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Summary. In the paper the scientific principles of a new device for the measurement and evaluation of
the stress-strain state of transportation facilities under changing temperatures and loads have been developed.
The technical problem solved by this paper deals with the making evidence-based decisions on the need for renewal
of the element, control of the gradual reduction of the bearing capacity of the structural elements, determination
of their real technical condition and residual life according to the transport facilities monitoring.

In the heart of the new device is measuring of strain using analog-to-digital converter (ADC) and analog
measuring bridge - tenzometer. The advantage of the proposed device is that the accuracy of measurements made
by it does not depend on the length of the connecting conductors and supply voltage. The deformations caused by
the temperature effects on transport facilities can be estimated and taken into account too.

The problems of adapting of foreign regulations on the design of metal corrugated structures at the
Ukraine railways and motor roads were analyzed. The results of experimental and theoretical calculations of
bearing capacity of metal corrugated structures were presented.

During dynamic experimental testing it was found: maximum relative vertical deformation of the pipe
was registered for a freight train and equals 2.74 mm. In this case, residual deformation was 0.21 mm; relative
horizontal deformation for a freight train equals 0.77 mm, here residual deformation being 0.038 mm. The
maximum fibre stresses under the dynamic loading at the top of the pipe in specified points equal 10.7 MPa.

Key words: device, residual deformations, designing, plastic hinge, rolling stock of railways, soil fill
stabilization.
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Introduction. The problem of creation and improvement of the calculation methods for
metal corrugated structures (MCS) in the soil environment started to be developed
simultaneously with their application in construction engineering. While designing the metal
corrugated structures the designers face the problem of choosing the analytical model for
estimation of the MCS bearing capacity taking into account the fact, that the designers of
Ukraine have not experienced the construction of the metal corrugated structures “construction-
soil”. That is why the paper is in great need and up to time.

The increase of the automobile and railways broaching, great number of the defect
transporting facilities require the application of more improved and effective transporting
interrelations, which would provide easy operation, balanced architectural solutions, long life-
time and strength of the structure itself simultaneously. Among them are the metal corrugated
structures (MCS), which can be used in transport engineering, bridges, water pipelines, etc., in
particular.

The metal corrugated structures are one of the most reasonable and promising types of
the transporting facilities, construction of which takes the minimum time and material
consumptions, which contribute to the unsufficient economic expenditures. Many countries
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have experienced already the application of the large-span structures made of the corrugated
elements, USA, Canada, Japan, France, Italy, Scandinavian countries in particular.

The MCS construction has been known in Ukraine since the 90-ies. Such structures
were used while constructing transport facilities and pipelines in the Crimea, at the highway
Kyiv-Odessa, Kharkiv-Simferopol, at the area VVadul-Siret-Stateboarder of the Lviv railway.

The Objective. To develop the device for the evaluation of the bearing capacity of the
metal corrugated structures interrelated with the soil fill caused by the railway freight
movement loadings as well as to carry out experimental investigations of the stress-strain state
of the metal corrugated pipe being in operation at the railways of Ukraine.

Analysis of the available investigations and publications. The world experience in
the design and operation of the metal corrugated structures shows, that the sufficient impact on
the MCS stress-strain state is that of the soil fill stabilization [1 — 3]. The proposed stabilization
is to be of 0,95 — 0,97 level. Besides, in the paper [1] it was noted, that the decrease of the soil
stabilization from 0,95 to 0,8 can cause the decrease of the soil deformation modulus in four
times which, in its turn, can contribute to the sufficient increase of stress and strain in the
structure walls.

Long-term monitoring of over 900 corrugated pipe facilities built during 1951 —
1965 in the Ohio state (USA) made possible to conclude: in all cases for the structures being
not damaged the sufficient deformations were of 22 — 34%, for the structures being damaged
such deformations were of 45 — 55%. There investigations testified, that the sufficient
deformations were caused by the lack of the soil stabilization or application of the unproper
material for the soil stabilization. According to [6, 8], if the deformations are within 15 — 20%
and the layer height over the pipe is greater than 1,8, the structure does not need any additional
means for its strengthening.

Broadening of the MCS application field is not provided by any scientific or standard
regulations. Available standard regulations [3, 9, 10] deal only with the round pipes of up to
3m diameter and are based on the calculation analysis of the pipes deformations under the
simple hypothesis on the soil pressure on the pipe.

There are some available methods for the calculation. The conventional methods of
evalution of the pipes bearing capacity is that of the pipes and soil interrelation proposed by
Duncan and Drawsky [11]. It takes into account both the effect of the compression forces and
the bending moments on the structure walls, and the non-linear soil stresses and deformations.
It is shown, that the increase of the soil compactness ( modulus of deformation ) decreases the
effect of the bending moment of the structure stress-strain state.

