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Damage in structures is reflected in permanent changes of their natural frequencies and theoretically can be derived through
measurements. Still, measurement-derived frequencies of structures usually reflect a superimposition of various effects, fluctuations
due to environmental and loading conditions, noise, and possible permanent changes (damage or repair). The amplitude of the
latter is usually of the same order of magnitude with the other effects; hence permanent shifts are masked by noise and cannot be
identified, especially in long monitoring records. In order to overcome this problem, essential for the assessment of the structural
health of various key structures, we adopt a statistical approach developed for the identification of shifts (inhomogeneities) in
normally distributed climatological data, in particular the SNHT test. The efficiency of the SNHT was first tested on synthetic data
and then on sets of estimates of dominant frequencies of a decaying pedestrian bridge. It was found that under certain conditions
the SNHT can identify the location of shifts in dominant frequencies of structures; the amplitude of the shifts can then be easily
computed. Since the efficiency of the test increases with the length of the time series, this test seems especially suitable for the
analysis of long monitoring records.

1. Introduction

Structural damage in engineering structures is reflected
in changes of their dominant frequencies, and there exist
various techniques to infer damage from the analysis of mea-
surements of the behaviour of the structures under various
excitations and ambient conditions, usually accelerometer
measurements [1–5]. However, in rare cases only observed
changes in dominant frequencies are large (Figure 1(a)) and
consistent with other compelling evidence (deterioration
of the structure deduced from a visual inspection, highly
reduced stiffness testified by increased deflections, correla-
tion with a potentially destructive event, an earthquake, fire,
etc.). In the majority of cases observed changes in dominant
frequencies of structures are usually small (see Figure 1(b))
and of the same order of magnitude with transient changes,
which may range up to 3–5% of the frequency value [3, 6, 7].

In particular,measurement-based determination of dom-
inant frequencies of structures may reflect a combination

of several effects, including (1) measurement and compu-
tation bias, usually noise which lowers the accuracy of
measurement-based results and calls for additional data-
filtering [8, 9], (2) transient changes of the natural frequencies
due to transient loading [3, 6, 7] or environmental effects
(rain, snow, etc.), occasionally effects with seasonal persis-
tence, for example, icing of bridge-supporting cables, see
[10, 11], (3) excitation of different, neighbouring modes, and
(4) permanent changes (shifts) of the natural frequencies due
to damage and gradual deterioration (or even repairs) of the
structures [1, 3, 5, 6, 12, 13]. For this reason, estimates of
natural frequencies even before and after a certain potential
damaging event (for instance an earthquake) tend to corre-
spond to noisy data sets, that is, sets of fluctuating values, not
giving clear evidence of a frequency shift.

In order to overcome this problem, a stochastic approach
has been proposed in order to recognize whether two sets
of data of measured frequency changes, before and after a
critical event, indicate a real shift of frequencies and evidence
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Figure 1: Examples of sudden and gradual drop of natural frequen-
cies due to structural deterioration. (a) Natural frequencies of a
concrete highway bridge derived from accelerometer measurements
(modified after [3]) and (b) the extraordinary changes in the natural
frequencies of the lateral axis of a timber pedestrian bridge derived
from Robotic Total Station measurements (Stiros and Moschas, in
review).

of damage (Moschas and Stiros, in review). This approach,
based on a strict cross-correlation analysis, is especially
suitable for cases of comparison of noisy spectral peaks
corresponding to two different surveys and reflecting noise-
contaminated data, mostly spectral leakage. However, this
approach does not cover multi-epoch data, cases of a gradual
decay (see Figure 1(b)), and so forth.

Another major problem is that permanent or periodic
monitoring systems are currently available in several impor-
tant structures (for instance, see [7]), leading to a large

volume of data, includingmeasurement-based estimations of
dominant frequencies of the structure as a function of time.
The time series of measurement-derived modal frequencies
are likely to reflect a combination of some or of all the effects
stated above; they are noisy and long, and even if there is some
indication of drop of dominant frequencies, the available
techniques do not permit to identify whether and where a
shift can be documented and use this result for the evaluation
of the structural health of the monitored structures. This
makes it necessary to introducemore sophisticated stochastic
approaches for the analysis of multi-epoch data.

