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WORLD EXPERIENCE OF DESIGN OF BRIDGES AND THEIR
OPERATING CONDITIONS ON RAILWAYS WITH A HIGH SPEED OF
TRAINS

Purpose. Analysis of world experience of design bridge structures and their operation conditions for higher-
speed railways. Browse questions of experimental and theoretical research of interaction of bridge structures and
moving load. Methodology. To perform the analysis of published works that display world experience on design
bridge structures and their operation conditions for higher-speed railways, university’s library resource and possibil-
ity of unlimited Internet access were used. Findings. In this article the result of literature sources research, which
displays world experience of design and computation of bridge structures on high-speed railways are presented.
Originality. Results of this work show the present state of in research interaction of bridges and rolling stock on the
high-speed railways of Ukraine and the world as well as of possibilities of using bridges, exploited for a long period
of time, under loads which move on of high speed and what are features of work construction elements in this case
must be considered. Practical value. A problem that regarded in the article will allow us to develop methodology of
calculation for bridge structures that are in operation on the high-speed railways and apply results of the science
work when developing of new projects span structures.
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Introduction speed railways and the problem review for experi-
mental and theoretical research of bridge structures

Until now, the consideration of dynamic influ- . . .
and moving stock interaction.

ence of moving stock on bridges in regulatory doc-
uments is conducted based on generalization of
experimental data. Such approach for solving the
problem of dynamic effect of existing moving To perform the analysis of published works that
loading on bridge structures that are in operation ~display world experience on bridge structures de-
becomes not sufficient. The urgent necessity of sign and their operation conditions for high-speed
creating universal method of dynamic analysis for ~and higher-speed railways, university’s library re-
bridge constructions that would allow to correctly ~source and possibility of unlimited World Wide
consider the most important features of interaction =~ Web access were used.

Methodology

between existing and perspective moving loads and To develop the methodology of computation for
different types of bridge structures based on mod- stress-strain state of bridge structures with consider-
ern computer technologies is arising. ation of dynamic influence of high-speed trains the
requirements and demands of Ukrainian regulatory

Purpose documents for bridge design and requirements of

European regulatory documents (Eurocodes) are
reviewed. The comparative method for computa-
tion of dynamic factors with considering of
Ukrainian and European normative documents re-

The purpose of given article is to analyze world
experience of bridge structures design and their
operation conditions on high-speed and higher-
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quirements is used. Also methodology for model-
ing of bridge structures considering the loads and
dynamic effect of moving stock that is train pass-
ing on the bridge with high speed was developed.

Findings

It may be advisable to review the literature that
is linked to bridges operation on high-speed rail-
ways with dividing it into two groups. The first
one, less numerable, is literature about problems of
design, like the selection of bridge design, bridge
scheme, cross-sections of spans and other
elements, permanent way and others. In the second
group there’s literature that is devoted to interac-
tion between bridge and moving stock in condi-
tions of high-speed trains passage. This topic is
being developed for some decades already and
there are a lot of monographs and science works
dedicated to it. Separated big group in these re-
searches is works of Chinese, Korean and Japanese
civil engineers.

Nowadays regulatory documents, methods, in-
structions and guidance’s of local and foreign sci-
entists that are put into operation are used for
bridges design on high-speed railways. Such
sources include classic bridge-design literature
written by Hibshman M. E., Petropavlovsky A. A.,
Popov S. A., Bondar M. H. find others, also for-
eign experts Wai-Fah Chen [1], Benaim R., Iles D.
C. and others. This can be explained by the fact
that usually bridges for high-speed railroad are not
considered to be separated group and are viewed
along with all the other ones. It’s notable that even
the European regulatory documents (Eurocodes)
don’t consider bridges for high-speed railway to be
a separated group, in return it’s possible to find
some works that include explanations of how to
design such bridges [2-4]. Some data for the design
is given in compiled articles [5, 6] that are fully
dedicated to search for optimal parameters for
bridge design. These publications clarify the pro-
cess of selecting the optimal bridge scheme and
cross-section design and also of performing of
necessary computations of bridges under modern
loads.

