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Abstract

The derivation of risk-targeted behaviour factor which can be used for the force-based design of structures is presented. The
risk-targeted behaviour factor is formulated as a product of the conventional reduction factor and two factors which account
for the return period of design seismic action, the target collapse risk and the difference between the shape of acceleration
spectra from the demand and capacity domain. Consequently, the behaviour factor is expressed as a function of the target
collapse risk, the parameter of seismic hazard, the uncertainty of the seismic response, the ability of the structure to deform
in the collapse range and the overstrength factor. The aim of the proposed definition of the behaviour factor is to explain
why it is necessary that the behaviour factor be smaller than that estimated from pushover analysis using conventional
definition of the behaviour factor. Therefore the proposed definition of the behaviour factor makes it possible to explain the
“empirical component” of the values of behaviour factors defined in Eurocode 8. The proposed approach for estimation of
the behaviour factor for the force-based design is demonstrated by means of an example of an 8-storey reinforced concrete
building. It is hoped that the definition of a risk-targeted behaviour factor may help engineering practitioners and scholars to
better understand the origin of the value of behaviour factor and the target response of the structures.

Keywords: risk-targeted behaviour factor; reinforced concrete frames; risk-based design; risk-targeted design intensity;
collapse risk.

1. Introduction

The force-based design using linear-elastic analysis is still the most widespread approach for earthquake-
resistant design of structure. One of the most important parameters in the design is the reduction factor (in
Eurocode 8 [1] termed as behaviour factor) which takes into account the ability of the inelastic behaviour of
structure during strong earthquakes. The evaluation, calibration and redefinition of the reduction factor have
been going on ever since the concept of reduction of seismic forces is known. Fischinger and Fajfar [2] for
example defined the reduction factor as a product of overstrenght and ductility reduction factor. A similar
proposal was made by Uang [3]. The determination of the values of reduction factor was also the case of studies
of other researchers [4,5]. A comprehensive overview of models for the definition of reduction factors was
presented by Miranda and Bertero [6]. At that time the available models of reduction factors were calibrated for
the purpose of deterministic analysis, whereas, later on, when risk assessment had become an increasingly
acceptable concept, reduction factors were estimated by means of probabilistic frameworks (e.g. [7,8]).

According to the Eurocode 8 the behaviour factor (g factor) is used to reduce the seismic forces
corresponding to design peak ground acceleration which is, in case of ordinary buildings, defined as a seismic
intensity with return period of 475 years. The conventional definition of the behaviour factor is based on the
deterministic approach. This may lead to misunderstanding of the concept of the reduction of seismic forces for
force-based design since such a definition cannot be used for the interpretation of the concept of the reduction of
seismic forces in conjunction with the target collapse risk, although the protection of human lives with an
adequate reliability is the fundamental objective of each building code.

To solve this shortcoming, the risk-targeted behaviour factor was recently proposed [9]. It depends on the
target collapse risk, the dispersion of limit-state intensities, the difference between spectral shapes of design
spectrum and that of the hazard-consistent ground motions, the overstrength reduction factor and the ductility
reduction factor. In this paper, the derivation of the risk-targeted behaviour factor is summarized in two steps. In
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the first step, the risk-targeted design peak ground acceleration, which was already presented in previous study
[10], is presented. In the second step, the risk-targeted behaviour factor g is defined. The use of the presented
definition of the behaviour factor is then demonstrated by estimating risk-targeted behaviour factor for an 8-
storey reinforced concrete frame building.

. )

2. Formulation of structure-specific risk-targeted seismic intensity for force-based design
2.1 The risk-targeted peak ground acceleration causing collapse

The risk-targeted seismic intensity for the performance assessment of structures is introduced by the risk-
targeted peak ground acceleration causing collapse a,. . This measure defines target capacity of a structure if it
is expressed by the peak ground acceleration. It is actually a parameter of the target collapse fragility function.
Note that peak ground acceleration was selected as intensity measure since current seismic hazard maps used in
Eurocode 8 are based on peak ground acceleration. However, a similar formulation can be defined for any
intensity measure. The derivation of a . starts with the assumption that the no-collapse requirement is fulfilled
when the probability of collapse of a structure P, is less than the target probability of collapse

