
Chapter 8
Model Updating Techniques
for Structures Under Seismic Excitation

Serdar Soyoz

Abstract Vibration-based system identification of structures has become a well-
established way of condition assessment with the main steps of modal analyses and
tracking any change in the identified modal parameters. In addition, Finite Element
Model (FEM) updating is crucial especially for damage detection and reliability
estimation under seismic excitation. In literature, it was shown that seismic reliability
of structures with and without FEM updating turned out to be different. The main
idea behind FEM updating is minimizing the difference between modal parameters
obtained from FEM and system identification by changing values of parameters such
as Young’s modulus of materials and soils springs constants. Real-world examples
of FEM updating cover bridges, tall buildings and historical structures.
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8.1 Introduction

In Structural Health Monitoring (SHM) field, mainly four objectives; namely, deter-
mination of damage existence, location, severity and consequences exist. The first
steps have been investigated extensively and related research outcome can be found in
literature; however, little research exists on the estimation of damage consequences.
Themain reason for this gap is due to need of FEMand verification of results obtained
from FEM and system identification.

FEM updating allows both validation of FEM representing intact structure with-
out any damage and obtaining damage levels and locations during a seismic event.
Validation of FEM of intact structure is important because using validated FEM,
engineers can perform more reliable assessments under future earthquake scenarios.
On the other hand, FEM updating under a seismic event allows determination of
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damage on the structure. After obtaining FEM of the damaged structures, seismic
reliability estimation can also be performed to estimate remaining life of structures.

Although there aremore detailedmethods as explained in following sections, FEM
updating is performed mainly by minimizing the difference between the identified
modal frequencies and shapes and the corresponding ones obtained from FEM. The
minimization is achieved by changing structural parameters in the model. Selection
of structural parameters to be changed plays a crucial role in FEM updating. The first
step in the updating procedure should be the construction of a detailed model which
especially includes elements for soil domain. This can be the whole soil medium or
soil springs representing the medium. There are two reasons to include soil springs in
the model. The first reason is that without the soil springs; FEM updating procedure
would artificially soften the structure to minimize difference between experimentally
and analytically obtained modal properties. The other reason is that without soil
springs, higher seismic demands would occur on structural members especially at
foundation level artificially.

After obtaining a representative FEM, themain structural parameter to be changed
can be considered as Young’s modulus of structural material. Under ambient vibra-
tion and seismic excitation, structural stiffness would be different. This difference
is important if linear models are used for seismic performance assessment because
effective stiffness values obtained from system identification during seismic exci-
tation should be used in FEM. However; current practice of seismic performance
assessment is based on nonlinear analyses; therefore, updating stiffness values based
on ambient vibration survey and let nonlinear modeling take care of the damage
progress leads to accurate results.

The other parameter which can change modal frequencies is structural mass. It
is considered to be known (or determined) exactly; therefore, it is not treated as a
structural parameter to be changed in FEMupdating process. However, in the seismic
analysis of special structures such as offshore platforms, one should be careful with
marine growth effects which changes structural mass significantly.

Therefore, Young’s modulus and soil stiffness values are mostly used as param-
eters to be changed so that error between identified and analytical modal values is
minimized. Theoretically, different combinations of structural and soil stiffness val-
ues would give the same modal frequencies; however, utilization of mode shapes in
addition to modal frequencies in FEM updating process would solve this uniqueness
problem. Also, one should pay attention to the ranges of soil and structure stiffness
values i.e. they should be within reasonable ranges in terms of engineering judgment
and existing literature.

In FEM updating, mostly modal frequencies and shapes are chosen as parameters
for which error is minimized. On the other hand, identification of actual damping
and assigning it in the model is important to obtain a representative FEM. Identi-
fied damping ratios based on seismic and ambient vibration measurements would
be different; however, similar to discussion related with stiffness values, ambient
vibration-based identified damping values would be representative in a nonlinear
seismic performance assessment because hysteretic damping would already be taken
care of by nonlinear modeling itself.
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In the following sections; first, summary of previous studies on FEM updating is
presented. Here, the focus is on FEM updating of real-world structures or large scale
models in conjugation with seismic excitations. Afterwards, different FEM updating
methods are discussed. Finally, case studies on FEM updating of a tall building and
a stone arch bridge are presented.

8.2 Previous Studies

Most of the studies in literature demonstrate that dynamic characteristics obtained
from FEM and vibration data exhibit remarkable differences. The assumptions made
in development of FEMdue the uncertainties in structures are one of themain reasons
of these differences. By the virtue of vibration-based system identification, these
differences can be minimized and more reliable seismic assessments at design stage
become possible through FEM updating procedures.

