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SIMULATION OF A DEFECTLESS LIFECYCLE OF UNIQUE
UNDERGROUND STRUCTURES OF THE SEWAGE SYSTEM
AT THE STAGE OF THEIR CONSTRUCTION IN DIFFICULT
SOIL CONDITIONS
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Abstract: Simulation of the parameters of a defectless lifecycle of large caissons at the stage of their plunging
into heterogencous soil milicu allows considerable expansion of the area of rational use of underground areas of
megacities for deep transport facilities and engineering infrastructure due to provision of structural safety and
sustainable operation of a special underground structure. Mega sizes of an RC caisson allow creating open
underground areas, unique in volumes and deepness. The analysis of behavior of a massive gravitational fencing
caisson at its incrementing and plunging into heterogenenous soil milieu allowed identifying the nature of its
non-linear and unsteady behavior. Unsteadiness of the processes of interaction of a large structure and soil milieu
accompanied by geometrical changeability causes the necessity to create methods of adaptive control of strain-
stress behavior of the system “gravitational large body — heterogeneous host medium” for decreasing
aggravating influence of these effects on strength, deformability and reliability of the structure at the subsequent
stages of its lifecycle. Due to joint step-by-step implementation of geotechnical and structural calculations a
history of the processes of caisson-soil milieu interaction is modeled and the parameters of adaptive control of
strain-stress behavior are predicted, thus providing conditions of controlled lowering. The paper demonstrates
results of consistent implementation of the given concept at the lifecycle stages of the unique caissons for the
sewage system of the megacity beginning from numerical modeling during design to computer models of control
of strain-stress behavior of the system “large caisson — soil bulk” using the methods of geotechnology with
subsequent monitoring provision of the defectless stage of construction.

Keywords: simulation, unique underground structure, heterogeneous soil milieu, geometrical changeability,
non-linear models, control of strain-stress behavior of the system, structural safety, defectless lifecycle

MOJAEJIUMPOBAHUE BE3IE®@EKTHOI'O )KUBHEHHOI' O
I[IUKJA YHUKAJIbHBIX TOA3EMHBIX COOPYKEHUI
CUCTEMBbI BOAOOTBEAEHUA HA CTAUU UX
BO3BEJAEHUA B CJIOKHBIX 'PYHTOBBIX YCJIOBUSAX

H.A. Ilepmunos

l'ocynapcTBeHHBIN YHUBEPCHUTET IyTel coobmienus mmneparopa Anexcanapa I, r. Cankr-IlerepOypr, POCCHUA

