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Abstract. The analysis of research works on the assessment of the stress-strain state of
prefabricated metal corrugated structures of transport facilities was performed. It was established that
the stresses and deformations of structures made of ZMGK depend on a complex of influencing factors:
the amount of static and dynamic loads, the height of the backfill above the vault of the structure, the
parameters of corrugation waves, etc. However, the interconnected effect of the pipe diameter and the
thickness of the metal corrugated sheet on the stresses that occur in the metal pipe structures has not
been established.

The object of research is metal corrugated pipe constructions. To assess the stress state of the
pipe, the influence on the stress of the cross-section of the pipe and the thickness of the metal
corrugated sheet of the structure are taken into account.

It was established that the geometric parameters of the cross-section of the pipe and the
thickness of the metal corrugated sheet of the structure have a significant influence on the stress
state of metal corrugated pipe structures. When the diameter of the pipe increases, the amount of
stress that occurs in metal structures increases. However, with an increase in the thickness of the
corrugated sheet, the amount of stress, with the same pipe diameter, decreases. Increasing the
thickness of the sheet from 3.0 mm to 7.0 mm leads to a decrease in the stresses in the pipe metal by
50.39%. When the diameter of the pipe changes from 1.0 m to 6.0 m with a metal thickness of the
corrugated sheet equal to 3.0 mm, the magnitude of the stresses increased by 7.38 times, with a
sheet thickness of 4.0 mm — by 7.8 times, with a thickness of 5.0 mm sheet — 8.08 times, 6.0 mm
sheet thickness — 8.28 times, and 7.0 mm corrugated pipe sheet thickness — 8.43 times.

It was established that the gradual increase in the thickness of the corrugated sheet of the
structure leads to a decrease in the stress difference between the previous thickness of the sheet and the
increased one. With a pipe diameter of 6.0 m, the stress difference that occurs when the thickness of
the corrugated sheet is 3.0 mm and 4.0 mm is 21.35 MPa, with a thickness of 4.0 mm and 5.0 mm, the
stress difference is 14.16 MPa, at 5.0 mm and 6.0 mm, the difference in stress values is 10.25 MPa, and
with increased sheet thickness from 6.0 mm to 7.0 mm, the difference in stress values is 7.76 MPa.

The obtained results of the stress state of prefab metal corrugated pipe structures can have
practical application in the case of acceptance of the technical and economic justification, regarding the
determination of the pipe diameter and the thickness of the metal corrugated sheet of the structure. One
of the limitations of the application of these research results is the assessment of the stress state of the
pipe made of prefabricated metal corrugated structures with the parameters of the corrugated waves of
150x50 mm. Other parameters of corrugation waves are not taken into account in this study.
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Introduction. Transport constructions made of prefabricated metal corrugated structures
(hereinafter referred to as PMCS) are successfully used in transport construction. There are built
culverts, tunnel-type overpasses, small bridges, bio-crossings, pedestrian crossings, etc. on the
communication routes made from prefabricated metal corrugated structures. The constructions of
PMCS are widely used in the European Union [1-4]. Well-known manufacturers of metal
corrugated structures are the Norwegian-Swedish-Finnish company ViaCon [1], the Canadian
company ARMTEC [3], and the company FRACASSO [4].

In Ukraine, several PMCS constructions have been built, for example, the tunnel overpass in
Kropyvnytsky [5], a culvert on the Vadul-Siret-state border section of the railway track in the shape
of a horizontal ellipse with axes of 6.57 m and 6.20 m [6] (Fig. 1). The transport tunnel on 228 +
160 km of the Kyiv-Kharkiv-Dovzhansky highway, the transport tunnel on the bypass in Odessa,
the transport tunnel on a bypass in Donetsk using structures SuperCor SC 86 s [7], the construction
in the village of Fructove in the Autonomous Republic of Crimea, the PMC transport structure on
the Kyiv-Odesa Highway at 169+292 km [8, 9] and a number of PMC structures on the other roads
of Ukraine.

Fig. 1. A pipe made of metal corrugated structures

A PMC tunnel-type overpass built in Kropyvnytsky is of a large cross-section size. The
construction is 9.23 m wide and 8.12 m high. The length of the overpass under the railway track is
34.19 m. At the same time, the width of the highway in the overpass is 5.5 m.