Since the bridges for high-speed railway abroad
are built for rather long time already, it may be
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advisable to use as an example or as a base of de-
sign the projects that had already been implement-
ed or constructed, and data on which can be found
on building companies web-cites or in articles of
magazines, journals and science collections that
are dedicated to building, engineering or transport.
For example, some of the articles that are located
on web-cite http://www.bridgeweb.com/  of
«Bridge. Design and engineering» journal are
committed to bridge design for high-speed rail-
ways and contain descriptions of structure and
construction details.

Also repository-cites of science articles contain
ones, that in finer details describe one or another
bridge, its scheme, structure, cross-sections, nomi-
nal and calculated loads and construction methods
[7-12].

Reviewing the second group, printed works that
are dedicated to bridge-vehicle interaction in con-
ditions of high-speed trains passage, it should be
noted that the dynamic equation for system «bridge
— rolling stock» must be composed individually for
every system depending on vast number of param-
eters that influence the system or describe it’s
work, so the derivation of universal equation sys-
tem with consideration of every single parameter is
very hard and labor-intensive. Nowadays to derive
such equations it’s almost obligatory to use mod-
ern software complexes and interaction process
modeling.

In our country fundamental researches of this
branch are ones DEA Doctor of engineering, Pro-
fessor Bondar Nicolay Herasimovich, honored
worker of tech and science of Ukraine, academi-
cian of Ukraine National Academy of Sciences
[13, 14]. His works are dedicated to problems of
dynamic interaction of rolling stock and span. He
developed the methodic of dynamic computation
for bridges, interaction of «bridge — rolling stock»
system with their mutual vibration in vertical and
horizontal planes. Also he developed guidance’s
for rationing of dynamic factors, spans’ stiffness,
and horizontal forces from impact of rolling stock
wheel in conditions of high-speed and higher-
speed train passage.

Talking about other publications of local and
foreign authors that are dedicated to interaction of
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moving stock and bridges, there are number of
monographs on topic that may be viewed as fun-
damental, critical or useful for the science branch
[15-20].

Reviewing the works about interaction of
«bridge — rolling stock» system for the last decade,
the most valuable of them is the work of National
Taiwan University specialists [21] that is dedicated
to the dynamic of «bridge — rolling stock» system
interaction with application to high-speed railways.
In the monograph analytical ways of solving the
key problems, finite-element solving of some par-
ticular problems are reviewed and also results of
some tests are given to confirm developed theories.
Authors study problems of bridge reactions with
elastic supports, dynamic reaction of beams caused
by moving centrifugal force, reaction of two trains
that are crossing the bridge and so on. This is one
of the most cited modern books on given topic.

Famous scientific periodicals and science col-
lections that are composed of materials of interna-
tional scientific conferences [23-27] are dedicated
to the topic of «bridge — rolling stock» system in-
teraction and high-speed railways at all. They re-
flect last achievements in the branch including re-
cent developed technic of dynamic analysis, prob-
lems of bridge design for high-speed railways,
problem of viaducts’ and long-span bridges fa-
tigue, dynamic behavior of bridges and some ex-
amples are reviewed for specific bridges.

Concerning analytical method of dynamic
equations solving, a large number of works pub-
lished by local and foreign scientists is devoted to
composing and solving of equations with lots of
assumptions, simplifications and number of dimen-
sions for system (two- or three-dimensional
system). Methods and necessity of equations com-
posing for “bridge — rolling stock™ system are giv-
en in every of the following works of foreign sci-
entists [28-30].

Big part of attention in the named periodicals is
paid to the studying of bridge vibrations during
rolling stock passage and the resonance check be-
ing conduct. Indeed, the study results show that the
problem of bridge vibrations during high-speed
trains’ passage is one of the most important for
correct modeling of beam behavior. In the article

[31] the problem of dynamic computation of
bridges for lengthwise action of moving loads on
the high-speed railroads of Russian federation is
reviewed.

