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DEVELOPMENT OF TECHNOLOGY OF ARRANGING AREAS WITH
TRANSITIONAL STIFFNESS INDEX ON APPROACHES TO RAILWAY
BRIDGES

Purpose. To investigate the issue of transitional rigidity on the railways of Ukraine, to form a complex of exist-
ing measures to strengthen the transitional sections, to develop and justify the solution to the problem of transitional
stiffness on approaches to railway bridges. Methodology. Theoretical research methods analysis and synthesis has
been used. For mathematical modeling of the structure, a finite element method has been used - a three-dimensional
mathematical model was created with stiffnesses corresponding to real ones, and loaded by static load of the rolling
stock. Findings. The analysis of the literature and the experience of developed countries on the issue of arranging
areas with transitional stiffness index on approaches to railway bridges, proposed and developed a solution for am-
plifying sections with transitional stiffness, a theoretical calculation of the mathematical model of the corresponding
areas was developed the working draft for arranging areas with transitional stiffness index on approaches to railway
bridges has been designed. Originality. The technology of amplification of areas with transitional stiffness has been
proposed, a model of a section with a transitional stiffness index has been developed and constructed in the first
approximation. Practical value. Developed construction of soil-cement piles allows to enhance areas with transi-
tional stiffness index on approaches to railway bridges. The obtained data open up new possibilities in the experi-
mental study of areas with a transitional stiffness index.
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Introduction Purpose

To develop a technology for strengthening the
ground canvas on approaches to the bridge to pre-
vent the emergence of bumps. To confirm the cor-
rectness of the developed technology through theo-
retical calculations.

There are more than 21 879 km of ground can-
vas in Ukraine, that includes about 19500 artificial
structures with a total length of more than 625 km.

An analysis of the experience of railways oper-
ation in the US, Europe and Australia showed that
as of 2006, about 50% of approaches to bridges
have local under-depths from 60 to 102 mm in
depth and from 1.2 to 15.2 m in length. On the ter-
ritory of railways with a width of 1520 mm, the

Methodology

It is clear that the embankments and supports of
the bridges differ fundamentally not only by the

same data were not analyzed, but this problem is
no less relevant.

The problem of transitional areas was so signif-
icant that many countries try to solve it in a variety
of ways today. There are significant and sufficient-
ly large studies of transitional areas are carried out
in the US, China, Poland and other countries due to
the abrupt increase of the velocity of motion.

material they are composed of, but also by the way
of their reliance on the foundation. At the same
time, the temporary loads received by them are the
same, which leads to a substantial difference in the

character of the use of embankments and bridges.
In railway and highway bridges constructing,
the bridge with the embankment is usually not ar-
ranged. Generally speaking, bridges subsidences
are much smaller than the subsidences of the em-
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bankments that connect with it. As a result, in a
place of connection of the embankment and bridge,
there are forming subsidences that make the en-
trance to the bridge more complicated. These sub-
sidences are usually called bumps.

The consequence of the appearance of bumps
may be the appearance of so-called "hanging"
sleepers under which the gaps are formed, which
leads to a thrust at the passage of rolling stock.
Phenomenas like this are unacceptable, especially
in arranging of lines of high-speed traffic [11].

Transition areas can only be considered in con-
junction with bridges and embankments, which

development of the cavity due to water  stiffness
washout and the effect of mobile loads \_difference
temperature
movements
small project

abutment subsidence

create a whole range of impacts on these elements,
as discussed in Fig. 1.

The abrupt change in the vertical stiffness of
the track leads to an abrupt change in the move-
ment of the wheel in the rolling stock, which caus-
es uneven bending of the track [5]. This change in
movement results in the vertical acceleration of the
attached mass of the rolling stock, what leads to
the application of additional vertical force. This
mechanism is self-replicating as a dynamic load,
which increases the amount of deflection each time
and, consequently, the influence on the structure
[13].

the development of defects
due to temperature effects
horizontal pressure caused
by the soil of the embankment
ice inclusions during
freezing-thawing

destruction of the

embankment materia
soil embankment
slope movement

\ incorrect design of the
transitional plate

- Soil swelling
- Soil subsidence due to insufficient

lateral compression
from horizontal pressure

compaction of the embankment material

L

embankment
pressure

Fig. 1. Factors affecting areas with transient rigidity

This effect of increasing the load depends on
the direction of movement of the train. When the
train moves in the direction from the higher rigidi-
ty to the lower one, for example from the bridge to
the embankment, the dynamic load is applied to
the structure with less rigidity, resulting in a de-
crease in the velocity of subsidence. This phenom-
enon is characterized by the deterioration of the
geometry of the track, the sprawl of the ballast
prism, the general subsidence of the lower struc-
ture of the track.

