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ABSTRACT

Metro line No. B in Ho Chi Minh City is the stage of preparation for
construction investment. Ho Chi Minh City has weak geology which
construction can cause surface subsidence affecting the surrounding
buildings above. Studying and forecasting of subsidence of the
surrounding ground surface when constructing underground is an
important issue for engineers. The article presents predicting land
subsidence in the influence of external load such as pile foundation,
increased load due to construction or change of transport
infrastructure to twin tunnels to analytical and numerical methods.
Keywords: Twin tunnel; surface settlement; Plaxis; soft soil.

TGM TAT

Tuyén metro s B TP.HCM dang trong giai doan chudn bi déu tur xay
dung tai TP.HCM trong mai truang dia chat teong ddi yéu, viec thi
cong ca thé gay sut lin bé mét anh hwdng dén cac cang trinh xung
quanh phia trén. Nghién ciru va dy bao dg lin coa mat dét xung
quanh khi thi céng céng trinh ngdm |a mat vén dé quan trong ddi v
céc ky su. Bai bao trinh bay tinh toan dy doén lin nén dat duai tac
déing ciia ngoai lyc nhr mang coc, tai trong gia tang do thi cong
hodc chuyén ddi ha tang giao thang thanh hdm dai bing phuong
phép gidi tich va phuong phép sd.

Tir khaa: Ham dai; lan bé mat; Plaxis; dét yéu.

1. BACKGROUND

Today underground projects are increasingly being built in
big cities like Hanoi and Ho Chi Minh City to minimize ground
space. The projects can be shopping centers, underground
stations, car parks, and subways. The underground
constructures being built can cause deformation of the
surrounding ground, and the subsidence of the ground surface.
So, when constructing underground metro lines in soft soil or
saturated soil, it is necessary to pay more attention to the
influence of displacement and deformation of the ground
around the underground constructures during and after the
construction process. Surface subsidence depends on
parameters such as influence range, direction and speed of
development, which can affect the state of these structures;
change their functions and more seriously may destroy the
structure, causing instability. The study of surface settlement
prediction is a very important issue that needs to be considered
when building tunnels, especially in urban areas. For example, in
crowded areas in Ho Chi Minh City and Hanoi, there are a lot of
buildings and technical infrastructure where the tunnel is
located underground.
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Figure 1. The Map of metro line.
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2, CALCULATION METHOD

Calculating the stress state and predicting the surface
settlement of the ground around the metro helps engineers to
design, predict and prevent unexpected incidents in the
construction. The calculation of stress state - soil surface
deformation has been determined by scientists Peck and Schmidt,
Cording and Hansmire, Atkinson and Potts, Attewell and Woodman,
O'Reilly and New, etc ... In terms of surface settlement prediction,
most authors have proposed to assume the settlement funnel has
the form of a standard distribution curve.

a. Prediction of surface settlement for single tunnel
construction

N Surface seolemens

Figure 2. The shape of the surface settlement due to construction of a single tunnel [1].

The form of the surface settlement funnel during the
construction of a single tunnel is shown in Figure Figure 3. The
surface settlement (S) determined based on theoretical calculation
is often assumed as a Gaussian error function or distribution curve

standard as shown in Figure 2 [1].
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Figure 3. The graph depicts the surface settlement funnel shape when constructing a
single tunnel [1].
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where:

exp - logarithmically ¥

y - the horizontal distance from the center of the tunnel to the
point where settlement is required;

i - the standard deviation of the settlement curve, which is the
distance from the bending point of the settlement chute to the
center of the tunnel, also called the settlement chute width
parameter; “i” is calculated by Equation [1].

i=kz

with: “z" is the vertical level of the tunnel axis and “k” is
depending on the geotechnical characteristics of the ground;

Smax - Maximum surface settlement, above the tunnel shaft;

Smax is determined through settlement funnel volume [9]. This
value depends a lot on the geo-mechanical conditions of the soil
mass such as strength, hardness, permeability, groundwater
elevation, etc., geometrical parameters of the tunnel: tunnel
diameter (D), tunneling depth (H), construction method,
construction technical level;

s "
mxe i r 2,50

where:

V. - total volume loss, which is the free space between the cut
edge and the outer edge of the shield, the space u; is taken equal
to 3cm, Figure 3.

