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Abstract. This paper presents preliminary results of vibration monitoring of a railway bridge
located in the Sergeli district of Tashkent, Uzbekistan. The study focuses on evaluating the
dynamic behavior of load-bearing components under operational conditions. A sensor-based
approach was employed to record and analyze vibration responses rather than traditional
monitoring techniques. Field data were obtained using high-sensitivity accelerometers installed
on the bridge girders and supports. In addition, a position transducer was installed to monitor the
gap opening between the two beams at the top of the bridge. To measure the rail's deformation
under dynamic loading, a strain gauge was installed directly next to one of the accelerometers. All
sensors were integrated with a data acquisition system to ensure correlation between data collected
by various sensors. The collected data were analyzed in the time domain and in the frequency
domain to identify dominant vibration modes, natural frequencies, and possible irregularities. The
results indicate clear vibration patterns associated with train-induced and ambient excitations,
reflecting the bridge’s structural performance and stiffness distribution. Only a small portion of
the results is discussed in this paper. This monitoring approach and its findings provide a
foundation for developing a long-term structural health monitoring system and enhancing the
safety of railway bridges operating in seismic and high-load regions.

Keywords: railway bridge, vibration monitoring, tensors, dynamic analysis, structural health
monitoring, cast-in-place reinforced concrete columns, prefabricated pre-tensioned beams.

1. Introduction

Structural health monitoring infrastructure objects is crucial to ensuring longevity and proper
functionality [1]. Since they are usually extended in space, laser scanning is one of the main
approaches for structural health monitoring which is commonly used worldwide [2-9]. While the
laser scanning can provide detailed and accurate information about its geometry (including
geometric anomalies), it lacks information about the physical properties and structural
performance of infrastructure objects. To obtain this information, ambient or forced vibration
studies are usually performed [10, 11]. This paper is focused on ambient and forced vibration
studies of the railroad bridge in Tashkent, Uzbekistan. The bridge was extensively instrumented
with various sensors to measure its response to ambient excitations and the trains passing through
it [14-15]. The sensors included accelerometers with regular and high sensitivity, position
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transducers, and strain gages. The sensors were strategically installed throughout the bridge, and
they were connected to an 80-channel data acquisition system, PI6000 from Pacific Instruments,
Inc. [12].

This bridge was recently completed and was designed to carry two parallel railroad tracks. At
the time of the monitoring study, only one track had been constructed, as shown in Fig. 1(a). The
monitoring team and data acquisition system are presented in Fig. 1(b).

a) b)
Fig. 1. Bridge’s photo and photo of the monitoring studies in progress: a) photo of the bridge, b) photo of
monitoring studies in progress. The photos were taken by S. Takhirov on May 30, 2025

2. Task setting and modeling methodology

Bridge Overview. A reinforced concrete railway bridge on the “Tashkent-Angren” line was
investigated. The bridge is designed according to the following construction scheme: two sections
of 16.5 m, seven sections of 26.0 m, and 16.5 m for embankments. The pavement type is on ballast.
The bridge’s total length is 230 m. The bridge is located on a straight line and has a slope of 2.5.
The bridge’s elevation view is shown in Fig. 2. The details of the bridge design are presented in
Fig. 3(a) and Fig. 3(b).

This bridge over the Chirchik River on the Tashkent-Angren line was built in 1999-2000 as
part of the Tashgiprotrans project, replacing the old reinforced concrete bridge below the river.
The nearest stations are Sergeli and Angren. The bridge is built as a ten-span reinforced concrete
structure, consisting of column and decking structures. The decking structures are prefabricated
from reinforced concrete beams with top-mounted movement, designed for a design load of C14.
These beams with relatively long spans at the embankments were manufactured in 1997 and 1998
and installed in 1999; the middle spans were manufactured in 1999 and installed in 2000.
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Fig. 3. Design details of the bridge

3. Results and their analysis

Gap Opening Between Decks: Top. As mentioned earlier, a gap between the beams comprising
the deck of the bridge was monitored by a position transducer, as presented in Fig. 4. The collected
data were analyzed in the MATLAB environment [13].

Fig. 4. Photo of the p(;s1 ion transducer installed between the decks on top
of the bridge. The photo was taken by S. Takhirov on May 30, 2025

One of the monitoring results is discussed herein. A total of 15 data files were collected; this
paper focuses on the results from the last file, which corresponds to the dynamic loading of the
bridge by a freight train crossing at about 40 km/h.