In world studies of this issue there are a number
of reasons that contribute to the emergence of this
phenomenon, and various authors tend to different
weight of various reasons. After analyzing and
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summarizing the world experience, the following
classification of the causes of bumps was made:
- the difference of sinking of the embank-
ment and abutment;
- difference of the modulus of elasticity of
the track in adjacent areas;
- the quality of the transient construction;
- dynamic load;
- properties of ballast material;
- condition of drainage standing;
- damping properties of adjacent structures;
- type of abutment and its construction;
- structure of linking bridge and embank-
ment;
- characteristics of temporary loads;
- overall quality of consolidated structures.
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Summarizing these reasons, the researchers
tend to think that in the design of structures of
transitional rigidity, they must gradually change
the three parameters of the base:

- sinking;

- stiffness;

- damping.

If not taking into account at least one of the
above-mentioned factors, the design efficiency will
be low. To solve the problem of bump, there is a
significant number of solutions [1, 6, 9] that can be
combined into several principal lines:

- floating plate arrangement.

The arrangement of the floating plate can be
reduced or divided by a larger length of subsidence
of the transition of the mantle (Fig. 2). The length
of the floating plate is always determined depend-
ing on the height of the mound.

“TENSAR” geogrid
(geogrid length 7-80m)

7

| rigid drainage geocomposite |

Homogenization of ballast by injection of syn-
thetic astringent materials [1]:
- the method is based on gluing the crushed
stone ballast on the transition region by in-
jecting synthetic astringent materials in it
(Fig. 3);
- reinforcing the embankment of transitional
parts.
Using soils with higher requirements for sedi-
ment, which fall under the scheme shown in Fig. 4.

Geogrids are laid in a layer, through every
30...50 cm, in the places of docking with the bridge
- are wrapped up.

Construction of transition areas from reinforced

concrete boxes filled with crushed stone.

The design consists of reinforced concrete box-

es, which are bottomless boxes, whose cavities are
filled with a ballast, as shown in Fig. 5.
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Fig. 2. Construction of a transitional area with a floating plate
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Fig. 3. Construction of the transitional area with the monolithic ballast
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Fig. 4. Construction of the transitional area with the masonry reinforcement
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Fig. 5. Construction of the transitional

Such design significantly reduces the intensity
of precipitation by prevention of ballast prism
spraying due to the presence of lateral walls.

For the possibility of analyzing the data of field
tests and conducting further theoretic researches on
the regulation of the rigidity indexes on the ap-
proaches to the experimental bridge, which was
provided by the regional branch "Pridneprovska
zaliznitsa" of PJSC "Ukrzaliznytsya" for the re-
search work, a mathematical model of the sections
of the embankments on approaches to the bridge of
the finite elements was calculated.

The model is based on a metal single-line rail-
way bridge through the Bazavluk river, according
to the scheme 2x55,00 m, the full length 126,60 m.

The model was built for a standing bridge and a
50-meter long bridge approach.

Findings

The construction of the model was carried out
in the program complex "Lyra-CAD" taking into
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area using reinforced concrete boxes

account the peculiarities of the construction of soil
masses, given in [7].

To simplify the calculation, the model was con-
structed without taking into account slopes of the
embankment, that is, almost in the form of a flat
model.

The model includes: abutment on the ground-
based foundation, embankment scarp in front of
the abutment and the embankment behind abut-
ment on which the load is applied [2].

The construction of the model was carried out
according to the working drawings of the bridge by
constructing the contour, its triangulation and pro-
truding along the axis [8]. In this way, a mathemat-
ical model was obtained (Fig. 6).

Performing the calculation according to the
norms [3,4], the deformation characteristic of the
model has been obtained (Fig. 7).

To construct the model, taking into account the
gain in the form of ground cement piles, we use the
same initial data as for the previous one with the
addition of ground cement piles in the form of rod
finite elements.
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Fig. 6. Model of bulk finite elements
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Fig. 7. Deformation of the model under load

Consequently, the model includes: abutment,
surrounded by a soil array in accordance with the
scheme of a bridge and piles of variable length
(from 13 to 1 meter), located along the embank-
ment behind abutment (Fig. 8).

