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ANALYSIS OF THE PROBLEMS OF SECTIONS WITH THE
TRANSITIONAL RIGIDITY INDICATOR IN WORLD BRIDGING

Purpose. To analyze the problem of areas with a transitional stiffness on the approaches to the bridges based on
the experience of European and American bridge-building. To find out the root causes and methods for detecting
track defects in transitional stiffness zones. To propose a pilot model for the development of transitional stiffness
areas based on the experience of developed countries in Europe. Methodology. Collection of data on the causes and
nature of the occurrence of bumps on approaches to bridges based on the experience of specialists in the design,
construction and operation of railway and highway bridges. Analysis of methods of arrangement of transition areas
on approaches to bridges in European countries. Results. An analysis of the literary sources of developed countries
of the world on the problem of the origin and methods of detection of bumps in areas with transitional stiffness on
the approaches of bridges was performed. The results were collected on ways to identify problems in areas with
transient stiffness and how to solve them. A model for mathematical and experimental studies was proposed. Origi-
nality. Scientific interest is that, despite the extensive experience of developed countries of the world, the Ukrainian
norms still do not have a clear mechanism for identifying and characterizing problems of track geometry in sections
with transitional stiffness. Thus, studying the experience of more advanced countries in the field helps to con-sider
the problem more clearly and standardize its definition. Practical value. If proposed model of reinforcement of
transition stiffness areas will be confirmed it allows to reduce the cost of maintaining of the track and to solve the
problems of the transitional areas at the stage of bridge construction, that is, before its immediate occurrence.
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Introduction experience in European and American bridge-
building and to pay attention to the importance of

Railway lines are investments with very long this issue in UKraine

life. Today many tracks are over 100 years old. Of
course, components have been exchanged during

the years, but parts of the track might remain the Methodology

same — especially the substructure. Typical life-
times of for example rails are 30...60 years and
turnouts 20...30 years (Sundquist, 2000). Howev-
er, to ensure this long life a large amount of
maintenance is necessary.

Railway industry meet a lot of problem in gen-
eral, but the problems with the roadbed are one of
the most difficult to solve because of their long-
term solution and the great losses not so much in
solving problems as in stopping or organizing of
redirection of the movement.

Purpose

To analyze the problem areas with a transition-
al stiffness on the approaches to the bridges on the
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Transition zones are commonly defined as a re-
gion of the track in which there is an abrupt change
of track stiffness (mainly in the vertical direction).
Such a change of stiffness may cause an increment
of interaction forces between the train and the track
and consequently an acceleration of the degrada-
tion process, when a train is moving on it
(Alejandro de Miguel Tejada, 2015).

The bump at the end of the bridge is not a new
problem. Both the highways and railways face this
problem. Although both of these industries share
many of the same contributing factors that lead to
the problem, the solutions that are used to solve it
are quite different (Nicks, 2009).
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Railway track will settle due to permanent de-
formation in different layers of the track. The prob-
lem arises when different sections of the track set-
tle unevenly. In such a situation this phenomena is
called differential settlement and it could seriously
affect the value of train-track interaction forces.

Settlements of the track come mainly from
three different sources:

— settlements of the embankments and the sub-
grade soils due to a consolidation process, includ-
ing the secondary compression phenomena;

— settlements due to traffic loading;

— settlements due to the structural interaction.
Settlements of ballasted track occurs mainly in two
phases (Dahlberg, 2001):

e in a short-term, after tamping, the settle-
ment is typically fast until the gaps between the
ballast particles have been reduced and the ballast
is consolidated:;

e inalong-term, there is a slower phase with
an almost linear relationship between settlement
and time.

This phase is caused by several basic mecha-
nisms of ballast and subgrade behaviour. These
mechanisms can be divided in two main groups,
depending on the mechanical behaviour of the lay-
ers. The first one, due to a densification of both the
ballast and the subgrade soil and the second one
due to an inelastic behaviour of the two mentioned
layers: ballast and subgrade soil.