The problem and its relevance. On operating the constructions made of prefabricated metal
corrugated structures, they are exposed to a variety of influences. As a result, the constructions
suffer a variety of damages. In addition, the durability of constructions made of PMCS depends on
compliance with the technological conditions of the ground compaction backfill device and
ensuring anti-corrosion protection of metal structures.

It should be noted that in the practice of constructing PMC structures, there are cases that
residual deformations of vertical and horizontal axes that occurred during the initial service life [6].
Therefore, to ensure the load-bearing capacity of structures, multivariate calculations should be carried
out regarding to the influence of a complex of factors on the load-bearing capacity of constructions
made of prefabricated metal corrugated structures. The transverse rigidity of individual PMCS
elements is provided due to the thickness of the elements and their wavy corrugated shape. This study
presents the results of estimating the stresses that occur in metal structures, taking into account the pipe
diameter and thickness of the metal corrugated sheet.

Analysis of recent research and publications. Today, there are a number of scientific papers
on studies of the stress-strain state of PMC structures [10-16]. In scientific works [10, 11], it is
indicated that constructions made of metal corrugated structures have high reliability. Since
experimental tests of constructions have shown that PMC structures are able to withstand loads 2.5
times higher than the calculated ones. Also, the results of experimental studies of the stress-strain state
of PMC structures are given in the works [13, 14].
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In [12], it is indicated that it is difficult to estimate the actual stresses and deformations of
metal structures during the construction of structures, especially when compacting the ground
backfill of structures.

In [15, 16], the results of estimating the stress-strain state of PMC structures are presented,
taking into account the influence of the degree of compaction of ground backfill. It is established
that only with the standard degree of compaction, the load-bearing capacity and durability of such
structures are ensured. In the case of an insufficient degree of compaction in the metal of the
structures, stresses may develop that exceed the allowable stresses.

From the analysis of research, it was found that PMC structures have advantages over
concrete and reinforced concrete constructions. Most scientific works are related to studying PMC
structures, taking into account the impact of loads from vehicles and taking into account the
physical and mechanical parameters of the sealing backfill. The problems of estimating the stress-
strain state of PMC structures, taking into account the geometric parameters of structures, have not
been sufficiently developed. This would give practical results regarding the feasibility of using the
structures of a certain cross-section size. Therefore, the work conducts a study on the influence of
the cross-section of a PMC pipe and the thickness of a corrugated metal sheet on the stress-strain
state of structures.

The research purpose is an assessment of the stress-strain state of metal corrugated
structures of the construction, depending on the size of the cross-section of the pipe and the
thickness of the metal corrugated sheet.

Materials and methods of the research. To study the stress-strain state of a PMC pipe, we
consider the geometric model shown in Fig. 2. To study the features of the stress-strain state of a
pipe made of metal corrugated structures, a study of stresses that occur in metal structures
depending on the diameter of the structure and the thickness of the metal corrugated sheet of the
structure was conducted. A corrugated pipe with 150x50 mm corrugation wave parameters was
taken in the study. In this case, the thickness of the corrugated sheet is assumed to be from 3.0 mm
to 7.0 mm. The backfill height above the metal pipe arch is 2.0 m. The maximum pipe diameter is
assumed 6.0 m, and the minimum is 1.0 m.

S
o

t=3-7 mm N

VAVAWV,

Metal corrugated
§ structures

Fig. 2. Calculation scheme for assessing the stress-strain state of a pipe made of metal corrugated
structures
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Geometric and physical and mechanical parameters of metal corrugated structures and ground
compacting backfill are given in Table 1.

Table 1 — Geometric and physical and mechanical parameters of the PMC pipe used in the

calculation
No | Parameter name | Dimension |  Parameter value
Data on prefabricated metal corrugated structures
1 . . From1.0mto 6.0 m,in
Pipe diameter m .
0.5 m increments
2 Geomet_rlc parameters of wave corrugation of mm 150%50
metal pipe structures
3 |PMC thickness mm 3.0;4.0;5.0;6.0; 7.0
4 |Elastic modulus of steel MPa 2.1x10°
5 |Poisson's ratio of construction material - 0.25
6 |Specific gravity of the PMC material kN/ m® 78
Data on soil compaction backfill
7 |Specific gravity of backfill soil kN/ m® 21
8 |Backfill soil deformation modulus MPa 82
9 |Distance from the top of the pipe to the bottom
m 1.8
of the road surface
Load data
10 |Equivalent load KN/ m 182
11 |Overload coefficients - n=1.3; n;=1.1

It should be noted that the thickness of the corrugated sheet of the structure also depends on
the area of the corrugation wave, which is taken from reference data according to [17].