R <R 1)
The probability of collapse is defined by the risk equation:
K dH (a
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where A, is a random variable representing the peak ground acceleration, P(C A = ag) is the collapse fragility
function, i.e. the probability that a ground motion where A, =a, will cause collapse of a structure, and H (ag
is the hazard function which expresses the annual rate of exceedance of a . If it is assumed that the hazard
function H (a, ) is linear in the log-log domain (H (a, ) =k,a,™) and that the collapse intensity is log-normally
distributed, then Eq. (2) can be solved in closed form (e.g. [11,12]):
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where a . is the risk-targeted peak ground acceleration causing collapse, 4. is the corresponding standard
deviation of the natural logarithms, k is the slope of the hazard function in the log-log domain, and k, is the
annual rate of exceedance of a, =1 g. In general, the risk-targeted intensity a . can be assessed iteratively by
solving Equation 2, taking into account the assumption that P. =P,. In this approach there is no need to
approximate the hazard function obtained from the probabilistic seismic hazard analysis (e.g. [7,13,14]).
However, the shape of the probability distribution curve corresponding to the collapse intensity has to be
assumed. In more common cases, when the collapse intensity is represented by a lognormal distribution, the only
parameter whose value has to be assumed is the standard deviation g.. Such a solution is quite general, but it
does not provide any insight into the importance of the seismic hazard parameters or into the characteristics of
the structure which affect the values of a . . For this purpose it is convenient to express a_. in closed form by
using Eq. (3):

1
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It should be emphasized that risk-targeted peak ground acceleration causing collapse a . is actually the
median value of the peak ground accelerations causing collapse of a structure, and therefore can be classified in
the so-called "capacity" domain which actually represents a measure of the capacity of a structure when the latter
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is eXpressed in terms of seismic intensities. In order to be able to claim that a structure is safe against collapse,
the actual median peak ground acceleration causing collapse of a structure should be greater than a,. .

. )

2.2 Derivation of the risk-targeted intensity for the design of structures using linear elastic analysis

Several different factors have to be considered, whose purpose is to reduce a . to the risk-targeted peak ground
acceleration for the force-based design a,, . All these factors are taken into account by means of a reduction
factor r, which can be expressed as follows:

aC
r=—- (5)

The acceleration a, could be estimated from Eg. (5):

a. =2 (6)

® =,
if an appropriate value of the reduction factor r were to be known.

This formulation of a,, is general. In this case the reduction factor r has to be estimated according to
Eqg. (5) by a trial and error procedure, which involves designing of archetype structures from a building class
using an assumed value of the factor r and a seismic risk assessment of structures until the collapse risk P.
becomes equal to the target collapse risk P.. Such an approach was recommended in FEMA P695 [7], and its use
has also been demonstrated in the case of reinforced concrete frames.

Although the above-mentioned procedure is general, it is useful to have additional insight into the r factor.
For this reason, the r factor is decomposed:

r=r,-r. (7)

where 1, is the demand-to-capacity spectral acceleration ratio, and r. is a so-called conventional reduction
factor, which is formulated in the conventional derivation of the reduction factor using a deterministic approach.
Consequently, the risk-targeted peak ground acceleration for the force-based design of structures a, (Eq. (6))
can be expressed by taking into account Eqg. (4) and (7), in the following form:
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As mentioned above the intensity a . represents the median value of the risk-targeted peak ground
accelerations causing collapse of a structure, so that it can be classified in the "capacity" domain (this should be
understood as a "target capacity” if capacity of a structure is expressed in terms of seismic intensity) of the
structure. In order to define the design value of seismic intensity it is necessary to transform the seismic
intensities from the "capacity" to a so-called "demand" domain, which represents the seismic intensities aimed at
the force-based design or the selection of hazard-consistent ground motions which are used to estimate the
performance of a structure. This transition is defined by reducing a . to a, , which is done by means of r,. and
I .

gD’

In order to explain the reduction from a, to a, as easy as possible let us introduce a median risk-
targeted capacity spectrum which is classified into the "capacity" domain and a risk-targeted design spectrum
which is classified into the "demand" domain. The latter type of spectrum is used for force-based design. It is
defined by acceleration a,and shape of spectrum which is often represented by the Newmark-Hall type
spectrum (Fig. 1). The median risk-targeted capacity spectrum is defined by acceleration a . and by the shape
of the spectrum (see Fig. 1), which generally differs to that used in the design [9]. It is out of the scope of this
paper to precisely define the median risk-targeted capacity spectrum. However, its definition can be simply
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explained if it is assumed that the structure is already fully defined and that the collapse risk of this structure is
equal to target collapse risk. Then the median risk-targeted capacity spectrum is the median spectrum of spectra
of ground motions which would cause the damage very close to the collapse of the structure. However, it can be
shown that the shape of this spectra is under some assumptions equal to the median spectra from a hazard-
consistent set of ground motions used for seismic performance assessment of a structure or in the case of
incremental dynamic analysis [9]. In the simplest case, it can also be assumed that the shape of the risk-targeted
capacity spectrum and the shape of the spectrum used for design are equal. In this case the r, is equal to 1. In
general, shapes of these spectra differ, as presented in Figure 1.