This situation is somewhat similar to a problem that has
been faced in the past in the analysis of climatological data,
like sea level, rainfall, or temperature records. The latter are
usually affected by unrecorded changes in the measuring
procedure, in the sensors or their caging, and of the envi-
ronment around the measuring stations, leading to shifts
of the segments of the time series after the unrecorded
change(s) and biased estimations of the climatic signature of
the station records. The need to detect such undocumented
changes (inhomogeneities, mostly shifts) in the available
records led to the development of various inhomogeneity
tests (shift detectors) based on different types of method-
ologies like linear regression analysis [14] or decomposition
in orthogonal functions [15] among which is the Standard
Normal Homogeneity Test (SNHT; see [16]).This test (and its
variations) remains the simplest and one of the most popular
tests for the detection of inhomogeneities in climatological
data sets.

The use of the SNHT test is usually confined to clima-
tological studies and has not been adopted in other fields
of science and engineering. In this paper we use this test
to detect small changes (statistically significant, permanent
shifts) of frequencies of structures derived from multisurvey
field measurements.This test is first applied on synthetic data
describing hypothetical frequency measurements and shifts,
and then it is used to analyze multi-epoch measurements of
the dominant frequency of a timber bridge in Patras, Greece.

Application of this test is successful if the examined time
series are dominated by white noise [17]. Clearly, no data to
confirm such hypothesis exist for natural frequency estimates
but for the present preliminary approach it can be assumed
that the combination of the four effects mentioned above
tends to satisfy this condition.

2. Methodology

2.1. Overview. In our study we use the SNHT on data-series
ofmeasurement-based estimates of the dominant frequencies
of a certain bridge, in order to detect possible shifts in its 1st
(fundamental) natural frequency. We assume that measured
peaks express the same modal frequency (or the same set or
nearby modal frequencies) and that the two sets differ a little
from each other and such differences indicate noise, transient
effects, and in some cases small permanent changes to be
identified. These data can in a first approach be considered
to be dominated by white noise.

We focus on estimates of dominant frequencies in spectra
derived from accelerometer recordings, but this method is



Mathematical Problems in Engineering 3

efficient for other types of measurements, such as frequencies
derived from geodetic measurements of displacement, and
so forth. Spectra are usually computed on the basis of FFT,
but in our study we also use spectra based on the Least
Squares Method [18] and the Normperiod Code [19]. A main
advantage of this method is that it permits to estimate the
level of statistical significance of the computed peaks and
focus on the statistically significant peaks.

Then we apply the SNHT and try to identify at which
point and at which level of significance a shift in frequencies
can be documented. If the test is positive, the mean fre-
quencies before and after the inhomogeneity are computed.
The difference of the two values is a reliable estimate of the
frequency change. Simple stochastic techniques permit to
compute the variance of this estimate.

The SNHT is usually used for time series (e.g., monthly
estimates of dominant frequencies), but under certain cir-
cumstances it can be used for sets of measurements cor-
responding to discrete epochs (surveys), each with several
measurements (elements). In this last case, an equal num-
ber of frequency measurements should preferably be used
for each survey. Additional limitations are imposed by the
SNHT (see below). The overall process is summarized in the
flowchart of Figure 2. Changes in the natural frequency of the
studied bridge, due to gradual deterioration, were assumed to
resemble abrupt shifts (inhomogeneities) between data sets
from surveys carried out once per year. For this reason the
simple SNHT, which is suitable for identifying a single shift in
time series, was used for testing time series before and after a
possible shift. As gradual deterioration of a structure may be
expressed by multiple shifts of the natural frequency or by a
gradual fall of the natural frequency during a certain period,
different versions of the SNHT which permit to identify
multiple shifts or changing trends [20] in the data set could
be also used.