The majority of published works by local and
foreign scientists describe dynamic computations
and tests for the bridges that are already operation-
al. Important part is that there already are some
data that was previously obtained for these struc-
tures that can be compared to results obtained by
computations. These comparisons show that actual
parameters of the bridge (mostly, its vibration pa-
rameters) in the majority of articles match with the
calculated ones and don’t exceed permissible val-
ues.

This proofs that regulatory documents that were
used to design considered bridges, and these are
European (Eurocodes) [32], American, documents
of advanced Asian countries, that are also close to
Eurocodes, give us methodology of design that
results in accurate enough beam behavioral model
for high-speed loads. The main difference between
calculations by foreign documents and bridge
structures’ modeling by Ukrainian regulatory doc-
uments [33] consists not in the representation of
structures by their physical properties (laws of me-
chanics don’t differ, stresses are found by similar
methods), but in the representation of moving
loads. This is so due to empirical way of obtaining
of the loading model. And more advanced states
have conducted, and are conducting nowadays,
larger number of tests that are needed to compose
the regulatory documents.

Nowadays the countries that already have ad-
vanced high-speed railways either don’t conduct,
almost don’t conduct or in Ukraine we don’t have
direct access to publish in science periodicals big
fundamental studies of high-speed railways.

Today all the major methods of calculation for
dynamic action on bridges and equations to solve
are already derived. Usually all the work consists
of conducting tests for some already operational
bridge for new or existing loads, or testing some
new computation methods by comparing modeling
results and the results of experiment. Usually it’s
the test for some new finite-element models for
bridge and moving stock.
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In addition to above-quoted works, that review
the railroads of Europe and Asia, it’s advisable to
pay attention to article [34] and also to the whole
named periodical.

These science works were created based on the
results of resent researches that were conducted in
Russian Federation and are dedicated to the study
of high-speed trains’ influence on the bridge spans.
The necessity of these researches has arisen from
the plans of high-speed railways development and
construction of the high-speed track from Moscow
to Yekaterinburg. At the same time in addition to
information relevance the important role plays the
similarity of artificial structures and moving stock
of Ukraine and Russian Federation.

Originality and practical value

Results that were obtained in this work repre-
sent modern state of the problems of common
work of bridges and moving stock study for rail-
roads of Ukraine and world.

Nowadays there are no isolated railroad tracks
for high-speed railways in Ukraine. The movement
of high-speed trained is being conducted on the
already existing tracks. Artificial structures that are
being operated on such railroads have wear and
tear of main bearing elements that is connected to
increased loadings that are being rotated on the
bridge and the effect of anthropogenic and opera-
tional factors. Thus the problem arises if it’s possi-
ble to use bridge structures that are being opera-
tional for some lasting period for moving stock that
moves with high speed and what are the features of
structures’ elements’ operation must be considered
in this case. The experience op structures’ opera-
tion on the high-speed railroads of the other coun-
tries and the research of this topic cy local scien-
tists and civil engineers of ex-USSR countries will
allow us to develop the methodology of bridge
structures computations for bridges that are located
on high-speed railways and to use obtained results
for the design of new span types.

Conclusions

1. Based on the analysis of literature sources
it’s possible to draw a conclusion that for today the
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problems that are related to vehicle-bridge interac-
tion draw a lot of attention of our foreign col-
leagues and are being studied by them and used for
the bridges design on high-speed railways. But
these problems remain not understood enough by
Ukrainian scientists and their colleagues from ex-
USSR countries.

2. The majority of science works, both fun-
damental and applied ones, is in one or another
way dedicated to theoretical or practical studies in
the area of interactions of bridges and moving
stock. And if fundamental studies allow us to find
analytical solution by using some large labor
hours, applied ones describe every aspect of the
problem separately, thank to what (or by orienta-
tion on such works) the possibility to get precise
enough solution of the problem without the finding
of needless details, that may be neglected.

3. Every theoretical research of interaction of
bridge structures with moving loads is the attempt
to solve analytically or to simplify dynamic equa-
tions for «bridge — rolling stock» system.