Median risk-targeted
\ capacity spectrum
AN — Risk-targeted design spectrum

—_——
—_——

Spectral acceleration [g]

dyy

Period [s]
Fig. 1 — The median risk-targeted capacity spectrum (from the "capacity" domain), the risk-targeted design

spectrum (from the "demand" domain), and a schematic representation of the gradual transition from the
""capacity" domain to the "demand" domain.

In order to explain how the r, factor can be estimated in the design phase, let us imagine that the risk-
targeted design spectrum is first normalized to a, (the black dashed line shown in Fig. 1). A comparison
between the risk-targeted design spectrum and the median risk-targeted capacity spectrum if they are both
normalized to a . reveals the difference between the shapes of these spectra. This difference is accounted for by
r,. factor, which is defined as the ratio between the spectral acceleration corresponding to first vibration period
obtained from the risk-targeted design spectrum when normalized to a, and the spectral acceleration
corresponding to first vibration period obtained from the median risk-targeted capacity spectrum (see Fig. 1):

8y

e =3 = (9)
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where S, is the spectral acceleration corresponding to the first vibration period of a structure, which is obtained
from the median risk-targeted capacity spectrum, and the S, is the spectral acceleration corresponding to the
same vibration period, which is obtained from the risk-targeted design spectrum. It should be noted that, in the
special case, when the seismic intensity measure is to be represented by a spectral acceleration corresponding to
the first vibration period of a structure, the formulation can be simplified, since r, =1 as discussed elsewhere
[9].

The peak ground acceleration a,, (see Fig. 1) is obtained if a . is divided by r, . The risk-targeted
design spectrum scaled to a,, (the black dotted line shown in Fig. 1) would have to be used for the design of
the structures if structures would not have any ductility and overstrength. Since this is not the case, the a,, can
be further reduced. This reduction is performed using r_ . From Fig. 1 it can be now realized that r, is defined as
the ratio between S,. and S, . If it is assumed that the relationship between spectral acceleration, forces and
displacement can be described by using equivalent SDOF model, then it can be shown [9] that the reduction
factor r. is also a product of an overstrength reduction factor r, and a ductility reduction factor r, [2]:
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The ductility reduction factor r, can be defined as the ratio between the available system ductility 4. (i.e. the
ratio between the displacement of the structure at the collapse and the corresponding yield displacement) and the
inelastic deformation ratio C, ([15,16]), whereas the r, can be interpreted as the ratio between the yield strength
(F,) and the design base shear associated with the first vibration mode (F,,). Note that the C, from Eq.(10)
should be estimated as the ratio between the displacement corresponding to the collapse of the nonlinear SDOF
model and the displacement of the linear elastic SDOF model when subjected to the risk-targeted seismic
intensity causing collapse of the nonlinear SDOF model.

Taking into account Eq. (10) the risk-targeted peak ground acceleration can be formulated as follows:

a % 8 G 1 11
gD — - ( )
Mo * r,u T fie Hc T

3. Formulation of risk-targeted behaviour factor

For simplicity of the derivation of the behaviour factor g on the basis of a probabilistic approach, it is assumed
that the behaviour factor applies to the entire range of the acceleration spectrum, and not only to periods greater
than the period Tg, which represents the lower limit of the period of the constant spectral acceleration branch [1].
The peak ground acceleration for design a , can thus be expressed as the ratio between the hazard-targeted peak
ground acceleration determined from seismic hazard maps an, , where T, is the return period of the seismic
action (e.g. 475 years in the case of ordinary buildings, according to Eurocode 8), and the behaviour factor g:

_ agTR
gD
q

In the probabilistic approach, a, is the risk-targeted peak ground acceleration defined, for example, by
Eqg. (8a,b). The behaviour factor can then be expressed as the ratio between the two intensity levels multiplied by
the reduction factor:

a (12)

e (13)