Fig. 8. The location of finite elements for modeling
piles of fortifications

Performing the calculation according to the
norms [3, 4], we obtain the following deformation-
al characterization of the model (Fig. 9).
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Fig. 9. Deformation of the model under load

Result of the calculation shows, that the use of
ground cement piles significantly reduces soil draft
loading in places of transitional rigidity from tem-
porary load.

Experimental study of the mechanism of the
work of the embankment in the road construction
is possible using the method of centrifugal model-
ing, which allows to trace the qualitative picture of
deformation, and knowledge of the general nature
of deformation, which has led to the importance of
correct statement of theoretical studies and to ex-
plain some phenomena occurring in nature.

The essence of the method of centrifugal mod-
eling lies in the fact that as a field of force, such a
gravitational field of centrifugal forces created
when rotating a centrifugal machine is used. The
model of a ground structure, made of natural mate-
rial, is placed in a centrifuge, creating at its rota-
tion a field of centrifugal forces similar to gravita-
tional, but has a significantly higher intensity.
Thus, the centrifugal modeling provides a com-
plete preservation of the nature of the processes
occurring in the design [9].

The results of practical research will be pre-
sented in the following scientific papers.

Originality and practical value

The proposed enhancement gives the possibil-
ity to amplify the embankment in areas with a tran-
sitional rigidity index without disassembling the
upper structure of the track, which is a cost-
effective solution in comparison with other similar
types of reinforcements.

The reinforcement of areas with a transitional
rigidity indicator is now a task that ensures the un-
interrupted operation of the track in approaches to
bridges. This problem is becoming even more rele-
vant with the introduction of high-speed traffic on
Ukrainian railways. The described decisions help
to speed up integration of Ukrainian railways into
the European space.

On the basis of theoretical research, a technolo-
gy was developed for the construction of areas
with transitional rigidity on approaches to bridges.

Conclusions

As a result of comparison of the data received
by the theoretical and experimental model it is
found out:
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- when modeling the existing design of the 5. JBH B.2.3-19-2008. Criopynu Tpaucmopry. 3ai3-
approaches, maximum deformations of mani Kkomii 1520 mm. Hopwmu  mpoekTyBaHHS
8,3mm are obtained for the theoretical [Texer]. — Hamano unnrocti 2008-01-26. — Kuis :
model: Minperion0yn Ykpainu, 2008. — C. 29-36.

- in simulation of the construction with rein- o Avemuko, Il M. O xommiexchbix moxxonax K

forcement in the form of around cement o0ecreueHnI0 K 00eCIIEYEHUIO 3aIUThl 3eMJITHOTO
X ] . grou . MOJIOTHA W BEPXHEr0 CTPOEHUs IMyTH B MPUOpEk-
piles, maximum strains were obtained

HBIX U ropHbIX paiioHax [Teker] / W. Jpiasimko //

which made 5.06 mm for the theoretical BecTHHK Hay4HO-HCCIEN0BATENECKOTO MHCTUTYTA
model. JKEJIE3HOIOPOKHOTO TpaHcopTa — Mocksa : 2013.

The given results allow confirming the expedi- —Boin. 6. — C. 31-39.
ency and adequacy of the proposed type of rein- 7. Kympiii, B. II., MonentoBanns cymicuoi po6oTu
forcement of sites with a transitional rigidity index. KOHCTPYKIii KPiMJIEHH KOTJIOBAHY Ta IPYHTY 3 3a-
The conducted research proves the relevance of CTOCYBAHHAM — METOAY  CKIHYCHUX ~ €JICMEHTIB

(MCE) [Texkct] / B. I1. Kynpiii, €. 0. Kynaxenko,
A. C. T'yaxoBa // Moctu Ta TyHedqi: Teopisi, A0OCi-
JokeHHs, npaktuka. — 2015, — Bum. 7. — C. 19-26.