2.2. The Standard Normal Homogeneity Test (SNHT). The
Standard Normal Homogeneity Test was introduced by
Alexandersson [16] in order to identify inhomogeneities in
time series of rainfall and temperature measurements, char-
acterized by white noise. Inhomogeneities are defined as
shifts in the mean value of the data before and after the inho-
mogeneity (shift). The same test and its variations are widely
used in climatology [21].

The function of the test is to split a “suspect” time series
in two segments and examine whether these two segments
have different means. The process is repetitive, with the split
point moving and covering all points of time series. For a
point ] dividing a time series in two segments, a certain
test variable 𝑇] is calculated for each pair of segments. A
statistically significant inhomogeneity is identified if the value
of 𝑇] corresponds to a peak exceeding a certain threshold
value.

The main computational steps are the following.

(a) We examine a “suspect” time series 𝑞
𝑖
with length

equal to 𝑛 (𝑖 = 1, 2, 3, . . . 𝑛) with a possible shift at

Select frequency interval and significant
frequency peaks

From frequency data-series with equal
number of elements for each epoch

Apply SNHT

Detect possible inhomogeneities

Compute offset between epochs and
statistical level

Figure 2: Flowchart summarizing the proposed methodology for
detecting frequency shifts in spectra from structural vibration data
sets using the SNHT.

point ], 0 ≤ ] ≤ 𝑛 and we form a new normalized
time series 𝑧

𝑖
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(c) Hypotheses 𝐻0 and 𝐻
1
are tested on the basis of a

variable 𝑇] defined by
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2

1
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with (𝑧
1
) and (𝑧

2
) indicating the mean values of 𝑧

before and after a point ]. This process is repeated for
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the various values of ], 0 < ] < 𝑛, and each time a
variable 𝑇] is calculated. From the set of the various
values of𝑇], the time series of𝑇] and the value defined
by (4) is computed as follows:

𝑇
0
= max {𝑇]} . (4)

If 𝑇
0
is larger than a critical value, an inhomogeneity at (or

close to) point ] is documented.This critical value depends on
the length of the compared time series and the chosen level of
statistical significance and defines the statistical significance
level of 𝑇]. Details are given by Alexandersson and Moberg
[20] and Sahin and Cigizoglu [21].

Practically, the estimation of a shift is reliable for relatively
long time series (with >5 elements) and for shifts somewhat
distant from the first and last point of the time series [16].
Calculations are made with codes freely available by various
investigators. In this study we used the code presented by
Steirou [17].

2.3. Amplitude of the Shifts. If a statistically significant shift is
documented in the examined time series, the latter is split in
two segments; amean value is computed for each of them, and
from their difference the amplitude of the shift is estimated.
Its variance (or typical error) can be also easily computed.

3. Detection of Shifts in Natural
Frequencies Using the SNHT: Assessment
Using Synthetic Data

In order to test the limits of application of the SNHT in
spectral data, we first applied the SNHT on synthetic data
series simulating measurements of a modal frequency, in an
accuracy-oriented test. At first we assume “initial,” idealized
time series presenting frequency estimates with no shifts or
noise present. Then, in some of them, shifts were produced.
Finally, white noise was added in these data series “dithering”.
This noise accounts for measurement errors, for multiple
nearby modal frequencies, and for the apparent/transient
shifts (see Section 1).

Similar evaluation tests have been carried out for syn-
thetic climatological data characterized as white noise but
also for more complex synthetic climatological data (mostly
generated by an AR(1) model). Results are encouraging for
the case of white noise or data with short-term memory but
false-alarm problems are still faced in the case of data with
long-term persistence [17].