AnHoTanus: MopenupoBaHue mapaMeTpoB 0e371e(eKTHOro KU3HEHHOTO KA KPYITHOTabapuTHBIX 000I049eK
Ha CTaQIWM UX IOrPYKEHHS B HEOZHOPOIHbIE TPYHTOBBIC CpEAbl IO3BOJISET 3a CYeT oOOecleyeHus
KOHCTPYKIIMOHHOH 0€30MacHOCTH M yCTOWYNBOTrO (D)YHKIIHOHUPOBAHHS CHIEIMAILHOTO MOJ3EMHOTO COOPYIKEHHS
CYIIECTBEHHO PacUIMPHUTh 00JAaCTh PALMOHAILHOTO HCIIOJIb30BAHMS IOJ3EMHOI0O MPOCTPAHCTBA METarojiCcOB
JUIsl 0OBEKTOB TPAHCIOPTHOM M WHXKEHEPHOW MHQPACTpyKTyphl . Mera pa3zmepsl kKele300eTOHHOH 000JI0UKH
MO3BOJISIIOT  CO3/1aBaTh OTKPBITHIE IOJ3€MHBIC IIPOCTPAHCTBA YHUKAJIBHBIMU 110 Oo0OBbEeMaM MW TIIyOHHAMH
3aJI0KeHMsI. AHAJIN3 MOBEACHNUST MAaCCHBHOM I'DaBUTAIIMOHHON Orpakaaroleil 000JI0OYKH TPH MOCTEIIEHHOM €e
HapallMBaHUU U MOTPYKEHUH B HEOJHOPOJHYIO TPYHTOBYIO CPEy CPEAbl MO3BOJIMIIM BBIIBUTHL XapakTep HX
HEJIMHEWHOr0 M HECTallMOHAPHOIO IOBEACHHs. HecTalMoHapHOCTh MPOLECCOB B3aMMOJCHCTBHS MaCCHBHOTO
COOPYXKCHHsS C TPYHTOBOM CpEIOif, CONpOBOXKZaeMash TIE€OMETPHYECKOW H3MEHYHBOCTBIO, BBI3BIBACT
HEOOXOJMMOCTh CO3JaHUSI METOJIOB aTalTUBHOIO YIPABJICHHS HAIPSIKCHHO-Ie()OPMUPOBAHHBIM COCTOSHHEM
CHCTEMBI «TPaBUTALIMOHHOE KPYyMHOrabapuTHOE TEJIO — HEONHOPOAHAs BMELIAIONIas cpela» JUll YMCHBIICHUS
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OCTIOXKHSIFOIIIETO BIMSHUS ITHX 3(P(PEKTOB Ha MPOYHOCTH, Ne(OPMHUPYEMOCTh M HAICKHOCTh COOPY)KCHHS Ha
MOCJIEAYIOIUX CTAIUsAX €ro JKU3HEHHOro Iukia. [locpeacTBOM COBMECTHOIO MOLIATOBOIO BBIMOJIHEHUS
TFEOTEXHUUYECKUX U KOHCTPYKTOPCKUX PACYETOB MOJIEITUPYETCS UCTOPHS MPOIIECCOB B3aUMOJICHCTBUSI 000I0UKH
C TPYHTOBOHW Cpefiod M MPOTHO3UPYIOTCS mapaMmeTpsl agantuBHoro ymnpasieHus HJIC cucremsl, oOecrieunBast
YCJIOBUSL PEryJIMPYEeMOro MnorpyeHus. B craTbe mpeacTaBieHbl pe3ylbTaThl MMOCIEAOBATEIbHOW peaau3aluu
W3JI0KEHHOM KOHULEMIMK Ha CTaAuSX JKU3HEHHOTO UMKIA YHUKAJIbHBIX OIYCKHBIX COOPYXEHUN CHUCTEMBbI
BOJIOOTBE/ICHUSI MEraroyiica OT YMCJIEHHOI'O MOJICIMPOBaHUS IPU TMPOCKTUPOBAHUU [0 KOMIIbIOTEPHBIX
MOJICJICH  YIPABJICHUS C IOMOIIBI0 METOJOB TI'COTEXHOJOTHH HAMPSKEHHO-AC()OPMUPYEMBIM COCTOSIHUEM

CHCTEMBI
obecreueHHEM 663)16(1)GKTHOI71 CTaluu CTPOUTEIILCTBA.

«KpynHorabapuTHasi 000J0YKa — TPYHTOBBIH MacCHB»

¢ TnocieaAyrommuM MOHUTOPUHIOBBIM

Keywords: MOACINPOBAHUEC, YHUKAJIBHOC IMOA3EMHOC COOPYIKCHUEC, HCOAHOPOAHAA I'PYHTOBAsA Cpeaa,
reoMeTpuicCKas UISMCHYUBOCTD, HEJIMHCHHBIC MOJCJIN, YIIPABJICHUEC HaHpH)KCHHO-,He(i)OpMI/IpyGMLIM
COCTOSIHUEM CUCTEMBbI, KOHCTPYKIIMOHHAA 66301’[3CHOCTL, 663&6(1)€KTHLIf/'I JKU3HEHHBIN IUKII.

1. NON-LINEAR AND UNSTEADY
PROCESSES OF INTERACTION
OF A LARGE CAISSON
IN THE CONDITIONS
OF SIMULTANEOUS INCREMENTING
AND PLUNGING
OF THE STRUCTURE

Characteristic ~ parameters and indicators,
according to which underground structures of
the sewage system of large cities can be
regarded as the unique ones, first and foremost,
include abnormal depth of more than 70 m as
well as a high degree of requirements to their
ecological safety. Special requirements to
preservation of structural integrity during long-
tem exploitation should be set for these
structures as particulary dangerous facilities
accumulating and transporting agressive sewage
discharge through their internal culverts under
residential urban areas.

Structural integrity of an underground sewage
structure means the capacity of its resistance to
decrepit and corrosive damages at all stages of
its lifecycle. One can achieve these conditions
only by means of joint gradual solution of
geotechnical and structural problems when pre-
limit stress-strain states of an RC culvert during
its interaction with a soil bulk are modeled and
predicted at the stage of design of its life cycle,
then using the methos of geotechnology and
monitoring they are provided at the stage of
construction of a structure, and later applying
the same or modified monitoring system they
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are supported at the stage of long-term operation
under the conditions of technically generated
effects. There is a need to consider another
factor which defines the category of structure
uniqueness as a particular and specific one. It
implies limited or complete unavailability of
repair of underground structures of this type.
Firstly, it is associated with the fact that
according to the present schemes of sewage,
which exist in megacities nowadays, these
facilities cannot virtually be put out of operation
without a threat of violating sustainment of the
city engineering infrastructure.

