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INFLUENCE OF STAGE-BY-STAGE CONSTRUCTION OF A
CYLINDRICAL SHELL ON STRESS-STRAIN STATES OF AN
EXISTING NEARBY SHELL IN A SOIL BODY
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Abstract: a study was carried out on influence of stage-by-stage construction of a cylindrical shell on stress-
strain states of an existing nearby shell in a soil body. Additionally, a case is considered in which the stage-
by-stage construction of shells was not taken into account. The obtained results were analyzed by the authors.
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O BJIMSTHUU ITOSTAITHO BO3BOANMOM
MUJINHAPUYECKOM OBOJIOYKH HA HJIC
CYUWECTBYIOHIEHN BJU3JIEXKAIIEN OBOJIOYKH U UX
EJIUHOI'O OKPYKAIOIIETO OCHOBAHMUSI
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AHHOTanusi: B paboTe MPOBENEHO HCCICIOBAHMWE BIISHUSA IIO3TAITHO BO3BOAWMON IFIIMHIPUYECKON
000JI0OYKM HA HAIMPSHKCHHO-IC(OPMHUPOBAHHBIC COCTOSHMS CYLICCTBYOIICH Onm3ieKanied 000J0UKH U UX
€JIMHOTO OKPYIKAKOIIEr0 OCHOBaHUS. [IOMOMTHUTEIFHO PACCMOTPCH CiTydail 6e3 yueTra 3TalHOCTH COOPYKCHUS
06os0uek. [TomydeHHbIE Pe3yIbTaThl IPOAHATM3UPOBAHBI ABTOPAMH.

KaroueBble ci1oBa: CTaiuu CTPOUTCIILCTBA, I‘pyHTOBHﬁ MacCHB, 060n0q1<a,
IJIOCKHE U TPOCTPAHCTBCHHBIC KOHCYHLIC 3JIEMCHTBI, KOHTAKTHBIC KOHCYHBIC 3JICMCHThI.

2. NUMERICAL ANALYSIS OF STRESS-
STRAIN STATES OF CYLINDRICAL
SHELLS IN A SOIL BODY

1. INTRODACTION

There is a problem of evaluating the impact of
potential future construction of the cylindrical

shell of a new tunnel on the stress-strain state of
the cylindrical shell of an existing tunnel built
earlier. Similar problems emerged when
designing the first variant (with two tube
tunnels) of the Lefortovo tunnel in Moscow.
Calculations of such systems are known in two-
dimensional formulation. For example, S. B.
Kositsyn and D. B. Dolotkazin explored the
effect of some features of the Lefortovo tunnel
on its stress-strain state by the finite element
method [4].
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The calculation of the stress-strain state of shells
was performed by the finite element method in
the ANSYS Mechanical software package [2, 3,
6,8, 11, 12].

The developed spatial computational models
includes two parallel cylindrical shells and a soil
body. The purpose of the study is to determine
how the phased construction of a new
cylindrical shell affects the stress-strain state of
the existing shell built earlier. The geometric
characteristics of cylindrical shells in the
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computational model are close to the initial data
of the work [4]. The diameter of the shell D =
13.5 m, the thickness of the shell 7 = 0.7 m,
depth of cylindrical shells Z = 25.0 m, distance
between the axes of shells — 2D. The distance
between the shell and the left and right sides of
the soil body is W = 5D. The distance between
the shell and the upper side of the soil body is H
= 5D. Both cylindrical shells consists of 32
separate rings with a width of 2.8 m.

The material of the cylindrical shell is presented
by a linear-elastic model with the following
characteristics: density p — 2300 kg/m3, elastic
modulus £ — 30000 MPa, Poisson's ratio u —
0.2. The material of the soil body [9] is
presented by an elastic-plastic model of Mohr—
Coulomb with the following parameters: density
p — 2000 kg/m?, deformation modulus Eger — 10
MPa, Poisson's ratio ¢ — 0.3, cohesion C, — 10
kPa, friction angle ¢ — 25°. These material
models require a physically nonlinear
calculation.

The soil body has constraint on the side faces
and on the bottom face. The load consists of the
own weight of the soil body and the cylindrical
shells. In addition, there is a gap between the
shell and the soil body in the computational
model [7, 10], which takes into account the
influence of a slurry shield during the
construction of the cylindrical shell (the friction
coefficient /= 0.6) [5].

