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 In this study, short-term monitoring was carried out for an existing long-span bridge, which has 
been managed by a local government, with the aim of evaluating its present performance toward 
planning future maintenance strategies.  The bridge studied is a cantilever steel truss bridge, which 
was completed and opened to traffic in 1937.  Consequently, the performance of Gerber hinges was 
evaluated, then information on repair was obtained.

1. Introduction

 Owing to the aging of bridges in Japan, effective and efficient maintenance has been 
demanded.(1)  Until now, visual inspection is the most effective maintenance method.  However, 
work optimization for this type of inspection is difficult, and quantitative information about stress 
properties, which is necessary for effective maintenance, cannot be obtained.  On the other hand, 
aiming at efficient maintenance, it is considered that the use of ICRT (ICT: Information and 
Communication Technology + IRT: Information and Robot Technology) technologies will continue 
to increase in the near future.(2)

 One example related with the initiative for the use of ICRT technologies is bridge monitoring, 
which involves a large number of sensors installed along the bridge in order to monitor its condition 
and diagnose its soundness.(3)  One of the problems that have arisen is that there are only a few 
applications of both types of inspection in long-span bridges administrated by local governments.
 Of course, cost represents a major issue for its application, but this is not the only obstacle.  
There is also the technical difficulty of arranging sensors throughout the entire bridge, constructing 
a measurement system, and analyzing a large amount of data.  Notwithstanding these difficulties, 
since July of 2014, bridge inspection every 5 years has become mandatory in Japan.  Henceforth, 
it is expected that the demands for methods of evaluating current conditions and methods of bridge 
monitoring will continue to increase.
 In this research, aiming at the establishment of a strategy for the future maintenance of long-
span bridges administrated by local governments, a short-term monitoring is carried out.  More 
than one hundred sensors are installed along the bridge in order to evaluate its current performance.  
Herein, strain responses, which are affected by temperature, are focused on in order to evaluate the 
performance of hinges.
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2. Bridge of Study

 The bridge of study is Chosei Bridge, an 850.8-m-long bridge built over Shinano River, located 
in Niigata Prefecture.  It is a 13-span (67.50 + 11@65.00 + 67.50 m) cantilever (Gerber) steel truss 
bridge completed and opened to traffic in 1937 (Fig. 1).  The road width corresponding to this 
bridge is 7.50 m.  The pedestrian bridge adjacent to Chosei Bridge was constructed in 1972.
 From 1995 to 1996, movable supports and a bridge fail-safe system corresponding to a Gerber 
hinge section were replaced and installed, respectively.  In 2003, construction works to implement 
nondrain expansion devices in all Gerber hinges were carried out.  Figure 2 shows the current 
condition of the Gerber hinges.
 In 2006, during the repainting of the 2nd span, considerable corrosion in the lower chords of 
the main structure was found, and it was determined that it was necessary to repair those damaged 
sections.  On the basis of the corrosion condition examination performed that year, a repair design 
was drawn up.  Then, from 2007 to 2011, the lower chords were repaired (patching of steel plates 
and member replacements).  However, no loading test was performed after the repair, so the stress 
state and other current properties of the bridge were not determined.  

3. Short-Term Monitoring

3.1 Outline

 The measured items are the strain of each span, acceleration, vertical deflection, and temperature 
in the span center vicinity as a representative point.  Additionally, since the adjacent pedestrian 
bridge shares the same pier with Chosei Bridge, for reference, acceleration measurements of 3 
spans corresponding to the pedestrian bridge were carried out.  In total, 130 points were measured.  
The measurement location is shown in Fig. 3.  To classify vehicle type, a previously installed web 
camera, originally used for monitoring snow conditions, was used.  However, in this paper, strain 
responses, which are affected by temperature, are focused on among the sensors.

Suspended span

Fail-safe
system

Bearing

Fig. 1. (Color online) Bridge of study (Chosei 
Bridge).

