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ERMCO
"SAFETY OF STRUCTURES"
An independent technical expert review of partial factors for actions
and load combinations in EN 1990 "Basis of Structural Design"

EN 1990 Basis of Structural Design provides the framework for the suite of
Eurocodes, which includes the design of structures as well as geotechnical and
seismic design.
The first generation of Eurocodes will contain some elements of choice for
countries, although recommendations will usually be given for the choices.
One exception lies in EN 1990, in which the criteria for choosing between three
forms of load combinations for structures are not specified.
BIBM, CEMBUREAU and ERMCO commissioned Prof. Gulvanessian, as
convenor of the CEN TC 250 Project Team Basis of Structural Design (EN
1990), to review the implications of the possible choices.
The final report was reviewed independently and separately by Prof. Calgaro,
Prof. Jensen and Prof. Spehl, members of the same CEN Project Team.
BIBM, CEMBUREAU and ERMCO are very pleased to make the report
available publicly. The Associations believe that the report will make a very
valuable contribution to the practical implementation of the Eurocodes and in
particular to the process of making choices by national competent authorities.
Any questions or comments on the report should be addressed to one of the
sponsoring associations.
Dr John Moore
Chairman of Project Group 2.5 "Eurocodes"

Review of the SAKO Report

Executive Summary

1.

EN 1990, Eurocode Basis of Structural Design (1), is the lead document in the suite
of structural Eurocodes. It establishes the principles and requirements for safety and
serviceability and gives guidelines for related aspects of structural reliability.

2.

EN 1990 specifies three sets of load combination expressions for verification at the
ultimate limit state, which are described in this report as:
i)
ii)
iii)

Case A;
Case B;
Case C;

Expression 6.10
Expression 6.10 (a) & 6.10 (b)
Modified Expression 6.10 (a) & 6.10 (b).

3.

The code allows through the appropriate National Annex the choice of which load
combination expression(s) to use. It gives recommended values for partial ( ) and
combination ( ) factors for actions, which may be varied in the National Annex.

4.

The choice of the loading expressions should be governed by the following
considerations:
The potential for achieving adequate consistency in reliability over the range of
potential designs.
Ease of use for designers, considering both the super-structure and the substructure.
The use of the same load combination rules and partial and combination factors
for actions for all the materials.
The reliability currently implied nationally, by using the appropriate National
Codes of Practice.
Economy.

5.

It should be noted that consistent reliability can be achieved by considering the
following:
a)

Choice of load combination formats A, B and C.

b)

Adjustments to partial factors

c)

Adjustments to combination factor

G

and

Q.
.

6.

A Nordic study commissioned by NKB and INSTA-B and prepared by SAKO (2), the
Joint Nordic Group for Structural Matters, was carried out with the objective of
comparing the level of consistency of safety for various ratios between the
permanent and variable actions by considering the three principal structural materials:
concrete, steel and glulam timber The report demonstrated that the three load
combination equations give quite differing levels of reliability for different ratios of
variable load to total load ( ).

7.

For most practical cases, concrete structures have a value of between 0.2 and 0.6
whereas steel and timber have a value between 0.5 and 0.8. Hence, the choice of
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load combination expressions in the National Annex is crucial in order to obtain a
consistent level of safety.
8.

BRE was commissioned to evaluate independently the findings of the SAKO Report
and also to carry out additional reliability studies, where necessary; funding for this
work was provided by CEMBUREAU, ERMCO and BIBM. The principal objective of
the BRE investigation was to highlight the issues relating to the use of the three load
combination formats given in EN 1990, together with partial and combination factors.
These issues need to be considered by national competent authorities in order to
make recommendations for their National Annexes for EN 1990 and in particular in
respect of Annex A1 of EN 1990, Rules for buildings.

9

Reliability differentiation is outside the scope of the SAKO report and also of this
report. Medium consequences class reliability class RC2 is assumed (see EN 1990
Annex B). The studies were made for individual structural members only.

10

Materials safety factors, including effects of higher quality control (e.g. tightened
tolerances, controlled variation of material strength) are outside SAKO Report and
Expert review. That analysis can be prepared for each material code when partial
factors and combination rules for actions have been fixed, and of course, following
equivalent principles for all materials
It is recommended that a separate study is done to investigate the effects of material
safety factors including the effects of high quality control in order to assess overall
level of safety. This study was outside the scope of the current contract.

11

The project was lead by Professor Haig Gulvanessian, Director, Construction Division
BRE and Convenor of the CEN/TC 250 Project Team for Basis of Structural Design.
The work was peer reviewed by an Advisory Panel that included some materialimpartial members of the Basis of Structural Design Project Team. These were:
-

Professor Jean Armand Calgaro of SETRA, France
Professor Pierre Spehl of SECO, Belgium
Professor Bjarne Jensen, Technical University of Odense, Denmark

12.

The BRE review broadly substantiates the findings of the SAKO report, once
uncertainties had been clarified. The report points out that the SAKO study is based
on ENV 1991 and background documentation to ENV Eurocodes and not the JCSS
recommendations.

13.

Based on these findings and the additional reliability studies carried out by BRE, the
following conclusions are made regarding the EN 1990 load combination expressions.
i)

The adoption of combination rule A (i.e. expression 6.10 of EN 1990), using the
EN 1990 recommended values for partial and combination factors, will produce
similar reliability to current practices in some European countries e.g. UK.

ii)

There is no doubt that the Case A (expression 6.10) does not produce a
consistent level of safety for the complete range of . Adopting Case B
(expressions 6.10a and 6.10b) will produce a more consistent level of reliability,
and at a level similar to current practice in some European countries e.g. Nordic
countries and The Netherlands.

iii) The partial factor for self-weight for products having improved quality control can
be reduced.
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14.

The table below shows the implications of using the cases A, B and C for each of the
considerations proposed for deciding on loading expressions.
Consideration

Case A

Case B

Case C

(expression
6.10)

(expressions
6.10a, 6.10b)

(expressions
(mod), 6.10b))

The
level
of Dependent on the
(e.g.
reliability
from country
use of national same in UK)
codes
Consistency
reliability
range of

Yes
of No
for Higher reliability
for between 0,2
and 0,6

Usability

As for current
National Codes
that
use
the
format
of
expression 6.10

Economy

As
for
practice

Considering
Actions only, for a
given resistance

15.

Dependent on the Dependent
country
(e.g. country
same in Nordic
countries and The
Netherlands)

(6.10a

on

the

No
Lower reliability for
< 0,3

Additional checks Exceptionally,
required
additional
checks
compared to case required compared to
A.
case A.

UK Greater economy Greater economy for
for
between between 0,15 and 0,6.
0,15 and 0,6.
As for Nordic
countries and The
Netherlands
practice

Adoption in the National Annex of Expression(s) 6.10 and 6.10a and 6.10b is
recommended. The competent national authority, when selecting G and Q,
should consider in particular the:
Levels of reliability currently acceptable nationally.
Consistency in reliability over the range of load ratios.
Usability.
Use of the same load combination rules and partial and combination factors
for loading for all the materials: separate G factors for permanent load of
different origin (e.g. self-weight and other permanent loads) could be
considered.
Economy.

References
1.
2.

Eurocode EN 1990: Basis of Structural Design, CEN 2002
SAKO; Joint Committee of NKB and INSTA-B, NKB Report: 1990:01E.
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Final review report by
Prof. Jean-Armand CALGARO, France
30 May 2003

The present version dated 5 March/29 April 2003 of the Client Report Nr. 210297 is
substantially improved compared to the version dated 28 October 2002, and may be
considered as the best possible study within the framework of what was asked to the
contractor.
Starting from the SAKO Report, the developments included in the BRE study are very
interesting because :
- the calculations are extended and systematic,
- the assumptions are underlined, discussed and more documented than in the SAKO report,
- the conclusions derive honestly from the calculation results.
First, it is necessary not to mix the two independent following aspects :
- the format of combinations of actions, in order to obtain a good design code, leading to a
rather uniform reliability level for a big number of structures and design situations ;
- the definition, by a client or a national authority, of the reliability level depending on the type
of construction works and specific requirements.

Concerning the consistency of the reliability level for a complete range of ratios of variable
load to total load, it is clear that the use of combinations of actions based on expressions
6.10a and 6.10b of EN 1990 may be recommended.
Concerning the choice of the reliability level, it is clear that expression 6.10 on one hand and
expressions 6.10a/b on the other hand do not lead to equivalent reliability levels if the same
set of recommended values for partial factors is used. For the sake of simplicity, EN1990
gives the same set of recommended values for partial factors for both cases, but the BRE
study shows very clearly that it is possible to reach a comparable reliability level with
expressions 6.10a/b and 6.10 with adjusted partial factors on permanent and variable actions
in the first case. Additionally, expression 6.10a modified is not recommended without detailed
calibration against national practice.
These observations will probably be taken into account by the maintenance group of
Eurocodes.
Concerning the application of the Eurocodes, it is clear that, in a first step, only the use of
expression 6.10 for combinations of actions should be recommended if the recommended set
of values of partial factors is adopted. When results of further controlled calibration studies will
be available, in particular :
- studies investigating the effects of material partial factors, including the effects of high
quality control,
- studies investigating the consequences of verification formats in structures interacting with
ground,
- studies extended to other types of civil engineering works (bridges, etc.),
it will be possible to give more accurate recommendations in EN 1990.
As a conclusion, the Client Report Nr. 210297 is excellent. It brings with clarity the desired
answers to the questions raised by the SAKO report. But it should be considered as a starting
point for further studies with the purpose to reach greater economy by combining a formal
reduction of actual safety margins and the adoption of compensating measures (design,
execution etc.).

Prof. Jean-Armand Calgaro
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CEMBUREAU/BIBM/ERMCO
Professional Service Agreement about EN 1990: Structural Eurocode – Basis of Design
Final Review Report of BRE Client Report no. 210297:
An independent Technical Expert Review of the SAKO Report – FINAL
5. March 2003
By
Professor Bjarne Chr. Jensen, Engineering College of Odense
Ass. Professor John Dalsgaard Sorensen, Aalborg University
6 June 2003
General
No doubt, this Client Report no. 210297 will make a very valuable contribution to the practical
implementation of the Eurocodes. Therefore it is good to see, that the three Associations intend to
make the report available publicly. The extended Executive Summary is important in that case and
because it will be available separately.
In the Executive Summary, implications of using the cases A, B and C are shown in clause 14. For
Case B it is stated: “Additional checks required compared to case A”. As I already mentioned at the
meeting in Brussels, Monday 18 November 2002, all our experience shows that it is normally clear
to the designer if (6.10a) or (6.10b) has to be used. It is not wrong, what is stated, but the statement
seems to be too strong, compared to what really goes on in the design work. Please note that I am
given my experience from nearly 25 years design work. Except this, I find the Executive Summary
good and very useful.
Specific comments
Executive summary, page 1:
In the report the terms Combination rule A, B and C, Case A, B and C or Format A, B and C are
used. It should be the same, especially in Executive Summary only one set of terms should be used
(e.g. clause 2 and clause 5)
page 2-3:
The stochastic model does not fully follow the JCSS model code: e.g.
- the JCSS wind load model is more detailed, and the annual COV=0.5 seems too high,
- the JCSS live load model is more detailed
The relation of the stochastic models in the report to the JCSS model could be described in an annex
- this would be of high importance for National Standard Committees using the results of this
report.

page 2-3:
The coefficient of variation (COV) for the bending strength of timber is chosen to 0.15. This COV
is too low. Statistical analysis of structural timber, see e.g. report on JCSS www, indicates that the
COV should be at least 0.20, and the distribution function should maybe be Weibull instead of
Lognormal.
page 2-3 and 2-4:
The characteristic values for strengths are specified as ( mean value - 2 times standard deviation).
This is not the same as indicated in figure 3.1 and in equation (4.2). For instance for timber
strengths it is observed that analysis of data shows that the characteristic values are close to the 5%
fractile, i.e. ( mean value - 2 times standard deviation) cannot be used here. As noted in the report,
this is in general also allowed.
page 3.5
It should be added that the bending strength of structural timber is used here.
page 3-5:
It is noted that the duration factor (neglected in the example) is subject to quite high uncertainty,
which in principle has to be included in a reliability analysis for timber elements.
page B-2
Equations for Lognormal distributed strengths should be used in (B.6) and (B.7).
General:
It could be quite interesting (but outside the scope of the report) to calibrate all load and material
partial factors to a given reliability level (e.g. beta = 3.8), with one partial factor fixed, and
appropriate values of the permanent / variable load ratio. Such a study could indicate that the partial
factor for concrete could be lowered compared to steel.

1
CEMBUREAU
Professional Service Agreement about EN 1990 : Structural EUROCODES - Basis of Design

FINAL REVIEW REPORT
of the BRE Client Report N° 210297 :
« An Independent Technical Expert Review of the SAKO Report – Final »
by Prof. ir. Pierre SPEHL, Belgium
3 June 2003, supplemented 26 October 2004
1. INTRODUCTION
The BRE Client Report N° 210297 established by Prof. Haig GULVANESSIAN provides a
critical evaluation of the SAKO report (Basis of Design of Structures – Proposals for
Modification of Partial Safety Factors in Eurocodes – Oslo, NKB, 1999:01) and suggests
recommendations on the use of the EN 1990 expressions of actions combinations and of the
values of their partial factors.
This Peer Review is intended to provide an independent advice on the BRE report dated 5
March 2003 (Amended 29 April 2003).
2. GENERAL
EN 1990 specifies three sets of expressions for the combinations of actions :
expression (6.10), designated as caseA in the BRE report ;
expressions (6.10a) and (6.10b), designated as case B in the BRE report ;
in addition, the BRE report Note 1 to Table A1.2(B) of Annex A1 « Application for
Buildings » indicates : « In case of 6.10a and 6.10b, the National annex may in
addition modify 6.10a to include permanent actions only » ; this possible national
option is designated as case C in the BRE report.
The BRE report includes a reliability study of five typical structural elements of different
materials (Appendix D to the BRE report).
This provides a good basis to evaluate the validity of cases A, B and C, and of the associated
values of partial factors for structural elements.
However it does not represent the reliability of a whole structure.
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3. FAILURE PROBABILITY
3.1. In the original probabilistic model first used to establish the European unified rules
(CEB Bulletin N° 127 and 128, 1980),
the target probability (for normal buildings, reference period 50 years) is 10-5 /year
(reliability index 4,26) or 5.10-4 over 50 years (reliability index 3,30),
each action is considered as leading action of one combination, all the other actions
being considered as accompanying actions (same as case B)
and the partial safety factors are already 1,35 for permanent actions and 1,5 for
variable actions.
3.2. The JCSS has simplified the combinations equations (CEB-FIP Model Code of 1978) by
considering the permanent actions and one variable action as leading actions in the same
combination (same as case A) ; this has increased de facto the reliability index for most of the
designs where both actions are significant.
3.3. In the Eurocodes, having in mind the JCSS simplification, the target probability (for
normal buildings, Class RC2, reference period 50 years) has been reduced to 10-6 /year
(reliability index 4,75) or 5.10-5 over 50 years (reliability index 3,89).
3.4. By introducing case B (Scandinavian request taken into account by the Project Team), the
unified rules are back to the original model, with the same recommended values for the partial
safety factors, but for a lower target failure probability.
This may explain why it is now discovered that, with the actual values of partial safety
factors, the target failure probability is not met for some structural designs (very light
structures).
3.5. In Figure 6.1, the lowest values for EN combinations correspond to a target probability
of 1,6.10-4 over 50 years (reliability index 3,6).
Therefore, an increase of the values is needed for the actual target probability of Class RC2
structural members.
However, the value 1,6 for variable actions is even not sufficient for extremely light structures
(see Figure 6.2) and 1,7 would be more appropriate.
3.6. Case B is more uniformly distributed in Figure 6.2 than case A, and is thus preferable.
Case A should be considered as a simplification of case B.
3.7. Figure 6.2 shows that, for the actual Eurocodes target probability, the same increase of
values should apply to case A as to case B (1,4 instead of 1,35 and 1,7 instead of 1,5) in order
to reach the target probability of 5.10-5 over 50 years, even for very light or very heavy
structures.
3.8. One may wonder if the target value of 5.10-5 over 50 years (reliability index 3,89) is not
too safe. We would be in favour of adopting a target value of 1,5.10-4 over 50 years (reliability
index 3,6) and to maintain the actual values of 1,35 and 1,5.
The applications of these values over the last 15 years have not shown insufficient structural
safety, and we would lack of practical justification to convince the practicing engineers that
an increase of the values is really needed. This possibility, if not recommended, should
anyway remain open for those countries who do not want to change the values for actions.