To check the load-bearing capacity of a pipe made of prefabricated metal corrugated
structures, the method given in [17] was used. The load-bearing capacity of metal corrugated
structures is checked by the formula:

N

A <R/m, 1)
where is the normal (tangential) force N in a corrugated structure from the design loads per length
A one corrugation is determined by the formula:

;/-n-D-[heq +h+D)-/1 7 nggﬂ
N = 2) T2 @)
2+5-9-(1—v2) 1.9
E & 3D?

An explanation of the values given in formulas (1) and (2) is given in [17].

Presentation of the main research material. The results of assessing the stress state of
metal structures depending on the diameter of the PMC pipe and the thickness of the metal sheet of
structures are given in Table 2.

From the calculation results performed (Table 2) it is established that the values of stresses
that occur in metal corrugated structures depend on the pipe diameter. Thus, with a metal sheet
thickness of 3 mm and a pipe diameter of 1.0 m, the stress value is 14.61 MPa, with a diameter of
2.0 m — 30.86 MPa, with a diameter of 4 m — 67.33 MPa, with a diameter of 5 m — 87.17 MPa and
with a diameter of 6 m — 107.89 MPa.

The value of stresses increases with increasing the diameter of the PMC pipe. When changing
the pipe diameter from 1.0 m to 6.0 m with a metal thickness of the corrugated sheet equal to 3.0
mm, the stress value increased by 7.38 times, with a sheet thickness of 4 mm — by 7.8 times, with a
sheet thickness of 5 mm — by 8.08 times, with a sheet thickness of 6 mm — by 8.28 times and with a
corrugated sheet thickness of 7 mm — by 8.43 times.
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Table 2 — The studies' results of the stress state of metal corrugated pipe structures

Thickness of metal corrugated sheet structures with parameters of
Structure corrugation waves 150x50 mm
diameter, m 3 | 4 | 5 | 6 | 7
Voltage, MPa

1.0 14.61 11.09 8.96 7.51 6.45
1.5 22.55 17.24 13.98 11.75 10.12
2.0 30.86 23.75 19.33 16.29 14.06
2.5 39.52 30.59 25.01 21.12 18.26
3.0 48.5 37.76 30.98 26.23 22.72
3.5 57.78 45.23 37.23 31.6 27.43
4.0 67.33 52.99 43.77 37.24 32.37
4.5 77.13 61.01 50.56 43.11 37.55
5.0 87.17 69.28 57.59 49.23 42.94
5.5 97.42 77.79 64.88 55.57 48.55
6.0 107.89 86.54 72.38 62.13 54.37

In addition, the amount of stress is also affected by the thickness of the metal corrugated sheet
of the pipe. Let us analyze the stress value for the smallest and largest pipe diameters. And so with a
pipe diameter of 1.0 m and a corrugated sheet thickness of 3 mm, the stress value is 14.61 MPa,
with a sheet thickness of 4 mm — 11.09 MPa, with a sheet thickness of 5 mm — 8.96 MPa, with a
sheet thickness of 6 mm — 7.51 MPa and with a corrugated pipe sheet thickness of 7 mm, the stress
value is 6.45 MPa.

With the maximum diameter of a pipe made of prefabricated metal corrugated structures,
equal to 6.0 m, which is taken in the calculations, with a thickness of a corrugated sheet of 3 mm,
the stress value is 107.89 MPa, with a sheet thickness of 4 mm — 86.54 MPa, with a sheet thickness
of 5 mm — 72.38 MPa, with a sheet thickness of 6 mm — 62.13 MPa and with a thickness of a
corrugated pipe sheet of 7 mm, the stress value is 54.37 MPa.

Fig. 3 shows the graphical dependence of stresses on the diameter of a construction made of
prefabricated metal corrugated structures and the thickness of a metal corrugated sheet of the structure.
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Fig. 3. Graph of stress dependence in metal corrugated structures on the diameter of the
construction and the thickness of the metal corrugated sheet
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From Fig. 3 it can be seen that with an increase in the thickness of the corrugated sheet of the
structure, with the same pipe diameter, the value of stresses changes. Increasing the thickness of the
corrugated sheet leads to a decrease in stresses in the pipe metal. It was found when the sheet
thickness increased from 3 mm to 7 mm, the stress value decreased by 50.39 %.