The bump at the end of the bridge is classified
as a track geometry degradation problem. It occurs
in the track transition zone located at the interface
between the approach embankment and the bridge
structure

The Federal Railroad Administration in 1993
(Federal Railroad Administration, 1993) estimated
that there were about 101,000 railway bridges in
the US (not including rapid-transit operations).
This number has likely increased since that time.
After reviewing the literature, however, it is un-
clear how many of these railway bridges are af-
fected by the bump problem.

To close this gap, a survey of railroad profes-
sionals was conducted during the (Nicks, 2009) to
determine the extent of the problem. Based on a
similar highway survey conducted by Briaud
James & Hoffman (1997), about 150,000 out of

600,000 US highway bridges (as of 1995), about
25 %, experienced problems. This percentage is
expected to be higher for railways due to the much
higher loading environment.

Based on the Association of American Rail-
roads (AAR) 2008 Strategic Research Initiatives
Plan, the cost of railway bridge transition repairs is
estimated as $26 million per year ($16 million for
steel bridges and $10 million for concrete bridges).
This figure does not take into account the signifi-
cant cost resulting from slow orders that railroads
must impose in problem locations. A slow order is
a speed restriction where trains must travel at
slower-than-line speeds to operate safely. By com-
parison, the cost of repair for highway bridges has
been estimated at $100 million per year (Seo,
2003). The expense is much higher for highway
bridges than railway bridges. This is likely due to
the total number of bridges in service.

As part of the work Nicks (2009), a survey has
been conducted among 9 world railway organiza-
tions in the USA, Canada and Australia.

Based on the survey responses, the bump prob-
lem affects, on average, 51 % of railroad bridges.
This is double the number of highway bridges that
are affected. The typical bridge consists of an open
bridge deck (with height less than or equal to 3.05
m) resting on a deep foundation (e.g. piles) with no
skew. As a majority, the respondents did not know
what type of soil is typically used as compacted fill
or as foundation soil.

A tolerable bump has yet to be strictly defined
in the railroad industry. Most companies rely on
visual inspections rather than measurements in de-
ciding when to fix the bump problem. The annual
cost of maintenance for the affected bridges of
each company, including both internal and con-
tracted, is estimated at $23 million total. This rep-
resents an average cost for each railroad company
of $2.55 million per year. Although the respond-
ents do not see the bump as a major problem, it is a
nuisance that leads to track degradation and in-
creased maintenance costs. Among those surveyed,
the typical bump size ranges from 0,6 to 10 cm
with an average difference in elevation of 3,3 cm
along the rail profile. The horizontal length over
which the bump occurs also varies, ranging from
1,2 to 15 m with an average of approximately 5 m.
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The common causes of the bump problem were
evaluated by the survey respondents. Each re-
spondent ranked a given contributing factor on a
scale of 1 to 4, with 1 representing the “most
common” and 4 representing “never a factor”. The
results are summarized in Table 1.

Table 1
Factors contributing to the formation of the bump
Ranking Topic

1 Settlement of fill

1 Others: difference in track modulus at
transition, poor surfacing, not tamping
approach properly, poor maintenance

practices by bridge and track forces

3 Poor drainage

3 Dynamic impact of cars

5 Poor compaction of ballast on fill

5 Differential settlement between bridge

and fill

7 Poor joints

7 Bridge type

7 Poor fill material

10 Loss of fill by erosion

10 Abutment type

10 Settlement of natural soil under the fill

13 Too rigid a bridge foundation

14 Poor construction practices

14 Temperature cycle

16 Poor construction specifications

17 Settlement of natural soil under the

bridge abutment
18 Lateral movement of the bridge abutment

Based on these results, the most common fac-
tors leading to the bump are settlement of the fill,
differential track modulus, poor surfacing, improp-
er tamping and poor maintenance practices. The
least common were lateral movement of the bridge
abutment, settlement of the natural soil under the
bridge abutment and poor construction specifica-
tions.
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The cases where the problem appears to be
worse are when: the bridge is an open deck bridge,
the bridge is made of concrete and has concrete
ties, concrete approach ties are used and wet condi-
tions are present. Conversely, the cases where the
problem appears to be minimized are when: the
bridge is a ballasted deck bridge, the
bridge/approach location is well maintained and
there is good drainage.