There is significant amount of FEMupdating studies in literature especially related
withmechanical and aerospace engineeringwhichmainly considers small scalemod-
els. Comprehensive background on FEM updating can be found in Friswell andMot-
tershead [1] frommechanical engineering perspective. Doebling et al. [2] and Carden
and Fanning [3] summarizes vibration-based condition monitoring methodologies
including FEM updating techniques.

There are studies on FEM updating such as Ghanem and Shinozuka [4] and
Beck andKatafygiotis [5] whichmainly establishes theoretical framework. There are
other significant studies which deal only with calibration or validation of FEM using
ambient vibration such as Brownjohn et al. [6], Caetano et al. [7]. Also, studies such
as Boroschek and Yanez [8] validate modeling assumptions by comparing dynamic
properties obtained analytically and experimentally. In addition, these procedures
can also be developed for damage detection by correlating FEM’s with the results of
vibration measurements acquired from damaged or deteriorated structures such as
Teughels and De Roeck [9] and Soyoz and Feng [10].

Following literature focuses on civil engineering related examples which espe-
cially considers realistic models and seismic inputs. Literature summary and the
following sections mainly present studies on

• FEM updating with linear models for seismic performance assessment.
• FEM updating with linear models for damage detection.
• FEM updating using nonlinear models.
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8.2.1 FEM Updating with Linear Models for Seismic
Performance Assessment

Venture and Ding [11] presents FEM updating of a 52 story steel frame tall building
using seismic measurements from Sierra Madre and Northridge earthquakes. They
both compare the modal frequencies and shapes obtained from FEM and identifica-
tion and also time history response of the structure and sensor readings. In the second
phase of the study, they perform nonlinear time history and pushover analyses for
seismic performance assessment of the building.

Skolnik et al. [12] investigated 15-story steel building which suffered damage to
exterior brick veneer during 1994 Northridge event and afterwards was instrumented
with permanent monitoring system by USGS. Authors identified modal properties
based on ambient vibration and low level seismic response and then, they updated
FEM by considering a fictitious stick element which adds flexural rigidity to the
structure. Afterwards, they carried out performance assessment of the updatedmodel
under Northridge earthquake.

Casarin and Modena [13] carried out both non-destructive testing and ambient
vibration survey to determine to physical and global dynamic values ofReggioEmilia
Cathedral. They also calibrated FEM and estimated seismic vulnerability of the
structure.

Ntotsis et al. [14] developed a methodology for FEM updating based on Bayesian
framework and applied it to two existing bridges in Greece for the purpose of con-
dition monitoring. They used ambient vibration and low-level seismic input data
to verify their methodology. Structural parameters to be updated were chosen as
Young’s modulus and moment of inertia of the deck and pier.

Pela et al. [15] investigated the seismic performance of twomasonry arch bridges,
a stone masonry bridge with brick-made vaults and a stone masonry bridge with
concrete made vaults. The structural capacity, which was obtained through pushover
analysis, was compared with the demand of the earthquake ground motion described
by an inelastic response spectrum. In the study, core tests allowed the determination
of stone and mortar characteristics. Additionally, based on ambient vibration test
results, Young’s modulus, unit weight and Poisson’s ratio of masonry materials were
further tuned.

Ramos et al. [16] carried out modal and structural identification of two historical
structures. They presented the relation between the identified frequency and envi-
ronmental conditions such as temperature and humidity. They modeled the structure
in DIANA with solid elements which have the same Young’s modulus values for
different portions of the tower in the initial model but different values after model
updating. A minor earthquake occurred and response of the structure was collected
by permanent monitoring system but no change on the identified modal frequencies
was observed.

De Matteis and Mazzolani [17] presented ambient vibration test results and FEM
of a masonry structure. Based on identified modal values, a refined FEM was devel-
oped. Afterwards, they carried out limit analysis to identify the most vulnerable parts
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of the structure providing an estimation of its actual seismic vulnerability. Finally,
a shaking-table test on a 1/5.5-scale model was carried out both to investigate the
dynamic response of the structure and to validate FEM of the test model.

Soyoz et al. [18] extended their previous study on the identification of stiffness
values of a bridge model and obtained failure probabilities under severe earthquake
inputs. They obtained failure probabilities at different level of damage states and
examined the effects of identification on reliability estimation.

