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Summary. Metal corrugated structures require both high design quality and quality of construction.
Significant contribution to the damage initiation and the MCS fracture can be caused by the imperfect methods
of calculating MCS in the soil environment and incorrect choice of the structure span, as well as the shape of the
structure cross-section.

The problems of adaptation of foreign standards concerning the design of metal corrugated structures
on the railway and motor roads of Ukraine are analyzed, the results of experimental and theoretical calculations
of bearing capacity of metal corrugated structures are presented.

It was determined, that the stresses arising in the pipe metal sheets of 1 m till 9 m diameter do not
exceed the metal ultimate elasticity of 235 MPa. However, for the 10 m diameter pipe the stresses value exceeds
the permissible value of the metal pipe yield strength of 235 MPa.

It is established, that for the pipes of 1 m till 9 m diameter the value of the plastic hinges formation does
not exceed the permissible value of 1,0. However, for the 10 m diameter pipe the value of the plastic hinge
formation ratio is 1,531, which is unacceptable for this steel grade. Since in the 10 m diameter pipe due to the
load from the locomotive 2M62 the plastic deformations are formed in the metal pipe, it can cause the
destruction of the transport structure as a result.

Key words: metal corrugated structure, structure diameter, stress-strain state, plastic hinge, railways
rolling stock.
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Introduction. Metal corrugated structures (MCS) have been applied for the
construction of water pipelines other buried pipelines since the late XIX century [1 —7].

Nowadays great experience in the operation of metal corrugated pipes, being buried
under the railways and motor roads, was obtained in the world. During their long-term
operation these structures have been observed and tested for many times and as the result their
operation economy, durability and reliability were determined, as well as the problems of
operation in the soil environment of the railway and motor roads were revealed [8 — 9].

The corrugated pipes have been widely applied in Europe only for the last 50 years
[10 - 12]. Nowadays among the famous world companies are the Italian company
FRACASSO (152 x 51 mm, the pipe wall thickness being 3 — 7 mm) [13], the Norway-
Sweden-Finland company VIACON (150 x 50 mm, the pipe wall thickness being 3 — 7 mm).
They provide the need in metal corrugated structures for the countries of Europe, America,
Africa and Australia. In Poland, Sweden, Italy, USA and Canada (Canadian company
ARMTEC) [12] the application of MCS is being developed dynamically nowadays.

One of the most famous companies dealing with the design, production and sale of the
corrugated steel structures in Ukraine is the company ViaCon [14], which was set up in
1986 in Sweden and Norway. Today ViaCon group comprises more than 30 affiliations in
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18 countries of Europe and Middle East. It produces corrugated metal structures, which are
applied for the construction of bridges, roads, transport tunnels, stock-yards, pedestrian and
biological passages and water pipelines. The company ViaCon-Ukraine applies the
MultiPlate, SuperCor and HelCor structures for metal corrugated structures in the transport
structures.

Investigations relevance. The experience in MCS maintenance and operation
testifies, that nowadays, in fact, their technical operation life, which must meet the
requirements as to the design durability of artificial structures on the motor roads, under
which they are buried, is not provided. It needs regular monitoring and estimation of their
structural health, prediction of their bearing capacity change, estimation of the residual
operating life, development of measures for providing the necessary durability, which
generally contributes to high value of their maintenance and operation.

Experience in the MCS application in the soil environment conclusively proved, that
the structures in question, possessing advantageous properties, are specified by the relatively
low reliability and durability. During their operation the growth of unacceptable deformations
is observed in many cases, the increase of horizontal and decrease of vertical pipe diameters
in particular. To exclude the unacceptable pipe deformations it is necessary to develop the
methods of the MCS calculations being in operation together with the filling soil, which will
make possible to predict the MCS strength and durability. These problems have been paid
much attention to by the researchers since the first application of MCS in construction. But
the investigations of the effect of the pipe diameter value on the stress-strain state of the
structure is still of great importance nowadays. Properly chosen values of the pipe cross-
section sizes will provide both the structure durability and the hydrological and hydro-
dynamic safety of MCS.

