
1 INTRODUCTION 

The built environment, i.e. infrastructural ele-
ments, industrial buildings and facilities as well as 
residential buildings, constitutes the basis for our 
economy and the continuous development of our so-
ciety. In this respect, structures play an important 
role, since the primary purpose of structures is to 
provide the functionality of the built environment 
and the safety of its users. Consequently, a large 
proportion of the societal, economic and natural re-
sources are invested into the continued development, 
maintenance and renewal of structures. Due to the 
high importance of structures and the large amount 
of resources invested for development, maintenance 
and renewal it is of utmost importance that decisions 
made in connection with structures are optimal. Op-
timal in the sense that the benefit of structures as 
well as the possible adverse consequences such as 
loss of lives, damage to the qualities of the environ-
ment and the direct and committed costs are consid-
ered and optimal decisions are identified. At the 
same time decisions should meet the requirements 
for sustainability; see e.g. the Brundland Report. 
This is provided by following the optimality criteria 
given that the benefits and adverse consequences are 
completely considered over time.  

The development of methodologies and principles 
that allow for the optimal allocation of resources in-
to the structural performance and their implementa-

tion into the daily engineering practice constitute the 
major challenge for ongoing and future research in 
the field of structural engineering.  The broad im-
plementation of newly developed principles requires 
their proper transition into rules and regulations, i.e. 
codes and standards that constitute the basis for the 
daily work of practicing engineers.  

While the structural design codes for new struc-
tures are rather well reflecting recent research ac-
complishment, standardized rules how to reassess 
existing structures are not well developed so far. In 
the present article an attempt is made to formalise 
the demonstration of compliance to reliability re-
quirements for existing structures conditional on the 
information about the structure. 
 

2 SUMMARY OF SOME STANDARDS FOR 
THE ASSESSMENT OF EXISTING TIMBER 
STRUCTURES 

2.1 EN 1990:2010-12 

This Eurocode “Basis of structural design” (DIN 
2010e) contains rules for the verification of load-
bearing capacities of structural elements regardless 
of the material. Specific rules for demand and re-
sistance for different structural materials can be 
found in adjacent codes, for structural timber design 
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the current version is EN 1995:2010-12 (DIN 
2010d). These codes contain basic guidelines for the 
design of new structures. Particular recommenda-
tions for the evaluation of load-bearing capacities 
are not content of these standards. However, as in 
some countries no special rules for the assessment 
and evaluation of existing structures are available, 
they are still applied, but often unfavourable. Stand-
ardised options to include data gained in situ do not 
exist. 

2.2 ISO 13822:2010 

This standard (ISO 2010) contains recommendations 
for the assessment of an existing structure irrespec-
tive of the structural material. Important steps of as-
sessment and evaluation are explained, hints for the 
verification are given, too. The target reliability shall 
be taken from existing codes and may be adjusted 
due to the required performance level, the reference 
period and consequences of failure. A lower target 
level for existing structures can be accepted if it is 
justified by socio-economic criteria. However, the 
target levels included in Annex F of this standard are 
the same as in EN 1990 for a 50-years reference pe-
riod. 

2.3 SIA 269:2011 

This Swiss standard (SIA 2011) “Existing structures 
– Bases”  contains specifications for the assessment 
and evaluation of existing structures and is comple-
mented by SIA 269/1:2011 for actions and material 
specific parts, e.g. SIA 269/5 for timber structures. 
To be outlined is the option to adjusted the partial 
safety factor (PSF) for permanent to G,sup,act = 1.20 
as defined in SIA 269:2011 if permanent loads are 
updated by assessment in situ. This option is inde-
pendent from the structural material. These codes 
are an important step towards the development of 
standards for the inspection and evaluation of exist-
ing structures. 

2.4 Need for research 

At state, no standardised approach for the verifica-
tion of load-bearing capacities of existing structures 
exist within the framework of the Eurocodes. A 
common approach including the consideration of 
measured data to model the load-bearing capacities 
of a structure or critical parts in detail is needed. A 
lot of research has been done to develop assessment 
schemes for existing structures. Some of them can 
be found in (Schneider & Schlatter, 1996), (Diaman-
tidis, 2001), (Steiger et al., 2010) and (Lißner & 
Rug, 2018). However, the safety concept has not be-
en revised concerning the state of information of an 
existing structure yet. For this reason, an assessment 
and evaluation procedure has been developed. The 

scheme focusses mainly on timber structures, but the 
principle is applicable to different structural materi-
als.  

