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2 CHAIRMAN'S INTRODUCTION 

Mr SUNLEY as Co-ordinator of CIB-W18 and Chairman of the meeting welcomed the 
delegates to the fourth meeting of the reconstituted Timber Structures group. 
He outlined the programme for the three day meeting and thanked M Hochart of 
Centre Technique duBois for his invitation to the group to see the research 
being carried out at the Centre. 

MR SUNLEY said he believed that CIB-W18 had now established itself as an effective 
working group in the field of timber structures. This was being recognised by 
other international organisations who were requesting the group to undertake work, 
and make recommendations regarding the structural use of timber, to be included in 
both European and international standards and codes of practice. In addition 
MR SUNLEY suggested that there were some aspects of the work of the group which 
would be suitable for publication as official CIB recommendations and he hoped 
that when these publications were available the members of the group would try to 
get them adopted in their respective countries. Finally, as a further method of 
making the work·of the group, better known he said that the members should consider 
presenting papers and articles at the various CIB conferences and seminars which 
were arranged from time to time. 

3 REPORT ON CIB CONGRESS - OC'IQBER 1974 

The Sixth CIB Congress which was attended by MR SUNLEY was held in Budapest in 
October 1974 during which approximately 250 papers were presented in three days. 
MR SUNLEY said that because of the large number of papers the sessions were 
necessarily very formal and provided little opportunity for discussion, however 
it did provide a useful opportunity to meet others involved in building research. 
A list of the papers presented at the Congress was circulated to CIB-W18 members 
and MR SUNLEY offered to provide copies of any papers which were of particular 
interest to members. 

The date of the next 
held in Edinburgh. 
might be encouraged 
be included. 

CIB Congress had been fixed for September 1977 and would be 
MR SUNLEY said he thought that some of the Working Commissions 

to hold their own meetings during the Congress and W18 could 

4 CEB-CECM-GIB-FIP-IABSE JOINT COMMri'TEE ON STRUC'IURAL S.AFE:'IY 

MR SUNLEY informed the delegatee that since the last meeting of CIB-W18, when 
proposals by the "Comite European du Beton" (CEB) for a unified s;rstem of structural 
codes was discussed, a Joint Committee on Structural Safety (JCSS) had now been 
set up consisting of CEB,CIB,CECM (European Convention for Structural Steel work) 
FIP (F6d6ration Internationale de la Preoontrainte) and IABSE (International 
Association for Bridge and Structural Engineering). The JCSS has adopted the 
objective originally proposed by CEB for a unified system of structural codes 
which would include all structural materials. MR SUNLEY said that he is a 
member of this Committee and would attend a meeting at the end of February when 
it was hoped to agree Volume I of the unified code. This first volume, which 
would be applicable to all materials, would lay down general rules covering the 
requirements of safety and serviceability, requirements for materials and components, 
and notations and units. Volumes II, III and IV would deal with concrete 
structures, steel structures and composite steel and concrete structures, 
respectively. Further volumes would deal with other mate-rials, of which timber 
would be one, and CIB-W18 had been asked to draft this volume. When Volume I 
was agreed it would be circulated to all the groups drafting the remaining volumes 
for each material and it was proposed that when the draft of each material volume 
was agreed it would be submitted to the relevant ISO group for approval and 
status, eg "Volume II - Concrete Structures" would be submitted to ISO/rrc 71. 
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5 RIDENT ACTIVITim OF ISO 

MR SUNLEY said that for some time there had been a considerable body of opinion 
which thought that in order to produce an international standard for the design 
of timber structures it would be necessary to establish a new !SO committee. 
This had been supported at earlier meetings of CIB-W18 and the matter had been 
discussed at the British Standards Institution. Following a suggestion from 
BSI, the Danish Standards Institution made a proposal to ISO which was discussed 
at a meeting of Technical Division 3- Building TD3 who agreed that, in addition 
to the work already being undertaken by ISO on concrete structures, similar work 
should also be started on timber and metal structures. Member bodies of ISO were 
therefore circulated with the Danish proposals for a new ISO/TC on timber structures 
(See Paper 1), and asked to complete a questionnaire indicating their interest in 
the proposals. MR SUNLEY said that BSI had indicated that they would participate 
in the work of the new ISO/TC if it was formed. 

Prof LARSEN said Denma~k was hopeful that a new ISO/TC for timber structures would 
be formed and they were prepared to undertake the secretariat. The work of the 
proposed ISO/TC would be baaen on the recommendations of the existing specialised 
ISO Technical Committees 1 such as ISO/TC 98 - "Bases for Design of Structures", 
but the proposals also recognised the value of the work of CIB-W18 and it would be 
necessary to establish a close liaison between the two groups. Prof LARSEN 
suggested that CIB-W18 members should contact their own national standards 
organisations to keep themselves informed of the activities of ISO and to win 
support for the proposed new ISO/TC. 

MR SUNLEY said that CIB-W18 should submit their recommendations on the design of 
timber struct ures through Prof LARSEN to the Danish Standards Institution who 
would then pass them on to the new ISO/TC on timber structures. In addition he 
suggested that if, after the propoaed ISO/TC was set up, further sub-committees 
were also set up to advise the main committee, different countries should undertake 
the secretariates of these various sub-committees in order to make the work as 
broadly based as possible. 

Prof MOHLER said that if CIB-W18 is going to make recommendations to ISO it is 
important that each country is represented in CIB-W18 otherwise it is likely that 
any recommendations would be rejected by ISO because they would not be acceptable 
to those countries who were not represented on CIB-W18. MR CURRY disagreed with 
this as he thought there was a danger of CIB-W18 becoming too large to work 
effectively. He felt that CIB-W18 should work as a relatively small body of 
experts who would submit their recommendations to ISO where each country would 
be represented. 

DR KUIPERS asked if the RILEN 3TT Committee should submit their work on test 
~ethods to the proposed new ISO/TC. MR SUNLEY replied that he did not think the 
proposed new ISO/TC would deal with test methods and there was already an 
established ISO/TC dealing with this work. However he went on to s~ that when 
test methods were agreed in CIB-W18 they oould be published either as CIB or 
RILE)l recommendations, whichever was the most effective at the time, and then 
submitted to the relevant ISO group for international status. 
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6 SYMBOlS FOR STRUCWRAL TDmER DESIGN 

Amendments to the CIB-W18 list of "Symbols for St:ructural Timber Design" (Paper 2) 
originally presented a.t the previous CIB-W18 meeting in Delft, June 1974, were 
discussed and agreed. It was noted that discussions were also taking place a.t 
the present time within ISO/TC 98 "Bases for Design of St:ructures", SC1 "Notations" 
and it was agreed that CIB-W18 should follow the recommendations of ISO where 
possible. However as the ISO recommendations did not cover all the symbols 
required for use in timber design it was decided to publish as a. CIB recommendation, 
a. supplementary list related to timber structures. It was further agreed that 
this CIB list would be sent to ISO with the request that it be included in the 
recommendations made by ISO/TC98/sc1. 

In addition to the amendments previously agreed, DR KUIPERS a.cting on some recent 
information from Houtinsti tuut 'INO, Delft a.nd ISO/TC98/SC1, suggested that the 
following changes be made to the CIB-W18 list of symbols. 

1 "RH'' for rela.ti ve humidity should be replaced by "cf" as this was alrea.d,y 
current international pra.otice. 

2 A symbol for equilbrium moisture content should be added to the list. 
This should be ''Wrj'. 

3 "D" for density should be repla.oe by 'io" which would agree with the 
ISO recommendations. 

4 In order to denote the various methods of expressing the density of timber, 
sufficies should be used to debcribe the conditions under which the mass 
and volume are measured. 

ie ~ refers to the mass and volume at moisture content w 

If,. ti) refers to the mass at zero M/c and volume at M/c ~ 
I 

~ refers to the mass and volume at zero M/c 

/o;7J$' refers to the mass at zero M/c and volume under green conditions 

5 Coefficient of shrinkage should be denoted by '~' and coefficient of 
swelling by " " 

Items 1 to 4 were agreed for inclusion in the CIB list but it was decided that -)9 
should be used for coefficient of shrinkage and +I' for coefficient of swelling. 

Finally it wa.a agreed that MR MAYO (secretary CIB-W18) would compare the amended 
CIB list of symbols with the ISO/TC98/SC1 recommendations when they became available 
and, following agreement with DR NOREN and DR KUIPERS on any discrepancies between 
the lists, would arrange for publication of a CIB list of symbols for st:ructure 
timber design. This would be included in the Code of Practice for timber 
structures and would also be sent to ISO/TC98/SC1 and ISO/TC129 (the proposed 
new ISO/TC for timber structures). 

1 TIMBElR COUJMNS 

Prof LARSEN introduced his paper "Tests with Centrally Loaded Timber Columns" 
(Paper 3) which led a discussion on how eccentricity should be dealt with in the 
design of oolumns. It wa.s agreed at an earlier meeting of the group that the 
Dutch method of column design had much to commend it and should form the basis of 
a. CIB method. In this method the eccentricity (e) iB expressed as 
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e a (a + b~K where a and b are constants,).. is the slenderness ratio and K is 
the core radius. In the Dutch method two pairs of constants are given related 
to two grades of timber. For the lower grade (standard bo\Dfhout) a • 0.16 and 
b • 0.008 whereas for the higher grade (constructiehout) a • 0.10 and b • 0.005. 
Prof MOHLER said that the same expression was used in Germa.ey but the constants 
"a" and "b" were 0.10 and o.ooa respectively and were applicable to all grades 
of North European softwoods. Prof LARSEN drew attention to the test results 
discussed in his paper and said that these showed that values for "a" and "b" of 
0.10 and 0.005 respectively would result in satisfactory values for eccentricity 
and lead to acceptable designs. However he agreed that in some cases designs 
based on these values ~ be slightly conservative. It was finally agreed that 
unless more accurate values were known for "a." and "b", values of 0.10 and 0.005, 
respectively, should be used for all grades of European softwoods. 

MR SUNLEY asked for comments on how the work on the design of solid timber columns 
should be published so that it would be suitable for inclusion in a Code of 
Practice on timber structures. Prof lARSEN suggested that a Code of Practice 
should contain a. summary of the theor,y and the design method, together with 
references to the background papers. '!his was agreed and Prof lARSEN undertook 
to draft the section on the design of solid timber columns for the Code of Practice. 

In the absence of the author, who was unable to attend the meeting, DR NOREN 
introduced a. paper "Lateral-Torsional Buckling of Eccentrically Loaded Timber 
Columns" by B Johansson (Paper 4). MR SUNIEY asked the delegates whether or not 
the design method which had already been agreed for centrally loaded columns 
should be ext~nded to include columns subjected to end moments and lateral loads. 
MR REECE said he thought this was necessa.r,y because frequently the practical 
design problems facing engineers concerned with the design of columns, involved 
rather more than the simple case of axially loaded columns. MR SUNLEY agreed 
with this and Prof LARSEN agreed to include this extension in his draft section 
on the design of solid timber columns for the Code of Practice. 

With regard to the design of spaced timber columns MR SUNLEY asked Prof lARSEN to 
summarise the present position. Prof LARSEN said that sufficient work had been 
completed to enable a method of design to be drafted but there was a problem in 
assigning acceptable values for the stiffness of the joints between the individual 
columns and the spacer blocks or battens. After discussion it was agreed that 
Prof lARSEN, Prof MOHLER and DR KUIPERS would provide a joint paper on direct 
compressive loads on spaced timber columns for the next meeting. 

8 TEST MErrHODS FOR PLYWOOD 

M HUC introduced a paper "Standard Methode of Testing for the Determination of 
Mechanical Properties of Plywood" (Paper 5) submitted by DR C WILSON of the 
Research and Development Department of COFI, Vancouve~who was unable to attend 
the meeting. He explained that this paper discussed the differences between teet 
methode used for the derivation of design stresses for plywood and those used for 
quality control. The paper concludes with some specific comments on the test 
methods proposed by DR KUIPERS in a paper which was presented at the previous 
meeting of CIB-W18 in Delft, June 1974. 

MR SUNLEY posed the question as to whether or not it was reasonable and desirable 
to include tests on full size boards in any standard set of test methods for the 
derivation of design stresses. He pointed out that some countries, eg Finland, 
only require small scale tests at present because of the small variation in the 
plywoods produced in those countries. DR KUIPERS said he thought there was a 
need for some large scale tests although these might be more appropriate for 
quality control testing than for the derivation of design stresses. He said he 
was aware of only one researoh project where a comparison was made between small 
and large scale teats and this suggested that there was a greater variation between 
the small scale samples than between the full size boards. It was his opinion 
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that small scale tests would yield much more information about the variability 
of the strength of a particular plywood than tests on full size boards and a good 
knowledge of the total variability of the material was essential for a satisfactory 
derivation of suitable design stresses. 

A long discussion followed on the most suitable sizes for small test specimens. 
DR NOREN said that in his experience tests on specimens less than 100 mm wide &d 
not provide suitable data for the derivation of design stresses. He suggested 
that bending test specimens should be 300 mm long but that tension test specimens 
should be smaller than those generally used at present. On the whole DR NOREN 
thought that the ASTM methods of test were the most suitable methods in use at 
present except for the ASTM tension test and he recommended that CIB-W18 should 
adopt these methods with the exception of the tension test. DR NOREN also pointed 
out that the method of sampling small scale test specimens was important when 
considering the minimum size of test specimen. Large scale tests would always 
contain the weakest section but this was not the case with small specimens and 
this caused difficulties when analysing data obtained from small size test specimens. 
Therefore he thought there was a need to specify a standard method of sampling for 
small size specimens. MR CURRY said that in UK the variation in test methods and 
the resulting data for plywoods from different countries caused problems when any 
attempt was made to derive design stresses which were suitable for inclusion in the 
British Code of Practice. He suggested this could be overcome by having factors 
to take account of the size effect of the test specimens. These factors would 
be related to a preferred size of test speciment and as an example he suggested 
250 mm as a suitable size for bending test specimens. 

MR SUNLEY suggested that CIB-W18 should ask RILEM to draft a standard set of teet 
methode for the derivation of design stresses for plywood. This could then be 
submitted to the appropriate ISO/TC with the backing of CIB-W18. However 
DR KUIPERS thought that this would not be possible in the near future due to the 
commitments which RILEM had already undertaken. It was therefore decided to 
leave the matter with the Chairman for the time being. 

9 TDmER BEAMS 

MR BURGESS introduced his paper "The Design of Simple Beams" (Paper 6) which out­
lined the methods of design at present in use in a number of European countries. 
The paper also described the proposed design method which will be included in the 
revision of the present UK Code of Practice, based on "limit state" principles. 

MR SUNLEY asked why some countries used a factor related to the depth of the beam 
while others did not and he questioned whether or not such a factor was necessary. 
Prof LARSEN said that in Denmark the design stresses were related to a maximum 
depth and for small sections the depth effect was assummed to be counter-balanced 
by greater variations in the strength of the timber. To avoid confusion he 
explained that there was a depth factor in use in Denmark but this was concerned 
with the instability of deep beams and nothing to do with timber strength. 
DR NOREN said that the depth effect could automatically be taken into account by 
varying the grading rules in relation to member size. MR CURRY disagreed with 
this saying that stress grading must be consistent and independent of the member 
size, however he did think there was a need for a modification factor to take 
account of the depth effect. MR SUNLEY agreed with this but he thought there was 
a need for further research to assess the effect more precisely. Prof MOHLER 
said Canada did not use a depth effect factor but one related to volume. He 
also said that Russia recognised a depth effect in beams and took it into account 
in design. 
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MR BURGESS pointed out that most countries seemed to use one or more factors to take 
account of load duration but there waa a large variation in the values of the factors 
ued in d.ifterent countries, and the time periods to which the factors were related 
were frequently ill defined. Prof LARSEN said he thought most countries used 
factors which were based on the "Madison curve" although there was a significant 
bo~ of opinion that this was no longer satisfactory. He thought that factors 
for long term and medium term loads were unnecessary and suggested that these 
should be replaced by a factor of 1.00 for normal duration loading and 1.40 for 
short term loading. DR NOREN said that the revised NKB Code would contain load 
duration factors which were related to the total duration of different loading 
intensities which occurred throughout the life of the structure. In this context 
a "normal" duration load would be one which was actually supported by the structure 
for a total period of between 1 and 10 years on a building with a design life of 30 
years. In practice this would be equivalent to the type of load which at present 
is frequently defined as a medium term load. 

PROF lARSEN submitted a paper "Calculation of Timber Beams Subjected to Bending 
and Normal Force" (Paper 7) but owing to a shortage of time it was not possible to 
allow any discussion. However Prof LARSEN undertook to write a comprehensive 
paper on the design of timber beams for the next meeting of the group. 

10 TEST METHO:OO FOR JOINTS 

DR KUIPERS said that there was a growing demand for teste on timber joints made 
with mechanical fasteners and at present a variety of different methods were in 
use in different countries. Therefore there was an urgent need for a set of 
standard teet methods to make test results generally acceptable in countries other' 
than that in which the tests were carried out. With this objective the RILEM 3TT 
Committee had drafted a set of test methods, "Proposal for a Basic Test Method 
for the Evaluation of Structural Timber Joints with Mechanical Fasteners and 
Connectors" (Paper 8). DR KUIPERS who is a member of this Committee submitted 
this to CIB-W18 for comment and the following amendments were recommended: 

The wording of the second sentence in Clause 1 should be changed to read as 
follows: "to permit the calculation from the teet results, values •••••••• " 

Unless it is found necessary to specify different test methode for different types 
of connector, Clause 3- Classification and Nomenclature of Joints, should be 
deleted. 

Clause 4.1 should be deleted as it has a wider appl i cation than the testing of 
joints and connectors. It should therefore be incl uded in the Code of Practice 
on mimber structures as a separate section to which reference could be made when 
appropriate. 

DR NOREN agreed to write a paper defining the conditions of a range of climatic 
groups, for the next meeting. 

Clause 4.2 should be deleted as it is not strictly part of the test methods. 

0 In Clause 6.9 the temperature condition should be al tared to "T "" 20 :!:. 3 C". 

The value (4f) of the first peak in Figure 5, Clause 7.1.3 should be slightly in 
excess of the permissible design load and the rate of loading should be essentially 
continuous. The unloading portion of the curve should be optional as it m$Y not 
always be necessary. 
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In Clause 7.1.6 the 10 per cent limitation may be too small and therefore~ need 
to be larger. The definition of the ultimate load should be the maximum load 
or the load which causes a deformation of 15 mm in the joint, whichever occurs 
first. 

Clause 7.2- Long duration tests should be specified including a time limitation. 
These tests ~ not be necessary every time and therefore should be optional. 

Details of the teet method should be omitted from Clause 7.3 as the test should be 
designed eo that it is appropriate to the particular joint or connector under test. 

Details of the test method should be omitted from Clause 7.4 in order to allow 
special tests to be devised to meet the requirements of the particular joint or 
connector under test. 

Clause 8 and Clause 9 should be deleted as interpretation of test results is not 
strictly part of the test methods, however guidance should be given on the number 
of replicates required in each test. 

In Clause 10 details of the relative density of the timber and the quality of the 
connectors should be included. 

Summing up MR SUNLEY suggested that this subject should be dealt with in two part~. 
The first part should specify the methods of test, applicable to bolts, nails, 
screws, integral tooth metal plate fasteners and Bulldog and split-ring type 
connectors together with details of the method of assembly of the joints, rate of 
loading and condition of the test specimen at the time of testing. The second 
part should be a comments section or number of appendices giving supplementary 
information. The Clauses 4,8 and 9 would be suitable for inclusion in this 
section. After discussion the delegates agreed to recommend this approach to 
the RIUX 3TT Committee, through DR KUIPERS, who agreed to try and supply a 
further draft from RILEM for the next meeting of CIB-W18. 

Prof MOHLER submitted a short note "Test Methods for Wood Fasteners" (Paper 9) but 
as it was in yerman little discussion was possible and he agreed to provide a more 
comprehensive paper for the next meeting. 
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11 STRESS GRiDIIro AND DERIVATIOB OF DESIGI' STRE:SSI3 

Mr CUr.rf reported on the recent activities of the ECE Timber Committee regarding 
the establishment of a European system for stress grading of sawn softwood. He 
aubaitted a copy of the report "Proposal for an International Standard for Stress 
Grading of Coniferous Sawn Timber" (Paper 10) which bad been accepted and 
approved by the ECE Timber Committee. Following the approval of these grading 
rules the ECE Timber Committee had requested CIB..W18 to advise them on suitable 
design stresses for the new stress grades which had been defined. It was agreed 
by the members of CIB-W18 to undertake this task and as enintroduotion to the 
work Kr CURRY introduced a paper describing the derivation of grade stresses in 
the UIC (Paper 11) • CommentiTI8 on the paper Prof LARSEN said that it was incorrect 
to define the "green exposure condition" (page 2) as the condition where the 
moisture content of the timber exceeds 18 per cent. MR CURRY agreed. Prof LARSEB 
questioned the wisdom of specifying different stresses for redwood and whitewood 
(Table 4) because of the difficulty in distinguishing between the two species 
without microscopic exami11ation and therefore he suggested the same stress values 
should be assigned to each species. He also doubted the-implied accuracy in 
specifying the stresses to two places of decimals. KR CURRY replied that this was 
really a question of rounding off and generally stresses would not be quoted to 
two decimal places. However he pointed out that it had been agread by BSI to 
specify stresses to three significant figures although in this case the third 
figure was not significant. It was generally agreed that there was a need for all 
countries to specify stresses to the same number of significant figures. 

S.till referring to Table 4 Prof SONmX.ANS requested clarification of the "mean 
modulus of elasticity'. MR CURRY explained that this was an error and the value 
quoted corresponded to the 5 per cent fractile value. Prof LARSE! said that in .. 
Denmark the 30 per cent fractile value was used and DR NOREN said the 50 per cent 
fra.ctile value was used in Sweden. XR CURRY replied that the choice of the 5 per 
cent fractile value was related to the value of the modification factor for load 
sharing and in the UK the product of these two was equivalent to the ~ean value. 

Following a lengthy discussion regarding the assigning of stresses to the new 
ECE stress grades it was agreed that the 5 per cent fractile values should be 
established for each grade but it was considered unlikely that actual stresses 
could be assigned to each grade which would be acceptable to all countries. There­
fore it was agreed that each country should be left to calculate acceptable stresses 
based on the 5 per cent fractile value. MR CURRY also pointed out the need for a 
large testing programme on structural size timbers using an agreed standard test 
method. MR SUNLEr proposed that a small sub-oommi ttee be set up to draft a 
standard test method for structural size timber. MR CURRY, Mr Saarelainen and 
Dr Kuipers were elected and agreed to serve on this sub-committee and to report 
back to the next meeting. 

1 2 LOAD SHARillO 

MR LEVIN introduced a paper "A Review of Load-sharing in Theory and Practice" 
(Paper 12) and pointed out that it was based largely on work carried out in 
North America and Australia as there appeared to be little information available 
from Europe. He went on to s~ that most of the work which had been carried out 
on this subject was concerned with floors and largely theoretical with little 
experimental test evidence. MR LEVIN outlined the distinction between the type of 
loe,d,.sharing whioh occurs under a concentrated load and the type which occurs under 
a uniformly distributed-load and he drew attention to the variety of effects which 
were considered by different engineers to contribute to a load-sharing effect. He 
gave as an example a UDL on a joist and boarded floor where among the effects 
considered were the ~beam effect, the variation in stiffness between the joists 
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and along the length of each joist and the plate effect of the membrane. It was 
this variety of effects which led to the variation in the magnitude of the load­
sharing factors used by different countries. Prof LARSEN said that the grid 
system approach in use in Australia is based on the acceptance of a reduced factor 
of safety for individual members in a system where the failure of one member would 
not cause a total collapse. 

, 
DR BOREN said that a fresh approach was required to load-sharing which would 
investigate all the effects which in the past had been considered to contribute 
to load-sharing. It would be necessary to consider what real contribution each 
effect made towards load-sharing and this would be fol~owed by the need to cru.antif'y' 
those effects which were found to be relevant. DR NOREN submitted a note on load­
sharing to the meeting (Paper 13). 

MR SUNLEY suggested that the use of the term "load-sharing" to describe these 
various effects was misleading, particularly in the context of the partial 
coefficient method of design where a st~iot distinction is drawn between factors 
which modify the loads and those Which modify the material characteristics. 

After further discussion it was agreed that MR LEVIN would write a paper, for the 
next meeting, which would discuss the variety of effects which had been considered 
to contribute to load-sharing. 

13 LONG-TERM LOADING 

MR JOHANSEN introduced a paper "Long-Term Loading of Trussed Rafters with 
Different Connection Systems" (Paper 14) which is a report on the first six 
months of a research programme investigating the performance of a number of 
trussed rafters with different types of joint fasteners, subjected to continuous 
long-term loading. 

MR REECE remarked on the apparent poor performance of the trussed rafters with 
plywood gussets relative to those with metal plate fasteners and questioned 
whether or not the designs of the two types of fasteners were comparable. He 
suggested that a comparison of joint slip may be a more satisfactory w~ of 
comparing the performance of plywood gussets and metal plate fasteners. 
MR JOHANSEN replied that the design loads for the plywood gussets and the metal 
plate fasteners were similar and although joint slip was greater for the plywood 
gussets than for the metal plate fasteners other work suggests that trussed 
rafters with plywood gussets have higher ultimate loads than comparable trussed 
rafters with metal plate fasteners. DR NOREN suggested that the larger joint 
slips for the plywood gussets were because nail slip occurred in both the timber 
member and the gusset whereas for metal plate fasteners it only occurred in the 
timber member. 

MR JOHANSEN agreed to write a fUrther progress report on the research programme 
for the next meeting of the group. 

MR SUNLEY opened a general discussion on long-term loading and asked members to 
report briefly on any recent research work on the subject with which they were 
familar. 

DR KUIPERS said that work had been carried out in Holland on trussed rafters in 
the past over a period of 1t to 2 years, and some long term tests on joints where 
still in progress. T.he test joints included split ring connectors, bulldog 
connectors and nails, all of which where subjected to a range of continuous 
loads equivalent to 65 per cent to 95 per cent of the ultimate loads. These 
tests were started more than 10 years ago and although the split ring and bulldog 
connectors failed after periods approximately equal to those which were predicted 
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by the''M.adison curve" the nailed joints had not yet failed and their performance 
did not fit the "Madison curve" , although nail slips of 50 mm had been measured. 
DR KUIPERS said these results suggested that the "Madison ourve" was not 
suitable for nailed joints and new tests had been started in controlled 
temperature and humidity conditione with the objeot of defining a better maxi mum 
load/time dependency curve. Included in tlds new series of tests were some 
joints made with "Meni~' nail plate f astener s which failed after only short 
periods of loading. DR KUIPERS said that the type of failures experienced with 
these fasteners suggested that the nails were too short and not fixed sufficiently 
rigidly in the plate. 

Prof MOHLER said that from a practical viewpoint deformation of joints was a 
more important factor in long term performance than ultimate load and he sub­
mitted a report in German which described some of the research work which had 
been carried out in Ge~ on this subject. It was decided however to hold 
this report over until the next meeting when an English translation would be 
available. DR MOHLER did refer briefly to some German work which indicated 
that plywood subjected to lon~term loading did tend to follow the "Madison 
curve". However it was found that the "Madison curve" was not satisfactory for 
predicting the performance of short beams subjected to high shear and bending 
stresses. Prof MOHLER said this was due to a high rate of creep deflection 
caused by the high shear stresses. 

MR REECE said that in the design of timber portal frames problems were encountered 
by the high moments which were assumed to occur at the eaves joints, however if 
the deflection of the frame was taken into account these assumed moments would 
be reduced and he asked if this design approach was used for timber. Prof MOHlER 
said that it was used in Gel'UI8.1'cy' and DR NOREN said that some account was taken 
of this effect in Sweden particularly with regard to the design of trussed 
rafters although it was disguised in a special design method for trusses. 

MR CURRY described some work which had been undertaken at Princes Risborough 
Laboratory, UK on the long term loading of trussed rafters, finger joints and 
I beams with fibreboard webs. After a period of approximately six years under 
continuous loading the trussed rafters showed increases of between 100 per cent 
and 150 per cent over the initial maximum deflections under full design load. 
For the I beams the mid-span deflection increased by about 60 per cent over a 
period of loading of about 300 ~s. During this time the design dead load 
was maintained continuously and the imposed load was added for a period and then 
removed. This was repeated a number of times throughout the loading period. 
The finger joint tests covered three joint profiles and two adhesives. The 
test joints where positioned in short beams which were subjected to bending 
such that the bending stresses at the joint were equal to the maximum permissible 
lon~term stresses appropriate to the highest grade of structural timber. This 
stress level was maintained continuously but every fourth week.it was increased 
by 25 per cent for one week and then reduced to the lon~term level. After 
six months there were no indications of any joints failing and the additional 
deflections due to the 25 per cent increases were fully recovered when the 
stresses were reduced to the lon~term level. 

MR SUNLEY, in concluding the discussion, said that it appeared that most people 
used the "Madison ourve" for the derivation of load duration factors. However 
there was a strong opinion that the level of stress was an important factor and 
recent work, particularly in North America, suggests a need for the "Madison 
curve" to be modified to take this into account. Prof lARSEN said that 
frequently the load duration factors based on the "Madison curve" were linked 
with safety factors ~~d for this reason it would be difficult to establish a set 
of factors which would be generally acceptable. MR CURRY agreed with this al­
though he pointed out the need to establish the true load duration factors in­
dependent of safety factors, so that the duration of different loading intensities 
could adequately be taken into account in the limit state methods of design 
currently being introduced. 
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14 EEC TIMBER OOD.E5 

As an introduction to the subject MR l:lURGE!3S presented a paper "Comparison of 
Codes and Safety Requirements for 'rimber Structures in EEC Countries" (Paper 15) 
whioh had been prepared by the Timber Research and Development Association, UK. 

Prof LARSEN said that this survey drew attention to the differences between the 
various national timber codes and loading oodes, and because these differences, 
in many oases, were so large he did not consider it vould be poaeible to draft 
an acceptable EUropean timber code. Therefore he suggested that CIB-W18 should 
publish "Recommendation Sheets" to which each country could refer in their national 
codes, when they were appropriate. In order for these sheets to be acceptable to 
as many countries as possible they should only deal with the principles of design 
and the basic methods of approach and they should not contain values for the 
various modification faotors, etc. The values of these factors would be set 
by each country independently having regard to other national codes and standards 
relevant to the design of timber structures in each country. MR SUNLEY did not 
agree with this suggestion and he pointed out that it had alre~ been agreed by 
a Joint Committee on Structural Safety (Jess) that an attempt would be made to 
draft a unified system of structural design codes covering all materials. Volume I 
in this system would specify loadings and basic design criteria applicable to all 
materials, Volume II woul d deal specifically with the design of concrete structures 
and Volume VI with the design of timber structures. MR SUNLEY reported that he was 
a member of the JCSS and it was hoped to agree the contents of Volume I before the 
next meeting of CIB-W18. It was also understood by the JCSS that CIB-W18 would 
draft Volume VI dealing with the design of timber structures. This had been 
agreed at the previous meeting of CIB-W18, June 1974, Delft. In the general 
discussion which followed delegatee accepted that it would be difficult to agree 
values for factors in Volume VI although to a large extent this would depend on 
the contents of Volume I. DR NOREN suggested that CIB-W18 should comment on the 
contents of Volume I and when tnia was agreed the group should proceed with the 
drafting of Volume VI as far as possible. This was agreed by the meeting. 

15 NORDIC CODES ON LOADS AND SAFNI'Y 

MR BRYNILDSEN introduced his paper "Nordic Proposals for Safety Code for Structures 
and Loading Code for Design of Structures•• (Paper 16) which discusses proposals 
by the Nordic Building Regulations Committee (NKB) for unified codes on safety 
and loading for Scandinavia. He also tabled copies of the proposals and comments 
published by NK:B1 "Proposal for Safety Codes for Load-carrying Structures" 
(Paper 17) and "Comments to Proposal for Safety Codes for Load-Carrying Structures" 
(Paper 18). 

MR BRYNILDSEN, in discussing his paper, said that the division of buildings into 
three safety groups (clause 1.1) had been adopted in Norway already and had been 
found to work in practice. Prof LARSEN said that the current steel code for 
Denmark also classified buildings in these groupe but he thought that this 
classification would be radically ammended or deleted and the new timber code 
"Structural Use of Timber" - DS413, December 1974, did not use this classification. 
Prof MOHLER said that a similar classification system had been proposed in 
Germany for some materials but timber was not included. DR KUIPERS said that a 
classification system similar to that proposed by NKB had been considered in 
Holland but it had not been adopted and there was little support for such a system. 
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MR SUNLE!' said that the three classifications of' limit states (clause 1.2) were 
different from the three categories proposed b,y the Joint Committee on Structural 
Safety which were servioeability, ultimate load., e·~.d durability. After general 
discussion it was agreed that durability was not a real limit state in its own 
right and it would probably be better to include it within the serviceability or 
ultimate load categories. 

MR BRYNILDSEY drew attention to the need to classit.y the type of' failures which 
normally occurred in timber structures (clause 1.3). He said that no agreement 
had yet been reached on the most appropriate "Rupture group" for timber failures 
and it ma_y be necessary to classify timber joint failures in a different 
category. However, most delegates thought that timber structures would generally 
come within Safety group 2 (clause 1.1) and timber failures in Rupture group II 
(clause 1.3). 

Referring to clause 1. 4 MR BRYNILDSEN said the tables of load factors were 
quoted direct from the loading code proposed by NICB and were applicable to all 
materials. DR NO[EN tabled copies of this code and comments published by NKB, 
"Load Regulations" (Paper 19) and "Comments on the Load Regulations" (Paper 20). 

MR BRYNILDSEN said that the partial factor related to the control of materials 
and construct ion (clause 1. 4, page 5) was intended to take account of the degree 
of control exercised during the construction of a structure, the variability of 
the material properties and the degree of compet'8nce llf the engineer ., responsible 
for the structural design. It was understood that the Timber Committee within 
NKB would set standards by which these criteria could be assessed so that the 
appropriate partial factor could be used in the design. 

Finally MR BRYNILDSEN pointed out that the time intervals specified under 
Duration of Loads (clause 2.1) were the longest individual periods a structure 
would have to sustain a specific load continuously. There was a significant bo~ 
of opinion emong the delegates that this was not the best way in which to deal 
with load duration and a more realistic and satisfactory method would be to 
specify load duration in terms of the total time that a structure may have to 
sustain a partioular intensity of loading throughout the life of the structure. 

For information MR BRYNILDSEN tabled a copy of an extract from the current 
Norwegian Standard NS 3470 "Timber Sturotures" (Paper 21) as an example of 
a. timber code based on "limit state" principles of design. 

5 REVISION OF BRITISH CODE CP 112 

MR CURRY introduced a paper "Draft for Revision of CP 112 - "The Structural Use 
of Timber" (Paper 22) which outlined the format for the new Code and included 
a draft of the first five chapters. 

Prof LARSEN said that in hie opinion the Code was far too long and contained too 
much detailed information. He would prefer a short Code which gave the basic 
principles and methods of design and made reference to other publications or 
a series of information sheets which contained the detailed information required 
b,y designers. Prof LARSEN also questioned the deflection limitation of 0.003 X 
the effective span for floor joists (clause 4.2.2). In Denmark the Code requirement 
for domestic floor joists was a maximum deflection of 0.9 mm under a. concentrated 
load of 1000 H. MR SUNLEY pointed out that in the British Code there was a 
further recommendation that in order to avoid problems from vibration the maximum 
deflection of floor joists should not exceed 13 mm under design load (clause 4.2.5). 
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MR VISSER asked if prototype tests on scaled structures instead ot full size 
structures (clause 1.1) would be accepted as a satiafaotor,y method of proving 
a design. MR CURRY said model testing would not generally be acceptable as it 
was not possible to scale down joint details so that their performance was 
representative of the full size joint. 

Prof x5HLER said that there is a provision in Gei'II&Il\r whioh allows structures 
to be constructed with "wet" timber ie at a moisture content greater than 22 per 
oent, although the design and ultillate use of the structure relates to dry 
conditions. MR CURRY :said that this was not allowed in the UK at present and 
there was no intention to make provision for it in the revised Code. 

Prof MOHLER also asked for a definition of the density quoted in Table 1 and 
secondly if it was intended to include design criteria for chipboard and fibre­
board in the revised Code. JIR SUBLEY replied that the density quoted was an 
average figure to allow designers to calculate dead weight. Secondly it was 
likely that stresses would be included for fibreboard but not for chipboard as 
at present the chipboard industry in UK did not think there was a sufficient 
need to justify the large amount of test work which would be required to derive 
suitable stresses for chipboard. 

MR VISSER said that in order to take account of the duration of different loads 
he would prefer the various modification factors to be applied to the loads 
rather than to the stresses as they were in the UIC Code (clause 5.6.1, Table 11 ). 
MR CURRY replied that both methods were satisfactory but by' modifYing the stresses 
rather than the loads a closer approximation to the true behaviour of the timber 
was achieved.. 

Prof SONN.l!X.ANS commented that the title ''J.i'ire Resistance" to clause 4.2.4 was 
incorrect as the subject of this clause was really surface spread of flame. 
MR CURRY agreed that a more appropriate title could be substituted.. 

In conclusion JIR SUNLE!' pointed out that although a large measure of agreement had 
been reached on the drafts of the first five chapters of the revised Code there 
was still an opportunity for people to comment and request modifications before 
it was published.. 

17 FU'1URE PROGIWOIE OF WORK 

MR SUNLEI said that CIB-W18 bad now established itself and was accepted as an 
authorative b~ in the field of timber structures whose opinions and advice 
were being increasingly sought by' other international organisations. He reminded 
members that the group had undertaken to advise the ECE Timber Committee regarding 
suitable stresses for the new timber grades EC1 and EC2. In addition the group 
had accepted the task of drafting the timber section, Volume VI, of the unified 
system of structural codes proposed by the Joint Committee on Struct ural Safety 
and it was expected that when t he new I SO/TC on timber structures, proposed by 
DeDIDa.rk1 was estaDlished CIB-W18 would be a major contributor to the work. 

MR SUNLEI told the meeting that Prof Mohler had offerred to act as host to the 
next meeting in Karlsruhe in October 1975• This was gratefully accepted by the 
delegates and it was agreed to hold the meeting from 1-3 October, ... when the major 
topios for discussion would be as follows: 
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i 'l'illber beams - Prof Larsen to provide a oamprehensive paper on the 
design of timber beams. 

ii 'l'iaber ool'WIDS - Prof Larsen to provide a dra1't section on the design 
of solid timber oollUIIDS :tor D.olusion in the Coda of Practice. 
Prof Larsen, Prof Kohler and Dr ICu.ipers to provide a joint paper on 
direct ooapressive loads on spaced timber columns. 

iii Plywood -Dr Booth to provide a paper on the theoretical derivation 
ot design stresses for different plywoods. 

iv Joints - Dr Kuipers agreed to report back to the RILDI 3T'l' Committee 
rega:-ding the OOIIIID8nts frCIID the members of CIB-W18 on the RILDI: 
proposals for test methods for timber joints and fasteners. He hoped 
he would be able to provide a fux'ther draf't for the next meeting of 
CIB-W18. Prof.Jiohler undertook to provide a more comprehensive paper 
on joint testing incorporating the short note waich he submitted to 
this meeting. 

v Stress grading- It was agreed that Mr Curry, llr Saarelainen and 
Dr ICu.ipers would write a joint paper on test methods :tor stl"'lotural 
size timber to obtain data from which design stresses could be derived. 
In addition !lr Curry undsrtook to provide a paper dealing with the 
analysis of test data for the derivation of design stresses together with 
an indication of the stress levels which might be considered appropriate 
to the new JOOE stress grades. 

vi Load,.4haring - Mr Levin to provide a further paper disoussing the 
various etf'eots which contribute to l~haring. 

vii LoJl&'-term loaiting - Mr Johansen agreed to provide a :f'u.rther progress 
report on a research project to st~ the performance of trussed ratters 
under long-term loading. Dr Noren to provide a :toll0w-41p paper to his 
previous paper, which would discuss how l~erm loading could be 
dealt with in the Coda of Practice. 

viii Climatic groups -Dr Boren to provide a paper defining suitable climatic 
groups for timber stl"'lctures. 

ix Draft codes of practice - Jlr Sunle:r agreed to provide a draf't of the 
J~S Unified Code -Volume I and Dr Booth agreed to draft a suitable 
format for Volume VI, the timber oode, based on the recommendations of 
the J~s. 

Finally MR StJNLJ:!' thaakad delegates tor their participation in the meeting and 
ll Cra.bile and Centre Technique dn Bois tor providing the neoessar;y facilities for 
the meeting to taka place. 
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18 PAPERS PRESENTED AT THE MEETING 

J PAPER A Proposal for Undertaking the Preparation of an International Standard on 
Timber Structures - International Standards Organisation. 

Symbols for Timber Structure Design - J Kuipers and B Nor~n. J PAPER 2 

j PAPER 3 Tests with Centrally Loaded Timber Columns - H J Larsen and Svend 
Sondergaard Pedersen. 

j PAPER 4 

j PAPER 5 

J PAPER & 

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

Standard Methods of Testing for the Determination of Mechanical Properties 
of Plywood - CoUncil of Forest Industries, BC. 

The Design of Simple Beams - H J Burgees. 
}! 

.y· PAPER 7 Calculation of Timber Beams Subjected to Bending and Normal Force -
H J Larsen. 

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

PAPER 9 Teet Methods for Wood Fasteners - K Mehler. 

i PAPER 10 

( 

t PAPER 11 
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! 

V PAPER 13 

.j PAPER 14 

" PAPER l5 
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·~ PAPER 17 

J PAPER 19 

~PAPER 20 

j PAPER 21 

j PAPER 22 

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

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

A Review of Load-sharing in Theory and Practice - E Levin. 

Load-sharing - B Noren. 

Lo~erm Loading of Trussed Rafters with Different Connection Systems -
T Feldborg and M Johansen. 

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

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

Proposal for Safety Codes for Load-carrying Structures -Nordic Committee 
for Building Regulations. 

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

Loading Regulations - Nordic Committee for Building Regulations. 

Comments on the Loading Regulations -Nordic Committee for Building 
Regulations. 

Extract from Norwegian Standard NS 3470 "Timber Structures". 

Draft for Revision of CP 112 "The Structural Use of Timber'' - W T Curry. 
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Member Bodies are requested to comment on the attached proposal for the 
preparation of International Standards in a new field (ISO/TS/P 129), using 
for their reply the attached form which· should be returned in duplicate to 
the Central Secretariat.· 

The Member Bodies' replies should reach the Central Secretariat at the latest 
by 9 May 1975. 

Remarks by the Central Secretariat 

At the last meeting of Technical Division 3 - Building, it was agreed that 
in addition to its work on concrete structures (ISO/TC 71), ISO should start 
an activity on wood and metal structures and that two further technical com­
mittees should be established for this purpose. It was also agreed that 
Denmark would originate a proposal for timber structures which is the subject 
of this present inquiry. 

It is to be noted that the UN Economic Commission for Europe has included in 
its work programme, the harmonization of the technical content of building 
regulations for designing concrete structures~ metal structures and timber 
structures, The proposed TC would be responsible for preparing the necessary 
International Standards for timber structures to which reference may be made 
in building regulations. 

A proposal for metal structures will be circulated at a later date. 
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. 
PROPOSAL 

FOR UNDERTAKING THE PREP~.RATION OF INTERNATIONAL STANDARDS IN A NEW FIELD 

Title : Timber structures 

Originator : Denmark 

l. Title 

2. Scope 

3. Explanation 

4. Justification. 

Reference : ISO/TS/P 129 

Date of Pro2osal : September 1974 

Timber structures 

Standardization in the field of structural 
use of timber and related materials, com­
ponents and connections including codes of 
practice for the design and execution of 
structural timber 

The International Council for Building Re­
search, Studies and Documentation (CIB), 
in its working group 18 - Timber structures, 
is well advanced in its work for a unified 
code for the design of timber structures. 
The proposed ISO acti~ity would liaise closely 
with this work and provide the forum for the 
establishment of the necessary International 
Standards. 

With the development of greater markets, 
international trade in timber and related 
products has developed in the direction of 
more finished products, structural components, 
complete timber product structures, and· 
connected with it, the exchange of specialized 
know-how and services is increasing. As with 
all other buildings and structures, timber 
structures have to be erected at the place 
of use; particularly the international har­
monization of building regulations and codes 
of practice for the design and execution of 
structural timber has become an urgent matter 
for international standardization, This would 
also encourage developing countries to enter 
into the international market with more so­
phisticated products. 
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5. 

6. 

1. 

Programme of work 

National or other standards 
or other documents to be 
considered 

Participation in the work 

The UN Economic Commission for Europe has 
inc lude.tl t.he hat"'DlOn i :>.a 1 ; on of building 
regulation in the field of timber structures 
in its priority programme and it is for ISO 
to provide the necessary technical specifi­
cations and/or requirements. 

The initial programme of work of the proposed 
ISO technical committee will be discussed nnd 
established at its first meeting. 

It is intended that the establishment of an 
international standard code of practice for 
the design and execution of structural timber 
will be developed on basic functional struc­
turalrequirements with special regard to the 
technology of timber materials and related 
products and applications. The proposed code 
should be developed for direct application in 
most countries. It should include levels of 
requirements for economic application in dif­
ferent regions of the world. 

The work will be based on the results of the 
existing specialized ISO technical committees 
such as ISO/TC 98 - Bases for design of 
structures. 

Existing National Standards, Codes of P.ractice, 
etc., as well as the work of CIB/Wl8 will be 
considered. 

Denmark would actively participate in the new T' 
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Title . Timber structures . 
Originator : Denmark 

a) Agreement with study 

b) Scope 

c) Participation 

d) 

Conments 

* Delete as appropriate 
ARH 

REf"LY 

0~ •• • ••..•••. • . • • . • .•• 

em 'IHE PROPO~AL 

Reference . ISO/TS/P 129 . 

Date of Pro2osal . September 1974 . 

We agree to the question proposed 
We do not agree 

being dealt with by ISO 

We agree without reserve to the scope 
suggested by the originator of the 
proposal 

~ "\or :e comment on the proposed scope (here­
~nder or in attached document) 

If a new Technical Committee or Sub­
Committee is set up 

* 

* 

* 

We are willing to undertake the Secretariat* 

or We wish to garticipate actively in the work* 

or We wish to be kept informed of the work * 

or We do not wish to be kept informed of the 
work 

List of standards, regulations or other 
relevant documentation existing in our 
country (copies attached) and any remarks 
concerning their application 

.... ................ .. ....... .... .... ..... .. 

. . .. . . . . . . ' .... ' .......... " ........ ... .. . . 

...... , ..................... , ............ . 

Place and date : .. , ........ , ........... . 

Signature • t • t • II • It I It • II ill I I t I t II II II I t It I t I II I t 
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SYMBOLS FOR TIMBER STRUCTURE DESIGN 
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Length, span 

Co-ordinate 

2 

Critical (buckling) length 

Spacing (distance centre to 
centre) 

Excentricity 

Knot diameter ratio 

Knot area ratio 

DIRECTIONS (Subscripts) 

Angle between force and fibre 
direction 

Parallel 

Perpendicular 

Parallel to fibre direction 
(longitudinal) 