3
4. INDEPENDENCY OF COMBINATIONS FROM MATERIALS
4.1. In the original model (see 3.1. above), the uncertainties about the calculation model of the
structural effects of combinations of actions are different from material to material, and would
lead to different values of partial safety factors.
4.2. However, it has been recognized by JCSS (for the preparation of the model-code of 1978)
that the values of partial safety factors should be defined independently of the structural
material, in order to be able to calculate the same value of a structural effect for whatever
material is used, and to allow and facilitate changes or combinations of structural materials at
project stage and/or during execution.
Therefore, the values for actions being 1,05 times higher for concrete structures than for
steel structures, a value 1,05 has been transferred from the m value for structural steel
elements into the values for actions on steel structures.
This justifies that the m value for structural steel elements is 1,00 and not 1,05, and this
justification is still valid today.
4.3. The need for calculated values of structural effects being materials-independent has been
confirmed by the Construction Products Directive which requires to express the products
properties by performances.
This principle should be maintained.
5. CHARACTERISTIC VALUES OF PERMANENT ACTIONS
5.1. The G value 1,35 for permanent actions applies to characteristic values of permanent
actions having a probability to be exceeded of 5 %.
5.2. When thinking to reduce the G value 1,35 it is to be remembered that a common practice
is to use mean or nominal values for permanent loads and not characteristic values, i.e. to
neglect the dispersion of permanent actions. This is authorized by EN 1990, which states in
clause 4.1.2 :
(3) The variability of G may be neglected if G does not vary significantly during the design
working life of the structure and its coefficient of variation is small. Gk should then be taken
equal to the mean value.
NOTE : This coefficient of variation can be in the range of 0,05 to 0,10 depending on the type of structure.”
(4) In cases when the structure is very sensitive to variations in G (e.g. some types of
prestressed concrete structures), two values should be used even if the coefficient of variation
is small. Then Gk,inf is the 5% fractile and Gk,sup is the 95% fractile of the statistical
distribution for G, which may be assumed to be Gaussian.
(5) The self-weight of the structure may be represented by a single characteristic value and be
calculated on the basis of the nominal dimensions and mean unit masses, see EN 1991-1-1.
This last allowance represents a reduction factor of the characteristic value of permanent
actions (coefficient of variation ) by a factor 1 + 1,645
and 1,1645 for = 0,05
and 0,10 respectively. When it is applied to the G value 1,35 this reduction gives 1,35/1,0822
= 1,247 and 1,35/1,1645 = 1,159 respectively.
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5.3. A reduction of the G value for permanent actions (0,85 < < 1) should only be allowed
when the value of the density and dimensions are known with sufficient precision to neglect
the dispersion or when the statistical distribution of the self-weight is known, on the basis of
measurements in factory or on site (self-weight of structural steel elements or prefabricated
concrete elements with certified quality), i.e. when the value of the coefficient of variation
is reliably established.

FINAL CONCLUSIONS
The BRE report dated 5 March 2003 (Amended 29 April 2003) has been improved compared
to the version dated 28 October 2002. It gives clear and valuable answers to the questions
raised by the SAKO report.
My conclusions about the rules for fundamental combinations of actions defined by EN 1990
are the following :
the actions combination rules and factors should be the same to calculate the loading
of all materials (material independent) ;
expression 6.10 should be considered as a simplification on the safe side of
expressions 6.10a and 6.10b ;
expressions 6.10a and 6.10b may be used instead of expression 6.10 when the values
of the coefficient of variation of permanent actions are statistically known at the
design stage, and certified during construction in a reliable way, to be less than 10 % ;
values should be the same for expressions 6.10 or (6.10a and 6.10b) because
expression 6.10 should have at least the same reliability level than (6.10a and 6.10b)
for the whole range of values (ratio variable load to total load) ;
recommended values for buildings (Annex A1) and reliability index for Class RC2
(Annex C) are not consistent : the values 1,35 (for permanent actions) and 1,5 (for
variable actions) should be increased to 1,4 and 1,7 or the reliability index 3,89 (5.10-5
over 50 years) should be decreased to 3,6 (1,5.10-4 over 50 years).
Brussels, 3 June 2003, supplemented 26 October 2004.
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Executive Summary

1.

EN 1990, Eurocode Basis of Structural Design (1), is the lead document in the
suite of structural Eurocodes. It establishes the principles and requirements for
safety and serviceability and gives guidelines for related aspects of structural
reliability.

2.

EN 1990 specifies three sets of load combination expressions for verification at
the ultimate limit state, which are described in this report as:
i)
ii)
iii)

Case A;
Case B;
Case C;

Expression 6.10
Expression 6.10 (a) & 6.10 (b)
Modified Expression 6.10 (a) & 6.10 (b).

3.

The code allows through the appropriate National Annex the choice of which
load combination expression(s) to use. It gives recommended values for partial
( ) and combination ( ) factors for actions, which may be varied in the National
Annex.

4.

The choice of the loading expressions should be governed by the following
considerations:
The potential for achieving adequate consistency in reliability over the range of
potential designs.
Ease of use for designers, considering both the super-structure and the substructure.
The use of the same load combination rules and partial and combination factors
for actions for all the materials.
The reliability currently implied nationally, by using the appropriate National
Codes of Practice.
Economy.

5. It should be noted that consistent reliability can be achieved by considering the
following:
a) Choice of load combination formats A, B and C.
b) Adjustments to partial factors

G

and

c) Adjustments to combination factor

Q.

.

6. A Nordic study commissioned by NKB and INSTA-B and prepared by SAKO (2), the
Joint Nordic Group for Structural Matters, was carried out with the objective of
“comparing the level of consistency of safety for various ratios between the
permanent and variable actions by considering the three principal structural
materials: concrete, steel and glulam timber” The report demonstrated that the three
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load combination equations give quite differing levels of reliability for different ratios
of variable load to total load ( ).
7. For most practical cases, concrete structures have a value of between 0.2 and 0.6
whereas steel and timber have a value between 0.5 and 0.8. Hence, the choice of
load combination expressions in the National Annex is crucial in order to obtain a
consistent level of safety.
8. BRE was commissioned to evaluate independently the findings of the SAKO Report
and also to carry out additional reliability studies, where necessary; funding for this
work was provided by CEMBUREAU, ERMCO and BIBM. The principal objective of
the BRE investigation was to highlight the issues relating to the use of the three load
combination formats given in EN 1990, together with partial and combination factors.
These issues need to be considered by national competent authorities in order to
make recommendations for their National Annexes for EN 1990 and in particular in
respect of Annex A1 of EN 1990, Rules for buildings.
9

Reliability differentiation is outside the scope of the SAKO report and also of this
report. Medium consequences class reliability class RC2 is assumed (see EN 1990
Annex B). The studies were made for individual structural members only.

10 Materials safety factors, including effects of higher quality control (e.g. tightened
tolerances, controlled variation of material strength) are outside SAKO Report and
Expert review. That analysis can be prepared for each material code when partial
factors and combination rules for actions have been fixed, and of course, following
equivalent principles for all materials
It is recommended that a separate study is done to investigate the effects of material
safety factors including the effects of high quality control in order to assess overall
level of safety. This study was outside the scope of the current contract.
11 The project was lead by Professor Haig Gulvanessian, Director, Construction
Division BRE and Convenor of the CEN/TC 250 Project Team for Basis of Structural
Design. The work was peer reviewed by an Advisory Panel that included some
material-impartial members of the Basis of Structural Design Project Team. These
were:
- Professor Jean Armand Calgaro of SETRA, France
- Professor Pierre Spehl of SECO, Belgium
- Professor Bjarne Jensen, Technical University of Odense, Denmark
12. The BRE review broadly substantiates the findings of the SAKO report, once
uncertainties had been clarified. The report points out that the SAKO study is based
on ENV 1991 and background documentation to ENV Eurocodes and not the JCSS
recommendations.

13. Based on these findings and the additional reliability studies carried out by BRE, the
following conclusions are made regarding the EN 1990 load combination
expressions.
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i)

The adoption of combination rule A (i.e. expression 6.10 of EN 1990), using the
EN 1990 recommended values for partial and combination factors, will produce
similar reliability to current practices in some European countries e.g. UK.

ii)

There is no doubt that the Case A (expression 6.10) does not produce a
consistent level of safety for the complete range of . Adopting Case B
(expressions 6.10a and 6.10b) will produce a more consistent level of reliability,
and at a level similar to current practice in some European countries e.g.
Nordic countries and The Netherlands.

iii) The partial factor for self-weight for products having improved quality control can
be reduced.
14. The table below shows the implications of using the cases A, B and C for each of the
considerations proposed for deciding on loading expressions.
Consideration

Case A

Case B

Case C

6.10)

(expressions 6.10a,
6.10b)

(expressions (6.10a (mod),
6.10b))

The level of reliability
from use of national
codes

Dependent on the
country (e.g. same in
UK)

Dependent on the
country (e.g. same in
Nordic countries and
The Netherlands)

Dependent on the country

Consistency of
reliability for range of

No

Yes

No

(expression

Lower reliability for

Higher reliability for
between 0,2 and 0,6

< 0,3

Usability

As
for
current
National Codes that
use the format of
expression 6.10

Additional
checks
required compared to
case A.

Exceptionally,
additional
checks required compared to
case A.

Economy

As for UK practice

Greater economy for
between 0,15 and
0,6.

Greater economy for
between 0,15 and 0,6.

Considering Actions
only, for a given
resistance

As
for
Nordic
countries and The
Netherlands practice

15. Adoption in the National Annex of Expression(s) 6.10 and 6.10a and 6.10b is
recommended. The competent national authority, when selecting G and Q,
should consider in particular the:
Levels of reliability currently acceptable nationally.
Consistency in reliability over the range of load ratios.
Usability.
Use of the same load combination rules and partial and combination
factors for loading for all the materials: separate G factors for
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permanent load of different origin (e.g. self-weight and other
permanent loads) could be considered.
Economy.
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Introduction

An Independent Technical Expert Review of the SAKO Report
Purpose of this report
This report describes the work carried under contract for CEMBUREAU, BIBM and
ERMCO.
The report describes
EN 1990: Eurocode: Basis of Structural Design [1], its purpose and objectives (within
this introduction),
The approach to be used for the whole contract,
The critical evaluation of the SAKO [2] report and its extension carried out by the
Ministry of the Environment, Finland [3], including details of correspondence with the
authors of the report, and gives
An independent reliability investigation for particular members as agreed with
CEMBUREAU Project Group 2.5 "Eurocodes", at a meeting on 10 September 2002 at
Brussels.

The Eurocode programme
The complete suite of CEN Structural Eurocodes, which presently exist in ENV form, will
be converted to full EN (Normative) by 2004/5. The first package of Eurocodes relating
to the design of common buildings should be converted earlier, possibly by 2003. There
will be ten Eurocodes, each generally consisting of a number of parts, covering
Basis of structural design (EN 1990, the head Eurocode)
Actions on structures (EN 1991)
The design of the main structural materials (concrete, steel, composite, timber,
masonry and aluminium (EN 1992 to EN 1996 and EN 1999)
Geotechnical design (EN 1997)
Earthquake resistance (EN 1998)
Each Eurocode will have a National Annex published by the appropriate authority in the
particular country, which will specify the Nationally Determined Parameters (NDPs) [4].
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EN 1990

Structural safety,
safety,
serviceability and
durability

EN 1991

Actions on
structures

EN 1992

EN 1993

EN 1994

EN 1995

EN 1996

EN 1999

EN 1997

Design and
detailing

Geotechnical
and seismic
design

EN 1998

Figure 1: Links between Eurocodes

Objectives of EN 1990
EN 1990 is the head document in the Eurocode suite and it establishes for all the
Structural Eurocodes the principles and requirements for safety, serviceability and
describes the basis of their design and verification and gives guidelines for related
aspects of structural reliability and durability of structures. It is based on the limit state
concept and used in conjunction with the partial factor method. Most importantly, in
addition to establishing the principles and requirements, it provides the basis and general
principles for the structural design of buildings and civil engineering works (including
geotechnical aspects).

EN 1990 will be used, for direct application, for the design of new structures, together
with;
Eurocode 1: Actions on Structures, and
The design Eurocodes (Eurocodes 2 to 9)
See Figure 1
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Of relevance to this contract, EN 1990

a) specifies three sets of load combination expressions (Expression (6.10; (6.10a) and
(6.10b); and (6.10a modified) & (6.10b)) (see below) to be used by EN 1991 and the
design Eurocodes for ultimate limit state verification.

(Note: In EN 1990 three alternative procedures are given for the combination of actions as
expressed below:

(i)
j 1

(ii)

G, j

Gk, j "+" P P"+"

Qk,1"+"

Q,1

i >1

Q, i

Qk,i

(6.10)

or the less favourable of the two following expressions:

G, j

Gk , j " "

P

P" "

Q ,1

0 ,1

Qk ,1 " "

j 1

Q ,i

0 ,i

Qk ,i

i 1
j

G, j

Gk , j " "

P" "

P

Q ,1

Qk ,1 " "

j 1

(iii)

0, i

Q ,i

0,i

Q k ,i

(6.10a & 6.10b)

i 1

or Expression 6.10a above modified to include self-weight only and Expression 6.10b, as
shown below
G, j

Gk , j " "

P

P"

j 1
j

G, j

Gk , j " "

j 1

P

P" "

Q ,1

Qk ,1 " "

Q ,i

0 ,i

Qk ,i

i 1

where:
“+”

Implies “to be combined with”
Implies “the combined effect of”
Is a reduction factor for unfavourable permanent actions G )

b)

recommends the safety factors to be used for actions
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c)

EN 1990 allows through the appropriate National Annex, for

The choice of which of the load combination expressions to use, and
The specification of appropriate safety factors ( ) and combination coefficient ( ), for
actions
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Description of the project

Approach used
Project Group 2.5 “Eurocodes” seek an independent technical expert review of the
SAKO report including:
(a) Validity of the assumptions made to assess the relative reliability of different
materials;
(b) Limitations, if any, of the alternative load combination equations proposed in the
report and included in EN 1990 (equations 6.10 etc.).
Method of Working
The Project is lead by Professor Haig Gulvanessian, Director, Construction Division,
BRE and Convenor of the CEN Project Team Basis of Structural Design and Chairman
of CEN/TC250/SC1. He has, as part of his team, a BRE Associate, Dr Milan Holicky.
The work was peer reviewed by an Advisory Panel that includes material impartial
members of the Basis of Design Project Team. These are:
-

Professor J-A Calgaro of SETRA, France
Professor Pierre Spehl of SECO, Belgium
Professor Bjarne Jensen, Technical University of Odense, Denmark

Achieving the Objectives
To achieve the objectives the following actions were undertaken:
a) Identification and verification of assumptions concerning theoretical models of all the
basic variables including the model uncertainties used in the SAKO Report. (This
action required exchanges with the authors of the SAKO Report).
b) Critical comparison of the SAKO assumptions with:
available data,
recommendations provided by JCSS, and
authoritative literature
c) Independent reliability analysis of structural members made from different materials
as considered in the SAKO Report.
d) Evaluation of obtained results.
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e) Based on (d) above, provide proposals for best possible alternative combination
rules for actions and for relevant reliability elements.
The following items were outside the scope of this study:
Specific resistance for materials
Effects of quality control
Reliability differentiation
The studies were made for individual structural members only. Medium consequence
classes, reliability class RC2 in accordance with EN 1990 Annex B is assumed.
The attached block diagram in Appendix A shows the principle tasks necessary to carry
out this contract.
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Findings

1.

Brief Description of the SAKO Report

1.1 Primary objectives of the SAKO (and Finnish) report
Note: The SAKO report has considered the ENV Basis of Design and refers to expressions 9.10
etc. In this investigation the expression numbers from EN 1990 (e.g. (6.10) etc will be stated.

The primary objectives of the SAKO and Finnish reports (hereafter called the SAKO
report) are to

Evaluate the structural reliability in structures, designed in accordance to ENV 19911 (the ENV Basis of design), ENV 1992-1-1 (the ENV EC2), ENV 1993-1-1 (the ENV
EC3) and ENV1995-1 (the ENV EC5).

Demonstrate the differences of using the expressions (6.10); (6.10a and 6.10b); and
(6.10a modified and 6.10b).

Suggest modifications of the partial safety factors in the Eurocodes from those
recommended in the Eurocodes, giving the possibility for those who will require
economical structures.

Harmonise the partial factors so that the target safety level is of the same order for
the various structural materials.

1.2 Basis of the SAKO Report

It is stated that, to have a realistic basis for the comparison, the study is performed for a
number of actual beams, representing tension types of failure, i.e. a ductile type of failure
and for a number of short columns representing compression failures, i.e. a more brittle
type of failure.
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It is also stated that the reliability study has been carried out with realistic distribution
functions for the relevant parameters on the action as well as the resistance side.
Sensitivity studies for certain parameters have also been part of the study.