3 ASSESSMENT & EVALUATION SCHEME 
FOR EXISTING TIMBER STRUCTURES 

3.1 Description of procedure 

3.1.1 Initial phase and preliminary evaluation 
The evaluation starts with a defined initial point, i.e. 
doubts concerning load-bearing capacities or a de-
fined inspection time. Needs for the assessment of an 
existing structure are also described in (Steiger & 
Köhler, 2008). If an assessment is done, the first step 
is the definition of requirements and goals. Refer-
ring to ISO 13822:2010 the definition of objectives 
has to be done with the client and is based on re-
quired performance levels. If within a preliminary 
evaluation of conditions safety can be clearly en-
sured it can be decided to do nothing. In general, 
more data will be required and gained within a pre-
liminary investigation of possible damages and 
causes. For timber structures these causes for dam-
ages can be due to biological (insects, fungi), chemi-
cal (maceration) or mechanical (overloading, struc-
tural alterations) reasons (Lißner & Rug, 2005). If 
significant damage is indicated, immediate safety 
measures have to be carried out.  

Further investigation is divided into Knowledge 
Levels. The term is based on (Luechinger et al., 
2015), but the concept is widened into four levels in-
stead of three. The investigation can pass through 
these levels stepwise or start at a certain point as 
necessary. 

3.1.2 Knowledge Level KL 0 
Within this level a rather rough evaluation should be 
done. The material is not graded, hence a distribu-
tion function covering the quality of the timber that 
can be expected in existing structures has to be as-
sumed (Figure 1). As this distribution function has to 
cover different timber grades, a lot of scatter has to 
be considered. Thus, PSFs have to be higher than in-
cluded in current standards. Performing a probabilis-
tic evaluation is not recommended as not enough in-
formation for the special case is available. Besides, 
effort and benefit would be disproportional. 

In some countries strength grading of the material 
is obligatory in order to perform a structural analy-
sis, e.g. in Germany. Here, this level would not be 
possible at state. However, in further code develop-
ments this could be possible. This level is not rec-
ommended if significant damage has been detected 
and immediate safety measures have to be carried 
out. In this case it should be started with level KL 1. 



If the load-bearing capacity of the element cannot 
be verified in this level (Rd < Sd) the engineer can ei-
ther decide to strengthen the structure without fur-
ther investigation or continue with Level KL 1. 

3.1.3 Knowledge Level KL 1 
This level represents the current practice in CEN 
member countries if no national standards for the as-
sessment and evaluation of existing structures exist. 
The material is graded visually in situ; in most cases 
this will be C 24 without deeper investigation. PSFs 
can be taken from EN 1990:2010-1 and EN 1995-1-
1:2010-12 for structural timber.  

DIN 4074/1:2012-06 (DIN, 2012) allow a classi-
fication of structural timber (softwood) by visual in-
spection into the classes S 7, S 10 and S13. These 
classes are assigned to strength classes according to 
EN 1912:2013-10 (DIN 2013), for softwood 
C16/C18, C24 and C30. Grading the material reduc-
es the COV of the strength property in the class. In 
Figure 1, exemplary values are shown for bending 
strength. These COV’s are exemplary and will be 
further evaluated within material testing. 

 

 
Figure 1: Probability density functions of material strength in 
different classes – exemplary values for bending strength (x)  
 

Again, if the load-bearing capacity of the struc-
ture/ the element cannot be verified (Rd < Sd) it can 
be decided to strengthen the structure or move to the 
next level which is Knowledge Level KL 2. 

3.1.4 Knowledge Level KL 2 
For some projects it can be necessary to collect more 
detailed information. As it is important to not impair 
the performance of the system when assessing the 
structure, non- or semi-destructive testing methods 
should be applied. However, with these techniques 
strength properties cannot be determined directly. 
Using technical means as penetration resistance or 
stress waves (for more information see e.g. (Brün-
inghoff & Dietsch, 2010) or (Kasal & Tannert, 
2011)) information concerning reference properties 
for strength and stiffness properties can be gathered. 
Using correlation coefficients (for timber see (JCSS, 
2006) resp. (Köhler, Sørensen & Faber, 2007)) 

strength and stiffness parameters can be determined 
(Figure 2).  
 

