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PARAMETERS OF TYPICAL CONTINUOUS STEEL TRUSS SPANS
UNDER A HIGH-SPEED MOVEMENT

Purpose. Determination of the stress-strain state of a typical continuous steel truss span by calculation according
to national norms and computer simulation in the conditions of passage of high-speed passenger trains. Methodolo-
gy. In this work, the stress-strain state of a continuous truss span of the typical project No. 3 501.2-166 for the pos-
sibility of its application in areas with perspective high-speed railway traffic was investigated. Calculation of the
specified span structure for DBN V.2.3-14-2006 «Constructions of transport. Bridges and pipes. Design rulesy for
railroad loading C14 was executed. The cross-sections of the elements of a continuous truss span were calculated
and the necessary checks performed. For the given span structure in the software complex a model was developed
and the stress-strain state at various speeds of railway transport according to European and national norms was in-
vestigated. The acceleration and deflection of a continuous steel truss span were determined and their comparison
with normative requirements was performed. Findings. As a result of simulation in the software complex for a con-
tinuous steel truss span, acceleration and deflection under the action of cargo and passenger load at different speeds
of movement were determined. The cross-sections of the elements of a continuous steel truss span were calculated.
Originality. The results of the study can be applied in the development of national regulatory documents on high-
speed rail transport and in the design of bridge structures with continuous truss spans in areas with high and higher-
speed railway traffic. Practical value. The obtained results of the research will allow to effectively use continuous
steel truss spans of typical designs in areas with high— and higher-speed railway traffic.

Keywords: high-speed movement; high speed line; bridge construction; continuous truss span; acceleration; de-
flection; span; metal bridge; model; railway load; finite element method

Introduction movement of passenger trains, as the movement of

Today, the topic of high-speed and higher- passenger trains with velocities in given intervals

speed railway traffic is relevant as high-speed
trains [1] play an important role in improving the
competitiveness of railways compared to automo-
bile and aviation transport [2-5]. Every year, the
speed of passenger trains increases, as this is a
general need of society. For example, in Europe
and Asia, the speed of passenger transportation has
increased significantly over recent times and has
reached more than 500 km/h in some areas. Euro-
pean and international standards recognize that
high-speed traffic is a movement that provides
trips between two points with speeds in the inter-
vals of 141...160 and 161...200 km/h. Ukrainian
departmental standards represent the high-speed
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[4]:

— 141...160 km/h — accelerated movement;

— 161...200 km/h — high-speed traffic;

— over 200 km/h — higher-speed traffic.

At present, many new high-speed railway lines
are being designed and built around the world (or
existing networks are being upgraded). And bridg-
es are an integral part of the high-speed highway.
Thus, they require the attention of engineers in
terms of their design and their technical mainte-
nance.

For bridges with spans of more than 100 m
metal truss structures are being used. These are
complex structures, which require a separate ap-
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proach to the solution of the tasks for their applica-
tion for high-speed and higher-speed motion. The
main task in designing such structures is to find
optimal geometric sizes, including elements’
cross— sections, layout and design solutions.

Analysis of foreign experience in the design of
bridges on the HSR and developments of domestic
designers shows the feasibility of the following
constructive technological solutions:

— for small bridges and overpasses with
spans up to 15 m — prefabricated slab and ribbed
simple beam spans;

— for multi-sectional beam bridges with
spans of 15...33 m spans — slab-girder spans made
of monolithic pre-stresses reinforced concrete;

— for bridges with spans 33...55 m — box
structures of monolithic pre-stressed reinforced
concrete;

— in bridges with spans of more than 55 m —
metal two-track structures with main trusses or
arch systems with massive concrete and reinforced
concrete supports [11].

On bridges, only a non-junction track is used,
which reduces the dynamic impact of rolling stock
on the bridge, reducing noise and vibration of ele-
ments. However, the work of the non-junction
track on the bridge is significantly different from
the work on the soil, because of the deformability
of the bridge when changes in air temperature oc-
cur and of the train vertical and horizontal actions.
In this connection, additional stresses arise in the
rails trat are elements of a coupled system «bridge
— a non-junction track». Their size depends, in par-
ticular, on the type of bridge deck. In foreign prac-
tice, both ballast and non-ballast bridge decks are
used. [9, 10, 7, 11].