)
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Figure 4. Total loss volume V. [9].

Values of “i" are mainly formulas obtained from field
observations. Accordingly, the value of “i” depends on the size
(diameter) of the tunnel, geological conditions and especially the
tunneling depth (zo); (i) can be determined by:

i=0,43. 20+ 1,1 (with consolidated soil);

i=0,28.20-0,1 (for unconsolidated soil).

where: zo - depth of the tunnel's centerline above the ground.

b. Prediction of twin tunnels construction surface settlement
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Figure 5. The shape of surface settlement due to construction of twin tunnels [9].

According to the scientists Peck (1969) [9], O'Reilly & new (1982),
and Mair et al. (1993) [5] predicted surface subsidence caused by the
construction of twin tunnels with a larger and larger distribution of
surface settlement compared to the case of a single tunnel Figure 4.

ISSN 2734-9888 | 02.2023 XAYDUNG |91



NGHIEN CUU KHDA HOC

Distance between 2 tunnels (m)
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Figure 6. Surface settlement curve when constructing twin tunnels [9].
Surface settlement (S.) during construction of twin tunnels is
determined

(v4-d)

S @)
Az

X4
S, = Shax exp(z'?j +exp

where:

Xa - the horizontal distance from the center of the first tunnel
to the point where settlement is required;

d - the horizontal distance between the two tunnel centers.

ANd S0 =471 (120 + ) D? /(3 + L).E)

with:

D - tunnel diameter, (m);

s - the top surface load, (T/m?);

L - the distance between the two tunnel axes, (m).

Nowadays, the science of developing numerical methods is
becoming more and more dominant. The finite element method is
the most popular numerical method in estimating surface
settlement due to construction of underground structures. The
numerical model represents node systems, elements, and boundary
conditions. Elements are used to model soil masses and structures,
and nodes to position and link elements. Boundary conditions will
re-describe the model's connection with the ambient space. The
necessary conditions to model the surface settlement by numerical
model need input data such as: geometric size; material properties
of the support system, construction methods, and geological
conditions, ... Currently, there are much geotechnical analysis
software such as Abaqus, Plaxis, ... The article uses Plaxis software
deformation calculation and surface settlement prediction.
Depending on design calculations we choose the appropriate
method.

3. CALCULATING THE STRESS-STRAIN STATE AND
PREDICTING SETTLEMENT OF THE SURROUNDING GROUND
SURFACE DURING THE CONSTRUCTION OF METRO LINE 6 INHO
CHI MINH CITY

In fact, along metro line 6, there are many low-rise architectural
buildings, high-rises and technical infrastructures being built
before. Some buildings were built on shallow foundations, some
high-rise buildings are built on deep foundations... The construction
process of the metro line will cause surface subsidence and affect
the neighboring buildings above. The author presents the study of
subsidence of the surrounding ground surface during the
construction of metro line 6 at the distance of km6+700.

3.1. Project Overview

Metro Line 6 has relatively good geological features at the
beginning of the line and gradually weakens at the end. There are 5
boreholes on the whole line, representing the beginning to the end
of Nguyen Van Luong Street. Process km 6+700 to calculate the
parameters of soil are shown in Figure 7 [7].
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Kmi+ 700

Figure 7. Cross-section of metro line 6 and parameters of soil [7]

Dimensions of tunnel cover are shown in Table 1. Tunnel
location is described as two cross-sections representing the route
as shown in Figure 5.

Table 1. Geometrical dimensions of metro tunnel line 6 [7].

Type of tunnel circle | Unit
Dimensions of lining 6,0/66 | m
Elastic modulus of concrete 3,5E+7 | kPa
Poisson's coefficient of concrete 0,2
The interface coefficient considers the
interaction of lining - ground (concrete in the 0,7
soft soil layer), Rint

3.2. Calculation diagram and numerical model

Modeling plane geometry problem, using Plaxis 2D CE V20
software to calculate the displacement of surface settlement. The
compaction method in Plaxis will consider the effect of volume loss
due to tunnel construction by the TBM (Tunnel Boring Machine)
method, which considers the reduction of the tunnel cross-sectional
area. The degree of compression (%) is the ratio of the reduced area
to the original cross-sectional area and is chosen to be 2%. Standard
Boundary Condition: This boundary condition restricts the
horizontal displacement for two vertical boundaries (Ux=0) and
restricts the displacement in both directions (Ux=0 and Uy=0) for
the bottom boundary of the model.