 
Figure 2: Correlation of an indicative property (x; e.g. ultrason-
ic measurement) & a property of interest (y; e.g. bending 
strength) – exemplary simulation 
 

DIN 4074/1:2012-06 and DIN 4074-5:2008-12 
allow a classification into class LS15 for grading by 
visual inspection and technical means. An assign-
ment of this class to a strength class of EN 338 is not 
included in EN 1912 yet, the assignment to a higher 
strength class can be expected. This option is crucial 
for the identification of load-bearing capacities.  

In this level semi-probabilistic and probabilistic 
evaluation can be performed. To use the information 
gained with non-/semi-destructive means, a formula 
to update the PSF for the material resistance has 
been developed, its derivation is presented. First, the 
mean value of the target variable depending on the 
measurement |  is calculated  

| ∙ 1 , ∙ ∙
∙

  (1)  

with   the coefficient of variation (COV) of 
the target variable as defined in the code,  the 
COV of the measured variable as defined in code, 

 the mean value of measured variable as de-
fined in code and ,  the correlation coefficient of 
target variable and measured variable  is ob-
served by a semi- or non-destructive test in situ, see 
also (Köhler, 2011). The standard deviation of the 
target variable | _  depending on the meas-
urement is 

| _ _ ∙ _ ∙ 1 ,   (2). 

With Eq. (1) and Eq. (2) the COV of the target 
variable | _ 	depending on the measurement 
can be calculated 

| _
| _

| _
   

| _
_ ∙ ,

, ∙ _ ∙ _

_ ∙ _

  (3). 

 



The PSF  can be calculated for lognormal dis-
tributed variables 

∙ ∙   (4). 

The determination of the PSF according to Eq. (4) 
is in general referred to as the Design Value Method 
where  is the so-called sensivity factor and  is 
the target reliability for a 50 year reference period. 
With | _  the updated PSF can be calcu-
lated  

,
_ ∙ ,

, ∙ _ ∙ _

_ ∙ _

∙ ∙   

(5) 
The update of the PSF depends on the resistance 

variable that is now conditional on the observed 
semi- or non-destructive test in situ, . To in-
clude a model uncertainty the model factor  is 
considered and the PSF ,  is calculated using 

, ∙ ,  (6). 

The PSF of the model uncertainty  should be 
calculated from a normal distribution and the 50%-
quantile considering the adjustment for a non-
dominant variable as suggested in EN 1990:2010-12 
(DIN, 2010e) or ISO 2394:2015 (ISO, 2015).  

By this adjustment of the PSF an updated distri-
bution function for the material property is consid-
ered implicitly as shown in Figure 3. Adjusting the 
PSF, the design point is updated.  

 

 
Figure 3: Exemplary update of material distribution and com-
parison of design points – theoretical principle 
 

If the load-bearing capacity in this level cannot be 
verified using semi-probabilistic evaluation, a prob-
abilistic analysis can be performed by updating the 
distribution function of the strength respectively 
stiffness property using the measured reference 
property. If one or both evaluation methods does not 
indicate sufficient structural behaviour (Rd < Sd or t 
< ), the engineer can decide between different 
technical measures, i.e. do nothing if the excess is 
very low, intensify monitoring if the excess is low, 

strengthen, reduce utilisation or demolition. What is 
more, deepening the investigation in KL 3 is possi-
ble. 

3.1.5 Knowledge Level KL 3 
In this level as much information as possible should 
be collected. This includes the direct determination 
of strength and stiffness parameters. This can be re-
alised by extracting core samples and testing in the 
laboratory. Performing probabilistic analyses is rec-
ommended. A possibility to include the information 
into the model is Bayes Updating, see e.g. (Köhler, 
2010). If the reliability index of the analyses is lower 
than the target (t < ) the engineer or the team of 
experts has to decide between the technical 
measures. 