The objective of the paper is to carry out investigations of the pipe diameter value
effect of the metal corrugated structure on its stress-strain state and to check the conditions of
the plastic hinge formation in the metal pipe. Here the investigations were performed under
the constant thickness of the metal corrugated pipe and parameters of the dynamic loading
and the soil fill.

Analysis of the available investigations and publications. While designing the metal
corrugated structures the designers faced some problems. Thus, the foreign [7, 9, 15 - 17] and
national [18] standards being compared, sufficient differences in the boundary fill heights
above the metal corrugated pipe have been revealed at equal thickness of the corrugated wall.
The foreign pipes bearing strength appeared to be much higher for the sufficiently higher fills.
It caused the appearance of new problems in mastering new shapes and sizes of the MCS pipe
diameters.

Initially it was assumed, that the difference in the MCS bearing strength is caused by
the differences in the physical-mechanical properties of the pipe metal. But the study of
foreign standards testified, that the grades of national steels being used for the MCS
construction, are much more stronger than those foreign ones. The real reason was that of
principle differences of rates in the MCS calculations. In Ukraine the calculation of the water
pipes of up to 3 m diameter is performed according to the standards [18].

Due to it the first boundary state is determined by the boundary static equilibrium of
interrelation of the system «structure-soil» and, being based on it, it is possible to find the
bearing strength of the pipe. The presented formula contains some empiric coefficients and
does not include real strength characteristics of the pipe metal and the parameters of the soil
fill. But this condition itself in most cases is the limiting one. In foreign standards [7, 9, 15 —
17] the strength and stability of the corrugated pipe wall is estimated due to its effect on the
pipe vault of the soil weight and pressure, caused by the temporary loading on the pipe upper
level. Mutual work of the MCS and soil under sufficient fill height above the vault is taken
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into account by lowering the rate to the amount of temporary and constant loadings, which
depend on the level of soil stabilization round the structure. Similar strength and stability
check of the pipe wall are included in the standards of Russia [15], but it is almost never
limiting. Thus, the pipe calculation due to the boundary static equilibrium of the interrelation
of the system «structure-soil» is the problem itself, which restricts the area of the structures
application.

The pressure caused by the temporary loading is found differently. Under the equal fill
height above the pipe the portion of the temporary loading in the total pressure at the pipe
vault, as a rule, according to the Ukrainian standards [7, 9, 15 — 17] dynamics is taken into
account. Under the minimum fill the intensity according to the foreign standards of loading is
greater than that similar one according to the national standards.

The studied scientific-research papers do not investigate the effect of the pipe diameter
size on the stress-strain state of the structure. Its specific feature is the constant value of the
structure fill, starting from the railway sleeper foot or the motor road paving asphalt foot to
the pipe vault.

The developers of typical structures are not capable enough to make decisions. Their
developments must be based on the well-known approved theories, moreover, the engineer’s
decisions must be fostered by some recommendations. Thus, the ideal decision to foster the
construction of metal corrugated structures would be, if there were some recommendations
(quidelines) as to the design and estimation of the bearing strength of metal corrugated
structures being buried under the railway gauge.

Method of investigation of the MCS stress-strain state. The bearing strength of the
metal corrugated pipe is tested from the point of view of the normal force, as well as the
combination of the normal force and the bending moment. Here the maximum stresses
initiated in the metal pipe walls are calculated due to the Navier’s equation

N M
G = d.s+ d.s<f

A W yd ! (1)

where N, ., M, — forces and force moments under normal operation; A — cross-section area
and the moment of cross-section pressure on the pipe length unit; f ;, — the pipe steel ultimate

yield; W — the moment of the pipe length unit pressure.

Taking into account the fact, that the metal pipe is corrugated and the investigations of
the stress-strain state of the pipe will be under different diameters, let us analyze the method
of determination of the normal forces and bending moment being initiated in the metal pipe.

