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ABSTRACT: The evaluation of the load-bearing capacity of existing structures is a central and important part in the 
work of structural engineers. At state, engineers are confronted with the challenge of applying design rules developed for 
new structures in the evaluation of existing ones as no specific recommendations exist on a European level. This task 
needs to be addressed in the development of common codes and standards. As a contribution, a first step of this study is 
the evaluation of the reliability level of timber elements subjected to common limit states. Based on these analyses, a 
modification of the target reliability for existing structures is discussed and a suggestion for different levels is given. In 
another step, this contribution presents a proposal for a stepwise procedure for the evaluation of the load-bearing capacity 
of structural timber in existing structures considering different levels of available information. Focus is set on the 
provision of a flexible semi-probabilistic evaluation concept; modified partial safety factors are calibrated on the 
resistance side for selected limit states. Additionally, options to consider updated material parameters from a survey on 
site supported by technical devices are discussed and further need for research is identified.
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1 INTRODUCTION 567

Eurocodes form the basis of design and verification of 
structures. At state, rules for the design of new structures 
are applied for the evaluation of the load-bearing capacity 
of existing structures. The newly introduced Technical 
Specification CEN/TS 17440:2020-10 [1] as a first 
common specification for the evaluation of existing 
structures offers new paths: qualitative evaluation, 
quantitative evaluation or a combination of both. A 
qualitative evaluation is based on past performance of the 
structure. For a quantitative evaluation, the Partial Factor 
Method is recommended, reliability-based methods and 
risk-informed methods can be applied additionally. The 
assessment should verify that the structure has adequate 
reliability. Target values can be taken from EN 1990 [2]
or may be defined in National Annexes. As the target 
reliability is defined based on an optimisation of failure 
consequences and efficiency of safety measures (see ISO 
2394:2015 [3] or SIA 269/2011 [4]), an altered definition 
for existing structures is possible. Annex C of [1]
formulates that “The target reliability level for existing 
structures can be lower than that for new structures as the 
relative cost of safety measures to increase the reliability 
of an existing structure is greater than that for a new 
structure.“ (C.3.(4) Note 2). Thus, CEN/TS 17440:2020-
10 [1] opens new ways for the adjustment of the well-
proven semi-probabilistic verification format of the 
Eurocodes for their application on the special demands in
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the evaluation of existing structures. Basis for an 
evaluation of the load-bearing capacity of an existing 
structure is a careful and detailed investigation including 
an assessment in situ. For existing structures, different 
national recommendations, on an international level ISO 
13822:2010 [5] and with special focus on existing timber 
structures EN 17121:2019 [6] provide the basis for a 
qualified assessment. Updated information from an
assessment on site should be considered in the modified 
semi-probabilistic evaluation. Results are always specific
for the structure at hand what complicates standardisation.
Thus, a structured process including options to modify 
safety elements is needed to systematize the use of 
updated information in the evaluation. 

2 METHODOLOGY
Loads and material parameters are subjected to a natural 
variability. Besides, model uncertainties have to be 
considered. Thus, the resulting reliability of different limit 
states varies depending on the input variables. Hence, a
standard cannot provide a reliability level that is most 
optimal for all kinds of limit states [7], safety elements are 
defined by optimisation. What is more, [8] emphasizes 
that reliability indices can hardly serve as indicators
without direct link to the model parameters used to 
calculate them. The calculation of the implicit safety level 
of current design is hence a good and goal-oriented option 
to produce reliable values. This approach presupposes that
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built structures satisfy public safety requirements [9]. The 
reliability index is thus a comparative value of the actual 
analysis and should not be used separated from the 
underlying model assumptions.
Based on these considerations, the following path is 
chosen: Timber members in common limit states are 
designed for a 100% utilisation of the semi-probabilistic 
design-check equations with current partial safety factors 
(PSF) from EC 1 [10] and EC 5 [11] ( for
permanent loads, for variable loads, 
for structural timber strength properties) and evaluated by 
reliability analyses. The resulting reliability level is 
determined for a set of limit states, load ratios and a range 
of the coefficient of variation (cov) of the material 
strength. Based on the obtained reliability level, PSF are 
calibrated for chosen limit states aiming for an optimised 
verification of existing timber structures with dominating
limit states clearly defined. Besides, options to update 
PSF based on new information are discussed. Finally, a 
proposal for a stepwise evaluation procedure is presented. 
Selected limit states for the analyses are given in Figure 
1. The numbering is used in the presentation of results.