In Ukraine, nowadays there are no high-speed
and higher-speed tracks for railway transport.
Trains are driven at speeds up to 160 km/h by rail-
ways of general use. At the same time, all bridge
structures operated in areas where accelerated traf-
fic of passenger rail transport is being carried out
are calculated and constructed in accordance with
the existing regulatory documents under the rail-
way load C14.

There are no separate normative documents for
designing bridge structures in areas with high-
speed and higher-speed traffic in Ukraine. There-
fore, today the detailed study of the foreign experi-
ence of introducing high-speed traffic and design
of bridge structures according to European norms

and norms of other countries of the world and ad-
aptation of foreign normative documents to
Ukrainian conditions will allow to develop national
standards for designing and building bridges for
perspective high-speed and higher-speed high-
ways, which will eventually be introduced in
Ukraine.

Purpose

Determination of the stress-strain state of a typ-
ical simple metal span structure with bearing truss-
es by calculation according to national norms and
computer simulation method.

Methodology

In this work, the stress-strain state of a continu-
ous truss span by the typical design No. 3 501.2-
166 for the possibility of using it in areas under
perspective high-speed railway traffic is re-
searched. Calculation of the specified span struc-
ture for [12] for railroad loading C14 was execut-
ed. The cross-sections of the elements of a contin-
uous truss span were calculated and the necessary
checks performed. For the given span structure in
the software complex a model was developed and
the stress-strain state at various speeds of railway
transport according to European and national
norms was investigated. The acceleration and de-
flection of a continuous steel truss span were de-
termined and their comparison with normative re-
guirements was performed.

Particular attention should be paid to ensuring
high rigidity of spans — vertical, horizontal and
twisting (significant reduction of permissible de-
flections). The values of permissible deflections,
angles of the profile fracture and displacement of
the top of the supports on the bridges of VSM at
speeds up to 350 km/h are standardized.

When designing bridges, it is necessary to pay
special attention to the dynamic calculations of
bridge structures, including control of resonant
phenomena, as well as the influence of flaws of
wheels and rails. The peculiarity of the force influ-
ence of rolling stock on the bridge is related to the
so-called speed effect, or kinematic excitation. The
essence of this interaction mode of the bridge and
the train is the transfer of variable force influence
on the span structure by the cars of the trains
through the wheel pairs as a result of moving the
temporary load on the bridge. Hazardous reso-

nance oscillations of bridge structures arise when
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the period of power influence of the train coincides
with the period of the natural oscillations of the
train loaded span structure, while the value of the
dynamic index to the temporary load from the roll-
ing stock increases significantly. It should be noted
that it is dynamic calculations that are key in the
design of bridges on the HSR.

According to the results of dynamic calcula-
tions, the main dimensions, parameters and dynam-
ic characteristics of span structures are determined.
Rational design allows avoiding excessive adverse
dynamic responses during operation, as well as
ensuring the safety of high-speed trains and the
reliability of the work of the structure.

For calculations of slab, box and ribbed simple
beams up to 60 m span, the dynamic effect can be
represented as a set of lumped forces that travel
along a bridge at a given speed. For truss, arch and
frame structures, a dynamic calculation is made
taking into account the vehicle-bridge interaction.
In order to ensure the stability of the bridge deck,
which guarantees the stability of the rail track as a
requirement for safety of movement on the rail-
road, on the HSR bridges the maximum vertical
peak acceleration of the span structure at the level
of the topside of the track is limited [6, 7]:

—  with ballast track — 0,35 g m/s?;

— with rigid base (ballastless track) -
0,50 g m/s’.

In the dynamic calculation of the «vehicle —
bridge» system, the acceleration at the level of pas-
sengers seating in the car, to ensure the comfort of
travel should not exceed:

—  vertical — 0,15 g m/s%

— horizontal — 0,1 g m/s®.

Eurocode 1990 also defines the limits of maxi-
mum vertical displacement from the standpoint of
passenger comfort. Passenger comfort during the
movement of a car depends on the vertical acceler-
ation [8]. Listed in table 1.