The second problem was the mechanism of de-
termining the exact location and nature of the
bump. There are many current detection methods
used by companies to find the problem (Table 2).

Table 2

Current bump detection methods

Ranking Topic

1 Visual inspection

2 Track geometry evaluation car

3 Complaints from user

4 Ridability (subjective)

5 Ridability (quantitative)

6 Ride quality accelerometers

7 Non-destructive tests (NDT)
Others Measure track sti_ffness Or use survey

equipment

The most common is through visual inspection.
Many bumps/dips are fairly shallow, however, so it
may not be visually noticed until the problem is
more severe. The track geometry evaluation car is
another widely used method to measure and depict
the rail profile. Since the car simulates the loading
of an actual railcar on the track, the results are
more accurate.

Complaints from the user and subjective rida-
bility are similar to visual inspections. These types
of methods provide companies the information that
a bump exists and if it is relatively dangerous. The
size and slope of the bump/dip, however, are not
quantified.

To help quantify the effects of the bump, ride
quality accelerometers are typically placed on a
locomotive to measure the response of the car on
the track. Locations with degradation, such as at
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the bridge transition zone, will be detected with
these instruments. Non-destructive tests are rarely
used to detect the problem.

Research in transition areas has attracted a
great deal of interest in recent years. This is evi-
denced by the fact that some of the most important
European railway construction projects have been
designed with a view to these critical areas.

In view of the above information, it is very im-
portant to minimize the impact that a change in
resistance causes on a dynamic track-rolling inter-
action.

Traditionally the more complex type of transi-
tion in European countries, occurs in bridges due
to construction system, drainage system and selec-
tion of appropriate backfill materials.

Compaction should be done with thin layers of
soil and abutments will be designed to resist com-
paction forces. Drainage system is a critical issue
in which a special attention has to be paid. A good
drainage system prevents material erosion and hy-
drostatic pressures that leads to a decrease in load-
ing capacity of the structure. Moreover, the pres-
ence of water inside the transition zone may induce
undesirables variations of volume if it is frozen at
extremely low temperatures.

Overall, the most usual constructive solutions
in transition zones for railway tracks can be found
in Gallego, Sanchez-Cambronero, & Rivas (2012):

e technical block: backfill behind the abut-
ment either with granular material treated with ce-
ment or materials of a high compression level,

e transition slab: A concrete slab directly
connected to the abutment of the bridge;

o use of geosynthetics to achieve an abut-
ment reinforced backfill;

e introduction of horizontal layers on a track
formation of different materials;

e treatment of the track bed and sub-ballast
with cement (Pshinko, Petrenko, Tiutkin, An-
drieiev, Hubar, Ihnatenko & Markul, 2019).

Spanish specialists Paixao & Fortunato (2009)
suggest interesting options to adopt in transition
zones in order to mitigate the undesirable effects
associated with these critical points of the railway
track. Amongst other, solutions analyzed by the
authors are:

e use of internal rails fixed to the sleepers;

e use of longer and heavier sleepers placed
closer together, in transition zones;

e use of more flexible and tighter track ele-
ments.

The aim of using internal rails in transition
zones is basically to increase the global stiffness of
the transition.

Regarding to the use of longer sleepers with a
shorter distance, this allows a better distribution of
the loads transmitted by the train, mitigating the
effect of hanging sleepers.

Adoption of more flexible elements, allows to
absorb dynamic excitations, reduces the propaga-
tion of deterioration phenomenon along the transi-
tion area and consequently reduces the mainte-
nance costs. Nowadays this type of elements are
common in track construction and they can be
found under the rails, under the sleepers or on the
base of sub-ballast layer.