Figure 1: Loads, load directions and stresses

The general formulation of the limit state function (LSF) 
is given by eq. (1)

(1)

with the resistance variable and its model 
uncertainty, the permanent action and the model 
uncertainty associated with it.   and are two variable 
actions, and their model uncertainty variables. 
LAG is the load ratio of the permanent action and LAQ1 is 
the load ratio of the first variable action in relation to the 
total variable load. Variable loads are combined using the 
Ferry Borges & Castanheta combination rule [12]. What 
is more, is the design parameter to ensure a one-
hundred percent utilisation of the semi-probabilistic 
design equation, see [13]. It can be calculated by eq. (2) 
for one an eq. (3) for two variable actions

(2)

(3)

with the modification factor for load duration and 
service class, , and the characteristic values for 
the material strength, permanent and variable loads 
respectively. Limit states have been formulated according 
to EC 5-1 [11]. Probabilistic parameters are given in Table 
1. The cov’s of the material strength are based on [14] and 
a broad literature study in [15]. The influence of 
alterations of the material cov are studied. Cov’s for live 
loads are based on own calculations applying [16, 17], see 
[15]. Parameters for snow and wind loads are based on
[17] (wind) and  [18] (snow). Load change rates have been 
oriented on [13] and adopted for German climatic 
conditions. Please note that in the current version of the 
JRC documentation “Reliability background in the 
Eurocodes” (unpublished) a higher variability of snow 
and wind loads has been documented. This especially 
affects the time-invariant part (taken here with Vθ = 0.10). 
Besides, the variability of the bending strength is lower in 
the mentioned report (Vfm = 0.20) than in the present study
(Vfm = 0.25). As the report was not published at the time 
of preparation of this contribution, values have been 
assumed based on the official background documentation 
of DIN 1055-100 [18] and the JCSS PMC [14, 17].

Table 1: Probabilistic parameters,

Variable Distr. μ V

R

Ti
m

be
r1

Bending strength fm LN 1.00 0.25
Comp. strength 
parallel to grain fc,0 LN 1.00 0.20

Tension strength 
parallel to grain ft,0 LN 1.00 0.30

E

Permanent loads2 G N 1.00 0.10
Live Load3

Small room (A ≤ 20m²) N GUM 1.00 0.40
Large room (A > 20m²) 1.00 0.25

Snow load4
S GUM 1.00 0.25
np det. 50 60 -
nr det. 10 -

Wind load4
W GUM 1.00 0.16
np det. 50 365 -
nr det. 50 365 -

M
od

el
5

Resistance θf N 1.00 0.07

Lo
ad

Permanent load θG N 1.00 0.05
Live load θN N 1.00 0.10
Snow load6 θS N 1.00 0.10
Wind load6 θW N 1.00 0.10

1 Indicative from [14], analyses for a range of values; 2 Based on [14]; 
3 Tref = 50a, based on own calculations; 4 Tref = 50a, based on [13, 17, 
18]; 5 Multiplicative, attached to variable

The reliability analyses are performed by First Order 
Reliability Method (FORM) [19] in MATLAB® [20]. 
Calculations have been double-checked by exemplary 
hand calculations with the help of [21] and a selection of 
Monte Carlo Simulations (MCS) in MATLAB® [20]. To 
study the influence of the variables on the calculated 
reliability, sensitivity factors for selected configurations 
are shown. Based on the results, a proposal for the target 
reliability is worked out. is then calibrated for a set of 
limit states by FORM. As permanent loads can be updated 
on site, an update of permanent actions as suggested in 
SIA 269/2011 [4] is considered in the modification of
and an adjustment of the stochastic properties in the 
calibration. To avoid systematic programming errors, the 
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verification is done by Monte Carlo Simulation (MCS). 
All calculations have been performed on single structural 
components. Calibrated PSF and a suggestion for the 
update of based on a reference property are structured 
in an evaluation procedure for practical application. All 
calculations have been performed for .

