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ANALYSIS OF THE IMPACT OF DYNAMIC LOADS ON THE SUPERSTRUCTURES
OF RAILWAY BRIDGES

Annotation

This article presents some results of instrumental measurements of the stress-strain state of
a reinforced concrete girder superstructure of a railway bridge under operational loads during the
passage of various mobile loads. The results obtained can be used in further monitoring of similar
structures on the main lines of JSC NC KTZ and in the preparation of algorithms for detecting
damage in bridge structures.

Keywords: railway bridge, girder superstructure, stress-strain state.

Introduction

High-class transport facilities in terms of strength, reliability, stability, performance and
terms of service must meet modern technical requirements in order to ensure the passage of heavy
loads at established speeds. To do this, work is organized on their current maintenance and
overhaul. The current maintenance of transport facilities is to eliminate existing malfunctions,
prevent the occurrence and further development of new malfunctions and defects.

Long-term operation of transport facilities on the railway network has led to significant
physical wear and tear in structures and elements. The workload of the rolling stock is limited by
the permissible speeds. Many transport facilities are designed in accordance with the normative
documents of previous years.

Various methods of determining the deformation at the objects of the transport and
economic complex help to solve specific problems of identifying the causes of deformations in the
load-bearing elements of bridge structures. Most accidents occur due to large deformations, which
causes problems with the environment, transport, economic and material costs spent on restoration
measures.

Bridges of various lengths were considered as examples, which, due to poor-quality
maintenance of transport facilities, or non-compliance with technological measures for repair.

Materials and Methods

This paper presents some results of full-scale tests of a reinforced concrete girder
superstructure of a railway bridge located on 118 km of PK 6 of the Astana-Pavlodar railway line,
with the following parameters:

- The number and magnitude of the calculated spans of 2x5.5 m;

- The length between the rear (reverse) walls of the abutments is 19.74 m;

- The length between the cabinet walls of the abutments is 12.10 m;

- Height 4.35 m;
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- The distance between the ages of the tracks is 4.50 m;

- Type of canvas - on crushed stone ballast.

The superstructure consists of two ribbed beams 6 m long. Figure 1 shows a cross-section
of the superstructure with an indication of the places where the strain gages are installed on the
structural elements. Tens resistors were protected from external environmental influences for the
purpose of further monitoring in the autumn-winter and spring-summer periods using a measuring
and computing complex (IVC) [1].
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Figure 1 - Diagram of a reinforced concrete girder superstructure of a railway bridge with
the location of strain gauges: a) general view; b) cross section of the girder superstructure; BNo.
1 and B No.2 - ribbed beam of the bridge superstructure; P1 and P2 - beam edges; T1, T2 T3,
T4, - strain gages

Below are some results of measurements of the relative bending deformations of the
reinforced concrete girder superstructure of a railway bridge, as in the authors [2-5], during the
passage of various rolling stock consisting of one or more rolling units of various types: VL-80,
KZ8A, DGKu trolley, VL-80 + track measuring car, KZ4AT + 5 passenger cars, KZ4AAT—Tulpar
— "Talgo", Motor-car rolling stock (Electric train), VL -80 + special equipment + car (working
train).

Along this section of the track, trains passed with different speed modes at the entrance to
the bridge from 91.5 km/h to 41.3 km/h.

Figure 2 shows records of diagrams of bending deformations of the stretched zone in the
middle part of the span during the passage of a single locomotive VVL-80, in the forward and reverse
directions.
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Figure 2 - Diagrams of bending deformations of the stretched zone in the middle part of
the span during the passage of a single locomotive VL-80: a) forward running (Astana-
Pavlodar); b) reverse running (Pavlodar-Astana)

From Figure 2, it can be concluded that the bending deformations from the impact of a
single locomotive VL-80, when passing in the forward direction, are slightly greater than in the
reverse direction (about 1.1 times). The nature of the maximum impact of bending deformations
is greater from the second section by 15% in the forward direction and by 5.6% in the reverse
direction, respectively.