Transition

Fig. 1. Examples of solutions offered by Spanish engineers
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The growing number of HSL, either already
built or planned, implies a constant evolution of
the transition zones morphology. This evolution
follows a general trend in the most of European
countries in which HSL exist. Some of the main
construction features of the aforementioned trend
are:

e Minimum length for the transition area of
20 m.

e Use of granular materials treated with ce-
ment in the backwalls of the abutments.

e Provision of drainage layers as a part of the
backfill materials in the abutments.

o Treatment of different formation layers of
the track with cement.

Regarding to complementary solutions for tran-
sition zones it is interesting to point out the state-
of-the-art made by Ribeiro (2012), in which an
interesting and a brief summary of the main com-
plementary solutions that are used today in transi-
tion zones, is presented.

S

Since the development of high-speed lines is a
promising area for railway development, let us
consider the most commonly used solutions for
transitional rigidity in Europe.

Configuration adopted by the Spanish Adminis-
trator ADIF is illustrated in Figure 2. In this case,
the treated soil wedge presents an inclination 1:1.
The top of this wedge is aligned with the bottom
part of the sub-ballast layer and it has a length of 3
m. Between the treated soil wedge and the concrete
structure, a vertical drainage system is placed.

The wedge of soil that does not have any treat-
ed material, its slope is 3:2 and it extends 20 m
from the abutment location. The top of this layer is
aligned with the bottom part of the formation layer.

The height of the technical blocks and em-
bankments should be defined according to the
characteristics of the foundation soils.

In the case of inadequate foundation soils, these
should be removed and the base of the wedge
should be properly treated.

Ballast

Sub-ballas!

Granular material
stabilized with cement

Form layer
Core and tap of
embankment material

Fig. 2. Configuration designed by the Spanish administration ADIF

Figure 3 shows the solution adopted by the
German Administrator. In this case, the solution is
very similar to those provided by ADIF. The top of
the treated soil wedge is placed approximately at 1
m from the down of the ballast layer and it has a
length of at least 1.5 m.

The treated soil should have between 2.5 % and
3 % of cement content.

In this solution, the height of technical blocks is
not directly specified but the foundation where
they are placed on, should have deformability
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characteristics equal or greater than 45 MPa in the
second phase of the plate load test.

Solution adopted by the French Administrator
is depicted in Figure 4. This configuration corre-
sponds to the case in which there is an open abut-
ment solution and a height of the technical block
higher than 10 m. Similar solutions are adopted in
those cases in which there is a close abutment
configuration or a culvert.

In this case, the treated soil wedge exhibits a
height of 3 m, whereas the height of the technical
block in the transition zone.
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The width of this wedge will be of approxi-
matelyl m, on the top, and it has an inclination of

1:1. Furthermore, the cement content in it is 3 %.

14=20m
= 2 ¥ min 10m
stabilization with blinder f=— ————— top of the E.,.=120MN/m? blanket layer
—\ E.,280MN/m? _lra“ —
— frost protection layer
% Y / /
v
b . 7
~1m =

cement stabilized
H with 2.5%-3% cement

3

Foundation level

Fig. 3. Configuration designed by the German administration DB

The height of the wedge that does not have any
treated soil and it is similar than the height of the
technical block.

The length of this wedge, on the top part, is5m
and it has an inclination 3:2 as it can be seen in
Figure 4. As in the previous cases, the height of the

technical block is not directly obtained, and it de-
pends on the conditions of the foundation soil. If
the above mentioned height is higher than 10 m, a
foundation layer of select and well compacted ma-
terial should be adopted.
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Fig. 4. Configuration designed by the French administration SNCF

Finally, Figure 5 shows the typical solution
adopted in the Italian HSL. As in the French case,
the height of the treated soil wedge of the technical
block is 3 m for heights of the abutment higher
than 4 m.

If the height of the abutment is less than 4m,
the height of the treated soil wedge will be similar
than the height of the abutment.

Geometry of the wedge is similar than that pre-
sented by SNCF. The height of non-treated materi-
al wedge is similar than the height of the treated
material wedge and it has a slope of 2:1, as in the
German solution.