3 RESULTS
3.1 Reliability analyses
3.1.1 Permanent loads (1)
Figure 2 and Table 2 show the results for permanent load
with three different cov’s. The blue line indicates the 
target of EN 1990 Annex C ( ) and 
consequence class (CC) 2. The sensitivity factors confirm 
the dominating influence of the structural resistance on 
the reliability. Please note that ; an α-value close 
to 1 shows a great influence of the considered value on the 
calculated reliability. For the calculated 
reliability is lower than the target from EC 0, Annex C.

Figure 2: Reliability index for permanent loads (1)

Table 2: Exemplary sensitivity factors

0.20 -0.89 0.21 -0.35 0.21
0.25 -0.92 0.18 -0.28 0.18
0.30 -0.95 0.16 -0.24 0.16

0.20 -0.84 0.37 -0.33 0.21
0.25 -0.89 0.32 -0.27 0.18
0.30 -0.92 0.29 -0.23 0.15

0.20 -0.80 0.48 -0.30 0.19
0.25 -0.85 0.43 -0.26 0.17
0.30 -0.88 0.38 -0.22 0.15

3.1.2 Permanent and one variable load (2), (3) & (4)
The analyses have been performed for one variable load 
with (Figure 3, Table 3). The reliability 
analyses show lower reliabilities than the target. 
Sensitivity factors reveal the increasing influence of the 
variable load with increasing load ratio. 
Further analyses have been performed for one variable 
load (wind load) with (Figure 4, Table 4).
Recent analyses on wind load modelling can be found in 
[22]. Further studies indicate that the total wind load could
be modelled using cov’s in the range VW,50 = 0.20…0.25, 
see e.g.  [23, 24]. For further calculations in this study 

VW,50 = 0.16 for the time invariant part based on the 
calculation applying the coefficients in [17] as indicated 
above and with regard to studies in [25, 26] and 
VW,θ = 0.10 for the time-invariant part is assumed.

Figure 3: Reliability index for permanent and one variable 
load with , (2)/(3)

Table 3: Exemplary sensitivity factors, 

0.20 -0.80 0.16 0.45 -0.30 0.12 0.15
0.25 -0.87 0.15 0.35 -0.26 0.11 0.13
0.30 -0.91 0.14 0.29 -0.23 0.10 0.11

0.20 -0.68 0.08 0.64 -0.26 0.06 0.21
0.25 -0.77 0.08 0.55 -0.23 0.06 0.19
0.30 -0.84 0.08 0.47 -0.21 0.06 0.17

0.20 -0.61 0.04 0.72 -0.22 0.03 0.24
0.25 -0.70 0.04 0.65 -0.21 0.03 0.22
0.30 -0.77 0.04 0.58 -0.19 0.03 0.20

Figure 4: Reliability index for permanent and one variable 
load with (4)

Table 4: Exemplary sensitivity factors, 

0.20 -0.86 0.19 0.26 -0.33 0.14 0.14
0.25 -0.91 0.17 0.20 -0.28 0.12 0.12
0.30 -0.93 0.15 0.17 -0.23 0.11 0.10

0.20 -0.79 0.11 0.47 -0.30 0.08 0.22
0.25 -0.86 0.10 0.37 -0.26 0.07 0.19
0.30 -0.90 0.09 0.30 -0.23 0.07 0.16

