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ABSTRACT

KLUCHNIK S.V. Thestresstrain state obeams carriageway operation in steel

spanssteel bridge$ Qualifying scientific work as a manuscript.

Thesis for thedegree of candidate of technical sciences in spe@@&R3.01i
Building construtions, buildings and structufd®i Architecture and Constructidin)
Dnipropetrovs'k national university of railway transport named after academician V
Lazaryan StateHigherEdu cat i onal Establi shment C |
of Civil Engineeringand Ar chi tecturee of Mi ni str
Ukraine,Dnipro2018.

Thesis deals with carriageway of storey combination of metal beatos

increase the operanal resource of railroad metal bridges operating on the railways
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of Ukraine and to increase the carrying capacity of-load class metal spans, to
introduce a new constructive solution for combining the nodes of the carriageway of
the storey type, whichsiextremely important for providing the required throughput
capacity and train traffic safety.

Bridge structures on the railways of Ukraine operate in hard mode under
frequently repeated dynamic loads, in conditions of aggressive environment, with
insufficient maintenance, with almost no repair and restoration works. In the course
of long-term exploitation, the material of runways undergoes significant influences
from the action of the temporary load and the environment. Elements of structure:
become wornaged and are gradually losing rated strength qualities. Domestic and
foreign experience shows that the problem of longevity of bridges is one of the mair
problems of the use of artificial structures.

On the railways of Ukraine, provided that almost 13#4he metal runway
structures are considered defective and about 47% have insufficient load class, tr
issue of determining the real operational resource of span structures and determinir
ways to increase it. In particular, the current state of the ecpraond the rail
industry is no longer able to fully meet the needs that are increasing in the
maintenance of artificial structures.

The construction of a bridge deck has a significant influence on the life of the
span structures. In spans with upp®rel nding trusses, the bridge deck is assembled
on a carriageway that consists of transverse and longitudinal beams. It is the
operational resource, the reliability of longitudinal beams of the carriageway finally
determines the operational life and bearingacaty of the entire span structure.

When the conditions for designing the bridge allowed, the bridges were built
with a ride on the upper level and a with a storey carriageway. Having trusses belov
the level of fare, it was possible to reduce the distartseen the trusses, reduce the
size of transverse beams, bonds, with the height and length of the support
significantly reduced. The storey combination of the beams of the carriageway is

most simple in design. It was used in cases where the buildimghthef the
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carriageway allowed the installation of longitudinal beams on the transversal ones
But due to the structural defects of such a design numeral defects were formed.

Analyzing the results of surveys of metal spans of bridges operated in Ukraine,
it follows that in most cases the class of the span, and therefore the entire bridge,
usually defined by the class of beams of the carriageway as the most defectiv
elements of the span structure.

The purpose of the dissertation is to clarify the caws®s mechanism of
premature defects emergence in the elements of the carriageway of the store
interconnection of spans of railway bridges by studying the sttess state (SSS)
of the beams of the carriageway of the metal span structures. Studiesatithed
continuation of the operation resource and the increase of the carrying capacity of th
metal span structures with a low load class, the introduction of a new constructive
solution for combining the beams of the carriageway of the storey type tiomnec
which is extremely important for ensuring the necessary railway bearing capacity anc
train traffic safety.

In this work, actual data on the work of spans of the railway bridges with the
storey combination of beams of the carriageway, obtained dtighiytests of the
bridge over the MokrdMoskovka River on 186 km of the KrywRih - Volnovaha
line are used. The detailed experimental patterns of the SSS of the beams of tf
carriageway with the storey connection of the metal bridge show the work of the
longitudinal beam in the complex stresgin state. In this case, the stress state of the
elements of the storey connection of beams is determined by the transverse force al
bending moment in this zone, caused by virtually continuous longitudinal baams,
well as the peculiarities of the work of the node of the longitudinal beams lean on the
transversal ones.

In order to deepen the analysis of experimental data of the tested structures
calculations of the tested design with the initial data, wiidly correspond to the
experimental span structure, were carried out. For theoretical research a spa
structure with through trusses with uppevel riding was taken, designed by

"Proektstalkonstruktsiya " with a calculated sphn= 44,0 m with a storey
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carriageway. The particular truss is selected as the one with the largest number ¢
flaws in the support nodes of the longitudinal beams on the transversal ones.