Therefore, in order to provide safe and
sustainable operation of large underground
structures of the sewage system it is necessary
to provide internal integrity of fencing
structures with high degree of water resistance
at all stages of their lifecycle.

The existing norms and sets of regulations
envisage verification calculations of caisson
underground structures for the stages of
construction and exploitation. However for
large-size caisson structures due to specific
conditions of their interaction with a soil bulk
and inclusion the large scale effect (factor):
according to hyper sizes of the area of lateral
surface of a culvert interacting with
heterogeneous soil and a super large weight,
which creates a powerful kinetic impulse at
instant, often sudden drops of a caisson
structure, joint manifestation of these factors
causes specific non-linear behavior of the
structure at its driving and the embedding soil
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bulk. Strength and deformability of a large-size
massive structure, its geometrical variability
should be calculated not only for the final stage
of construction but also for a whole history of
driving considering a history of caisson-soil
bulk interaction at driving, and, consequently
the effect of gradual inheritance of stress-strain
state, that is possible to make only using
solutions of non-linear problems, non-linear
models and computer non-linear simulation.

The analysis of test and experimental results
presented in the paper showed that the main
defects leading to violation of culvert integrity
and crack occurrence emerged in the period of
construction of the underground part in the soil
bulk. Therefore, the main task is reduced to
provision of operation of a structure at pre-limit
states at the stage of construction of its lifecycle.
In order to implement these conditions the
decisive role is played by evaluation of real
work of structures with account of the process
of their gradual construction in the soil bulks
and non-linear properties of structural materials
and soil. Consideration of these conditions
allows constructing an adequate model of the
process of culvert interaction at its stage-by-
stage embedment into the soil bulk. Calculation
substantiation of a range of pre-limit changes of
the stress-strain state of a megamassive culvert
at its embedment into heterogeneous soils
provides defectless operation of the lifecycle of
an underground structure at the stage of its
construction [1]. The analysis of the processes
of caisson loading at the stage of its
construction with account of the effect of
inherited stress-strain behavior allows creating
an adequate calculation-analytical model of an
underground structure and selecting a rational
method of calculation to predict dynamics and
spatial borders of changing stress-strain state of
an RC  caisson  structure  providing
defectlessness of the structure at all stages of its
driving.

The methodological approach proposed in the
paper allows transferring from the -earlier
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accepted methods of calculation of underground
sewage caisson structures to the concept of
simulation and prediction of defectless lifecycle
at the stage of construction. The results of
experimental and theoretical research, which are
given in the paper, substantively prove that
modeling and calculative substantiation of
schemes and parameters of preventive
protection of an underground structure at the
stage of its construction using geotechnical
methods provides its safety and resistance
against technically generated impacts at the
subsequent stages of the lifecycle during its
long-term regime operation.

2. THE ANALYSIS OF INTERACTION OF
A LARGE CAISSON WITH
HETEROGENEOUS SOIL MILIEU AT
THE STAGE OF ITS PLUNGING

In order to provide stable and safe operation of
large caisson structures there is a need to ensure
internal integrity of fencing structures with high
degree of waterproofness at all stages of their
life cycle.

The existing standards [1] and regulations [2]
envisage checking calculations of underground
structures to be lowered for the stages of their
construction and operation. However, based on
the experience one can say that in case of large
caisson structures it is not enough due to
specific conditions of their interaction with a
soil bulk and inclusion the effect (factor) of a
large scale: hyper sizes of an area of lateral
surface of the shell, which interacts with
heterogeneous soil, and its super large weight,
which creates a powerful kinetic impulse during
instant, often sudden subsidence, cause a
beyond-design situation for a caisson structure.
Joint actions of these factors stipulate specific
non-linear behavior of the structure at lowering
as well as the host soil bulk.
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Figure 1. The measurement of a radius R and displacement of the center of circle O during its
lowering to a depth H: a, b — respectively I —for H = 17 m; Il — for H = 29 m; IIl — for H = 25 m;
1V —for H=29m; O (I-1I) = 0.108 m; O (Il[-1V) = 0.234 m.

