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In-service bridge structural performance analysis and prediction are usually complicated and challenging because of many
unknown and uncertain factors. Contrary to the traditional structural appearance inspections and load tests, structural health
monitoring (SHM) can provide a perspective for online analysis, prediction, and early warning. So far, SHM has been widely used
in many bridge structures, and a lot of bridge SHM data have also been collected. However, the existing studies usually focus on
some independent and unsystematic analysis methods, which are hard to use widely in engineering applications to reveal the
overall structural performance.,is study focuses on the structural performance analysis and prediction of the highway in-service
bridge. ,e dynamic problems in bridge SHM are pointed out firstly, followed by a detailed analysis about the characteristics of
bridge SHM data. With the consideration of different characteristics, three targeted analysis methods are proposed. An urban
concrete-filled steel tube (CFST) truss girder bridge (opened to traffic in 1995) is also presented, which once experienced some
prominent vibration problems.,e bridge SHM system is designed and stalled after several appearance inspections, load tests, and
some reinforcement measures. ,e data mining methods proposed (distribution function, association analysis, and time-series
analysis) are employed for the analysis and prediction of structural response and deterioration extent.,is study can provide some
references for maintenance and management and can also build a foundation for further online analysis and early warning.

1. Introduction

In-service bridge structural performance analysis is usually
complicated because of many unknown and uncertain
factors. Contrary to the traditional structural appearance
inspections and load tests, the predictive analytics of in-
service bridge structural performance with SHM data
mining can provide a perspective for online analysis and
early warning. Actually, SHM has been widely used in large-
span bridges and even some medium-span bridges, e.g., the
Brooklyn Bridge in New York, the Sutong Bridge in China,
and the first Bosphorus Bridge in Turkey [1–3].

With the help of the SHM system, a large amount of bridge
SHM data can then be collected, including dynamic response
and physical response [4], which makes it possible for further

structural performance analysis and prediction. However, the
in-service bridge structural performance analysis was usually
based on structural dynamic properties, such as the modal
analysis [5]. Several methods were also provided for the
structural deterioration analysis, damage detection, and as-
sessment, such as the vibration signature analysis and themode
shape variation analysis [6–9]. Some large bridge case studies
have also been carried out, such as the deflection distribution
estimation of a tied-arch bridge, the tuned mass damper
performance evaluation of a continuous steel box-girder
bridge, and the dynamic property investigation of a cable-
stayed bridge [10, 11].

Data mining firstly appeared at the 11th International
Conference on Artificial Intelligence (1989, Detroit), and
then the first international conference was held in Montreal
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(1995) [12, 13]. SHM data mining is basically a logical in-
ference problem, part of which can also be used to handle the
multi-temporal and multi-sensor data [14]. So far, data
mining has been widely used to extract the information from
SHM data, such as the artificial neural network and the
principal component analysis [15]. Several studies have al-
ready been carried out. For example, a Bayesian network was
constructed based on the domain knowledge and the spatial
data. ,e Bayesian network aims to facilitate the integration
of multiple factors and the quantification of uncertainties
within a consistent system [16]. A density-based clustering
technique is further optimized, aiming to identify the data
density and noisy data elements from a large test data set of
a steel truss bridge [17]. Based on the significant factors that
caused structural damage, the Apriori and Ripper algorithms
were applied for the pattern analysis. ,e machine learning
concept was also employed for resampling and upgrading
the estimation model [18]. ,e support vector machine
(SVM) is also applied to formulate the regression models,
and a squared correlation coefficient is also defined for
optimizing the SVM coefficients [19]. ,e cluster analysis
method, association analysis method, and time-series
analysis method are also employed for bridge SHM data
anomalies, aiming to find the rules between bridge structure
and environmental parameters [20]. Several classification
methods and models were also selected to classify the
damage, and then predict the lateral spread displacement of
concrete buildings [21, 22]. Moreover, the current challenges
in SHM data are also discussed, including the characteristics
of large SHM data sets and the expected processing chal-
lenges associated with these data sets [23]. In general, the
current studies are usually based on some single and un-
systematic data mining methods. Moreover, the analysis
method andmodel are also hard to use widely in engineering
practice to reflect the overall structural performance.