The variable actions have been subdivided into environmental and imposed actions in
order to study the influence of the differences in variability between the two types of
variable actions.
Note: The investigators noted that imposed and environmental actions are not
considered acting together as combination factors are outside the SAKO Report.
1.3 The SAKO programme of work
The SAKO study consisted of four activities (all with reference to the ULS) as follows
1 The calculation of the reliability index
for the selected structural components
factor in the
designed according to expression (6.10) and the recommended
Eurocodes.
2 The determination of the necessary modifications of the partial safety factors M in
order to attempt to harmonise the reliability levels of the different materials
considered. This was based on the use of expression (6.10) for actions and for a
target reliability level t = 4,7.
3 Using expressions (6.10a and 6.10b) calibration of the partial safety factors for
actions F and resistances M for a target reliability level t = 4,7.
4 Using expressions (6.10a and 6.10b) calibration of the partial safety factors for
resistances M for target reliability levels t = 3,7 and 4,7, using the recommended
values for the partial safety factors for actions F.
In the SAKO study the reliability index

relates to a reference period of 1 year.

Note: Steps 3 and 4 were repeated by the Finnish study for expressions (6.10a modified
and 6.10b)
1.4 Principal observation and proposal
Considering the primary objectives of the SAKO study, the report concludes that the
objectives (summarised in 1.1) can only be achieved using expressions (6.10a and
6.10b).
Project Group 2.5 “Eurocodes” seek an independent technical expert review of the
SAKO report including:
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(a)
(b)

Validity of the assumptions made to assess the relative reliability of different
materials;
Limitations, if any, of the alternative load combination equations proposed in the
report and included in EN 1990 (expression 6.10 etc.).
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2.

Critical Evaluation of the SAKO report

2.1 Introduction
The evaluation is in three parts as follows
general comments on the style and understanding of the document
comments on the objectives, reliability methods and models used in the SAKO
report
specific observations on matters needing further investigation and questions on
statements made
2.2 General comments on the style and understanding of the document
The findings of the report constitute a useful contribution towards the various studies on
the choice of Nationally Determined Parameters (NDPs) by relevant authorities.
The report however does suffer, by not being editorially free standing. Many parts are
difficult to understand, in particular some of the tables, primarily due to lack of
explanation. For example:
In tables 3.3-1 and 3.3-2, no explanation is provided for the choice of values for Gk1
and Qk, making the information given difficult to interpret and use.
Table 3.3-3, and its objectives are difficult to comprehend.
In most of the other tables an explanation is needed between the boxed and
unboxed items.
In addition the basis and assumptions used in the report is not fully transparent.
The editorial style, quality and lack of explanation may give rise to misunderstandings
and misinterpretations.
2.3 Comments on the objectives, reliability methods and models used in the SAKO
report
The overriding objective of the report seems to be to obtain a consistency of safety for
various ratios of the permanent and variable actions for the three materials considered
(reinforced concrete, steel and glulam timber).
The study compares the reliability index to (variously called , v and ny in the report,
another example of the editorial style), where is the ratio of variable characteristic
actions to the total characteristic actions (N.B. to make it more general should have
been the ratio of the effects of actions).
If the mutual proportions of load effects are the same as the mutual proportions of the
loads then, the value of for reinforced concrete, steel and timber will generally fall in
different ranges:
Reinforced concrete may be between, (0,2 to 0,6)
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For steel may be between, (0,5 to 0,8)
For timber may be between, (0,5 to 0,8)
However, it must be realised that for the more complicated structures (e.g. a multi-storey
building frame) this generalisation cannot be made. For all materials the ratio will vary,
over the same range, for the elements making up the frame, depending upon the
location of an element and the actions on the structure.
It is stated that the study is performed for a number of actual beams and columns, to
have a realistic basis for the comparison; Further to the discussion above it is
emphasised that the results should not be treated as absolute values but used as a
relative comparison.
The SAKO report further states that the study has been carried out with realistic
distribution functions for the relevant parameters on the action as well as the resistance
side. In this context the investigators have observed a number of fundamental points,
which are discussed in Section 2.4.
2.4 Specific observations on matters needing further investigation and questions
on statements made
2.4.1 Basic variables used for reliability analysis
With regard to the basic variables used in the reliability analysis the following
observations are made and questions asked:
To what degree were the recommendations contained in the developing JCSS
probabilistic code used.
The statistical parameters (the mean and standard deviation) of the basis variables
seem to be derived from their characteristic values, assuming that these values are
precisely equal to the fractiles recommended in EN 1990 (i.e. 5% for materials and
98% for variable actions). This may not be actually correct, particularly in the case
of some material properties (including concrete and steel) and variable actions (e.g.
imposed loads).
(N.B. For materials the actual characteristic values are often greater than that
required by the design, in order to minimise the risk of failing “quality control”. But it
is allowed to go to the limit and use the 5% fractile of characteristic values)
The model uncertainties of action effects and resistances seem to be taken into
account considering only one factor, which appears to have a small variability
(coefficient of variation equal only to 0,05 generally and 0,03 for certain sensitivity
studies). This assumption is inconsistent with the recommendations of JCSS.
In the report the limit state functions seem to be based on the design formulae
recommended in the appropriate parts of the Eurocodes. This assumption is not
queried.
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2.4.2 Variable actions
With regard to variable actions the following observations are made and questions
asked:
The study does not consider imposed and environmental actions acting together in
combination, and hence is unable to determine the influence of combination factors
.
The report states, “the ratio between the partial safety factor for variable and
permanent actions in EN 1990 (i.e. 1,5/1,35) is too small if expression (6.10) is
used”.
Considering this ratio is used in many of the present codes of practice e.g. BSI, DIN,
while larger ratios are used in Nordic countries, this seems a statement that needs
an explanation (for reply see 2.4.4).
2.4.3 Engineering judgement and usability
To what extent has engineering judgement, experience and the requirements of the
practical designer been considered in making the SAKO recommendations. Have
the authors for example applied (6.10 and 6.10b) for more complicated structures,
and geotechnical cases and comparisons have been made with existing practice
(e.g. National codes) (See 2.4.4).
2.4.4. Exchanges with SAKO
Based on this section a letter has been sent to one of the authors of the SAKO report. A
reply incorporating both the original letter and the reply (in red and italics) to the
comments is below.
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Mr Tauno Hietanen
RT / Betonikeskus
Unioninkatu 14, 5th floor
FIN-00131 HELSINKI
FINLAND

Your reference
Our reference
19 August 2002

Answers from Tauno Hietanen 2002-08-20
Dear Tauno
EXPERT REVIEW OF THE SAKO (INCLUDING FINLAND EXTENSION)
REPORT
As you are aware Project Group 2.5 “Eurocodes” have asked BRE to carry out
an independent technical expert review of the SAKO report including:
(a)
(b)

Validity of the assumptions made to assess the relative reliability of
different materials;
Limitations, if any, of the alternative load combination equations
proposed in the report and included in EN 1990 (equations 6.10 etc.).

To help us to come to our conclusions and recommendations we need
comments and replies to the following observations and questions, which have
been grouped by subject area for your convenience.
Basic variables used for reliability analysis
With regard to the basic variables used in the reliability analysis the following
observations are made and questions asked:
To what degree were the recommendations contained in the developing
JCSS probabilistic code used?.
JCSS recommendations were not used. SAKO followed strictly ENV Basis of
Design and its background documents. As far as I know, JCSS and ENV Basis
of design are not fully in line.
The statistical parameters (the mean and standard deviation) of the basis
variables seem to be derived from their characteristic values, assuming
that these values are precisely equal to the fractiles recommended in EN
1990 (i.e. 5% for materials and 98% for variable actions). This may not
be actually correct, particularly in the case of some material properties
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(including concrete and steel) and variable actions (e.g. imposed loads).
Could a comment be made on this observation and the derivations of the
statistical parameters explained?
Yes, that is right, the statistical parameters were defined by characteristic value
and coefficient of variation. Mean values can be derived from these. I agree that
this is not actually correct. Overstrength of materials was disregarded. This is
mentioned in Annex B.2, e.g. page 80.
The model uncertainties of action effects and resistances seem to be
taken into account considering only one factor, which appears to have a
small variability (coefficient of variation equal only to 0,03). This
assumption is inconsistent with the recommendations of JCSS. Could
this be justified please?
For resistance, the coefficient of variation of model uncertainty was taken as
0,05. In table 2.3-2 on page 15, it is mentioned that 0,03 was used in the
sensitivity analysis, but the results are not given in table 3.3-4 on page 27. I do
not remember why.
I agree that 0,05 is small in some design cases, but on the other hand, most
design models are conservative, i.e. mean value of resistance model should be
below 1,0. SAKO made a simple assumption, believing that it is on the safe side.
For action effects, the coefficient of variation was not defined separately. It is
included as part of the coefficient of variation of the actions.
Variable actions
With regard to variable actions the following observations are made and
questions asked:
The report does not make clear whether imposed and environmental
actions are considered as acting together in combination, and provides
no evidence of an investigation to determine the influence of combination
factors . Is our observation correct?
The observation is correct. Imposed and environmental actions were not
considered in combination. Combination factors are outside the study.
The report states, “the ratio between the partial safety factor for variable
and permanent actions in EN 1990 (i.e. 1,5/1,35) is too small if
expression (6.10) is used”. Considering this ratio is used in the majority of
present codes of practice (e.g. BSI, DIN), this seems a very fleeting
statement that needs a responsible explanation. Can this be provided?
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This is the main conclusion of the study and agreed by all the members in the
SAKO group (the members are material independent, maybe excluding myself
as a concrete man, but in this study I attended as consultant of Ministry of the
Environment, reporting also to steel and timber people).
But this conclusion is valid only for the equation (6.10) in EN 1990. In
equations (6.10a) and (6.10b) and also (6.10a) modified, the ratio between the
partial factor for variable and permanent actions is larger (1,5/1,15).
This conclusion is explained in observations on page 37 an table 4.1-1 and by
comparing result and figures showing the calculated reliability level ( ):
- In 3.1 equation (6.10) in EN 1990 and safety factors as given in ENV
Eurocodes were used, see figure 3.1-2 on page 18: Difference between max
and min is very large, and there is a clear peak when permanent actions
are high compared to the total load.
- In 3.2 equation (6.10) and safety factors for actions (1,35 and 1,5) were used
but the safety factors for material were calibrated to minimize the scatter of .
The scatter is now smaller, but the peak remains, see figure 3.2-2 on page
20.
- In 3.3 and 3.4 equations (6.10a) and (6.10b) were used and safety factors
were calibrated with different input values. Now the peak at high variable
actions disappears, and the scatter of is smaller, see figures on pages 25
to 35.
- In the separate report from Ramboll to Finnish Ministry of the Environment,
the Finnish proposal (6.10a) and (6.10b) modified, the results are as good
as by using equations (6.10a) and (6.10b).
Engineering judgment and usability
To what extent has engineering judgment,
experience and the
requirements of the practical designer been considered in making the
SAKO recommendations?. Have the author’s of the SAKO report, for
example applied (6.10 and 6.10b) for more complicated structures, and
geotechnical cases.
The practical points of view were considered during the work. It is true that
(6.10a) and (6.10b) is more complicated to use than (6.10), but it was believed
that a designer learns very soon which equation is governing.
Reason for the Finnish proposal was the practical one, (6.10a) modified is
very seldom governing.
More complicated structures and geotechnical cases were not studied.
Have any comparisons been made with existing practice (e.g. National
codes).
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Comparisons were made with all existing Nordic codes. In summary, the safety
factors for actions were at that time:
-

Norway and Finland: 1,2 for permanent and 1,6 for variable
Denmark and Sweden: 1,0 for permanent and 1,3 for variable (the low
factors partly compensated on material side, depending on reliability class)

Later, Norway has introduced (6.10a) and (6.10b), and as far as I know, it is in
everyday use.
Additional Questions

Because the SAKO report suffers, by not being editorially free standing, many
parts are difficult to understand, in particular some of the tables, primarily due to
lack of explanation. For example:
In tables 3.3-1 and 3.3-2, no explanation is provided for the choice of
values for Gk1 and Qk, making the information given difficult to interpret
and use.
Maybe Tables A.2-1 to 3 on pages are more helpful for the loads. The principle
was that the span was always 12 m. Permanent loads, other than self-weight,
and variable loads were chosen to be the same for concrete, steel and timber.
Then the beams were designed by using ENV Eurocodes. Design resistance
exactly meets the action effect. Self-weight was calculated from the actual crosssection.
Permanent actions other than self weight and varaible actions were chosen to
cover the whole range of = ratio variable actions/total actions.
Table 3.3-3, and its objectives are difficult to comprehend.
Table 3.3-3 is a summary of calibrated safety factors when equations (6.10a)
and (6.10b) were used in design. The boxed values were chosen before
calibration, and the other safety factors are results of the calibration, i.e. optimum
values with as low scatter of reliability index as possible.
Of course, some calibrated safety factors are unrealistic to be used in a code.
In most of the other tables an explanation is needed between the boxed
and unboxed items.
The boxed values were chosen before calibration, see above.
Could the above bullet points be explained?
I am sorry for the poor editorial presentation.
General
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As a general comment, I feel that the basis and assumptions used in the report
are not fully transparent and the editorial style, quality and lack of explanation
may give rise to misunderstandings and misinterpretations by the reader.
Should you require any information please let me know.
meeting you in Brussels

I look forward to

Yours sincerely

Professor Haig Gulvanessian
Director, Construction Division
cc:

Dr J Moore
Ms T Goutoudis
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3.
Additional studies after meeting with PG2 on 10 September 2002 at
Brussels
At the meeting on 10 September 2002 at Brussels with Project Group 2.5 “Eurocodes”
proposals for further studies were agreed.
Project Group 2.5 “Eurocodes” seek and independent technical expert review of the
SAKO report including:
(a) Validity of the assumptions made to assess the relative reliability of different
materials;
(b) Limitations, if any, of the alternative load combination equations proposed in the
report and included in EN 1990 (equations 6.10 etc.).
To provide advice on the two points (a) and (b) above it is agreed that within the scope
of the contract
1. A number of additional independent reliability studies are made. These studies will
use input parameters as recommended by the JCSS model code (for actions,
material properties, geometric data, model uncertainties separately for actions and
resistance, and reliability concepts, like time invariant and time variant analysis) and
consider
A reinforced concrete beam
A steel beam
A composite beam, and
A timber beam
In addition the investigators considered a “generic” structural section with “mid-range”
characteristics.
For each of the above elements, expressions (6.10); (6.10a and 6.10b); and (6.10a
modified and 6.10b) from EN 1990 will be investigated. The first three elements will
be compared with current practice (e.g. the appropriate BSI codes)
The above investigation was carried out for the cases of the action effects due to
Permanent plus imposed or wind load
Permanent plus imposed load and / or wind loads
and considered
factors for wind actions and imposed loads, not covered by the SAKO report
and
Variation of the self-weight also taking into account the effect of higher quality
control
Dependence of reliability index on G and Q
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This investigation is described in Appendix B of the report.
2.

Based on the reply from SAKO a short report was prepared on the validity of the
assumptions made to assess the relative reliability of different materials in the
SAKO report, and if these do not agree with JCSS discuss their sensitivity for using
the different assumptions. This is given in Section 2.2 of Appendix B.

3. Based on work items 1 and 2, and considering engineering judgement and usability
(e.g. for more complicated structures and geotechnical cases) the limitations, if any,
of the three alternative load combination expressions of EN 1990 (expressions 6.10
etc.), were determined and appropriate conclusions and recommendations are given
in this report.

4.
4.1

Conclusions and recommendations
Principal objectives

The principal objective of this investigation is to establish rules for actions that will be
common to all materials. To recommend to Project Group 2.5 “Eurocodes” on the use of
the three load combination formats given in EN 1990, together with partial and
combination factors, is the most suitable for the different National Annexes for EN 1990
and in particular Annex A of EN 1990, Rules for buildings. The choice will be governed
by the following considerations:
The potential for achieving adequate consistency in reliability over the range of
potential designs.
Ease of use for designers, considering both the super-structure and the substructure.
The use of the same load combination rules and partial and combination factors
for actions for all the materials.
The reliability currently implied nationally, by using the appropriate National
Codes of Practice.
Economy.