Due to strength and deformability of the large
massive structure, its geometric changeability it
is necessary to calculate not only the final stage
of construction but also the whole history of
lowering taking into account a history of the
process of shell-soil bulk interaction during
caisson lowering and, consequently, the effect
of gradual inheritance of stress-strain behavior.
These problems could be solved only by
tackling non-linear problems, non-linear models
and computer non-linear simulation [3,4,5].

The analysis of the results of in situ and
calculation-experimental works and the data of
the comprehensive system of geotechnical
monitoring (fig. 1) of lowering large shells
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showed the features of their interaction with
heterogeneous soil milieu [6]. The geotechnical
profile for the monitored facilities is
characterized as follows: the upper layer is
represented by Quaternary strata down to the
depth of 14.0-25.0 m (saturated silty sands of
medium density, E = 11 MPa, C = 0 MPa, ¢ =
30°; plastic silty clayey sands, E = 4 MPa, C =
0.01 MPa, ¢= 15° liquid-plastic silty sandy
clays, E = 9 MPa, C = 0.025 MPa, ¢ = 16°;
semi-solid silty sandy clays with gravel and
pebbles, E = 14 MPa, C = 0.028 MPa, ¢ = 28°),
the lower level represents the bed of dislocated
solid Proterozoic clays (E= 19 MPa, C =
0.04...0.06 MPa, ¢ = 18...21°).
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Figure 2. Graphs of shell lowering: a — D=51 m, H= 53 m (1 — tilt graph; 2 — an elevation
of lower plane; 3 — soil elevation, 4 — increase of shell weight); b — the diagram of deviation
of the shell from the vertical axis.
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The monitoring identified a very important
phenomenon: the peak values of horizontal
stresses exceed the calculation values 2.3-2.5
times, and it is observed at deviation of the shell
from the vertical axis and changes of its
geometry (Figure 1, 2). It can be the reason of
suspension of the process of lowering the
massive shell with a subsequent sudden,
conditionally instant drop. Based on the analysis
of the graph of lowering (fig. 2a) it can be seen
that a value of drop reaches 1.5 m and more.
The shell structure takes impact beyond-design
loads by creating a powerful kinetic impulse by
its drop to the soil bulk of a pit bottom [7], that
can cause occurrence of microcracks in concrete
of the structure and inevitably leads to violation
of the structural hydro insolation. This
phenomenon has been identified after 10—15-
year-long operation of the gas and pumping
station complex of the water treatment facilities
of St. Petersburg [8].

Geomonitoring showed unsteadiness of the
processes of interaction of the external contour
of the massive structure [9]. Complex and, as a
rule, uncontrolled character of the processes
during conditionally instant embedment of the
shell into the host heterogeneous milieu as well
as the environment, that has physical and
genetic non-linearity [10], demonstrate that the
study of stain-stress behavior of the shell and
soil bulk can be carried out only on the basis of
computer modeling of this process using
geotechnical and structural software complexes.

3. THE SIMULATION OF
CONDITIONALLY INSTANT DROPS OF
THE MASSIVE SHELL DURING ITS
LOWERING INTO HETEROGENEOUS
SOIL MILIEU

The analysis of behavior of the caisson structure
during its sudden uncontrolled sliding (drop) to
the bottom of an open soil cavern from the
height 1.3 — 1.5 m with the angles of deviation
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from the vertical axis 0.5°-5°C was conducted
with a help of the software complex Autodesk
Robot Structural Analysis Professional [11].
While developing the calculation model (figure
3) it was considered that the shell structure
consists of two cylinders, one stands on the
other: the upper cylinder: the external radius R
= 36 m, the internal radius R = 30.5 m, the
height Hl = 46 m; the lower cylinder: the
external radius R = 36 m, the internal radius R =
30 m, the height H2 = 25 m. Therefore, the
external diameter of the shell was D = 72 m, the
height of the shell was H = 71 m. Concrete
grade - B30.

In order to simulate a value of impact force at
dropping the shell in the model the cylinder fell
from the height H = 150-250 cm under the
action of its own weight with the tilt angle 0.5°-
5° to a flexible soil (green-gray clay: ¢ =21°, C
=0.04 MPa, E = 19 MPa). A spatial calculation
scheme of the shell was modelled: the weight G
= 210000 tons; the amount of nodes 16944, the
amount of volumetric finite elements 12496; the
amount of static degrees of freedom 50828; the
amount of loadings 27; the acceleration of
gravity g = 9.81 m/kV.s; the time of drop

t=,2*H/g;

At=0.30-0.54 s. Due to the tilt angle friction
forces were applied in the upper part of the
caisson from one side and in the lower part —
from the opposite one.