,is study focuses on the structural performance
analysis and prediction of an in-service bridge with the
targeted SHM data mining methods. In this paper, essential
dynamic problems in bridge SHM and the characteristics of
bridge SHM data are pointed out, and then three targeted
analysis methods are proposed. An urban concrete-filled
steel tube (CFST) truss girder bridge (opened to traffic in
1995) is presented. ,e bridge once experienced some
prominent vibration problems. ,e SHM system is also
designed and installed, after several appearance in-
spections, load tests, and some reinforcement measures.
,ree data mining methods (distribution function, asso-
ciation analysis, and time-series analysis) are employed for
predictive analytics of structural response and de-
terioration extent. ,e results can provide a reference for
the maintenance and traffic management department, and
can also build a foundation for the further online analysis
and early warning.

2. Predictive Analytic Methodology

2.1. Dynamic Problems in Bridge SHM. ,e bridge structural
response is essentially a structural dynamic problem. ,e
traffic load is the external excitement (f(x)), the bridge

structure is usually characterized by different physical and
vibration parameters, and then different kinds of structural
responses can be generated (x(t)). ,eir relationship is
shown in Figure 1.

According to Figure 1, supposing the external traffic
load and the bridge structure are known, different re-
sponses can then be calculated. ,is can be named the
forward problem, which is very common in the design stage
of a bridge so as to test whether it can meet the design
requirement, while the predictive analytics of structural
performance and even the external traffic load can be called
the inverse problems. ,e former one (analysis and pre-
diction of structural performance) is typically used in the
assessment of some old or damaged bridges, which sup-
poses the external traffic or at least the structural response
is known. ,e latter one (analysis and prediction of traffic
load) usually supposes the bridge structure and the re-
sponse are known or at least the response is known. Both of
them can be used for the online analysis and prediction
with SHM data mining, and then provide some references
for the maintenance and management department.

2.2. Characteristics of Bridge SHM Data. ,e bridge moni-
toring data collected by the SHM system, in essence, are the
structural response of a bridge subjected to different traffic
loads. Specifically, the structural response can be charac-
terized by the mass data, the variation along with different
traffic loads and different time periods, and the variation
along with different measurement positions and different
physical attributes.

Consider a simply supported girder bridge with five
small T-type beams as an example. Suppose the SHM system
has five strain sensors and five deflection sensors, and the
measurement interval is one minute. If the storage space of
a single sensor is about 4MB per day, it will be about 120MB
a month and 1400MB a year. ,us, the different structural
response of the whole bridge will be about 14000MB.
Moreover, there will be many different bridge SHM systems
and even hundreds of sensors in a management center.
,erefore, a huge high-performance computer will be
needed to store and view the SHM data.

Additionally, the structural response usually changes
along with the variation of different traffic and different time
periods. With the help of a video monitoring system, the
structural response can be clearly observed. For a highway
bridge, there are more traffic during the daytime (mainly
passenger cars, buses, and trucks) and less traffic during the
nighttime (mainly trucks). ,e SHM data of daytime are
intensive with high values, while different responses of
nighttime are discrete, and a larger variation can only be
observed when the truck passes. For the urban bridge, there
is more traffic during the daytime (mainly the passenger
cars, buses, and some trucks). On the contrary, there is
almost no traffic during the nighttime. ,erefore, different
responses mainly concentrate on the daytime.

Moreover, most of the bridges are designed with two or
even more lanes and consisted of several different small
beams with a wide lateral cross section. Usually, the outside
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lane is arranged for trucks, the inside lane is arranged for
passenger cars, and the middle lane is arranged for mixture
traffic. ,us, different beams will carry different traffic. ,e
structural responses of different beams will vary greatly at
any instant time, and then the structural lateral distribution
performance can be reflected. So far, several bridge accidents
have occurred because of the weak lateral distribution
performance, such as the single beam or slab fracture.