4.2 General comments on the evaluation
It should be appreciated that the results from a reliability analysis will prove very useful
for relative comparisons, and only in detailed very comprehensive investigations provide
absolute results. However, considering the input parameters and distributions used for
the “basic variables” in Table 2.1 of Appendix B the results obtained should be
considered as “very much in the right ball-park”.
The attached investigation has primarily considered a “generic” resistance model  being
a material with “mid-range” characteristics, (which could cover cases for reinforced
concrete, steel, composite and timber), as one of the primary objectives is to establish
rules for actions that will be common to all materials.
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In addition a number of “basic” structural elements, with individual material properties
have been investigated, and these are shown in Chapter 5 of Appendix B. The results
obtained for the individual materials are very close to those obtained for the generic
case. Thus the generic case will form the basis for this evaluation.

4.3 Investigation of load combination rules A, B and C
The attached investigation (Appendix B) indicates:
a)

The adoption of combination rule A (i.e. expression 6.10 of EN 1990), using the
EN 1990 recommended values for partial safety, and combination factors will
produce an identical reliability to that accepted in the UK, when the variable
action is the imposed load. 6.10a and 6.10b produce a reliability similar to that
accepted in Nordic countries as shown in the SAKO Report. The effects of
quality control and materials resistance have not been considered in this Report.
Investigations against other National Codes is outside the scope of this contract.

b)

There is no doubt the Case A (expression 6.10) does not produce a consistent
level of safety for the complete range of . Adopting Case B (expression 6.10a
and 6.10b) will provide a more consistent and acceptable safety level. (See also
4.6).

c)

Table 6.1 of Appendix B discusses the attributes of using the cases A, B and C
and their effects on the points mentioned in Paragraph 6.1 of the Appendix.

d)

The observations for R and E and for other properties for each case study are
given in Chapter 4 and 5 of the attached reports.

Comparing the curves for combinations B and C (with
combination A (with G = 1,35 and Q = 1,5) shows that:

G

Use of combination B will provide a reduction of between
consistency of reliability compared to combination A.

= 1,4 and

Q

= 1,6) with

of 0,2 and 0,5, and better

Use of combination C will provide a greater reduction of , than combination B for the
range of of between 0 and 0,4. However the combination will provide less consistency
of reliability in the same range and give below target level. In this case, the influence of
the coefficient of variation is critical. (See also Appendix B para 4.6)

4.4 Uncertainties of self-weight
The effects of lowering the uncertainties on the self-weight of a highly quality controlled
product was investigated. Advantage is gained for between 0 and 0,4.

4.5 Recommendations for load combination rules to be adopted
Based on the considerations discussed in Chapter 6 of Appendix B, and the detailed
investigations carried out in this study (attached) the following two combinations with the
recommended values for partial factors and coefficient from EN 1990 can be considered
for adoption in National Annex (In particular see Figure 6.2)
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a) Expression 6.10, or
b) Expressions 6.10a and 6.10b
The authors of this investigation only recommend the use of 6.10a (modified) and 6.10b
only after detailed calibration against National Practice.
Adoption in the National Annex of either Expression 6.10 or (6.10a and 6.10b) is
recommended, but the National Authority when selecting G and Q, should
consider in particular the:
Levels of reliability currently acceptable nationally.
Consistency in reliability over the range of load ratios.
Usability.
Use of the same load combination rules and partial and combination
factors for loading for all the materials: separate G factors for
permanent load of different origin (e.g. self-weight and other
permanent loads) could be considered.
Economy.
It should be noted, that provided the same input data (e.g. JCSS, SAKO) is used for a
comparison between National codes and Eurocodes reliability methods (in accordance
with EN 1990 Annex C) can be used to obtain relative differences from which National
authorities may make a choice.
4.6 Recommendations for further studies
It is recommended that a separate study is carried out to investigate the effects of
material safety factors, including the effects of high quality control in order to assess the
overall level of safety. This was outside the scope of the current contract.
4.7 Other considerations
Requirements of reliability for all elements of a structure e.g. certain columns needing
higher reliability, should be taken into account.
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Appendix A  Chart showing principle tasks necessary to carry out the
contract
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10 days

Detailed study and
identification of
assumptions used
in SAKO report.
Exchanges with the
authors of the
SAKO report.

Permanent
Imposed
Wind and snow

Actions

Material
property
Geometric
data

10 days

2 days

15 days

2 days

Critical evaluation
of SAKO
assumptions and
concepts. Proposals
for further studies.

Reliability
concepts

Presentation and discussion
of proposals with PG 2.5 on
10.9.2002

External
Internal
Actions
Resistance
Time invariant
Time variant

Independent reliability
studies of selected members
based on agreed proposal.

Progress report to PRG
on reliability studies.

5 days

Evaluation and comparison
of obtained results.

2 days

Discussion of conclusions
with PRG

2 days

Model
Uncertainties

Concrete,
Reinforcement
Structural steel
Masonry
Timber

Presentation and discussion
of final proposals with PG 2.5
on 23.10.2002

Re-examination if
necessary.

2 days

Key:

Principle Activities
Meetings with project group 2.5
(PG 2.5) and peer review group
(PRG)

Estimates of Time

5 days

Recommendations for
combination rules and
final report.

Cases to be investigated

Assessment of SAKO report and recommendations for load combination
expressions
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Appendix B  Investigation by BRE (using reliability analysis) of the
alternative combination rules provided in EN 1990
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Chapter 1  Introduction
It was agreed at the meeting with Project Group 2.5 “Eurocodes” in Brussels on
10 September 2002, that:
A number of independent reliability studies regarding the choice of load
combination expressions from EN 1990 [1] are made in this investigation. These
studies use input parameters as recommended by the JCSS [2] model code (for
actions, material properties, geometric data, model uncertainties separately for
actions and resistance, and reliability concepts, like time invariant and time
variant analysis) and have considered:
A “generic” structural section, being a material with mid-range characteristics
A reinforced concrete beam
A steel beam
A composite beam, and
A timber beam
For each of the above elements, expressions (6.10); (6.10a and 6.10b); and
(6.10a modified and 6.10b) from EN 1990 have been investigated. A number of
the elements above have been compared with current practice (e.g. the
appropriate BSI codes [3], [4]).
This investigation has covered the cases of action effects due to
Permanent plus imposed load or wind load
The sensitivity of the combination
factors, not covered by the SAKO [5]
report
Effect of higher quality control for pre-cast concrete
Dependence of on G and Q
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Chapter 2
2.1.

Principles of reliability analysis

Analysis procedure

The General procedure of the reliability analysis used is summarised using the
flowchart in Figure 2. The numbered blocks of the flowchart indicate the main steps
of the analysis.
For the treatment of the load combinations in the analysis see Annex A, and for a
more detailed principles and backgrounds to the reliability analysis, see Annex B.
The following notes supplement the legend shown in each block of the flowchart in
Figure 2.1. When a structural member is selected (block 1) its cross-section is
designed for a given load effect Ed (block 2) using the general expression for the so
called economic design, Ed=Rd. Obviously in case of a linear relationship between
the resistance R and actions G, Q and W the design can be simplified (normalised)
by choosing the load effect Ed (for example stress, axial force or bending moment)
equal to unity (for example 1 MPa, 1 kN or 1 kNm).
The analysis continues with a looped procedure (bocks 3 to 7) until all desired
and k are considered (block 7). Firstly,
combinations of the load parameters
considering the selected parameters , k (block 3) together with partial and
combination factors , , and the characteristic values Gk, Qk, Wk are determined
(block 4). Having the characteristic values Gk, Qk, Wk the probabilistic models of the
loads G, Q, W and other basic variables are specified using data in Table 2.1 (block
5). Thus the failure probability Pf and reliability index are calculated (block 6) given
in Annex B. This procedure (indicated by blocks 3 to 6) is repeated for all the desired
parameters , k (i.e. block 7 with the negative feed back).
Finally, when all the desired values of the load parameters , k were considered (i.e.
block 7 with the positive feed back) the results of the reliability analysis are shown in
a graphs (block 8) or presented in the tables in this investigation.
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1

S election o f a stru ctu re
o r stru ctu ra l m em b er

2

E co n o m ic d esign fo r a giv en E d
Ed = Rd

3

S election o f lo a d pa ra m eters
Qk Wk
Wk
,k
Gk Qk Wk
Qk

4

C h a ra cteristic v alu es
G k, Q k, W k
fo r g iv e n , k a n d E d
E d= ( ) G G k+ ( ) Q Q k+ ( )

WW k

5

P rob a b ilistic m od els for given
G k, Q k, W k, a n d R k:
G N o rm a l,
Q a n d W G u m b el,
R L o gn o rm a l

6

R elia bility an a ly sis
P f = P {R < E }, = - (P f )

7

A ll

No

and k ?

Y es
8

R elia b ility in d ex

0

v ersu s

and k

1

Figure 2.1. Procedure of reliability analysis.
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2.2 Probabilistic models
The probabilistic models used in this investigation are listed in Table 2.1.
Table 2.1. Probabilistic models of basic variables for time invariant reliability
analysis using Turkstra’s rule (combination of 50 years maximum of leading
action and an annual maximum of accompanying action) based on JCSS
recommendations.
(N.B. The use of Turkstras rule [6] is recommended by EN 1990 [1} and ISO 2394
[7])
No.

Category of
variables
Actions

Name of basic
Sym. DimDistriMean
St.dev.
variables
ension
bution
X
X
X
1
Permanent
G0
kN
N
Gk
0,1 X
2
Imposed  5 years
Q0
kN/m2
GU
0,2Qk
1,1 X
2
Imposed  50 y.
Q0
kN/m2
GU
0,6Qk
0,35 X
3
Wind  1 year
W0
kN/m2
GU
0,3Wk
0,5 X
4
Wind  50 year
W0
kN/m2
GU
0,7Wk
0,35 X
5
Materials
Concrete
fc
kN/m2
LN
fck +2 X
0,17 X
2
6
Reinforcing steel
fy
kN/m
LN
fyk +2 X
0,05 X
7
Structural steel
fs
kN/m2
LN
fsk +2 X
0,08 X
8
Timber
ft
kN/m2
LN
ftk +2 X
0,15 X
10
Geometric data
Height of beam
h
m
N
0,60
0,008
11
Beam concr. Cover
a
m
N
0,03
0,006
12
Slab concr. Cover
a
m
N
0,03
0,008
13
Comp. Beam height
m
N
0,2
0,006
d
LN
1,00
14
Action uncert.
Action effect fact.
0,05 X
E
15
Resistance
Concrete beam
LN
1,00
0,10 X
R
16
uncertainty
Concrete slab
LN
1,00
0,05 X
R
17
Concrete column
LN
1,20
0,15 X
R
18
Steel bending
LN
1,10
0,07 X
R
19
Composite bending
LN
1,10
0,10 X
R
20
Timber beam
LN
1,00
0,10 X
R
N.B. 1) For the sensitivity study, the uncertainty factor R for concrete beam is considered also
by the mean equal to 1,1 keeping the same coefficient of variation 0,1. This was
requested by a subgroup of Project Group 2.5 "Eurocodes" during a technical meeting at
BCA on October 4th, 2002.
2) As an additional sensitivity study a coefficient of variation of 0,05 was investigated for
some permanent actions.

The principal differences between the probabilistic models indicated in Table 2.1 and
the models used in the SAKO report are given below.
a) This investigation takes into account a 50 years design life, considering Turkstra's
[6] rule for combination of time dependent variable loads. The SAKO report is
based on a time invariant analysis considering a one year reliability index. It is for
this reason that the probabilistic models which are considered in this investigation
are for both annual (as an approximation for point in time distribution) and 50
years extremes; while the SAKO report considers annual extremes only.
b) Permanent loads in this investigation are considered by a safe model assuming
the coefficient of variation 0,1. In the SAKO report the permanent load is
separated into self-weight (assuming coefficient of variation 0,06 for concrete and
glulam timber, 0,02 for steel) and additional permanent loads (0,1) (See SAKO
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Report for full analysis). These assumptions seem to be more realistic than 0,1
for all permanent loads. (See also Annex C).
c) An additional investigation assuming a coefficient of variation of 0.05 for all the
permanent actions (see 4.6) has shown that this increases only for < 0,4.
d) This investigation follows the JCSS [2] recommendation that the mean of material
strength is assumed to correspond approximately to the characteristic value
increased by twice the standard deviation. In the SAKO Report, the theoretical
recalculation assumes that the characteristic values are precisely equal to the 5%
fractile. This assumption used in the SAKO Report does not take advantage of
commonly observed effects of regular quality control.
e) This investigation follows the JCSS recommendations for model uncertainties
regarding the separation of the action and resistance parts. In the SAKO Report,
only one factor of model uncertainty is considered and in addition the coefficient
of variation of that factor is relatively low (0,05) compared to the values
recommended by JCSS, which are accepted in this investigation.
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CHAPTER 3 - SPECIFICATION OF STUDY CASES
3.1

General

The alternative load combination rules provided in EN 1990: "Eurocode: Basis of
structural design", [1] and, for some of the study cases, the rules from the appropriate
National (e.g. BSI [3], [4]) codes of practice, have been investigated considering
a generic, material independent cross-section of a structural member, and
separately for the materials covered by the Eurocodes except masonry and
aluminium for the structural members, thus fine tuning the results obtained for
the generic section for each material.
The study cases are described in the following sections:
-

A generic, material independent cross-section of a structural member
A reinforced concrete beam
A steel beam
A composite beam
A timber beam

It is assumed that all action effects are proportional to the characteristic values. This
hypothesis makes it possible to simplify the analysis by normalizing failure criteria
and limit state functions.
The resistance R of each structural member is a random variable, which is
dependent upon a number of basic variables Xi, and can be written as R = R(Xi). This
expression is used in reliability analysis.
3.2

Generic, material independent cross-section of a structural member

In case of generic structural member it is assumed that the characteristic value Rk of
the resistance R may be defined as the 5% fractile of R and the design value Rd as
follows (expression 3.1)
Rd = Rk/

R

(3.1)

where:
R denotes the global resistance factor commonly expected to be within the range
from 1 to 1.3.

The significance of both values Rk and Rd is obvious from Figure 3.1, where the
random variable R is described by the probability density function R (R), and the
design value Rd is indicated as a particular value of R corresponding to a certain
small probability p of being violated.
In design calculation of a structural member the design value Rd of the resistance R
is normally obtained by substituting design values Xdi for the random variables Xi,
thus
Rd = R(Xdi)

3-1
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This expression is also used in design of members for the generic structural member
and for the different materials described in the following sections.
R(R)

5%

R

R

p

Rd

Rk

R

R

Figure 3.1. Random variable R, the characteristic value Rk and design value Rd.
The generic member has also been compared with the load combination expressions
in two UK codes of practice, BS8110 [4] and BS5950 [3].
3.3 Reinforced concrete beam
A simply supported reinforced concrete beam, indicated in Figure 3.2, is exposed to
a permanent load G, an imposed load Q and an accompanying variable load W.

G+Q+W

R = Asfy(h a 0.5Asfy/(b

c fc))

L

b-a
As

h

a

b
Figure 3.2. A reinforced concrete beam and its cross-section.
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The bending resistance R of a beam, singly reinforced on one face is given as
R = Asfy(h  a  0,5 As fy /(b

cc fc))

(3.3)

where:
denotes the area of the steel reinforcement,
the yield strength of the reinforcing steel,
the height of the cross-section,
is the distance of reinforcing bars from the bottom side,
is the concrete strength, and
cc is the reduction factor of the concrete strength.

As
fy
h
a
fc

In accordance with the general principles of EN 1990 [1] and EN 1992 [8] the design
value Rd, of the bending resistance R is given as
Rd = As (fyk/ s) (h  a  0,5 As fyk

c

/(b

cc fck s))

(3.4)

where:
fyk denotes the characteristic value of the reinforcement strength,
fck denotes the characteristic value of concrete strength,
s is the partial factor for reinforcing steel, and
c the partial factor for concrete strength.
Note that the geometric quantities As, h, a and b are not affected by any reliability
element in the design expression (3.2) modified, which means that their design
values are not distinguished from the nominal values specified in design
documentation.
The above expressions also apply to BS 8110 [4], which was included in the
comparison for this element.
3.4

Steel beam

A simply supported steel beam indicated in Figure 3.5 is exposed to a permanent
load G, imposed load Q and accompanying variable load W. The bending resistance
of the beam is expressed simply as
R = Wpl fy
where :
Wpl denotes the sectional modulus of the beam cross-section, and
fy the yield strength of the steel.
Note that expression similar to (3.5) can be used for other types of structural
members made of steel, for example for a connecting rod or a tie.
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G+Q+W

R = Wplfy
L
Figure 3.3. A steel member.

In accordance with the general principles of EN 1990 [1] and EN 1993 [9] , the design
resistance Rd is determined as
Rd = Wpl fyk/

(3.6)

st

where:
fyk denotes the characteristic value of the yield strength, and
st is the partial factor for structural steel.
The considered value of s in this investigation is 1,1 (present recommendation is
1.0). The above expressions also apply to BS 5950 [3], which was included in the
comparison for this element.
3.5

Composite beam

A composite beam, schematically indicated in Figure 3.7, is exposed to a permanent
load G, an imposed load Q and an accompanying variable load W.