Radial to annual rings 

Tangential to annual rings 

Direction r, in plane 
perpendicular to 1 

Direction z. in plane 
perpendicular to x 

etcetera 

~~~~!~~!t_~~fQ~!!~~Qa_tyl_!ag 
~!6!g!~l-~QgY!!_tg1 

Shear caused by Tlr and Yrl 

etcetera 

snruoL 
Ordinary Printer 

1 L 

X 

1 
c 

s 

e 

a 

II or par 

.L or tra 

1 

r 

t 

lr 

xz 

lr 

X 

LJC 

s 

KAJD 

KA 

AL 

PAR 

TRA 

L 

R 

T 

LR 

xz 

LR 

l:NI'f 
Basic Multiple 

m mm 
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Equal symbols or x,y,z 
can be used for lamin£ted 
timber or panels: 

3 

Laminated wood Plywood and 
similar prod 

Fibre direction Fibre direction 
of laminae of face veneer 

Perpendicular ID 

fibre direction 
of laminae, 
.parallel to 
plane of joints 

Perp. to fibre 
direction of face 
veneer, parallel 
~o,glue lines 

Perpendicular to Perp. to face 
plane of joints (through 
thickness) 

FORCES AND STRESSES 

Force in general 

Normal force, axial force 

Axial force in member also 

Shear force 

Moment 

Torque 

keaction force 

Horizontal reaction force 

Vertical reaction force 

Reaction or force in general, 
parallel to x-axis 

Reaction. .. or force in general, 
parallel to Y-axis 

Reaction or force in general, 
parallel to z-axis 

~li.WOL UNIT 
Ordinary Printer Basic :Hultipl~ 

Particle- and 
fibre board 

Machine- or 
longitudinal 
direction 

Perp.to machine­
or l.ongi tudinal 

.direction, 
parallel to 
face veneer 

Perp . to machine­
or longitudinal 

1 
X 

t 
y 

direction r 
z 

F 

N 

s 
v 
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T 
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H 

v 

X 

y 

z 

L 
X 

1' 
y 

R 
z 

FF 

NN 

ss 
vv 
z.IM 

TT 

RR 

HH 

vv 

XX 

yy 

zz 

N kN,MN 
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For intensity (force per 
unit length or area) use 
lower case letters. See 
also stresses: 
Normal stress 

Compressive stress 

Tensile stress 

Bending stress (M/W) 

Shear stress 

STRAIN, UEFORMATION AND 
DISPLACEMENT 

Strain (incl. 
strain) 

Displacement, 

Displacement, 

Rotation 

Shear 

Creep 

Recovery 

compressive 

deflection 

deflection x) 

Permanent (irrecoverable) 

Ordinary 

C1 

C1 c 
at 

ab 
t 

E 

a 

u 

0 

l$ 

c 

r 

ir 

Creep coefficient (function) ~ 

Relaxation coefficient 
(function) 

Moduli and coefficients 

Elasticity modulus 

Apparent elasticity 
E modulus 
1+~ 

Rigidity (shear modulus) 

Displacement -mo.dulus 

Slip modulus 

Poisson .. s ratio 

Viscocity for pure flow 

E 

G 

K 

k 

v 

n 

x)For displacement also v and w 
may be used. 

SYMBOL 
Printer 

SI 

SIJC 

SIJT 

TA 

EP 
A 

u 

TH 

GA 

c 
R 

IR 

PH 

PS 

EE 

EEJPH 

GG 

KK 

K 

NU 

ET 

UNIT 
Basic 1-tultiple 

2 Pa•N/m 

m 

2 Pa-=N/m 

N/m 

2 Ns/m 

2 HPa=N/mrn 

mm 

2 MPa•N/mm 
2 GPa=kN/mm 

N/mm 
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SYMBOL UNIT 
Ordinary Printer Basic Multiple 

PHYSICAL AND ~lhChANICAL 

QUANTITIES 

Temperature T TT oc • K 

Relative humidity Rh RRIIH 

Noisture content ratio w OH 

N.c. r. , mass of water to 
mass of solid w OM 

M.c.r.,mass of water to 
mass of water + soliJ w' OM' 

Density D DD kg/m 3 

Density, weight at 41, 
volume at w D DDJON 

w 

Density, weight at w = 0, 
volume at w uo DDJO 

Density, weight at w = o, 
vo 1 ume at w = U 0oo DDJOO 

Coefficient o( swelling 
OX' shrinkage a BE 

\~eight G GG 

Strength, general f F 

compression f FJC U/m 
2 N/nun 2 

Strength lll c 
Strength lll tension f FJT 

t 
Strength lll shear f FJV 

v 
St~ength in bending fb FJB 

SPECIAL SUbSCRIPTS 

Characteristic value of 
force (load),strcngth or-
deformation k I( 

Mean .value m M 

Design value d ·u 
Ultimate value u u 
¥ield value y y 

Ac.lmissible (permissible) 
value adm or a ADZ.I or A 

Critical value cr.it CRIT 

Critical (length) c c 



I 
I 
I 

') 

J 

PAPER 3 

Ilfl'ERNATIONAL COUNCIL FOR BUILDING RESEARCH 

STUDIES AND DOCUMEWlATION 

WORKING COMMISSION W18 

TESTS WITH CENTRALLY LOADED TIMBER COLUMNS 

by 

H J LARSEN, INSTI'l'U'l'l'EI' FOR BYGINGSTl!Dl, .AAI.roRG, DENMARK 

SVEND S¢mlERGAARD PEDERSEN, T!m!NICAL UNIVERSI'l'Y OF DENMARK 

PARIS -FEBRUARY 1975 



1. SUMMARY 

120 tests* have been accomplished with columns of Nordic conifer, partly of normal structural 
grade (unclassified), partly of high grade (T-300). Cross-sections of 60 X 100 mm and 63 X 125 
mm have been applied and for part of the columns tests in both principal axes have been made. 
Slenderness ratios ranged between approx. 20 and 300. 

The tests were carried out with special bearings ensuring that the column was simply supported 
in the end cross-sections with a very slight friction. The bearings are further described in section 
4. 

The main conclusion of the tests is that the theory given in section 2 is very satisfactory. The 
theory is based on the theory of elasticity and the assumption that in the middle cross-section 
the column force has an initial eccentricity e, that - independent of timber grade and direction -
can reasonably be put at 

e = (0.1 + 0.006 }.)k 

}.. being the slenderness ratio and k the core radius**. Reference is made to section 5, especial­
ly figs. 5.4 and 5.5, showing both test results and theoretical values. 

Further conclusions of the tes~s are that: 

-the Euler load-carrying capacity can be determined very satisfactorily by the so-called South­
well-plot (cf. section 2 and fig. 6.2), 

- the accordance between the modulus of elasticity determined by edgewise bending tests and 
by the Euler formula is very satisfactory. On the other hand, the correlation between the 
modulus of elasticity in compression (determined on 200 mm long prisms) and the modulus 
of elasticity in bending is weak (cf. sections 3 and 5), 

- the compression strength and the modulus of elasticity in bending were found eq~al for the 
two grades (cf. 8ection 3), 

- the correlation between the initial deflection of the columns in the middle and the initial ec­
centricity determined from the tests by the Southwell-plot is weak (cf. fig. 5.3). 

In all essentials the results are in accordance with those found by similar Dutch tests [ 4]~** 

*The teats have been carried out by Svend S. Pedenen In connection with hie muter theaia at the Structural 

Research Laboratory of the Technical University of Denmark. 

**Symbols are e:~tplained in section 6. 

*** Figures in 1 ) refer to til' references in section 7. 
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2. THEORY 
The theoretical expressions derived in [5] are aBBumed to apply. These are based on the fol­
lowing assumptions: 

· the material is ideal-elastic till rupture which is assumed to occur when the following con­
dition (inter-action formula) is satisfied: 

(1) 

ac and ab are the axial stresses from axial force (compreBSion) and moment (bending), 
respectively, while sc and ~ are the corresponding strength values, 

· a force placed in the geometric centre of gravity of the end cross-section is assumed to act 
with an eccentricity e in the middle cross-section due to the initial curvature and differ­
ences between the geometric and elastic centres of gravity: 

e = ek =[a+ f().)]k (2) 

e is the relative eccentricity (relative to core radius k). a is a constant(= e for). = 0), 
while f().) is a function (without a constant term) of the slenderneBB ratio ).. ). = 9./i, 
where £ is the buckling length and i the radius of gyration, 

· the eccentricity of the force is assumed to vary sinusoidally along the column. 

The load-carrying capacity of the column expreBBed by the critical axial stress scr 
cf. (12) in [5], determined by 

where 

~ is the stress determined by the Euler formula. 

is then, 

(3) 

( 4) 

(5) 

(6) 

On the assumptions mentioned the deflections in the middle, u, are approximately 

p 
u = e p __ p 

E 
(7) 

PE being the Euler load-carrying capacity (PE • 1r 2 EI/£ 2
, I is the moment of inertia). 

From this is found 

up -u=e 
p E (8) 

\ 



I 

Plotting u as a function of u/P, the points must • if the assumptions are correct - lie on 
a straight line, from which PE can be found aa the !!lope of the line and e as the length 
the line cuts off, the u-axis. The method is given by Southwell and the u-u/P-diagram is 
called a Southwell-plot. 

3 
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3. THE TEST MATERIAL 

Spruce of two grades was used, viz. unclassified and T-300. 

The unclassified grade is that most generally found in structural use and corresponds main­
ly to Swedish fifth grade with the worst pieces taken away. The characteristic (5%-fractile) 
short-term bending strength is about 20 N/mm2 • Poorer qualities are not allowed to be used 
for constructions. Graded according to the Swedish T-grading rules T-300 is the highest 
grade obtainable for structural. use. The characteristic strength is about 30 N/mm2

• 

Two dimensions were used, viz. 50 X 100 mm and 63 X 125 mm. After drying and planing 
the cross-sections were about 45 X 95 and 58 X 120, cf. table 5.1, column 3. 

The timber was oven-dried and then kept in a climate room (18-20° C) at about 65% rela­
tive humidity. The moisture content for each test specimen was determined from the weight 
loss of the prisms mentioned below by drying till the weight was constant. At an average the 
moisture content was 10.6% and so uniform that variations of the moisture content are esti­
mated to have no influence on the test results. 

For each test specimen the prism strength sc was determined on a 200 mm long prism which 
had been cut off one end of the test specimen immediately before the test. The loadingtime 
till rupture was 3-5 minutes. The result is given in table 5.1, column 4. For T-300 an average 
of 40.0 N/mm1 with a deviation of 5.9 N/mm2 was found, while an average of 40;2 N/mln2 

with a deviation of 6.3 N/mm2 was found for unclassified timber. The values of the two 
grades correspond to a characteristic strength (5%-fractile) of 29 N/mm2 , i.e. the difference 
in bending strength of the two grades is not reflected in the compression strength. The reason 
could be that the prisms for unclassified timber do not contain defects determining the grade 
to the same extent as the columns used in the tests, as they were often degraded due to a few 
gross defects. The prism strength expresses the wood fibre quality rather than the timber quali .. 
ty. 

In connection with the determination of compression strength the modulus of elasticity in 
compression, Ec, was also measured. There was no difference for the two grades. At an average 
Ec = 11800 N/mm2 with a deviation of 600 N/mm2 was found. 

No connection was found between Ec and the compression strength or the modulus of elasti­
city determined by bending- or column tests. 

The prisms used for determining the compression strength were also used for determining the 
density corresponding to weight and volume after drying. 

The same value was found for both grades, namely on average 470 kg/m3 
• No connection 

was found between density and the other properties. 

500 N 

1 ?=p rN 
4 

l l 
A 

min. min. 
meuurementa in mm 

... a •1~0~. 1000 ..1~ a ... 
Fil. 3.1 

1 
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For all columns longer than about 2 m the modulus of elasticity in bending Eb was deter­
mined by an arrangement as shown in fig. 3.1. The deflection (curvature) over a length of 
1000 mm was measured with a 1/100 mm dial gauge. The values measured are given in table 
5.1, column 6. 

For T-300 an average of Eb = 13600 N/mm2 with a deviation of 1900 N/mm2 was found 
corresponding to a characteristic value of 9700 N/mm2

• Correspondingly, 11800, 1700, 
and 8400 N/mm2 were found for unclassified timber. These values are- like compression 
strength and density - somewhat higher than would normally be expected for the grades in 
question. 

For deflection in the weak direction 7 slenderness ratios :\ have been tested, about 20, 45, 
66, 110, 165; 220, and 310. For each :\-value, except :\ = 310, both grades and both dimen­
sions of cross-sections have been tested; for :\ = 310 only 50 X 110 mm has been tested. 

Furthermore, for :\ = 110, 165, 220, and 310 deflection in the strong direction has also 
been tested (the value of X being a little below half of those stated). 

A total of 40 series has thus been carried out, each series comprising 3 tests. 
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4. TEST SET-UP AND PROCEDURE 

A general arrangement as shown in fig. 4.1 was used. The figure shows deflection in the strong 
direction of the column. 

The load was applied vertically through a frame. Torsion of the column was prevented in its 
upper and lower sixth sections by supporting bars on which was glued teflon, while aluminium 
plates were similarly glued on the column. The length between the rails was adjustable so that 
it corresponded to the actual column dimension. The column was secured against deflection 
in the weak direction by a steel bar placed at intervals of one-third of the column's length, 
hinged to a small fitting attached to one side of the column. 

The deflections in the middle and at the quarter points were recorded by electric transducers. 

For tests with deflection in the weak direction the supports at the one-third intervals were omit­
ted (the column cross-section is rotated 90° in cross-sections A-A and B-B). 

1Upportinl 
-ban 

deflection 
- meuurement 

device 

_ aide IUpport 

- ~ - - - line of symmetry 

---+-- 1-------+--- timber column 

£1---+----+-+-- -+---1 

elevation 

Fi1. 4.1 

--------bearilll 

+-- -1-·t-------- hydraulic jack 

+--------- vertical 
loadl111 frame 

~ 
0 
0 
0 ..... 

loadinll frame~ 

~-·- - ·- ·-!?&-
hinged to fitting 
ttached to column 

; . 

crou·section A·A 

crou-sectioli B·B 

aupportiq bar 

aluminium plate 
liued to column 
tenon liued on 
aupporti111 ~an 
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The bearings were in principle as shown in fig. 4.2, which shows a lower bearing. The upper 
part 1 and the lower part 2 of the bearing were formed in the contact area as part of a spherical 
surface with milled grooves, which were in connection with an oil chamber milled in the lower 
part. During the tests oil was pumped into the oil chamber and out through the grooves, so 
that the upper part came to rest on an oil film. 

Surplus oil was gathered in a groove with drainage. The thickneBB of the steel plate 3 was adapted 
so that the centre of the bearing surface was in the surface of the plate, and by the adjustment 
screws shown it was ensured that the centre of the plate coincided with that of the bearing sur­
face. For further description of the bearings refer to [2]. 

Two sets of bearings were made, one corresponding to maximum loading of approx. 100 kN, 
the other to approx. 500 kN. By calibration it was found that the initial friction for the small 
bearings by maximum loading (100 kN) corresponded to a force eccentricity of less than 0.01 
mm. 

The lower bearing rested on a hydraulic compreBSion jack rigidly fastened to the loading frame. 

In the tests - apart from the force - the horizontal displacement in the centre and at the quarter 
points was measured. The readings were registered by a datarecorder, and load deflection curves 
and a Southwell-plot, cf. section 5, were automatically drawn. 

For short columns only deflection in the weak direction was tested, while tests around both 
axes were carried out for slender columns (~In> 100). In the latter case the failure in the weak 
direction was so clearly a stability failure that it was unnecessary to carry on till the test speci­
men was destroyed. 

For each column a prism was cut off - as mentioned in section 3 - for determining the prism 
strength, modulus of elasticity in compression, density, and moisture content, and for long 
columns the modulus of elasticity in bending Eb was determined. 
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5. TEST RESULTS 

Fig. 5.1 a and b show typical load-deflection curves for one of the columns tested for deflection 
in both directions. u1 and u3 are the displacements measured at the quarter points, while u2 
is measured in the centre, cf. fig. 4.1. 

The Southwell-plots corresponding to fig. 5.1 (based on the displacement u2 ), cf. section 2, are 
given in fig. 5.2 a and b. The figure shows how the Euler force PE 8 (S for Southwell) and the 
initial eccentricity are determined. ' 
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deflection, mm 

a. Weak direction 
10 20 

FiK. 6.1. Load-deflection curve• 
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/ 
/ 
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100 load, kN 

deflection, mm 
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The main results are given in table 6.1 (at the end of this paper). The following comments are 
given to the heads of the columna of the table: 

Columns 1-6 contain general information. As mentioned in section 3, the compression strength 
sc has been determined on 200 mm long prisms. Section 3 is also referred to for determination 
of Eb. Edgewise bending was applied, and tests with both narrow sides stressed in tension were 
carried out. The two values varied slightly; the table states the lower of the two values. 

Columns 7-16 deal with bending in the weak direction, while columns 17-26 contain the same in­
formation for bending in the strong direction. 

Columns 8 and 18 state em, i.e. the measured, geometric eccentricity in the middle. em is mea­
sured with a slide gauge (0.1 mm) from a string, held against the ends of the column. 

Columns 9 and 19 state the eccentricity in the middle determined by the Southwell-plot, and 
columns 10 and 20 give the corresponding values in relation to core radius (h/6, b/6, respectively). 

Columns 11 and 21 give the ultimate load. For bending in the weak direction for the columns 13-27 
the ultimate load was estimated from the load-deflection curves, as the tests were not carried on 
till rupture (because it was desired also to test the columns in the strong direction). 

Columns 12 and 22 give the Euler load determined by the Southwell-plots, while columns 13 and 23 

give the corresponding moduli of elasticity (PE,S = 1r
2 E8I/2 2 

). 

Columns 13-15 and 23-25 give relations between the values mentioned above. oult corresponds to 
Pult divided by the area determined by column 3. 

• • • 
Fig. 5.3 shows correspondent values of em and e8. It is seen that there is only a slight depen­
dence between the values. 

The geometric eccentricities allowed in relation to the grading rules are considerably larger than 
those measured. 

10 
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Fig. 5.4 shows the relative eccentricity E (based on e8 , cf. columns 10 and 20 in table 5.1) 
dependent upon the slenderness ratio A. For each series maximum and minimum values and 
the average figure are stated. It is seen that there is neither basis for distinguishing between 
the two grades T -300 and unclassified, nor between the two directions of bending. 

The figure contains the dependence used in the Netherlands for the best grade of structural 
timber (Constructiehout), 

E = 0.10 + 0.006 A (9) 

which is seen to cover the test results very satisfactorily, the essential thing here being the 
maximum values and not the average values. In Great Britain a considerably lower value is 
applied, namely E between 0.001 A and 0.003 A. 
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In table 6.1, column 24, the ratio between E8 and Eb for bending in the strong direction 
is stated. The average figure is 0.966 with a deviation of 0.77 (coefficient of variation= 8.0%). 
Considering that Eb is determined over a short length in the middle, and E8 is determined 
from the whole column, the conformity is absolutely satisfactory. 

For E8 corresponding to the weak direction the average ratio is 0.933 with a deviation of 
0.061 (corresponding to 6.6%). As Eb has been determined by edgewise bending, the con­
formity must be considered satisfactory in this case too. 

* * * 
Fig. 6.6 shows the ratio oultlsc dependent upon X. Although X is slightly different for 
50 X 100 and 63 X 126 in corresponding series, the values have been plotted in common. 
The figure gives mean, maximum, and minimum values. 

It is seen that the values for unclassified timber are generally lower than those for T-300 
and show a somewhat greater variation. (The reason for the latter may be that sc does not 
fully reflect the quality of the timber in the columns, cf. what was stated in section 3). 

It is seen that the variation is greatest for small X.-values, but relatively, the relation between 
maximum and minimum value is fairly uniform, about 1.4 for T-300 and 1.7 for unclassified 
timber. 

The theoretical curves corresponding to an e-variation as state& in (9) have been drawn in for 
comparison. 

In conformity with the findings in section 3, E""' 11800 N/mm2 and sc""' 40 N/mm2
, i.e. 

Else""' 300 have been assumed for both grades. 

For similar unclassified timber the bending strength ~ (average figure) has been determined 
by previous tests [6] as approx. 32 N/mm2 , i.e. sc/~""' 1.26. For T-300 it is estimated, among 
other things, on the basis of [1] and [3], that sc/~ is about 0.85. 
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~------+-------~~-----~------~~-----~~ 
160 200 260 60 100 

Fi1. 6.6 



12 

The conformity between theory and testa is extremely satisfactory for T-300 and acceptable 
for unclassified timber. In the latter case the theoretical curve generally lies a little too high. 

Complete conformity between column testa and theory could be obtained by applying a 15-20% 
lower sc -value, which would also be in better conformity with the values normally found. 

* * * 
Fig. 5.6 shows the experimentally determined values for the ratio PuuiPE,S• and the corre· 
spending theoretical curves determined from the same assumptions as mentioned above. 

It is seen that in this case the experimental values are equal for the two timber grades, while 
T-300 should theoretically be the higher. 
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6. SYMBOLS 

E modulus of elasticity 

Ee 

Eb 

for compression 

in bending 

E8 corresponding to PE,S 

I moment of inertia 

P column force 

PE Euler load PE = 1r 2 El/2 2 

PE,S PE determined by Southwell-plot 

P ult ultimate load force 

a constant in the eccentricity expression (2) 

e eccentricity 

e8 e determined by Southwell-plot 

f().) term in the eccentricity expression (2) 

radius of gyration 

imin corresponding to the weak direction 

\nu corresponding to the strong direction 

k core radius 

kE ~/Be 

~ column length, buckling length 

s strength parameters correspond~g to normal stresses 

Be by compression 

lit, in bending 

SCI' critical stress 

~ Euler stress 

u deflection 

u1 , u2 , and u3 : see fig. 4.1 

slendeme&a ratio (2/i) 

\nin = 2/i min 

\nu = 2/imu 
I 

E relative eccentricity, e • e/k 

a normal stresses 

o e compression stress from axial force 

o b bending stress 

13 
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General Detlee:tion in the weak direction 

1 2 3 4 6 6 7 8 9 10 11 12 13 

•s 
teo I grade dimenaion •c ~ I )_ •m •s €•- Pult PE,S Es k 

u~ 

compresaion b€nding column 
aJenQe~ 

meuured SouthweU SouthweU SouthweU 
unclaa- otrength E-moduluo length 

neu 
e 

rete 
PE E 

oified ratio • 
no. mm mm N/mm2 N/mm2 mm mm mm kN kN N/mm2 

1-1 T-300 94.1 43.7 37.9 288 23 122 
2 93.3 44.2 34.2 160 
3 92.2 43.6 45.6 133 

2-1 T-300 121.8 58.6 43.8 364 22 266 
2 122.2 58.3 42.8 292 
3 121.7 58.4 36.3 200 

3·1 u 92.2 43 .8 36.9 288 23 136 
2 93.2 44.0 33.2 160 
3 94.2 44.5 37.0 86 

4-1 u 122.2 68.7 28.0 364 22 186 
2 122.2 68.6 39.1 199 
3 121.3 68.2 43.9 234 

6-1 T-300 93.7 44.2 36.6 676 46 113 
2 93.0 44.1 61.2 116 
3 93.8 44.2 39.8 115 

6-1 T-300 122.2 68.6 43.6 728 43 240 
2 122.3 68 .4 56.3 248 
3 121.8 58.6 46.6 175 

7-1 u 94.8 44.3 41.4 676 45 1.0 89.0 
2 93.8 44.7 41.6 1.0 65 .0 
3 94.5 44.0 40.9 1.3 86.0 

8-1 u 121.2 68.6 42.0 728 43 1.1 169 
2 122.2 68.6 31.8 0.8 174 
3 121.7 68.6 42.5 0.0 208 

9 - 1 T-300 93.8 44.6 36.1 864 68 1.1 0.6 0.08 63.6 66.7 7260 
2 93.3 44.0 42.4 1.6 0.6 0,07 94.6 103 12000 
3 93.8 44.0 39.3 1.2 0.4 0.05 93.0 103 11700 

10 ·1 T-300 121.6 68.2 34.9 1092 66 0.6 1.0 0.10 122 146 8760 
2 121.5 68 .1 35.7 1.2 0.7 0.07 136 149 9060 
3 121.9 68.4 40.6 1.4 0.2 0.02 131 143 8600 

11 - 1 u 93.6 44.2 29.0 864 68 1.0 0.3 0.04 71.0 74.0 8300 
2 92.9 44.3 42.8 0.8 0.3 0.04 70.0 74.6 8360 
3 93.4 44.1 49.6 2.1 3.2 0.44 62.5 72.0 8160 

12 · 1 u 121.9 58.3 36.2 1092 65 1.9 1.4 0.14 107 124 745 
2 121.7 58.4 33:3 1.6 0.6 0.05 148 161 966 
3 121.9 58.2 41 .2 1.8 0.6 0.06 178 194 11700 

13 · 1 T-300 93.6 44.0 41.3 1440 113 1.1 1.0 0.14 36.6 87.0 11660 
2 94.1 44.4 29.9 1.7 2.6 0.36 26.0 29.0 8960 
3 94.4 44.6 32.9 1.6 1.2 0.16 26.6 27.0 8200 

14 · 1 T-300 122.3 68.6 40.6 1820 108 1.4 1.4 0.14 63.0 66.6 9360 
2 122.4 68.3 62.0 1.0 0.4 0.04 73.0 76.0 12600 
3 121.8 68.6 41.0 2.8 2.6 0.28 64.5 67.0 9460 

15 · I u 92.9 43.6 46.9 1440 115 4.6 3.0 0.41 21.0 23.6 7700 
2 93.6 44.4 38.6 1.2 0.4 0.06 31.0 31.6 9760 
3 93.7 42.3 42.4 4.1 3.0 0.41 19.0 23.6 6400 

16 · 1 u 122.0 68.6 46.7 1820 108 4.6 4.6 0.46 47.0 64.6 8960 
2 122.0 58 .8 46.0 1.8 2.8 0.29 66.0 64.6 10600 
3 122.7 68.6 35.2 3.6 1.7 0.17 64.0 61.0 10000 

17 . 1 T-300 93.2 44.1 33.1 13100 2020 167 2.4 0.4 0.06 20.0 21.0 12900 
2 93.3 44.1 49.3 14200 2.9 3.7 0.50 18.0 20.6 12760 
3 94.6 46 .7 34.2 10100 3.4 1.9 0.26 18.0 19.0 10400 

18 · 1 T-300 121.9 68.2 31.4 12600 2660 162 1.8 6.0 0.61 26.0 33.6 10960 
2 121.2 68.1 44.3 17400 2.4 <&.9 0.60 33.0 46.0 16260 
3 122.1 58.1 36.1 13300 3.4 1.0 0.10 34.0 36.6 11700 

19 · 1 u 93.2 44.0 34.1 8300 2020 160 2.2 1.8 0.24 12.6 13.5 8600 
2 93.8 43.3 26.8 9800 1.0 0.9 0.12 14.0 14.7 9600 
3 93.0 43.9 41.9 10900 0.6 0.0 0.00 17.6 17.6 11100 

20 - 1 u 121.6 58 .0 43.0 9000 2660 162 2.0 2.6 0.26 23.0 26.0 8700 
2 121.8 68.3 41.3 11900 2.0 3.7 0.38 29.0 36.6 11900 
3 121.6 68.2 60.6 16100 8.0 4.4 0.45 32.0 38.6 12760 

21 - 1 T-300 96.0 45 .7 41.6 14600 2880 218 2.4 <&.6 0.61 9.9 11.8 12900 
2 96.6 46.9 34.0 13200 1.6 1.3 0.18 11.3 11.9 13000 
3 94.8 46.7 36.7 9800 6.2 6.0 0.81 8.7 7.9 8800 

22 - 1 T-300 121.8 68.4 36.1 12400 3640 216 1.6 1.6 0.16 18.0 19.0 12760 
2 121.4 68.2 47.0 14900 9.2 11.1 1.14 14.0 17.5 11700 
3 121.7 68.3 36.9 13400 10.8 11.3 1.16 13.0 17.7 11800 

23 · 1 u 94.9 46.9 39.0 10200 2880 218 6.0 7.4 1.00 6.8 8.9 9800 
2 94.9 46.6 61.8 12400 2.4 1.8 0.24 8.8 9.8 11000 
3 94.6 46.6 86.4 12300 3.3 3.7 0.60 8.8 10.4 11700 

24 - 1 u 121.7 68.8 43.7 12600 3640 216 2.3 6.2 0.63 18.6 17.0 11060 
2 121.6 68.4 37.7 11800 6.0 4.4 0.46 14.6 16.6 10900 
3 121.8 68.3 61.8 12700 2.3 1.6 0.16 17.0 17.6 11800 

26 · 1 T-300 94.9 <&6.0 41.7 12600 4030 306 2.2 3.4 0.47 4.8 6.2 11100 
2 96.1 -'6.8 42.2 16300 3.6 3.3 0.46 8.1 6.6 14260 
3 94.9 46.7 41.0 12300 2.4 4.4 0.60 4.7 6.2 11360 

27 · 1 u 96 .1 48.0 42.6 11900 4030 307 4.9 1.0 0.13 6.6 6.6 11860 
2 96.1 46.4 36.2 13100 9.6 8 .4 1.11 4.4 4.9 10960 
3 96.2 46.2 49.9 12600 6.8 0.0 0.00 6.6 6.6 12660 

DeOection in the strong direction 

14 16 16 17 18 ~9 20 21 

Es pult 0 ult es 

PE,S 
-- )_ em es £a- pult 

Eb •c k 

mm mm kN 

0.78} 
1.06 0.86 
0.73 

0.85} 
0.96 0.86 
0.77 

0.91} 
0.80 0.76 
0.66 

0.93} 
0.71 0.80 
0.76 

0.76} 
0.55 0.67 
0.70 

0.77 } 
0.63 0.66 
0.54 

0.61} 
0.37 0.46 
0.60 

0.63} 
0.77 0.66 
0.69 

0.96} 0.42} 0.9 
0.92 0.92 0.54 0.61 1.0 
0.90 0.57 0.7 

I 

0.84} 0.49} 1.1 ! 
0.91 0.89 0.64 0.49 1.6 I 
0.92 0.46 1.0 . 
0.96} 0.69} 0.9 .I··· 
0.94 0.92 0.39 0.43 1.6 
0.87 0.30 1.5 

0.86} 0.42} 1.1 
0 .92 0.90 0.62 0.56 0.9 
0.92 0.61 1.2 

0.96} 0.21} 63 2.4 0.3 0.02 94 
0.90 0.93 0.21 0.20 1.7 2.3 0.16 87 
0.94 0.19 2.1 2.6 0.17 76 

0.94} 0.18} 62 1.3 0.7 0.03 176 
0.96 0.96 0.20 0.19 1.0 
0.96 0.19 1.8 0.7 0.03 181 

0.89} 0.113} 63 2.4 2.6 0.16 80 
0.98 0.89 0.193 0.136 2.6 3.9 0.26 78 
0.81 0.113 4.1 6.0 0.38 61 

0.86} 0.144} 52 1.6 2.6 0.13 163 
0.87 0.87 0.170 0.176 2.2 2.4 0.12 190 
0.89 0.213 2.7 1.9 0.09 160 

0.98} 0.96~ 0.144} 76 1.3 3.8 0.2( 64 
0.90 0.97 0.88 .89 0.087 0.114 0.8 1.7 0.11 84 
1.03 0.84 0.111 1.4 1.4 0.09 62 

0.88} 0.78} 0.118} 73 6.3 8.6 0.42 94 
0.88 0.89 (1.72 0.82 0.106 0.120 3.8 8.3 o.u 112 
0.90 0.96 0.137 4.8 6.9 0.29 98 

1.02} 0.93} 0.090~ 76 1.3 2.8 0.18 60 
0.98 1.01 0.96 0.96 0.131 .108 2.9 7.0 0.46 43 
1.02 1.00 0.103 2.1 6.2 0.33 61 

0.97} 0.88} 0.077} 73 2.0 1.8 0.09 86 
1.00 0.94 0.79 0.83 0.099 0.088 1.9 0.9 0.04 102 
0.8<& 0.83 0.088 1.6 1.6 0.07 108 

0.89} 0.86} 0.066} 106 2.4 o.• 0.03 63.6 
0.98 0 .92 0.96 0.88 0.076 0.067 1.6 1.3 0.08 49 
0.90 0.86 0.042 4.1 3.6 0.23 29 

1.03} 0.96} 0.071} 104 2.0 2.6 0.12 78 
0.79 0.90 0.80 0.83 0.042 0.064 3.6 6.8 0.29 66 
0.88 0.73 0.060 2.9 8.2 0.40 66 

0.96} 0.76} 0.040} 106 2.4 0.7 0.06 40 
0.89 0.93 0.90 0.84 0;040 0.046 3.4 3.0 0.19 39 
0.96 0.86 0.064 3.3 3.3 0.21 39 

0.88} 0.80} 0.042} 104 3.6 6.6 0.32 61.6 
0.92 0.91 0.88 0.88 0.064 0.047 1.6 2.3 0.11 66 
0.98 0.97 0.046 2.6 2.0 0.10 84.6 

0.88} 0.92} 0.030} 147 2.2 2.6 0.17 22 
0.93 0.91 0.92 0.91 0.033 0.030 3.7 3.4 0.22 23 
0.92 0.90 0.026 2.0 0.8 0.06 23 

1.00} 0.98} 0.029} 147 8 .9 1.9 0.12 21 
0.8<& 0.96 0.90 0.96 0.028 0.028 1.4 1.0 0.06 28 
1.01 1.00 0.026 6.6 6 .6 0.42 21 

22 23 24 

Es 
PE,S Es -

Eb 

kN N/mm2 

98 .0 6700 
113.6 7760 

98.0 6600 

193 7260 

193 7360 

106 7650 
104 7200 

88.0 6360 

196 7400 
236 8860 
178 6600 

89.0 12360 0.94} 
97.0 13400 0.94 0.96 
77.0 9860 0.98 

166 11700 0.94} 
192 14700 0.84 0.89 
168 11800 0.89 

58.0 8100 0.98} 
66.0 9200 0.94 0.96 
76.0 10660 0.97 

109 8260 0.92} 
131 9860 0.83 0.86 
162 12260 0.81 

66.6 1<4660 1.00} 
62.6 13200 1.00 0.97 
34.6 8960 0.91 

90.0 13760 1.11} 
89.0 18800 0.93 1.02 
88.0 18600 1.01 

42.6 10960 1.07} 
47.0 12200 0.98 1.01 
46.5 12150 0.99 

78.0 11600 0.93} 
74.0 11360 0.96 0.92 
71.5 10960 0.88 

24.6 12360 0.98} 
28.6 14400 0.94 0.98 
24.5 12400 1.01 

24.6 12300 1.03} 
33.0 16660 1.27 1.10 
26.0 12660 1.00 

26 86 

pult OuJt - - -
PE,S •c 

0.98} 0.66} 
0.77 0.84 0.70 0.60 
0.77 0.64 

0.91} 0.60} 
• 0.92 0.60 0.61 

0.94 0.62 

0.76} 0.43} 0.76 0.73 0.49 0.43 
0.69 0.36 

0.76} 0.47} 
0.81 0.81 0.68 0.66 
0.84 0.59 

0.72} 0.47} 
0.87 0.80 0.42 0.42 
0.81 0.37 

0.60} 0.42} 
0.68 0.60 0.36 0.39 
0.62 0.39 

0.86} 0.36} 
0.66 0.73 0.40 0.36 
0.68 0.30 

0.79} 0.28} 
0.78 0.75 0.36 0.31 
0.67 0.30 

0.96} 0.29} 
0.93 0.91 0.33 Q.27 
0.84 0.18 

0.87} 0.31} 
0.74 0.79 0.20 0.26 
0.76 0.26 

0.94} 0.24} 
0.83 0.87 0.17 0.22 
0.84 0.25 

0.81} 0.17} 
0.74 0.82 0.20 0.18 
0.90 0.17 

0.90} 0.120} 
0.81 0.88 0.126 0.123 
0.94 0.124 

' 0.86} 0.108} 
0.84 0.86 0.186 0.129 
0.84 0.096 

1 

\eat 

no. 

1-1 
2 
3 

2-1 
2 
3 

3-1 
2 
3 

4·1 
2 
3 

6·1 
2 
3 

6·1 
2 
3 

7 · 1 
2 
3 

8-1 
2 
3 

9·1 
2 
3 

10 · 1 
2 
3 

11 · 1 
2 
3 

12 · 1 
2 
3 

13 · 1 
2 
3 

14 · 1 
2 
3 

16 · 1 
2 
3 

16 - 1 
2 
3 

17 ·1 
2 
3 

18 ·1 
2 
3 

19-1 
2 
3 

20 - 1 
2 
3 

21 · 1 
2 
3 

22 · 1 
2 
3 

23 · 1 
2 
3 

24 ·1 
2 
3 

26 - 1 
2 
3 

27 · 1 
2 
3 

Table 5.1 
Test Resulte 
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INTRODUCTION 

1 ( 1 o) 

The problem of lateral-torsional buckling of compression members in 

timber structures has received little interest. As far as the writer 

knovs there are no test results published but for the related problem 

of lateral buckling of timber beams in bending, /1/ /2/ /3/. A brief 

summary of the results of these testa is that they show that the 

theory of elastic lateral buckling is applicable on timber beams. If 

correct values of the elastic constants are inserted in the solutions, 

the theory will accurately predict the buckling load. Hence there are 

good reasons for expecting the theory of lateral-tor~ional buckling 

to render ·useful results as far as elastic conditions are concerned, 

Inelastiq conditions have been reached in some of the above-mentioned 

tests but the results are of little use because the bending strength 

of the test beams is not known. Accordingly, little is known about 

inelastic conditions. The influence of initial out-of-straightness 

is also a white spot as far as test results are concerned. 

The present paper is intended to shed some light on the possibilities 

of lateral-torsional buckling to occur in timber structures and to 

form a basis for a further discussion. 

BASIC THEORY 

The basic theory of lateral-torsional buckling has been presented in 

a great number of texts of which reference is given to /4/. In order 

to reduce the complexity of the problem it is assumed that the member 

has a uniform, doubly-s~tric cross-section e.g. rectangular or 

!-shaped with equal flanges. The basic case of loading is a central 

thrust combined with a constant bending moment in the plane of maximum 

stiffness, cf fig 1. 
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I 
Basic case of loading 

The material is assumed to be elastic and the member to be straight 

immediately before that the lateral-torsional buckling takes place. 

The latter as sumption implies that the member should be slightly 

pre-curved in the plane of maximtim stiffness to account for the 

pre-buckling deformation of the bending moment. If instead the 

member is straight before loading, the buckling load may increase 

or decrease slightly /5/ but it is felt justified to neglect this 

in order to s implify. The influence of out-of-straightness in 

lateral direction is discussed later on. 

If the member is free to deflect along the sp~ the theory predicts 

that the member may become instable for a certain load. The member 

will start deflecting laterally in combination vith twisting at 

this load. If the member is hinged in its ends in a way that 

prevents rotation arou_~d the longitudinal axis the critical 

combinations of bending mo~ent M and thrust N are those satisfying 

the equation 

N N M 2 
( 1 - - ) ( 1 - - ) - ( - ) 

NY Nt Mer 

in which 

N = Euler buckling load in lateral direction 
y 

Nt a Torsional buckling load 

Mcra Lateral bu ckling moment in a bs ence of t hrust 

(1) 

Fa~ all practical cases Nt > N:r and hence it is convenient t o 



consider eq (1) as an interaction formula between N IN and y 
M I M giving different curves for different N I Nt as shown cr y 
in fig 2. For NY I Nt a 1 the interaction curve is straight line 

and for N /Nt • 0 it is a parabola with horizontal slope at the y -

left end. 
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Fig 2. Interaction curves for bending moment and thrust 

EFFECT OF VARYING BENDING MOMENTS 

For the case of loading with linearily varying bending moment, M 

in one end and IJ•M in the other the lateral buckling moment in 

absence of thrust is increased. A good estimate of Mer for this 

case is 161 

M • M cr cr, 
ll -

2 
1 I C o.6 + o.31J + o.1 ~' (2) 

in which Ncr, ll .a 1 is the lateral buckling moment for constant 

bending moment. ~en the bending moment varies along the member 

the interaction curve will change and also depend on the shape 

4 

of the cross-section 111. However, the deviation from the curves 

in fig 2 is negligible if the bending moment does not change sign 

( ll~ 0 ) and the error is less than 11 % ( on the conservative 

side ) for ll = -0.5. 

EFFECT OF BOUNDARY CONDITIONS 

Other boundary conditions than hinged may approximately be treated 

by substituting the actual length with a reduced length. For one 

end clamped in lateral direction the reduced length should be 0.7 1 

and for both ends clamped 0.5 1. The figures are valid for constant 

bending moment. If the bending moment varies along the member this 

approximation may be unconservative if applied when the end with 

the smaller moment is clamped and the other end hinged. It is 

believed that a conservative estimate for this case is obtained 

if the actual length is used when calculating Mer and the reduced 

length when calculating NY and Nt. 

CHOICE OF INTERACTION CURVE 

For design puryoses a simple interaction formula is to be chosen 

and the most simple choice is 

N M 
if + R • 1 (3) 

y cr 

For steel structure this equation is used, but in some cases 

with an amplification factor ( 1 I ( 1 - NIN ) ) on the bending 
X 

moment. This factor is usually only slightly exceeding 1 and it 

is very likely that neglecting this factor eq (3) will still be 

conservative. On the contrary it is felt justified to check 

whether a more favourable curve could be applied for timber 

structures. To discuss this we need actual values of N7 INt. 

For a rectangular section the following data is used 
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(4) 

It is clearly seen that eq (4) may hardly exceed NY I Nt • 0.2 

for pratical structures. (0.2 corresponds to a member with the 

length equal to 4.6 times the length of the diagonal of the 

cross-section). 

For an I-section some more variables enter. 

With notation according to fig 4 and 

negle~ting the veb the following data is 

obtained 

Iy - b
3
hf I 6 

"S 
Kv - 2c 1 b hf 

~lJ/ ht 

~ t i' 
~ 

i2 
p ( b

2 
+ h~ ) I 12 + n~ I 4 Fig 4. 

The coefficient c1 varies between 0.141 and 0.333 as b I hf 

varies from 1 -to infinity. In the following b I hf • 1 is assumed 

and again putting E I G • 20 we obtain 

2 
1 + 1. .£.... 

:14 ; h2 
J.- t 
Nt 2 

1 + o.o34 L 
(5) 

h2 
t 

Soc.e values of NY I Ut are given in the subsequent table, 

5 
6 

l~b 
ht ht 

0.1 0.2 0.3 

5 0.54 0.55 0.57 

7 o.;e o.;e 0.40 

10 0.2; 0.23 0.24 

As a variation in the assumed value of blhf will give lover figures, 

NY I Nt • 0.5 may be taken as ao upper bound for practical structures. 

An interaction curve largely representing the case NY I Nt • 0.5 may 

be written 

N o.e :N M 
+M - 1 

M 
if 0.2 < M ~ 

y cr cr 

!.1 if 
M 

~ 0.2 (6) 
NY M cr 

EFFECT OF OUT-OF-STRAIGHTNESS AND INELASTIC BEHAVIOUR 

For the design of structures the above solutions may not be used 

directly, Due regard has to be taken to deviations from the 

assumptions of elasticity and straightness in lateral direction. 

Unfortunately the=e are no results available but for the two 

special cases in-plane buckling with thrust only and lateral­

t orsional buckling with bending moment only. As the suggested 

design procedure will be based on an interaction formula which may 

be interprete~ as an interpolation between those two special cases 

it is believed that the possible errors will not be too serious. 

The in-plane buckling has been discussed in a previous CIB-paper 

lei. Only one additional comment to this problem should be given. 

As far as the writer knows the effect of creep has not been included 

in a rational mar~_er in any theoretical basis for the design of 

timber columns. The question of the effect of creep will be left 

open in this paper too, but it is still felt unsatisfactorily not 

to know more about it. 

An attempt has been p=esented in 191 to quantify the influence of 

inelastic deformations and initial deformations on the lateral 

buckling of a timber beam loaded in bending. The results indicate 



1 

that the inelastic deformations due to fibre buckling in tae 

compression zone is of minor importance. The influence of L~ initial 

out-er-straightness in lateral direction is less serious in lateral 

buckling than it is in in-plane buckling of columns. It is shown 

in a review of different design procedures for lateral buckling of 

timber beams that this has been accounted for. The critical stresses 

used as basis for design are closer to those given by the elastic 

theory than the case is for in-plane buckling of columns. 

DESIGN CRITERIA 

If e~ (3) is chosen as basis for the design and the equation is 

rewritten in terms of stresses with appropriate safety factors 

entere~ the following design criteria is obtained 

a 
__£ 
0 ca 

in which 

a c 

ab 
+­

aba 
= 

• co~puted average compressive stress 

(7) 

aca • allowable compressive stress with regard to buckling in 

lateral direction 

ab • computed bending stress 

aba • allowable bending stress with regard to lateral buckling 

The interaction formula (7) has the obvious advantage of simplicity 

and it may be extended to cover in-plane-bending combined with 

thrust e.g. if the member is braced in lateral direction or if the 

bending takes place L~ the plane of minimum stiffness. To cover 

this case aca should be taken as the allowable compressive stress 

with regard to buckling in the plane of bending and aba as the 

unreduced allowable bending stress. 

If be!lding moment varies along the member (M in one end and ~ M 

in the other end ) the maximum bending ~o~ent in the plane of 

maxim~ stiffness will not coincide with the maximum of the 

unintended bending ~oment in the plane of minimum stiffness. This 

is favourable for the capacity o! members of small or intcroediate 

slende~ness and ~ay be taken into account by the use of an 

8 

e~uivalent constant bending moment e.g. Me • (0.6 ~ 0.4 ~ ) M but not 

less than 0.4 M. In this case oba should be taken as for constant 

bending moment. The use of en e~uivalent moment is probably a rough 

estimate but it has the advantage of being simple and the same 

expression may be used in' the design for in-plane bending. A check for 

the maximum stresses is re~uired in the section with maximum bending 

moment in addition to the check with eq (7). 

A closer approximation of the theory is given by eq (6) which may be 

rewritten to 

0 ob 0 
0.8 __£ ~ - < 1 if 0.2 <...E. < a 0 ba ~ 0 ba • ca (e) 

a ab __£ < 1 if < 0.2 a a • ca ba 

The use of the conditions (8) is thought to give a more accurate 

design. Howeve~ the advantage of covering both in-plane bending and 

lateral-torsional buckling vith the same formula is lost. If this 

double use of the design formula is dropped one may as well choose a 

more accurate method for the des~gn when the bending moments varies 

along the member, e.g. as suggested in /6/. 

CONCLUSIONS 

The above study indicate that timber members subjected to bending and 

compression may fail by lateral-torsional buckling. However, in most 

timber structures the members are braced in lateral direction and hence 

the problem is mostly avoided. In some large structures in which the 

main frames are braced by secondary members, the unbraced lengths may 

be long enough to mQke lateral-torsional buckling possible. In such 

cases the bending ~oment mostly varies linenrily between the braced 

points and the design may be carried as suggested in the preceeding 

section if the member is straight. For curved members additional 

considerations are re~uired. 

Most design specifications for timber structures do not cover lateral­

torsional buckline. There is probably not too much danger to be 

expected from this, but the possibility of an unsuccessful design 



9 

exists. If something would go wrong in this respect it is unfortunately 

most likely to happen on large structures. It is therefore felt 

justified to i~clude a design criterion for lateral-torsional buckling 

in design specifications and, as it has been shown above, this may be 

done in a simple way. 
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"STANDARD METHODS OF TESTING FOR THE DETERMINATION 

OF MECHANICAL PROPERTIES OF PLYl'lOOD" 

1. GENERAL ANALYSIS 

Dr. Kuipers' report, "Standard Methods of Testing for the 

Determination of Mechanical Properties of Plywood", presented 

test procedures which are used for: 

Determination of plywood strength properties intended 

for derivation of stresses suitable for design purposes. 

Purposes of quality control. 

It is generally accepted fact that there is a great difference 

between these two areas of testing and evaluation. Therefore, 

the following makes some general observations on these two 

areas and then concludes with some specific comments on 

individual test methods. 

2. TESTING OF PLYWOOD FOR STRENGTH PROPERTIES TO BE USED IN 

DERIVATION OF STRESSES FOR DESIGN 

Economical considerations, scarcity of some: materials and 

continuous struggle for better, more realistic desig~ has 

stimulated the emergence of limit states design which is 

closely associated and inter-related with probablistic 

approach to complex design problems. 
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In connection with this, numerous studies and testing 

programs were or are being carried out by several labora­

tories aimed at development of the necessary related data 

for plywood. The following are some of the more important 

North American findings: 

(a) The ratio between strength properties found for small, clear 

wood specimens (Eastern Forest Products Laboratory, Ottawa, 

Canada - Report 1104) and strength properties determined on 

large in~grade plywood specimens having the same grade of 

veneer and plywood, and the same plywood contructions 

(Council of Forest Industries,· Laboratory, North Vancouver -

"Bending Strength of Canadian Softwood Plywoods"), varies 

significantly from species to species. Therefore, it con­

cludes that the plywood conversion process influences 

differently various species and hence transformation of 

clear wood strength properties into plywood strength prop­

erties using veneer grade and plYwood grade and plywood grade 

factors is not an adequate method for de1ivation of plywood 

strength properties. 

(b) The statistical correlation between strength properties 

determined on small relatively clear plywood specimens and 

large in-grade specimens cut as matched pairs from the same 

panel is poor and namely the correlation of their 5% exclu-, 

sion value is very low. Other variables as plywood cross 

section geometry and species mix further complicate the 

case (Western Forest Product Laboratory, vancouver, Canada, 

and COFI, Vancouver, Canada). 
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It can be concluded that the correlation of small, clear vs 

la~ge in-grade test results is so low so that prohibitively 

large numbers of pairs would have to be tested to find 

statistically meaningful correlations. Factors developed 

on certain species-geometry-grade combinations could be used 

for other combinations only with a risk of relatively large 

errors. 

(c) There are systems of plywood and veneer grade factors which 

have been proven to be practical and workable (APA-USA) but 

they were developed on the basis of observation, methodic 

description and testing of large in-grade panels of plywood. 

They can be used only to convert strength properties deter-

mined on large specimen in-grade testing of one plywood 

grade by means of a conversion factor into strength proper-

ties for some other grade of plywood, the difference in grade 

being specified using predetermined method. 

(d) Studies on plywood size effect are now being conducted at 

WFPL. Preliminary results indic~te that the probability of 
'• 

failure of in-grade plywood varies significantly with the 

size of the specimen. It is believed that in the future 

size factors will be developed wherever the size effect 

would be of critical importance. Such size factors could 

be applied only to strength properties developed by testing 

large in-grade specimens. 

The above information is some of the many factors which have 

lead to the conclusion that in-grade testing using large 

specimens is the most suitable approach to development of 

basic strength properties for plywood. 
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When the choice of a particular test method for each type 

of test is made, it is imperative that the method selected 

is theoretically sound, practically feasible and in both 

above respects backed up by as much experimental work as 

possible. 

Several years ago the Council of Forest Industries of 

British Columbia undertook an extensive in-grade plywood 

strength test program. During Phase I of the project 

considerable time was spent developing suitable in-grade 

test methods and evaluating the effect of specimen size and 

.geometry. On the basis of experience found through this 

program we came to a conclusion that the following methods 

of in-grade testing of plywood appear to be most suitable 

for the purpose of determining plywood strength properties. 

(a) ASTM D 3043-72 Standard Methods of Testing Plywood in 

Flexure, Method c. 

(b) ASTM D 2719-71 Standard Methods of Testing Plywood in 

Shear Through-Thickness, Method C. 

(c) ASTM D 2718-71 Standard Methods of Testing Plywood in 

Rolling Shear (Shear in-Plane-of-Plies) • 

(d) ASTM Proposed Standard - Standard Methods of Testing 

Plywood in Tension, Method B. 

(e) ASTM Proposed Standard - Standard Methods of Testing 

Plywood in Compression, Method B. 

Note: Appendix A, COFI Report lOS, "The Derivation of 

Allowable Unit Stresses for Unsanded Grades of 

Douglas Fir Plywood from In-grade Strength Test Data", 
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presents abstracts of the reports available on the 

COFI in-grade plywood strength test program. 

3. TESTING OF PLYWOOD FOR QUALITY CONTROL 

As the objective of quality control testing is not one to 

determine plywood strength properties, the use of small 

clear specimens is justified. Tests commonly used in 

quality control of plywood can be subdivided into three 

classifications. These are -

A Tests for quality control certification. 

B Tests for the current quality control evaluation. 

C Tests for quality control monitoring. 

In some QC systems the differences between A, B and C are 

only in the amount of tests required and in the number of 

types of pretreatment of specimens prescribed. In other QC 

systems also the type of tests required differ. Apart from 

measurement of squareness, thickness control, etc., the 

following tests are the most common: 

(1) Bond test by knifing. 

(2) Bond test by tensile rolling shear. 

(3) Bending test. 

(4) Tension or compression test. 

Most common types of pretreatment are: 

For bond test specimens -

(1) cold water soaking 

(2) vacuum~ressure cycle 

(3} boil-dry-boil cycle 
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For bendi~g, ~ension and compression specimens -

(4} Conditioni~g to the equilibrium moisture 

content within specified ambient conditions 

defined by percentage of relative humidity 

and dry-bulb temperature. 

COFI has an extensiye quality control system employing 

"tensile rolling shear" type bond test (specified in CSA 

Standard 0121). It has been found that once the bending, 

tension, compression (etc.) strength properties are estab­

lished, by in-grade tests, for certain constructions of 

plywood as specified in the national product standard, the 

bond test and close checking of ply·and panel thickness, 

species, grades and workmanship gives an excellent level of 

control on the in-grade strength of the plywood panel. It 

has therefore been concluded that the "tensile rolling 

shear 11 type of bond test on small specimens pretreated by 

boil-dry-boil cycle and vacuum-pressure cycle be used as 

the main quality control test for exterior type of plywood. 

For interior types of plywood the same bond test with less 

severe pretreatment (as cold water soaking) should be used. 

4. COMMENTS ON INDIVIDUAL TEST METHODS 

The following make some general observations on these in~grade 

plywood strength tests used in North America. 

1. Flexure Test 

ASTM D 3043-72 Standard Methods of Testing Plywood in 

Flexure, Method c. 
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This method is ideally suited for evaluating effects 

of natural growt~ characteristics and manufacturing 

variables. 

Measured deformation and elastic constants are free 

of shear deformation effects. 

A specially designed testing machine applies pure 

moments to opposite ends of the test panel through 

loading frames. 

When non~uniform material containing knots, knot 

holes, etc. is tested a minimum specimen width of 

24 inches (610 mm) is recommended and in no case 

shall width be less than 12 inches (300 mm) . 

Rotation of load frames with respect to each other 

shall take place at a constant rate throughout the 

test within ± 25 percent of the rotation rate, so 

that the resulting rate of outer fiber strain within 

plywood will be 0.0015 in./in.min. (mm/mm.mm). 

Panel stiffness (EI) can be calculated from curva-

ture measurements. 

2. Shear Through-Thickness 

ASTM D 2719-71 Standard Methods of Testing Plywood 

in Shear Through-Thickness, Method c. 

It employs large specimens and responds well to 

manufacturing variables and growth characteristics. 

The specimen fabrication and test procedure are 

somewhat simpler than in other similar methods. 

Specimens 24 inches (600 mm) long and at least 

16 inches (400 mm) wide are used with a shear 

exposed area 24 inches by 8 inches (200 mm) • 
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Load is transferred to tne specimen through two 

pair of rails glued to the specimen parallel to the 

longer edge. 

The average deformation is measured across the 

8 inch (200 mm) gauge length between pin holes 

by· gauges on each side of the specimen and then 

averaged. 

3. Shear in-Plane-of-Plies 

ASTM D 2718-71 Standard Methods of Testing Plywood 

in Rolling Shear (Shear in-Plane-of-Plies). 

The ASTM rolling shear test uses specimens at least 

6 inches {150 mm) wide by 18 inches (450 rom) long, 

thus it is large enough to contain the main manufac­

turing variables and natural growth characteristics 

and therefore is suitable for determination of 

plywood strength properties. 

Primarily, the test measures the "rolling shear" 

strength of the weakest ply with grain oriented 

perpendicular to the direction of shear force. 

The specimen having the form of a rectangular flat 

plate is bonded between steel plates, beveled at· 

opposite ends of the specimen to provide knife 

edges for loading. 

The test is conducted by loading the knife edges in 

compression at a uniform rate while a suitable gauge 

measures slip between the plates due to ~pecimen 

deformation. 
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Ultimate rolling shear stress and modulus of 

rigidity in rolling shear can be determined from 

the test. 

Some concern has been expressed about the safety 

of the technical staff conducting this test be­

cause at the time of failure relatively heavy plates 

tend to fall aside and can cause injury. COFI 

Laboratory staff has developed and used a simple 

holding frame to prevent plates from falling aside. 

When such frame is used the test is perfectly safe 

and does not need to be replaced by a similar but 

tensile type shear test as sometimes recommended in 

order to improve its safety. 

4. Tension 

ASTM Proposed Standard - Standard Methods of Testing 

Plywood in Tension, Method B. 

This method employs large specimens and responds well 

to manufacturing variables and growth characteristics 

influencing the tensile properties of plywood. 

Rectangular specimens of a constant cross section 

are used. Specimens shall be at least 10 inches 

(254 mm) wide and 48 inches (1219 mm) long. 

Self aligning grips should be used to assure axial 

specimen alignment as soon as the load·is applied. 

5. Compression Test 

ASTM Proposed Standard- Standard -Methods of Testing 

Plywood in Compression, Method B. 

- This method employ~ large specimens and responds well 
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to manufacturi~g variables and. growth characteristics 

which influence compression properties of plywood. 

Specimens shall be precisely cut with all adjacent 
\ 

edges at right angles. The dimension of the specimen 

shall be 7-1/2 inches (190 mm) wide by 15 inches (380 mm) 

+ long, measured to an accuracy of not less than - 0.3 

percent. 

To eliminate buckling, the following le~gth to thickness 

ratios shall be used: 

A ratio of 20 or less if data are to be recorded up 

to the proportional limit only. 

A ratio of 10 or less if stre~gth data only are 

required. 

In order to obtain the specified length to thickness ratios, 

it is necessary in some cases to glue two or more specimens 

face to back. 

The load shall be applied through a hinged connection 

to allow for any deviations from parallel of the ends 

of the specimens and permit adjustment to the end of 

the specimen in one direction. The specimen shall be 

loosely held by the side restraining rail. 

The load shall be applied continuously throughout the 

test at rate of moveable head motion which will produce 

failure within three t9 ten minutes after initiation 

of loading. 

January 10, 1975 
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DESIGN OF SIMPLE BEAMS 

by H. J. Burgess, Timber Research & Development Association 

United Kingdom 

The first object of this note is to demonstratethe method of design 

of simple rectangular beams according to the current UK Code Of 

Practice, CP 112, and a proposed revision. In trying to achieve 

a simple presentation it quickly becomes evident that any discussion 

of UK loading requirements must be left out because a full discussion 

would be very complicated. 

On the other hand, when loading considerations are omitted the subject 

becomes very simple because the only features requiring explanati.on 

are the stress and E values and their modification factors, together 

with limitation on deflection. The rest of the calculation involves 

only the mathematical relationships which are common to all countries. 

It is nevertheless felt worthwhile to give even such a simple dem­

onstration, partly because the comparison between present and 

so-called limit state methods will be of interest, and partly to 

isolate a part of the design procedure for comparison with practice 

in other countries. The UK loadings will be described in a PRL paper 

being prepared for another forum, and loadings are best treated 

separately since independent negotiations towards their international 

unification are in progress. 

DESIGN TO UK CODE OF PRACTICE 

One way of demonstrating the UK calculation would be to design a 

simply-supported beam for a selected uniformly-distributed load, 

that is to find the r~quired I and Z values and select a standard 

cross-section providing both these values while having a height-to­

breadth ratio giving reasonable economy without being too flexible 

laterally. 

More than one such example would have to be chosen to demonstrate 

designs governed by bending stress, deflection and perhaps shear stress, 

and since both long-term load and a shorter-term load should be catered 

for, a total of eight calculations would be required. It should perhaps 



- 2 -

be mentioned that such calculations are rarely required in design 

practice nowadays, because of the availability of design aids allowing 

beams to be siz~d very rapidly without calculation. 

A more economical procedure for the present purpose, and again one 

which helps to keep the treatment as simple as possible, is to 

calculate the maximum pe~issible unifo~ load on a given beam with 

and without a deflection limitation of 0.003 times the span, first 

taking all the load as of long duration and then assuming a large 

part of it is medium-te~. For easy recognition the units used 

are the centimetre and the bar (deca-Newton/cm2 ~ 0.1 N/mm2 = 
1.02 kg/cm2). 

(a) LONG DURATION LOAD 

- taken as applied to floor joists spaced not more than 0.6 m, for 

which a loadsharing factor of 1.1 is applied to the stress. 

Without deflection limitation 
3 For a 5 x 20 Redwood beam, Z = 333 em term bending stress is 73 bar 

Using the SS grade for which the permissible lo~ 
M = fZ = (73 x 1.1) x 333 = 26,800 daN=cm s-= 268 daN-m 

Taking the span as 3.6 m, the pe~issible uniform load per metre is 

8 
W = 268 X 5:6f2 = 165.7 daN/m 

With deflection limitation 

The limitation of 0.003 x span is widely applied in the UK for floor 

design although not definitely required by CP 112. 

The calculation gives 
_2._ wl4 

0.0031 = 384 EI 

_j_ W X (J.6)3 
X 10

6 
0.003 = 384 X 100,000 X 3,3~ 

giving w = 1.647 daN/em 

= 164.7 daN/m 

The "mean E" value of 100,000 bar used above is only applicable 

in "loadsharing" situations, i.e. where the joists are spaced not more 

than 0.6 .m and the loading is distributed laterally by boarding. 

Without loadsharing, the "minimum E" value of 57,000 bar must be 

used. 



The above work completes the most important part of routine design 

calculations • . Shear stress, bearing stress and lateral stability 

are rarely limitations but will be included for completeness. 

Shear stress 

For the load of 16~.7 deca-Newton/m obtained above, the end reaction 

would be 

16l.l.7 X 3.6 
2 = 296 deca-Newton 

The maximum shear stress is calculated as 

l 296 
2 x 5 x 20 = ~.~~ bar 

- compared with a permissible value for the SS grade of 8.6 bar. 

Dearing 

The minimum end bearing area is calculated to limit the bearing stress 

to 17.1 bar for SS grade Redwood (15.5 for Whitewood) but if there 

is no wane these values may be raised to the "basic" values 22.1 and 

20.7 bar respectively. 

Lateral stability 

The present CP 112 includes a table indicating that no special provision 

need be made for lateral instability in the section size considered. 

In the revision of CP 112 it is proposed to treat this subject in an 

entirely different manner similar to t:lat adopted for the Australian 

code. 

(b) MEDIUM TEnM LOAD 

For the second example it is supposed that three-quarters of the load 

is "medium term". Such a loading is connnonly met in the design of 

joists for flat roofs and again it .will be assumed that a loadsharing 

situation exists. 

Without deflection limitation 

M = fZ = (73 x 1.1 x 1.25) x 333 = 33,400 daN-em 

wl2 
8 = 334 daN-m 

- in which the figure 1.25 is the stress increase factor for medium 

term load. For wind loading on a vertical member the short-term 

factor 1..5 would be used. 
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Tak~ the spa~ as 4.8 m, the permissible uniform load per metre is 

~ 6 I w = (lt. 8)2 = 11 daN m 

With deflection limitation of 0.003 times the span: 

....2._ W X (~.8)3 X 106 

0.003 : 384 X 100,000 X 3,333 

w = 

= 

= 

0.003 X t84 X 100,000 X 3,333 
5 X 4,8)3 X 106 

0.695 daN/em 

69,5 daN/m 

Shear stress, bearing stress and lateral stability would be Checked 

as mentione~ previously. A further point of interest is that the 

span used in calculations is strictly the effective span taken from 

centre to centre of the minimum bearing lengths necessary to limit 

bearing stress to the permissible value. 
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PROPOSED FUTURE UK ME'rHOD 

The calculations above will be repeated according to the new approach 

proposed for CP 112, but only those relating to bending stress and 

deflection. 

Ultimate moment calculation 

The most important load case will be examined as follows: 

(1.~ x dead+ 1.6 x imposed) resisted by~odified design stress x Z) 
The published values will be grade design stresses which already 

incorporate~ m values to reduce characteristic test results to long 

duration values for a standard member depth of 20 . ~m. 

The grade design stress published for SS grade Redwood is 110 bar, and 

no adjustment for depth need be applied because the depth of member 

in the calculation is equal to the standard depth. 

(a) LONG DURATI ON LOAD 

No modification factors are required for depth or load duration 

in this case, so the only modification is for loadsharing and in 

the proposed new method the appropriate value will be 1.2 for 

four members. The ultimate moment for the section will then be 

modified design stress 

wl2 
8 

X Z = (110 X 1.2) X 333 

= ~~,000 daN-m 

= ~40 daN-m 

U1 timate 
load w = ~40 x ~ = 272 daN/m 

To find the permissible imposed load, a dead load must be asswned 

and this will be taken as 30 daN/m to bear some relation to floor 

design in the UK. 

1.~ x dead + 1.6 x imposed = 272 daN/m 

1.~ x 30 + 1.6 x imposed = 272 

imposed = 230 = 1~3.7 daN/m 

1.6 

Total load = ~43.7 + 30 

= 173.7 da/Nm 
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-compared with 165.7 daN/m found before. However the result 

by the new method will vary depending on the assumed value of 

dead load. 

With deflection limitation 

The deflection is assessed under the non-factored load i.e. 

dead + imposed, which appears as w in the equation 

The value of . E is the bracketed product in the denominator, in 

which 69,000 is the published design value corresponding to 

the 1 in 20 lower exclusion limit for the grade and 1.31 is a 

loadsharing factor. The product of these two is only 90,400 

compared with 100,000 in the present form of calculation as 

given earlier. The permissible load with deflection limited 

to 0.003 times the span is 

: 0.003 X 384 X ~69,000 X 1.31) X 3,333 
w 5 X (3 .6 3 X lOG 

w = 1lJ8.8 daN/m 

This is less than the previous result (164.7) in the ratio of 

the old and new E values, i.e. 100,000 to 90,400. 

(b) HEDIIDf TERH LOAD 

Without deflection limitation 

ultjmate moment= modified design stress x Z 

: (110 X 1.2 X 1.25) X 333 

-using the loadsharing factor 1.2 and a load duration factor 1.25 

2 
Th' . Wl 1s pves 8 = 550 daN-m 

Ultimate load w = N~s)28 = t91 dnN/m 

Assuming a dead load of 30 daN/m, 

1.4 x 30 + 1.6 x imposed = 191 daN/m 
. ' 149 l 
1mposed = 1•6 = 93.1 daN1 m 

Total load = 93.1 + 30 

= 123. 1 daN/m 
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- compared with 116 daN/m fonnd before. Again the result by the 

new method will vary depending on the assumed value of dead 

load. 

span: 

0.003 :~X 

= 62.7 daN/m 

- somewhat less than the former result, 69.5 daN/m 

ME.l'HODS IN Sm1E OTIIER EUROPEAN COUNTRIES 

In the following notes the permissible loads on the beams in the 

above examples are assessed in relation to a number of other 

Eu1·opean codes, but as will be seen it is not always possible 

to do this precisely. The study is only a small scale and super­

ficial one, but does seem to give a good indication of how designs 

in the different conntries compare with one another, provided 

their codes have been interpreted correctly. 
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FRANCE 

(a)ILONG DURATION LOAD 

For the first example above, the most restrictive loading requirement 

will be (dead + 1.2 x imposed) resisted by permissible stress. 

The ~oad than can be carried by a 5 x 20 redw·ood floor joist under 

the present CP 112 was 165.7 daN/m. If a dead load of 30 daN/m is 

assumed, the imposed load is 135.7 daN/m and the French loading would 

be 

30 + 1.2 x 135.7 = 193 daN/m 

W1 2 _ 193 X (3,6)2 
for j.6 m span, 8 - 8 = 313 daN-m 

A grade stress of 100 bar is quoted for Resineux II timber. Dividing 

this by the basic value 185 bar gives a grade ratio of 5q% corresponding 

closely to that of SS grade,so Resineux II and SS will be taken as 

approximately equivalent for the present purposes. 

A depth factor of 0.9 is applicable for section depths from 

15 to 25 em, so the moment of resistance of a 5 x 20 piece is 

fZ = (100 X 0.9) X 333 

= 30,000 daN-em 

= 300 daN- m 

'l'his is very close to the assumed applied loading of 313 daN-m. 

The nmch larger grade stress compared with the UK figure is compensated 

by the French depth factor and especially by the factor 1.2 applied 

to the imposed load. 

With deflection limitation 

It is not known if domestic floor loading is regarded as of long 

duration in France, but the calculation will be made as though this 

were the case. It will be asswned further that the French deflection 

calculation takes the load as (dead + imposed) and not (dead + 1.2 

x imposed). Taking the 5 x 20 beam as just adequate for the given 

loading, the stress due to the (dead + imposed) load is 
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30 + 135.7 = 85.8% of the permissible 
193 

and the creep coefficient for zero moisture change may be interpolated 

as 

1.56 + ~0
8 

X (1.75- 1.56) = 1.62 

The "conventional" E for Resineux timber, using the value which 

allows for the effect of shear deflection given in the "simplified 

rules" and not the one in section 4.011, is 

9000 /grade stress = 9000 j11Rf 

be = 90,000 bar 

This is to/ divided by the creep coefficient, giving 

90 •000 
= 55,600 bar 1.62 

It is not clear whether the E"Ul.lue 90,000 allowing for shear deflection 

or the value of 105,000 which excludes it should actually be used. 

In either case it is evident that the creep coefficient will severely 

limit the long duration load, compared with the 164.7 daN/min the 

UK code calculation. Taking the higher E value and assuming 1h e 
1 

French deflection limitation of 
300 

is appropriate, the permissible 

load is found from 

_!_ = _j_ W• X (3.6)3 X 106 
X 1.62 

300 384 105,000 X 3,333 

givingw = 118 ./1 dnN/m 

(b) MEDIUM TERM LOAD 

For the second example, it will be assumed that three-quarters 

of the load is due to snow, taken as "normal climatic" loading, 

so the load case is dead + imposed + normal climatic with imposed= 0. 

The permissible load will be fow1d from 

2 
W~ = fZ = (100 X 0.9) X 333 = 300 daN-m 

w = 300 x 8 = 104 daN/m 
(4.8)2 

- compared '~i th 116 in the UK calculation. 
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Another load case to be considered is 1.1 x dead + 1.5 x imposed + 

1J. x extreme climatic resisted by 1. 75 times the bending stress. 

Without information on code loadings this case cannot be considered 

ibut it seems unlikely to be critical. 

With deflection limitation 

A long duration load in the French code is one applied for three 

months or longer, or applied on average for 50% of the time or more. 

Assuming the snow load here is not a long duration load, the creep 

coefficient for zero moisture change with the dead load forming 

25% of the total will be only 

10 ~ • + 0.2 X 0.19 = 1.0475 

so the higher E value will be 

105,000 

1.0475 
= 100,000 bar approximately 

- and the permissible load will differ from the UK calculation only 

to the extent caused by the French deflection limitation of 3~0 
compared 'ri th the UK value 0. 0031. 

CONCLUSION 

The indications of this tentative study, undertaken without information 

on the French loading code, are that the UK and French design 

methods lead to similar member sizes where stress governs the design 

or where the proportion of long-term load is low. With a high 

proportion of long-term load, the French member sizes will be much 

bigger if deflection governs the calculation. 
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GERMANY 

In the German code there seem to be no stress modifications for load 

duration, loadsharing or b~am depth, and no provision for varyin3 the 

E value depending on load duration. The permissible bending stress 

for grade II pinewood is 100 kp/cm2 and a general E value for European 

conifers is quoted as 100,000 kp/cm2 . These values are sim:i.lar to 

those for French Resineux II, but the grade ratio is not known for 

the German timber. 

The 'deflection calculation under the German cod~· would be similar 

to the UK method except for a general deflection limitation of l/300 

that seems to be implied, compared with the UK limitation of 0.0031; 

this would make little difference. 

The stress calculations show considerable differences as follows: 

(a) LONG DlffiAT. ON LOAD 

M = fZ = 100 x 333 = 333QO kp-cm = 333 kpm 

w12 

8 
= 333 

w = 333 x 8 = 205 kp/m 
(3.6)2 

-compared with 165.7 daN/m by the UK calculation 

(b) HEDTIJH TEJU-1 LOAD 

M = f Z = 100 x 333 = 333 l::p-m as above 

w = 1f.#8 
4.8 = 115.5 kp/m 

- approximately the same as in the L1( because the UK stress is 

increased by modification factors to 73 x 1.1 x 1.25 = 100 bar 
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CONCLUSION 

With a small proportion of long term load the German calculation 

gives results similar to the UK or French codes. With a high proportion 

of long-term load, the German result is much higher than under the 

UK code if stress-governed, and much higher than the French result 

if deflection-governed. However the German domestic imposed floor 

load of 200 kp/cm2 will tend to compensate Dr the difference from 

the UK result since the UK floor load is 146.5 kp/cm2, and for the 

difference from the French result since the French floor load is 

175 kp/cm
2

• 



- 13-

BELGIUM 

The bending properties of the grade in STS 31 are 100 kp/cm2 for 

~he stress and 100,000 kp/cm2 for E. There are no modification 

factors for loadsharing, but the stress is multiplied by 

1.15 for dead + imposed + normal wind 

(and snow if compatible with wind) 

1.5 for dead + imposed + exceptional wind (no snow) 

and the E value is reduced by 33!% to obtain deflections for long 

term loads. The deflection limit for joists and beams is 1/300. 

(a) LONG DURATION LOAD 

w = 205 kp/m as in the German calculation 

With deflection limitation 

l = .2. 
300 38q X 3,33} 

giving w = 1~2 kg/m 

similar to the French result since the modified E value 

66,700 is similar to the modified French value 

105,000 = 6q,800 
1.62 

(b) MEDI"ffi.l TERr--I LOAD 

The load-duration increase factors are not applicable in the 

case (dead+ snow), so the result is the same as the German, 

i.e. 115.5 kp/m. 

With deflection limitation 

- same as German (not calculated because it differs 

little from U.K. value). 



HOLLAND 

2 The Construction grade has a bending stress of 100 kp/cm and an 

IE of 110,000 but its grade ratio has not been determined. There is 

a loadsharing factor for concentrated load on a boarded floor, but 

this will not be taken into account because all the other calculations 

relate only to uniformly-distributed loading. The stress due to 

medium term load may be multiplied by 0.85 and ·that due to short 

term'load by 0.70. The deflection limitation is 0.00251 for 

domestic floors; the available translation is not clear on the 

limitation for domestic flat roofs. 

w= 205 kp/m as in German and Belgian calculations 

With deflection limitation 

~'he Dutch code suggests taking one-third of the imposed load as 

permanently present (unless a greater part follows from the nature 

of the construction) when calculating creep deflection, which should 

be taken as of similar magnitude to the elastic deflection ur1der the 

perm~nent load. 

It is not known what proportion of a domestic floor load would be 

taken as permanent, but it will be supposed that the one-tllird 

factor is applicable. It~pears that the domestic floor loading 

in kp/m2 is taken as 60 dead+ 150 imposed = 210. The load used for 

calculating creep will be 60 + .!2Q = 60 +50= 110 kp/m2 , so the 
3 

equivalent load for calculating (initial + creep) deflection will 
2 

be 210 + 110 = 320 kp/m , and a reduced E value having a similar 

~ffect would be 110,000 x 210 = 110,000 x 0.657. The factor 0.657 
320 

may be. compared with the Belgian 0.667 used in conjlmctiop. with an E 

of 100,000 and the French 1 = 0.617 used with an E of 105,000. 
1-:62 

A calculation based on the above would 

0.0025 = 2. 
38~ 

giving w 9 9.2 kg/m 

X 3,333 
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The difference from the Belgian result arises because of the more 

severe deflection limitation, the ratio of 0.0025 to 0.00333 being 0.75. 

This more than outweighs the ratio of 1.083 between the Dutch E and 

the Belgian E. 

The Dutch requirement for roofs is equivalent to (dead + 0.85 x imposed) 

resisted by (design stress x z) 
As in the French calculation it will be asswned that three-quarters 

of the load is due to snow, i.e. the snow load is three times the 

dead load. 

The permissible ''equivalent" load is found from 

W= fZ x !! 2 (q.8) 

= 100 X 333 X 8 
(4.8 )

2 = ll5.5 kp/m 

dead + 0.85 X imposed = ll5.5 

dead+ 0.85 X 3 X dead = ll5.5 

dead = 112·2 = 32.5 
3-55 

imposed = 3 x 32·5'= 97·2 

total = 130 kp/m 

- compared with ll6 in the U.K. calculation 

With deflection limitation 

The deflection limitation for domestic roofs is not clear in the 

available translation. Assuming it is of the same order as in the U.K., 

a bigger permissible load would be obtained because d. the 10% greater 

E value, provided no part of the snow load is taken as permanent. 

If a third of the snmv load is taken as permanent as seems to be 

required by the Dutch code, the permissible load on the 5 x 20 beam 

will be found using an E calculated as follows: 

Load for calculating creep = dead + ! x imposed 

Load fo1· calculating initial deflection = dead + imposed 

Total effective load for calculating deflection = 2 x dead + i x imposed 
3 

Or since imposed = 3 x dead, total effective = 2 x dead + q x dead = 6 x dead 

= 6 x (! x actual load) 

= 1.5 x actual load 
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The reduced E value having a similar effect would be 110,000 x 0.667, 
similar to the value just found in"connection with floor loading. 

Taking the U.K. value of 0.003l as the deflection limitation, the 

permissible load would be found from 

0.003 ~.8 3 
X 106 

0.667) X 3,333 

giving w = 5 0.9 kp/m 

- compared with 69.5 daN/m in the U.K. calculation, but this 

result has to be adjusted to the correct deflection limitation and 

it has to be confirmed that one-third of the snow load must be 

included in the load causing creep. 

I 
J 
' 
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DENMARK 

(a) LONG- DURATION LOAD 

The design bending stress in the Danish code for the T200 grade 

is 110 kp/cm2 • There is difficulty in interpreting the available 

translation, but it 'ill be assumed that a load factor of 1.5 is 

to be applied to imposed loading and 1.0 to dead load. Calculating 

in a manner similar to that adopted for France above, the Danish 

loading is 

for 

30 + 1.5 x 135 .7 = 233.5 dar~n 
wl 2 - m ._5_x;.;;;........>( ..... 3...;_• 6__.)'-2-3.6 m span, 8 - 8 = 378 daN-m 

All the loading appears to be GROUP A, for which no duration 

factor is applicable and the permissible load on the 5 x ~0 

beam would be found from 

fZ = 110 X 333 = 366 kg-m 

As in the French case this is very close to the applied loading. 

The much larger grade stress compared with the UK fi~lre is . 
compensated by the factor 1.5 applied to the imposed load.· 

With deflection limitation 

The Danish code calls for a reduction of 20 per cent in E when 

calculating deflections arising from self weight and other similar 

loads. The deflection limit for a boarded floor is 1/500 or 0.0021 

under imposed load. With the E value of 70,000 for the T200 

grade (a 30% exclusion value) be 

5 .6 3 
0.002 = 384 

giving w = 61.4 kg/m 

- which is very restrictive because of the characteristic value 

used for E as "'ell as the severe deflection limitation. 
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(b) MEDIUM TEru-1 LOAD 

The Danish code seems to place snow load explicitly into the long 

term Group A loading. The permissible "equivalent" load is found 

from 

w= 

8 
=.110 X 333 X (q.8) 2 = 127.2 kp/m 

Assuming again that the load factor 1. 5 is to be applied to the 

imposed loading and that the snow load is three times the dead 

load, 

dead+ 1.5 x imposed= 127.2 

dead+ 1.5 x 3 x dead= 127.2 

dead = 127.2 = 23.1 

5.5 

imposed = 3 x 23.1 = &2.:1 
Total = 92.4 kp/m 

- compared with 116 in the UK calculation. 

With deflection limitation 

The impo8cd load deflection of plastered ceilings must not exceed 

1/500. The UK calculation would envisage a dry-lined ceiling 

probably allowing a more t(llerant view, and since the corresponding 

total deflection would be 0.002 x ~ = 0.00267 times the span, it 

will be supposed that the UK figure of 0.0031 under total loading 

"'·ould be acceptable. The calculation with no reduction for E would 

then be 

~ W X (4.8)3 ~ 106 
0.003 = -L- - -

384 70, 000 X 3,333 

W = 0.003 X 384 X 70~000 x63,333 
5 X (4.8) X l0 

givin!~= 48.6 kp/m 

- compared with 69.5 daN/m in the UK calculation 

f 
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1. SUMMARY. 

According to the relevant standards, the ordinary requirement 

for dimensioning beams subjected to bending and tension is as 

follows: 

- 1 ~ ON + OM < 1 
st sb-

See section 2 for symbols. 

(1) 

It is shown that for cross-sections that are not double-symmetri­

cal this expression leads to unreasonable results in cases in 

which the tensile side is that subject to the most dangerous 

loading, and that the left side of (1) should be substituted 

by 

( 8) 

An expression corresponding to t1) is given for beams (columns) 

subjected to bending and compression: 

(-oN) oM s ' 
1 ~ + cr ~ 1 ( 13) 

sc s s' - (-a) b cr N 

On the compressive side, (13) can be approximated by 

1°NI 1°MI 
--+-~1 
scr sb 

(15) 

In cases in which the tensile side is decisive, it is not 

possible to formulate a corresponding expression; here, (13) 
must be used, with the right side substituted by 

s' 
cr < 

(-a ) - sb 
N 

2. SYMBOLS 

E Initial modulus of elasticity 

(16) 

E' Modulus of elasticity as a function of (-oN) 

M Bending moment 

N Normal force (positi~as tension) 

l Free length of columns 
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Radius of gyration 

see fig. 2 
Strength parallel to the grain in bending 

II II II II 

II II " " 
s Critical stress (columns) cr 
s~r See (12) 
sE Euler stress 

a. st/sb 
z2/z1 
Normal stresses due to N 

" " " " M 
err See ( 8) 

" 
" 

11 compression 
11 tension 

3· BEAMS SUBJECTED TO TENSION AND BENDING 

For beams subjected to simultaneous tension and bending there 

is no Qifficulty in determining the normal stresses erN from the 

normal force and oM from the moment. 

As the tensile strength st for ordinary grades differs from 

(is considerably lower than) the bending strength sb in all 

modern standards, it does not suffice just to consider the 
resultant stress when it is to be decided whether a given com~ 
bination of stresses is acceptable. All standards require 

~nstead a condition of the following type to be fulfilled: 

ON <1. 
- 1 ~ -- + ~ ~ 1 

st sb 
(1) 

The stresses crN and oM are assumed to be positive as tension. 

The acceptable combinations of stresses conforming to (1) are 
specified in fig. 1 

f 
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-2 -1 0 

Fig. 1. 

At the first glance, the formula seems plausible, but for cross­
sections that are not double-symmetrical, it can lead to 

unacceptable results for parts of the cross-section in which 

oM is negative. 

Consider, for example, a T-shaped cross-section loaded as shown 

in fig. 2a. The numerical value of the normal stress corre­

sponding to the bending moment in the outermost compressive 

fibre is denoted oMC" 

a) c b) 

z, 

center of gravity 

Fig. 2. 

The resultant stress, denoted or, is, see fig. 2b, 

(2) 
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On the assumption of full utilization of the cross-section, 

the left side of (1) gives 

i.e. 

With the term, st/sb = a, we find 

a ON 
......!: = 1 + (1 - a.) -
sb st 

(3) 

(4) 

For structural timber, all modern standards specify a-values 

of between 0.4 and 0.7. Thus, provided the compressive zone 

is decisive, we will always have or/sb > 1. 

Using the term, 

( 5 ) 

see fig. 2, we find the compressive zone is decisive when 
0
N < 13 - 1 

st - 13 + 1 
(6) 

in which it is assumed that 13 > 1; otherwise, the tensile zone 
Will always be decisive. 

Inserting (6) in ( 4), we get 
a 

~ - 1 ......!: ~ 1 + (1 - a.) ( 7) 
sb 13 + 1 

For very high values of 13 and for a between 0.4 and 0.7, 

or/ sb lies between 1.6 and 1.3; for a more normal section, 

where 13 "' 3, ar/sb lies between 1.30 and 1.15. 

or/sb > 1 appears unacceptable, and the left side of (1) should 
be substituted by the requirement, 

(8) 

cf. fig. 1. 

\ 
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4. CENTRALLY LOADED COLUMNS 

For centrally loaded, sl~nder columns with constant cross­

section, the bearing capacity can be reasonably determined 

from Euler's formula, i.e. 

where 

scr is 

sE is 

E is 

1 is 

r is 

of 

1/r is 

the 

the 

TT
2E 

(1)2 
r 

critical 

Eulerian 

stress, 

stress 

the modulus of elasticity 

the free length 

the radius of gyration corresponding to 

deflection, and 

the slenderness ratio 

(9) 

the direction 

For short columns, the bearing capacity of which depends on 

inhomogenities, eccentricities and existing curvatures, deter­

mination of the bearing capacity is more difficult and is 

usually done by means of empirical or semi-empirical expressions. 

The tests and assumptions on which these formulae are based vary 

from one country to another, but the final result, as expressed 

in the respective standards, is approximately the same, cf. 

fig. 3, which shows scr/sc in accordance with different standards 

[1]-[7]. scr is the compression strength. 
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, r- Danish [1). Polish{ 51 . R~ian[6) 
/ - British [2] 

_, Canadian [4] 
/" German [ 3] 

/ ------ Swedish [7) 

50 

0 50 

Fig. 3· 

100 150 

l 
r 

The curves are plotted for a common ratio E/s ~ 280, whereby 
' c 

the influence of different safety systems is removed. If this 

had not been done, the British curve for long columns would 

have deviated considerably from the others, because part of 

the safety factor is 11 forgotten" for these, cf. [8]. 

For the 

bearing 

remaining calculations it is convenient to express the 

capacity of the column by means of Engesser's formula 

, 2E ' ( s cr) 

(1) 2 
r 

(9) 

where E' = E'(-oN) is a formal modulus of elasticity dependin~ 

on the compressive stress(-oN). In (9) it is indicated that 

(-erN) = scr at rupture. By the formulation in (9), the 

influence of imperfections and existing curvatures is thus 

converted to a reduced E-modulus~ i.e. a reduced stiffness. 

Corresponding to the Danish curve [1], we find 

{~ ( -so:)[1 

for (-erN) ~ sc/2 
E' =-

-erN 
(10) 

- (-) ]E (-erN) ;;::: s /2 
sc c 

\ 
) 
I 
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Minus signs occur in the formulae because normal stresses are 

still taken as positive for tension. 

5. LATERALLY LOADED COLUMNS 

If it is assumed that the column is subjected to a sinusoidal 

moment with the maximum value M calculated in the undeformed 

state, then, due to the normal force, the actual moment at the 

mid-point will be 
s' 

M' M cr 
s~r - (-aN) 

(11) 

where 
2 

E 1 ( - aN) n 
s' cr (! )2 

r 

(12) 

We often see (12) written with scr instead of s~r' but this is 

incorrect because E' must correspond to the relevant normal stress 

(-aN), which is, of course, less than scr 

Denoting the stresses from the moment M as aM, taken as 

positive for tension, the resultant compressive stress will be 
s' 

(-aN) + aM s~r :r(-aN) (13) 

As the compressive strength sc and the bending strength sb 

are also different, (13) cannot be used directly for dimension­

ing purposes; instead, it is usually required, analogously to 

(1), that: 

(- oN) ~ s' 
1 ~ cr 

~ 1 - + 1 (-oN) s c sb scr - (14) 

The just acceptable combinations of oNjsc and aM/s for vario~s 

slenderness ratios are shown in fig. 4. 



--Formula (14) 
(15) 
(16) 

Fig. 4. 

0 
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l 
r r:=4D 

2 

In all the standards examined - with the exception of [1]- it 

is implicitly assumed that the compressive side is decisive, 

and (14) is substituted by expressions of the form 

I 0 N I \crM\ 
- + - $ 1 (15) 
scr sb 

which is an excellent approximation for the compressive side; 

the slightly concave curves in fig. 4 are replaced by straight 

lines. 

If, on the other hand, it is the tensile side that is decisive, 

e.g. in cross-section of the type shown in fig. 2, (15) becomes 

far too conservative, and it is not possible, for example by 

removing the numerical signs, to obtain corresponding expressions 

of any relevance. In this case it is necessary to return to 

the expression (13). However, as the compressive strength is 

lower than the bending strength, it is also necessary here to 

modify the condition on the tensile side, namely to 

0M s ' - ( - cr ) + 0 N $ s b 
cr N 

(16) 

The corresponding curves are plotted in fig. 4, where it is 

assumed that sc/sb = 0.7. 
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Proposal for a basic test method for the evaluation of 

structural timber joints with mechanical fasteners and 

eonnectors. 

Scope 

A method is developed: 

to investigate the mechanical properties of timber joints; with mechanical 

fasteners and connectors; 

to calculate from the test results values of the characteristic strength and/or 

of the allowable loads; 

to determine values of the deformation in the joint which enable designers to 

introduce these in their calculation. 

2 Fields of application 

This code of testing practice is applicable to joints made in load-bearing timber 
' 

structures with mechanical fasteners and connectors. 

3 Classification and nomenclature of joints 

3.1 The members to be jointed lie in parallel planes. 

3.1.1 Members jointed by connectors through the contact surfaces (eg nails, screws, 

bolts, etc) 

3.1.2 Members jointed by connectors in the contact surfaces ~g all types of dowels 

and comparable connectors). 

3.2 The members to be jointed have equal thickness and lie in the same plane. 

3.2.1 Members jointed by gussets on their outer surfaces (eg punched metal plates, 

nailing plates, etc). 

3.2.2 Members jointed by gussets inserted in incised slits (eg nailing plates; 
GreimQaU system). 

1 



3.3 Other joints 

3.1.1 : I ! I l ! : 1 : If 1 f 1 l1: 1 

: I! t: : II :: 3.·1. 2 ~ i Concrete 

I 

3. 2.1 ~ :; :::: :r::::::: t : if I: f 

3.2.·2 i l±l±Iil 1 : ~ ~ ~ i 

4.1 Climatic conditions 

4.1.1 The climatic conditions in which the joint is supp&sed to, function influence 

its strength and its deformations. Four conditions can be distinguished: 

normal heated and sufficiently ventilated buildings 

not heated, closed buildings 

not heated, open buildings but with covered structure 

the open air 

4.1.2 Although the basic conditions vary considerably between geographmpositions 

it may be possible to circumscribe the average climatic data for certain 

regions and to derive therefrom a range from which the moisture content of 

the timber will not differ for longer than 2 weeks in a period of 5 years. 

For great parts of Western Europe such figures are given in Table 1. 

2 



Table 1 

AVERAGE CLIMATIC CONDITIONS IN WESTERN EUROPE 
AND MOISTURE CONTENTS TO BE EXPECTED 

Climatic conditions Temperature Rel hum 
oc % 

Heated and ventilated 20.:!: 4 55.:!: 15 
buildings 

not heated, closed 
18.:!: 7 65.:!: 15 buildings 

not heated, covered build- 12 + 12 80 + 10 ings with open walls - -

open air 10 + 15 85 .:!: 15 

4.2 Loading conditions 

Moisture 
content 

% 

10 .± 3 

13 .:!: 4 

17 .:!: 4 

22 + 8 -

Live loads on a structure are changing with time. Dependent on the 

frequency of the changes three loading conditions are distinguished. 

4.2.1 All joints in building structures that are not exposed to the circum­

stances as described in 4.2.2 and 4.2.3 may be considered as statically 

loaded. Static loads m~ have different duration, which can be 

differentiated as follows: 

expected total duration of loading 
during lifetime 50-100 years 

4.2.2 Structures which are frequently exposed to changing loads with a frequenqy 

of about 2 to 5 Hz, like floors of ballrooms, gymnastic halls, etc are 

semi-dynamic loaded. With respect to the calculation such structures m~ 

be considered as statically ' loaded with an equivalent live load. 

4.2.3 Structures exposed to changing loads with higher frequencies than 

about 5Hz, like crane beams, highw~ and railroad bridges, are 

~ically loaded and must be calculated as such. 

5 TYpes of investigations 

Dependent on the wanted information different types of investigation can be 

diet inguished. 
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5.1 In a systematic investigation information is wanted in a very general 

w~, including dimensions of the connector, the timber, angle of load 

to grain, etc. 

5.2 In a limited investigation information is wanted about the behaviour of 

a certain type of connector in different positions, eg with respect to 

angle of load to grain but with pre-fixed minimum-values of timber 

dimensions, edge- and end-distances etc. For instance, a joint with 

punched metal plates 

------------------
~-=-=-=-==-=--=-=--=-= 

~------------~~:::::~:==:~=::=~~~~~----------~ ---------------------------------------------

fig 1 

5·3 In a special investigation information is wanted about the behaviour of 

a certain joint with fix&d dimensions and in known circumstances. For 

instance a "grip" - eonneetor for the conneetion of the seeondary beam 

to a primary beam of certain dimensions. 

fig 2 
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5·4 A combination of related series of special and/or restricted investigations 

as far as the object of investigation has remained unchanged. 

6 Test specimens 

6.1 The number and character of variables introduced in the test program 

determine the type of investigation, and form the base of type and number 

of test specimens. 

6.2 The joints to be tested in the investigation must be of such realistic 

form and dimensions that the necessar.y information about strength and 

deformation in actual service can be achieved. 

6.3 In most cases not only simple joints in tension and in compression must 

be tested (fig 3), but also joints where some of the members are loaded 

with an angle to the grain. For these latter joints the test specimens 

must be built up according to 6.2, for instance like fig 4· 

fig 3 fig 4 

6.4 The number . of connectors in a joint must be chosen in accordance with 6.2. 

6.5 In special and limited investigations (5.1 and 5.2) in any case the 

minimum predetermined dimensions of the members, the end- and edge­

distance, etc must be incorporated in the test series. 

6.6 During the test the deformation of the members in the joint must not be 

hindered by the testing apparatus, measuring devices, etc. 

6.7 Species and quality of the timber must ·be according to that used in 

reality. 

6.8 The principle test must be carried out with wood of a moisture content 

corresponding with that to be expected in service conditions. 

5 



If the structure is expected to be manufactured in practice at another 

moisture content of the timber the test specimens must be made accordingly 

and subjected before the test to a conditioning at expected service 

conditions. 

6.9 Normally joints must be made from wood that has been conditioned at 

T = 20 ± 2°C and at a relative humidity of RH = 65 ± 3% (the timber will 

then adopt a moisture oontent of 12 ± 2%). Conditioning may be ended if 

in 24 hours the weight of a test specimen has not changed by more than 

0.2% of the total weight. Before testing is carried out the test specimens 

must be stored in the same conditions. 

7 Test procedures 

In order to obtain full information about the behaviour of joints in load bearing 

structures short-duration - (or "standard) tests as well as long-duration tests 

should be carried out. Procedures, therefore, have been given in 7.1 and 7.2 

respectively. 

As a compromise which gives, a mixed information about short and long duration 

behaviour also the method of 7.3 may be used. 

Some general remarks about ~ic tests have been made in 7.4. 

7.1 Short-duration test or standard test 

Short duration test and long duration test as described in 7.2 belong 

together. 

7• 1• 2An expected value of the ultimate load F of the joint under test has to be 

determined on former experience, calculations, preparatory tests or else. 

7.1.3 The loading procedure has been given in fig 5 in which the loading or 
1\ 

measuring step f = 0.1 F. Each loading step f must take not less than 

30 seconds. 
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fig 5 

7.1.4 According to this fig 5 the test load is increased at a constant rate 

up to 4f, then diminished to f and raised again to 7f. Dependent on the 

possibilities of the testing machine and of the goals one has in mind the 

test can be continued with a constant rate of loading or a constant rate 

of deformation. 

In the first case one must be aware of the fact that high rates of 

deformations m~ be reached, as well as higher values of the ultimate 

load ~ than in case two. 

7.1.4 After each loading step deformations must be measured, without inter­

rupting the loading. 

From these measurements the following displacements are calculated: 
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joint load~ differs more than 10 per cent 

of the average result of the executed tests, adjustments of the loading 

procedure sh0uld be made. Also the values of v0•4, etc of the already 

carried out tests must be re-calculated accordingly. 

7.2 Long duration tests 

7.2.1 Long-duration tests shall be carried out as a control upon the trust­

worthiness of the joints on the long run. This control intends to check: 

8 
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a the long duration strength of the joints 

b the time-dependent deformations of the joints. Long duration 

tests must be carried out in conjunction with standard tests of 7.1. 

These m~ also serve as an addition to the tests of 7.3. 

At least 5 tests specimens must be loaded up to 80 per cent of the mean 

strength found with short duration tests. 

At least 5 tests specimens must be loaded up to 40 per cent of the mean 

strength found with short duration tests. 

In both cases .2 and .3 the constant load must be reached as good as 

possible in an uniform rate after maximum 5 minutes. 

For the conditioning of the timber and the circumstances in the testing 

room 6.8 and 6.9 are valid. 

During the test deformation must be measured in regular and effective 

intervals so that a continuing information about the development of 

the deformation becomes available. The time of the beginning of the 

measurements and of the end of the test must be given in the test report. 

7.3 Combined short-duration or modified short-duration tests 

.1 In special and in limited investigations combined, but less detailed than in 

7.1 and 7.2, informatien m~ be based on tests carried out according to the 

procedure given in fig. 

minutes 
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1·4 

1·4·1 

1·4·2 

1·4·3 

D;rnamic tests 

In principle ~amio testa should be carried out on joints if they are 

expected to be used in structures where vibrations with frequency above 

5 Hz will occur. 

The test frequenoy should not be higher than that in the service conditions 

foreseen, because that might influence considerably the moisture content 

and distribution in the test specimen. 

With respect to moisture content of test specimens and conditioning of 

test room 6.8 and 6.9 are valid. 

8 Gener,al requirements 

8.1 

8.1.1 

8.1.2 

8.1.3 

8.1.4 

Based on static long duration loads. 

From the total number of 80 per cent long duration tests not more than 50 

per cent m~ be collapsed within the period of •••• hours. 

If the long duration ~est specimens described in 7.2.2 collapse within a 

period under load of ••• hours, or if more than 50 per cent of these testa 

fail within ••• hours, at least 5 teats specimens with the same dimensions 

must be loaded up to 70 per cent and another 5 to 60 per cent of the mean 

strength found with short duration tests. 

If, the long-duration tests described in 6.2.3 show after a period of ••• 

weeks a deformation of more than 1 of the initial deformation the total 

investigation must be repeated with a two fold number of tests or at 

least 10 test specimens. From the total number of the 40 per cent long 

duration testa not more than 50 per cent may give a deformation of more 

than •••• of the initial deformation. 

If the long-duration tests primarily do not fulfil the requirements of 

8. 1.1 and 8.1. 3 the allowable load must be reduced to- such limits that the 

requirements can be ~fULfilled at load-levels of 80 per cent reap. 40 per 

cent of 3 x the reduced allowable load. 

8. 2 Re.quired duration of dynamic tests must be determined in accordance with 

specific cases of application. 

10 



9 Interpretation of the results 

9.1 In the case of a special investigation (5.1) values of the mean ultimate 

loads and of the standard deviation m~ be taken from the test results. 

The number of teats must be .10 or more~ 1 ) 

9.2 In the case of a limited investigation (5.2) the influence of the angle 

between the direction of the load and of the grain must be studied and a 
A 

theory or method to forecast the ultimate load F must be set up. 

I 
I 

' ' I 

,. .. -~-- ______ /._ 

fig 7 

~ 

expected values of Fa 

' \ 
\ 
\ 
\ 
\ 

(1)rn a definite proposal something mo~ must be said about sampling and number of 
tests. 11 



,. 
. F test From the distribution of the rat1o F th a coefficient of variation - eory 

can be calculated, in which not only the variation in strength but also 

the simplifications of the theory are incorporated. 

9·4 If the requirements of 8 are :f'ul.filled safe .. 

working loads can be calculated following: 

" f = ~ • m1 • m2 , where 
A 

F test 

' = allowable load on the joint 

A 
F = mean strength of the joint 

w = coefficient of safety 

.. / 
0 ··/­

•• . ·I'.~ . 
..... /. Ill •• 

~ ~ • • I : .. : /. '• , ... •/. .. · .. . . /"' . .... , . .. ... . . ..,. ... .. 

~ 
/ 

/ 

/ .. . 

m1 , m2 modification factors for service conditions. 

9·5 The coefficient of safety w can be calculated according to 

v = coefficient of variation = 

• t 

standard deviation 
mean strength • 100 

, theory 

t =time coefficient, for which values of 1.8 to 2 can be taken. 
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9.6 Values of w can also be taken from fig 8. 
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t... 2 Bl,ould be taken if 
failure depends highly 
on shear strength of 
the wood. 

Fig 8 Relation between coefficient of variation v and 

coefficient of safety w; t = 1,8 

9.7 From the measurements of the deformations values of direct deformation, 

elastic deformatio~, modulus k and expected creep values must be 

calculated (of fig 5 and 5a.) 

10 Test reports 

Reports on tests must give all reliable data about the tests carried out and 

the results. They shall therefore contain data about:-

the species and quality of the wood plus relative density 

kind and number of connectors plus quality of connector 

exact data about the dimensions of the joint, the loading conditions 

in the test machine 

moisture oontent of the timber when the joint was made, conditioning 

13 



before testing and moisture content at the time of the tests 

loading procedure followed 

measurements 

mode of failure 

14 



INTERNATIONAL COUNCIL FOR BUILDING RESEARCH 

STUDIES AND DOCUMENTATION 

WORKING COMMISSION WlB 

TEST METHODS FOR WOOD FASTENERS 

by 

1< MOHLER 

UNIVERSITAT KARLSRUHE (TH) 

. WEST GERMANY 

PARIS - FEBRUARY 1975 

PAPER 9 



Test methods for wood fasteners 

In Ge~ there is no officially prescribed teat method tor wood fasteners. 

A method was established as long ago as 1944 for dowel joints. This was incorporated 

in a draft German Standard (DINE 4110, Part 8) and is used mostly as a guideline. 

According to this Standard, compression shear tests ~ be made tor the provisional 

determination of the ability to withstand loading parallel to the grain, but the 

principal tests in this respect are those in which test pieces are subjected to shear 

in tension. The resistance perpendicular to the grain is checked by testing specimens 

in compression. The woo~ to be used is spruce with a compressive strength of 350 

20 kgf/cm2• The procedure is very time consuming, as the graph presented in the 

enclosure shows. 

The permissible load is established with a factor of safety of 2.75 from the mean 

value of 3 tests.in each case, or the displacement under the permissible load 

(zul P) 1.5 mm shall not be exceeded. 

Test methods for nail·plates are in course of preparation. A research p~ojeot 

is being carried out at Karlsruhe with the object of elucidating what effect time 

has on the maJCimum sate load and the load - displacement curve with diffe:rent 

fasteners. It is hoped to establish a test procedure similar to the Rilem proposal, 

should the latter enable an adequate assessment to be made of the short-term strength 

and the total and permanent displacements with the different fasteners. 

Enclosure 

Llngszug - Probek8rper = test piece subjected to-tansion parallel to grain 

Draufsicht = view from above 

Seitenansicht = side view 

Prtlfteil = test length 

Einspa.nnteil = restrained length 

Translations provided on second graph. 

Querd.ruck - P. = test piece subjected to compression perpendicular to grain 

Hettbolzen .. pin 
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'Pimbc>r Commi ttco 

Thirty-scconn session, 
14-10 Octouer 1974 

})Rl\FT HEPOn'l' (continued) 

Addendum 5 

(ii) flctivi tios oncl pro{~rDmnw of \olork of the Timhcr _pommi ttee 

(a) Ad l!.oc mee~int.{ on trri:lding rule.J fo_r conife:rou5 sa'"T-'·Iood 

HEf;'J.'fllC'l'ED 

TIM/CRP.11/Add.5 
16 October 1974 
Original: ENGLISH 

30. Mr. W. To"ms1ey ( Cam•da), Chairman of tho p_d hoc meeting on grading rules for 

·conifnrous sm·mwood, prFJs<.'!nted his report on the meetint; . ('l'J11j\.fP. 3/AC. 3/ 4) to the 

Committee which i3~GeptPd ~ht. m\~tinc:' s proposnt!.O.!'_;!\ internutional standard for aa ~ ~\:,~ .. ,~ ~~, .. w __ _,. 

. aradint; Quleo. /_ T)le Commit ·tee agreed that re6earch \·JOrk on the points mentioned 

in the report and experience in practice were necessnry before ariy standard could be 

definitC'!ly ~pproved. It therefore decided that the stnndard should be put into 

opcrntion but be reconsidered ..,. .. i thin a period of 1-1-1 ye~r.:;, "'hen the ad hoc meotin!; 

should be l'econveneCI to 1·eview .developments and .c;;uge:est changes '"hen oppropriate, 

'l'he Committee agreed that the Gtandnrd be published aG a supplement to the 

'l'imber Dulle tin for Europe and aGkecl the Secrehrint to encourage its ldde 

diGtribution. 'l'he ConiDli ttee ,.,elcomed the very successful co-operation with the 

Intcrnntionc:~l Org<~nize.tion for Standardization {ISO) end the European Soft\.rood 

Conference on this project. 



UNITED NATIONS 

ECONOMIC 
AND 
SOCIAL COUNCIL 

ECONOMIC COMMISSION FOR EUROPE 

Timber Committee 

Provisional Group of mxPerts on the 
Wood-working Industries 

Ad hoc meeting of e:~perts on grading 
rules for coniferous sawnwood 

Geneva, 11 to 13 September 1974 

~irman' a Re'!Jo~ 

Introduction 

RESTRICTED 

TIM/WP. 3/ AC. 3/4 
1 October 1974 

Originals ENGLISH 

1. A second ad hoc meeting of e:·perts on gre..ding rules for coniferous sawnwood took 
place from 11 to 13 September 1974· The following ECE countries were representeds 
Belgium; Byelorussian SSRi Canada1 Czechoslovakia; Denmark; Finland; France; 
Germany, Federal Republic of; Ite.lyi Netherlands; Norwe.y; Pnla.nd~ Sweden1 USSR; 
United Kingdom; United States of America. The International Organization for 
Standardization (ISO) and the International Union of Forestry -Research Organizations 
(IUFRO) were also represented. 

Adoption of the Agenda (Item 1 of the Agenda) 

2. The Provisional Agenda (TIM/WP.3/AC.3/3) ,resented by the Secretariat was adopted. 

Election of ·officerl:i {Item 2 of the .AJende.) 

3· Mr. W. TOwnsley (Canada), Chairman of the first ad hoc meeting·on this subject, 
continued as Chairman. 

Draft proposal for an international stondard for stress (£rading of coniferous sa\mwoo~ 
(!ten 3 of tho ~da) -

4· The meeting .. was informed of the work of the drafting groul;) set up at the first 
meeting in October 1973 on the basis of document TIM/WP.37AC.3/R.6. It expressed its 
thanks to the drafting JrOUp for its ·rapid an~ thorough work 1 and agreed to base its 
work on the draftin~ group's proposal. 

5· The meeting was also informed of tho discussions of the Reaoarch and.Developrnent 
~.aioon Committee of the European Softwood Conference r~d ~f research c~rried out in 
P.inland and the Nether~tnds. 

6. 11r. F. P~lmer (United Kingdom), the Timber Committee's co-ordinator for standar­
dization and Vice-Chairman of the Committee, reported on hie discussions with the 
Socretari~t of ISO Technical Committee 55 in Moscow on the beais of document 
TIM/WP.3/AC.3/R.7. The moetinJ and the re~reacntativea of ISO Centrel Secretariat and 
of TC )5 w~lcomed the progreso made in co-operction betwoon tho Timber Committee and ISO 

GE. 74-3Q335 
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and hoped th2.t this trend \'tould continue.- The meeting took note of the TC 55 
Secretariat's comments set out in Mr. P.:-.lrner' s report .:md took 2.CC01.Ult of them in its 
discussions. 

1· The meeting agreed that it should o.,')provc ::ll1 agreement o.t thic session, which 
should serve as a platform for ~11 internRtional action in the field of grading of 
structural coniferous sawnwood. A few doleg·ations expressed reservations about the 
adequacy of the theoretical fol.Uldations, but it wa.s pointed out that progress would be 
made both in theoretical research and in practical application during the initial period 
of the agreement. It would doubtless be modified n.s short-comings became ap~arent and 
in order to harmonize with national leG~l frameworks. The meeting stressed, however, 
the urgency of reachin;~ agreement on Cl. basic document 1 even if this were to be lllOdified 
later. 

8. The meeting discussed the ?rincipal r~.ctors to be taken into accol.Ult when 
deciding on grading rules for coniferous sawnwood and noted especially the followings 

(a) Great importance was attached to the question of yieldz and reject rates 
which may determine the economic feasibility of a grading system. ~~ delegations 
considered that the reject rates of around 20~ measured with the draft agreement 
proposed to the meeting were e.~cessively high. 

(b) The meeting considered that the practicability of a grading system wa2 
equally important. The grader should be able to make accurate decisions at a speed 
which would enable a reasonably fD.st throughput. In this connexion, it was pointed 
out that the definition of two ~epur~te margin conditions would complicate the grading 
decisions. 

(c) Furthermore, it was considered desirable that there should be an even 
distribution between the grades e.nd e:>pecially the.t sufficient wood should fall into 
the lower grade, which would be in greater dom~nd, at least initially, for price reason~. 

9· The meeting discussed a.t lent,rth the que:1tion of the relationship between a gradins­
system defined by the limit2.tion of strength-reducing ch~racteristics ~nd the design 
stresses which would be allotted to the er~des. It Gtressed the vital importance of 
this question and decided the.t the o.;~rccment proposed .. hould include an anne:: on the 
subject. It was informed that l•lorkinc- Party 10 (Timuer StructureEl) of the Conseil 
International clu BS.timent (CIB) was working o:o thio queztion and would welcome the new 
grading rules ao a basis for its work. 'r.he meeting requentcd CIB Wl8 to report on design 
stresses for the new grades. 

10. On the basis of these considerations and after lengthy discussion of the draft 
proposal, the meetinG approved the att~ched draft proposal for submission to the 
Timber Committee at its thirty-second session, which it agreed should be presented by 
the Chairman iri his report to the Timber Corrunittee .. 

Further action , 

11. The meeting stressed a~;ain the provisional nnture of the aGreement o.nd the need 
for reconsideration of the document within a. period of 1-1{ year8 1 and agreed that a 
suggested plan of action be formulated in the introduction to the ogreement. 

12. Tho meeting considered th.~t muGh rcoearch work remained to be done, notably ons 

..... _ 
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t~e design stresses to be allotted to the grades 
the effect ·of the width of annual rings on strength 
the effeot of wane on strength 
the yield and reject rate of tho new grades. 

Several national research laboratories should ,nrticipate in this work. Tb improve co­
ordination, the meeting requested participants to send to the Secretariats 

(a) 

(b) 

the results of any work undertaken which might invalidcte 
the meetings' decisions 
information on the direction o~ work in progress. 

The Secretariat would transmit this information to the members of the drafting group 
which would meet to prepare the third ad hoc meeting. 

13. When definitive agreement had been reached on the main features of the grading 
system, the document should be passed to ISO, which would prepare the final version and 
ultimately issue it as an International Standard. The meeting noted that ISO 
terminology and presentation had been used wherever possible. 

14. The Finnish delegation presented to the meeting a draft standard for finger­
jointed. structural timber. The meeting considered that this subject was clearly 
related to that of stress-graded coniferous sawnwood and decided to draw the attention 
of the Timber Committee to the subject of finger jointing as a possible field for further 
standardization activities. 

Any other business (Item 5 of the Agenda) 

15. None. 

Adoption of the report of the meeting (Item 6 of the Agenda) 

16. See paragraph 10 above. 
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PROPOSAL FOR AN INTERNATIONAL STAI."'DARD FOR STRESS ORADllfO 
OF CONIFEROUS SAW Tir.ffiER 

DTTRODUCTION 

Two visual ~ades i one o.t the GS level of BS 1;.970 antl. the other ap!)reciably higher 
than the SS grade, are specified and provision is made for the use of machine stresa 
grading. 

The meeting considered, however., th.:~.t further investigation may be required to 
determine if the yields of tir:~ber {~Taded to this draft proposo.l from 110rma.l sawmill 
production are acceptable. The stress vnlues tilat can be assigned to the gradea must 
also be of considerable importance but, as the first ad hoc meetinB agreed, this question 
was not examined in depth at this sta..ge. 

It was the view of the meetin~ that while a b~oic grading document was necessary as 
a platform for further work on stresa &;rad.ing, research on teoting presently underwey 
and practical experience necessitated a review of the current proposil.l within a ;y-ee.r 
or 18 months. It was therefore recommended that the !)resent ad hoo meeting be reconvened 
.at a convenient time within the period sug~ested to review developments and suggest 
changes where appropriate. It is further recommended that the drafting committee be 
reconvened within 6 to 9 months to prepare documents for the proposed ad hoo meeting. 

Note: In accordance lfi th ISO pr<:<.ctice 1 indented parc;8,Taphs contain matt~r 
WhiCh is supplementary to the main document. 

1. SCOPE AND FIELD OF APPLICATION 

This draft propoe~.l covers structural load-bearing coniferous timber with basic 
sawn dimensions of not lesa than 38 mm thickness and 75 mm width. The tolerances in 
dimensions shall be in o.ccordance with ISO/R 7 38-1968. ···Reg\llariZing; ·providing ·1 t ·does 
not remove more than 1 mm, does not imply a chance in grade. 

The draft pro~osal defines two visual stress grades, provisionally designated ECl 
and EC2 and two machine stress grades MECl and MEC2 1 and cpecifiee the conditione which 
must be satisfied for the acce!)ta.nce of machine stress graded timber .. 

It is however recognized that the need may eAiat for cupplementary, national 
o~ international grades in addition to those mentioned above and their use is 
not precluded. 

The permissible limits for knot~ exe opecified in terms of knot area ratios (KAR). 

Knots may be assiessed by thic method of measurement but other methode are 
acceptable provided they are based on knot displacement and their equivalence 
with the KAR method has been establiehed. 

J.!oisture content 

Permissible defects a.re specifiecl for timber at c::L moisture content of 20J,. (vlhere 
grading is done at a hi~her content 1 then due allm·ICJ.nce ohould be made for the possible 
effect of subsequent drying.) 

. ' 
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Grading should be carried out by proryerly trained and qualified 9ersonnel and 
there should be ~dequate supervision and control to ensure that the required standards 
of grading are maintained. 

Where grading is done mechanically, the grading machine used must be of a ty!)e 
~.pproved by a competent authority and must be subject to periodic and unannounced 
inspections. 

The machine must be c~libruted, maintuincd and operated under a scheme of 
supervision prepared by the approving r..uthority. 

2. TERMS AND DEFINITIONS 

Where timber terms are used tncy h~ve the meaning assigned to them in ISO/R 1031-
1969 and in addition the followint: definition~ 1.pply .. 

2.1. Fis~ures. A longitudinal sep~r~tion of the fibres, aroearing on o. face, edge or 
end of a piece of timber, ~nd including checks, ~ha.kec and splits .. 

2.2. Total knot area ratio (Tot.-,.1 KAR).. The ratio of the sum of projected cross­
sectional areaG of nll knot: intersected by any cross-Eection, to the total 
cross-sectional area of the piece (see figure 2).. The methods for determining 
the knot area ratio in cases of di.s?ute are ;,et out in Anne~~ 2. 

2.). Machine stress graded timber. Timber which has been non-destructively graded by 
an approved system of measuring one or more of its mechanical properties. The 
system being such th~.t 1 together with any necessary visual inspection, grade 
stresses may be a:Jsigned. 

2.4. Margin. The areas adjoining the edces of the cross-section, each of which occupies 
one-quarter of the totC~.l cross-sectional are€'. of tho piece (see figure 1). Square 
pieces are to be graded on their most unfavourable aspect. 

2.5. Margin knot area. ratio (Margin KAR) The ratio of the aum of the projected 
cross-sectional c.rea of all knota or portion~ of knots in a margin intersected at 
any cross-section to the cross-aectione.l aret~. of the margin. The methods for 
determining the knot area rntio in cases of dispute are set out in Anne~~ 2. 

2.6. Visually stresc-gr<:~.ded timber. A !)ieee of timber which h.:ts "been graded by visual 
inspection by properly trained and qualified perr.·onnel cmd to which grade stresses 
can be asoigned. 

3. MEASUREMENT 

3.1. Knots. Knots shall be asnessed by their Total KAR and r~rgin KAR. In making 
this assessment knots of leso than 5 mm diameter on any surface of the piece may 
be ignored. No dif3tinction r.hall be made between knot holeB 1 dead knots or live 
knots. The method of assessing KAn is illuotrated in figure 2. 

3.2. Slope of gr~in. Slope of gr~in ohall be azsecood ~a the inclination of the wood 
fibres to the longitudinal ax:ir~ of the piece 'l'he olope shnll be expressed as the 
number of units of length over which unit deviation occurs . It shall be measured 
-over a dista.nce :mfficiently grent to determine the general slope 1 disregarding 
local uevio.tiono.. Where there in eloping grain on both the edge and face of a 
piece the combinud slope should be taken into consideration. The method of 
assessing slope of grain is illustr~ted in fieure 3. 
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Fig.2. Knots 
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Face 

I 
I 
I 

(a\ Axonome\ric view showing in \hree -dimension 
a ~oup of knots in a piece and their projection 
on a cross- sectional plane. 

rrmw-A-1 
.L_ tr>" ,..,., • .,...,.. 

d 

dJ. 

l__L-------~~~-~ 

projection 

{b) Front view ot projection plane, 
t.howing pro jectlon of knoh (hatched) and those parts which 
-fall in the margin area (cross-hatched) 

3.2. Slope of grajn. Slope of grain shall be assessed as the inclination of the 
wood fibres to the longitudinal axis of the piece. The slope shall be 
expressed as the number of units of length over which unit deviation occurs. 
It shall be measured over a distance sufficiently great to determine the 
general slope, disregarding local deviations. Where there is eloping grain 
on both the edge and face of a piece the combined slope should be taken into 
consideration. The method of assessing slope of grain is illustrated in 
Figure 3. 
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Slope or tnin AC 
: lin BC 

Fjq, l ·• _Slope of grain 
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3.3. Rate of growth. Rate of growth shall be assessed on an end of the 
piece and shall be taken as the average width in mm of the growth 
ringe. The measurement shall be made on the longest line, as near 
as possible normal to the growth rings and commencing 25 mm from 
the pith when this is present. The method of assessing rate of 
growth is illustrated in Figure 4. 

r • 25 mm 
Z • 75 mm 

(Where possible) 

No of rings ::: N 

(II) 
Measurement of rate of growth ::: Z/N :mm 

...f.i9..i;. Rate of growth 
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3.4. Fissures. The projected depth shall be taken as the distance between 
lines enclosing the fissure and parallel to a pair of opposite faces. 
Fissures shall oe assessed as the ratio of their projected depth to 
the dtmension of the section. If a transverse longitudinal plan~ 
cuts through two or more fissures on opposite faces then the sum of 
their depths shall be taken as the size of the defect. When a · 
fissure occurs on the surface of a piece, its depth may be verified 
by means of a feeler gauge not exceeding 0.2 mm thick. The method 
of assessing fissures is illustrated in Figure 5. 

Th •ckness t 

Width 

--~~~~----~~~L-

Size of tinure Ia A Siu of tinure Is B • C 
(•) (b) 

Measurement·of Fissures = A/t and (B+q)/t 

Fig. '· Fissures 

Transverse 
lon9itudinal 
pJ11ne. 
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3.5. ~· Wane shall be assessed as the ratio of the projection of the 
1 wane on a surface to the full width of that surface. The method of 
assessing wqne is illustrated in Figure 6. 

b 

Amount ot wane on the face of the 
piece shall be e•prelled u the ratio 

lf1 or V3 + V1 

d d 

~· Wane 

Amount of wane on the edt• of the 
piece shall be expressed u the ratio 

K1 or K1 • K1 

b b 
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3.6. Distortion. Bow, spring and twist shall be assessed over a 3 m length, 
and cup over the width of the piece. 

The amount will largely depend on the moisture content at . the time 
it is measured. A precise definition to cover all conditions and 
applications cannot therefore be given and guidance only, as to what 
might be considered acceptable limits, but not typical of any parcel 
of timber, is provided. 

Where for a particular reason other -ltmita than those indicated 
are required, this should be subject to contract between purchaser and 
supplier. The methods of assessing distortion are illustrated in 
FiBIU'e 7. 

J "' 

Bow low Is X 

3 m 
r 

_j_ 

Sprint Sprint Is Y 

Twist Twill it Z 
....,________ 3m ................... --- ---~------------ 1 ... - J 

Cup 

Fig; 7.. Distortion 
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3. 7. , Pitch pockets and' in bark. 
same way as fissures. 

Pitch pockets and inbark shall be assessed in the 

4· VISUAL GRADES (ECl and EC2) 

4.1. Grade requirements. Two visual stress grades called ECl and EC2 are specified. 
To qualify for a grade a piece shall not contain characteristics which exceed 
the limits given in table 1 (E~::amples of knots which fall into ECl and EXJ2 grades 
are ·shown in figure G) and in addition~ 

Where two or more knots .1 or groups of knots; both with knot area ra.tios e;:~ceeding 

9CY,·J of the permissible ratio 1 a.re separated in n. lengthwise direction by a distance 
of less than half the width of the piece, the piece shall not qualify for the grade. 

Any piece which contains defects such a.s compression .wood,· :t'ung~l P,ecr-:y 
(but not sapstain) 1 mechanical damage, combinattons of knots and/or othe'r 
characteristics etco which may cause a decrease in strength properties to an 
amount which threatens the serviceability of the piece, shall be e:~cl'uded· from 
the grades. 

Sapstain is not a structural defect. 

For visual reasons it is however generally limited in incidence and extent 
in any one parae 1 . 

4.2. Marking. Each piece of visually stress graded timber shall have the following 
information clearly and indelibly marked on one face. 

Alternatively, and for an interim period only, the mark may be placed 
on one edge or one end of the piece. 

1. The company responsible for the gradipg 
2. The grade of the piece 
3. The species or species group 
4. The control authority, where appropriate 

Acceptance limits. On inspection of a 
than 10/o of those pieces shall contain 
15% the l .imi t specified for the grade. 
parcel shall be regraded. 

representative portion of a parcel not more 
any one characteristic exceeding by more than 
If thooe limits are excee~~q ~he total . 

The deviation in grading is allowed only to take into account possible 
differences between individual grader~. 

5· MACHINE GRADES (MECl and MEC2) 

5.1. Grade requirement~. Two machine stress grades are. specified 1 namely·MECl ~d bmc2 
which have the same stress values in bending as the corresponding ECl and EC2 
visual grades. (Where information is.available additional machine stress grades, 
at other bending stress or modulus of elasticity values, may be produced and 
specified. ) 

To qualify for a grade each piece must be passed through an approved stress-grading 
machit:J,e and must be classified by the machine ai?.C91.llP1Ying.with the grade •. In 
addition a visual inspection of each piece must be made to ensure that characteristic 
other than knots, slope of grain m1d rate of growth, satisfy the permissible limits 
for the grade. For the MECl and MEC2 grades the permissible limits for the other 
characteristics shall be as given in table 1. 
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Table 1 

PERMISSIBLE LIMITS FOR THE ECl AND EC2 VISUAL STRESS GRADES 

Gr"'de . . . . . ... .. . . . . . . 
Characteristic .. 

ECl ];/ EC~J:/ 

Knots1 (see definitions) 

Margin KAR ~1/4 6 /2 ............ 1/2 . ......... -Total KA.R ~1/!t ,1/2 ~1/3 

Slope of grains 1 in: 10 1 in 6 

Rate of growths Aver; .. ge width of a.nnua.l rings not more than 1 mm 

Fissures I 

Not more than half 
the thickness unlimited unlimited 

More than half but Not more than 1/4 of the Not more than 1/4 of the 
less than the full len~h 'but 600 mm maYimwn length but 900 mm m~~lmum 
thickness 

Equal to the thickness Qnly permitted at the Not more than 600 nun and 
endu with n length of not if at the ends with a 
more than t~e width of length of not more than 
the piece lt times the width of the 

piece 

Wane: 1/4 cf the thickness by 1/3 of the thickness by 
1/'·; of the width, full 1/3 of the width, f1lll 
length length ~d in addition 

1/2 perm:i tted in 300 mm 
.. .length· not nearer the endf 

than 300 mm 

Distortion: 

Bow Should not generally e::ceed 20 mm in any 3 m length 
Spring II II II II 15 mm .in any J m length 
Cup II 11 " II 1 mm per 25 mm of width 
Twist ll II " II 1 mm per 25 mm of .width 

in aey '3 . m length . 

Pitch pockets and inb~k The same limits as fissures 

Insect d.amcs.ges Worm hole~ and pin holes are permitted to a slight 
e~:tent in a few piecea. 

No active inf'e8tntion ia permitted 
Wood wac!) hol~s a.re not permitted 

];/ For guidelines. to the stre:Js le"el:"; ;:,~.imed a.t by theBe graden'l see Anne:: 1 
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-, 
Margin 
d/4 

a. Margin KAR is not 
greater than 1/4 
and Total KAR not 
greater than 1/4· 

Therefore 
Grade • EXn 

f 
Margin 

d/4 
1 

---r-
Mar,S'in 
d/4 
_j_ 

b. Margin KAR is not 
greater than 1/2 
and Total KAR not 
greater than 1/2. 

Therefore 
Grade • EC2 

1 
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Margin 
d74 
l 

' 71n '-'--'---'--"""--.__ 
o. Margin KAR is 

greater than 1/2 
and Total KAR 
not greater than 
1/3. 
Ther4l!lfore 
Grade • EC2 

Fig. 8 • Examples of knot area ratios which determine either 
EXJl or EXJ2 grades 
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5.2 . Marking. Each piece of machine stress graded timber shall have the following 
information clearly and indelibly marked on one face. 

5-3 

1. The licence number of tho gr~ing machine 
2. The company responsible for the grading 
3. The grade of the piece 
4· The species or species group 
5< The control authority, where appropriate 

Acceptance limits. On inspection of a representative number of pieces of R parcel 
not more than 10% of those pieces shall cont~in any one visually determined 
characteristic exceeding by more than 15fo the limit specified for the grade. 
If those limits are e~ceeded the total parcel shall be recraded. 



Arme)!; I referring to table 1 

Desie;n stresses 
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It is necessary for structural use to lay down design stresses for each grade, 

and according to the various species. At present however different countries use 

different design methods and have different design stresses for sim11ar grades of timber. 

In~ cases countries arrive at similar design solutions although they use different 

design stresses. This arises because of differences in loading conditions ~d methods of 

design as well as methods of deriving design stresses. 

In the interests of international trade it is desirable to have one ·acceptable 

set of grading rules even if countries ascribe different design stresses to them. 

Attempts are being made elsewhere than in the Timber Committee to harmonize methods of 

derivation of design stresses and until this is achieved it is not possible to give 

exact values for use with any grades laid down. 

As a guideline to help in deciding on the acceptability of the proposed grades, 

it is probable that design stresses in bending for European redwood and whitewood for 

the two grades EC2 and ECl would be of the order of 5.5-6.5 and 8-10 newtons/mm2 

respectively. 



Annex 2 

Method for determining the-· knot-·a.Tea ·rati:o in cases of dispute 

To calculate the worst knot area ratio in ~ pi.ece of timber use the following 
methods 

"•, •, 

(l) . Choose that section in the piece which intersects the knot or group of 
knots of which the knot area ratio produces the lowest grade. 

· (2) Consider ~ll lalots with diameters greater than 5 mm intersected bY the 
chosen section ih. calculating the knot area ratio of both margin areas and of the whOle 
piece. 

Make full scale drawings of the chosen section and mark the margin areas 
by dotted lines·. Mark points on the appropriate side of the rectangle representing ~ 
knot on that surface. The points marked shal~ represent the widest projection of the 
knot on that face or edge. · · 

(3) Calculate the knot area ratio and the area of the margin occupied in' two 
w~e according t'o whether the pith occurs within the erose section or not. · · 

For the purpose of estimating the p()si tion of the pith within or without 
the cross section examine the nearest end of the piece and assume that all annual 
rings are Concentric with the pith. · 

a. If the pith is within the cross section join the points representing 
the limits·of the knots on the drawing by straight lines to a point representing the 
estimated position of the pith. Measure the area within these lines which corresponds 
to knots for the whole cross section and for that area which lies within either ~gin~ 

b. Where the pith is outside the cross section mark its estimated position 
at an appropriate position on the drawing. Join up the points on the perimeter of the 
drawing in a manner appropriate to the assumption that each knot is approximately a 
cone with its apex at the pith. Measure the area thus enclosed, corresponding to the 
estimated position of knots, for the whole cross section and for both margin areas. 

(4) In both the cases referred to in {3)a and (3)b expressJ 
' 

a. The total area of knots within each margin area as a proportion of 
the whole of that margin area for the purpose of deciding whether a margin condition 
exists or not. 

b. The total area of knots within the cross-sectionl area of the piece 
as a proportion of the cross-sectional area of the piece for the purpose of determining 
the knot area ratio at that section. 
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DERIVATION OF GRADE STRESSES IN THE UK 

W T Curry (Princes Risborough Laboratory, BRE) 

INTRODUCTION 

The stress values for timber given in the present edition of the Code of Practice for 

the Structural Use of Timber (CP 112:Part 2:1971 and Amendment No 1 (AMD 1265)) are 

mainly determined from the results of laboratory tests on small clear specimens. 

The general approach may be identified as the strength ratio method and its only 

attraction is that it is a more economical method of dealing with a rather wide range 

of species than the more direct approach of testing samples of graded timber of each 

species in structural sizes (ie the species by species approach). More recently 

greater attention has, however, been paid to this latter method, but in order to make 

it more flexible, attention has also been given to recording detailed descriptions 

of the characteristics of the fracture sections, in terms of knots, sloping grain, 

local modulus of elasticity, etc so that the effect of changes in grade specifications 

can be assessed. Simply to classify test specimens according to present grade 

definitions is too restrictive. 

The Corle of Practice is presently being revised to adopt the principles of limit 

state design and this has involved some basic changes in the procedures for deriving 

grade stress values. It will, however, be some time before the revision is pub­

lished, and even then it will be necessary for both the old and new Codes to continue 

in existence for perhaps upwards of 5 years, in order to permit sufficient time for 

associ<,ted· standards, Codes and Regulations to be amended. Both procedures have, 

therefore, been outlined in this paper. 

One other point is worth noting. Stress values for timber can only be determined from 

destructive tests on samples and when stress values are assigned to a species as a 

whole, it is presumptious to assume that the samples tested adequately describe the 

characteristics of the population. It is indeed questionable whether it is population 

characteristics that are required as a basis for deriving design stresses, since many 

sub-divisions will exist with widely different strength properties, each of which 

could constitute an extensive programme of structural application. For example 

whitewood is imported into the UK from a number of European countries, and an examination 

of the tests results from samples of these imports showed that, using standard pro­

cedures, design stress values differing by as much as 75%, could be obtained. Not only 

can there be regional differences, but there oan also be differences due to time in 

both the short-term (harvesting and logging changes) and in the long-term (silvicultural 

changes). There is, therefore, a continuing need for sampling and for testing timber 

in small clear specimens and in structural sizes, and it is desirable that standard 

procedures should be available for doing this, as well as for deriving design stresses 
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from the results. Small clear specimen test procedures are largely standardised in 

Europe but this is not the case for structural timbers, where not only test procedures, 

but the recording of characteristics of the fracture sections should be standardised. 

This will become increasingly important if a collective contribution is to be made to 

the formulation of ECE grades and the definition of appropriate stress values for 

these grades. 

PART A: PRESENT PROCEDURJ~S FOR DERIVING GHADE S'J'RESSES 

In order to clarify the meaning of some of the terms used the following definitions 

apply: 

BASIC STRESS. The stress which can safely be permanently sustained by timber containing 

no strength reducing characteristics. 

GRADE STRESS. The stress which can safely be permanently sustained by timber of a 

particular grade. 

PERMI. :siBLE STRESS. The stress which can safely be sustained by a structural component 

under the particular conditions of service and loading. 

, DRY EXPOSURE. Anyexposure where the moisture content of timber will not exceed 18~6. 

GREEN EXPOSURE. Any exposure where the moisture content of timber will exceed 18%. 

From the results of small clear specimen tests (2 em standard BS 373) at the green 

condition, b~sic stress values for the green exposure are obtained from: 

fb = fm ( 1-CS)/K1 
where f is the mean ultimate stress from the test results, S the coefficient of 

m 
variation, and C and K1,have the following values, irrespective of the number of 

test results. 

c K 
Property 1 

Probability Value 

Bending and tension 0.01 2.33 2.25 

Compression parallel to grain 0.01 2.33 1.4 

Compression perpendicular to 0.025 1.96 1.2 
grain 

Shear parallel to grain 0.01 2.33 2.25 

Mean modulus of elasticity - - 1.0 

Min modulus of elasticity 0.01 2.33 1.0 
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The reduction factor K1 is assumed to include adequate allowance for the influence of 

rate of loading, and specimen size, and to provide for a factor of safety. The com­

pression perpendicular to grain stresses are derived from the results of a standard 

hardness test (Janka). 

The grade stresses for the green exposure are determined by multiplying the basic 

stresses by a grade strength ratio faotor K2 , having the following values:-

Table 1 
GRADE STRENGTH ~TIOS 

Grade 
Property 

CP 112 BS 4978 

75 65 I 50 .L_4o .-t,ss ___ I GS 
-... --- -- -- --

Bending 0.75 
I 

0. 65 ! 0.50 I 0.40 0.50 0.35 

Tension 0.75 0.65 0.50 ; 0.40 0.35 
I 

0.245 

Compression p!irallel 0.75 0.65 0.50 I 0.40 0.65 I 0.45 
to grain 

I 
I ! 

I 0. 875 ! 0.875 i 
i 

Compression perpendicular 0.75 0.75 0.75 I 0.67 
to grain 

Shear parallel to grain 0.75 0.65 0.50 0.40 0.50 0.50 

Hean modulus of elasticity 1.0 1.0 1.0 1.0 1.09 0.98 

Minimum modulus of elasticity values are obtained by assuming that the coefficients 

of variation in modulus of elasticity are the same for each grade, and reducing the 

grade stress to the 1?~ lower exclusion value. 

The grade stresses for the dry exposure, which are only applicable to timber members 

less than 102 mm thick, are in the case of the CP 112 grades derived from the grade 

stresses for the green condition. In the case of the BS grades they are generally 

obtained from dry basic stress values ietermincd from green and dry small clear 

specimen test results. For the CP 112 grades the grade stresses in bending tension 

and compression parallel to the grain for the 75 and 65 grades are taken as 87.5 

and 72.~/, of the corresponding green basic stress. For the 50 and 40 grades no 

increase directly associated with the effect of drying is provided. For compression 

perpendicular to the grain the grade stresses are taken cs 1.5 times the corresponding 

green values. For the 50 and 40 grades the dr:r grade stresses are obtained by 

multiplying the green grade stresses by factors of 1.12 for bending and tension and 

1.08 for compression parallel and shear, to allow for shrinkage effects. It should 

also be noted that the values for the dry basic stresses do not reflect the full 

effect of drying, as determined for small clear specimens. 

For the BS 4978 grades the dry grade stresses are obtained from basic stresses which 

are calculated using the log strength relations for individual species and properties 

derived from green and dry (about 12%) small clear specimen test results. It is 
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assumed that at the required moisture content of 18%, the coefficient of variation is 

the average of the green and dry (12%) values. The basic stresses for the major pro­

perties are then multiplied by the strength ratios given in Table 1. A previous study 

(PRL Bulletin No 52 Grade Stresses for European redwood and whitewood) justified the 

use of the dry basic stresses. and tests results at the 18% condition were available 

for graded samples of redwood, whitewood and Canadian western hemlock from which the 

grade strength ratios were confirmed. Tn general strength ratios were determined 

from US data (ASTM-D245) and minimum estimates of ultimate strength were based on 

normal distribution functions for small clear test results, and on Weib ull functions 

for structural size tests. 

A summary of dry and green grade stress values for redwood and whitewood is given 

in T~ble 2. The continued existence of so many visual grades is, of course, un­

desirable but is necessary at least for an interim period, which may be as long as 

three years, to permit other associated Codes, Standards and Regulations to be amended. 

Ultimately the CP 112 numbered grades will disappear. 

PART B - REVISED PROCEDURES FOR DERIVING GRADE STRESSES 

Currently CP 112 is being revised on the basis of limit state. design and this entails 

a change in the procedures for deriving grade stresses. A fundamental approach on 

a probability basis is not possible, so the main considerations in the revision of 

the Code have been (a) to set up a framework for design based on limit states and 

(b) to ensure that for traditional constructions new designs do not result in sub­

stantially larger sections tllan experj_ence has proved acceptable. 

The following definitions apply: 

BASIC CHARACTERISTIC STRESS. The value of ultimate stress at the dry exposure con­

dition, derived from standard tests on small clear specimens below which not more 

than ~ of test results fall: a normal distribution is assumed with a factor of 

1.64. 

BASIC DESIGN STRESS. The stress derived from the basic characteristic stress by 

dividing by the appropriate partial safety factor for strength (ym1) and adjusting 

to the long term loading condition, and in the case of bending strength to a 

section depth of 200 mm. Note: that the extreme depth in bending has been reduced 

from the 300 mm value of the present code. 

GRADE CHARACTERISTIC STRESS. The value of ultimate stress at the dry exposure 

condition, derived from standard tests on full size specimens of a particular grade 

below which not more than ~ of the test results fall: a Weib~ull 3 parameter 

distribution is assumed. 
4 



r 

I Property 

75 

r Bending ( 1) 8.6 
Tension 8.6 

] Compression parallel 6.2 to graiD 

I Compreseion per-
pendicular to grain 1.17 

Shear parallel to 1.03 
[ grain 

Mean modulus of 6900 elasticity 

[ Minimum modulus of 
elasticity 4100 

I Property 

I 
75 

r (1) 8.6 Bending 

[Tension 8.6 
Compression parallel 6.2 to grain 

] Compression per-
pendicular to grain 1.31 

I Shear parallel to 
grain 1.03 

Mean modulus of 7600 
) elasticity 

Minimum.modulus of 4100 elasticity 
I 

Table 2 

GRADE STRESS VALUES FOR EUROPEAN WHITEWOOD 

(N/mm2) 

Grade 

Green 

65 50 40 ss l GS 75 65 

I 
8.6 7.6 5.9 4.5 5.9 i 4.0 10.0 

7.6 5.9 4.5 4.0 2.9 10.0 8.6 

5.2 4.1 3.1 5.4 3.7 7·9 6.6 

1.17 1.03 1.03 1.03 0.92 1.72 1.';'2 

0.90 0.69 0.55 0.70 0.70 1.1l! 0.97 

6900 6900 6900 8200 7000 8300 8300 

Dry 

50 I 40 

6.6 5.2 
6.6 5.2 

4.8 3.8 

1.52 1.52 

0.76 0.62 

8300 8300 

4100 4100 4100 4700 4000 4500 4500 I 4500 4500 
I 

GRADE STRESS VALUES FOR EUROPEAN REDWOOD 

(N/mm2) 

Grade 

Green 

65 50 40 ss I GS 75 65 

7.6 5-9 4.5 5-9 4.0 10.0 8.6 
7.6 5.9 4.5 4.0 2.9 10.0 8.6 

5.2 4.1 3.1 5.4 3.7 7.9 6.6 

1.31 1.10 1.10 1.14 1.01 1.93 1.93 

0.90 o.69 0.55 0.70 0.70 1.14 0.97 

7600 7600 7600 8200 7000 83()0 8300 

4100 4100 4100 4700 4000 4500 4500 

Dry 

50 40 

6.6 5.2 
6.6 5.2 

4.8 3.8 

1.65 1.S5 

0.?6 0.62 

8300 8300 

4500 4500 

( 1)The bending stressee applY to eections up to 300 mm deep 

5 

ss GS 

7.3 5.1 
5.1 3·5 

8.o 5.6 

1.55 1.38 

o.86 0.86 

10000 8600 

5700 4900 
- ·- -

ss GS 

7.3 5.1 
5.1 3·5 

8.o 5.6 

1.71 1.52 

o.86 o.86 

10000 8600 

5700 4900 



GRADE DESIGN STRESS. The stress derived either: (a) by dividing the grade character­

istic stress by the partial safety factor for strength (}' m2) and adjusting to the long 

term load condition; and in the case of bending stress to a section depth of 200 mm or 

(b) by multiplying the basic design stress by the grade strength ratio for solid timber 

and by the combined grade and number of laminations factor for glued laminated timber. 

MODIFIED DESIGN STRESS. The stress determined by multiplying the basic design stress 

or grade design stress by modification factors appropriate to a particular design 

situation. 

These definitions are given in order to provide for the derivation of grade design 

stresses from either a small clear specimen test approach or from tests on graded 

timber in structural sizes, and for the introduction of factors to account for 

differences in the distribution of strength values for small clear specimens and 

specimens in structural sizes. The basic procedures can be illustrated as follows:-

Small clear specimens 

Basic characteristic stress 

(~ exclusion value) 

Basic design stress 

(load duration factor, Y m
1 size factor) 

Grade design stress 

(grade strength ratio) 

I 

Structural sizes 

Grade characteristic stress 

(5% exclusion value) 

Grade design stress 

(load duration factor, Y m
2 

size factor) 

Modified design stress 

(exposure, size, duration, 
notches, etc factors relative 
to a particular design 
situation) 

6 

Lamination 

Grade design stress 

(grade and number of 
lamiila. tiona factors ) 

I 



Since most of the availab~e data on strength relate to small c~ear specimens, the 

approach to the derivation of grade design stresses must stil~ ~e based on these, 

the structural tests being used to establish ' trength ratios. Greater attention is, 

however, being paid to the testing of timber in structural sizes and the species by 

species approach to the derivation of stresses will become increasingly important. 

It is also undoubtedly true that some of the availab~e small c~ear test data ref~ect 

significant sampling effects and in order to avoid unnaturally high estimates of 

basic characteristic stress, minimum coefficients of variation were imposed as fo~~ows: 

15 per cent for bending 

16 per cent for compression parallel to grain 

19 per cent for compression perpendicular to grain 

17 per cent for shear 

18 per cent for modulus of elasticity 

Basic design stresses are derived as follows: 

Bending . ' 

Tension 

Compression paral­

lel to grain 

Compression per­

pendicular to 

grain 

The basic characteristic stress is divided by the product of the 

factors )(m1= 1.15, size= 1.183 and load duration 1.6 ie 2.177 

The basic design stress in bending is multiplied by the factor O.? 

The basic characteristic stress is divided by the product of the 

factors¥ m1 = 1.15 and load duration = 1.6 ie 1.84 

Hardness test results are converted to "elastic limit stresses" 

using the equations given in PRL Bulletin No 50 "The strength 

propertie_s of timbers". Using normal distribution eta tistics the 

characteristic elastic limit stress is calculated and converted 

into an "ultimate stress" by multiplying by 3.0. The basic design 

stress is then obtained by dividing this basic characteristic stress 

by the product of the factors 'I m1 = 1.15 and load duration = 

1.6 ie 1.84 

Shear parallel to The basic characteristic stress is divided by the product of the 

grain factors Y m1 = 1.15, load duration = 1.6 and degrade factors (to 

allow for the possible degrade of fissures with time, which although 

perhaps more appropriate to the determination of grade design stress 

can more conveniently be introduced here) of 1.1 for the green 

condition and 1.25 for the dry condition. The tota~ reduction 

factors are therefore 2.024 and 2.3 respectively. 
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Modulus of 

elasticity 

The basic characteristic stresses were obtained by modifying the 

small clear test data (after Bodig and Goodman) to correct for 

shear deflection; no further modification was applied. 

For the.revision of CP 112 only the dry basic design stresses will be tabulated but 

modification factors to adjust these to the green condition, and to permit the 

geometrical properties of sections to be adjusted as appropriate, will be included. 

The factors for the adjustment to the green condition are: 

bending and tension 

compression parallel to grain 

compression perpendicular to grain 

shear parallel to grain 

modulus of elasticity 

0.70 
o.67 
0.65 
o.8o 
0.85 

When small clear specimen test results are used, grade design stresses are formed by 

multiplying the basic design stresses by a strength ratio. It is assumed that strength 

ratios are independent of species and may be determined either from a consideration 

of the defects permitted for a grade or from the measured strengths of graded material~ 

Although the latter approach is to be preferred there is not enough test evidence 

available to employ it generally. For the derivation of basic design stresses. except 

for modulus of elasticity, ~/m 1 has the single value of 1.15. In the case.of standard 

bending tests on graded joists it bas been shown that a value for Y m2 of 1.35 is 

required in order to obtain reasonable agreement between ultimate strength limit 

state design, with partial safety factors of 1.4 for dead load and 1.6 for imposed 

load, and present design. It was also further shown that the difference in the 

values of Ym could be attributed to the increased variability of graded structural 

timbers compared with small clear specimens, and to the effect this has on the 

relative values of t(le 1 and ~ exclusion limits. Tbue to obtain the same results 

from the structural test approach requires somewhat different values for ~ than 

are used for the small clear specimen approach, or alternatively the introduction 

of another factor identified as a grading factor. Present information suggests 

that this factor would have values of the order of 1.17 for bending, 1.2 for tension 

and 1.05 for compression. It seems certain, however, that as more test information 

becomes available, and as experience is gained with limit state design, a more 

direct approach to the derivation of grade design stresses, using both methods, 

will become possible. The problem reduces to one of defining appropriate values 

for the strength ratios. Table 3 gives the strength ratios that have been recommended 

for the revision of CP 112. 

The grade design stresses are then obtained by multiplying the corresponding 

basic design stress by these ratios. A summary of the basic and grade design 
stresses for redwood and whitewood is given in Table 4. 
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Table 3 

STRENGTH RATIOS FOR LIMIT STATE DESIGN AND BS 4978 GRADES 

Grade 
Property 

ss GS 

Bending 0.51 0.36 
Tension 0.42 0.29 
Compression parallel 0.67 0.52 to grain 

Compression perpendicular 0.75 0.67 to grain 

Shear parallel to grain 0.50 0.50 
Modulus of elasticity 1.06 0.95 

Table 4 

BASIC AND GRADE DESIGN STRESSES FOR REDWOOD AND WHITEWOOD: 
DRY EXPOSURE, LIMIT STATE DESIGN 

(N/mrl) 

Whitewood Redwood 
Property 

Basic ss GS Basic ss GS 

Bending 21.1 10.8 7.6 . 21.6 11.0 7.8 
Tension 14.8 6.2 4.3 15.1 6.3 4.4 
Compression parallel 12.0 8.0 6.3 12.9 8.6 6.8 to grain 

Compression perpendicular 3.83 2.87 2.55 3.95 2.96 2.63 to grain 

Shear parallel to grain 2.57 1.29 1.29 2.73 1.37 1.37 
Mean modulus of elasticity 7100 7550 6800 6500 6900 6200 
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CONCLUSIONS 

This paper outlines the methods that are currently used in the UK, and those that 

have been recommended for the revision of CP 112, for the derivation of grade design 

stress values. Perhapsmore important, it indicates the considerable areas of un­

certainty that still exist, and the need for more extensive basic information on the 

questions of sampling, variability and the definition and derivation of strength 

ratios. When considering stress values, and comparisons between the procedures 

followed in different countries, account must also be taken of the modifications. 

permitted for comparable design situations. As far as possible any indirect effect 

that these have, for example size effect in bending, should be eliminated, or at 

least placed on a common basis, if an agreed procedure for deriving grade design 

stresses is to be obtained. 
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A. REVIEW OF LOAD-SHARING IN TBEX>RY AND PBA.CTICE 

by E. Levin, Ti.uiber Be search and Developme~~ot Association, United Kingdom 

1. INTRODUCTION 

1.1 J,oad-sharing in structures is by no means a universally acc.epted 

concept. Nevertheless, in a number of countries certain provisions 

are made in timber design codes or standards, to reduce .certain 

~osed loads or increase permissible stresses where a number of 

m~ers in a structure are considexed to act together in resisting 

the loads. 

1.2 Because a situation w.hich may be considered one where load-sharing 

·. e.xl.sts, arises very frequently in the DIOst coJJDDon and .mundane timber 

structures, such·as joisted floors or raftered roofs, there has 

natur~lly been an urge, in the interests of econoroy in design, to 

take advantage of any reduction in member sizes vhit'h may be 

juAtified by load-sharing without sacrificing safety. However, the 
I 

structures are generally statically indeterminate and although the 

constructions are simple the problems are complex due to the many 

variables which have to be taken into account. The availability in 

recent decades of high speed computers appears to have provided the 

means of dealing simultaneously "Jri th the many variables. in attempts 

by many researchers at a better understanding of the load distribution 

and modes of failure of load-sharing timber structures. 

1.3 'Ibe purpose of the present literature survey has been to find out a 

number of thingsa w.hat are th~ definitions and concepts of load­

sharing systems in the codes and standards that wake special 

p1·ovisions for them? What arc these prol isions, how do they compare 

and vh.~t changes are proposed? What analytical or experimental 

evidenc~ is there in support or refutation of tl1ese provisions? 

What particular factors in the complex load-sharing phenomena have 

been successfully isolated and dealt with? Wnat areas·of research 

both theoretical and experimental appear to have been neglected? 
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1.~ It is not proposed in this interim report to deal with all these 

matters, but only with some of them. The 1i terature survey has not 

yet been completed nor all the available material analysed and 

summarised. It ~s hoped to deal with the remaining topics mentioned 

in the next report. 
N.B. Numbers in brackets refer to cited literature. 

2 • DEFINITION OF LOAD-SHARING SYSTEMS 

2.1 ~he definitions of load-sharing systems in the codes and standards 

. which make special design provisions for them are by no means 

identical but have much in common. 

2.2 T~e British Code {CP 112) (1) Both the 1967 and 1971 (metric} 

editions define a load-sharing system as one "where four or more 

members can be considered to act together to support a coDIDOn load" 

(sub-clause 3.12.~ in the 1971 edition}. It ·is further added that 

it 11 E'l.1ould only be applied to rafters, joists, trusses and stud 

walling. These should be spaced not more than 610 mm apar~, and 

adequate provision should be made for lateral distribution of loads 

by means of purlins, binders, boarding, etc." 

2.3 The Australian Standard (CA 65 - 1972) (2) refers to "parallel 

support systems •••• comprised of two or more elements •••• 

effectively connected so that all the elements are constrained to 

the same deformation" {sub-clause 2.~.5.1). It also contains load­

sharing _provisions for grid systems, defined as ''constructions •••• 

such that three ·or more members act together to support either an 

overlying set of members usually laid at right angles to the 

supporting members or a structural sheathing ma,terial" (sub-clause 

2.~.5.2). Laminated members, whether horizontally or vertically 
I 

laminated are specifically excluded from the provisions of the 

"parallel· support" systems (2.~.5.1) and separate design provisions 

aro made for them (as is the case indeed in most. other design codes 

and standards). 

2.~ Tho ASTM Tentative Recommended Practice (D201.8- 62T, 1962) (3) 

applied to "load-sharing members •••• defined as framing or supporting 

members, such as joists, studs, planks, or decking, that are 

contiguous or are spaced not more than 2~ incltcs in frame construction 

and are joined by floor, roof or other load-distributing element". 
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2.5 The Swedish Standard SBN 67 {according to Noren) {li) defines load­

sharing as "when several timber members co-operate and it can be 

presumed that the strength is increased thereby, i.e. in sheet 

piling ••o" {para. 27:1325A). 

2.6 The Dutch Loading Code , NEN 385 (TGB-1970) {5) permits load-sharing 

in respect of concentrated loads on floors, beams, etc. {clause 

2.2.la) nnd in respect of local concentrated vertical loads on roof 

planes {clause 2.2.2a) in the following terms: "the spreading of the 

concentrated loads over several bearing members may be taken into 

account accordingly as the joint action of these members is assured". 

2.7 The Draft Revision of CP 112 (6) contains a modified d~finition of 

load-sharing systems as "where two or more pieces of timber act 

together in such a fashion as to be equally strained under load, or 

where it can be shown that effective lateral distribution of loading 

occurs •••• n For four or more members the D-raft specifies ~'for 

example ••• rafters, floor joists and wall studding spaced not 

furth"r apart than 600 mm and joined by purlins, binde1·s, boarding, 

etc. so that effective lateral distribution of loading occurs." 

2.8 ~licity or implicitly the load-sharing systems for which provision 

is made in codes and standards are a) composed of parallel members, 

b) which are either conti~ous or closely spaced {the exceptions 

being the grid provision in the Australian standard; an~ c) which 

arc effectively connected laterally. 

2.9 Too much importance should not perhaps be attached to the precise 

wording in the definitions. 'l'he Australian standard for instance 

refers to all the members being constrained "to the same deformation". 

Whilst mutual constraint is no doubt a major effect in load-sharing 

systems, equal deformations, as 'in the ideal case of vertically . 
laminated beams, would prc-suppose·infinitely rigid decking or other 

load-distributing connecting elements. 'f.he significance of the 

minimUm number of members mentioned in the British and Australian 

codes is that the load-sharing effect {e.g. magnitude of increase in 

permissible stresses) depends on the number of members in the system. 
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3. LOAD-SHARING PROVISIONS IN CODES AND STANDARDS 

3.1 The effect of load-sharing on design is expressed in one of two 

different ways: 

1) by a reduction factor on the concentrated load (in the Dutch code) 

2) by an increase in permissible worki11g stresses for.,the load-sharing 

members (in the other codes and standards). 

3.2 Load reduction factors (Dutch code) 

3.2.1 According to NEN 3850 (para. 2.2.la) a floor joist in a boarded 

floor, subjected to a concentrated load (of 300 Kgf acting on a 

surface 50 em x 50 em) may be calculated, with the load reduced by 

a factor I given in the following formulae 

p - 0.27 + 0.8 i -(~ 
0 0 

where a • spacing of joists (on centres) 

EV/I • stiffness modulus per width of boarding (floor boards or 

plywood, in N.m2/m) 

a ... 1m 
0 

(E//1) • 50 000 N.m(5000 Kgf.m) 
0 

3o2o2 A table in the commenta1y on the clause gives reduction factors for 

boarding of various thiclmesses and qualities; with E/ /I values 

varying from 1500 to 10100 N.m., joist spacing from 41 to 85 mm. 

The p values vary from 0.54 to 0.78. A further reduction by a facto~ 

of 0.85 for short duration loading is also allowed. The product of 

the two factors reduces the concentrated load to be taken into 

consideration by a value of 0.46 to 0.66 for the various cases listed 

in the table. 

3.2.3 Most of the research on the reduction factors for ·conQontrated loads 

appears to have been carried out by Vermeyden (7, 8, 9). In 

particular his first study of 1968 (7) contained a theoretical 

analysis which regarded the load transfers between each board and 

joist as unknowns and solved the problP-m by a series of linear 
. . 

equations in which it was assumed that at eve1y intersection the 

deflection of joist and boarding must be the same. 
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3.2.% The conclusions from Vermeyden 1s study (both the theoretical and 

verification work on three and seven joist systems) with retard to 
the p factor (and hence to the effective load distribution in a 

boarded parallel joists system) were as followsa 

1. The influence of spacing is great and independent o~ other 

factors. 

2. The influence of span on~ when 1:> 3.30 m is small and may be 

neglected. With smaller spans p increases. 

3. The influence of beam stiffness on pis not great. With equal . 
E another beam section gives a difference of cao O.OJ; besides, 

differences in E between beams may produce p differences of 

± 0.05. 

4. The influence of stiffness of boarding applied to the same beam 

sections is independent of otl•er factors and gives a .difference 

of p of 0.06 between floor boards of EI ~ 77 000 Kgfcm and El = 
3% 000 Kgfcm. 

5. The differe~ce between p7 (a seven joist system) and p
3 

{a three 

joist system) remains fairly constant at 0.03, with Pj being the 

greater as could be expected. 

3.2.5 In the main the stiffness of decking and the spacing of joists was 

found to be predominant and this determined the tables proposed and 

accepted for the code. The control arrangements with 3 and 7 joist 

systems with a variety of floor boards, joist spacings and spans 

showed good agreement with the calculated values especially for the 

longer spans. With smaller spans and large spacings p {control 

values) were greater than p. In b study on the draft code proposal~ 

in February 1970, Ver.meyden drew att~ntion to this and suggested a 

modified fo~la. He also considered the addition of 0.10 to ~ to 

produce p1 for flat roofs excesejve in the case of 1~3m and 

recommended an additional factor of 0.07 11p to 1 = Jm. -
3.3 Stress increase factors 

3.3.1 All the other codes nnd standRrds cited, with the exception of the 

Dutch, deal with load-sharing members by allowing an increase in 

pe.~ssible worki11g stresses. This applies to all loads which arc 

pres11med to be jointly resisted by the system. 
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3.3.2 At present the British Code (CP 112) allows a 10 per cent increase 

on grade stresses for all grades, but in the case of the mixed ~0/50 

grade {containing at least 75 per cent of 50 grade material.or better) 

an increase of 20 per cent is allowed. A n1ean MOE is also allowed 

instead of min. MOE. 

3.3.3 In their commentary on CP 112: 1967, Booth and Reece ~0) show that 

the modification factors for load-sharing systems are derived 

statistically in a manner similar to that adopted for the modification 

factors of vertically laminated beams, although tne actual mechanics 

of load distribution are different. The mod~fication factor for a 

vertically laminated beam was shown to be derived from the formula 

Mod. factor = 
v 

1 - 2.33 JN 
1 - 2.33 v 

where N is the number of members combined and v the coefficient of 

variation of the population. For a bcwm composed of four laminations 

thia gave a value of 1.19. Because of the uncertainty of the effect 

of spacing of members and the relative stiffness of joists and boards 

{or other linkjng load distriuution elements) a value of 10 per cent 

was recommended by the code, although for 50 grade material with an 

average strength ratio of 57 per .~cnt, a 14 per cent incre~se would 

have been permissible with full load sharing. 

3.3.4 In the special case of 40 grade material combined with 75 per cent of 

50 grade or better, it can be shown that the average strength ratio 

is 54 per cent representing an increase of 35 per c.ent over that of 

the 40 grade. Hence the higher modification factor of 20 per cent. 

3.3.5 The Australian code (AS CA65 - 1972) gives modification factors for 

parallel support systems whicl1 grow in value with the increase in 

the number of members as follows {from Table 2.4.5.1): 
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Parallel Support Factor 

No of elements 
carrying common 
load 

2 
3 

"' 5 
6 
7 
8 
9 

10 or more 

Ira 
(modification 

factor 

1.11&, 
1.20 
1.21&, 
1.26 
1.28 
1.30 
1.31 
1.32 
1.33 

3.3.6 For grid systems under uniformly distributed loads, the basic working 

stresses for bending, bearing and shear may be multiplied by a 'grid 

factor' K given by: g 

Kg a &.21&, -.0.5 (f)/N] but not less than 1.00 

where s • c/c spacing of the supporting members 

L a span of the supporting members 

N a the number of laminations gluad or mechanically 
fas tened in each of the supporting members (• 1 
for single piece solid members) 

No increase is permitted in working stresses in the case of 

concentrated loads. 

3.3.7 Leicester and Reardon (1} reported on tests carried out to examine 

the validity of the load-sharing provisions in the code in respect of 

Australian timber species. Four sets of scantlings, two of softwoods 

(Pinus elliottii and Pinus radiata) and two of hardwoods (Eucalyptus 

obliqua and mixed Victorian hardwoods) were tested in adequate 

samples and for point loading and simulated distributed loading. 

With the aid of a computer, the load deflection characteristi~s were 

obtained for about 2000 vertically 5-memher laminated beams made of 

randomly selected members from each set. The load sharing factor was 

computed as the ratio of the five percentile value of the MOll. cf t.Ue 

population of laminated beams to that of the population of scantH:ngs 
lehrstuhl fOr from ~ich the beams were assembled. · t enieurholzbcu u . ..!ou'.ons n;ktioneo 

Un~versitdt (TH) Karlsrune 
The results showed that the code was not conse~o-leaear., obl«ile 

ideal load-sharing conditions assumed. The model (for the code) 

was based on a normal distril>ution of strength with a coefficient of 

variation of 11&, por cent. The predicted ~oefficient of variation of 
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a 5-membcr beam made from these elements was 6 per cent, a reduction 

from 14 per cent by a factor ofy/:5. This reduction in variability 

leads to the upgrading of the lower tail of the strength distl'ibution 

curve and hence to an increase in pe~ssible working stresses. The 

coefficients of variation determined from these tests show that not 

only is the variability of graded Australian timber often far greater 

than that used in the model (33 and 41 respectively for radiata pine 

and slash pine with 3-point loading) but that the redu.ction in 

variability due to lamination is much less than predicted uy the 

model (18 and 22 respectively for r.p. and s.p.). In the light of 

these findings the authors suggested that the model used for the code 

be regarded essentially as a method of interpolating rather than a 

true model for Australian timber. 

3.3.9 On the other hand they reported that in regard to load-sharing in 

grids, CA65 erred on the conservative side in disallowing a load­

sharing factor for point loads, analogous to the one allowed for 

distributed loads. 

3.3.10 ASTM-D2018 provides guidance for calculating the average strength of 

groups of load-sharing members, based on the random-products method .. 
developed by Johnson(12). Products of strength of the clear wood 

(for the properties under study) by the estimated strength ratio 

give the estimated strength of every piece in a survey sample of a 

population. If each multiple is expressed as a frequency distribution 

rather than a single value, the product is also iu the form of a 

frequency distribution. Thi.s may be defined mathematically or may be 

generated by the random products method which involves multiplying a 

randomly selected value from the list of estimated strength ratlos by 

· one from the list of clear wood strengths. The random valueP are 

chosen so that their frequency of use corresponds to the frequency 

of appearaDce in the distributions of strength ratios or clear 

strength values. According to Johnson {and D2018) it has been for~d 

satisfactory to d.cvelop random products by sets of 100. Modern high 

speed computers can provide ten or more such sets, w.bich is considered 

a minimum. 
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3.3.11 Frequency distributions of random products can be obtained for the 

expected strength in bending, compression parallel to grain ru1d 

tension parallel to grain. D2018 recommends an exclusion limit of 

5 per cent, and the frequency distribution of random products shows 

directly the most probable strength of random individual pieces at 

the exclusion limit. 

3.3.12 Having determined the value of strength of an individual piece at 

the 5 per cent exclusion limit (and its standard error if desired) 

a value at. the corresponding limit for the average strength of 

groups of n pieces can be established from the following relationship: 

8g. i _ (i -j;o.o5) 
where S ... g average strength of the group of n pieces at the 

5 per cent exclusion limit 

X a simple mean of random products 

n • 

expected strength of an individual 
per cent exclusion limit, from the 
random products 

number of pieces in the group 

piece at the 5 
distribution of 

The standard error s.e. of S is computed f~om the following g 
relatiionship: 

where s.e.0.05 ... standard error associated with the strength 
of the individual piece at the 5 per cent 
exclusion limit from the distribution of 
random products 

n a number of pieces in the group 

3.3.13 The reduction factors considered in arriving at basic stresses and 

thence at working stresses provided in ASTM D2~5 (13) are accepted 

as providing adequate structural safety. The factor for variability 

of 3/~ in bending and compression parallel to g~ain can be neglected 

since variability is already fully measured and defined in this m~thod. 

3.3.1~ As an alternati~e to strength surveys and calculations by the random 

products method, D2018 recommends the use ·of working stresses 

developed by Method D 2~5 for stress grades for framing lumber, and 

increasing them by not more than 15 per cent in the case of multiple 

members closely spaced and ~here load-sharing is known to exist. 

This, D2018 states, "is intended to be a conservative interpretation 

of present information, to be applied when load~sharing is known to 
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exist but when appropriate research has not been conducted to 

justify larger increases.· With a strength survey, incNases .in 

design stresses of 20 to %0 per cent or greater may be found for 

load-sharing members." 

).3.15 D 2018, which was only a Tentative Recommended Practice, has been 

wi thdra"WJl by the ASTM in 1970 on the grounds that there was no need 

for an additional general method of determining working stresses 

over and above that of D 2%5. No new ASTM recommendation in respect 

of load-sharing appears to have been issued since. 

3.3.16 The Swedish SBN67 allows an increase in per.missible stress values 

for load-sharing members from the single member values (but not 

h:i.gher than those for T30). Noren (1%) reports that this rule 

originated from the design of sheet piling. At a coefficient of 

variation of 20 per cent it allowR an increase 

by multiplying by a 5 per cent fractile ratio: 

1 - 1.65 X 0.2/v}i 
} - 1.65 X 0.2 a modification factor 

where n a number of members 

for n a 4 a value of 1.19 is obtained 

and for n a 9 a value of 1.32. 

in working stresees 

This is practically the swme formula as that for the vertically 

laminated beams from which values for CP 112 were derived. The 

factor of 1.19 is the same as that obtained in para. 3.3.3 above. 

The Australian model produced precisely the same f~ctor for 9 

members (see para. ).3.8 abov~) but somewhat higher values at the 

lower end of the n range• 

3.3.17 Using the same relationship for calculating deflections (at the 

servicibili ty limit sta-te) with the Nordic countries using a11 HOE 

at JO per ccnt.fractile produces the expression: 

1 - 0.5 X 0.2/Jji 
1 - 0o5 X 0.2 

This would produce extremely small improvements; for n • 2, 3~; 

for n • 4, 5~; for n • 5, 6%; for n • 9, 7~. 
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3e3o18 The Draft Revision of CP 112 proposes an increase in the 

~odifieation factors for stresses in load-sharing systems, as 

follows: 

No of members 

2 
3 

4: or more 

Modification factor 

1.1 
1.15 
1.2 

3e3o19 These values are still considerably below those in the Australian 

code and rather more in accord with the experimental findings of 

Leicester and Reardon mentioned earlier. For a system of more 

than four members, the values would also be below those obtained 

by the SBN 67 method. 

3.3.20 For calculating deflection, instead of the Mean E as at present, 

for all load-sharing systems, it is proposed to raise the mdn. E 

progressively as the number of members increases, by a ruodification 

factor X} which will range from 1.17 for 2 members to 1.35 for 7 
mem1u:,rs or more. 
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10. The Structural Use of Timber - A Commentary on the British Standard Code 
of Practice CP 112: 1967 - L. Go Booth and P. 0. Reece, Spon, London 1967. 

11. Load-sharing properties of some Australian structural timbers; 
R. H. Leicester and G. F. Reardon, F.P.L., CSIRO- Paper contributed 'to 
Sixteenth Forest Products Research Conference; 19.7J. 

12. Random Products Method to Set Stresses for Lumber: J. W. Johnson, 
Oregon Forest Research Center, Report T-20; 1960. 

1J. Establishing Structural Grades and Related Allowable Properties for Visually 
Graded Lumber: ASTM D 245; 1970. 
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LOAD-SHARING 

The problem of load-sharing has two principal components: 

A - Determination of the stress upon the various parts of the 

structure and the material = effect of load (deformation forces 

and stresses) 

B - Determination of the resistance of the members of a structure. 

Evidently this splitting requires a definition of how many of the 

structural members are integrated in a "structural member•. The 

calculation B will of course be dependent on the strength properties 

of the material (mean value and deviations), but also the calculation A 

will be dependent on the properties of the material in the case of 

statistically undetermined structures. From practical reasons one 

can then set the limit between A and B, l..e. chose the ' level of 

verification of the proper design· thus that random devi.ations in 
' 

material properties or measures are not included in the calculation, 

type A. For example, in a floor beam system the effect of a point 

load on the single beam is calculated with consideration to deflection 

(serviceability limit state) as well as to bending moment (limit state 

of failure). This is done regarding the stiffness of the panel, 

the joints, and the beams themselve£:. ;· Alsoin the ultimate limit state. 

ane considers the deflection (for example by us1.ng the plasticity 

theory). But one does not include the deviation of the material 

properties in this part of the load sharing calculation. For example, 

one neglects that the elasticity modulus varies from one beam to 

another. A lot of theoretical and experimental work has been done 

on the above mentioned component A within the load-sharing problematics. 

This is most important, because it gives us a possibility to calculate 

forces and stresses more accurately. However, it is generally inade­

quate to use the results to manipulate admissible stresses. Thus one 

should not increase the admissible stress for structural timber in 

small-house building to compensate approximations in the statical 

calculations. 
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The interest for load-sharing in calculations, type B, i.e. cal­

culations of the resistance of cooperating members,of course, 

principally is due to the definition of the material strength, 

viz. whether it 1.s given by a mean value or a relatively low 

fractile value. If the ultimate limit state can not be exceeded 

without the strength being utilized completely (or in any case up 

to the characteristic fr~ctile (minimum ). value in cooperating 

members, i~ should be allowed to take advantage of the fact that 

the strength value at a given fractile is higher for the member 

composed by n parts than for the single member. This is applied 

in some codes, for example the Swedish SBN 67, where the paragraph 

2 7 : 132 SA runs: 

"When several timber members cooperate and it can be presumed 

that the strength is increased thereby, i.e. at sheet piling, 

an increase of admissible values for single members is accepted, 

however not to higher values than those given f.or T 30." 

This rule originates from the design of sheet piling. At a coeffi­

cient of variation 0.2 one should be allowed to increase the working 

stresses by multiplying by a 5 per cent fractile ratio: 

1- 1.65 . 0.2/~~ 
1 - 1.65 0.2 

= 1.25 for n 4. 

In this field (B) much remains to be done. The example of beams 

for dwellings, however, is less interesting for a calculation B 

than for a calculation A. For calculating deflection (at the 

serviceability limit state) the Nordic countries use a MOE at 

the 30 per cent fractile. Using the same expression, this MOE should 

be increased by 

1 - 0.5 · 0.2/ v-n 
1-0.5 0.2 

This gives a low increase if we assume that five adjacent beams 

cooperate in carrying the point load. This is a generous assumption, 

because a change of MOE in the outer beams will not mean much for 

the deflection of the point load placed in the centre. The increase 
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of MOE will then be only 6 per cent. One must also note that the 

variation of MOE between the beams for one and the same floor will 

3 

be less than the general variation in structural timber on which the 

standard values are based. If one beam has a low density and'strength, 

the risk is considerable that all the other beams have a low density 

too, because they all originate from the same part of the forest (or 

even from the same stem). The increase of stiffness by cooperation 

in this case will simply not occur. 

With regard to failure in the floor beams due to a point load, the 

following could be said: Failure will occur in the loaded beam before 

ultimate failure load is reached in the adjacent beams. The risk 

of failure 1n the direct loaded beam is not influenced by the 

variations of strength in the other beams which are only indirect loaded 

Of course, the floor will be better also from the point of view of 

point loading if a number of beams is stronger than the weakest one. 

One could, at least theoretically, consider this by decreasing the 

partial coefficient for the load. This is based on the single beam as 

structural member and the fact that the probability of the point load 

appearing over the weakest beam is less than the probability of the load 

appearing on any beam. In this way the nominal strength (partial co­

efficient for resistanc~) is not modified. 

As an alternative one can estimate the resistance of a group of 

beams regarded as one structural unit. This, in a way, is equivalent 

to an increase of the admissible stresses. 

If the load is evenly distributed and not stiff 1n itself (such as 

either several mutually independent point loads or hydrostatic pressure) 

an excess strength of some of the beams can not decrease the risk 

that the weakest beam is failing. If the failure of a single beam means 

limited damage, this could be taken care of by modifying some coeffi­

cient on the load side, or eventually on the resistant side, but pr~­

ferably by modifying the general coefficient for the consequence of 

failure. Even the effect of this is of course equal to an increasE 

of the admissible stresses. 
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Long-Ter.m Loading of Trussed Rafters with Different Connection Systems 

Some Results of Loading from June 1974 to January 1975 

T. Feldborg and M. Johansen 

The long-term loading was started at the Building Research ~nstitute in 

connection with short-term testing of the same truss types carried out 

by Mr. Arne Egerup at the Technical University. 

The investigation comprises W-trusses made of 45 mm timber connected 

by Hydro-Nail and TCT metal plates, nailed metal plates and nailed 

plywood gussets, and trusses made of two layers of 25 mm boards connected 

by nailed metal plates between the boards. 

The supports are ~rranged in 3 ways, 1: below the heel joint, 2: 0,6 m 

from the heel joint in both sides, and 3: 1,2 m from the heel joint 

in one side below an extra web member. 

Each type is represented by 2 trusses. 

The load arrangement is shown in the figure. The trusses are designed 

for light roof cladding. Some types are overloaded by dead load re­

pres~nting heavy roof cladding. 

So far the load has been varied between 8 week dead load and 1 week 

dead load + full design snow load. {Full design snow load is very 

rare in Denmark, and according to 30 years' measuring the duration 

does not exceed 5 days). 

After 1 year of alternating loading it is planed to change to full 

design load for 4-5 years. 

Deflection of the trusses is being measured at the joints and at the 

middle of the members of the upper and lower chords. 

Temperature and relative humidity are record~d and the moisture content 

of wood samples placed with the trusses are measured. 

{2) 
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The slip ot the loweT chord splice is measured. 

Some results are shown in the table 

Calculated Measured Slip for a tension load ot 8 kN 
caracteristic mean short term load long term load2) 
tensile 1) tensile 1) 5 specimens 2 specimens 
strength strength mm mm 
... kN kN 

Hydro Nail 24,8 25,4 o, 16 0'.17 

TCT 28,4 26,4 0,14 0,40 

nailed matal plate 22,8 26,4 0,35 0,75 
- plywood· 24,3 36,5 0,39 1,70 

- metal plate 25,4 32,4 o, 15 0,56 
between boards 

1) Short term load 

2) Measuring no. 7 at the end ot tirst snow load period 

Some deflection curves are given on the following pages. 
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COMPARISON OF CODES AND SAFETY REQUIREMENTS FOR TIMBER STRUCTUJUS 

IN E.E.C. COUNTRIES 

INTRODUCTION 

This survey has been prepared by the Timber Research and Development 

Association at the request of the Building Research Establishment. 

It forms part of a task being undertaken by BRE for the Building 

Regulations Directorate of the Department of the Environment and 

follows a completed survey by the Cement and Concrete Association, 

comparing the EEC codes of practice for reinforced concrete. 

Th~i~~~rporates information gathered by Working Commission W18 

of the Conseil International du Batiment (CIB). Since 1973, 

Commission W18 has adopted the following terms of reference: 

"To study and highlight the major differences between the 

relevant national design codes and standards and auggest 

ways in which the future development of these codes and 

standards might take place in order to minimize or eliminate 

these differences." 

In adopting these terms of reference it was acknowledged that W18 

should maintain liaison with the International Standards Organisation 

(group TC98, which is responsible for establishing the imposed 

loads for structures) and the Comite Europeen de Coordination des 

Normes ( CEN). 

Commission W18 has gathered information on the application of ~xisting 

regulations and codes, on current developmen~s in codes of practice 

for timber structures, on stress grading practic~s and on the 

design of timber columns in various countries including the EEC 

countries Germany, Holland, Denmark, France and the United Kingdon. 

The survey of column design was undertaken by H.' J. Larsen in 1973-74, 



and a 1961 survey by K. ~abler is also available, including the 

EEC countries Germany, France and the United Kingdom. 

Use has also been made of two surveys conducted recently by TRADA, 

one on timber grades and permissible stresses undertaken for the 

R & D Liaison Committee of the European Softwood Conference, and 

one on design methods for laminated timber, undertaltcn for the 

" ' Sons-Commission GLULAM of the Federation Europeenna des Synd~cates 

de Fabricants de Menuiserie Industrielle de Batiment (FEMIB). 

Both studies included the EEC countries Belgium, France, Germany, 

Holland and the United Kingdom. 

The following report gives infot~tion on timber design codes 

and their current development in Belgium, Denmark, France, Holland, 

Germany and the United Kingdom, togethet· .with notes on their 

administration under national building regulations. The three 

cfountries excluded are Ireland, Italy and Luxembourg. There is no 

national code in Ireland, where . design generally follows the 

British code of practice, but according to the THE survey a set 

of national regulations is in course of preparation by the National 

Institute for Physical Planning and Construction Research. Italy 

has no code of practice for timber structures. In Luxembourg, 

the THE survey states that Belgian and German standards are widely 

accepted as good practice. 

The first section of the report outlines features of building control 

methods in the countries for which reports have been made to the 11•18 

couunission, filling the gaps for Belgium, It~ly, Luxembourg and 

Ireland from a THE survey and other sources. This section overlaps 

the TilE study but is compiled from reports by timber specialists and 

will provide additional information as well as confirmation 
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~o&.--~.,.t' JtAe;k o.,_Q{L~:"'Y ~ ~,.. .. , X.~~..,.... .. f; A-e.o-.--~ ~ 
m.Loii&l of the control of t~ber structures in the countries 

concerned. The section also includes information on current and 

ekpected developments in country codes, to avoid this interfering 

vith the succinctness of the comparisons given in later sections. 



BUILDING CONTROL AND TIMBER CODE DEVELOPMENTS 

BELGIUM 

The control of building in Belgium is exercised through 2600 local 

a~thorities,each of which is authorized to issue by-laws on planning 

and on safety and hygiene, which may affect design and equipment. 

There are no national laws covering technical requirements for building 

const~ction. However, the Ministry of Public Works is authorized to 

formulate national building regulations; at present only draft technical 

regulations for housingconstruction have been produced. 

General technical specifications for public and government building, 

government-subsidised housing, railways and associated buildings, and 

private construction have been published respectively by the Ministry 

of Public Works, the National Housing Association, the Belgian National 

Railways Company and the Scientific and Technical Centre for Building. 

The private sector of the building industry uses part or all of these 

specifications. Where codes are specified they are in the form ·~ ot 

NBN standards issued by Institut Belge de Normalisation (IBN), 

the Belgian Standards Institution. 

Grading rules for structural timber are given in a publication of the 

National Bureau of Wood Documentation "Sa.pin Rouge du Nord", mentioned 

in NBN 199 under the number ~1~. Permissible stresses are given i~ 

Specifications T~chniques Unifi,es no •. 31 (Charpenterie) and no. 32 

(Menuiserie pour Toiture). STN31-32 also gives permissible.loads for 

nailed and bolted joints. 
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DENMARK 

The Danish National Building Law, which is the responsibility of 

the Minister for Building and controls all building works in Denmark, 

operates through the National Building Regulations which were last 

revised in 1972. These Regulations lay down minimum functional 

requirements for buildings and where they exist refer to functional 

codes such as the code dealing with design loads for buildings. 

The Regulations also refer to National Standards dealing with 

specifications for building materials and Design Codes which recommend 

the principles w1d methods to be followed in the design of buildings. 

These s.tandards and codes of practice are published by Dansk 

Ingenirforening (The Danish Society of Engineers) and engineers may 

depart from them provided they can justify the deviations to the local 

authori tics and the Ministry of Building,. e.g. ·by prototype testing 

of a structure. 

The current Danish code for timber structures, Danish Standard 
'l 

413: 1961'1is ·f!AAH !.11 l•e • Pphced by a new • f'lde based on the 

principles of limit state design. The limit state approach~~ 

been approved for all new design codes and already exists for 

masonry, steel and concrete. In the limit state codes the loads and 

load factors will be the same for all materials and only the material 

facto~will vary, for example to take account of moisture content 
-~ 

and load duration etc. The~ code ~not include design methods 

and formulae contained in standard text books but where engineers are 
~ 

required to make assumptions, recommendations -,d:U 'bwo given. 

Plywood, fibreboard and particle" board ~1 1. c:fncluded in the~ 

code as structural materials but design details -~ot .. included 

and will· have to be obtained by the manufacturers. However, design 

data ,ti.' l lt~ncluded for mechanical faste;ners such as nails, screws 
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and bolts although nail plate connectors ~ be left for the manufacturers 

to specify. The ae.:m::.code ~ @! :t;:•.:thods of test for deriving 

strength values for those items included in the code for which design 

data ~t ._given. 
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FRANCE 

There is no National Building Law in France but there are national 

regulations dealing with loadings on structures~ fire and safety. 
I 

The loading regulations vary regionally to take account of variations 

in snow and wind loadings etc. throughout the country. There also 

exist Standards and Codes of Practice published bY a range of national 

organizations including engineers, contractors and insurance companies. 

The publications cover new materials and techniques and are gradually 

replacing Agrement Certificates. These Standards and Codes of Practice 

are not mandatory but every contractor is legally required to guarantee 

the buildings which he erects and this can most easily be accomplished 

by following the Standards and Codes of Practice. For building insurance 

purposes every design engineer must be able to prove the adequacy of 

his designb and therefore he too tends to follow the National Standards 

and Codes of Practice. In addition to the priva~insurance companies 

there also exists a state controlled National Insurance Company usually 

offering better terms than the private companies and this requires 

buildings to be designed and constructed in accordance with regulations 

published by the National Building Federation. The regulations 

contain most of the National Standards and Codes of Practice together 

with additional requirements laid down by the National Building Federation. 

The design of timber structures in Fr~nce is related mainly to two 

documents which apply nationally. 'l'he first, known as Stanllard NFJI' 
. 

652fJ01, deals ,~ith the quality of the material and gives details of design 

stresses associated with a particular quality. The second document, 

Technical Unified Document 1972, specifies methods and rules for the 

calculation and design of timber structures, It is generally recognized 

in France that these two documents work on a safety factor of 2.75 

and the design stresses laid do'm. in NFB 52001 were derived by 



dividing the mean value of the relevant test results by 2.75. 

The limit state method of design is already in use in France for concrete 

byt there are no indications that the design ·of timber structures will 

change to this method in the foreseeable future. 
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GERMANY 

A Building Law does exist within the Federal Republic but this has 

now been superseded by the nine regions each of which bas its own 

building regulations incorporating the Federal Law. These regional 

regulations operate in three parts, the first of which is compulsory 

and specifies the functional requirements and loadings to be catered 

for in design. This part is drafted by the National Building Committee 

which is composed of scientists and engineers, Federal Government rep-

resentatives and contractors. The second part deals with Standards 

for materials and the third part with design codes for buildings 

and structures. Th4s last part is not mandatory and other methods of 

design may be used, including the prototype testing of structures, 

provided they can be justified. Provided the regional building regulations 

have been complied with the ultimate responsibility for building failures 

rests with the Federal Government via the regional authorities. 

The design of timber structures in West Germany generally follows 

the recommendations laid down in the DIN Standard 1052. This code 

contains extensive design details which allow the engineer very little 

freedom of choice and is based on the permissible stress method of 

design. The topics covered by the Standard include: validity of the 

regulations, proof of safety and drawings, properties of materials, 

rules for dimensioning, members suuject to bending, members subject 

to tension, members subject to com~ression, struts a~ braces, allowable 

stresses, deflections, joints and the design of bearings. The last 

revision of the code was in 1969 and German engineers are begi1ming 

to consider the limit st.ate method of design; it is possible that 

limit codes will l1e developed simultaneously for timber, .steel and 

concrete with n view to using the same load factors for all materials. 
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HOLLAND 

In Holland domestic dwellings are controlled by Government Building 

Regulations which are mandatory and give design requirements and 

construction details. For the purposes of supervision of load bearing 

structures the country is divided into regions under the control of 

Building Inspectors but the interpretation of the regulations by these 

inspectors' can vary considerably from region to region. There also 

exists the Dutch Normalisation Institute which is responsible for 

publishing material standards and design codes. In 1972 DNI published 

NEN 3850 Which deals with the loads for Which all buildings should be 

designed. Subsequent standards deal with methods of design for different 

materials which include timber, steel, masonry and concrete. The 

standard for timber structures, NEN 3852, ~s published in 1973. The 

loading requirements in NEN 3850 are mandatory and apply to all .materials 

while the subsequent standards dealing with specific materials are 

advisory and carry no legal requirements. 

NEN 3850 deals generally with building construction and gives details 

of loadings, permitted maximum deflections, a limited amount on the 

methods of design and calculations and finally a section dealing with 

the erection of buildings. However the engineer may depart from this 

code provided he declares the departures on his drawings and agrees 

them with the local authority. This first part of the revised code 

also refers to subsequent parts which deal with particular materials. 

The timber part includes a set of permissible stresses related to the 

Nordic softwoods and a few hardwoods. Also included are methods of 

calculation of the strength of timber structures, calculation of deflection 

and the acceptable limits for good building practice, design details 

for beams and columns including glu-lam, and details of jointi11g and 

fasteners. However it does not include details on plywood or other 
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board materi~ls but a limited number of data sheets have been issued 

on these by the Timber Research Centre. 

Dutch timber engineers have limit state design under consideration and 

discussions have taken place with regard to a further revision of the 

timber code to include this-method of design, which already exists 

to some degree for steel and concrete. 



The .. control of. building in the Republic of Ireland is generally exercised 

through local authorities, except in the case of special buildings such 

as hospitals and schools, where government departments may be involved. 

Eabh local authority is aurhorised to produce its own building by-laws, 

although not all have done so. There are at present no Model by-laws, 

but a set of National Regulations is in the course of preparation by 

the National Institute for Physical Planning and Construction Research. 

Present practice closely follows UK design procedures, specifications 

and requirements; there are no special requirements for climatic or 

geographical conditions. 
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ITALY 

The 'construction' aspect of building control is exercised by local 

authorities (for privately-financed projects) and by ministerial 

departments (for state-financed projects). Inaddition, it is necessary 

to obtain the approval of the Ministry of Labour for any industrial or 

commercial building projects. 

The 'planning approval' aspect of building control is exercised by 

local authorities (for privately-financed projects and for state-

financed projects). 

Planning legislation applicable to state and privately financed building 

Js issued by. local authorities and by provincial governments; the 

provincial planning laws are operative in areas in which there are no 

local authorities. 

There are special legal requirements for buildings constructed in 

areas that are considered to have high earthquake risk. 

The following a.bbreviation is used in the list of requirements which 

satisfy the regulations. 

CNR-UNI - standard issued by the National Research Council and adapted 

by the Italian National Council for Unification. 

The technical requirements for buildi11gs are as detailed in ministerial 

circulars. 

Italy has no standards and codes relating to structural quality of 

timbers, permissible stresses and so on. A ~eginniug of legal 

obligations can perhaps~~~~fn~:- -la~~ 2nd February 197~ 
~~~ 

