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building. The requizgg basement floor was determined
ed in characteristic sections on 2D
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developed metro system, with an increase in building density, there can
hen new building is under construction above the already operated

und construction on existing underground structures is an urgent scientific
0-12]. The main calculation criterion in this case is the amount of additional
pressure that can be absorbed by an underground structure in addition to existing loads.

The amount of additional pressure from above-ground construction should be regulated
pending on the deformability of the underground structure. Thus, it is advisable to allow
more additional pressure on the lining of single-track interstation tunnels than on the lining
of a station tunnel, and it is advisable not to transfer additional pressure on the lining of an
escalator tunnel at all, since even a slight change in the geometry of the structure will
necessitate the escalator systems reconfiguration. At the same time, in the case of a deep
underground station, the territory above the escalator tunnel with a length of one hundred
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meters or more turns out to be very tempting for the developer, provided that he is able to
minimize the impact of ground construction on the escalator tunnel.

In construction, there is a well-known option for constructing unloading "bridges" on
massive bored piles-columns located in a plan with a certain pitch on both sides of the
escalator tunnel and going several meters deeper than its lower part, thereby ensuring the
transfer of pressure from the building not to the escalator tunnel lining, but to the ground
massive. From the point of view of structural mechanics this option is reliable, but it ig

"hollow" system of building structures with its loads.
The object of the study was a projected one-storey commercial an

— building a 3D model to evaluate the effectivenes
"bridges" over an escalator tunnel;

— construction of 2D models in sections above
the effectiveness of the basement floor;

— creation of a general 3D model of the buil
massiveive and underground structures;

— comparison of modeling results i

2 Materials and methods
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Fig. 1. The scheme of the building under cqutsuction an

The loads from the foundation se — No. 5 (the sum of permanent and
of foundation slabs and piles) are

summarized in Table 1.

Table 1. The sum of pe oads, taking into account the own weights of

1abs and piles

‘ Plkl;}?fzd’ Characteristics of the foundation
1750 Cast reinforced concrete plate 0.4 m; bored
piles &0.6 m, L 20 m
2050 Cast reinforced concrete plate 1.0 m; bored
piles £0.6 m, L 20 m
2-1 111 - Cast reinforced concrete plate 1.0 m
111 - Cast reinforced concrete plate 1.0 m
37 — Cast reinforced concrete plate 0.4 m
N 2050 Cast reinforced concrete plate 1.0 m; bored
piles $0.6 m, L 20 m

in condition put forward by the operating organization was not to transfer
additional pressure to the escalator tunnel at all and no more than 15 kPa to the station
unnels.
Studies of additional pressure impact on subway structures were carried out using
mathematical models built in the MIDAS GTS NX program complex based on the finite
element method. This complex is widely used in the scientific community and is used in
calculations of complex systems such as "foundation — ground" or "lining — ground", and
the results of mathematical modeling in a number of studies had high convergence with
nature [13-16].

2D and 3D models of the ground massive accommodate the conditional foundation of
the building and the lining of underground subway structures. The Mohr-Coulomb model
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was used to describe the mechanical properties of finite elements of ground massive. The
mechanical characteristics of the soils are summarized in Table 2.

Table 2. The mechanical characteristics of the soils
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Bulk soil: loams with plant residues with fragments
5 0.30
of wood
Stiff clay with sand 13 0.35
Firm — stiff clay with sand 11
Firm — stiff clay with gravel and layers of silt and 1
sand
Stiff clay with gravel and sand 15
Very stiff dislocated layered clay with sandstone
fragments and layers
Very stiff dislocated layered clay with sandstone 115 19
layers
Very stiff layered clay with sandstone layers 126 22
The same calculation stages were set for both dels. At the first stage of
the calculation, a ground massive wai 3si n initial stress field. At the
same time, the final elements of the li v assigned soil characteristics. After of the

first stage calculation, all movements
calculation, the constructing g
previous studies [11], the w
tunnel modeling (activafi

Structures was simulated. As it was shown in
al pressure is not affected by the method of
lements in a stressed massive or taking into

el excavation). Therefore, at this stage of the
the excavation (of the soils inside the tunnels) were turned
were assigned the appropriate characteristics of structure

othod in comparison with a more detailed modeling.
The mechanical characteristics of the linings are presented in Table 3.

Table 3. The mechanical characteristics of the linings

. Height of the Modulus of Volumetric
Description of the . L. . N .
Structure reduced section, elasticity E, Poisson's ratio v weight vy,
structure 4
m MPa kN/m
The escalator Cast iron tubbings 0.234 110 000 0.22 76.5
tunnel lining
The station Remforceé concrete 0323 34 500 02 245
tunnels lining tubbings
The station Steel pipes 0.268 200 000 0.25 772
columns
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3 Results

3.1. The effectiveness of the unloading «bridge» over the escalator tunnel

The first design and technological option to minimize the additional pressure on the
escalator tunnel was to create an unloading «bridge». The effectiveness evaluation of this
method in existing geological conditions was performed on a 3D model (Fig. 2)

under construction (111 kPa).
The model considered three cases:

plate;
2) the device of the unloading «bridge» — the transfer of Ig
3) an increase in the elastic modulus of the plate b
grillage.

he columns, the additional pressure is reduced by almost 4 times compared to
the foundation plate (27 kPa). This indicates the effectiveness of the unloading «bridge».
ith an increase in the stiffness of the grillage, the maximum additional pressure was 6.4
2, which is almost 17 times less than with a conventional plate. Obviously, this variant of
the unloading «bridge» design is the most effective in application and can be implemented
by including cross beams connecting column piles into the structure.
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Fig. 3. Graphs of the distribution of additional pressure on the escalator
absence of an unloading «bridge» (load transfer to the plate); 2 — {
«bridge»; 3 — an increase in the stiffness of the grillage by 10 times

3.2. The effectiveness of the basement floor

Despite the effectiveness of the unloading «brid

However, in this examgic alyti alculation could not be considered sufficient,
since the calculation di he cumulative impact of all the foundation
sections.

