laminated bent ele-

I manta, compressed and eccer.trically cor.:p:'eGGcd and webs boards, planks v 
of I - beams of chop ti~ber boardo/Fig., J9 b,c,d,f/ 

1/ ':'l-::c quality of timi)cr for load-bearing elefficn~s should be shown on fi-
gu:-eo and lists·or material~D Timber defects in separate classes of 
qt:ali ty are to be found in tho appendix to the standard .. 

-

! 

I 

I 

I 
I 
I 
' 
I 
I 
I 

I 
I 
I 
i 
I 
I 
I 

I 
I 
j 

I 
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~ ~; -~~:-.":·:,~~1.L; fi)id conne.ctio!d'! of timber ctru­
~:-;~~,~:~~-.::c-;;u~-c..:. 1 i.:...-.t.l'ie"ernot ic wVl'k of a ma tor in 1 

.. --·-~:.:eel~ 

.. :. __ ;_·~~·:,~·:·::.~~:~''" ,.o.:~ tl:lbcr structurcn are calculated) 
. .:.,.:_. ·-'- 1,,_,_ .·• o_ a :nn ~erial J.S assu:ned and taking 

· .. c ::.cco·.:;;t fJ.e-xibility of connectione., 
:.S ·:::c::;.:;~;::-'d -2""C::.·er.rth of timber 

:7_:_-_.~:;. ·-:~-,3 o:' r>:nnda:td atrenr;ths K are defined nccor­
.. :._:--; :o :..::(: r:.::..Jnr.;u..'":1 J.ns~;;ante.neoue strength o~ timber 

·:,·.:. ~:: -r:~c formula 

.. rdor k k 

.... "' • ::;::..n d j 

.. .:lor i i i t t t th • rl::i:
1 

- m n r:;\u;; ns an a.neoua e rene o. 
pine 01~ Gpl-uce according Tablo 1 11 
kG/cm.::: 9 

0 9 67 - corrector coefficient to tho 
inotnntaneous strength deter ... 
minin£; the influence of the 
lonr; duration of loading. 

cvef..:'ic..Le •• t of hornogen,;,i-.,y 
according to Table 7Q 

71;e ste.:~durd strength K for pin(J or spruce should be 
e.doptcd nccorQ;ir.g to Tabla 8 and Fig .. 1 

' < 

Table 7~ Coefficients of homoGeneity kj 

kind of strengtl1 coefficient 

bending 0,40 

ter,sion along the grain 0,27 

cor.:prc::wion and pressure along 
the grain 0,65 

-
co::;prcssion and pressure across 

the grain 0,90 

slwar along the era in and at tho 
acute e.nl'?e to1 the t. o gra n · 

direction of o, 70 

kj 

/J/ 
-

.. 

! 

.I 
' 

Table 8. 3tando.:rd nt~'cnr,tho of pino 
ann opruco 

kind of strength aymj utro-
Col ncth 

1 2 I J ! • " 
1 bendingz 

I a/ elements of solid 
timber/~xcept p,b/ 130' 

I ' b/ elements of·. timber 

with a nideif 14cm 
and hcir;ht to 
50 em K 1 50 

c/ eluod element!) rc- el 
eardleo3 of height I 
but witb the side 

I 14 ClJl 150 

d/ :round tim,berJ not we· 
akencd on edcea ·wi t1 
indentations1in a 
section under conoi 
deration I 160 

2 Tension along the graL Krl 100 
I 

J Tension a.cross the eray• "1' '·,.1 4 

4 Compreooion a.nd presou1~e 
along the arain I 

yi 'cj 130 

5 Compression and pross"le 

f:dl 
on the wl1ole surface 18 
across the erain 

! 
6 Pressure across the gr1-·. I in 

a/ in support planes od I at:ructurea I 24 

b/ on part of the aurfa~ 
ce, if there is any 
left - in the direc-
tion of the grain -

Kd free end3 w)1ooo len-
gth is not smaller 
than the h elgh 1: of 
Ih< pYv,sect el e"'e"t-1 
0;-..<( "'"- leo3i-lv o ~ 
.fht. pre»"""- .su..<fot.L 
,,,, ·' •· "> ·~I~ )0 
ta.t<:A.ctS 1 1olock~ 
/'l~eyt!P, 

c/ under bolt washers I 
with the pressure I at the angle ()(. • 90 40 

7 Pressure at the acute I 
angle to the grain Kd<i jac~ 

.to 
lta'olo 
19 

8 shear alon0 the grain f\ I 
I 

a/ with bending i 12 
I b/ 1n connections with I 

frontal cuts and I ·blocks 
~cnxl -maximum . ' 24 

-..medium 
. . 
:;r , , . .;c. 
t ' to , I fo G 

I 

' 



I 

! 
' 

I 
I 
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._ :-:c..:.• ncrous the e;ra.in 
! I,.,,., LC'llOl/ 

i 

.;)~ ~·-r, :· ut ~!:c ncute 
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;::~ion of t};e ~;rain 
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Kt 12 

o.cc~ table 10 
KtO: 

50 

.:.:1 to::: .. _,,,~-;::,~·y st.l'<<<..:turcu standard at:cc'ngthu can 
·:::o ir::.c:·..::n~>cd by 20%~ 
1:: CO\~:t·~rybuildinr; 6f:.·tcmpo-

1 l'n;:y c!"Jal·ncter :for curpenter 

1

1 ,_,:.;.:l~Gt<.~~·~:.; •;;i"'~l; ."'.;};3 ::;pr.n to 
10,5 ::: \':i til 1::ccb:.:-:ica1 connc­
cto~~/l:ails~ pins~ toothed 
olac;c:J cct. it .io poce1hlo · 

l :o r:::")ply worse classes of 
I ~:..:.·.bc:·/wi thout incrca~;.ing the 

I 
~::-c::.·c::.:;t~~/: III/IV instead of 

r:::r, IV/V instead of IV~ . 
·::::1cipic:;.t dccuy i8 pcr-;ni tted 

l o:;l:>' o:i :.;be ourfcccs of the . 
holooo•V, ··. 

_3_,_1} _ _._? ~ .. L.5 __ ~._:?,_:)_\~_F• ;-<L .. .!.'_;U::._~:J..C.lli Kd<X JY..i.tlLJ~~ 
.9..~:!5'-C:.S::~: .. ::_£. r.l~"-~2...- to the 1;rair: is defined with 
~i1c :..'or::-.u.~n 

4/ 

>v:Jc.~-c ::,1 ;l)wu1d h:; l'cpJuccd with one of the four 
v"l\lc:J ol' tlic prc:Jouro accol'dinc; to Table 8 
nr 5 and 6 

Vb.h.:cG K d(t culculu ted fo:t· pine and Gpruce ac_coi"­
ding to -\J1e formu}u /4/ are shown in Table 9., 

Table 9~ Ste.ndard .>trenrtlJ~ Kq()<. of Lhc 'O.reoom·e 

at the a::r;lJ <X_to tlJC direction of t)le 
gra~n .:'or Pl.~e a\cl.,. _Qpr<;ce 

' 

ane;le <>( 11 
Strength in relation to·a re2pec~ 
U.ve "point of Table 8, kG/em 

nr~ 5 ---L_:•., Ga/ nr6b/ nr.6c/ 

0 '1)0,0 1)0,0, 130,0 1)0,0 

5 1)0,0 130,0 130,0 130,0 

10 125,5 127,2 127,2 '127' 5 
15 118' 1 122,0 123,0 125,0 
20 104,0 11 o, 0 114,5 119,0 
25 88,3 97,2 103,5 111~0 

30 7J,2 83,8 91 ,8 101.2 

35 59,7 71',2 79,7 91.2 

' 
' 

·· .... :.' 

I 
I 

Table 9 continued 

169,5 j81,J 
I 

1,0 149,0 59,7 ' 

I 
45 1;0,8 50,6 1 oo,o 72,4 
50 ! 33,4 43,5 52,5 G5~0 

• 
55 29p 5 .}6~8 46, 1 58,3 I 
60 25,8 JJ,G 143,) 52' 8 I 

i 
65 23,1 30,2 37,5 ! 1,8,8 

; ' 70 I 21 • 1 27,8 34,8 ' 45,5 

75 1998 26,0 IJ2,7 t,2 ,8 

so· 18,7 24,8 .}1 '2 4 1 t 5 

85 18,2 24,2 )0,4 40,4 

90 18,0 24,0 30,0 40,0 

'3. S J....?, Sto.'1d1'1r0 ctrBrw~h K L':<.~~.i_!-_h.....,_t:-'10.~~:,S;_,;_::_...,. 
c.~c ncu<;c <or.t.:.c to 1;;;e ai::.·cc~::.v:·. 0~ 
the era::.n is dc.i.~<?d wi tl'l the for;;::;ulu 

5/ 

where 

Kv K i - otar.dard ntrer:.:;" .. l:a 

'Ni th s1;ca:::' acco:::'C:.:C:~g. 

to ';'<J.l)lc 8~ 

Values K ,... calculn ted for pi::c ,,,,d c:pY"ucc 
c~ 

accordinG to forn:uln/5/ ore slw·:rn :...n 

'l'able 10, 

Table 10' s·~nnf.nrd fj~;!'Cn;::tl~fi i(t~· of 

t1H~ s};ca:::' at tJ;c Hl>~Jc (X t.o th'! d:!.r-cc~ion 

5 24,0 11
1 )6 ! 

10 23,8 I )7 

15 ?3, 5 38 

20 22,8 39 

25 22,4 40 

19,9 47[17,3
1
58 114,9 

19,7 48 17,0 !59 1'14,6 
' ' 

49 ·,G,e /Go :14,5 19,5 

19,2 

18,9 
50 
51 

16,slss ju,7 
16,3,70 1'13,2 

}0 21,4 41 

31 21,4 42 18,5 

32 2099 43 18,2 

i 
52 16,1 j75 

sJi1s,s;so 
54 ·;~.6105 

I 

;12, 7 

r-2,2 . 
I, 2, o 
. r) 
112 ~ 0 

' 
55 15,6190 

17,8 s6 
1
,5,31 

35 20,2 46 1?,6 i 57 115~1! 
1---L~-L--L-~L-~-

1/ accordinG to Table 2, p~ 6b/; 

10,0 33 20,6 44 

)4 20,4 45' 

'; 
2/ according to Tnble s. p. 9u ' 
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·'r ·, ···' .::.:~'.:~<..~:',).'(: :3t-~·e::.-:tl1 on the wall w; in connections 
... c~. -~~-::·:u::u:.1on 01 otreo:3es in the plane of 

l:l co::.::ec:.iono with gains , ?locka ()ct,/ie 
d v:i :.1:: the fN·nula. /6/ and Figo2 .. 

kt - reduction coefficient accordine Table 11 

Y.~f;[ - standard strength with shear according 
Table 10. 

/6/ 

'::-.'::2.(' 11. :\i?C:clction coefficients k .. to hhcnl~ing· strefJ::~ea· 
.. ::·p cn~cu~::~10:1s ol conncctino dn the ~all according 

,_..., <:::c ! o,·::-:'Jle./o/ 

__:_,_ l tensioned elements of comPresae~ elements .of 
c conl1Cctiona connections and inoerta 

/Ulocku, ringo/ 

3 o, 57 0,73 

4 0,50 0,67 

5 0,44 ·o,62 

6 0,40 0,57 

8 0,33 0,50, . 
10 0,29 o, 44 

lt - length of the plane of shear 
\; 

' 

c - o.rm of oh.;:nr forces ·equal to t.he diatance betwee 
the shtHU'ing force and the axis running through 
tlJC centre of the weakened section 

'L C) Stf!n0.P.rd 8t:renr;th of pl;rwood 

3. 9.1. Tvnes of stondnrd. strengths of water l'E'!Sistant 
'"P'0fV:ood n.re 8hDI'm :Ln 'l'ahle 12q 

Table 12.Stnnda:rd strenr:ths: of softwood w-ater ref:listant 

ply\'/ood 

Type Or strength 
strength, kG/em". 

sym~ 

.!>o!. along per• 
the pcndi-
grain cular 

to tba 
grain 

1 l)crpcndiculo.r 
Ki!-bending to the 140 60 

plywood plane 

2 bending in the 
Kg 110 75 plywood pln"ne 

3· tension in th-'3 . Kr 100 50 
plywood plane 

' 

Table 1'2 continued 

4 compreanion in 
the plywood plane Kc 100 50 

'5 compreosion 
d·. perpendicular 38 )8 

I 
! to the plywood ' I plane 

I 

16 sheer in the 
Kt 1 1 

I 
1 1 

I 
plywood plane 

17 cutting perper.- K.L 60 60 
I diculor to the c 

plywood plane 

The number of vcncero/laye:ra/ in the 
~lywood 
I 

should not be atJ.e.llcr than 5 

.9.2 Standard stre:!1rth h'N.d.s"tn::ce/ 
0 compressJ.on ana -;.ensJ..0:-1 at ;~n r~:~P"lc. 

I 

with a force at the e.ngleO( to the dire­
ction of the grain of plywaod facir.,:; bo­
a.:fds, the standard reaistance/atrer.,;tb/ to 
cOmpression and tension should have 
values: 

: a/ for IX • 0° J(o 100 kG/ c:o2, 
'· b/ for<:;\ • )0760° K· 25 · },G/cm2 

/pcn:w.nont valuo for thiG rnr.r,e/ 

c/ for()(. 90° K • :;o kG/cm2 

Intermediate valueo of obront;t8 for 
anelcs d.._-; J0° and ()( ., 60 7 90 ohould. 
interpolated linearly. 

~.10 Stonda:rd strensth of .rn.ccboe!'ds 

3.10,1 Kinds of ste.~de.rd strcno:th~; of 

be 

hara_ en~ vol'y l10.ra 1.1oreooeras acco::-dinz 
to BN-74/7122-11,21 end 22 are shovm 
in Table 13. • 

Table 1 3. Standnl·d strenrrths }{ for :>!. hrc-
oar\ ... s lor 0081" s ace. 'l (• D 1.e ') 

kind of strengths of 
kG/c.m2 strength sym. f~brcbonrds, 

hord very bard 

tension Kr 50 GO 

bending Kg 100 100 . 

compre-
oaion Kc :;o I 60 

shear in 
the board Kt 4 4 
plane 

ahoar per ... 
Kt pendicular .. 20 30 

to tbe bo-
nrd plane 
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,,_: ·:.':j o:' f::l,rcl)Qru·do in the 
.-:··;;I-~.-:~~· :::::::id1 tv. \/hen a structure 

·---.-----~~:-::-::.. 'c 1:1r:.<.::' hu:1:ldi 'vy of a.ir/65 7 90/, 
___ , \'~:~~--:-;:; .:.':·o::: ':·able 1) ohould bo multiplied 
. .:.;:: C,)o.:::.':':'...::ie::·,~ 0, 4 for bard board a or 0, 5 for 
: ~:.r ::::>.:·J. ':.:ca:l'dG • 

-0-

. _.. .~:-.:~::}.r.·::~:: s::::-c;;r:th of timber. ·Calculation strength 
· -_-- .. :~-_::-:·::.·.~~.;-.r-:.3 c.:.c: e;:;:;::.:: ca by ;r,ul t 1pJ.yins;: a tandard a trengths 
~: ·-Y ::::c co:·:·ector coefficient m 

... 1 - coc~ficic~t takinG into account the condi­
".;iO!:s, of work of a structure under tbc 

loe.d of al:~:::t duration/Table 14/, 

J..1
2 

- co<Jfficicnt taking into account the oondi­
·tions of a atructure uoage 

- coc:'fi.cicnt taking into account the kir;d of. 
"3 ti:ab.:::r· in :-clc.tior.. to pil"le and spruce /Table 16/ 

coefficient taking into account a previous 
flexion of an element/Table 17/o 

' ' ~ 11 c f th di t1 i hi h I ~"" -e 
;, ce:?_::.cJ..r;~ts m

1 
o · e con ons n V.' c 

"!,]~ 0 strc:ct',l:r'C 'NO?ks 

! I for all kinds of for pressure 

I 

:.Cind of load strength except the across tbe pre a sure across the 
grain grain 

I ' I 
' 

wi.:-.d 1,2 1, 4 

assc:-:1bly '1, 2 1,4 

seys:--:Jic 1,4 1, 6 

r:1;cn it is difficult to oelcct a proper section one ia 
pC!';.~itted to exceed calculation strengths but by no 

more than s;:;. 

3.1? 'I'I:e o,•:c.v of cxn:r·cssinr? values in units of measurement 
Cl. ;.:·;~ S;_, svs-.:.c:-:1. \llnie express:tng values ir:. um .. ts of _ 
rr.0D.SUl'er:~e::.t oi "t;ne Sio system the following relations bet­
ween units of mensure~ent should be appliedt 

1 kG • 9,80665/cxactly/ 

1 kG/cm2 • 98, 0665 ~</m2/~xactly/ 
i 'kG" em • 98,0665 roJl'm/exactlfl/ 

J..ppro::d:r.<! te rcla tiona are permi tteds 

1kG "' ~bout 10 N or abO\l.t 1 daN, 
1kG/cm "' about 100kH/m2 or about 

1kG"co"' about 0,1 N"m Or about 100mN"m., 

!: .1. J.:nxi:-:-.\~:-:: a;:;bj_er;t temperature, in which it ig possible 
to upp.i.y t:u;:;ber structures should not exceed 55 c. 
1:.?_ ':'::r· <:::""ll11P~t: :>->t r::rn:"':-- ........ f'."tion of t};r :1.--.};tQ ,_.,..,,.;('").:1'"1"1\,c-,r 

c :.'{;;e::-:-:;c::-l.c::-:: ~ l oc.C.-bco.rin;; a ;;rue t ure wi -;;h t}Je 2excep ~ion 
of :r·oof oo..tr.;u sho\:ld not be omaller than 40cm , wi tb 
"t;hi.ci::--:cs8 not s::1aller than J8mrn. In timber structures 
wi~}; :-1a:..l conr:.ccto.rs· or bolts t~e-_ sUrface of thl! section 
s::ould. :1ot ':::c s:-naller than 14cm and thickness of the 
rod not o:-:-.aller tban 22mm .. 

2 

. 

) 

• 

4 

5 

conditions of utilization coc.ffid . .::r.t: 
1/ 

r::2 

2 

otructurc~ protected acu~ 
inot prccipitution 1,0 

otructurcs c::.:;~oscd to lJUJ:~i­

dity for a ohort ti~c, then 

dri~d/in the oyen air, in ~ac-
torics ect./ 0,&5 

structures exposed. to hurr:idi­

ty for a long t.i::;e/in v:uter, ir. 

the ground, in factories cct./ 0,75 

Dtructuros expo[Jcd to ae;~re­

asi vc chc:r.icol co::di t io;·,o: 

- with l1ieher n~c~cosivcnc:;o 
-.with stronc a.ccrcosive:J.csz 

ntr-ucturcs expoocd. to hi::;l~cr 
tci1:pe.:ca6ure wi ·~};in the range 
40 ~ 55 c 

G, •:.:o 
o,.so 

o,so 

6 structures under permanent lo-

ading 0, so21 

7 Boardine {-(.' reinfor-ced concre-
te exec pi; shores 1, 25 

1 I Coefficient m
2 

r:-.ay be in particular 

u prod1.<ct of velues oet up in 

table 15. 
2/ the coefficient of the pel~ancnt 

loading influe!1Ce iD taken into 

account when pe:::-menent loading 
is biglJer than 80{0. of the total 

loadir.e;o Snow and wind aro loads 

of slwrt duration 

Tab:!.e 16, Corrector coef:ficie::1ts " t::lki~.;­.. :. 
into account a kind of tir.1'ser in rGlntio;. 
to pine or sp~~ce 

kind of coefficicr..ts m, 
timber tension !co::1pre~o. 

bending Pl'OGGure S}lCU.t' 

I 
acrose conprcns. 
the crsin pl'Cf;SUl'C 

I 
puru:.lol ~ 
to the era 
i;. 

larch 

I 
' ? 1, 2 ': ,o 

i'ir -·-o,s 018 018 
oak 

I 
193 290 1, J ace. cia 

birci' 1 , 5 2,2 1 '8 
beec) 1 • 1 i,6 i, 0 
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••. 1 7. C0~~ecto~ ropfficient~ m taking into 
.. ---~~-_:::i:;:., .. _,,.i;l;s ddlection of nn ~lement . 