0.20 -0.71 0.05 0.60 -0.27 0.04 0.26
0.25 -0.80 0.05 0.50 -0.24 0.04 0.23
0.30 -0.85 0.05 0.42 -0.21 0.03 0.21
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3.1.3 Permanent, snow and wind load (5)
Figure 5 illustrates the reliability for flexural stress from 
combinations of permanent, snow and wind load. An 
analysis for Germany showed that for roof angles 30° < α 
< 75° the load ratio of permanent loads is approximately 
50% for normal roof weights (comparison of mean values, 
coastal areas excluded). Thus, exemplary sensitivity 
factors for LAG = 0.5 and two different cov’s of the 
material strength are given in Table 5. Due to the assumed 
low variability of the wind load its influence on the 
reliability is rather small. Note that these values are 
exemplary for LAG = 0.5 and the influence of variable 
loads increases with greater load ratio.

Figure 5: Reliability index for permanent and variable load 1 
(snow) and variable load 2 (wind) with , uniaxial 
stress (5)

Table 5: Exemplary sensitivity factors, ,

0.20 -
0.88 0.21 0.18 0.00

-
0.34 0.11 0.07 0.14

0.25 -
0.92 0.18 0.14 0.00

-
0.28 0.09 0.06 0.12

0.20 -
0.84 0.19 0.34 0.00

-
0.32 0.10 0.12 0.09

0.25 -
0.90 0.17 0.26 0.00

-
0.27 0.09 0.10 0.08

0.20 -
0.78 0.16 0.50 0.00

-
0.30 0.08 0.17 0.04

0.25 -
0.85 0.15 0.39 0.00

-
0.26 0.08 0.14 0.04

3.1.4 Biaxial bending (6) & (7)
Biaxial flexural stress from permanent load and snow (6) 
or live (7) load in one direction and wind load in the other 
direction, as relevant for e.g. purlins or half-timber walls, 
have been analysed, considering different load presence 
time and load change rate . Flexural strengths in 
both directions are correlated with . The ratio of 
width and height has been assumed ; a ratio 
was needed to calculate the design parameter zd. However, 
the influence of the latter has been turned out to be rather 
small. A load distribution factor for rectangular 
cross sections has been applied according to EC 5-1 [11].
Figure 6 and Figure 7 show the results. It has turned out 
that the difference to one-axial bending is rather small for 
the considered configurations. Sensitivity factors are very 

similar to Table 5 and thus not repeated here, details can 
be found in [15].

Figure 6: Reliability index for permanent and variable load 1 
(snow) and variable load 2 (wind) with , biaxial 
bending (6)

Figure 7: Reliability index for permanent and variable load 1 
(live load) and variable load 2 (wind) with , biaxial 
bending (7)

3.1.5 Compression + bending (8) & (9)
The combination of compression and flexural stress has 
been analysed for compression from permanent and snow 
load (8) / live load (9) and bending from wind load as e.g. 
relevant for struts in roof structures of half-timbered 
walls. Strength properties are correlated with . 
The ratio of width and height is . Figure 8 and 
Figure 9 show the reliability. The analyses show that for 

the reliability is rather constant for an increasing
ratio of variable load one (snow in (8); live load in (9)). 
Table 6 and Table 7 sensitivity factors for LAG = 0.5.

Figure 8: Reliability index for compression from permanent 
and variable load 1 (snow load) and bending from variable 
load 2 (wind) with , (8)
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Figure 9: Reliability index for compression from permanent 
and variable load 1 (live load) and bending from variable load 
2 (wind) with , (9)

Table 6: Exemplary sensitivity factors, ,
, (8)

-
0.74

-
0.44 0.26 0.23 0.00

-
0.33 0.14 0.09 0.06

-
0.68

-
0.44 0.21 0.41 0.00

-
0.31 0.11 0.14 0.04

-
0.61

-
0.43 0.16 0.54 0.00

-
0.28 0.09 0.18 0.02

Table 7: Exemplary sensitivity factors, ,
, (9)