Jlupa 9.4% TIpumeps! pacuéra M MPOEKTUPOBAHMS.

this topic. The performed calculations open new
possibilities for theoretical calculation of areas
with transitional rigidity. The next step of the re- 4

search will be to develop and calculate new types yyeguoe nocome [Texer] / B. E. Borosuc, I0. B.
of enhancement of the embankments. Tensepekuii, F0. JI. Tepaiimonuu, A. H. Kynenxko,
. B. Mapuenko, /I. B. Mexagenxo, f. E. Crno6o-
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PA3PABOTKA TEXHOJIOTMH YCTPOHCTBA YUYACTKOB C
HEPEXOIHBIM ITOKA3ATEJIEM JKECTKOCTH HA TIOAXOAAX K
KEJE3HOAOPOKHBIM MOCTAM
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Hens. MccnemoBars BOMPOC MEPEXOTHON JKECTKOCTH Ha JKEJIE3HBIX TOPOTrax YKpawHbI, C(OPMHPOBATH KOM-
IUIEKC CYIIECTBYIOMIMX MEPONPHATHH IO YCHJICHHUIO MEPEXOAHBIX YJacTKOB, pa3padoTaTe M 0OOCHOBATh PEILICHUE
poOJIEMBI TTIEPEXOAHON JKECTKOCTH Ha MOAXOAAX K JKEIE3HOMOPOKHBIM MOCTaM ITyTeM KOMOWHHPOBAHHMS Pa3HBIX
MeToauk. Meroamka. J{71s peleHns NOCTaBICHHOHN 3ajauu MCIOIb30BaHbl TEOPETUYECKUE METO/Ibl UCCIIeIOBAHUS
— aHanu3 W cUHTe3. [ MaTeMaTHYECKOr0 MOAEIHPOBAHUSA KOHCTPYKIIMK HCIOJIb30BaH METOJ KOHEUHBIX JIEMEH-
TOB — CO3/laHa TPeXMepHas MaTeMaTHdecKas MOJENb C XKECTKOCTAMHU, COOTBETCTBYIOIIMMHU PEaNbHBIM, K KOTOPOIl
MIpUJIOKEHA CTaTHUecKas pacuéTHas Harpy3ka IMOJBIIKHOTO cocTaBa. PesyabTarsl. BeinonHeH ananus nureparyp-
HBIX MCTOYHHUKOB U OIIBITA PA3BUTHIX CTPAH MHpA IO IPOOJIEMe YCTPOWCTBA YIAaCTKOB C MEPEXOAHBIM MTOKA3aTelIeM
KECTKOCTH Ha MOAXOJAX K >KEJIE3HOMOPOXXHBIM MOCTaM, HPEIOKEHO M HMPOpadOTaHO PELIEHHE IO YCTPOHCTBY
YCHIJIEHHS YYacTKOB C MEPEXOJHOH KECTKOCTHIO, BBIMOJIHEH TEOPETHUECKUN pacueT MaTeMaTHIeCKOH MOJEIN COOT-
BETCTBYIOIIETO Yy4acTKa, pa3paboTaH pabodMii MPOEKT IO yCTPOWCTBY YYacTKOB C MEPEXOTHOM KECTKOCTBIO Ha
MOAXO0AAX K JKEJIE3HONAOPOKHBIM MocTaM. HayuHasi HoBH3HA. [Ipe/utoskeHa TEXHOJIOTHS YCHIICHUS yIacTKOB C TIe-
PEXOIHON KECTKOCTHIO, Pa3pabOTaHa M MOCTPOCHA MOJIENb YIacCTKa C MEPEXOJHBIM MTOKA3aTEeNEM KECTKOCTH B IIEP-
BoM npuOmmkeHnd. IlpakTuyeckasi 3HaYNMOCTh. Pa3paboTaHHast KOHCTPYKIUS M3 TPYHTOILIEMEHTHBIX CBal M03-
BOJISIET YCHJIMBATh YYaCTKU C MEPEXOJHBIM MIOKa3aTeIeM JKECTKOCTH Ha MOX0JaX K MocTaM 0e3 pa30opKH BEpXHETO
CTPOCHUA ITYTH. HOJ’Iy‘IeHHLIe JaHHBIC OTKPBIBAIOT HOBBIC BO3MOKHOCTHU B 3KCHEPHUMCHTAJIBLHOM HCCICAOBAHUU
YYacCTKOB C IIEPEXOJHBIM ITOKa3aTeNIeM KECTKOCTH.