Butt and Omenzetter [19] presented system identification and modeling of a three
storyRCbuildingmonitored for twoyears.Modal identificationwas conducted for 50
earthquake response records considering soil-structure interaction. Afterwards, FEM
of the building was developed to investigate the influence of various structural and
non-structural components such as cladding and partitions, as well as soil underneath
the foundation and around the building, on the building dynamics. FEM was then
calibrated using a sensitivity based technique by tuning the stiffness of structural
concrete, soil and cladding.

Ozer and Soyoz [20] performed a study which presents FEM updating using
linear systems based on error minimization. In the same study, reliability estimation
at each damage level was carried out for non-updated and updated model using
fragility curves. To obtain fragility curves, nonlinear analyses under input motions
with increasing intensities for each damage state were performed.

Karmakar et al. [21] studied seismic vulnerability of Vincent Thomas suspen-
sion bridge. FEM of the bridge was developed and verified by identified modal
values obtained from ambient vibration and a moderate earthquake response data.
In addition, FEM was further validated by simulating the dynamic response of the
Northridge earthquake and comparing with the recorded response. Finally, nonlinear
time history analyses were performed and the ductility demands of critical sections
were presented in terms of fragility curves.

Costa et al. [22] carried out modal updating of three masonry arch bridges based
on the modal parameters obtained from operational modal analysis. The material
properties of the initial FEMwere obtained frommaterial tests and results of previous
similar studies. Even though significant amount of material tests was conducted,
there were still differences between the analytical and identified modal properties.
Therefore, at the final step, each FEMwas tuned by adjusting the material properties
and soil conditions based on the modal values obtained from dynamic tests.

Sevim et al. [23] investigated near and far fault ground motion effects on a
masonry arch bridge in terms of displacement and stress values. Dynamic prop-
erties of the bridge were inferred from ambient vibration test by using Frequency
Domain Decomposition method. Researchers preferred linear FEM of the structure
due to high uncertainties associated with the nonlinear modeling of masonry. FEM
was calibrated according to identified modal parameters by changing only boundary
conditions.
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8.2.2 FEM Updating with Linear Models for Damage
Detection

Yu et al. [24] determine an updated FEM of a reinforced concrete building which
was damaged during 1994 Northridge earthquake. They used frequency response
functions and modal frequencies for FEM updating. The building was excited using
a linear inertial shaker located at the roof. Flexural stiffness values of structural
members, modal damping ratios, and translational and rotational mass values were
chosen as the updating parameters. They validated the updated FEM by compar-
ing the predicted and measured dynamic responses under sine-sweep vibration test.
These results indicate that the updated model replicates the dynamic behaviour of the
building reasonably well. Furthermore, the updated stiffness factors correlate well
with the observed building damage patterns.

Gentile and Saisi [25] identified modal values of a masonry bell tower with the
presence of major cracks. They carried out ambient vibration test on a 74 m high
masonry tower and assigned different material properties for damaged and undam-
aged zones. Calibration of FEM was achieved by changing the material properties
of the tower and they show that material properties of damaged zones after FEM
updating process are significantly lower than other parts of the tower as expected.

Soyoz and Feng [26] developed an extended Kalman filtering (EKF) method and
applied it to instantaneously identify elemental stiffness values of a structure during
damaging seismic events based on vibrationmeasurement. Identification of the struc-
tural elemental stiffness enables location as well as quantification of structural dam-
age. The elemental stiffness values of the structure were instantaneously identified
in real time during the damaging earthquake excitations using the EKF method. The
identified stiffness degradations and their locations agreed well with the structural
damage observed by visual inspection and strain measurements. More importantly,
the seismic response accelerations analytically simulated using the instantaneous
stiffness values thus identified agreed well with the measured accelerations, demon-
strating the accuracy of the identified stiffness.

Weng et al. [27] presented a methodology for FEM updating of structural param-
eters including connection rigidities using non-linear least-square technique. The
proposed method was verified through a shaking table test of a 1/4-scale six-story
steel frame structure by loosening the connection bolts for damage simulations and
a two-story RC frame subject to different levels of ground excitations back to back.

Moaveni et al. [28] tested a full-scale seven-story reinforced concrete building
section on the UCSD-NEES shake table such that the building experienced progres-
sive damage. Ambient vibration tests and low-amplitude white noise base excitations
were applied to the building at each level of damage to identify modal parameters of
the building.Afterwards, sensitivity-based FEMupdating strategywas used to detect,
localize and quantify damage. Damage in the building was identified based on the
change in Young’s modulus. Identified damage correlated well with the observed
damage at the bottom two stories of the building. It was noted that the assumption
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of linear systems used for identification purposes was progressively violated with
increasing level of excitation.