125 150 175 ·200 250 )00 

; 
' ~:c:~.~--~e2tc:!.on 

····- ':::.:;r:Cin.::; 0,7 o·,s 0,9 1 ,o 1 ,o 1 ,o 
r 

-~.::;;s:cc,, o·, 5 0,6 0,7 0,8 0,9 1 ,o 

r - ~aCius of curvature 
h "t.hickncss of the thickest com;:>oncnt element 

:::..:<,~>~::·ed in the direction of the radius of 
. C\::~v.J.ture 

!:_!_l!__ ?''.:?..f£:1 !''l.t" of round timber in c.alqulations 
S.":Otl:. JC 1 Cr:l for 1 m 

.! ·..:G .. .' Wcs~:t;>ning o{ section v:ith indentations must 
not ~ .. cccd 50~ of the gross section, The smallest -
di~cnsion of the cross-section in places weokencd 
,.,·:.th ir.dcntations should be at least J em and not 
s~nller than· 0,5 of thickness with symmetric inden­
tations and not smaller than 0,6 of thickness with 
·ssymwetric indentations. 

.; .. ; ~? • . Celcl:lf,tion of the section weakened 'N:ith co­
:-.n.:>ctor's Fn co;:upliea with. the rules in chapter 5. 

.' .•. ~. '3. '.'.'eekenir..::· of be:-.t sections 

:~ .... !.:L . .J..J.:. ... ·,·:.:: ... k..::'l.)r~;:- 1:1 spnn. Sections bent in places 
o::.~ the hic;~vst span ::or:-:ent should not ·te wenkened 
with inde.~.tations throu5h the extreme tensioned· 
groin. 

!.,!,.),?~ 'i.'&nk.::-ning in the supporto Depth ot: the under­
cut ·on a support in bent elements depends on shearing 
st:.~esses nne. the heieht of e!.ements. It, Ahould not 
exceed values in Table 18 and the length of the un­
dercut should not exceed the height of on element ho 
U:1dercuts should not be applied near large lateral 
forces~ 

Tnble 18. Di"qth of the undercut on a support 

' ·-
Denendence of lDepth of the Length of 
dii.-:ensi,ons of undercut the undercut 
the: undiercut 

I . 
- \j_g_ ;' a< o.1o on shenrin. fo; bh 1-5 k.G un 

' stresses l 61 1 
·;or S>bh ~31.»/cm Q(0.25h 

~3 fvr b~ ( Z kGhm' a.< 0.5 h ":d-y-t'f_ I 
hr h <- !8 ;m a<:OJh .J.-L..I.-

on heicht for 18 >h ~ 12c')) a.< 0.4h e 'h 

for h < 12 CIT) a<0.5h 

Q- ~utcrnl force on the support. The s::::~aller 
valt:e a should be adopted as depth of the 
ur.dercut 

.. 

·~ ... : .. 

-1.4.4. Conditions fo"!' disrcnJrdine v:en:<tQi.Di'...!l• 
ln compressed members ond in the compreonod 
zone of bent el~r-ents it is possiblo 
to dis:reeard we;-akenine, if a weakened ploco 
is ti&htly fillc:d with ticber or another 
material with coefficients of elosticity 
not s~aller thon for ti~bcr in the direction 
parallel to thG groin. 

4.S •. System of trnp.'3 mc!r'b.::r~ in trt;.c::B pjrrl(:f'.'l, 

Axes od truss rnerr.b"c:ra in truf;;a zirdc:-a nhould 
intersect in one point of the b~o~Ctrical 
truss of a girder. It is possible to dvvinto 
form these reqiurec:ents in nailed trusses or· 
in ridge joints of other trusses. In cal­
culations one should t&:,:e into account t·i~e 
influence of the eccentrical conn&ction of 
truss -members with flonge.s, if the inte:::"ccctiol'l. 
point projects beyond the edze of the flnnze 
/Fig.)/. 

,., 

Fig.4 

i 
4.6. Ten~ioned truss memehe~s • 

I 
4.6.1. Stresses in axiAlly tensioned tr11~s 
members ~should be defined by the f'or:::.ula: 

where: 

' 

I 
I 
I 
' P i calculotion axial force, kG 

F ~ net cross-section, cm2 

n! 
, Kr: - standard strent;th at tension -

' &.cc. to 3 ... 11.o 

/8/ 

4.6.2. Plates for tensioned contacts should 
be de::si[:ncd for the desicnJ'c!llculi:itionlload, 
they will' bear, increased by 50%. 

i 
I 
" 
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···:,--~·r,·_ r:12. snnY~ of bE.'a::w. Theoretical points of 
-. :·~ ;.,)~' ,-, ::,>c S:J1lj~ .i.rcc oupported 'bco.:nG and for end 

···.·:,J .:-;.' :::c.:: t -snan bea:-:1s/continuous/, if supports are 
;,:;,·.:;::.:.~¥,:c:: d On bearings , ohould be adopted at tha 
.::·_,';(: cc;un to 2, 5~; of the clear opun from the 

· :·;:·v;··- .::d0c. l?o.:- continuous bca.:.1a p::::;ci:;o;±s: points of support 
·.:: ,: '::,~ c.CoD";.ed on intermedin te aupports in the middle 
:::c r:.u.r;Jort. However~ if the suppo;rt is oo wide that mo-

. :'-' ~:-: t}-:c 'cea::-~ cnlculated as r:1ulti 1opan one are likely 
.~ ·~:c ·~=-~~,:;e:t -.:l;s:J. in a single-open free supported one, the 

.:~ .. s'::c-,·~~d. be calculated as a sinele-span free supported 
:::-.( .• ?;:,::~·~s o:~ support for benma oplit -on ouppol"ta and au­
·~:~;·:c~ wi:h a~~le braces at ~he distance up to 1/3 1 1 
C.~· '; /3 I, f~'0.7. :l~e support/Fig. 4/ 9 if there is no precise 
::~::~ical2cslculation, are adopted in the intersection points 
--.-· ~,;:Dl'-" ~::-nccs wiill .tt<e axis of the beam, provided, that 2 -::::c- c:;n~:cir:s desiGn loud p is not bigr_;er than 1000KG/cm 
o.:: '.:L0 ':;cr.::: lcn;;tll and the ratiO of the chan[!ing desian 
l:x:d ::o the j)Cl';:-.anent one g is not bisger than 2. The per­
~·::>!:c,:i.t a')d d'<'-'lt;ing· loads and the overload coefficients 
:;;;p·.:.ld te ncloptcd nee. to P!·i-74/D-02009, PN-70/B-02010 and 
l)::-·ro/B-02011 ~ In case nny of these conditions is not rnet 
U:e calculation opnn should be' 

/9/ 

.~.7.2 .\,:de ~•rr.ccs nnn their cor~ncct:l.ono should be checked 

.:;o :..~nt :1trc::;sco: 1n tl1em do not exceed the calculation . 
sircn:~th~. 

',.7.1 ~',1f:' 0f i'e<~ ':1 :->>Jd nul'llns m:npo:ricrl with bol3tel'G on 
"'· 1·~-v-=--~Sl.J~~{fo))::cJ.- uo equal to tlle a:x1al opacu•g or' ouppo:rts • 

.-;.7.<. :<,,:-,r~1;--: ~-0:--;,~t:i0:-:n. Rvnction on bcu:n :;upports, purlinG 
~)·:~{<"C""t78l;Ti7,1crn ~\ io calculated as for ninr;lc-o:pnn l:a~-xz 
:C1·vc .·;: .·:iJOl'teJ. ben:::::;~ Hcactions of continuous.double-epan 
'tc~'.:-::;3 :i.'or wl:icl'l the 1'.:1 tio of tbc neighbourir.e spans io sr.Jallar · 
tbu:--: 2/J slwuld be calculated according to real values~ 

t,. 7. 5 C:r:-J.c·dJ.-<d;ion of bend in f) stresses in a solid beam is 
per,;;: ox-rr.eaf 

a/ with flat bending- acce to the f9rmula /10/ 

~ Mx ) K m 
- ~ g .. 
wxn 

d 

b/ with oblique bending-.-- ace. to the formula. /11/ 

d • 

where 

M x, 

:A~x 

wxn 
+ 

bendins·mo~onts f~~m the 
deaign l~ad, calculated 

in. relation to the main 
axes of the section, kGc~, 

~ standard strength with 

bending kG/cm2 

m- - corrector coefficient aCe. 
to :;.11 

/ 

I 

4.7~6 Calculation of b~ndin~ Gt:rcnscs 

jn·a cornpoaito bee~ 

4.7.6.1~ Bcn~in~ cd~e otrcnn 8~ou~d not 
De blt:[;er tnnn :. e.cc. to ... nOle dt 
and the tenoionif"fe otreos, co.lcule:.tcd in 
the neutral axio of a cor..poncr;t :-::c:-;;2cr 
of a compoai te beam placed in tbc ten­

sioned zona should not be bicser than 
Kr ace~ to Table 8 • 

i 
where: 

J,p~ z: J, + 2o,F,e,2 

' 
0,_ =[o.12+o.oz3 ~- Qooo39{-~Jk 

d- bendinl) cdcc otrcoo o:' 

j tbc web, kG/cm2 

~; 0:,- ber1ding edce ntrccs: of 

the flenc3, co:-;;positc 
"bca::l ;::c~ber .IV /?ir.,. 5/, 

kG/ c:r.2 

_; ~ bendir.e stress in tbe v,, 
neutral axis :bf 

fl<mge, kG/ or? 
to:al beam l)cie:I::t 

- web heiebt, ct1 

t_he 

b~ - flance thick~css~ c~ 

.1 

' 
dietance between neutral 

axe G._ .of the um.-e~'cned 

bear;:J Gection a::df'he 

um\'eakened flan.;,--o oection, 
em 

L - ben~ open, em; for conti­

nuous beams ~n tl)e forr::ulo. 16 

a rcGpoctive opa.n with the 

. coefficient 0,8 io adopted 

d - reduction coefficient 
;;;., 

k - cOefficient depending Oio 

the kicd of coc~cctors:& 

for r.a.ils k ""1,0i, 
for inscrtG with the bc-

!>.rir>Z cayuci ty '.:.'-'<,000':-;G -

k 2,45; 

JSn r.:on;c:-.ts of: i:--:~rtio. 

of tho web1 erooo, 
not, calculated in 

relBtion to tl1c neu­
tral BXiO Of tl10 W~O ... 
le borne section, c;.1 

9 
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", v., - ;:;o:::C'nts of tho flange inoJ•tia reopoctivelys 
c;:·os:3, net, calculated in relation to the 4 r.eu~~::.·al axis of the wbolo beam aection, em , 

- :~o:-::cmts of inertia fol•· ·, tho composite section 
·parts in relation to their o'lm neutral axia, 

;;urallel to tbe neut~nl aXis of the whole 
8cc-::ion, gross, net em : 

J - :.10::1ent of inertia. for the whole grosa section,· 
op 4 

cr:-. 

::o:cc tiona, respeotivelyl groaa 0 not, cm2 

K .. 9 ~- q.cc~ to 4~7.5o 
(:, .-. 

· .. ·. 

;.~::~:~~-0-S:S: J,:o::;cnt of inertia for the net oection is co.l:---­

c-.:lutcd in ;.•elation to tl1e neutral axis of the gross 

nectio;1~ For thG section of type IV/Fig. 5/ 

bs•OJ5 .o 

!, • 7. 0. 3 Calculation of be(ld.in1-7 3 trcs:;e~ cf cor:pnsi te 
':-:<?<~:~.~ o:' t.voc 1V/.h.g.5/ /connections Wlth nails or 
lr:GCl't;s/ l.G performed ace~ to the formula /15/ and·/16/. 

L, 7. 7. Sl:ee..r:\.ng stresses ·.6t. bending 

,~. 7 .• 7.1 Check:tnr of aheerin~ stresses. Tbe shearing 
s-:.:::.·csG lS ct:.ecx.ed in the neu ral ax1s of the section. 
For sectio:r.a I .;,. IV /J?ig. 5/ it ia 'calculated in the axis 
plane x - x ace. to the formula 

·-
II 

l<~v~ 
t 

................ 

Fig,5' 
, .. 

·-

/17/ 

-
"· 

. ,..,,,.;: 

·-~-~-

.. 
- ·;. 

4.7.7.2 Ca1c\llnUon of olicarlr;;:r .forcc:J 
7(1cln·-:1:1atln1;/. ~.,;onA~c-..oro in 1.!:o ccam 

· ootwcen component pa1•te of t:1e bcr:.t 
composite beam ahould be calculated 
for the sbearin0/delamine.tir:e/force tz 
whose value on 1cm on the whole tcn.--n 
width is defined according to fo::-:aulncJ 
a/ with recu.lar apacing of connectoro 

along tha whole beam lengtb 
/type I; IV/F1g,5/ 

QSbr Yz 
t • 

z 

/18/ 

b/ with re&Ular opacing of conncctora 

!•, - b, I of I-bcams witb a wob of 
Cl'Oosing boards 

Q~f /18/1 
t • z 2e 1 

c/ witb 
"to:-:s 

tbe sa~e loading of co~~oc­
on tbe whole beam len~;th 

t .• 
Zl. 

Qi8 br 
/19/ 

In formulae 17 ; 19; 
la ternl forc·o in tbe sup,o.!~t 

lateral variable 

beam length, kG 
Q;f - lateral medium 

the ran~e a 1 -

force on tlH~ 

force wi tbin 
bi' kG 

Sbr - static groaa moment of the 
part of the section beyond 

tho 8carn for a· flange or a 

bcam/1~igG5/ in relation to 
the neutral ilxio of "tbc oection 

J \ em , 

Jbr - momcint of inertia A of the whole 
section, gross, cmt 

1z1 shearine force, variable on 
tbc beam length, kG/en, 

' 
tz. constant sfeering force ab, 

kG/em, 



.-.; r.':'.. tb rct,"Ular o;):J.cing of connect ora 

n "' 
T 

~-/ wi ·v;1 t):e ::;n.:::c loading of connectors on tho 

w::olc beam npan L 

l - be a::: lcnt;th, em 
1 

T - bce.rinc co.po.city of a. connector 
Crt 5.ttt:1L" ~nca._v; kG 

/20/ 

/21/ 

/,,7,3 ::r.Uod ;-::;_l·dc:':l,. I:1 calculationn of nailed gir­
·l:-0-:;.7~ o.c J.-sCC-:IO~ii\·!Tth tbe web of croosing boards 

or oi' box section/board walls/ the followi~g J.-ulee 

should be followed: 

- '>Yii;}J tlJe ct>.lculation of the section mome·nt of inertia 

one doe3 not take into account the web section/or 

of walls/ 
- or:c docs not tul(c into account the CO-op'<.r..thotJof 

::b::: >io'CJ bNl~'dG Ol' wall boards in thf> .. transfer of 

Go::: .o of tho wd) rmd wnlls are dimcnoioned taking 
ir:t nccot~llt lDtel'O.l forcoo - fo:cmuln/18/ 

- i.t' .~·der f1nncos lJnvc u co:;1pooite ooction/Pig.6/f 
in ·~1culatio:1s o.c9~ .fo.l.>nuln/15/ one slwuld uGe, 

.fv.:: the fio:Gt section, cloeeet to the neutral 
exi:J, - to tl1e coefficient 'fz ... factor n "" 1 ,0, 
for the ::;econd - fac;;or 0,80 

o'le o!~oc:ld no.t design a flangG section corr.posed of 
;;:ore t);nn two elcm.nte in rel.ntion to cacl,l axes 
/Pis~ 6/ 

- if I - boar::::; wi t1l tbe web of crossing boards are 
cor:1.p0sed of sc;parate1v made parts/Fig. 7/ 9 additio ... .~,. 
r.al conrH::c.tVrG . ... should ba. calculated for 
tbo V"1t\c.o.-L force ;l.n the connection .. 

. --- .. ··-; . 

Fig. 6 

~-~ : ' ' : 
. _i 

,' 

Fig,7 

··.! 

.I 

~~.'!.9. Ccn:"J:cts. Contact tipo, plates in the c.o .... ~C\..~t"a...cb'an~ 
!"·Y b~;:;-o.<, .... & ·-s::;;);:i~ru-:cave the mo:::.ent of inertia at least 
s~ cq-...:8:::..0 to tl:c l::o;i"le::tt of tho bent bar elements and 

cbould u·o.:~sfer lateral forces in the contact., 

!, • 7.1 0, De:~lection of bea:~r1 &nd trues v,irders 

1,,7.10.1. Dc.:-lectio:1 o:: bca:n.'J nnd truss ~irdcrs with 
l"le.t cc:;c;.::....::s~ .Ucl.tOCtJ.on snou.td oe calcu a;;cd :...n 

co:.-.pl.:!..o.nce wi"'.:b otr...<cturnl mccbanica. In the .calculation 

of co~nooite bca~8 deflection, except 
clued bca:na~ to tbe dcflcctio:~ for-.:.ula. 
one ol10uld apply rr.or.1cnt of inertia J 

Jc'"''"'i>'~"'I\.VIC) op 
according to fon~uln/15/. :able 19 ! 
showo per:-:Jisoiblc t.lci'lcctiorw. Dcfl,:;ciion 
cnlculo.tio:w o.re perfor-;ncd f:rv;:-; otn:r.dn~-~ 

.}oado/ without ovclond coc~ficicntn/o 
f of 
U•-

kind of 
structure 

wi t!l otrvd. 
fl(n:ionfw 

without otrvU. ~ 
flcxio!"l fw 

-per:-n. 

1 ·. 2 3 

1 I-Gi:J.'ders 
wi~ll a full 
web, bo:>: Dir~ 
dcro, COr:lpO-

si tc bco.:ns L/300 
2 truss r;ird-

clers: -1/ 
... Ul)~)rox. cal.. L/600 
-exact cal~ L/)00 

3 rafters 9 

purl.ino ecto -
4 ·· ptmel roof 

eler::ents in 
t}1G })eriod 
of exploita­
tion 

5 

6 

7 

8 

- over 15· yro -
·- up to 1.5 yro­
boardin.; 
.1 o. ti1 inc ..... 

:bea:oe of an 
lunplt:stcrod 
.floor under 
!rooms wi tl1 
!variable 
!loading 
i . 2 ""' i•/ <(_)O kG/ co 

lb/ >50 kG/ cm
2 -

ibea:::o of plao­
!tered floors 
!u.."ld.er rooms 
with var., lo­
ad 
: 2 
~a/<50kG/c:n -
I > 2 !b/ 50kG/ em -

:boardint; of 
~reinforced co~ 
Inorete ot.ruc .. 

