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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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STRESSES IN ELEMENTS OF METAL RAILWAY BRIDGES 
UNDER THE ACTION OF THE CREW 

 
Abstract. The necessity of application of mobile measuring and computing systems during the examination of 

extended metal span structures of railway bridges is justified in the article, and also the stresses appearing in the 
elements of the structure of the farm under the influence of different types of rolling stock are presented. 

Keywords: bridge, crew, metal truss, span structure, reliability, voltage. 
 
Now in the countries of Europe, Asia and the USA numerous researches are carried out for an 

estimation of a technical condition and diagnostics of maintained artificial constructions on dynamic 
parametres. A particularly noticeable breakthrough in this direction occurred in the 90's. of the last 
century, when powerful portable computers were created, and an evaluation of the stress-strain state of the 
system under the influence of external loads became an affordable and accessible tool for practical 
engineers. 

Thus, the use of automated measuring systems (AIS) for the collection and processing of data in the 
testing process is becoming increasingly important. If monitoring is required, i.e. long-term monitoring of 
the condition of the facility under construction, AIS proves to be the only acceptable one, since it allows 
not only to completely abandon numerous observers, but can also be equipped with a decision-making 
system for automatic prevention of emergency situations. 

Thus, at the current stage, a VAT study of bridge structures is most effective using AIS. This allows 
you to more deeply analyze the experimental data and find the best solutions to improve their reliability 

When determining the load capacity of span structures, they are tested in accordance with [1] to 
refine the actual stress state of the elements, especially in the presence of defects and damages, the 
influence of which on load-carrying capacity is difficult to take into account theoretically. 

Professor N.G. Cooper [2] defined the primary task to be studied within the framework of the 
interaction of bridges and rolling stock: the identification and analysis of the conditions under which 
dynamic deformations and movements in the "bridge-train" system have the most unfavorable combi-
nation during operation. 

Since the load from the rolling stock is concentrated at the locations of the axles of the trolleys, the 
deflections of the span structure at each moment of time will correspond to the flexural deformations and 
it is always possible to find its two positions giving the greatest and the least static deflections of the span 
structure. 

From measured values of flexural deformations, knowing the design modulus of elasticity of the 
construction material, according to Hooke's law, one can make a transition to the actual stresses in the 
bridge structure. Periodic measurement of deformations (stresses) of a span structure under a mobile load 
for 2-3 years will make it possible to predict the change in its state in time and determine the remaining 
life by carrying capacity and carrying capacity [3, 4]. 
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The calculated values of the controlled parameters, for example, the stresses in the elements of the 
span structure, can be determined both by engineering methods and by means of specialized computa-
tional software that implements the finite element methods (MIDAS Civil, APM Civil Engineering, APM 
Structure3D module, Cosmos M). 

The advantage of using finite element models is the ability to simulate various malfunctions in a 
design, adapting the calculation results to actual operating conditions. By deviating the actual stresses 
from the calculated values, it is possible to judge the degree of damage to the structures of the span struc-
ture of the bridge. 

At the present time, the planned transition to an automated control system for the maintenance of 
artificial structures (ACS ISSO) with a database (including in digital form) of the results of surveys, tests, 
diagnostics and monitoring is becoming more urgent. 

In this paper, the results of full-scale measurements of stresses from the train load in the elements of 
the span structures of a railway metal bridge across the Irtysh River at 657 km of the single-track section 
of Semipalatinsk-Zhana-Semey constructed in 1929 are presented. Span structures are represented by 
metal trusses with a polygonal outline of the upper belt. Figure 1 shows the scheme of the bridge 
transition. 

 

 
 

Figure 1 – Scheme of railway metal bridge across the Irtysh River in the city of Semey 
 

On the bridge on the supports there are five metal trusses in the channel part of the Irtysh River with a 
calculated span Lp=109.2m with a ride down. The riveted metal trusses were made in 1928 from Art.3 
according to the norms of 1921. Farms - with polygonal upper belt and triangular lattice with springs, are 
combined by means of longitudinal and transverse connections and a beam cage of the carriageway. 