Determination of normal forces on the MCS. Normal forces in the pipe walls are
calculated according to the recommendations [19] due to the dependencies:

N, s / D <0.25;
— /2 ! (2)
N; = Pyaric +(D/2)q
0.25<h,,,, / D<0.75; 5
N, =(1.25-h, ., / D)Pyas +(D/2)q’ ®)
0.75<h, ., / D; N,=0.5p,. +(D/2)q, (4)
where g — distributed loading caused by the rolling stock; D — pipe diameter; h, ., — value of

the soil fill.
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Normal force caused by the soil environment is found due to the formula

H h h ... H
N.=0,2—p,D*+S,|0,9-Ltred (5 tred D?, 5
j Dpl ar( D D Djpcv ( )

where p, — average specific weight of the fill material (till the pipe vault); p, — average
specific weight of the fill material (above the pipe vault till the fill height n,_).
Coefficient S,, takes into account the arc effect of the soil distribution in soil above

the water pipeline, which is initiated at great height of the fill and is calculated due to the
dependencies:

Sar:1—e ’
K
h
=25, =,
K= (6)
0,8tang,, 4

S =

\

2 i)
(«/1+tan2 ., +0,45tanq, )

where ¢, , — project angle of the soil internal friction for the metal part of the pipe due to the

formula, taking into account the parameters of the fill soil y,, y,, and the natural angle of the
soil internal friction

_ tan (ocv.k

tang,, 4 = 7
i (7

In the formula (7) the value of y, , as a rule, equals 1,3. The angle of internal friction,

being used in the formula, is that of the soil above the pipe vault. The project normal forces
during normal operation are found due to the formula

Ngo=(wr )i Nj+(wr)s Ny (8)
in the boundary possible state
Now = (w7 )Ny +(wr ) - N, (9)
in the state of long-term fatigue loadings
Ngt =y )N, (10)

where wy, ., wr,., vy, — coefficients of safety chosen according to the recommendations

[19] for certain boundary states.
Determination of bending moments for MCS. The bending moment in the pipe wall

depends on the interrelation between the soil and pipe rigidity. This relation is signed as A,
and is found due to the formula

A, =E,-D*/(El),, (11)

ISSN 2522-4433. Bicrux THTY, N2 3 (9L1), 2018 .. cve et eee e e e oo e et e e et e e e e v e e e e e e e e e e 29



Investigation of influence of the metal corrugated pipe diameter on its stress-strain state

where E;, — shearing modulus for soil; (EI ), — pipe bending rigidity.

The bending moment in the pipe caused by the surrounding soil and the soil loading in
the working capacity boundary state is found due to the formula

M,/ pD®=—1f,f

2,surr

h R 0.75
+ Sar &BC(R_tJ fl f2,cover ’ (12)
P

S

where f, f,., f f, — coefficients calculated depending on the geometric and

physical properties of the soil fill [19].

The equation (12) is based on the experimental observations [19]: when at the reverse
fill the stabilization occurs round the pipe plastic structure, it is pressed inside along the sides
and in the pipe vault the negative bending moment is initiated. This moment is maximum, when
the level of fill reaches the level of the pipe top, which is presented by the first summand in the
right part of the equation (12). When the filling goes further, above the level of the pipe top, the
pipe structure is stressed down and the negative moment decreases. If the fill height is good
enough, the sign in the pipe top can be changed in this time and becomes positive.

The project bending moments in the pipe caused by the soil and the rolling stock are of
different directions in different points of the cross-section. That is why to determine the
maximum option of the loading superposition the check must be performed in accordance with
the following formulas. The project moments of forces in the state of normal operation are
found due to the formula

2.cover !

tds* (13)

The project moments of forces for the rolling stock loading in the boundary possible
state are found due to the formula

M max — (l//}/)InsaX . Mt

td.s

R min ' (14)
Mtd.s :((//}/)LS '(_Mt / 2)
In the boundary possible state the project moments are calculated due to the formula
Md.u:de.s+Mtd.u' (15)

At the state of long-term fatigue loadings the moments range is calculated due to the
formula

My =(yr), M. 15. (16)

The check of the plastic hinge development in the pipe top at the boundary state will be
performed under the maximum loaded part of the pipe according to the method [19] due to the

formula
N M
o= —% |+| 2+ (<10, (17)
of A M,
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where N,,, M,, — forces and force moments in the state of normal operation; A — cross-

section area and the cross-section pressure moment on the unit of the pipe length; My —
acceptable value of the bending moment for the unit of the pipe profile, under which the yield
stresses are obtained.