!a/ unpl"nstered­

ib/ plnote:;ed -
9 :elernento of 

:enclosing we.lls 
a/ induntrial 

buildings, 
tom·ist 
buildines 

:.:exp 9 over 
15 yra -

-exp. t1p to 
1 5 yrn -

b/ dwel: .. ing, 
officG 

buildo 
cxp~ over 
15 Yl'S 

Loe.dine 

I I pe•'·"·l perm. 

vo.r. 

I 4 I 5 I 

L/200 -

L/400 -
L/200 -

- -

- -- -
- -

- ,_ 

- -

- -
- -

p~r:r:. 

vr:.~-. 

' 0 

-

--
J>/20 0 

J,/25 0 
L/1J 01 

I 
!,/1 ~ 01 

I 
I 
f 

L/20 ol 
I 

1/25 O! 
! 
I 
' t 

I I 
I 

L/25 0! 
L/3J 0 

L/200 
L/)50 : 

L/200: 



.. .':-,:c 19~ continued 

ir. ncelcton 
\'>nllo nnd 

in clci:;cnta 
wi t.h the length 
cq\lnl to .the! 
storey height 

- in elements 
for -a room 
with or wi tho­
u t an opening 

L/220 

L/250 

1/ ln the approximate co.lculat_ion onlY; 
elastic atraina of flanges are taken 
into account~ In- the exact calculati9n 

n:ti defo1·matHma of all h""llea members 
the elasticity of all conneotioOs are 
taken into acc9unte 

~ 4~­
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4. 7.1 0. 2. Deflection of beam a with obl-ique bending 

Deflection of beams. bent obliquely f should be cal~ 
culated according the formulaa 

/22/ 

whe:t·o: 
f f ""' component deflections in the direction 
x~ Y of axesu respectively x-x and y-y 

4.7.10.3 Tl1e 

4. 7.1 0. ·L Deflection of continuous beams. In continu ... 
O'.;..S be(l;,;s vn th ·equal span a Ol' when the :ratio of 
tbc bigt;est opan to the smallest one does not exceed 
1 :0 p 8 and wi tb the same loadirig of all span a) or . 
when, with equal apnnGJ the ratio of the highest to the 
mr.allest load docs not exceed 110,81deflection can 
be appro):imo.tely defined adopting the ratio of the ---.._ 
bir,gest deflection of a continuous beam to the biggest 
dcfl.ection of a beam apan/aingle-epan free supported/1 
a/ for end apa.na 
0, 65 - wi tb pel"lnanent load 
0, 90 - with variable load_ 
b/ for central spans 
0, 25 - with permanent load 
0,}_5 - with variable load 

4, 7 .. 10. 5. StrUctural deflect"ion for special case e. 

When a kind of a building requires smaller deflection 
tho.n mentioned in· Table 19 9 one has to face stricter 
requirements. ' 

··r '- 1 5 f w ..;::i! f u 
b/ for girders with a full wall/ I- girders, box 

eirders/ and fol;" truss girders/without a euapen• 
ded floor/ 

• 
1/200L 

c/ for ·glued structures's 

.... · 

structural flexion, em 

l 
' I 
r 

I; 
i 

flexion calculated according to 
I 

4~7 .. 10, i. 
i om, 

L span of a beam or a truoe> girdor, em~ 

Single r:-:eT!'.bero, nxia.lly compreoned 
• 

4.Bl1. Slenderness ratio defined by the 
fo~ula 

A~~_:_ 
· 1min 

should not exceed values form table 20~ 

Table 20~ Permissible alenderncoa ratio 
for compressed mernr;ero " 

. alendern~aa ratio A 
members 

pem~ temporary 
a true .. a true. 

1 load-bearing 
columna 120 150 

2 solid bars 150 .. 200 

J composite 
bare on 
elastic 
connect oro 175 200 

4 secondary 

members suob 
aat wind braces, . 
braces .. tenl:3iOiit:ld 
bare that can be 
acted on by small 
compression fo~ 
cea resulting from 
additional loads 200 200 

While calculating alenderncoo ratio in 
mining works, for round sections one 
ehould take into account the radius of 
inertia for the smallest aeotiono In other 
cnsea the radius of inertia in the middle _ 

1 of the buckling length of a member PI a.J.,ptea.,. 

4.8.2. Buckling lensth 1 of axially compre• 
ead.membera ia define~ 'Oy the fortnula 

wherea 

/24/ 

"• coefficient ot the buckling length 
acco to 4o8.) 9 

L 1 -
X 'J 

lengtba of n member mcnoured 

in the plane of main axes 
and equal to diotnncea bet• 
ween the brae e axeao 

In trusses lengths of truaa members L ohoulQ. 
be ado:pted as equal to the theoretical in:r:u 

i 
lengths of the truso • 

I· 
I 

' \ 

i 

l 
i 
! 
I 
I 
I 
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-~ . ;, . J . Co·e ffi ci eno , of buckling leMth • 
' ·· . .... . 

Gocfficicnto ot buckling ~· - l~ngth ~ ohould bes 
ti / for a r.:embor f i xed at' one• end, with the other one 
!':·cc .,. acc.ioFig. So./ y-;,: 2 
b/ fo r a member /bnr/ aupportod at both endj·in 
n jointed way/fig.S b/ nnd in end spans or :a oonti• 
lHI O\:n memher /Pic. 8c/w1 th the i mpossibili t1 to 11111ke 
lnlcrnl rr.ovemeht e _ ,~ - tor both casu • '(. 1, 0 

c/ for a member wi t h ona end fixed rigidly and the 
o Lh~r end oupport ed in ·a jointed wo.y or in a oimilar 
l':o::/Fit;.8d/' in the main plane in Ylhich bucklinG 1a 
cnlculatEh1, w1th tho imposaibihty ot lateral movementa 
- for bot.h cnoea · y • o,e 
d/ for trues rnembors1 

- fol' truso flnnges 'in buckling co.see in the truoa 
y. 0,8 plano , 

and 01.1 t of _tho. truss plane/Pig. · Be/ 
- for stnnchiono nnd cross braces ot the 

trues in the truao plnne 

'Y • 1 ,o 

'(• o,e 
when thcao 'mom bora are connect-ed with tl an gee •NHh 

.•. 

\, , .. ; .; 

.. <··a~ 
caino, · 1noert_o/wi t h one bol tl ~r;~pina y • 1, 0 

for croeaing tru'oa membera/Pic.Se/ - a co. to table 1. . [·· "·· 
- for compressed truss flangoe or transoms ot tramea · ~· 

braced with purlins, braces eet .~~~i~ buckling ov..t 
of the pl~ne , : '(• 1,0 

T·nhle 21 ; CoeffiCients ot buckling ~ene:th '(.tor 
croes1~g truss rr.eMbors I 

.. 
, .. 

. ! 

members .. . coofficiente 'r 
~n the ou.t- ot 
true• plene the ruos 

plane 
, . 

.if the 
crosoing rnombero nbeolu-

te Vll• 

I . ,' •• 

.. ot tl1o 'truos ooo • 
Pi go Se/ luo of .-. .... ·--- .... 

to force 
in · the • 

- •, ' . ouppor- I 

ting 
' 

Pig.a 

'. 

member \ 
h bi-

4.8.4 Ducklin5 ot arches .. •, 
I 

. / 

... . , ... 

.. ·.-
' .. 

r - ----
! 

' .. gger or . , 
equal . , 

' 

0,60 
1,8, 4.1, Ducklin0 length 1 in the arch plane 

s defined by the Iormu~a 
\ I 

-\ 
.. 

~-~ 
._ - I 

\ 
\ 

. \ 
\ 

I 

... .. .... 
• t . • 

. . ... .-.::. . , .. . _.,.:~ 
... 

. -..::/ ! ... ·. 
. . ~- . ·'·' : 

· : ... : . ....... . 

to the 
force 

I .. . 1 • yS /25/ . 
in the ' 

' 
compre-
oeed 
member 

I 

" ---
0,50 

where a 

'( ·• · · reduc·tion·· co·et-tioient nco. to 
Table 22, 

th• 
S - nrch length/opened/ along the nxis 

1! 
force in 
the su- j 
pporting 

' 
member h : .. o,eo ·emallerJ _ ... . 
than tb . . ... 

toroe 1ri ...... 1 ' pressed 
member 

. 

Table 2?,. Cocffi cionto of buckling lcnl)th '( 
1 0 1' on orch 

kind ot arcb oymme tric ono"oidod 
lond load 

three-hinged 
arch 0,7 0,5 

two-hinged 
a rob 0,6 0,5 

f ~enre~tbolz.~~u u •. Bo: J,( ''1:~•r·,~r r;,.,..,.,~ 
. 11 

• • • : lehrstuhl fur 

. ·- · Uni~Prs:l.:lt (TH Karl r • , 
· ... ··--·- .......... · · • · ·- , ... ·-1--· : · .. f. : ·.: .C'\1 ·Jna •· 1•J. ; l· l·a • • • • -· ·· •• - ~ -···•'" ' ........ . ....... ... r •• IIW, .,,~ .rJ..,r I 

' ' . ·---~-:-~-;:---~--~·--·-- · · ·-:- ~ --· ··---------· . ·--- -·- -- .~·- -· 
I. . . . I 

' · 

I 

-1 
' I 
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:~ .. ~.2. !l\lckli:1s lenpth 1 ~v..to! the arch plane 
• ,,.,, ,,. 'o ,•A 

;,f :..~or the top co1:1preosed flance _the . length l 
'~ cq\lal to tho distance between purlins, 

h/ for the bottom compreaced flange the length l 
is cn'l.culated according to. the formula a ' 

/26/ .1 
wl:e:r.'el 

L ... length of ihe chord between lateral 
bracinga 

1 " corrector coefficient depending on tho 
kind of lateral bracinge: 0 that isl 

--'=-"""- &,, ""'--' 
- with bracingify~ftruso girdero 

I 

'( • 1,0 r .){,_,, -\.or.,J 
with bro.c~~e braces with ono 
end supported on a girder, and the other 

· or.e on purl ina '( • 1 , 25 

~.8.5. Buckling length of columns and transoms. 

Buckling length of columns and transoms of frames 
and pseudoframea is defined in the following way1 

I 

a/ if a truaa girderx±8xfNii or a full girder io suppor­
ted on columns and connected with a column with hinges 
/Hg. 9a/ the buckling length of the column, with 
buckling in the paeudoframet is 1 "" 2h., With buck• 
ling ~~ot the paeudoframe plane 1 is the distance 
between bracinga at the column height., 

b/ if a truos girder .is supported on columna and ia 
connected vri th a column with an angle strut 
bracing the angle ·of the paeudoframe/Fig., 9b/, then 
witb buckling of the column in tbe plane of the 
a.:r1'angement~ the buckling length may be determiloed 

b:J the spproxima te formula 

1 • 2hd+ 0,7hg /27/ 
c/ The buckling length of symmetric columna of two­

or three ... binged framee~ with buckling in the frame 
P.lar.e may be defined b~ the approximate formula 
/Fig. 9o/ 

h 

/28/ 

J e ... moment of inertia of the colutn.n, · em4 
Jtor composite columne ace~~> to 4.911>3/, 

... moment of inertia of the transom, oro4 · . 
/for composite transoms accp to 4.9.)./, 

~ column height, om 
~ length. of the transom half/Fig, 9o/, om 

. •I 

' .. 

b/ 

of 

i 
I 
"· 
n 

' I 

l'ig.9 

4.8,6,Section·a of solid, axially comPreoseQ. 
members should be checked with regard to 
buckling according to the formula1 

where a 

with& 

/29/ 

r - deaigp load 1 w.w.1o.J .... t" u<L) 
F - field of the working croao-aect1on 

F • F N if weakeninga diatur~ tho 
n . edge of a member, em 

P • l!'br" if weakeninge do not cl.u;t«t-0 
+H~edge of a member and are not 

bit;Ger than 25% of the groao 
croaa-eection, cm2 

P • 4/3 Fn d if weakening• do not ~ie~ 
turb the edge of a member 
but are bigger than 25% 
of the gross croas-ooctiOnt 

em~ · t 
~ - coeficient of buckling t 
r ace. to 4.8.7. t 
K0 - etandard atrength ace •. to I 

.• ·.. . ' M• •• I 
• K ~--- ... ~-----~·-.-',••-- -·" •• 

i : 
t 

f 

.! 
! 
I 
I: 
I 

I 
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.! • ~. 7. C0effj cicn ta 

for::ll.:.loo 3 

of huckli~g f are calculated acc 9 to 

a/ for .ratio ot olendemeai''o.< A< 75 

~ • 1 Q o,6 ( -,k-y /30/ 

b/ for ratio of olenderneos 75 < A.( 200 

/31/ 

Valuco of coefficient .. ~ a:t-e shown in Table 2.3 

Tnt'lc>: ?.1, Coefficients of bucl:linf'j ~ for timber 

.\ ~ ,\ p ), ? A ~ 
5 1, 00 55 o, 758 105 0,281 155 0,129 
10 o,.99 GO. 0,712 110 0,256 160 0,121 
15 o.9s 65 0,662 11 5 . 0,234 165 0,114 
20 0,97 70 0,606 120 0,215 170 0,107 
25 0,95 75 0,550 125 0,198 175 0,101 
30 0,93 60 0,464 130 0,163 180 o,o96 
35 0,90 85 0,429 135 0,170 185 0,091 
40 0,87 90 0,385 140 0,158 190 o,o~fl 45 0,84 95 0,343 145 0,147 195 0,08 
50 0,80 100 0,310 150 0,1)8 200 0,07 

Fol' intermediate valuoa one should interpolate I linearly 

4.9. ],:embers of co~poaite 
I 

section/ n::dall:y corr.-

r.:~c • 10 recon·,men e ·o uoe co::tpool e me era 
G~ect ons ohown in figuree 10 i 14 and oyatematized in 

. the croups bclowt 

I croup ... mombers co:npooed·. of branches nnd of 
plates or inaerts out of which only branches· 
are fixed in jointe/l'ig,10/, 
I! group "" members compoa.ed 

and fixed to support• 
ot abutti~g branches 

\ 

___ ,. . .,...~ ..... 
' . 

. ·• 

·m. ..• 

w· .L. 
· Fig, 1 1 

:' ,· 

a) 

a/ 

' ., 
.. ·--· 

.. ;) 

b/ ' ~' . .,. 
I,. -

·.c) 
I 
I 
I 

c/ 

' 
. 

I 
I ' 

y 

. 

I 
' -·-- -· 

d) 

d/ 

Fig, 10 

' 

·,, . 

. ·\. 
, ... ,....:;: 

... 
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II croup - r.,embers cor.Jpoaed of branches with cleo.r·€.j~<L 
p to 3 tbickneoaca of the branch with batten plates ( 
,. a:<O.nl opaci"g not bi&gor than 1(l-l/Fig.12/ whero 

- :cn.s;th of a member, -· · 

I 6roup - compai tc truaaed membore of big spacing. 
;, ~_~,;e.:.· than 6 thicknesaea of tho branch/Fig.13/ with 
l~ ilcd connections" 

a) 

J 

I 

b) c) 

I 
! 

.. 

I 
' ., 

; 

·. i 
! 

·i 
i 
J -~l .. ! 

. 

Frs. 12 
\ 

Fig,1) 

V sroup compoaite members witb external batten 'pla~es 
with glue or nailap with branch GP.Boing .tM.. de·a..Ya.r'lce I rotv\.-3 

> G thickneoGea. of the bre.noh/Figo 147 1. 

. i. 
'' '! 

I 

.. , 

Fig, 14 

' 

4.9 .. 2 .. Number of parallel o~o.r:w·both 
to the ax~e x - x ana to y .. y cannot 
exceed 4 in the croso7aection/Fig:, 10a/ 

4.9.3 Duckline; i~ ne plane P"'~·pcndicu ... 
lur tp srame. 1 . .:1:e checked moment of 

inorEia J or x;d"im the chockod l'Ut1o of 
alendernee~ )...1 of the compooi to J:~or.1bor .•r . 
oection working for buckling in tho plan& 

i' 

·• perpendicular to ceoms ia co.lculo.ted 
according to formulae 1 ~ 

a/ group I/Fig. 1 Oa/ . 1 

. ' 2 2f.' F. 2 S I Jsr•p,•2T,F,e,+ '2e2 s, /32/ l 
for elemento · ouch a a in fig. 10b/, c/ andi 
d/ p

2 
• 0 and the formula /32/ ia reduced I 

to 1 

' 2 J,P ~ ~ J, ·~- zo; r,e, nV 
' . I 

b/ group II/Fig; 11 / \ 

. • 2 
Jsp• ~J, +20, F,e, . ' 

/)3/ 

·0 ; group III lFig,12/ 

/34/ 

/35/ 

e/ group Y/F1g,14/ 

, v 1- no 2. 
Xsp" Aj • kz: i\.~ 

/36/ 

· whez:ea 
~ - reduction coefficient 

'f. • o.OH O,OOSAj; · /37 
' ' for nails 1 l,:: -&;; ~·· ~Yf, · 

~.., reduction coefficient 

i~ • 0._018 t 0.00545 t.j 

;~: ~a ; o;' • 0. 25 '6'; 0. 
~ • cor~ector coefficient 

dcpenda on the kind of 
connectors' 
a/ for naila a • 1p0 

b/ for inaerto a • 19 05 
oi. for pina a Q 9,85 

ZJ. ..,; moment of inertia of all 
i ' components of a composite 

member in relation to 
their own axes, parallel 

to the aeam, cm4 

--·-----· ·" : .. : 
:·.-:-~-.-.. -. --·---~--~-f------·~-·----···-- -----.. --·-···--··-.. ····· -
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'.' ·,:. 
· ~-2 - :ield cif alc~o11t section reopectivoly 
·.·,~:,·o:;d t·he firat and the occond oeam counting 2 :·:·~•;:: t}lo neutral axia of the aectiori/Fieo 10/ ~ em 

c 1 G.., - distonceo between the axis running through 
:Lv'-centl'C of cro.vity of F1 or F2 aectione and 

tlw ::eutra.l...§.xi~.'. of the whol" aectionf ern., 

S1S'> - static mo:;;ent of F1 or F? in rolo.tio~ to 
to tbe :-.eutral axis of the wholn aection 9 em ~ 

A: 
0 

J' 
j 

A sp -

... l'lltio of slendern.eaa of the solid member 
with the same croaa-aection aa in the 
composito member 

.A." _L 
J bj /.39/ 

l'adiuo of inertia if the compoai te member 
calculated aa the solid one 0 cm 0 

. _lr}C 
lj- v ff: /40/ 

' 
- moment of inertia of the 

section/bra.nchea~ pla.tcaD 
to the main axia of th.t.e.: 

- radius of inertia, em 

. 10; 
'sr"'V f( 

' 

whole composite · 
ineorta/ in rela= 
section,· cm4 

/41/ 

n.tio of slenderness of e. composite member 
for members of groups I ~ IV 

/42/ 
' 

).' sp- ratio of olonderneoa of a composite member of 
t:;roup V 

k - coefflcient depe11ding on the kind of' connectors 
to connect external batten plates with branches 

/Fic.14/,fot' glued connections k w )pO; for nailed co ... 
nnectiona k ,.. •4 P 5 ' 
n

0 
- nwnbel' of brancl1ea in a member 

A - re. tio of alendernCaa of the thinneat branch of 
~ the compoaite member in relation to its own 

ax:l.a ? .., ? parallel to the seam 

Jj_ 
.II 'l " . !g /43/ 

ig ... :radius of :j.nertia of the thinnest branch(< c.m 

·For ;.e;;bers f:rom groupa III ~ IV l11 measured bet_ ... 
ween the axes of batten plates or jOints should not 
be bigger. than 1/J of the member length 9 and the 
branch ratio of slendrneos in the f.onnula/4:3/ ahould 
meet the conditiona ).f) &GO~ It composite membcro 
of groups II ~ IV h1.nle 4 bigger number of branches 
than in Fig.. ~ 1 ~ 13 9 then the formulae J3 ~ 35 
should be complemented by . s z . 