The width of the technical block is similar than
the height of the abutment but always exceeding 8
m, as depicted in Figure 5.
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Fig. 5. Configuration designed by the Italian administration FS

Results

As a result of the analysis of international expe-
rience on the problems of areas with transient stiff-
ness, it is possible to form an algorithm for identi-
fying such areas on the Ukrainian railways and to
develop ways of solving them (Solomka &
Ovchinnikov, 2014).

An overview of the options for arrangement of
the transition of abutment-embankment on the Eu-
ropean railways allows to develop the optimal

15000

model of reinforcement of the transitional areas on
the high-speed railways of Ukraine (Marochka &
Boboshko, 2018), correlating the proposed solu-
tions with taking into account the features of soils,
rolling stock and climatic conditions of the country
(Petrenko, Tiutkin, Ihnatenko & Kovalchuk, 2018).
As a result of the analysis, an experimental
model was developed for further testing in mathe-
matical and experimental models (Figure 6).

with cement

Ballast
_ - _  Sub-ballast
77 J22272227222722272227222227772 Strong
compacted
. 7 Embankment layer
Granular P & /
: Granular
material material
stabilized '

Fig. 6. An experimental model for testing
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Originality and practical value

Scientific interest is that, despite the extensive
experience of developed countries of the world, the
Ukrainian norms still do not have a clear mecha-
nism for identifying and characterizing problems
of track geometry in sections with transient stiff-
ness. Thus, studying the experience of more ad-
vanced countries in the field helps to consider the
problem more clearly and standardize its defini-
tion.

If proposed model of reinforcement of transi-
tion stiffness areas will be confirmed it allows to
reduce the cost of maintaining of the track and to
solve the problems of the transitional areas at the
stage of bridge construction, that is, before its im-
mediate occurrence.

Conclusions

Based on the research, we can conclude that the
problem of transition stiffness is equally relevant
for both Ukraine and countries with more devel-
oped railway transport structures, and the problem
is not new. Despite its high awareness and infor-
mation base, Ukraine does not have a clear algo-
rithm for solving it.
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AHAJII3 ITPOBJIEMHU AIVIAHOK 3 HEPEXITHUM ITOKA3ZHUKOM
KOPCTKOCTI Y CBITOBOMY MOCTOBY AIBHULITBI