4. Methodology development for computa-
tions of bridge structures that are operated on high-
speed railroad tracks will allow to reduce costs of
operational maintenance of bridge structures. And
the introduction of the new types of spans will al-
low to increase the durability of bridge structures
and to reach high levels of comfort for passengers
of the cars’ salons while the rolling stock is pass-
ing the bridge.
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Leab. AHaaM3 MUPOBOTO OIBITA MPOSKTHPOBAHUS KOHCTPYKLMIA MOCTOB M YCJIOBHI MX pabOThI Ha HAIpaBJICHHU-
SIX CKOPOCTHOTO M BBICOKOCKOPOCTHOTO JIBMXKEHHMsI 10e310B. O030p BOIPOCOB IKCIIEPUMEHTAIBHBIX H TEOpEeTHYE-
CKUX UCCIIEIOBAaHUH B3aUMOJEHCTBUS MOCTOBBIX COOPY>KEHUI ¢ MOABMXKHON Harpy3koi. Merogosiorus. [yis ana-
nM3a MyONuKanuid, B KOTOPBIX OTOOpaskaeTcsi MUPOBOH OITBIT POEKTHPOBAHMSI KOHCTPYKIIMH MOCTOB M YCIIOBHH MX
paboThl Ha HANpaBIEHUSIX CKOPOCTHOTO M BHICOKOCKOPOCTHOT'O JBIDKEHUS MOE3/10B, OBbLIT MCIIOIb30BaH OMbInoTed-
HBIM pecypc YHUBEPCHUTETA U BO3MOXHOCTU HeorpaHndeHHOro aoctyna Kk MupoBoi cetd INTERNET. Pesyabrar.
B craTpe mpencraBiieH pe3yabTaT UCCIEIOBAHUN JUTEPATYPHBIX MCTOYHUKOB, OTOOPaKAIOMIMX MHUPOBOW OIBIT HC-
CIIEJOBAaHUI IO pacyeTy U MPOEKTUPOBAHMUIO MOCTOBBIX COOPYKEHHH Ha BBICOKOCKOPOCTHBIX JKEJIE3HOMOPOIKHBIX
maructpanix. Hayuynasi HoBu3Ha. IloyueHHble B paboTe pe3ynbTaTel 0TOOPaXKal0T COBPEMEHHOE COCTOSHHE BO-
Ipoca M0 HCCIEAO0BAaHMUSAM COBMECTHOW PabOThl MOCTOB M MOIBHMXXHOI'O COCTaBa HA BBICOKOCKOPOCTHBIX Y4acTKax
JKEJIE3HBIX Jopor YKpauHel U Mupa. PaccmarpuBaercss BOIPOC BO3MOYKHOCTH MCIIONB30BaHUS MOCTOBBIX COOpYIKe-
HUH, KOTOPBIE YK€ 3KCIUIyaTUPYOTCS JUIMTEIbHBINA IIEPUOJ BPEMEHH, 110, [IOJABUKHOM COCTaB, KOTOPBIN JIBUKETCS
C BBICOKOI CKOPOCTBIO M KaKHe 0COOCHHOCTH PabOThl 2JIEMEHTOB KOHCTPYKLHH [TPU 3TOM HEOOXOJUMO YUHUTHIBATS.
IIpakTHyeckast 3HAYUMOCTB. BOnpockl, pacCMOTpPEHHBIE B CTaThe, MO3BOJISIT Pa3padOTaTh METOIOJIOTHIO pacyera
MOCTOBBIX COOPY>KE€HHMH, KOTOpPbIE HAXOAATCS B AKCIUTyaTallMd Ha BBICOKOCKOPOCTHBIX JKEJIE3HOJOPOXKHBIX Maru-
CTpaJIsIX M y4ecTh Pe3ysbTaThl HAy4YHOH paboThI IPH Pa3padOTKeE MPOEKTOB HOBBIX MIPOJIETHBIX CTPOCHHH.