The synthetic data-series used in the present study
included frequency shifts from an initial, idealized natural
frequency of 1Hz with values equal to 0.00, 0.02, 0.04,
and 0.08Hz. The selection of the particular frequency does
not limit the generality because SNHT analyses normalized
data (1). White noise added to the data had a standard
deviation 𝜎 = 0.04, 0.06, and 0.08Hz. The selected standard
deviations correspond to a 4%, 6%, and 8%deviation from the
initial natural frequency of 1Hz. These values are compatible
with the values of transient changes in natural frequencies
of structures reported by various investigators [3, 6, 7]. The

results from the application of the SNHT to the synthetic data
are summarized in Figures 3–5.

From these figures, three main results were obtained.
First, shifts larger than the noise level (𝜎) can be clearly

identified by a peak in the 𝑇] value. Still, shifts statistically
nonsignificant can be detected if their level is approximately
2/3 of the noise level (data set 2, step 0.04Hz in Figure 4).

Second, the location of the detected shift was close to the
real location within a distance of maximum 3-4 point from
the shift point (see dashed band in Figure 3) while on some
cases the point of the shift, as identified by the SNHT, was on
the same location with the real shift (see Figure 4).

Third, for the selected levels of data and uncertainties no
false alarms (false identifications of frequency shifts) were
detected.

These results encourage the application of SNHT in
Structural Health Monitoring.

4. Case Study: Detection of Natural Frequency
Shifts of a Timber Pedestrian Bridge

4.1. The Studied Bridge: Bearing System and Vibration Mea-
surements. The tested timber footbridge is shown in Figure 6.
It crosses the Kanellopoulos Avenue, at the northern entrance
of Patras, Greece, and was constructed in 2000. The foot-
bridge, with a maximum length of 29.5 and a central opening
of 26.5m, consists of timber members and certain steel
elements, all connected with metal bolts. The bridge deck
is supported by two timber arches and two timber pylons
(see Figure 6). Hence in side view the bridge can be regarded
as a continuous beam based on two joint columns and
with intermediate support provided by the timber arches.
Overall, the structure is very stiff in the vertical axis. On the
other hand, due to misconstruction or omission of certain
crucial elements necessary to offer stiffness, the bridge is
flexible in the lateral axis. Since its construction, significant
loosening of the connections between the bridge members
occurred and can be observed, while several steel members
offering stiffness are permanently deformed. Furthermore,
the bridge presents large lateral deflections of its deck which
create a feeling of insecurity to the crossing pedestrians who
have almost abandoned the bridge mainly after 2008. These
changes are reflected in a dramatic, extraordinary shifting
of its main lateral frequency deduced from analysis of mea-
surements using a Robotic Total Station (RTS, or Robotic
Theodolite, Figure 1(b)). For this reason it is usually avoided
by pedestrians.

Concerning the vertical sense, the bridge is somewhat
stiff, although there is a clear feeling to pedestrians of an
episodic deterioration in 2008 and of a subsequent gradual
deterioration.

Seven annual surveys aiming to measure the bridge
response and evaluate the variations of its structural health
with time were carried out between 2007 and 2013. The
methodology adopted in all annual surveys was to excite
variousmodes of the bridge deck using different types of exci-
tation by a group of pedestrians (heel drops, walk, coordinate
walk, running, coordinated stationary jumps, and jumps on
the two sides of the deck-torsional excitation); see [8, 22–24].
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Figure 6: Structural concept (a) and side view (b) of the Kanellopoulos timber bridge in Patras, Greece.The bridge is relatively stiff along the
vertical but flexible along the lateral axis, especially after episodic and gradual damage.

The bridge response was measured by several instruments
including accelerometers, GPS, and Robotic Total Stations,
occasionally by video recorders and a microwave interferom-
eter (MA 200 Tellurometer).

This study is focused on measurements of the vertical
response of the bridge using accelerometer records from the
surveys of November 2007, May 2009, May 2010, May 2012,
and April 2013. All surveys were carried out under nearly
comparable loading and environmental conditions with the
exception of 2012when a larger number of pedestrians partic-
ipated in the bridge excitation. Hence in this survey a higher
dead load is expected to have led to slightly lower modal
frequencies (see [6]).