Kniouegvie cnosa: mepexonHast KeCTKOCTb; OAXOAbI; HACKINb; YCTOH; TPYHTOLIEMEHT; MaTeMaTH4IeCKasi MOJIEITb
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PO3POBKA TEXHOJIOTI'TI YJIAIUTYBAHHS ALJISSHOK 3
HEPEXITHUM ITIOKA3ZHUKOM KOPCTKOCTI HA HIAXOOJAX 10O
SAJIIBHUYHUX MOCTIB

Mera. [locmiguTy MUTaHHS MTEPEXiAHOT JKOPCTKOCTI Ha 3aTi3HUIAX YKpaiHu, CPOpPMYBaTH KOMIUIEKC ICHYIOUNX
3aXO0/IiB 1010 MiJICHIICHHS MEPEXiHUX TUITHOK, PO3pOOUTH 1 OOIPYHTYBAaTH PillIeHHs MPOOJIEMHU NEepeXiIHOi Kopc-
TKOCTI Ha MiIX0Jax 0 3aJi3HMYHUX MOCTIB HISIXOM KOMOIHYBaHHS pi3HUX MeToAMK. Metoauka. J{ist BUpilieHHs
MOCTABJICHOT'O 3aBJIaHHS BUKOPHCTAaHI TEOPETHYHI METOIM JIOCITI/PKEHHS - aHalli3 Ta cuHTe3. [ MaremMaTruuHoro
MO/ICIIFOBaHHS KOHCTPYKIIIi BUKOPUCTaHUI METO/ KiHIIEBUX €JIEMEHTIB - CTBOpPEHA TPUBUMIpHA MaTeMaTHYHa MO-
JIeTIb 3 )KOPCTKOCTSIMHU, 1[0 BiAMOBIZAIOTh PEalbHUM, JI0 SIKOT MPHKIIaJIeHe CTaTHYHE PO3paxyHKOBE HaBaHTa)KEHHS
pyxomoro ckinany. Pesyabraru. Bukonanuii anaii3 jitepaTypHuX JpKepel 1 TOCBiLy PO3BUHEHUX KpaiH CBITY IIOJ0
MPOOJIEMH TIPUCTPOIO TITHOK 3 MEPEXiTHIM ITOKA3HUKOM JKOPCTKOCTI Ha IMiIX0/aX 10 3aIi3HIIHUX MOCTIB, 3aIpO-
TIOHOBAHO 1 ONPaNbOBAHO PILIEHHS 10 BJIAMITYBAHHIO IiJACWICHHS AIISHOK 3 MEPEXiHOI0 >KOPCTKICTIO, BUKOHAHO
TEOPETHYHHI PO3PaXyHOK MAaTeMaTHYHOT MOJEI BiIIOBIAHOI JUISTHKH, pO3po0IeHHi pOOOUNi IPOEKT 10 BJIAILTY-
BaHHIO JIUISTHOK 3 MEPEXiTHO0 JKOPCTKICTIO Ha MiAX0AaxX A0 3ali3HNYHUX MocTiB. HaykoBa HOBM3HA. 3anpOIIOHO-
BaHO TEXHOJIOTII0 MOCHJICHHS IUITHOK 3 TEPEeXiJHOI0 >KOPCTKICTIO, po3po0iieHa 1 moOyioBaHa MOJENb TUISTHKH 3
MepexiIHUM MOKa3HUKOM KOPCTKOCTI B nepiroMy HaOukeHHi. IIpakTuyna 3HaunmicTh. Po3pobieHa KOHCTpYK-
11is 3 TPYHTOLIEMEHTHUX MaJb JTI03BOJISAE ITiICHITIOBATH JUISHKH 3 TIEPEXiTHUM TTOKa3HUKOM MKOPCTKOCTI Ha MiAX01aX
JI0 MOCTIB 06€3 po30upaHHs BepXHBOi Oym0BU KoJiii. OTpuUMaHi JaHi BiIKPUBAIOTh HOBI MOKJIIMBOCTI B €KCTIEpUMEH-
TaIBHOMY IOCTIIKEHHI AUITHOK 3 MTEPEXiTHUM ITOKa3HIKOM JKOPCTKOCTI.

Kniouosi cnosa: nepexigHa )OPCTKIiCTh; MiXOAH; HACUI, CTOSIH; [PYHTOIIEMEHT; MaTeMaTHUIHa MOJIENb

REFERENCES

1. Valtseva T. Yu. Deformiruemost zheleznodorozhnyih nasyipey na slabyih osnovaniyah, usilennyih
geosinteticheskimi materialami v usloviyah dalnego vostoka. Avtoreferat Diss [The deformability of railway

© V. V. Marochka, S. H. Boboshko, 2018

105


mailto:markay905@gmail.com
mailto:stepanboboshko@gmail.com

ISSN 2413-6212 (Online), ISSN 2227-1252 (Print)

MocTH Ta TyHeli: Teopisi, 10CJiKeHHsl, MpaKkTHKa, 2018, Ne 13

MOCTU TA TYHEJIL: TEOPIA, JOCJIIJDKEHH A

10.