R = As f y(d  0,5 As f y /(

cc

b f c)

b
x

x/2

d-x

z

As

Figure 3.4. A composite beam cross section.
In accordance with EN 1994 [10], the bending resistance R of the composite beam is
given as
3-4
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R = As fy(d  0,5 As fy /(0,85 b fc)

(3.7)

where:
As denotes area of the steel reinforcement,
fy the yield strength of reinforcing steel,
h the cross-section height,
a the distance of reinforcing bars from the bottom side, and
fc the concrete strength.
In accordance with the general principles of EN 1990 [1] and EN 1994 [10] the design
value of the bending resistance Rd is given as
Rd = As (fyk / s) (d  0,5 As fyk

c

/(

where:

cc

b fck s))

(3.8)

fyk denotes the characteristic value of the steel strength,
fck denotes the characteristic value of concrete strength,
s is the partial factor for reinforcing steel, and
c the partial factor for concrete strength.
cc the factor taking into account long term effect taken as O.85
Note that the geometric quantities As, d, and b are not effected by any reliability
element in the design expression (3.8), which means that their design values are not
distinguished from their nominal values specified in design documentation.
3.6

Timber beam

A simply supported timber beam, see Figure 3.5, may be treated similarly to a steel
beam. If the duration factor is neglected, the bending resistance R is expressed as
R = Wt ft
where:
Wt denotes the sectional modulus of the beam cross-section, and
ft the strength of the material.

G+Q+W

R = Wtft
L
Figure 3.5. Timber beam.
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In accordance with the general principles of EN 1990 [1] and EN 1995 [11], the
design value of the resistance Rd is given as
Rd = Wt ftk /

(3.10)

t

where:
fyt denotes the characteristic value of the timber strength, and
t is the partial factor for timber. (The recommended value of t in the
latest version of prEN 1995-1 [11] is 1,3).
3.7

Partial safety factors of material property

Table 3.2 shows input values for the partial factor M recommended in ENV and EN
stage documents, and the factors used in this study.
Table 3.2: Partial factors for material property
Material safety factor
Concrete

M

= fk lfd

- EC2
- BS 8110
Reinforcement - EC2
- BS 8110
Structural steel
- EC3
- BS 5950
Timber
- EC5

M

EN or latest prEN
draft
or BSI code
1,5
1,5
1,15
1,05
1,00
1,00
1,3
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Used in the
study
1,5
1,5
1,15
1,05
1,10
1,00
1,3
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Chapter 4 - Reliability analysis and findings of the generic case
4.1 Introduction
This Chapter gives the findings from the reliability analysis for the generic case described in
Chapter 3 Section 3.2.
Section 4.3 describes:
The variation of , Pf, and for expression 6.10 only sensitivity factors (see Annex B,
Section B3), R, E , G, Q, W with for cases A, B and C, for a single variable action
and different material coefficient of variation of 0,10; 0,15 and 0,20.
The above for two variable actions and a single material coefficient of variation of 0,15
Three dimensional representations showing the variation of with
G and Q
R and
- wR and
R and wR
Section 4.4 investigates the effects of altering the value of the combination coefficient
both imposed loads and climatic actions.

for

Section 4.5 compares CEN and BSI combination rules.
Section 4.6 investigates the effects of reducing the coefficient of variation for self weight of
structural members, recognising improved quality control.
Section 4.7 investigates the variation of

with

G

and

Q.

4.2. Generic, material independent cross-section of a structural member
Consider the generic, material independent, cross-section described in Section 2.1, having,
in accordance with expressions (3.1) and (3.2) a limit state function (expression (4.1)):
g(X) = R E = R 

E

(G0 + Q0 + W0)

(4.1)

R (which covers uncertainty in material properties and in structural resistance model
uncertainties) is described by a Lognormal distribution having a coefficient of variation wR
and the mean R as follows (expression 4.2):
R

= Rk exp(1,65 wR) = Rd

R

exp(1,65 wR)

(4.2)

The basic variables for actions (describing the load effect: G0, Q0, and W0 and model
uncertainties E.) are given in Table 4.1.
Table 4.1 shows the assumed values for the global resistance factor R and the coefficient of
variation wR, used in the following reliability analysis for a generic cross-section.
Table 4.1. Middle value and range of the global resistance factor
of variation wR.
Middle value
1,15
EN - global safety factor R = Rk /Rd
1,10
BSI - global safety factor R = Rk /Rd, BSI
The coefficient of variation wR
0,15
1,28
The mean factor = R/Rk
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R

and the coefficient
Range
1,0  1,3
1,0  1,20
0,12  0,25
1,10  1,40
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Note 1 to Table 4.1. The coefficient of variation wR includes the variability of the model uncertainty
assumed to have the coefficient of variability 0,10 (as indicated in Table 4.1).
Note 2. The values are different for BSI codes reflecting the fact that lower values of R are used for
particular materials.

4.3. Results for the generic cross-section (variation of , Pf , and
4.3.1

)

One variable action

Figures 4.1, 4.2 and 4.3 shows the variation of the
reliability index ,
failure probability Pf, and for expression 6.10 of EN 1990 sensitivity factors
partial sensitivity factors G, Q and W.
with relation to the .

R,

E,

and

For the analysis it has been assumed that a single variable action, the imposed load Q is
acting on the generic element (i.e. k = 0.0). A middle value for the global safety factor R =
1,15, has been assumed, and three different coefficient of variation wR = 0,10; 0,15 and 0,20
have been investigated.
4.3.2 Two variable actions
The case when two variable actions (a leading imposed load Q, together with an
accompanying action W) are acting is shown in Figure 4.4, which shows the variation of the
reliability index ,
failure probability Pf, and
for expression 6.10 of EN 1990 sensitivity factors R, E, G, Q and W
with the load ratio for k = 0,75 and the coefficient of variation wR = 0,15.
The case considered for figures 4.1 to 4.3 (i.e. k = 0, with a single imposed load Q acting) is
extended so that a more detailed insight of the effect for the reliability parameters considered
can be obtained (see the three-dimensional figures 4.5 to 4.8).
4.3.3 Variation of , dependent on other variables
Figures 4.5 to 4.8 show the variation of the reliability index with
G and Q (see figures 4.5),
(see figure 4.6),
R and
the coefficient of variation wR and (see figure 4.7), and
the global safety factor for resistance R and the coefficient of variation wR (see figure
4.8).
Where for the particular investigation (figures 4.5 to 4.8), a single value needs to be assumed
for a variable, the following values have been selected after consideration:
= 0,4; R = 1,15 and wR = 0,15.
G = 1,35; Q = 1,5;
Figures 4.5 to 4.8 provide a good background for specification of acceptable domains of the
relevant factors considered in this study.
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A
B

B

C

C
B

B

A

R

W
Q

G
E

Figure 4.1. Variation of the reliability index , the failure probability Pf and the
sensitivity factors R, E, G, Q and W with the load ration for k = 0, for a
generic cross section assuming R = 1,15 and the coefficient of variation wR =
0,10.
Observations from Figure 4.1: For the assumed coefficient of variation wR = 0,10 all three
-5
combination rules A, B and C seems to lead to a acceptable reliability level, > 3.8 and Pf.< 7,23 10 .
Note that the sensitivity factors R and E are approximately equal to the values R = 0,8 and E = 0,7 as recommended in EN 1990.
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A
B

B

C

C
B

B
A

R

W
Q

G
E

Figure 4.2. Variation of the reliability index , the failure probability Pf and the
sensitivity factors R, E, G, Q and W with the load ration for k = 0, for a
generic cross-section assuming R = 1,15 and the coefficient of variation wR =
0,15.
Observations from Figure 4.2: For the assumed higher coefficient of variation wR = 0,15 only
the
combination rule A (i.e. expression (6.10) of EN 1990) seems to be fully acceptable ( > 3.8 and Pf.<
7,23 10-5). Note that the sensitivity factors R increases to about R ~ 0,9 while the factor E
decreases, E > - 0,5, indicating that the resistance gives a greater contribution to safety than intended
by EN 1990.
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A
B

B

C

C

B

B
A

R

W
Q

G
E

Figure 4.3. Variation of the reliability index , the failure probability Pf and the
sensitivity factors R, E, G, Q and W with the load ration for k = 0, for a
generic cross-section assuming R = 1,15 and the coefficient of variation wR =
0,20.
Observations from Figure 4.3: this figure is included to demonstrate the effect of coefficient of
variation, which is outside practical range.
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Figure 4.4. Variation of the reliability index , the failure probability Pf and the
sensitivity factors R, E, G, Q and W with the load ration for k = 1,5, for a
generic cross section assuming R = 1,15 and the coefficient of variation wR =
0,15.
Observations from Figure 4.4: this figure is included to demonstrate the effect of coefficient of
variation, which is outside practical range.
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Q

G

Figure 4.5. Variation of the reliability index with the partial factors G and Q
for load ratio = 0,4 and k = 0 (i.e. imposed load Q acting alone) for the generic
cross section assuming a global resistance safety factor R = 1,15 and the
coefficient of variation wR = 0,15.
Observations from Figure 4.5: For the assumed variables, Figure 4.5 provides information for the
specification of the partial factors for actions G and Q. (see also Figures 4.16 to 4.28) For the
assumed variables and = 0,4 it is apparent that the use of Expression (6.10) from EN 1990 with G =
1,35 and Q = 1,5 will give values greater that 3,8.

4-7

Chapter 4  Reliability Analysis and Findings of the selected study cases

R

Figure 4.6. Variation of the reliability index with the load ratio and partial
factor for resistance R and k = 0 (i.e. imposed load Q acting alone), for the
generic-cross section assuming partial safety factors G = 1,35 and Q = 1,5,
and the coefficient of variation wR = 0,15.
Observations from Figure 4.6: For the assumed variables the acceptable domain of the load ratio
and the partial factor R is limited by the contour line determined as an intersection of the surface
and the plain = 3,8 in figure 4.6.
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wR

Figure 4.7. Variation of reliability index with the load ratio (with k = 0) and
the coefficient of variation wR for a generic cross-section assuming the global
safety factor for resistance R = 1,15 and partial safety factors G = 1,35 and Q =
1,5.
Observations from Figure 4.7: For the assumed variables and similar to Figure 4.6 the acceptable
domain of the load ratio and the coefficient of variation wR is limited by the contour line determined
as the intersection of the surface and the plain = 3,8.
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wR
R

Figure 4.8. Variation of the reliability index with the global safety factor for
resistance
R and the coefficient of variation wR assuming the load ratio =
0,4 (with k = 0) for the generic cross-section assuming the partial factors, G =
1,35 and Q = 1,5.
Observations from Figure 4.8: For the assumed variables it is apparent that the global partial factor
for resistance R should increase with increasing coefficient of variation wR. For combination rule A,
(i.e. expression (6.10) of EN 1990), and according to the information contained in Figure 4.8, the factor
R could be equal to 1 provided that the coefficient of variation wR is less than 0,13. However, this may
not be true if the load ratio is very small (less than 0,25) or large (greater than 0,7).

4 - 10

Chapter 4  Reliability Analysis and Findings of the selected study cases

4.4. Combination factors

Q

and

W

As indicated in Figure 4.4 of the previous Section 4.3, the recommended value of the
combination factor W = 0,6 in EN 1990 may be rather high. To investigate the sensitivity of
the values, three cases are considered as follows for the generic cross-section. For each
of the three cases the variation of the reliability index reliability index with the load ratio is
compared for selected values of W = 0,3; 0,4; 0,5; 0,6; and 0,7 (see Figure 4.9 and 4.10),
and Q = 0,3; 0,4; 0,5; 0,6; and 0,7 (see Figure 4.11) assuming expression (6.10) only with
the following cases.
(a) Q dominating and with k = Wk/Qk = 0.75. (Figure 4.9)
(b) Q dominating and with k = Wk/Qk = 0.25. (Figure 4.10)
(c) W dominating and with k = Wk/Qk = 1.33. (Figure 4.11)

6

For k = 0,75 and
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0.6
0.5
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0.3

4.5
k=0

4

= 3.8
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0.6

0.8

1

Figure 4.9. Variation of the reliability index
with
assuming expression
(6.10) from EN 1990 for selected values of W = 0,3; 0,4; 0,5; 0,6; and 0,7 for k =
Wk/Qk = 0.75 (solid lines curves from bottom to top) and for k = 0 (dashed line).
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Figure 4.10. Variation of the reliability index
with
assuming expression
(6.10) of EN 1990 for selected values of W = 0,3; 0,4; 0,5; 0,6; and 0,7 for k =
Wk/Qk = 0.25 (solid line curves from bottom to top), and for k = 0.
Observations from Figures 4.9 and 4.10: For the cases assumed, it is apparent that, there is scope
for specifying, (after further comprehensive studies) in National Annexes for EN 1990, a value for the
combination factor for wind less than the EN 1990 recommended value W = 0,6, when the imposed
load Q is the leading variable action.
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Figure 4.11. Variation of the reliability index
with
assuming expression
(6.10) of EN 1990 for selected values of Q = 0,3; 0,4; 0,5; 0,6; and 0,7 for k =
Wk/Qk = 1.33 (solid line curves from bottom to top) and for k = 0.
Observations from Figure 4.11: For the case assumed, when W is the leading action, and Q is the
accompanying action, then the results are not conclusive, and the value for the combination factor Q
= 0,7 seems to be satisfactory.
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4.5. Comparison of the CEN and BSI combination rules
A Comparison of the EN 1990 combination rules A, B and C, with the BSI rules (i.e. BS 8110,
etc) are shown in Figure 4.12, where the imposed load Q acts alone with the permanent
actions i.e. k = 0); and figure 4.13, where Q is the leading variable action and W is the
accompanying action (k = 0,25)..
6
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Figure 4.12. Variation of reliability index with for EN 1990 combination rules
A, B and C, ( R = 1,15, G = 1,35, Q = 1,5), and BSI rules ( R = 1,10, G = 1,4, Q =
1,6), k = 0.
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Figure 4.13. Variation of reliability index with for the EN combination rules
A, B and C, ( R = 1,15, G = 1,35, Q = 1,5, W = 1,5, W = 0,7), and the BSI rules ( R
= 1,10, G = 1,2, Q = 1,2, W = 1,2) for k = 0,25.
Observations from Figure 4.13: It follows from Figures 4.12 that the reliability of the generic cross
section using the CEN and BSI combination rules are almost identical when considering one variable
action only. However, as indicated by Figure 4.13, the BSI combination rule seems to lead to a rather
low reliability when considering two variable actions. In this case the reliability index may be less
than required value 3,8 within the whole range of (particularly for a small load ratio k).

4.6. Effects of reducing the coefficient of variation for self weight of the
structural members
Considering that the self-weight for some structural members may have a lower coefficient of
variation wG than the cases considered in Section 4.3 (where the coefficient of variation for
permanent actions were taken as 0,10) were re-investigated with a coefficient of variation of
0,05. The revised results are shown in Figures 4.14 and 4.15. The results for EN 1990 load
combination rule A (i.e. expression 6.10) have also been inserted in the figures.
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Figure 4.14. Variation of reliability index with for EN 1990 combination rules
A, B and C, ( R = 1,15, G = 1,35, Q = 1,5), and BSI rules ( R = 1,10, G = 1,4, Q =
1,6) for k = 0,00 and the coefficient of variation wG = 0,05.
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Figure 4.15. Variation of reliability index with for EN 1990 combination rules
A, B and C, ( R = 1,15, G = 1,35, Q = 1,5, W = 1,5, W = 0,7), and BSI rules ( R =
1,10, G = 1,2, Q = 1,2, W = 1,2) for k = 0,25 and the coefficient of variation wG =
0,05.
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Observations on Figure 4.14 and 4.15: Decreasing the coefficient of variation wG from 0,10 to 0,05
leads to an increase of by about 0,4 at the extreme point = 0 reducing to 0,1 at = 0,4. For >
0,4 the effect of decreasing wG is negligible.

4.7 Variation of

with

G and

Q

Fixing the variable actions to the total load ratio = 0,25, 0,40, and 0,65 (common ratios for
reinforced concrete, timber and steel elements), figures 4.16 to 4.27 show three
dimensionally and in contour form the variation of with G and Q for EN 1990 expressions
6.10 and (6.10a and 6.10b).

4.8 Differentiation of permanent actions
The effect on , of using separate values of ceofficient of variation of the the structural selfweight and the superimposed (non-structural) self weight are considered and presented in
Annex C.
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3,8

Q
G

Figure 4.16. Variation of with G and Q for the generic cross section for load
combination A (6.10), = 0,25, R = 1,15 and wR = 0,15 with k = 0.