However, it should be noted that if we analyze the stress values, for example, with a pipe
diameter of 6.0 m and different values of the thickness of the corrugated sheet, we can see in Fig. 3,
that the stress difference when changing the thickness of the corrugated sheet from 3.0 mm to 4.0
mm is higher than when changing from 4.0 mm to 5.0 mm and so on. That is, a gradual increase in
the thickness of the corrugated sheet of the structure leads to a decrease in the stress difference
between the previous thickness and the increased one. And so when the sheet thickness was
increased from 3.0 mm to 4.0 mm, the stress value decreased by 21.35 MPa, from 4.0 mm to 5.0
mm, the stress value decreased by 14.16 MPa, from 5.0 mm to 6.0 mm, the stress value decreased
by 10.25 MPa, and when the sheet thickness was increased from 6.0 mm to 7.0 mm, the stress value
decreased by 7.76 MPa.

Conclusions. As a result of calculations of stresses that occur in metal pipe structures, taking
into account the cross-section of the pipe and the thickness of the metal corrugated sheet, the
following conclusions are obtained:

1. It is established that the magnitude of stresses that occur in metal corrugated pipe structures
depends on the size of the pipe diameter and the thickness of the metal corrugated sheet of the
structure. With a metal sheet thickness of 3.0 mm and a pipe diameter of 1.0 m, the stress value is
14.61 MPa, with a diameter of 2.0 m — 30.86 MPa, with a diameter of 4.0 m — 67.33 MPa, with a
diameter of 5.0 m — 87.17 MPa and with a diameter of 6.0 m — 107.89 MPa.

2. The results of the research have shown that the magnitude of stresses increases with
increasing the diameter of pipes made of precast metal corrugated structures. When changing the
pipe diameter from 1.0 m to 6.0 m with a metal thickness of the corrugated sheet equal to 3.0 mm,
the stress value increased by 7.38 times, with a sheet thickness of 4.0 mm — by 7.8 times, with a
sheet thickness of 5.0 mm — by 8.08 times, with a sheet thickness of 6.0 mm — by 8.28 times and
with a corrugated sheet thickness of 7.0 mm — by 8.43 times.

3. It is established that the value of stresses decreases with increasing the thickness of the metal
corrugated pipe sheet. With a pipe diameter of 1.0 m and a corrugated sheet thickness of 3.0 mm, the
stress value is 14.61 MPa, with 4.0 mm — 11.09 MPa, with 5.0 mm — 8.96 MPa, with 6.0 mm — 7.51
MPa and with a corrugated pipe sheet thickness of 7.0 mm, the stress value was 6.45 MPa.
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AHoOTAalisA. BukoHaHO aHali3 HAYKOBO-IOCTIIHUX POOIT 13 OLIHKU Hampy>KeHO-Ae()hOpMOBAHOTO
craHy 30IpHMX MeTaleBUX Tro()pOBaHUX KOHCTPYKILIH TPAaHCIOPTHUX cHopyA. BcraHosneHo, 1o
HaTpy>XeHHs Ta jaedopMariii cropyy i3 30ipHUX MeTalleBUX ro()poBaHUX KOHCTPYKIIIHM 3aJIe)kKaTh Bij
KOMIUIEKCY (DaKTOpPIB BIUIMBY: BETMUMHM CTATHYHHUX Ta JWHAMIYHUX HABAHTA)KEHb, BUCOTH 3aCHITKU
HaJl CKJCMIHHSAM KOHCTPYKLIl, napaMeTpiB xBWib ro¢pp Tomo. OJHaK HE BCTAHOBJIECHO
B3a€MOIIOB’3aHOTO BIUIMBY BEJIMYHMHU JiaMeTpy TPYOH 1 TOBIIMHM METAIEBOrO TO(GPOBAHOTO JHCTa
Ha HaNpY)KEHHS, sIKi BUHUKAIOTh Y METAJIEBIX KOHCTPYKIIISIX TPYOH.

O06’exTOM JOCTIKEHb € MeTalleBi ropoBaHi KOHCTPYKIi Tpyou. [y OIIHKK Hampy>KEHOTro
CTaHy TpyOU BpaxOBaHO BIUIUB HA HAIPYXKEHHS BEJIMYMHU [IONIEPEYHOr0 NEPETUHY TPYOU Ta TOBLIMHY
METaeBOro ro)poBaHOTO JINCTA KOHCTPYKIIIi.