As the simulation of the processes of drop at
different angles of deviation of the shell from
the axis -a and falling heights —AH was made in
quite a large range, table 1 gives only the most
typical results, which were taken for the
analysis. The total calculation table of the
results of integration of motion equation for the
shell during the drop (falling) at speeds VZ,
VX, VY (cm/s), acceleration AZ, AX,
AY(cm/s2) and displacements UZ, UX, UY
(cm) included 186385 lines.
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Figure 3. The schemes of calculation models of the lowered shell at different angles of its deviation
from the vertical axis: a- static support at tilt; b,c — drop and sliding at tilt
(deviation from the vertical axis).

Table 1. The simulation results.

n’=0.21 n’=0.56 | ° n*=0.97
Aomax: Azmax: A4max:
0.0cm 3.1cm 26.1cm

The initial position
a=0.5°; AH=0 m

Shape 2 Pre-limit
strain-stress behavior
a=0.5°; AH=1.25m

Shape 4 Limit strain-stress
behavior a=1°; AH=1.25 m

n''=1.94 n'’=3.68 n??=8.47
AI 1max= ; A17max= Azzmax=
43 5cm 62.3cm 183.4cm

Shape 11 Post-limit
strain-stress behavior
a=2.5°; AH=1.25m

Shape 17 Post-limit
strain-stress behavior
a=2.5°; AH=2.5m

Shape 22 Post-limit
strain-stress behavior
a=3.5°; AH=2.5m

Based on the simulation results (Figure 4) there
were set admissible parameters of spatial
location of the shell and the ranges of its
conditionally instant drops, which provide pre-
limit strain-stress behavior of the shell.
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The simulation results show that for the large
shell the recommendations of regulatory
documents [12] have limited application and are
needed to be confirmed via calculative
modeling.
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Figure 4. The area of limit admissible values of conditionally instant drops AH of the shell,
D=61m, height H=71m, weight G=210000 tons, at different angles of deviation of the structure
from the vertical axis a°(Concrete B30; ¢ = 21° C = 0.04 MPa, E = 19 MPa).

4. THE SIMULATION OF CONTROLLED
REGIMES OF LOWERING THE
MASSIVE SHELL INTO A SOIL
OF DIFFERENT STRENGTHS USING
THE METHODS OF
GEOTECHNOLOGY

Taking into account the results of the previous
steps of modeling, at this stage the problem of
geotechnical simulation of the process of
lowering the shell into the soil bulk in a
controlled mode was solved. The geotechnical
methods served as external impacts on the
“shell-soil bulk” system.

An incremental model of deformation type was
used as the calculation soil model for solving the
non-linear problem. A stress-strain connection in
the model was taken separately for volumetric and
shear components of a stress tensor

dSl_./. =2G" -deij

(D
T
dé, =3K" -dé,
increments of

where: dSl.j and delj

deviatoric components of stress and strain

arc
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tensors, respectively; dd,, and d¢,

increments of average stress and strain; G’ and
K" — tangent moduli of deformation of shape
and volume.

Tangent moduli of deformation G’ and

K" were approximated according to linear
polynomial of the second degree with one
variable:

are

G =G(S,:5, )= 4, + 4,5, + AS;

K" =K(5,)=B,+B5, +B,5:
(2)

Approximating dependencies (2) are
experimentally substantiated on the example of
stabilometer triaxial tests (STT) [1,2].

The model considers the conditions of loading
and unloading according to the following
criteria:

loading - 95 > @5, >0

€)

unloading - dSij <0, dﬁcp <0
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In order to fulfill the condition of “loading”
tangent moduli K], and G] were calculated

according to formulae (2) in compliance with
the current stress-strain behavior. For fulfilling

the condition of “unloading” K} and G} were
defined according to other dependencies (4).

K] =const;G, = A4, + 4,0, 4)

The parameters of the calculation model AO;
Al; A2; Kp; BO; B1; B2 were defined based of
the data of STT. The medium-grained sandy soil

Table of the movement of the corner points of the structure

No Q=3.0 kafsm'_||__Q=6,0kglsm’ Q=00 kgfsm® |
Toukn |Uy, [sm] |Uz, [sm]||Uy, [sm]| Uz, [sm]| Uy, [sm] | Uz, [sm]
1 721 (1082 [[-145 | 218 |-2179 |3277
2 200 |1094 [[-397 [219 [-597 |[328
3 721|314 [-144 |.628 |-216 [-904
4 -1984 | -300 397 [-601 [-595 |[-901

Drilling area number 1 E=50,0 kgfsm?