-
0.74

-
0.44 0.26 0.23 0.00

-
0.33 0.14 0.09 0.06

-
0.68

-
0.44 0.21 0.41 0.00

-
0.31 0.11 0.14 0.04

-
0.61

-
0.43 0.16 0.54 0.00

-
0.28 0.09 0.18 0.02

3.1.6 Tension + bending (10)
The combination tension and flexural stress has been 
analysed for tension from permanent/snow load and 
bending from live load (e.g. tension beams in collar beam 
roof structures). Strength values are correlated ( ). 
The ratio of width/height is . Figure 10 shows 
the reliability, Table 8 shows exemplary sensitivity 
factors, that reveal the dominating influence of the 
combination of snow load and tension stress. The 
reliability has been found out to be comparatively low, 
which is due to the disadvantageous combinations of 
variables with a high variability. However, it has to be 
noted that in existing roof structures this limit state for the 
mentioned elements is commonly not characterised by a 
utilisation of 100 %.

Figure 10: Reliability index for tension from permanent and 
variable load 1 (snow) and bending from variable load 2 (live 
load) with , (10)

Table 8: Exemplary sensitivity factors, ,
(10)

-
0.62

-
0.34 0.06 0.01 0.65

-
0.19 0.03 0.02 0.19

-
0.68

-
0.32 0.07 0.01 0.60

-
0.21 0.04 0.03 0.17

-
0.77

-
0.26 0.10 0.03 0.50

-
0.23 0.05 0.07 0.14

3.2 Summary and discussion of target reliability
The analyses of these rather simple limit states result in 
significant lower reliability indices than the target from 
EC 0 Annex C [2] for consequence class CC2 ( ,

). The aim of the present study is to work 
out a proposal for an adjusted semi-probabilistic 
verification format for existing timber structures. As a 
basis it is assumed that current design fulfils public safety 
requirements and can thus serve as a basis to define target 
values. This assumption is justified as no increased 
number of failure events has been documented for these 
common limit states. Thus, it is suggested to take the 
average reliability level from the presented analyses as a 
target value. The combination of tension and bending can 
be excluded as these members mostly do not show a 
utilisation of 100%; verification is often governed by 
connections which is not in the focus of this work. Based 
on the presented analyses is suggested. 
According to [27] two levels are needed for the evaluation 
of existing structures: a minimum level and a target level. 
For the evaluation of existing members in structures not 
affected by structural changes and supposed to clearly 
defined dominating limit states it is suggested to apply a 
target reliability, that considers aspects of economic 
optimisation. [28] suggest to apply for a target
reliability of existing structures and for a 
minimum reliability. [29] suggests to move one line 
higher for the relative costs of safety measures from ISO 
2394:2015 [3] what results in . Based 
on the results of the analyses, is suggested
as a target for members in service ( ) that 
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are not affected by damages or major changes. During 
calibration of partial safety factors, a scatter around the 
target will occur. During the calibration for the defined 
target,  the reliability should not fall below the minimum 
level . which is the minimum reliability level 
under economic optimisation in [30]. Alterations of 
structural members should be verified using the same 
safety elements as for new structures. 
 
3.3 Calibration of partial safety factors 
3.3.1 Method 
The major work in engineering practice is performed 
applying the semi-probabilistic safety format using partial 
safety factors (PSF). For the limit states (1) – (9) (Figure 
1) and the target reliability levels proposed above the PSF 

 for the material strength has been calibrated. The 
general optimisation procedure is described in [3, 31, 32] 
and given in eq. (4) 

 (4) 

with  the weighting factor for the LSF and  a 
penalty factor, penalising a reliability lower than the 
target more than a higher one [9]. Different penalty 
functions have been investigated in [13]. For this work, 
penalty factors from eq. (5) have been applied. 

 (5) 

All considered load combinations of snow and wind load 
have been weighted equally, as studies indicated that they 
vary a lot depending on location and roof angle and no 
clear weighting could be identified  [15]. For permanent 
and live load, the weighting factors in Table 9 have been 
considered and compared to results assuming LAG = 0.5 
and VN = 0.25 only. Results of the three options have 
turned out to lead to similar results. 
 