BcTanoBneHo, 1110 3HAYHUH BIUIMB Ha HApYXXEHUM CTaH MeTalneBUX ropoBaHUX KOHCTPYKIIi
TpyOM MalOTh T€OMETPUYHI MapaMeTpu HONEPeYyHOro MEepeTHMHY TPyOM Ta TOBLIMHA METaJeBOIO
roppoBaHoro JjucTa KOHCTPYKIii. [Ipm 30UIbIIeHHI AiamMeTpy TpyOM BeIMYMHA HANPYXEHb, SKi
BUHUKAIOTh Y METaJIeBUX KOHCTPYKLISX, 3poctae. OpHak, npu 30UIbIIEHH] TOBUIMHU TO(PPOBAHOTO
JMCTa, BEJIMYMHA HAlpy)XeHb, NPU OJAHOMY 1 TOMY K JiaMeTpi TpyOH, 3HMXKYEThCs. 301IbLICHHS
TOBIMHU JiicTa B 3,0 MM 10 7,0 MM TIpU3BOAWTH JI0 3MEHIIIEHHS HANPY)KeHb y METajl TPyOW Ha
50,39 %. Ilpu 3mini giameTpy Tpyowu Bix 1,0 M 10 6,0 M IIpH TOBIIMHI MeTay TOPPOBAHOTO JIUCTA
piBHiif 3,0 MM, BeTMUMHA HAaNpyXeHb 30uTbMaacs y 7,38 pas3u, npu ToBIIMHI Jucta 4,0 Mm — y 7,8
pasu, npu ToBUMHI Jucta 5,0 MM — y 8,08 pasu, npu ToBuMHI Jucta 6,0 MM — y 8,28 pasu Ta npu
TOBIIMHI TO(poBaHOTO JIMcTa Tpyou 7,0 mm —y 8,43 pazu.

BcTraHoBneHo, 1110 MOCTYNOBE MiABUIIEHHS TOBIIMHK TO(QPOBAHOIO JIUCTA KOHCTPYKIIii
MPU3BOJUTH JI0 3MEHILIEHHS PI3HUII HANPYXXEeHb MK MOIMEPEHBOI0 TOBLUIMHOIO JIMCTA 1 30UIBIIEHOIO.
[Tpu giametpi Tpyou 6,0 M pi3HMILIS HapyXeHb, sIKa BUHUKAE MPHU TOBLIUHI rodpoBaHoro jmcra 3,0
MM 1 4,0 mm ckiamae 21,35 Mlla, npu toBumai 4,0 MM Ta 5,0 MM pi3HUIS BEJIHYWH HANpy>KEHb
ckianae 14,16 Mlla, npu 5,0 MM Ta 6,0 MM pi3HUII BETMUYHH HanpyxeHb ckiaagae 10,25 MIla ta mpu
MIBUIIICHI TOBIIMHY JIMCTa Bix 6,0 MM 710 7,0 MM Pi3HUIIS BETMYUH HAMPYKeHb ckianae 7,76 MIla.

OtpumaHi pe3ybTaTi Halpy»KEHOro CTaHy 301pHUX MeTajeBUX ro)pOBaHUX KOHCTPYKLIHM TpyOu
MOXXYTh MaTH NPaKTUYHE 3aCTOCYBAaHHS y BUIAJIKY MPUHHATTS TEXHIKO-€KOHOMIYHOTO OOIPYHTYBaHHS,
IOJI0 MPU3HAYEHHs JiaMeTpy TpyOM Ta TOBLIMHH METaJeBOrO TO(PPOBAHOTO JMCTa KOHCTPYKII.
OnHuM 13 OOMEXeHb 3aCTOCYBaHHS JAHUX pe3yJbTaTiB JOCIKEHb € OLIHKA HAIpy>KEHOTo CTaHy
TpyOU BHUIOTOBJIEHOI 13 30ipHUX MeTaeBUX ropoBaHUX KOHCTPYKIIH 13 mapamerpaMu XBWIb rodp
150x50 mm. TH1i mapameTpu XBUIIb rodp Y JaHOMY JAOCTIDKEHI He BpaXOBaHO.

Kurouosi cioBa: 30ipHi MeTaneBi roppoBaHi KOHCTPYKIIii, TpyOa, HapyKEeHHS.

Crarts Hagidnura qo penakmii 19.01.2023
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