Fig. 2. (Color online) Current condition of Gerber 
hinges.
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 Free-flow traffic monitoring was carried out, starting at 2:00 of June 13 and ending at 14:00 of 
June 17, 2013, with a total of 108 h (388800 s) of monitoring.  The sampling frequency was 200 
Hz.  After completing the measurements, all the measurement systems were removed.  For the 
monitoring period, a file text of approximately 18.8 GB was obtained.  In this research, attention 
was focused on strain data that helps to determine stress properties.
 Since the bridge of study is quite long (850.8 m), it was difficult to gather together all the 
sensors’ wirings in the same place.  It was also difficult to close the road to traffic for long periods 
of time, so the bridge was divided into 3 blocks, and a measurement system was constructed for 
each block (Tokyo Sokki Kenkyujyo TMR-211 and 221).  All sensors were connected by wires, and 
the order of measurements, such as starting and ending, were transmitted to each block via wireless 
signal.

3.2 Strain measurement

 To measure the strain, self-temperature compensation-type uniaxial strain gauges for general 
use (Tokyo Sokki Kenkyujyo) were employed.  Strain was measured in the upper chord located 
in the vicinity of each span’s center on the downstream side.  Additionally, in the cantilever span, 
measurement points were provided at the 2 diagonal bracing members that connect from the Gerber 
hinge to the span center.  In order to consider the effect of axial force and bending moments, 4 strain 
gauges were attached at each cross section of each element.  To calculate the section force from the 
measured strain, members’ coordinate systems shown in Fig. 4, Young’s modulus E of steel (= 200 
GPa), cross-sectional area A, cross-sectional coefficients Wyi and Wzi (i = 1, 2, 3, 4), axial force Nx, 
bending moments around y- and z-axes My and Mz, measured strain εi, and the following formula 
were used.  Nx, My, and Mz are obtained by the least squares method.

       
8th span
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11th span
Anchored

12th span
Suspended
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Anchored

To station

Strain on upper chord Strain on diagonal Displacement & acceleration
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To town
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Fig. 3. (Color online) Measurement location.
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3.3 Temperature measurement and web camera

 The vicinity of the 7th span’s center was selected as the representative point to measure the 
temperature.  The temperature measurement was carried out using the thermocouple T-GF-0.65 (Tokyo 
Sokki Kenkyujyo), which uses the Seebeck effect.  It was installed above the pedestrian bridge, in a 
position not reached by the sun.  In order to classify vehicle type, a previously installed web camera 
(Panasonic BB-HCM381), originally used to monitor snow conditions, was used.  It was installed 
above the upper lateral bracing located in the vicinity of P1 in the 2nd span.

4. Monitoring Results

4.1 Temperature measurement

 Temperature variation corresponding to the vicinity of the 7th span’s center, measured with 
the installed thermocouple, is shown in Fig. 5.  During the measurement period, the maximum 
temperature was 34.9 °C, and the minimum temperature was 21.9 °C.  The temperature when the 
initial measurement was carried out, on May 22, 2013, was 21 °C.