2 r; i7 F2 Sa • /44/ 

I;. 9. 4. Bucklin[$ in the plane pnrnllel to the seams 

!.~oment of inertia J of the composite member section 
VIOrking for bucklingPin tho plane parallel to seams 
is calculated according to the formula 

J,p~L:Jg; + o.e{pnj+p.,k) /45/ 

where 1 J -moment of inertia of a b.r-a.nch~ cm4 
gi 

Jnj - moment of inertia of a batten plate 
1
c..M/,j 

JIDk ""fr)orntn1 ot ~r'Hrb'Ct.. Qf OM-- ~n!te.vt I C.M 4 

4.9.~. Mo:nent of inertia of clu~d mc1.~hcrfl. 

Glue~ me:nebra compoocd of ocvornl po.:rte~ 
may Po calculated no mcmbe.ra wiih uniform 
oect}on while meeting the -conditione from 
6 o 1 .. 1 

4.9.~.r,~oment or ine:rti~ of colm'lnn nnd f)·n­
me .• Ln:ll1!;o::;;, wlLh var.1a:,J..c oectlono on the 
lenL;th may be noaumed uo conotant to.kins no 
a baoia the croso-section at the diotnnce 
0,65·h Or 0.65r fl'Ol!l the suppo.rtir18 hinee 
or the ridse hinee/Fie.9c/, 

4.9.7. Calculation of ohcar!n~ forcna dc~n~i~ 
!l.Q.l_~ • J..O enoure ;; J6 coopera C on o.t e c­
~in a cor,lpoai to member, the number of 
connectors al10uld be calculated for ohca:ring 
/delaminatine/ forces. The ohea.rino force tw 
per 1 em of" the member on ita whole width 
is calculo ted for members of group a I and II 
according the for7Jula 

where a 

t r w 
QS,,'i" 

Jsp 
/46/ 

Q ... aubatitutine lateral force with 
buckling 

s -br 

p '( .) 
Q,. So~ H"(;;. ·/47/ 

erosa static 
oestion part 
em 

r::oment of the 
beyond tlie seam 

4 - sross r..oment of ine:l'tia, em 

.., coefficient the value of which, 
should bet 
for bar ele::~ellte/membero/ of 
groupe I ~ III as in Fig~ 
10~12 ::(1110 

- for elements with exten1nl batten 
plateo of c;roup IV/FH:;. 14/ or 

trueaed ones of group V/J?ig"1J/ 

a/ with 2e • 2Di& :<; • 0 ( 41\ 

b/ wi\h 2e) 2Dig x .O,o?~;-J7~1· 
reduction coefficient depending •· 
on .mt a kind of wember and V, 
connectors equal to V 1 !'" 0 ~ 

1 i A l ""I 
v" 
b ~ ace. to 4,9,3, 

coefficient of buckling depending 
on rrn the ratio of slendol·neao 
of a member 

P • axial force in a member/bar/ 
from design loada, kG • 

\ 

'f 

l 
I 

r 

I 
f 
I 



· .. "'.:). ::c.:!e;.·utl blttcn rlatecr ohould bo calculated 
. v:· :~ ~;:cn~'lllG .o.orcc per v:le batt on p.. to& 

:.:../ wi~h two branchea/Fit;.12 nnd 14ai 

T ~ ~ 149/. 
1 2.e, ·; 

b/ with thl'OO brancheo/Pi(l,14b/ 

':.•OSQ.l~ 
~~ I 2.e, /50/ /. 

·,.,.l1~1·c 2l!~ - diotnnce between b1•£mcb centre'o'· 

/Fi&• 14 a, b/ 

;,part f1·om that, batten plate a Gbould be calculated 
L'o:..· the moment of shca.ring forces in rel2tion to 
·v;w fixin& of a batten plate to a brnncb?Fig, 14/a 

M-- ~ a/ with two bl·anchoe 2- /51/ 

Q,l'l, 
b/ with three branches N ~: 3. -/52/ 

In columns with inserts for the brBncb spacing 

~-~2 one does not take into accoUnt the moment· 

from shearing forces .. 

4.9.9. Cro83 bruces in t!"\1:-~ed r:;embera of typa IV 

/Pig,1')/ are calculated according to tho formula 

wl:.e:re: 

. Q 
K.,. ~~i.o a~ /53/ 

Q • lateral force ace, to fo1~ula /47/, kG 
I. 

p A: sp /53/1 

~~ 1··31ooK0 Fbr~ l.O 

P - calculatiOn cor.:p'reosing. force. kG 
' - rntio of olenderncsa of a member~ Alp . 

·1.9.10 l.lini;:n::ll i-lumh~r or cOnnectors in the col~mn. 
co:.Jlcc:..:..on • In colu:an connections/type III, Fig.12/ 
~;:c1·c a:JoU!d tc nt lcnot 4 nails, 2 balta or 2 rinsa~ 
G.:ued il:Gertn should hove tho length equal at least 
to double opa.cint; of colu::ms • Trussed members of 
~ypc IV/l<'ic.1J/ ::>hould hova batten plates at 'both 
CJH.1o ond in every connection of e. crooa-brace with 
brancheo/on each a\do/ at last 4 nails. 

·11.10. J.:c::'le't-ern, landed e<':'centrically. 

in 
to 

/54/ 

with symbols ao in 4o7o5o 

<l.10. ~. Bccentricnlly co::Jprc~>!.led mcmbe1•s ace., to 
l'igo 10,12 and 14 are calculated according to the 
for:mula 

P ( .!:!J,. i!:L) lee / 11 'if• T ~ w t IJ r .. "'c m 
n >n r•yn 9 

~" F~ ~( lj t *)It ~ K.m . 
. " i 1 

/55/ 

/56/ 

For composite rr.e1."1be:ra with batten plates it io necco .. 
sso.ry to check stresses in end> branches· between ba-

.• 
__ , __ 

' '. 
}~ 

.. 
. ' ·-· 

. -tf·. 
,......_: 

_. ___ : __ . __ ·- -· ~-------_-. 

. '-

.... t ~en pla tea aocordin:(t'be formula 

c:·,~~~ •(%,: t~)~·~h~ ~,m 
Com.pooi te tl'uaoed mcmbtu:o/Pig.1 'J/ 
lated according to tho fo1~ula 
a/ t-or the ·.whole compoai te O(H?tion 

1.. H II 
6'• fo + ~F.e) ~ ~.m 

are cnlcu-

/')5/' 

b/ fOr branches between t:ruaa joints 

~>·F:r\ •2r,..~.~f~ 'kGm 1561'
1 

wheraa 

I 
I . 

~ • coefficient of buckling of n branch 
with the buckling length 1~ I 
/smaller of the two directfona of­
buckling/ 

- the smallest coefficient of bucY.M 
ling from two directions for 
the whole member 

modululi of eroaa otren?-:"f 
gth, net of the oolid t 
aection/Fig,12 and 14/ r 
cm3 [ 

4.10 •• Number of 
ween ~rene e:1 o 

n of connectora bet~ r 
or;:m.._o.: t cor:mresse mem 'er J.e 

where a 

t,l 
n•~ n 

t - shearinz/dela~inating force/ 
z 

the formula/18/, kG/em, 

1 

/57 I 

ace~ to 

T 

- length of a rae:-:1bcrp em 
i' ... load-bearing capacity of a. COI~r.ccto..:-

- coefficient taking into account : ~ 
tllc additional ;no,';]cnt from the 
nhco.ring force ace. to tho forr.'lula. 

/5J/'. r 
.:~1.:.•.J.1.J.1,_. -"n,_r~a,c,i n"-gl:. l 
~.11b1. L3ternl brC!cinp, for diminiohin,:; tl1e 
Guckb .. ng len~th ol n colunu1 or a comprcoscd 
flange of a flat structure io calc"Olatcd for 
a shearing force according to the formulal 

P• fo /58/ 

I 

f. 
I 

t ,. 
-Qnd meffibera which aopport Compressed flanges 
of a few structures/flat/ or colunma should 
be calculated for compreaoin& forcea.in 
eepnra te zone a ace .. to the formula/Fig., 15/ ··--. ·· 

where a. 

I 

P 
nN _ 

• so-· /59/ 

N ... the bilggcot compressing forco 
in the flange of a girder or a 
column, kG 

n • number of colurr~n or flat atructu­
rea/Fig,15/ 

L ____ -··- -- ----~- --

r 
~ 
i . 

'] 



' 
-~· .. J' . ' 

·I 

I, ,. 

" 

Pig,15 

4,11.2. Trusses n:--:d b~-a~·eo/for bracing/, the taak 

of wh:tch ~-s to diminish the buckling length of flo. ... 
nr;cs M' flat co:c~pl'csccd girders, arches and frames, 

!.luy be upproxi::-:atcly calculated for forcca opera ... 
tinL perp\:ndicularly to these structures, the for­
ces l"OGUlting; from the substitute load q ll.J<:±frx 
distributed in a uniform way along the flange/Figo 16/ 
according to the formula · / 

~0/1 
and loading of a joint - according to the formulaa 

a/ for: the cane as 1~1 Fig., 16a/, b/ /for braces/ 

Q. ~ 0.08 ~e n 
I 

/61/ 

b/ for the case aa in ?ig. 16c/, d/, e//for trusaee/ 

where t 

N·a 
Q" 0.08 t, I') /62/ 

N ... the biggest calculation force in 
the cor;,ipreseed flange of a girder,KG, 

1 -1 
buckling length of the whole ·-flange of 
a compressed girder/Fig.16/e em 

~\'(\.~., 

a - length of uytruaa section 

e - buckling length of a flange of a flat . 
load-bearing structure on the distan-

ce between bracea/Figo16a/, em 
n ... nwnber of flat structures tranafel·ing 

forces from the fl,ango buckling to 

one truss or b_J:'_ace o 

f'ig.16 

1-bre.cing trusa between girders, 

2-girder 
J-bre.ce 

4.11 •• Stress tl•c co:~. rcJa~d 
1 ~J.nt~c or a p;1roer. •ec, ns 1s not nece­
ssary lor caGea when dintanccs between 
bracinge are not longer than 40 i. 

~4.12. Structurn.l hcic.ht of r;irdf:!:ra. 

~.1?..1. Str\:ctul·al }H'!i;~ht H of I-o:r t0x 
bea:~G with a web b1· a ~oil ot Cl'OCGln~ 
boarda or plywood obould be :ncaourcd bet­
ween external cdceo of flanges. Fo1· tca::-.o 
with parallel flnn£,;es or the i:.:::i:tcrc U;JpCr 
shed flange, the heigl1t is r;;eaGu:rcd in 
the middle of the span and for bcnrr.3 with 

upper ridG~ flnnge - in 1/4 of the spon, 
assuming H • 1/8 T 1/11 L. · · 

4.12.2. StructuY"al h•:dGht H of truan {'~~·­
dero meaaured octween 1.J..nne2 a;d:o .lll t.>~e 
iiiiCi:"ale of the spnn, if or:e docG not perform 
an exact calculation of deflections fol!o­
wing the :rules of buildir.c mechanics. should 

be defined in the following way! 

a/ for girders with the upper arch flange -

H • 1/7 ;. 1/8 1, 
0 

b/ for gil"dere with parallel flangc~J or 
bent ones - H • 1/6 ~ 1/7 L , 0 • 

c/ for triangular g{rdera .... H~ "' 1/5 ;. 1/7 L. 

,, 

4.1?..3. Elevation f and structurAl hei.-ht h 
of the crooo-secbon ol'l.two- or thrcc-hin 1-cd 
arch and of a flat roof ohould not be o~nl~~· 
er thana 

._a/ forC\,ccntre arch of short boards on edc;e 
/Fig,18/ 

. f)., 1/6 L 1-v~ 1/80 L 
b/ for o. two-hinge arch of I-nection with 

a latticed ~s:ii:x or full wall/?ig.17 b/. 

f • 1/7 ;. 1/8 L h • 1/JO L 
c/ for three-hinge arches with full or · 

latticed oBgmontoU cloments/Fi.;.17 a/ 

• flat f • 1/6 : 1/7 L b • 1/15 ; 1/251 
- spiry f = according to building 

requirements r. • 1/15 ~ 1/JO · 
d/ for4lamolla roof/Fig,17c/' 

f • 1/7 L h • 1/100 L 

. ·-·~"!"---·-----------~-----·----·- .. -- .. 
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4.1 ); Centrinea _ ·-· .-\' --~ _ 

,1.1~~1. !.:0.n811rinc; of ct'!ntrinr;s ia checked with regard to 
ben ~ns in tneir plane, taking into account the axial 
comprosning force working in them according to 4.10.2. 
with tho following O:flnbolss 

F " ~ - ooction of all.2hort b'oarda,not,ht-~t'(-ed 
n il"'. the contact, era 

W "' \'In modulus of not atr5ngth of abort boardapl'\.ot 
~hto.."ft.l.l in tho contact, em 

Lcnct.h of ohort boarda ohould not be smaller than the 
tc:1fol·d ;l)ic;c;cst croGcr-oection of a. eilOl't bOard and not 
G:.:nllcr tJ;an 1 9 20 m. 

connectoro at the 

M' n,.,. ...-L 
' Ta 

.;.· 

of the type shown 

boarda/l!ig. 1 Sa/ 
/63/ 

b/ WLe:~ connecton1 o.:ro placed oti th~ whole length ot 
n ohort board /FiG• )8b/. . 

f. -~; 

/64/ 
_, 

.• <111· 

where a 
n1 ... number of connectors at the ondm .of 
I centring• 

!'n2 ... nutnber of connectora ·on the lcnc;th .·X 

I 11 of a centring 

IT ... bearing cnpa city of one connect v.r ~kG_; 
:IJ1' ... the bigccot moment on the lcncth 

a 

of a. aucceoaive abort board nc~ol'­
ding to 1the diU,.grnm on Fig~ 113c/ for· 

a otronchtened' nxia of o. abort 
board/, .kGcmp 

... distance between the centre of 
.gravity of conncctoro plncod at 
the end of u ohort board nnd tllc 
plo.co of the biegeot moment~ em 

11 ... length of a auc~eaaive short boo.rd, 
. em, 

• . - I 

' . 
I; 

Fig. 18 
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,-. c :.:::::c:no;:s 

r .1. ::ililc•1 cor:nectioilfh Por connectiona it ia ne-
'-·-:: ··::~-y ;,o UGe ~·ou:.a llnilo according to nH-70/5028-
·~:: c.::J. r;qunre twioted nails according to DH-70/5028-
1:) •::itl~ dirn\cters from 1/5 to 1/11 of the thinnest of 

~!:~ co:::1ected elcJnenteo 

.' . .._~~.:?· _:.:~:~j~~\:::1 thic:kn('DG of bont·dn nnd steel 11heeta 
. _. :}:·:;·-C':· ::n:; .:ca r.:t.l'ucturcO'o 

r;.1.?.l. t:)ni:"Ul-:1 t!1icKner:;s 6 of honrd:J abould not ba 
• ... e c;;.:nlJ.Cl' t.11aa 

J'" ct(><ad)~ z._z'"~ /65/ 

with tlH~ exception of a 

a/web boards of ne.iled beama of I-aection/Figo6/ 
whooe thiclmeaa should not be smaller tban · 
, 6rrmu ' 

b/ co:npor.ent board a of composite elements conne­
cted ,\'{,itll nf!ilq__ driven into previously dri­
lled holes,· vii tll the board thickness not ama ... 
ller than 6d. With thinner boarda the bea ... 
ring ca.paci ty ~s decreased according to 5o 1 .. 7 .. 3 .. 

5.1.2.2. J.:ini!:;um thict:neas of steel sheets used in 
JO~nia ana contacts onould not be smaller than 2rruno 

5.1.2.3. ~.'ails in connections timber- plywood should. ·;' 
bn.ve, w~t:1 the plywood th:~.ckneas 8m.:n- the dia- _./ 
rueter to 4,0mm·. and with thicker plywood - the dia.rue ... 
ter up to 4,5~n. ' . ~ 
').1.3. D:riJ.linc; of h( ~\:n for nails. No.ilo in connect! a 
01 hardwood cd10uld Go d.l'l.V(m :1.n prcviouoly drilled ho ea 
for tl1e whole nail length. Drilling of holes for nailS 
in ooftwood is not ncceasary/p.5.1.7.1./ The diameter of 
drilled holes 8hould·be 

d, = 0, 95 ct 9'¥ 

5.1.4. Arrancer:'.cnts of driven nails., Nails 
o.ccoro1ng. to one o1 the three arrnn&ements: 
cula.r/Fig.19a./, b/stacgcrod/Fis.19b/, c/ at 
to the directiOn of the grain/Fig.19c/ 

/66/ 

are driven 
a/rectan ... 
tbe angle 

In tl1e nrraneem-::nt of nails there are rows and aerieso 
Series :run along the direction of the t;ra.in, rows 
across or at the angle to the direction of thet graino 
Distance S fro:J the board or the plank front in the 
three arrangements, for tel1sioned elements should not 

be smaller than 15dp and for compreased elements ~ 
not omaller thon 10do Distance between na.ild centres 
in series S depends on ~~le ratio of the thinnest ele..-. 
::1r.et thicknJas to the nail diameter and is defined by 
the dit;ram in Fig9 20~ For nails driven into previously 
drilled wholes distances S may be diminished to 10do 

Distance S of the first nail aeries to the unloaded edge 
of an elcm6nt should not be smaller than 4do Distance SJ 
between series of nails in the rectangular arrangement 
and at the anglo/with the an~:;lecX.~ ~5)' should not be 
s:r.allol' thnn 4d/Fig~ 19n,c/ and itl the staseerod arran ... 
gemcnt and at t}~a angle/with the o.nelc0<.-<.4'i 0 I- not 
so::o.lle:r than 3d/Fig.19b;c/D 

In co:r.noctins at tho angle it is necessary to keep 
mini;:n.:.:n diatancea between nails alons and across the 
direction of the grain of com?-t;~Cted olementa/Fig.,21/ 

~:,.! 21 -
20 ~ 

" ,, -
n 
" ,, 
" 0

S 6-7 8 D 100/ti 

tBJim:w 

Pig.,20 

Distance between nails in one ocrica S in ... 
eluding r!SGobly nailo should not be lo~cor 
than 40d and S1 not lone:cr than 20do Or.ly 
in continuous r6of purlinG o.sse::~bly r.aila 
can be placed at tlle distance up to 50c::l., 

5.1. 5~ Nail. driv~D 

In eonoro.l nnilo ohould be d:I'ivcn on both 
aides of on olcmentt oo that tlleir o~do · 
do not stick out. '.'then the nail c:1d prvfec.k) 
beyond tbc m•rfacc of an ele;~.er,t, o;·,c 
should take into o.ccour;t wcakenine of tho 
section in this pJ.e.ce 1, 5d and clench ·· 
tlle nail enda/Fie~22/ alone the direction 
of the grain., 
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!;ails can be dri vcn in on both sides of ·a compo­
site el~~ent alan& one axis providing that their 
cndo wiil overlap not more than 1/3 of. the thick­
ness of a co;r.ponent part of a composite element 
/Fi;;~ 23a/. Figo 2Jc shows examples of rr.ul ti-abear 
neil a for connectins: only ti. mber elements, Fig.,24 
- in connectionaJ.co,.tntacta/ timber ... steel allcet., 

b) 

Fig.23 

I 

: i 
' 'l 

·.: ··. 