The ratio of the peak ground acceleration determined from the seismic hazard map a,;, and the risk-
target peak ground acceleration causing collapse of a structure a . , defines the correction factor due to the risk-
targeted definition of the behaviour factor:

Ay (H (ag ),TR)
ae (R.H(a,). 4c)

The correction factor C, can be formulated in different forms. For example, if a . is expressed using
Eg. (4) and a  , which is associated with return period T, =1/H (ag,TR), is determined from the approximate
hazard function (H (a, ) =k,a, ™) as follows:

C, =

(14)

1
3 = (KoTe ) (15)
then the correction factor C, can be formulated in the closed-form solution:
1 k&
Co =(T, R)i-e 2 (16)
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If correction factor C,, is introduced into Eq. (13) and by taking into account that r, =r, -1, then the risk-
targeted behaviour factor, as defined by Eq.(13), can be expressed in the following form:

q:rdc'rﬂ.rs.CP (17)

From Eq. (17) by taking into account, for example, Eq. (16), it can be seen that the behaviour factor, when
defined with consideration of a probabilistic framework, does not depend just on the product of the ductility
reduction factor r, and the overstrength factor r, but it is also affected by the return period T, the target
collapse risk PR, the seismic hazard function (in this simplest case by the slope of the hazard curve k), the
standard deviation of the logarithm of the peak ground accelerations causing collapse f., and r,. factor, which
is in a special case equal to 1.

4. Example of calculation of risk-targeted behaviour factor
4.1 Description of investigated building

The geometry of the 8-storey reinforced concrete frame building is presented in Fig. 2a. The building is located
in Ljubljana (Slovenia) on soil type A, where the peak ground acceleration corresponding to return period of 475
years is equal to 0.25 g. The building consists of three bays in the X direction and two bays in the Y direction.
The columns of the middle frame in the X direction (columns C5-C8) have a cross-section of 55/55 cm, whereas
the others (columns C1-C4, C9-C12) are 50/50 cm. The quality of reinforcing steel was prescribed as S500B,
whereas concrete class of C30/37 was used. The slab depth was 20 cm. The total mass of structure amounted to
2338 t. The first vibration periods in the Y and X directions, respectively, were 1.28 s and 1.23 s.

4.2 Target collapse risk and the corresponding risk-targeted behaviour g

The calculation of risk-targeted behaviour factor g involves five steps: (1) Define the target collapse risk P, and
the reference return period Tg, (2) Define the seismic hazard at the site of the building, (3) Calculate risk-
targeted peak ground acceleration causing collapse a, , determine a . from the seismic hazard maps and
calculate correction factor C, (4) Assume values for overstrength r, and ductility of structure x. and calculate
r.., (5) Calculate behaviour factor g.

Step 1: The target collapse risk was set to P, =5-10" (0.25% in 50 years). Note that this risk is 4 times
lower than that defined by the US building code, but around 4 times greater than that estimated on the basis of a
survey about the tolerable probabilities of collapse for ordinary structures in Slovenia [17]. The return period
was set to Tr=475 years since design peak ground according to the current version of Eurocode 8 [1]
corresponds to that return period.

Step 2: The hazard curve (Fig. 2b) was calculated by using a methodology which was used for
determination of seismic hazard maps for Slovenia [18]. The hazard curve was then fitted by means of a linear
function in the log domain using appropriate acceleration intervals [0.20 g 1.80 g]. The obtained parameters of
the hazard function correspond to k=5.8 and ko=1.4-10. It has to be noted that there is no need to use linear
hazard function as discussed in the following.

Step 3: The correction factor C, was assessed iteratively using Eq. (14) and on the basis of an
approximate closed-form solution (Eqg. (16)). In the first case, the a, was assessed iteratively by solving
Eq. (2), taking into account the assumption that P. = P and the entire non-fitted hazard curve, and by assuming
a lognormal distribution function for the collapse fragility function P(C|A, =a, ). The standard deviation of the
logarithm of the peak ground accelerations causing collapse was assumed to be equal to S. =0.60 ([19,20]). For
this particular example a . was estimated to amount to 1.23 g. Note that a . represents target median value of
the peak ground accelerations causing collapse of a structure. The acceleration a,, = 0.25 g was obtained
directly from seismic hazard curve. Note that this value of a, is equal to the value of the peak ground
acceleration from seismic hazard map for Ljubljana (Slovenia) for return period 475 years. The correction factor
C,=0.19 was then calculated as a ration between a, and a . Slightly smaller value of C, was obtained on
the basis of an approximate closed-form solution (Eq. (14)):