The Vaslestada method [12] was proposed for the large cross-section structures.
According to it the bearing capacity of the pipe walls on the compression and deformation of
the structure upper side while their laying and the fill stabilization can be evaluated as well as
the effect of the soil friction on the compression force value. This method describes the
phenomenon of the structure bursting occurring while being subjected to the soil upper layer
over the pipe. But it takes into account only the axis forces, the most loadings are assumed to
be obtained by the soil.

The Ontario Highway Bridge Design Code (OHBDC) method and the Canadian
Highway Bridge Design Code (CHBDC) method [13] are developed basing on the American
and Canadian standards of the bridge design. The axis forces are assumed to be of the prime
importance in the pipe walls here.

The American Association of State Highway and Transportation Officials (AASHTO)
method [14]. The American method has been developed according to the design standards for
bridges of the American Association of the highway and transport officials. It makes possible
to investigate the frame cross-section type structure and to take into account the dynamic
coefficient for the case of the variable loadings.
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One of the latest methods is the Sundquista — Petterson method [15, 16]. It takes into
account the axis force and the bending moment, the angle of the fill inner friction and the
dynamic loading caused by the moving facilities for the estimation of the transportation bearing
capacity. It is known to be the versatile enough and takes into account the metal corrugated
structures yeilding.

The carried out analysis of the available references shows, that the evaluation of the
bearing capacity of the metal corrugated structures deals only with the small-diameter pipes (up
to 6m). The great diameter pipes under ultimate loading caused by the railway freight
transporting stress-strain state have not been investigated. The method of the experimental
investigation of their bearing capacity has not been presented in these papers either.

Importance of investigations. The experience in the MCS pipes operation testifies, that
their reliability and lifetime are not good enough. It is caused by the fact, that for a long time
the constructors underestimated the factor of the soil fill in the MCS operation while their
designing. Only lately there appeared the possibilities for the correct analysis of the MCS and
dynamic loadings.

During the operation there occur the residual strains of the metal corrulated pipes, which
exceed the permissible deformations.

The problem of deformation of the stress-strain state caused by the variable loadings
and temperatures in the metal corrugated structures is of the complex nature and comprises
scientific, engineering and professional components. To carry out complicated design activity,
which is of non-standard nature, it is necessary to perform a great deal of scientific
investigations. The scientific developments must be implemented in the engineering facilities,
the basis of which is the certain software, which comprises both theoretical models and the
experimental data. Taking advantage of it the design of the bridge structures spans will be
performed.

Method of investigations. Development of the device for the MCS stress-strain
state diagnosis. To evaluate the stress-strain state (SSS) of the metal corrugated pipes the
monitoring device has been developed [17 — 19]. The measurement are performed according to
the following scheme (Fig. 1):the signal from the tensometer 1 comes to the AIIIT 2, where the
parameters of the measured signal are determined and taking advantage of the software 5 are
shown on the screen 3 in order to be used and processed and stored in the memory 4. To provide
the operation of the measuring scheme and ALIIT the power supply 6 is used.

Y Y
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Figure 1. Generalized structural scheme of measurements
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The real scheme of the measuring is presented in Fig. 2.

data exchange

power supply
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Figure 2. Real scheme of measurements

The scheme consists of the PC 7 supplying the ALIIT 2, and from it — to the PC 7, which
in this case acts as the information screen 3, accumulation of information 4 and software 5.

The PC used for the measuring does not need yo have any special characteristics. The
only requirement for it the hard disk possessing memory enough to store the great amount of
the measured information. The PC is worth being portable.

The PC software must provide the storage and reservation of the obtained data,
possibility being processed and visually retrieved.

Then let us analyse the characteristics of the bridge schemes under the resistance change
in one of the bridge arms or in some arms of the measured bridge and present the method of the
parameters calculation of such schemes with the tensormeters.

The bridge scheme equilibrium condition is determined according to the relation

R, R
=t )
R, R,
or RR,=R,R,. (2)
The dependence of the input stress on the parameters of the scheme resistance looks like
U, ~U R,R, —R,R, 3)

*(R+R,)(R,+R,)’

where U, = E; - IR, — bridge supply voltage

While measuring small deformations caused by the temperature effect it is worth using
the bridge scheme, when the sensors are used in four bridge arms. Such switching scheme is
reasonable here, because the pipe metal thickness is very small as compared with the
deformation and its opposite sides are in different temperature conditions.