The calculation was done geometrically,
structurally and physically nonlinear statement.
The design case consists of 65 stages of
determining the stress-strain state of the
cylindrical shell and the soil body: the first
(zero) stage calculates the natural state of the
soil body without the shell, the next 64 stages
calculate the stress-strain state of the model
after activating each individual ring of shells
(thirty-two stages for each shell). The change in
the stress-strain state is considered for the
elements of the shell installed first. This makes

Volume 18, Issue 2, 2022

it possible to evaluate the impact of the
construction of the second shell on the first.

The spatial computational model is shown in
figure 1. The cylindrical shells are shown in
figure 2.

Figure 1. Spatial computational model in
ANSYS Mechanical

SHELL 1

SHELL 2
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Figure 2. View of cylindrical shells
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The equivalent stresses curves according to the
IV strength theory (von Mises) [1] of the
cylindrical shell rings are shown in figures 3 —
11. Vertical green lines on the graphs separate
the stages of construction of the first and second
shells.

Table 1 shows the values of the stress increase
caused by the construction of the second shell,
and their percentage share for the considered
rings of the first shell.
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Figure 3. The maximum equivalent stresses according to the IV strength theory (von Mises) of 01
ring of the first shell
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Figure 4. The maximum equivalent stresses according to the IV strength theory (von Mises) of 04
ring of the first shell
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Figure 5. The maximum equivalent stresses according to the IV strength theory (von Mises) of 08
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Figure 6. The maximum equivalent stresses according to the IV strength theory (von Mises) of 12
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Figure 7. The maximum equivalent stresses according to the IV strength theory (von Mises) of 16
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Figure 8. The maximum equivalent stresses according to the IV strength theory (von Mises) of 20
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Figure 9. The maximum equivalent stresses according to the IV strength theory (von Mises) of 24
ring of the first shell

70
65
60
55
50
45 ‘_
40

‘ -Without taking into account the stages (46.3 MPa)
35

MPa

30

25

20

2——0—0—0—-0—90—90—0-—0—0—8 —0—-0—0—0—0—0— 000 %

15 o

10

5

0
012345678 910111213141516171819202122232425262728293031323334353637383940414243444546474849505152535455565758596061626364

Stage

Figure 10. The maximum equivalent stresses according to the IV strength theory (von Mises) of 28
ring of the first shell
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Figure 11. The maximum equivalent stresses according to the IV strength theory (von Mises) of 32

ring of the

first shell

Table 1. The increase in the equivalent stresses according to the IV strength theory (von Mises) in

the considered rings of the first shell

Shell ring Increase in equivalent stresses, MPa %
1 0.08 0.1
4 0.04 0.2
8 0.59 3.1
12 0.91 4.7
16 0.94 4.9
20 1.11 5.6
24 1.26 6.5
28 1.25 7.8
32 2.89 116.8

The results show that the construction of the
second shell has little impact on the existing
shell. The increase in equivalent stresses is
116.8 % only in the last ring. This is due to the
fact that the last ring is underloaded more than
the others during the construction of the first
shell. However, this ring takes a new load
equally with the others during the construction
of the second shell. The stresses increase does
not exceed 7.8 % in rings from 1 to 28. The

maximum equivalent stresses in the shells are
46.3 MPa in the calculations without taking into
account the construction stages. Table 2 shows
the stresses in the first shell from the calculated
cases, taking into account and without taking
into account the stages of construction, as well
as the difference of these stresses as a
percentage. Higher stresses were obtained in all
the shell rings without taking into account the
construction stages, except for the first one.
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Table 2. The maximum equivalent stresses according to the IV strength theory (von Mises) for the

calculated cases with and without taking into account the stages

Maximum equivalent stresses, MPa The difference of the
Shell ring Without taking into With taking into account maximum equivalent
account the stages the stages stresses, %
1 46.3 63.5 37 %

4 46.3 21.6 -53%
8 46.3 19.8 -57%
12 46.3 20.2 -56%
16 46.3 20.0 -57%
20 46.3 20.8 -55%
24 46.3 20.7 -55%
28 46.3 17.2 -63%
32 46.3 5.4 - 88 %

3. CONCLUSION

The authors consider the features of the stress-
strain state of a system consisting of two
parallel cylindrical shells and a soil body. In this
paper it is shown how the phased construction
of a new cylindrical shell affects the existing
nearby shell. The results obtained showed that
this effect is insignificant. The stress increase
for all the considered rings of the first shell does
not exceed 7.8 %, except for the last ring, where
the stress increase is 116.8 %.

Additionally, the stress-strain state of the first
shell is compared with and without taking into
account the stages of construction. The
comparison showed that it is necessary to take
into account the stages of construction of
cylindrical shells in such tasks.
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