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STRESS-STRAIN STATE OF BEAM STAGED CONNECTION POINT
OF THE RAILWAY BRIDGE TRACK-WAY

Purpose. The staged connections of the beams of railway bridge track-way have the simplest design, but some
design flaws result in numerous defects. The purpose of the given work is to research the actual stress-train state of
the point of connection of the stringers with the floor beams on condition of their staged interposition. It is also nec-
essary to determine possible effect of coupled work of deck beam grid and booms on their stress-strain state.
Methodology. To reach the purpose of the study the testing of the existing bridge was conducted. To measure
strains (stresses) in the span elements we used the strain gages glued to flange angles of stringers and floor beams
and to fillets of lower flange angles of stringers in the points of their support on floor beams. To measure deflections
of the truss, stringers and floor beams from static loads we used Aistov’s and Maksimov’s deflectometers, that were
installed on lower boom in the middle of span 0-1, as well as on both stringers and floor beams in the middle of the
span. Deflectometers were fastened to the span and, by wire communication, to the ground surface.
Findings. Stress-strain state of the point of connection of the stringers with the floor beams on condition of their
staged interposition was obtained and analyzed. Analysis indicates that, apart from vertical bending of the stringers
and beams, there is a significant effect of horizontal bending of floor beams and their torsion, that occur due to the
coupled work of track-way beams and top booms, both for PO beam and for other beams. Originality. Research of
stress-strain state of metal track-way staged beams while considering their coupled work with bearing trusses.
Practical value. While testing the span under the train load, there are significant additional stresses from horizontal
bending of floor beams and their torsion in the floor beam flanges. The appearance of these stresses is caused by
inclusion of stringers into coupled work with top booms. Appearing flaws in stringers are caused by local stress
concentration due to design features of staged track way.

Keywords: stringers; strain; stress; floor beams; metal spans

Introduction way beam grid, where there is a staged connection
of the track-way stringers and floor beams [1]. The
construction of stringer support on the floor beams
is shown in Fig. 1.

The staged connections of the beams of railway
bridge track-way have the simplest design, but
some design flaws result in numerous defects. In
the conditions of a staged connection of the track-
way beams, because of the large eccentricity be-
tween the axes of the stringers and floor beams, the
operation of the floor beams and the support unit
components is considerably complicated, and there
occur local overstress and cracks in the beam
flange angles. Stitch rivets (or bolts) joining the

Deck spans allow to reduce the consumption of
metal, its width, and also the height of the supports
[1]. Since 1944 Proyektstalkonstruktsiya Design
Institute proposed new design projects of span
structures with decks in the level of the bottom and
top booms. The deck spans have the truss spans of
44.0; 55.0 and 66.0 m and the main truss height of
8.5m[7].

Distinctive features of PSK deck spans are the
reduction of the distance between the main trusses
to 4.0 m, the use of transverse cross-links of the
main trusses and the design change of the track-
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stringers to the floor beams also operate under se-
vere conditions.
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Fig. 1. Construction of beam grid in PSK
deck span structures

An unfavorable effect on the metal stress state
in the places where cracks appear is caused by the
beam deformations, that occur when the track-way
beams work together with the top booms of the
main trusses while the entire span is loaded with
rolling stock. Herewith the top booms are con-
tracted, the floor beams are bent in horizontal di-
rection and are twisted, and at the junction of the
stringers and floor beams there occur an additional
angle of mutual rotation and deformation of the
end segments of the stringer flange angles, as well
as deformation of the top flange angles of the floor
beams in the stringer-beam intersections [7].

Unlike the one level track-way beam connec-
tion, at the staged stringer-beam intersections the
fastening elements (rivets or bolts) and the beam
flange angle seats appeared not able to perceive the
forces that arise from linear and angular deforma-
tions of the beams.

Purpose

The problem that exists today in the construc-
tive solution of the staged connection of the track
way beams is in the need to improve the reliability
of the construction of the stringer-beam joint. To
do this, it is necessary to investigate the actual de-
formation-stressed state of the joint of stringers
with floor beams. This paper, in order to determine
the peculiarities of operation of the beam grid of
the staged connection point, presents the analysis
of results of testing the real structure. The purpose

of the static tests was to measure the stresses in
stringers and floor beams of the track way and oth-
er span elements under various test load settings.
Particular attention was paid to the stresses in the
bottom flange angles of stringers near their at-
tachment to floor beams, since it is in these zones
that the main disorders are concentrated.