' 

l 
/ 
I 

Fig,24 

5.1.,6. The s.".eJl<:>!:d:~~f !J.!1J.,.s_!.~ 
co~mecb.on.. :..s 4 pleccs ••• a.Tis twot.:.;..c. :.:e 
driven in no more tr.an two aeries a:-.d in 
no more tban two rowe in evcl'Y conr.ected 
clement/Fig.,25/ In connectionG between 

-·secondary eler:oents eg., ex-ass-braces e.::':! poles,• 
in shorings and aca.fi'olds it is possibl.e to 
use a smaller nlli~ber of nails but not 
smaller than 2 pieces .. 

a) 

tmrrrn 
•Jne qr 

IEi1ilElll 

Pig.25 

5.1.7. Load-bearinG cnpo.city of nails 

' 5.1.7.1. Loc.d-bcarir.f 'ca,acity of a ~:a:.l in 
rnncle encar. I<·orcc :../ t:.ti wlnch l13 ::;a~ .:ly 
trano.l.'crrea, in a softwood connection. Uy a 
single ahear of a round nail ia calc'Jlo.ted 
according tho given foru,ulo.c or according 
Table 24a · 
a/ for nails driven in directly • • 

T• (;25 d m· 
1+ d J /67/. 

·b/. for nails driven into the previously drilled 
holea1 
in aottwood- T1 ""1f25T 

in hardwood - T2 .., 1 • 50'1' 
.where1 

d nail diameterpcm 

/68/ ' 

/69/ 

t • corrector coefficient 1tbe value of 
which ia' 
in I-bco.ma or arches 1\•i th a full web 
of crooaing boards - j "' 0p8 
in )::.:~a::rd-;:con tnc to be tween bonrde ~ 
plnnka or halves with :r:ou:-.d. timber 

/cg, in shorings - Fig,26a/ [' 
- j • 0,7 . 

~ in connections between elc:::.cnts· 1 
contacting with curvint; ourfacca t· 

I eg, round .timber, halves o.ct,/l'i&,26b/ t 
I j • 0,7, (> - r 

··----------··-··· ,. .... ~--····~·_;.·· _ __J.I__; ______ ....... ---·-··-----··-··· r 
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'::o[,::---6-ins ele:-:-.entn fo't' :reinforced 
s~:~c::les. prcosure boardo ect~ 

C':Js~::.~e of co:1crete l:la£iS- j ta_1,·8 
all .• otller caoeo ... j• 1,0 

concrete ouch 
taking la. tel'O.l 

Tnble ?1;.. 

size of nails 

-

a) b) .. : 

•• 
Fig, 26 

emm ti:nber 
with thick .. 
neos of at 
least 

driV6ll nails 

T of nailo driven into 
O't' ll 0 TCVlOUO 

Driving 
depth s Bearing capacity 
:r.m at kG leaot 
/without 
n nail 
point/ 

~nee .. to drivon nailo 
Pie,23 

-

- oi• ·ll!Ul- directly, into Uri Uiro- into 
ctly dri· ng- ti lled ho• 

lo ehe ... las lled 
she~· or 

holei ar 

2,8 X 65 22 22 34 22 0 5 )7 46 
),0 X 70 22 22 36 24 43,5 54,5 
3,0 X 80 22 22 36 24 43,5 54,5 
)p5 X 90 22 22 42 28 57 70 
4,0 X 100 ·"25 25 48 32 72 90 
4,0 X 110 25 25 .48 )2 72 90 
4, 5 X 125 30 . 28 54 36 87,5 109 
5,0 X 150 35 ')2 60 40 10), 5 129 
)t 5 X 150 40 35 66 44 i 22 ---153 
6,0 X 175 50 35 72 48 140 175 
7,0 X 200 60 45 84 56 ·180 225 
7,0 X 225 60 45 84 56 180 225 
B;O X 250 75 50 96 64 222 278 
9,0 X 275 90 55 108 72 266 332 
9,0 X ·)00 90 55 108 72 266 3)2 

5.1.7.2. Tb~ influence of nrdl drivin ·de 
R:-,r cnpr•Cl1..7. oa - eo.r1ng capo.c ·y o ... a 
-:;he. r'orr~:u.;.ae 67 7 69/ can be noted, when 
depth a/without a nail point/ in the lnot connected element 
is: for nnils in aincle 'ohenr- 12d, for nails in multi 
shenr- 8d. With the nail dri\ting length s Bhortor than the 
one mentiOned above/Pic.23b/, c/, d/ the ntlil bearing capa.., 
city decreanos in relation to the ,basic oneg · 

n/ for nail a in single ohear - T',; T0 1~0<1 
T'•T-h 

w:tlere T
0 

~ T,T1 or T2 ... according to the forf.:.ulo.e /67 1 
b/ for nails in multi shear 

/70/ 

/71/ 
69/. 

·• 

One doco not to.kc into connidcroLlcn 
the work of the nnil end in n con~c­
ction, if the nail driving depth ~ 
smaller thnn 6d for r.o.ilo in sint:;lc 
ohcor and 4d for nailo in 1~ulti oLcnro 

.1.7.3. Lond-benri~P c~nacit• of 
nn._1.c d'lVCn ;:.r.to r:;..L;.e liO.!.(:~J \'tJ.t.1 

the <.Jia;.w t-cr d..). 1-1 S' rrv'\. , j,_8 culc\:­
latcd:'--·according::t't!fc ror;:lulac/G8 und 
69/ when the thickne3a of an elc;.~cr.t 

b ~ GJ.. • For thinner clcrr.ents tho 
nail load-/carinG capacity docrencco 

r. 1.isr's'£ /72/ 

5.1.7.4 • Lonri-1lenr1nc canncit~ of 
r:cnls ::.._~1 co:·,~·.0(:t.;.ons b.:~:··e~·-:>·vcr>~ 
cheet./?ic.24/ wtth hoicc/dr1llcd 
s:;.::.UJ. tar.eoun1y/ io cnlculn ted fo~' 
si:-1~le obcnr o.ccordine; the fol.~:.;u::.nc 
/68/ m:d /69/ if '.,be :t-:~rCY.XX:·DD·::-~J:.:·::ti\ 
S:XJC:A..:U..:ULJjl;)J:tr.O:RrY.J:U~IYJ'.JD'jJilX 

the nail nncllo.:.'c.t;e length s is nu ~ 
rmo.ller tl;nn 1/rd/without n na:l pJL:t/ 

Wl1ile defining load-bearing capo. .. 
city in connections with plywood 
Cattcn platca, it is nccesco.ry to 
check thq'pre:Jsu:rc~alla of the }1oles 
for l',ails in plyv;ood according thG 
fo:rraula 

/73/ 
. d 

where K
8

k - ata.ndo.rd a+.rcc:J of ~rconu-
re in plywood, kG/c:ll . 

In tensioned contact a with the nu:,1hcr 
of nailo in n ocrico 10 ~ ~0 , tb~il' 
numt.cr r:bould be incrCo.oc!il by 10·,~; 

wi ih t..lJO llltmbor of noilu bieccr Ll;nn 
20 Uy 20~~~ . 

5.1.8. Length 01' nnilo. \'lllilo co.lcu;.. 
la t.1ng the lcng t.h 01 nails one should 
take into nccount the required nail 
driving depth e.dding: 1 ,0;;;:;, for every 

aeam between connected elements o.nd 
1,5d for a nail pOint/Fig,22/. 

tG 1 ~9· Per:~isBible rr>c1ius of c\:rva .. 
tl~·e Ol e~e~e:1~0 i:1 na1l co:1nec~io:1s~ 

Whtle connectine; curved elements with 
no.ilo 9 the radiuo of these clernents 
ohould be r).300b /b • tbickneso of 
the thickest elel:lCnt/. . 

oectlo~;. n ~er,cnone e e;,Je;no 1n 
na1l connections, tbe acction is di­

.... :.minishcd by holes for nails wi tll 
the d:l_amoter bigt;er than 4, 5r.unl 
... with t}le rectnn;s;ular o.rrnncement 

or at an nncle nll holes o.re in 
one row 

... \'lith the otn,c;gered arrnnccmcnt all 
holes nre in two rows 

While driving 11aila into drilled 
. holco we take into account the aection 

weakening for every diameter of driven 
nailao ' 

,( 
' 
I 

' l 
' 
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- ,1,11. r~:l:Cd out }~nile., Load-bcClring capacity of nail a) 

·;:;;:G/ 
1 

while pulled out, is oslculat.od aocordins to the 

formuloo: 
' - for dry hardwood/up to 20~/ • T • 15dlm 

- for wat hardwood/above 20r;/ - T • 6 dl.Jn 

..... '. / 
, • .I 

'I '• 

(7!) 
[75) 

wheret · 
· 1 - nail workina length according to Fig. 27 /em/ ' 

ahould not be amaller than twofold thicknes~-
of n nailed element/ without o. nail point .. 1, 5d/ 

d -nail diameter, em; for dia.motore exceeding 0,5om 
d ohould be d "~~ .0,5cm 

load bou:t·inr; cnpucity of pulled out no.ila ia takon into 
eccount onlyt 
- in boardinc:;o/.l"ig. 27a, o/ and ir/Glomenta of rafter fra .. 

r:linc/battena, rafters, purlina eat./ 
... :in c0JmoctionfJ of .structural element a, in which nails 

work for bending and pul}ing/Fig.27b/ 

.• 
'· 

lC ' 

.. ·.:i-._ 

. i 

. 

. ''1&.27 / 

Load. boarine cu~o.ci ty should riot. be taken i~to ~ooo~tt· 
with pulline out nai le, dri von. px.a:.ll.i.B.as.l:..):x into pro ... 
viously drilled holes or into the face of an element d 
in case when dynamic loads are likely to occur. ' 

'' ' 

.. 

.. 

I. 

5.2. nolt and Rcrow oonnoctiono 

5.2.1. Bolts should be made of coul 
rolled stool ace.· to PN-75/ll-9)200.00. 

·The bolt diameter ohOuld bo 10 .;. 24 mrr. 
and correspond i.flfhthe aeoort;:1ontn of 
otandard nuts ace. to 2o4o1o2 nnd 
tablo 25 • 

• 

~.?.2. Screws ohould be appliod ~~cc. tc 
. 4.1.1. The ::.11nalleet pcn-mi:Jsiblo (tin .. 

mater of screws uoed in connoctiono 
between elemon.ts with tho thic%nonG up 
to Ocm is 10mm and with thicker olo­
ments .... 12 nun. 

, I 
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.:'.( :'.'·~·nr: .... er::cnts of boltn end !30rcws. Bolte and 
~;·~·.·;:; ~d·~ ~'-l'l'C:n:_;eC: .s.z.z3.r:.l..i»&X£Gxixlll In two 
:-·~·<ln.:..;·~:::er.tG: perpendicular no in Fie:·~ ol/ and 
..._:::.::.~·-~:·.::d as in Pie.19b/. Diotnnce .s bo 1en 

\ ::u cenvre of the first bolt and the fa u -,f 
::.r~ ·:le:;:u:nt should be: 
•;/ in tensioned elGments S17d 
L I in co:::prcssed elcmentsS 4d ' 
::::1-.:::ces bot·Neen bolts in se ea sa~ ?d. Diat.Q.~G between 
th0 first serieo of bolts and an t""ho unloo.de:J t.nd of an 
elc:-::cnt s') ~ Jd, . 
!):inunce .... 7 betwcen both in tho perpendicular scheme and 
t~·;e st3bGered one S1" 3,5d. . .-. 
,l·.s ::.·c,snrdo ncrcws, d:reio.nces between sel•ies r-l\.\>1.1 d. be 
C.-::ter::Jined in such a way eo no to make it p01\ 1tlti~L~ to 
·~:l.chten up nuts with with a apanner. 

r.;. 2. 5. ~;,;;~:her of bt•acin~ screw a· in· contacto. 11'\ tqn,&:'..o­
!"".'J'J. ';Ont<.;cts Wl.tli tii1lber pio.lc';l ut leuot 2St.;. of bolt'll 
nh0~1ld be replucecl with screws of the same diameter 
·:;bile in contacts. with steel pla..tes .. at least 50%. In 
cc~cs. each side of a contact/tenoionod/ should have 
2..t leaot three scrcws/2 at nut ends and one at the 
contact/. /, threaded pll:t't of a acrew should not be le 
lnto timber. . . 

0r. euch sidu vf cvmp.redotld con tao~ one sho·uld ))lac.~ 
at least 2 ocrewsq 
.2.t~. Humhcr of holts in tensiOned contacte.on C13Ch Ill ... 

1.n sorJ.ea an wo J.n rows/Pig.~$',/. 

).2.6.1/tc.br:r of bolts in .1oints of tl•uss p;irdcrs should 
De at least 2 includ1.ng at least 1 bracJ.ng screw • .Bolt"~ 
should be placed symmetrically to the axis of a membe ft 

' . 
5. 2. 7. Steel wa~hers to be placed unde·r a screw· head 
'hno. nuts s.cc. "to '.L1able 25 should be used in timber co ... 
nnectiono Vii thout ateel cover plates. 

5.2.8. Bolt and screw connections can be applied in it"h.l. ... 
ctures, ~r' meaaures are taken to p1•otect these structu.ttea 
ncainst too biG deformation/structural flexion and pre-
per fittina of bolts.in timber halos - p. 5.2.10~ ' 

'5. 2 1 9, !"l:r.2c.1n) sc:rcwo should have washers. under heads 
ace. {o J.'J~:;9 J,l-o2u1U. Dimensions of waohora are to I»~ 
found in Table 25. 

5.2.10. Sentin~ of bolts and screws in connections 
snoula. Ge in' holt'S with the diru;lotar of about 0, 97 
of the bolt or screw diameter .. 

5. 2.11. Loc.d benrinP: cnp.:1ci ty of a bolt or a screw 
Slnf'le :::beer. Dol-:: or screw connechona may be 1n 
s~nele or multi shee..t't Force T/kG/ C<lr::.·:\ed. by one ·~toH: 
shear in a hardwood (.uAV\action. witk. ~-- torce ope:h .... 
ting along·the grain, le ~alcuietr~ ~eear&tng to ~9 
following fol•mulaet USt.t'#\t•~ tft~ lte:~l!lt' lil>e. Fhe 0bte.~~&J 
values! . , \ .<. 1 
a/ as re.earda pressur•· T• /(0 c. dm .!"''/ 
b/ as regards bending ,. A i ' 7.7 '. " ... . . -Where J , 

Kd()(. ... design nt'tli!~~th at f1"$ssure 1'"' tho 2 hole of •'"' ol.amont -.to .• to T'o.blot. 2.6, k.G/e:m 

Values 

d - bolt d1c.., . ._r,,1 om 
a 1 - thickness .~ ~ timber eloment/.tt\ Q.i3ytr~~l:l'toal 

con.:1ect;Lo~'t - +.hinnel.' element( / 2 · 
A coeff.iC~C!~t/aoe, to Table 26/, !db om _ · 
m - correcto1:· {:&,~.J~ioient aoo. to :A• flo 
T/for m • 1/aro ''"'"""in Table ~7· 

···.: 
. ...... :-

-· 

.. ·. 
·--·-----·--------·-·-- . 

I· 
·~·nblrl 26. n.~eim 
. . o< 00 • 

r-----: . 
TlfpO of 
to:1neotion 

'· 
AB:t"M'fllttrica l 

. . 

~ -~ 
""""' ~. <. ~ t 

sy ....... r~t 

~ I 

.. 

' cooffictants .Ka wi t.h 
end coofficiento A 

Bolt nnd ~C'J.'OY, 
Elemol).t.· connectiono 

Kdo< A 
kG 

thinner 55 210 

central 50 240 

end 70 325 

-

\ 
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::'le 27. Design load bearing capacities of steel bolts and screws in single shear/kG/ in a,yffimctl'ical. 
. . /T6 ond T0/ ond asymmetrical Tn conne~tiona 

bolt 
~1omctera 

10 

12 

14 

16. 

18 

20 
~ . 

22 

24 

. 

Ta 

Tc 

Tn 

Ta 

Tc 

Tn 

Ta 
T . 

c 
. ~~ . 

Ta.\ 
: ..... 

_,. 

t(lickneaa of eloments • : mm 

19 22 25 29 ~2 )5 ~8 42 45 50 57! 60 6) 70 76 .. ' 
I 

1, 154 i'T5 <OJ 224 245 zoo 294 ~15 ~25 J25' . 
. ' 

95 110 125 145 160 175 190 210 225 240 240: 
' 104 121 147 159 175 192 204 200 210 210 210 

160 185 210 244 268 294 J19 J5J J78 420 468 468 468 
114 1~2 150 174 192 210 228 252 270 ~00 ~42 )45.)45 
125 145 165 191 21 I 2)1 251 277 297 ~02 J02 J02 )02 

186 216 245 284 Jl4 J4) )72 411 440 490 ?58 588 617 6J7 6J7 

I)) 154 175 20) 224 245 266 294 )15 )50 400 420 440 470 470 

146 169 19) 22) 247 270 29~ ~24. ~47 ~86 411 411 411 411 411 

79 89 

\ 

' 

21~ 246 280 ~25 J58 J92 425 470 504 560 6)8 672 705 784 8)2 8)2 8)2 
. •... , .. > 

100 120 140 oM. 
n.ora 

' 

T0 152 176 200 2J2 256 280 J04 "6 J60 400 456 480 504 560 607 614 614 

Tn 167 19) 220 255 281 JOB ~)4 )69 J96 440 502 527 5J7 5J7 5J7 5J7 5J7 

2J9 277 Jl5 ~66 40J 440 479 :;~o 567 ·6~o 11a 756 794 aa2 957 995 105o 105o 
171 198 225 261 2as ~~5 ~42 ~7a 405/45D.51J 540 567 6;o 684 110 1so 780 
188 218 248 287 )11 ~47 J76 416 445 495 565 595 625 680 680 680 680 680 

266 ;os J50 406 448 490 5J2 588 6/o 700 798 840 882 980 1060 1100 1245 IJOO 1JOO 

190 220 250 290 J20 J50. J80 420 /5o 500 5.70 600 6JO 100 760 790 a9o 960 960 
I 

209 242 275. )20 J52 )86· 418 465 '496 551 628 660 694 772 837 840 840 840 840 

292 JJ8. J85 447 49~ 5J9 585 6(i 69J 770 877 92) .970 1080 I 170.,121 5 I J70 1 540 I 575 1115" 
209 242 275 J19 J52 J85 418 462 495 550 627 660 69) 770 8)6 870 980 I 100 1160 ll'b 

2~0 266 )02 J51 J87 42J 460 508.545 606 690 726 76) 846 920 957 1000 1000 1000 IC00 

Jl9 J69 420 487 5J7.588 6)8 705 756 840 957 1020 1060 i1751Ll'5"'jJ>O t4<:J0.1"~0iHOiS/<l 
.1.>0 tSO ;lO'il:i·"~" "G" i-01 '7i} ·~~ ~60 ,,.. 190 SlO 9l1> '""" 10"0.!11-0 1210J21012>0 ,,g ~G• ;oo;"s J/~ 4!0 ''' I'•< fvo 60D6~:i' 'tll-0 1-Sf tvo 912. gq.,o'/'0 IWO I'VOJJSO 1 

. . ···-. 
-.-·-··--~-,---··-------·· 

'· 

.... __________ ., ........... ----·----· _______ , ........ . 