Table 1
Recommended levels of passenger comfort

Comfort levels Vertical acceleration b, m/s?
Very good 1,0
Good 13
Acceptable 2.0
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When designing long-span structures, the issues
of aerodynamic interaction of high-speed train and
structural elements, as well as wind influence, are
taken into account. For small and medium bridges,
unified design and technological solutions that are
specially developed at the initial design stage
should be used.

The optimal structural solutions of a unified se-
ries of spans should be developed taking into ac-
count the results of dynamic calculations on the
load from high-speed trains, depending on the
track topside on the stage being designed and
based on a technical and economic comparison of
options.

Individual design is permissible when design-
ing large and extracurricular bridges with large
spans, when bridges are located in areas with a
complex longitudinal profile, as well as in other
justified cases.

The technical conditions for the design and
construction of artificial structures on the HSR
have their own features [11]:

— to ensure smoothness of trains and com-
fortable conditions for passengers, the value of the
elastic deflection of spans from the static tempo-
rary load is limited to a length of 1/2200 span
length (on regular railways — 1/600);

— to ensure the rigidity of runways on the
HSR in a horizontal plane, it is recommended to
limit the elastic deformation to 1/4000 of span
lengths, with the maximum relative torsion of the
runway structure limited to 1 mm per 1 m of span
length (table 2).

In order to assess the impact of the heterogenei-
ty of rolling stock, speed, eccentricity and other
factors, additional theoretical and practical tests are
required.

Despite the significant achievements of science
in the field of computer modeling, the problem is
the refinement of the spatial model of the vehicle-
bridge interaction system, the possibilities of
which would allow a comprehensive assessment of
the reliability of artificial structures and the safety
of traffic on it.

For further calculation continuous truss span
structure with 110+132+110 scheme was selected
(shown in fig. 1).

The material of the span structure is D40 steel.
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Table 2

The value of the elastic deflection of spans

Regulatory requirements

Limit values of high-speed trains

Maximum deflections

The calculation was performed according to
[12] for C14 load. Forces in the elements of the
main trusses from wind and braking were deter-

At a speed of 350 km/h:

6<1/1500 L atL<27m;6<1/2600 L at L=65m; 6<1/2000 L at L > 100 m

At a speed of 200 km/h:

fig. 2.
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Fig. 2. Main truss elements’ cross-section. Results of calculation by [12]

For the software complex calculation, a spatial
model of a continuous truss structure with scheme
110+132+110 was constructed, shown in fig. 3, 4.
Cross sections for each element according to the

performed calculations were applied:
— truss elements (top chord, bottom chord, di-

agonals, hip verticals and intermediate posts);
— stringers and floor beams;
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— ballastless deck slab. Fig. 5, 6). For models SW/0, SW/2 and C14 — 80,

Following this transient loads of load models: 90, 100 km/h, for HSLM-A1 — 200, 215, 225, 235,
C14, HSLM-AL, SW/0, SW/2 were given with 250, 265, 275, 290, 300, 315, 325, 335, 350 km/h.
corresponding dynamic speed functions (shown in

H seens %K <P

1 saronet
Fig. 4. Schematic of span structure
Quk Gk
2 - Bl
Load model mqyr, KN/m a,m c, m
SWI/0 133 15,0 53
SWi/2 150 25,0 7,0

Fig. 5. Load models SW/0 and SW/2
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Fig. 8. Dynamic loading function from the load model SW/0 100 km/h
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Fig. 10. Dynamic loading function from the load model SW/2 100 km/h

in the middle parts along the axis of the carriage-

way — at nodes 56, 177, 298 (shown in fig. 11, 12).
After calculating the system in the software Graphs of displacements and accelerations are

complex, stress values were obtained in the ele- shown on fig. 13, 14.

ments of the truss, Acceleration and displacement Figures 15, 16, 17 show the comparison of ac-

were determined for the elements of the truss: at  celeration and displacement in the elements of the

the beginning, at 1/4, at 1/2 parts of each span, and  farms with various speed trains.

Results
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Fig. 11. Truss elements, that need determination of maximum displacements and accelerations
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Fig. 12. Middle parts along the axis of the carriageway (nodes 56, 177, 298)
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15. Graphs of acceleration and displacement in the elements of the trusses at different traffic speeds
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Originality and practical value

The results of the study can be applied in the
development of national regulatory documents on
high-speed rail transport and in the design of
bridge structures with continuous truss spans in
areas with high- and higher-speed railway traffic.
The obtained results of the research will allow to
effectively use continuous steel truss spans of typi-
cal designs in areas with high- and higher-speed
railway traffic.