4.2 Strain measurement

 Figure 6 shows the upper chord’s normal stress for each span.  The black solid line represents 
the normal stress, which is the sum of the static stress component caused by temperature variation, 
and the dynamic stress component caused by the live load.  To separate the two components, a 
moving average is carried out.  Here, 20000 data items for each time are considered.  From this 
moving average, the static stress component is determined and represented by the blue solid line. 
Then, the blue solid line’s value is subtracted from the black solid line’s value in order to obtain the 
dynamic stress component.
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Fig. 4. (Color online) Coordinate system of 
members.
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Fig. 6. (Color online) Upper chord’s normal stress for each span.  (a) 1st, (b) 2nd, (c) 3rd, (d) 4th, (e) 5th, (f) 6th, (g) 
7th, (h) 8th, (i) 9th, (j) 10th, (k) 11th, (l) 12th, and (m) 13th spans.
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 Table 1 shows each component of the minimum normal stress for each span during the 
monitoring period.  As shown in Table 1, the 6th span is the span that presented the minimum 
normal stress, which is −44.6 MPa.  An analysis of the data corresponding to this stress and vehicle 
identification using the web camera are shown in Fig. 7.  From Fig. 7(c), it is determined that the 
dynamic stress component when the normal stress reached its minimum is −11.6 MPa.
 As shown in Table 1, the dynamic stress component on the 4th span is −19.7 MPa.  An analysis 
of the data corresponding to this stress and vehicle identification using the web camera are shown in 
Fig. 8.  
 Then, from Table 1, it is found that the dynamic stress component on the 6th span is −33.7 
MPa.  Now, using the temperature variation during the period of monitoring (34.9 − 21.9 = 13.0 
°C), the steel coefficient of linear expansion (12 × 10−6/deg), and Young’s coefficient of steel (200 
GPa), the temperature stress is calculated.  Its value is −31.2 MPa.  Because this stress is of the 
same magnitude as that of the static stress component presented in the 6th span, it is inferred that 
the Gerber hinge movable part is not working, and that it is fixed.  Considering this, the relationship 
between temperature and the static stress component is shown in Fig. 9.  In 5th, 6th, and 8th spans, 
the coefficient of determination R2 of 0.9 is exceeded.  Among these 3 spans, the 6th and 8th spans 
are cantilever spans, and a high correlation between temperature and the static stress component 
corresponding to the upper chord of both spans is found.  Therefore, it is considered that the Gerber 
hinges of these spans should be repaired preferentially.

Table 1
Minimum normal stress during the monitoring period.
Span 1 2 3 4 5 6 7 8 9 10 11 12 13
Static + dynamic −15.8 −21.9 −20.5 −24.8 −28.8 −44.6 −34.1 −24.4 −28.5 −21.9 −19.6 −24.6 −20.4
Static −5.4 −9.8 −8.2 −7.4 −19.5 −33.7 −25.5 −16.3 −15.4 −10.1 −11.8 −13.0 −13.2
Dynamic −13.3 −16.9 −16.5 −19.7 −17.3 −18.0 −17.7 −13.8 −18.8 −17.1 −16.0 −16.7 −16.3
Unit: N/mm2

Fig. 7. (Color online) Minimum normal stress during monitoring period (upper chord in 6th span).  (a) Whole 
figure.  (b) Static component in square.  (c) Dynamic component in square.  (d) Identified vehicle.
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Fig. 9. (Color online) Relationship between temperature and the static stress component.  (a) 1st, (b) 2nd, (c) 3rd, 
(d) 4th, (e) 5th, (f) 6th, (g) 7th, (h) 8th, (i) 9th, (j) 10th, (k) 11th, (l) 12th, and (m) 13th spans.

Fig. 8. (Color online) Minimum dynamic normal stress during monitoring period (upper chord in 4th span).  (a) 
Whole figure.  (b) Static component in square.  (c) Dynamic component in square.  (d) Identified vehicle.
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5. Conclusions

 In this research, aiming at the establishment of strategies for the future maintenance of long-span 
bridges administrated by local governments, a short-term monitoring was carried out.  Here, more 
than one hundred sensors were installed along a bridge in order to evaluate its current performance.  
Herein, strain responses, which are affected by temperature, are focused on.
 Results after 4.5 d of monitoring showed that, in the case of the upper chord’s normal stress, the 
static stress component fluctuation is larger than the dynamic stress component fluctuation.  The 
minimum static stress component was found to be of the same magnitude as that of the temperature 
stress.  Therefore, it was inferred that the Gerber hinge movable part was not working, and that it 
was fixed.  Additionally, on the basis of the relationship between each span temperature and the 
static stress component, a high correlation between temperature and the static stress component 
corresponding to the upper chord of the 6th and 8th spans was found.  It is considered that the 
Gerber hinges of these spans should be repaired preferentially.
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