Methodology

The work was performed by the Sectoral Scien-
tific Research Laboratory (SSRL) of Artificial
Structures of the Dnepropetrovsk National Univer-
sity of Railway Transport named after academician
V. Lazaryan on the railway bridge over the Mok-
raya Moskovka River on 186 km of the Krivoy
Rog-Volnovaha line.

The numbering of supports is taken along the
kilometers from Kryvyi Rih to Volnovakhi, start-
ing from No. 0. The bridge span structures are
numbered in double Arabic numerals in accor-
dance with the numbers of the supports on which
they rest. The floor beams — along the kilometers,
in accordance with the name of the truss joints (PO-
P8), and the stringers of span structures — from left
to right starting with one (B1 and B2).

To measure strains (stresses) in the span ele-
ments we used the strain gages glued to flange an-
gles of stringers and floor beams and to fillets of
lower flange angles of stringers in the points of
their support on floor beams.

To measure deflections of the truss, stringers
and floor beams from static loads we used Aistov’s
and Maksimov’s deflectometers, that were in-
stalled on lower boom in the middle of span 0-1,
as well as on both stringers and floor beams in the
middle of the span. Deflectometers were fastened
to the span and, by wire communication, to the
ground surface.

Static tests were carried out in «windows» with
a duration of 2 hours. Two shunting diesel locomo-
tives ChME-3 were used as a test load. Schemes of
arrangement of strain gages during the span struc-
ture static tests are shown in Fig. 2—4.

Findings

A single-track railway bridge across the Mok-
raya Moskovka River on 186 km of the Krivoy
Rog-Volnovakha line is located on a straight line
in plan and site view. The bridge clearance is

doi 10.15802/stp2017/104762

© S. V. Kluchnik, 2017

161



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAI[IOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 Tpancmopty, 2017, Ne 3 (69)

TPAHCIIOPTE BYJIBHULITBO

spanned by two metal deck structures, with design
span of 44.0 m.

The railway bridge across the Mokraya Mosk-
ovka River was built in 1903 according to one-
span scheme of 1x88 m, then subjected to disrup-
tion in 1920 and 1943. In 1948, the bridge was re-
built according to the scheme of 2x44.0 m.

The total length of the bridge is 107.96 m. Ac-
cording to the design, span structures are equal.
Span structures consist of two through riveted deck
trusses, with a triangular grid, as well as additional

posts. The distance between the trusses is 4.0 m,
the truss height is 8.5 m. The trusses are made ac-
cording to the project of the Proyektstalkon-
struktsiya for L7 load. The booms have H-shaped
section. Longitudinal horizontal connections be-
tween the trusses are located in the level of the top
and bottom booms, and the transverse connections
in the even truss points in the form of intersecting
diagonals.

The track way consists of staged-located
I-section riveted stringers and floor beams.
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Fig. 3. Arrangement of strain gauges: on the stringer B1;

a — on the left stringer B 1

b — on the left stringer B1 in connection with P2
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Fig. 4 Arrangement of strain gauges: on the left Bl and right B2 stringers at the point of support
on the floor beam P4:

a — left stringer B1 in connection with P4

b — right stringer B2 in connection with P4

The stringer is fixed to the floor beam with four
bolts. The distance between the stringers is 2.0 m.

The bridge substructures are double-track, mas-
sive. The buried abutments are built on a natural
foundation. The substructure underlying is granite,
the intermediate substructure is concrete, massive,
built in 1948, the pole footing is sunk shaft.

Prior to testing, the bridge crossing was sur-
veyed, which included full-scale inspection of span
structures, bridge substructures and supports, sur-
vey of the river bed and approaches to the bridge,
survey of the state of the bridge and the track way
on the bridge and approaches [5, 8, 13].

The common defect of both span structures is
the corrosion of the horizontal sheets of the bottom
and top booms of the main trusses up to 1 mm, the
paint peeling on the main truss elements, the con-
tamination of the horizontal surfaces of the facings,
the flanges with loose goods, and the unsatisfac-
tory drainage of moisture from the booms.

One of the most significant detected defects is a
disorder in the track way beam intersections.