No. 6~, "Measures for buildl.ng(sel swi.c zones"~ 'l'his law indicates 

that more detailed regulations will be given later for various 

materials, and it is expected that timber will be included. 
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LUXEMBOURG 

The control of building in Luxembourg is exercised by each town or 

local authority. These authorities produce their own regulations which 

deal in general with matters of planning, safety and hygiene only and 

do not cover technical requirements for buildings or their parts. 

Belgian and German standards and codes are widely accepted as 1ood 

practice in Luxembourg. 
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UNITED K1NGDOM 

In England and Wales building control is exercised by the local 

authorities applying the Bu~lding Regulations (1972) which relate 

to the health and safetl aspects of buildings. The Regulations 

operate by calling C mini$ functional requirements referring 

where necessary to functional codes (i.e. loading and wind codes) 

and then by "deemed to satisfy" clauses which make recommendations 

by reference to British Standards Institution Codes of Practice 

and Material Standards as to how the functional requirements may 

~~fulf~lled. Whilst the functional requirements are mandatory 

the "deemed to satisfy" clauses are not and it is open to the 

tngineer to deviate from the methods of design recommended in the 

BSI Codes of Practice provided he can justify the new method, either 

by calculation or prototype testing, to the controlling local 

authority. 

Jln cases of disagreement between the local authority and the 

engineer an appeals system exists whereby the parties can present 

their cases to the relevant government minister for a decision. 

It is the local authority which is legally resJ(ponsible for the 

safety of all buildings within the boundaries of the authority. 

The cur:;..·ent design code of practice for timber structures was 

first published in 1952 and revised in 1967. In 1971 it was 

converted into metric units but without any revision. This code 

is not mandatory and engineers can depart from its recommendations 

if they can justify the departure to the local authorities •. 

The present code is based on the permissible_ stress metro d of 

desi~1 with fixed factors of safety. It includes sections on: 

materials, appliances and components also design considerations 
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which include design stresses for a range of timbers, modification 

factors for types of loading &ld data on joint design~~ 

fastenings. It also contains recommendations dealing with work­

manship and the inspection, testing and maintenance of timber 

structures. 
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TIMBERS, GRADES AND STRESSES 

Loading 

As mentioned in the survey for reinforced concrete, a preliminary 

report on loading regulations has been prepared by Stiller. It 

was necessary in one of the TRADA studies to incorporate a 

limited consideration of loading because of large differences 

between the permissible stresses adopted in some countries for 

similar grades. Thus in Austria domestic floors are designed 

for a distributed imposed load of 250 kg/m2 whereas in the U.K. 

the design load is only 1~6.5 kg/m2, and in Finland, Holland and 

Sweden 150 kg/m2 • This variation is compensated for by the 

bending stress of 115 kg/cm2 allo,ved for the Austrian B~100 

grade compared with 66.5 kg/cm2 for the UK 50 grade which is of 

similar quality. 

The following table shows the design loads for domestic floors, 

with notes on the modification factors applied in some countries. 

The figure 36 kg/m2 for dead load has been inserted as a typical 

value to contrast with the value 60 kg/m~required in Holland. 

Imp_osed Dead Modification factor 

Belgium 200 36 none . ----· 
Denmark 

-·- ----·- --~-- ------·-
France 175 36 none 

------- - . ·--·------·-· 
Germany 200 36 Bending stress increased. 

by 15% for load sharing. ---·--·· 

Holland 150 60 !lllposed loadhuending stress 
reduced by 1•15 for long term 

United Kingdom 11.16.5 36 Bending stress increased by 
10% for load sharing • 

. 

Timbers 

The follo,ving table indtcates the va:r:i,ety of different timbers for 

which provjsion is made in national Codes: 

·-

lo 



Grades and Stresses 

Table 1 shows the structural grades of redwood and whitewood defined in 

the EEC countries, with the principal strength properties assigned to 

each. A study report is available which compares the structural 

performance of the different grades under the design loadings applied 

in their respective countries and makes a comparison between the extent 

of the defects permitted. The study concluded that it should not be 

difficult to achieve harmonisation by establishing a common European 

grade corresponding to the lowest structural grade"adopted in most 

countries, together with a higher grade comparable with the Sc~dinavian 

T300, the French and German Grade II and the Dutch Construction grades. 

Subsequent studies by the Timber Committee of the Economic Commission 

·· for Europe have confirmed the likelihood that two such grades can find 

wide acceptance. An ECE standard for stress grading of coniferous 

sawn timber has been prepared and issued as supplement 4 to Vol. 

XXVII of the 'Timber Bulletin for Europe'. The two basic stress grades 

proposed, EC1 and EC2, are similar to the BS grades SS and GS. The 

main modifications are that thedividing line between the two grades 

has been raised, resulting in a better division of the yield from a 

population into the two grades and lifting up the likely stress 

levels for these grades. As a general guide it is considered that 

stress in bending derived for EC1 and EC2 are likely to be of the o.L'der 

I 2 2 
8 - 10 N mw and 5.5 - 6.5 N/mm respectively for European redwood 

aud whitewood. 