(6.10a)

(6.10b)

3,8
Q
G

Figure 4.17. Variation of
with G and Q for generic cross section for load
combination B (6.10a) and (6.10b), = 0,25, R = 1,15 and wR = 0,15, with k = 0.
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3,8

Q
G

Figure 4.18. Variation of with G and Q for the generic cross section for load
combination A (6.10), = 0,40, R = 1,15 and wR = 0,15, with k = 0

(6.10b)

(6.10a)

3,8

Q
G

Figure 4.19. Variation of
with G and Q for generic cross section for load
combination B (6.10a) and (6.10b), = 0,40, R = 1,15 and wR = 0,15, with k= 0.
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3,8

Q
G

Figure 4.20. Variation of
with G and Q for generic cross section for load
combination A (6.10), = 0,65, R = 1,15 and wR = 0,15, with k = 0.

(6.10b)

3,8

(6.10a)

Q
G

Figure 4.21. Variation of
with G and Q for generic cross section for load
combination B (6.10a) and (6.10b), = 0,65, R = 1,15 and wR = 0,15, with k = 0.
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Q

= 3,8

G

Figure 4.22. Contours based on Figure 4.16 showing variation of
= 0,25, R = 1,15 and wR = 0,15
Q for load combination A (6.10),

with

G

and

= 3,8

Q

(6.10a)

(6.10b)

G

Figure 4.23. Contours based on Figure 4.17 showing the variation of with G
and Q for load combination B (6.10a) and (6.10b), = 0,25, R = 1,15 and wR =
0,15.
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Q

= 3,8

G

Figure 4.24. Contours based on Figure 4.18 showing variation of with
= 0,40, R = 1,15 and wR = 0,15
Q for for load combination A (6.10),

Q

G

and

= 3,8

(6.10b)
(6.10a)

G

Figure 4.25. Contours based on Figure 4.19 showing variation of with G and
= 0,40, R = 1,15 and wR = 0,15.
Q for load combination B (6.10a) and (6.10b),
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Q

= 3,8

G

Figure 4.26. Contours based on Figure 4.20 showing variation of
= 0,65, R = 1,15 and wR = 0,15.
Q for load combination A (6.10),

Q

with
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and

= 3,8

4
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= 3,8
(6.10b)
3

G

Figure 4.27. Contours based on Figure 4.21 showing variation of with G and
= 0,65, R = 1,15 and wR = 0,15.
Q for load combination B (6.10a) and (6.10b),
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Figure 4.28. Reliability index versus assuming EN combination rules A ( G =
1,35, Q = 1,5), B ( G = 1,4, Q = 1,6) and C ( G = 1,4, Q = 1,6) for k = 0, R = 1,15,
wR = 0,15.

Observations on Figures 4.16 to 4.28: Recognising that Scandinavian and Nordic, Eastern
European, South African and American codes all specifiy lower values than that recommended in EN
1990 for G, and Figures 4.16 and 4.27 were produced.

The contours (for = 0,25, 0,4 and 0,65) show that G = 1,35 and Q = 1,50 may be altered to
G = 1,2 and Q = 1,60, without a selective reduction of the reliability index . As an additional
investigation, Figure 4.28 shows the variation of for the complete range of for:
Combination A, with
Combination B, with
Combination C, with
Effectively the

G

= 1,35 and Q = 1,5
= 0,85
G = 1,4, Q = 1,6 and
= 0,85.
G = 1,4, Q = 1,6 and
G

in combinations B and C for expression 6.10b is 1,4 x 0,85 = 1,2

Comparing the curves for comhinations B and C (with G = 1,4 and Q 1,6) with combination A
(with G = 1,35 and G = 1,5) (NB. Combination A also agress with BSI) shows that :
Use of combination B will provide a reduction of between of 0,2 and 0,5
Use of combination C will provide a greater reduction of , than combination B and for the
range of of between 0,05 and 0,5.
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Chapter 5 - Reliability of concrete, steel, composite and timber members
5.1 General
This Chapter investigates the alternative construction rules provided in EN 1990: "Eurocode:
Basis of Structural Design" for the basic material (excluding masonry) covered by Eurocodes.
Thus, in the following the results obtained for the generic section (and described in detail in
Chapter 4) are refined for each of the material considering four study cases described in
Chapter 3.
5.2 Study cases considered
The study cases described in Chapter 3 are analysed in Annexes 5.A to 5.D to the Chapter
5. In particular.
- A reinforced concrete beam described in Section 3.3 is analysed and compared to BS
8110 in 5.A.
- A steel beam described in Section 3.4 is analysed in and comapored to BS 5950 in
5.B.
- A composite beam described in Section 3.5 is analysed in 5.C.
- A timber beam described in Section 3.5 is analysed in 5.D.
The partial safety factors for considered study cases are summarised in Section 3.7.
5.3 General observations from study cases
5.A to 5.D of this Chapter 5 provide detailed observation for each of the study cases
examined. In addition results obtained for the study cases 5.A to 5.D are taken into account
in recommendations and conclusions given in Chapters 6 and 7.
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5A - Reinforced concrete beam

5A.1 Reliability analysis considering EN 1990 combination rules

Consider the reinforced concrete beam described in Section 3.3, having in accordance with
expressions (3.3) and general procedure described in Chapter 2 a limit state function as
follows (expression (5A1)):
g(X) =

R

As fy (h  a  0,5 As fy /(b h

cc fc))



E

(G0 + Q0 + W0)

(5A.1)

The values for the basis variables used in the analysis i.e. for resistance: R: As, fy, h, a, fc (the
reduction factor cc is a deterministic value), for action effects: G0, Q0, and W0, and
factors of model uncertainties: R and E, are given in Table 2.1. Figure 5A.1 and 5A.6 show
the variation of the reliability index , failure probability Pf and for expression 6.10 of EN
1990, weighting factors R, E, and partial weighting factors G, Q and W for k = 0,0 and
0,75 with .
For the results shown in Figure 5A.1 and 5A.2, a reinforced ratio of = 1%, which is a
commonly used percentage for reinforced concrete beams, has been used. The effects of
increasing , up to a 3% (theoretical value) has been investigated and the results are given,
three dimensionally in Figure 5A.3, and in contour form in Figure 5A.4, for EN 1990
expression 6.10.
Fixing the live load to the total load ratio = 0,3, (a common ratio for reinforced concrete
beams), Figures 5A.5 and 5A.6 show three dimensionally and in contour form the variation of
with G and Q for EN 1990, expression 6.10.
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Figure 5A.1. Variation of Reliability index , failure probability Pf and weighting
factors R, E, G , Q, and W with for k = 0,0 (Imposed load Q acting only).
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Figure 5A.2 Variation of reliability index , failure probability Pf and weighting
factors (expression 6.10 of EN 1990) R, E, G, Q, and W with for k = 0,75.
(Q leading and W accompanying), for a reinforced concrete beam
Observations from Figures 5A.1 and 5A2: As for the generic cross-section (see Figures 5.1 and
5.4) the reliability of the reinforced concrete beam is greater for load combination A (expression (6.10))
than for combination B (twin expressions (6.10a) and (6.10b)). For both cases the index is greater
than the target value 3.8 and failure probability pf is less than 7,23 10-5. Load combination B leads to a
more uniform distribution of the index over the complete range of .
Comparison of Figures 5A.1 with 5A.2 indicates that the when two variable actions are considered the
factor of the beam increases. The sensitivity factors for resistance R and action effects E are
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almost independent of and R 0,85 and E
0.5 (the values given in EN 1990 [1] are
0,7), indicating little scope for reducing R
and E

1

R

0,8

0

Figure 5A.3 Variation of reliability index with load ratio and reinforcement
ratio [%] for k = 0 (imposed load Q) for expression (6.10) from EN 1990 for a
reinforced concrete beam.
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1

0

Figure 5A.4 Contours showing the variation of the index
with
and
reinforcement ratio [%] for k = 0 (Imposed load Q) for expression (6.10) from
EN 1990, for a reinforced concrete beam.

Q

G

0
Figure 5A.5 Variation of reliability index with G and Q for k = 0 for expression
(6.10) of EN 1990 with = 0,3, for a reinforced concrete beam.
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Figure 5A.6 Variation of reliability index with G and Q for k = 0 for expression
(6.10) of EN 1990 with = 0,3. G = 1,35 and Q = 1,5 are indicated, for a
reinforced concrete beam.
Observations for Figures 5A.3 and 5A.4 . In the analysis concerning Figures A5.1 and A5.2 a
reinforcement ratio of = 1% , which is the normal percentage, has been assumed. As can be seen
from Figures A5.3 (a three dimensional representation) and Figure A5.4 (contour diagram), the
reliability index increases as the reinforcement ratio increases.
Observations for Figures 5A.5 and 5A.6. These two figures show the variation (a three dimensional
and contour diagram representation) for the reinforced concrete beam described in Section 2.3.3 of
the reliability index with the partial factors for actions G and Q considering expression (6.10) of EN
of about 5 is obtained as already mention.
1990. For the assumed variables a value for
Comparison of Figure 5A.1 with Figure 5A.2 clearly show that with an increasing load ratio k (i.e. two
variable actions acting together) the resulting reliability of the beam increases. Thus the case k = 0
characterise the most unfavourable load combination.

5A.2 Comparison of EN 1990 and BSI combination rules for a reinforced concrete
beam
A comparison of the EN 1990 combination rules A, B and C, with the rules from BS 8110 are
given in Figure 5A.7, where the imposed load Q acts alone (i.e. k = 0); and Figure 5A.8
where Q is the leading variable action and W is the accompanying action (k = 0,25). In
accordance with BS 8110 the material partial factor for steel s = 1,05, and the following
partial factors for actions were applied.
= 1,40 and
G = 1,20 and
G

= 1,60 or W = 1,40 for one variable action (i.e. Figure 5A.7),
Q = W = 1,20 for two variable actions (i.e. Figure 5A.8).
Q

The load ratio k=0,25 is chosen as an example where the differences between EN1990 and
BS 8110 are most significant.
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Figure 5A.7. Variation of the reliability index , with , for EN 1990 combination
rules A, B and C and BS 8110 combination rules for k = 0, for a reinforced
concrete beam.
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Figure 5A.8. Variation of reliability index , with
for EN 1990 combination
rules A, B and C and BS 8110 load combination rules for k = 0,25.
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Observations from Figures 5A.7 and 5A.8. It follows from Figure 5A.7 that the reliability
corresponding to EN 1990 (expression (6.10)) and BS 8110 are almost identical for k = 0. However as
indicated by Figure 5A.8 the BS 8110 combination rules seem to lead to a significantly lower reliability
compared to EN 1990 rules A, B and C when considering two variable actions. In this case (for BS
8110) the reliability index is less than 3,8 for most of the range of .

5A 3. Sensitivity study of model uncertainty factor considering EN 1990 combination
rules for a reinforced concrete beam
To investigate the effect of the model uncertainty factor, the uncertainty factor R for the
concrete beam is additionally considered the mean equal to 1,1 and keeping the same
coefficient of variation 0,1. This was requested by a subgroup of project group 2.5
"Eurocodes" during a technical meeting at BCA on October 4th, 2002. The results are
indicated in Figures 5A.9 and 5A.10.
Observations from Figures 5A.9 and 5A.10 and 5A.1 and 5A.2. When the mean of the model
uncertainty factor R is increased to 1,1 instead of 1,0 (Figures 5A.9 and 5A.10) the reliability of the
beam is considerably higher (compared to Figures 5A.1 and 5A.2 the reliability index increases by
about 0,5).
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Figure 5A.9. Variation of the reliability index , the failure probability Pf and sensitivity
factors R, E, G, Q and W with for k = 0,0 (imposed load Q acting only).
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Figure 5A.10. Variation of the reliability index , the failure probability Pf and
sensitivity factors R, E, G, Q and W with for k = 0,75 (imposed load Q acting
together with wind load W, Wk=0,75Qk).
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5B. Reliability analysis and findings for structural steel members to EC3 and BS 5950

5B.1. Steel beam

Consider the steel beam described in Section 3.4 having in accordance with expressions
(3.5) and (4.1) a limit state function as follows (expression 5B.1):
g(X) =

R

Wpl fy 

E

(G0 + Q0 + W0)

(5B.1)

The values of the basic variables used in the analysis (i.e. for resistance R: fy (the variability
of the sectional modulus Wpl taken into account by variability of fy), the action effects: G0, Q0,
and W0, and factors of model uncertainties R and E are given in Table 2.1. Figure B.1 and
B.2 show the variation of the reliability index , failure probability pf and weighting factors R,
when
E, and partial sensitivity factors G,
Q, and W for load ratio k = 0,0 and 0,75 with
=
1,1.
Figures
B.3
and
B.4
makes
the
comparison
when
=1,0.
M
M
The Interactive effects of
and M on the reliability index
is indicated in the threedimensional Figure 5B.5. The variation of the reliability index is shown for expression (6.10)
of EN 1990, and the case of one variable action (i.e. imposed load Q only and k = 0).
Observations from Figures 5B.1 to 5B.6:
The reliability of the steel beam increases where two variable actions are being considered (Q and
W) as opposed to one only (Q). The reliability for k = 0,75 is again greater than reliability for k =
0,0, in particular for load ration close to 1.
The weighting factors of the resistance R and load effect E are almost independent of . Both
sensitivity factors R and E differ from those recommended in EN 1990 [1] only slightly with R
0,85 and E
0,5. This indicates, for the case under consideration, that for the partial factors for
resistance and loading cannot be further reduced.
Comparison of Figures B.3 and B.4 (i.e. M = 1,0) with Figures B.1 and B.2 ( M = 1,1 ) indicates
that the reduction for M may significantly affect the resulting reliability of the beam, with the
reliability index decreasing by about 0,5. Figures 5.B3 and 5.B5 (Expression 6.10(a) with Q
acting only) clearly indicate (Figure 5B.5) an acceptable domain for both the investigated
parameters and M. In particular, it is evident that M =1,0 is acceptable only for the load ratio
less than 0,7 (see also Figure 5B.3).
Figure 5.B3 also indicate that using expressions 6.10(a) and 6.10(b) from EN 1990 may give
values less than 3,8.
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Figure 5B.1. Variation of the reliability index , failure probability Pf and weighting
factors R, E, G , Q, and W with for M = 1,1 and k = 0,0 (imposed load Q acting
only).
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Figure 5B.2. Variation of the reliability index , failure probability Pf, and weighting
for M = 1,1 and k = 0,75 (Q dominating, W
factors R, E, G , Q, and W with
accompanying).
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Figure 5B.3. Variation of reliability index , failure probability Pf and weighting factors
for M = 1,0 and k = 0,0 (Imposed load Q acting only).
R, E, G , Q, and W with
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Figure 5B.4. Variation of the reliability index , failure probability Pf and weighting
for M = 1,0 and k = 0,75 (Q dominating, W
factors R, E, G , Q, and W with
accompanying).
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M

Figure 5B. 5. Variation of the reliability index with the load ratio and the partial
factor of material properties M assuming expression (6.10) in EN 1990, k = 0 (Q acting
only) and M = 1,1.
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5B.2. Comparison of EN 1990 and BSI combination rules for a structural steel beam
A comparison of the EN 1990 combination rules A, B and C, with the rules from BS 5950 are
given in Figure 5B.6, when the imposed load acts alone (i.e. k = 0) and Figure 5B.7 where Q
is the leading variable action and W is the accompanying action (k = 0,25). In accordance
with The BS 5950 the material partial factor for steel is taken M = 1,0, and for EC3 also as
1,0. The following partial factors for actions were applied in accordance with BS 5950.
= 1,40 and
G = 1,20 and
G

= 1,60 or W = 1,40 for one variable action (i.e. Figure 5B.6),
Q = W = 1,20 for two variable actions (i.e. Figure 5B.7).
Q

The load ratio k = 0,25 was chosen as an example, where the difference between EN and
BSI rules is more significant.
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Figure 5B.6. Variation of the reliability index with for EN 1990 combination rules A,
B and C and BS 5950 combination rules for k = 0.0 (i.e. Q acting only).
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Figure 5B.7. Variation of the reliability index with for EN combination rules A,B and
C and BS 5950 combination rules for ratio k = 0.25 (Q dominating, W accompanying).
Observations from Figures 5B.6 and 5B.7. It follows from Figure 5B6 that the reliability
corresponding to EN 1990 (expression 6.10) and BS 5950 are almost identical for k = 0 (BS 5950
leads to the reliability index slightly greater than EN rule). However, as indicated by Figure 5B.7 the
BS 5950 rules seem to lead to a significantly lower reliability compared to EN 1990 rules A, B and C
when considering two variable actions. In this case (BS 5950) the reliability index is less than 3,8 for
whole the range of .
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5C. Reliability analysis and findings for composite steel and concrete members
to EN 1990 & EC4
5C.1. Composite beam