For an intact bridge structure, different structural pa-
rameters are usually based on the structural mechanics and
material mechanics with a good mapping relationship.
However, there will be a different deterioration extent after
a long periodical service. ,e mapping relationship of
structural stress and displacement effect will then be
gradually weakened, which can be properly analyzed and
predicted with the data mining methods.

2.3. Analysis Methods. Data mining is usually based on the
traditional statistical methods, aiming to discover some new
meaningful associations, patterns, and trends from a large
amount of data. Data mining has some significant advan-
tages, such as convenience for enterprise users without
professional statistical background [13]. Data mining now
has more than ten calculation methods, such as the distri-
bution function analysis, association analysis, and time-
series analysis.

2.3.1. Distribution Function Analysis. ,e traditional sta-
tistical method is usually based on the overall samples or part
of samples, aiming to describe the distribution status of data
sets. ,e traditional statistical analysis is usually along with
the frequency distribution histogram or empirical distri-
bution function, such as the multi-modal distribution.

Consider the multi-modal probability distribution as an
example. Based on some approximated conditions, the
multi-modal probability distribution can be described as the
weighted sum of two normal distributions, three normal
distributions, and even multi-modal normal distribution.
Figure 2 shows the diagram of a bi-modal distribution
density function curve. It can also be described as the
weighted sum of two normal distribution density function
curves. ,e multi-modal distribution formula is shown as
[24]

FX(x) � 
n

i�1
piϕ

x− μi

σi

 , (1)

where pi, μi, and σi are the probability, mean, and
standard deviation of the ith normal distribution, re-
spectively. 

n
i�1pi � 1, σ �

���������������������


n
i�1piσ2i + 

n
i�1pi(μ− μi)


, and

μ
n
i�1piμi � 1.

2.3.2. Association Analysis. ,e association analysis method
is usually used to discover the information from the mass
data, and then describe the correlation between a large
amount of data. ,e support and confidence of the asso-
ciation rule are considered, and all the frequent item sets
should be found out firstly. ,e frequency of these item sets
should be at least equal to the minimum support frequency
set up in advance. ,en, the corresponding strong associ-
ation rule can be generated based on the frequent item sets
obtained [12].

Take the Apriori analysis as an example, which is based
on the sequential discovery and loop method. Discover the
first frequent item set L1 from the whole data set, and then
discover the second frequent item set L2 from the whole data
set with L1. Repeat this process until no more frequent item
sets are found out. ,e join operation and delete operation
are themain two steps of discovering the frequent item set Lk

with Lk−1. Firstly, the candidate item set Ck can be generated
with the join of two item sets of Lk−1, aiming to discover the
frequent item set Lk. Suppose l1 and l2 are the item sets of
Lk−1, li[j] is the jth term of li, and li[k− 2] is the second
last term of li. Suppose the join operation of Lk−1 is
Lk−1 ⊕ Lk−1, which means the first (k− 2) item sets of l1and l2
are similar. (1[1] � l2[1])∧ · · · ∧ (l1[k− 2] � l2[k− 2])∧
(l1[k− 1]< l2[k− 1]), and then l1 and l2 of Lk−1 can be
connected. Secondly, Lk ⊆Ck, while not all the item sets of Ck

are the frequent item sets. To reduce the workload of Ck, an
infrequent item set (k− 1) cannot be a subset of the frequent
item set (k).