19. 
TABLE 1 

STRUCTUn.AL GTIADES AND PEru.USSIBLE STRESSES FOR REDWOOD AND WHITEWOOD 

COMPARATIVE PROPERTIES 

Country Grade Bending Tension Compression Shear Mean modulus of elasticity 

// ..L ~ 

(all stresses given in Kg/cm2) 

BELGIUM STS 31 100 85 85 25 9 100 000 

D»MARK T 200 110 85 
. 

100 28 14 70 000 
(limit 
state T 300 145 125 125 28 14 90 000 
values 
for T 400 180 165 150 28 14 105 000 
stresses 

FRANCE III 75 80 70 - 10 100 000 
(NF B52-
' 001) II 100 110 90 15 12 100 000 

I 110 120 100 15 12 100 000 

GERMANY III ·70 0 60 20 9 100 000 

II 100 85 -~ 20 9 100 000 

I 130 105 110 20 9 100 000 

HOLLAND Standard 70 50 65 20 10 100 000 
Construction 100 90 75 20 10 110 000 

UK 40 grade 52.7 52.7 38.7 15.5 6.3 84 400 

50 grade 66.5 66.5 49.2 15.5 7.7 84 400 

75 grade 101.5 101.5 81.0 19.7 11.6 84 400 

GS grade 52.0 35.7 57.1 15.5 8.8 87 690 

SS grade 74.4 52.0 81.61 17 .1! 8.8 101 970 
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MODIFICATION FACTORS 

Duration of Loading 

Alii Codes under consideration, except the German, allow grade 

stresses for timber to be exceeded by applied stresses for short 

periods. In the Codes for Belgium, Denmark and Holland, load terms 

are divided into three groups similar to the U.K. long, medium 

and short although actual divisions and names of groups differ. 

The French Code considers more groups and several combinations of 

these groups: a detailed summary is therefore given. 

The following table gives factors by which grade stresses may be 

multiplied according to the Codes of Belgium, Denmark and the U.K. 

·and the factC'rs by which the portion of stress due to short or medium 

term loads may be multiplied according to the Code of Holland. In 

the former case, the stress due to the total load must not exceed 

the grade stress times the factor and in the latter case, the stress 

due to the short or medium term loads only multiplied by the factor 

and added to the stress due to long term loads must not exceed 

the grade stress. 

Belgium Denmark Holland U.K. I 

Med. Term. 1.15 6L +1.26}{ + 1.4bg 0.85 1.25 

6j, + 6M+ 6S 
Short Term. 1.50 II 0.70 1.50 

Grade stresses i.n The Danish Code ca1~ be increasecl by a further 10% 

· where other s.epnrate external loads act simul taueously and in addition 

to the self weight. 
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The more complicated approach given in.the French Code for comparing 

applied and permissible stresses is as follows: 

Stresses considered - G permanent load. 

P overload plus dynamic forces. 

Pc normal climatic overloads. 

Pee extreme climatic overloads. 

SI earthquake overloads. 

The following equations must not exceed the permissible values, 

except in the case of temporary structures where permissible values 

may be multiplied by 1.1: 

1) G + 1.2P. 

2) .G + 'j p P + Pc ~ p = 0 or 1 to give the most critical condition. 

The following equations must not exceed the permissible values 

multiplied by a constant given below: 

3) 1.1G + 1.5P + 2(ce Pee 

Z.) 0.9G + 1.1 Pee 

5) G + P + SI 

Constants: Stress 

CPAR, CPERP, tPERP, 

tPAR 

f 

.lf ce = 0 when Pee - ve 

= 1.1 when Pee + ve 

Value 

Q 1.5 

1.25 

1.75 

E values in the Danish and Belgian Codes relate to instantaneous 

loads and must be reduced by 20% and 33t% respectively to obatin 

deflections for long term loads. No midification factor for E 

values is gj.ven in the other Codes. 

For connections, in Denmark and Holland loads are multiplied by 

the same factors as those given for timber stresses. In the U.K. 

permissible loads on nails, screws and toothed plates are multiplied 

by a factor (1 + K12 )/2 where K12 is the modification factor 

for timber stresses. Pe~tissible loads on Lolts, split rings and 



Country 

Belgium 

Denmark 

France 

Germany 

Holland 

U.K. 

Jl.1. 

shear plates are multiplied by K12• Other Codes give no indication 

of modification factors for connections and it is assumed that none 

·are applied . 

Moisture Content 

Most countries give grade stresses and moduli for dry timber with 

reduction factors to be applied when timber is used in wet conditions. 

A summary is given in the following table: 

Moisture Content of 
Timber to which Grade 
Stresses Apply. 

15% for E. 

Up to 20% 

Dry conditions 

Up to 21% for 
softwoods. Over 21% 
for hardwoods. 
( 18% and ) 18% 
for timber. 
( 18% :for plywood. 

Comments and Details 
of Modification Factors. 

Assume grade stresses are not modified. 

If moisture content ) 20%, multiply 
by o. 75 

Factors given for 7-5% to 30% 

E & G multiplied by 5/6 for damp 
conditions. Other stresses reduced to 
5/6 when protected and ! when un~rotected. 

Multiply by 0.9 and 0.8 for moisture content 
up to 30% and ~ 30% respectively. Mul t iply by 
1.1 for moistu't"e content< 21% for some Umbers. 
Between 0.75 and 0.90, depending on stress, 
for plywood. 

This table shows a general acceptance of a division between '·ret and dry conditions 

of use, the division being made at a moisture content of about 20~. 

Shear in Fl exural Members Notched at the Ends 

The Codes of Denmark, Holland and the U.K. giVe a reduction factor 

for pe~issible stress of ~ ( see diagram below). Applied 

stress is calculated for the reduced section area at the notch. 
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Form Factor for Flexual Members 

Grading rules in the Danish Code take into account whether timber 

is round or squared. In Germany, fa and ca may be increased ~y 20% 

for unweakened marginal zones of round timber. In the U.K., fa may be 

increased_by 18% for solid round timber and 41% for solid square timber 

with the load applied in the direction of the diagonal. 

Deep Beams 

In the Danish Code, a reduction factor must be applied to the grade 

bending stress. This factor, c, is given on a graph as a function of 

n; n being calculated from the formula n = k1 ~ /b where k1 is a factor 

depending on the type of load {u.d.l. or point) and the degree of fixity 

of the beam. 

The French Code gives a modification factor to be applied to the section 

modulus for beams of depth other than 15 em. This factor varies from 

0.8 for beams of 30 em depth to 2.0 for beams of 2 em depth. 

For beams with depth greater tllan 30 em, the U.K. code gi.ves the following 

factor for grade bending stress: 

0.81 (d2 + 92,300) 

(d2 + 56,800) 

Length and Position of Bearing 

All codes, except the Belgian, allow an increase in CpER.P for short 

bearings unless they are at ends of members. Increases are ns follows: 



Denmark 

Bearing length em. '= 1.0 
Modification factor 1.8 

These factors can only be applie~ w~en the 

I
< 0.. :.~ e J.PJ, ... I ".., ""'·) 

France. 

1 

2 

Germany. 

... ,€ ,_ )I 

~1.5 

2 

1.5 

1 

1 

1.5 

1.25 

1 

3.0 5.0 )1.0 
1.% 1.2 1.0 

following conditions are obtained: 

0 

1.25 1 

1.12 1 

1 1 

If bearing ~10 em from end, CpERP reduced by 20~. CpERP may be increased 

for some timbers if bearing is min. of 1.5 m. from end. 

Holland. 

If bearing 10 em from end, CPERP reduced by 25~· Where small compressions 

are acceptable, grade stress may be increased by 25~, except where 

allowance is made for load duration. 

United Kingdom. 

--
(em) )15.0f Bearing length 1.0 1.5 2.5 ~ •• o 5.0 7.5 10.0 

Looj Modification factor 1. 7% 1.67 1.53 1.33 1.20 1.1% 

These factors can only be applied when the bearing is >7·5 em from 

an end. 

1.10 



Continuous Beams 

The German Code allows an increase of 10~ in fa over intermediate 

supports. 

Stress Reversals 

In ~ermany,·when members are subject to stress reversals due to loads 

other than wind and snow, maximum and minimum forces must be multiplied 

by (1 + 0.3 FMIN} to calculate the applied stress. FMAXJ 
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COLUMNS 

Solid Columns 
'} 

A ~97! survey by H. J. Larsen pointed out similarities in the 

theoretical basis of column1 design in Germany, Holland and the 

UK but suggested that the UK method made insufficient provision for 

the load eccentricity arising from the combination of initial 

curvature and defects. The Danish code has adopted a tangent-

modulus approach and in France the method of Tetmajer is used with 

a form of straight line giving no reduction of the compressive 

strength for slenderness ratios below 37.5. No guidance on column 

design is given in the remaining four countries of the EEC. 

A meeting of the CIB Commission W18 which conside1·ed Larsen's 

survey found generally acceptable his suggestion that the German 

method could be adopted in other countries, but a UK simplification 

was proposed for further consideration. 

Combined compression and bending 

Larsen also showed that the formula adopted in most countries 

for combined stress is a good approximation provided the compression 

side is decisive as is almost always the case. The UK code actually 

differs in adopting a combined stress factor of 0.9 instead of 1.0, 

but this obstacle to harmonisation should not be difficult to 

overcome. 

Buil t-uyJ columns 

Lars~n 1 s survey extended to built-up columns 1 concluding that the 

. preferred method was that adopted in Germany and Holland, and again 

this fou..'ld general acceptance from the countries represented. 



Belgium 

Denmark · 

France 

2.y. 

A UK survey of design methods is now in progress under a DOE contract, 

~d its results should be awaited before considering the likely course 

of future changes. 

Design formula for solid columns 

None given. 

Form of lf'f2E~ ~~~2 with E' defined hyperbolically for.!!!> 0.5 where pg 

pg is characteristic grade stress, and E' = E 

Tetmajer, k = 3100 I ~~t for ~ > 75, tangent 

reaching k = 1.0 at 1/r = 37.5 

for .1!!<0.5 pg 

below this value 

Germany Similar to Perry-Robertson, with e = 0.10 + 0.008 1/r 

e = 0.16 + .0.008 lj for lower grade 
. r j, 

or 0.10 + 0.005 1/r for~~ grade 

Holland II II II II II 

UK For low-grade softwoods, Perry-Ro,bertson with e = 0.003 lfr allowing 

for combination of eccentricity and non-.homogeneity~fOr higher grades 

and hardwoods, similar to Denmark but different mathematical form. 

Transversely loaded col wnns 

Belgium None given. 

Denmark (1) for .£.!)0.5, .£.!!. + ffa< Ks limits combined stress factor to the 
cg cg p 

France 

Germany 

same value as in a column with only "axial" load. 

) 
ca ca fa KE 

(2 for- ( 0.5,- + -1 Ir Ca <1 where KE = cg cg p \.E- _ 
Cg 

Graph gives permissible combinations of .£.!! and fa 
cg fp 

None given. 

Euler stress 
cg 

Jb, 
With symbolft changed and transposed becomes same as CP 112 EXCEPT 

(3) 

1.0 on right instead of 0.9 
no increase of stress for loadsharing, different for 
load duration (see modification factors) 
great.est value for 1/r used, irrespective of direction 
of deflection. 

Hollund With symbol} changed and transposed become·s sruae as CP 112 EXCEPT 

1.0 on ridt instead of 0.9 
no increase of stress for load duration but shorter-term 
loads are diminished (see modification factors) 
load-sharing factor may be apJ>lied. of a tvoe diffP.rPnt. 

from CP 112 factors (see modification factors) 



UK £! + fa ~ 0.9 Load sharing and duration factors applied as appropriate cp fp { • 

to cp and fp. 

Bu~lt-up columns with contiguous memb rs (no packs) 

(if glued,treated~ solid in countries where this construction is 

mentioned, i.e. Denmark, Germany, HOlland BUT NOT UK) 

BELGIUM None given. 

DENMARK Basically same formula as German, but discrepancies appear when 

converting one to the other and displacement moduli differ. 

FRANCE None given. 

GERMANY Effective I = sum of self Is. +. a proportion of~Ah2. The proportion 

1 K _ TT2 EA1a 
for a l ~ieee column is 1 + K where - l2c -

a = spacing of fasteners 

c = fastener stiffness, e.g. kg/em 

From effective I, reduced r =ff gives increased 1/r values for 

- use when finding buckling factor applied to compressive stress. 

HOLLAND Same as German. 

UK Incorporated in UK method for "spaced colwilns"~ Effective 1/r 

BELGIUM 

DENMARK 

found using multiplying factor depending on type of fastening and 

'pacing of shafts. Basically similar to German/Dutch/Danish but 

factors worb:ed out (with differences shown by Larsen) and only two 

shafts considered. 

Built-up columns with spaced members (packs, battens or lattice 
bracing) 

None given. 

K As for contiguous members but formulae given for aE values 

(Different fo~tiDlae for blocks, battens and lattice bracing) 

· None given. 



HOLLAND 

where .~ ! for whole cross-section about Y-Y {CP 112 diagram) 

~I 

c 

1 
for single shaft about its own axis parallel to Y-Y 

r 

= factor for type of fastening and type of bracing 
{packs or battens) 

M = numbers of bars 

A formula is given for C in the case of lattice bracing. 

Same as German, including provision for lattice bracing. 

UK See entry for conti~1ous members. Only two shafts with packs 

- no coverage of battens or lattice bracing. 

NQTI'J: }, y in German and Dutch codes seems to be full theoretical 

value with no reduction for connector slip. 

Built-up columns with lateral load 

BELGIUM None given. 

DENMARK Not mentioned. 

FRANCE None given. 

GERMANY Envisages lateral loading {or.eccentricity or curvature) for 

built-up columns with contiguous members, but spaced columns with 

packs, battens or latticing "should, as a rule, only be stressed 

centrally. 
.r 

Such haps must not be str·essed at right angles to 

the non-material axis exc·ept by wind loads or other supplementary 

loads the effects of which can be de.termined". 

HOLLAND Not mentioned. 

UK Not mentioned, but a method suggested by the German (and Russian) 

methods has been proposed for use in connection with CP 112 • .. 
Connection of built-up columns 

BELGIUM None given, 
I 

DENMARK 
N 

Constant ~hear force Q = GOKg where K
8 

is reduction factor for solid 

columns. Sli1> disregarded. 
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FRANCE None given. 

GERMANY Constant lateral force similar to Danish but with buckling factor 

cofresponding to effective I. For 1/r ( 60, force reduced by 

1 1 bO ; but not more than 0.5. Shear strain and fastener spacing 

calculated as for built-up beams. Different formulae for non-contiguous 

members. 

HOLLAND S~ilar to German, to be increased by transverse force caused by 

bending moment. Formulae given for design of connections. 

UK No guidance given. 



3 I. 

Fastenings 

General 

Due to the use of different designations, variations of dimensions, and 
methods of determination of permissible loads for fastenings; and also 
th~ fact that some Codes do not have rules for all types; it is not 
possible to make complete direct comparisons between those for which 
information is available. 

Those fastenings for which the appropriate Code or Standard has sets of 
rules are listed hereafter. 

Types of fastenings or jointing methods 

Belgium Bolts; Nails. 

Denmark Nails; wood-screws; bolts; bulldog (toothed-plate) 
connectors; stjerne (star or starred) connectors; 
split-ring connectors; shear plates. 

France Joinery joints:- notched; scarfed; halved; 
mortice and tenon; dovetail. 
Mechanical faste.ners :- bolts; nails; spikes; 
wooden keys; split-ring connectors; toothed-plate 
connectors; alligator connectors; metal plates 
or gussets. 

Germany Dowel~; bolts; nails; wood-screws; split-ring 
connectors; spiked-ring connectors; alligator 
connectors; toothed-plate connectors. 

Holland Nails; bolts; bulldog (toothed-plate) connectors; 
split-ring conrlectors; shear plates; lag-screws; 
wood-screws. 

U.K. Nails; wood-screws; bolts; toothed-plate connectors; 
split-ring connectors; shear plates. 

Except for Belgium, nll the Standards or Codes have rules for glued joints, 
but the use oi glue for jointing is not discussed further in this report. 
As the French code is the only one to have specific methods for dealing 
with joinery type joints, these also have not been considered. 



Nails. 

All the Codes cover nails. Nail diameters, on which, in general; 
permissible loads are based, are described differently in each. For 
Belgium and Holland, diameters ar.e given in Birmingham ,\'ire gauge (B.W.G.) 
numbers; France uses Paris gauge; and U.K. uses standard ~re gauge 
(SWG). In every oode there is a table giving nail diameters, in 
millimetres, with the permissible lateral load per nail for normal or 
long term loading. Belgium, France and Germany also give the formula 
from Which the permissible lateral load per nail is calculated. Table 1 
shows typical values for permissible lateral loading in softwood, only 
where nail diameters are comparable, together with minimum member 
thickness and nail penetration. Table 2 shows comparisons of spacings, 
edge distances and end distances. The values would be applicable for 
air-dry European redwood and whitewood, and other similar softwood 
timbers that may be grouped and classified with them. 
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TABLE 1 

PERMISSI BLE LATERAL LOADS IN SINGLE SHEAR FOR OUND WIRE NAILS IN AIR-DRY 
SOFTWOOD WITHOUT PRE-DRILLING 

Minimum Minimum Lateral 
member nail pene- load per 

Nail diameter thiclmess tration nai1 
into final (Newton) 

Gauge member 
No. mm {mm) (mm) 

12 2.8 24 22 300 
11 3.1 24 25 360 

BElGIUM BWG 10 3.4 24 27 430 
{see note 1) 9 3.8 24 30 520 

7 4.6 31 37 720 

- 2.8 23 22 340 
- 3.1 25 25 400 

DENMARK - - 3.4 27 27 480 
- 3.8 31 30 600 
- 4.6 37 37 800 

16 2.7 19 19 300 
Paris 17 3.0 21 21 350 

FRANCE Gauge 18 3.4 24 24 420 
(see note 2) 19 3·9 27 27 510 

20 4.4 40 40 700 

- 2.8 24 34 300 
- 3.1 24 38 375 

GERMANY - - 3.1.1 24 41 1.130 
(see note 1) - 3.8 24 46 525 

- 4.6 31 56 725 

12 2.8 20 34 250 
11 3.1 22 37 300 

HOLI4NJ> BWG 10 3.4 24 41 400 
9 3. 8 27 46 450 
7 4. 6 32 55 650 

12 2.64 19 25 178 
11 2.95 22 29 222 

U.K. SWG 10 3.25 25 32 267 
9 3.66 29 38 334 
7 4.47 38 51 489 

d = nail diameter (mm); t = member thickness (mm) 
Note 1. Min. timber thickness (mm) = d(30 + 8d); but thickness to be at least 2-'!m 

10 
Permissible nail load (Newtons) = 50 (d)

2 

fote 2. 
(10 + d) 

For member thickness not greater than 30 mm, nail diameter must not 
exceed ! . 

7 
For member thickness greater than 30 mm, nail diameter must not exceed t 

9 
Permissible nail load (Newtons) = 80 ~ lJr 

,ffO 



TABLE 2 

MINIMmf SPACINGS, EDGE AND END DISTANCES. (For Timber to Timber Joints) 
I 

BElGIUM 

DENMARK 

FRANCE 

GERMANY 

HOLLAND 

U.K. 

End· Edge Spacing 
Distance Distance between 

lines of 

Loaded Unloaded Loaded Unloaded nails 

end end edge edge perp. to 

(member (member grain 

in in com-
tension) pression) 

12d 12d 12d 5d 5d 

15d lOd lOd 5d 5d 

12d 5d 12r1 5d 5d 

15d 7d 7d 5d 5d 
(lOd) (5d) (5d) (3d) 

15d 8d *from 5d 5d 5d to 
8d 

20d 20d 5d 5d lOd 
(lOd) (lOd) (3d) 

d = diameter of nail 

Generally the values given are for nails driven 

~thout pre-drilling. Vnlue9 in brackets are 

those to be used when holes are pre-drilled. 

Spacing 
between 
nails 
along 
the grain 

lOd 

lOd 

lOd 

lOd 
(5d) 

lOd 

20d 
(lOd) 

* Where load on nail is at an angle (c< 0
) to the grain 

lese than 60°; value = (5 +~) d; 

20 

and where o< is not less than 60° :-· value = 8 d. 



DESIGN BASIS 

France 

(1) Must not exceed penmissible st~esses under loading 

dead + 1.2 X imposed (other than climatic) 

or the most unfavourable of 
I 

dead + imposed + normal climatic 

OR dead + normal climatic {wind and snow) 

- with no increase of permissible stress for lower-duration loads. 

(2.) Must not exceed elastic limit (1.75 X penmissible stress in the case 

of bending) under loading. 

1.1 X dead + 1.5 X imposed + 1.1 X extreme climate 

- with last item left out .if it opposes the effect of the others 

OR 0.9 X dead + 1.1 X extreme climate 

OR dead + imposed + seismic 

(1) is similar to U.K. except for implication that codified i~osed load 

might be exceeded by 20% in practice(but not if normal climatic 

load acts as well) 

(2) is equivalent to 1.75 duration factor, for extreme but rare 

combinations of brief occurrence, but this factor is countered 

severely by the 1.5 factor on imposed load. 

Method generally seems based on average behaviour rather than 

'weakest piece' philosophy, with factor of safety 2.75 on mean bending 

stress. 

Only compatible combinations of imposed load are to be considered. 

Apart from this, the effect of the most unfavourable comb~nations of 

load (including zero imposed load if appropriate) must be assessed. 
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- 2 -

Deflection limit to depending on function of component. 
150 ,.00 

Total deflection is sum of 

(1) deflection due to lower-duration loads, calculated 

using conventional E value, 

aDcl (2) deflection due to pennanent and"long duration" loads, 

using E divided by a creep coefficient -defined by 

formula; ranges linearly from 1.0 for stress not 

e~cee~ing 1/5 of pennissible to 1.75 for stress equal 

to permissible, ~th zero change of moisture content. 

Range is 1.0 to 4.0 for 15~ change; values also 

tabulated and graphed for 5~ and 10~ changes. 

"lAJng duration loads" are those applied for three months or longer, 

and those applied on average for 50~ of the time or more. 
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Load Sharing. 

The principle of load sharing between members of a structure which are 

effectively connected ply sheathingt flooring and the like, is recognised 

in the British and Dutch Codes. 

In CP.ll2 : Pt.2 : 1971 clause 3.12.4 it is stated that "where 4 or more 

members can be considered to act together to support a common load, the 

grade stress should be multiplied by 1.2. In the special case Where 40 

grade material is used in a load sharing system, the grade stress should 

be multiplied by 1.2, provided that at least 75% of the members are of 

50 grade or better." 

The mean value of. the modulus of elasticity should be used to calculate 

deflections. This clause is applicable to members of parallel systems 

spaced not more than 610 mm apart. 

The allowance of increased stresses is based principally on the statistically 

demonstrable fact that the coefficient of variation for a group of a given 

population is considerably smaller than that for an individual member of 

the same population. The special concession for the mixed 40/50 grade 

was based on the fact that due to the 3:1 ratio of the better grade, the 

average strength ratio of the mate1·ial represented in fact an increase of 

1.35 factor over that of the 40 grade. 

l!'or the revision of CP .112, it is proposed to modify the load sharing clause, 

allowing increasing load sharing factors for stress as the number of members 

in a system increases and the same treatment is suggested for the modulus 

of elasticity which will progressively approach the mean value. 

The Dutch timber design code confines the load sharing considerations -to the 

application of reduction factors on concentrated loads acting on a joist of 

a boarded floor. The reduction factor is given in the formula: 

Where 

a 
0.27 + 0.8 a 

0 

E II 
- (Ell 

a = spacing of joists 

I 
I) 

0 

E II I = stiffness modulus per width of boarding (floor boards or plywood) 

inN. m
2
/m 
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a • 1m 
0 

(E# 1)
0 

• 50 000 N.m (5000 Kg f.m) 

A ta~le given in the commentary on the clause gives reduction factors 

for boarding of various thicknesses and qualities, with Edl values 

varying from 1500 to 10 100 N.m, joist spacing from 41 to 85 mm. 

The I value vari.es from 0. 54 to 0. 78. A further reduction by a 

factor of 0.85 for short duration loading is also allowed. The 

product of the two f~ctors reduces the concentrated load to be taken 

into consideration by a value .of 0.46 to 0.66 for the various cases 

listed in the table. 
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LAMINATED TDIBER 

CURVED MEMBERS 

RadiP.l Stresses 

The Belgian, Danish, Dutch, German and UK Codes give the following 

formula for calculation of radial stress: 

3M 
f = 2Rbd, 

No/ formula is given in the French Code. 

Permissible Radial Stresses 

2 The permissible radial stresses, in kg/em , are given in the following 

table, 

Stress Belgium Denmark Germany Holland U.K. 
Tension 3 't:~ 2.5 2.5 4.6 
Compression 20 - - - 21 

No limiting values are given for compressi.ve stress in the Danish, 

German or Dutch Codes. 

The values given in the Danish and Dutch Codes nre equal to the permissible 

tensile stresses perpendicular to the glue line. The value given in 

the UK Code for radial tensile stress is equal to f permissible shear 

stress parallel to grain and for radial compressive stress is equal to 

permissible compressive stress perpendicular to grain. Figures 

quoted above apply to softwoods which ar~ generally used for glue lamination. 

The French Code makes no specific reference to radial stresses· but 

figures are gh·en for transverse tension and compression in timber. 



Softwood 

. 

Hardwood 

-

Special ,Rnles 

4-0 

Ratio of Laminate Thickness to Radius of Curvature. 

Belgium Denmark France Germany & Holland UK 

t/r.:1> 1~5 R(mm) I t t/R~1~0 t/r ~ 1/200 t~ 1 
I r 125 

~ 1000 I ~ o•ot f\ 

?rooo I 
~o-oo6 R 

I .,...,..W\ftl\o 
i 

No specific No reference tt 1 ";200 No reference t} 1 
:r 100 

reference 

- - - 1 <t ~ 1 
If 2oO ft 150 -
t ~10 + o.4 (~ -r:c) 

(mm) J 

The Dutch and German Codes have the same rules for laminate thickness 

to radius of curvature. The maximum t/R ratio permitted is 1/150. 

It should be noted that operating the rule for laminate thickness for 

ratios of t/a between 1/200 and 1/150 allows a maximum permitted thickness 

of laminate for various radii; for example with t max. the formula 

reduces to R = 2. 5{;( t + 50). The Belgian and UK Codes are very similar 

and it should be noted that tle t/R ratio of 1/100 in the UK Code is 

only applicable to hardwoods, therefore the maximum t/R ratio for soft-

woods in both Codes is 1/125. The Danish Code differs from the others 

in that it allo,.,s a higher t/R ratio for radH less than 1000 mm. 

The French Code gives a maximum t/R ratio of 1/160 for softwoods. 

Reduction Factors for Permissible Stresses. 

No reduction factors are given in the French, German or Dutch Codes. 

Reduction factors in other Codes are as follows: 



+I 

Belgium. 

Factor = 1 - 2000 (~}2 to be applied to stresses (implies all stre~ses, 
bending, eompression and tension). 

Denmark. 

t/R 1/100 1/125 1/150 1/200 "1/250 

Factor 0.80 0.87 0.90 0.95 1.00 

UK. 

t/R 1/100 1/125 1/150 1/175 1/200 1/250 1/300 

Factor 0.80 0.87 0.90 0.91 0.93 0.9'* 0.95 

Values given in the tables for Denmark and the UK are very similar. The 

formula in the Bel,gian Code gives the same modification factors as those 

in the table in ~he Danish C0 de. 

Bending Stresses Due to Bending Moment to Curved Members. 

No mention is made in Belgian, French or UK Codes of modifications 

to bending stress. Modifications given in the other Codes are as follows: 

Denmark. 

For curved members acted on by a moment ' 

188 shown in the diagram the stress on the 

inner surface is given by: 

and the stress on the outer surface: 

~y = -6ky M/bh2 

where ki and ky are given in the table below: 
Fig. 5.S 



.!: ki ~ h 

2 1.20 0.85 
- ·· · ... --.. ·---··· --

3 1.12 0.90 
. 

~ 1.09 0.92 - ----· 

5 1.07 ·- -~·9~ 
--··-· ··~- --· · - --·--· - ~-· · . -

6 1.06 -- - -· ·- ... ··--.. .. ···- - - ----

7 1.05 ------- -------
8 - 0.96 

-·-·-···--· ·- - ---·····---- --------

9 - -
-···--" ··- -

10 1.03 0.97 
--·------ ---·--- -
)~5 1.00 1.00 

Germany. 

Where 10 > R/d ~ 2, bending stress is calculated by the :Mllowiug 

formula: 

Holland. 

Permissible bending stress is reduced by the following formula: 

2R 
2R + d 

The German and Dutch Codes give the same modification factor but in 

the former it is used to increase the applied stress and in the latter 

the permissi'ble stress is reduced. 

The omission of formulae in other Codes does not preclude the use 

of a modification factor since the fo.rmu.la has an. analytical basis 

which ·could be considered inplici t in the design procedure. 



PLYWOOD 

Belgian and Dutch.Codes give no design information for plywood. 

Information given in the other Codes is summarised below: 

Denmark 

Guidance on the design of built-up members such as ply-web beams and 

stressed skin panels, but no permissible stresses for plywood. 

France 

E Values for tension, compression and bending, in directions parallel and 

perpendicula~ to exterior plies, and transversal compression are taken as 

equal to the corresponding values for solid timber of the species used, 

unless tests are carried out on the ply. E values for tension, compression 
0.~ 

and bending, when load is at lt:5° to the cxte:r:ior ply ..J,e. taken as ! the 

val ue.s- for solid timber. 

., 
Permissible stresses are given for Douglas Fir, Okoume, Birch and Makore 

plywoods. Stresses gtven are : tension, compression, panel and rolling 

shear (for loads parallel, perpendicular and at 45° to the outer ply) 

and bending in planes parallel and perpendicular to the outer ply. 

No distinction is made of different .thiclmesses except for 3-ply Douglas 

Fir where a higher stress is allowed for tension and compression parallel 
f ~ • ..-e~.Js 

to the outer ply and bending. In some .e~ permissible rolling shear 

stress is reduced when the joint is adjacent to a plywood .edge, as in the 

case of a ply-box beam. Stresses apply to plywood at a moisture content 

of 15% and should be modified by the same factors as those for solid 

timber at different moisture contents. 

Critical points on plywood gussets are indicated. 



Germany 
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Plywood can be made of a variety of woods including birch, beech, spruce, 

pine, limba, makorC: mahogany, gaboon and fur. 

Permissible stresses are given for bendin~ compression and shear normal 

to the plane of the board and in the plane of the board, and tension in the 

plane of the board. For bending normal to the plane of the board, and 

bending, tension and compression in the plane of the board, stresses are 

given parallel and normal the the _grain of the top ply. A lower stress 

is given for tension and compression in the plane of the board when the 

angle between the directions of top ply grain and applied stress is bet"'ll'een 

30° and 60°. Stresses forother angles are obtained by interpolation. 

E values are given parallel and perpendicular to the grain, in addition 

to a G value. 

United Kingdom 
. 

Permissible stresses are given for Canadian Douglas Fir, Finnish B~ch and 

British Plywood manufactured from tropical hardwoods. Constz~ctions are 

identified : in the case of Canadian Douglas Fir, stresses are given for 

various grades, number of plies and total thickness; in the case of Finnish 

Birch and British plywood, stresses are ghen for various numbers of plies. 

Stresses given are : tension, compression, panel and rolling shear (for 

loads parallel, perpendicular and at 4:5° to the outer ply}, bending in 

planes parallel and perpendicular to thP. outer ply, and bearing on the face. 

Permissible Rolling shear stress is. multiplied by 0.5 when a joint is 

adjacent to a plyw·ood edge. 

Moduli of elasticity in bending, tension and compression with loads parallel 

and perpendicular to the face grain are given for all three types and with 
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loads at 45° to th~ face grain for Finnish B~ch. Moduli of rigidity 

for loads parallel, perpendicular and at 45° to the face grain are given 

for all three types. 

In addition to mechanical properties, considerable information is also 

g~ven about physical properties, covering numbers of plies, veneer thick-

neeses, section properties for a 1 m width and weights. 

These stresses and moduli japply to plywood when moisture content is 

:>18~ and modification factors are given for wet conditions. 

Comments 

1. The French Code allows E values equal to those of the solid timber 
or• ..L 

choosing U (Jf •. values according to the direction of the face grain of 

the ply wood. 

In the German Code, E// is 70,000 kg/cm2 for plywood compared to values of 

100,000 to 125,000 for solid timber; Jt is difficult to draw comparisons 

from the U.K. Code because of the large number of ply constructions considered 

but the majority of E// values for Canadian Douglas Fir, are between 

~ and !MJN for Douglas Fir solid timber with some E/ / < EM:rN. 

These comparisons suggest that the French approximation would give results 

very different from thos~ obtained using the German or U.K. codes. 

2. The German Code gives a method to evaluate permissible stresses for 

tension and compression in the plane of the board when the direction 

of the load to grain is between 0° and 90°. Since plywood is often used 

for applications where maximum stresses are applied at angles between 

0° and 90°, similar guidance should be available in other countries. The 

0 permissible stresses are given for loads at 45 to the face grain ~tren 
~~C~V\ 

in Codes for France and .the U. K. but it is not clear whether ~~-. 

is allowed for other angles. 



J. Reduction-of permissible rolling shear stress when a joint is adjacent 

to the edge of the ply is relatively small in the French Code compared 

to the 0.5 given in the U.K. Code. No reduction is given in the German 

Code. 

J.IDR/JA 
6th February, 
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Lateral Support to Beams 

(Solid & Laminated) 

The depth to breadth ratio for solid and laminated members with 

rectangular cross-sections are not to exceed the value given in table 

17 c~rresponding to the appropriate degree of lateral support, 

unless specially calculated. 

TABLE 17: MAXIMml DEPTH TO BREADTH RATIOS 

(SOLID AND LAMINATED MEMBERS) 

Degree of Lateral Support 

1. No lateral support 

2. Ends held in position 

3. Ends held in position and member.held in 
line, as by purlins or tie rods 

4. Ends held in position and conrpression edge 
held in line, as by direct connection of 
sheathing, deck or joists 

5. Ends held in position and compression edge 
held in line, as by direct coru1ection of 
sheathing, deck or joists, together with 
adequat e bridging or blocking spaced at 
intervals not exceeding 6 times the depth 

6. Ends held in position and both .edges firmly 
held in line 

Maximum 
Depth to 
Breadth 
Ratio 

2 

5 

6 

7 

Part of the clause states that unless specially calculated, the 

values quoted will be. adequate. 

However, if presented with a problem of calculating sufficient 

lateral support to the compression zone, it is generally acc.epted 

that the restraining force should be at least 2~ of the flange force. 



HOLLAND 

CLAUSE 6.2.2.1 

4-8 
t. 

Where lateral support is provided by secondary members at intervals 

not greater than 12b the maximum values of d/b given in Table 26 

apply. 

CLAUSE 6.2.2.2 

As above, but for beams with rotational restraint at the ends, 

Table 27 applies. 

CLAUSE 6.2. 2. 3 

Where lateral support is provided at intervals greater than 12b, 

calculations must be made of buckling resistance. The effective 

length is taken as the spacing of the lateral restraints (= t) 

The maximum stress due to bending or co~bined bending and tension 

( ) 0.2EUb
2 

w;th a max;mum of "'!b compression should be less than '\.. d ... ... o 

(the maximum permissible bending stress} • . 
OLAUSE ~.J.L2 

For members used as floor beams, if b is less than id and/or 1/so 

of the span, the beam requires a lateral support to the bottom edge 

at least in one position within ,the middle third of the span .• 



CLAUSE 8.2 

...., 
3. 

If d/b is greater than ~ but not greater than 10 full support may 

be assumed. 

if ryy ~ 1.. 
~0 

~· \ ~.e. ryy ~ 

or 1 ~ 11.6 
b 

as ryy = m- ~ 

40 

If d/b is greater than 4 but not greater than 10, with 

ryy < to ~ L e. t- ) 40 ~ 
yy . 

then the compressive stress must not exceed 

1.26 x ~n // 
w 

from t.able 4 - page 

(w is a coefficient related to l ) 
r 

19 of text, and 6b// is permissible compressi~e 

stress from table 6 - page 28 of text. 

If d/b ) 10 a more accurate analysis must be carried out to assess 

the lateral restraint required see fig. 8/3 page 93 of explanatory 

notes B.S.I. Document 72/ 135q8. 



BELGTIJM 

For members subjected to bending only for for combined bending 

and axial forces, the designer must justify the ratio chosen for 

calculation of adequate stability by folloliing a recognised 

method. 



FRANCE 

When d/b is greater than 5 and t;r is greater than 37.5 the 
yy 

bending stress must be checked to ensure that it does not exceed 

the safe buclding stress. 
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DENMARK 

Permissible bending stresses are obtained by modifying the stresses 

by a factor (c) giving in the following graph. {c) is a function 

of a slenderness ratio 

where 1 = sp~n 

Fig. S.3. 

h = depth of section 

b = breadth of section 

c 
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'abel 5.4 Br' .llt'lllllll'l.~r· t~( fuktfll't'll lc 1 

I ·--------·---·--~ --------, 

llcla~lning~· Oi;\ hj;clkctypc 

rmmnT'·mn~ .;;;·· 
, 

y 
;,:;;--- I A 
~-Lr.~· 

~> r ~-;t--______ ...J_ 

·~ ._, ____ !,_, ___ ... 

(!) Jklns!uingcn virkcr f'•i o;a::lkrO\'Crsidcn. 

~ lkl:~stninrrn virkcr i clcn ncutra:c aksc. 
© flclaslllingcn virkcr i bj;\!ikeundcrsidcn. 

k, 

0,60 

<D o.ss 
~ 0,56 
@ 0,54 

(j) 0,53 

~ 0,51 
Q) 0A9 

0,41 

0 O,S2 

<D 0,37 
~ 0,36 
4J) 0,36 

G 0,30 

® Angiver, at bj:l'ikcn cr fastholdt i miJtcn mod drejning og sido:­
uJbojning, mcdcns loti ret udbnjning kan forcg.1 frit. 

De anfnrtc \'.:t!rdicr foruds.cttcr; 
at bj;dkcns vridning er hindrcl vcd vcdcrl:~gcnc. 
~ ~·---

11 is obtained from this 

table giving certain loads, 

moment arrangements and beam 

supports/restraints. 

T-load acting on top of the 

beam. 

M-load acting in the neutral 

axis. 

U-load acting on under-side 

of the beam. 

S-Beam restrained in the 

middle against turning and 

side-movement, while 

perpendicular bending can 

talce place freely. 



COMMENTS 

54-
e. 

In the Belgian Code it simply states that for bending or combined 

bending and axial forces stability should be justified by calculation. 

This is in broad agreement with the French Code except justification 

is only required if d/b is greater than 5 and the --1- is greater ryy 

than 37.5. In the British Code a provision io made for justicication 

by calculation, although simplified rules for lateral support are 

included. For methods of calculating stability, certain divergence 

of opinion could be implied. However, treating-the member as a 

column tending to buckle between points of support is thought to 

be an acceptable procedure. 

With the German Code if d/b is greater than 4 but not greater' than 

10 and - 1- does not exceed 40, full sur. .. port can be assumed. (Thh ryy 

part is some'\\•hat similar to the I!'rench). With --
1

- exceeding 40 ryy 

the compressive bending stress is 1 i_mi ted to a permissible sh·ess 

obtained from a formula. With d/b greater than 10 full analysis 

for lateral restraint must be marle. 

The Dutch Code gives permitted d/b ratios where lateral support is 

provided by secondary members up to intervals of spacing not greater 

1 
than 12 b. The permitted d/b ratio varies with the value of b' 

where 1 is the spacing between lateral support. Two tables are 

provided covering beams '\\'i thout rotational 1·est.l·aint and with 

rotational restraint at ends. For beams supporting floors there 

is is an addi tiona! cla\lse were b is less than ltd and/or io of the 

span, bottom edge restraint is required at l east in one pds'ition 
1 en ~) '' ~ 1 : ./ ~ -- • .< .. . · ':jo; 

within the middle third of the span. 

The Dutch Code also gives design requirements where lateral supports 

are at intervals greater than 12 b. To satisfy these requirements 

calcnlations are to be made for the buckling resistance of the berun 



Si' 
9. 

between lateral supports. The a.ci;,ual bending or combined bending 

and axial stress to.be limited to the stress given by a fornntla 

with a provision that the normal bendi.ng stress is not exceeded. 

The Danish Code recommends the use of a factor for modifying stresses 

for variouR load-moment arrangements and types of bean1 support­

restraints. R.cference is given to the source of Ki as n. F. Hoorly 

and D. :Madsen : Lateral St.abili ty of Glued Laminated Deam.s. 

Proceedings of the American Society of Civil Engineers. 
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Introduction 

Nordic Council(= the governments of Denmark, Finland, IcelanQ, 
Norway and Sweden) has set up a joint committee of the national building 
authorities of the five countries. This Nordic Building Regul<". tion~ 

Com.mittee, NKB, works on harmonizing the technical Building Regulations 
v.•ithin the nordic countries. 

Two of the subcommittees of NKB have worked out proposals for a Safety 
Code and for a Loading Code. The proposals are now being discu seecl in 
the nordic countries, all comments should be given before 1 June 1975. 
The object on the Safety Code is to guide the committees which wHl be 
working out the Nordic Structural Design Codes. 
·The Loading Code should be incorporated in the national regulations. 

Principles 

The Safety Code gives two principles on which the regulations arc based 

1. Partial Factor Method 

2. Statistical Method 

The Partial Factor Method is stated by ISO as an international c.tandar d and 
is a simple method which can be used for all types of structures. 

The Statistical Method is, however, expected to give a gre?,ter possibility 
for development, and if practice will show thai this method gives econ01nical 
advantages, it might be more used in the future. 

The object of giving both methods is to open the door for a futural devdop-· 
ment. 

The actual suggested values for the partial fac:to1·s are given in such a way 
that design according to the Partial Factor Method shonld give about the 
same results as a design according to the Statistical Method. 
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Summary of Content 

f. Safety Code. 

The main part of the Safety Code deals with 

Safety Groups of Structures 
Limit States 
Requirements 

1. 1 Safety Groups 

Consequence of rupture 

Great p r obability of damage to per son 
Great m ater ial damage 

Some probability of damage to person 
Some material damage 

Less probability of damage to person. 
Less material damage or some material damage 
if accepted from an overall point of view 

Some examples as guidance: 

Safety group 3: 

Safety 

3 

2 

1 

Buildings with more than two stori e s, halls and 
spectactor stands where many people often are 
gathered, i.e. houses, office buildings, theatres, sport 
buildings, factories. 
Pedestrian, road and railway bridges etc. 

Safety group 2: 

Buildings with more than two stories and halls where peop~e 
come from time to time only, as store . buildil)gs. 
Sma ll 1- and 2- story buildings where many people o-ften are 
gathered, small houses, small office buildings, small 
factory buildings etc. 

Safety group 1: 

Small 1 and 2 story buildings where people come from time 
to time only, such as store buildings and sheds. 

Parts of a stucture may be given a lower s.afety group than the wl).ole 
structure or building. 
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f. Z Limit States 

The Safety Code gives three Limit States: 

Serviceability Limit State 

unacceptable deflections 
cracks 
vibrations 
etc. 

Ultimate Load Limit State 

structural mechanism 
material rupture 
structural buckling 
material fatigue 

etc. 

Progressive Collap.se Limit State 

the limit of collapse of the rest structure assuming 
that certain parts already have failed. 

L 3 Requirements 

The requirements at Serviceability Limit State are to be given 
in the actual Structural Code. 

The requirements at Ultimate Load Limit State are dependent 
of the Safety Group, the Type of Rupture and the Type of Load 
Combination. 

The type of rupture refers to three groups 

III Brittle ruptures, stability ruptures 

II Neither I nor III 

I Ductile rupture, with a reserve of load carrying 
capacity exceeding the defined modulus of rupture. 

The actual Structural Code must give the relevant type( s) of 
rupture. 
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1. 4 The Partial Factor Method 

At each Limit State the safety of the structure is examined by 
demanding that 

design load 6 design capacity 

The design load is the characteristic load multiplied by the load 
factor, and the design capacity in the characteristic capacity 
divided by the material factor. 

The charachteristic loads are given in the Loading Code. 

The characteristic capacity of the material is given in the actual 
Structural Code. Normally it is based on the i0'7o fractile, but 
the 5'7o or 0. i% fractile could be used. If the capacity is dependent 
on environment (climate) or duration of load, this should be taken 
in.to account when determining the characteristic capacity. 

Load factors 

Ultimate Limit State 

Loading 

Dead load of building parts 

Dead load from soil 

Imposed Load 

Usual load 

Unusual load 

Accident Load 

Deformation Load 

I 

1.5 

1.5 

1.3 

1.0 

Load Combination 

II III 

i.2 1.0 

i.2 1.0 

i.3 f.O 

1.5 

1.0 

1.0 1.0 

For dead load from building parts, the following load factors shall be 
used if this is more severe than the c::orresponding factors above: 

S~fety group 3 2 1 

Dead load of building parts 0.9 0.95 1.0 

The Load Combination is defined in the Loading Code. 

There a~e given some additional rules for modifying the load factors at 
Ultimate Limit State. 

At Progressive Collapse Limit State the Load Factors are all i, 0. 
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Material factors (Resistance factors) 

Ultimate Limit State. 
The resistance factor is the product of three partial factors. 

· The first partial factor depends upon the Safety Group and the 
Type of Rupture. 

Type of 
rupture 

III 

II 

I 

3 

1. 60 

1. 40 

1. 23 

Safety Group 

2 1 

1. 40 1. 23 

1. 23 1. 08 

1. 08 0.95 

The second partial factor depends upon the fractile at Lower 
exclusion limit and the Coeffisient of Variation of the resistence 
parameter. 

Coeffisient of Variation Fraction 
of resistance parameter 

10% 5% 0.1% . 

v ~ 0.1 1. 10 1. 05 0.96 

0. 1 < v < 0.2 1. 05 1. 00 (0. 80) 

0 . 2 (. v < 0 . 4 1. 15 1. 05 (0.73) 

The values in parenthesis will normally not be used, as the . 
combination of 0. 1% fractile and high variation is unsuitable. 

The third partial factor depends upon the control of material and 
construction, and of the possible deviation between the theory 
and reality. 

Scope of control 
with material 
identHy and 
product 

Small 

Average 

Good 

Possible deviation between real and 
measured resistance. 
Possible uncertainty of de sign model. 
Possible geometrical uncertainty. 

large 

1. 30 

1. 20 

1. 12 

medium 

1. 12 

1. 05 

1. 00 

small 

1. 05 

1. 00 

0.95 
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Progressive Collapse Limit State, 

The material factor is equal to 1. 0 

t. 5 The Statistical Method 

This method is not delt with in this paper. 

2. Loading Code 

The Loading Code Proposal is coordinated with the Safety Code, mainly 
through the presentation of characteristic values for loads. Where 
the committee has found it possible, even average values and 
coeffisients of variance for loads are given. 
The rnotive for giving rather detailed refinements has been the 
assumed need for economic design methods for mass produced 
building component;s. Simpler methods could be used for single 
structures. 

Classification of loads 

z. 1 Duration of loads 

The load with intensity q is classified according to the continuous 
duration tqs in the following groups 

Duration of Limits for continuous 
Load group duration tqs Example 

Lower Upper 
I 

A 250 d Dead load 

B 15 h 250 d Snow load 

c 2 s 15 h Load of people 

D 2 s Impact load 

If the continuous duration of load is insufficient to describe the 
effect of the load, and the accumulated load effect should be 
considered, this should be taken into account in the Structural 
Design Code . 

.Probabi-lity for intensity - classification 

Relative duration= time loaded/life time 

Constant load 

TMs load occurs at an arbitarily chosen time. 
Relative duration = 1 
The characteristic value is defined as the medium of 
the intensity. (Mean value could also be used). 

Usual load 

This is a load with a probability of 0, 2 or rpore for 
being exceeded at least once in a year. The characteristic 
value is defined with p = 0,2. 
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Short term usual load 

The relative duration of the characteristic intensity is 
equal to or less than 0. 001. 

Not short term usual load 

The relative duration of the characteristic intensity· 
is greater than 0.001. 

Unusual load 

The probability of being exceeded at least once a year is 
between 0. 2 and 0. 02. The characteristic value is defined 
with p = 0. 02. 

Extreme load 

The extreme load is of a type of accident load and is more 
seldom than an unusual load. 
The intensity is not given in the Code. 

2. 2 Load combinations 

The single load types are given a value a according to following 
table: 

Constant load 

Not short term usual load 

Short term usual load 

Unusual load 

Extreme load 

There are three load combinations: 

a 

0 

0.5 

1 

2 

4 

I Usual loads adjusted according to their duration, 
in such a number that the sum of a does not exceed 4. 

II One unusual load combined with usual loads, adjusted. 
to their duration, in such a number that the sum of a does 
not exceed 4. 

III One ~xtreme load combined with usual loads, adjusted 
according to their durat~on, in such a number that the 
sum of a does not exceed 5. 

The Code gives rules for the adjustment of loads according to 
their duration. 
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Comments 

The proposals for Nordic Codes on Safety and Loads are now being 
discussed in the nordic countries, and it is not possible to say in which 
form they finally will be accepted. 

The Code teKt is rather complicated, and it is not to be expected that it 
will be understood by normal designers. 

It is not clear if the level of complexity is justified by the expected gain 
in economy. 

It will be one of the tasks of the Structural Design Code Committees 
to make the necessary simplifications in such a way that the Codes can 
be used in practical life. 

It is assumed that the Common Nordic Structural Codes should be finished 
at about '1980. 

OAB/BH 
5.2.75 

X nr. 4525 
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PHEJ:'.Z\CE 

The present proposal for safety codes for load-carrying struc­

tures is mainly based on the proposal from September 1971 for 

guide lines for safety methods, made by the NKB sub-committee 

on structura~ safety. 

Contrary to previous guide lines, the present ·proposal suggests 

detailed safety methods. These methods show due consideration for 

the criticism of the guide lines, and they moreover conform to 

the most recant developments. On essential matters, the proposal 

conforms w.i t.h IS:) 2394: 11 General Principles for the Verification 

of the Safety of Structures 11
• However, the ISO-standard only sta­

tes principles, whereas this p r oposal gives detailed regulations. 

The proposal has been coordinated with the Load regulations set 

up by the NKB committee on loadings. 

The proposal has been divided into code and recommendation with 

explanatory and detailed comments. The recommendation is written 

in reduced column. 

Separately, commen·ts for codes and recommendations have been given'· 

which state the reasons for the suggested principles, and moreover 

state the calculations for the values of the partial coefficients 

give~ in the proposal. 

Code and recommendation and corresponding comments have been writ­

ten with a view to being used by the conmlittees, working groups, 

etc., that are in charge of preparing structural codes (codes for 

structures built in certain ways of certain materials). 

The safety methods are to be applied to the degree relevant for 

each structural code. 

The proposal has been set up by the NKD sub-committee on structural 

safety. The members of the committee are given below: 

Vicedirektoer Per Bre~~dorff, chairman, Denmark 

Civilingeni¢r Olaf Mohr, Denmark 

1. 



Ingeni¢rdocent Ervin Poulsen, Denmark 

Tckn. dr. Eero Paloheimo, Finland 

Professor Ivar Uoland, Norway 
Lektor Sture Akerlund, Sweden (withdrew from the 

committee 73-6-30) 

Profes~or Lars Ostlund, Sweden 

Secretaries: 

C1vilingeni¢r Rolf llar~oe, Denmark 

Akademiingeni¢r Knud Skov, Denmark 

Moreover, ove pitlevsen, Denmark, dr. techn. has served on the 

committee on an advisory basis. 



1. IN'l'RODUCTION 

The general safety requirements imposed on load-carrying 

structures are indicated in chapter 3. In order to ensure 

the fulfilment of these requirements, one of the methods 

given in chapters 4 and 5 can be used. It should be emphasi­

zed that the given requirements do not allow for any gross 

errors in design or construction. 

The method given in c~apter 4 has been based on characte­

ristic values and partial coefficients. 

The method given in chapter 5 is a statistical method based 

on mean values and coefficients of variation. 

The partial coeffi~ient method should be used when applying 

the structural codes. These should, however, also allow for 

the use .of the statistical method. 

The statistical method is primarily intended to be used by 

the structural code committees for the determination of the 

partial coefficients not given in this code proposal, and 

also for any future revision of partial coefficients. The pa­

rameters of this method have been determined in such a way 

~hat on an average they result in the same dimensions as 

existing structural codes when applying some ·frequently used 

formula for calculation. 

The partial coefficients specified in chapter 4 have been 

determined in such a way that design according to this method 

on the whole does not result in any smaller dimensions than 

those obtained by using the statistical method. Please see 

conunents. 

Other statistical methods with their corresponding require­

ments can be used provided the necessary level of safet"y is 

reached. Besides statistical variations in loading- and resi­

stance parameters all the remaining uncertainties sho~ld be 
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taken into account in connection with calculation, execution, 

control on site, use of structures, etc. 

Any other statistical methods can only be used provided the 

method has been unambiguously formulated and provided it can 

be proven that from a safety point of view, the method is 

equal to the present statistical method. 

It is assumed that an evaluation of a statistical 

method, prior to its acceptance, is made by a com­

mittee with sufficient· competence both as regards 

mathematical statistics and structural techniques. 

When introducing any other statistical method, is 

should be proven that the dimensions reached by 

the method at the most result ~n the formal pro­

babilities of ~ailure, pf' indicated in table Al, 

when applied on a series of examples typical in 

practice. In this connection, the formal proba­

bility of failure should be calculated on the as­

sumption that the primary parameters of resistan­

ce and geometry and the judgement factors of the 

parameters of resistance follow logarithmic nor-· 

mal distributions, whereas the distributions of 

the primary parameters of loading.as well as their 

judgement factors are assumed to follow a normal 

distribution. 

Following the above, pf should correspond to the 

annual formal probability of failure, and those 

values of pf should be selected from table Al 

which correspond to the values of a required in 

chapter 3. Regarding uncertainties, reference is 

made to chapter 5. 

It should be emphasized that the formal probabili­

ty of failure is a quantity of calculation-techni­

cal significance. 

4. 



a 5.25 4.75 4.25 3.75 3.25 

Pf 10-7 10-6 10-5 10-4 8 •lo.- 4 

Table · Al. Correspondence Between Safety Index B 

and Formal Probability of Failure pf 

5. 



2. TERMINOLOGY AND SYMDOLS 

2.1 Terminology 

Action 

The load-carrying function of the structure is considered 

to be any effect on a structure, structure part, or any ma­

terial, caused by loads, which can determine whether the re­

sistance.is sufficient to fulfil the functional requirements. 

Calculation Model 

The model of the function of the structure used for the 

evaluation, including its design. 

Characteristic Values 

The value of a stochastic variable determined by observations 

as well as any advance knowledge, which in a determined pro­

bability is not expected to be exceeded by the stochastic 

variable. Cp. also 4.2. 

Code Value 

Value for load, resistance, parameTer of geometry, and the 

like, which is used as the equivalent for a char~cteristic 

value, in cases \"lhere a statistical rule is not relevant. 

Design 

The determination of structural dimensions with a view to 

establishing sufficient resistance. Loading, appearance, 

main dimensions and type of structural material are assumed 

to be known factors. 

Design value 

Used about the deterministic load values, resistance, and pa­

rameter of geometry, which form the basis for an approxima.te 

~valuation as to·whether a certain li~it state has·beeh rea­

ched, tbe relevant uncertainties. and other reservation~ being 

included in these values of calculation. Cp. 4.1. 
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Failure 

Conwon denomination for the excess of any chosen limit state. 

Failure Probability 

The probability that the defined resistance is exceeded within 

a period of one year. 

Failure type 

Cp. 3. 4. 

Judgement Factor 

Cp. 5. 4. 

Limit States 

Cp. 3. 2. 

Load 

The load capacity is defined as any exterior load which 

can lead to mechanical stress or strain in the structure. 

Cp. also "Load Regulations". 

Load Effect 

The effects on structure parts and materials caused by the 

load on the structure. 

Load lwiodel 

The model of the load used for the evaluation of the struc­

ture, including design. 

Partial Coefficient 

Coefficient used to fill the safety requirements at the 

evaluation of the structure. Cp. 4.1. 
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. Primary Load Parameter 

Load or load intensi~y stipulated· in the load regulations. 

Cp. "Load regulations". 

Primary Resistance Parameter 

Parameter of resistance which is assumed to be determined 

directly by means of codes, control, or testing. 

Resistance 

The maximum load a structure, structural part, or a material 

can resist and still fulfil the functional requirements, for 

instance expressed at the limit states. 

Resistance Model 

The model of the resistance used for the evaluation of the 

structure, including de~ign. 

Resistance Parameters 

Used for parameters stipulating tne resistance. 

Safety Cl~~ 

Cp. 3.1. 

Safety index 

Defines the safety of the structure. Cp. 5.1. 

Safety Method 

Method or procedure used for the evaluation of whether a 

structure has the stipulated degree of safety. 

Serviceability Limit States 

Cp. 3.2. 
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Structural Code 

Codes for structures built in certain ways of certain 

materials. 

Structural Evaluation 

The total process of evaluating a structure when related 

to the functional requirements. 

Ultimate Limit States 

Cp. 3.2. 

Ultimate Limit States corresponding to progressive collapse 

Cp. 3. 2 . . 

2.2 Symbols 

Below the most commonly used symbols are stated. Other used 
' 

symbols will be explained as they appear. 

t geometrical - parameter 

m primary resistance parameter 

p primary load parameter 

Pf formal failure probability 

V coefficient of variation 

a safety index 

y partial coefficient 

Ym partial coefficient of,primary resistance parameter 

Yp partial coefficient of primary load parameter 
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J. PRINCIPLES FOR THE EVALUA'l'ION OF STRUCTURAL SAFETY 

3.1 Safety Classes 

The rate of safety against failure of a structure with 

regard to its load capacity is m~de dependent upon the 

risk for personal injury and the importance of the struc­

ture, the latter being determined by one of the three safe­

ty classes mentioned in table 3.1. 

Consequence of failure Safety Class 

Great probability for considerable per-

sonal injury. 3 

Great material damage. 

s-ome probability for personal injury 

Some material damage 2 
• 

Little probability for personal injury. 

Little material damage. A certain degree 1 

nf material damage may be acceptable. 

Table 3.1 Safety Classes 

In the structural codes, the safety classes indicated could be 

grouped together into one or two classes by referring struc­

tures from a lower safety class to a higher. 

The safety classes mentioned in table 3.1 refer to struc­

tures within the normal field of experience. 

There may be structures for which a failure will lead to 

catastrophic consequences, and for which the present codes 

cannot be expected . to give the acceptable degree of safety. 

This may for instance apply to building~ of extreme height, 

bridges of extreme length, pressure v~ssels for atomic 

reactors, etc. 
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Structural elements which are not considered to be included 

in the load carrying function of the structure as ~ whole 

but only considered to transmit forces to the main structure, 

may be referred to a lower safety class than the structure 

as a whole, . if the consequences of a failure of such elements 

permit reference to a lower safety class according to t6ble 

3.1. 

The following examples serve as guidelines for a 

classification of the finished structures: 

Safety Class 3: 

Buildings of more than 2 storeys, hall structures 

and stages which .will often hold many persons, 

and for instance be used for living quarters, of­

fices, theater, sports, or production. 

Pedestrian Bridges. 

Road Bridges. 

Railroad Bridges. 

Tall pylons, detached to~ers, including chimneys, 

close to houses. Large water tow~rs and siloes 

near houses. 

Safety Class 2: 

Buildings of more than 2 storeys and hall struc­

tures which only occassionally hold people, for 

instance stock buildings. 

Small 1- and 2-storey buildings often used for 

people, for instance houses, offices, or produc­

tion buildings. 

Cranes. 
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Tall pylons and detached towers including 

chimneys in areas with no surrounding houses. 

Small pylons and detached towers including 

chimneys close to housing areas. 

Small water towers and siloes in ar~as with no 

surrounding houses. 

High tension pylons next to roads and the like, 

as well as pylons serving to close off any pro­

gressing cable failure. 

Scaffolds and moulds. 

Safety_Class 1: 

Small 1- and 2-storey buildings which only occas­

sionally hold persons, for instance stock buil­

dings and sheds. 

Small pylons and detached towers including 

chimneys in areas with no surrounding houses . • 

Normal high tension pylons. 

Normal street pylons. 

For structures whose classification depends upon 

the build-up conditions of the area, future con­

ditions as related to the lifetime of the struc­

ture should be taken into account. 

The following examples may be given of structural 

elements which may be referred to a.lower class 

than the structure as a whole: 

Floors and external walls in buildings (regard­

less of number of storeys) on the co~dition that 

these elements are not designed to carry loads 

in their own plane. 
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3. 2 r ... imi t States 

Roofs for structures mentioned in classes 3 and 2. 

Internal walls in building~ {regardless of number 

of storeys) on the condition that they are not de­

signed to carry loads in their own plane. 

For the evaluation of the load carrying function of a struc­

ture, the following groups of limit states have been esta­

blished, i.e., states where the structure or part of it is 

at the point where the requirements cease to be satisfied. 

~~-~~EY!~~~~!!!!Y-~!~!~-§~~!~2 

These cases correspond to t~~ ~imit for failure with regard 

to their serviceability. 

The followir.t!J cases of failure can be mentioned: 

Al. Deformations which are unacceptable with 

respect to the normal use of the structure. 

A2. Crack iormations which are unacceptable with 

respect. to requirements regarding tightness. 

A3. Unacceptable oscillations or vibrations (any 

material fatigue is referred:to category B). 

~~-~1~!~~~~-~!~!~-§~~i~§ 

These states correspond to the limit for failure of a part of, 

or all of a structure. 

The following cases of failure can be mentioned: 

Bl. Transformation of the structure into a me-

chanism·. 

B2. Failure in the material resulting from an 

extreme load. 

B3. Failure in the structure resulting from insta-· 
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bility without failure in the material. This 

includes buckling and lateral instability. 

B4. Mutual slide of the entire structure or parts 

of it. 

BS. Overturn. 

B6. Shake down. 

B7. Deterioration of material resulting from 

plastic deformation wjth changing signs. 

B8. Deterio~ation of material due to fatigue. 

Q~_Y1i!~~ig_~!lli!~-§~~i~§_£Q~~~§EQD9!ng_~Q-~~Qg~~§§!Y~_£Q!!~E§~ 

These states correspond to the. limit for progressive collapse 

of a structure under the assumption that c~rtain parts of the 

structure already have ceased to perform their load carrying 

functions or that foi o~her reaso~s they do not act as ex­

pected. 

Examples of the remaining structure are states 

of failure corresponding to the states of failure 

Bl - BS. 

3.3 Requirements at the Serviceability I.imit States. 

General requirements at the serviceability limit states are 

not given. 

It is assumed that the ' structural codes will spe­

cify the relevant requirement at the serviceabi­

lity limit states. 

3.4 Requirements at Ultimate Limit States. 

The requirements at the ultimate limit state depend upon the 

safety class of the structure, the type of failure and the 

type of loading. 
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The type of failure decides to which of the three groups, 

I, II, and III, it is referred. The evaluation of the type of 

failure pays special attention to the stress-strain-curve 

of the material, the structural elements, or the entire 

structure. 

Failure type III includes states of brittle rupture and 

instability failures and similar failures. 

Failure type II includes types not covered by I or III. 

Failure typ~ I deals with ductile failures with the require­

ments that an extra carrying capac~ty beyond the defined 

resistance is available, i.e., in the form of strain harde­

ning or an extra capacity due to redistribution of internal 

forces. 

Structural codes may.use the relevant types of failure. 

The safety requirements are expressed as requirements to the 

safety index a, where a is defined as indicated in section 

5.1. 

The requirements to a are specified in table 3.4 below and 

are based on an annual calculation of a. The a-values in 

table 3.4 apply always in so far as dead loads are concer­

ned and also in so far as live loads are concerned and also 

in so far as actions caused by deformations are concerned. 

Safety Class 3 2 1 

Failure Type III 5.25 4.75 4.25 

Failure Type II 4.75 4.25 3.75 

Failure Type I 4.25 3.75 3.25 

Table 3.4 Safety Code B for the Ultimate Limit State.· 

For accidental loads the requirements to a apbly only as far 

as structures in safety class 3 are concerned, and only if it 
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is decided not to satisfy the requirements in the ultimate 

limit states corresponding to progressive collapse (see sec­

tion 3.5), or if permanent measures are taken to prevent the 

accidental loads from acting on the structure. 

No specific requirements are made as regards accidental loads 

acting on structures in safety classes 2 and 1. Depending 

upon the type of structure, such requirements may, however, 

be made in the structural codes. 

The evaluation of the type of failure depends 

upon the point on the stress-strain-curve which 

is defined as resistance. This is, especially 

with a view to the establishment of structural 

codes, illustrated-in figure A.3.4, which is 
assumeo to correspond to some schematic curves 

for steel. The ordinate is stress a, and the 

abscisse is strain e. 

CJ CJ 
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In the states a and c, corresponding to a de­

finition of the resistance as yield stre~s a 

and StreSS 00 2 (0,2% Strain) 1 the deformation , . 
is great after the limit of resistance . has been 

reached, and an extra load carrying capacity in 

the form of ultimate strength ob remains. The 

failure is therefore referred . to type I. 

In the states b and d corresponding to a defini­

tion of the resistance as ultimate strength, the 

remaining deformation is theoretically zero, and 

there is no extra load ·carrying capacity. The fai­

lure is therefore referred to type III. 

Failures due to fatigue are referred to type III. 

3.5 Feguirements at Ultimate Limit States Corresponding to 

Frogressive Collapse. 

The requirements at this ultimate limit states apply only to 

structures in safety class 3. 

If those elements of a structure which may be directly acted 

upon by accidental loads, are not designed for accidental loads 

at the ultimate limit state, and if'no permanent measures have 

b&en taken to prevent accidental loads from acting on these 
, .. 

structural elements,.the remalning part of the structure should 

be designed at the ultimate limit state corresponding to pro-

' gressive collapse. 

The requirements at this ultimate limit state are that a rea­

sonable part of the structural system may be allowed to lose 

its load carrying capacity without causing the remaining part 

of the structure. to collapse. 

The safety requirements are expressed as requirements to the 

safety index B as applied shortly after, ~he accidental load 

has occurred. 
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The requirements are satisfied provided B • 2, when all the 
load carrying capacities of the structure are utilized. 

The structural codes may consider these requirements satis­
fied if all other requirements can be fulfilled. 
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4. THE HETHOD OF PARTIAL COEFFICIENTS 

4.1 Prlnciples 

In order to obtain sufficient safety of a load carrying struc­

ture by application of the method of partial coefficients, it 

is required that the calculated loading effects are less than 

those that can be sustained by the structure according to an 

appropriate calculation model for the limit state considered. 

The requirements can be expressed through the following con­

ditions: 

The definition of the symbols is given bel~w: 

Sd: the calculated load ~ffect at ~ selected comparable level, 

e.g., corresponding•to the effect on an element, at a 

cross section or on the material. 

Rq.: the resistance cal~-~ulated at the same level as Sd. 

For the definition of 5d and Rd, the calculated values pd 

for primary load parameters and the calculated values md for 

the primary resistance pa~ameters are used. 

Geometrical parameters, i should be used with the values 

prescribed by the design since the partial coefficients to 

a certain degree cover geometrical uncertainties. Geometrical 

parameters for which deviations from prescribed values are 

critical to the resistance of the structure, e.g., eccentri­

cities, should be indicated by their unfavourable tolerance 

limits. 

The structural codes should indicate the most important con­

ditions for the calculation models, including the phenomena 

for which the models should make allo~ance. 
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The structural codes should include acceptable calculation 

models as well as the sphere within which they are valid. 

Design values for loading effects and resistance should be 

calculated by means of the characteristic values and par­

tial coefficients indicated in sections 4.2, 4.3 and 4.4 . 
The following expressions are used: 

where 

pk is the characteristic value for ioad (the primary loading 

parameter). 

mk i~ the characteristic value for resistanc~ (the primary 

resistance parameter) . 

Yp is a partial coefficient which allows for the load com­

bination considered, the coefficient of variation on the 

loading parameter, the uncert~inty in the loa1ing m0del, 

and that part of the uncertainty in the calculation model 

for the determination of the loading efiect ~t the com­

parable level, which may be assumed to be independent of 

the structur~ considered. 

Yml is a partial coefficient which takes into account the 

safety class of the structure and the type of failure. 

ym2 is a partial coefficient which takes into account the 

coefficient of variation on the resistance parameter and 

the fractile selected as characteristic value. 

ym3 is the partial coefficient which takes into account the 

uncertainty in the calculation model used for the deter­

mination of the resistance on the level of comparison, 

the uncertainty in the resistance model (e.g. · unknown 
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deviations between the controlled substituted para­

meter and the corresponding relevant parameter in the 

structure) and t~e degree of control on site (besides 

the statistical quality control). 

In structural codes it may be convenient to 

tabulate the product y = y 1 ·y 2 •y 
3 

and delete rn m m m 

the partial coefficients yml' ym 2 and ym
3

• 

In such cases, the design resistance will be given 
mk 

immediately as md = 

4.2 Characteristic Values 

y· 
m 

The principles for the definition of characteristic values, 

pk' on loads are given in the NKB load regulations, chapter 

2. For ordinary loads, the characteristic values. pk (code 

values) are given in chapter 4 of the load regulations. 

For resistance parameters the characteristic value is by de­

finition that which has a probability accepted a priori, of 

n6t being attained at a hypothetical unlimited test series 

(corresponding to a fractile in the distributio:t of the resi­

stance parameter) . This corresponds to a lower characteristic 

value. 

In cases where environmental conditions may cause deviations 

between the resistance parameters as determined by testing, 

and the resistance parameters prevailing in the structure, 

the characteristic values used for the design should be adapted 

to such deviations. 

In most cases the characteristic value for resistance para­

meters should be given as the 10% fractile. In special cases, 

o.ther fractiles can be chosen, e.g. the 5%- and the 0 .1% frac­

tile. 
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In cases where an increase in the resistance parameter will 

act against the safety of the ~tructure, it may be appropri­

ate to use an upper characteristic value. By a similar defi­

nition, this is' a value which has a probability, accepted a 

priori, of not being exceeded. 

Usually it will not be necessary to account for the fact that 

an increase in the material parameters may result in a more 

unfavourable situation for certain parts of a structure or a 

cross section,· since such cases have been accounted for by 
the partial coefficients. 

Examples of special cases which could use the 

upper characteristic value are the tensile strength 

of concrete in connection wi.th the calculation of 

.the minimwn tensile reinforcemE-nt to ensure against 

a ductile fail~re as well as the modulus of 

elasticity in connection with the calculation of 

certain restraining forces. 