59.7

|, 328 , J 328 l
B - Calculated configuration ; 0. =30 kgfsm®
A - Q=60 kgfsm: O - Q=90 kafsn?.

a)
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of the density Pd=1.65g/cm3 and water content
W=10% was used as the tested soil. All
calculations were made using the numerical
method of finite elements with a help of
geotechnical software “PCK”. The procedure of
solving the non-linear problem was reduced to
the well-known method of variable rigidity [13],
according to which the matrix of rigidity was
transformed at each step of the solution in
accordance with the current level of stress-strain
behavior and orientation of the vector of
additional loading.

S$=1(r,U.E) H=30w, ¢30°,C~0,001kPa
— E=30 kPa; —— E=20 MNa; — E=10kPa .

1-G.=03m 2-U.=025m; 3.U.=02m 4-U.=0,15m; 5-U.=0,1m
6-U.=005m 7-U=001m.

b)

Figure 5. The displacement of the shell contour in continuous milieu: a - at correction of tilt under
the conditions of action of a lateral additional load Q = 0.3- 0.9 MPa; b — the influence of a value
of the shell contour displacement Ux on settlements of the soil surface at correction of tilt.

Figure 5a shows a characteristic graph of the
shell contour displacement to the design
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position with inclusion of a geotechnical impact
on strain-stress behavior of the surrounding soil
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bulk into the calculation. The results of
simulation show (Figure 5b) that rectification of
the shell contour displacement almost to the
design position (from 32.8 cm to 9.01 cm)
allows decreasing an area of distribution and a
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value of settlement of the soil bulk around the
shell several times (the area of distribution
reduces from 45 m to 9 m; the value of
settlement, respectively, from 150 cm to 8 cm).
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Figure 6. Electroosmosis deeping diagram phragments. a - even deeping, b - bank correction;
1,2,3,4 - fixed points; 5,6 - electrodes (catodes and anodes).

The control of strain-stress behavior of the
system “large caisson — heterogeneous host
medium” to provide structural safety of an RC
structure in the range of design parameters [4,7]
is achieved with a help of the methods of
geotechnology [8], which are accompanied by
the interactive system of monitoring of the
lifecycle at the stage of construction. Figure 6

shows the graphs of defectless plunging of a
large 57-m caisson at the elevation of 46 m in
the mode of electroosmosis-controlled lowering
into heterogeneous soils (E1 = 45 MPa; E2 =
240MPa), which calculation regimes were
elaborated on the basis of step-by-step computer
modeling.

Figure 7. Examples of defectless and defective lifecycles of caissons at the stage of operation:
a — 'in the conditions of simulation and monitoring of the plunging process, b — without
simulation of the process at the drop of structures.
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The defectless lifecycle of a large massive
caisson at the stage of its construction is
demonstrated by its integrity and water
resistance of its structure after long-term
operation (fig.7a, b). Fig.7a and fig.7b - show
comparatively a caisson which was plunged into
heterogeneous soils  without geotechnical
support. Both long-operating structures belong
to the system of underground sewage facilities.

5. CONCLUSIONS

The analysis of behavior of the massive
gravitational fencing shell during its gradual
increasing and lowering into the heterogeneous
soil milieu allowed identifying a number of
factors, which characterize 1its non-linear
behavior in the conditions of joint interaction.
Physical non-linearity is caused by behavior in
the elasto-plastic area of the soil bulk, which
contacts with the lateral surface, during
deviation of the structure from the vertical axis.
Geometric non-linearity manifests itself when
its geometry changes asymmetrically during
instant-stepwise drops of the massive shell.
Unsteadiness of the processes of interaction of
the massive structure with the soil milieu as
well as itself causes the necessity of creating
methods of adaptive control of the stress-strain
behavior of the system “gravitational large body
— heterogeneous host milieu".

Due to joint step-by-step making geotechnical
and structural calculations a history of the
processes of shell-soil milieu interaction is
simulated, the parameters of the adaptive
control of the system of strain-stress behavior,
which are implemented with a help of external
geotechnical impacts at the stage of construction
of the structure, are predicted.

The results of the considered concept are
applied at geotechnical support of a lifecycle of
the unique underground structures of the sewage
system of St. Petersburg at the stage of
construction of large caisson shells during
simultaneous lowering and increasing of the
structure.
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