Compared with the association analysis method, the
traditional correlation analysis method is more widely used
to describe the interdependence and closeness of some
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Figure 2: Density function diagram of the bi-modal normal
distribution.
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Figure 1: Diagram of the bridge structure, external load, and structural response.
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objective things. ,e statistical indicators are usually
implemented, such as the correlation diagram and the
correlation coefficient.,e correlation diagram is commonly
known as the scatter plot, which can be, respectively,
expressed in the rectangular coordinate system’s x-axis and
y-axis with two variables (Figure 3). Moreover, the corre-
lation coefficient can also be divided into the Pearson
correlation coefficient, the Spearman correlation coefficient,
and the Kendall correlation coefficient, where the Pearson
correlation coefficient has a simple calculation process and
can be used in the following calculation and analysis.

2.3.3. Time-Series Analysis. ,e bridge SHM data are typical
time-series data, ranging from 00:00 to 24:00 in a day, and
keep repeating every week, every month, and even every
year. With the time-series analysis method, a model can be
set up to predict the structural response and the structural
performance. Moreover, the traffic load can also be predicted
with some assumptions of the bridge.

Take theHolt–Wintersmethod as an example, which does
not have to store a lot of historical data [25]. ,e Holt–
Winters method is often used for nonlinear short-term
prediction, which only needs the current actual value and
a single smoothing exponent value. With a reasonable
smoothing coefficient, the simple prediction of the next pe-
riod can then be realized. ,e prediction model is shown as

yt+T � at + bt × T + ct × T
2
, (2)

where yt+T is the prediction value of period (t + T) and at, bt,
and ct are differentmodel parameters: at � 3s

(1)
t − 3s

(2)
t + s

(3)
t ,

ct � (a2/2(1− a)2)(s
(1)
t − 2s

(2)
t + s

(3)
t ), and bt � (a/2(1−

a)2) × [(6− 5a)s
(1)
t − 2(5− 4a)s

(2)
t + (4− 3a)s

(3)
t ], where s

(1)
t ,

s
(2)
t , and s

(3)
t are the first, second, and third smoothing ex-

ponents: s
(1)
t � a × yt + (1− a)s

(1)
t−1, s

(2)
t � a × s

(1)
t + (1−

a)s
(2)
t−1, and s

(3)
t � a × s

(2)
t + (1− a)s

(3)
t−1.

Additionally, the error analysis is usually used to measure
the accuracy of time-series prediction using certain measures,
such as the mean error (ME), the mean absolute error (MAE),
and the root mean square error (RMSE). A smaller prediction
error often means a larger prediction accuracy, and the ex-
pressions of different error parameters are shown as

ME �
1
n



n

i�1
Yi − Yi , (3)

MAE �
1
n



n

i�1
Yi − Yi


, (4)

RMSE �

�������������

1
n



n

i�1
Yi − Yi 

2




. (5)

3. Predictive Analytics of Structural Response
and Deterioration Extent for an Urban CFST
Truss Girder Bridge

3.1. BridgeOverview. ,eCFST truss girder bridge is located
in the central part of China (opened to traffic in 1995). ,e
span arrangement is (122 + 62 + 62 + 122)m. ,e bridge
deck arrangement is (14.4 + 14.4) m.,emain truss beam is
designed with the steel tube concrete.,e longitudinal beam
and crossbeam of the bridge deck are designed with an open
steel box. ,e crossbeam, vertical bar, and sway bar are
designed with a steel tube.

In December 2010, some large cracks of the open steel
box beam at the bridge pier were discovered, and then the
bridge was temporarily closed. ,e side view of the CFST
truss girder bridge is shown in Figure 4. ,e structural
discrete diagram is shown in Figure 5. ,e static and dy-
namic load tests were carried out after the appearance in-
spection. According to the load tests, the stiffness and
strength of the longitudinal beam and crossbeam cannot
meet the service requirement. Some limit measures were
then implemented, and the SHM system was also designed
(Table 1 and Figure 6).

3.2. Structural Response Analysis and Prediction. Consider
the 62m span as an example. ,e structural responses are
analyzed in this section. ,e structural deterioration extent
is also analyzed in the next section.