4.3 Partial Coefficients for Loads 

4.3.1. Ultimate Limit States 

For the examination of the ultimate limit state, the determined 

values of yp given in ta:..,1.e 4.3.la and 4.3.lb are used 

Load Combination 
Load .Type 

I II III 

Dead loads from the mass of the 
structure 1.5 1.2 1.0 

Earth pressure 1.5 1.2 1.0 

Live loads 

ordinary loads 1.3 1.3 1.0 

exceptional loads - 1.5 -
Accidental loads - - 1.0 

Loads caused by deformations 1.0 1.0 1.0 

Table 4.3.la Partial Coefficient y 
~~~~~~~~~~-=~~~~~-- p 
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Safety Class 3 2 1 

Dead Loads 0.9 0.95 1.0 

Table 4.3.lb Partial Coefficient 

The values of the partial coefficient indicated in table· 

4.3.lb refer only to dead loads (from the mass of the struc­

ture). The values should be applied to all such dead loads 

simultaneously, and only if this results in a more unfavourab­

le loading situation than the values given in table 4.3.la. 

In design for failure due to fatigue, yp = 1.0, and general­

ly only the load combination I is considered. 

Concerning current loading cases within the load combinations 

·r, II and III, reference is made to Proposal to Load Regula­

tions. 

Besides the actual examination for the given load combinations, 

the structure should also be examined for the formal loading 

situation given in the additional loading regulation. 

Additional Loading Regulation 

This regulation applies to an examination for dead loads from 

the mass of the structure as the only loading condition. 

This rule states y = p 1.20 for some parts of the structure 

and yp = 1.00 for the remaining parts, which corresponds to 

the most unfavourable situation. 

Provided load combination I pays due attention to the real 

variation in the dead load of the structure parts, as given 

in the load regulations, the values of the additional regula­

tion can be reduced. In this case, the values yp = 1.1~ and 

yp = 1.00, respectively, since the additional rule only pays 

regard to the constant contribution from dead loads and not 

to the variable contribution. 
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The values of the partial coefficient for dead 

loads given in table 4.3.lb are only relevant if 

these loads have a stabilizing effect. In cases 

where some building elements are stabilizing where­

as others are destabilizing, the values given in 

table 4.3.lb should be applied simultaneously to 

the dead loads. 

The additional rule should only be used in cases 

where dead loads are dominating in comparison with 

live loads. 

Among other things, the additional rule should 

account for the uncertainty with regard to the 

distribution of cross sectional forces 1~ the ~truc­

.ture. 

Moreover the additional rule allows variations in 

dead loads to be disregarded when the load combi­

nation is considered. 

The additional rule is not applicable for loads 

originating from earth or other permanent loads. 

4.3.2. Ultimate limit states corresponding to progressive 

collapse. 

At the examination of the design stage for this limit state 

the value yp = 1.0 should be used. Usually only load combina­

tion I should be considered. 

4.4 Partial coefficients for resistance. 

4.4.1 Ultimate limit states 

At the examination of this limit state the values of y 1 , Y 2 · m m 
and ym

3 
stated in tables 4.4.la, b and c should be applied. 

In the structural codes those values of y 1 which ·correspond . m 
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. to the safety classes and failure·types considered should 

be selected from table 4.4.la. From table 4.4.lb the struc­

tural codes should select those values of ym 2 which corre-

· .spond to the.coefficients of variations and fractiles for the 

resistance parameters. 

The structural codes should determine the degree of uncertain­

ty which can be expected in the calculation models mentioned 

and also which control classes should be applied. The parti­

al coefficient·ym3 can then be selected from table 4.4.lc. 

Safety class 3 2 1 

Failure type III 1. 60 1.40 1.23 . 
Failure· type II 1.40 1.23 1.08 

Failure type I 1.23 1.08 0.95 

Table 4.4.la Partial Coefficient ym1 

Coefficient of Varia- Fraction 
t~on for Resistance 
Parameter 10% 5% 0,1% 

v < 0,1 1.10 .1.05 0.96 

0,1 < v < 0,2 1.05 1.00 o.8o* 

0,2 < v < 0,4 1.15 1.05 0.73* 

*cp. recommendation 

Table 4.4.lb Partial Coefficient ym2 
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The degree of control Estimated deviation between 
of materials and actual strength and tested 
execution strength. . 

Estimated uncertainty in the 
calculation model. 
Estimated uncertainty origi-
nating in geometry. 

great medium small. 

Slight 1.30 1.12 1.05 

Medium 1.20 1.05 1.00 

Good 1.12 1.00 0.95 

Table 4.4.lc Partial Coefficient ym3 

The indi~ated partial coefficients can be applied if the 

primary resistance corresponds to the strength of materials, 

and if the .primary resistance corresponds to the strength 

of the structural elements. 

In the former case, the material strengths are assumed. to 

be determined and controlled, and the structural design is 

based on calculations based on the level of the internal 

forces in the material. 

In the latter case, the strengths of the structural elements 

are assumed to be determined and controlled, and the struc­

tural desig~ is based on calculations found in the level of 

cross sectional forces. 

The values marked with* in table 4.4.lb will 

normally not be used, since, for control reasons, 

it will not be 'appropriate to require 0.1% £rae­

tile values for large coefficients of variation. 

Testing of structure parts will often justify 

lower values of ym
3 

than the corresponding cal­

culation based on material qualities. Cp. table 

4.4.lc. 
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In many cases the control will be based on 

substituting qualities. 

For primary parameters of resistance at material 

level, the primary resistance parameter can, for 

instance, be the ten3ile strength of concrete, 

whereas the controlled substituting parameter 

can be the compressive strength. 

For primary resistance parameters in cross sec­

tional forces, the very primary resistance para­

meter could, for instance, be the strength of a 
structure part, whereas the controlled substitu­

ting parameters, for instance, could be the pro­

portions or the compressive strengths of the 

concrete and the yield stress cf the reinforce­

ment. 

• 4.4.2 Ultimate Limit States Corresponding to Progressive 

Collapse. 

An examination of thes.-=; limit states define Ym = Yml Ym2 Ym3 = 

1.0. 
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5. STATISTICAL.METHOD 

5.1 Principles 

In order to evaluate the safety of a load carrying structure, 

it is necessary to establish a c~lculation model expressing 

the failure criterion in the limit state considered. If the 

evaluation is not based directly on a test which defines 

the limit states under certain conditions, a calculation model 

must be given in the form of a function g of a number of va­

riables 

xl; • • • ' xn' Y l' • · • ' Y r 

representing primary resistance parameters. primary loading 

parameters, and primary geometrical parameters. The limit 

state is expressed in th~ equation 

• 

whereas the safe state exists provided 

g(xil .•• , xn 1 y 1 1 ••• , y ) > 0 
r 

The differentiation in x-variable and y-variable has only 

been made because of the formulation of the safety method 

below. The idea is that an increase of the values qf the x­

variables are favourable to safety, whereas an increase of 

( 1) 

(2) 

(3) 

the values of the y-variables decrease safety as stated below. 

The primary resistance-, loading-, and geometrical parameters 

are assumed to be uncertain quantities x1 1 •••1 Xn' Y1 , •·• 

Yr. The inequality 

g ( x 1 , ••• 1 xn 1 Y 1 , ••• , Y r) < o (4) 
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·then expresses an inciaental event, e.g., the fact that the 

structure is at the limit state or has exceeded it. 

This leads to the following safety method where the uncer,... 

tain quantities are only assumed to be represented by their 
mean values 

and their coefficients of variation 

and tha~ in other respects, they are uncorrelated. 

Moreover, g have partial e~rivatives which are continuous. 

The value of safety index a expresses the degree of safety 

(5) 

(6) 

of the structure. The requirement to the safety of the struc­

ture is satisfied by adding the failure factors Kx and Ky to 
the mean values of the primary resistance-, loading-, and geo­

metrical parameters so that 

where 

K = exp(-a avx ) 
xi - xi i 

(8) 

(9) 
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I n a 2 r a 2 
- ~ (K E(X.)VX ~) + ~ (E(Y.)Vy ~) 
j=l xj J jox) j=l J joyj 

The partially derivatives 

I • • • I 
!L ~ 
ax ' ay ' n l. 

... , 

of the function g should be calculated for 

X = K E(x1), . "' . , X ::: K E (X ) 1 1 xl n x n -n 

yl = K E(Y1), 
yl 

... , y ....; 
r K E(Y ) 

Yr r 

The values of K , K , a , a should be determined through 
xi Yi xi Y1 

an solution by iteration of the equations (7) through (11) 

using the sign of equation in (7). Concerning the practical 

calculation, reference is made to the comments to the propo­

sal. If the differentiation in x-variables and y-variables 

has been correctly made, none of the a-variables will become 

negative. If the calculations for instance result in a <. 0, 
. xi 
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( 10) 

( 11) 

( 12) 

(13) 

this means that the xi-variable should be changed to a y-vari-

able. If, for instance, the result becomes a < 0, the yJ.-vari­
yi 

able should be changed to a x-variabl~. 

Normally, the resistance parameters are x-variable, 



and the loading parameters y-variable. In certain 

cases, a loading parameter, for instance dead 

loads, will act in favour of safety, so that, in 

this case, the loading parameter should be consi­

dered an x-variable. 

As mentioned, the indicated expressions assume 

the uncertain quantities x1 , •.• , Xn' Y
1

, ••• , Yr 

to be mutually uncorrelated. The method can be gene­

ralized to correlated uncertain quantities but the 

procedure will become .rather complicated. 

In cases where certain variables are much positi­

vely correlated, the method can be applied by 

drawing together such variables to one v~riable . 
~sing the relevant deterministic relation between 

the variables. Such a procedure will b~ on the 

safe side. 

On the other hand, small correlations between un­

certain quantities can be left out of account 

altogether. 

5.2 Uncertainty of Primary Loading Par~meters and Resistance 

Parameters. 

' 

Uncertainties of primary loading- and resistance parameters 

are indicated by the coefficients of variation of these para­

meters. 

Concerning the loading parameters, reference is made to the 

loading regUlations. 

Regarding resistance parameters, for instance parameters of 

strength and elasticity, where the coefficients of variation 

are derived from testing or control, the resulting coeffi-

cients of variation can be applied. In cases where such data 

are not available, the structural codes must indicate which 

coefficients of variation are applicable for the prim~ry re-
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·sistance parameters, if it becomes possible to use the sta­

tistical method. For the determination of the partial coef­

ficients given in chapter 4, the coefficients of variation 

for resistance parameters given in table 4.4.lb are used. 

5.3 Uncertainties of Geometrical Parameters. 

In cases where the uncertainty of geometrical parameters has 

no influence on the resistance of the structure, those uncer­

tainties are included in the coefficient of variation of the 

judgement factors introduced in par. 5.4. In cases where the 

uncertainty of geometrical parameters has great influence 011 

the resistance of the structure, the geometrical parameters 

are considered random variables having coefficients of varia­

tion corresponding to the prescribed tolerances. 

5.4 ~ther Uncertainties. 

In order to allow statistically for uncertainties concerning 

the calculation- and loading model as well as control and 

supervision, the judgement factors I, with a mean value 

equal to 1 and a coefficient of variation VI are intrbduced. 

The judgement factors are introduced by multiplying the pri­

mary resistance- and loading parameters by these factors. 

The coefficients of variation VM and VP , which are to be 
i i 

applied for primary resistance- and loading parameters, re-

spectively, are given in the expressions below. 

VM = I v 2 + v 2 
mi I i m 

r 

vP = I v2 + v2 
pi I 

i p 

where 
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v is the coefficient of variation of the primary resi-
mi 

stance parameter 

v 
pi 

is the coefficient of variation of the load actions 

VI is the coefficient of variation of the judgement factors 

The coefficients of variation VI and VI cover the following 

uncertainties: m P 

uncertainty concerning the load model 

uncertainty concerning the calculation model (trans­

formation from load action to load effect, for instance 

the cross sectional bending moment) . 

uncertainty concerning the resistance model (strength 

variation over cross section, short termed - long ter­

med strength) 

uncertainty concerning the calculation mo~el (i.e., 

uncertainty in the determination of resistance at the 

cross sectional level from the primary resistance pa­

rameters). 

uncertainty concerning geometrical parameters not cri­

tical towards the resistance of the structure 

uncertainty concerning control and supervis~on on site. 

The coefficients of variation VI of the loads are determined 
p 

as given in table 5.4a unless differing verifications are pre-

sented. 

' 
If the coefficient of variation, V , of the load action inclu­

p 
des the uncertainty concerning the load model, the coefficient 

of variation, VI , shall not be applied. 
p 

The reason for excluding the coefficient of variation VI of 
p 

accidental loads is the lack of statistical material. 
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Load Action Coefficient 
Variation 

Dead loads from the mass 
of the structure 0.05 

Earth pressure 0.15 

Live loads 0.30 

Accidental loads -
Table 5.4a Coefficient of Variatio..!!._VI 

p 

of 

A precise indication of the coefficients of variation VI 
m 

of the primary resistance parameters must l>e given in the 

structural codes, if these are to allow the application of 

the statistical method. 

For their determination, the values given in table 5.4b for 

the coefficient of variation VI , can be used. 
m 

The degrE".~ of control of Estimated deviation between 
materials and execution actual strength and tested 

strength. 

Estimated uncertainty in the 
calculation model. 

Estill'ated uncertainty origi-
nating in geometry. 

Great Medium Small 

Slight 0.20 0.15 0.12 

Medium 0.17 0.12 0.10 

Good 0.15 0.10 0.07 

Table 5.4b Coefficient of Variation VI 
m 

The values of the coefficients of variation VI and VI of 
m P 

34. 



resistance parameters and load actions, respectively, have 

been used for the calculation of the partial coefficients 

of section 4.4. 

Unless different proof can be presented, the statistical 

method shall not allow any smaller values of these coeffi­

cients of variation to be used than stated in table 5.4a 

and 5. 4b. 

When determining the unce~tainty concerning the 

calculation model, the geometry, and the devia­

tion between the measur~d resistance parameter 

and reality, the following guide lines should 

be applied. 

If the uncertainty concerning seometry is criti­

cal to the resistance of the structure, this un­

cer.tainty should be ta~en into account. a_s stated 

in section ~.3. If not, the uncertainty origina­

ting in geometry can be assumed to be small. 

The deviat)on between the measured resistance 

parameter and the actual parameter should be com­

pared to t~s influence of the deviation on the 

resistance. If this deviation results in a sub­

stantial unc8~tainty of the resistance, and if 

the uncertainty of the calculation model is not 

small, the values in column "Great" should be ap­

plied, whereas the values of column "Medium" should 

be applied when the uncertainty of the calculation 
model is small. 
If the uncertainty of the calculation model is 

great and the influence of the deviation between 

the measured resistance parameter and the actual 

resistance parameter not is small, the values of 

column "Great" are used, whereas the values of 

column "Medium" are applied if the influence of 

the mentioned deviation is small. 
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·The application of the values of column "Small" 

assume the influence of all uncertainties on the 

resistance to be small. 

If none of the mentioned uncertainties influences 

the resistance to any particular degree, and if 

they are not all small, the values of column 11Me­

dium11 should be applied. 

5.5 Combination of·Loads. 

Concerning the combination of loads.,. reference is made to 
11 Proposal to Loading Regulations 11 . 

5.6 Formulation of Requirements ~o-the Resistance Parameters. 

The requirements to the resistance parameters when designing 

statistically, are give~ in the ferro of a characteristic value 

in the following way: 

From the mean values E(m) and the coefficient of variation V m 
used in the calculaticns, a characteristic value is given, 

determined as 

where the coefficient k corresponds to a given fractile value 

in the normal distribution for an infinite number of tests. 
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6. CONTROL OF ClffiRACTERISTIC VALUES 

The characteristic value of the resistance parameters mk are 

normally cohtrolled in the following way. 

From the test results mi' the observed (empirical) mean value 

m is determined as 

m = 1 
n 

and the obser.ved (empirical) deviation s as 

2 1 n - 2 
s . = 

1 
L (m. - m) 

n- i=l 1 

The requirement to the prescribed characteristic value mk 

can be considered filled if 

s 
mk < m exp(-k 

m 

s . 
For k- < 0,25 the following expression can also be used 

m 

mk < m - ks 

The coefficient k, which depends upon the number of tests 

and the fractile value, is given in table 6.1. 

The above Bayesian procedure for the control of the charac­

teristic value is applied if, prior to the testing, there 

is no knowledge of neither mean value nor deviation of the 

resistance parameter to be controlled. In cases where prior 

knowledge does exist, it can be taken into account by means 

of the statistical Bayesian procedure. 
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The control.of the characteristic value according to the 

above procedure will sometimes be unsuitable for test de­

signs. In such cases other procedures will be applicable, if 

it can be verified that such other procedures make the same 

requirements to the structure as given in chapter 3. 

Number of Fraction 

Observations 10% 5% 0 '1% ( n) 

3 5,02 10,03 521 

4 2,58 4,00 30,7 

5 2,08 2,98 12,9 

6 1,85 2,58 8,66 

7 1,73 2,36 6,87 

8 1,65 2,23 5,92 

9 1,59 2,14 5,39 

10 1,56 2,07 5,00 

1~ 1,45 1,90 4,10 

20 1,39 1,82 3,83 

30 1,36 1,76 3,53 

40 1,34 1,73 3,41 

50 1,33 1,71 3,34 

100 1,30 1,68 3,21 
00 1,28 1,65 3,09 

Table 6.1 The Coefficient k 

The control of the characteristic value of the 

resistance parameters, mk, can in cases with a 

known deviation, D(m), be made according to the 

following guidelines. 

The requirement to the prescribed characteristic 

value, mk, can be considered fulfilled if 

- / 1 • D(m) ) < m exp(-k 1 + n m 
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. where the designations are the same as given in 

the code. 

For k / 1 + .!. • 0 (m) < 
n -m 

sion also applies 

mk :: m - k I 1 + 
1 

D (m) n 

0,25 the following expres-

The value of k is seen in table 6.1 for n = ~. 

A diffuse distribution a priori for the mean val11e 

of the logaritm of the resistance parameter is 

assumed. 

The criteria: 

< m exp(-k s 
mk 

rn 
( coc"te) 

mk < m exp(-k /1 + .!. D(m) 
- n m 

(recommendation) 

are in accordance with the logarit~~ic normal 

distribution if an observation series consisting 

39 . 

of the logaritrun of the test results ~s used for the 

calculation of rn and s rather than the test .results 

directly. Instead of defining mk as the prescribed 

characteristic value, mk should be the logarithm of 

this value. 

The Bayesian procedure makes it possible to use 

any prior knowledge of the resistance parameters in 

excess of what has been assumed above. 
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- PREFACE 

The following comments to the proposal to safety codes are 

directly related to the separately written code and recommen­

dation on safety methods. Reference is made to that preface. 

The comments have been split into the same sections as the re­

commendations and primarily deal with reasons and comments to 

the suggested principles as well as the calculation model for 

the given values. 

1. 



Rl. · INTRODUCTION 

The international developments are the reasons for the 
principles and methods used for the definition of the re­
gulations. 

It therefore also seems evident that the partial coefficient 
method should be selected as one of the methods to be used 
for the evaluation of the safety of a structure, since the 
general principles of the partial coefficient method by ISO 
has been set up as international standard. 

Several pl~ces, however, methods are applied which in stati­

~tically more correct ways allow for the various influencing 
factors. 

It has therefore been decided that the safety regulations 

should include a partial coefficient method as well as a me­
thod based on statistical principles. 

"The reasons are given below. There exists a demand for .a 

simple method which is applicable to most structures. This 

demand is met in the partial c~>efficient method. On the other 
~and, a more correctly developed method offers greater possi­
bilities for future developments. 

The two methods have a very close connection, however, the 
values of the partial coefficient method being selected so 
that this method can be considered an approximation to the 

statistical method, cp. R4. 

Besides the two given methods, it has now been made possible 

to apply other statistical method provided such methods meet 

certain requirements. 

Such requirements include the formal probability of failure 

pf' which is a value based on technical calculations. Th~ for­
mal probability of failure cannot be expected to b• equal to 
the "real probability of failure" of a struoiLure, which can 
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. only be defined and determined with very great difficulty. 

As mentioned in the proposal, the introduction of other sta­

tistical methods requires proof that the dimensions calcula­

ted according to the method will at the most yield the values 

given for the ·formal probability of failure pf' assuming cer­

tain types of distribution for the parameters. The demand to 

these types of distribution is only valid in cases of compa­

rable calculations and should not be understood as a demand 

to the distributions for the parameters in the other statisti­

cal method. 

Moreover, the values for the formal probability of failure pf 

only serve as basis for the comparison and need not be inclu­

ded in the other statistical method. The parameters of the 

other statistical method should only be set up ~o as to fill 

the requested demands. 

3 • 

An alternative judgement of the other statistical method should 

prove that the dimensions calculated in a series of frequent­

ly used examples through application of the method do not re­

sult in smaller dimensions than corresponding calculations 

according to the method given in chapter 5 of the proposal. 



K3. PRINCIPLES FOR THE EVALUATION OF STRUCTURAL SAFETY 

K3.1 Safety Classes. 

The reason for the introduction of various safety classes are 

the requirements placed for the safety against failure of a 

structure which should be proportioned to the probable conse­

quences of such a failure. 

b ' I In many cases, structures have up to now een subJect to the 

same regulations, independent of whether the structure is of 

vital importance, or whether it is a less important secondary 

structure. 

There are two main reasons for the division made in the codes 

into three safety classes, which primarily look into the risk 

of personal injury. Moreover, regard has been paid to the 

overall importance of the structure, including for instance 

social and economic considerations. 

This division into two groups, personal injury being the pri­

mary requirement, is more rigorous demand than given in the 

ISO standard 2394, which apparently seeks a complex optimiza­

tion, in which the personal risk is a minor factor. 

The following comments to a more refined evaluation of the 

classification of each structure into safety calsses may be 

of importance. 

Concerning the risk for personal injury: 

- number of persons that could get involved in a failure 

- relative period of time during which these persons are 

exposed to the risk in connection with the construction 

- interaction between a possible extreme loading and the 

presence of persons 

- conscious or non-conscious expectance or acceptance by 

the employed persons of the degree of risk under voluntary 

or extreme circumstances. 
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c'oncerning other considerations to the importance of the 

structure: 

- building costs compared to required lifetime 

- interest and running expenses 

- reconstruction costs and any loss of income in cases of 

failure 

any other direct or indirect financial losses in cases of 

failure. 

K3.2 Limit States. 

Within the three defined groups of limit states, the service­

ability limit state and the ultimate limit state correspond 

exactly to the states determined by the ISO. 

The limit state of progressive collapse which should mainly 

be considered in structures in the most rigorous safety class, 

represents an extension as compared to the ISO standard. With 

the extension, it is possible to accept local failure~ for 

certain loads (accidental loads), which act very heavily, and 

instead certain safety requirements are made against the col­

lapse of the entire structure. 

It has been discussed to differentiate between ultimate limit 

states and limit states of progressive collapse in cases of 

actions from live loads. This would correspond to requirements 

to live loads which would be dependent upon whether or not a 

failure of part of a structure would be likely to lead to fai­

lure of greater parts of the structure. 

Such a procedure must be considered correct in principle, but 

it does not seem to be sufficiently justifiable because of 

the large calculating complications that would arise as com­

pared to previous practice. 
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K3.3 Requirements at the Serviceability Limit States. 

General requirements at the serviceability limit states are 

not made, because the committee does not consider it possible 

to make such requirements. The requirements which could be 

made to a structure at the serviceability limit state would 

depend upon each structural code and also upon each structure 

and surrounding area. The requirements at the serviceability 

limit state shoul¢ also be related to the calculation model 

be used for the evaluation of the requirements. Sufficient re­

quirements at the serviceability limit state are, however, ex­

pected to be made in the structural code. Any more specific 

requirements to the serviceability limit state must be set up 

by structural engineer and owner. 

K3.4 Requirements at Ultimate Limit States. 

The requirements at the ultimate limit state have been expres­

sed as values to safety index e related to the statistical 

method. The reason is a simpler application of the statistical 

method for the revi~ion of the partial coefficients a~ further 

knowledge of parameters of resistance and loadings becomes 

available. The values have been established in such a way that 

the qimensions used through the application of the statistical 

method to a series of frequently used formulas, on an average 

yield the same dimensions as existing structural codes. 

6 . 

It has been considered reasonable to establish the requirements 

so that structures of the most rigorous safety class will ge­

nerally comply with present codes. For less rigorous safety 

classes, this generally means more economical use of materials 

and less costly structures. In the most rigorous safety classes 

the requirements will, however, in some cases result in more 

costly structures. This is particularly the case in structures 

which are assumed to be acted upon by accidental loads. 

The safety requirements depend upon the type of failure, i.e., 

the requirements are less rigorous in ductile failures of 



large deformation capacity than in failure of small defor­

mation capacity. The reasons are given below. 

If some areas or parts of the structure enter into the ulti­

mate limit state, a decisive ductility will influence it fa­

vourably, resulting in a redistribution of the cross-sectio­

nal forces. This means that the structure as a whole will not 

necessarily collapse. If only small additional deformations 

7 • 

can be sustained after the ultimate limit state has been reached 

the structure may collapse. In cases of brittle material, a 

commenced cross-sectional failure will often lead to a failure 

of the entire cross section, after which the member fails and 

the entire structure may collapse. 

The ductile failures will often be noticed so that persons 

can get out of the way or the load can be reduced. 

Further, a ductile structure will be in a substantially better 

position to resist impact loadings than a structure of small 

deformation capacity and of the same strength to slowly added 

loads. 

In many cases, the ability of a staticly undecided structure 

to distribute the cross-sectional forces will be utilized in 

the way of hinges. Its ductile character may, however, still 

result in the other mentioned safety advantages as compared 

to failures of brittle rupture. 

K3.5 Requirements at Ultimate Limit States Corresponding to 

Progressive Collapse. 

The requirements at the ultimate limit states corresponding 

to progressive collapse have been expressed in a single value 

of S. The reasons are that the uncertainties of calculating 

at this limit state must be considered great, and that the 

knowledge of the structural consequences have not been suffi­

ciently discussed to justify a differentiation. The apparent 

low value of S is due to the fact that the value refers to 

the rare local failure situation resulting from an accidental 



load, and also that reference is made to such a brief period 

of time, for instance one week, that a bracing or the like 

can be established. 

If, despite lacking knowledge of the structural consequences, 

a value of a at this ultimate limit state has been given, it 

8. 

is due to the fact that the statistical method should be appli­

cable. The value a=2 corresponds to the remaining part of the 

structure being examined for greatly reduced loads. 



K4. THE METHOD.OF PARTIAL COEFFICIENTS 

The partial coefficients specified in "Proposal for safety 

codes for load-carrying structures" are determined by use 

of the statistical method described in chapter 5. 

The following calculation model, which is a typical failure 

criterion, is expressed as 

R - (S + S + S ) = 0 g p q 

The definition of the symbols is given below 

R : the resistance, for instance a yield bending moment 

Sg: the load effect from dead loads, for instance a bending 

moment 

S : the load effects from two different live 
p 

S : loads. q 

It is assumed, that the resistance, R, and the load effects 

Sg' Sp and Sq can be expressed by the primary resistance pa­

rameter, m, and the primary loading parameters, g, p and q, 

in the following way 

R = c m m 

sg = egg 

s = c p 
p p 

s = c q 
q q 

In these expressions, em' c , c , and c are the constants, g p q 
which include geometrical parameters. 

The failure criterion (1) may under these assumptions be 

written as 

9 • 
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cmm • c g + c p + c q g p q 

or 

M = G + P + 0 

where 

M = c m 
m 

G ::0: egg 

p = cpp 

0 = c q 
q 

Uncertainties 

The uncertainty concerning the calculation model and the 

stochastic variations in the primary resistance parameter 

and · the primary loading parameters are specified by the 

coefficients of variation, V. 

10. 

(2) 

(3) 

The uncertainty in connection with the geometrical parameters 

is assumed to be included in the coefficients of variation of 
I 

the judgement factors, and the geometrical parameters are as-

sumed not to be critical to the resistance, R. 

Determination of The Partial Coefficients 

For given values of the load effects, G, P, and 0, the mean 

value of the resistance, E(M), is determined by using the sta­

tistical method. In accordance with the method of partial coef­

ficients the following expression must be valid 

( 4) 

where k refer to the characteristic values. 



Now the ch~racteristic values may be expressed by the mean 

values, E(•), and the coefficients of variation by the equa­

tions 

rnk = E(m) exp(-k V ) 
m m 

gk = E(g) (1 + k v ) 
g g 

pk = E (p) (1 + k v ) 
p p 

qk = E(q) (1 + k v ) 
q q 

Equation ( 4) may then be rewritten as 

E(M) 

assuming kg = 0. 

From equation (5) it appears that the mean value of the re­

sistance E(M) for given values of the partial coefficients, 

the coefficients of variation, and the coefficients k is a 

linear function of the load effects, E(G), E(P) and E(Q). 

Calculations 

Figure 1 - 20 shows how the mean value of the resistance 

varies with the mean values of the load effects corresponding 

to different values of safety index S and of the coefficients 

of variation. 

The values of the safety index, the mean values of the load 

effects and the coefficients of variation of the resistance 

are given in the figures. The values of the coefficients of 

variations on the loading parameters are stated in tabel K4 

given below. 

For the determination of the mean value of the resistance ac­

cording to the method of partial coefficients, the value of 
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the partial coefficients specified in table 4.3.la and b on 

the loading parameters and the values specified in table 

4.4.la, b and con the resistance are used. The table designa­

tion refers to "Proposal for Safety Codes for Load Carrying 

Structures". 

Table 1 - 15 shows how the partial coefficient yml varies, if 

the method of partial coefficients and the statistical method 

are to yield identical results. For these calculations, the 

values of the partial coefficients ym2 and ym3 are chosen in 

accordance with the values specified in table 4.4.lb and c 

and the values of the partial coefficients on the loading pa­

rameters as specified in table 4.3.la and b in "Proposal for 

Safety Codes for Load Carrying Structures". The values of the 

safety index, the mean values of the +oad effects and the coef­

ficients of variation of the resistance are given in the tab­

les. The values of the coefficients of variation of the loading 

parameters are stated in table K4. 

For the determination of the mean value of the resistance 

according to both the statistical method and the method of 

partial coefficients, the loads are combined as prescribed in 

"Proposal for Load Regulations". 

Coefficients of Variation of Loading Parameters 

v VI v VI v VI p p q q 
g g 

0.40 0.30 0.40 0.30 0.05 0.05 

Table K4. Coefficients of Variation of Loading 

Parameters. 

The loads used for the calculation of the mean value of the 

resistance shown in figure 1 - 20 are assumed to be dead 

loads or longterm loads so that the mean values and the coef­

ficients of variation of the "annual maximum load" are equal 



J 

J 

to the "short time maximum load". 

In determining the values of the partial coefficient yml 

given in table 1 - 15 loads with different duration are 

combined. In the tables the following notations are used 

long term load or dead load: 

not short term load: 

short term load: 

A 

A 

A 

= 0 

= o.s 
= 1 

The mean values and the coefficients of ;variation, given in 

the tables correspond to the '' shorttimemaximum load 11 
• 

13. 
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Figure 3 •. AlLURE CRITERIA: M•P+Q+G 

E(G)~l 

Safety index: 8 • 3.75 

The statistical method.-----­

The method of partial coefficients 

Load combinat!on I - ----­

Load combination II 
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Figure 2 FAILURE CRITERIA: M•P+0
1

+0
2 

E(P)•1 
Safety index: 8 - 3. 25 
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Figure 4 FAILURE CRITERIA: H~P+01+02 
E(P)~1 

Safety index: 8 = 3.75 

Coefficients of variation: 

v = 0.15 
m 

VI • 0.10 
m 
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Figure 7 FAILURE CRITERIA: M;P+O+G 

E(G)=l 

Safety index: B = 4. 75 

The statistical method ---- --­

The method of partial coefficients 
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Load combination II 
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Figure 6 FAILURE CRITERIA: M=P+01+0
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Safety index: B = 4. 25 
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Figure 8 FAILURE CRITERIA: M=P+01+02 
E(P)•1 

Safety index: 

Coefficients of variation: 

vm • 0.15 

v = 0.10 
Im 

B = 4.75 
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' Figure 9 FAILURE CRITERIA: M=P+Q+G 
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Safety index: 6 D 5,25 
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Figure 11 FAILURE CRITERIA: M•P+O+G 

E(G)al 

Safety index: 6 • 5.25 

The statistical method. -·-·-- - --­
The method of partial coefficients. 

Load combination I -- - - - · - -
Load combination II 
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Figure 10 FAILURE CRITERIA: M=P+0
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Safety index: s - 5.25 
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Figure 12 FAILURE CRITERIA: M=P+01+02 
E(P)•l 

Safety index: 6 • 5.25 

Coefficients of variation: 

vm • 0.15 

v • 0.10 (figure 9 and 10) 
Im 

v. • 0.20 (figure 11 and 12) 



E(JI) 

11 

10 

9 

8 

7 

6 

s 

3 

V/~ Q) •l. 0 

~ i/ 

~ 
/ ." 

#. / 01•0.5 

~ f_/ ) v 
rfL-

/ 
Q-0 l,(, 

) j 
~ I £-

v 

/ f 
h ~ ? i/ J v 

/, 

-~ 
I/' 

l-Y~/ 

0 0.2 0.4 0.6 0.8 1.0 E(P) 

Fiqure 13 FAILURE CRITERIA: MzP+Q+G 

E(G)•1 

Safety index: B • 4. 75 
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Fiqure 15 FAILURE CRITERIA: MzP+Q+G 

E(G)•1 

1.0 

Safety index: B • 4.25 

The etatistical method:----
The method of partial coefficients: 
Load combination I - -- - ---

Load combination II 
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Figure 14 FAILURE CRITERIA! M•P+Q1+02 
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Safety index: 8 - 4. 75 
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Fiqure 16 FAILURE CRITERIA: M=P+Q1+0 2 
E(P)•1 

Safety index: 

Coefficients of variation: 

vm • 0.15 

v - 0.20 
Im 

B • 4.25 
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Figure 19 FAILURE CRITERIA: 
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Partial coefficient: yg• 1.0 

The atatleticftl mathod.--- --
The method of partial coefficients. 
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Figure 18 FAILURE CRITERIA: 
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Figure 20 FAILURE CRITERIA: 

Safety index: 

M•P+Q+G 

E(G)•-1 
8 • 3.25 

Partial coefficient: y • 1.0 

Coeff1clente of variationo 
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VI • 0 . 10 
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----------------------- -------------------- -- ----- ------~----------Q1• 0 F.CQ1>•o.s f.(Ql)•l,O 
----------------------~ -----·--------- ~-----~¥ --- ------------------EC P) Vlft 'fiH . lfiH 

0,100 0.150 0,200 0,100 0.150 0.200 0,100 0,150 0.200 
------------------- ---- ---------------------- ----------------------o.oo 0,9711 0,91i0 o.!ln O,!IIIS O.!lS!l o.~lR 0. Clfi5 l'l,!l:n 0.8118 

0.10 1.005 0,9119 0.9SR o,qn O,OIJR O,'lOil n,qsr; 0,925 l'l,RRl 
0.?.0 1.011 s 1.0?.11 0.911<1 0.9fi9 o, <Ill'' o.<ln5 0,<!50 O,Q19 0,117fi 
o.3o 1. 0111 0,<)<)5 0.9SR 0,<!71i O,Q51 n. '11?. O,!lll7 0,917 O,!PII 
0.40 1.0011 o. <1711 O.!l~C'J 1. 00~ O,!l7fi 0.9H n,qllfi n .lllfi o. P.74 
0.50 0,1)95 0.9fi7 0.!1?.7 O,!lR9 0,9fi?. 0.9?.1 O,Qii7 0.91R 0.1!75 
O,fiO 0,9R!I O,!lfiO O,!l1R 0,!17R 0.1)50 o.~oq ~.95fi 0,!127 O.llll4 
11.70 O,!lR5 0,955 0.'112 0,!170 0,!1112 0,1)01 0.1173 o,q43 0,900 
0,80 0,!182 0.<151 0 ,!107 O,C!fi5 0,93fi O.Artl! 0,1)CI1 O,llfiO 0,9J.fi 
0.90 o,!lr.n 0,1111!1 O,'l04 O,!lfi1 0.931 0,11119 0,<!115 0,9511 o,q,.,q 
1.00 0,!17!1 0.!14fi 0,!101 0,95R 0,92R O,IUIS 0,977 0,9116 0.902 

----------------------- ------------~ - --- - · ---- ----------------------TARLE l PARTIALCOEFFICIEHT GAIIHA IU 

BETA• 3.25 E(Q2)a 0,00 E(G)" 1.00 Vf.l• 0,15 
AP• 1.00 AQ1a 0.50 AQ2o: o.oo 

' ----------------------- ----------------------- ------------------------Ql• 0 F.(l'l.l)cO,S F.CI\1'-1.0 
----------------------- ----------------------- ----------------------E(P) VIH Vl~l Vll4 • 

0,100 0.1SO 0.?.00 0.100 0,150 0.200 0.100 0.150 0.200 
----------------------- ----------------------- ----------------------o.no 0,977 0,950 o. 911 0,9R5 0.!158 0,!'117 0.!1~7 0,918 O,R7S 

0.10 o.~R5 o.qs~ 0.920 0,975 0,!149 0.90!1 0.9~0 o. 911 0.870 
0.20 1.001 0.976 O.!l3fi 0,!170 0.9~~ 0.!105 0.!13fi 0,!107 O,llfifi 
0.30 1.02~ 0,9!17 11.95fi 11.!173 O,CJII7 0,9!'1R 0,933 o. rt05 0.8fi5 
o."o 1.0115 0,978 0.9:58 O,I'IQO 0.9fi4 0.9211 0,933 0.905 O.llli4 
0.50 0,9R!I o.9fi2 0,921 0,!17fi 0.950 0.911 o. ~n~ O,CI06 n. 'llfiS 
0.60 0,97!1 0.950 0.!10!1 n,qfis 0.!1'18 0,8'1!1 0. 9lil 0,!113 n. sn 
0.70 0.9?0 0.9112 0.1'101 0,956 0,930 0.8!10 0,!155 0.1'127 0.8Rfi 
0.80 0.9fi5 0. 1H6 0.1194 0,950 o. 923 0,8R3 0. !170 O.C!IIl 0.8!1!1 
0.90 0,!161 0,!131 0,11119 0,94fi 0,1118 0.878 0,!16~ 0.!136 0.8!1~ 
1.00 0,958 0.928 0.88S 0.9112 0.91~ 0.1174 0.9SR 0.!129 O.RR7 

----------------------- ----------------------- ----------------------- TARLE 2 PART I ALCOEFF I C I EIIT GAI-1HA ~11 

RETA• 3.25 ECQ2) .. 0.51) E(G) • 1.00 IIH• 0.15 
AP• 1,00 Alll• o.so M2• n.oo 

E( P) 

o.oo 
0.10 
0, 20 
0.30 
0.40 
o. so 
0,(;0 
0.70 
0.80 
0.!10 
1.00 

---------ni:-~---------1- ------;.< ni>=~:~-- -----r-- -----;<ni):i:~ - -----

----------------------- --~--------------------~-------------- --------

-~:~~~---~~~~~---~:~~~-1-~:~~~---~~~~~---~:~~~- -~:~~~-- -~~~~~---~:~~~ 
o.!l52 o.9?.o o.87~ o,qfiR o.937 o.B!III 0.1112 0,9111 o.896 
O.!l~~ 0,9?.~ 0,880 0,95~ 0.9~0 O.RRII 0,9fi5 0,934 0,891 
0,9fi2 O.Cl~l O,ARR o,q§b O,Cl2S O.RR4 O,CifiO 0,930 O.RR7 
0,972 0,9b2 O.RrtR 0.~55 o,q2fi O.RR5 0,!15fi 0,927 O.IIRII 
O.CJRII 0.1)~~ O,rtlO O,~fi5 O.rt37 O,Rqs 0,954 0,1)25 0.811~ 
O,CJ9r. O,rtf>R 0.~?.3 0,~77 n,q48 0,90fi o,qs~ 0,9?.~ 0,8R2 
1.0111 l),qR'I O.~~R O.~R~ n,q~o 0,91R 0,1)511 O,Q?.q O,RRR 
l,Onfi n.97S o,q3n n,rtR3 o.fl51i o.911 o.~fi9 o,q3q n.8Q7 
0,91'111 O,CJ63 O.Cl1!1 0.97'1 0.944 0.902 0.1)79 0,950 0.907 
O,!lR5 0,954 o,qoq O,!lfib O.CI~6 0,8CIII 0.972 O.Q~~ 0.901 
0,1)77 o.CJbfi o,qo2 o,qsR o.Q?.9 n.RR7 0,96S 0,936 o,sq~ 

----------------------- ----------------------- ---------------- ------~ 
TARLE 3 PARTIALCOF.FFICIEtiT Clfltlt1A IU 

RF.TAm ~.2~ F.(Q7.)• 1,00 F.Cr.)• 1.00 VH" 0,15 
APa 1.00 An1~ o.so AQ?.• n.oo 



J._(). 

----------------------- ----------------------- --- - ~- ----- - - - ----- -- -Cll• 0 F.(Q1)•0,5 F.(Ql) • 1.n 
----------- ------------ ---- -- ---- ------ -- ----- ·---------------------E( P) VIII ''Ill VIM 
0.100 0.150 0,200 0.100 0,150 0,200 0.100 0.150 0,200 

----------------------- ----------------------- ·-------------- --------o.oo 1.072 l. 072 1.0~1) 1.101 1. ORI1 1.05q 1. OP.R 1.0611 1.on 
0,10 1.108 1,10 7 1.0 111 1. 01111 1. 072 1.0411 1. 071i 1. 056 1.02.3 
o. 20 1.1511 1.150 1.1~0 l.OR1 1.0611 1.04?. l.Ofiq l.OIIq 1.017 
0,30 1.131 1.1?.1 1. OI!R '· , 011q 1. 076 1.050 1.065 1.0115 1.014 
0.40 1.118 1.106 l.ORO Lll'l 1. ,_05 1. 0711 l.Ofi3 1.01111 l.OB 
0,50 1.111 1.0116 l.OfiR L 105 1.0!10 1.011?. 1. 065 1.046 1.014 
o.fio 1.107 1.01)0 1.061 1. 0'14 1.078 1. 050 1.074 1.055 1.02'1 
0.70 1.105 1.0117 1.055 1.0117 1.070 1.041 1. 01)3 1.07li 1. 042 
0.80 1.1011 1.01111 1.052 1. 082 L0611 1.0311 l.U'I 1.094 l.Oill 
0,!10 1.103 1.011?. 1. 04!1 1. 07R 1.060 1.0?.'1 1.107 1. 087 1. 054 
1.00 1.103 l.OR 1 1.047 L07fi 1. 057 1.021i l,Oqq 1.07!1 1.0116 

----------------------- ----------------------- ----- ---- -------------
TABLE 4 PART! Ill COE FF I C IE llT fiAW1A m 
RF.Tfl• 3.75 F.(Cl2)• 0,00 F.(fi)a 1.00 VM• 0.15 
AP• 1,00 AQ1a o.5o AQ?.• 0,00 

----------------------- ------ ----------------- ------------------ ----Ql• 0 F.<nu .. o.5 E(Qll • 1,0 
----------------------- --- ------------ -------- --- -------- -- ---------E( P) VIII VIM VIM 

0,100 0.150 0,200 0,100 0,150 0.200 0,100 0,150 0,200 
----------------------- ----------------- ------ ----- -----------------o.oo 1. 091 1.077 1.011<1 1.101 1.0116 1. 0511 1.065 1.0116 1. 014 

0,10 l.O~R l,OR5 l.05q l.ORq 1.075 1. 01&11 1.056 1. 03R 1.007 
0,20 1.116 1.103 1.077 l.OR?. 1.069 1.042 l.O<;O 1.032 1.003 
0.30 1.1112 . 1.1211 1.101 l.ORfi 1.0 72 1.0116 l.Oll7 1.030 1.000 
0,40 1.12?. 1.10R 1.0110 1,105 l.Q!l1 1.0611 1.01111 1.029 1,000 
0.50 1.105 1.0~0 1.011?. 1.0!10 1. 07fi 1. 04!1 1.0117 1,030 1.001 
0,60 1. 094 1.078 1.050 1.0711 1. 0611 1. 03fi 1. 055 1.038 1.009 
0.70 1. 0117 1. 070 1.041 1,06!1 1.054 1.027 1.071 1.0511 1.02~ 
0.110 1. OR 2 1.11611 1.034 l.Ofi3 1. 0411 1.020 1. OR7 1.070 1.0110 
0.90 1. 078 1.060 1.029 1. 05!1 1. 01!3 1.011! 1. 0112 1.064 1.0~4 
1.00 1.076 1.057 1. 026 1.056 1.03Q 1.010 1.075 1.057 1.026 

----------------------- ----------------------- ---------- -- ----------TARLE 5 PART IAI.COF.FF I r. I EtiT. r.M1HA m 
RETA• 3.75 E(Cl2)• 0.50 F.(r.) • 1.00 VM• 0,15 
AP• 1,00 A0.1• 0.50 M2 • o.oo 

----- --------- -------------- -- --------------------- -------------------·--Q1• 0 E(Ql) • 0.5 F.(Q1)s1,0 

----------------------- -- --------------------- -------------- -- ------E( P) VIM v ~~~ VIM 
0,100 0.150 0,200 0.100 0,150 0.200 0.100 0,150 0,200 

-------------- --- ------ ----------------------- ------------ ----------o.oo 1.0711 1. 05:! 1.0111 1. OR7 1.0611 1.03fi 1,0()3 1. 073 1.040 
0,10 1.0 75 1.055 1.02?. 1. 077 1. 05!1 1.0211 1,0115 1,0f;5 1.033 
0,20 1. 0112 1. Ofi2 1.0'10 1.070 1.0 5'1 1. 022 1. 0711 1. n5q 1.0?.8 
o. 30 !.092 1.073 1. 0111 1.071 1.053 1. 024 1. 074 1. 055 1.024 
0.40 1.106 1. OR 6 1.0511 1. OR2 l.Oii4 1.03~ 1,071 1. 05 'I 1.022 
0,50 1.121 1.10?. 1. 069 LOil4 1. 077 1.047 1. 070 1. 052 1.021 
O.liO 1.13!1 1.119 l.ORFi 1.10!1 1. 091 1. Ofi1 1. 075 1. ns 7 1. 027 
0.70 1.1:50 1.110 1.077 1.111 '· 1. 01!'1 1.0!'4 1. ORfi l.Ofill 1.0311 
O,P.O 1.117 1. 0!17 l.Ofil1 1,oqo 1.073 1. 01&3 1. 09<1 1. OR 1 1.050 
0,90 1.107 1,08 7 1,05'1 1.082 1,064 1,03'1 1. 0111 1,073 1.04?. 
1.00 I. 09'1 · t;07!l l.Ol!ll 1.0'15 1.057 -I.n~r. 1.08'1 1.065 l.O~It 

----------------- ------ ----------------------- --------- ----------- --TfiBLF. 6 PARTIAI.COF.FFICIF.~T r.A~1MA M1 

AHA~. 3, 75 E(Q:!)" 1.00 F.(fi) • 1.00 llt1• 0,15 
AP• 1.00 f1Cl1• o. 50 A0.2• n.on 



~I. 

--------~-------------- ----------------------- -----·---w------------Cll• 0 F.(Cll)•O,!i F.(Ql)•l,O 
---------------------- ----------------------- ----------------------ECr> VIII VIti Vlf1 
0.100 0,150 0.200 0,100 0,150 0,200 0.100 n.l5n 0,200 

----------------------- ----------------------- ----------------------n.oo 1.1RO l.l<IR 1. ~05 1.21.11 1. '-'q 1. ?.19 
1. ''-" 1. 216 1.197 

0.10 1.221 1. 2JR 1. 24~ 1.211 1.2H 1.204 1,?.09 1. ?.03 1.1R5 
0,20 1. 27R 1.291 1. ?.92 1. 205 1,,07 l.H!I 1.1.00 1.1% 1.17R 
0,30 1. 255 1. ?.fi~ 1. ?.'i'l 1.2B 1. ?.lfi 1. 1.0'7 1.195 l.l'lO 1.1'74 
O.ltO 1. 2115 1. 2119 1. 2111 1. 211R 1. 250 1.2110 1.193 1.1811 1.173 
o. 50 1. 2110 1. 2 ~ 1 1.231 1. 2JII 1.2H 1.221t 1.1!1" 1.1'10 1.171t 
O,fio 1. 2:'1 R 1.?.'17 

1. ''-" 1. 21.2 1. 222 1. 210 1. ?.Oit 1. ?.00 1.185 
0.70 1. 2:5 R 1. 235 1. 220 1.'15 1. 2llt 1. 201 1. 226 1. ?.22 1.20fi 
0,80 1. 23R 1. 2311 1. 217 1.211 1.?.09 1.1!15 l. 24q l. 244 1. 27.11 
0.!10 1.2:'1!1 1. 233 1. 215 1,209 1.205 1.1!10 1. 242 1. 237 1.220 
1.00 1. 21t0 1. 23~ 1. ?.111 1. 20'7 1. ?.03 1.187 1.2B 1. 22R 1. 211 

-- --------------------- ----------------------- ----------------------TARLE 7 PARTIALCOEFFir.IENT r.Atii1A ~11 

RF.TA= 11.25 E(Q?.)a o.oo E(G)• 1.00 VM• 0,15 
AP• 1.00 M1• o.5o AQ2a o.oo 

----------------------- ----------------------- ----------------------~ Q1• o ECQ1)a0,5 E(Ql)al,Q 
---------------------- -- --------------------- ----------------------E ( P) VIM VIH v lf.1 
0.100 0.150 0.200 0,100 0.150 0.200 o.ton 0.150 0.?.00 

---------- ------------- ----------------------- ----------------------o.oo 1. 217 1.2111 1. :'O!l 1. ?.?.!l 1. 230 1. 21!1 1.1911 1.190 1.1711 
0.10 1. ?.211 l. ?.2fi l. 21R l.?.B 1. ?.lfi 1.20fi l.lRII 1.1110 1.1fi5 
0,20 1. 2114 1. 2117 1. ?.:'OR 1. ?.07 1. ?.O!l 1. 200 1.17fi 1.173 1.159 
0.30 1. 1.72 l.27'i 1. 2fifi 1. 210 1. ?.12 1. 204 1.172 1.170 1.15fi 
0,110 1. 2'i 1 1. 25J 1. 2114 1.232 1. 2:5 4 1. 225 1.'-71 1. J.fiR 1.155 
0,50 1.2Jit 1.2311 1. 2211 1.21fi 1. 21R 1. ?.OR 1. 17?. 1.1fi9 1.1t;fi 
O,liO 1. 222 1. 222 1. :!1 o 1. ?.0:'1 1. 2011 1.1911 1.1RO 1.178 1.1fi5 
0.70 1,215 1.2llf 1.201 1.1!15 1,1q~ l.lR3 1.1!111 1.19fi 1.1113 
o. 80 1.211 1. 209 1.1CJ5 1.1R!I 1.1RR l.17fi 1.?.17 1.?.15 1.201J 
0.90 1.209 1. 205 1.190 1.1R5 1.1!13 1.171 1.?.11 1.208 1.1911 
1.00 1. 207 1. 203 1.187 1.1R2 1.1RO 1.1fi7 1.204 1,201 1.1R6 

----------------------- ----------------------- ----------------------TARLE 8 PARTIALCOEFFICIENT GAI~11A Ml 

RET I\• 4.25 HO?.)• 0,50 E(G}• 1.00 Vl1a 0.15 
AP• 1.00 Arll • 0,50 M2• o.oo 

------------------ --- --Ql= 0 ___ ______ M ___ _ ____ _ __ _ 

E( P} VHI 
0,100 0,150 0,?.00 

------------------- -- --o.oo 1. 208 1. 201 1.1R1 

:;:;;;:::;~l~;:::~;~;;:J:;;;;;:::;~[~;:::;;;;;j 
1. ?.20 1. 215 1.1!Jq 1. 22R 1. ?.22 1. 205 • 

0,10 1. 20R 1. ?.02 1.1 P.ll 1,20'7 1,204 1.1R!I 1.?.17 1.212 1,19fi 
0.20 1. 211t l.?.O!l 1.1!!2 1.1~q 1.l!lfi 1.1112 1,?.0<1 1,205 l.]Rq 
0.30 1. 225 1.?.21 1. 205 1~1!1!1 1,19fi 1.1R2 1.~04 1.?.00 1.1R5 
o. 40 1. ?.110 1. ?.:'iii 1. ?.20 1,210 1.~0R 1,195 1,?.00 1.197 1.1R2 
o.5o 1. 257 1. 253 1. 2J 7 1.~2~ 1.?.?.3 1.?.oq 1.19q 1,,!!5 1.1R1 
O,liO 1. ?.77 1. 27?. 1. 2'ifi 1.2111 1.?.39 1.?.25 1.?.04 1,?.01 1.1R7 
0.70 1. :'fi7 1.?.fi3 1. :'ltli 1.23~ 1.2,0 1.217 1.?.17 1.?.1~ 1,,00 
O,RO 1. 25J 1. ?.I1R l.B?. 1.2?.1 1.218 l,?.Ob 1,?.31 1.22R 1.213 
o,qo 1. 2112 l.B7 1. ?.20 1.?.11 1.208 1.1!1- 1.?.22 1.?.19 1,205 
1.00 l.B3 1. :!?.R 1.:'11 1.204 1.~01 1.1Rfi 1.21~ 1.21n 1.1!15 

---- ---- ---------------
TARLE 9 PARTIALCOEFFICIENT Gl\tii-1A 111 

OETfla b.25 E(Q?.)• 1.00 
1\P• 1.oo Anl• o.5o 

F.(fl)• 1.00 
MU= o.oo 

V~1= 0 ,15 



-----1-----------------------l----- ------------------
-- --------------------ru .. 0 E(01)•0,5 F.(Cl1 )•1,0 

------~-- -- - -----~- ~- -- - - ---- - ---- -- ----~---- - ---- - - - ------- ~ -- - - - --E(P) 11111 VIM VIM 
0,100 0,150 0,200 0,100 0,150 0.200 0,100 0.150 0.200 

---- -~-- -- - - -- --- --------- --- ------- ---------------- --- -------------------0,00 I 1. 299 1.3:511 1.:571 1. 3fi!) 1. ~!)0 1.403 1.374 1. ~liS 1. 3117 
0,10 1. J4S 1. 3114 l.lr1fi 1. 31111 l.HO 1. 31!11 1.:\57 1. ~69 l. 372 
0,20 1.1113 1.11411 1.1175 1. Jll?. l.~filj 1. 3711 1. J4S 1.3511 1. 31i? 
O,JO 1,31)2 1.421 1.11112 1. 3!i 1 1.373 1. 31111 1. 33!1 1. ~52 1.357 
0,40 1.3115 1,1109 1.4?.5 1. 391 1.41'1 1.4?.7 1.J'H 1. 350 1.35fi 
0,50 1. 3113 1. 404 1.41fi 1.37fi l.~Clli 1. 4nq l.BII 1. 35 2 1. 357 
0,60 1. 3113 1.1102 1. lrl1 1.31;4 1. 3114 1. 394 1. 3411 1. 31;3 1. Jfiq 
0.70 1. 3~5 1. 401 l.lrO!I 1. 3511 1.3 71i 1. ~R!'> l.H3 1. 3811 1. 3q4 
0.110 1.H7 1,110?. 1. 110 7 l.H4 1.~71 1.37!1 1. 3qQ 1.414 1.419 
0.90 1. 311!1 1.1102 l.lrOfi 1.353 1. ~fiB 1.H5 1.3!11 l.lr05 1.1111 
1. on I 1.3!1?. 1. 403 1.1r06 1. 352 1. ~67 1.37?. 1. 3112 1. 3!1fi 1.401 _____ J ___ _ __ _ _ _ _ ___ ___ _ _ ____ _ 

------ ---- -- --- -------- ------ ----------------TAIILE 10 : PART I 1\LCOF.FF I C I F. liT 11AIH~A M1 

RF.TA• 4,75 ECQ2)• 0,00 f.(G)• 1,00 VM• 0,15 
AP= 1,00 AQ1 .. 0,50 AQ?.• 0,00 

r::::-
L ___ _ 

o.oo 
0,10 
0,20 
0,30 
0,40 
0,50 
0,60 
0,70 
o. 80 
0,!10 
1,00 

- ------- -~---- - - -- -- -- -~ ------ --- ------- - ------] -- - ------- - - - - -- ---- - -. Q1• 0 E(Q1)•0,S F.CQ1)•1.0 
----------------------- ----------- ------------ -- --------------------VIM VIM VIM 

0,100 0,150 0.'-00 0,100 0.150 0.200 0.100 0.150 0.200 
------- ---------------- --------------- -------- ----------------------1.357 1.378 1.3!11 1.~71 1.391 1.403 1.~38 1.352 1.357 

1.31i2 1.3R5 1.~00 1.353 1.375 1,3811 1.325 1.3~0 1,346 
1.3114 1.~011 1.423 1.345 1.3fifi 1,3110 1.~16 1.~32 1.338 
1.41fi 1.~110 1.~55 1.~48 1.370 1.384 1.311 1.3'-7 1.334 
1,3q4 1.~17 1.430 1.373 1.~!15 1,40!1 1.~09 1.~25 1.3~3 
1.376 1.31Jfi 1.40!1 1.355 1.377 1,390 1 . 310 1.326 1,134 
l.~fi4 l,3R4 1.3q4 1.342 1,31i?. 1.374 1.~1q 1,336 1,344 
1.35R 1.376 1.385 1.333 1,352 1.363 1.339 1,356 1,365 
1.354 1.371 . 1.379 1.327 1.345 1.355 1.31i1 1.378 1.3116 
1,353 1.3fi~ 1.375 1.324 1.341 1.350 1.354 1.~71 1.37q 
1.352 1,367 1.372 1,322 1.33R 1,346 1.347 1,362 1.370 

TARLE 11 : PAnTIALCOF.FFICIENT GAI~I1A M1 

BETA• 4.75 E(Q2)~ 0,50 E(G) • 1,00 VM• 0,15 
AP'" 1.00 M1= n ... so An2 .. Q .oo 

----------------------- -~ - -- -- ------- - ------ - - ------------------ ----Q1• 0 E(Ql)•0,5 F.(Q1)•1.0 
------ --- -------------- ----------------------- --------- -------------E (P) v lf.l VHI VIM 

0.100 0,150 0.200 0.100 0.150 0,200 0.100 0.150 0.200 
----------------------- -------------- --------- -- --------------------o.oo 1. 357 1. ~611 1.31i9 1. 36fi 1. 3!!0 1. 386 1.377 1. 3!10 1.394 

0,10 1,356 1.368 1.371 1. 351 1. 366 1.373 1. 31i4 1.378 1.3113 
0.20 1.361 1. 375 1. 379 1. 341 1. 35 7 1. 31i4 1. 354 1. ~69 1.375 
0,30 1. 372 1. 3117 1. 392 1. ~110 1. 356 1. 31i5 1.3411 1. 36?. 1. 3fi9 
0.40 1.31111 1. "03 1. 401J l.HJ 1. 370 1.~7!1 1. 343 1.3511 1. ~liS 
0. 50 1.11011 1.423 1. 4 2q 1. Jfi!l 1.~8fi 1. 3115 1. ~41 1. 35 7 1. 31i3 
O.fiO 1. 429 1. ~r1s 1.452 1. 3R 7 1. ~0~ 1. 413 1. 347 1. 363 1. 370 
0 . 70 l.U9 l.lrH 1. 440 1.3711 1. ~qs 1.1104 1,361 1.377 1. 385 
0. R 0 . 1.403 1. 41R 1. II?." 1.~65 1. JR1 1. JtlO l.J71i 1.393 1. r,oo 
o . qo 1. 391 l.lr05 1. r,n 1.354 1. 371 l.Hq 1. Jli7 l.H3 1. Jill 
1. 00 1.3112 1. }91) 1,1101 -~:~~~ --- ~:~~~ --- ~:~~~ - 1-~:~~~ --- ~:~~~- -- ~:~~~ -----------------------TARLE 12 :. PARTIALCOF.FFICIENT GAI-111A rn 
OF.T A a II, 75 f.(Q?.)a 1.00 EUi)• 1. on VM• 0,15 
APu 1,00 Ml • 0,50 AQ2:o 0,00 



E( P) 

o.oo 
0.10 
0.20 
o. 30 
0.40 
0.50 
0,60 
o. 70 
0,110 
0,90 
1.00 

.t 3, 

:::;::::::~i~;:::;:;;::]:::;;;:~~:~i~:;~:::;:::1:::;:::~~:~l~;;!:::;;:: 
-i:~;~---i:~~~---i:~~~- ·i:~;;·--i:57i·--i:~i;-l·i:~;~---i:~;;·--i:~~; 
1.482 1.548 1,61~ 1.~00 1.547 1.591 1.~19 1.555 1,5117 
1.561 1.62~ 1,685 1.49~ 1.~~0 1.~113 1.506 1.54?. 1.574 
1.543 1,5qq 1.6~?. 1.so2 1.s~o 1.59- 1.4~8 1.535 1.~68 
1.539 1.589 1.6~6 1.~-R 1.~~6 1.6-0 1.495 1.~33 1.~66 
1 . ~40 1,587 1.62q 1.5~3 1.~78 1,621 1,497 1.5~~ 1,568 
1,543 1,587 1.6~6 1.521 1,565 1.605 1.~07 1.546 1.~80 
1.548 1.588 1.625 1.515 1.557 1,596 1.5~5 1.574 1,609 
1.~52 1.591 1.625 1.51?. 1.55~ 1.590 1,565 1.fi04 1.6~9 
1.556 1.593 1.626 1.512 1.551 1.586 1.556 1.595 1.629 
1.560 1.596 1,6?.7 1.512 1.~51 1.584 1.~47 1.585 1,618 

TARLE 13 : PARTIALCOEFFICIF.NT r.AIIIIA M1 

RF.TA• 5,25 E(02) a 0,00 F.(r.)• 1,00 VM• 0,15 
APm 1.00 A01• 0,50 A02• 0,00 

----------------------- -----~----------------- ---------------·------
01• 0 E(Ol)•0.5 E(Q1)•1.0 

----------------------, -·--------------------- ----------------------E(P) VIH VIM VIM 
0,100 0.150 0,200 0,100 0.150 0,200 0,100 0.150 0,200 

----------------·------ ----------------------- ----------------------o.oo 1. 511 1.557 1.599 1.527 1. 5 73 1.615 1. 497 1.534 1.568 
0.10 1. 515 1.563 1.608 1.507 1.553 1.596 1.1181 1.520 1.553 
0.20 1,539 1.588 1.6~4 1.497 1.543 1. 586 1.471 1.510 1.51111 
0,30 1.575 1.625 1. 672 1.~on 1.547 1.590 1.1165 1. SOli 1.5~9 
0.110 1.552 1.600 1. 644 l. 5?.8 1.5 75 1.619 1.462 1.~02 1.537 
0.50 1.5B 1.578 l. 621 1.~09 1. 555 1.598 1. 463 1.503 1,538 
0,60 1.521 1.565 1.605 1.4<15 1. ~40 1,581 1. 4 72 1.513 1. 549 
0.70 1.515 1.557 1.596 1. 486 1.~29 1.~69 1. 49~ 1. ~36 1.573 
0,80 1. 512 1.553 1.5!l0 1. 4110 1. 522 1. 561 1.520 1.561 1,5911 
0.!10 1.512 1.551 1.58Fi 1.1177 1. 518 1.55~ 1.5B 1. 553 1.5QO 
1.00 1. 512 1.551 1.5114 1,1176 1. 516 1.552 1.5 05 1.544 1.5110 

-------------------- -- - - - - ---------------------~----------------------TARLE 14 :. PART IALC OE FF I C I ENT GAMHA ru 
RF.TA• 5.25 E(Q'-)• 0.50 F.(fl)a 1,00 VM" 0,15 
APa 1.00 An1• 0,50 AO?.• o.oo 

01• 0 E(Q1)•0,5 F.(Q1) • 1,0 

E(P) v lit 
0.100 0.150 0.200 0,100 

VIM VIM 
0.150 0.200 0.100 0.150 0.200 

0.00 1.522 1.556 1.585 1.528 1.566 1,600 1.~41 1.578 1.611 
0,10 1.519 1.55~ 1.5116 1.511 1.550 1,5R~ 1.~26 1.564 1.597 
0.20 1,523 1.561 1.5~4 1.499 1.538 1.57~ 1.515 1.553 1.587 
0.30 1.535 1.57~ 1,60R 1,4q6 1.537 1.573 1.507 1.5~5 1,5110 
0.40 1,!i52 1.5!12 1.627 1.~10 1.55.2 1.5119 1.502 1.541 1.575 
0.50 1.~74 1.614 1.650 1.52R 1.570 1,608 1.4!19 1.538 1,573 
0,60 1,5911 1.Fi39 1.676 1.5~R 1.~!10 1,629 1,504 1.5411 1,580 
0,70 1.SR7 1.67.7 1,663 1,53R 1.5110 1.618 1,520 1,561 1,597 
o.11o 1.569 1.609 1.6~4 1.s2• 1.s6s 1.602 I 1.518 1.s1s 1.615 
o,qo 1.556 1.595 1.6?.q 1.513 1.553 1,590 1.527 1.~68 1,60~ 

1.oo -~:~~~---~:~~~---~:~~~- _::~~~---=:~~~---=:~~~-l-~:~~~---~:~~~---~:~9~ 
TARLE 15 PJIRliAI.COEFFICIEIIT r.Arii~A Ill 

BETA• 5.25 F.(02)• 1.00 F.(fl)a 1.00 VH• 0,15 
AP• 1.00 . . AQ1• 0.50 AQ?.• 0,00 



KS. STATISTICAL METHOD 

KS.l Principles. 

The statistical method specified in the proposal is a first 

order second moment statistical method. The method is not 

connected to specific distributions of the parameters consi­

dered but operates only with mean values and coefficients of 

variation. 

24. 

The method may be explained by the following reliability model. 

It is assumed that the calculation model of a load carrying 

structure is given in the function 

g(xl' .... , X I n 

where the designations are the same as indicated in the pro­

posal. The function g(•) is defined such, that the limit 

state considered will be exceeded if 

g(•) < 0 

It is assumed that the variables are random variables 

xl' ••.• I xn' Yl, ••.. , Yr. The inequality 

g(X1 , .... , xn' Y1 , •.•• , Yr) < 0 

then expresses an incidental event namely the structure 

being in the limit state or having exceeded it. 

Into the expression (3), factors K are introduced, so that 

where 

g ( K x
1

, 
xl 

• • • I . . . ' K Y ) = 0 
Yr r 

(1) 

( 2) 

(3) 

(4) 



K exp(-a vVX ) 
xi xi i 

In the equations (4) and (5), the following designations are 

used: 

V coefficients of variation 

a · coefficients, which may assume fixed values between 

-1 and 1 

v : a random variablP defined by the equations (5) and (6). 

This definition of the random variable, v, implies that the 

limit state considered has been exceeded provided v < 0. The 

limit state is defined for v = 0, which may be seen from the 

equations (4), (5) and (6). 

The safety of the structure may be measured by the safety 

index S defined ad 

8 = E(v) 
D(V) 

where E(v) denotes the mean value of v and D(v) denotes the 

standard deviation of v. This definition springs from the 

idea that the larger the mean value E(v) measured in terms 

of D(v), the larger the structural reliability. 

25. 

(5) 

(6) 

For a structure subjected to certain loads, with known mean 

values and coefficients of variation, the mean value E(v) may 

be implicitly expressed using equation 4, as functions of ax 

and a . Using the linearization of (4) round the mean value 
y 

E(v), the standard deviation D(v) may be implicitly expressed 

by a and a . 
X y 

The safety index 8 should now be written as a implicite func­

tion of ax and ay. The safety index 8 is then determined for 



the values.of a and a corresponding to the minimum value 
X y 

of a. 

Provided the partial derivatives of the function g(•) are 

continuous and the random variables are 

minimum value of a is determined by the 

expressed in equations (10) and (11) in 

those values of ax and ay' the standard 

equal to 1 so that E(v) is equal to 13. 

uncorrelated, the 

values of a and a 
X y 

the proposal. For 

deviation D(v) is 

The requirement to the safety of. the structure should there­

fore be expressed by equation (7) in the proposal. 

From equations (10) and (11) in the proposal, the following 

a-values apply 

26. 

+ • . . . . + = 1 (8) 

In cases, where the partial derivatives of the function 

g(•) are not continuous, the method has to be used on each 

of the intervals for which the partial derivatives are con­

tinuous. Determining the value of a for each of these inter­

vals, the safety of the structure may be defined as the smal­

lest value of these a values. 

K5.7 An Example of The Use of the Statistical Method. 

In the following the application of the statistical method 

should be demostrated on a frequently used failure criterion, 

e.g., the expression 

R - (S + S + S ) = 0 g p q 

The definition of the symbols is given below 

R : the resistance, for instance a yield bending moment 

S : the load effect from dead loads, for instance a bending g 
moment 

( 1) 



Sp: the load effects from to different live 

S : loads. q 

It is assumed, that the resistance, R, and the load effects 

S , S and S can be expressed by the primary resistance pa-g p q 
rameter, m, and the primary loading parameters, g, p and q, 

in the following way. 

R = c m 
m 

sg = c g 
g 

sP = c p 
p 

Sq = c q 
q 

In these expressions, c , c , c and c are constants, which 
m g p q 

include geometrical pa·rameters. 

The failure criterion (1) may under these assumptions be 

expressed by the primary resistance and the primary loading 

parameters in the following way: 

c m - c g - c q - c p = 0 m g q p 

It is now assumed that a structure should be designed in 

accordance with the calculation model given in (2). 

The following parameters should then be given 

safety index 

mean values 

coefficients of variation: 

constants 

a 
E ( m) , E ( g ) , E ( p) , and E ( q) 

V , V , V , and V m g p q 

VI , VI , VI , and VI 
m g P q 

c
9

, c , and c 
p q 

27. 

(2) 



The problem then consists in determining the value of the 

parameter em' for instance the effective depth of the cross 

section of a reinforced concrete member. 

Reliability Model 

Multiplying the primary resistance parameter and the primary 

loading parameters by the factors K equation (2) yields 

where 

Km = exp(-amBVM) 

K = 1 + (). BVG g g 

K = 1 + <X svP p p 

K = 1 + <X BVQ q q 

<X = 
Kmcm•E(m)VM 

m N 

<X = 
cE•E(p)Vp 

p N 

<X = 
c

9
•E(q)VQ 

q N 

a2 + <X2 + <X2 + a2 = 1 m g p q 

28. 

(4) 

(5) 

( 6) 



29. 

VG = /v2 + v2 
g I g 

( 8) 

/v2 vP = + v2 
p I p 

VQ = / v2 + v2 
q I q 

The requirement to the safety of the structure may just be 

filled -when 

c E(m)K -c E(g)K -c E(p)K -c E(q)K = 0 m m g g p p q q (9) 

or 

C E(m)K = c E(g)K +c E(p)K +~ E(q)K = 0 m m g g p p q q (10) 

Using equation (10) in the expressions for am' a
9

, ap and aq, 

the value of c may be determined by iteration. 
m 

In the following it should be demonstrated how the above men­

tioned equations are solved, assumming the values specified 

below 

cgE(g) = 1 

c E(p) p = 1 

c E(q) = 1 
q 

v = VI = 0,05 g g 

v = v = 0,4 
p q 



30. 

VI = VI = 0,3 
p q 

vm = 0,15 

VI = 0,10 
m 

a = 4,75 

First VM' VG, vP and v
0 

are determined from the equations (8) 

VM = I o.l 2 + 0.15 2 = 0.18 

VG = I o.o5 2 + 0.05 2 = 0.07 

vP = I o.4o 2 + 0.30 2 = 0.5 

VQ = I o.4o 2 + 0.30 2 = 0.5 

Starting the iteration by defining ag = a = a = 0 the 
p q 

eauations may be solved successively. The calculations are 

illustrated in table K5.7. 



Equation Parameter 

Number 
1 2 

(5) ag 0 0.078 

(5) a 0 0.560 p 

(5) CL 0 0.560 q 

(6) a 1 0.605 m 

(4) K 0.425 0.596 m 

(4) K 1 1.026 g 

(4) K 1 2.331 
p 

(4) K 1 2.331 
q 

(10) c E(m)K m m 3 5.687 

(4)og(l0) c E(m) m 7.054 9.540 
L_ ____ - ~ -

Table K5.7. Iteration Procedure. 

Iteration number 

3 4 

0.056 0.062 

0.401 0.440 

0.401 0.440 

0.821 0.780 

0.495 0.513 

1.019 1.020 

1.953 2.045 

1.953 2.045 

4.925 5.111 

9.941 9.959 

5 

0.060 

0.430 

0.430 

0.791 

0.508 

1.020 

2.022 

2.022 

5.063 

9.961 

6 

0.061 

0.433 

0.433 

0.789 

0.510 

1.020 

2.028 

2.028 

5.075 

9.961 

I 

I 

w 
...... 
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INTRODUCTION 

These LOADING REGULATIONS are to be used directly in conjunction with 

design calculations for buildings. They are also intended, where 

applicable, for use by other code drafting committees working on 

loadbearing structures. 

The regulations are divided into regulations, instructions and 

comments. 

The regulations extend over the whole width of a column. 

The instructions appear in direct conjunction with the regulations 

and are inset. They constitute examples of approved ways of applying 

the regulations. 

The comments, which are in a separate volume, are intended to provide 

the background to the regulations and instructions. 
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1 ( 8) 

DEFINITIONS AND fW~IBOLS 

1.1 Definitions 

Action 

is every external factor which has an effect on the risk of damage 

or other undesirable behaviour in a structure. The term "action" also 

comprises forces due to the mass of the structure itself. 

Action is classified into 

~£!i2~_Ef_f2r£~ which is primarily a force 

~~£2!:!!)~!:.~2~-~£!!2!! ,.,.hich primarily causes deformation. If deformation 

1s wholly or partially prevented, external and internal forces and 

moments arise. 

~!!~:hr2!!!!.1~~!:.~L~£H2!:! is caused by the environment in which the structure 

is situated and which can in this way affect the properties of the 

structure. 

Deformation e.ction can consist of temperature 

changes Emd moisture changes in the surround-

1ngs of the str.ucture. Other imposed deform­

ations such as displacements of supports 

can also be classified as deformation action. 

Environmental action can consist of 

temperature and moisture conditions, chemical 

and biological action, action due to radiation. 

The p:ropert~.es of the structure which are 

affected are primarily the strength properties 

(e.g,' due to temperature) and geometrical 

quantities (e•B• due to chemical action which 

causes corrosion). 

b-2~~i~e 1s the generic term for action of force and deformation action. 

~ff~ct2_Q~~-~2-~~-~£~!2~ arc consequences of such action which are 

significant with regard to the risk of damage or other undesirable 

behaviour in a structure. Such effects can be 

internal forces end moments, stresses, 

deformations 

changes in material properties 

changes in dimensions and shape 



The ~ff~£Ls!!:!2_~~-.9_!~~s! consists of internal forces and moments, 

stresses, deformations. 

Action of for ce 

See: action. 

Annual rr.aximum 

See: mean value o-r the intensity of action. 

Ass embly load 

See: personal load. 

"Botu1d11 load 

2 

is- a load, the magnitude of which can be changed but the distribution 

of which over the structure is illliquely determined when the cause of 

load is specified. The distribution is thus determined by only one 

load parameter. 

This implies that if the intensity of 

loading at one point of the structure 1s 

known, .the intensity at every other point 

is also determined. 

A load which is not botuld is denoted a ~£!:~!:~ -1~~9· 

Characteristic value of action 

1s the intensity \.rhich has a selected probability p of being exceeded 

at least once a year. The value p of the probability 1s in this context 

applicable to a structure or structural component, selected at random, 

which can be acted upon by the load under consideration. 

The standard value of the intensitv of an action is a value which -------------- ~ 

in Chapter 4 end 5 u; steted as a specified or approved value. Hi th 

regard to use, the standard values are equivalent to characteristic 

values. 

With regard to the value p, the following classification is employed 

(definitions are given in 2.3. 1). 



Coefficient of variation of the intensi t.y of action 

See: mean value of the intensity of action. 

Const~nt action 

See: characteristic value of action and 2. 3.1. 

Construct ion r egula t ions 

is a generic ne.rr.e for mnteri al, design and workmanship rer,ulations 

compns1ng directions and recommendations which are specific to 

structures of a certain type or of a certain material. 

Continuous duration 

See: duration. 

Cr owd l oad 

See: personal load. 

Deformat ion action 

See: action. 

Densi ty (wci r,ht) 

is weight per unit volume. 

Duration 

of a certain intensity q of an action 1s defined ns the aagregate 

time t - within the period of use t of the.structure in question 
q 0 

during which the intensity runounts to at. least q. 

g~~g~);!~);!~ _ !;!!!!'~·!!2!:! of a certain intensity q of an net ion is defined 

as the longest continuous time t during which the intensity is not qs 
less than q. 

The !'~!~~!Y~-g~r~~!2~ nq is defined as 

t 
I) 

q 
= ....9.. 

t 
0 



w_here t 1.s the period of use of the structure. lt is assumed in this 
0 

context that the variations in intensity of action are similar 

during the whole time t
0

• 

Dynamic load 

Conditions which cause acceleration of significance in the structure, 

structural component or cause of load under consideration, give rise 

4 

to dynamic loading. Whether or not a load is to be regarded as a dynamic 

one is thus dependent on the structure and the properties of the cause 

of load. 

A load which l.S not a dynamic one 1.s denoted a ~~~~!£_!2~g. 

Effect due to w1 action 

See: action. 

Effect due to a load 

See: action. 

Environmental action 

'See: action. 

Extreme action 

See: characteristic value of action and 2.3.1. 

Fatieue load 

See: non-recurrent action. 

"Free" load 

See: "bound" loud. 

Lifetime (period of use) 

is the period .from completion of the building until the time. of 

intended cessation of use of the building. 

See: action. 

Load spectrum 

1.s a term employed for the ·u.escription of variations in load in 

design with regard to e.g. fatigue load. See: 2.1.4. 



Loads due to accidents 

arc loads consequl;'nt upon what, in everyday terms, 1 s referred to as 

accidents, natural catastrophes, etc. 

Logarithmic decrement 

is the natural logarithm of the quotient of the numerical values of 
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two consecutive amplitudes of the snme di rP.ction executed by a freely 

oscillating bony. 'The logarithmic decrement is u measure of the damping 

of the oscillations. 

The rrienn value of the intensity of action 

is determined, 1n the saMe way as the £9~£f!£!~9.L2L!:~!'!~~i2!!, from 

the distribution of nnnual maxima or, in certain cases, in conjunction 

with combinations (see 3. 1) from the distribution of short-term maxima. 

The E-!:!!!~~L~::~irn~ 1s the greatest value which o~curr, over a year. 

The ~~2!'!:!:~!:!!!_!!.l~~!!I'~ is the greatest value which occurs over a period 

(not specified further) which is shorter than one year. 

Natural fregucpcy 

1s a frequency which an oscillating body assumes when it 1s allowed 

to oscillate freely. 

A natural load 

has its cause in conditions not governed by human beings. 

The values which describe natural loads 

can be assumed to remain unchanged over 

a long period. Assessment of future values 

can therefore be based on observed values. 

A ~~~£~L12~~ has its cause in conditions governed by human beings. 

The values which describe the useful load 

thus change over an extended period 

systematically along with changes in human 

activity. Assessment of future loads 1s 

therefore dependent on uncertain predictions. 



llon- re.current action 

is asswned to occur at full intensity only once during the period of 

use of the building. Special case: non-recurrent loud. 

If an action of lower intensity can be 

assumed to occur many times, then this 

lower intensity should be used as the 

alternative basis of design. 

A E~£~EE~~~-~£~!~~ is assumed to occur at full intensity several times 

and at substantially different intensities in the interim, Special 

case: r~s~rr~~E-~~~9· 

A recurrent load can be a pu1s ating load 

which always has the same direction (same 

sign) or an alternating load which changes 

direction (the least and greatest loads 

have different signs). 

A recurrent action with so many load. variations that it n:.ay give r1se 

to fatigue failure 1n the structure is denoted a f~~!E~~-!~~9· 

Non-short-term usual action 

See: characteristic value of action and 2.3.1. 

Occupation load 

See: personal load. 

Personal load 

is load caused by one or more persons. 

Q££~E~~!~~-!2~g is personal load which 1s taken to be due to the fact 

that people congregate in certain premises in a norrr.al manner. 

~~~~!!!2!:L!~~~ is personal load which is taken to be due to the fact 

that a large• number of people congregate in certain premises. 

£!2~~-!~~~ is personal load which is taken to be due to overcrowding. 

Recurrent action 

See: non-recurrent action. 



Relative duration 

See: duration. 

Short-term mnximun 

See: mean valu·~ 'lf the intensity of action. 

Short-term usual action 

See: characteristic value of action and 2.3.1. 

Standard value of load 

See: characteristic value of action. 

Static load 

See: dynamic load. 

Temporary Action 

See: 2.3.2. 

Unusual action 

See: characteristic value of action and 2.3.1. 

Useful load 

See: natural load. 

Usual action 

See: characteristic value of action and 2.3.1. 

1. 2 Symbols 
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2.1 

2.1.1 

2.1.2 

CLASSIFICATION OF ,ACTION 

Variation of an action in time 

Subdivision 

The variation of an action in time is assessed with regard to 

a/ the significance of the duration of the action {in relation to 

strength, creep deformations, etc). See 2.1.2. Duration of action. 

b/ dynamic effects. This relates to loads. See 2.1.3. Static load­

dynamic. load. 

c/ the risk of failure as a consequence of repeated alternations in 

the intensity of action. See 2.1.4. Non-recurrent action- recurrent 

action. 

Duration of action 

6 

An action at a selected intensity q is classified into duration classes, 

in accordance with Table 2.1.2, with regard to the continuous duration t qs 
of the intensity q. 

Table 2.1.2 Duration classes. 

Duration 
class 

A 

B 

c 
D 

Limits of the continuous 
duration t 

Examples 

qs 

Lower limit 

250 d 

15 h 

2 s 

Upper limit 

250 d 

15 h 

2 s 

Dead load 

Snow load 

Personal load 

Load due to impact 

In many cases the continuous duration is not 

sufficient to describe a time dependent effect 

due to the action. The aggregate effect deriving 

from a number of different periods may be 

critical {e.g. in determining creep deformations 

in concrete and timber). In such cases, other 

concepts such as relative duration and average 

intensity of action may be used to describe 

the conditions. 



2.1.3 

With reg~rd to the use of the concepts given 

in this section, reference is to be made to 

the appropriate design regulations 1). 

Static load - dynamic load 

Loads are classified into 

Static load 

~~ic load 

In tlle course of design, account is to be taken in conjunction with a 

~namic load of the additional deformations and additional forces 

(allowance for ~namic effects) which arise owing to the inertia of 

the system (the structure + the cause of load). The tenn "cause of load" 

in this context refers to concrete objects which give rise to the 

~namic effects, e.g. vehicles or reciprocating parts in a machine. 

If the dominant proportion of the mass forces 

acts on the cause of load (e.g. a vehicle 

colliding with the structure), the structure 

may be designed ~s1 for a static load whose 

1 

cssent1a . y 
magnitude/depends on the deformation properties 

of the cause of load. \ihen the mass forces of 

the structure are,substantial, they must be 

taken into account, in which case it is however 

sometimes possible to analyse the structure as 

for a static load with a certain dynamic allowance. 

In certain cases (particularly in conjunction 

with problems due to oscillations) it · is however 

necessar,y to perform a full analysis, due 

consideration being given to the ~namic conditions. 

Non-recurrent action - recurrent action 

Action is classified into 

non-recurrent action 

!ecurreE~ion, a special case being ~~~e load. 

In the course of design with regard to a fatigue load, determination of 

the effect due to the load is to be based, if this is possible, on a 

load spectrum for the load in question. The load spectrum expresses the 

1
) Views on application are given in the comments. 



I. 

relationship between the intensity q of a load cycle (a change, e.g. 

from the maximum value to the minimum value and back again to the 

subsequent maximum value) and the number of times n annually when the 

intensity of the load cycles exceeds the value q, generally as in 

FIG. 2.1.4.a. 
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A load spectrum is intended to express the mean values for a large numb'er 
different 

of years. With regard to/structures acted upon by the same type of load, 

the load spectrum is intended to express that load variation which, for 

a given load alternation number n, has the probability of 0.2 of being 

exceeded n times in the case of a structure selected at random. 

When a load spectrum cannot be given, the structure is to be designed 

for load variations with a constant intensity q1 and with a number of 

variations n1• The values of q1 and n1 are to be chosen in such a way 

that the effect is considered to be on the safe side. 

A non-recurrent load is assumed to have no significance in conjunction 

with design with regard to a fatigue load. 

In many cases, the load spectrum can be 

expressed by the following parameters, 

FIG. 2.1.4.b. 

greatest intensity of a load cycle: qmax 

least " " " " " qmin 
annual number of load cycles with 

an intensity greater than q 

total number of load cycles 

per year 

n 

2.2 Variation of an action in space 

The classification in this section relates only to loads. 

Loads are classified into 

"bound" loads 

"free" loads 

A "free" load is assumed to have an entirely arbitrary distribution over 

the structure, within the bounds of what is possible. A load which cannot 

be considered "bound" and cannot in its entirety be considered "free", is 

to~e assumed to consist of a "bound" load portion and a "free" load portion. 



Probability of a certain intensity of action 

In conjunction with the application of the method of partial coefficients 

Action is divided into groups as followsa 

Constant action (k). In the case of constant action, 

1/ the action is to be regarded as occurring at an arbitrarily selected 

time 

2/ The characteristic value is to be defined as the median value of the 

intensity.Unless otherwise specified to the contrary, the meanvalue 

is to be taken equivalent to the median value. 

Usual action (v) is defined as action which cannot be classified as 

constant action and which has the probability p a 0.2 or greater of 

being exceeded at least once in the course of a year. The characteristic 

value is defined by p = 0.2. 

In the case of short-term usual action-1Y!2 the relative duration~ 

applies to the characteristic value. 

In the case of non-short-term ~~~ion (v2), 

Unusual acti~(ovl is defined as action for which the probability of 

being exceeded at least once a year is between .0.2 and 0.02. The 

characteristic value is defined by p a 0.02. 

~~action (e) is action which is of a type different from c.onstant, 

usual and unusual action and which has an accidental character. Extreme 

action is more infrequent than unusual action. When the intensity of 

extreme action is not specified in a code, it is assessed with regard 

to the kind of action. 
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Examples of. phenomena which may produce extreme 

action are collision with a vehicle, explosion, 

fire, flooding, etc. On the other hand, it is 

not generally assumed that snow, wind and other 

similar actions which have values for usual and 

unusual action, produce extreme action. It can 

however be stipulated, with regard e.g. to 

snow, that avalanches, snow slides etc produce 

extreme action. 



~ . 3. 2 In conjunction with the application of the statistical method 

Action is divided into groups as follows: 

Co~~~nt ~~~ion is to be regarded as occurring at an arbitrarily selected 

time and is to be assumed unchanging in time 

!emE£Ear.y ~tion occurs occasionally. 

In the case of ~hort-t~rm te~~r,y-~~tio~, the relative duration fqr the 

value qo.B which is equivalent to the 0.8 fractile of the distribution, 

is 

n ~ 0.001 q 

In the case of non-short-term ~!:!!!££ra_:l_~ti~, 

n .)0.001 q 

Extreme action is action which is infrequent and has the character of 

an accident. See also 4.5. 

In applying the statistical method for design, the intensity of the 

action is described by its~-~~ and the ~~ef£!cient~~~~ation, 

which are determined from the distribution relating to the annual 

10 

maxima, i.e. the_ largest value which occurs over one year. In conjunction 

with the combination of different kinds of action (see ).2)', use is also 

made of the mea~alue and coefficient of variation relating to the 

distribution of short-term maxima, i.e. the largest value which occurs 

over a period which is shorter than one year but is not specified in 

greater detail. 

3 COMBINATION OF DIFFERENT KINDS OF ACTION 

3. 1 General 

Different kinds of action which can occur simultaneously are aggregated 

into combinations of actions. Account is taken in this connection of the 

conditions relating to the individual actions which characterise their 

variation in time and which are of significance regarding the probability 

of two or more actions occurring simultaneously with high values. 