3.2 Summary 

The presented procedure can be summarized as 
shown in Table 1: 
 
Table 1. Summary of evaluation formats for Knowledge Levels 
Knowledge Level Evaluation format 
KL 0 Semi-probabilistic: 

No determination of strength grade  
 PSF to be calibrated  

KL 1 Semi-probabilistic 
 PSF from current Eurocodes

KL 2 Semi-probabilistic 
 Updated PSF using ref. property 
Probabilistic 
 Updated material distr. function 
from reference property 

KL 3 Probabilistic 
 Updated distribution function using  
directly updated property

3.3 Structural example 

3.3.1 Geometry, materials and loads 
To illustrate the application of the evaluation scheme 
and to show differences to current practice a struc-
tural example is shown. A rafter under self-weight, 
snow and wind load has been chosen (Figure 4). 

 

 
Figure 4. Structural example - rafter 
 

The span of the rafter is l = 6m, the distance be-
tween the beams is d = 0.8m, the roof angle is  = 
30° and the height of the building is h < 10m. The 
expected value for the self-weight  is calculated  

 (7) 



with 	  the self-weight of the tiles,  the 
self-weight of the battens and  the self-weight 
of the rafter. The COV of the construction weight 
can be calculated for independent variables  

 (8) 

with  the standard deviation of the self-weight of 
the tiles,  the standard deviation of the self-weight 
of the battens and  the standard deviation of the 
self-weight of the rafter. The standard deviation of 
the self-weight of each element  can be calculated 
using 

∙  (9) 

with  expected value of the self-weight of the 
element and  coefficient of variation of self-
weight of the same element. Values for the parame-
ters can be found in Table 2. 
 
Table 2. Parameters of self-weight of example structure 
Ele‐
ment 

Geometry      

Tile    0.55 kN/m²
(DIN, 2010a) 
 

0.05 
Based on  
(Rackwitz, 1996)

Battens 
C24, 
S10 

30/50mm 
distance: 
35mm 

4.6 kN/m³ 
0.20 kN/m² 
(DIN, 2010a)

0.10  
(JCSS, 2006) 

Rafter 
C24, 
S10 

12/18cm 
distance: 
0.8m 

4.6 kN/m³ 
0.124 kN/m² 
(DIN, 2010a)

0.10 
(JCSS, 2006) 

Total    0.874 kN/m²   0.043 

 
Variable loads are taken for Berlin, Germany. 

The characteristic values of variable loads are de-
fined in EN 1990:2010-12 as 98%-quantile of the 
extreme value distribution within the reference peri-
od Tref = 1 year.  The characteristic value of the 
snow load on the roof as defined in EN 1991-1-3 
(DIN, 2010b) is 

∙ ∙ ∙  (10) 

with  the roof snow load shape coefficient,  the 
exposure coefficient,  the thermal coefficient and 

 the characteristic value of the snow load on the 
ground. The wind load can be calculated from EN 
1991-1-4 (DIN, 2010c) with 

∙  (11) 

with  the peak velocity pressure (up to h = 
10m) and ,  the external pressure coefficient (up 
to 10m² loaded area) to consider the roof angle. The 
most unfavorable zone of the roof (F) is used to cal-
culate the wind load for the beam. A summary of the 
loads can be found in Table 3. The last column con-
tains the values perpendicular to the beam axis. 

For the following evaluation just the load-bearing 
capacity against bending is considered to show the 
application of the procedure. Further evaluation 

steps as necessary in practice are not taken into ac-
count. It is assumed that an insect attack has reduced 
the cross section in a particular area to 
100 	and 160 . The attack is not active 
anymore, but this reduction leads to the need of an 
evaluation of load-bearing capacities. As it is a lim-
ited area, the self-weight is not reduced, but the 
modulus of resistance. 
 
Table 3. Summary of loads 

Self-weight 

[kN/m²] 	[kN/m] ⫠[kN/m] 
0.847 0.7 0.61 

Snow load 

 
 
 

 
[kN/m²] 

 
[kN/m²] 

  
[kN/m] 

⫠  
[kN/m] 

0.8 1 0.85 0.68 0.54 0.41 
Wind load 

    [kN/m²]   [kN/m] ⫠ [kN/m]
0.85 0.7 0.60 0.48 0.48 
Variables & coefficients taken from national regulations

3.3.2 Evaluation based on EN 1990 
If no special national regulations exist, CEN mem-
ber countries need to apply the rules of the Euro-
codes to the evaluation of an existing structure. PSF 
as needed here are given in Table 4. 
 