Mera. [IpoBecTr aHaNi3 MPOOIEMH MINSHOK 3 MEPEXiTHAM TTOKa3HUKOM YKOPCTKOCTI Ha ITiIXOMaX JO MOCTIB Ha
OCHOBI JI0CBiy €Bporeiicbkoi Ta AMepHKaHCHKOI cepr MOcTOOyAyBaHHS. 3’sCyBaTH OCHOBHI IPUYMHHN BHHHK-
HEHHS Ta METOJY BUSBJIEHHS JIe(heKTiB KOMii B 30HaX MEpexi HOI )KOPCTKOCTI. 3anporoHyBaTH MiAOCIIAHY MOJETh
yJIAIITYBaHHS MiJICHICHUX JUISTHOK 3 MEPEeXiHOI0 XKOPCTKICTIO HA OCHOBI JIOCBiTy PO3BMHEHHX KpaiH €Bpormn. Me-
ToauKka. 30ip AaHUX I10JI0 IPUYUH Ta XapaKTepy BUHUKHEHHS ITEPEAMOCTOBHUX SIM HA ITiJIX0J1aX J0 MOCTIB Ha OCHO-
Bi JIOCBiy CIIEIiaJIiCTiB 3 IPOEKTYBaHHs, OyayBaHHS Ta eKCIUTyaTallii 3aJli3HUYHUX Ta aBTOAOPOKHIX MOCTIB. AHa-
Ji3 METOJIB yNAIITyBaHHS MEpPEeXiTHUX MUISTHOK Ha IMiAX0Jax 0 MOCTIB €BpOINEWCHKUMHU KpaiHamu. PesyabraTn.
Bukonanwuii aHai3 JiTepaTypHUX IpKepesl PO3BUHEHHX KpaiH CBITY MO0 MPOOIEMH BUHUKHEHHS Ta METOIIB BHSB-
JICHHSI TIEPEJMOCTOBHX SIM Ha JIUISHKAaX 3 MEPeXiJHUM ITOKA3HHUKOM JKOPCTKOCTI Ha Migxogax M0 MOCTiB. 3i0paHi
pe3yNbTaTH MIONO0 NUISAXiB BUSBJICHHS MpoOJIeM Ha AISHKAX 3 MepexiJHUM ITOKa3HUKOM >KOPCTKOCTI Ta METOMIB X
BUpILIEHHS. 3arporloHOBaHa MOENb JUIl MaTeMaTHYHNX Ta eKCIIEPUMEHTAJIbHUX JI0CHipkeHb. HaykoBa HOBH3HA.
HaykoBa 3a1iikaBiieHicTh IoATae B TOMY, 10 HE AUBJITYMCH Ha 00’ €MHHMI T0CBiJ] pO3BUHEHUX KpaiH CBITY, B YKpai-
HCBHKHX HOpMax JIOCi HEMae YiTKO MPOIMCAaHOr0 MEXaHi3My BUSIBJICHHS Ta OXapaKTepHU3yBaHHs NMPoOJIeM reoMerpil
KOJIIT Ha AUISHKAX 3 MEpexXiJHUM IOKa3HUKOM KOpCTKOCTi. OTXe, BUBUCHHS JOCBiAY OiIbII PO3BUHEHUX B JaHii
raiy3i KpaiH Jjoromarae po3risiHyTH po0aeMy OLTbII YiTKO Ta cTaHAApTU3yBaTH ii Bu3HaueHHs. [IpakTnyHa 3Ha-
YHMiCTh. 3aNIPOIIOHOBAHA MOJIENb ITiJICHIICHHS JUISHOK 3 MEPEXiJHIM MOKa3HUKOM >KOPCTKOCTI JI03BOJISIE 32 YMOBH
MiATBEpKEHHS 11 JOIIIBHOCTI 3MEHIIUTH BUTPATH HA YTPUMaHHS KOJIii Ta BUPINIyBaTH NpOOJIEMH MEpeXigHuX Ji-
JITHOK Ha eTarri OyIiBHHITBA MOCTY, TOOTO JI0 i 6e3nocepeiHboro BUHUKHEHHSI.

Kniouoei crosa: mict; iepexijiHa >KOPCTKICTB; IiIXO/H; MIBUAKICHUN pyX; IEpeMOCTOBA siMa

B. B. MAPOUKA!", C. I'. BOBOIIIKO?

o Kagenpa «MocTel 1 TOHHETH», J|HETIPOBCKUH HAIOHAIBHEIN YHHBEPCUTET JKEIC3HOIOPOKHOTO TPAHCIIOPTa UMEHH aKaje-
muka B. Jlazapsina, yn. Jlazapsina, 2, duenp, Ykpaunna, 49010, ten. +38 (056) 776 83 10, sn. moura markay905@gmail.com,
ORCID 0000-0001-8856-5708
z Kadenpa «MocTsl ¥ TOHHETNY, J{HETIPOBCKHI HAIMOHANBHBIN YHUBEPCUTET JKEJIC3HOJOPOKHOIO TPAHCIIOPTA UMEHH aKaJAeMH-
ka B. Jlazapsma, yi. Jlasapsna, 2, Juenp, Ykpauna, 49010, ten. +38 (056) 776 83 10, an. moura stepanboboshko@gmail.com,
ORCID 0000-0002-7612-0696