3.2.1. Structural Response Distribution and Time-Effect
Analysis. ,e distribution of different microstrain (με),
deflection (ω), and acceleration is shown in Figures 7 and 8
(ta and va are the transverse and vertical acceleration).
Additionally, the variation of different microstrain, de-
flection, and acceleration in a day is shown in Figures 9 and
10, where the imaginary line represents the mixing of single-
or multi-modal normal distribution. Moreover, different
distribution formulas are shown in equations (6)∼(11), in
which Tbt and Bdm represent the truss beam top and the
bridge deck midspan:

F
Tbt
με (x) � 0.599φ

x− 51.493
19.294

  + 0.401φ
x− 255.906
33.192

 ,

(6)

F
Bdm
με (x) � φ

x− 130.000
10.000

 , (7)

F
Bdm
w (x) � φ

x− 7.680
5.120

 , (8)

F
Tbt
ta (x) � φ

x− 0.805
0.374

 , (9)

F
Tbt
va (x) � φ

x− 0.947
0.440

 , (10)

4 Shock and Vibration



F
Bdm
va (x) � 0.512φ

x− 0.141
0.022

  + 0.488φ
x− 0.115
0.053

 . (11)

According to Figures 7 and 8 and equations (6)∼(11), the
microstrain, deflection, and acceleration almost follow
a different distribution. Most of the SHM data concentrate
on average area, and then the weak sensibility of the
structure subjected to traffic load can be reflected. According
to the inspection and test report, it is found to be due to the
weak stiffness and strength of the longitudinal beam and
crossbeam.,e different distribution can also be fitted as the
mixing of single- or multi-modal normal distribution
function. For example, the microstrain of the truss beam top
follows the bi-modal distribution (the average value of part
one is 51.493, and the average value of part two is 255.906),
while the microstrain of the bridge deck midspan follows the
single-modal distribution (the average value is 130).

According to Figures 9 and 10, most of the deflection and
microstrain are small, and only some large data are observed.
According to the additional video monitoring system, the
large data are a result of the individual vehicles or trucks and
have a little effect on the overall structural safety. ,e de-
flection and microstrain in a day have a different variation
tendency, while different accelerations almost follow
a similar variation tendency. ,e SHM data can be divided
into part one (from 00:00 to 05:00) and part two (from 05:00
to 24:00, especially from 10:00 to 16:00). According to the
additional video monitoring system, the former is caused by
the high-speed garbage or slag truck during the nighttime
and the latter is caused by the bus or private car, of which the
latter is significant than the former. ,e data almost rise
gradually from 08:00, and the crests appear at around 11:00
or 15:00. Afterward, the deflection and microstrain decline
gradually, and the troughs appear at around 05:00 or 24:00.

3.2.2. Structural Response Prediction. Take the vertical ac-
celeration of the bridge deck midspan from 15 at 00:00 in the
morning to 18 at 24:00 in the evening as an example. ,e
periodic effect, filtering, and forecast of the vertical accel-
eration of the bridge are shown in Figure 11, where the
dotted line represents the measurement data and the left red
line the method verification. ,e right blue line and the

y

x

(a)

y

x

(b)

Figure 3: Diagrams of the positive correlation (a) and negative correlation (b).

Figure 4: Side view of the bridge.

Table 1: Sensor arrangement of the bridge SHM system.

Sensor type Location Number Remarks
Deflection 1, 3 1 + 1 Bridge deck center

Microstrain 1, 3 2 + 2 Bridge deck center
2, 5 1 + 1 Truss beam top

Acceleration
1, 3 1 + 1 Bridge deck center
2, 5 2 + 2 Truss beam top
4, 6 2 + 2 l/4 and 3l/4 of the truss beam

Temperature 3 2 Bridge deck center
5 2 Truss beam top

Figure 5: Structural discrete diagram of the bridge.