. ; 
' 
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dr - diameter of the core of the threaded 
part 1 em 

~ - tcnsionins strene~h 2f screws aceo to 
PN-76/8~03200, kG/em 

5.2 .13. Land be.9rin; capacity of bolts with t.he force 
~:~.;-~::i!!-·S ;;;erper.dicularly to the £.t£l.ino .c'orce T, kG, 
:rB~sfered safely by a single shear of a bolt or a · 
scrcv: is calculated according to the formulae /76/ 
Mld /77/ with the coefficient 0, 7._ 

Vo'i th the force working at an acute ansle to the 
direction of the erain the value of the corrector co­
efficient is determined on the basie of linear inte:r­
poletion. 

">,2.14. Lotld ben:dnt: cn::>ecity of bolts or screws -in 
connections timber ; steel sheet is defined ace. to 
the forl:mf877i)/ or /77/ with the coefficient 1 ,25o 
In conncct.ions tir. .. Ue1· - ply.'IOod wjth bolt connectors 
one should check the pres8ure in the plywood hole 
for bolts ace. to the formula 

where f> ::: thickness of plywood • em 
d - diameter of a bolt or a screw, em 
K

0
- ace. to Table 12 

/79/ 

~- C;:lJ.culnt:lon of net cross··section. In bolt co­
nnections one should take into account the section 
weakening for o rcctnn,s:ular arran.cement. _ with all 
holes in one row and for a stagcered arrangement with 
all holes in two rows, it distance between them 
docs not exceed 20 em or with holes in one row when 
distance between neighbouring rows exceeds 20 em .. 

5.3. Cor.ncc+,ions wjth timber screw§. 

hl· 1 .. Types of ~screws, In timber otru'ctures one should 
use: 

o/ or hexagon head 
?N-72/:.1-82502 

scr'cwa for s;)anner - square head 
screws ace o to PN-72/i,!-82 501 and 
/Fig. 28d/ I 

b/ screws for a screw-driver - ace. to PN-72/1:'-8250) 
PN-8250J, PX-72/M-82504, PN-?2/l.!-82505 und t 
PN-72/M-8209/Fig. 28c/ 
tanimum diameter of screws should be 4 mm ... 

5. '3. 2 ~ Fixing of timber screws., Screws should be sea.., 
ted in drilled holes with the diameter or about 2 mm 
smaller than the screw diameter d~ Reaming should be 
d?ne on the length of about 0 1 80 l of a acrew/Figo28 a,bl~ 

=· 

FIG.28 

/ 

~ Timber screws working for· bencHns 
and prcnnure o 

Connections with timber screws are made aa 
single ohea.r. To determine load bearing cn::.O. .. 
city of ocrewa in sincle uhenr with tho ror~ 
ce working along the cra1n tho smnller voluC 
/kG/ from tho formulae is aasumedt .. 

whore& 

T= 50 a; dm 

T• 210 d2m 

/8.0/ 

a 1·- thickness of a board or ply ... 
wood fastened t~ a thicker ele­
ment/Fig. 28a/, em 

d ~ screw diameter, em 
In timber connect~ono with 
tee load bearing capacity 
the formula: . 

mntal cover p~a­
ia defined b, 

/82./ 

For screws with the diameter d 2 IU mr.n, With. 
the force working perpendiculatry to the . 
direction of the grain, while defininG lo­
ad bearing capacity one should use, addi­
tionally, the coefficient 0,7. \'lith the fo­
rce working at an acute angle to the di­
rection of the erein, intermediate values 
of coefficients are determined according 
to linear interpolation. -

Load bearing capacity of screws, defined 
according to the formulae /80/ and /81/ re­
fers to the basic depth of screwing in 
e = Bd. With the screwinll depth ~-' ~ 5 <: S d. 
load bearing capacity or a screw dimifli~<hea 
in relation to the basic one and is calcu­
lated according to the formula 

/BJ/ 

The work of screws screwed in less deeply 
than 4d and of screws Dented along the 
grain is not token into account. With scre­
wing depth exceeding 8d, calculations 
take into account only a ~ Sd. 

5. 3.4.; Arran>;err.cnts of screwE~"Screwa should 
be arranged as nails, with minimum spacins• 

... for timber elements and plywood 

s = s, ),>, 10d \ 
52• "J 2- Jd .\ : for metal plates 

··-~ -- '-s • s1 > 5d 

S2= SJ?-2,5d 

Besides, with ocrc\\;8 for a spanner, spacing 
should be such so as to facilitate screwing 
home with a spanner. 

5. 3 o 5 t Minimum number of Bcr_ews 1 n a conne­
Q!iQn .. ln screwed connections the minimum 
number of' screw a should be 4.- for screws 
with the diameter d ~1 0 mm and 2 - for 
screws with the diameter ~) 10 mrtlo 

··~ 

··-· .. 
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5.3,6. eploulption of net crooo-goct;on ac9 1 to 5,2,15.; 

5.3,7, Timber eprewe Working tot-pulling 

5-t;h~f.~~~~~~~~~· Screws are arransad 1ti. 
t arrangement/Fig, 19.& 1 b/ 

5. ),7,2: Lqfld beo~ins capacity of qcrewe at pUlling. 

Pulling load bearing capacity ~/kO/ of a eorow placed 
across the grain 1s calculated llccording to the. tormu• 
la 

where: 

/84/ 

a
8

·- screwing depth of the threaded part of 
a screw in the element with the thick• 
nasa a2/Fig.28a,b/, em 

In calculations of load bearin~·capacity of pulled 
ocrewa values og ere adopted within 'tho range 4d4•g-'7d. 

·The load bearino capacity of screws placed alons ... 
the grain ie not taken into accountg 

5.4, Connections with Smooth split rings. 

5.411. Application of rings. Smooth split rings can be. 
app ied whep: 

a/ connected elements are of timber of at least 
class III 

b/ connections .will be provid~J"d in a mechanized 
way 1n a specially adapted factory, both as· 
regarda equipm•nt and the .staff training, 
In connections of the same· structure one should 
apply rings with the same diameter and width, 

In tensioned elements each side of a contact 
should have at least two baams of rings/F:Lg.29b/ 

' 

J 

' ,, 
ti 

./ 

( 

Fig,29 

a) b) 

$ 
8;,.d~~"(ffl 

l-~-----

~ 
Fig,30 

' ' ' ' ' ' ' I 4 p 
' ' l j 

c 

... 

: '··----~. 

,, F:Lg,)1 
.. , ... , '~ 

"• 
" 

' 

I. ... 

Fig, 33 



,_ 

I 

- 31-

PN-?J/B-OJ\50 

·' _.' .. 2. ?:.:ootr-. solit dns::.s should be made of flat 
:i·:c;c·l s.ccordin-'! to ·PN-677H-92323 ·of Qrdinary coal 
::-,t;;eL A .slJ?t in a ring, should be ·o;·td0/Fige)Oc,d/, 
/G 0 - inside diawe~r of a ring/o 

:·.d .. t.J.~·!'.r::.L_of p1ncinP n rinJZ in connect_1_~ A ring 
.,:,uulu be lQt ·into coch or the connected elomonto 
tc 0. dcl)th cquul to a holf or ll I'iOJ.( w1dtho A rinp;: 
;;lot Ghould be on the diameter perpendicular to 
tLc direction- oi' the force/Figo)l/. 

~ •. l.~4. ArrBnt:e~ents of ringso Distance of the ring 
centre ft>o::n the face of a connected board or 
plan\~ should be:_ 

s 1? 1-~5d0 -in tenaioned elements 

: s " d 
'1 4/ 0 

~ in compreaaed elements 

Dis·.,.nce ring centres should be s 2)2d0/Figo29 and 
Table 28/o 

~.4.5. I~ed beariD~ryacitv of rings/kG/ ie defined 
according to the formula 

where: 
~- load bearing capacity of a ring 

acco to Table,28, kO 

/8)/ 

mn - corrector coefficient depending on 
Y the number of rings in one series 

in the d~rection of the force: 
with 1 or 2 rings - mp ::c 1 ,ot 
with ) rings - mp :;;J. 0,85~ 

S.4.6. ComrrC?ssinR" \Cr<.lt),Elementa connected with 
?fi1gs shoulOOe prcsSCO-to each other with bolts 
/with wnt>hers/ploced in the axis of each ring. 

5,4 .?. /,ssortments ot smooth rings,5CI~I.,($ Bnd woshere 
acco to 'ruble 28~ 

.~ .8. 1.ond1nrr o_f_f£f:..<.Jl r:l.r.g is defin.ad th;;:'ough dividing 
transferred by the connection/ force: 
in a connection without plates .... by .the full 
number of rings/Fig,29a/ 

b/ in a connection with plates - by the number 
of rings on one aide ot the connection 
/Fig.29b/, 

5.4.9o Calculation of the net cross-aection should be 
performed taking into account the weakeninga caused by 
indentations for rings and a hole fo~ a ~~XX bracing 
. ace e to the formulae: -

a/ fo~ central elements 

F0 = Fbr- b{ct, t 2o)-(c-b)dJr ; 8'6; 

·-·-- -b/ for end elements 

F
0 

= F
0
,-f{d0 +U)-{a·fr)d;r /87/ 

where: 
dar "' diameter of compressing fC\'"t\-l, em 

Fn• Fbr ~ fi~i~x net and gross section, em2 

b ~ thic~~esa of a ringp em 

b (d. 4-- :L £) - weakeni-ng of the section acq:oto 
2 o table 28. 

b ~ width ~f a ring~ em 

a thickness. of the end element, em 

C" ... thickneaa of the central e~emailtD em 

i.dJ.10~ Srr.sllent d1mennions of the sections 
of connected timber members 

a/ width of the member n should exceed the 
inside diometer of the ring d

0 
ot leaat 

by 4 em 

B.;?> d
0 

+ 4 em 

b/ thickness of the central element c shoul~ 
not be smaller than b + J and not smaller" 
than 6 em 

The smallest dimensions of the aect1oS 
of timber members - ace. to 28 

5.4.11. Thickness of_inoerts and plates. 
In ring connections inserts should have the 
same t~ickneas as connected elements and 
plates 1- at least 0,75 of this thickness. 
5.5 .. Tdothed ring connections 

I 
5.5 .. 1. iArrnneement of toothed rings. 

Dietande S of the ring 'centre from the fa~ 
ce of ~he 6onnectcrl <?lc-:nent should not be 
smalle~ than 1 1 5d

0 
nnd diotnnce between 

ring c~ntree s 2 - not omoller than 2d • 
Too hed rings should be let into e8ch of 

the tw connected elements to a depth 
equal o a half of the ring height to 

5.5"2"1Brncine~.C~N'. Elements. connected 
with rlncs should be preDsed to each other 
with ~<r-t-1---fS placed in the nxis of' each 
ringo i 

S.5.3o ~~ad be.;ring CAJ)f.lCity Of rinJ;So 

Toothe4 rings transfer the force in conne­
ctions !throuh preeaure. l.,oo.d benring capo.ci­
ty To: 1 is defined on the basis of strenc;th 
test of test connectiona. In the calculation 
of connections load bearing capocity or 
of a rir1g T is defined by the foJ'mula 

! 

Xli Table 29 showa the assortment and load 
bcar-inf.t capacity T pt. of toothed rings 
Geka/Fig.J2/. 

5~5.4~ Applicntion of ri~ In contacts 
of tensioned elements, on each aide of a 
contact at least two beams of rings sho­
uld be applied. The number- of rings in 
one aeries should not exceed 6. Rings 
can be applied in one or two series, in 
tha rectangular 8rrange~ent ace. to 
Fig.)~· For toothed rings Geka distance 
between the first row and the face of an 
element and between rows - acco to table 
29 c~l.'- 1.2~ Di~t.ance between aeries S~ ~ 
,d.+ 2 ~ Distance between the first ae­
ries and the unloaded end s'.) 1 + 2 em 

whers: 
d - inside diameter of the ring .. 

/Tabla 29 col.2/ 

t - ring height/Table 29 col,)/ 

b~a - width, thickness of a plank 
/Table 29 eol.\0 and\!/ 
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·~ :.. :~ i .:l.e d!1,C we a 'bOlt woolrers ·ni stoncds 
' 

of smooth split ri~if~ 
nnioncd Fig. 29 ond 3 

1 .AncllHary vatuea '!.;,_ !7 '. ' 
thiCk ke- O.ngle Of inclin.ation 0(0 I " ···'.. din- oqua ro• the in ele- in in t<>t-

d n!n . fl:::e- ness me- re und ;I l\b~S; mente oio-' . r d
0 

ele-
' ' 6 are ter ten- thic ned 
I D.F :d• sth or ten com- me- ele-I ~~ r.c. nee& pla- sio pre ... nte 

ring ment 5 ·. 
\ width b 

of a nke ned seed ten- can aide si"o- not.. .. 
I ' ' B/c sl sl 
' th1c - ned 

90° 
ex-

I pea_s_ or o• )..~0 '>o' Go' ceed 

I 
com-

. pre-

! 
seed 

I 52 

i mm eri mm ·.""' mm em em em em -· kG 

' 
em 

·, 2 J 4 5 6 7 8 9 10 II 12 I J 14 15 16 17 

I 1,1 o;;: ,o J ,o II 12 50/6 '>8/6 
14 ·" 15 10 20 2000 1800 1)50 1.000 800 1500 

2 12/2,5 ) ,o 16 16 50/6 58/6 16/6 18 12 24 )000 2680 2100 1500 1200 . 1850 

J 4/2,5 ),0 l8 :6 60/6 68/6 18/6 21 14 28 J500 )100 2450 1750 1)50 2)00 

4 

1

6/J,O J,5 25 16 60/6 68/6 20/6 24 16 n 4500 4000 3100 2250 1800 2700 
20/8' 4800 4JOO ))50 2)50 1950 )400 

5 r 8/J. 5 4,0 )) 16 60/6 68/6' 22/7 27 18 )6 5800 5200 4000 2900 2)00 J550 
22/8 6250 5620 4)50 )100 2500 J950 

1/ Intermediate values l'o{. should be defined on the basis of linef;lr interpolation 

. 

rnble 29. AncillAI'S values Too; for the cnlculntion of lor~d beR.rinR 'caoacitv of toothed · dn•s Geka 
with two-sided or on -::;ided t ct F1g,J2 and JJ/ 

•' 

j)/mt.,..si"'•'l?) '"'f ...-,- ..... ~ f• ' An~'L/c,y:J ' To< ,lG 
. y . . -

"' /f1~ SJnal/ot 'V) 
v~ ' 

"' 
';} . 