During all surveys a set of Geo-Sig AC-23 accelera-
tion sensor connected to a Geo-Sig GSR-24 recorder with
GPS timing was used. In all surveys the accelerometer was

stiffly connected to the bridge handrail with the exception of
May 2009 when the sensor was connected to the floor of the
bridge deck. In all surveys the accelerometers were installed
at the mid-span of the bridge deck (see Figure 6).

4.2. Spectral Analysis: Identification of the Bridge Natural
Frequencies. Spectra of displacements during the excitation
events of each survey were computed using the Normperiod
code (details on theNormperiod code are given in Section 2).
Spectra corresponding to the lateral accelerations are pre-
sented in Figure 7 where spectra from different events are
marked with a different color. A different number of events,
ranging from 9 to 28 events, were obtained during each
survey. From the results it is obvious that the main frequency
peaks during 2007 were concentrated around 2.6Hz while
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Figure 7: Spectra of the vertical response acceleration of the Kanel-
lopoulos bridge during five annual surveys. Results were obtained
after spectral analysis of the accelerometer recordings from different
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events are marked with different colors. A dramatic shift of the
dominating frequency peaks from 2.6 to 1Hz can be identified
between 2007 and 2009, followed by a gradual drop from 2009 to
2013. This shift is real and led to the abandonment of the bridge.

after 2009 the dominating frequency peaks are found around
1Hz and 2.0Hz and since 2010 at around 1Hz. Observed
peaks are statistically significant. The overall tendency of
shifting frequencies is common in all instruments used and
consistent with the feelings of pedestrians, avoiding this
bridge in the last years. Similar results were obtained when
spectral analysis was carried out using FFT (see Figure 8).

Two significant effects can be identified from the spectra
of Figures 7 and 8.

(a) A rapid fall of the first natural frequency in the lateral
axis from 2.6 to 1Hz between 2007 and 2009.

(b) A gradual lowering of the first natural frequency in
the lateral axis during the years 2009–2013.

The first effect indicates a major lowering of the stiffness of
the bridge in the lateral axis that can only be attributed to
loosening of the metal connections due to a rapid icing
effect during the winter 2008, an extraordinary, regionally
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Figure 8:The same as Figure 7 but using FFT. Again different vibra-
tion events are marked with different colors.

catastrophic event. Another possibility is that the fall of the
natural frequency is a measurement artifact, that the natural
frequency close to 1Hz was not excited during the first survey
and the natural frequency close to 2.6Hz was not excited
during the last surveys (selective excitation). This is not,
however, a likely explanation, for two reasons. First, because
all surveys included different types of excitation, very similar
in all surveys, and second, because a gradual loss of stiffness
is observed in the vertical axis as well (seeMoschas and Stiros
(in review)), indicative of damage, obvious to pedestrians.

The shifting of the first natural frequency close to 1Hz
from 2009 to 2013 can be attributed to the gradual deteriora-
tion of the bridge bearing system, including the loosening of
steel connections, permanent deformation of steel stiffening
members, and decay of the timbermembers of the bridge that
have been documented through the years.

From the spectra of Figure 7, the peaks above the 95%
level of statistical significance were isolated and plotted in
Figure 9(a). From this figure a concentration of peaks around
two main frequencies, one slightly lower and one slightly
higher than 1Hz, can be identified. This distribution is
identified after 2009 and may indicate two closely spaced
natural frequencies.
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Figure 9: (a) All significant frequency peaks in the area between 0 and 3Hz identified during the 5 annual surveys. A break is induced in
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The data set corresponding to the 2012 survey presents
a pattern slightly different than that of the other years,
with a larger separation between the two identified natural
frequencies. Furthermore, the lower natural frequency lies at
approximately 0.85Hz and seems to increase towards 0.93Hz
in 2013. This difference can probably be attributed to the dif-
ferent loading conditions with a larger number of pedestrians
(dead weight) during the 2012 survey. As discussed above
results from the years 2010–2013 surveys contain two groups
of significant frequency peaks: one lying slightly below and
one slightly above 1Hz, probably indicating the existence of
two natural frequencies. Since the present study is focused on
detecting changes in the first natural frequency of the bridge
deck only the peaks below 1Hz were taken into consideration
as they correspond to the lower, hence fundamental, natural
frequency. The results from the 2009 survey along with the
peaks below 1Hz from the 2010, 2012, and 2013 surveys are
plotted in Figure 9(b).