Conclusions

On the basis of the performed research of the
stress-strain state of a continuous steel truss span
and the possibility of its application on stages with
high-speed and higher-speed railway traffic, the
following results were obtained:

1. When designing bridges at high-speed rail-
ways, special attention should be paid to ensuring
high rigidity of runways — vertical, horizontal and
torsion (significant reduction of permissible deflec-
tions). Therefore, in high speed bridges, massive
elements must be applied that would satisfy the
conditions of high rigidity. It is necessary to pay
special attention to the dynamic calculations of
bridge structures, including control of resonant
phenomena, as well as the influence of flaws in
wheels and rails. When designing large-span struc-
tures, the issues of aerodynamic interaction of
high-speed train and structural elements, as well as
wind influence, are taken into account.

2. Methods that use the results of calculating
the static load multiplied by the dynamic coeffi-
cient F can not predict the resonant effects that
arise when the train is passing at high speed. For
forecasting of dynamic effects at resonance, meth-
ods of dynamic analysis are needed which take into
account the load-time dependence within the mod-
el loaded with high speed HSLM and real trains.
Dynamic factor F is not taken into account for the
load caused by real trains; load caused by trains to
calculate endurance; load model HSLM; load
model «unloaded train». The dynamic effect of the
real train can be represented by a set of concentrat-
ed forces that are moving.

3. As a result of the calculation of continuous
steel truss span according to [12] optimal cross
sections were and their checks for load C14 were
performed. For truss chors the box cross-section
was selected of 600x800 mm with sheet thickness

of 12...45 mm, for end post the box cross-section
600x800%28 mm, for diagonals the box cross-
section  600x600x14 mm, 600x500x10 mm,
600x450x10 mm, 600x550x10 mm, 600x650 mm
with sheet thickness of 12...30 mm, for hip verti-
cals and vertical posts — H-shaped cross-section
600x380x10 mm, for stringers — the I-shaped one
1570x240x12 mm, for floor beams — I-shaped one
1570x300x14 mm.

4. As a result of modeling in the software com-
plex for a continuous steel truss span, accelerations
and deflections under the action of freight and pas-
senger load at different speeds of traffic were de-
termined. For freight trains — with a speed of 80
km/h, 90 km/h, 100 km/h. For passenger trains —
200 km/h, 215 km/h, 225 km/h, 235 km/h, 250
km/h, 265 km/h, 275 km/h, 290 km/h, 300 km/h,
315 km/h, 325 km/h, 335 km/h, 350 km/h. All re-
ceived values of acceleration and deflections are
within the established limits. According to EN
1990: Eurocode: Basis of Structural Design, limit
values of maximum acceleration from the stand-
point of passenger comfort are as follows: 1 m/s? —
very good; 1,3 m/s® — good; 2 m/s®> — acceptable.
And according to EN 1991-2 (2003): Eurocode 1:
Actions on structures. P. 2: Traffic loads on bridg-
es, vertical acceleration should not exceed
0,15g m/s®. According to EN 1990: Eurocode: Ba-
sis of Structural Design, vertical displacements to
ensure the smoothness of the movement of high-
speed trains should not exceed 1/2200 of span
length, and for conventional lines, the value of
elastic deflection is limited to 1/600 of span length.

5. The deflection of the span structure obtained
by calculating the simulation method is:

1) In the middle of the carriageway:

— at movement speed of 350 km/h for load
model HSLM-A1- 2,05 cm;

— at movement speed of 80 and 100 km/h for
load model SW/0 - 1,21 cm;

— at movement speed of 80 and 100 km/h for
load model SW/2 - 2,1 cm;

— at movement speed of 80 km/h for load mod-
el C14 - 3,48 cm;

2) For truss elements:

— at movement speed of 350 km/h for load
model HSLM-A1 — 2,047 cm;

— at movement speed of 100 km/h for load
model SW/0 -1,23 cm;

— at movement speed of 80, 90, 100 km/h for
load model SW/2 — 2,1 cm;
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— at movement speed of 80 km/h for load mod-
el C14 —-2,92 cm.