6
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It can be observed that there is small difference between the two values of correction factor C,. The
difference is a consequence of the linearization of seismic hazard curve. Hereinafter the value of correction
factor obtained by iterative solution of Eq. (14) (C,=0.19) will be used.
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Peak ground acceleration [g]
a) b)
Fig. 2 — a) Elevation and plan views of the investigated 8-storey building, and b) the hazard function for
Ljubljana (Slovenia) and the approximated linear hazard function in the log domain.

Step 4: An overstrength and ductility of structure was assumed as r,=2 and . =8. Such a values were
estimated on the basis of the results of assessments of structures in previous studies, where it was found that, in
the case of multi-storey reinforced concrete frame buildings designed according to Eurocodes 2 and 8, typical
values of r, vary from around 2 to 3 whereas the values of x. vary from around 6 to 8 ([21,22]).

The ductility of structure g has to be transformed to ductility reduction factor r, . Different approaches
can be used. Since the period of the investigated building is greater than T¢, the value of ductility reduction
factor r, can be assumed equal to . since it is well known that for such structures the displacements from
linear elastic models and those corresponding to the nonlinear models are approximately equal. However,
hereinafter the ductility reduction factor r, will be obtain as a ration between ductility x. and inelastic
displacement ratio C,. In order to estimate the inelastic displacement ratio, the nonlinear SDOF model has to be
defined and the hazard consistent set of ground motion, which is intended to be used for seismic performance
assessment, has to be selected. It is assumed that the period of the SDOF model is equal to the first fundamental
period of structure, the ductility of SDOF model will correspond to assumed ductility z. and that the collapse
intensity of SDOF model will be in the order of magnitude of a . (Fig. 4a).

The hazard-consistent set of ground motions were selected using conditional spectrum approach [23,24]
taking into account mean magnitude M= 6.7, mean distance R= 7 km, the peak ground acceleration a =123 ¢
and Sabetta&Pugliese attenuation relatlonshlp [25]. Note that since a, is used as an intensity measure the
conditional period corresponds to T'=0 s. All of the 30 ground motlons (Fig. 3a) corresponds to events with
magnitudes of between 4.5 and 7, and source-to-site distances of between 5 and 50 km and were recorded on soil
having a shear-wave velocity in the upper 30 m upper to 600 m/s.
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Fig. 3 — a) the target median, 16th and 84th percentile spectra of hazard-consistent ground motions obtained by
conditional spectrum approach for an earthquake scenario based on a, and the corresponding spectra of the
selected ground motions from databases, and b) median spectrum of the selected hazard-consistent ground
motions compared to design spectrum (Eurocode 8 elastic spectrum) scaled to a . . The difference between two
spectra at spectral acceleration corresponding to first vibration mode define factor ..

The inelastic deformation ratio C, is defined as the ratio between the displacement at the collapse of the
nonlinear SDOF model (D;.) and the displacement of the linear elastic SDOF model when subjected to S_.
(D) In this case, S,. has to be estimated as the median value of intensities causing collapse, which are, for
example, obtained from incremental dynamic analysis [26] using a nonlinear SDOF model and the hazard-
consistent set of ground motions. The displacement of the elastic model is then calculated by using the formula
which defines the relationships between the spectral acceleration and the displacement of the elastic system
(S, =o”-D..). The displacement D;. can be simply determined from the force-displacement relationship of
the SDOF model or from results of IDA.

For this SDOF model (Fig. 4a) and the set of ground motions (Fig. 3a) the observed displacement of the
elastic model (D, = 33.0 cm) was slightly greater than the inelastic displacement (D, = 28.9 cm) (Fig. 4b).
Consequently the inelastic deformation ratio C, was smaller than 1 (C,=0.88). This phenomenon is a
consequence of the use of the conditional spectrum approach for the selection of hazard-consistent ground
motions. Once the inelastic deformation ratio C, was assessed, the ductility reduction factor can be simply
obtained as a r, = u./C, =8.0/0.88=9.14.
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Displacement [cm]
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Displacement of SDOF model [cm]
b)

Fig. 4 — a) the force-displacement relationship of SDOF model and b) IDA curves using the nonlinear and elastic
SDOF models