4.3. Application of the SNHT on Natural Frequency Data
from Different Annual Surveys. The frequencies appearing in
Figure 9(b) were used during the application of the SNHT for
the detection of frequency shifts between the annual surveys.

The test was applied on the following data sets:

(a) on a data set covering years 2009–2013 (data of
Figure 9(b)); the data of 2007 were ignored because
the shift between 2007 and 2009 is obvious,

(b) on pairs of two yearly data sets from different years.

Application of the SNHT to the data set of years 2009–
2013 (Figure 9(b)) led to the diagram of Figure 10. The test
identified the dominant frequency drop between 2009 and
2010, very close to the real boundary of the two surveys.

At a next step the SNHT was applied for combinations
of data sets from different surveys (2007–2009, 2009-2010,
2010–2012, 2010–2013 and 2009–2013). For combinations of
data sets covering more than two years (for example 2010–
2013) the comparisonwasmade only between the first and the
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Figure 10: Results from application of the SNHT on the frequency
estimates from the surveys covering the years 2009 to 2013. A clear
frequency shift is detected between 2009 and 2010. A horizontal,
dashed line in the bottom diagram indicates the 95% statistical
significance level for the test, while vertical lines indicate the limits
of the data sets corresponding to different annual surveys. A gray-
shaded area marks the distance between the point of the real shift
and the point of the shift identified by the SNHT.

last survey ignoring intermediate surveys. No test between
2012 and 2013 was made for the reasons explained above.

The test was made this time not for the original available
yearly data sets, of variable length (Figures 9 and 10), but for
modified data sets of equal length produced by padding of
each set (i.e., repeat of the original data) so that both sets
in each pair contain 18 points. A main reason is that certain
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Figure 11: SNHT results for pairs of modified data sets from the annual surveys of the Kanellopoulos bridge. Top diagrams: time series
of frequency peaks. Bottom diagrams: graph of the 𝑇] function, with peaks indicating the location of possible shifts. A horizontal dashed
line indicates the 95% level of statistical significance. The gray area in the diagram corresponding to the 2009-2010 test denotes the distance
between the point of the shift identified by the SNHT and the point of the real shift.

surveys contain few data, while the test can identify shifts at
some distance from the first and last point of the time series
(see Section 2.2).

The results are shown in Figure 11. A frequency shift
was identified at the boundary of the two surveys with the
exception of the test between the 2009 and 2010 data sets.

5. Discussion

A large amount of monitoring data, spanning long period of
time, can be collected from various bridges or other struc-
tures and can be exploited in order to estimate their dominant
frequencies as a function of time. Frequency estimates are not
idealized equal numbers, but fluctuating stochastic variables
expressing measurement and computation errors, transient
changes [6, 7, 9, 25] and damage-associated permanent
changes [4, 26], as analysed in the Introduction. The ampli-
tude of the permanent changes is usually of the order of the
amplitude of the noise and of the transient changes usually up
to a 3–5%value [3, 6, 7] and only in extraordinary cases can be
much larger (Figure 1(b)). For this reason, damage-associated
changes in the dominant frequencies cannot be readily
identified from the available time series of measurement-
derived dominant frequencies, that is, from long, apparently
noisy data sets.

In order to solve this problem, we adopt a statistical
approach developed for the identification of shifts in climato-
logical, mostly temperature time series, especially the SNHT
test. Various other tests, based on different types of method-
ologies, have been proposed in the past for the identification
of inhomogeneities in data sets [14, 15]. The SNHT is one
of the simplest and most popular tests used for this task in
the field of climatology. Other more complicated tests for
identification of shifts in natural frequencies and structural
damage have been proposed in the field of Structural Health
Monitoring [4, 13, 25]. The SNHT was applied in sets of
observations of dominant frequencies which were assumed

to be dominated by white noise and suspect for a single small
permanent shift.