6. Acceleration of the span structure obtained
by calculating with the simulation method is:

1) In the middle of the carriageway:

— at movement speed of 250 km/h for load
model HSLM-A1 — 1,65 m/s’;

— at movement speed of 90 km/h for load mod-
el SW/0 — 0,41 m/s?:

— at movement speed of 90 km/h for load mod-
el SW/2 — 1,6 m/s%;

— at movement speed of 90 km/h for load mod-
el C14 — 3,05 m/s’.

2) For truss elements:

— at movement speed of 250 km/h for load
model HSLM-A1 — 1,032 m/s?,

— at movement speed of 100 km/h for load
model SW/0 — 1,21 m/s?;

— at movement speed of 90 km/h for load mod-
el SW/2 — 1,3 m/s%;

— at movement speed of 90 km/h for load mod-
el C14 — 2,91 m/s.

7. The calculations do not take into account the
effect of the wind and natural oscillations of the
span structure. Therefore, taking into account these
factors, the cross-sections of the span structure
should have greater rigidity to counteract the fluc-
tuations and prevent the occurrence of resonant
phenomena that can lead to the destruction of the
structure.
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IMAPAMETPHU THIIOBUX METAJIEBUX IPOTOHOBUX BY 0B I3
HACKPI3BHUMHU ®EPMAMHW HEPO3PI3HOI'O THUITY I
IBUIKICHUH PYX

Mera. BusHaueHHsI HalpyXKeHO-Ie(pOPMOBAHOTO CTaHy THUIIOBOI HEPO3Pi3HOi METaIeBOI MIPOTOHOBOI OYIOBH i3
HACKpPi3HUMHU (epMaMH IUITXOM PO3PaxXyHKY 3a HAIllOHAIFHUMH HOPMaMH Ta METOIOM KOMII IOTEPHOTO MOJEIIO-
BaHHS B YMOBAaX MPOITYCKY IIBHUAKICHUX MACAKUPCHKUX MOTATiB. MeToauka. B poOoTi qocimimKyeThCsl HAIPYKEHO-
nedopMoBaHuii ctaH Hepo3pi3HOI MPOroHOBOI OyJOBM 3 HACKPI3HUMH (epMaMu 32 TUIIOBHM HPOEKTOM cepii
Ne 3.501.2-166 11t MOXKITMBOCTI 3aCTOCYBaHHS HOro Ha IUISHKaX Iiji NEPCIIEKTUBHUI BUCOKOMIBUAKICHUH pyX 3a-
J3HUYHOTO TPaHCHOPTy. BUKOHATH po3paxyHOK BKa3zaHOI nporoHoBoi Oynosu 3a JABH B.2.3-14-2006. «Cnopyau
TpaHcrnopTy. Moctu 1 Tpy6u. IIpaBuia mpoekTyBaHHs» Mmif 3aii3HHuHe HaBaHTaxeHHs Cl4. Ilixibpatu nepepizu
€JIEMEHTIB HEpO3pIi3HOT MeTaeBOT MPOrOHOBOT OyI0BU 3 HACKPI3HUMH (hepMaMu Ta BUKOHATH HEOOX1/HI MEepEeBIpKH.
Jnst BkazaHOi NMPOTOHOBOI OyMOBH Yy NPOrPaMHOMY KOMILIEKCI PO3pOOMTH MOJENb 1 JOCTIIUTH HampyXeHO-
nedopMoBaHMil CTaH IPH PI3HUX MIBUAKOCTAX 3aJi3HHYHOTO TPAHCIOPTY 32 €BPONEHCHKHMHU Ta HAI[lOHAJIHBHUMHU
HOpMaMH. BU3HAYNTH MPUCKOPEHHS Ta MPOTHHU HEPO3Pi3HOI MeTaneBoi MPOroHOBOI OyMOBH 3 HACKPI3HUMH (ep-
MaMH | BUKOHATH iX MOPIBHSAHHSA i3 HOPMaTHBHUMHU BHMoramu. PedyabraTu. B pesynpraTi MonenmtoBaHHS B IpoO-
TpaMHOMY KOMIUIEKCI AJIsI HEPO3Pi3HOI METaJIeBOi MPOTOHOBOI OyMOBH i3 HACKPI3HUMH (hepMaMK BH3HAUCHO IpHC-
KOPEHHS i IPOTHHH MiA Ai€l0 BAHTAXXHOTO i MACAKUPCHKOTO HABAHTAXKCHHS IMPH PI3HUX IIBUAKOCTIX pyxy. [1imi0-
PpaHi epepi3u eJIeMEeHTIB HepO3pi3HOi MeTalleBol MPOroHOBO1 Oy0BY 3 HackpizHMMHU pepmamu. HaykoBa HoBH3HA.
PesynbraT nOCHiIPKEHHST MOXKYTh OyTH 3aCTOCOBaHI IpU po3poOLi HAIlOHAJBHUX HOPMATHUBHUX JIOKYMEHTIB 110
BHCOKOUIBH/IKICHOMY PyXy 3aJIi3HUYHOTO TPAHCIOPTY Ta IPH MPOEKTYBaHHI MOCTOBHX CIIOpPY[ i3 HEPO3PI3HUMHU
METaJIEeBUMH TPOTOHOBUMHU OyJ0BaMHU 3 HACKPI3HUMHU (epMaMH Ha AUISIHKaX i3 IPHUCKOPEHUM Ta BHCOKOIIBHJIKIC-
HUM PyXOM 3aji3HH4YHOro TpaHcnoptry. IlpakTnuna 3HaunmicTb. OTpuMaHi pe3yabTaTH JOCTIKEHHS J03BOJIAThH
e(eKTUBHO 3aCTOCOBYBATH HEPO3pi3HI METaJeBi IIPOrOHOBI OYZOBH 3 HACKPI3HUMH (epMaMH 32 TUIIOBHMH IIPOCK-
TaMH¥ Ha AIISHKAX 13 IPICKOPEHUM Ta BUCOKOIIBUIKICHIM PYXOM 3aJi3HIYHOTO TPAHCIIOPTY.