Rivet ruptures, loose bolts, development of
cracks along the flange angles pad eyes of the
stringers at the points of their connection with the
floor beams have been registered in the survey
since 1958. Some cracks were drilled during the
operation of the bridge, and later cuts were made in
the bottom flange angles of the stringers. However,
the development of cracks continues: along the left
stringers at the floor beam P3 on the span structure
0-1 and at the floor beams P1, P3, P7 on the span
structure 1-2 and along the right stringer at the
floor beam P5 on the span structure 0—1. The

length of some cracks after cutting the flange angle
web reaches 128 mm. In the bottom flange angles
at the stringer-beam intersections PO and P3, the
development of cracks continues and the length of
the cracks reaches 90 mm.

The loose bolts were found: along the left
stringers at the floor beams Pl — 4 pcs., P3 —
8 pcs., P6 — 6 pcs., P7 — 12 pcs. on the span struc-
ture 0—1 and at the floor beams P3 — 8 pcs., P7 —
6 pcs. on the span 1-2; and along the right string-
ers at the floor beams P5 — 4 pcs., P7 — 5 pcs. on
the span of 0—1.

Gaps were found in stringer-beam intersec-
tions: along the left stringers at the floor beams
P3 — 1.0 mm, P7 — 1.5 mm on the span structure
0-1 and at the floor beams P3 — 2.0 mm, P7 — 1
mm on the span 1-2; and also, along the right
stringers at the floor beams P5 — 1.0 mm, P7 — 1.0
mm on the span structure 0—1 and at the floor beam
P6 — 1.0 mm on the span structure 1-2.

Simultaneous presence of loose bolts, cracks
and looseness in beam support was found: along
the left stringers at the floor beams P3, P7 on the
span structure 0—1 and at the floor beam P3 on the
span structure 1-2; and along the right stringer at
the floor beam PS5 on the span structure 0—1.

In addition, on the span 0—1 in the beam grid,
the following defects were found:

1) wear of gaskets under angle fishplates along
the left stringers at the floor beams P1 — 1 mm,
P3 —2 mm, P6 — 2 mm, P8 — 1 mm;

2) in the top flange angle of the floor beam P2,
there is a crack 85 mm long at the left stringer in-
tersection;
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3) on the right stringer at the junction of the
floor beam P7 instead of § cut rivets there are in-
stalled high-strength bolts;

4) curvature of the top flange angles on the left
stringer in panels 6—7 and 7-8 to 20 mm;

5) in the joints of the top fishplates of the left
stringers, in the panels 67 and 7-8 one rivet is
missing, the right stringers in the panel 6—7 2 rivets
are missing, in the panel 7-8 — one rivet.

On the span structure 1-2, the wear of gaskets
under angle fishplates along the left stringers at the
floor beams reaches: P2 — 1 mm, P3 — 1.5 mm,
P5 -2 mm, P7 and P8 — 1 mm.

In a number of places on the span structure 0-1,
on unchanged upper sway struts between the
stringers, there are local curvatures of the horizon-
tal covers resulting from the derailment of the roll-
ing stock in 1985.

On the span 0-1 in the first three panels, the
longitudinal links between the main trusses have a
sagging of up to 30 mm and local curvatures, ap-
parently resulted from dropping downwards of the
bridge deck debris in the course of restoration
work after the derailment in 1985.

Due to the presence of cracks in the beam grid,
there is a speed limit of up to 50 km/h on the
bridge.

Static deflections were measured along the bot-
tom flanges at the points L4 of both trusses. The
highest deflection under the locomotive was 12
mm on both trusses. When converting to L7 load,
the relative deflection is 1/3000 /p, which is below
the limit value established by the norms.

When testing the track way beams, their stress
state was determined, taking into account the joint
work with the main trusses and the operation fea-
tures of the bottom flange angles of the stringers in
the points of their intersection with the floor
beams. The loading patterns for the tests are shown
in Fig. 5.

For the end floor beam PO, which is the most
intensively involved in joint work with the truss
booms, an unfavorable test load setting became the
loading according to pattern 6.