In the eighth panel of each channel span structure, a deformation (temperature) rupture of the 
longitudinal beams of the carriageway is carried out, with the end of the longitudinal beam supported on a 
metal "table" attached to the wall of the transverse beam. Each farm consists of 16 equal panels with a 
length of 6.825m, the height of the truss on the support is 7.8m, in the middle of the farm is 18.2m, the 
distance along the axes of the farms is 6.1m, the distance between the axes of the longitudinal beams is 
2.0m. The joints of the elements are made on rivets. 

The diagram of the span structures 1-5 is shown in figures 2 and 3 shows the arrangement of strain 
gauges on the elements of the structure of span structures 1 and 5. 

The measurements were carried out in accordance with the requirements of [1] using a tensometric 
measuring and computing system consisting of certified and certified measuring instruments of the world's 
leading manufacturers. The complex makes it possible to produce precision (high-precision) measure-
ments of stresses and relative deformations in elements of the track and span structures of bridges from the 
impact of rolling stock simultaneously in 16 sections with a total length of up to 500 m. 

The accuracy class of the measuring equipment is 0.1, the error of the measurement results given in 
this study was in the range from 5 to 7%. 

 

 
Figure 2 – Schematic of span structures 1-5 
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Figure 3 – Scheme of arrangement of strain gauges on span structures 1 and 5: 
T1 - Strain gauge №1, on the lower belt of the left farm; T2 - Load cell №2, on transverse beam №8 of the span structure;  

Т3 - Load cell №3, on the right longitudinal beam of the roadway 8-9; Т4 - Strain gauge №4, on the lower belt of the right farm; 
Т5 - Strain gauge №5, on the right longitudinal beam of the roadway 7-8; Т6 - Strain gauge №1, on the left longitudinal beam  

of the roadway 7-8; Т7 - Strain gauge №1, on the left longitudinal beam of the roadway 8-9 
 

The complex was tested at a number of facilities of JSC "NC" KTZh "and showed good results in 
evaluating the effectiveness of reinforcing railway bridge structures with a composite material [5-6] and 
determining the impact of dynamic rolling stock impact on the railway track and span structures of bridges 
[7-15]. 

As an example, figures 4-7 show diagrams of stress changes in the elements of the span structure 1 
when passing through the span structure of locomotive TEZ3A with cargo composition ("assembly") at a 
speed of 25 km/h. 

From the diagrams shown, it is seen (figure 4a, b) that the stresses in the left and right belts of the 
trusses differ insignificantly (within 2 MPa). This circumstance indicates a uniform distribution of the 
movable load in the plane across the bridge and the absence of displacement of the axis of the path relative 
to the axis of the span structure. 

 

 
Figure 4 – Variation in stresses in the left (a) and right (b) lower belts of the trusses (panel 8-9)  

of the span structure 1 when the locomotive TEZ3A is passed with the freight train ("assembly") 
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Figure 7 – Change of stresses in the left (a) and right (b) longitudinal beam of the carriageway (panel 8-9)  
of the span structure 1 when the locomotive TEZ3A is passed with the freight train ("assembly") 

 
Extremes of measured stresses in elements of the structure of trusses 

 

 #  
p. 
 

Type  
of rolling stock 

 