Ji et al. [29] presented full-scale shaking table test study which considers realistic
seismic damage on a model of a high-rise steel building. Damage to concrete slabs,
beam-column connections, and nonstructural walls were generated by three levels of
ground motion. Dynamic properties of the model were obtained using white noise
response and change in these properties before and after damage were estimated.
A numerical study was also conducted to validate the vibration-based identification
studies.

Binda et al. [30] identified the modal values of Spanish Fortress after L’Aquila
Earthquake using ambient vibration data and indicated that the structure had the
unitary vibration mode in spite of high level of damage probably due to provisional
emergency steel cables.

Cimellaro et al. [31] identifiedmodal values of a tower and a damaged palace after
L’Aquila Earthquake using different output identification methods such as frequency
domain decomposition, random decrement, eigensystem realization algorithm. They
also updated FEM by changing material properties.

Moaveni et al. [32] identified progressive damage, using an equivalent linear
finite-element model updating strategy, on a two-thirds-scale, 3-story, 2-bay, infilled
RC frame was tested on the UCSD-NEES shake table. The building experienced
progressive damage and ambient vibration tests and low-amplitude white noise base
excitations were applied to the building at each level of damage to identify modal
parameters of the building. A sensitivity-based FEMupdating strategywas employed
to detect, locate, and quantify damage (as a loss of effective local stiffness) based
on the changes in the identified effective modal parameters. The results indicated
that proposed method could reliably identify the location and severity of damage
observed in the tests.

Belleri et al. [33] investigated the damage assessment of a three-story half-scale
precast concrete building tested on the UCSD–NEES shake table. Modal parameters
of the structure at different damage states have been identified from white-noise
and earthquake response with the assumption that the structure was in linear range.
The changes in the identified modal parameters were correlated with the observed
damage.

Bassoli et al. [34] presented FEM updating procedure for a masonry tower that
suffered seismic damage. Mechanical properties of the tower in its current damaged
state were investigated. Different material properties have been assigned correspond-
ing to the regions where damaged masonry existed.

Ubertini et al. [35] presented the change in identified modal frequencies of a
historical bell tower located in Italy due to 2016 Central Italy earthquakes. They
predicted and compared the nonlinear response of the structure using a calibrated
FEM and observed that decrease in identified modal frequencies agreed well with
the ones obtained from non-linear FEM.
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8.2.3 FEM Updating with Non-linear Models

Asgarieh et al. [36] proposed a methodology to update hysteretic behavior of struc-
tural elements by minimizing an error function which was defined as the difference
between experimentally identified time-varyingmodal parameters and those obtained
from FEM at selected time instances. The proposed methodology was applied on a
three-story RC frame with masonry infill tested on a shaking table with increasing
intensities of input motions. Asgarieh et al. [37] applied the same methodology to a
different testmodel, a seven story shearwall building. In addition to proposedmethod,
they applied unscented Kalman filter approach and validated that both approach pre-
dicted the nonlinear behavior satisfactorily.

Chatzis et al. [38] developed a methodology to transform time domain identifi-
cation results into physical parameters and compared them with the ones obtained
from Unscented Kalman Filter. They also verified their method on the small-scale
shaking table model where input was different earthquake motions and damage was
simulated by removing structural elements.

8.3 Methods

FEM updating can be performed based on pre and post event measurements and a
linear system or seismic measurement and a non-linear system. In this chapter, only
FEM updating methods using linear methods are covered.

The first method is based on error minimization and second method is sensitivity-
based updating. These two methods are principally the same; mainly, the first one
searches the minimum error for a given set of parameters whereas the second
approach updates the search domain itself. The first method is more robust and
more applicable to real-world structures if the boundaries of the parameters to be
changed for FEM updating purposes are estimated confidently.

Although FEM updating has the potential of improving knowledge in structural
parameters, problems which may be encountered during updating process should
be tackled with care. For instance, local minima, difficulties in mode matching,
low sensitivity of global modes to local structural features and high uncertainty on
identified parameters are some of the possible problems in FEM updating.

8.3.1 Error Minimization-Based FEM Updating

In this method, an error function as given in Eq. (8.1), compares similarity between
modal frequencies and mode shapes obtained from identification and FEM.
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α is stiffness correction coefficient,
i is mode number,
ki is the weighting coefficient for ith is modal frequency,
hi is the weighing coefficient for ith modal assurance criteria,
f *i is the measured modal frequency of ith mode,
f i is the simulated modal frequency of ith mode,
MACi is the modal assurance criteria for ith mode shape.