In this case the greatest stresses in the flange
angles reached +49.5 (p. 2) MPa and —63.7 MPa
(p. 1). The stress state of the floor beam PO for var-
ious loading patterns is given in Table 1.
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Fig. 5. Test loading patterns for span 0—1
Table 1
Stress from the static load in the floor beam P0, MPa

No. of Check points

scheme | 0 (in) 1 (in) 2 (out) | 3 (out)
1 -20.2 -274 30.6 6.7
2 1.9 -21.2 23.1 —4.2
3 34 —47.1 42.0 =5.7
4 39 —41.5 36.8 -8.9
5 19.3 —40.1 31.6 -16.0
6 13.0 —63.7 49.5 -3.8
7 37.6 =325 17.4 —22.6
8 31.3 -22.6 12.5 -18.1
9 29.4 —-18.9 10.7 -14.3

The analysis shows that in addition to the verti-
cal bending of the beam, there is a significant in-
fluence of the horizontal bending and torsion of
floor beams arising from the joint work of the track
way beams with the booms of the main trusses,
both at the PO beam and at other beams.

The bearing test guidelines [3] do not make it
possible to determine the forces in the structural
elements of the track way beam joints, as they use
the design schemes in which the stringers are taken
as simply supported, and the floor beams — as
working only in bending in the vertical plane [6].
In fact, the stringers are continuous, and when sub-
jected to a temporary load, they tend to turn around
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the center of gravity. The rotation of the support
sections of the stringers corresponds to the longi-
tudinal displacements of their bottom surfaces and
the same horizontal displacement of the attached
top surfaces of the floor beams. Because of this,
the floor beams work in horizontal bending with
torsion and at the same time prevent the turns of
the support sections of the stringers. The reason for
this is the inclusion of stringers in joint work with
the truss booms [1].

When the span is loaded with a vertical load,
the compressed truss booms are shortened in each
panel by a value of 3. The presence of stringers,
the length of which remains practically unchanged
under the load, prevents the free movement of the
floor beams, which are attached to the booms of
the main trusses. The difference of displacements
Ad of truss booms and the track way stringers
causes bending of the floor beams in the horizontal
plane.

The greatest bending moments in the horizontal
plane occur in the extreme floor beams [1]. In the
stringers the additional compressive forces appear,
and in the booms of the main trusses the compres-
sive forces are reduced. The bending of the string-
ers causes the torsion of the floor beams, as well as
the rotations of the attachment points and the de-
formation of bends of the main truss booms in their
plane. Bending corresponds to shear forces, which

decompose into longitudinal forces leading to the
displacement of the points of the trusses.

When studying the stresses, the special atten-
tion was paid to the determination of stresses in the
bottom flange angles of the stringers near their at-
tachment to the floor beams, since it is in these
zones that the basic disorders (cracks, looseness in
support and attachment of beams) are concen-
trated. For this purpose, the short base strain
gauges were pasted along the lower flange angles
on the fillets of the stringers B1 and B2 at their
junction points to the floor beam P4.

Loading of the span structure was carried out
according to patterns 1-7 (Figure 5) with setting of
the first axis of the locomotive every 5.5 m.

The stressed state of the track way beam ele-
ments of the staged connection is determined by
the lateral force and the bending moment acting in
this zone. The moment arises from the fact that the
stringers are not continuous, and also due to the
features of the stringer-beam intersection operation
(presence of gaps in the support, fishplate wear, the
leakage of the stiffener edges, etc.). The maximum
stresses in the stringer-beam intersections occur
when the span is loaded according to the pattern 9
and reach —136.4 MPa in p.60. For all loading pat-
terns, the highest experimental values of local
stresses in the intersection of stringers B1, B2 with
floor beam P4 are given in Table 2.

Table 2

The highest stresses in the intersections of stringers B1 and B2 with floor beam P4 and stringer B1
(panel 1-2), MPa

Bl Bl B2 B2 Bl
Loading patterns inner inner outer inner (panel 1-2)

Omax Omin Omax Omin Omax Omin Ormax Omin top | bottom
1 -34.2 -2.5 —4.1 0 -53 0 92 2.9 -2.5 -8.9
2 40.0 2.5 2.2 0 —4.3 -0.4 10.6 4.8 -16.8 | 104
3 38.4 0 4.1 0.4 2.1 0 12.1 24 -29.1 4.9
4 -101.0 —0.8 -153 —0.4 -7.8 0 14.9 33 —23.7 12.8
5 -126.9 -19.2 —40.2 -0.4 -12.8 -14 17.3 1.4 -148 | 44
6 -132.0 | 183 -30.7 5.4 —-14.8 2.5 —-19.3 -0.9 -35.5 59
7 -133.0 | -16.7 -31.2 —4.5 -13.1 -2.1 —-19.8 -29 -28.1 19.7
8 -116.0 | —-19.5 -33.7 -7.6 -13.6 -0.5 26.5 7.4 -14.1 | -8.6
9 -136.4 —6.1 -34.9 -5.2 14.4 0 27.8 59 -11.5 | -11.8
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Table 3
The highest stresses in track way floor beams, MPa
Floor beams
Loading pattern PO P2 P4