Kniouegvie cnosa: HarpsHKeHHO-1€(OPMUPOBAHHOE COCTOSIHUE; ITPOJIETHOE CTPOEHHE; CKOPOCTHOW IOE3T; B3aH-
MOJIEICTBHE MOCTA U TOABHYKHOTO COCTaBa; HAJEKHOCTh; JOITOBEYHOCTh
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CBITOBUH JOCBIJ CTBOPEHHSI KOHCTPYKIIIA MOCTIB I YMOB
IX POBOTHU HA HAIIPSIMKAX HMBUJKICHOI'O 17|
BUCOKOHBUIKICHOI'O PYXY HIOI3AIB

MeTta. AHami3 CBITOBOTO JOCBiy MPOEKTYyBaHHS KOHCTPYKIIH MOCTIB 1 yMOB iX poOOTH Ha HaIpsIMKax IIBHIKi-
CHOTO i BUCOKOIIBHIKICHOTO pyXy moi3aiB. Oriiaq NUTaHh eKCIEPHUMEHTAIBHIX 1 TEOPETHYHUX JOCITIKEHb B3ae-
MO/Iii MOCTOBHUX CIIOPYZ 3 PyXOMHUM HaBaHTaxeHHsAM. MetoaoJoris. g anani3zy myOmikaiiii, B SIKux BimoOpaxa-
€TBCSl CBITOBHUI JOCBIJ] MPOEKTYBaHHS KOHCTPYKIINA MOCTIB i YMOB IX poOOTH Ha HampsMKax IIBHIKICHOTO i BHCO-
KOILIBUJIKICHOTO PyXYy NOi3/iB, OYB BUKOpHCTaHUI 0i0Ii0TEUHHH pecypc YHIBEPCUTETY 1 MOMKIIMBOCTI HEOOMEXKEHO-
ro pocrymy a0 cBitoBoi mepexi INTERNET. PesyastaT. ¥V CTarTi NpencTaBieHUi pe3ysbTaT JOCIiIKEHb
JITEepaTypHUX [DKEpEI, M0 BijoOpa)aloTh CBITOBHH JOCBIX 3 pO3paxyHKy i IPOEKTYBaHHS MOCTOBUX CIIOPYA Ha
BUCOKOLIBH/IKICHUX 3aJi3HWYHUX MaricTpaisix. Haykosa HoBu3Ha. OTpuMmaHi B poOOTi pe3ynbTaTu BioOpaxaroTh
Cy4YaCHUH CTaH MUTAHHSA 3 TOCIIKECHb B3aEMO/II MOCTIB 1 pyXOMOTO CKJIaJy Ha BUCOKOIIBUIKICHUX AUITHKAX 3alli-
3HHULb YKpaiHW Ta CBITY. PO3risgaeTbest MUTaHHS MOMIIMBOCTI BHKOPHCTAHHS MOCTOBHUX CIIOPYJ, SIKi BXKE eKCILTya-
TYIOTbCS TPHUBAJHHA MEPiod dacy, Ml PYXOMHUH CKIIAM, KU PyXaeThCs 3 BUCOKOIO IIBHIKICTIO 1 SIKi OCOOTMBOCTI
poOOTH eeMeHTiB KOHCTPYKIIiH IpH I[bOMY HeoOXimHO BpaxoByBatu. [IpakTudHa 3HayuMicTs. [Iutanss, po3risi-
HYTI B CTaTTi, JO3BOJIATH PO3POOUTH METOIOJIOTIIO PO3PAaXyHKy MOCTOBHUX CIIOPYA, IO Tepe0yBatOTh B eKCILTyaTamii
Ha BHCOKOIIBHUIKICHUX 3ai3HUYHHUX MaricTpajsxX i BpaxyBaTH pe3ysbTaTH HayKOBOi poOOTH MPH PO3poOI Mpoek-
TiB HOBHX IIPOTOHOBHX OY[IOB.

Kmiouosi crnoea: HanpyxeHo-aehopMoBaHuil CTaH; IPOrOHOBa OyIOBa; MIBHIKICHUH MOTAT; B3a€EMOJIsI MOCTY 1
PYXOMOTO CKJIaly; HaJiHHICTh; JOBrOBIYHICTh
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