Actions which are greatly dependent on one another and often occur 

simultaneously at their maximum values (when they occur at all), are 

to be regarded as one action. 

Actions which, in view of physical circumstances and likelihood, exclude 

one another are not to be combined. 



3.2 In conjunction with the application of the statistical method 

In applying the statistical method, the mean values and coefficients 

of variation relating to annual maxima given in CHAPTERS 4 and 5, or 

similar values determined according to the definitions in 2.3.2, are 

to be used for individual actions. 

If a more accurate analysis based on verified statistical data is not 

carried out, the following method is to be applied in combining different 

kinds of action. 

As regards its duration, an individual action is characterised by a 

value~ as follows: 

Group according to 2.3.2 

Constant action and other action which has 

the relative duration = 1 

Non-short-term temporary action 

Short-term· temporary action 

Extreme action 

0 

0.5 

4 

In applying the statistical method, there are two types of combination, 

S (constant and temporary action) and SIII (constant, temporary and 

extreme action). 

CombinationS comprises: 

11 

One action with distribution relating to annual 

maxima combined with actions with distributions 

relating to short-term maxima,in such a number 

that the sum of~ for all actions does not 

exceed 4. 

Combination SIII comprises: 

One extreme action combined with actions with 

distributions relating to short-term maxima, 

in such a number that the sum of~ for all 

actions does not exceed 5. 

In both cases the combinations must be such that the most critical case 

is obtained. 

In combining actions, it is necessary for only 

one of the actions in question to be assumed 

to have a mean value and coefficient of variation 

pertaining to a distribution relating to annual 

maxima. other actions, with the exception of 
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constant actions, are in most cases given 

reduced mean values. It is often impossible to 

decide in advance which action is to be assumed 

to be determined on the basis of annual maxima 

in order that the most critical case should be 

obtained, and a number of cases must be examined. 

The mean value and coefficient of variation for a distribution r~lat.ing 

to short-term maxima are determined from the corresponding values relating 

to the distribution for annual maxima according to the following 

expressions: 

m (1 + V) .. m 
0 0 

m V ... t mV 
0 0 'l 

m and V are parameters (mean value and coefficient of variation) in the 

distribution relating to the annual maxima of the action. 

m and V are parameters (mean value and coefficient of variation) in 
0 0 

the distribution relating to the short-term maxima of the action. 

~ • 1 in normal cases. 

3.3 In conjunction with the application of the method of partial coefficients 

In applying the method of partial coefficients, the standard values given 

in CHAPTERS 4 and 5, or the characteristic values determined according to 

the definitions in 2.3.1, are to be used for individual actions. 

If a more accurate analysis based on verified statistical data is not 

carried out, the following method is to be applied in combining different 

kinds of action. 

As regards its duration, an individual action is characterised by a 

valuet(as follows z 

Group according to 2.3.1 

Constant action and other action which has 

the relative duration = 1 

Non-short-term usual action 

Short-term usual action 

Unusual action 

Extreme action 

0 

o.s 
1 

2 

4 

In applying the method of partial coefficients, there are three types of 

combination, r, II and III. 



Combination I comprises: 

Combination II comprises: 

Combination III comprisesz 

Usual actions corrected in view of their 

duration, in such a number that the sum of D( 
for all actions does not exceed 4. 

One unusual action combined with usual actions, 

corrected in view of their duration, in s~ch a 

number that the sum of ~for all actions does 

not exceed 4· 

One extreme action combined with usual actions, 

corrected in view of their duration, in such a 

number that the sum of ~ for all actions does 

not exceed 5. 

Correction of a usual action in view of its duration is performed by 

multiplication of the value relating to usual action by a factor 

where Vis the coefficient of variation' for the action and relates to 

the annual maximum. 

Nonnally, ~is put • 1, i.e. 

,,.=1 t;j.,v 
~ - 1 + o. 85 v 
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For the actions dealt with in CHAPTERS 4 and 5, 
the following values of ~ may be used. The numbers 

in brackets refer to the appropriate section. 

We~ht of ~ilding components and earth 

( 4· 2) s ::: 1 

Load due to fu~nishing~nd_E~~~~ 

Distributed vertical load (4.3.1.1) 

Load portion a. 

Load portion b 

type of premises 1,2 

3 

4 
5,6,7 

~ .. 1 

S= 0.7 

~= 0.9 

~= o.B 
$= 0.6 

lehrstuhl fOr 
I111Jenieurholzbou u. o.J-.cn~lru k ~ioner. 

Universrtat (TH) Ken runt3 
fn;,i. Dr.-\ag. ~ Mohler 



4 LOADS 

4.1 General 

Concentrated load (4.3.1.2) 

Load due to furnishings ~ = 1 

The value of ~ is to be assessed in view of 

conditions. 