Then let us analyse the principle of the SSS determination of the pipe components under
variable loadings and temperatures, which deals with the simultaneous measurement of the
facility deformation and its temperature ( and compensation of the temperature effect on the

T ettt et e eneenns ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (88), 2017



Josef Luchko, Vitalii Kovalchuk, Yuri Kovalchuk

tensorresistors .) The developed approach makes possible to determine SSS in sufficiently small
enough threshold of any point of the facility surface. It is based on the dependence of the
tensorresistors ( sensor ) resistance on the temperature and deformation. As the result we will
obtain the value of the facility deformation, which is transformed into the stress according to
the formula:

- :ng+(l—2v)E
Y (1+v)(1-2v)

Thus, the values of deformations and stresses are obtained under the certain temperature
and loading.

To determine the real MCS components stress state in order to evaluate their bearing
capacity the static and dynamic testings have been carried out. The fibre stresses in the pipe
corrugated walls have been measured. The locomotive UMD 3 was used for the testing loading
under the static testings, the locomotive 2M62 — for the dynamic testings.

Experimental testings of the bearing capacity of the metal corrulated structures
while interrelating with the soil fill.

Static testings. Under the static testing the following loading schemes of the MCS by
the railway freight movement have been used (Fig. 3):

1 2 3

soil fill

metal corrugated pipe

Figure 3. Schemes of loading of a metal corrugated pipe

Scheme 1 — the first locomotive axis was mounted over the pipe axis.

Scheme 2 — the second locomotive axis was mounted over the pipe axis to create the
maximal bending moment.

Scheme 3 — the third locomotive axis was mounted over the pipe top.

The results of experimental investigations of the fibre stresses of the metal corrugated
pipe on the static loadings are presented in Fig. 4.

ISSN 2522-4433. Bictukx THTY, No 4 (88), 2017 ....eveeee oo oot e oot eeeeee oot eee e oot eeeeeeeeeeee e et e e eee e e ene e e 1



Experimental research of the stress-strain state of the railway track metal corrugated structures

0,25 MPa

8,95 MPa

1,74 MPa

Figure 4. Diagram of stresses on the metal corrugated pipe under the static loading while the
locomotive UME-3 movement

During static testings of the pipe it was determined that the vertical relative deformation
(sagging) in the middle part of the pipe is 2,05mm under the loading according to
thescheme 2. The maximal fibre stresses in the upper points were 8,95 MPa, which do not
exceed the permissible stresses. Thus, the pipe metal operates in the elastic state without being
transformed into plastic one.

Dynamic testings. Commutation trains with the steam locomotive 2M62 for the
passengers and cargo transporting moving with the speed of 25 km/hr were used for the
dynamic testings.

The results of the experimental investigations of the fibre stresses of the metal
corrugated pipe on the dynamic loadings are presented in Fig. 5.

3,41 MPa

Figure 5. Diagram of stresses on the metal corrugated pipe under the dynamic loading while the steam
locomotive 2M62 movement

Such results are registered under the dynamic testings:

— the maximum vertical relative deformation of the pipe was registered while the
cargo train movement and equals 2,74mm, here the residual strain being
0,21mm.

— the horisontal relative deformation while the cargo train movement equals
0,77mm, here the residual strain being 0,038mm.

The maximum fibre stresses caused by the dynamic loading in the upper part of the pipe
in the definite points equals 10,7 MPa.

Conclusions and prospect for the further investigations. 1. The developed device for
the measuring of the stress-strain state characteristics of the metal corrugated structures under
variable temperature and loadings can be used for the continuous favourable monitoring of
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their operational condition. To create the monitoring system for the stress-strain state of these
structures it is worth using the tenzors as the measuring deformation transformers. According
to the results of such monitoring the metal pipe top deformation can be predicted under the
variable loadings caused by the railway trains movement.

2. It was determined during the static experimental testings, that the vertical relative
deformation (sagging) in the middle part of the pipe equals 2,05mm. The maximum fibre
stresses in the upper points of the pipe were 8,95 MPa, which does not exceed the permissible
stresses.