Table 9: Weighting factor  for permanent and live loads 

 VN LAQ  Remarks  
a b 

1) 
0,25 
(A > 

20m²) 
0,3 0,50 0,35 

Live load categories office, 
lobby and living room with  
A > 20m², and hotel and class 
rooms. 

2) 
0,25  
(A > 

20m²) 
0,5 0,40 0,50 

Live load categories office, 
lobby and living room with  
A > 20m², and hotel and class 
rooms. 

3) 
0,40 
(A ≤ 

20m²) 
0,5 0,10 0,15 

Live load categories office, 
lobby and living room with  
A  20m², and hospital rooms. 

      
 

During calibration the PSF for permanent and variable 
loads have been fixed to  and , 
respectively. The value   takes into account a 
reduced variability of permanent loads obtained in a 
survey on site and is chosen based on [4]. The reduced 
variability is also considered by a reduced variability of 
permanent actions of 7% instead of 10% to consider an 
investigation on site. The results are based on a load ratio 
of permanent loads of LAG = 0,5 and further statistical 
parameters given in Table 1.  

3.3.2 Results 
Table 10 and Table 11 show the results for the suggested 
reliability index for the evaluation level. In [15] results for 
further reliability indices can be found. 
 
Table 10: Calibration results  for the proposed 
evaluation level and uniaxial stresses 

 permanent 
load (1) 

live 
load 
(2) 

snow 
load 
(3) 

wind 
load 
(4) 

snow + 
wind load 

(5) 
      

0.18 1.14 1.19 1.19 1.11 1.15 
0.20 1.16 1.19 1.19 1.13 1.17 
0.22 1.18 1.21 1.21 1.15 1.19 
0.25 1.22 1.23 1.23 1.19 1.22 

 
Table 11: Calibration results  for the proposed 
evaluation level and simple stress combinations 

 two-axial 
bending (6) 

two-axial 
bending (7) 

comp. + 
bending 

(8) 

comp. + 
bending 

(9) 
     

0.18 1.15 1.16 1.19 1.18 
0.20 1.17 1.17 1.20 1.19 
0.22 1.19 1.19 1.21 1.20 
0.25 1.22 1.22 1.23 1.22 

 – coefficient of variation (cov) of the bending strength. cov of 
compression strength correlated by   

 
3.3.3 Summary and Proposal 
Keeping in mind practical applicability, the number of 
PSF should be limited. Thus, a simplified set of optimised 
PSF  is proposed that considers the inhomogeneity 
and anisotropy of timber as structural material but keeps 
the intended ease of use of the semi-probabilistic design / 
evaluation format, (Table 12). As  for all variable 
loads,  also depends on the considered loads. The 
application of different PSF for different variable loads to 
consider their statistical properties properly would help to 
reach a more uniform reliability level. 
 
Table 12: Proposal for a set  for the evaluation level  

stress 
loads  

perma-
nent 

combinations with 
variable loads 

compression parallel to grain 1.15 1.20 

bending, two-axial bending, 
comp.& bending  1.20 1.20 

tension parallel to grain 1.30 1.30 
Remarks: Calibration for , live load categories A and B, snow and 
wind loads, load ratio of permanent load , ,  

 
In order to apply the results (Table 10, Table 11) for an 
updated material variability from material tests, a 
sufficient number of tests has to be considered. A proposal 
in [26] introduces a conversion factor to account for a 
limited number of tests. For rehabilitation measures PSF 
as for new structures should be applied in accordance with 
[33] where it is stated that structural members directly 
affected by changes should be verified applying the same 
requirements as for new structural members. 
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3.3.4 Verification of PSF
The verification of results is an important part of scientific 
work. While the calibration of modified PSF has been 
performed with FORM, the verification has been 
performed by MSC (crude Monte Carlo Sampling) to 
avoid systematic programming errors. Results have been 
double checked with FORM analyses. Exemplary results 
are presented in Figure 11 to Figure 16 (graphs produced 
applying FORM after double check with MCS). All 
analyses are performed for . All figures 
are based on a 100% utilisation of the semi-probabilistic 
design-check equation. PSF are , , 

.