1

2 4 5 6

3

Figure 6: Measurement points of the bridge SHM system.
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Figure 7: Distribution diagram of microstrain and deflection (mm) of the bridge.
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Figure 9: Microstrain and deflection (mm) variation for 24 hours of the bridge.
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Figure 10: Acceleration (m/s2) variation for 24 hours of the bridge.
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Figure 8: Distribution diagram of acceleration (m/s2) of the bridge.
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shaded area show the prediction result with confidence in-
tervals. Moreover, the prediction error is still fine, and dif-
ferent prediction error parameters are also shown in Table 2.

According to Figure 11, the left dotted line of the periodic
effect is significantly smaller than the right dotted line of the
random effect of different days. ,is reflects that the periodic
effect is smaller than the random effect of different days. For
the periodic effect, the dotted line has a significant decrement
in the afternoon of different days, and it also has a significant
increment in the morning of different days. ,e maximum
value of the dotted line appears around noon.,is also reflects
the variation trend of the vertical accelerationwith the periodic
effect. According to the additional video monitoring system,
this is due to different traffic volume of different hour stages.
Moreover, the left red line almost coincides with the dotted
line.,is reflects that the Holt–Winters method canmatch the
measurement data to a great extent.,is can also be verified by
a small prediction error in Table 2. ,e right blue line shows
the vertical acceleration of the next few short periods, and the
confidence interval is also shown in the shaded area. ,us, the
vertical acceleration of the next few short periods can be
further predicted.

3.3. Structural Deterioration Extent Analysis and Prediction

3.3.1. Structural Deterioration Extent Analysis. Take the
microstrain and deflection of the bridge deck midspan as an

example, and the diagram of microstrain and deflection
correlation is shown in Figure 12. Moreover, the diagrams of
different acceleration and microstrain are shown in Fig-
ure 13, where TB.t.ta, TB.t.va, and BD.m.va represent the
transverse acceleration of the truss beam top, the vertical
acceleration of the truss beam top, and the vertical accel-
eration of the bridge deck midspan.

According to Figure 12, most of the microstrain and
deflection data of the bridge deck midspan are scattered.
,erefore, there is a significant weak correlation for the
microstrain and deflection of the bridge deck midspan. ,is
reflects that the bridge structure has a complex mechanical
behavior and significant deterioration after decades of years
of service. Some reinforcement measures can still be further
implemented so as to improve the correlation of the de-
flection and microstrain of the bridge deck midspan.

According to Figure 13, most of the transverse and
vertical acceleration data of the truss beam top follow the
linearity change trend. ,erefore, there is still a good
transverse and vertical acceleration correlation for the truss
beam top, while the vertical acceleration data of the truss
beam top and bridge deck midspan are a little scattered,
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Figure 11: Periodic effect, filtering, and forecast of the vertical acceleration (m/s2) of the bridge deck midspan. (a) Periodic effect. (b) Effect
without period. (c) Holt−Winters filtering. (d) Forecast from Holt−Winters filtering.

Table 2: Prediction error of structural response (%).

Prediction type ME RMSE MAE
Vertical acceleration 0.001 0.004 0.003
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which means a little weak vertical acceleration correlation.
,is reflects that the vibration behavior of the truss beam still
works fine, while the vibration behavior of the bridge deck
midspan still needs some further improvement.

3.3.2. Structural Deterioration Extent Prediction. Take the
transverse and vertical acceleration correlation of the truss
beam top from 10 at 00:00 to 13 at 24:00 as an example. ,e
periodic effect, filtering, and forecast of the transverse and
vertical acceleration correlation are shown in Figure 14,
where the dotted line represents the measurement data and
the left red line the method verification. ,e right blue line

and the shaded area show the prediction result with con-
fidence intervals. ,e prediction also has a small error, and
different prediction error parameters are also shown in
Table 3.