The validity of the conclusions and practical recommendations of the
reinforcement of the cqling node of the longitudinal beam on the transversal one,
that were proposed in the dissertation is confirmed by theoretical studies using thi
Selena licensing computation complex using the finite element method and
confirmed by the satisfactory convernge of the results of the numerical analysis and
the results of field studies (the difference does not exceed 15%). The results obtaine
are in agreement with the data of previous studies.

According to the results of calculations and computer modelirgydé@termined
that the main cause of cracks is the structural imperfection of the nodes of the
longitudinal beam supporting on the transverse in span structures with the store:
carriageway, which is typical for similar structures.

The main factor that caes the appearance of defects is the moment in the
transverse beam relative to the axis of the longitudinal beam, which, due to the
transfer of stress to the small area of the rivet joint leads to significant stresses in th
lower shelf of the lower waistocners of longitudinal beams. This manifestation is
possible with the dislocation of the rivet joint and associated with residual
deformations of the waist corners in the longitudinal and transverse beams from th
cyclic loading.

The stresstrain state ofongitudinal and transverse beams, obtained during
calculations of the spatial model, arises as a result of the joint operation of the bearr
of the carriageway with the upper belts of the main trusses.

We prove that the largest bending moments in horatgolianeMy occur in
extreme transverse beara® andu8, the largest bending moments in the vertical
plane Mz occuiin extreme transverse beamslandu 7in odd nodes where the
rigidity of truss nodes is increased by braces that converge at these noees. Tt
moment in the transverse beams also increases, depending on the distance of t

transverse beam from the axis of the span structure.
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On the basis of the analysis of SSS of beams it was found that the problem o
stress concentration, as it was assumeliegais the main reason for the appearance
of flaws in the nodes of the support of the longitudinal beams on the transverse witt
the storey connection of the beams of the carriageway. The calculated design has
unacceptable value for local stresses.nViresses on the bottom horizontal shelf of
corners of longitudinal beam have local stresses stretching within 202060 MPa.
These indicators exceed design strength of the material and by the size and nature
these stress fields these concentrarioontribute to the emergence of cracks. On the
upper horizontal shelf of corners of transverse beams the tension under static loa
reaches 240 MPa to 300 o 330 MPa, and
contributes to horizontal shelves punatgrthe upper transverse beam corners.

Excessive stress is detected particulary in those places where cracks appear
the corners of the longitudinal beam and puncturing in the transverse beams are tt
most often.

As far back as 1961970, the issue adefects in the beams of the carriageway
of the level type was very acute on the agenda of the Ministry of Transport. Over the
past few decades, researchers and scientists have proposed different ways to addr
the problem of defective storey connectioheTthesis analyzes previously proposed
ways of repairing and reinforcing the elements of the beams of the carriageway
revealing their drawbacks and advantages, and taking into account this experienc
the proposed new solution for strengthening the nddéhe longitudinal beam
support to the transversal one in storey coupling.

The design of the node is aimed at strengthening the coupling node of the
longitudinal beam to the transverse, reducing unwanted deformations, eliminating the
appearance of flaws tiie node and reducing the material costs and time costs during
repair work.

To ensure reliable and efficient operation of the proposed node analysis of the
most advantageous option for each prefabricated elements of nodes structur

separately and in coll@ration with all the elements was performed.



12

In order to determine the value of the stresses of the SSS in the beams with th
installed additional cantilever sheets and reinforced with steel corners, analytica
studies of the proposed node a with the oleh parameters of the elements were
carried out. If we compare these results with the previous case, when there is n
reinforcement, we can state that the stresses in the corners of the horizontal shelves
the longitudinal beam with reinforcement deseé by 73% to 54 MPa , and the
stress on the upper horizontal shelves of the corners of the transverse beam with tl
reinforcement decreased by 43 06 48% tc

The design, unlike the previous ones:

A does not eliminate inthejbitworkpn of |

A does not counteract the occurrenc:

The main purpose of this design is to move the stress more smoothly from
transverse beam to the longitudinal, substantially increasing the area of their mutue
suppot.

Key words: longitudinal beamsleformation tension transverse beammetal

spans.
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