Figure 11: Reliability index for uniaxial stress, permanent and 
one variable load with 

Figure 12: Reliability index for uniaxial stress, permanent, 
snow and wind load, 

Figure 13: Reliability index for uniaxial stress, permanent, 
snow and wind load,

Figure 14: Reliability index for two-axial bending, permanent, 
snow and wind load, 

Figure 15: Reliability index for compression and bending, 
permanent, snow and wind load, , 

Figure 16: Reliability index for compression and bending, 
permanent and live and wind load, , 

Neglectable differences between results of FORM and 
MCS have been identified. Thus, for the investigated limit 
states a sufficient accuracy of the approximation by 
FORM is given and systematic errors are not present.
The results show that the calibration target 
(indicated by blue horizontal line) has kept in the majority 
of analyses. The scatter results from the selection of a 
limit number of PSF. Thus, the calibration has been 
successful for the chosen target. However, the target 
reliability index is chosen based on the analyses presented 
and needs further discussion by the scientific community 
and relevant authorities. Results for further targets in the 
range can be found in [15].
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3.4 Update of Partial Safety Factors based on 
Material Update 

A great potential when analysing the load-bearing 
capacity of an existing structure is that it exists in tangible 
form. Updated material models can be built combining 
on-site tests and analyses in the laboratory, see e.g. [34]. 
Different options for the consideration of updated 
material properties in the semi-probabilistic safety format 
can be described. One is the application of an improved 
strength grading supported by technical means, see e.g. 
[35]. This is, however, not in the focus of this work.  
Another option is the consideration of reduced 
uncertainties due to a detailed investigation in situ by 
adjusted safety elements. Here also two options can be 
discussed. The first one is the modification of PSF based 
on a reduced material variability by direct update of the 
variable. Adjusted PSF can be calculated applying the 
Design Value Method (DVM) or the Adjusted Partial 
Safety Factor Method (APFM) as described in [36]. 
Additional to knowledge concerning the special material 
variability at hand, a target reliability that has been agreed 
upon and sensitivity factors are needed. Simplified 
sensitivity factors can be taken from [2]. However, 
sensitivity factors are factors considering the influence of 
the change of a certain variable in the limit state on the 
reliability. Thus, the application of simplified sensitivity 
factors ignores the advantage of the availability of more 
detailed information concerning the actual load and 
material properties at hand and the governing limit state. 
Hence, updated sensitivity factors for certain limit states 
as outcome of the presented reliability analyses can be 
applied. Note that these sensitivity factors are only 
applicable if updated PSF are also applied for the loads by 
updated sensitivity factors to keep the intended reliability.  
The second option is the update of the PSF on the material 
side using an updated reference variable. A proposal is 
described in [37] and presented shortly hereinafter.  
The mean value  and the standard deviation 

 of a target property  dependent on a reference 
variable  are defined by eq. (6) and (7), respectively, see 
[38].  and  are the mean value and the cov of 
the target variable as defined in prior information (e.g. a 
code), respectively.  and  are the mean value 
and the cov of the reference variable as defined by prior 
information,  is the correlation coefficient. 

  

 (6) 

 (7) 

Eq. (8) is derived from eq. (6) and (7).  
 (8) 

 

with eq. (9) for the PSF of a lognormal distributed 
resistance variable, the updated PSF  can be 
calculated according to eq. (10). Here  is the sensitivity 

factor of the resistance variable,  is the target reliability 
and  is the quantile of the distributed used to define the 
characteristic value for semi-probabilistic design. 

 (9) 

 

 (10) 
The model uncertainty factor  is considered by eq.(11). 

 (11) 
Application examples can be found in [38, 39]. Please 
note that uncertainties determining the reference variable, 
e.g. measurement errors are not considered in this 
approach. An option is the consideration of an additional 
error term as described in [40] and left to further work. 
 