~~ad du~~~-~~~cl~L-!ransport apE!!~~ 

~~~~ach~~e~ (4.3.3) 

The value of ~ is to be assessed in view of 

conditions. 

Snow load (4.4.1) 

Wind load (4.4.2) 

Hater pressure (4.4.3) 

) = 

~ .. 
~= 

0.8 

0.7 

1 
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In design calcul~tions, account is to be taken of the fact that loads'can 

have a different (and more unfavourable) direction from that specified in 

these regulations or that assumed on the basis of accepted practice, and 

that columns and walls in a building frame may have unintentional inclinations 

or curvatures which produce forces that can be significant with regard to 

the stability of the structure as a whole. 

In the case of a building frame, it is accepted 

that the above is taken into consideration by 

the frame being analysed for fictive horizontal 

forces. These forces may be assumed to be equal 

to 1.5% of the stipulated vertical loads due to 

gravity and to act in any horizontal direction. 

In the case of one and the same structure, 

however, all the forces are assumed to act in 

the same direction. The point of action is taken 

to be the point where the force due to gravity 

acts; In the case of floor slabs, however, the 

force is assumed to act at the top of the slab. 

The forces are not normally combined with other 

forces which act horizontally, and are investigated 



4.2.1 

only for load combination I. They are not 

regarded as separate loads but are assumed to 

be a part of the loads or1 which their magnitude 

is based. 

The prescribed and recommended properties of 

loads have been summarised in Table 4.1. 

Weight of building components and earth 

Weignt of building components 

15 

With regard to its duration, the weight of building components is assigned 

to Class A.as set out in 2.1.2. The relative duration is put at\= 1. 

The weight of building components is a static load and a non-recurrent 

load~ 

With th~ exceptions given below, the weight of building components is 

regarded as a "bound" load (according to 2.2). 

With the exceptions given below, the weight of building components is 

regarded as a constant load (according to 2.3). 

This implies that the ·mean value can normally 

be used as the characteristic value of the· 

load. The mean value of the density of the 

material, multiplied by the volume as computed 

from nominal dimensions specified on drawings, 

is accepted as the calculated mean value. 

The stipulated load d~e to non-loadbearing partitions in the building is 

to be specified on the design drawing. 

The weight of non-loadbearing partitions is 

to be determined according to the principles 

specified in relation to other building com­

ponents. In the case of premises in which the 

subdivision of rooms may in the future be changed 

due to different positioning of non-loadbearing 

partitions, it is permissible for this to be 

taken into account by the load being calculated 

for a supposed reasonable subdivision of rooms 

and for walls as in the rest of the structure. 

One (the most unfavourable one) of the following 

equivalent loads is however to be used as the 
minimum value of the load. 



- One uniformly distributed floor load of 

0.5 kN/m2• 
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- One uniformly distributed line load of 1.0 kN/m. 

These equivalent loads are alternatives to the 

weight of the partitions according to the 

drawing. 

Where special conditions warrant higher value~ 

of the specified minimum values, these must be 

increased. Such special conditions may e.g. be 

that the storey height of the building is larger 

than nonnal, that the general character of the 

building necessitates heavy partitions, etc. 

The equivalent loads are assumed to have the 
other 

same properties as the weight of/building components. 

Exceptions from the above can be made in the following casesc 

a/ The weight of building components which it is considered can be easily 

removed or repositioned is to be regarded as a "free" load (according 

to (2.2) and as usual load (according to 2.3). 

b/ In the case of structures where distribution of the weight is of 

essential significance in design, the possibility of uneven distribution 

is to be taken into consideration. 

This refers only to cases where the weight is 

the predominant load and where the structure is 

designed in such a way that the effect due to 

the weight of different parts is balanc.ed, such 

as, for instance, in the case.of moments in 

arches of long spans. The possibility of uneven 

distribution can be taken into consideration by 

assuming the structure to be acted upon by a 

load due to a weight of G - .AG, where G is a 

constant load andAG a non-short-term usual 

load (v2) and a "free" load. The largest of the 

following values is accepted as the value of .AG c 

Aa .,. G V"{ 

4G"' G V v 



4.2.2 

where v6 is the coefficient of variation of 

the weight, a:rd 

Vv the coefficient of variation of the 

volume. 

The relative change in volume equivalent to 

one half of the utilised dimensional tolerance 

is accepted as the value of V • 
v 

c/ In evaluating a structure according to the statistical method, the 

uncertainty in the weight of building components is to be taken into 

account by the introduction of a coefficient of variation relating 

to the weight of building components. 
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The coefficient of variation relating to weight 

can be determined according to the laws of 

statistics on the basis of known data pertaining 

to weight and volume. Where there is insufficient 

material for such a determination, a value of 
the 

5% is accepted for ~/coefficient of variation 

in cases where the uncertainty need not be 

considered as large. 

For determination of loads in normal cases, the 

values of weights of building materials set out 

in Table 4.2.1 are accepted. In special cases, 

the occurrence of higher or lower values may 

have to be taken into account. 

Load on building component s due to handling 

In the case of loadbearing structural components which are not manufactured 

in their final position, consideration is to be given in t~e course of 

design to the special circumstances which can arise in conjunction with 

the storage, transport, lifting and erection of these components. Special 

consideration is to be given to the following: 

a/ The distribution of forces on the structural component can be different 

from that in the completed building. If the component is not designed 

in such a way that the positions of points of support during storage 

and transport, and the points of attac~ent during lifting, can be 

chosen arbitrarily, then these positions must be specified on the 

drawing. 

b/ Dynamic forces occur during transport and lifting. 



4-2.3 

c/ The absence of bracing forces on the structural component can give 

rise to the risk of e~g. stability failure. 

Weight of earth 

Unless a more accurate analysis is performed, 

it is permissible for dynamic forces to be 

taken into account by an allowance for dynamic 

effects, the magnitude of which is assumed to 

be 5o% of the weight. 
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Subject to exception c/ below, the weight of earth as regards its duration 

is assigned to Class A according to 2.1.2, and its relative duration is 

put as'= 1. The weight of earth is a static load and a non-recurrent load. 

Subject to the exceptions a-c given below, the weight of earth is to be 

regarded as a "bound" load (according to 2.2). 

Subject to the exceptions a-c given below, the weight of earth is to be 

regarded as constant load (according to 2.3). 

Exceptions from the above can be made in the following cases: 

a/ If, in designing a building structure, the volume of earth in. question 

or part thereof has only a small probability of being removed (if there 

is any likelihood at all of its being removed), then absence of i~s 

weight is to be regarded as a "free" load and as unusual or extreme 

load, depending on conditions. 

For instance, in the case of earth being wached 

away in conjunction with flooding, the absence 

of its weight is to be regarded as extreme load. 

b/ If the probability of a certain earth volume or part thereof being 

removed cannot be regarded as small, absence of its weight is to be 

regarded as a "free" load and as a usual load. 

This is the case, for instance, when excavation 

of earth in conjunction with re-laying of pipes 

can be expected. 

c/ In conjunction with earthworks, the weight of the earth concerned is 

to be classified in each individual case depending on the type and 

planned progress of the work. 

If there are no values available regarding the 

density of earth which are based on investigations, 
the values specified in Table 4.2.3 may be used. 



4.3 Useful loads 

4.3.1 Loads due to furn ishings and persons 

4.3.1.1 Distributed vertical load 

This load is made up of two portions a and b which are described below. 

The load portion a is supposed to be mainly associated with furnishings 

etc, and the load portion b with persons. 

Load portions a and b are both classified as static load and recurrent 

load, but not fatigue load. 

As regards its duration, the load portion a is assigned to Class A in 

accordance with 2.1.2, and its relative duration is put fl\ • 1. The load 

portion a is "bound" load and usual non-short-term load (v2). 

The characteristic value is assessed in relation to the kind of premises 

in question. 

The load portion b is assumed to be one of the following types: 
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1/ Occupation load with a characteristic value of 0.5 kN/m2 
---------

2/ ~~~mbll_load with a characteristic value of 1.5 kN/m2 

3/ Crowd load with a characteristic value of 3.0 kN/m2 
------

As regards its duration, load portion b ~s assigned to Class C acco~ing 

to 2.1.2. Its relative duration is assessed in relation to the kind 

of premises. The load portion b is a "free" load. 

To the extent that they are considered to occur, load portion b is 

classified as short-term usual load (v1), non-short-term usual load (v2) 

or unusual load (ov), depending on the kind of premises in question. 

Unless the properties of the loads are determined more accurately., e.g. 

by means of direct observations, the properties specified in Tabl.e 4.3.1.1 a 

are to be used in design. On being combined according to Chapter 3, load 

portions a and b must be assumed to be separate loads. 

The above characteristic values for load portion b are applicable in 
2 conjunction with a loaded area of at least 30m • In the case of a loaded 

area of 5 m2 the specified values are to be increased by 35%, linear 

interpolation being applied in the case of intermediate areas. 

The intention is that the whole area, the load 

on which acts on the structure, is to be 

decisive. There is no need therefore to see whether 

load on a small portion of a beam or slab produces 
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a larger load and thus becomes critical. FIGo 

4.3.1.1 shows for some common examples how 

the loaded area A is to be determined. 

Crowd load is considered to occur simultaneously on an area not exceeding 

50m2• Outside this area, assembly load is to be assumed if a more 

unfavourable effect is obtained in this way. In such a case, the crowd 

load + assembly load is to be regarded as a load which is considered 

unusual. 
to 

The above values relate/loads due to normal furnishings and persons. 

Loads due to special equipment, e.g. safes, are to be considered 

separately. See also 4.3.1.2. 

A load due to books etc in libraries and records rooms is to be considered on the 

basis of reasonable placing and the height of shelving. 

The weight of books etc may be assumed to be 

8 kN/m3. The free spaces between shelves may be 

characterised as office premises loaded in 

accordance with Table 4.3.1.1 a. 

Loads in premises accommodating industrial activity or warehouse premises 

are to be assessed in view of the kind of activity. In the aggregate, 

however, load portions a and b must be ·assumed to produce at least 5· kN/m2• 

4.3.1.2 Concentrated load 

In applying the statistical method, the values 

of mean value and coefficient of variation given 

in Table 4·3.l.1 bare accepted. The Table also 

specifies that portion of the load which is 

assumed to be a non-short-term load. 

Account is to be taken in the course of design of concentrated loads 

which arise due to furnishings and persons. 

As regards floor slabs, concentrated loads may 

e.g. consist of the loads, mentioned irt 4.3.1.1, 

due to special equipment or to loads due to 

furnishings suspended from the slab. 

In addition to the concentrated loads caused by special furnishings, the 

following loads are to be considered. 

As an alternative to a distributed vertical load, a floor slab is to be 

assumed to be acted upon by a concentrated vertical load of 1.0 kN 
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distributed over an area of 0.025x0.025 m. \valh are assumed to be acted 

upon by a concentrated. load of 0.3 kN, actine p8rpendicular to the surface 

of the wall, which is distributed over an a:r·ea. ·')f 0.1x0.1 m. As regards 

their duration, these loads are assigned to Class A according to 2.3.2, 

and their relative duration is put "1\ • 1. They are "free" loads according 

to 2. 2 and usual non-short-term loads ( v1) a.u;ord.ing to 2.5. 

Floor slabs, balconies, stairs etc are to be designed- as an alternative 

to the distributed vertical load and concentrated load as above - for a 

concentrated vertical load caused by a person in violent motion (jumping, 

falling, etc). other building components can, in certain cases, be assumed 

to be subjected to similar forces with different directions. If in such a 

case failure in the building component entails an evident risk of serious 

injury, the building component is to be regarded as a loadbearing structure 

and designed in such a way that it can withstand a force assessed on the 

basis of reasonable asswnptions. 

Examples of building components designed in 

accordance with this instruction are: 

A roof on widely spaced purlins with no safety 

device below to prevent a person falling from 

a great height in the event of failure in the 

roof. 

Walls (particularly glass walls) separating 

premises at widely different levels. 

Handrails and frontages on balconies, terraces, 

etc. Stair balustrades. 

The forces considered are to be referred to Class D according to ·2.3.2 

as regards their duration, and their relative duration can be put~= 0. 

The forces are to be regarded as dynamic loads and non-recurrent loads. 

They are regarded as "free" loads according to 2.2. 

The problems which arise in considering forces 

of the kinds described above relate primarily 

to building components of brittle materials. 

Building components made of pronouncedly ductile 

materials can often withstand impact energy, 

provided that they are attached in such a way 
that the energy can be spread and the fastenings 

can withstand the forces which occur. 



4.3.2 
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When there are no separate investigations which 

warrant other values, the values of concentrated 

force set out in Table 4.3.1.2 are accepted. These 

values .apply to rigid structures such as floor 

slabs,walls or roofs of concrete or lightweight 

concrete. The force on resilient structure,s will 

be smaller. 

The forces specified in Table 4.3.1.2 can be 

assumed to increase from zero to a maximum and 

then to diminish to static load value over a 

time of 0.05-0.1 second. 

In many cases, analysis or testing using the 

above values of load as static load can produce 

misleading results. An impact test which 

reproduces the specified force and time curves 

wil~in most cases provide a better basis of design. 

Such testing can often show that a structure is 

capable with a satisfactor,y factor of safety of 

resisting the specified forces, while analysis 

or testing which regards the load as a static 

one does not produce the same favourable results. 

In applying the statistical method, the mean 

values set out in Table 4.3.1.2 and a coefficient 

of variation of 4o% are approved. 

Loads due to goods, bulk products, etc 

As regards their duration, loads due to goods, bulk products etc .are 

assigned to Class A orB according to 2.1.2, depending on circum$tances. 

Where required, the relative duration and similar factors are to be 

determined in each individual case in view of the expected handling of 

the goods or bulk products. 

Subject to the exceptions below, the load is to be regarded as static load. 

The load is recurrent load, but not a fatigue load in the normal case. 

Loads due to goods, bulk products etc are to be regarded as a "free" 

load. In the case of bulk products, however, there are often limitations 

as regards the possibility of a critical load position, in view of the 

fact that the material has a natural angle of repose. 



Hhen the largest possible load can be assumed to occur frequently, this 

is to be classified ~s non-short-tenn usual loD.d according to 2.). 
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\\'here the loads which are expected to occur a~8 considered to be substantially 

lower than the largest possible load, the magni. tudes of usual and unusual 

loads are to be detennined in accordance with the definitions given in 

2.3.' The largest penni tted load is to be displayed in the prem.ises and is 

to be given the value of usual load. 

If determination of the magnitude of the loads 

on the basis of the definitions given in 2.3 is 

not possible, the 11 largest permitted load" is 

to be chosen. In the course of design, this is 

to be assumed to be equal to non-short-term 

usual load (v2). In the case of unusual load, 

a value 3o% greater is to be chosen, or the 

largest possible load if this is less. 

In determining the effects due to loads, both the horizontal and vertical 

loads are to be considered. In the case of a load due to bulk products, 

account is to be taken of the internal friction and the friction between 

the bulk product and the surfaces of the structure (FIG. 4.3.2).· 

Unless separate investigations are perfo~ed 

concerning the properties of the bulk product, 

the values of weight and angles of friction 

set out in Table 4.3.2 a will be accepted. 

The angle of friction between the bulk product 

and the surface of the structure is assumed to 

be V•~. The values set out in Table 4.3.2 b 

will be approved as values ofdP. 

Where it is possible for bulk products or stacked goods to slip, the 

dynamic forces which can arise are to be considered. 

In applying the statistical method, assumptions concerning the mean value 

of the load and the coefficient of variation are to be based on verified 

data, 

If sufficient data cannot be obtained, the 

following methods will be accepted. If the 

largest possible load can be assumed to occur 

frequently, this load is assumed to represent 

the mean value of the load, and the coefficient 
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of variation is put equal to zero. If the expected 

loads are considered to be substantially lower 

than the largest possible load, the mean value 

may be assumed to be 85% of the largest permitted 

load, and the coefficient of variation to be 20%. 

4.3.3 Loads due to vehicles, transnort appliances and machine;y 

4.3.3.1 General 

Loads due to vehicles, transport appliances and machinery a~e assessed 

in view of the activity of which the load is a consequence. 

vii th the exception of certain machinery, the 

loads dealt with in this section have small 

relative duration and are assigned to Class 

C or D according to 2.1.2. 

The loads are normally dynamic ones. 

The loads are generally considered to be 

recurrent loads. Vehicles, transport appliances 

and machinery which can be moved easily are 

assumed to produce "free" loads. Loads· due ·to 

machinery which is permanently installed are 

wholly or pa'I'tly regarded as "bound" ones. 

Forces which occur in conjunction with unintentional collision with a 

vehicle etc are dealt with in section 4.5. 

4.3.3.2 Loads due to vehicles 

Parts of buildings which can be subjected to loads due to vehicles in 

normal road or street traffic are to be designed for the traffic'loads 

applicable to bridges. Buildings into which individual heavy loaded 

vehicles forming part of normal road traffic are assumed to drive, are 

to be designed for~ load group according to FIG. 4.3.3.2 and for a 

braking force of 300 kN acting in the longitudinal direction of the 

vehicle. The loaded lane according to the figure is to be placed in the 

most unfavourable way within the area which the vehicle can traverse. 

The axle load is to be placed in the most unfavourable way within the 

loaded lane, the least distance specified in the figure being taken into 

account. 



in a building 
Where it is expected tha~there will be vehicles of a special design 

geared to the activity in the building, the building structure is to 

be designed for the wheal load of the vehicle or for its total load 

increased by an allowance for dynamic effects. This is assessed in view 

of the kind of vehicle and the nature of the surface traversed (e.g. 

with regard to roughness). The dynamic allowance is to have a minimum 

value of 2o%, unless separate investigations ahow that a lower value is 

warranted. 
for cars 

Floor slabs in a garage or a multistorey garage/are assumed to be acted 

upon by a uniformly distributed load of 2 kN/m2, or a concentrated load 

of 15 kN acting over an area of 0.1x0.1 m. 

Floor slabs in a garage for larger vehicles are to be designed for the 

load due to the heaviest vehicle which is likely to occur in view of 

the space in the garage. 

4.3.3o3 Loads due to overhead cranes, cranes and other lifting equipment 

With regard to loads due to overhead cranes, cranes and other lifting 

equipment, the special regulations applicable to lifting appliances 

are\o be used. 
' 

4.3.3.4 Loads due to machine;¥ etc 

Structures which support machinery etc of essential importance for the 

structure, are to be designed for the weight of the machinery and for 

the materials or products which ar.e applicable. The dynamic effects due 

to the machinery are also to be taken into consideration. Where required, 

oscillation analysis based on verified data concerning the design of 
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the machinery and the structure is to be performed. If a separate 

oscillation analysis is not performed, the dynamic effect may not normally 

be assumed to be less than that equivalent to 25% of the weight of the 

machinery. Consideration is to be given in the course of design to the 

fact that, in conjunction with repairs etc, parts of the machine may exert 

a load on the floor slab in the vicinity of the machine. 

Loads due to machines which are not in themselves 

of essential importance for the structure need 

not be considered separately. It is thus to be 

assumed that the loads due to e.g. household 

machinery, .small office applianc~s, small 

machines in mechanical workshops etc are part of 

the loads due to furnishings and persons in 



4.4 Natural loads 

4.4.1 Snow loads 

4.4.1.1 General 
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accordance with section 4.3.1. In the case of 

machines whose reciprocating parts are of slight 

weight, a dynamic allowance of 25% can be 

unrealistically large. In such cases the dynamic 

allowance can be related to the weight of the 

reciprocating parts and specified as an addition 

to this weight. The magnitude of the addition 

will be greatly dependent on the function of 

the reciprocating parte. 

In view of the fact that the structure may have 

to be designed for the weight of machine components 

or for the weight of. the machine or machine 

Gomponents during transport to the place of 

installation, concentrated loads oft.en occur 

and such loads should be designed for. It is 

often uneconomical to cover the effect of a 

concentrated load by means of an equivalent 

distributed load. 

As regards its duration, snow load is assigned to Class B according to 

2. 1. 2. 

As regards the relative duration~, the following 

values which are as~ed to be valid for the snow 

loads set out in FIGs. 4.4.1.2 a and b, will be 

accepted. 

Denmark and Sk:B.ne 

Southern Finland and 
Norway, Central Sweden 

Northern Finland, 
Norway and Sweden 

Snow load is a static load. 

Usual Unusual 
snow load 

0.01 0.0002 

0.015 0.0005 

0.02 0.001 

Usual snow load is a recurrent load but not a fatigue load, while unusual 

snow load is a non-recurrent load. 

The distribution of snow load on roofs is specified by means of the shape 

factors in 4.4.1.3. 
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Account is to be taken of changes in the distribution of the snow load 

as a result of snow clearance or- where this is posGible - as a result 

of snow slides due to temperature changes. 

In the case of pitched roofs, the following 

way of considering the distribution of snow 

load by means of snov1 clearance or snow slide 

will be approvedz 

1/ it is to be assumed that the snow lo~d on 

that half of the roof which carries most 

load has been removed, 

2/ it is to be assumed that the remaining_ snow 

load constitutes usual (snow) load. 

In the case of more complicated roof shapes, 

the effect of snow clearance on the distribution 

of snow load should be based on what can be 

regarded as reasonable. 

In designing secondary structures such as purlins, 

a change in the distribution of snow lpad as a 

result of snow slide or clearance is to be 

disregarded. 

The intensity of snow load (q) per m2 of horizontal roof surface is 

calculated from 

q = ftqg 

where }A .. shape factoJ' according to 4.4.1. 3 

qg= snow load on ground according to 4.4.1.2. 

The value of q is to be put equal to usual or unusual snow load in g 
accordance with 4.4.1.2. 

Snow load including ice load on wires and similar 

structures is determined by climatic conditions 

which in turn depend, inter alia, on geographical 

position and the height above ground. In the case 

of specially exposed locations such as open water, 

areas around moors and elevated country, the snow 

and ice load is to be determined in view of these 

conditions. For other areas, the following values 

are accepted for snow and ice load for wires and 

similar, the height of which above ground does 
not exceed 30 m. 



4.4.1. 2 Snow load. on ground 
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(0.57d + 11.3) kN/m 

where d i~ the diameter of the wire in mm, without 

ice cover. The values are equivalent to a 20 mm 

ice sheath with the weight of 9 kNjm3• In the 

case of wires located at greate~eights, the snow 

and ice load is to be determined in view of local 

conditions. 

The thickness of the ice sheath around wires and 

similar, which are located ver.y high above the 

ground, can under unfavourable circumstances 

assume very high values. 

FIG. 4.4.1.2.a gives the usual snow load on ground, and FIG. 4.4.1.2.b 

the unusual snow load on ground. 

In determining snow load on ground, the greatest possible consideration 

is to be given to local variations due/to/primarily/topography and wind 

conditions. 

4.4.1.3 Shape factors 
to be 

The shape of the building is/considered in .determining shape factors. 

Where it is possible due to the shape of the roof, adjacent parts of 

the building or other circumstances, for snow to accumulate, the 

consequent increase in the snow load is to be allowed for. Such snow 

load is normally regarded as "bound" load. 

The values of the shape factor 1v., given in .B'IGs. 

4.4.1.3 a-fare accepted. 

\'lhere it is possible for snow to slide do'l'm from a 

higher roof, this is taken into consideration by 

so% of the snow load on the higher. roof being 

assumed to slide down. See also FIG. 4.4.1.3 d 

where the shape factor is divided into a part~ 
w 

which is a function of the wind, and into a 

part ~r which is a function of slide. 

The specified shape factors stipulate that the 

roof is exposed to wind, which implies that the 

sn0\'1 load on the lee side of the roof ~s greater 

than that on the windward side. 
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In areas which are permanently sheltered from 

the wind, see 4.4.2.2, by the surrounding country 

4.4.2 Wind load 

4.4.2.1 General 

or buildings, redistribution of the snow load due to 

the action of the wind may be less than what is 

equivalent to the specified values of the shape · 

factor fL. 

Variation of the wind load in time 

The maximum intensity of the wind load occurs relatively infrequently, 

while, in conjunction with this, intensities at a lower level of the 

same order of magnitude occur repeatedly. 

As regards the duration of the maximum intensity of unusual wind load, 

the wind load is assigned to Class D according to 2.1.2. It is assumed 

that wind load at maximum intensity or near maximum intensity can be 

repeated several times. Unless it is shown by special measurements that 

other values are more correct, the relative duration of usual wind load 

and unusual wind load is assumed to be ·10-2 and· 10-5 respectively. 

Wind load is the principal cause of dynamic effects. Where the damping 

of the object exposed to the wind is large and its slenderness ratio 

slight, which is the case for most buildings,but not in all cases for 

their individual parts, an equivalent static load, which is the design 

pressure due to wind velocity multiplied by a shape factor, is however 

accepted. 

Wind load, both usual and unusual, is a recurrent load. In certain 

cases wind load can ·be a fatigue load. 

Unless it is shown by special investigations 

that other values are more correct, a load 

* spectrum according to FIG. 4.4.2.1 is 

accepted. 

Distribution of the wind load in apace 

As a rule, the wind load has a component perpendicular to the exposed 

face and another tangential to this. Where the surface of the exposed 

object is not substantially rough, and unless this is warranted by 

some special feature of the exposed object, it is however accepted that 

the tangential component is ignored. 

* FIG. 4.4.2.1 has not yet been prepared. 
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The wind load on different parts of a building is expressed by 

w "'p. q 

where w is the wind load per unit area (kN/m2) 

q the pressure due to wind velocity (kN/m2) according to 4.4.2.2. 

JW a shape factor according to 4. 4• 2. 4 (f, f<t or ftot can be 

pu.t instead of~) 

With the distribution specified by~, the wind load is assumed to be 

a "bound" load. 

The extreme consequences of an assumption concerning "bound" load are 

however avoided, which implies that loadbearing systems which are 

substantially dependent on the distribution of ' the load are designed 

in alternative loading cases which deviate in a reasonable manner in 

relation to these regulations. 

In the case of an object which has a large 

extent perpendicular to the wind direction, 

the wind impinging on the surface may exhibit 

a variation in velocity over the surface. 

4.4.2.2 Wind velocities and pressure due to wind velocity 
Determination on. the basis of observations 
Wind velocity is to be det ermined from cont inuous measurement~ at least 

10 m above a section of country which is typical of the surrounding 

terrain. 

Measurement necessitates sophisticated instruments 

and advanced treatment of the measurement results, 

and this procedure is not, therefore, recommended 

for general use. 

Instantaneous wind velocities 

For areas for which there are no special values applicable which have 

been obtained by measurements or documented experience, the following 

is to be applied, unless another expression is found to be more correct, 

as an expression of the design instantaneous value of the wind velocity v 

at a height h. 

v"" vo(1 + -k log10 ~o)f 
with a constant value for h ~ 4 m. 



?????? 
?????? 

For h 4 m, 

v 
0 

= 36 for off-shore \'lind 

39 for on-shore wind (including the shores of Lakes Vanern and 

Vattern) up to10 km from the boundary between the inner and outer 

archipelago, with a linear reduction to 36 over a further 10 km; 

but, in the case of wind from the North Sea or the Atlantic, 42 
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up to 10 km from the boundary between the inner and outer archipelago, 

with a linear reduction to 36 over a further 20 km. The value of 

v
0 

a 42 is also to be applied in locations such as bare mountains 

where wind velocities can be particularly high. The boundary between 

the inner and outer archipelago is a line which divides areas 

predominantly consisting of water from areas predominantly consisting 

of land. 

The values specified in 4.4.2.4 are to be chosen for the height h. 

For usual wind load: ( v2), the standard value is put f "' 0.86 

For unusual wind load, the standard value is put ~a 1.00 

In applying the statistical method, the following are to be used: 

Mean value of the wind load: 't' = 0. 77 m 
Coefficient of variation: &r a 0.13 

More generally, the expression for ~ can be written 

f ~ 0.76 + 0.14 log10 n 

where n is the repetition time, in the case of usual load 5 years, and in 

the case of unusual load, 50 years. 

See FIG. 4.4.2.2. 

Mean wind velocities 

The mean wind velocity vm is considered to be 1/(1.75 of the design 

instantaneous value. 

Wind velocities in sheltered locations 

In the case of objects in locations where the wind velocity is permanently 

reduced, v
0 

is to be multiplied by 0.8 when the reduction has itetause 

in building development or irregularities in the terrain. A reduction 

occurs where the following relationship holds between the height h(m) of 

the exposed object and the extent a(m),in the direction of the wind, of 

the area which gives rise to a reduction, and where the distance between 

the object and the area in question is not greater than 50 m ???? and is 

at least 500 m ?????. 
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A forest which is not protected is not normally 

permanent, while an urban area is. Solid natural 

formations euch as boulders or rocks, of the 

specified extent and a height above mean gt"oumi · ... 

level ,? 3 m, are usually permanent and give 

rise to a reduction in velocity. 

A local shelter implies a reduction in wind velocity which is to be 

assessed in view of the prevailing conditions. 

Pressure due to wind velocity 

The design pressure due to wind velocity is to:be calculated from the 

velocity by 

2 q ... 0.6 v 

the units being N, m and s. 

., 

4. 4. 2. 3 Dynamic effects due to \-rind load 

??? 

Essentially, the dynamic effects due to wind load are either oscillation 

perpendicular to the wind direction as a consequence of rhythmical 

vortex separation, or oscillation in the wind direction as a consequ~nce 

of the impact effect due to variable wind velocity. 

Vortex separation 

Other types of dynamic effects occur in conjunction 

"L-li th special structures. Weak structures of large 

extent in the wind direction can buffet. Hollow 
"th 

structures ~£/¥~in walls can be caused to undergo 

annular oscillations ?????. 

Vortex separation at a frequency f occurs at mean \-lind velocity 

where d is the extent of the object exposed to the wind perpendicular to 

the wind direction. In the case of conical towers etc, the value 

of d is taken to be the mean value of the width over the upper 

third of the height 

St is the Strouhal Number. For long angular prismatic objects, St 

is independent of the Reynolds Number and has numerical values 

ranging from 0.12 to 0.18, with 0.15 being the one most useful. 

For long cylindrical objects it is assumed to be 0.18 for 

Re~2x105 and 0.25 for Re~2x105. 
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Re (Reynolds Number) • vd;Q 

where v • wind velocity 

d • a characteristic dimension, e.g. the diameter of a cylindrical 

rod on which the wind impinges at right angles, and 

~ • the kinematic viscosity of air 

On average, Re • 7x104 vd, the units being m and s. 

When vm is less than or equal to that for the area concerned and the 

design value appropriate for the total height according to 4.4.2.2, and 

when f is some natural frequency of the object exposed to the wind in 

a direction perpendicular to the wind direction, resonance occurs. 

The stresses caused by resonance are equivalent to those caused by an 

equivalent load W(N) which is uniformly distributed over the leng,th 1 of the 

object in oscillation, 
1 

and is acting in the direction of oscillation. 

In the case of objects of round cross section, with the units m and s, 

the 

w. 

equivalent 

v2 ld 
m 

0.2~ 
m 

load is 

In the case of objects whose cross section is 

other than rou~d, the effect of vortex separation 

should be determined by measurements on dynamically 

and constructively representative models. 

The following values of the mechanical damping 

~ , chosen carefully for non-composite buildings, 
m 

will be accepted. 

Metal structures 

Concrete structures with the 

normal force acting inside the 

cross section 

Concrete structures in pure 

bending 

0.02 

0.06 

Connections which absorb energy such as foundation 

on resilient ground, produce an addition to the 

mechanical damping. 

When one of the following conditions is satisfied, 

the dynamic effect of the wind load is so slight 

that it is permissible for it to be ignored 

without a special check. 
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???? 

a/ 1' 5d 

b/ it is proved that 6 ~ 0.1 
m 

c/ it has been proved that tested construction 

of the exposed object results in the 

oscillation being negligible. 

The stresses caused by gusts are equivalent to those due to a static load 

caused by wind at mean velocity, q/1.75, which is increased by being 

multiplied by the gust factor f of the wind which can be expressed by 

+ " ~ J + 2lf4. t . 
p u \(fb b 

where ~p is the peak factor ???? which is a function of the natural 

frequency of the exposed object when in fundamental oscillation 

in the wind direction according to FIG. 4.4.2.3.a. 

~u is the roughness factor which is a function of the height of 

the structure and the nature of the surrounding country, 

according to FIG. 4.4.2.3. b. The curve applicable to,built-up 

terrain is to be used up to a height of z m, if the building 

development has an extent of x km according to the table below. 

x km z m 

0 0 

0.5 70 

2.0 220 

Linear interpolation between the above values is permi$sible. 
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~b is the dynamic effect of background turbulence and is a function 

of the height of the structure according to FIG. 4.4.2.3 c. 

aa is the size factor which is a function of the natural frequency 

of the exposed object when in fundamental oscillation in the 

wind direction, its height and width, and the mean wind velocity 

according to FIG. 4.4.2.3 d. 

~w is the relative gust energy which is a function of the natural 

frequency of the exposed object when in fundamental oscillation 

in the wind direction, and of the mean wind velocity according to 

FIG. 4.4.2.3 e. 



A1 • the projection, perpendicular to the wind direction, 

of the area per one metre height of a tower-shaped 

building near its top 
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M1 -the mass per one metre height of a.tower-shaped building 

near its top 

~tot is to be chosen according to 4.4.2.4. 

0 see the section on vortex separation. m 

4.4.2.4 Shape factors for wind load perpendicular to the exposed surface 

~e shape factors are to be determined by means of observations on the 

object unde~ the action of wind load in the appropriate environment or 

in a model of this ~hich is correct from the aerodynamic point of view. 

One type of error which is often found in tests 

and published test results is associated with 

the model wind which has an erroneous boundary 

layer or may have none at all in extreme cases. 

The values in the following sections give approximations intended for use 

as the basis of primary strength or stability analysis. They do not give 

such a detailed description of conditions which are likely to occur that 

they can be used generally as the basis of design for the fastenings of 

facade sheeting or such detail dimensions which determine e.g. water 

seepage in joints, or as the basis of design of ventilation plant. 

It is for instance possible for the design 

pressure (not suction) used for facade sheeting 

and the fastenings for such sheeting, to exceed 

by about 3o% locally the approximate values. 

Internal wind load in houses 

The winq_load acting inside a house is determined by the pressure,due to 

wind velocity, outside the house and by a shape factor. When the external 

envelope of the house has the usual impermeabilities in the form of chimneys, 

ventilation openings and similar, such as gaps around doors and windows 

and between building components, .this shape factor is equivalent to suction 

in one or more of the rooms of the house. 



Irrespective of the wind direction, it is 

accepted that the value of /)- .. 0.3 (suction) 

37 

is valid for external walls and roofs. In the 

case of internal walls, the value of ~tot • 0.4 

is accepted for any direction. 

Where one of the external boundary surfaces has some large opening, either 
or 

pennanently/temporarily with a high degree of probability, the inte:r:nal 

wind load is detennined according to FLG. 4.4.2.4.n. 

A door .through which a large number of people 

pass or through which there is frequent movement 

of goods, vehicles etc, is considered to entail 

a high degree of probability of a large opening. 

External wind load on houses 

The wind load acting externally on a house is governed by a shape factor 

detennined, · inter alia, by the direction of incidence. The values specified 

below relate to houses the height of which does not exceed 3 times their 

largest horizontal dimension. 

External wind load on external walls. 

Shape factors according to FIG. 4.4.2.4.b are 

accepted for external walls. The figure states 

the height which is to be used according to 

4-4.2.2. 

External wind load on roofs. 

The same wind loads;:acting from underneath are 

accepted in the case of eaves as for the walls 

below the eaves, according to FIG. 4•4•2•4•b• 

In the case of wind load on a corner, a pressure 

with t~a 0.7, acting from underneath, is accepted 

on both sides of the corner in question. 

In the case of roofs, the wind load applicable 

to which is to be increased in a specified 

boundary zone, it is accepted that this increase 

has such a small distribution that it has design 

significance only with regard to the actual 

fastenings of the external roof covering, consisting 

e.g. of screws or glued joints. The increase does 



not, therefore, affect the loadbearing members 

which may be e.g. she~ting on purlins carried 

by roof trusses. Nor l.s the increase included 

more than locally, e.g. around roof tiles etc, 

in the equalisation of pressure around the 

roof and roof covering which is due to imper­

meabilities and openings. 

Shape factors according to FIG. 4·4·2-4c are 

accepted for pitched roofs. The figure specifies 

the height which ir-; ·i.o be used according to 

4·4-2.2. 

Shape factors according to FIG. 4.4.2.4~d are 

accepted for pen roofs. The figure specifies 

the height which is to be used according to 

4-4.2.2. 

Shape factors according to FIG. 4.4.2.4.e are 

accepted for curved roofs. The figure specifies 

the height which is to be used according to 

4·4·2.2. 

\-lind load on stacks , screens, lattice masts, etc 

~lind load on stacks 

The wind load on a stack is determined at every level by the distance h 

above the ground and by ,wtot according to this section. Near a free end, 

however,~tot assumes values lower than those specified here. 

As a reduction over the length which is 3 times 

the width perpendicular to the wind direction, 

multiplication of ~tot by 0.6 in the case of 

rectangular stacks, and by 0.8 in the case of 

cylindrical ones, ts accepted. 

In the case of stacks of rectangular cross section and of a length greater 

than or equal to 5 times the largest lateral dimension d, which are exposed 

to wind pressure on the side of width b2, the wind load has a resultant 

equal to~tot b2 per 1m length of the stack,in the direction of the wind. 

Values according to FIG. 4.4.2.4.f are accepted 

for ftot• 
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In the case of stacks of square cross section and of a length greater 

than or equal to 5 times the largest lateral dimension d, the resultant 

of the wind load on b per 1 m length of the stack is independent of the 

direction of wind. 

In the case of prismatic stacks with a cross section in the shape of an 

equilateral polygon with n sides, with the diameter of the circumscribing 

circle equal to d and with the length greater than or equal to 5d, the 

resultant of the wind load in the direction of wind is equal to 1~tot d 

per 1 m length of the stack. 

The value of 1.8 for n ~ 5 and the value of 1.1 

for n a 12 is accepted for~tot" Linear inter­

polation is to be carried out between these 

values. 

In the case of angular stacks, e.g. rolled 

sections, the value of~ot is approximately 2. 

Generally speaking, the resultant of the wind 

load is not along the direction of wind. 

In the case of cylindrical stacks of length greater than or equal to 5d, 

the resultant of the wind load in the direction· of wind is equa( to tJ.Itotd 

per 1 m length of the stack. 

Values according to FIG. 4.4.2.4g are accepted 

forf'tot" The height u of surface roughness 

on a rolled s~eel section after painting may 

be assumed to be equal to 0.2 mm. 

The distribution of the wind load intensity about a stack of circular 

cross section is shown in FIG. 4.4.2.4.h for~tot ::a 0.7, corresponding 

to u/d = 1x1o-3• 

Wind load on screens 

In the case of screens carried on angular posts, the resultant of wind 

load in the wind direction is determined byfVtot and the gross area (the 

area enclosed by the external contours) of the screen, projected onto a 

plane perpendicular to the wind direction. The height h according to 

4.4.2.2 is to be measured in the case of screens without contact with 

the ground to the level equivalent to the mean value of the pressure due 

to wind velocity, and in the case of screens with contact with the 

ground, to the top of the screen. 



Values according to FIG. 4.4.2.4i are accepted 

for~ot in the case of a screen with contact 

with the ground, but only if ita height is not 

more than twice as large as its length. In the 
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case of screens on cylindrical posts, the specified 

values of fNtot are somewhat too large. 

The wind load is to be reduced in the case of a screen located in th~ 

lee of one or more similar screens. 

14ul tiplication by K according to FIG. 4.4. 2.4 k 

is accepted as an expression of this reduction. 

Wind load on lattice masts with equal sides 

At every level, the height h accoraing to 4.4.2.2 

is the actual height, o(. is the same for all sides, 

and the wind direction is arbitrary. 

In the case of lattice masts with angular members, 

with a squar~section and l'li th 0. 1 E- ()(. "0. 5, 

~tot c: 4-4 (1- ()(.)(). 

and A is the gross area of the side of the mast. 

In the case of lattice masts with cylindrical 

members, with a square section, with the corner 

members larger than the other members, and with 

0.1 ~ {;(~0.3, when, for all members, Re ~ 5x105, 

}"tot == 2.6 (1 - t:J.)tX 

and A is the gross area of the side of .the mast. 

Where, in the latter case, the cross section of 

the mast is an equilateral triangle, we have 

analogously 

ftot = 2•1 ( 1 - P(l()( 

\fuere, in the case of some members, Re >5x105, 

~tot is not greater than according to (4.4.2.4b) 

or (4.4.2.4c). 
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Wind load on canopies 

Canopies made up of one or more planar surfaces are assumed, irrespective 

of actual conditions, not to have any of their parts inclined at less 

than ~ a 5° to the horizontal. 

Wind load on bridges 

Values according to FIG. 4.4.2.41 are accepted 

for foltot and for j.. which indicates the position 

of the resultant v1ind load, provided that the 

clear height below the canopy is at least one 

half the horizontal width of the canopy. The 

height h according to 4.4.2.2 is measured to 

the highest edge of the canopy. 

The wind load on the canopy, to be used for 

design of the fastenings of the external roof 

covering, is determined by~, = 2. 
/"'max 

The wind load on a bridge constructed of trussed or solid girders is 

detennined, as appropriate, by the rules stated under "Wind load on 

stacks, screens, lattice masts, etc". In the case of traffic load on 

a bridge, the value~tot = 1.8 is applied. 

Unless other values are evidently valid, the 

height of the traffic load is assumed to be 

3.8 m in the case of railway bridges, 2.0 m 

in the case of road and street bridges, and 

1.7 min the case of pedestrian and cyclist 

bridges~ 

In the case of a solid bridge according to 

FIG. 4.4.2.4 m, the value accepted is 

f"tot 

The wind load acting on handrails etc is to be 

added to the wind load according to (4.4.2.4d). 

The load W according to (4.4.2.4d) formally acts 

over the length e along the underside of the 

bridge. The most critical situation according to 

(4.4.2.4d) arises when 



In the case of special types of bridges and particularly when there are 

Qynamic effects to consider, the principal rule at the head of section 

4.4.2.4 is to be applied. 

4.4.2.5 Shape factors for tangential wind load 

The height h according to 4.4.2.2 is to be measured to the aotual height. 

The magnitude of the tangential component of the wind load is a function 

of the roughness of the surface concerned. The following values will be 

accepted. 
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Smoot~concrete surface f't • o.oo6 

Water pressure 

Surface with transverse ribs or 

corrugations according to 

FIG. 4o4o2o5a 

Facade with inset balconies 

according to FIG. 4.4.2.5b 

Facade with doors and wind'ows 

which~s otherwise smooth 

fAt • 0.05 

It is assumed ·that only one facade at a time 

is acted upon by tangential wind load. 

Water pressure due to natural water level in regulated or unregulated 

watercourses and lake.s or the sea is ~lassified with regard to the 

variation in time of the water pressure, on the basis of observa~ion at 

the location concerned. With regard to variations in space, wate~ pressure 

is classified as "bound" load. With regard to the probability of a. certain 

intensity of load, water pressure is classified as followsa 

Water pressure at mean water level (MW) is classified as constant 

load (k). 

The difference between water pressure at low water level (LW) or high 

water level (HW) and that at mean water level is-classified as non­

short-term usual load (v2) • 
.d'Jo 

@. The difference between t ~ , --.a ....... .:~ nm1s11al load is 
wa er pressure at lowe t 1 . 

highest high water level (HHW) a ow water level (LLW) or 
and that at mean wat 1 

as unusual load (ov). er evel is classified 
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In applying the statistical method, the assumptions concerning mean values 

and the coefficient of variation must be based on observed values of the 

high and low water levels over one year. 

Ice pressure 

It should be noted that mean water level is.not 

normally equivalent to the mean value of the 

water pressure according to the definitions 

given here. 

A structure situated in water is assumed to be acted upon by ice pressure 
pressure on a stationar~ ice sheet due to flow of water, 

due either to a change in the temperature of a stationary ice sheet, / 

or drifting ice. The ice pressure is normally assumed to act horizontally 

and at the level of the water surface. The magnitude of ice pressure is 

determined in view of local conditions and the shape of the structure. 

The magnitude of the ice pressure which is used as the basis of design 

is to be chosen in such a way that it is equivalent to unusual load. Ice 

pressure of this magnitude is assigned, with regard to its duration, to 

Class B according to 2.1.2. 

Ice pressure is static load and non-recurrent load. Ice pressure is "free" 

load, al thougl\there is no need for the load to be assumed divided into 

part loads with intermediate unloaded parts. 

Loads due to accidents 

General 

The value of 50-150 kN/m is accepted for unusual 

ice pressure due to temperature rise, in lakes 

and calm watercourses with comparatively 

favourable conditions. The highest value is to 

be applied to the northern parts of Finland and 

Sweden, and the lowest to Denmark. 

These values do not as a rule apply to bridges 

where conditions are often unfavourable and a 

higher ice pressure must be allowed for, due, 

inter alia, to the effect of drifting ice. In 

the case of structures other than bridges where 

conditions are equivalent to those applicable to 

bridges, it is appropriate to apply the values 

of ice pressure applicable to bridges. 

In most cases, loads due to accidents are short-term loads which can be 

assigned to Class C or D according to 2.1.2, but can also in certain cases 

(e.g. in conjunction with flooding) be assigned to Class B. 
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The relative duration can in most ca'ses be put equal to zero. 

It is stipulated that after the occurrence of a load due to an accident, 

measures are taken to eliminate the consequences, if any, of this with 

regard to the state of the structure. 

A load due to an accident is in most cases regarded as a "free 11 load. 

On being classified according to 2.3, a load due to an accident is 

regarded as an extreme load (e), unless there are special conditions 

to warrant otherwise. 

In the following sections, loads due to accidents 

in the form of collisions with a vehicle, 

unintentional impact and explosion, will be dealt 

with.The instructions given in these section are 

intended for use as a guide in choosing values 

of load in other cases. 

In applying ·the statistical method, the specified standard values can be 

used as deterministic values, i.e. the standard value is assumed to be 

equal to the mean value and the coefficient of variation is assumed to be 

equal to zero. 

Collision with a vehicle 

Unless a more accurate analysis is performed, 

the following method is accepted. 

In conjunction with a collision by a vehicle, 

parts of the structure (columns, walls, beams 

etc) are assumed, where it is stipulated that 

they completely prevent the movement of the 

vehicle, to be acted upon by a horizontal force 

F at an arbitrary position within the range of 

1.0-2.0 m, measured vertically, from the plane 

on which vehicular traffic takes place. 

The force F can be assumed to arise due to the 

fact that the vehicle has kinetic energy W and 

its motion is retarded over a distance which is 

equivalent to the deformations in the vehicle. 

The magnitude of the kinetic energy W is assumed, s 
in the case of unhindered unintentional entr,y into 

a building, to decrease from the value W at the 
0 

boundary of the area traversed by traffic to the 
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value 0 over a distance s as shown in FIG. 4•5o2.a. 
0 

The force F is assumed to decrease from the value 

F
0 

to 0 according to 

F • F ~ Ws 
0 w 

0 

If a structural component is proportioned in 

such a way that, on being hit by a vehicle, it 

is capable of resisting a force less than F, 

then it is considered to be completely destroyed 

on being hit and to lose its load carrying 

capacity for all kind~ of loads. 

If the vehicle is supposed to cause a number of 

columns to fail before it stops, its kinetic 

energy is reduced in consequence 

partly by the amount of energy Wk which the 

destroyed columns can take up prior to failure, 

partly by the amount of energy Wf which has been 

absorbed due ·to defor!llations in the vehicle. The 

total magnitude of this energy may be assumed 

to be given by 

F 2 
wf .. (~) w 

F
0 

o 

where F is the greatest force developed by any m 
of the columns, including the one which stops 

the vehicle~ 

The principle is illustrated by FIGs. 4.5.2 b 

and c. FIG. b shows the case where the first 

column has the maximum capacity F to absorb 
m 

force. FIG. c shows the case where the column 

which finally stops the vehicle has the maximum 

capacity to absorb force. 

For some usual cases, values which are accepted 

in applying the above method, ar~iven below. 

a/ For a building along a traffic route ca~rying 

normal road or street traffic - or where such 

traffic may occur- it is assumed that 



F .. 1500 kN 
0 

s • 25 m 
0 

W • 1500 kNm 
0 

s
0 

is measured from the boundary of the carriage­

way.(see FIG. 4.5.2 d). Entry by a vehicle into 

a building is assumed to be possible in the 

directions given in FIG. 4.5.2 d. In order that 

unhindered entry by a vehicle into a building 

may be supposed, it is necessary that there is 

a clear space of width 3 m and height 2 m. . 

b/ For a building along an area where normal 

road or street traffic does not occur, _nor 

can it be assumed to occur, ~ut where 

vehicular traffic can nevertheless occur, 

it is assumed that 

s • 5 m 
0 

W
0 

• 100 k:Nm 

Such areas are courtyards, garden and park 

areas etc where maintenance vehicles and 

delivery vehicles may occur, as well as areas 

referred to under a/ but where the forc~s 

according to b/ are greater. 

s in this case is at all times measured from 

the boundaries of the building in the plane 

on which the vehicle drives. 

Entry by a vehicle is assumed to be possible 

in the directions shown in FIG. 4.5.2 d. In 

order that unhindered entry by a vehicle into 

a building may be supposed, it is necessary 

tl}at there is a clear space of width 3 m and 

height 2 m. 

c/ For a building where traffic occurs inside 

the building, it is assumed that 

F • 150 kN 
0 

s • 2m 
0 

W
0 

• 20 kNm 

s is measured from the boundary of the area 

on which traffic is possible, as in FIG. 4.5.2 do 

The conditions are otherwise the same as i~/. 
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d/ In the case of a multistorey garage for cars 

it is assumed, when a/ orb/ are not applicable, 

that 

F • 40 kN 

Unintentional imoact 

It is assumed that all accessible structural components i~ a building 

are subject to individual horizontal impact forces F (due to causes ·other 

than collision with a vehicle) which ha~~n arbitr~ry position and the 

magnitude 

F • 20 kN 

This value applies in the case of residential and office buildings, 

hospitals, schools etc where there is no particular reason for larger 

impact forces to occur. In industrial buildings and similar buildings, 

the magnitudes of the im~act forces which may occur are to be determined 

in each in~ividual case. For instance, in buildings where there are 

overhea~ranes, larg.er impact forces can occur as a result of load 

oscillation. 

Explosion 

Where necessar,y, · a building frame is to be designed with regard to the 

different forms of explosion which may occur in view of the activity in 

and around the building. In the case of buildings where explosives or 

other explosive substances are handled or stored in such quantities that 

risks with regard to the state of the building frame may occur, the. 

design assumptions are to be chosen in each individual case in view of 

conditions. The same applies to build~ngs which contain large pressure 

vessels. In other buildings, it is considered that the principal .risks 

are associated with gas explosions. It is assumed that it is pos~ible 

for explosive gas mixtures to form in most types of premises, e.g. due 

to leaks from gas pipes, to unintentional evaporation of volatile 

liquids (e.g. petrol) or to vaporisation of the external cladding or 

surface finishes in conjunction with unintentional rises in temperature 

(e.g. in conjunction with fire). 

The following is accepted as a reasonable way 

of assessing pressure conditions in conjunction 

with gas explosions. In conjunction with 

explosions, the gas pressure is assumed to vary 

in time according to FIG. 4.5.4.a. The time t 1 



for pressure rise is to be chosen in the most 

unfavourable manner within the interval 0.1-1,0 s. 

The time t 2 for pressure drop is to be chosen 

within the interval 0.1-10 s, the longer times 

being applicable in the case of spaces where 

reduction in pressure as a result of ventilation 

is slight. 

The maximum pressure p io assumed to be a 
0 

function of the volume V of the room where the 

explosion occurs, as shown in FIG. 4.5.4 b, 

and of the possibility of pressure reduction 

due to certain weak portions of the walls 

enclosing the roorn being pressed outwards. Only 

windows and comparable elements are regarded 

as such portions. The pressure p is assumed 
0 

t~e a function of the factorS, where 

e .. ~ 
A 

where 

A1 is the total window area, and 

A is the total area of enclosing walls, ceiling 

and floor. 

The pressure computed in this way is assumed to 

act on, and be transmitted by, all the enclosing 

surfaces of the room, and therefore also by · 

such secondary building elements which cannot 

be assumed to withstand the pressure. The forces 

transmitted by the secondar,y building elements 

to a loadbearing structural component are however 

limited to values of these forces which can be 

resisted and transmitted by these secondar,y 

elements (in the ultimate limit state). 

It is assumed that explosion does not occur 

simultaneously in a number of closed rooms. 

By opening the doors bet\'reen a number of small 

rooms, a larger closed room can be obtained. 

In order to limit the extent of calculations, 

it is permissible for a reasonable selection of 

rooms, which are assumed to become filled with 



Deformation action 

Action due to :temperature 

gas, to be made. In the case of residential 

buildings, it can be assumed, for instance, 

that both individual rooms and a whole flat 

will become filled with gas. 
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This relates to the primar.y deformations which arise as a consequence 

of temperature expansion and the forces, moments or stresses which 

occur when such deformation is .P~evented. 

Assumptions regarding temperature processes are given in section 5.2. 

Action due to moisture 

This relates to the primar,y deformations which arise as a consequence 

of the shrinkage and swelling of materials caused by moisture conditions. 

Assumptions regarding moisture conditions are given in section 5.3. 

5 ENVIRONMENTAL ACTIONS 

5.1 General 

5-2 

5.2.1 

In designing a s.tructure, the different kinds of environmental actions 

which may occur are to be taken into consideration. Sections 5.2 and 

5.3 contain regUlations and instructions concerning temperature and 

moisture conditions. other environmental action is chemical action, 

biological action and action as a result of radiation. 

Temperature action 

Inside temperature 

In constantly heated premises with satisfactory thermal insulation such 

as dwellings, offices, hospitals, schools, department stores and similar, 

the mean temperature is assigned, as regards its duration, to Class A 

according to 2.1.2. The relative duration is put at~ - 1. The mean 

temperature is regarded as constant action (according to 2.3). Temporary 

variations in temperature about the mean value, caused by temporary high 

outside temperatures, temporar.y stoppages in heating, etc need only be 

taken into consideration in cases where the structure is considered to 

particularly sensitive to such variations. 

+20°C is accepted as the mea~alue of inside 

temperature. 
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In the case of unheated premises, it is assumed that the inside temperature 

will to some extent follow the outside temperature. Premises which have 

no heating at oertain times during the cold part of the year or have only 

limited heating facilities, are also regarded as unheated premises. In the 

case of buildings whose enclosing surfaces have a great capacity for 

emission or absorption of radiation, consideration is also to be given to 

the effect of radiation. 

5.2.2 Outside temperature 

5.2.2.1 Gcnero.l 

Unless a special investigation is carried out, 

it is permissible for the temperature in unheated 

premises with slight thermal insulation and small 

thermal capacity to be assumed to follow the 

diurnal mean value or the outside temperature. 

In the case of unheated premises with _satisfactory 

thermal insulation and high thermal capacity, it 

is permissible for the temperature to be assumed 

to follow the 3-day mean value of the outside 

temperature. 

Assumptions regarding outside temperature (air temperature) are to be based 

on observations in the area in question. If there are no such observations 

or they are not utilised, the following is accepted. 

5.2.2.2 Mean temperature 

The mean temperatures are set out in FIG. 5.2.2.2. 

5.2.2.3 High and low temperatures 

Characteristic values of the mean temperature over a certain 

period (one month, 7 ~s, 1 ~ and 1 hour) 

are given below. The specified values relate to 

usual action. In accordance with 2.3, the 

characteristic value stated is that mean temperature 

during the continuous period in question which 

has the probability of 0.2 of · being exceeded (in 

the case of high temperatures) or not reached 

(in the case of low tempe-ratures) at least onoe 

in one year. It is thus to be expected that the 

characteristic value will be·exceeded, or not 

reached, on average once ever.y five years. 



5.2.2.4 Temperature variations 

Characteristic values of high mean temperatures 

are given in FIGs. 5.2.2.3 a-c. 

FIG. a gives the monthly mean value 

FIG. b the 7-day mean value 

FIG. c the diurnal mean value 

The one-hour value (= the maximum temperature) 

is assumed to be 5°C higher than the diurnal 

mean value. 

Characteristic values of low mean temperatures 

are given in FIGs. 5.2.2.3 d-f. 

FIG. d gives the monthly mean value 

FIG. e the 7-day mean value 

FIG. f the diurnal mean value 

The one-hour value (a the minimum temperature) 

is assumed to be 5°C lower than the diurnal 

mean value. 
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The relationships between characteristic values 

of temperature and the relative duration are 

given in 

FIG. 5.2.2.3 g (high temperatures), and 

FIG. 5.2.2.3 h (low temperatures). 

The temperature variations given below are 

classified as usual action. 

Characteristic values of the diurnal variation 

in temperature (the difference between the highest 

and lowest temperature during one and the sam~ay) 

are given in FIG. 5.2.2.4 a. 

Characteristic values of the variation in 

temperature over 7 days are given in FIG. 5.2.2.4 b. 

Characteristic values of the variation in 

temperature over one month are given in 

FIG. 5.2.2.4 c. 

Large temperature variations over a certain period 

are often associated with high or low mean 

temperatures over the same period. 
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Special cases 

In special cases where the activity in and near the building gives rise 

to special temperature conditions, the assumptions concerning the 

temperature processes are to be based on information regarding the kind 

of activity. Classification is to be based on the principles in Chapter 2. 

Such cases are, for instance, certain industrial 

plants, water towers, tanks in sewage treatment 

works, winter aport installations, cold stores, 

etc. 

Temperature action in conjunction with fire 

Temperature conditions in conjunction with a fire are to be assessed on 

the basis of information concerning fire load and the thermal properties 

of the building. Temperature action as a result of fire is to be classified 

as extreme action according to 2.3. With regard to load combinations in 

conjunction .with fire, see Chapter 3. 

Action due to moisture 

Internal climate 

Further information concerning determination 

of the temperature process in conjunction with 

fire is to be . found in---

Determination of the moisture conditions inside a building are to be based 

on information concerning location, degree of heating, ventilation etc. 

External climate 

In most rooms in dwellings, offices, hospitals, 

schools, department stores, as well as in similar 

constantly heated premises where no special 

measures have been taken to regulate moisture 

conditions, the values of relative humidity 

during different parts of the year, given in 

FIG. 5.3.1, are accepted. The duration of the 

action is to be assessed on th~basis of the 

figure. The action is to be regarded as non­

short-term usual action. 

Assumptions concerning humidity outdoors are to be based on observations 

in the area concerned. If there are no such observations or they are not 

utilised, the following will be accepted. 



Special cases 

In FIGs. ).).2 a-g are given charac~eristic 

values,relating to usual action, for the 

relative humidity outdoors. FIGs. a and b give 

the annual mea~ value for high and low humidity 

respectively. FIGs. c and d give, in the same . 
way, the monthly mea~lues, and FIGs. e and f 

the 7-daY mean values. Variations over one day 

are given in g. It must be pointed out that 

53 

the values specified relate to average conditions. 

Large variations may occur due to -location. 

In special cases where the activity in and near the building· gives rise 

~o special moisture conditions, the assumptions concerning moisture are 

to be based on information regarding the kind of activity. Classification 

of the action is to be based on the principles in Chapter 2. 
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FIG. 2.1.4.a. Load spectrum 

FIG. 2.1.4.b. Simplified description of load spectrum 

Beam-column system 

Secondary beams 

Main beams 

Slabs 

Main beams 

Centre beam support moment 

" II span moment 

Outside beam1 £upport moment 

span moment 

Secondary beams 

Support moment 

Span moment 

Columns 

Centre row 

Outside row 

m support moment 
X 

span moment· 

my span moment 

A 

2 11 • 2 12 

11 2 1 
2 

2 11 • 12 

11 • 12 

2c • 2 12 

2c • 12 

2 11 • 2 12 

2 11 . 12 

b • 2 1 

b ~ l 

b • 1 

Normally, b E l for solid slabs. In the 

case of prefabricated slab components, 

b = the width of the component. If there 

are special arrangements which produce 

interaction between the components at 

the ultimate stage, b may be made larger 

than the width of the component. 

Note that the expressions given for loaded area are intended 

only for determination of the value of load per unit area. 

They are not intended to show, e.g., how the load on a column 

is to be calculated. 

In applying the limit state theory, the support moment and 

span moment are often not determined individually. In such 

cases the area indicated for the span moment should be used. 

FIG. 4. 3.1.1. Loade·d area A for determination of the magnitude of the 

load portion b. 



FIG. 4.3.2 Forces due to bulk products 

FIG. 4o3o3o2 

Loaded 
lane 

p - 180 kN 

incl. dynamic allowance 

Loaded area 

FIG. 4.4.1.2a Usual snow load on ground in kPa 

FIG. 4. 4. 1 • 2b Unusual snow load on ground in kPa 

Linear interpolation 
with~ 

Linear interpolation with Pt.. 

Linear interpolation with~ 

For a non-symmetrical pitched roof, each half of the roof is to be 

regarded as one half of a symmetrical pitched roof. 

Alternative 1 

Alternative 2 

For r:J,. ~ 15°, only alternative 1 is applicable 

For ~?15°, both alternative 1 and alternative 2 must be investigated. 

FIG. 4.4.1.3c 

h in m and q in kPa . g 

Restrictions 

f"r is to be detennined so that qj-rL)2 is equivalent to 50% of the 

snow load which can be supposed to slip down from the upper roof. 

FIG. 4•4•1.3d 
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~ and~2 are to be calculated according to FIG. 4.4.1.3d 

FIG. 4.4.1.3e 

Restrictions 

h in m and q in kPa 
g 



??? Peak factor ??? 

Mean wind velocity v , design instantaneous value vh m . 
of the \'lind velocity for unusual wind, and the pressure 

q due to velocity,corresponding to vh 

The peak factor of the wind load as a function of the 

natural frequency f
0 

of the exposed structure when in 

fundamental oscillation 

Roughness factor 
Built-up country 
Open country 

FIG. 4.4.2.3b The roughness factor of the wind load as a function of 

the height h of the structure above the ground, and the 

nature of the surrounding country 

Stimulus due to background turbulence 

FIG. 4.4.2.3c 

Size factor 

FIG, 4.4.2.3d 

FIG. 4.4.2.3e 

FIG. 4.4.2.4b 

Height of structure above ground, h m 

Stimulus derived by the wind load from background 

turbulence, as a function of the height h of the 

structure above the ground 

The size factor of the wind load as a function of f h/v , o m 
where f is the natural frequency for fundamental oscillation, 

0 

h the height of the exposed object, d its largest lateral 

r'limP.nsion. and v .. the mean velocity of the wind 
Relative impact energy 

The relative wind impact energy as a function of fjvm (m-1), 

where f 0 is the natural frequency for fundamental _oscillation 
and vm the mean velocity of the wind. 

E. but 
2 h 
always~2 

Shape factor for external wind load on external walls 

Increase in boundary zone 

Shape factors for external wind load on pitched roofs 

Suction is denoted -

Pressure is denoted + 



Increase in boundary zone 

FIG. 4.4.2.4d Shape factors for external wind load on pen roofs 

Suction is denoted -

Pressure is denoted + 

Shape factors for external wind load on curved roofs 

Suction is denoted -

Pressure is denoted + 

FIG. 4.4.2.4f Shape factor for rectangular stacks with 1 ~5d.)= b1/b2 

FIG. 4.4.2.4g Shape factor for cylindrical stacks with 1 ~5d. Re is 

the Reynolds Number and u the height of surface roughness 

over the surrounding area 

FIG. 4.4.2.4h Distribution of the intensity of wind load around a stack 

of circular cross section when ftot = 0.1. + denotes 

pressure and - denotes suction 

Shape factor for a screen carried on angular posts. The 

mean value of the pressure due to velocity, according to 

4.4.2.2, determines the height h.(X= A~A, where Ap is 

the net area of the posts in the screen which are acted 

upon by the wind, and A the gross area of the screen. 

~ b1 ~1 
b2 

= "b:' or ~ = - ~1 
2 b1 

In the case of screens in contact tli th the ground, the 

figure is valid only for b1/b2 = h/b2 ~2. 

FIG. 4.4.2.4k Shape·factor for a screen in the lee of another. The 

shape factor according to FIG. 4.4.2.4i is to be reduced 

by multiplication by k 

The shape factor~tot and the position of the resultant 

according to ·?. for canopies l'lhich are inclined ~to the 

horizontal. ~is assumed to be -~ 5°. 

All the data is valid both for the situation shown and 

for that with the canopy upside-down. 

Solid bridge or box section bridge. Symbols for calculation 

of the wind load Wand its position, determined by e. 
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FIG. 4·4•2.5a· Surface with transverse ribs or corrugations. Symbols 

for calculation of tangential wind load 

FIG. 4.4.2.5b Facade with inset balconies 

Constant 
load k 

FIG. 4.4.3 

:Boundary line 
for traffic 

FIG. 4.5.2a 

FIG. 4.5.2b 

FIG. 4.5.2c 

Column 1 Column 2 Column 3 

Column 1 Column 2 Column 3 

Direction of entry (straight line) 

:Boundary line for traffic 

FIG. 4.5.2d 

·time 

FIG. 4o5o4oa 

FIG. 5.2.2.2 Mean temperatures (determined on th~asis of observations 

over 60 years) 

FIG. 5.2.2.3f Characteristic value~ of low diurDfl mean temperature 

(determined on the basis of observ~tions over 60.years) 

Relative 
Humidity fo 

FIG. 5.3.1 
I 

Relative humidity in4oors 
I 
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Table 4.1. Summar,y of the properties of loads 

The table lists the normal cases. Cases which occur less often are given in brackets. Exceptions (specified 
in the appropriate section) are shovm in the Remarks column, or may not be shown at all 

Load 
K~nd of load Section Load 

Classifi­
cation 
according 
to 2.3 

Classification with regard to variation 
in time 

Weight of building 
components and 
earth 

Useful load 

Natural load 

Load due to 
accidents 

Weight of 
building com­
ponents 

Weight of 
building com­
ponents when 
handled 

Weight of earth 

Load due to fui'­
nishings and 
persons 

Dist.load, portion a 
___ !! ______ , ______ ,, __ - b 

Conc.load, furnishings 

" " persons 

Duration 
Class Rel. 

dur. 

Load due to goods and bulk products 

Static=S Non-recurrent 
Dynamic .. D load "" En 

Recurrent load::oFl 
Fatigue lo~d=U 

Load due to vehicles and transport appliances 
Load due to machiner,y 

Snow load 
Wind load 
Water pressure 
Ice pressure 

Collision 
Unintentional impact 
Explosion 

Classification with regard 
to variation in space 
"Bound" load = B 
'lFree" load = F 

Remarks 

Exceptions 

Exceptions 

Only certain 
structures 

Free load 
portion 
considered in 
certain cases 

Not v1holly 
bound load 

Deformation Action due to temperature 
Action due to moisture 

Applies only 
to certain parts of the 

* indicates that the property concerned must be assessed in view of conaitions. structure V1 
\.0 



Table 4.2.1. Weight of building ma.teri&ln and structures 

Material 

Natural stone 

Basalt 

Mean value 
f m 
kN/m3 

Granite, gneiss, marble, limestone 

Slate 

Sandstone hard 

loose 

Concrete and mortar 

Concrete mix (not yet set) 

Concrete plain 

normally reinforced 

heavily reinforced 

Cement mortar 

Lime-cement mortar 

Lightweight concrete 

Cellular concrete units 

Clinker concrete 

Brickwork and blockwork 

Concrete wall blocks and 
solid concrete blocks 

Hollow concrete blocks 

Cellular concrete blocks 

Clinker blocks 

Sandy limestone 

Bricks 

Bitutnen etc 

Bitumen 

Bituminous road surfacing 

Metals 

Steel 

Cast iron 

Aluminium and its alloys 

Copper 

Coefficient of 
variation 
vf 
% 
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Remarks 

Moisture content 



Table 4.2.1 continued 

Timber and timber products 

Pine or spruce 

:Birch 

Oak or beech 

Plywood of pine or spruce 

Plywood of birch 

Chipboard 

Wood fibre board, hard 

semi-hard 

porous 

Moisture content1/ 

1/ With an accuracy sufficient for calculation of weight, it can normally be 

assumed that an increase in moisture content by 1o% (e.g. from 12% to 2~) 

causes 1~~ increase in weight 

Cladding, insulation and 

fill material 

Asbestos cement, compressed 

not compressed 

Asbestos cellulose cement, compressed 

Plasterboard 

Glass 

Wood wool slabs 

Clinker, dry 

moist 

cement-bound, dry 

Table 4.2.3 Weight of earth 

Soil type 

Broken rock 
Moraine 
Gravel and sand, loosely packed 
natural moisture 
saturated 

Mean value 

Gravel and sand, compacted graded 
natural moisture 
saturated 
Clay and silt 

Moisture content 

Dry 

Coefficient of 
variation Bernarks 
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Table 4.3.1.1a. Loads due to furnishings and persons, distributed load. Characteristic values. 

Type of premises 

1 All rooms in dwelling houses of one 
or t\·to storeys 

Load 
portion a 

Rooms in other dwelling houses and hotels 
Patients' and -staff rooms in hospitals etc 

2 Offices; instruction rooms in schools 

3 Shops, department stores, assembly halls 
stands with seats 

4 Balconies, terraces, stands vtithout seats 
dance halls 

5 Courtyard slabs without vehicular traffic, 
roof terraces 

6 Attic spaces and pennanent stairs to 
attic spaces 

7 Spaces for personal transport, stairs, 
corridors etc which belong to premises 
of all types, with the exception of type 6 

Load portion b 
.Remarks 

Non-short-tenn Short-term Unusual load 
usual load usuel ~l~o~a~d~--------------------------------------

The values of load have 
been raised by 33;fo to 
allow for ~~~ic effects 

In the case of stairs, t 
the whole load (1.0 kH/~ 
is assumei t> ·be 
short-tenn usual load 



Table 4.3.1.2 

Structure Direction 
of force 

Loaded ar!'.lc. Mean value Chancteriotic value of 

Flr;.or slabs 

Balcor.ies etc 

Stairs 

Roof ••hich 
supports a 
person 

difference in 
level 

Roof v1hich does 
not support a 
person 

Halls, balcony 

vertical 

vertical 

vertical 

perpendicular 
to roof 
surface 

fronts, etc horizontal 

Handrails etc horizontal 

of force, kl'T .;:;f..;:o;.;r:....;c~-e;__ ________ _ 
r:!<l.Gni tucle Group accord-
leN infi to 2.3.1 

unusual 

unusual 

unusual 

unusual 

extreme 

extre;ne 

ex~rer:: c 

Rer:1.ari·:s 

For a roof incli­
n.:."l.tion ofC\

0
, the 

force is to be 2 
r:ml tiplied by cos K· 
Line~r interpolation 
fordifferences in level 
between 0.2 and 0.6 m 

Th~orce acts 0-1.5 o 
above the floor 

Loaclc'l length = 0. 2 :n 

c+t:l>-3 
0 ro«; 

Ul"d 
--= 1-'•(1) 
l'ltn 
0"~0 ...... H) 
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Table 4. 3. 2a. \1eights and angles of internal friction o.l bulk coods 

Kind of bulk eoods 

Solid fuels 

Coal 
Coke 
Peat, loosely packed 
Charcoal, 11 11 

Mineral bulk eoods 

Cement 
Powdered lime 
Lime fertilizer 
Limestone, bvoken 
I ron ore, 1 umps 

II " ore concentrate 
Rock salt 
Cooking salt 

F'oodstui'fs and ac;ricul turol products 

Grain 
Hay and straH, loose 

chopped 
compressed 

Silage 
Beet pulp 
Root vegetables 

Liquids 

Fuel oil 
Paraffin, diesel oil 
Petrol 
Alcohol 
Glycerine 

Angle of internal 
friction 

Table 4.3.2.b. Coefficient V for determination of the anrrle of friction 
between bulk goods and the surface of the structure 

Surface of structure 

Concrete 

Timber 

Metal 

Value of ~ 
upper limit lower limit 
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FOREWORD 

These comments provide the background to the regulations and instructions 

contained in the loading regulations. They also contain clarifications 

and explanations, as well as views, directed at the authors of those 

other regulations which the loading regulations are associated with. 

The background, as set out, can also serve as an example which can·be 

made use of by individual designers in conjunction with the assessments 

of various actions which must be made in eaph case. 

The comments are arranged under the same headings and have been given 

the same numbers as the sections in the regulations and instructions •. 

Comments are not, however, given on all sections. The definitions are 

commented on in connection with those sections to which the explanations 

mainly refer. 
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K2 

K2.1 

K2.1.2 

CLASSIFICATION OF ACTION 

Variation of an ac tion in time 

Duration of action 

The importance of the concept of duration becomes particularly evident 

owing to the introduction of environmental action. With regard to the 

effect of environmental action, duration is often absolutely critical. 

The definition of the concept of duration is that generally accepted. 

FIG. K2.1.2 a shows an example of a duration curve relating to load 

in the form of action of force, q. With regard to one and the same action, 

different cases can often be of interest. In the case of temperature, 

for instance, the duration of high temperature·or low temperature can 

be of interest. FIG. K2.1.2.b shows an example of a duration curve 

relating to low temperature T with the intensity q = T - T, where T 
0 0 

is an appropriately selected initial value. 

The concept of continuous duration is introduced here in view of the 

fact that this quantity is often of essential significance, for instance 

for the calculation of deformations. 

In the same way as in the case of duration, continuous duration may relate 

to different cases, e.g. high and low temperature. 

The concept of relative duration is intended to express the proportion 

of time over which the intensity of a certain action exceeds a certain 

value. In order that the value of the relative duration should have the 

same meaning at different times, it is necessary for the variations in 

intensity of the action to be similar over the whole period of use. Where 

this is not the case, the period of use can be split up into parts so 

that this stipulation is valid in each of these parts, and the relative 

duration is then given different values for different parts. 

Whether a load produces a long-term effect and, if so, how great this 

effect is, is naturally dependent on the material in the structure in 

question. In view of this it has not been possible to lay down any rules 

regarding the long-term effect of different loads, and a number of 

quantities which can be used in the appropriate material codes, have 

instead been defined. Chapter 4 in th~regulations gives values of these 

quantities in certain cases for the loads which are defined in that 

Chapter. In the case of other loads the v.alues of these quantities can 

be assessed on the basis of the definitions. These quantities have been 

chosen with particular reference to the assessment of creep deformations, 
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cracking in concrete structures, and reduction of strength as a consequence 

of long-term loading. Views on the use of these quantities are given in 

the following. 

A description is given below of a method of using the defined quantities 

/
creep 

for assessing the magnitudes of deformations in the case where the load 

varies more or less periodically in time. 'l'he method of assessment is to 

be regarded as a relatively approximate one, but should nevertheleso be 

regarded acceptable in view of the fact that general knowledge concerning 

creep defo~nations is incomplete. 

One stipulation is that the assumption regarding proportionality between 

stress and strain, and the principle of superposition, are valid both in 

the case of instantaneous deformations and creep deformations. Many 

research workers have verified that these assumptions can be considered 

to hold for usual construction materials, provided that the stresses 

are kept within certain limits. 

The method implies that in the case of a load whose intensity q varies, 

the long-term effect with regard to deformation is assessed as the 

aggregate effect of the following two cases: 

1/ The load q acts as constant load over the whole period of use of s . 
the structure. 

2/ The load q - q acts during the time t , which can be given an max s qs 
arbitrary value Juring the period of use. 

'rhe symbol q in this case denotes the average load (the mean intensity of s 
the load over a long time), i.e. the area underneath the curve relating 

to relative duration (FIG. K2.1.2c). In most cases, values of load 

corresponding to usual load can be used for q , i.e. the effect of max 
high values of load which occur very seldom, is disregarded. 

The reasons for the use of this method are set out in Appendix 1. 

The damage caused by a crack in a concrete structure can be assessed 

in accordance with the following two cases: 

1/ The damage occurs as soon as the crack has attained a certain width. 

This is the case, for instance, in conjunction with brittle surface 

finishes. The design rule should in this case be formulated in such 

a way that there is a reasonable probability that the crack width 

under load will not exceed a certain value. 

2/ Damage occurs as a result of the fact that the crack width has been 

of sufficient magnitude over a sufficiently long time. 'l'his is the 
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K2.1.3 

case, for instance, in conjunction with corrosion of reinforcement. The 

design rule should in this case, in principle, be formulated in such a 

way that the crack width under load of a certain duration must not 

exceed a certain value. In this case the duration expressed in terms of 

time, for instance years, is of critical importance and can be determined 

as the relative duration multiplied by the period of use of the 

structure. 

Static load - dynamic load 

The definition given for dynamic load implies that many kinds of load 

must in principle be regarded as dynamic load, e.g. wind load, load due 

to machines with reciprocating parts, loads due to persons in motion, 

loads due to vehicles, impacts, etc. In many of these cases, however, 

there is no need for calculations to be performed regarding the dynamic 

conditions of the structures, but calculations can be carried out in the 

same way as for a static load. One example of this is wind load which 

need only be treated as dynamic load in calculations if the structure 

is a type in which oscillations can occur as a result of variations in 

wind velocity. This is the case if the structure has comparatively low 

rigidity and its natural frequency is low. In the case of a rigid 

structure with a 'high natural frequency the wind load can normally be 

regarded as a static load. Another example is the effect of impact. A 

rigid structure subjected to impact, with the duration of the impact 

force acting on the structure large in relation to the natural frequency 

of the structure, will produce a mainly static response to the force due 

to the impact. The structure can be analysed for an impact force which is 

largely independent of the shape of the structure, as long as the structure 

can be regarded rigid. In the case of a less rigid structure which is 

subjected to a short-term impact, with the natural frequency of the 

structure considerably lower than the duration of the impact, the effect 

of the impact must be regarded as an impulse which causes oscillations in 

the structure. The effect of the impact force will greatly depend on the 

design of the structure. The stresses in the structure can be fairly 

independent of the magnitude of the impact force, while they will instead 

depend on the magnitude of the impulse. This case cannot be treated as 

the effect of a static load. 

In conjunction with pulsating or alternating loads there is a risk of 

resonance if the frequency of the loads is near the natural frequency 

of the structure. The dynamic effect can as a rule be ignored if the 

frequency of the load is less than 25% of the lowest natural frequency 
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K2.1.4 

K2.2 

of the structure. If the frequency of the load is considerably greater 

than the natural freq11ency of the structure, then the effect of the 

variations in load can often vanish owing to the fact that the structure 

will then function as a vibration damper. 

Non-recurrent action - recurrent action 

It is assumed that the sensitiveness of a structure to recurrent load 

and fatigue load is dealt with in the appropriate technical codes. The 

reason why a distinction is made between non-recurrent and recurrent loads 

is that a considerably less constrained use can be made of limit state 

methods in conjunction with non-recurrent loads. In conjunction with 

recurrent loads it can in many cases be necessar.y for restrictions to 

be introduced in connection with the use of limit state methods, even if 

the number of load alternations is not so great that there is a likelihood 

of fatieue. 

Examples of non-recurrent loads are the dead load of the structure, 

shrinkage of concrete, unusual snow load, certain loads due to accidents. 

On the other hand, unusual wind load, for instance, is classified as 

recurrent load in view of the fact that it is possible for several wind 

velocity peaks of design magnitude to occur within a relatively short 

period during a "standard" storm. 

Variation of an action in space 

"Bound" load and "free" load are substantially the same concepts as 

those denoted live load and dead load in Swedish Construction Code 67. 
Approximately the same designations have been used in the other Nordic 

countries. 'l'he reason for the change in designation is that those used 

at present can to a certain extent be misleading. The designation "dead" 

comprises something of a time element and has in this way become misleading 

in certain cases. Dead load can at times be interpreted as equivalent to 

long-term load. The designation "live" gives the impression that the load 

can be moved over the structure, which need not be the case. 

According to the definition, a "bound load" is entirely determined by 

one p~rameter with regard to the distribution of load over the structure. 
does not 

The same/apply in the case of "free load", where the conditions can 

var.y from an entirely arbitrar.y distribution to one that is almost bound. 

It would naturally be desirable to give numerical values of the degree 

of freedom of the load. In the case of a continuous beam, for instance, 

one may wish to limit the values of the ratio between loads in two adjacent 
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K2.3 

K2. 3.1 

spans to a certain value. It has not been possible, however, to lay 

down numerical rules \'1hich have reasonably general application. 

Probability of a certain intensity of action 

7 

In conjunction with the application of the method of partial coefficients . 

Even in present codes there is a division with regard to the probability 

of occurrence of the load, inasmuch as loads are now divided into usual 

and exceptional loads. A,somewhat more differentiated division has been 

proposed in these regulations, the groups constant and usual load being 

largely equivalent to what is now termed usual load, and the group 

unusual load being ·approximately equivalent to what is now termed 

exceptional load. Generally speaking, the group of extreme loads has 

no equivalent in present codes. It is most closely equivaleni to certain 

special (sometimes denoted "extra exceptional) load assumptions which are 

now stipulated for certain types of object, or from case to case for 

individual projects. One example of such regulations in force at present 

is the case when a heavy vehicle is supposed to drive onto the footpath 

of a bridge. 

In contrast to codes now in force, the different groups have been defined 

here by means of the probabilities, applicable to the boundaries of 

the groups, that the value of the load will be exceeded some time during 

one year. From the point of view of application it would have been simpler 

(particularly as regards load combinations) to choose instead, as the 

critical condition with regard to the boundaries of the groups, the 

probability that the value of the load will be exceeded at some time, 

selected arbitrarily. In view of the possibility of determining values of 

the load on the basis of observations (in the case of natural loads) or 

assessments concerning future conditions (in the case of u~eful l~ads), 
however, it has been considered more appropriate to select the probability 

relating to the largest value per year as the basis of classification. 

It would be considerably more difficult to determine or assess the 

probability at an arbitrarily chosen time. 

Specification of certain values of probability relating to the boundaries 

of the groups can be interpreted as the fixation of certain points on the 

statistical distribution curve of the largest annual value of the load. 

If the values of the distribution curve are denoted F, then the specified 

values will be (1 -F). 

Many actions can be assumed to have intensities which are equivalent to 

both usual and ~nusual and extreme action. In present codes only one 
intensity is normally specified for each load, and this is made different 



K2.3.2 

for different loads; for instance, snow load is now usual load, and 

wind load exceptional load. In many cases it may be appropriate to 

specify several levels for the same action. '!'his has been done in 

these regulations by the specification of both usual and unusual load 

for loads due to persons etc on floor slabs, snow load, wind load, etc. 

The usual load (or a certain portion of .this, as specified in K2.1.2) 

can then be made the design value with regard to e,g. deflection and 

cracking, while the unusual load can be the desi&n value with regard 

to the risk of failure. Detter differentiation of desit;n for different 

stages is obtained in this way. 

The group comprising extreme loads is not, h0118ver, normally intended to 

contain snow loads, wind loads etc, but to be reserved for rare loads 

such as explosion, collision with a vehicle, etc. The loads in this 

group are considered, at least in part, to constitute the loading 

conditions which can be specified as an alternative to the principle of 

providing alternative paths of support for the load in conjunction with 

design with regard to progressive collapse. 

The division into short-term usual action and non-short-term usual action 

is justified by the use of these in Chapter 3, Load combinations. The 

choice of p • 0.2 for usual action and p = 0.02 for unusual action is 

to some extent arbitrary. p = 0.02 is in conformity with certain intei'­

national practice (there is often talk of 50-year winds), and p a 0.2 

has been considered to imply sufficient difference between usual and 

unusual action. 

In conjunction with the application of the statistical method 

Some uniformity has been endeavoured in the classification in sections 

2.3.1 and 2.3.2. In section 2.3.1 a distinction is made between two levels, 

"usual action" and "unusual action", of the time-variable action. In 

8 

section 2,3.2 these are summarised as "temporary action". Division into 

"short-term temporary action" must be regarded as a very gross simplification 

in relation to the consideration of duration. 

The desirability of similar concepts in the application of the partial 

coefficient method and the statistical method is the reason why the 

description of the magnitude of the action, even in conjunction with 

the statistical method, is based . on the distribution curve relating 

to annual maxima. 
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K3 COMBINATION OF DIFFERENT KINDS OF ACTION 

K3.2 

K3o3 

The definitions in Chapter 2 for both the statistical and partial 

coefficient method imply that the values of action are determined from 

the distribution curve relating to annual maximum. If two such 

distribution functions relating to the actions F1 and F
2 

are directly 

combined according to the rules of the theory of probability:into a 

distribution function for F1 + F
2

, this will be correct only on condition 

that the largest values of F1 and F
2 

during the same year occur simul­

taneously. If the actions are independent of each other, then this implies 

that at least one of the loads does not vary during the year. If both loads 

vary in time, then a shorter period of time must be chosen in determining 

the distribution function for at least one of ihe actions. This will give rise 

to complicated conditions ':lhich are due to the mutual magnitudes, relative 

durations etc of the two actions. 

In conjunction with the application of the statistical method 

By way of gross simplification, it has been assumed that for each load 

there is a distribution relating to the short-term maximum, i.e. a 

distribution for the largest value over a period shorter than one year, 

and that this distribution can be used in conju~ction with combinations. 

The distribution; and also the concept of short-term, is to be regarded 

as fictive and assumed to have the mean value m
0 

and coefficient of 

variation V which can be related to the corresponding parameters m and V 
0 

for the distribution of the annual maximum according to the equations 

given in 3.2. The specified values of the coefficient ~are a result of 

an assessment of what can be reasonable. By calculations or simulations 

of combinations (it would not appear at present that these occur to any 

appreciable extent) it should be possible in future to produce better 

substantiated rules. 

In conjunction with the application of the method of partial coefficients 

It has been found appr~priate to introduce two combinations I and II for 

normal cases, combination I being critical at the ultimate limit state, 

mainly when constant load (dead load of the structure) predominates. 

Combination II (in the same way as combination Sill in the statistical 

method) is valid only in cases where extreme action (e.g. some form of 

load due to an accident) is of significance. Combination I is also to 

be valid in the limit state for progressive collapse, and to be capable 

of use in the serviceability limit state. In the latter case, it should 

be an alternative to, or/g~mbined with, an uncorrected usual load. 

t;r:~'.-: -~,r .it .- . r~.l .. : ~ .. ~:-~;:·.;~fe 
f ;• :~ ~~- ~ .. -.. :.:~- J.i.¥ ,·;,~;,j;., 



'" The correction factor ~has been calculated from the expressions for 

the parameters relating to the distribution for short-term maxima, 

given in 3.2. The distribution for short-term maxima gives, as a 

characteristic value equivalent to 0.8 fractile, 

The distribution for annual maxima gives similar values 

q = m (1 + 6.85 V) 

The correction factor is written 

which, with m
0 

and V
0 
accordin~ to 3.2, will be 

"t; = 1 - (rJ. + o.8s I~- 1/) v 
+ o.85 v 

The specified values of\ have been calculated using~according to 3.3, 
and the values of V given in CHAPTER 4 for different actions~ 

K4 LOADS 

K4.1 General 
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The object of these regulations and instructions is that structures which 

are designed for commonly occurring loads and are thus designed for 

relatively small horizo~tal loads should however have a reasonable capacity 
in 

to resist these. For instance,/a frame which has been designed only for 

vertical loads according to FIG. K4.1 a, the specified forces may e.g. 

be assumed to be equivalent to the effec~hich arises due to the ·fact 

that the columns have been given an unintentional inclination in 

accordance with FIG. K4.1 b. 

The value of ~in the instruction is schematically chosen to be 0.01) 

for all vertical loads, irrespective of how the st~1cture is designed. 

For a case which is in principle in accordance with FIG. K4.1 b, this 

implies that the deviation of the columns from the vertical line is 

assumed to be entirely systematic. In actual fact, one part is probably 

systematic and one part random. Treatment in accordance with the principles 

of statistics,with a division into systematic and random deviations, has 

the consequence that the magnitudes of the forces will be dependent, inter 

alia, on the number of columns, More accurate statistical treatment based 



K4.2 

K4.2.1 

on observed data and associated with specified tolerances and the method 

of checking these, may have the result that the forces can be assumed to 

be smaller. 

The specified forces can also to some extent be seen as a safeguard against 

forces which have been assumed to be vertical but in fact have a small 

horizontal component, e,g. as a result of d,ynamic effects. The effect of 

seismic phenomena of minor intensity can be eiven as an example of this. 

\<!eight of building com ponents and earth 

Height of buildine components 

'l'he minimum values of the load due to non-loadbearing partitions, given 

in the instructions, are based with regard to the line load on a supposed 

case involving 2.5 m high walls with a weight of 40 kg per m2• In the case 

of the uniformly distributed load these walls have been assumed to be 

spaced 2.5 m apart, and 25% has been added to the value thus obtained in 

order to allow for the effect of load concentration. 

The expressions for the variation~G in weight are simplified ones. In 

accordance with statistical principles, the expression should·have the 

fonn 

AG • k G V g • k G \ V~ + V ~ • k G V v { 1 +( ~) 2 

'I'his case is regarded as usual load and, if normal distribution is assumed, 

is equivalent to the So% fractile which is assumed to be equivalent to 

usual load according to 2.3.1, with k • 0.85. If, for instance, V is v 
assumed to be greater than Vy, the maximum value of the expression under 

the square root sign will be equal to 2. This gives 

G = 0. 85 G V v {2 .. 1 • 2 

which has been approximated to 1. 'l'he case where the variation AG is 

positive on some parts and negative on other parts, and these parts are 

simultaneously placed in such a way that the most critical effect is 

obtained, has not been considered to come within the definition of usual 

load. AG has been given only as a reduction, since it is only the 

variation which is of interest in this context, and ~G should not have 

an effect on the cases where only the heaviest weight is critical. 

The values given in Table 4.2.1 are comparatively well documented by means 

of collected information, as regards the mean values. On the other hand, 

the values of the coefficients of variation have in many cases been only 

estimated, but this should be of subordinate importance in comparison with 

the uncertainties in the other loads. In certain cases, for instance for 
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metallic alloys, the coefficients of variation for a definite alloy are 

appreciably smaller than those quoted. For the sake of simplicity, however, 

a fixed mean value has been given for e.g. aluminium alloys, and the 

difference between different alloys is considered to be covered by the 

coefficient of variation. It must be emphasised here that the values in 

the table do not include the effects of dimensional deviations, e.g. in 

the case of metal sheeting. Values of the weights per unit area of 

cladding mat~rials have not been given, since there can be a lot~f 
variation in these values from type to type. In most cases sufficiently 

accurate values can probably be obtained from the manufacturers' 

catalogues. 

In certain cases it may be warranted to use values of weight lower than 

the mean values given in Table 4.2.1. This is particularly the ca~e where 

the weight of a structural component counterbalances a buoyant force 

and where the marein between the weight and buoyant force is small. This 

??? can be ~he oase, for instance, in anchorage foundations for suspended ???? 

structures and in conjunction with certain problems relating to over­

turning. 

K4.3 

K4.3.1 

In cases where the weight is very uncertain the .mean value shoulcl. not 

be used. 

Useful loads 

Loads due to furnishings and persons 

K4.3.1.1 Distributed vertical load 

The regulations and instructions given in this section are based on the 

results of investigations, assessments and practical considerations with 

regard to computation work. 

Division of the loads into two portions a and b is highly fictive. The 

ratio of one load portion to the other can vary within wide limits, although 

normal conditions are probably such that in the case of high values of loads 

due to furnishings the loads due to personR will be small, and vice versa. 

The load portion a has been given what is considered reasonable values 

which have been chosen in such a way that a reasonable long-term load is 

obtained, and also a load which can be assumed to occur on several floors 

simultaneously, so that in the case of load combinations in accordance 

with Chapter 3 many loads can be classified in load combination I. The load 

portion a has not, however, been made high in relation to the critical 

value of the load portion b, in view of the fact that portion a is "bound" 

and does not, therefore, at all times contribute to the occurrence of 

"critical load position11 • 

12 



The value of the load portion b has l.Jeen baf:>ed on the followine 

considerations: 

The occupation load constitutes an upper limit of the load which it is 

supposed can occur due to gatherine of people in e.g. a dwelling, without 

there being any reason to consider that there is an assembly of people. 

In the case of an area of 30m2 the limit is taken to consist of 15 

people, which on the assumption of a weieht of 0.75 kN per person gives 

approximately 0.4 kN/m2 on average. Unfavourable placing is taken into 

account by means of a load concentration factor of 1.2 (see below) which 

gives 0.2x1.2~ 0.5 kN/m 2• In the case of an area of 5m2 , the limit is 

taken to consist of 4 people, which in the same way gives ~0.7 kN/m2• 

The assembly load constitutes an upper limit of the load which it is 

supposed can occur due to gathering of people, without there being any 

direct overcrowding. With regard to the load on a larger area, a guide 

may be given by lecture halls or cinemas. One seat occupies about 

0.6-0.8 m2, . which gives a load of approx. 1.5 kN/m2• No load concentration 

factor has been included in this case. In other cases, for instance in a 

dance hall, such a collection of people would probably be considered to 

constitute overcrowding with the exception of small areas (appro~. 5m2), 
L 2 . 

sinc~he load may exceed 1. 5 kN/m • '!'he increase has been assessed at 

35% (see below). 

Crowd load constitutes the load due to people in reasonably crowded 

conditions. It is stated in /2/ that, on being evacuated from premises, 

one person occupies a space of 0.26 m2, which gives 2.9 kN/m2• In /3/ it 

is stated that in the case of a crowd load of 2 kN/m2, the people cannot 

move freely. At a load of 4 kN/m2 the people stand very close, and at 

6 kN/m2 there is direct discomfort. In th~case of large areas (~30m2 ) 
it is not considered that a crowd load of more than 3 kN/m2 (120 people 

on 30 m2) is likely. It is considered that a load of 4 kN/m2 can occur 

on small areas (approx. 5 m2)(27 people on 5 m2). 

In choosing the values of load and in. summarising the loads in Table 

K4.3.1.1 a, the results of investigations according to /1/ and /2/ and 

also some investiga)i/ns recently carried out in Finland, whi ch have not 

yet been publishef, have been utilised to the greatest possible e~tent. 

A comparison is made in the following between these results and the 

values of load used here. 

The results of comprehensive investigations concerning loads in office 

buildings are reported in /2/. No significant differences are sho'lm 

between different kinds of offices or between different floors in a 



building, with the exception of the basement and ground floor which 

produce higher loads. In the case of the other floors, different fractilc 

values have been given for the mean load on areas of different size. In 

addition, an "additional mobile load", which is however described only 

very briefly in the report, has been introduced. 'l'his load, as a purely 

deterministic one, has been added to the 99·9/o fractile. If the same 

values are also added to the others- which is doubtful, but on the other 

hand the addition is comparatively small - the values given in rrable 

K4.3.1.1a are obtained. 

In using these values, the load has been assumed to have a log-normal 

distribution, which implies that a fractile value qf can be approximately 

written 

(K4.3.1.1al 

where qm is the mean value 

V the coefficient of variation 

kf a coefficient which is a function of the fractile f 

according to Table K4.3.1.1b. 

Equation (K4.3.1.1a) can be written 

which gives a linear relationship between ln qf and kf. FIG. K4.3.1.1a 

shows,as an example, this relationship with values according to Table 

K4.3.1.1a for loaded areas of 5.2 m2 and 58m2• 

With a satisfactory deeree of approximation, the relationships according 

to FIG. K4.3.1.1a are linear. The values of qm and V obtained on the 

basis of these straight lines are given in Table K4.3.1.1c. 

The values of qm and V given in the table do not agree with the values 

obtained in the investigation, which is natural since the distribution 

obtained is not log-normal. The values of qm and V are to be regarded as 

fictive values applicable to a log-normal distribution which, at its 

"upper tail", approximately corresponds with the results of the invest­

igation; this is the essential point in this context. 

Vas given in Table K4.3.1.1c~oes not vary very much. With a. view to 

simplifying calculations, it may be appropriate to use a value of e.g. 

V = 4~~. qm can then be corrected so that the same value of q99 •9 is 

obtained. The value of q , thus corrected, is given in Table K4.3.1.1c 
nn 

together with the value on the 95% fractile, qr95 , which is obtained with 
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qrm and V = 4Q%. qr
95 

can be compared with q
95 

according to Table 

K4.3.1.1a. qrm is shown as a function of loaded area in FIG. K4.3.1.1b. 

The load according to FIG. K4.3.1.1c can be simplified so that 

qrm a 0.80 kN/m2 

qrm "' 1. 25 kN/m
2 

for A ~30 m2 

for A a 5 m2 

A load concentration factor, which allows for the risk that the load 

is distributed over the structure in a way which produces conditions 

more unfavourable than those due to the mean load, is also given for 

different types of structure and different factors. This is of particular 

importance for large loaded areas. For the sake of simplicity, an average 

value = 1.2 for A • 30m2 is used here. 

Using these values, the following values are obtained for usual and 

unusual load: 

For A 30m 2 
qv = 1.35 kN/m

2 (1.5) qso "" 

qov= q98 ::: 2.18 kN/m2 ( 2. 5) 

For A = 5 2 1. 75 kN/m
2 (1.7) m q = q8o = v 

2.85 kN/m2 
qov= q98 ::: ( 3·.0) 

The loads according to the regulations are given in brackets and have 

thus been provided with a certain margin in order to allow for possible 

future increases. 

/1/ reports investigations concerning loads due to furniture and persons 

in dwelling houses. The following values are obtained for loads due 

to furniture, on average for all types of room with the exception of 

the kitchen: 

q90 = 0. 35 kN/m 2 

q99 = 0.62 l<N/m2 

q99.9=1.00 kN/m2 

The following values are obtained for loads due to persons 

q90 .. 0.49 kN/m
2 

q95 .. 0.56 kN/m2 

q99 "" 0.72 kN/m2 

In the same way as that applicable to the results in /2/, a log-normal 

distribution can.be fitted to these values, and fictive mean values qm and 

coefficients of variation V computed, We thus obtain 



for loads due to furniture 

qm = 0.17 kN/m
2 

v 58% 

for loads due to persons 

qm .. 0.31 kN/m
2 

v = 37/~ 

It is probable that there is a negative correlation between loads due to 

furniture and those due to persons, so that a large load due to furniture 

is combined with a small load due to persons. If, however, the loads are 

assumed independent, the mean value and coefficient of variation can be 

estil]lated as 

v .. 35% 

If a log-normal distribution with qm. 0.5 kN/m2 and V = 4o%, i.e. the 

same values as in the foregoing, is assumed, then we obtain 

Hi th the same load concentration factor as previously, i.e. 1. 2,, we 

obtain 

qv - o.85 kN/m
2 

qov ~ 1.37 kN/m
2 

( 1. o) 

( 2.0) 

'l'he values in the code are higher. There is some justification for this 

since there are few observations relating to high.fractiles. In the case 

of small areas, it is assumed that the increase is the same as for office 

premises. 
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The Finnish investigation reported in /4/ has been concerned with schools, 

hotels, hospitals, offices and residential buildings. For each type of 

object, the investigation comprised a relatively small number of objects 

(10-40). However, the results do provide some guidance in choosing values 

of load. Values of the 80%, 95% ·and 99% fractiles, calculated from the 

mean values and standard deviations, are given in the summar,y and these 

are reproduced in Table K4.3.1.1d. 

Group 4 according to Table 4.3.1.1a is characterised by the fact that the 

loads substantially consist of personal loads. It is assumed that over­

crowding can occur, and it is also assumed, at least in certain cases, 

that dynamic effects can occur. 



Group 5 has been considered equivalent to Group 4, although it is 

probably less often that loads of appreciable significance occur. 

Essentially, Group 7 comprises only personal loads. In view of the loads 

which occur in conjunction with evacuation and similar, it has not been 

considered reasonable to ignore crowd load entirely. 

Owing to the scarcity of investigation results, it has been assumed that 

the dependence on the loaded area, stated in /2/, is also valid in · 

premises other than offices. 

The values of the mean value of load and the coefficient of variation 

in Table 4.3.1.1b have been chosen on the basis of the results of the 

investigations mentioned above, and also in such a way that they are 

mainly in agreement with the load values in Table 4.3.1.1a, at least 

with regard to unusual load. It has been considered reasonable that 

the coefficient of variation should be larger in cases where practically 

the whole load is personal load. The agreement between Tables 4.3.1.1a 

and 4.3.1.1b is not complete, owing to the fact that round numerical 

values have been aimed at. 

K4.3.1.2 Concentrated load 

The concentrated long-term load of 1.0 kN is intended to cover local 

loads due to furnishings. The reason why it is stipulated to be an 

alternative to distributed load is that it is desired to simplify 

calculations; in many cases it is possible to decide directly that the 

concentrated load is not critical. The concentrated load as such is 

comprised iri the distributed load and is only an expression for a possible 

load concentration which may be of local importance. 

The concentrated load which is assumed to be due to people in motion 

is an alternative for the same reasons as those above. The properties 

of loads of this type have been investigated at Lund Institute of Tech­

nology by measuring the forces which arise on horizontal and vertical 

surfaces in conjunction with different movements. Certain critical 

movements, which are explained in greater detail below, have been selected 

from the results. 

A jump from a height of 0.8 m has been chosen as the design movement in 

the case of floor slabs and similar. From the statistical distribution 

obtained in the investigation for the forces, the value corresponding to 

the 98% fractile has been chosen. This value has been regarded as an 

unusual load. In itself, it is likely that a load of this magnitude occurs 

more frequently than suggested by the definition of unusual load, and that 
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somewhat higher loads occur. In conjunction with higher loads, however, 

the movement as such is probably a greater cause of serious injury than 

'that likely to be caused by a local failure in the floor slab. 

The movement where a person runs down the stairs two at a time has been 

chosen as the design movement for stairs. As regards calculation of the 

magnitude of the load, the same applies as in the case of floor slabs. 

In other cases, the definitions of usual load, unusual load etc which 

are given in Chapter 2 are less appropriate. In view of the fact that 

the primary consideration is the risk of injury, the characteristic value 

should be defined as follows: "The characteristic value of the intensity 

of an action is the intensity which has a probability p, determined in 

advance, of being exceeded at least once a year. The value p of this 

probability is valid in this context for a person selected at random 

who can exert an effect on the structure due to a movement which produces 

substantial forces". 'l'he value of p has been made up, firstly, of the 

probability that the movement will occur at all and, secondly, of the 

probability that the characteristic value ia exceeded if the movement 

occurs. The latter probability can be assessed on the basis of the 

investigation mentioned above. As regards the probability that the 

movement will occur at all, there is no basis for a calculation, all that 

H3 

is known is that several of the movements selected as of critical importance 

have occurred and resulted in injury. The only thing that can be done is 

to choose the load in such a way that the risk of injury is sufficiently 

low if the movement occurs. It should however be possible, in the case of 

different movements, to make a rough qualitative assessment of the mutual 

relationship of the ~robabilities of their occurrence. In the case of 

roofs, a fall 1/ which entails a person falling backwards has been chosen 

as the design movement. In the' case of roofs which do not support a 

person and where persons are not allowed without special arrangements, 

this movement can be designated as of very infrequent occurrence, and the 

9&~ fractile has therefore been chosen as characteristic value of the 

extreme load. In cases where there are differences in level ·on the roof, 

a movement 2/ which relates to a jump from the higher to the lower level 

has been considered. In conjunction with differences in level of about 

20 em, it is considered that the forces which occur are about the same 

as for movement 1/ according to the above. In conjunction with differences 

in level of 80 em, the forces will be considerably larger and will be 

design values for those portions of the roof which are located next to 

the difference in level. As regards the probability of its occurrence, 

movement 2/ has been considered more usual than 1/ according to the 



above, and the 98% fractile has been chosen as the characteristic value 

for extreme load. The difference between the probabilities that a certain 

movement will occur in the case of roofs which do and do not support a 

person, has been expressed in such a way that the values of load which 

apply for extreme load in the case of roofs which do not support a person 

apply for unusual load in the case of roofs which do support a person. 

For walls, doors, balcony fronts etc, the design movement for forces with 

a low point of action (not greater than 1 m above the floor) has been 

chosen as a movement 3/, which entails a person intending to sit on the 

floor slipping and knocking heavily against the vertical surface. For 

forces with a high point of action (up to 1.8 m above the floor), a 

movement 4/, which entails a person falling backwards a~ainst the 

vertical surface, has been chosen. The forces in the two cases are 

approximately the same. It can be considered ver,y infrequent that the 

movements will occur at all, and for this reason the value corresponding 

to the 9CJ'~ fractile in the distribution obtained in the above invest­

igation has been chosen as the characteristic value for extreme load. 

'rhe values given in 'I'able 4.3.1.2 can be considered preliminar,y since 

analysis and collation of the test results is in progress. The l9ads are 

relatively hieh and difficulties are likely to arise in many cases in 

proving by means of calculations that a structure will withstand these 

loads. Tests on e.g. wood studs have however shown that these withstand 

a load which, according to current calculation rules, should result in 

failure. This state of affairs is probably mostly due to the fact that 

the load is of very short duration. 
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Loads due to goods, bulk products, etc 

If the largest possible load occurs often, which may for instance be 

the case for a liquid container, it is very nearly right to regard the 

load as deterministic and equal to the largest possible value. It 

follows from this that this value of load is equal to the mean value 

and equal to the usual load. 

It is assumed that the "largest permitted load" will be exceeded, which 

is assumed here to be equivalent to unusual loacl. 1'he stated value of 

30% excess and the definition of unusual load imply that the load for 

every fiftieth structure, on average,is assumed every year to exceed 

"permitted load" by at least 30%. In the same \-re.y, the choice of usual 

load implies that the load for every fifth structure, on avera~e, is 

assumed every year to exceed the permitted loQd. The values of mean 

value and coefficient of variation are in approximate agreement, for a 

log-normal distribution, with the given characteristic values. There 

is no basis .for the choice of these values. 

The values according to Table 4.3.2a have been arranged in comparatively 

large groups. In each group, a high value has been chosen as characteristic 

for the ~roup. 'l'he reason for this is the desirability of the structure 

being designed for a load which makes possible changes in use within 

reasonable limits, without special arrangements being made for each such 

change. If a structure is to be designed with regard to a definite kind 

of goods or bulk goods, then more accurately detennined weights can be 

used. 

Loads due to vehicles, transport appliances and machineEY 

K4.3.3.1 General 

The dynamic effects which occur'in conjunction with these loads can often 

be taken into consideration by the application of a dynamic allowance. 

It happens at times that structures a~e designed on the basis of a large 

load, e.g. that due~o a transport appliance, which occurs on a single 

occasion. In such a case the load can be regarded as a non-recurrent load. 

A machine with reciprocating parts can give rise to a variable load 

distribution, and a certain part of the load can in that case, to a 

limited extent, be regarded "free". 
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K4.3.3.2 Load due to vehicles 

In the Nordic countries, a draft for joint regulations relating to 

traffic load, drawn up by Committee 60 in the Nordic Association of Road 

Engineers, has been adopted for bridges. 

The load due to a vehicle according to FIG. 4.3.3.2 constitutes a "load 

group" according to the above loading regul'ations, which is mainly 

intended to represent a heavy vehicle. In addition, these regulations 

contain a uniformly distributed load which is intended to represent load 

due to other traffic which occurs together with the heavy vehicle. It 

has been considered in this case that the uniformly distributed load 

need not be taken into account. The values of .load for the "load group" 

have been reduced somewhat (from 210 kN to 180 kN) in relation to the 

proposal by the Nordic Association of Road Engineers. The justification 

for this reduction is that the dynamic effect can be considered to be less 

for the cases covered in 4.3.3.2. 

Bus ter~minais, fire stations, aircraft hangars etc can be mentioned as 

examples of garages with heavy vehicles. 

K4.3.3.3 Loads due to overhead cranes, cranes and other lifting eguipment 

K4.4 

K4.4.1 

This refers, for instance, to the lifting appliance code in Sweden which 

is applicable to both building structures and lifting appliances. 

Naturol loads 

Snov1 load 

K4.4.1.1 General 

The instruction concerning a change in the distribution of snow load due 

to snow clearance or snow slide is not intended to cover all conceivable 

aases, but is mainly intended for structures which are specially · sensitive 

to uneven distribution of load. 

K4.4.1.2 Snovl load on ground 

/1/ has been used as the basis for the values of usual and unusual snow 

load. 

K4.4.1.3 Shape factors 

The shape factors have been chosen in accordance with a proposal made 

within ISO TC 98/SC3/WG1. An extract from this ISO proposal is given 

in Appendix 2. 
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\·lind load 

K4.4.2.1 Classification 

Variation of the wind load in time 

A spectrum for design based on testing of certain roof anchorages is 

proposed in /2/. 

Distribution of the wind lo::td in space 

There is insufficient knowledge concerning distribution of the wind load 

in space. It has nevertheless been considered warranted to point out 

that the phenomenon is a reality. Without this it may be possible for 

erroneous design to occur in the case of e.~. high braced masts which 

would be assigned excessively low span moments, and long arches which 

\'tould be assigned excessively low shear forces at the crown. 

K4.4.2.2 Hind velocities and pressure due to wind velocity 

'l'he reference to the possibility of determining the probable nunierical 

values of wind velocity by continuous measurements is mainly directed 

at the people who hav~ the task of broadening the base for wind loading 

regulations by means of observations. 

Instantaneous wind velocities 

The magnitude of the design instantaneous value of wind velocity is 

substantially according to /3/. It has not been possible to formulate 

an expression for the effect of wind velocity due to the funneling of 

gusts in e.g. valleys, fjords and inlets or over large obstacles. 

The coastal zone associated ''i th high. \'lind velocities has been given 

such a large width that it includes the most serious cases. The only 

reason for the choice of linear reduction i4wind velocity is to prevent 

misuse of the regulations in an uncomplicated manner. 

Mean wind velocities 

The factor of ~1.75 = 1.3 has been chosen for practical considerations. 

The instantaneous value of wind velocity in relation to the mean 

velocity, over a space of time of 10 minutes, is a function of the 

nature of the country. An increase in the stated value can occur over 

terrain containing obstacles in the form of buildings, forests etc. 
in such fJ.n ~nvironment 

B.y •~Y of compensation, the mean valu~ is normally lower than over 
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even country. In view of the lack of clarity in the treatment of wind 

in the rest of the regulations, for instance in an urban environment, 

this has not been included. 

Wind velocities in sheltered locations 

Two different phenomena are covered by the reference to sheltered location. 

One of these is the situation where the boundary layer is considerably 

greater as a consequence of irregularities. The formula given yields the 

magnitude of the effect in very approximate terms. The second phenomenon 

is a special local shelter which cannot be given a general description of 

any kind. The regulation is open to misuse, but in spite of this it has 

been considered that it cannot be dispensed with. 

Pressure due to wind velocity 

In view of the lack of clarity in predicting the design wind velocity, 

it has been considered entirely sufficient to stipulate the value of 

1. 2 ke/m3 _for air density independently of the temperature. 

K4.4.2.3 Dynamic effects due to wind load 

The whole section concerning the dynamic effects due to wind load has 

intentionally been kept short, since a substantial proportion of the 

background material is inadequate, and because it is considered desirable 

that situations of major significance should be dealt with by being' 

designed on the basis of tests. 

More detailed reports are to be found -in e.g. /4/ and /5/. 'l'hese comments 

assume no responsibility for the correctness of all the information in 

these references. 

Vortex separation 
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Different values of the Strouhal Number for cylindrical objects are given 

in different experimental reports, particularly -in the case of large va~ues 

of Re. 'l'he numerical values quoted have been taken from /1/. 

The expression for the equivalent load W is vague, one of the reasons 

being that it is difficult to estimate the amount of damping, and, strictly 

speaking, this must be determined on the special structure which is to be 

designed with the aid of the equivalent load. The expression itself, and 

the numerical values of dampirlg, have therefore been chosen with caution •. 

With regard to damping in general, data is given in /6/. 

Ground damping is dealt with in /4/. 
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'l'he material has been taken from /?/ which had been drawn up in collaboration 

with A Davenport, University of Toronto. 'l'he group is engaged on the 

preparation of simplified rules. 

It has not been possible to formulate distinct criteria, apart from the 

available experience, to check that the effects of a gust have no 

significance. None the less, it is so in most cases. 

K4.4.2.4 Shape factors 

'l'here are sound grounds for the warning in connection with published test 

results. Nevertheless, it has not been considered appropriate in this 

context to quote examples. It has been found most appropriate to recommend 

caution. 

The numerical values of shape factors exhibit considerable variation, both 

in time and space. This is particularly the case at the edges of surfaces 

and near deviating features. This is the reason for the reservation 

concerning the limited applicability of the quoted numerical values. 

Internal wind load in houses 

The circumstances which, in the aggregate, determine the internal wind 

load in a house are extremely variable. ..: The codes of many other 

countries, on sound grounds, quote a positive pressure of f1J • 0. 2 as an 

alternative to internal suction. In view of the shortage of material on 

which to base coordination between an alternative internal pressure of 

~= 0.2 and the external wind load on the roof, the wording of the regulations 
· entirely 

could not be given an/appropriate formulation in this edition. 

With regard to the use of houses with large openings, instructions whose 

consequences can be checked would be capable of providing the basis for 

some other formulation. 

External wind load on houses 

In conformity with /7/, which constitutes the basis for substantial portions 

of this section, the effects of several wind directions, each of which has 

special effects, have been summarised in relation to wind blowing onto a 

corner. 

External wind load on external walls. 

The instruction is in conformity with /7/. 



25 

External wind load on roofs 

The instruction specifies the same wind load for the eaves as for the 

wall below the eaves; this has been considered a reasonable simplification. 

In other respects, there is substantial conformity with /7/• 

In the same way as in /9/, the width of the boundary zone has been related 

to both the width and the height of the house. 

On the basis of /10/, the extreme intensities have been given the function 

of providing the design criterion only for the actual roof covering and its 

fastenings. It has not been possible, owing to lack of material, to carry 

out a desirable and reasonable revision of external wind load so as to be 

equivalent to an alternative internal pressure, of~= 0.2. 

A comparison has been made with /11/. The extreme value of approx. 4.9 
quoted in its Fie. 23 for the shape factor has been considered to be 

associated with a far too restricted direction of incidence, there being 
occurrence of 

a very slight probability of simultaneous/design wind velocity. The fact 

that the nwnerical value of the shape factor, within a sector of 43°, 
exceeds the maximum value in these regulations has been ignored, there 

being the additional justification that inventories of damage have not 

shown that underestimation of the load has been·the cause of damage in 

this respect. 

Wind load on stacks, screens, lattice masts, etc 

There is a very large volume of literature in this area. /4/ and /12/, 

which contain further references, may be mentioned here. 

Wind load on stacks 

A Fourier series relating to, the distribution of wind load intens.i ty around 

a stack of circular cross section is given in /13/. 

Wind load on screens 

The instructions are bas.ed on /14/ which has been considered to be of 

greater use than /15/. Lack of agreement between these two can be due to 

the fact that relatively small deviations in model design have a great 

significance. See e.g. /11/ and the summarised test results for stacks in 

(4/. 

The instruction concerning screens in the lee of another screen is 

in conformity with /7/ and /9/, but has been re-edited. 



Wind load on lattice masts 

The instruction concerning masts with angular members is in confonnity 

with /14/. That concerning masts with 

/16/ - /18/. Further information is 

to source) and in /19/. 

Wind load on canopies 

round members is in accordance with 

given in /4/ (without reference 

The instructions are a simplified representation of the material in /20/. 

Wind load on bridges 
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Regulations and instructions are based on investigations by E Hjort Hansen 

/8/ and formulated in accordance with /7/, which employs e to take into 

account also the moment which is caused by vertical wind loads which are 

otherwise mostly insignificant. Some literature references are given in /4/. 

K4.4.2.5 Shape factors for tangential wind load 

The values of shape factor quoted are in accordance with /21/. 
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Icc pressure 

Reference /1/ and a proposal relating to ice pressure on bridge piers, 

drawn up by Committee 60, the Loading Group, of the Nordic Assoctation 

of Road Engineers,are used as the basis of the regulations and instructions 

given.·The values given in the instructions are mainly based on /1/. The 

proposals by the Nordic Association of Road Engineers gives considerably 

higher values. 

The instructions are in relatively vague terms and should be regarded as 

a guide in choosing reasonable values of ice pressure. 
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Loads due to accidents 

Collision with a vehicle 

There is no basis for an assessment of conditions in conjunction with 

a collision with a vehicle. The instructions are based 'on an imaginary 

model which is intended to produce reasonable values of the force on 

being hit and to describe, in a reasonable manner, the extent of the 

area which can be subjected to primary damage. 

Generally speaking, a. vehicle is supposed to have a certain kinetic 
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energy W
0 

when it is on a. carriageway or some other place where it is 

intended to drive. If the vehicle deviates from the normally traversed 

area and drives into, or inside, a. building it: is assumed that retardation 

will occur. This retardation is caused both by the driver applying the 

brakes and also by small obstacles which the vehicle meets on its way. 

Naturally, the retardation due to the driver applying the brakes can in 

certain cases be wholly or partly omitted. It is assumed that the 

retardation causes a reduction in the kinetic energy of the vehicle by 

a constant amount e per metre. Unless, therefore, the vehicle meets some 

major obstacle, it will stop after it has traversed the distance S , 'tlhere 
0 

(K4o5o2a) 

When the vehicle has driven over the distance s after deviating from the 

normally traversed area, its kinetic energy, on the basis of the above 

assumption, will be 

w = vi - s e = w ( 1 - ~) 
0 0 s 

0 

(K4o5o2b) 

The variation of kinetic energy with s is shown in FIG. K4.5.2a by 

curve 1. 

If, on its way, the vehicle meets a major obstacle in the form of building 

structures, of which columns, walls etc are mentioned in the following, then 

its kinetic energy is further reduced. It is supposed in this context that 

the vehicle damages (n-1) columns and stops as it hits column n, without 

damaging it so much that its capacity to carry vertical loads is considerably 

reduced. In conjunction with their deformations on being demolished, the 

(n-1) columns have absorbed a quantity o~ energy which, in the aggregate, 
. t n-1 b f ~s deno ed .,£ Wk • Column 'n' does not, nonnally, absor any energy o 

1 >J 

significance, since it must be stipulated that its deformation is small if 

it is to retain its loadbearing capacity for vertical loads. It is assumed 



that, on hitting the obstacle~,the vehicle absorbs a considerable 

quantity of deformation energy which, in the aggreeate, is denoted~ W 
1 f • 

~ We thus have, after the vehicle has stopped at the end of the 

distance s, 

(K4.5.2c) 

The relationship is illustrated for n = 3 by curve 2 in FIG. K4.5.2a. 
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In order to determine \;If and the forces which act on the columns, it is 

necessar,y to have knowledge of the relationship between the contact force F 
of the vehicle, 

between vehicle and column and the deformation (impression) &/according to 

FIG. K4.5.2b. It is likely that this relationship is ver,y irregular and 

depends on a great number of factors, e.g. the way in which the impact 

strikes th~e_!:ic ~~-'--~~~--~f313igl1. of the vehicle, the kind of load and the 

method of loading, etc. A possible example of this relationship is shown 

in FIG. K4.5.2c. A very approximate and schematised relationship is used 

here, l'lhich has been chosen so as to give the simplest possible expression. 

It is described by the expression 

F = k • D (K4.5.2d) 

On hitting the first column which is assumed to be capable of offering 

the resistance P1, the enerGY absorbed due to deformation of the vehicle 

will be 

H 
f1 

f1 J ]!' d ~ (K4o5o2e) 

0 

'l'he energy Hf is represented by the area A1 in FIG. K4. 5. 2d. On hitting 

the second column the vehicle is already in the deformed (compressed) 

condition,b = ~ 1 , and it is to be supposed that it offers a greater 

resistance to further deformation right from tho beginning. If column 2 

can develop the resistance F 2~F 1 , then the vehicle is further deformed, 

and this deformation is assumed to occur according to a curve which is 

the direct continuation of that applicable on hitting column 1, i.e. 

according to a curve as shown in FIG. K4.5.2e. The energy absorbed will be 
h2 

Hf = J F d ~ 
2 ~ 1 

If P2<P, then it is assumed that no deformation energy is absorbed by 

the vehicle (but energy is absorbed by the column). In the same way, the 

energy absorbed when the third column is hit (FIG. K4.5.2f), whereupon 

the vehicle stops, will be 



S't 

wf = JFdE 
3 ~ u2 

where ~t is the total deformation of the vehicle. '1'his expression holds 
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if F3.:>F 1 and F l"' F 2• If this is not so, then \'If = 0. This is not possible 

(since Wk had also been put equal to zero) unle~s the speed of the vehicle 

is zero (~ery little) when it hits column 3. It must therefore be assumed 

either that F'
3 

is the largest of the values or that F
3

"' o, i.e. that the 

vehicle does not reach column 3. 

Overall, Wf is given by the cross hatched area in FIG. K4.5.2g, F being 

the largest value of the contact force between column and vehicle which 

has occurred, and ~t is the corresponding deformation. Wf is given by 

n ~ S 2 
2. Wf = 1 F d r • k J 6 d d = ~ & 
1 ~ 0 0 

or,using Eq~tion (K4.5.2d), 

Let us put into Equation (K4.5.2c) the expression 

n-1 
- _s ) ' - ~ 

so 1 

(J.C4.5.2f) 

(K4.5.2g) 

i.e. Ws is the original kinetic energy W
0 

reduced by the losses of energy 

as a result of retardation and demolition of columns. We then obtain from 

Equations (K4.5.2c) and (K4.5.2g) tha.t 

(K4.5.2h) 

If we now introduce a fictive case where a column 0 is supposed to be 

placed so that sa 0 for it, and if it is further assumed that it has 

been designed for the force F
0 

so that it has not been deformed to an 

appreciable extent (this implies that in Equation (K4.5.2c) we put s = 0 

and n = 1), then W
8 

a W
0

, and 

F2 

wo = i 
From Equations (K4.5.2h) and (K4.5.2i) we obtain 

F = F0 ~:: 

(J.C4.5.2i) 



The problem is determined by the equations (K4.5.2g) and {K4.5.2k), 

and in order that val~es of F may be obtained, information is required 

concerning '1'1
0

, s
0 

and F 
0

• It is assumed that Wk can be determined on the 

basis of the deformation characteristics of the structure. W is determined 
0 

by the assumptions concerning the weight and velocity of the vehicle. The· 

value of s 0 is difficult to determine, but it is possible to make some kind 

of assessment. Equation'(K4.5.1a) gives the relationship between W and s 
0· 0 

if e is assumed constant. The value of F depends on the value of W and 
0 0 

the constant k according to Equation (K4.5.2i) Hhich gives 

F2 
k = 0 

2~-10 

whereupon, according to the assumption (K4.5.2d) applied to the caseO, 

\'l'e have 

The following values have been selected for the three cases a, b and c. 

a/ A 30-ton ve)'l.icle at a velocity of 36 km/h ( 1 0 m/ s) gives 

w 30000 • 102 
= 1.5 

6 1500 kNm :::1 . 10 Nm = 
0 2 

s = 25 m, which gives 
0 

\~ 

e = -;f = 
1 ~~O = 60 kN 

0 

'rhe \'Ieight of the vehicle Q = 300 kN 

c Q = 0.2 

vthich value is selected consistently for all cases. li' is put ·at 1500 kN, 
0 

which gives 

k = 
15002 = 750 kN/m 2 • 1500 

g = 2 • 15 00 = 2 m 
0 1500 

\-shich does not appear to be entirely unreasonable. 

bj A 20-ton vehicle at a velocity of 12 km/h (3.3 m/s) gives 

w 20000 • 3.l 
:::1 11 104 Nm = 110 kNm· = • 0 2 

e = 0. 2 • 200 .. 40 kN 
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K4.5.4 

VI 
s "'~ .. 2.8 o e 

p 
0 = 2 k w -0 

2 • 750 • 110 = 400 kN 

c/ A 20-ton vehicle at a velocity of 5 km/h (1.4 m/s) e-ives 

hi 
20000 • 1.:12 

2 • 104 Nm .. 20 kNm 
2 = 0 

s 20 
0 = 40 • 0.5 m 

F = 2 k w :a 2 • 750 • 20 = 170 kN 
0 0 

On being introduced into the code, the values have been rounded off. 

Unintentional impact 

It is stipulated that structural components rnuot be desit:;ned for .:m 

unintentional impact force due to causes which are not specified in 

greater detail. It must be emphasised in this context that, according 

to the principles of the safety regulations, this applies only to 

structural components \vhere failure would cause collap~~e of a whole 

buildinG or a large part of this. It has been considered justified to 

provide a safeguard against the occurrence of serious damage due to a 

comparatively small action which may arise, for instance, during the 

construction period. 

Ex:plosion 
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It has not been considered possible to issue instructions for the assessment 

of the forces which arise in conjunction with explosions caused by explosives, 

or explosions in pressure vessels. However, the rules given confer on the 

structure a strength (if it is designed to withstand an explosion) which 

will enable it to withstand moderate explosions due to explosives, for instance 

in conjunction with acts of sabotage. The instructions concerning gas 

explosions are very standardised ones and do not take into account a number 

of factors, e.g. the shape of the room where the explosion occurs. Some 

guidance concerning the assessment of the time sequence can be obtained 

from /1/. The magnitude of the pressure which arises and the effect of 

window openings have been assessed on the basis of /2/. With regard to 

the dependence on the volume of the room where the explosion occurs, the 

assessment is very uncertain. It has been considered that, even in very 

favourable conditions, the pressure should not be assumed to be lower 

than 10 kN/m 2• In large rooms which cover a whole floor in a high building, 

at least some columns or walls must be designed to withstand a lower pressure. 



In conjunction with supposed explosions in small rooms, columns or walls 

can be designed for higher pressures or permitted to fail (local damage), 

the stability of the building being safeguarded by the provision of 

alternative paths of support for the load. The assumed volume dependence 

has the consequence that the larger the pressure which a column or wall 

can absorb, the smaller, in the normal run of events, the area of local 

damage. The rules given can thus to a certain extent be considered to 

determine the size of the area of local damage. 
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K4.6 Deformation action 

Deformation action as such should be classified along with the other 

kinds of load, e.g. natural loads. The reason for the distinction between 

action of force and action of defonnation, and for classifying the latter 

in a separate group, is that the effect of defonnation action is oft~n 

reduced by yielding and creep in the material or cracking in the structure, 

and it is therefore in many cases of subordinate importance at the ultimate 

stage. 

K5 ENVIRONMEN'l'AL ACTIONS 

In comparison with loading regulations in usc so far, these regulations 

have been expanded by the inclusion of what is desig1~ted environmental 
in one eryti ty 

action. 'l'he reason for this has been the \-lish to arrange; all (or at least 

most) of the external factors which have a bearing on the risk of damage 

in a structure, and not only those factors (design..<tted loads here) v1hich 

eive rise to forces and moments in the structure. In all essentials, it 

should be possible for environmental action to be arranged in a safety 

system in the same way as loads. In these regulations, the chapter on 

environmental action has not been given the extent which its importance 

warrants, the reason being that available information is limited or is not 

in a form that is suitable for regulations of this kind. It is to be 

supposed that it takes some time for regulations on environmental action 

to be developed, and that it is only in later editiono of these loading 
regulations that more comprehensive information can be given. 

33 



34 

In certain cases, environmental action an~ defonnation action can be 

action uue to the same factor, e.g. temperature or moisture. Nonnally, 

the difference is that deformation action is determined by changes in 

temperature or moisture conditions, while environmental action is determined 

by the actual values of temperature or moisture. In spite of this partly 

common ground, deformation and environmental action h~ve been separated, 

and the former grouped \'dth loads. The reason for this is that deformation 

action gives rise to similar effects in the structure, i.e. forces and 

moments. 

The effect due to environmental action can in certain cases be eliminated 

or reduced by the introduction of some form of protection, e.g. the 

provision of fire resistant cladding, or corrosion resistant finishes. 

The present draft regulations were to comprise, by way of instructions, 

a number of figures from which approved assumptions concerning temperature 

and moisture conditions can be taken. Only a few of these figures, which 

are to be s~en as examples of the way in which information is to be 

obtained, have been included in these regulations. 'I'he material on which 

these figures are based is mainly taken from /1/. 
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Appendix 

Deformations due tc Lhe action of · lo'n -term loads 

A load-time curve according to FIG. 1 is initially assumed, i.e. that 

a number of loads of the same magnitude and the same continuous duration 

act at constant time intervals. 

Assuming proportionality between load q and stress~, and proportio~ality 

between stress (f and strain ~, the relationship bctv1een stress 0 and load q 

can be written 

where f is a time function (creep index ??) 

k is a constant. 

Two limiting cases are selected with regard to~· 

1) ~ =f(t) 

i.e. ~is a function only of the time after application of the load. On 

application of load at time t
1 

and consequent removal of load at time t 2, 

a deformation according to FIG. 2 is obtained. 'l1he whole of the ~efonnation 

is recovered. 

t 
i.e. ~is a function of the time/after application of the load and the 

age of the material, t , on application of the load. A deformation as 
0 

shown in FIG. 3 is obtained,according to the above expression, for load 

application at time t
1 

and consequent removal of load at time t 2• The 

whole of the deformation remains after removal of the load. 

If this is applied to a case involving many changes in load according to 

FIG. 1, the total deformation in the unloaded state is given by 

~ k ."f'l.qD 
= 1! '\ 

for both cases 1 and 2 above. It is thus possible to calculate the time 

dependent part of the deformation in the same way as for a constant load, 

usine the reduced magnitude ~q which is the mean value of the load over 

a long period. 

35 
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If the magnitude of the load is variable J t can be divided into a number 

of loads of constant magnitude. These par 

of '''\' nnd the expression for ~\'lill be 

.,.Jill then have different values 

i.e. the average load q is determined as the area belo\-1 the duration 

curve. 

The expression for f.. is not strictly true if the periods of duration of 

the loads and the intervals between the loads vary, but it has nevertheless 

been considered that it can be applied as an approximation. 

In certain cases, one load per-iod (the last one) may have a dominant 

effect. This effect, calculated for the continuous duration, should thon 

be dealt with separat~~y ~n~ ~~d~d to the deformation obtained due to q, 

but with the magnitude of the load reduced by q. 



Loaded area A m2 

FIG. K4.3.1.1b 

Curve 1 

Curve 2 

Column 1 Column 2 Column 3 

FIG. Kt1. 5. 2a 

TP = CG 

FIG. K4.).2b 

TAB K4.3.1.1c 

Loaded area m2 

5.2 31 111 192 

of load 
TAB K4.3.1.1a Values/equivalent to different fractiles and different 

sizes of loaded area, according to rUTCHELL 

Fractile equivalent 
to the load 

Desienations 
for the load 

TAB K4.3.1.1d 

Type of premises Premises 
according to 
the regulations 

2 

Dwellings 
Hotels 
Sickrooms 

Value in the 
regulations 

Offices 
Schools 

Value in the 
regulations 

2 Loaded area. m 

No of 
observations 

37 
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NORGES SYGGSTANDARDISERINGSRAD 

3 

3.1 

3.1.1 

3.1. 2 

LOADS AND LOAD EFFECTS 

Load assumptions 

Structures shall be checked for loads in accordance 
with Building Regulations of Aug. 1st, 1969, Chap. 51 
and NS 3052. 

Structures not covered by the building regulations 
or NS 3052 shall be checked for loads in accordance 
with any other valid load regulations. 

The duration of the load shall be consieered. 

Assuming an effective load sharing, the 
following rule can be used for rafters, purlims 
roof trusses, floor joists and posts with 
spacing up to 600 rnm. 

If four or more similar structure elements act 
together to support a common load, the val\.J.es 
for the structural strength and characteristic 
capacity can be increased by 10 % and the 
modulus of elasticity for calculating the 
deformation by 20 %. 

3.2 Shrinking, swelling and temperature changes 

1975-02-12 

If in special cases the effect of moisture and 
temperature variations in timber are taken into 
?~count, the following values can be assumed: 

For timber with moisture content up to 28 % 
of the dry mass (fibre saturation point), the 
following dimension changes per % variation 
in moist~re content rnay.be assumed for shrinking 
and swelling: · 

Values 

Parallel to the grain 0,01 

in 

Perpendicular to the grain radially 0,04-0,25 
mean value 0,15 

Perpendicular to the grain ta.ngentially 0,15-0,45 
mean value 0,28 

% 

l 
l 
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3.3 

3.3.1 

3.3.2 

3.3.3 

The thermal expansion coefficient can be 
set to: 

Parallel! to the grain 

Perpendicular to the grain 

Forces and moments 

0,005 mm/m oc 

0,04 mm/m oc 

Forces and moments can be determined according to 
recognized methods based on the theory of elasticity. 

Moments and shear forces are calculated for most 
severe load condition relative to the section to 
be examined. 

The span is normally taken as the distance between 
the support reaction forces. The span for beams can 
be taken 3S equal to the lig~t opening plus half of 
each of the two support widths. 

For calculation of shear force on bearing the 
following rules can be used for freely supported 
beams with constant rectangular cross sections: 

a) Loads within a distance from the support equal 
to the beam height are ignored. The greatest 
single load is placed at a distance from the 
support equal to three times the beam height or 
at the beam's quarter point if this is nearer to the 
support. 

b) If the shear force calculated by a) exceeds the 
shear force capacity, the following rules can be 
used: 

For single loads 

F ( r - x ) ( x/ hi 2 

V = I: 1,1 I t2 + (x/h) 2 

x = distance from F to theoretical bearing point. 

For uniformly distributed load 

V = 0,5 q I(l - 2h/I) 
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4 

4.1 

4.1.1 

4.1.2 

4.1.3 

PRINCIPLES OF DESIGN 

Limit states 

Design of timber structures is performed by a control 
at two limit states, ultimate limit state and 
serviceability limit state (see NS 3052). 

At the limit states are compared a design load 
effect w~th a capacity derived at by testing or 
calculation, or with a prescribed limit value, 
(stress, displacement etc.). 

At the ultimate limit state the capacity shall be 
controlled for bending moment, axial force, shear 
force and partial loading, see pt. 5.5. In addition 
buckling of columns and lateral buckling of beams 
shall be controlled. 

The capacity of the fasteners shall be controlled. 

In the serviceability limit state the following shall 
be controlled: 

Displacements, if these must be restricted 
due to the use of the structure 

Fatigue (by fatigue-causing loads) 

Dynamic effects which can influence the 
function of the structure. 

4.2 Design load 

4.3 

4.3.1 

The design load for a limit state is the least 
favourable combination of characteristic load (or 
standard value for loads) multiplied by load 
coefficients Yfr cf. NS 3052. 

Design material strength 

Design material strength is a characteristic strength 
or standard value for structure strength divided by 
material coefficient Ym· 
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4.3.2 Material coefficient Ym is ecuated with y 1 
yl • y2 . y3 . Y,. 

yl = Coefficient for grading 

y2 = C0efficient for production control 

y3 = Coefficient for control of calculation 

Y,. = Coefficient for consequence of rupture 

Table 4.3.2 a Coefficient for grading y
1 

Grading yl 

Timber graded and marked according to NS 3080 1,1 

Timber ~ graded and mark~ subject to 1,0 special control (see commentaries) 

Table 4.3.2 b Coefficient for production contnlly
2 -

Production control y2 

Production control g:rcup I see pt. 8.2.1 1,0 

Production control group II see_pt. e.2.2 1,1 

Table 4.3.2 c Coefficient for control of calculation y 
3 

Control of calculation 

C~mplete control of all ~alculations and wor~-
shop drawings executed by other person 

Control only of main forces and main dimensions 
executed by other persons. Self control 

No controll) 

l)y
1 

for no control should not be used'where rupture can 
lead to large consequence. 

y3 

1,0 

1,05 

1,1 
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Table 4.3.2 d Coefficient for consequence of rupture y~ 

Structure type y~ 

Structures where rupture will cause small 
economic consequences or insignificant possi- 1,0 
bility of injury to people 

Struc.tures in small houses 1,05 

Structures where rupture can cause larle 
1' 12 ) economic consequences or possibility o 

injury to people 
' 

The material coefficient Ym shall always be assumed 
larger than 

Y > !L! for load 0 and G + E and 
m - Yf 

> l,l for load 0 + E 
Ym - Yf 

Yf is effective load coefficient (weighed mean) 

0, G + E and 0 + E are loads according to NS 3052. 

For example for 0 + G 
1,6 N + 1,2 G 

Yf = - N + G 

4.4 Strength grades. Structura~ strength 

Timber is g~aded into stress grades with a 
characteristic value for ~aterial strength. This is an 
approximate value in MPa for the timber's maximum 
bending strength defined as that value of the maximum 
bending strength which in short-time testing is 
exceeded by 95 % of the timber in the relevant grade. 

In the following are given coefficients and structural 
strengths for the standardised strength grades T 30 and 
T 20. Corresponding values are also given for timber 
with characteristic value 4o MPa. 

2)The coefficient is given on the assumption that systematic 
control of condition and maintenance are performed where 
rupture in the structure can cause injury to people. 
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Timber which fulfills the requirements for grade E 
inNS 3080 belongs to strength grade T 30, and timber 
which fulfills the requirements for grade S belongs 
to strength grade T 20. 

Table 4.4.1 Structural strengths in MPa (values are 
to be multiplied by the factors in Tables 
4.5 and 4.6) 

Struct~ral strength -for 

Bending 

Tension parallel to 
the grain 

Charact. 
value 
40 

a sll 2 4, 0 

Tension perpendicular 
to the grain °sl 0,3 

·compression p~rallel 
to the grain3) 

. (A < 20 J 

Compression perpen• 
dicular to the 
grain4) 5) 6) 

Shear ~arallel to 
the grain 

Shear. perpendi­
cular to the grain 

Modulus of elasti­
city parallel to 
the grain 

OtH 22,0 

crt;.L 4,0 

'(" 2,0 

TJ. 1, 0 

En 6ooo 

Strength grade 

T 30 T 20 

20,0 14,0 

18,0 10,0 

0,3 0,3 

18,0 14,0 

4,0 4,0 

2,0 2,0 

1,0 1,0 

5000 4000 

For finger jointed timber 'of strength grade T 30 or 
better, structural ~trength for tension parallel to 
the grain (as) is 16 MPa. For finger jointed timber 
of strength grade T 20 the table values apply. 

3)For A > 20, see pt. 5.3 

4)For crtl for short loaded lengths, see pt. 5.5.1 

5)For compressed surfaces which form an angle a with the 
grain, see pt. 5.5.2 

6)As long as some compression does not hurt the structure, 
crtl can be increased by 25 %. 
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Table 4.4.2 E- and G-modulus in MPa for calculation 
of deformation 

E- and G-modulus for calculation Char act. Strength 
of deformation value grades 

40 T 30 

Modul.us of elast;lci ty 
El 11 000 9 000 parallel to the grain 

Modulus of elasticity 
E.l. 300 250 perpendicular to the grain 

Shear modulus parallel to 
Glt 600 600 

the grain 

Shear modulus perpendi~ 
Gl 40 40 

cular to the grain 

Table 4.4.3 Factor kL 

Stress Mean Strenght 
value grades 

40 T 30 T 20 

ab, a sll , atu 1,2 1,3 1,4 

''sl, au 1,0 1,0 1,0 

T\1 1 T.l 1,2 1,2 1,2 

E- and G-modulus 1,2 1,2 1,2 

For glued laminated timber which satisfies the 
requirements for production contrcl group I (see 
pt. 8.2), the structural strength and stiffness 
values according to Table 4.4.1 and Table 4.4.2 

T 

7 

are multiplied by the factor kL given in Table 4.4.3 

For glued laminated timber in production control 
group II the factor kL = 1,0 applies. 

20 

000 

200 

600 

40 
. 
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For glued laminated timber where the cross section 
contains lamellae of two strength grades, the 
structural strength is determined by the following 
rules: 

The lowest lamella quality in the whole cross 
sect~on for tension and compression (and buckling) 
parallel to the grain, bending on an axis vertical 
on ·the glued joint plane and by shear stresses. 

The quality in the other lamellae (all lamellae 
which wholly or partiallyare in the outer one 
sixth of the cross-section height) by bending on 
an axis parallel to the glued joint plane. 

4.5 Loading groups 

The loads are divided into the following groups 
according to duration: 

Load grade A, long-term loads 

Dead loads, snow loads, water pressure, earth 
pressure. Imposed loads in residences, offices, 
hospitals, schools and other imposed loads of prolongued 
character. Loads of people in assembly rooms and other 
public rooms. 

Load grade B, short-term loads 

Occasional person load (point load) on a roof etc. 
_Imposed ~oads on platfor,rns and scaffoldings, concrete 
formwork and similar temporary structures?). Forces 
from temperature and moisture variations, braking and 
acceleration forces, mooring forces from craft. Mobile 
loads centrifugal forces on bridges and cranes. 

Load grade c, very short-term loads 

wind load. Impacts and shaking in addition to imposed 
loads. 

Imposed loads on temporary structures can in certain 
cases be put in load group C. 

For combination of different load groups the values 
from Table 4.4.1 and Table 4.4.2 are multiplied by 
the factor kk given in Table 4.5. 

7)By temporary structures is meant structure with a service 
time of up to 3 years. 
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Table 4.5 Factor kk 

kk 
Load grades For structural For calculation of 

strength deformation 
Table 4.4.1 Table 4.4.2 

A 1,0 1,0 

A + B or B 1,2 1,1 

A + B + c, 
A + c, B + c 1,4 1,2 
or c 

4.6 Climate grades 

Structures shall be classified in climate grades in 
accordance with the moisture content in the atmosphere 
which surrounds the structures during use. 

To climate grade 1 can be assumed amongst others: 

Structure members inside rooms which normally 
are heated. 

Loft joist floor and bearing roof structures ln 
cold, but ventilated loft rooms over rooms which 
normally are heated. 

' Outer walls in buildings which normally are 
heated and which are protected by ventilated, 
impervious outside plating and aamp-proof layer 
on the warm side. 

To climate grade 2 can be assumed amongst others: 

Structure elements in buildings which normally 
are not heated, but are .ventilated. 

Premises with non-moisture producing acitivity 
or storage, eg. leisure dwellings. 

Roof boarding. 

Scaffolding, formwork and similar temporary 
structures. 
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4.7.1 

To climate grade 3 can be assumed amongst others: 

Structures which are not protected against damp 
or rain. 

Structures which are in direct contact with the 
ground. 

Values given in Tables 4.4.1 and 4.4.2 shall be 
multiplied by the factor kf according to climate grade. 

Table 4.6 Factor kf 

Climate grade 1 2 3 

Relative humidity R.H.<65 65<R.H.<85 R.H.>85 
(R.H.) in %8) 

Factor kf 1,0 1,0 1,0 

Equivalent wood 
moisture content f<l2 12<f<20 f>20 f (approximate 
·value) in % 

Design by testing 

Capacity, or properties at lower loading, can be 
determined by prototype testing instead of calculations 
or by testing combined with calculations. 

The rules apply to testing which Ehall form the basis 
for evaluation of compound structures of the same type. 
The test shall be representative for the product. The 
rules do not apply for test loading of completed 
structures. 

Results arrived at by testing apply before calculations 
with regard to the properties which are exam~ned by the 
testing. The testing 'does no·t justify deviation from 
rules whtch also shall take care of other properties 
than those covered by the testing. 

Execution and control shall be the same as for structures 
designed on the basis of calculation. 

8)short-term excess (a few consecutive days) with 10 % R.H. can 
be allowed. 
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4.7.2 

4.7.3 

5 

5.1 

5.1.1 

5.1.2 

A test report shall be prepared where at least shall 
be evident the size and type of load, maximum 
defliction and downward bending after unloading, 
stretching and description of conditions which are of 
importance for deciding whether the functional 
requirements are satisfied. 

The test~ng shall be executed by or checked by an 
officially-recognised testing institution. 

ULTIMATE LIMIT STATE 

Bending and axial force 

The capacity for bending and axial force can normally 
be determined from the assumptior. that plane cross 
sections remain plane after deformation. Where no more 
exact methods are used, the capacity can be calculated 
~ccording to the following rules. 

The capacity for central axial force9) is determined by 

Nd ~ Aad (ad is design tension or compression 
strenght) 

The moment capacity for simple bending for solid cross 
sections . (including laminated wood) is determined by 

Md = Wad (ad is design bending strength) 

Laminated wood members which are fabricated with a 
curvature have reduced capacity. 

Moreover for structures with simple curved axis of 
length, unequal distribution of stress across the cross 
section must also be taken into consideration. 

The capacity is determined by 

9)for buckling see pt. 5.3.3. 
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5.1.4 

C is given in Table 5.1.3 and ki in Table 5.1.3.2. 

Table 5.1.3.1 

.L 1 1 1 1 1 
TOO 125 150 2oO <-

ri 250 

c 0,80 0,87 0,90 0,95 1,00 

t = larnell thickness 

ri = smallest radius of curvature 

Table 5.1.3.2 

rm 2 3 4 6 8 10 ~ 15 -h 

ki 0,83 0,89 0,92 0,94 0,96 0,97 1,00 

rm = mean radius of curvature 

h = height .of cross section 

Moreover . for simple curved structures the capacity is 
limited by 

Md ~ ~ rmAad (ad is here equal to the value for aSL 
respectively alL). 

The formula applies for rectangu:ar cross section and 
constant height. 

For structures influenced by moment and axial forcelO) 
the capacity shall be checked thus: 

Mx is moment on the cross section's x-axis and My is 
moment on the y-axis. 

lO)for buckling see pt. 5.3.4. 
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5.2 

5.2.1 

5.2.2 

Shear force 

The capacity for simple shear force is generally 
determined by 

where I, S and b refer to the cross section's centre 
of gravity axis. 

For rectangular cross sections with constant height 

For rectangular notched beams the following applies: 

k, is given in Fig. 5.2.2. 

Fig. 5.2.2 

k = ha 
T h 

ForalE0;30° k =1 
T 

ti-e(~ -I) 
For e ~ 0,6 hog h 1 ;;. 0,6 h er 1r = - -,---

."'T ha 

For e > 0,6 h eller h1 < 0,6 h er k,. = l 

·. 
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5.3 

5.3.1 

5.3.2 

5.3.3 

Buckling 

The buckling length is generally assumed as equal to 
the distance between two fixed points. 

Struts which are partially or completely restrained~ and 
struts which are secured sideways by elastic supports 
(eg. in open frames), must be examined more precisely. 

For single columns with solid or glued cross section 
the slenderness ratio is 

i =ff 
For rectangular cross sections i = 0,29 t 

where t is the column's thickness in the 
buckling direction. 

For circular cross sections i = 0, 25 d 

where d is the cross section's diameter. 

For round timber i is calculated for a cross sectio~ 
at a distance of j from the top end. 

The greatest allowed slenderness +.atio is 170. 

The capacity for central axial force is 

kA is given in Table 5.3.3. 

Table 5.3.3 

A = 20 30 40 so 60 70 . 80 90 

kA = 1,00 0,90 0,81 0,71 0,62 0,52 0,43 0,34 

A = 100 110 120 130 140 150 160 170 

kA = 0,28 0,23 0,19 0,16 0,14 0,12 0,11 0,10 
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5.3.4 

5.4 

5.4.1 

5.4.2 

5.4.3 

For columns influenced by moment and axial force, the 
capacity ~s checked thus: 

Mx +My +N < 1 

Mcix 

Mx is moment on the cross section's x-axis 

My is moment on the y-axis 

Nd is determined for the appropriate direction of 
buckling 

For build-u~ columns the largest moment value within 
the middle ~ part of the column's length is used. 

Lateral buckling: 

An investigation of lateral buckling can generally be 
omitted. However, for beams of great length and 
slenderness which can occur in laminated wood structures, 
such an investigation is necessary. 

Where no more exact methods are used, then the possibility 
of lateral buckling can be taken into account for beams 
with rectangular cross section according to the 
following rules. 

For h ~ b it is not necessary with side bracing and 
the capa~ity of moment is as given in pt 5.1.3. 

For h > b the beam at the bearings shall be braced so 
that a rotation on the beam's axis of length is prevented 
(fork support). 

The beam's slenderness ratio ~v is given as 

where le is taken from Table 5.4.1. 
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5.4.t4 

Table 5.4.3 

Conditions Load le for load working parallel 
axis 11) of bearing on the ream's neutral 

Freely Single load at 1,4 I supported the middle 
. 

Freely . Uniformly 1,6 . I supported distributed 

Freely Constant moment 1,8 I supported 
. 

Bracketed Single load at 1,4 . I the end 

Bracketed Uniformly 0,9 • I distributed 

Others Arbitrary 1,8 . I 

I = free length 

Normally_ the free length 1 is assumed as the distance 
between the bearings, or for a bracketed beam its 
actual length. 

If the beam is supported at certain points between the 
bearings so that twisting or sideways bending on the 
compression side are effectively prevented, then the 
free length is taken to be the distance between these 
supports ·. 

The capacity of moment is determined by 

Mel = kv wad 

kv is given in Table 5.4.4. 

Table 5.4.4 

). v 10 15 20 25 

kv 1,0 0,85 0,70 0,55 

30 35 

,o, 40 0,29 

40 45 

0,23 0,18 

50 f 
0,14 

ll)For downward directed load on upper side le is increased by 3·h 

For downward directed load on lower side le is reduced by h. 
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5.5 

5.5.1 

5.5.2 

Partial loading 

For short loading lengths a higher compression stress 
is allowed on the loading surface as long as the 
following conditions are complied with: 

The distance from loaded surface to the timber's 
end is at least 75 mm arid to other loaded surface 
at least 150 mm. Se Fig. 5.5.1. 

The.value of crtl according to Table 4.4.1 can then 
be increased by the factor k 8 according to 
Table 5.5.1. 

Table 5.5.1 

Loading length 10 23 36 48 2:98 
1 in mm 

ks 1,8 1,5 1,3 1,2 1,0 

F 

;;;..?5 I '?> 110 I 

Fig. 5.5.1 

For compression surfaces where the force forms an angle 
a parallel to the grain, ~~ values for Ota are 
determined by 

Ota .= Otll - (Otll - Otl.) sin 0. 

for 0 .S a .S 90° 
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DRAl"l' REVISION OF CP 112 

This paper gives an outline for the proposed conteDte of the revised edition of 
British Standard. Code of Practice CP 112. In addition the oompleted d.ra.tte for 
the first five chapters are inolu4ed. It IIIWit, however, be emphasised that these 
are draft documents, and althoup agreed in principle, ma;r nevertheless be 
subsequently modified or altered. 

1 GENERAL 

1.1 Scope 
1.2 Definitions 
1.3 Symbols 

2 MATERIALS 

2.1 General 
2.2 Species of Timber 
2.3 Plywood 
2.4 other Board Materials 

3 MOISTURE CONTENT 

3.1 General 
3.2 Service Requirements 
3.3 Effect on Strength 

COlfl'EN'l'S 

3.4 Effect on Geometrical Properties 

4 DESIGN OBJOOTIVES 

4.1 Limit State Design 
4.2 Limit State Requirements 

4. 2. 1 Ultimate Strength 
4.2.2 Deflection 
4.2.3 Durability 
4.2.4 Fire resistance 
4.2.5 Vibrati.on 
4.2.6 Other limit states 

4.3 Design Loads 

4.3.1 Ultimate strength 
4.3.2 Deflection 

4.4 Strength of Materials 

5 TIMBER 

5.1 Stress Grades 

1 



5.1.1 Visual grades 
5.1.2 Machine grades 

5.2 Basic Design Stresses 
5.3 Grade Design Stresses 

5.3.1 Timber graded to BS 4978 
5. 3. 2 Timber graded in Canada 

5.4 Strength Classes 
5.5 Additional Properties 
5.6 Modified Design Stresses 

5.6.1 Duration of load 
5.6.2 Load sharing 
5.6.3 Exposure condition 

5.7 Geometrical Properties 
5.7.1 Timber to BS 4471 
5 .7. 2 Timber to Canadian Lumber Standards 

6 LAMINATED TIMBER 

6.1 Stress Grades 

6. 1 • 1 Grades LA, LB and LC 
6.1.2 Grades LAF and LBF 

6.2 Use of Graded Laminations 

6.2.1 General 
6.2.2 Tension face laminations 

6.3 Modified Design Stresses 

6.3.1 
6.3.2 
6.3.3 
6.3.4 
6.3.5 

Grade and number of laminations 
Lamination thickness in curved members 
Duration of load 
Size 
Exposure condition 

6.4 Radial Stresses in Curved Members of Constant Cross Section 

6.5 Stresses in Pitched Cambered Beams 

7 PLYWOOD 

Radial stresses 
Bending stresses 

7.1 General 

1.1 .1 Material 
7.1.2 Strength properties 

7.2 Determination of Stresses 

2 



I, 

7.2.1 Predictive method 
7.2.2 Teat method 
7.2.3 Tabulated data 

7.3 Basic Design Stresses 

7.3.1 Predictive method 
7.3.2 Test method 

7.4 Grade Design Stresses 

7.4.1 Predictive method 
7.4.2 Test method 
7.4.3 Tabulated data 

7.5 Modified Design Stresses 

7.5.1 Duration of load 
7.5.2 Exposure condition 

7.6 Geometrical Properties 

7. 6.1 
7.6.2 
7.6.3 

General 
Finnish plywood 
Canadian plywood 

8 BOARD MATERIALS 

8.1 General 
8.2 Tempered Hardboard 

8.2.1 
8.2.2 
8.2.3 
8.2.4 
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1 GENERAL 

1.1 Scope 

This Code of Practice deals with the structural use of timber, plywood and other 

wood-based sheet materials. It is based on material properties established by 
" research, on performance testing and on practical experience. In drafting it has 

been assumed that the design of structures is entrusted to appropriotely qualified 

engineer~, for whose guidance the Code has been prepared, and that the execution 

of the work is carried out under the direction of qualified supervisors. 

Where information was lacking from ~ritish sources recourse was made to information 

from laboratories in the USA, Canada., Australia, Sweden and Finland to whom due 

acknowledgement is maqe. The valuable contributions of the Council of Forest 

Industries of British Columbia, the Swedish Timber Council and the Finnish Plywood 

Development Association are also acknowledged. 

In common with other material Codes this Code recommends procedures which permit 

the adoption of a limit state approach to the design of timber structures. However, 

because of the number of properties involved and the different procedures by which 

these are derived characteristic strength values and partial safety factors for 

materials have not been specified. Instead these have been incorporated in the 

tabulated design stresses for the materials and in the strength values for the 

jointing devices. In this way the designer is relieved of one arithmetical 

operation. 

The design stresses and strength values apply to long term loading under a dry 

exposure condition and modification factors are given to enable these to be 

adjusted to other service conditions. Provision is also made for the establiShment 

of design stress values from the results of standard laboratory tests, for materials 

and jointing devices not specifically included in the Code. 

In order that account may be taken of the effect of duration of load on strength 

four categories for duration of load are defined, together with their corresponding 

stress modification factors. Partial safety factors for loads are included to 

permit design loads to be' determined for the limit states of ultimate strength and 

deflection. 

As an equally acceptable alternative to design calculations, a procedure Js 

recommended whereby the ability of a structure to satisfy its functional 

requirements for strength and deflection may be assessed from tests on full size 



units. 

1.2 Definitions 

Where timber terms are used they have the meaning assigned to them in CP3 Chaper V: 

Parts -1 and 2 and in BS 565, BS 4471 and BS 4978(l). In addition the following 

definitions apply: 

Basic characteristic stress. The value of the ultimate stress at the dry exposure 

condition, derived from standard tests on small clear specimens( 2 ) below which not 

more than 5 per cent of test results fall. 

Basic design stress. The stress derived from the basic characteristic stress by 

dividing by the appropriate partial safety factor for strength, and adjusting to 

the long term loading condition, and in the case of bending stress to a section 

depth of 200 mm. 

Characteristic dead load. A load of long term duration such as the dead loads 

defined in CP 3:Chap V:Part 1. 

Characteristic imposed load. A load which may be of long, medium or short term 

duration such as the imposed loads specified in CP 3:Chap V:Part 1. 

Characteristic wind load. A wind load which may be of short or very short term 

duration such as the wind loads defined in, and derived in accordance with CP 3: 

Chap V:Part 2 

Design load. The load determined by multiplying the characteristic dead, imposed 

and wind loads by partial safety factors appropriate to the limit states of 

ultimate strength stability and deflection. 

Dry exposure. An exposure condition where the moisture content of timber will not 

exceed 18 per cent for any significant period, as for example, in most covered or 

internal uses. 

(l)BS 565 
BS 4471 
BS 4978 

(2)BS 373 

Glossary of terms relating to timber and woodwork. 
Dimensions for softwood 
Timber grades for structural use 

Methods of testing small clear specimens of timber 
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Glued laminated timber. A member produced by gluing together a number of 

laminations having their grain directions essentially parallel. 

Grade characteristic stress. The value of ultimate stress, at the dry exposure 

condition, derived from standard tests on full size specimens of a particular grade( 3) 

below which not more than 5 per cent of the test results fall. 

Grade design stress. The stress derived either: 

a) by dividing the grade characteristic ~t~PSS by the partial safety factor for 

strength and adjusting to the long term load condition, and in the case of bending 

stress to a section depth of 200 rom or, 

b) by multiplying the basic design stress by the grade strength ratio for solid 

timber and by the combined grade and number of laminations factor for glued 

laminated timber. 

Grade strength ratio. The ratio of the strength of timber of a particular grade 

to the strength of timber free from defects. 

Horizontally laminated beam. A beam with the laminations parallel to the neutral 

plane. 

Joint characteristic strength. The value of ultimate strength for a single 

fastener at the dry exposure condition derived from standard tests on sample 

joints(4) below which not more than 5 per cent of test results fall. 

Joint design strength. The strength of a single fastener derived from the joint 

characteristic strength by dividing by the appropriate partial safety factor for 

strength and adjusting to the long term load condition. 

Long term load. A load which acts, or may be oonsidered to act, permanently on 

amember or structure. 

Medium term load. A load which acts, or may be considered to act, from time to 

time for prolonged periods. 

Member. A structural component which may be a piece of solid timber, laminated 

timber or built up from pieces of timber and/or other sheet materials as for example 

floor joist, box beam, member of a truss. 

( 3)No BS as yet available, see PRL Special Report No 19. 

(4)A BS is being written. 
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Modified design stress. The stress, determined by multiplying the basic design 

stress or grade design stress by modification factors, which is applicable to 

the design of a member of a particu~ar grade and size under the conditions of 

exposure, loading etc, to which the member will be subjected in service. 

Modified joint design strength. The strength, determined by multiplying the joint 

design strength by modification factors, which is applicable to the design of a 

joint under the conditions of exposure, loading etc, to which the joint will be 

sub.iected in service. 

Short term load. A load which acts. or may be considered to aot, from time to time 

for short periods. 

Structural unit. An assembly of members forming the whole or part of a framework 

or building, as for example, a truss, floor panel, skeleton of a building or a 

complete building. 

Vertically laminated beam. A beam whose laminations are at right angles to the 

neutral plane. 

Very short term load. A load which acts, or may be considered to act, from time 

to time for very short periods. 

Wet exposure. An exposure condition where the moisture content of timber will 

ex~eed. lH per cent for a significant period, as for example, in external 

uses and in contact with water or exposed to saturated air. 

1.3 Symbols 

The symbols used in this Code are as follows: 

A Area of cross-section 

b 

d 

E 

Breadth of beam or joist, thickness of web or least dimension of 

a tension or compression member. Where there is more than one 

such dimension b1, b2 etc. • indicate their several values. 

Diameter 

Aver~ value of modulus of elasticity 

Characteristic value of modulus of elasticity 
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F 

F m 
ab 

ctbk; 

0bd; 

0bm 
a 
c 

0ck; 

0cd; 

6 em 

CJCl. . G 
OLk' 

a old; 

(J 

c1m 
Gt 

<1tk; 

6td; 

0tm 
T 
.v 

'vk; 

-rvd; 

:r 
vm 

a 
Gk 
h 

I 

i 

K 

a 
bgk 

(Jbgd 

r:r 
cgk 

acgd 

a 
Cl.gk 

a 
Cigd 

'\gk 

atgd 

T 
vgk 

"'vgd 

Strength, general 

Modified strength, general 

Strength in bending 

Basio characteristic strength and grade characteristic strength in 

bending parallel to the grain, respectively 

Basic design strength and grade design strength in bending parallel 

to the grain, respectively 

Modified design strength in bending parallel to the grain 

Strength in compression 

Basic characteristic strength and grade characteristic strength 

in compression parallel to the grain, respectively 

Basic design strength and grade design strength in compression 

parallel to the grain, respectively 

Modified design strength in compression parallel to the grain 

Strength in compression perpendicular to grain 

Basic characteristic strength and grade characteristic strength 

in compression perpendicular to the grain, respectively 

Basic design strength and grade design strength in compression 

perpendicular to the grain, respectively 

Modified design strength in compression perpendicular to the grain 

Strength in tension 

Basic characteristic strength and grade characteristic strength in 

tension~paralle1 to the grain, respectively 

Basic design strength and grade design strength in tension 

parallel to the grain, respectively 

Modified design strength in tension parallel to the grain 

Strength in shear 

Basic characteristic strength and grade characteristic strength 

in shear parallel to the grain, respectively 

Basic design strength and grade design strength in shear parallel 

to the grain, respectively 

Modified design strength in shear parallel to the grain 

Modulus of rigidity 

Characteristic dead load 

Depth of beam or joist, greater transverse dimension of a tension 

or compression member. Where there is more than one such dimension, 

h1, 14 etc. , indicate their several values 
2 

Second moment of area 

Radius of gyration 

Modification factor, the several values of which are identified 
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r 

z 
a 

K1 , K2 , K3 etc. 

Length, effective span 

Moment 

Normal force, axlal force 

Characteristic imposed load, where the added suffixies 1, 2, 3 and 

4 indicate that the load is of long~term, medium term, short 

or very short term duration, respectively 

Radius of curvature 

First moment of area 

Thickness of laminations 

Shear force 

Characteristic wind or impact load, where the added suffixes 

3 and 4 indicate that the load is of short term or very short 

term du~ation, respectively 

Section modulus 

Angle between the direction of the load and the direction of 

the grain 

Partial safety factor for load 

Partial safety factor for material strength 

Angle between the longitudinal axis of the member and the joint 

axis 

Note~ It is recommended that on the completion of the revision of the Code these 

symbols should be reviewed. 
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2 MATERIALS 

2.1 General 

The materials used should comply with the appropriate British Standard, 

where such exists, or with other national standards as indicated. 

TIMBER. The following standards apply to timber: 

Nomenclature of commercial timbers, including 

sources of supply 

Specification for dimensions for softwood 

Specification for dimensions for softwood, Part 2 

Grading and sizing of softwood flooring 

Timber grades for structural use 

National lumber grading and dressing rules 

LAMINATED TIMBER. The following standards apply to 

laminated timber: 

Glued laminated timber structural members 

PLYWOOD. The following standards apply to plywood: 

British made plywood for marine craft 

Plywood manufactured from tropical hardwoods 

Information about plywood 

British made plywood for structural purposes 

Douglas fir plywood 

Canadian softwood plywood 

Finnish plywood 

Swedish plywood 

BOARD MATERIALS. The following standards apply to 

~card materials: 

Resin bonded wood chipboard 

7 

BS 881:589 

BS 4471 

BS 4471:Part 2 

BS 1297 

BS 4978 

NL~A:l970 

BS 4169 

BS 1088 

BS 1455 

BS 3493 

ABPM Sec BP 101 

CSA Std 0121-1973 

CSA Std 0151-1974 

Fin Std O.IV.l(?) 

Swedish type approval 

Tl997 /72 and 

T2360/72(?) 

BS 2604:Part 2 



Methods of test for wood chipboard and other 

particle boards 

Fibre building boards: Methods of test 

Fibre building boards: Medium board and hardboard 

Fibre building boards: Bitumen impregnated 

Blackboard and laminboard 

MECHANICAL FAS~ENERS. The following specifications 

apply to mechanical fasteners: 

Black bolts, screws and nuts 

Nails 

Aluminium nails 

Wood screws 

ADHESIVES. The following specifications apply to •. , 

adhesives: 

Synthetic resin adhesives (phenolic and aminoplastic) 

for plywood 

Synthetic resin adhesives (phenolic and aminoplastic) 

for wood 

Cold setting casein glue for wood 

PRESERVATIVES. The preservative treatment of timber 

ts dealt wtth in CP ll2:Part 5 and the following 

standards apply: 

Coal tar creosote for the preservation of timber 

PreBStire creosoting for timber 

Cla$Sification of wood preservatives and their 

methods of application 

Copper}chrome water-borne wood preservatives 

and their application 

Fluoride/arsenate/chromate/dinitrophenol water­

borne wood preservatives and their application 

Treatment of plywood with preservatives 
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BS 18ll:Part 2 

BS 1142: Part 1 

BS 1142.:Part 2 

BS 1142:Part 3 

BS 3444 

BS 916 

BS 1202 

BS 1202:Part 3 

BS 1210 

BS 1203 

BS 1204 

BS 1444 

BS 144 

BS 913 

BS 1282 

BS 3452 

BS 3453 

BS 3842 



2.2 Species of Timber 

This Code is based on a limited number of species of timber (see Table l) 

which are likely to be generally available. Because sources of supply change 

it is not possible to include an exhaustive list and for the use of other species 

reference may be made to the Princes Risborough Laboratory, or other recognised 

authority. 

Timber may be available as individual species or in parcels containing a number 

of species having generally similar strength properties. For timber imported 

from Canada, softwood species are grouped into three main species groups (see 

Table 2) and mixed parcels of European redwood and whitewood may also be imported 

from Sweden and Finland. Provision is made within the Code for the use of 

species groups from these sources without the need for resorting. 

Where designers wish to take full advantage of the strength properties of a 

particular species, and where they are sure of supply, the species should be 

specified and the appropriate design stresses uSed. As an alternative, design 

may be based on the stress values specified for any of the six strength classes 

recommended in the Code. These are independent of species or grade and have 

been included to provide for the supply of a wider range of species, especially 

the hardwood species, and to broaden the scope of application of machine stress 

grading. 

2.3 Plywood 

The production of plywood has in recent years undergone a radical change and it 

is now the exception for individual sheets to be made from veneers of a single 

species, particularly for the major imports from Canada, Finland and Sweden. 

Thus plywood specified as Canadian Douglas fir will have faces and backs of 

this species and inner plies of any of some eleven other softwood species. 

Although all-birch plywood will continue to be available from Finland, birch­

faced plywood containing inner plies of spruce will become more readily 

available. Swedish plywood made from spruce and pine veneers and plywoods 

from other sources will also become available. 

Account has been taken of these changes and strength data are tabulated for 

those plywoods which are readily available and provision is made for the 

determination of strength values from test results and by predictive methods 

for other types of plywood (see Chapter 
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2.4 OTHER BOARD MATERIALS 

Increasing structural use is being made of board materials, particularly particle 

board for flooring and hardboard for structural webs and cladding. It must be re­

cognised however that these materials are produced to a wide range of qualities, 

with widely different strength and performance characteristics, and experience 

with their use is much more limited than for plywood. Some caution is therefore 

needed ~efore specifying them for structural applications and, where there is 

doubt, advice should be sought from an appropriate authority. 

Limited strength data are given for oil-tempered hardboard and for blockboard 

and laminboard, satisfying the requirements of BS 1141 and BS 3444, These data 

may be used in design providing the loading and service conditions specified in 

thts Code are complied with (see Section 
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TABLE 1 NAI·I!ES AND DENSITIES OF SOli!E STRUCTURAL TBffiERS 

Approximate I 
Density a.-t 

Standard Nan:e Botanical species Other common names a moisture 
content of 
18 per r.c:r:.t 

kg/rn3 

SOFTVIOODS 

Douglas fir Pseuaotsuga menziesii B C pine 590 
Oregon pine 

\<!estern hemlock Tsuga nete~ophylla with Hembal 530 
AbieR spp and Tauga Hem-fir 
mePtens-lana 

Larch La'i'ix decidua - 560 
Larix leptolepsis 

Parana pine A'i'aucaria augu8tifolia - 560 

Pitch pine ~·c . Pinu~ paZ.ust:r"iB Longleaf pitch pine 720 
Pinus eUiotti N caraguan pitch pine 
Pinus ca'f'i'baea Honduras pitch pine 

Redwood or P-inus sylvestris Baltic redwood, 540 
Scots pine European redwood, 

deal, Swedish pine 

Canadian spruce Mainly Picea glauaa~ Princess spruce 450 
Picea mariana vlestern \'Thi te 
Pinus contorta and Abies spp ·- spruce 

Home-grown Pice a abi·ea Norway spruce 38q 
Eurooean s.Qruce 
Home-gro·fl'n Pi'aea 8itchenaia - 400 
Sitka soruce 

Hhitewood Piaea abies~ Abies alba Baltic "1hi tewood • 510 
European 
whitewood, 
white deal 

HARDHOODS 

Greenheart Ocotea rodiaei - 1060 
Gur ,jun/kerui~ Dipteroaa~us spp - 720 
Iroko ~~Z.orophora exaeZ.aa mvule 690 
Jarrah Euaalyptua m~g~nata - - '910 
Karri Euaalyptus diveraiaolor 930 
Oak Quercus robU'i' - 720 
Opepe Nauolea diderriabii kusia 780 

* Some specifications admit Pt:-,nu~ ~c~inat_~~ P tae~ P ~igid.a and P _vi~giniana 
"rhich are considerably lighter and of lo"rer strength. The data given in this 
Code do not apply to these species. · 
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TABLE 2 NAMES AND DENSITIES OF CANADIAN SPECIES COMBINATIONS 

Standard name 

Douglas fir­
Larch 

Hem-Fir 

Princess spruce* 

Western white;'; 
spruce 

Botanical species 

Pseudotsuga menziesii 
Larix oaaidentaZis 

Tsuga heterophyZZa 
Tsuga mertensiana Carr 
Abies amabiZis 
Abies grandis 

Piaea gZauaa 
Piaea rubens 
Piaea mariana 
Abies baZsamea 
Pinus banksiana 

Piaea g"lauaa 
Piaea engeZmannii 
Piaea mariana 
Pinus aontorta 
Pinus banksiana 
Abies "lasioaarpa 
Abies baZsamea 

Other common 
names 

BC pine 
Western larch 

Western hemlock 
Mountain hemlock 
Amabilis fir 
Grand fir 

White spruce 
Red spruce 
Black spruce 
Balsam fir 
Jack pine 

White spruce 
Engelmann spruce 
Black spruce 
Lodgepole pine 
Jack pine 
Alpine fir 
Balsam fir 

Approximate density 
at a 

moisture content 
of lB per cent 

3 kg/m 

590 

530 

450 

450 

*Because of similarity of strength properties these two species groups are 
collectively designated as spruce-pine-fir. 
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3 MOISTURE CONTENT 

3.1 General 

The basic factors governing the moisture content of timber and wood based 

sheet materials are:-

1 Wood is a hygroscopic material so that its moisture content depends on 

the conditions under which it is exposed. 

2 Unless wood is in contact with water or exposed to very damp 

conditions, its moisture content stabilizes, in most cases, at 

between 10 and 20 per cent, which is very much lower than when 

the timber is freshly felled. The drier the atmosphere, and the 

higher the temperature, the lower the moisture content which the 

wood attains. 

3 At a moisture content below about 30 per cent, wood shrinks or 

swells as its moisture content changes. 

4 The strength properties of wood change with changes in moisture 

content below about 30 per cent, a dec.r•ease in moisture content 

producing an h1crease in strength and vice versa. 

5 Wood is less prone to decay if its moisture content is below 

25 per cent and may be regarded as immune below 20 per cent. 

6 Softwood imported from Europe is normally dried to a moisture 

content below 23 per cent before sh4>ment to the UK. Softwood 

of Canadian origin will generally be unseasoned, but dipped in a 

fungal inhibitor before shipment. Packaging and other changes in 

timber production and handling may however alter this tradit:j::onal 

pattern with a trend towards the imports, particularly of the 

smaller dimensions, being drier. Imported hardwoods from all 

sources are normally only dried before shipment to such an extent 

as will avoid deterioration during passage to the UK. The 

moisture content at time of arrival may be anywhere within a wide 

range, but further drying is normally done after arrival. 

Supplies of dried hardwood are generally available. 
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7 Plywood and other wood based board materials ar•e produced in a 

rel~tively dry condition with moisture contents within the range 

6 to 14 per cent. They undergo changes in strength and dimensions 

(of which thickness is affected the most) with changes in exposure 

conditions. Their hygroscopic properties differ from those of timber 

and under the same exposure conditions their equilibrium moisture 

contents can be 3 vr more per cent lower. 

3.2 Service Requirements 

Timber and board materials when installed in a building should ideally have a 

moisture content close to the equilibrium values they will attain in service. 

However, only the average values, or ranges of values, for varjous applications 

can reasonably ee stated, and these can vary quite considerably, depending on 

the type and location of the building and other facto~s. Also individual species, 

and even pieces of the same species, can attai? quite different equilibrium moisture 

contents when exposed in the same environment. A precise specification of moisture 

content is therefore not possible but Table 3 gives guidance as to the appropriate 

ranges of moisture content to which timber should be dried for a number of end-

uses. 

TABLE 3 MOISTU~E CONTENT OF TIMBER FOR VARIOUS F.ND-USES 

Moisture Content (Per Cent) 

Position of timber Parcel Acceptance 

in building Nominal Levels 

Specification Averages Any Piece 

Max Min Max Min 

External uses, fully exposed 18 20 14 24 12 

Semi-internal uses and inter- 15 16 14 19 12 mittently heated interiors 
·---

Internal uses, centrally 12 13 ll 15 9 heated 

Internal uses. close to heat 9 10 8 13 6 source 

Care should be taken on site to ensure that material supplied in a dry condition 

ts adequately protected from the weather. 
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Although some timber, after fixing, may be subject to temporary exposure 

to the weather and therefore to possible absorption of moisture, it will 

rapidly dry out after covering, providing there is ample ventilation. 

Timber members fixed at higher moisture contents than 

given in Table 3 will suffer differential and uneven shrinkage in drying out 

in situ to the equilibrium moisture content of the service condition. Where 

this is acceptable, provision should be made to overcome any loss in strength 

at joints and fixing points, and to accommodate any resulting displacements 

and additional deflections. 

Consideration should be given to the possible effect of the wet trades on 

timber and board materials and it may be necessary for these to be completed 

and their work dried out before fixing timber in centrally-heated exposures 

or near to heat sources. Adequate ventilation should be provided throughout 

the drying period to remove the high humidity air from the building. 

Solid timber, whose least dimension is more than 100 mm, cannot be reduced 

to a uniform moisture content within the limits of Table 3, except at a high, 

and usually uneconomic, cost. This should be taken into account at the 

design stage, and alternatives to the specification of large sections should 

be explored. 

3.3 Effect on Strength 

Because of the effect of moisture content on strength the stress values used 

in ~esign should be those corresponding to the highest moisture content that 

the particular member will attain in service. It is not possible to cover 

all service conditions and for the purposes of this Code, two standard 

conditions only are defined. These are: 

DRY EXPOSURE. All service conditions where the moisture content of timber 

will not exceed 18 per cent for any significant period. This includes most 

covered exposures and internal uses, except for buildings associated with a 

high humidity, such as swimming pools, laundries, etc. 

WET EXPOSURE. All service conditions where the moisture content of timber 

will exceed 18 per cent for a significant period. 
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Strength data are tabulated for the materials and fasteners for the dry 

exposure condition, and modification factors are included (see Section 

to enable these to be adjusted to the wet exposure condition. Where solid 

timber members, whose least dimension is more than 100 mm, are used the 

design stresses should be for the wet exposure condition irrespective of the 

actual exposure. For laminated timber and plywood the modification factors 

for adjustment to the wet exposure condition differ from those for solid 

timber (see Section 

3.4 Effect on Geometrical Properties 

The actual dimensions of a member will vary with its moisture content and 

allowance may have to be made for this in determining the geometrical properties 

of sections for use in design. 

The basic sizes of sawn timber are specified in BS 4471 at a moisture content 

of 20 per cent. For any higher moisture content up to 30 per cent, the size 

will on average he greater by one per cent for every 5 per cent of moisture 

content :tn excess of 20 per cent, and for any lower moisture content will be 

smaller by one per cent for every 5 per cent of moisture content below 20 per 

cent. For moisture contents higher than 30 per cent the size will not be 

greater than at 30 per cent. 

Where a timber member is processed to size at the equilibrium moisture content 

it will attain in service then the geometrical properties of the actual 

section should be used in design. 

Where a member is specified and supplied in accordance with BS 4471 the 

basic sizes may be used to determine the geometrical properties, at a moisture 

content of 18 per cent, for members used in the dry exposure condition, 

allowances being made for resawing and processing as appropriate (see Section 

If the members are used in the wet exposure condition the geometrical properties 

may be increased by the following factors:-

Breadth (b), depth (h), radius of gyration (i) 

Area (A) 

First moment of area (S) and section modulus (Z) 

Second moment of area (I) ... 
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Where plywood .is used in the wet exposure conditions its geometrical properties 

may be obtained by increasing the tabulated values for the dry exposure 

(see Section by the following factors:-

Breadth (h) 

Depth (d), area (A) 

First moment of area (S) and section modulus (Z) 

Second moment of area (I) ••• 
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4 DESIGN OBJECTIVES 

4.1 Limit State Design: 

The object of design is the achievement of an acceptable probability that the 

structure being designed will not become unfit for the use for which it is required 

during its intended service life, ie that it will not reach a limit state. The 

stresses and loads used in design should therefore take account of variations in 

the properties of the materials and in the loads to be supported. Where the neces­

sary data are available the characteristic stresses and loads are based on 

statistical evidence, and where they are not, on an appraisal of experience. In 

addition two partial safety factors are used, one for material strength ym' and one 

for load and load effects yf. These partial safety factors should have the values 

ind~cated rn this Code. 

4.2 Limit State Requirements: 

All relevant limit states should be considered to ensure adequate safety and 

serviceability. The usual approach will be to design on the basis of the most 

li~ely critical limit state and to check that other limit states will not be reached. 

In most cases it will be sufficient to design for the ultimate strength and 

deflection limit states. 

The methods of analysis used in assessing compliance with the requirements of the 

various limit states should be based on as accurate a representation of the behaviour 

of the ~tructure as is practicable, but the methods and assumptions given in this 

Code will generally be adequate. When elastic analysis is used to determine the 

force distribution and/or displacements within a structure the stiffness of the 

members should be based throughout on the modified design stress values for 

modulus of elasticity. 

4.2.1 Ultimate Strength: 

The strength of a member or structural unit should be such that under the action of 

the design loads, the stresses induced in the materials, and the forces in the joints, 

do not exceed the modified design values, due account being taken of the effects 

of fabrication and erection. 

In design calculations the modified design stresses, the modified design strength 

for fasteners and the design loads should be those specified in the appropriate 

sections of this Code or derived in accordance with the recommendations of this Code. 
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The most unfavourable combination of the presence or absence of loads likely to 

occur should be considered, and any special hazards due to the nature of the occupancy 

or use of a structure or building should be taken into account. An assessment should 

also be made, where appropriate, to ensure that no ultimate strength limit state is 

reached as a result of instability, and that progressive collapse will not occur 

as a result of accident or mis-use to an extent disproportionate to the original 

cause. 

4.2.2 Deflection: 

The deflection of a member or structural unit under the forces and loads that will 

be encountered in service, should not adversely affect serviceability, due regard 

being paid to the possibility of damage to surfacing materials, ceilings, partitions, 

the functioning of doors and windows, and to aesthetic and psychological effects. 

In all caaes the engineer should satisfy himself that deflections will not be 

excessive having regard to the loading conditions and requirements of the structure. 

When determining deflections account should be taken of joint 

slip and rotation and of any tolerances in fit permitted at the joints. 

(See Section ) . 

For the purposes of calculating the deflections of principal members the modified 

design values for modulus of elasticity and modulus of rigidity, and the design 

loads for this serviceability limit state, should be as specified in this Code or 

derived in accordance with the recommendations of this Code. 

For the purposes of calculating the deflection of structural units or multi-member 

systems, where it can be shown that effective lateral distribution of loading 

occurs, or where a number of pieces of timber act tqgether in such a fashion as to 

be equally strained under load, the modification factor K1 given in Table 4 may be 

used to determine the appropriate modified design stress value. For example the 

value of K1 for 5 or more pieces may be taken as applying to rafters, floor joists 

and wall studding, where the me~bers are spaced at not more than 600 mm centres, 

For laminated timber and built up members see Sections and 
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TABLE 4 

Modification factor K1 for multi-member 
systems applicable to modulus of 
elasticity and modulus of rigidity 

:---· 

Number 
of Kl 

Pieces 

2 1.12 

3 1.18 

4 1.21 

5 or more 1.23 

As a guide and in the absence of criteria indicating a higher or lower value, the 

following may be regarded as reasonable limits for deflection:-

a) The deflection of a flexural member under the design load should not exceed 

0.003 of its effective span. 

b} Subject to the possible effects of the greater total deflection, members may 

be precambered to off~set the calculated deflection under the dead load and in this 

case the deflection under imposed 

span. 

load should not exceed 0.003 of the effective 

c) The deflection of a vertical member under the action of wind forces should not 

exceed 0.003 of its height. 

d) The deflection, normal to the length of rafters in roof~ under design load, 

should not exceed 0.004 of the effective span. 

e) The deflection of purlins in roofs, under design load, should not exceed 

0.003 of the effective span. 

f) The deflection of beams over windows or other openings, under design load, 

should not exceed 0.002 of the effective span. 

g)_ The deflection of domestic flooring, under design load, should not exceed 

0.003 of the effective span, or 2.0 mm, whichever is the smaller. 

Under continuous loading, timber and board materials are subject to increasing 

deflection with time, the amount depending on the species or material, the magnitude 

of the induced stress, the moisture content at the time of loading and any subsequent 

changes in moisture content that take place while under load. The slip and rotation 

of mechanical joints also exhibit the same effect. Account may have to be taken of 

th±s in design and in the absence of specific information the following general 
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recommendations should apply: 

a) For the wet exposure condition, and irrespective of the initial moisture 

content, the deflection of solid timber or plywood members should be calculated using 

the modified desi~l values of modulus of elasticity and/or modulus of rigidity for the 

wet exposure condition. The deflection under long-term load should be taken as 

twice the calculated value. 

b) For the dry exposure condition, the deflection of solid timber members, of more 

than 100 mm least dimension, should be calculated using the modified design values of 

modulus of elasticity and/or modulus of rigidity for the wet exposure condition. 

The deflection under long term load should be taken as 1.5 times the calculated 

value. 

c) For the dry exposure condition, the deflection of solid timber members of not 

more than 100 mm least dimension, and of laminated timber and plywood members 

should be calculated using the modified design values of modulus of elasticity and/or 

modulus of rigidity for the dry exposure condition. However where such a solid 

tinilier or plywood member is installed at a high moisture content (in excess of 20 

per cent) and dries out under continuous loading, the deflection under this load 

should be taken as 1.'5 times the calculated value. 

d} For the wet exposure condition, the deflection of glued laminated timber 

structural members should be calculated using the modified design values of modulus of 

elasticity· and/or modulus of rigidity for the wet exposure condition, see Section 

4.2.3 Durability: 

To achieve the service life required for a structur~ consideration should be given, 

depending on the exposure conditions, to the durability of the ti~er, adhesives 

and fasteners and to the need to provide protection against decay, infestation by 

wood destroying insects and corrosion. Attention should be paid at the design stage 

to detailing, to avoid moisture traps and during fabrication and erection to the 

possibilities of moisture absorption and condensation which might adversely affect per­

formance. For durability of the timber reference should be made to Part 5 of this Code. 

4.2.4 Fire Resistance: 

At the design stage of a structure attention should be paid to achieving the 

necessary standards of safety in the event of fire. The materials and constructions 
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used should be capable of satisfying either naturally, or with protective treatment, 

the requirements for fire resistance, see Part 4 of this Code and for surface 

spread of flame. 

4.2.5 Vibration: 

Where there is a likelihood of a structure being subjected to vibration from causes 

such as impact forces, wind or machinery, measures should be taken to prevent dis­

comfort or alarm, damage to the structure or interference with its proper function. 

Various criteria may be used to specify acceptable limits of vibration and reference 

should be made to the specialist literature. As a guide, the vibrational 

characteristics of a timber~joist floor construction will generally be acceptable 

if the deflection of the joists under design load does not exceed 13 mm for floors 

in dwellings and 6 mm for floors in dance halls, gymnasiums etc. 

4.2.6 Other Limit States: 

A structure or part of a structure may have to satisfy serviceability limit states 

for thermal insulation and sound insulation or other limit states associated with 

unusual or special functions and these should be taken into account in design. 

4.3 DESIGN LOADS 

The characteristic load on a structure should ideally be determined from a 

cons~deration of the actual values, and the variability, of the loads which occur 

in practice. Adequate data are not yet available to enable this approach to be 

generally adopted and in the absence of such data the following characteristic loads 

should be used in design: 

1) Characteristic dead load: The characteristic dead load Gk is the mass of 

the structure complete with finishes, fixtures and partitions and should be taken 

as equal to the dead load as defined in and calculated in accordance with CP3: 

Chap V:Part 1. 

2) Characteristic imposed load: The characteristic imposed load Qk should be 

taken as the imposed load as defined in, and calculated in accordance with 

CP3:Chap V:Part 1. 

3) Characteristic wind load: The characteristic wind load Wk should be taken 

as the wind load as defined in, and calculated in accordance with CP3:Chap V:Part 2. 
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The loading conditions during erection and construction should be considered in design 

and s.hou\d. be.. such that the subsequent compliance of the structure with the 

limit state requirements is not impaired. 

The design load for a given type of load and limit state is obtained by multiplying 

the characteristic load (Fk) by th~ appropriate partial safety factor for loads 

( y f) ie 

Design load = yf Fk 

yf is introduced to take account of: 

i) Possible unusual increases in load beyond those considered in deriving the 

characteristic value. 

ii} Inaccuracies in assessment of the effects of loading, and unforeseen stress 

redistribution within the structure. 

iii} Variations iri dimensional accuracy achieved in construction. 

The value of yf depends upon the importance of the limit state being considered and 

on the number of characteristic loads that act simultaneously on the structure or 

member. 

4.3.1 Ultimate Strength: 

For the ultimate strength limit state the duration of each design load, whether of 

long, medium, short or very-short term should be identified so that the appropriate 

modification factor, for the duration of load effect on material strength, may be 

included in the determination of the modified design stress (See Section ). 

The characteristic dead (Gk}' imposed (Qk) and wind (Wk) loads should be classified 

according to their estimated duration as: 

Long term loads (Gkl' Qkl) which may be either dead or imposed loads and including 

all loads which act, or may be considered to act, permanently on a structure or 

member, as for example dead loads, uniformly distributed imposed loads for floors, 

and loads in roof spaces due to storage. The notional total duration for this 

category of loads may be taken as 50 years. 

Medium term loads (G,k
2 

, Qk2 ) which may be either dead or imposed loads and fncluding all 

loads which act, or may be considered to act, for prolonged periods on a structure, 

or me~ner, as for example uniformly distributed imposed loads for roofs and concentrated 
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imposed loads for floors. The notional duration for this category of loads may be 

taken as up to one month. 

Short term loads (QkS' wk3) which may be either imposed or wind loads and including 

all loads which act, or may be considered to act from time to time for short periods 

on a structure or member, as for example wind loads of Class C (CP 3: Chapt V:Part 2, 

15 sec averaging time) and concentrated imposed loads for roofs and ceilings. The 

notional duration for this category of loads may be taken as up to one hour. 

Very short term loads (Qk4 ' Wk 4 ) which may be either imposed impact loads or wind 

loads and including all loads which act, or may be considered to act, from time to 

time for very short periods on a structure or member, as for example wind loads of 

Class A or Class B (CP 3: Chapt V:Part 2, 3 and 5 sec averaging time). The notional 

duration for this category of loads may be taken as up to one minute. 

The design loads for the ultimate limit state should be taken as: 

Long term design load 

1.4 Gkl + 1.6 Qkl 

Medium term design load 

1 · 4 (Gkl + Gk2) + 1 ' 6 (Qkl t Qk2) 

Short term design load 

1 •2 (Gkl + Qkl + Qk2 + Qk3 + wk3) 

Very short term load 

1 •2 (Gkl + Qkl + Qk2 + Qk3 + Qk4 + wk4) 

It should be noted that while each of the design loads is a summation of all imposed 

l0ads (Qk} of that duration category, and all longer duration categories, it is 

unlikely that all of the imposed loads will occur simultaneously. 

When considering the design of part of a structural unit or member under a combination 

of loads, if a more unfavourable condition results from the presence or absence of 
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a load, or by taking yf equal to 1.0 or 1.4 for dead load (Gkl Gk 2), in any other part 

of the structural unit or member, then this condition or these factors should be 

used. 

When considering overturning or stability the yf factor for dead load (Gkl Gk 2 ) should 

be taken as 0.9 or 1.4, whichever produces the worst condition. 

4.3.2 Deflection: 

For the deflection limit state it is not necessary to distinguish between the dif­

ferent duration of load categories for the imposed and wind loads. The design 

loads should be taken as: 

1 The sum of the characteristic loads when one or two types of characteristic 

load act simultaneously, ie 

1.0 Gk 

1. 0 (Gk + Qk) 

1.0 (Gk + wk) 

2 The sum of the characteristic loads, multiplied by yf = 0.8, when three or more 

types of characteristic load act simultaneousl~ ie 

0.8 (Gk + Qk t Wk) 

The most unfavourable combination of characteristic loads should be considered in 

design, and if a more unfavourable condition is created by selecting only parts 

of a structure to be loaded with the imposed loads then the arrangement of these 

loads should be such as to cause the greatest deflection. 

4.4 STRENGTH OF MATERIALS 

For timber and board materials, and for joints, the strength properties are defined 

for the dry exposure condition, for long term loading and,for timber in the case of 

bending strength, for a beam depth of 200 mm. 

Three stages are involved in the determination of modified design stresses, (or 

modified design strength values for joints) from which the strength of a section or 

joint or the deflection of a member or structure, should be assessed. 
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1 Characteristic stresses and fastener strengths for the different properties at 

the dry exposure condition are determined from the results of standard laboratory 

tests on representative samples and are the values below which not more than 5 per 

cent of the results fall. The characteristic values are assumed to apply to the 

particular species or grade of timber and board material, and to the particular 

type of fastener, so that special care must be paid to the selection of samples for 

testing. 

2 The characteristic stresses and fastener strengths are reduced by dividing by 

the partial safety factors for strength (y ) and adjusting to the standard condition m 
of long term loading, and in the case of bending strength for timber to a section 

depth of 200 mm. Depending on the grade or quality of the material tested the re­

sulting stresses are the basic design stresses, the grade design stresses or 

fastener design strengths. 

3 Finally these design stresses or strengths are multiplied by modification 

factors given in this Code for loading and service conditons, and for section size, 

when these differ from the standard conditions. The resulting stresses, the 

modified design stresses (or strengths for fasteners), are the values to be used 

in all design calculations. 
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5 TIMBER 

5.1 Stress Grades 

Timber for structural use should be stress graded and should be specified in 

accordance with the species and grades or with the strength classes included in 

this Code. Where a strength class is specified the requirements may be met by 

various combinations of species and visual grades, or by timber graded by machine. 

Design calculations should be based on the stress values recommended for the grades 

or strength classes, modified in accordance with the requirements of this Code. 

5.1.1 Visual Grades. Timber stress graded in the UK should be graded to the 

SS or GS grades specified in BS 4978 and should be appropriately marked. 

Timber visually graded in the country of origin should be graded either to BS 4978 

or to other approved national rules, and may be accepted providing that the 

grading is controlled by a recognised authority and stresses for the grades are 

given in this Code. 

Imported timber visually graded as SS or GS in accordance with BS 4978, and bearing 

the stamp of the resp~ctive national grading associations may be used to the stress 

values for the grades given in this Code. 

Timber graded in Callada in accordallce with the NIGA ( 1970) "National Grading Rules 

(Canada) for Dimension Lumber", may be used to the stress values for the grades 

given in tpie Code. 

5.1.2 ~~chine Grades. Timber machine stress graded in the UK should be graded 

in accordance with the requirementsof BS 4978 and should bear the BSI Kitemark. 
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It ~ be graded as AffiS or MGS, or to one of the strength cJasses specified in 

this Code and should be appropriately marked. 

Timber machine stress graded in the country of origin should be graded in 

accordance with BS4978 and should bear the BSI Kitemark or other approved mark. It 

m~ be graded as MSS arMGS,or to one<fthe strength classes specified in this Code. 

Where information is available timber may also be machine graded to any required 

stress level for a particular application, providing that the grading is carried 

out under the BSI Kitemark Scheme. 

5.2 Basic Design Stresses 

The basic design stresses for some structural timbers are given in Table 5. These 

are governed by the general strength characteristics of the particular species, 

free from visible defects, and apply to the dry exposure, long term loading 

conditions. 

5.3 Grade Design Stresses 

Grade design stresses are governed by the limits permitted for defects in the 

different visual grades and in the case of machine grades, by the control limits 

under which the machines are operated and by the limits imposed on wane and 

fissures. Grade design stresses are applicable to the dry exposure, and long 

term loading conditions. 

Where there is no wane the basic design stress in compression perpendicular to 

grain (ie bearing stress) may be taken as the grade design stress. This relaxation 

may also be taken as applying to multi-member systems supported at a number of 

points, for example for the support of a suspended floor. 
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5. 3.1 Timber graded to BS 4978. The grade design stresses for timber graded in 

accordance with BS 4978 are given in Table 6a for the visual grades SS and GS al1d 

in Table 6b for the machine grades MSS and MGS. 

NOTE: The extent to which machine stress grading can be applied depends on the 

available knowledge of the relations between strength and modulus of elasticity 

and on the operating characteristics of the particular type o£ grading machine. 

The species listed in Table 6b are those for which such data are presently available 

for a reasonable range of section sizes. 

5.3.2 Timber graded in Canada. The grade design stresses for timber graded in 

accordance with the Structural Joists and Planks grades, the Light Framing Grades 

and the Stud grade of the NIGA ( 1970) "National Grading Rules (Canada) for Dimension 

Lumber" are given in Tahles 7 to 9. 

loading conditions. 

5.4 Strength Classes 

These apply to the dry exposure, long term 

The grade design stresses for six strength classes for' the dry exposure and long 

term loading conditions are given in Table 10. 

5.5 Additional Properties 

In the absence of specific test data it is recommended that for tension perpendiculs 

to the grain, torsional shear and rolling shear, grade design stresses which are 

one-third of the grade design stress in shear parallel to the grain should be used. 

5.6 Modified Design Stresses 

Modified design stresses for timber are governed by the conditions of service and 

loading. They should be obtained by multiplying the grade design stresses by the 

appropriate modification factors given in this Code. 
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Table 5 
BASIC DESIGN STRESSES (N/mm2) FOR THE DRY EXPOSURE CONDITION 

These stresses apply to timber having a moisture content not exceeding 18 per cent 

Commercial Name 
Compression Modulus Modulus 

:Bending Tension Compression perpendicular Shear of of 
to grain elasticity rigidity 

CJ bd Q'td O'cd 0 cld Td ~ Gk 

Imported 

Douglas fir ( 1) 24.9 17.4 14.5 4.21 2.79 9000 530 
Western hemlock (2) 20.9 14.6 12.9 3.50 2.13 8000 540 
Parana pine 23.8 16.7 16.2 4.42 3.22 7400 450 
Pitch pine 27.0 18.9 15.7 4.96 3.14 9000 420 
Redwood !3) 21.6 15.1 12.9 3.95 2.73 6500 430 
Whitewood ~~ 21.1 14.8 12.0 3.83 2.57 7100 530 
Canadian spruce 18.4 12.9 11.6 3.02 2.10 6400 480 

Home Grown 

Douglas fir 22.7 15.9 13.5 4.17 2.64 6600 430 
Jap larch 20.3 14.2 11.5 3.98 2.75 4300 280 
European larch 24.9 17.4 14.5 5.50 3.07 6400 380 
Scots pine 22.5 15.7 13.5 4.55 2.97 6300 390 
Europea.n spruce 18.5 13.0 10.7 3.38 2.41 5700 450 
Sitka spruce 15.0 10.5 9.5 2.74 1.94 4800 390 

Hardwoods 

Greenhea.rt 59.6 41.7 34.1 17.4 6.05 15000 1200 
Iroko 29.1 20.4 18.8 9.17 3.92 6800 540 
Jarra.h 31.8 22.3 19.5 11. 5 4.11 8200 650 
Ka.rri 37.8 26.5 22.7 12.8 4.19 12000 970 
Keruing/gurjun 34.6 24.2 21.2 7.19 3.10 11300 900 

6. 79 3.07 9900 790 Keruing_ '(sabah) 33.0 23.1 19.4 
3.64 6800 530 

European oak 27.1 19.0 16.0 8.75 
9600 760 

Opepe 37.4 26.2 24.8 11. 3 4.17 

KEY: See next page 
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(1) These stresses apply also to the Canadian speoies group Douglas fir - larch, see Table 2. 

(2) These stresses apply also to the Canadian species group Hem - fir, see Table 2. 

(3) If mixed redwood/whitewood is specified or supplied then the lowest stress values for the two species apply. 

(4) These stresses apply also to the Canadian species group spruce - pine - fir, see Tahle 2. 
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Commercial Name 

Imported 

Douglas fir 
Western hemlock 
Parana pine 
Pitch pine 
Redwood 
Whitewood 
Canadian spruce 

Home Grown 

Douglas fir 
Jap larch 
European larch 
Scots pine 
European spruce 
Sitka spruce 

Hardwoods 

Greenheart 
Iroko 
Jarrah 
Karri 
Keruing/gurjun 
Keruing ( Sabah) 
European oak 
Opepe 

Table 6a 

GRADE DESIGN STRESSES (N/mm2) FOR THE DRY EXPOSURE CONDITION: BS 4978 GRADES 

These stresses apply to timber having a moisture content not exceeding 18 per cent 

Compression Modulus 
Bending Tension Compression perpendicular Shear of 

O'bgd (] 
to grain elasticity 

(] cr ·~d Eek tgd cgd cJ.gd 

ss GS ss GS ss GS ss GS SS and GS ss GS 

g~ 12.7 9!0 7-3 5.1 9.7 7.6 3.16 2.81 1.40 9600 8600 
10.7 7-5 6.1 5.1 8.6 6.8 2.63 2.33 1.07 8500 7650 
12.1 8.6 7.0 4.8 10.8 8.5 3.32 2.95 1. 61 7850 7050 
13.8 9.7 7-9 5.5 10.5 8.2 3.72 3.31 1.57 9550 8600 