Therefore, a
characteristic g
station (Fig.

ge, two flat finite element models were constructed in
ing the escalator tunnel and the platform section of the

HH

middle station tunnel

i e
left station tunnel right station tunnel

ey

Fig. 4. 2D finite element models in cross sections along the escalator tunnel and the platform section
of the station

The building under construction was set by distributed loads acting on the soles of plate
foundations and on the soles of conditional foundations of pile fields.



E3S Web of Conferences 549, 02014 (2024) https://doi.org/10.1051/e3sconf/202454902014
TransSiberia 2024

The calculation results showed the absence of additional pressure from new
construction on the escalator tunnel and additional pressure within 2 kPa on the station
tunnels due to the influence of neighboring sections of pile foundations.

Since the building under construction has a complex outline in plan, and the
underground structures are interconnected in space, in order to make a final decision on the
possibility of construction, the entire system was calculated in a 3D setting.

Figure 5-6 shows the general views of the finite element 3D model of the building
construction and the complex of the main underground structures of the metro stat
following objects are indicated by numbers:

— 1, 2-11, 5 — plate-pile foundations of the building, modeled as conditional fou

—2-1, 3 — sections with a basement and foundation plates;

— 4 — low-load section of the building with a distribution base plate;

— 6, 7, 8 — ventilation shaft, trunk yard and ventilation tunnel, res

— 9 — station tunnels;

— 10 — escalator tension chamber;

— 11 — escalator tunnel,

— 12 — interstation tunnels.

Fig. 6. General view of the 3D model (the ground massive is not shown)
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In both 2D and 3D models, the simplification of the design scheme was modeling the
fastening of pits by prohibiting horizontal movement of soil, since in the excavation process
only vertical movements of the pit the bottom have the decisive importance (Fig. 7).

Subsequently, this drawback of the design scheme was ecliminated because of the
decision taken by the builders to install a firing system of steel pipes installed on the
binding belt of the excavation fence and the base plate (Fig. 8).
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Fig. 7. Modeling of the foundation pit fastening by profiihiting horizonf&} movement of soil in a 3D
model (sections of the foundation Ne 3, 2-I)

iring s installed on the binding belt of the foundation pit fence (using the example
e fountd@iondCtion Ne 3)

sion/ Analysis of the results

he results of the analytical calculation were compared with calculations using the finite
ent method in 2D and 3D formulation (Table 4). It is noteworthy that the values
obtained by different calculation methods correspond qualitatively to each other: thus, the
additional pressure on the escalator tunnel turned out to be negative, and the additional
pressure on the station tunnels was predominantly positive.
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Table 4. The results of the analytical calculation

Comparison criteria ;:ng;f;ll 2D modeling n3151 mOdelri:llfx
M calator el kpa || Negative value G04 | B2 | -0
et station rnnel kPa 31 24 | 10 | e
center sttion et kP 31 a8 | 20
St stton tumnel. kPa- 31 08 20

Quantitatively, the 3D model shows the cumulative effect of struc
the additional pressure on the escalator tunnel is negative, but clo
influence of neighboring sections of the pile foundation.

The results of the performed study correlate with each othe
assumption: the sections of the pile foundation of the bui
calculations as conditional foundations and the load

, the constructed
stresses transmitted to the
individual underground

calculations performed go into a significant m
models do not take into account the horizontal ¢

ount of additional pressure up to 17 times compared to the
. With an increase in the rigidity of the grillage, the
e soils below the sole of the escalator tunnel becomes

dels with basement floors on the foundation sections directly
tor tunnel showed the effectiveness of this solution: the additional pressure
became negative. At the same time, the station tunnels received an
ithin 2 kPa due to the influence of neighboring sections of pile

eral 3D model of the building foundations, the ground massive and
structures made it possible to evaluate all the structures work in its
combination. Compared with the 2D model, the additional pressure on the escalator tunnel
ifted from negative values to zero, and the additional pressure on the station tunnels
eased to maximum values of 6.1 kPa.

4. A comparison of the simulation results in 2D and 3D formulations showed their
qualitative convergence. Quantitatively, the values of additional pressure on underground
structures in the 3D model turned out to be somewhat large due to the consideration of the
influence of all sections of the building foundation in the aggregate.

Summarizing all the results of the study, we can propose the following algorithm for
assessing the impact of surface construction on underground structures. At the initial stage
of solving problems of this class, it is premature to proceed to the construction of a 3D
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model. You should start by building simple analytical models that consider the system
abstractly in the form of additional pressure and its attenuation in depth to the level of the
underground structure. Despite this simplified approach, already at this stage of solving the
problem, it is possible to estimate the amount of additional pressure in the first
approximation, to determine whether it fits into the permissible values set by the owner of
the underground structure.

Moreover, with a negative value of the additional pressure along the base g
foundation, in the absence of the influence of other buildings, buildings or sectig
foundation being constructed, the analytical calculation immediately gives a
result that can be accepted even without making finite element models.

Objective
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