Consider the composite beam described in Section 3.5, having in accordance with
expressions (3.7) and (4.1) a limit state function as follows (expression (5C.1):
g(X) =

R

As fy (d  0,5 As fy /(b

c fc))



E

(G0 + Q0 + W0)

(5C.1)

The values for the basic variables used in the analysis (i.e. for resistance R: As, fy, d, b, fc
(the reduction factor c = 0,85 is considered as a deterministic value), for action effects: G0,
Q0, and W0 and factors of model uncertainties R and E) are given in Table 2.1. Figures 5C.1
and 5C.2 show the variation of reliability index , failure probability Pf and for Exp 6.10 of
EN 1990, the weighting factors R, E, and partial weighting factors G, Q, and W for load
factor k = 0,0 and 0,75 with .
Observations from Figure 5C.1 and 5C.2. The results confirm the conclusions obtained for
reinforced concrete and steel members. The reliability level increases when there are two variable
actions acting as opposed to one. The sensitivity factors are approximated as follows: E -0,3, R
0,95. The values given in EN 1990 are again very different: E -0,7, R 0,8, confirming no scope to
reduce partial factors for resistance.
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Figure 5C.1. Variation of the reliability index , failure probability Pf and weighting
factors (Exp 6.10) R, E, G , Q, and W with for k = 0.0 (one variable action Q acting)
for composite beam.
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Figure 5C.2. Variation of the reliability index , failure probability Pf and weighting
for k = 0.75 (Q dominating, W
factors (Exp 6.10) R, E, G , Q, and W with
accompanying) for composite beam.
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5D. Reliability analysis and findings for timber beam to EN 1990 and EC5

5D.1 Timber beam
Consider the timber beam described in Section 3.6, having in accordance with expressions
(3.9) and (4.1) a limit state function as follows (expression 5D.1):
g(X) =

R

Wt ft 

E

(G0 + Q0 + W0)

(5D.1)

The values for the basic variables used in the analysis (i.e. for resistance R: Wt, ft, for action
effects: G0, Q0, and W0 and (for Exp 6.10 of EN 1990), two factors of model uncertainties R
and E.) are given in Table 2.1. Figure 5C.1 and 5C.2 show the variation of the reliability
index , failure probability Pf and for expression 6.10 of EN 1990, the weighting factors R,
E, and partial weighting factors G, Q, and W for load factor k = 0.0 and 0.75 with .
Load duration factors have not been considered in the analysis.
Observations from Figures 5D.1 and 5D.2: Generally similar to the generic cross-section and the
other materials. However timber gives a higher level of safety than the examples concerning steel and
composite members.
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Figure 5D.1. Variation of the Reliability index , failure probability Pf and weighting
factors (Exp 6.10) R, E, G, Q, and W with for k = 0.0 (one variable action Q acting)
for a timber beam.
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Figure 5D.2. Variation of the Reliability index , failure probability pf and weighting
for k = 0.75 (Q dominating, W
factors (Exp 6.10) R, E, G, Q, and W with
accompanying) for a timber beam.
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CHAPTER 6 - EVALUATION OF RESULTS AND RECOMMENDATIONS
6.1

Principal objectives of the investigation

The principal objective of this investigation is to establish rules for actions that will be
common to all materials. In particular the report will recommend to Project Group
2.5 “Eurocodes” on the use of the three load combination formats given in EN
1990, together with partial and combination factors, is the most suitable for the
different National Annexes for EN 1990 and in particular Annex A of EN 1990, Rules
for buildings. The choice is governed by the following considerations:
The potential for achieving adequate consistency in reliability over the range of
potential designs.
Ease of use for designers, considering both the super-structure and the sub-structure.
The use of the same load combination rules and partial and combination factors for
actions for all the materials.
The reliability currently implied nationally, by using the appropriate National Codes of
Practice.
Economy.

6.2

General comments on the evaluation

It should be appreciated that the results from a reliability analysis will prove very
useful for relative comparisons, and only in detailed very comprehensive
investigations provide absolute results. However, considering the input parameters
and distributions used for the “basic variables” in Table 2.1, the results obtained
should be considered as “very much in the right ball-park”.
The investigation has primarily considered a “generic” resistance model  being a
material with “mid-range” characteristics, (which could cover cases for reinforced
concrete, steel, composite and timber), as one of the primary objectives is to
establish rules for actions that will be common to all materials.
In addition a number of “basic” structural elements, with individual material properties
have been investigated, and these are shown in Chapter 5. The results obtained for
the individual materials are very close to those obtained for the generic case. Thus
the generic case will form the basis for this evaluation.
6.3

Achieving a consistent reliability

Consistent reliability can be achieved through the following :
a)
b)
c)

Choice of load combination formats A, B and C
Adjustments of partial factors G and Q
Adjustments to combination factor

To aid this discussion Figure 4.12 and 4.28 are repeated in this chapter as Figure 6.1
and 6.2 respectively.
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Figure 6.1 : Variation of reliability index with for EN 1990 combination
rules A, B and C, ( R = 1,15, G = 1,35, Q = 1,5), and BSI rules ( R = 1,10, G = 1,4,
Q = 1,6), k = 0.
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Figure 6.2. Reliability index versus assuming EN combination rules A ( G =
1,35, Q = 1,5), B ( G = 1,4, Q = 1,6) and C ( G = 1,4, Q = 1,6) for k = 0, R = 1,15,
wR = 0,15.
6.3.1

Choice of load combination formats A, B and C

A comparison of the EN 1990 combination rules, A, B and C with the BSI rules (i.e.
BS 8110, BS 5950 etc), are shown in Figure 6.1. In this case the imposed load Q
acts alone with the permanent actions, and the recommended values for and are
those recommended in EN 1990 Annex A. Figure 6.1, which provides similar results
to the other study cases indicates:
a)

The adoption of combination rule A (i.e. expression 6.10 of EN 1990), using
the EN 1990 recommended values for partial safety, and combination factors
will produce an identical reliability to that currently used in the UK, when the
variable action is the imposed load. Investigations against other National
Codes is outside the scope of this contract.

b)

There is no doubt that the Case A (expression 6.10) does not produce a
consistent level of safety for the complete range of . Adopting Case B
(expression 6.10a and 6.10b) will provide a more consistent level, but a lower
level of safety than that currently enjoyed in the UK, and other countries who
presently use a format similar to Expression 6.10 of EN 1990.

c)

Table 6.1 discusses the attributes of using the cases A, B and C and their
effects on the points mentioned in Paragraph 6.1.

d)

The observations for R and
are given in Chapter 5 and 6.

E

and for other properties for each case study
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Table 6.1
Consideration

Case A

Case B

Case C

6.10)

(expressions 6.10a,
6.10b)

(expressions (6.10a (mod),
6.10b))

The level of reliability
from use of national
codes

Dependent on the
country (e.g. same in
UK)

Dependent on the
country (e.g. same in
Nordic countries and
The Netherlands)

Dependent on the country

Consistency of
reliability for range of

No

Yes

No

(expression

Lower reliability for

Higher reliability for
between 0,2 and 0,6

< 0,3

Usability

As
for
current
National Codes that
use the format of
expression 6.10

Additional
checks
required compared to
case A.

Exceptionally,
additional
checks required compared to
case A.

Economy

As for UK practice

Greater economy for
between 0,15 and
0,6.

Greater economy for
between 0,15 and 0,6.

Considering Actions
only, for a given
resistance

6.3.2

As
for
Nordic
countries and The
Netherlands practice

Adjustments of partial factors

G

Q

The contours (for = 0,25, 0,4 and 0,65) See figures 5.16 to 5.27 show that G = 1,35
and Q = 1,50 may be altered to G = 1,2 and Q = 1,60, without a relative reduction of
the reliability index . As an additional investigation, Figure 6.2 shows the variation
of for the complete range of for:
Combination A, with
Combination B, with
Combination C, with
Effectively the "

G“

G=

1,35 and Q = 1,5
= 0,85
G = 1,4, Q = 1,6 and
= 0,85
G = 1,4, Q = 1,6 and

in combinations B and C for expression 6.10b is 1,4 x 0,85 = 1,2

Comparing the curves for combinations B and C (with G = 1,4 and Q = 1,6) with
combination A (with G = 1,35 and Q = 1,5). (NB. Combination A also agrees with
BSI) shows that :
Use of combination B will provide a reduction of between
better consistency of reliability compared to combination A.

of 0,2 and 0,5, and

Use of combination C will provide a greater reduction of , than combination B for
the range of of between 0,05 and 0,5. However the combination will provide
less consistency of reliability for between 0 and 0,4.
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6.3.3

Adjustments to combination factor

Section 4.4 , investigated the effects of reducing the combination factors for wind
( W) and imposed load ( Q).
Evaluating Figures 4.9 to 4.11, clearly indicates that there is some scope in reducing
the factor for wind.
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CHAPTER 7 - CONCLUSIONS
Recommendations for load combination rules to be adopted
Based on the considerations discussed in Chapter 6 of Appendix B, and the detailed
investigations carried out in this study the following conclusions are made
Adoption in the National Annex of either Expression 6.10 or (6.10a and 6.10b) is
recommended, but the National Authority when selecting G and Q, should consider in
particular the:
Levels of reliability currently acceptable nationally.
Consistency in reliability over the range of load ratios.
Usability.
Use of the same load combination rules and partial and combination factors for
loading for all the materials: separate G factors for
permanent load of different origin (e.g. self-weight and other permanent loads)
could be considered.
Economy.
It should be noted, that provided the same input data (e.g. JCSS, SAKO) is used for a
comparison between National codes and Eurocodes reliability methods (in accordance with
EN 1990 Annex C) can be used to obtain relative differences from which National authorities
may make a choice.
Furthermore it is recommended that a separate study is done to investigate the effects of
material safety factors including the effects of high quality control in order to assess overall
level of safety. This study was outside the scope of the current contract.
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ANNEX A - LOAD COMBINATIONS
A.1 Alternative rules of EN 1990
Three mutually independent actions are considered in this investigation: a permanent
load G, and imposed load Q and climatic actions W. The investigation assumes
linear behavior of structural members; and permanent actions G, imposed load Q
and variable load (e.g. wind, snow) W and their characteristic values Gk, Qk and Wk
denote appropriate load effects.
The resulting load effect E is then
E=G+Q+W

(A.1)

For determining the design value of load effect Ed three alternative combination rules
are provided in EN 1990 [1]. These are reproduced in Chapter 1 of this report. The
following single expression covers all the three combination rules provided in EN
1990 [1] by expressions (6.10), (6.10a), (6.10b) and modified expression (6.10a) as
Ed = ( )

G

Gk +

Q

(

Q)Qk

+

W

(

W)Wk

(A.2)

and is used by the computer programs developed for this investigation.
Note: This method of writing symbols in brackets (where values of symbols given in brackets
thus can be changed depending on the combination of action rule that is used) is applied in
this investigation in order to reduce the number of similar equations.

Symbols G, Q and W denote partial factors of the permanent action G, and variable
actions Q and W respectively.
Note: For EN 1990,

Q

=

W

= 1,5. For BSI codes

Q

= 1,6 and

W

= 1,4

In case of linear behaviour of structural members, expression (A.1) is generally
applicable for various structural members of different materials and will be used when
investigating the selected structural members.
In explaining the procedure in this Chapter, and generally in this investigation, it is
assumed that the variable action Q is the leading action, and the climatic action W is
an accompanying action.
When the rule for combination of actions (6.10) (denoted in this study as
combination A) is used, then design expression (A.2) becomes
Ed =

G Gk

+

Q Qk

+

W

W

Wk

(A.3)

Similarly, for the combination rule (6.10a) expression (A.2) becomes
Ed =

G Gk

+

Q

Q

Qk +

W

W Wk

(A.4)

For combination rule (6.10b) expression (A.1) becomes
Ed =

GGk

+

A-1

QQk

+

W

W Wk

(A.5)
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When the pair of expressions (6.10a) and (6.10b) (which should always be applied
together) are used to determine load effects (denoted in this study as combination)
then the structural members should be investigated using expressions (A.4) and
(A.5) together.
Finally, if the modified expression (6.10a), which has to be used together with
(6.10b), is applied (denoted in this study as combination C) then only the permanent
actions are considered, expression (A.2) reduces to a simple form
Ed =

G Gk

(A.6)

The structural members, in this case, should be investigated using equations (A.4)
and (A.6) together.
In this investigation it is assumed that the structural members considered (as a
beam, column or any other structural member) are designed economically, which
means that the design value of the resistance Rd equals the design value of the load
effect Ed,
R d = Ed

(A.7)

where:
the design action effect Ed is given by the linear relationship, expression (A.2) or its
specific form specified by expressions (A.3) to (A.6) depending on the load
combination rule given in EN 1990 [1] or the BSI codes being investigated, and
the design value Rd of a member resistance R is described for selected study cases
in Chapter 2 and Appendix A.

A.2 Study parameters

and k

To investigate the effect of variable actions on the reliability of the appropriate
structural member, the characteristic values Gk, Qk, Wk are mutually related using the
load ratio of the variable load Qk+Wk to the total load Gk+Qk+Wk and the variable
load factor k as a ratio of the accompanying variable action Wk to the leading action
Qk, as follows
= (Qk+Wk)/(Gk+Qk+Wk), k = Wk /Qk
The factor k takes into account the ratio of the characteristic values of
Wk and Qk of two variable actions W and Q considered in this analysis (e.g. wind
action or snow load and imposed load), which will be different for different structural
members, depending on their location within a structure.
Using expressions (A.2), (A.7) and (A.8), the characteristic values of actions Gk, Qk,
Wk may be expressed in terms of the load ratio and factor k for a given design
value Ed of the load effect E, as
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Gk =

( )

((

Q

)

Ed
Q

k(

W

G

(1 k )(1
Gk
Qk =
(1 k )(1 - )

)

W

(A.9)

)

)
(A.10)

It should be noted that expression (6.10) in EN 1990 [1] is applicable for the whole
1. Expression (6.10a) is applicable for the
possible range of the load ratio 0
1, where the
interval 0
lim and expression (6.10b) for the interval
lim
relevant action effects given by one of the expressions is greater than the other. The
limit values lim,B and lim,C separating both domains in combinations B and C can be
found from equations (A.4), (A.5), (A.9) and (A.10) and expressions (6.10a) and
(6.10b) in EN 1990 [1] as

)(1 k )
Q (a
Q)

W

k (b

(1 )(1 k )
)(1 k ) Q a

W

kb

if k > (1-

W),

G

lim,B =
G

(1

)(1 k )

(1

W

(A.11)

)

G

lim,C =
G

(1

where a = 1 if k (1- Q)/(1- W), and a =
(1- Q)/(1- W), and b = 1 if k > (1- Q)/(1-

Q

Q)/(1-

similarly b =

(A.12)

W

if k

W).

Within this Annex A all variables are considered as deterministic quantities by a
given value. In the following Chapters on reliability analysis of the structural
members, the load effect E, actions G, Q, W and additionally introduced model
factors describing model uncertainty of the action effect and resistance R are taken
as random variables.
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A.3 Partial and combination factors for actions
Partial and combination factors , and recommended in EN 1990 [1] are used in
this investigation and are summarized in Table A.1.
Table A.1. Partial and combination factors used in the report.
Action
Permanent G
Imposed Q
Climatic W

Partial factors

Combination factor

Reduction factor

1,35
1,5
1,5

1,0
0,7
0,6

0.85
-

In addition to the factors indicated in Table A.1 other values will be used to make
comparison of the Eurocode procedures with the rules of the BSI codes.