At a first step the SNHT was applied on synthetic data
simulating data sets with frequency shifts and added white
noise with varying amplitude. The result of this assessment
indicated that shifts with amplitude larger or equal to the
standard deviation of the frequency estimates can be accu-
rately detected by the SNHT, without false alarms, that is,
identification of nonexisting shifts (see Figures 3–5).

At a next step the SNHTwas applied on natural frequency
data sets obtained from yearly repeated vibration measure-
ments of a timber bridge in Patras Greece. A time series of
statistically significant spectral peaks was formed from the
spectral analysis of lateral displacements during events of
forced excitation of the bridge (Figures 7 and 8). These data
cover five surveys in 2007, 2009, 2010, 2012, and 2013. Amajor
shift in the dominant lateral frequency is evident between
2007 and 2009, and for this reason the corresponding data
sets were excluded from our analysis (Figure 9).

The analysis was made first for the series of yearly surveys
between 2009 and 2013 and indicated a main shift between
2009 and 2010 (see Figure 10). Shifts between the other years
were not detected, because of the structure of the particular
test permitting to identify only single shifts in the time series.
After a main shift is identified, the time series is split into
two time series, and possible additional shifts are searched
for each of them. When the test was applied between pairs
of yearly data sets (Figure 11) a shift was identified between
all surveys. The aim of the test is to identify statistically
significant shifts in a time series. The results obtained are
accurate, because the SNHT-identified shift is confirmed
from independent evidence (measurement from various
instruments, feeling of pedestrians, etc.).

SNHT is especially successful for long time series and
for shifts at some distance from the first and last point of
the time series [20]. Still the results previously presented are
focusing on relatively small data sets; hence they indicate
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the lower level of tolerance of this test-finer and more
accurate results are expected for longer time series. This
makes SNHT especially suitable for long time series deriving
from permanent monitoring systems, such as those which
have been installed in various important structures (bridges,
high-rise buildings, etc.) [7, 27]. Application of the SNHT on
data sets noisier than the one used in the present study will
be very interesting and will possibly broaden the limits of
applicability of the test.

Our approachwas limited to the identification of the shift.
This is the real problem and its amplitude can be computed as
difference of the mean values of the two segments of the time
series defined by the shift (inhomogeneity).

Another limitation is that estimates of dominant frequen-
cies were assumed to be dominated by white noise. This is
certainly a simplification [28], because seasonal effects (e.g.,
icing of cables of suspension bridges [10, 11]) may lead to
data characterized by a different autocorrelation structure
and transient effects may be misinterpreted as permanent
shifts, especially in short time series.This can be avoided with
a careful examination of the monitoring record, correlation
of inferred shifts with meteorological effects, and so forth. In
any case, any statistical test indicates only possible effects and
should not be regarded as a black box.

Finally, in the present study frequency estimates were
assumed to present abrupt shifts (inhomogeneities), due to
the bridge deterioration through the years, between yearly
surveys. For this reason the simple version of the SNHT
which permits identification of single shifts in data sets was
used. Different, more complicated versions of the SNHT
permitting the identification of multiple shifts or of changes
in the data set trend exist and could possibly be applied in
data sets similar to the one studied in the present paper.

6. Conclusion

Wehave shown that a statistical test developed for climatolog-
ical time series can be applied in time series of observed (bet-
termeasurement derived) dominant frequencies of structures
and hence detect possible damage (or ever repair or strength-
ening). The reason is that the amplitude of the permanent
shifts is usually of the same order of magnitude with transient
shifts and with measurement and computational noise, and
hence it is difficult to identify permanent shifts without any
specific statistical “tool.” This test can be applied of course in
other types of monitoring data, for instance, deflections.
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