According to Figure 14, the left dotted line with the
periodic effect is significantly smaller than the right dotted
line with the random effect of different days. ,is reflects
that the periodic effect is significantly smaller than the
random effect of different days. For the periodic effect, the
dotted line has a significant decrement in the morning of
different days, and it also has a significant increment in the
afternoon of different days. ,e minimum value of the
dotted line appears around noon. ,is also reflects the
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Figure 13: Correlation diagram of different acceleration (m/s2) of the bridge.
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transverse and vertical acceleration correlation’s variation
trend with the periodic effect. According to the additional
video monitoring system, this is due to different traffic
volume of different hour stages. Moreover, the left red line
coincides with the dotted line to a certain extent.,is reflects
that the Holt–Winters method can match the measurement
data to a certain extent. ,is can also be verified by a small
prediction error in Table 3. ,e right blue line shows the
transverse and vertical acceleration correlation of the next
short periods, and the confidence interval is also shown in
the shaded area. ,us, the transverse and vertical acceler-
ation correlation of the next few short periods can be further
predicted.

4. Discussion

,is study focuses on the structural performance analysis
and prediction of an in-service bridge. ,e dynamic prob-
lems in bridge SHM are pointed out firstly. A detailed
analysis about the characteristics of bridge SHM data is then
carried out, and then three targeted predictive analytic
methods are proposed.

(i) ,e essential dynamic problem of the traffic load,
the bridge structure, and the structural response in
bridge SHM is pointed out firstly, including the
forward and inverse problems. ,e typical charac-
teristics of bridge SHM data are then analyzed, such
as the variation along with different traffic loads and
different time periods. ,is section is important for
the whole study, which can also be accepted widely
for bridge SHM.

(ii) With the distribution function, the structural re-
sponses are clearly presented in the multi-modal
distribution diagram. ,e sensibility of the bridge
structure subjected to traffic load can then be re-
flected. Moreover, the variation trend of traffic
volume of different time periods in a day is also
clearly presented, such as the busy period and
maximum phase of the traffic volume. ,is section
provides a reference for the overall structural safety.
,e variation trend of traffic volume can also be
used for decision-making by the maintenance and
traffic management department.

(iii) ,e association analysis method is employed to
reflect the mapping relationship of structural pa-
rameters (stress, displacement, etc.). As there will be
a weak correlation distribution of different pa-
rameters after a long periodical service, the struc-
tural distribution performance and deterioration
extent can be reflected. ,is section provides
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Figure 14: Periodic effect, filtering, and forecast of transverse and vertical acceleration correlation of the truss beam top. (a) Periodic effect. (b) Effect
without period. (c) Holt−Winters filtering. (d) Forecast from Holt−Winters filtering.

Table 3: Prediction error of structural deterioration extent (%).

Prediction type ME RMSE MAE
Acceleration correlation (transverse and
vertical) 0.008 0.044 0.032
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a reference for the mechanical performance and
deterioration extent, and then can be used for de-
cision-making by the maintenance department.

(iv) With the time-series analysis method, the structural
response and its correlation coefficient are predicted
to a certain extent.,e division of the periodic effect
and random effect is carried out firstly. ,e pre-
diction error is also employed to check the pre-
diction result. ,en, the prediction of the next few
periods can be realized with confidence interval.
,is section provides a short-period prediction of
the structural response and deterioration extent,
and then can be used for decision-making by the
maintenance and traffic management department.

5. Conclusion

,e CFST truss girder bridge still has a good overall
structural safety, while the bridge deck midspan needs some
further reinforcement so as to improve the stiffness and
strength of the longitudinal beam and crossbeam. Also,
complex mechanical behavior and significant deterioration
for the bridge deck midspan are observed, whereas the truss
beam still has a good vibration performance. Moreover, the
proposed SHMdata miningmethods can also be used for the
analysis and prediction of structural performance for other
kinds of bridges.

It is recommended to try to avoid driving from around
11:00 or 15:00, as well as around 00:00 to 05:00. Leaving
home early at 07:00 and returning at 18:00 is also advised.
Some traffic restriction measures can be implemented at
around 11:00 or 15:00. ,e speed limit of the garbage or slag
truck can also be implemented at around 00:00 to 5:00.
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