A-4

Annex B  Principles and background of the reliability analysis

Annex B - Principles and background of the reliability analysis
B.1

Limit state function

The key step in the reliability analysis is the definition of the limit state function
(reliability margin) g(X) separating safe and unsafe domains of the basic variables X.
The limit state function g(X) is the difference between the resistance R(X) and the
load effect E(X) (See expression B.1)
g(X) = R(X)  E(X) =
where:
factor
factor

R

R0(X) 

E

E0(X)

(B.1)

represents uncertainties of the resistance model R0(X) and
represents
uncertainties of the load effect model E0(X).
E
R

The resistance R0(X) in expression (B.1) has been given in the for the selected study
cases in Chapter 3 (and denoted there simply as R(X)). The load effect E(X) is
defined by expression (3.1). The vector X denotes all the of basic variables entering
the expressions for the resistance R(X) and the load effect E(X).
Considering as an example, the study case of the reinforced concrete beam, (see
Chapter 3, where the resistance R0(X) and the load effect E(X) are given) the limit
state function (B.1) then becomes
g(X) =

R

Asfy(h  a  0,5 As fy /(b h fc)) 

E

(G0 + Q0 + W0)

(B.2)

For this case the vector X consists of ten basic variables: five variables describing
the resistance R: As, fy, h, a, fy, three describing the load effect: G0, Q0, and W0, and
two factors of model uncertainties R and E. Similarly the limit state function g(X) can
be obtained for the other study cases described in Chapter 2 where, other basic
variables will apply as appropriate. All the basic variables and model uncertainties
factors used in this investigation are summarised in Table 2.1.
Considering expressions (B.1) and (B.2), it follows that basic variables R, G, Q, and
W (which include the effects of model uncertainties) are defined as follows
R=

R

R0(X), G=

E

G0, Q=

E

Q0, W=

E

W0

(B.3)

Considering expressions (B.3), the limit state function expression (B.1) may be
expressed in a simple form as
g(X) = R  (G + Q+ W)
Note: The cumulative basic variables R, G, Q, W in expression (B.4) include effects of the
factors of model uncertainties R and E.
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B.2 Probabilistic models of basic variables
A critical step in any reliability analysis is the correct specification of the probabilistic
models for the basic variables X. These are given in Table B.1.
The probabilistic models that were used for this investigation and shown in Table 2.1
are primarily based on recommendation by JCSS [2] [12], other literature [5] [13] [17]
[19] and judgement based on experience.
As stated in Chapter 3, it is assumed that the structural members in this investigation
are designed economically, (i.e. the design value of the resistance Rd(X) equals the
design value of the load effect Ed(X)) (see expressions (B.5))
Rd(X) = Ed(X)

(B.5)

The design values Rd(X) and Ed(X) are described for the selected study cases in
Chapters 1. In practice, due to several reasons, there is normally reserve design
strength associated with resistance Rd(x) which provides an additional safety margin.
This is not considered in this investigation.
Assuming a certain set of partial and combination factors , , and , the design
expression (B.5) can be used to specify the characteristic values Xk for each basic
variable X. The probabilistic characteristics (the mean, standard deviation see Table
B.1) of each basic variable X can be then related to its characteristic value Xk.
The mean of a material strength indicated in Table 2.1 in terms of the characteristic
value fXk and the standard deviation X may be assessed assuming a given
coefficient of variation wX using for most cases the relationship
X

Thus, for a C20 concrete, the mean
fc

= fck +2

fc = fck

= fXk +2
fc

X = fXk

/ (1-2 wX)

(B.6)

is given as

/ (1 2 wfc) = 20/(1

2 0.17) = 30 Mpa

Expression (B.6) is supported by a long-term experience of achieving material
strengths, under normal quality control.
The probabilistic models of the basic variables given in Table B.1 are primarily
intended as “conventional models” in a time invariant reliability analysis of structural
members using Turkstra’s combination rule [22], for example, for the probabilistic
calibration of the rules for combination of actions.
The conventional models indicated in Table 2.1 will be used for the objective
comparison of the elements described in Chapter 3.
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B.3. Sensitivity factors
Sensitivity factors, which are introduced in EN 1990, Annex C, indicate the
contribution of the variances of the safety margin which originates from each basic
variable. (e.g. i2 is the fraction of the variance that originates from Xi)
EN 1990 gives the following values relating to global resistance R and global load
effect E.
R=

0,8
E = - 0,7
The recommended values for F and R in the Eurocodes correspond to the above
sensitivity factors, which provides a safe approximation.
values may only be reduced
R > 0.8 and
E < -0.7, indicates that the appropriate
on the basis of a more detailed investigation.
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Annex C  Differentiation of permanent loads
Introduction
EN 1990: Eurocode: "Basis of structural design" recommends, in principle, one partial safety factor G
(=1,35) for all unfavourable permanent loads G. The client for the Contract has asked BRE to
additionally investigate whether permanent loads of different origin (self weight, weight of non
structural parts) which may have considerably different variability, and consequently should be
multiplied by different partial safety factors G. This is recognized in both expressions 6.10, and
6.10(a) and 6.10(b) where the symbol is used when dealing with permanent loads.
This Annex shows the effects of possible differentiation of permanent loads on the overall reliability of
a generic cross section.

Partial factor for permanent loads
For a permanent load G, of one origin, whose statistical distribution is characterized by the coefficient
of variation VG, the partial safety factor G may be assessed using an approximate expression.
G

= 1,05 (1

E

VG)

(C.1)

where:
factor 1,05 takes into account model uncertainty,
0,7 is recommended)
E denotes sensitivity factor (In 1990 the value
(for example = 3,8) denotes the partial safety factor for a given return period ( = 3,8 per 50
years).
Assuming the coefficient of variation VG = 10%
G

= 1,05 (1 + 0,7 3,8 VG)

1,33,

This value, rounded up to 1,35, is the one recommended in EN1990.

Two permanent loads
The total permanent load G is almost always a combination of several (at least two) components of
different origin. Typically the total permanent load G is the sum of structural self-weight G1 and the
weight of non-structural parts G2, thus
G = G1 + G2

(C.2)

The two components of permanent load G1 and G2 often have considerably different
coefficients of variation VG1 and VG2 because dimensions and volume densities of structural
members have lower coefficients of variation than those of non-structural members.
For example, if G1 denotes self-weight of a steel structure or a quality controlled precast concrete
element, it may be expected that VG1 = 0,03. For in-situ concrete VG1 = 0,05. Other permanent loads of
non-structural parts G2 have usually greater coefficient of variation, say VG2 = 0,10 or higher.
Using expression (C.1) the partial factors for components G1 and G2 can be assessed as
= 1,05 (1
G2 = 1,05 (1
G1

E
E

VG1) = 1,05 (1 + 0,7 3,8 VG1) = 1,19
VG2) = 1,05 (1 + 0,7 3,8 VG2) = 1,33

If the mean values of permanent loads G1 and G2 are expressed as:
G2k = kG G1k

C-1

G2

= kG

G1,

(C.3)
(C.4)
then:
(C.5)

Annex C  Differentiation of permanent loads
For buildings, depending upon the circumstances kG < 1 (e.g. for a concrete element with a screed
and a carpet) or kG 1 (e.g. for a steel floor supporting a raised floor with services between the steel
floor and the raised floor (e.g. a TV studio) and in this case kG may be as much as 3. For bridges, the
opposite is valid kG < 1. In the following example it has been assumed that VG1 = 0,05 and kG = 1.
The coefficient of variation VG of the total permanent load G = G1 “+” G2 can be expressed in terms of
the individual coefficients of variation VG1 and VG2 and the factor kG as

VG21
(1 k G ) 2

VG =

The corresponding partial safety factor

G

VG22 k G2
(1 k G ) 2

(C.6)

of the total permanent load G is given by expression (C.1).

Reliability index considering two permanent loads
The effect of the described enhanced assumption concerning permanent load is illustrated in the
following figures, based on a generic cross section. Figure C.1 shows the reliability index as a
function of the load ratio for load combination A (6.10), B (6.10a) and (6.10b), C (6.10a,mod) (6.10b),
and the modified combination A, denoted A’, obtained for the coefficients of variation VG1 = 0,05, VG2 =
0,10 and partial factor G derived from the coefficients of variation VG1 = 0,05, VG2 = 0,10 and kG = 1.
Figure C.1. Reliability index

of a generic cross section as a function of VG, kG and
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For a given load ratio = 0,3 Figure C.2 shows the reliability index as a function of the coefficient of
variation VG for the constant partial factor G = 1,35 and for partial factor G derived from the resulting
coefficients of variation VG.
Figure C.2. Reliability index

as a function of the coefficient of variation VG for
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0.1

0.12

0.14

= 0,3.

Annex C  Differentiation of permanent loads
Figure C.3 and Figure C.4 show the reliability index
factor G for refined combination A and load ratio
coefficients of variation VG.

versus the coefficient of variation VG and partial
= 0,3, using partial factor G derived from the

G

=3.8

VG
Figure C.3. Contour lines for reliability index as a function of the coefficient of variation VG
and partial factor G for refined combination A and load ratio = 0,3 using partial factor G
derived from the coefficient of variation VG.

=

VG
G

Figure C.4. Reliability index as a function of the coefficient of variation VG ands partial factor
= 0,3 using partial factor G derived from the
G for refined combination A and load ratio
coefficients of variation VG.
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Conclusions
Figure C.1 indicates that the unique partial safety factor G = 1,35 recommended in EN 1990 leads to a
higher reliability level than differentiation of permanent load due to self weight of structures and the
weight of non structural parts. Considering two components of permanent action G1 and G2 will enable
a more refined analysis that can be taken into consideration particularly when combination A (i.e.
expression 6.10) is selected for a National Annex. However, it appears that the effect of differentiating
permanent actions is not critical (it leads to a decrease of reliability index by about 0,2).
Figure C.2 shows that for increasing the coefficient of variation VG and for the constant partial factor G
= 1,35 the reliability index decreases (dashed line). If the partial factor G is not of a constant value
but dependent on the coefficient of variation VG (full line in Figure C.2) then the reliability index
slightly increases with increasing coefficient of variation VG. This is due to an approximation in
expression formula (C.1).
Considering load combination A (i.e. expression 6.10) and the partial factor derived from the
coefficient of variation VG, Figure C.3 and Figure C.4 show the reliability level as a function of the
partial factor G and which is further derived from the coefficient of variation VG.
Contour lines in Figure C.3 provide a transparent tool to assess the most suitable partial factor
given coefficient of variation VG and a required reliability index .
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Proposals for modification of partial safety factors in
Eurocodes

New calibrations and the Finnish proposal
The Nordic group for structural matters SAKO published a report in 1999 on
calibration of partial safety factors. The aim was to propose safety factors and
combination rules for actions in order to achieve optimum safety level and to avoid
large variations in safety for different materials and load combinations (permanent
and variable loads).
The Finnish Ministry of the Environment ordered new calculations from the same
consultant for comparison of the two options in the draft prEN 1990 Basis of
Design and of the third alternative, the Finnish proposal.
Member States have the right to decide on the safety level in their own territories.
There are different ways to adjust the safety level. Safety factors and combination
rules for actions are important instruments for adjusting safety levels.

Criteria for safety factors
a) Safety factors should give an optimum safety level, i.e. to guarantee the
required safety in all cases and to avoid large variations in reliability
(probability of failure), which would mean unnecessary building costs in some
cases.
b) Different materials shall be dealt with equally and fairly in order to facilitate
fair competition on the market when choosing between different materials.
c) Combination rules for actions shall be easy to use in practical design work.

Results
The following conclusions concerning safety factors and combination rules for
actions can be made on the basis of the SAKO report and the results of the new
calibration calculations:
-option for one design equation (6.10) in prEN 1990: easy to use, too high
variation of reliability, does not fulfil the criteria for optimum safety level,
economy and competition
-option for two design equations (6.10a and 6.10b) in prEN 1990: more

Ref.No. SAKO98_rp1

i

complicated to use, much lower variation of reliability
-Finnish proposal: easy to use, the lowest variations in reliability
The Finnish proposal is a simplification of the option for two design equations:
-safety factor 1.15 for permanent and 1.5 for variable loads
-check with safety factor 1.35 for permanent loads only (needs to be done in
extreme cases only).
I hope that these calculations and the Finnish proposal will be taken into account in
TC 250 work and when determining the means to adjust safety levels in each
Member State.
Yours sincerely,
Matti J. Virtanen
Director
Ministry of the Environment
Finland
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1.

Introduction
With reference to the partial safety factor investigation reported by SAKO, /1/,
RAMBØLL has carried out an addition partial safety factor calibration for Finnish
Miljöministeriet, Bostads  och byggnadsavdelningen, (see RTT Offertförfrågan
1999-11-24, RAMBØLL tilbud til RTT af 1999-12-10 and Miljöministeriets
Beställning 2000-01-03).
The present technical report contains calibration of the partial safety factors. The
scope of the probabilistic code calibration is to calculate the partial safety factors on
the materials given the partial safety factors on the loads. Two cases are considered:
1) Draft EN 1990; 2) Finnish proposal.
The basis for the study is the limit-states, the calibration procedure, the stochastic
model, etc. defined in the SAKO report ref. /1/. The analysis is similar to Section 3.4
in the SAKO report.
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2.

Calibration  Partial Safety Factors
The calibration carried out in this report is similar to the ones carried out in Section
3.4 in the SAKO report ref. /1/. The calibration is based on the limit-states,
calibration procedure, stochastic model etc. defined in the SAKO report ref. /1/.
Two load combinations are considered1) Draft EN 1990; 2) Finnish proposal. The
given partial safety factors F on the loads for the two load combinations are shown
in Table 2-1. Notation as in SAKO report ref. /1/.
Option:
Permanent

Variable

P
G
P
E
P
I
v
G
v
E
v
I

Draft EN 1990
1.35

FIN
1.35

0.9

0.0

1.05

0.0

1.15

1.15

1.5

1.5

1.5

1.5

Table 2-1: Given partial safety factors
combinations.

F

on the load for the two load

Based on the prescribed partial safety factors, the safety factors on the materials are
calibrated by obtaining the factors that minimises the deviation from the specified
target reliability level t = 4.7 for the two load combinations.
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2.1

Results
The results from calibration of the partial safety factors on the resistance for the two
cases are given in Table 2-2.
Option:
Permanent

Variable

Material

P
G
P
E
P
I
v
G
v
E
v
I
reinforcement
concrete (cylinder)
steel
timber

Draft EN 1990
1.35

FIN
1.35

0.9

0.0

1.05

0.0

1.15

1.15

1.5

1.5

1.5

1.5

1.08
1.31
1.14
1.32

1.11
1.34
1.16
1.34

Table 2-2: Calibrated partial safety factors for the two load combinations
( =4.7). The safety factors given by italic are calibrated values.
For the two load combinations, the reliability indices as functions of = Qk / (Qk +
Gk1+ Gk2) for each of the 6 different structural types and for environmental and
imposed action as variable action are shown in the following figures. These figures
correspond to Figure 3.4-1, Figure 3.4-2 and Figure 3.4-3 in the SAKO report.
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Draft EN 1990.
7.0
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steel beam

6.5

timber beam
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concrete column
steel column

5.5

timber column
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3.0
0

0.1

0.2

0.3

0.4

0.5
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0.9

1

Figure 2-1: Environmental action as variable load, Draft EN 1990.
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steel beam

6.5

timber beam
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5.5

timber column
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4.0
3.5
3.0
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Figure 2-2: Imposed action as variable load, Draft EN 1990.
For Draft EN 1990 the mean value and standard deviation of the reliability index are
found to E =4.60 and D =0.14 corresponding to a coefficient of variation of
3.1 %.
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Finnish Proposal.
7.0
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steel beam

6.5

timber beam

6.0

concrete column
steel column

5.5

timber column

5.0
4.5
4.0
3.5
3.0
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Figure 2-3: Environmental action as variable load, FIN.
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5.5

timber column

5.0
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3.5
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Figure 2-4: Imposed action as variable load, FIN.
For the Finnish Proposal the mean value and standard deviation of the reliability
index are found to E =4.62 and D =0.12 corresponding to a coefficient of
variation of 2.7 %.
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3.

Comments
Below comments to the results of the calibration is given.
The calibrated material partial safety factors are in line with results presented in
the SAKO report ref. /1/.
Both load combinations  Draft EN 1990 and the Finnish proposal  have the
v
v
same safety factor on the environmental load E and imposed load I As seen
from Table 3-1 the result of this is that the mean value of the reliability for
environmental load is somewhat smaller than for the imposed load.
Option:
Draft EN 1990
FIN

Environmental E
4.43
4.46

Imposed E
4.78
4.79

Total E
4.60
4.62

Table 3-1: Mean value of the reliability

The load combination is a balance between uniform reliability and simplicity.
Having the same safety factor on the environmental load Ev and imposed
load Iv as in the present report is simpler than the SAKO proposal with different
values, see ref. /1/. However, the reliability is the present report is less uniform
than what is shown by SAKO.
The load combination Draft EN 1990 has a hump in the reliability index around
=0.15 to 0.25. This hump is not present in the Finnish proposal and the Finnish
proposal has also a bit smaller standard deviation.
Two design equations give a large decrease in the coefficient of variation of the
reliability index, see Table 3-2.
Option:
Coefficient of
E
Variation
4.77
9.9 %
Draft EN 1990 (one design equation)
Draft EN 1990 (two design equations)
4.60
3.1 %
FIN
4.62
2.7 %
Table 3-2: Mean value and coefficient of variation of the reliability index.
SAKO report ref. /1/.
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