Basing on this method the estimation of the MCS stress-strain state was performed
depending on the metal pipe diameter. With this purpose the structure Multiplate MP 150 is
being analyzed as the round cross-section (Fig. 1).

The corrugated wave length is 150 mm, its height is 50 mm, the thickness of zink
coating is 85 micr (567 g/m?). The amount of fill above the metal corrugated pipe top is
1,88 m at the fill soil deformation modulus 33 MPa and under the specific weight of the fill
soil » =20 kH/m3. Modulus of elasticity of the pipe steel is E=2,7/-10°MPa and the

Poisson’s rate of the structure metal is v = 0,25.

The loadings on the structure were caused by the railway rolling stock. The maximum
equivalent forces initiated from the locomotive 2M62 are obtained in the paper [20].

To obtain the stress values and to check the conditions of the plastic hinge formation
in the metal pipe vault, depending on the diameter, the software was developed using the
licensed mathematic package Mathcad 14.

The investigations of the stress-strain state of the structure was performed on the 1 m
till 20 m diameter pipe. The fill height was constant above the pipe hc=1,88 m.

L

W

4 D ;

Figure 1. Geometric characteristics of the investigated metal corrugated structure
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Figure 2. Dependence of the stress-strain state of the metal corrugated pipe on the structure diameter

As it is seen in Fig. 2, the stress values initiated in the pipe metal at the pipe diameter
1m —is 181,4 MPa, 2m — 215,03 MPa, 3m — 224,05 MPa, 4m — 2179 MPa, 5m —
197,6 MPa, 6 m — 161,94 MPa, 7m — 110,4 MPa, 8 m — 145,84 MPa, 9 m — 202,5 MPa,
10 m — 284,3 MPa. Thus, at the pipe diameters from 1 m till 9 m the stresses initiated in the
pipe metal sheets do not exceed the metal ultimate yield 235 MPa. But at the pipe diameter
10 m the stress values exceed the permissible value of the ultimate yield of the metal pipe
235 MPa.

The results of checking the conditions of the plastic hinge formation at the top of the
metal corrugated pipe, depending of the structure diameter, are presented in Fig. 3.

As it is seen in Fig. 3, the value of the plastic hinge initiated in the pipe metal at the
pipe diameter 1 m is 0,727, 2 m — 0,869, 3 m — 0,905, 4 m — 0,863, 5m — 0,801, 6 m — 0,673,
7m-0,449,8 m-0,473,9 m - 0,950 and 10 m — 1,531. Thus, at the pipe diameters from 1 m
till 9 m the value of the plastic hinge formation does not exceed the permissible value 1,0. But
at the pipe diameter 10 m the coefficient value of the plastic hinge formation is 1,531, which
IS not permissible for the given grade of steel. As at the pipe diameter 10 m the plastic
deformations caused by the locomotive 2M62 loading, will be initiated in the pipe metal, it
will result in the damage of the motor road structure.

2
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Figure 3. Dependence of the plastic hinge formation at the top of a metal corrugated pipe vault depending
on the structure diameter
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While constructing the transporting structures, using the metal corrugated structure
with the round cross-section, it is recommended to use metal pipes of the 1 m till 9 m diameter
as those being able to provide the operation reliability according to the criterion of the
permissible stresses initiation and formation of the plastic hinge in the pipe metal.