top bottom top bottom top bottom
1 -274 (-6.1) 30.6 -8.5 10.8 —48.9 —4.9
2 -21.2 4.2 -27.8 24.9 —42.0 -16
3 —47.1 -5.7 —54.2 47.6 -3.6 -17.5
4 —41.5 -8.9 —67.4 34.9 -9.8 -16.3
5 —40.1 -16.0 —78.7 33.9 =57.1 2.5
6 —63.7 -3.8 -77.8 27.8 -38.8 -22.8
7 37.6 17.4 —71.7 23.6 35.1 2.0
8 31.3 12.5 —62.5 17.4 -32.7 3.1
9 29.4 10.7 -38.9 0.8 —66.0 -36.5

The stresses vary unevenly along the angles.
The greatest stresses occur, as a rule, at the ends of
the angles. In some cases, the maximum and local
stresses in the angles were at a distance of
80-100 mm from the angle edges. In most cases,
the change in stresses in the angles along their
length is characterized by a change in the stress
sign.

In addition to measurements of deformations
(stresses) in the end floor beam PO, the stresses in
the left stringer B1 in the panel 1-2 and in the floor
beams P2 and P4 were determined during the tests.

According to the measurement results, in the
stringer, in addition to stresses from the vertical
bending moment, there are stresses from the action
of other factors (horizontal bending, axial forces
and torsion of the floor beam).

For the various loading patterns, the highest
stresses in the intersections of the stringers B1 and
B2 with the floor beam P4 and in the stringer Bl
(panel 1-2) are shown in Table 2. The highest
stresses in the floor beams PO, P2 and P4 obtained
during testing are given in Table 3.

Axial compressive stresses in the stringers arise
due to their joint work with the booms of the main
trusses. This causes a bending in the horizontal
direction of the floor beams. This is manifested the
most for the floor beam P2 at its connection with
the truss F1, and in the middle of the span of this

beam the effect of the horizontal bend is lower (see
Table 3).

The maximum stresses from all the loads are
recorded in the floor beam P2 at its connection
with the truss F1 and amounted to -131.5 MPa at
point 15 (pattern 9) and +105.3 MPa at point 17
(pattern 9).

In the stringer B1, the maximum stresses were
recorded in the middle of panel 1-2 and amounted
to -35.5 MPa at point 30 (pattern 6) and +19.7
MPa at point 33 (pattern 7) (see Fig. 3 and Fig. 5).

Originality and practical value

Vertical deflections of the main trusses when
the span structure was loaded with a movable load
(two sections of locomotive TEZ + 4-axle loaded
gondola cars) reached a value of 124 mm,
1/3500 Ip. While testing the span under the train
load, there are significant additional stresses from
horizontal bending of floor beams and their torsion
in the floor beam flanges. The appearance of these
stresses is caused by inclusion of stringers into
coupled work with top booms.

Conclusions

Analysis of the experimental data obtained dur-
ing the testing of the track way beams allows
drawing the following conclusions.
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The stressed state of the floor beams PO, P2, P4
is determined mainly by vertical bending. Stresses
from horizontal bending and torsion appear from
the joint work of the track way beams with the
booms of the main trusses.

The most significant stresses are obtained from
the horizontal bending in the floor beam P2 at the
point of its connection to the truss F1. The highest
stress values here are obtained in the angle of the
top boom P2 at point 15 when the span is loaded
according to the pattern 9. In a greater degree the
horizontal bending of the floor beams affects the
stress values in the horizontal webs of the top
flange angles with which the floor beams are at-
tached to the gusset plates of the upper longitudinal
ties between the main trusses. Here, the effect is
that the span structures installed on this bridge
have very small distance from the stringer axis to
its connection to the truss.

A high level of stresses in the top flanges of the
floor beams explains the appearance of a crack in
the horizontal web of the top flange angle in the
section between the stringer and the truss [9, 11,
15].