AHAJIA3 ITPOBJIEM YYACTKOB C IEPEXOJHBIM ITOKA3ATEJIEM
KECTKOCTHU B MUPOBOM MOCTOCTPOEHHUH

I.Ie.]]b. HpOBGCTI/I aHaJIu3 HpO6J’IeMBI Y4aCTKOB C NEPCXOAHBIM MOKA3aTCIIEM KCCTKOCTHU HA MOAXO0JaX K MOCTaM
Ha OCHOBC OIIbITa EBpOHGﬁCKOﬁ u AMepI/IKaHCKOﬁ C(bepm MOCTOCTPOCHUA. BruIsscHUTE OCHOBHEIE NpUYIrHbI BO3HUK-
HOBCHHA U MCTOJbI BBISIBJICHUA J_'[E(l)eKTOB IyTHU B 30HAX HEPEXOJ_'[HOI\/’I KECTKOCTH. HpeJ_'[J'IO)KI/ITB MOAONBITHYHO MO-
JCJIb yc’I‘pOfICTBa YCUJICHHBIX YYaCTKOB C r[epexoz[Hofx'I JKECTKOCThIO Ha OCHOBEC OIbITa PAa3BUTBHIX CTpaH EBpOl'[LI.
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Metomanka. COOp TaHHBIX O MPUYHMHAX W XapaKTepe BO3HUKHOBEHU sSIM Ha ITOAXO0JaX K MOCTaM Ha OCHOBE OIBITA
CIIEUANKNCTOB MO MPOEKTUPOBAHUIO, CTPOUTENIBCTBO M AKCIUTyaTallU >KEJIE3HOAOPOXKHBIX M aBTOAOPOXKHBIX MO-
CTOB. AHaJIU3 METOJIOB YCTPOWCTBA MEPEXOIHBIX YYACTKOB HA MOJAXOAAaX K MOCTaM €BPONEHCKUMH cTpaHamu. Pe-
3yJbTATHI. BEITONTHEHHEIN aHAIW3 TUTEPATYPHBIX HCTOYHUKOB PAa3BUTHIX CTPaH MHUpa MO MpoliieMe BO3HUKHOBE-
HUSL M1 METO/IaM BBISBJICHUS SIM Ha Y4acTKax C MEPEXOJHBIM MOKAa3aTeIeM JKECTKOCTH Ha mojaxogax kK mocraM. Co-
OpaHbI pe3yabTaThl OTHOCHTEIEHO ITyTEeH BBIABJICHHUS MPOOJIEM Ha YUACTKAX C MEPEXOAHBIM MTOKA3aTEeIeM KECTKOCTH
1 METOJIOB UX peweHus. [Ipenigoxena Moienb A MAaTEMaTUYECKUX U SKCIIEPUMEHTANbHBIX UccaeaoBanuil. Hayu-
Hasi HOBH3HA. HayduHas 3aMHTEPECOBAHHOCTH 3aKJIOYACTCS B TOM, YTO HECMOTPS HAa OOBEMHBIH OIBIT Pa3BUTHIX
CTpaH MHpPA, B YKPAaMHCKUX HOpPMax JI0 CHX IMOp HET Y€TKO MPOMUCAHHOI'O MEXaHHU3Ma BBISBIICHUS U XapaKTepu3a-
UM MPOOJIEM TEOMETPHUHU MYyTH HAa YYacTKaX ¢ MEPEXOIHBIM ITOKA3aTeNIeM JKECTKOCTH. Takum o0pa3oM, M3ydeHHE
orbITa OoJiee pa3BUTHIX B IAHHOW OTPACIM CTPaH ITOMOTaeT pacCMOTPETh MpobiemMy OoJiee YeTKO U CTaHIap TH3UPO-
BaTh ee onpezeneHue. llpakTuyeckas 3Ha4MMOCTb. [IpeyioxkeHHas MOJIENb YCUJIEHUS] YYACTKOB C MEPEXOIHBIM
TIOKa3aTeJIEM JKECTKOCTH MO3BOJISIET TP YCIOBHHU TTOATBEPIKICHUS €€ 1eNIeco00pa3HOCTH YMEHBIIUTh PacXoibl Ha
CoJlepKaHUEe TYTH W PEIIaTh MPOOJIEMBI MEPEXOJHBIX YYaCTKOB HA ITAlle CTPOUTEILCTBA MOCTa, TO €CTh JIO WX
HENOCPEACTBEHHOI'0 BO3HUKHOBEHHUSI.

Knrouesuvie cnosa: MocT; nepexofHas *eCTKOCTb; MOAXOJbl K MOCTaM; CKOPOCTHOE JABMXEHHE; MPEIMOCTOBAS
sma
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