Figure 8. Finite element meshing model

3.3. Result

a. Stress-deformation field and displacement of soft ground
around the double tunnel at a depth of 27,250m, the distance of two
tunnels is 14m.

The results of the calculation of stress and deformation of soil
mass around the double tunnel are shown in Table 2.

Table 2. Results of stress, deformation and displacement of
double metro line

Results The numerical | The analytical i
method method
N -2
Dlsplacement of 3.12x102 4,24x10 m
vertical
Dlsplacement of 3,03x102 m
horizontal
Shear strain
! [0
(Maximum) 189 %
Maximum stress 453,55 kPa
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Figure 9. Strain field of twin tunnels.
b. The effect of the surface load when increasing the surface load
from 0 kPa to 30kPa.
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Figure 10. Effect of ground load on the
maximum settlement due to single
tunneling by shield digging.

Figure 11. Effect of the top load on the
maximum settlement due to single
tunneling with a shield.

The analytical results for surface loads are shown in Figure 10
and Figure 11 shows the largest variation of ground settlement
according to surface load by numerical and experimental methods
(Herzog (1985) and Schmidt (1981) for a tunnel located at a depth
of 20,8m. PLAXIS 2D results show that an increase in surface load
from 0 to 30 kPa leads to an increase in ground settlement of about
Tmm. Figure 10 shows settlement curves along the tunnel axis for
four values of surface load. The results show that the ground
settlement along the tunnel axis increases as the surface load
increases.

¢. Influence of the pile foundation

The problem model to consider the effects of the above works
when there is no pile foundation and the pile foundation system on
the ground settlement due to digging a single tunnel with a shield
dug in soft soil has been established. Conduct ground settlement
analysis when changing the tunneling depth, corresponding to
different depths, the calculation results are shown in Figure 12 and
Figure 13.

In case the building above has a pile foundation, the horizontal
displacement (Sn) of the tunnel structure changes less than that
without the pile foundation and corresponds to each tunneling
depth. In this case, the case surface settlement value also
corresponds to the set depth.

The detph of tunnel Za (m) The horizontal displacem ent Sp (mm)

g 6 16 26 36 46 0 s 10 15 200 25
F 0 0 T T T
4 — P

= -2 . £

£ s -0

E 4 T IS

o E2

¢ s

= Z 30

H 2 a5

s -10 g 3

z E a0

z -2 45

= ‘

Figure 13. The chart of horizontal
displacement values according to the

tunneling depth corresponds to the case

Figure 12. The chart of vertical
displacement value according to the
tunneling depth corresponds to the case

without pile foundation and with pile
foundation above.

without pile foundation and with pile
foundation above.

Thus, the construction of structures underground that affect
existing buildings on the ground is inevitable and the greatest
degree of impact is when tunneling right below the existing
structure on the ground. With a tunnel located 15m deep in the
geological area of Ho Chi Minh City. it is recommended that the
works above the tunnel work should have appropriate assessment
and treatment measures before tunnel construction.

4. COMMENTS AND RECOMMENDATIONS

Calculation of surface settlement prediction during double-line
metro construction can be done by different methods such as the
analytic method and numerical method.

The Gaussian curvature is typical of the calculation of surface
settlement caused by tunnel construction. The analytical method
for calculating surface settlement in the case of double tunneling is
based on the superposition principles of two settlement curves. This
approach ignores any interaction between two adjacent tunnels.
The analytic method is simple. The downside cannot consider all
important factors such as the complex behavior of stress and strain,
construction details and complex geological conditions.

The numerical method helps the design engineer to calculate to
consider many influencing factors, and environmental parameters
and at the same time consider the structural interaction - the
working environment and should give the value compatible with
the model’s realistic working texture.
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