Lower  
Belt of the 
Left Truss 

Т 1 
 

Lower  
Belt of the 
Right Farm

Т 4 
 

Right 
longitudinal 
beam of the 

roadway 
(7-8) Т 6 

Right 
longitudinal 
beam of the 

roadway 
(7-8) Т 5 

Right 
longitudinal 
beam of the 

roadway 
(8-9) Т 3 

Left 
longitudinal 
beam of the 

roadway 
(8-9) Т 7 

Cross  
beam of the 

roadway 
(8) Т 2 

 
1 2 3 4 5 6 7 8 9 

Measured stresses in structural elements of PS 1, MPa 

1 Single SKD6 -10 -10 28 27 39 38 23 

2 Single TE33A -9, -9 -10, -9 32, 29 28, 30 42, 41 39, 41 25, 26 

3 Talgo -14 -14 31 28 38 41 26 

4 Passenger 
-12, -12, -12, 
-14, -12, -12 

-12, -12, -12,
-9, -12, -12

30, 30, 30, 
30, 31, 32 

28, 26, 27, 
28, 27, 28 

40, 41, 40, 
40, 43, 41 

41, 40, 38, 
38, 40, 40 

26, 26, 26, 
27, 26, 26 

5 Empty Cargo -19, -11, -12 -19, -11, -11 27, 30, 28 28, 26, 28 39, 42, 40 40, 39, 41 28, 26, 27 

6 Cargo laden -26 -28 29 27 38 41 29 

7 Cargo prefabricated 
-25, -22, -24, 

-25, -28 
-28, -21, -25,

-24, -28 
30, 31, 30, 

28, 29 
28, 28, 28, 

25,27 
41, 41, 42, 

38, 39 
40, 40, 39, 

37, 42 
28, 28, 29, 

28, 30 

Measured stresses in structural elements of PS 5, MPa 

8 Single SKD6 -10 -10 33 32 25 28 25 

9 Single TE33A -10, -10 -10, -11 34, 34 34, 34 28, 25 29, 30 26, 27 

10 Single 2ТЭ10М -16 -16 33 32 24 27 27 

11 
Cone of locomotives 
ТЭ33А and СКД6 

-16 -17 34 34 26 29 26 

12 Talgo -12, -12 -13, -12 34, 34 34, 34 27, 26 27, 29 26, 26 

13 Passenger 
-13, -14, -12, 

-12, -12 
-13, -12, -12,

-13, -13 
32, 33, 33, 

34, 33 
35, 32, 36, 

32, 36 
27, 26, 23, 

26, 23 
28, 29, 26, 

28, 28 
28, 26, 26, 

26, 26 
14 Empty Cargo -26, -23 -27, -23 34, 33 33, 33 27, 26 24, 25 27, 28 

15 Cargo laden 
-27, -27, -27, 

-26, -26 
-27, -26, -29,

-27, -26 
32, 34, 33, 

33, 34 
32, 33, 35, 

32, 32 
23, 26, 25, 

25, 26 
29, 30, 27, 

28, 28 
28, 28, 26, 

29, 29 
16 Cargo prefabricated -28, -26 -28, -26 35, 33 34, 35 27, 25 30, 26 29, 28 
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As is known, the bridge class (load-carrying capacity of the bridge) is determined by the weakest 
element of the defective span structure itself. Table shows the extremes of the measured stresses in the 
elements of the structures of span structures 1 and 5 that arise when different types of rolling stock are 
exposed. It can be seen that the stresses in the longitudinal beams of the carriageway of the span structu-         
re 1 considerably (by 30-35%) exceed the stresses in similar beams of the span structure 5. 

Conclusions. Analysis of the measured stresses in the elements of the span structures under the 
rolling stock, in general, showed the joint work of the structural elements of the trusses, the uniform distri-
bution of the mobile load in the plane across the bridge and, accordingly, the absence of displacement of 
the track axis relative to the span axis. 

However, from the analysis of the stresses presented in table 1 (columns 7.8), it can be concluded that 
the stresses in the longitudinal beams of the carriageway of the span structure 1 are significantly (by 30-
35%) higher than the stresses in similar beams of the span structure 5. Consequently, the longitudinal 
beams of the carriageway of the span structure 1 have a lower margin of strength, and, correspondingly, of 
a bearing capacity than the longitudinal beams of the span structure 5. 

The use of digital technologies in the measurement and analysis of stresses in the elements of trusses 
from the impact of various rolling stock made it possible to identify the most faulty span structure and 
significantly reduce the labor costs for conducting a survey of the structure. 
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