Figure 3 shows the records of diagrams of bending deformations of the stretched zone in
the middle part of the span during the passage of a single locomotive KZ8A and a trolley DGKu,
in the opposite direction (Pavlodar-Astana).
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Figure 3 - Diagrams of bending deformations of the stretched zone in the middle part of
the span during the passage of: a) a single locomotive KZ8A,; b) a trolley DGKu)

From Figure 3 it can be seen that the maximum deformations from the impact during the
passage of a single locomotive KZ8A, in the opposite direction is 173.5 microns / m, and the
deformations from the impact during the passage of the trolley DGKu, in the opposite direction is
134.2 microns / m. The nature of the maximum impact of bending deformations is 12.7% greater
on the second trolley along the course than the minimum from the first trolley. The maximum
bending deformations during the passage of the DGKu trolley from the second axis are 27.2%
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greater than from the first axis along the course. This indicates that the main mass is concentrated
above the second axis of the DGKu trolley, as shown in Figure 3b.

The results of measurements of bending deformations of the reinforced concrete girder
superstructure of the bridge under the action of the actually reversible mobile load of single
locomotives and trolley are presented in Table 1.

Table 1 - Bending deformations of reinforced concrete girder bridge superstructure

Ne Names of the mobile unit max min
values values
1 VL-80-2560 1429 112,1
2 VL-80-2650 1471 114,6
3 KZ8A 173,55 151,5
4 DGKu trolley 134,2 97,7

Figure 4 shows a record of the diagram of bending deformations of the stretched zone in
the middle part of the span during the passage of the locomotive KZ4AT-Tulpar - "Talgo", in the
forward direction (Astana-Pavlodar).
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Figure 4 - Diagram of bending deformations of the stretched zone in the middle part of
the span during the passage of the locomotive KZ4AT-Tulpar - "Talgo"

According to Figure 4, we can conclude that the impact of the KZ4AT locomotive on the
structure of the girder bridge is 1.3 times greater than the impact from the wagons. This is
explained by the fact that the base of the bogies of the KZ4AT locomotive and the wagons are
different, which means that the nature of the influence on the bridge design will be different. For
wagons, the distance between the axles of the wheelsets is 13.14 m, and for the KZ4A locomotive,
the same distance is already 3.0 m.

Figure 5 shows the records of diagrams of bending deformations of the stretched zone in
the middle part of the span during the passage of the locomotive KZ4AT + 5 passenger cars, before
and after straightening the track on the bridge, in the forward direction (Astana-Pavlodar).
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According to Figure 5, it can be judged that the bending deformations from the impact of
KZAAT + 5 passenger cars, before straightening the track on the bridge, are 1.69 times higher than
the bending deformations from the impact of the same composition, after straightening the track
on the bridge. This circumstance is explained by a defect — "hijacking of the way" and, as a
consequence, an increase in the nature of the influence on the design of the reinforced concrete
girder bridge.

If we compare both diagrams, then in general we can say that the bending deformations
from the impact of the KZ4 locomotive are 12.4% more passenger cars (Fig. 5a) and 14.1% more
(Fig. 5b). This is because the bogie base and axial loads from the locomotive and wagons are
different. The base of the trolleys of the KZ4AT electric locomotive is 3.0 m, and the base of the
trolley of four-axle passenger cars is 2.7 m.
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Figure 5 - Diagrams of bending deformations of the stretched zone in the middle part of
the span during the passage of KZ4AT + five passenger cars: a) before straightening the path on
the bridge; b) after straightening the path on the bridge

The results of measurements of bending deformations of the reinforced concrete girder
superstructure of the bridge under the action of the actually reversible mobile load KZ4AT-Tulpar
- "Talgo" and KZ4AT + 5 passenger cars are presented in Table 2.