Weighing coefficients can be determined by considering contribution (e.g. mass
participation ratio) of different modes to dynamic behavior of the structure. For
the purpose of FEM updating, a Matlab code, which automatically creates FEM by
changing the values of the chosen structural parameters within pre-determined limits,
can be utilized. This code will obtain the modal parameters of different non-updated
models and obtain the error based on Eq. (8.1), and the FEM resulting in minimum
error will be chosen as the updated model.

8.3.2 Sensitivity-Based FEM Updating

Sensitivity-basedmethods update structural parameters byminimizing an error func-
tion expressing the difference between FEM predicted and experimentally identified
dynamic properties such as natural frequencies and mode shapes. Optimum solu-
tions of the problem are reached through sensitivity-based constrained optimization
algorithms. Main steps of this method are given in Eqs. (8.2–8.6).
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δz � Sδθ (8.4)

δz � zI D − zFEM (8.5)

δθ � θa − θ (8.6)

where

S is the sensitivity matrix
δθ is the perturbation in structural parameters
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δz is the error in the measured output
θa is the actual structural parameters that reproduce zID.

Sensitivity matrix is the first derivative of the eigenvalues and mode shapes with
respect to the parameters evaluated at the current parameter estimate. Calculation of
sensitivity matrix can be formulated as follows:

[
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Premultiplying Eq. (8.7) with θT
j , we obtain
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Equations (8.8) and (8.9) give derivatives of frequency and mode shape with
respect to structural parameters.

The ultimate objective in sensitivity based FEMupdating is tominimize J � εT ε.

ε � δz − Sδθ (8.10)

⇒ J � (δz − Sδθ)T (δz − Sδθ) (8.11)

� δzT δz − 2δθT ST δz + δθT ST Sδθ (8.12)

∂ J

∂δθ
� 0 gives δθ � [

ST S
]−1

ST δz (8.13)

θ j+1 � θ j + δθ (8.14)

8.4 Case Studies

In this section, two case studies are presented. The first one is related with a tall
building for which modal identification, FEM updating and seismic analysis under
predicted earthquake motions are discussed. In the second case study, similar frame-
work is presented for a stone arch bridge.

For these two examples, FEM updating is performed based on ambient vibration
measurements. The motivation of such a study is to estimate seismic performance of
structures based on updated FEM.
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Fig. 8.1 Sensor layout and FEM of the building

Table 8.1 Identified and analytical frequencies

Mode Identification (Hz) Updated FEM (Hz) Non-updated FEM (Hz)

1 0.59 0.59 0.50

2 2.15 2.03 1.77

3 3.18 3.18 2.62

8.4.1 Case1-Tall Building

Kaynardag and Soyoz [39] demonstrated the importance of FEM updating based on
system identification on the seismic performance of a tall building. For this purpose,
a twenty-six story, core-wall tall building in Istanbul was instrumented with thirteen
accelerometers (Fig. 8.1).Modal values were identified using EFDD algorithm. FEM
of the building was updated based on the identified modal shapes and frequencies by
changing structural parameters such as Young’s modulus of the building, soil spring
values and interaction with the adjacent buildings. Table 8.1 and Fig. 8.2 compare
the results obtained from identification and updated and non-updated FEMs.
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Fig. 8.2 Identified and analytical mode shapes

Table 8.2 Change in structural parameters

Model definition Fundamental frequency (Hz)

Initial model 0.50

Initial model + Interaction with adjacent building 0.56

Updated FEM 0.59

FEM of the building was created in SAP2000 software platform based on the
design drawings and site investigations. The shear walls, columns and beams were
modeled as beam elements and the slabs were explicitly modeled.

Decoupling of modes in linear analyses demonstrate that the first three modes
produce significant portion of seismic demand on the structure. Therefore, only the
first three modes are considered in the updating process and weighing coefficients
are determined as 0.60, 0.25 and 0.15 respectively.

Table 8.2 presents the change in fundamental frequency of the building due to
calibration of the model. Here, the important point is that before starting updating
process a very detailed FEM was established. For example, interaction with adja-
cent structures were taken into account which was not a common practice both in
engineering and research; however, it shows that it has a significant effect on fun-
damental frequency and exclusion of such an effect would lead to wrong updating
results. After completion of FEM updating, Young’s modulus, horizontal spring and
vertical spring values were changed to 1.15, 3 and 5 times of their initial values
respectively.