The displacement before arriving at the train at the gap location is shown in Fig. 5. The blue
line corresponds to the unfiltered data, and the red line corresponds to the filtered data in which
high-frequency noise was removed.
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Fig. 5. Displacement data in the time domain before train arrival

The analysis in the frequency domain reveals the fact that there are two dominant periods of
beam vibration, as presented in Fig. 6. They are 1.17 seconds and 2.34 seconds.
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Fig. 6. Dominant periods of vibration before train arrival

The average speed of the train was about 40 km/h, which corresponds to about 11.1 m/sec.
The length of the rail sections was 12.5 m. The train traveling at 40 km/h would pass this distance
in about 1.13 seconds. This number is closely correlated with the first period of vibration, T1=1.17
seconds. The span’s length is 26 m. The same train traveling at 40 km/h would cover this distance
in about 2.34 seconds, which is the same as the second period, T2 = 2.34 seconds. From this
discussion, it can be concluded that the train's speed can be estimated from the vibration
characteristics of the gap displacement.

The free vibration of the gap will turn into forced vibration at the train’s arrival at the location
of the instrument. The peak displacements occur when the train climbs onto the front beam and
steps down from it, as shown in Fig. 7. As shown in the plot, these peak displacements occur when
the train climbs on the front beam (t =34.217 sec) and steps down from the rear beam
(t =94.573 sec). The difference between these moments is 60.356 seconds. This time difference
multiplied by the train’s speed will result in about 670 m, which corresponds to the length of the
train. Based on this information, the number of cars can be estimated.

234 ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479



MONITORING RESULTS OF THE RAILWAY BRIDGE: VIBRATION OF DECKING STRUCTURES UNDER FORCED VIBRATION OF PASSING TRAINS.
SHAKHZOD TAKHIROV, DIYORBEK BEKMIRZAEV, SAID SHAUMAROV, IBRAKHIM MIRZAEV, ET AL.

-,

0.2

o

|

T |
J

X 34.217
Y -0.787578

Displacement, mm

0.8 *

Y -1.13088

\
|
1 X 94573

12 L I I L I L I
0 20 40 60 80 100 120 140 160 180

Time, sec

Fig. 7. The peak displacements

During the monitoring studies, the number of freight cars was counted, totaling 46. The
locomotive model was documented, and its length was obtained from its specification. This
information is summarized in Table 1. Based on these data, the length of the train was estimated
as presented in the same table. The estimated number of about 668 m is very close to 670 m, which
was obtained from monitoring the gap performance.

Table 1. Strength characteristics of portland cements activated with thermally treated limestone
Estimated total length
of the whole train, m
32.84 13.8 46 668

Length of locomotive, m | Length of each freight car, m | Number of cars

4. Discussion of the results

The gap opening between two neighboring decks was studied in detail. It was shown that,
based on the analysis of the displacement in both time and frequency domains, the following
parameters can be estimated. First, based on the length of the rails, the train’s speed can be
estimated. Second, based on the length of the beams, another measurement can be taken to confirm
the train's speed. Third, the length of the train can be estimated from the displacement at the gap
between the decks and the train's speed. Fourth, based on the length of the train number of cars
can be computed. All this information will be used in the future structural assessment of the bridge
performance under the service loads. In addition, the data obtained from accelerometers with
regular and high-sensitivity will be analyzed. The strain gage data collected from a rail will be
used to assess strains developed in the rail under a moving train.

5. Conclusions

This paper presents preliminary results of vibration monitoring of a railway bridge located in
the Sergeli district of Tashkent, Uzbekistan. The study focuses on evaluating the dynamic behavior
of'load-bearing components under operational conditions. A sensor-based approach was employed
to record and analyze vibration responses rather than traditional monitoring techniques. Field data
were obtained using high-sensitivity accelerometers installed on the bridge girders and supports.
In addition, a position transducer was installed to monitor the gap opening between the two beams
at the top of the bridge. To measure the rail's deformation under dynamic loading, a strain gauge
was installed directly next to one of the accelerometers. All sensors were integrated with a data
acquisition system to ensure correlation between data collected by various sensors. The collected
data were analyzed in the time domain and in the frequency domain to identify dominant vibration
modes, natural frequencies, and possible irregularities. The results indicate clear vibration patterns
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associated with train-induced and ambient excitations, reflecting the bridge’s structural
performance and stiffness distribution. Only a small portion of the results is discussed in this
paper. This monitoring approach and its findings provide a foundation for developing a long-term
structural health monitoring system and enhancing the safety of railway bridges operating in
seismic and high-load regions. The gap opening between two neighboring decks was studied in
detail. It was shown that, based on the analysis of the displacement in both time and frequency
domains, the following parameters can be estimated. First, based on the length of the rails, the
train's speed can be estimated. Second, based on the length of the beams, another measurement
can be taken to confirm the train’s speed. Third, the length of the train can be estimated from the
displacement at the gap between the decks and the train’s speed. Fourth, based on the length of
the train number of cars can be computed. All this information will be used in the future structural
assessment of the bridge performance under the service loads. In addition, the data obtained from
accelerometers with regular and high-sensitivity will be analyzed. The strain gage data collected
from a rail will be used to assess strains developed in the rail under a moving train.
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