Is I t ol.'r"tiiJY"I£10>"~ 0~ 
§ 

I of p1ao1Ju.. !·~1' ~ u. ~ ""' • <j •.;. ~-~ fof'" o..,C ~lf~~ 
~~~ 11 ngl<- <( };-<.f>~e.el"\- {../,e o6 .. 'H e-h "a 1<.-

' € \ 
lu 0' § "ol. •f ''"11 ~~..\'. \: .... 1£ _,, 

ct~oL </.<-,< ol.:A!cbai"\. .d "' 't.~ I.• ii i{ l).t.. e.. of fc,u. -.!... d ' '/.-01'4- in,u:- •$" -+- 'l ' .... ' 'if I~ 1~;~ S»~ . . f'(- u. .. y.r~. .., 
~ nl..l.fi"'YI-- ~ """ , 

' 
... 

~~ ¥f #1-t Cjr"""/" cfv .... -< ' t~ .. ~ "~ < ti,f 
' •" ... 
"' 

, ·?- .... ·-· ii' o ~).c'"' \>o· 9o0 £ru~ .... 30° 1 :.<>- ··o· I Gs ..... tJo~ ,:: l 
.. \1 • l';, "'~~ 0 

-<: i p ~ ~ "' ~· ~ "~' 'hM."' lt Vv Q 
., 

~; .... of ,...,,r'- """ "''"'~ s.-w,~ ja....'t;J"'j q~ ., )!:.~ 0 • • • f'("(.,.l,r .. 

~M M~ "'"" 
pi(oo c.n.• M"' ~M. ~- ~ '~ " 0 ( 2.. ~ "··4 1;.-Q,' 1o>'2. : ~ .. t 'f 5.c.t' .f f) ( .1.. l..;;.-t, ~ !i"o" G cv, - --· . 

,1 :1. 3 4 !) G ' 8 ~ /0 •• 1<1, t~ 14 I)" '" ,.,~ 18 10) "-<> ),1 

r-· lo/4, 1/6 
-- ___ .J 

>o lr 3 g !.,8 A/-, 18!' ~<;({, "'1\/1' 1.2. /01.10 no roo q.ro i/ZO (,~ 0 sro }¥0 (, 10 

l, G 6S/G 6ofG •Cfv,,/6 II/< /'(6 It; 11.('$'0 n"fo /100 /0')() 11-y,J ~)<) "it 5""0 Jo5""0 Y>a 
)1"1:{ 

f; n "' 
~~ 

,, 
lj- 3 18 4.6 .l.o '"lg lot8 jr ;r ~~ .ZIO() If~ 1rOO .t ooo 11'1-> 1~'10 /8o0 IS '/0 1~40 g,; 

:1~ ~ ' 
~ ·- ·""\-
3' . I I 

. 
' ·- ; 

I 
v \ ! 

: 
' i I '1. ' . I 1{ ' -·- " '·.~ I i .a~- . . _ .. ,.. 

' 

" ....... .. ! 

I 
'" 

I " 
... ' ' 

.. . -. ' • L -.-•• . ·-·· .... ...... " ... ·-··-··--· ..-·- .. . . 
. . _,: . .. .. ·' .. ~----- ··-------.. ·- ... _ .. -·-·--~·------ --·-·-·-·---- .. ~--· . ... 

• 
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-~:·'-~-t . .:'..~.-G.::l~cull.<tior. of the ncj: cros.'3-aection~ 
-:.~;::i:;,_; in~o account the weakening Oy rin&a (.VI'\..~ 
:~.-:; ::o~.e for a bracing bolt, ia performed ace., to 
:.:·:,; :·o:~:"ulo.e /86/ and /87/. The wcokcnifl.A: by 
;-:._;:._;:; ~.;;~:a - ace. to Table 29 col.6 

~~· . .5-~_G. 'J'?:e :;;::1sll est d:irr,cnsionn of the cross~aection 
c;_' t!:e r::c:::bers coilnected with ringa Geka ... acco to 
T~l::.lc 29 colo 10 and 11" 

~§_!.l~ .. E~:L~_L..Q_~J? t 8QSLQ§...JL.QL_hl oc ks should - b G 
v:itbin ti"H~ Limit Q_u.. ( e <. 1Sc o 

s_~r.onA_ bi;ln':i!l&..._cl\¥'ncity of blocks.Blocks 
should ~ colculated or a shearing force/do- ¢\ 
lnminnting/, the value of wh1.ch on the length ~ 
of 1 em on tlH:! whole beam width is defined 
ace. to the· fo:rmula/18/o Load bearing capacity 
T/kG/ is calculated uccot'ding to the formulae 

a/ for Pl'cssure .in 
axis T"' c.b~til : 

the direction of the beam 
/89/ 

b/ for shetn'ing of a block 

190/ 

c/ for shearing between between neighbour-ing 
blocka 

where: 

,' /91/ 

c - depth of e. gain, em 
b ... width of connected elements 
K - standard strength at pressure 2 corresponding to K

0 
or Kd' kG/em 

m- corrector coefficient nee .. to ).,11., 
a - length of a block 

KBr-- at8ndard st:renth at shearing along 
t the-grain or perpendicularly to the 

direction of the 3rainle~g .. wedges/ 
for oak, pine or spruce ace .. to the 
formula /6/, kG/em 

a ~distance in the clearance between 
blocks~ em 

I 

.l! .. 2.}; __ QJ.9c k connect ions .. 

).6t 1o ~~-of blocks. Blocks with aha= 
pen 118 in fi&o )4 ofl(rJ5 should elosely 
f'it to their aocketa, in connected clc­
mentso When the connection io in dangel' 
of becoming lese tight as a result of 
timber drying, it-is ndvisible to apply 
wed.t;e~sliaped blocks instead of aepnrate 
blocka/Fig, J4b/ 

5.6.2o Di~cnsions of ~nine and blockso 

Depth of a gain c should not exceed 1/5 
of the section height h of a connected 
ele~ent/Fig, J4n/. ThG s~allest &ain 
depth '"' 2 em f:Ol' elements of 1<.ar~xzz~ sawn 
timbev and J em = for elements of round 
timbel"'o Length a of o block should be 

· equal or bie~er than the fivefold depth 
of: a gain/Fig.)4/ that is ·~ 5c 

I 
~-5..~ i BPncing __ QQ_U.§..t.. are calculated for 

. i 

a tensfonine force S o.ccordir.g to the i'or:r.ulae·: 
I 

a/.for/beam elementS.in contact with each 
oth~r/l'ig. )4 a. b,/ 

I s~ 1~ 1n1 
I 

b/ for~ beam elements which are not in con­
tao~ with each other/Fig~ J4c:/ 

I 
! 

where~ i 

/9)/ 

To - diatance in· clearance between 
connected el.ementa/l''ig. )4c/ i 

_ other eymbolo ace .. t~ 5~6 .. 4. 

1),6.6. ~Equilateral oblique blocks.!n the 
calculation of load bearina capacity of 
equilateral oblique bloc:,.Cs, in the formula 
/91/ f length of the sl'D ar surface should 
be assumed ace. to Fig. )5c 

i:h Connections with steel plates with 
rib a 

~7.1 o APPl.;\J~0J::l.Qrl. Connections/joints/ 
_with steel plat~B7with ribs/ are applied 

in contacts between tenoioned elements 
/Fig,)6/, 
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Fig. )6 

_2.7.,2b Construction~ Steel plates ore composed of t:n-Q.!· 
flat steel ba~a placed on each side of contacting 
elements, symmetrically to the contact surfaceo Plates 
are connected with flat steel ribs with rivets. or wel­
ding. Ribs are ±»±~ let into grooves cut in connected 
elementsq The smallest thickness of a plate is 6 m.me 

5.7o3. l.ond bevri!,!L~Pncity of plates~ The joint nat 
section 2F

0 
of plates should be 

2F0 ·~.{, /94/ 
\ 

where: 
N 

I t..cvlcv.-Lttki.o""'/ 
:'" desien tensioning force in a connection,kG 

1\)..."" strength of steel at 2tenaioning acCo to 
PN-76/B-03200, kG/em 

The 
ted 

connection of plates with ribs should be calcula-· 
for the fol'Ce T transferreel by each ribco 

a/ thickness of a :rib should be within the :Umit 

I , 5 em ,;:: c < t h 

b/ width of a rib. b 1.) 2~5c 

c/ distance between ribs in clearenca s.~10c 
•-( 2h 

d/ nu:nber of ribs of one plate on ono' aide of a con­
tact should not exceed 4e 

:b._?.5. !..OfjiJ._bearina: cnpncity of ribs ia"- calculated 

eccordi~ to the formulae. 

a/ for the pressurG to timber 

T~ cbK1mn . /95/. 

b/ for s~earin~ between ribs 

/96/ 

. -~ 

.. 

. "···.:··.- .• ... 

where: n - corrector 
on the number 

coefficient depending 
of ribat 

i 

- with 1 or 2 
• with J ribs 
- with 4 ribs 
other a,ymbole 

ribs n = 1 ,0 
n .:: 0,9 
n ~:a 0 8 

ace,. to 5 .. lo4 
5.7.6J Bracing screH~are calculated for 
tenaion1ng 1for the force S ace,. to the 
formula · 

I s~T[c~ci) 1971 

where 
I 

T - load bearing capacity ~! 
a rib, kO 

c - thickness of a rib, em 

h ... thickne:H3 of a plnto ~ em 

e --: diatl3.nce between rib centl~es and 
ateel)Cr~W centres/Fig.J6/• em 

5.7.:i .. · ictllculation of th.e net cross-section, 
' . 

The ne~ cross-section o~ the connected elo~ 
menta ~orking for tensioning ia calculated 
with rqeard to the section weakening by the 
indent,tion for r~ba/!'ig.~6/. 

. F0 ~(h-2c)b 198/ 

5.8. Toothed conneCtions .. 
i 

5 .. 8.1. :rrontal gAins 

.5...!8 .. 1 .1,
7 

Width of toothed connected ele:r.entu 
_TFig .. J" I should not be smaller than 5 c;:;. 

In caae when a screw 1a to be let through 
an element, its width should not be smaller 
thnn 8 cm/Fig.J7/ and not awaller than 6d 

· /d - screw diameter/. 

5.812 .. Dimensions of gains should beo 

a/ depth r: 
in intermediate gains - r <. 0,25 h 

in support zains 

but not less than 2 em ... in elementS of 
rectangula"r section and not less than J em = 
in elements of round timber; 'difference 
the gain height in a double gain rz - rl 
should exceed or be equal to 2cm; ~ 

b/ leneth of the shearing surface s ould..,Jlo.t 
be smaller than 1, 5h or 1, 5-.J!/d ··:;. round 
timber diameter/ and not smaller than. 
20 Cillo 

,, 

'c 

-



, .. 
'. 
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·--··· 

Fig.JS. 

!:i,8,1.J. Pressure atreae_:ia defined by.the formula: 

a/ in single gainn with the pressure surface ·on 
biocctrix/F1g.J7a/ 

r;: Ncos''f / K « /"91 
' ~ rb "" d r m ' 

b/ in single gain~ ·with the preauure ourfate perpen• 
diculnr to one of the connected olemente/Figo)7b/ 

1/cosr:~. • 
"'"--<-K·m "' rb ~. ct.< · 

c/ in double goine/Fig.J7c/· 

wr.cre o N - deuign fiXinl force in a compreoaed. 
me~bor, kG 

/100/ 

/101/ 

/ 
/ 

' ' 

/ 

"J 
. ' 

'I I I 

' -!'· 

I 

I 
I 

. I I " 
Fd p iFd- prcoaurc surfuc2 of the fii'at or 

second go.in, em 

~ componento of the axial force N 
of the ~omprcsned mc:nbr:r, per;:.cr.­
diculor'to thC preoaure ourfRc~,~G 

Kdc/... -:: standard strencth at prosoul'e 
dependinR on the inclination D~le 
of the pressure ourfoce, kG/cm4 

ril b,o(.., GCCo to Figo 'J7 

• 0 '''-- 0 _.,oOo••~·~··--•H• --.... ,~-~·--· ·-,-------,--~·- ·--·-----·-·-----~-----·• o• ~· ·-· 
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~-· ~~. 1 ,.: Stwnr:l n5 stress io defined by formulae 

/102/ 

b/ in double gains /Fig. )'lc/ 

- in the shear surface at the depth of the first sa1;t 

/103/ 

- in the shear surface at the depth of.,the second 'gain 

NcoS<.c t/' 
't: .-;-:- ~ 1. t5 u, m 

. ' 
/104/ 

wMJrc: 

Ft ~ tb = shear ourface, cm2 

.?~ ~ t 1 b .:, ohear surface at the depth r 1, cm2 

c~~ = t 2tr ... ohoar surface at the depth r2 • crn2 

K~r -·average standard atren&th ace .. to formula/6/o 

of trusses/Fig.~?/ should 
the core diameter drfcm( 

whera: 
N - axial force i2 a compreoood 

member, kG/em 

l'"t - eum of aheored surfaces, cri 

~p - otando.rd etreneth llt saoot' 
in _notches i for «). JO .., 

Ktp • 4,0 kG/cm2 

for U. '( ~o"- JS:p • 6,0 kG/em" 
n - coefficient: for o<><tj"·l'l.: ~.o 

for o<."' ~5 t ~o' • "• o,'it{"o") 
o,oJ. 

,5...8.2.l 2 ?res<:..!J..LiL3?.trescea ohould be 
defined by the formula 

where; 

/107/ 

h 1, r 1 & r 2 - nee., to 5o8o2,.1,. and 

r'l.g. JS 

ns - number of branchea 
Other SJ'~bols ~ ace. to 598 .. 1 .. 3 .. 

'3.8.1 .5., B:rllcing 5Crei~$'.Support gains 
be prote.cted with bracing bolte with 
ace. to· the formula 

I 

clr' ;, 10 j N'flf<o".i) 
u, 

· ~ .. Cle::Jp conr.ect ions. Clamp conncictore 
shoulC be used only in secondary conne-· 

/105/ ctions or in temporor.v timber structures 
o~squa:e-sawn timber, round timber and 
planks~ Clamps should not be used in 
structu~es of timber boards~ where: N - design axial forcet kG 

Kr - tensioning strength for bolts, kG/cm2 

y< - inclination angle of co~nected elements 

a/ depth ot: the side notch/Fig .. J8/ 

- with one-sided notch/asymmetrical/ in and plate 
r ::; _0,50b

1 

- with two-sided notch/syi:Cillle·t~icall i~ central plate-
r2 - 0,25b2 .. 

b/ avc""'oge leneth ;f·t~e'·~~~ar ;surface: t)."" 1,5 h; t2 20 
ln statical calculations length of the shear surface 1a: 
t <(lOr, 

5.8"2.2. Brllcinr;,j_frt!i5_., In notches one ah'ould a.pply h_ori­
~ontal bracing s,reu-s~-·-. 

5.8.2.3. Sheuring stresse§ .. With the inclination angleao<..: 
of connected elements up to (J0 i sheari~ Stresses 
along the grain should be calcu ated· acco to the tor-
mula 

/106/. 

em. 

";• 

/ 
. I 
. 

5.10. Ct~er typea· of Cor:.nectoro which have 
not been discussed in tJ)e standard ::nny be 
used, providing that permission is obta­
ined from scientific authoritd:ea/scient1.-

tic centre/. 
P~r~ssible load bearing capacityp 

one aCopts,is the smalter one of the two 
valulas: 

i 

a/ __J__ o:f breaking load 
2,25 

b/ loads~ with which the shift 
ted elei.Jenta is lJ, 5 mm 

5.11o-Glued connections,. 

5.11.1. Material 

of 'connec-

5.1 1o1 .. 1 Sown timber • For glued elements 
one U3ea pine sawn timber or, spruce sawn 
ti~be~/acc. to the annex/ depending on 
the category of structural elements/t8ble 6/ 
For le;tgths of' glued, bent, free-supportod. 
ele~ents it ia possible to apply, in end 
c;ua.rtera of a span, timber o:f lewel" cla'"' 
ases than in_ central quartera/F1g.J9/o 



-31-

PN-7)/B-0)150 

,_.~-· 

o) 

-"-'c====:::::Jt-i § 

.t-.c====:::::JrL [])] 

Thickness of sawn timber for slued elements, pro­
tected oeainst humidity, should not exceed 5 em 
end for unprotected elements - not bia;er than J em. 
:~or lo.:::.inoted elern0nts, J:li,g:her than 35 cm,?ne should 
not apply thicker boards than 4 em. ln la::ranc.ted, 
curvilinear elemeota wiJh the radius of curvature 
not smullcr than· )00 thiCknesses ofa a board, one can 
use boards vlith the thickness up to 4 cmJ while 
with the radius not smaller than 200_- boards with 
the th~ckness up to J em. 

s 11 1 .2. Glues. For gluing structures, protected oga-
, ~at humidity, it is recommended to apply elues based 

on synthetic resina such as: urea resins, resorcin 
resins and phenolic resins~ It is possible to use ca-· 
scin glue providing that glued connections are pro­
tected against humidity an§piological corrosion. 
In structures exposed to humidity it is necessary to 
apply glues based on resorcin resineo Other glues may 
be applied, if officially accepted by building autho­
rities on the basis of a certificate iasued by a 
scientific centre .. Strength at shear of a glued conne- ,' 
ction fo2 pine or spruce should ~ot.be smaller than 
70 kG/em, when dry, and 40 kG/em 1 when moist/after 
24 hours o£ soaking/. 

5.11.2: Dryness of timber .. Fer glued structures one 
sr.ou ld apply timber with the dryness/moisture con-. 
t~nt/ that would meet the requirements of the.glue~ 
technology but not exceed 15%/acc. to 2.1.5.1 e/ d 

~' 

I 

I 

f • < ,, 

' \ 

lE!E!Elll 

5,11 ,3 Conditions of glu~ 

5,11 .3.1 .. It is per:r.ittcd to _P.roduce tlued 
structures only in specialized factoriCs 
with a proper equipment and qualified 
staff'. With glued structures it is necessa­
ry to ensure structure of mate~isl~ ond 
technological parameters. 

5.11 .. 3.2. Elements should be .r;lued along 
the grain. Connectin.c: at an angle should 
be performed in compliance with data 
in Table JO, depending on the kind of glue. 

Table 30. Widths of elements in connections 
Blued at an angle 

connections The bisgest width of a B'~<.ii 
nt en angle element, em , i 

essoin .lsyn::!:e.~ic 
90° 8 10 

45° 
-

12 15 

5.11.3.3. Arrnn,gem~nts of bonrds with crosn­
section should corl\Cspond with the arrafld:e­
mant in Fig, 40b/ 

·-

' I 
I 
f 
l 

·~ ....... i 
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>:.,~ ,-._. Corrector coefficients kw! 
': .-·· 

---------
1 ::,·<,;;; w.!.dth coefficients ~I ror beams 

x~i.:; .-~ )b/ I with the height H/cm/ 
c./ t 46o./ 

14~50 60 70 80 100 120 ~nd more 

H ''"' -1,0V 0,9> 0,90 ~~~ 0,80 o.)lo 
,.;, ? '1'5' A ,OS" .-1/o'i' ioo Oso 08f oeD 

I ::eieht H of eirders/two-trapezoidal·, laminated/ With 
, th<J ::'0ctr.ngular section ia measured at the distance 
I ~ /Fig. 46B/ . 
i 4 

Tsble )), Corrector coefficients kw2 

ratio bl/b 1/2 1/J 1/4 

~2 0,90 o,ao 0,75 

6.3.1~ calculation of glued elements of two different 
r::r:teri<::ls/ e.g. timber end plywood/ should be perfor­
ltt:d with the introduction of substitute values 
of dul~a.bili ty characteri:>-t"l.tion: 

n/ coefficient of strength /con:.parable/ 
Jt 

Vv ~ ·­z z /110/ 

b/ moment ot ,in~rtia /comp6rable/ 

or /Ill/ 

c/ croas-sec'tion /comparable/ 

/112/ 

d/ statical moment/comparable/ 

where: 
Ed - Coefficient of elasticity of timber, 

kG/cm2 

/IU/ 

E~a -coefficient of elasticity of the. used 
rnnterial 

J F J Smz - durability chAracterization 
mz 1 • mz of substitute materials, 

'z - distance between the neutral 
axis und the end edge of the 
section, qm 

su:;.stitute values should be determined in relation to' 
the ~aterial used for end layers o£ an element. · 
6.3.4. SheAr stress at bending is defined by the for-· 
:::ulae: 

n/ in the neutral axis Of the 16minated 
section 

/114/ 

b/·~in the glued jointtin the contact ce 
a flanee with a w.eb or a wall 

p 
I<Sbr • 

r~11t.~Kt"m /115/ 
z. ~ ~ 

c/ in the web or wall in the neUtral 
axis 

as, ,,._ 
r~- ~ K

1
m 

Jt L: J'; 
' 

/116/ 

d/ stability of the web 

Q -
-r~ h-< N,;; ~m 

0.;... ' 
' 

/117/ 

where& 

.a. 

: joint width, em 

- standard etren!J'th nt shear" 
ace. to Table l;j 

- standard strcnsth of. a glued 
joint .J L , 
For"'' )0' - K. ~ 10 kG/'"'-·, \w<:J. =o '"' . 
~ k' • 1- I<(> /t0t '-'; intermediate 

t<( 
values should be intcl•polnted li­
nearly, 

angle between the direction of 
of the grain of the face boord 
/plywood/ and the direction of 
the flange gtain 

distance between flange axes, em 
thickness of' the web or walls 1 e:n 

- co.::ff'icient of stB~ility of tr.e web 
or the wall; bS J 2 
for plywood 'f =(-'Ll /118/ 

'" Q I 
'fsi. ~tO fw a, 6$ J'st 

with a - distance ~'n clea1'anca 
between bracing ri s, em 

statical moment of :t. e fi't:'i'nse ~ 
section 'n rel5tion o the neutral 
axis, em , 
transverse force on the flan&e 
section, kG. 

6,3,5.'Def1ection of tirr:he;o, e;lu.ed bMme 
is colculated,takinR into account the 
standard load/without over-load coefficient/ 

1 /equally distributed/ , according the for­
mulae:, 

a/ for ··laminated beams with the variable 
/onithe length/ rectangular aection 
/Fi$• 46• 1/ 

i 
~ = ____:.f~o · -;r 

0.1_5 tO.SS} 
/I 19/ 

,., 

.. 

• 
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• v~ :~,:::inD.ted be~:::.s with r-oection/variable 
o:-. tho lensth/Fig.46a II/ 

f ~ __ t"''-.-­
r_!l.e_ 0.4+0.o h 

/rto/ 

~1 ~o~ tca=s of boards with sections as ift 
46b/ a:1d Tabl"e J4 /t'he same on the whole 

H2 
f=f,(l+~:") IW/ 

d/ ~or beoms of boards with !-section or 
vnriable: on the lensth, with a web or 
PlJ~Ocd or hard fibrebosrds/Figo 46b/ 

H') ' ' t > f' ~ I It "'I/-
o 04to6b.e. ' . h, 

lm/ 

where: 
f 0 - r\efh>ction for free supported beac£ wtt.k 

cro~t&nt a constant section, mensurt'\4 IV\ 
the middl,e of span 

r~ - deflection of a free supported beam ,t · 
two different materials/ in the fot~~A.fe. 
Jz used instead of J/, em 

hp - height 1n the middle of span ar,.l o\\ · 
the support, measured between fl&~~~ 
axes, em 

d., - corrector coefficient taki~ inte 
account the influence o:f shear ace~ t:G 
Table J4o 

L - span of a girderJ em 

Formulae 
ratio hn 

~ 

/120/ and /122/ should be only used wft~ the 

T11ble 
ZI'[1 And 
stress on 

Corrector coefficients d-. to the formu._1o.t 
1 ?2 to determine the influence of · 'l: 
the com deflection 

Coefficient ~ · for ~, 
Beam sectia·n with the ratio b 1/b 

and 46b/ . 

'1/2 1/;J 1/4 t/6 

or boarde: 

!-section )8 . 50 64 
····-" 

! T-:a.ectiO.t;l._ 
/bottom 

p. 

tensioned 
nanee/ )1 )5 )9 