3. It was determined during the dynamic experimental testings, that the vertical relative
deformation of the pipe was registered while the cargo train moving and equals 2,74 mm, here
the residual strain being 0,21mm, horizontal relative deformation — 077mm, here residual strain
being 0,038mm. The maximum fibre stresses caused by the dynamic loading in the upper part of
the pipe in the definite points equals 10,7 MPa.
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VJIK 624.012.35:539.3

EKCIHEPUMEHTAJIBHI JOCJILI)KEHHS HAIIPY ) KEHO-
JTE®OPMOBAHOI'O CTAHY METAJIEBUX TO®POBAHUX
KOHCTPYKIIH 3AJII3HUYHOI KOJIII

Hocun Jyuxo'; Biraniii Kopanbuyk?; IOpiii Kopanbuyk®

Y Tepuoninocoruii nayionanonuii mexuiunuii yuiepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

2 [Tninponempo6cvkuii HaYIOHATbHUL YHIGePCUMEm 3aNi3HUYHO20 MPAHCROPIMY
imeni akademika B. Jlazapsna, Jlvsiecoka @inis, Jlvsis, Yxpaina

SHayionanvuuti ynisepcumem «JIveiscoka nonimexuixay, Jlvsie, Yxpaina

Pe3tome. Pospobdieno Haykosi 3acaou HO8020 NPUCMPOIO O/l 6UMIPIOBAHHS MA OYIHIOBAHHS HANDYICEHO-
0ehopMo6anoeo cmany MpaHcCnopmuux cnopyo npu 3MIHHUX meMnepamypax ma HasawmagicenHax. Texniuna
3a0a4a nonaeac y APULHAMMI 3a pe3yabmamamu MOHIMOPUHEY MPAHCHOPMHUX CHOPYO HAYKOBO-002DYHIMOBAHUX
piutenb w000 nompebu y BIOHOBIIOBANLHOMY DEMOHMI MO20 YU [HUI020 elleMeHmd, KOHMPOJO NOCIYHO8020
SHUDICEHHSL HECYHOI CRPOMONCHOCMI YUX eNeMEHMI8 KOHCMPYKYIL, 6CMAHOGIEHHI IX (PaKmuuHo2co MexHiYH020
CMamny ma 3anuuKo8020 pecypcy.

B ocnogi nHosozo npucmpoio nesxcumv euMipiosants degopmayiti 3a 00NOMO2010 AHAIO20-YUPPOE02O
nepemeopiogaua (ALII) ma ananozoeoeo eumiproganvroco mocma — menzomempa. Ilepesazoro nponoHo8ano2o
NpUCMpPOIO € me, WO MOYHICMb BUMIPIO8AHbL, BUKOHAHUX 3d U020 00ONOMO20I0, He 3aNedCumv 6i0 O08HCUHU
3’ €0HYBANLHUX NPOBIOHUKIE MA HANpyeu O0dicepend JHCUGIeHHs. 3a 11020 00NOMO20I0 MONCHA OYIHIO8AMU MaA
epaxosyeamu oepopmayii, cnpuduHeHi Maxkox’c i MmeMnepamypHuMuy 6NIUEAMU HA MPAHCNOPMHI CNOPYOU.

Ipoananizosano npobremu adanmayii 3aKOPOOHHUX HOPMAMUGHUX OOKYMEHMIE U000 NpOEKmyG8aHHs
Memanesux 20(pPo6aHux KOHCMPYKYIU HA 3QN3HUYHUX Ma asmomoOiibHux oopoeax Ykpainu. Hageoeno
pe3yIbmamu  eKCHEPUMEHMAIbHUX | MeopemudHux pPO3PAXYHKIE Hecyuoi 30amHOoCmi Memanesux 20Qpo8aHux
KOHCMPYKYIH.

IIpu Ounamiunux excnepumMeHmarbHUx SUNpoOYEAHHAX 6CHMAHOBNIEHO, WO MAKCUMANbHA 8ePIMUKANbHA
gionocHa oeghopmayis mpyou 3a@ikcoeana npu nPoOXoONCenHi 6aHMANCHO20 noizoa i cmanosums 2,74 mm. Ipu
yvomy 3anumxosa degopmayis cmanosuna 0,21 mm, copuzonmanbia 6i0HOCHA dedhopmayis npu NPOXOONCeHHI
sanmaoicho2o noizoa — 0,77 mm. Ipu ypomy 3aruwxosa oegpopmayis cmanosuna 0,038 mm. Maxcumanvui ¢pioposi
HanpyscenHs 6i0 Oii OUHAMIYHO20 HABAHMANCEHHA Y 8EPXHIUl YACMUHI MPYOU Y BUBHAYEHUX MOUKAX CIAHOBUIU
10,7 MIla.

Kniouoei cnosa: npucmpii, 3anuwxosi Oegpopmayii, npoexmysanis, RAACMUYHUN WAPHIP, PYXOMULL CKIAO
3aNI3HUYb, WITbHICMb 2PYHMOBOI 3ACUNKU.
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