The stress state in the middle of the panel 1-2
of the stringer B1, where during the tests the meas-
urements were performed, is relatively low. Here
the stress values are no more than 3040 MPa.

In those places where the cracks have already
appeared it was not possible to measure the stress-
es. The measurements were taken mainly at the
points of support of the stringers on the floor beam
P4, where cracks in the bottom flange angles of the
stringers were not observed during inspection. In
these places, a detailed study of the stress state was
carried out. The strain gauges were pasted at
32 points on the fillets at the ends of the bottom
flange angles on both sides of each stringer every
80—-100 mm.

Stresses in the angles proved to be very high
(up to 136.4 MPa). It should be noted that the con-
nection of stringers with a floor beam P4, obvi-
ously, is not the most stressful point, because in
this place, instead of the stringer bottom angle fish-
plates there are extended gusset plates for break
connections. This is particularly significant as the
design of the span structures did not include the
checks of the stresses in these places. In other con-
nections, where cracks are already observed in the
angles the stresses appeared to be even higher.

All this indicates that the design of the intersec-
tion between the track way beams and the staged
arrangement of the stringers and floor beams ap-
plied on the bridge is unsuccessful and requires an
increase in the reliability of the joint structures.
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NE®OPMAIIMHO-HAIIPYKEHUM CTAH BY3JIA IOBEPXOBOI'O
CHOJIYUYEHHS BAJIOK IMPOI3HOI YACTHUHH 3AJIBHUYHOI'O
MOCTA

Merta. [ToBepxoBe crioiy4eHHs OaloK MPOI3HOT YaCTHHU 3aJi3HUYHUX MOCTIB HaHOLIBLI MPOCTE MO KOHCTPYK-
1ii, ajie BHACIIIOK KOHCTPYKTUBHUX HEIONIKIB YTBOPIOIOTHCS YHCIICHHI AedekTn. Meroro aaHoi poOOTH € IociTi-
JUKEHHSI ()aKTHYHOTO Ae(OopMalliifHO-HAIPY>KEHOTO CTaHy BYy3Ja CIIOJIYYEHHs ITO3JIOBXKHIX OalloK i3 MOINepedHIMHU
IpH 1X MOBEPXOBOMY po3TairyBaHHi. HeoOXiHO Tako)X BUSHAYMTH MOKIIMBHH BIUIMB CIUIBHOT poOOTH MOSCIB (hepMm