solid sec- '' ; 
tion :J5 46 59 , 

___ , ---- ----
,_ 

" 
;. ... o~ ,_,ox section/web 

i or wall of plyv;_ood/ 90 
'/ 
I 

.. ./j 

I 

!i..t.J._,_Q_J'ed.£..L..£.q_[l_!.act i_Q the ("_qnr:..Q._ill_()l"' 
on the hcieht of the wnole S(:Ction of­
a uniform cle!T,ent co~r.es its wcaken:!..ns 1 
which SJhould be tDken into account in 
tho calculation of the net aection 

/12)/ 

where n = ~ 1 Table Jl/ 

h.:tLlt-!J.12QtQ£..122tl.Qll....Q.'(_.11_!'_1\?__e £ b c for a 
slueing is pcr:nittcd, providing that 
scientific outhoritieD i3sue a special 
certificate of permiooion for the 
application of eill'cn i;n;)rcgnord:sond 
glues. 

'f. STEEL BR/,CES 

7.1 .. Spaces t~et•::c<:>n hnnters.!. A steel han­
ger should be suspended to a vault or 
an arGh .st spaces not bie:eer than 5 m, 

1.2. Brace end8 , in case there ore no 
turnbuckles, should be provided with 
double nuts and washers with dir;::ensions 
calculated i'rom the f,1•cssure condi t1ons 
caused by -bracing force, with: 

·a/ for round washers - diarr.eter D) 7d 

b/ far square washers - side a~d . 

Timber under washers should be imprecr.a­
t~d with aeents protcctinp; azo.L.:.,t o.Yt-:j 
ktn.d.r of b,iological corrosion. 

W•i DesirYn strtneth 1.n bra('e~. In case 
of brace wcnkenin~ with n thrcnd 1 desi,sn 
strength is as for .Scrt1<S- ace. to PN-
76/B~OJ200 with the corrector coefficient 
o,s,· 

~ 7.4. Braces of cofflno8ite 1 section of' two 
or more bars should be de?igned for desi~n 
strength reduced by 15% in relation to 
the one in ?.J. 

7.5r Brace--screws ar.d bracinc SCI"ei-J5 ·, 
should be tightened during the period of 
exploitation, because timber is v~r~ 
likely to shrink. Thereforei, screws 
should hove a sufficiently ong thread 

and they should be accesaibla1to fa-
cilitate their tightening, 





PN-?;l/B-0)150 

, .. ADDITIONAL !h}'OUl.!ATION to ?N·7)/B•O;ll50 

;,~0-9surin;.; of timber structures ace. to the 
li~it otatea method haa been introduced 
to Leplace the method of permissible stre~ 
sses. 

2, Counterparts in foreicn- StandBrds 
v , ., " 

CSRS CSN 7)2050 Projektovani dr(;ve.nych 
konstrukci 
lli'N DIN 1052/1?,69 Bl. I Ilolzbauworke. Berech-
nur.J unfl AusfUhrung . . 
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REGULATIONS AND STANDARDS OF CONSTRUCTION 

Chapter 4 

Calculation Standards for Wooden Constructions 

1. General 

Subject Supporting wooden structures, beam calculations. 

Standards established in terms of : 

- utili sation 

- fabrication 

- transport 

- erection. 

Also in terms of the type of construction. 

Table 1. 

Classification of constructions 1n terms of their hydrometrical and thermic 
characteristics. 

2. Raw Materials 

Table 2. 

Type of wood that must be used in the construction of supporting elements . 

Table 3-4 

Characteristics of each type of wood. 

Table 5. 

Maximum moisture content of the wood at the end of its utilisation. 

Table 6. 

Relative density required for different kinds of construction and different 
types of wood. 

Table 7. 

Characteristics of glues in terms of their utilisation. 

Lehrstuhl fur 
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Universitot (TH) Korh rU· ,.., 
Prof. Dr.-log. K. Mohl• ' 
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3. Characteristics of Wood 

3.1 Table 8. 

Admissible stress of resinous woods (pine and fir) in construction types 
Al, A2 and Bl. 

3.2 Tables 9-10-11-12-13 

Coefficents for multiplying the stress of Table 8 to obtain the admissible 
stress : 

- for other types of wood (Table 9) 

- for other uses (Table 10) 

- in order to take into account 
additional charges (Table 11) 

- for curved elements (Table 12) 

- for hydraulic or thermic 
installations. (Table 13) 

3.3 Table 14 

Admissible stress for plywood. 

3.4 Admissible stress for steel. 

3.5 Modulus of elasticity 

- principles of modulus 

-multiplying coefficient for other constructions (Table 10) 

-principles of modulus of elasticity for plywood. 

3.7 Principles of Calculations 

- static calculations 

- calculations for deformation. 

4. Calculation of the Elements of a Wooden Construction 

Tension and compression - Axial 

4.1 Tension 

4.2 Compression 

4.3 Calculation of a coefficient for buckling. 

4.4 Calculation of >-. 
4.5 Calculation of buckling length. 

4.6 Calculation of A of compound elements. 



4. 7 Bending 

4.8 Bending of arcs. 

4.9 Bending of glued arcs. 

4.10 Calculation of the shear of arched elements. 

4.11-Number of bonds. 

Compression and Tension - Non axial 

4.13 Tension 

4.14 Compression. 

4.15 Compression of compound elements. 

4.16 Number of bonds. 

4.17 Compound Elements Constricted between Bars with Unequal Charges 

Page 3. 

4.18-4.21 Calculation of the buckling length and the deflexion of compound elements. 

4.22 Principles of calculations for glued elements. 

5.1 

5.4 

5.7 

5. 

-5.3 

5.1 

-5.6 

-5.8 

, Assembly Calculations 

General. 

Glued joints. 

Scarf joints. 

Other joints. 

Joints Assembled with Haunchs 

Fixed Joints 

5.10 Frontal Mortice 

5.11 Calculations of the shear of morticed assemblies 1 and 2. 

5.13 Calculations of mortice at local compression. 

Assembly by Cylindrical Dowels 

a) General 
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5.14 Admissible stress effort parallel to fibres- Table 20 {Principles for stress). 

5.15 Resistance of bolts of oak or steel, stress not parallel to fibres. 

Principles of multiplying coefficient for stress. Table 21. 

5.16 Resistance of dowels to other woods and other constructions. 

b) Dowels of steel and oak. 

5.19-5.20 Postioning 

c) Calculation and positioning of nails working against shear (5.21-5.24). 

5.25-5.26 d) Calculation of the positioning of screws working against shear. 

5.27-5.29 Assemblies with Nails Working Againit Extraction 

5.30 Assemblies with screws working against extraction. 

6. Fundamental Regulations for Calculations 

General 

6.1 Materials used : 

- 2 part beams. 

Beams with variable inertia.· 

- Compound glued trusses. 

- Triangulated arcs. 

- Beams and arcs glued. 

-Constructions in plywood. 

- Plywood panels. 

6.2 Deformation- Table 22 

6.3 Maximum deflexion - Table 23 

6.4 Calculation of the resistance of bars. 

6.5 Deformations due to variations of temperature. 

6.6 The taking into account of types of friction. 

Imperatives for Construction 

6.8 Recommandations. 

a) Moisture content of glued woods. 

b) Suitable woods. 

c) Splicing of elements under tension. 

d) Splicing of compressed elements. 



6.9-6.13 Utilisation of elements showing symmetry. 

6.14-6.17 Calculation methods and principles. 

6.18 Compound beams. 

Trusses 

6.19 Ratio height/span. 

6.20 Length taken into account in calculations. 

6.21 Webs on triangulated trusses. 

6.22 Metal trusses. 

Arcs and Curves 

6.23 Calculations 

6.24 Ratio deflexion/sp'an. 

6.26 Calculation of plates. 

7. Durability Conditions 

7.1 Protection against biological and chemical agents, 

7.2· Protection against moisture . 

. 7.3 a) Protection against infiltration. 

b) Thermic and vapour isolation. 

c) Drying of wood for interior use. 

7.4 Ventilation. 

7.5 Panel drying. 

7.6 Covering of panels. 

7.7 Antiseptic treatment. 

7.8 Superficial protection for glued elements. 

Use of Wood in Cases of Agression from Chemical Agents 

7.10-7.11 Use of resinous woods. 

7.12 Protection by varnishing. 

7.13 Glued elements in a corrosive atmosphere. 
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7.14 Recommandations for resistance against a corrosive atmosphere. 

7.15 Use of plywood. 

Charactaristics of Wood and Plywood 

Table 24 and 25 -Admissible stress, 
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Reminder of the resistance of pine and fir to 15% humidity. CF Table 3 and 4. 

Table 25 - Plywood resistance. 
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Draft Resolutions of TC 165 meeting in Landor, 1977-09-22+23. 

1. Title of TC 165 

The Secretariat 9f ~~ 165 is requested to submit to the Central Secretariat of 
ISO, for adoption by the ISO council, the following title for TC 16S:-

in English: 
in -French 

THJ.BER STUCTURES 

STRUCTURES EN BOIS 

2. Scope of TC 165 
The Secretariat of TC 165 is requested to submit to the Central Secretariat of 
ISO, for adoption by the ISO Council, the following scope proposed for this 
cocmittee:-

Standardization concerning the design of loadbearing structures of timber, wood­
products and appropriate related lignocellulosic fibrous materials. 

The prime concern of the technical committee will be the preparation of an In­
ternotiOnil.l Standard cor;:prising the technical requirements for the dc>sign to­
gether •dth such add;..t.ional requirements, regarding the materials and the work 
of construction, necessary to safeguard the validity of design assumptions made 
or implied. 

The standard shall be formulated in such a manner that it gives the greatest free­
dom for design and construction compatible with satisfactory technical perfor­
mance and safety over the life of a structure. 

1~e standard ·shall refer to necessary supporting standards, in particular re­
garding test methods necessary for the verification of stipulated rcquireinents .• 
The preparation of such supporting standards, should only be undertaken.by this 
technical com~ittce if they do not lie within the field of work of an existing 
technical co~~ittee or if such technical sommittee is not in a position to pro­
vide them~ 

3. organisation of the work of TC 165 

TC 165 has agreed to organize its work as follows: 

The work shall, where applicable, build on the work and results of existing ISO/ 
TCs with which the necessary liaison must be established to avoid duplication 
of work and to ensure the best distributivn of the ..,.Jork involved. Relevant in 
this respect are L~e present TCs 55, 59, 89, 139 and 151. 

As far as basic and general principles are concerned, the work shall be based 
on the work and results of ISO/TC 98, Bases for Design of Structures, with which 
committee a close liaison shall be maintained. 

CIB working group Wl8 has agreed to prepare the first drafts for TC 165. Close 
liaison shall be maintained with this working group. 

To the extent that this is not already secured through the co-operation with 
CIB WlB, liaison shall further be established with other relevant organisations 
workin~ within the scope of the cc~ittec, for example the CEB, the CECM, the 
EEC, the FEIJ:IB/Scus-Commission "GWL.n.l·~", the RILEt1 and the UN-ECE. 
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ProjPts de resolution de la reunion TC lGS c:-~ Lcmdrcs 1977-09-22·~23. 

1. Titre du TC 165 

Lc Secretariat du TC 165 est pri~ de SOQ~ettre au secr8tariat Central de l'ISO 
pour vdoption par 1e Consei1 d 1' ISO le titre sui vant clu TC 165: 

en anglais: Timber Structures 
en franrais: Structures en Bois 

2. Domaine des travaux du TC 165 

Le Secretariat du TC 165 est pri& de so~~ettre au Secretariat Central de l'ISO 
pour adoption par le Conseil de 1' ISO le dori!aine des t.ravaux suivant.s du TC 165: 

Normalisation de la conception des st;::uctures portantes en bois, er. produit:s .3. 
base de bois et en autres matieres fibreuses ligno-cellulosique approprieCs. 

L'objct principal du Comite technique est de preparer u::te norrr:e internationalc sur 
les cxigenc~s techniques relatives a la conception et, dans la mesure ou elle.s 
sont necessaires pour satisfaire les hypotheses de calcul, sur celles Ces 
matCriaux de construction ct de leur mise en oeuvre. 

La normc doit etre cono;:ue de man~ere telle qu'elle laisse la plus grar.de libcrt.<i 
de conception et de construction compatible avec une sCcurite, une aptitude a 
1 'emploi et une durabili te satisfaisant('S ~.'une structur:e. 

La norme doit faire reference aux normes de base, en particular a celles sur les 
methodes d'essais, necessaires pour verifier les exigences spCcifiCes. La pr0-
paration de telles normes de base, ne doit etre cntreprise par ce Co~ite technique 
que si elle n'entre pas dans le domajne des travaux d'un Comit€ technique 
existant ou ce dernier comite n'est pas en roesure de les fournir. 

3. Organisation d-.. travail du TC 165 

Le ISO/TC 165 est d'accord pour organiser son travail dans lcs conditions 
suivantes: 

Le travail doit etre, s'il y a lieu, base sur les etudes et resultat".s des comites 
techniques ISO existants avec lesquels la liaison necessaire doit Ctre 6tabli0 
pour eviter une duplication des efforts et assurer la meilleure dist.rihuLion du 
travail envisagc~e. Les C9mitfs techniques cons12rnGs sont actuellement Jcs TC 55, 
59, 89, 139 et 151. 

En ce qui concerne les principes g.;!n!fraux de base, le travail doit (~t:o:-c basC snr 
1es etudes et resultats de l'ISO/'J:C 98 "Bases ciu calcul des constrv.ctions" av'"c 
lequel une liaison etroite doit ~tre ~ainten~e. 

La Commission Wl8 du CIB a acce_otC d'er:tre;>r~;,dre la rCdacticn d'un avant proj:;ct. 
de norme. une Liaison etroite doit dor.c etre ~ssv.ree avec cc groupe. 
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4. List of contents o_f CIB \-¥18 dr;lft 
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CIB Hl8 is requested to submit to the secretariat of TC 165 the [,reposed list 
of contents of its dr.s~f:.: ir:dicating the chapters already complcted and' those 

in course of preparation. 

The Secrctaria~ of TC 165 is to submit this list to the members of TC 165, invi­
ting their cora<ncnts and suggested order of priority. 

The Secretariat will decide, if necessary, ~o convene the committee, to discuss 
the comments received, in order to establish til~ programme of work for the 

committee. 

5. Testing of mechanical joints 

TC 165 agreed to postpone the date for the receipt of comments on document 
165 N 13 from 3rd October to 31st December .197;. TC 165 noted that appendix A 
of t...~at docu.-nent should be excluded for the present. The timetable for further 
draft.ing-....-ork on this subject will d~pend on the replies received by the secre­
tariat in connection with the consultation envisaged in resolution no.4 concern-· 
ing the choice of priorities. 

6. Testing of structural plywood 

TC 165 agreed that before any decision concerning the method of studying this 
problem, consultati~n shall be undertaken with the CIB Wl8/RILEM committee, 
requesting the~ 
a. to study in liaison with TC 89, 139 and 151 the possibility of generalizing 

the method of document Nl4 to cover also other types of panels, 

b. to submit the. present draft standard to ISO/TC 139 to determine whether such 
a draft can be accepted and included in that committee's work in accordance 
with the ~riorities of TC 165. 

7. Tests on Structural timber 

TC 165 agreed that before any decision concerning the method of studying tl1is 
problem, ISO/TC 55 shall be consulted to determine its views on document 165 NlS 
and whether it can aCcept such a draft as the basi$ for study in its programme 
of work in accordance with the priorities of TC 165. 

8. Chairmanship of TC 165 

TC 165 decided to nominate Mr. Hans J. Larsen, Denmark, 
next three years. ~e secretariat of TC 165 is requested 
na~ion to ISO Central Secretariat for appointment by ISO 

as chairman for the 
to submit this nomi­
Council. 
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Pour autant que ceci ne soit pe;s <Jc'!j.3. assur6 a travers la cooperation avec la 
CIB W 18, u:-":c liaison doit ultQri.cucc-r.,cnt Ctre Ctablic <J.vec d'"'-utrcs organis<l­
tions travaillant dans le m&me do:::aine que le Comit€, !J<lr exar.mlc, la Commis­
sion Economiquc pour. l'Europe, lc CEB, lc RILE:1, le FE .. HR/Sous-Com.":lission 
"GLULN1", .1<1 CCE et lc CEC11. 

4. Sorr~-nairc du program:;;c du CIB Nl8 

I~ CIB WlB est pri€ d'adresscr au Secretariat du TC lGS le so~":laire de son 
programme en prCcisant les chapitres qui sont tcrmin6s et ceux qui sont en cours 
d'etudes. 
Le Secretariat du TC 16S·cst chargC de soumettre le sommaire aux merr~res du 
TC 165 en leur Cemandant leurs remarques ct 1 'ordre de priorite qu'ils propo~ant 
pour leur Ctude. rl appartiendra au secretariat du TC 165 de reunir, le cas 
Cchfant, le Comitf tech:-~ique pour discuter des r€ponses re<;ues en vue d'~tablir 
lc programnc de travail du·Comit€. 

5. Essais des joints rn~caniques ) 

Le TC 165 est d 1 accord pour reporter la date de cl8ture de 1 1 e~qu€te par corres­
pondance sur le document 165 N 13 du 3 octobre au 31 dCc~~re 1977. Le TC 165 a 
note que l'appcndix A de ce doc~~ent doit €tre exc1u pour le present. Le calcn­
drier de 1a poursuite de l'€tude de ce sujet cependra des reponses re~ues par 1e 
secretariat lois de la consultation prevue par 1a reso~ution no. 4 pour ce qui 
concerne le choix des priorit€s. 

6. Essais des contre-plaques de construction 

Le TC 165 est d'accord pour qu'avant de prendre toute decision concernant 1d ma­
ni~re d'etudier ce problCrne une consultation soit men~e aupr€s du comite C~B/ 
RILEM a fin 

a. qu'il etudie en liaison avec les comites ISO/TC 89, 139 et 151 la fOssibiJitC 
de gCneraliser la methode du document 165 N 14 a d'autre paneaux, 

b. qu'il sousmettre a l'ISO/TC 139 le pr€5ent document pour connaitre son avis 
sur le contenu de ce document et son accorC pour 1'inc1ure a son progra~~e Ce 
travail selon les priorites qui seront decid8es par le TC 165. 

7. Essais dubois de construction 

Le TC 165 est d'accord pour ·qu'avant de prendre toute decision concernant la ma­
ni€re d'etudier ce probleme, l'ISO/TC 55 soit consult€ pour cor.n~itre son avis 
sur le contenu du document 165 N 15 et son accord pour l'inclure co~e based' 
etude a son programme de travail selon les priorites· qui seront dCcid8cs par le 
TC 165. 

8. Prfsidence du TC 165 

I.e TC 165 a propose d'elire !-1. Hans J. Larsen, Daner~v.rk, corr-.me president perma­
nent pour les trois prochaines annCes. Le secretariat du TC 165 est prie de 
sousrnettre c.ctte ca.-u:lidat.ure au Secretariat Central de 1' ISO pour accord du 
Oonseil de l'ISO. 