Table 2 - Bending deformations of reinforced concrete girder bridge superstructure

Locomotive . Wagon
max Locomotive max Wagon
Ne Names of the mobile unit min min
values values
values values
1 KZ4AT-Talgo-Tulpar 1915 186,8 151,9 176,9
2 KZ4AT+5 passenger cars 2144 205,4 184,2 125,4
3 KZ4AT+5 passenger cars 127,1 127,1 109,7 64,8

Figure 6 shows the records of diagrams of bending deformations of the stretched zone in

the middle part of the span of a girder reinforced concrete bridge during the passage of a motor-
car rolling stock (Electric train) of eight passenger cars (Fig. 6a) and six passenger cars (Fig. 6b),
in the forward direction (Astana-Pavlodar).
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6b).

Figure 6 - Diagrams of bending deformations of the stretched zone in the middle part of
the span during the passage of a motorcar rolling stock (Electric train): a) an electric train of 8

cars; b) an electric train of 6 cars

Having studied Figure 6, it can be concluded that the bending deformations from the
impact of an 8-car train are 1.6 times higher than the bending deformations from the impact of a
6-car train. This circumstance is explained, first of all, by the speed and wear of the undercarriage
of the spring-mounted part of the motor-car rolling stock and, as a consequence, by the different
nature of the influence on the design of the reinforced concrete girder bridge. The train of 8 cars
passed at a speed of 91.5 km / h (Fig. 6a), and the speed of the train of 6 cars was 83.3 km / h (Fig.

The results of measurements of bending deformations of the reinforced concrete girder
superstructure of the bridge under the action of the actually reversible rolling load of the motorcar
rolling stock (Electric train) are presented in Table 3.

Table 3 - Bending deformations of reinforced concrete girder bridge superstructure

Wagon I\geaSL.'rEd train of 8 cars | trainof 8 cars | 6-car train 6-car train No.
No. ending No. 1 No. 2 No. 1 2
deformations
1 max values 80,6 85,7 148,6 143,8
min values 58,4 76,2 120,7 138,4
9 max values 130,2 116,1 192,3 178,8
min values 116,4 107,7 183,3 175,3
3 max values 76,5 76,9 205,4 205,1
min values 61,2 60,3 191,7 190,2
4 max values 120,4 134,5 143,8 152,1
min values 107,7 125,6 136,6 156,2
5 max values 121,0 125,6 209,9 204,9
min values 85,6 119,8 196,8 2228
6 max values 71,4 75,5 152,1 156,2
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min values 56,8 68,9 142,6 154,7
7 max values 157,6 138,7 - -
min values 140,3 1114 - -
8 max values 39,7 89,3 - -
min values 71,4 71,4 - -

Figure 7 shows a record of the diagram of bending deformations of the stretched zone in the
middle part of the span during the passage of the overhead line-80 + special equipment + car
(working train), in the forward direction (Astana-Pavlodar) at a speed of 77.1 km/h.
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Figure 7 - Diagram of bending deformations of the stretched zone in the middle part of the
span during the passage of the locomotive VL-80 + special equipment + car (working train)

Figure 7 shows that there are large bending deformations from the impact of the locomotive
VL-80 (238.5 microns / m), then in the heavier part of the second and third special equipment
(193.6 microns / m and 192.8 microns / m), after the passenger car (147.8 microns / m) and the
ballast planner (124.1 microns / m). This is because the base of bogies and axial loads of the
locomotive, special equipment and the car are different and, accordingly, the effects on the design
of the reinforced concrete girder bridge are different.

Conclusions.
From the analysis of measurements of vibrations of the girder metal superstructure of the

bridge with the use of a fast Fourier transform signal processing tool, it follows that to determine
the period of natural vibrations of the superstructure in order to compare with the normalized
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range, it is possible to apply an effect on the constitution caused by a human jump, provided that
the measuring equipment is sufficiently sensitive.

The obtained frequency (period) corresponds to the lowest form of vibrations of the
superstructure, the values of which can be used in the calculations of this structure for seismic
resistance, as well as in dynamic stability calculations for a prospective load. In order to determine
the actual technical condition of structures and the most effective assessment of the reliability of
bridge structures and establish compliance between the design scheme and the actual operation of
structures on the main lines of JSC NC KTZ, it is necessary to periodically monitor the stress-
strain state of structures under operational loads [6-9].
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