Ta 0aJo04HOI KIITKA MOCTOBOTO IIOJIOTHA Ha iX AedopmariitHo-HampyxkeHuii craH. Meroauka. [ mocsarHEHHS
MTOCTABJICHOI METH TPOBEICHO BHIIPOOYBaHHA iCHYIO4Woro Mocrta. Jlns BUMiproBaHHA Aedopmaliii (Hampy>KeHb)
B €JIEMEHTAX POrOHOBOI OyJOBH BUKOPHCTOBYBAIIHCS TCH30PE3UCTOPH, HAKJICEHI HA TOSICHUX KYTHKAX MOIEPEYHHX
1 MO3/I0BXKHIX OaJOK Ta Ha BUKPY)KKaX HIDKHIX MOSICHUX KYTHKIB MTO3I0BXKHIX 0aJOK y MicIIX OONHpaHHA iX Ha 1o-
nepeuni Ganku. [ljisi BUMIpIOBaHHS MPOTHHIB ()epM, MO3JOBXKHIX Ta MOMEepedHoi OalloK MpU CTATHYHHUX BHUIIPOOY-
BaHHSX BUKOPHCTOBYBAINCS NPOrHHOMIpH AicToBa i MakCHMOBa, sIKi BCTAHOBJIIOBAIMCS M0 HIXKHIX Hosicax (epm
y cepenuni nporony 0-1, a Takox Ha 000X ITO3JIOBXKHIX Ta OJHIEI0 MONEPEYHOIO Oallkax i3 CEpeANHH IMPOJIBOTY.
[TporuHOMipH KpINMJIMCS A0 TPOTIHHOI OYJOBU Ta 3 €IHYBAIUCS JIPOTSHUMHU 3B’SI3KaMH 3 TIOBEPXHEIO IPYHTY.
Pe3yabTaTH. ABTOPOM OTPHUMaHO i ITPOAHANII30BaHO JieopMalliiHO-HAPYKEHUI CTaH By3J1a CIOJIYYEHHS M03]10B-
JKHIX OaJIOK i3 MOTIEPEYHUMH TIPH iX TIOBEPXOBOMY PO3TAlIyBaHHI. AHalli3 ITOKa3ye, IO KPiM BEPTUKAILHOTO BHUIH-
Hy 0aJloOK Mae Miclie 3HaUHMH BIUIMB FOPU30HTAIBHOTO BUTHHY ITOTIEPEYHNX OaJIOK Ta TX KPYTiHHS, IO BUHUKAIOTh
BHACIIJIOK CIIBHOI poOOTH OanoK MpOi3HOI YaCTHHU 3 BEPXHIMH NosicaMH rojoBHHUX depM, sk y Oanku 10, Tak
i B iHmmx 6anok. HaykoBa HoBH3HA. Y poOOTI MPOBEICHO AOCIIIKEHHS HAIPYKEHO-Ie(OPMOBAHOTO CTaHy MeTa-
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JeBUX OaJoOK MPOi3HOI YaCTHHU MMOBEPXOBOTO PO3TAIIYBAHHS 3 YPaxXyBaHHIM CHUTbHOI poboTH 6ajoK i3 HeCydnMu
tdepmamu. IIpakTuyna 3HayuMicTh. [Ipu BunmpoOyBaHHI TPOTOHOBOI Oy/IOBH MO{3HMM HaBaHTAXCHHSAM Y MOsACaX
MoTIepeYHNX 0aIoK 3 ABISIOTHCA 3HAYHI T0ATKOBI HAMIPYTH BiJ TOPU3OHTAIHHOTO BUTHHY MOMIEPEYHHUX OaJOK Ta iX
KkpyTiHHs. [losiBa UX HANPYKEHb MOB’sA3aHa 3 BKIIOYCHHSIM MO3I0BXKHIX 0aJIOK Y CHUIbHY POOOTY 3 BEPXHIMH I10-
scamu (epM. Bununkaroui 1eekT B MO3A0BKHIX Oalikax MOB’sA3aHi 3 KOHIICHTPAIIEI0 MICIIEBUX HAIPYKCHb Yepe3
KOHCTPYKTHBHI 0COOJIMBOCTI ITOBEPXOBOI NPOi3HOT YaCTHHH.