Table 4. Partial safety factors from EN 1990 and EN 1995 

,  

1.35 1.50  1.30

 
Three load combinations have to be compared: 

γ , ∙ ⫠ 0.82 /   (12) 

γ , ∙ ⫠ γ ∙ ⫠ γ ∙ ψ ∙ ⫠  (13) 

1.87 /   

γ , ∙ ⫠ γ ∙ ⫠ γ ∙ ψ ∙ ⫠  (14) 

1.85 /   

In Eq. (12) (13) and (14)  is the design value of 
the load, γ  is the PSF for permanent actions, γ  is 
the PSF for variable actions and ψ  is the load com-
bination factor to be applied for more than one vari-
able load. The design value of the load needs to be 
compared to the suitable design value of the re-
sistance. With ,  the characteristic bending 
strength as defined in EN 338:2016 (DIN, 2016), 

 the modification factor as defined in EN 1995-
1-1:2010 (DIN, 2010d) the design value of the bend-
ing strength can be calculated  

,
, ∙  (15) 

where  depends on the load-duration class of 
the load-combination. For Eq. (12) 0.6 as 
only permanent actions are present, for Eq. (13) and 
Eq. (14) 1.0 as the value of the load with 



the shortest duration has to be applied (wind is clas-
sified as acting very short). The comparison shows 
that Eq. (13) is the most unfavorable load-
combination. The bending moment  load is 

∙ 8.42  (16) 

with  the length of the beam. The modulus of re-
sistance  for a rectangular cross section is 

∙ 426,667  (17) 

with the width of the beam  and the height of the 
beam . The bending stress σ  can be calculated  

σ 19.73 / ² (18). 

To apply the Eurocodes for the evaluation of this 
structure the material has to be graded. It is assumed 
that the timber has been graded to C 24, so the de-
sign value for the material strength becomes  

,
, ∙ 18.46 / ² (19). 

 
The comparison of bending stress σ  and bending 
stress ,  gives 

,
1.07 1 (20), 

the load-bearing capacity cannot be verified in this 
format. The structure would have to be strengthened. 

3.3.3 Evaluation, adaptions based on SIA 269:2011 
SIA 269:29011 (SIA 2011) allows a reduction of 

the PSF for unfavourable permanent actions to 
, 1.20 if the geometry is determined in situ. 

For the calculation of the design value of a timber 
strength property SIA 265, gives the ratio  

/η  (21) 

where  is the PSF for the material and  is a 
conversion factor from the short term strength prop-
erty into the long term value (  in EN 1995). 
According to (Fuhrmann, 2011) this is the reason 
that a modification of the factor  is not being done 
in SIA 269/5:2011. If  is modified as suggested in 
SIA 269:2011, Eq. (13) and Eq. (16) would change  

γ , ∙ ⫠ γ ∙ ⫠ γ ∙ ψ ∙ ⫠ 

1.78 /  (22) 

∙ 8.01  (23). 

The stress becomes 

σ 18.77 / ² (24) 

and the evaluation is 

,
1.02 1 (25), 

the load-bearing capacity can be verified as an ex-
ceedance up to 3% is accepted in practice. However, 
an update of the material parameters would provide 
more detailed information. 

3.3.4 Evaluation based on stepwise procedure 
In part 3.2.2 of this contribution the evaluation in 

KL 1 has been done. As the load-bearing capacity 
could not be verified, an evaluation in KL 0 is not 
useful. Further evaluation is presented for KL 2. As 
the critical area is limited, ultrasonic measurements 
could be done to determine the bending modulus of 
elasticity (MOE). The mean value of the MOE as 
defined in EN 338 is , 11000 / ² 
(DIN, 2016), its COV is assumed to be ,
0.13 (JCSS, 2006). The COV of the bending 
strength is , 0.25 (JCSS, 2006), the cor-
relation coefficient is , 0.8 (JCSS, 2006). It is 
assumed that the bending MOE is measured in situ 
with 11500 / ². The sensivity factor 

 is taken from EN 1990, 0.8.  
In the literature publications dealing with an 

adaption of the target reliability level for existing 
structures can be found (see e.g. (Steenbergen et al., 
2015), (FIB, 2016) or (Vrouwenvelder, 2002). A 
value has not been defined in a code yet. For this 
contribution the target reliability is set to 3.2 
for the reference period 50 .  