The demand-to-capacity spectral acceleration ratio r,.=1.08 was calculated as a ratio between the spectral
acceleration corresponding to first vibration mode (T,;=1.23 s) from the median spectrum corresponding to the
ground motions that were selected on the basis of the conditional mean spectrum (Fig. 3b) and spectral
acceleration corresponding to first vibration mode from risk-targeted design spectrum scaled to a .
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The shape of the risk-targeted design spectrum was assumed the same as the shape of elastic spectrum of
Eurocode 8. It is important to emphasized that the value of r,, was assessed on the basis of median spectra from
the selected hazard-consistent ground motions. In the design phase this is the only possible approach, which is
quite correct since often the same ground motions would be used for estimating the fragility function of the
structure [9].

b

Step 5: Risk-targeted behaviour factor ¢ (see Equation 19) is calculated by taking into account C_,=0.19,
r, =1.08, r, =2and r, =9.14.

q=Cp -1y, -r,-r,=019-1.08-2-9.14=37 (19)
Finally, the risk-targeted design peak ground acceleration can be calculated as follows (Eg. (12)):
a 0.25¢
g475
=——=—"-=0.067 20

The result of the behaviour factor is very similar to that prescribed in Eurocode 8 [1] for this type of
structures and ductility class medium (g=3.9). For example, the risk-targeted design spectrum as well as design
spectrum of Eurocode 8 are presented in Fig. 5. It can be observed that the two design spectra are practically the
same for the periods of interest. Consequently, the design seismic forces and the resulted structures would be
more or less the same. It is also interesting to note, that in the case if P, would be set to 10 (0.5% in 50 years)
and if it is assumed that other factors remain practically equal to those used in the example (r, =1.08, r,=2 and
r, =9.14), then the value of the estimated behaviour factor would be equal to 4.6. This value is about 25 % grater
then the value of behaviour factor which corresponds to target collapse risk P, = 5-10°.

0.2

= Risk-tageted design spectrum
— = Eurocode 8 design spectrum

e
o

0.05

Spectral acceleration [g]
=

0

0 0.5 1 1.5 2 25 3
Period T[s]

Fig. 5 — The risk-targeted design spectrum and Eurocode 8 design spectrum

4. Conclusions

The behaviour factor using probabilistic framework, as defined in this paper, represents a firm scientific basis for
the estimation of the behaviour factor in future generation of building codes or for new structural systems which
are not considered in currently applicable building codes. The proposed definition of behaviour factor explicitly
takes into account the target collapse risk, the seismic hazard, the ability of structures to deform in the nonlinear
range, the overstrength factor, and the uncertainty in the seismic response of structures. In order to simplify the
calculation of risk-targeted behaviour factor in practical applications, the web application was recently
developed. It can be accessed from www.smartengineering.si.

In the example it was shown that the difference between the behaviour factor, which was estimated in the
presented example by selecting target collapse risk equal to 0.25% in 50 years, and that from Eurocode 8 is
practically negligible. By double the target collapse risk, the behaviour factor increased for about 25%.
Therefore it can be argued that the proposed probabilistic framework for the estimation of the behaviour factor
can be used for explaining the relationship between all important factors in the design of structures. From this
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poiﬁt of view there is no need to claim that the behaviour factor is determined empirically, as it is usually
interpreted (e.g. [27]).

In the presented calculations it is also demonstrated that the target value of median peak ground
acceleration causing collapse of structure has to be several times greater than the peak ground acceleration which
corresponds to return period of 475 years. Moreover, it can be concluded that the behaviour factor g has to be
much smaller than he product of overstrength and ductility reduction factor in order to protect human lives with
an adequate level of reliability. Such a conclusion is very important for engineering practitioners and/or scholars
that are developing the regulations for new structural types or new standards.

. )

In the more general case, the proposed procedure for the definition of risk-targeted behaviour factor (or
design seismic intensities) could be used as a part of an iterative risk-based design [28], where risk-targeted
force-based design is used to define an initial structure. Consequently, the accuracy of estimating the risk-
targeted behaviour factor (or design seismic intensity) becomes less important, since it affects only the number
of iterations which have to be performed within the risk-based design. With some experience and good
understanding of the problem it makes sense to use such a procedure for the design of important structures,
where it is necessary to check the assumptions of force-based design by using nonlinear methods of analysis.
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