11.

12.

13.

embankments on weak foundations, reinforced geosynthetic materials in the conditions of the Far East].
Habarovsk, 2011, 24 p.

Gorodetskiy A. S., Evzerov |. D. Kompyuternyie modeli konstruktsiy [Computer models of constructions].
Kyjiv, Fact Publ., 2008, 394 p.

DBN V.1.2-15:2009. Sporudy transportu. Mosty ta truby. Navantazhennya i vplyvy [State Standard V.1.2-15:
2009. Transport facilities. Bridges and pipes. Loads and effects]. Kyjiv. Minrehionbud Ukrainy Publ., 2009, pp.
14-16.

DBN V.2.3-14:2006. Sporudy transportu. Mosty ta truby. Pravyla proektuvannja [State Standard V.2.3-14:
2006. Transport construcctions. Bridges and pipes. Design rules]. Kyjiv. Minrehionbud Ukrainy Publ., 2006,
233 p.

DBN V.2.3-19-2008. Sporudy transportu. Zaliznyci koliji 1520 mm. Normy proektuvannja [State Standard
C.2.3-19-2008. Transport facilities. Railway track 1520 mm. Design standards]. Kyjiv. Minrehionbud Ukrainy
Publ., 2008. pp. 29-36.

Dyidyishko P. I. O kompleksnyih podhodah k obespecheniyu k obespecheniyu zaschityi zemlyanogo polotna i
verhnego stroeniya puti v pribrezhnyih i gornyih rayonah [An integrated approach to providing for the
protection of the roadbed and track structure in the coastal and mountain areas]. Vestnik nauchno-
issledovatelskogo instituta zheleznodorozhnogo transporta [Bulletin of the Research Institute of Railway
Transport]. Moskow. 2013, issue 6, pp. 31-39.

Kuprii V. P., Kulazhenko Ye. Yu., Hudkova A. S. Modeliuvannia sumisnoi roboty konstruktsii kriplennia
kotlovanu ta gruntu z zastosuvanniam metodu skinchenykh elementiv (MSE) [Modeling collaboration mount
design, excavation and soil using finite element method (FEM)]. Mosty ta tuneli: teorija, doslidzhennja,
praktyka — Bridges and tunnels: theory, research, practice, 2015, issue 6, pp. 132-137.

Bogovis V. E., Genzerskiy Yu. V., Geraymovich Yu. D., Kutsenko A. N., Marchenko D. V., Medvedko D. V.,
Slobodyan Ya. E., Titok V. P. Lira 9.4™ Primeryi raschyota i proektirovaniya. Uchebnoe posobie [Lira 9.4
Examples of calculation and design. Tutorial]. Kyjiv, Fact Publ., 2008, 280 p.

Pyankov S. A., Azizov Z. K. Mehanika gruntov: uchebnoe posobie [Soil Mechanics: A Training Manual].
Ulyanovsk, UIGTU Publ., 2008, 103 p.

Talavira H. M., Kudin A. V. Vidvid zhorstkosti pidshpalnoi osnovy na diliankakh pered shtuchnymy
sporudamy [Disqualification stiffness pidshpalnoyi bases in areas under artificial structures]. Mosty ta tuneli:
teorija, doslidzhennja, praktyka — Bridges and tunnels: theory, research, practice, 2015, issue 7, pp. 75-80.
Solomka V., Ovchinnikov P. World experience of design of bridges and their operating conditions on railways
with a high speed of trains. Mosty ta tuneli: teorija, doslidzhennja, praktyka — Bridges and tunnels: theory,
research, practice, 2014, issue 6, pp. 147-153.

Weiher H., «Verhalten von PE-HD Schutzhiillen bei der Umlenkung von verbundlosen Spanngliederny,
Dissertation TU Miinchen, submitted in 2007.

Yau J-D, Yang Y-B, Kuo S-R. Impact response of high-speed rail bridges and riding comfort of rail cars. Eng
Struct 1999; 836-44.

Prof. O. L. Tiutkin, D. Sc (Technical) and Prof. V. D. Petrenko, D. Sc (Technical) recommended this
article to be published.

Received: Sept. 19, 2018.
Accepted: Oct. 22, 2018.

© V. V. Marochka, S. H. Boboshko, 2018

106