Kniouosi cnosa: BUCOKOMBHIKICHUIN PyX; BUCOKOIIBHJIKICHA MaricTpalib; MOCTOOYIyBaHHS; HEPO3pi3HA MPOT0-
HOBa OyJ10Ba 3 HACKPI3HUMH (pepMamMHu; IPUCKOPEHHS; ePEeMIllIeHHs; TPOrOHOBa Oy/10Ba; METAIICBHH MICT; MOAEIb;
3aJTi3HNYHE HaBaHTaKCHHS; METO/ CKIHUCHHHUX €JIEMEHTIB
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IHAPAMETPBI TUITOBBIX META/IVIMMECKUX ITPOJIETHBIX
CTPOEHUI CO CKBO3HBIMU ®EPMAMM HEPA3PE3HOI'O TUIIA
O CKOPOCTHOE JIBUKEHHUE

Heab. OnpezeneHne HaNpsHKEHHO-1e(OPMUPOBAHHOIO COCTOSIHUSI THUIIOBOTO HEPAa3pe3HOr0 METALTHYECKOrO
MPOJIETHOTO CTPOCHUSI CO CKBO3HBIMH (hpepMaMH IMyTeM pacyera M0 HAIlMOHAIBHBIM HOPMaM M METOJIOM KOMIIbIO-
TEPHOTO MOJICJIMPOBAHMSI B YCIOBHSX MPOITYCKa CKOPOCTHBIX MAcCaXUPCKUX noe3noB. Meroauka. B pabore nccie-
JyeTcsl HalpsDKEHHO-Ie()OPMHUPOBAaHHOE COCTOSIHUE HEPa3pe3HOro MPOJIETHOTO CTPOEHMS CO CKBO3HBIMHU (epMamu
o TunoBoMy npoekty cepun Ne 3.501.2-166 Ha BO3MOXXKHOCTh HIPUMEHEHHUS €r0 Ha y4acTKax 110/ MEePCIEeKTHBHOE
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BBICOKOCKOPOCTHOE JBIDKEHHE JKEIEe3HOAOPOXKHOTO TpaHCIOpTa. BhINoNHEH pacyér yka3aHHOTO MPOJETHOTO CTPO-
ennst o JIbH B.2.3-14-2006. «Coopyxenust Tpancrnopta. Moctel u TpyObl. [IpaBuiia mpoexkTHpoBaHuUs» MO XKe-
ne3H0I0poXkHYyI0 Harpy3ky Cl4. IlomoOpaHBI cedeHHs 3I€MEHTOB HEPAa3pE3HOTO METALIMYECKOTO MPOJIETHOTO
CTPOEHHS CO CKBO3HBIMH (DepMaMH U BBITIOJIHEHBI HEOOXOANMBIE TPOBEPKH. JlJIs1 yKa3aHHOTO IPOJIETHOTO CTPOSHHSA
B IIPOrPaMMHOM KOMIUIEKCE pa3paboTaHa MOAETb W MCCIIEAOBAHO HANPSKEHHO-Ie()OPMUPOBAHHOE COCTOSIHUE NPH