Kiowosi crosa: no3moexkHi Oanku; nedopmairis; HAMPYKEHH:; MONEPEUHI OATKU; METaJICBI IIPOTOHOBI Oy TOBH
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"OHUI HCKYCCTBEHHBIX COOPYXKEHUH, JIHenponeTpoBCKUil HallMOHAJIBHBIN YHUBEPCUTET JKEIE€3HOJOPOXKHOTO TPaHCIOpTa
nMeHH akanemuka B. Jlazapsina, yi. Jlasapsua, 2, launpo, Ykpauna, 49010, ten. +38 (050) 667 40 49,
ein. moyra ssser05@ukr.net, ORCID 0000-0001-7771-8377

AE®POPMALIINMOHHO-HAIIPAX KEHHOE COCTOSHHUE Y3JIA
ITAKHOI'O CONPSI)KEHUA BAJIOK ITPOE3KEM YACTHU
KEJE3HOAOPOXHOI'O MOCTA

Heasn. DtaxkHoe conpsbkeHHe 0aIoK MPoe3KeH YacTH KeJIE3HOJOPOXKHBIX MOCTOB HanOosiee IpoCToe 1Mo KOHCT-
PYKLHMH, HO BCIIEICTBUE KOHCTPYKTHBHBIX HEJOCTATKOB IOJIBEPKEHO MHOTOUMCIICHHBIM AedekTaM. Llenpro nannon
paboThl sBiIAETCA WCCIENOBaHHE (aKTHYECKOTro Je(hOpMaIlMOHHO-HAIIPSHKEHHOTO COCTOSIHUSI y371a CONPSDKEHHS
MIPOJOJIBHBEIX 0AJOK € MONIEPEYHBIMH TP MX ITAXKHOM PACIIONOKeHUH. HeoO0X0oMuMo Takxke OnpeaeinTh BO3MOXKHOE
BIIMSIHAE COBMECTHOW pabOTHI MOSCOB (epM U 06ajovHOM KIETKH MOCTOBOTO IOJIOTHA Ha UX Ae(pOpMalHOHHO-
HalpspkeHHOe cocTtosHue. Meroauka. 1 TOCTHKEHNUS TIOCTaBJICHHOM LeNIM NPOBEACHBI UCIIBITAHHS CYIIECTBYIO-
mero mocra. Jlnsg namepeHus nedopmarmii (HampspKeHHH) B 3JIE€MEHTaX IMPOJIETHOTO CTPOEHHS HMCIIOJIb30BAJIHChH
TEH30PE3UCTOPbI, HAKJICEHHBIE Ha TTOSICHBIX YrOJIKaX MONEPEYHBIX U MPOJOJIBHEIX OAJIOK M Ha BBIKPYXKKAX HIKHHX
HOSICHBIX YTOJIKOB IPOJOJIBHBIX OAJIOK B MECTaX ONMPaHMs MX Ha IomnepedHsle Gankw. [y u3MepeHus nporudos
(hepM, IPOJONBHBIX U TONEPEYHOM OAIIOK HPU CTATHYECKUX MCIIBITAHUSX MCIOJIB30BAJIMCH TPOruOOoMepbl ANCTOBA
n MakcuMmoBa, KOTOpbIE YCTaHAaBIMBAIMCH IO HIDKHMM mosicaM (epM B cepeluHe mpojerHoro crpoenust 0-1,
a TakKe Ha 00eHX MPOAOJIBHBIX M OJHOW MOIepeuHOl Oankax B cepeanHe mposeTa. [Iporubomepsl Kpemuimch K
MPOJIETHOMY CTPOEHHIO M COEAMHSUIUCH ITPOBOJIOYHBIMU CBS3SIMH C IIOBEPXHOCTHIO I'pyHTa. Pe3yabTaTsl. ABTOpOM
MOJY4EHO M TMPOAHAIM3UPOBAHO Je(HhOPMALMOHHO-HANPSKEHHOE COCTOSIHUE Y371a CONPSDKEHHS MPOJOJIBHBIX 0aloK
C MOTIEPEYHBIME MIPH HX 3TAKHOM PACIIONOKEHAHN. AHAIIN3 ITOKA3bIBACT, YTO MOMHMO BEPTUKAIBHOTO H3rnda OaJiok
HUMEeeT MECTO 3HAYMTENbHOE BIMSIHUE FTOPU30HTAIBLHOIO W3ruba MOMepeyHbIX OANOK M UX KPYYCHHS, BOSHUKAIOIINE
BCJIC/ICTBHE COBMECTHOI paboThI OaloK Mpoe3Kel YacTH ¢ BEpXHUMH MOsICaMH TIIAaBHEIX (epM, kak y Oanku [10, Tax
u y apyrux Oanok. Hayunast HoBu3Ha. B pabote mpoBeseHo nccienoBaHue HalpsHKEHHO-AE(POPMALOHHOTO CO-
CTOSIHUSL METaJUIMYECKUX OaJlOK MpOoe3kell YacTH 3TaKHOTO PACIIONOKEHHUS ¢ yYeTOM COBMECTHOH paboThl Oayok
¢ Hecynmmu ¢epmamu. [IpakTHyeckas 3HAYMMOCTh. [Ipy HCTIBITAHMM NMPOJISTHOTO CTPOCHUS MOE3IHOH Harpys-
KOH B TOsICax MOMEPEYHBIX OANOK MOSBIISIOTCS 3HAYUTENILHBIC TOTIOJHUTENIbHbIC HANPSDKEHHST OT TOPH30HTAIBHOTO
u3rnba nornepevHbIx 0aiok M ux KpydeHus. [losBieHHE STHX HanpsHKEHHH CBS3aHO C BKIIOYEHUEM IPOJOJBHBIX
0aJIoK B COBMECTHYIO paboTy ¢ BepXHUMH TosicaMu pepM. BozHukaromnye aedexTsl B MPOA0JIBHBIX OalKax CBsS3aHbI
C KOHIIEHTpAIMeH MECTHBIX HANPSHKEHUH M3-32 KOHCTPYKTUBHBIX OCOOEHHOCTEH 3Ta)KHOW IpOe3Kel JacTH.

Kniouesvie cnosa: mpononpHble 0anku; AedopMalys; HAIpsHKEHUS; MONepeyHble OallKy; METAJUIMYECKUe Mpo-
JIETHBIE CTPOCHHUS
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