3.5 Suggestion of a stepwise evaluation procedure 
An evaluation procedure for existing structures needs to 
be flexible in terms of applicability for the actual 
circumstances at hand. That includes availability of 
information, consequences of failure and economic 
considerations. Thus, a procedure is needed that embraces 
levels with lower degree of information and an evaluation 
more on the safe side and different options to include 
updated information that comes along with higher efforts 
in terms of time and costs. A proposal has been presented 
in [41]. The stepwise evaluation procedure embraces three 
Knowledge Levels (terminology based on [30]) including 
an evaluation without update (KL 1), a level including a 
modified semi-probabilistic evaluation divided into three 
sublevels (KL 2) and a level for advanced probabilistic 
methods (KL 3), see Table 13. With increasing level, the 
information becomes more detailed as well as the 
evaluation format does. These levels are connected to a 
proposal for strength grading levels (SGL), see [35]. An 
application example can e.g. be found in [39].  
 
Table 13: Proposal for a stepwise evaluation procedure  

semi-probabilistic without update - KL 1 
visual grading in situ 

partial safety factors from  
EN 1990, EN 1995-1-1, EN 1995-1-1/NA 

semi-probabilistic with update - KL 2 

KL 2a) KL 2b) KL 2c) 
update of permanent loads:  (unfavourable) 

variable loads:  
visual grading 
in situ 

grading supported 
by tech. devices  

update of material 
parameters 

strength grade: 
visual grading 

strength grade: 
grading supported 
by tech.  devices 

update of material 
properties by 
material tests 

PSF on resistance side as optimised 
  for actual limit states 

PSF on resistance 
side for updated 
property  

probabilistic - KL 3 
grading supported by technical devices /  
update of material parameters 
probabilistic evaluation by approximation or simulation 
update of material model based on material tests 
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Please note that the calibration results for  are only 
applicable under the given requirements and the intended 
limit states and load ratios. As results are given depending 
on the cov of the material strength, an updated of material 
properties leading to e.g. a reduction of the scatter can be 
considered by choosing the results for the adjusted value. 
Note that for the update of material properties a sufficient 
number of tests and strong correlation of target and 
reference variable are required. As a first orientation, 
correlation coefficients should be  . 
 
4 CONCLUSION 
A responsible use of energy and resources are important 
elements of the development of a sustainable economy. 
The preservation of existing structures plays a central role 
that has never been more important than today. Thus, code 
calibration cannot only focus on the necessary further 
development of codes in the context of the design of 
structures and their application on innovative structural 
materials. The evaluation of existing structures needs to 
be integrated in the concept of Eurocodes considering the 
special requirements that come along with this challenge. 
In this context, rules and requirements need to be flexible 
so that they can be adopted for different structural tasks.  
The presented works contains analyses of the reliability of 
timber members according to current standards. The 
analyses show a scatter of the reliability depending on the 
considered LSF. Sensitivity factors indicate a great 
influence of the material strength on the calculated 
reliability. Based on these results, the target reliability is 
discussed and modified PSF depending on the LSF and, 
as a second option, considering an update of material 
properties are presented.  
However, more studies considering further and more 
complex limit states and further detailing concerning the 
update of target properties based on in situ measured 
reference properties have to carried out to enlarge the 
concept for a wider range of practical cases. Besides, 
further studies need to embrace the reliability of historic 
connections, also carpenters’ connections. What is more, 
new information on the modelling of variable actions 
should be considered, see e.g. [23, 24] for wind loads. 
Calculating the implicit reliability level of design codes, 
this might have an influence on the resulting reliability 
level. However, as the target value for the calibration has 
been defined based on this calculated implicit level, the 
evaluation of the influence on the calibration of PSF is left 
to further work. However, a centrals task in the 
development of codes and standards for existing 
structures, it has to be discussed how the target reliability 
has to be be defined for a calibration of PSF for existing 
structures. 
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