PAa3IMYHBIX CKOPOCTSX JKEJIE3HOAOPOKHOTO TPaHCTIOpTa 1Mo EBpomeiickum 1 HanoHaIbHEIM HOpMaM. OmnpeneneHbl
YCKOPEHHE U TIPOTHOBI HEPA3PE3HOTO METAIIMYECKOTO MPOJICTHOTO CTPOSHHMS CO CKBO3HBIMHU ()epMaMH M BBIIIOTHE-
HBI UX CPaBHEHHE C HOPMaTHBHBIMH TpeOoBaHUsIMU. Pe3ynbsTaThl. B pesynprare MoaenupoBaHus B IPOrpaMMHOM
KOMIUIEKCE /I HEpa3pe3HOro METATIMYECKOro MPOJISTHOIO CTPOEHHSI CO CKBO3HBIMHU (hepMaMy OIpesieIeHbl YCKO-
peHus ¥ IpOruObl MO IEHCTBUEM IPY30BOH U MTACCAKMPCKOM HArpy30K MPU Pa3IMYHBIX CKOPOCTSIX ABMkKeHHs. [1o-
J00paHbl ce4YeHHs 3JEMEHTOB HEPa3pe3HOr0 METAJUIMYECKOTO MPOJIETHOTO CTPOEHMS CO CKBOZHBIMH (epMaMH.
Hayuynasi HoBH3HA. Pe3ynbTaTsl HcciieoBaHust MOTYT OBITh IPUMEHEHBI IPU pa3paboTKe HAIIMOHAIBHBIX HOpMa-
TUBHBIX JOKYMEHTOB 10 BBICOKOCKOPOCTHOMY JIBUKEHHUIO KEJIE3HOJOPOKHOTO TPAHCIIOPTA U IIPU MIPOEKTUPOBAHUU
MOCTOBBIX COOPY)KCHHH ¢ HEpa3pe3HBIMH METAJUIMYECKIMU MPOJIETHBIMHU CTPOCHUSIMH CO CKBO3HBIMH (hepMaMH Ha
y4acTKaX C YCKOPEHHBIM M BBICOKOCKOPOCTHBIM [BIDKEHHEM JKEJIE3HOJOPOKHOTO TpaHcmopra. IIpakTHueckast
3HAYUMOCTb. [loydeHHbIe pe3yabTaThl HCCIEIOBAHMS MO3BOAT 3(p(HEKTHBHO MPUMEHSTH HEpa3pe3HbIe METaJUIH-
YEeCKHUE MPOJICTHBIE CTPOCHHUS CO CKBO3HBIMH (DepMaMHM MO THIIOBBIM MPOEKTaM Ha YYacTKaX ¢ YCKOPEHHBIM M BBICO-
KOCKOPOCTHBIM JBHXCHHEM KEJIC3HOAOPOKHOTO TPAHCIIOPTA.

Kniouegvie cnosa: BRICOKOCKOPOCTHOE ABHKEHHE; BEICOKOCKOPOCTHAsE MarucTpaib; MOCTOCTPOCHUE; HEPa3pe3-
HOE IPOJIETHOE CTPOCHHUE CO CKBO3HBIMHU (hepMaMHM; YCKOPCHHE; NepeMellleHUe; IPOJIETHOEe CTPOCHHE; MeTa/LIny e-
CKHI MOCT; MOJIeNb; KeJIe3HOJOPOKHAS Harpy3Ka; METOJ{ KOHEUHBIX 3JIEMEHTOB
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