~~~ 11.0 7.8 6 .• 3 4-4 8.6 6.8 2.96 2.63 1.37 6900 6200 
10.8 7.6 6.2 4.3 8.0 6.3 2.87 2.55 1. 29 7550 6800 

(4) 9.4 6.6 5.4 3.7 7.7 6.1 2.27 2.01 1.05 6800 6100 

11. 6 8.2 6.7 4.7 9.0 7. 1 3.13 2.78 1.32 7050 6350 
10.4 7.3 5-9 4.2 7-7 6.0 2.99 2.65 1.38 4600 4150 
12.7 9.0 7.3 5.1 9.7 7.6 4.13 3.67 1.54 6800 6150 
11.5 8.1 6.5 4.6 9.0 7.1 3.41 3.03 1.49 6700 6000 

9-4 6.7 5-4 3.8 7.1 5.6 2.54 2.25 1. 21 6000 5400 
7.7 5.4 4-4 3.1 6.3 5.0 2.06 1.83 0.97 5100 4600 

30.4 21.5 17.4 12.2 22.7 17.9 13.1 11.6 3.03 16000 14350 
14.8 10.5 8.5 5.9 12.5 9.8 6.88 6.11 1.96 7250 6500 
16.2 11.4 9.3 6.5 13.0 10.2 8.63 7.67 2.06 8700 7800 
19.3 13.6 11.1 7.8 15.1 11.9 9.60 8.53 2.10 12800 11500 
17.6 12.5 10.1 7.1 14. 1 11.1 5.39 4.79 1. 55 12000 10750 
16.8 11.9 9.7 6.8 12.9 10.2 5.09 4.52 1.54 10500 9500 
13.8 9.8 7-9 5.6 10.7 8.4 6. 56 5.83 1.82 7200 6500 
19.1 13.5 10.9 7.7 16.5 13.0 8.48 7.53 2.39 10200 j 9200 

-- -L....-.......,j 

KEY: See next pa(Se 

Modulus 
of 

rigidit;'i 
GB:k 

SS and GS 

530 
540 
450 
420 
430 
530 
480 

430 
280 
380 
390 
450 
390 

1220 
540 
650 
970 
900 
790 
530 
760 
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(1) These stresses app~ also to the Canadian species group Douglas fir - larch, see Table 2 

(2) These stresses apply also to the Canadian species group Hem - fir, see Table 2 

(3) If mixed redwood/whitewood ia specified or supplied t hen the lowest stress values for the two species apply 

(4) These stresses apply also to the Canadian species group spruce - pine - fir, see Table 2. 
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Table 6b 

GRADE DESIGN STRESSES (N/mm
2

) FOR THE DRY EXPOSURE CONDITION: :SS4978 MACffiNE ST.RESS GRADES 

These stresses app~ to timber having a moisture content not exceeding 18 per cent 

I Compression }{.i.Qdulus 
Commercial :Name :Sending Tension Compression parpendicuJ.a.r Shear of 

to grain elasticity 
;.q.Qgd q~d qC:t:'ld qc.Lgd T_gd EP;d 

tr 
MSS MGS MSS MGS tfSS IDS MSS MGS MSS and !4KS tillS IDS 

Imported 

Western hemlock 10.7 7.5 6.1 5.1 8.6 6.8 2.63 2.33 1. 07 8550 7800 
Redwood 10.8 7.6 6.2 4.3 s.o 6.3 2.96 2.63 1.37 7700 6950 
Whitewood 10.8 7.6 6.2 4.3 8.0 6.3 2.87 2.55 1.29 1700 6950 
Canadian spruce 9.4 6.6 5.4 3.7 7-7 6.1 2.27 2.01 1.05 

Home Grown 

Douglas fir 11.6 8.2 6.7 4.7 9.0 7.1 3.13 2.78 1.32 7100 6150 
Scots pine 11.5 8.1 6.5 4.6 9.0 7.1 3.41 3.03 1.49 7100 6450 
Sitka spruce 7.7 5.4 4·4 3.1 6.3 5.0 2.06 1.83 0.97 5350 4700 

Modulus 
of 

rigidity 
Ggd 

JJSS a1diDS 

540 
430 
530 
480 

430 
390 
390 

NOTE: These stress values, particularly for modulus of elasticity and tension, may be modified on completion of the main 

Anglo/Scandinavian project to adjust from the 1 to 5 per cent exclusion condition. 

' 
I 
I 



Table 7 

Grade Design Stresses (N/mm2} for the Dry Exposure Condition: NLGA 1970 Structural Joists and Plank Grades(l) 

These stresses apply to timber having a moisture content not exceeding 18 per cent 

Compression Modulus Modulus 
Commercial Name - Grade Bending Tension Compression perpendicular Shear of of 

crbgd crtgd cr 
to grain elasticity rigidity 

cgd ercl.e:d 'e:d Egd Ggd 

Sel Str 16.7 9.6 10.3 3.16 1.40 10600 
Douglas fir - larch No 1 14.-2 8.1 9.3 3.16 1.40 10000 

No 2 11.5 6.6 7.8 2.81 1.40 9250 
No 3 6.7 3.8 4.9 2.11 1.20 8200 

Se1 .Str 14.0 8.0 9.6 2.63 1.07 9400 

'-0 
Hem- fir No 1 11.9 6.8 8.6 2.63 1.07 8850 

No 2 9.6 5.6 7.3 2.33 1.07 8200 
No 3 5.6 3.2 4.6 1. 75 0.92 7250 

Se1 Str 12.3 7.1 8.2 2.27 1.05 7500 
Spruce - pine - fir No 1 10.5 6.0 7.4 2.27 1.05 7100 

No 2 8.5 4.9 6.3 2.01 1.05 6550 
No 3 5.0 2.8" 3.9 1.51 0.90 5800 

- ---·- -

(l)These stresses apply to nominal sections SO to 100 mm thick by 150 mm or greater width. 
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Table 8 

GRADE DESIGN STRESSES (N/mm2) FOR THE DRY EXPOSURE CONDITION: NIGA 1970 LIGHT HRA'MJNG GHADES( 1) 

These stresses apply to timber having a moisture content not exceeding 18 per cent 

Compression Modulus Modulus I 
Commercial Name Grade Bending Tension Compression perpendicular Shear of of 

<rbgd O'tgd cr· to grain Elasticity Rigidity 
cgd crclgd Tgd Egd Ggd 

I Const 10.0 4.8 8.3 3.16 1.40 8500 
Douglas fir - larch Std 5.5 2.8 6.8 2.81 1.40 1100 

Util 2.5 1. 3 4.5 2.11 1.20 7050 

Const 8.4 4.0 7.6 2.63 1.07 7550 
Hem - fir Std 4.6 2.3 6.3 2.33 1.07 6800 

Util 2.1 1.1 4.2 1.75 0.92 6250 

Const 7.4 3.5 6.6 2.27 1.05 6050 
Spruce - pine - fir Std 4.0 2.0 5.5 2.01 1.05 5450 

Util 1.8 1.0 3.6 1.51 0.90 5000 

(1) These stresses apply to nominal sections 50 to 100 :mm thick by 100 mm width. For 50 mm and 75 :mm widths the 
following grade design stresses should be multiplied by the factors: 

Bending 50 mm width: 
Bending 75 :mm width: 
Tension 50 :mm width: 
Tension 75 mm width: 
Compression 50 mm width: 
Compression 75 mm width: 

Conat 0.9 
Const 0.8 
Const 0.8 
Const 0.8 
Const 1.0 
Const 1.0 

Std 0.7 
Std 0.7 
Std 0.7 
Std 0.7 
Std 1.0 
Std 1.0 

for all other stresses the factor is 1.0 

Util 0.5 
Util 0.5 
Util 0.5 
Util 0.5 
Util 0.6 
Util 0. 7 
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Table 9 

GRADE DESIGN STRESSES (N/mm2 ) FOR THE DRY EXPOSURE CONDITION: HLGA (1970) STUD GRADE(l) 

These stresses apply to timber having a moisture content not exceeding 18 per cent 

Compression Modulus 
Commercial Name Bending Tension Compression perpendicular Shear of 

C1bgd 0 tgd a cgd 
to grain elasticity 

Oc.Lgd tgd Egd 

Douglas fir - larch 7.5 3.8 4.5 2.11 1.20 -8200 

Hem - fir 6.3 3.2 4.2 1.75 0.92 7250 

Spruce - pine .;,.. fir 5.5 2.8 3.6 1.51 0.90 5800 

'----

Modulus 
of 

rigidity 
Ggd 

J 
I 

(l)These stresses apply to nominal sections 50 mm thick by 100 mm wide. For other sections up to 100 mm square 
the following grade design stresses should be multiplied by the factors: 

Bending 
:Sending. 
Bending 
Tension 
Tension 
Compression 
Compression 

50 x 50 mm ~ 1.1 
50 x 75 and 75 x 75 mm - 1.0 
75 x 100 and 100 x 100 mm - 0.35 
50 X 50, 50 X 75 and 75 X 75 mm - 1.0 
75 x 100 and 100 x 100 mm- 0.35 
50 X 50, 50 X 75 and 75 X 75 mm - 1.5 
75 x 100 and 100 x 100 mm - 1.0 

for all other stresses the factor is 1.0 



~ 

Table 10 

STRENGTH ClASSES AND GRADE DESIGN STRESSES (N/mm2) FOR THE DRY EXPOSURE CONDITION 

These stresses apply to timber having a moisture content not exceeding 18 per cent 

Strength Compression 
Shear( 2) 

Modulus Modulus 
Bending Tension Compression perpendi{utar of of Class to grain 1 Elasticity Ri~idity 

0 b d <rtgd O'cgd 0 clgd Tgd Egd g gd 

E15 18~0 10.0 15.0 5.00 2.50 15000 

B11 14.0 8.0 11.8 4.00 2.00 11800 
I 

E9 11.2 6.3 9.5 3.15 1. 60 9500 I 
I 

E7 9.0 5.0 7.5 2.50 1. 25 7500 
_.. E6 7.1 4.0 6.0 2.00 1.00 6000 
1\) 

E5 5.6 3.1 4.7 1. 60 0.80 4750 
- '------

(1) These stresses allow for wane not exceeding the limit for the SS grade specified in BS 4978:1973 

(2) These stresses allow for fissures not exceeding the limits for SS grade . specified in BS 4978:1973 



5.6.1 Duration of load. The grade design stresses are applicable to long term 

loading. A member can sustain a greater load for a period of a few minutes than 

it can for a period of several years. 

Table 11 gives the modification factor K2 by which the grade design stresses should 

be multiplied for various durations of loading. When advantage is taken of this 

clause the design should be checked to ensure that the resulting stresses are not 

exceeded for ~ of the relevant loading conditions. 

The factor K2 may be applied to all grade design streseQs except those for modulus 

of elasticity and modulus of rigidity. 

Table 11 MODIFICATION FACTOR K2 FOR DURATION OF LOADING. (applicable to all 

strength properties except modulus of elasticity and modulus of rigidity) 

Duration of loading Value of K2 
! 

long term (eg dead + permanent imposed) 1.00 

Medium term (eg dead + snow) 1.25 

Short term (eg dead + imposed + wind) 1.5 

Very short term (eg dead + imposed + wind, 
3 sec or 5 sec gusts) 

1. 75 

5.6.2 Load Sharing. Where two or more pieces of timber act together in such a 

fashion as to be equally strained under load, or where it can be shown that effective 

lateral distribution of loading occurs the grade design stresses for properties other 

than modulus of elasticity and modulus of rigidity should be multiplied by the factor 

x
3 

given in Table 12. For example the value of K3 for 4 or more pieces should be 

taken as applying to the grade design stresses except for modulus of elasticity and 

modulus of rigidity, for rafters, floor joists and wall studding spaced not further 

13 



apart than 600 mm and joined by purlins, binders boarding etc, so that lateral 

distribution of loading occurs. For modulus of elasticity and modulus of rigidity 

the factors K1 Table 4 should be used~ee clause 4.2.2). 

Table 12 

MODIFICATION FACTOR K3 APPLICABlE TO GRADE DESIGN STRESSES (EXCEPT FOR 

MODULUS OF ELA.STICITY AND MODUUTS OF RIGIDITY) FOR l.OAJ) SHARING CONDITIONS 

I No of members Value of K
3 

2 1 .1 

3 1.15 

4 or more 1.2 

5.6.3 Exposure Condition. The grade design stresses are applicable to the dry 

exposure condition. For the wet exposure condition they should be multiplied by 

the factor K4 given in Table 13. 

Table 13 

MODIFICATION FACTOR K4 BY WHICH THE GRADE DESIGN STRESSES 

SHOULD BE MUilriPLIED FOR THE wm· .EXPOSURE CONDITION 

Property Value of K4 

Bending (a b) 0.70 
Tension (at) 0.70 
Compression (a· ) 

c 0.67 
Compression perpendicular to grain (a cl) 0.65 
Shear (T) o.8o 
Modulus of Elasticity (E) 0.85 
Modulus of Rigidity (G) 0.85 

14 
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5.7 Geometrical Properties 

The actual dimensions of any piece of timber, compared with ita described basic 

dimensions, will vary with its moisture content at the time of measurement, the 

tolerances permitted by the manufacturing standard, and according to whether it 

has been sawn or subsequent~ processed. 

Design calculations should be based on the cross-section of a member as existing 

under service conditions, or on the recommended geometrical properties for the 

appropriate exposure condition. Due allowance should be made for all notching, 

sinking, drilling etc which may be present in a member. 

The geometrical properties for rectangular sections described in the following 

clauses apply to the dry exposure condition and for the wet exposure condition 

should be multiplied by the factors given in Clause 3.4. 

5.7.1 Timber to BS 4471. This clause relates to the three types of timber 

conforming to BS 4471 viz sawn timber, precision timber and processed timber. 

The geometrical properties for sawn and precision timber are given in Table 14 and 

for processed timber in Table 15. The basic sizes quoted are to be measured at 

20 per cent moisture content, but the geometrical properties apply directly to the 

dry exposure condition and have been modified to allow for the difference in 

moisture content. 

For timber re-sawn to BS 4471 the geometrical properties should be calculated, the 

values given in Table 14 do not apply. 

5.7.2 Timber to Canadian Lumber Standards. Timber from Canada may be available 

either surfaced one side, one edge or planed. The surfaced one side one edge 

timber will be of 44 mm basic thickness for which the appropriate geometrical 

15 



properties are those listed on Table 15 for this thickness. The planed timber 

will be produced to Canadian Lumber Standards and the geometrical properties for 

this material are given in Table 16. The basic sizes quoted are to be measured 

at 20 per cent moisture content, but the geometrical properties apply directly to 

the dry exposure condition and have been modified to allow for the difference in 

moisture content. 

16 



Table 14 

GEOMETRICAL PROPERTIES FOR THE DRY EXPOSURE CONDITION OF SAWN AND PRECISION 
TD1Br.:R CONFOHI'i!NG TO THE REQUIREl·1ENTS OF BS 4471: 1969 

Basic Section modulus Second moment of Radius of gyration 
s:~1) 

Area area 

about x-x about y-y about x-x about y-y about x-x about y-y 

103 mm 2 103 mm3 103 mm3 106 mm 4 106 mm 4 mm mm mm 
16 X 75 1.19 14.8 3.16 0.553 0.0252 21.6 4.60 
16 X 100 1.59 26.3 4.21 1.31 0.0336 28.7 4.6o 
16 X 125 1.98 41.2 5.27 2.56 0.0420 35.9 4.60 
16 X 150 2.38 59.3 6.32 4.43 o.05o4 43.1 4.60 

19 X 75 1.41 17.6 4.46 0.657 o.o422 21.6 5.46 
19 X 100 1.88 31.3 5.94 1.56 0.0562 28.7 5.46 
19 X 125 2.36 48.9 7.43 3.04 0.0703 35.9 5.46 
19 X 150 2.83 70.3 8.92 5.26 0.0844 43.1 5.46 

22 X 75 1.64 20.4 5.98 0.761 0.0655 21.6 6.32 
22 X 100 2.18 36.2 7.97 1.80 0.0873 28.7 6.32 
22 X 125 2.73 56.6 9.96 3.52 0.109 35.9 6.32 
22 X 150 3. 27 81.5 11.9 6.09 0.131 43.1 6.32 

25 X 75 1.86 23.1 7.72 0.865 0.0961 21.6 7.19 
25 X 100 2.48 41.2 10.3 2.05 0.128 28.7 7.19 
25 X 125 3.10 64.3 12.9 4.00 0.160 35.9 7.19 
25 X 150 3.72 92.6 15.4 6.93 0.192 43.1 7.19 
25 :( 175 4.34 126 18.0 11.0 0.224 50.3 7.19 
25 X 200 4.96 165 20.6 16.4 0.256 57.5 7.19 
25 X 225 5.58 208 23.1 23.3 0.288 64.7 7.19 
25 X 250 6.20 257 25.7 32.0 0.320 71.9 7.19 
25 X 300 7.44 370 30.9 55.3 0.384 86.2 7.19 

32 X 75 2.38 29.6 12.6 1-.11 0.201 21.6 9. 20 
32 X 100 3.17 52.7 16.9 2.62 0.268 28.7 9.20 
32 X 125 3.97 82.3 21.1 5.12 0.336 35.9 9. 20 
32 X 150 4.76 118 25.3 8.86 0.403 43.1 9. 20 
32 X 175 5.55 161 29.5 14.1 0.470 50.3 9.20 
32 X 200 6.35 211 33.7 21.0 0.537 57.5 9. 20 
32 X 225 7.14 267 37.9 29.9 o.6o4 64.7 9.20 
32 X 250 7.94 329 42.1 41.0 0.672 71.9 9.20 
32 X 300 9.52 474 50.6 70.8 o.8o6 86.2 9.20 

36 X 75 2.68 33.3 16.0 1.24 0.287 21.6 10.3 
36 X 100 3.57 59.3 21.3 2.95 0.382 28.7 10.3 
36 X 125 4.46 92.6 26.7 5.76 0.478 35.9 10.3 
36 X 150 5.36 133 32.0 9.96 0.574 43.1 10.3 

(1)Basic sawn sizes as at 20 per cent moisture content in accordance with BS 4471:1969 
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Table 14 continued 

Basic Second moment of sawn Area Section modulus Radius of gyration 
size( 1) area 

about x-x about y-y about x-x about y-y about x-x about y-y 

mm 1o31IDJ12 103 mm3 103 mm3 106 
mm 

4 10-6 mmL~ mm mm 

38 X 75 2.83 35.2 17.8 1.31 0.337 21.6 10.9 
38 X 100 3-77 62.6 23.8 3.11 0.450 28.7 10.9 
38 X 125 4.71 97.8 29.7 6.08 0.562 35.9 10.9 
38 X 150 5.65 141 35.7 10.5 0.675 43.1 10.9 
38 X 175 6.60 192 41.6 16.7 0.787 50.3 10.9 
.38 X 200 7-54 250 47.5 24.9 0.900 57-5 10.9 
38 X 225 8.48 317 53.5 35.5 1.01 64.7 10.9 

40 X 75 2.98 37.0 19.8 1.38 0.394 21.6 11.5 
40 X 100 3·97 65.9 26.3 3.28 0.525 28.7 11.5 
40 X 125 4.96 103 32.9 6.41 9.656 35.9 11.5 
40 X 150 5.95 148 39.5 11.1 0.787 43.1 11.5 
40 X 175 6.94 202 46.1 17.6 0.918 50.3 11.5 
40 X 200 7.97 263 52.7 26.2 1.05 57.5 11.5 
40 X 225 8.93 333 59.3 37.4 1.18 64.7 11.5 

44 X 75 3.27 40.7 23.9 1.52 0.52l: 21.6 12.6 
44 X 100 4.36 72.4 31.9 3.61 0.698 28.7 12.6 
44 X 125 5.46 113 39.8 7.05 0.873 35-9 12.6 
44 X 150 6.55 163 47.8 12.2 1.05 43.1 12.6 
44 X 175 7.64 222 55.8 19.3 1.22 50.3 12.6 
44 X 200 8.73 290 63.7 28.9 1.40 57·5 12.6 
41+ X 225 9.82 367 71.7 41.1 1.57 64.7 12.6 
44 X 250 10.9 453 79.7 56.4 1.75 71.9 12.6 
44 X 300 13.1 652 95.6 97.4 2.09 86.2 12.6 

50 X 75 3-72 46.3 30.9 1.73 0.769 21.6 14.4 
50 X 100 4.96 82.3 41.2 4.10 1.02 28.7 14.4 
50 X 125 6.20 129 51.4 8.01 1.28 35·9 14.4 
50 X 150 7.44 185 61.7 13.8 1.54 43.1 14.4 
50 X 175 8.68 252 72.0 22.0 1.79 50.3 14.4 
50 X 200 9.92 329 82.3 32.8 2.05 57·5 14.4 
50 X 225 11.2 417 92.6 46.7 2.31 64.7 14.4 
50 X 250 12.4 514 103 64.1 2.56 71.9 14.4 
50 X 300 14.9 741 123 111 3.07 86.2 14.4 

63 X 100 6.25 1o4 65~3 5.17 2.05 28.7 18.1 ' 
63 X 125 7.81 162 81.7 10.1 2.56 35 ·9 18.1 
63 X 150 9.37 233 98.0 17.4 3.07 43.1 18.1 
63 X 175 10.9 318 114 27.7 3.59 50 .3 18.1 
63 X 200 12.5 415 131 41.3 4.10 57.5 18.1 
63 X 225 14.1 525 147 58.8 4.61 64.7 18.1 

(1)Basic sawn sizes as at 20 per cent moisture content in accordance with BS 4471:1969 
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Table 14 continued 

Baeic Second moment of 
sa~. Area Section modulus Radius of gyration 

size 1) area 

about x-x about y-y about x-x about y-y about x-x about y-y 

103 mm 2 103 mm3 103 mm3 106 mm4 106 rnm 4 mm rnm mm 

75 X 100 7.44 123 92.6 6.15 3.46 28.7 21.6 
75 X 125 9.30 193 116 12.0 4.32 35-9 21.6 
75 X 150 11.2 278 139 20.7 5.19 43.1 21.6 
75 X 175 13.0 3f78 162 33.0 6.05 50.3 21.6 
75 X 200 14.9 494 185 49.2 6.92 57.5 21.6 
75 X 225 16.7 625 208 ' 70.0 7.78 64.7 21.6 ' 75 X 250 18.6 772 231 I 96.1 8.65 71.9 21.6 
75 X 300 22.3 1111 278 166 10.~ 86.2 21.6 

100 X 100 9.9a 165 165 8.20 8.20 28.7 28.7 
100 X 150 14.9 370 247 27.7 12.3 43.1 28.7 
100 X 200 19.8 659 329 I 65.6 16.4 57.5 28.7 
100 X 250 24,8 1029 412 128 20.5 71.9 28.7 
100 X 300 29.8 1482 494 i 221 24.6 86.2 28.7 

150 X 1.50 22.3 556 556 41.5 41.5 4:5.~ 43.1 
150 X 200 29.8 988 741 98.4 55·3 57.5 43.1 
150 X 300 44,6 I 2~23 1111 332 83.0 86.2 43.1 

200 X 200 39-? 1317 1317 131 131 57·5 57.5 

250 X 250 62.0 2573i. 2573 320 320 71.9 71.9 

300 X 300 89.3 4446 4446 664 664 86.2 86.2 

I 

it . . 
( 1)Basic sawn ··~~~:e~ as at 20 per ce"nt moisture content in accordance with BS 4471:1969 
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Table 15 
GEOMETRICAL PROPERTIES FOR THE DRY EXPOSURE CONDITION OF PROCESSED TIMBER 

CONFORMING TO THE REQUIREMENTS OF BS4471: 1969 FOR CONSTRUCTIONAL TIMBER SURFACED 

~ 

Basi? Section modulus Seot~ manent of area Radius of gyration 
sawn 1) Proo(s~ed Area 
size size 1 About.x-x About y-'J About x-JI About y-y About x-:x About y-y 

mm mm I '!t 2 Om 103 mm3 103 mm3 106 mm4 106 
m 4 mm mm 

16 X 75 13 X 72 0.928 11.1 2.00 0.398 0.0130 20.7 3.74 
16 X 100 13 X 97 1.25 20.1 2.70 0.973 0.0175 27.9 3-74 
16 X 125 13 X 120 1.55 30.8 3.34 1.84 0.0216 34.5 3.74 
16 X 150 13 X 145 1.87 45.0 4.03 3.25 0.0261 41.7 3. 74 

19 X 75 16 X 72 1.14 13.6 3.03 0.490 0.0242 20.7 4.60 
19 X 100 16 X 97 1.54 24.8 4.09 1. 20 0.0326 27.9 4.60 
19 X 125 16 X 120 1.90 37.9 5.06 2.27 0.0403 34.5 4.60 
19 X 150 16 X 145 2.30 55-4 6.11 4.00 0.0487 41.7 4.60 

22 X 75 19 X 72 1. 36 16.2 4.28 0.581 0.0405 20.7 5.46 
22 X 100 19 X 97 1.83 29.4 5-77 1.42 0.0545 27-.9 5.46 
22 X 125 19 X 120 2.26 45.0 7.13 2.69 0.0675 34.5 5.46 
22 X 150 19 X 145 2. 73' 65.8 8.62 4-75 0.0815 41.7 5.46 

25 X 75 22 X 72 1. 57 18.8 5.74 0.673 0.0629 20.7 6.32 
25 X 100 22 X 97 2.12 34.1 7-73 1. 65 0.0847 27.9 6.32 
25 X 125 22 X 120 2.62 52.2 9.56 3.12 0.105 34.5 6.32 
25 X 150 22 X 145 3.16 76.2 11.5 5.50 0.127 41.7 6.32 
25 X 175 22 X 169 3.69 103 13.5 8.71 0.147 48.6 6.32 
25 X 200 22 X 194 4.23 136 15.5 13.2 0.169 55.8 6.32 
25 X 225 22 X 219 4.78 174 17.4 18.9 0.191 63.0 6.32 
25 X 250 22 X 244 5.32 216 19.4 26.2 o. 213 70.1 6.32 
25 X 300 22 X 294 6.42 313 23.4 45.8 0.257 84.5 6.32 

32 X 75 29 X 72 2.07 24.7 9.97 0.887 0.144 20.7 8.34 
32 X 100 29 X 97 2.79 44-9 13.4 2.17 0.194 27.9 8.34 
32 X 125 29 X 120 3.45 68.8 16.6 4.11 0.240 34.5 8.34 
32 X 150 29 X 145 4-17 100 20.1 7.25 0.290 41.7 8.34 
32 X 175 29 X 169 4.86 136 23.4 11.5 0.338 48.6 8.34 
32 X 200 29 X 194 5.58 180 26.9 17.4 0.388 55.8 8.34 
32 X 225 29 X 219 6.30 229 30.3 25.0 0.438 63.0 8.34 
32 X 250 29 X 244 7.02 284 33.8 34.5 0.488 70.1 8.34 
32 X 300 29 X 294 8.46 413 40.7 60.4 o. 588 84.5 8.34 

36 X 75 33 X 72 2.36 28.2 12.9 1.01 0.212 20.7 9.49 
36 X 100 33 X 97 3.17 51.1 17.4 2.47 0,286 27.9 9.49 
36 X 125 33 X 120 3.93 78.2 21.5 4.67 0.354 34-5 9-49 
36 X 150 33 X 145 4-75 114 26.0 8.25 0.427 41.7 9-49 

(1)Basic sizes as at 20 per cent moisture content in accordance with BS 4471:1969 

( 2~ sizes as at 20 per cent moisture content and including allowance for processing 

constructional timber in accordance with BS 4471:1969. 

20 



Table 15 continued 

c.nd, 
Baait 
sawn 1) Pr~ce~s~d 

Section modulus Sec~ manent of area Radius of gyration 
Area 

size Sl.Ze 1 About x-x About Y-y About x-x About y-y About x-x About y-Y 

mm mm IO~mm2 103 mm3 103 mm3 106 
mm4 106 mm4 mm 

38 X 75 35 X 72 2.50 29.9 14.5 1.07 0.253 20.7 
38 X 100 35 X 97 3.37 54.2 19.6 2.62 0.341 27.9 
38 X 125 35 X 120 4.17 83.0 24.2 4.96 0.422 34.5 
38 X 150 35 X 145 5.03 121 29.2 8.75 0.510 41.7 
38 X 175 35 X 169 5.87 165 34.1 13.8 0.594 48 . 6 
38 X 200 35 X 194 6.13 217 39.1 20.9 0.682 55.8 
38 X 225 35 X 219 7.6o 276 44.2 30.1 0.710 63.0 

40 X 75 37 X 72 2.64 31.6 16.2 1.13 0.299 20.7 
40 X 100 37 X 97 3.56 57.3 21.9 2.77 0.403 27.9 
40 X 125 27 X 120 4.40 87.7 27.0 5-24 0.498 34.5 
40 X 150 37 X 145 5.32 128 32.7 9.25 0.602 41.7 
40 X 175 37 X 169 6.20 174 38.1 14.6 0.702 48.6 
40 X 200 37 X 194 7.12 229 43.7 22.1 0.806 55.8 
40 X 225 37 X 219 8.04 292 49.4 31.9 0.910 63.0 

44 X 75 41 X 72 2.93 35.0 19.9 1.25 0.407 20.7 
44 X 100 41 X 97 3-94 63.5 26.8 3.07 0.548 27.9 
44 X 125 41 X 120 4.88 97.2 33.2 5.81 0.678 34.5 
44 X 150 41 X 145 5.90 142 40.1 10.2 0.819 41.7 
44 X 175 41 X 169 6.87 193 46.8 16.2 0.955 48.6 
44 X 200 41 X 194 7.89 254 53.7 24.5 1.10 55.8 
44 X 225 41 X 219 8. 91 323 60.6 35.3 1.24 63.0 
44 X 250 41 X 244 9.92 402 67.5 48.8 1.38 70.1 
44 X 300 41 X 294 11.9 583 81.4 85.4 1.66 84.5 

50 X 75 47 X 72 3.36 40.1 26.2 1.44 0. 613 20.7 
50 X 100 47 X 97 4-52 72.8 35.3 3.52 0.826 27.9 
50 x 125 47 X 120 5.59 111 43.6 6.66 1.02 34.5 
50 X 150 47 X 145 6.76 163 52.7 11.7 1.23 41.7 
50 X 175 47 X 169 7.87 221 61.5 18.6 1.44 48.6 
50 X 200 47 X 194 9.04 291 10.6 28.1 1.65 55.8 
50 X 225 47 X 219 10.2 371 79.7 40.5 1.86 63.0 
50 X 250 47 X 244 11.4 461 88.7 56.0 2.08 70.1 
50 X 300 47 X 294 13.7 669 107 97.9 2.50 84.5 

(1)Basic sizes as at 20 per cent moisture content in accordance with BS 4471:1969 

(2)Mrun sizes as at 20 per cent moisture content and including allowance for processing 

constructional timber in accordance with BS 4471:1969. 
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10.1 
10.1 
10.1 
10.1 
10.1 
10.1 
10.1 

10.6 
10.6 
10.6 
10.6 
10.6 
10.6 
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11.8 
11.8 
11.8 
11.8 
11.e 
11.8 
11.8 
11.8 
11.8 

13.5 
13. 5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 



Table 15 continued 

S-....noi 
Basiz 
sawn 1) Pr~ce~a~d 

Section modulus ieatielll manent of area Radius of gyration 
Area 

size Sl.Ze 1 About x-x About y-y About x-x About y-y About x-x About y-y . 

mm mm IO~mm2 103 mm3 103 mm3 106 mm4 106 mm4 mm 

63 X 100 60 X 97 5.77 n.o 57.5 4.49 1. 72 27.9 
63 X 125 60 X 120 7.14 142 71.1 8.50 2.12 34.5 
63 X 150 60 X 145 8.63 208 85.9 15.0 2.57 41.7 
63 X 175 60 X 169 10.0 282 100 23.7 2.99 48.6 
63 X 200 60 X 194 11.5 372 115 35.9 3.44 55.8 
63 X 225 60 X 219 13.0 474 130 51.7 3.88 63.0 

75 X 100 72 X 97 6.93 111 82.8 5.39 2.97 27.9 
75 X 125 72 X 120 8.57 171 102 10.2 3.67 34.5 
75 X 150 72 X 145 10.3 249 124 18.0 4.44 41.7 
75 X 175 72 X 169 12.1 339 144 28.5 5.17 48.6 
75 X 200 72 X 194 13.8 446 166 43.1 5.94 55.8 
75 X 225 72 X 219 15.6 569 187 62.0 6.70 63.0 
75 X 250 72 X 244 17.4 706 208 85.8 7.47 70.1 
75 X 300 72 X 294 21.0 1025 251 150 9.00 84.5 

100 X 100 97 X 97 9.33 150 150 7.26 7.26 27.9 
100 X 150 97 X 145 13.9 336 225 24.2 10.8 41.7 
100 X 200 97 X 194 18.7 601 300 58.1 14.5 55.8 
100 X 250 97 X 244 23.5 951 378 115 18.3 70.1 
100 X 300 97 X 294 28.3 1381 455 202 22.0 84.5 

150 X 150 145 X 145 20.8 502 502 36.2 36.2 41.7 
150 X 200 145 X 194 27.9 899 672 86.8 48.5 55.8 
150 X 300 145 X 294 42.3 2064 1018 302 73.5 84.5 

200 X 200 194 X 194 37.3 1202 1202 116 116 55.8 

250 X 250 244 X 244 59.0 2392 2392 290.6 290.6 70.1 

300 X 300 294 X 294 85.7 4184 4184 613 613 84.5 

(1)Basic sizes as at 20 per cent moisture content in accordance with BS 4471:1969 

(
2

)Mln sizes as at 20 per cent moisture content and including allowance for processing 

constructional timber in accordance with BS 4471:1969. 
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17.2 
17.2 
17.2 
17.2 
17.2 
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20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 

27.9 
27.9 
27.9 
27.9 
27.9 

41.7 
41.7 
41.7 

55.8 

70.1 

84.5 
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Table 16 

G:OODTRICAL PROPERTIES FCR THE DRY EXPOSURE CONDITION OF TIMBER 

CONFCRMING TO THE REQUIREMENTS CF CANADIAN LUMBER STANDARDS 

:Basi( Min size (2) 
Section modulus Second mcment of area Radius of gyration 

size 1) Area 
About x-x About y-y About x-x About y-y About x-x About y-y 

iBRt' 1('1 . mm 
~ 2 

IOmm 103 mm3 103 mm3 106 mm4 106 mm4 mm mm 

2 X 2 38.1 X 38.1 1.44 9.11 9.11 0.173 0.173 10.9 10.9 
2 X 3 38.1 X 63.7 2.41 25.4 15.2 0.807 0.289 18.3 10.9 
2 X 4 38.1 X 89.2 3.37 49.9 21.3 2.22 0.404 25.6 10.9 
2 X 6 38.1 X 140.3 5.30 123 33.5 ' 8.63 0.636 40.3 10.9 

2 X 8 38.1 X 184.9 6.99 214 44.2 19.7 0.838 53.2 10.9 
2 X 10 38.1 X 235.9 8.91 349 56.4 41.0 1.07 67.8 10.9 
2 X 12 38.1 X 286.5 10.8 515 68.5 73.5 1.30 82.4 10.9 

3 X 4 63.7 X 89.2 5.64 83.4 59.6 3.71 1.89 25.6 18.3 

4 X 4 89.2 X 89.2 7.89 117 117 5.19 5.19 25.6 25.6 

( 1 ) 
CLS timber is produced to imperial sizes and the basic sizes listed are used as 

a nominal description. 

(2) 
These sizes are the actual minimum sizes at 20 per cent moisture content. 
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