The quantile of the distribution is chosen to be 
0.05 for a resistance variable and 0.98 for 

variable loads in a reference period 1 . 
For permanent actions the 50%-quantile is used. 
Applying the values listed above on Eq. (5) 
1.21. Using this PSF for the determination of the de-
sign value of the material on Eq. (19), it becomes 

, 19.83 / ². Within a detailed inspection 
in situ, the geometry is determined for the member. 
Thus, the reduction of ,  as suggested in SIA 
269:2011 is applied. Comparing the strength of this 
area with the stress from Eq. (24) the verification is 

,
0.95 1 (26). 

The load-bearing capacity can be verified. Addi-
tionally, a probabilistic analysis is performed. The 
statistical parameters from Table 5 are considered. 
Model uncertainties are chosen to be low, as the 
structural member is investigated carefully in situ. 

 
Table 5.Variables for probabilistic analysis, Tref = 50 years 
Basic variable   Distr.
Bending strength – not updated  37.5  9.3 LOGN
Bending strength – updated  40.1  5.63 LOGN
Self‐weight 0.61  0.026 N
Snow load 0.46  0.115 GUM
Wind load 0.52  0.084 GUM
Wind load instantaneous value  0.08  0.08 GAMMA
Model uncertainty resistance  1.0  0.05 N
Model uncertainty demand 1.0  0.05 N

 



A First Order Reliability Analysis has been per-
formed using MATLAB. The combination of loads 
has been done using Turkstra’s Rule, i.e. the accom-
panying variable load (here wind load) is represent-
ed by its instantaneous value. The analysis without 
updating the strength variable gives 

3.92 3.2 (27). 

For the updated value for the material strength  

5.5 3.2 (28). 

It can be seen that even without updating the materi-
al properties a satisfying reliability is calculated that 
would even match the target 3.8 as defined in 
EN 1990:2010-12 for a reference period of 50 years. 
This shows again, that the semi-probabilistic design 
is a “safe side approximation” (Vrouwenvelder, 
2017). 

3.3.5 Discussion of results 
By the reduction of the PSF for unfavourable per-
manent actions, SIA 269:2011 offers a practice-
orientated possibility to consider updated infor-
mation in the semi-probabilistic design format. 
Methods to update resistance values are not content 
yet. An update of these properties has a significant 
influence on the reliability. Eq. (27) and Eq. (28) il-
lustrate the influence of an update of the material 
properties on the reliability of the considered ele-
ment. A main influence factor on the enhanced reli-
ability is the reduction of the standard deviation of 
the strength property that can be realised by this up-
date (Figure 5). 
 

 
 
Figure 5. Update of material strength for hypothetic example 

 
By a FORM analysis, the load-bearing capacity 

of could be verified. It has to be emphasized that the 
update is valid for the element and cannot be used 
for the whole structure without further investigation. 
It has been assumed that the bending MOE can be 
determined by ultrasonic measurements, which give 
the dynamic MOE (Linke, Rug & Pasternak, 2017). 

4 OUTLOOK 

Further research has to be done to develop a 
comprehensive concept for the verification of load-
bearing capacities of existing structures taking into 
account data gained in situ. Parts of this research are 
the definition of an adjusted target reliability and re-
quirements for its application. Besides, the effect of 
non-/semi-destructive testing methods to be used for 
a technical supported grading in situ on a reduction 
of the COV of material properties has to be studied. 
On this basis, PSFs for existing structures have to be 
calibrated and rules for their application and the 
qualified survey in situ have to be defined in detail. 

5 CONCLUDING REMARKS 

A procedure for the assessment and evaluation of 
existing structures focusing on timber structures has 
been proposed and illustrated by an example. The 
development of an evaluation procedure for existing 
structures is of great practical interest. This work is 
part of an ongoing research project aiming to con-
tribute to code calibration work for the evaluation of 
existing timber structures. 
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