Afterwards,NLTHanalyseswere performedwith the updated and the non-updated
FEM to observe the influence of the identified modal frequencies and shapes. In
order to observe the performance of the building in a possible earthquake caused
by the North Anatolian Fault, probability density functions in terms of inter-story
drift ratios were established (Fig. 8.3). And by setting a threshold value failure
probabilities for the updated and non-updated models were obtained. This kind of
probabilistic assessment of seismic performance of tall building with the integration
of vibration-based identified modal values comprises a unique approach. In addition,
the investigation of the results of this study reveals the importance of the detailed
modeling and selecting an appropriate viscous damping ratio for tall buildings.
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Fig. 8.3 Drift ratios for updated and non-updated models

8.4.2 Case 2-Stone Arch Bridge

Aytulun et al. [40] presented system identification and seismic performance assess-
ment of a masonry arch bridge located on the railway route which is on the northeast-
ern part of Turkey (Fig. 8.4). 41 masonry arch bridges were registered as historical
and needed to be preserved on the route. On the other hand, the railway line passes
through North Anatolian Fault, resulting in high seismic demand on bridges. There-
fore, seismic assessment of the bridges was carried out by finite element analysis;
however, masonry structures such as stone arch bridges have significant uncertainties
in terms of material properties, boundary conditions and modeling assumptions. As
a result, it becomes almost unavoidable to perform dynamic identification tests to
validate FEM.

Modal properties of twelve bridges such as modal frequencies, mode shapes and
modal damping ratios were identified through vibration measurements collected
under ambient conditions, impact loading and train passage. Figure 8.5 shows one
representative bridge and its sensor layout. Based on identified modal parameters,
FEM of the bridges were updated to obtain actual values of Young’s modulus of
masonry and soil. FEM updating procedure was performed by minimizing the dif-
ference between experimental and analytical modal properties.

In the process of FEM updating procedure, initial FEM of the bridge was estab-
lished using ANSYS software. Studies in literature verified that changes in frictional
coefficient did not affectmodal parameters of the stone arch bridge. Therefore, modal
calibration was conducted by changing only Young’s modulus of masonry and soil.
Table 8.3 presents identified, non-updated, and updated modal frequencies of the
bridge. Elasticity modulus of masonry was changed from 7.80 to 14.05 GPa and
Elasticity modulus of soil was changed from 20 to 30 GPa (soil formation was iden-
tified as rock formation in soil investigation reports)

Afterwards, seismic performance assessment of a representative bridge was car-
ried out using ANSYS software. In the analyses, macro modeling approach was
followed to develop homogenized behavior of stone and mortar. Seismic perfor-
mance of the bridge was obtained by nonlinear time history analyses. It was also
observed that tensile strength capacity was reached on spandrel walls which may
result in a probable local failure (Fig. 8.6).
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Fig. 8.4 Bridges on the railway

Fig. 8.5 Sensor layout on the bridge
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Table 8.3 Identified and analytical frequencies

Mode Identification (Hz) Updated FEM (Hz) Non-updated FEM (Hz)

1. Trans 8.31 7.17 5.37

2. Trans 10.84 10.83 8.11

3. Trans 13.18 15.65 11.72

1. Vert 20.02 22.90 17.15

2. Vert 24.32 25.05 18.77

Fig. 8.6 Stress distribution (Pa) in longitudinal direction

8.5 Conclusions

In this chapter, summary of FEMupdating of civil structures under seismic excitation
is given. FEM updating can be used both for damage detection or validation of
intact model to performmore reliable seismic performance assessment. It was shown
that estimated reliability of structures for updated and non-updated cases would be
different.

FEM updating is performed mainly by minimizing the difference between the
identified modal frequencies and shapes and the corresponding ones obtained from
FEM. The minimization is achieved by changing structural parameters in the model.
The main difference between civil engineering and other engineering field in terms
of FEM updating is that civil structures have significantly more degrees-of-freedom
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and relation with soil medium which imposes an important boundary condition;
therefore, FEM updating methodologies should be chosen properly.

Along this line, detailed localization and detection of damage can be achieved only
for some types of structures such as reinforced concrete highway bridges which have
less number of degrees-of-freedom. On the other hand, FEM updating of structures
such as tall buildings may only deal with the validation of FEM in terms of modal
values. Even this level of validation will lead to obtaining a more representative FEM
and therefore more reliable seismic performance assessment would be possible.
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