Conclusions and research prospects.The developed method makes it possible to
conduct research of the pipe diameter effect on the MCS stress-strain state and the value of
the plastic joint formation in the vault of the metal pipe. When constructing transport
structures, using the metal corrugated structures of a circular cross-section, it is recommended
to build structures with a metal pipe of the diameter from 1 m to 9 m, which provide reliability
of operation according to the criterion of permissible stresses initiation and plastic hinge
formation in the metal pipe. The application of metal corrugated structures of 10 m diameter
and more with the round cross-section on the railways of Ukraine is not permissible, because
a plastic joint formation in the MCS metal is possible.
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BIIJIUB BEJIMYMWHU JIAMETPA METAJEBOI TO®POBAHOI
TPYBU HA ii HAIIPY)KEHO-JE®OPMOBAHUM CTAH

Hocun Jyuko'; Biramiii KoBaabuyk?; IBan KpaBenn®
9 9

Tepnoninvcokuii nayionanvnuii mexuiunuil ynieepcumem imeni lsana Ilynios,
Tepnonins, Yrkpaina
2 [Tninponempo6cvkuti HAYIOHATbHUL YHIGePCUMEm 3aNi3HUYHO20 MPAHCROPMY
imeni akademika B. Jlazapsna, Jlvsiecoka @inis, Jlvsis, Yxpaina
3 [Tuinponemposcvkuii HayioHATbHULL YHIBepCUMem 3aNi3HUYHO20 MPAHCROPMY
imeni akademika B. Jlazapsna, Jlvsiecoka @inis, Jlvsis, Yxpaina

Pe3tome. Bemanosneno, wo memanegi 2o@posani KOHCMpPYKyii Oysice GUMO2IUG K 00 SKOCHI
npoexmysanust, max i 0o saxocmi 6ydignuymea. Bacomuii eénecox y nosgy nowikoodxcenv ma pyunysano MI'K
MOdHce CRPUYUHUMUY HeOOCKOHAICmb Memoouk pospaxyuky MI'K y epynmoeomy cepedosuwyi ma npaguibHicmo
8UOOPY NPOLOMY CHOPYOU i POPMU NONEPEYHO20 NePemuHy KOHCIMPYKYIL.

Ipoananizosano npobdnemu adanmayii 3aKOPOOHHUX HOPMAMUEHUX OOKYMEHMIE U000 NPOEKmyE8aHHs.
Memanesux 20QppOBAHUX KOHCMPYKYIL HA 3ATI3HUYHUX Ma a8mMOMOOiTbHUX 0opoeax YKpainu.

Bcmanosneno, npu oiamempax mpy6 6io 1 0o 9 m nanpysicents, AKi GUHUKAIOMb Y MeMANe8ux TUCMax
mpyou, He nepeguuyioms mexcy npyschocmi memany 235 MIla. IIpome npu diamempi mpyou 10 m éeruyuna
Hanpyscenb nepesunyye 0onycmume 3HaueHHs medici mexyyocmi memanesoi mpyou 235 Mlla.

Bcmanosneno, wo npu oiamempax mpy6 6io 1 0o 9 m éenutuna ymeopeHHs NiacmuiHo20 WapHipa He
nepesuwye oonycmumoi eenuuunu 1,0. Ilpome npu oiamempi mpybu 10 m eenuuuna xoepiyichma ymeopemHst
naacmuyHoeo wapuipa cknadae 1,531, wo € nedonycmumum 0ns oanoi mapku cmani. Ockinoku npu oiamempi
mpyou 10 m nacniook Haganmasicents 6i0 noxomomuga 2M62 ymeopsmscs niacmuuni degpopmayii' y memaini
mpyou, 8i0N0GIOHO Yye Modce npusgecmu 00 PYIUHYBAHH MPAHCNOPMHOT CHOPYOU.

Knrouosi cnosa: memanesa 2opposana KoHCmpyKyis, diamemp cnopyou, HanpyiceHo-0epopmosanuil
CMaH, NIACMUYHUY WAPHIP, PYXOMULL CKAAO 3AI3HUYD.

Ompumano 23.10.2018
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