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Abstract

The metro running intervals with more and more existing constructions put an inevitable influence on the existing
construction foundation. In order to control the impact to certain limits, it is necessary to adopt effective technical
measures before construction. This thesis analyzes the effect of isolation piles in controlling building deformation
during the tunnel excavation by using the finite difference software FLAC®", which takes Beijing subway line eight
as an example and the construction conditions are divided into no reinforcement measures and applied isolated piles.
By the contrast analysis, isolation piles can effectively control the building deformation through stress isolation and
building deformation can be accord with requirement of standard, then to ensure the safe use of the building. In
addition, this thesis can give references for the same kind of tunnelling construction in the future.

© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for
Resources, Environment and Engineering. Open access under CC BY-NC-ND license.
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1. Introduction

With the rapid development of China’s urban trail transportation and constant encryption of rail
network, there will be more and more existing constructions surrounded by newly built trail. Therefore
the effect to the adjacent buildings is inevitable and hard to ignore. Securing the existing constructions’
safety and controlling the land subsidence are needed to be solved urgently.

In order to control the deformation and inter-influence of adjacent buildings, isolation piles become a
very effective method. In Beijing and Shanghai, isolation piles have been used in real constructions. It can
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confine most of the stratum displacement between isolation piles and newly built constructions in order to
reduce the influence to the existing construction. This paper makes a forecasting analysis combined with
numerical simulation using the example of Beijing subway line eight Nan-Zhong interval side-crossing
constructions [1-2].

2. Project profile

Shield method and mining method are used in Beijing subway line 8 second phase of Nanluoguxiang
station-National art museum of China station. The interval line mileage is K20 + 232.704 ~ K21 +
410.248, in which K20 + 232.704 ~ K21 + 350.559 is using shield method. Right line of the bidirectional
tunnel goes first, leaving the left line behind. The internal clearance of shield tunnel is 5.4 m; the outer
diameter of segment is 6.0 m

Shield construction period plans to side cross a raft foundation small high-rise building, through the
building foundation neighbourhood from northwest, the smallest vertical net distance is 7.3 m, the
smallest horizontal net distance is only 2.2 m, as shown in figure 1 below. The building is frame structure
with aboveground layer 9 and underground layer 3 and it's shape in the plane is nearly rectangular. The
embedded depth of the raft foundation is 11.5 m, under which is natural foundation. The bored piles and
bolts are applied in the excavation project; the slope protection piles are deep about 16 m.
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Fig. 1. Profile section of location between tunnels and building (mm)
3. Geotechnical conditions

The terrain of the tunnel section is rather flat without obvious fluctuations, dominated mainly by
houses, stores and municipal roads. The height above ground level is range from 44.62m to 46.20 m. The
chosen site is basically equally high with the surrounding land with very concentrated buildings.

The upper side of the planned site is the quaternary sediments. The overburden thickness is about
50~100 m. The ground soil is mainly silty clay, silty soil, fine sand and gravel, etc.

There are four layers groundwater, respectively for perched water, diving, interlayer backwater and
confined water, which are accepted mainly atmospheric rainfall, leakage flow and lateral runoff supply.
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4. Project risk and coping measure

Because the plan-to-built left line through the formation are mainly silty clay and silty sand, the right
line through the formation are silty sand and gravel. The self-stability of the ground soil is poor and the
soil can not form a natural arch, construction process is subject to collapse. Because there exists small
radius curve in the shield tunnel lines, the construction difficulty is huge. The adjacent structure is a
public building and the smallest clearance between the building and the tunnel structure is only 2.2 m.
Therefore, tunnel excavation leads to the ground displacement and relaxation inevitably, and furthermore
the deformation and safe use of the building are bound to be impacted.

In order to control the uneven settlement of the building, isolation piles can be applied between tunnel
structure and the existing building, which through the stress isolation to reduce ground loss and
consolidation settlement after the soil disturbance, then to reduce the influence of the building foundation
settlement caused by the tunnel excavation. Isolation piles are taken as the coping measure with a
diameter of 800 mm, the pile length of 25 m.

5. Numerical simulations

In this paper, the finite difference software FLAC?™ is used in calculation, which considers the impact
of tunnel excavation process to analyze the time-space effect problem of surface movement caused by
construction process, considers the tunneling method of dynamic construction process and the role of soil
reinforcement by, which also takes into account the interaction between the lining and soil [3-5].

5.1. Calculation model and boundary conditions

According to the project design conditions, the computational domain is defined as follows: on to the
ground, down to 30 m below the bottom of the tunnel, horizontal to 90m on each side of center line, along
with the tunnel axis of 200 m.

The upper boundary of calculation model is the ground, which is free boundary, the lower boundary is
constraint boundary, and the lateral boundary of the model is unidirectional boundary.

5.2. Loads and strength criteria

Permanent loads are mainly considered in simulation process, including the dead weight of building,
tunnel structures, isolated piles and the stratum. In the simulation, the building dead weight simplified to
even distribution vertical load, which are applied according to the depth of the building foundation.

Mohr-Coulomb elastic-plastic constitutive model is applied for soil mass and large strain deformation
is adopted as deformation mode; elastic constitutive model is applied for shield tunnel segment. Isolated
pile uses pile element and shield tunnel uses shell solid element. Parameter value of each soil layer in the
simulation process is obtained through the geotechnical investigation report.

5.3. Simulation program and the analysis of results

Shield construction is the main construction method in this section. Right line of the bidirectional
tunnel goes first, leaving the left line behind. With a view to analyzing the effect of shielding driving
process to the foundation deformation of the adjacent buildings, the numerical simulation is divided into
two kinds of construction conditions: Condition 1 does not apply any reinforcement measures; condition
2 applies the isolated piles between the buildings and tunnel structure, shown in Figure 2.
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Fig. 2. Plane sketch of location among tunnels, building and isolated piles

The following conclusions could be drawn through analysis:
(1) After the tunnel excavation, the surface transverse subsidence curve presents the distribution of

Peck curve, the largest settlement is 55mm in the center top of the two centerlines, shown in Figure 3.
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Fig. 3. Horizontal surface settlement curve under condition 1

(2) After the shield tunnel transfixion, the largest settlement of the building foundation is about 25mm

in the southwest corner of the building.
(3)The shield tunnel goes through the neighborhood from the southwest side of the building

foundation, which leads to the southwest side of a larger settlement, to gradually decrease to the northeast.

5.4. Reinforcement effect analysis

As shown in Figure 4, the largest settlement amount at the south edge of the building foundation
(coordinates Sm to 42m range) is 15mm under condition 1; isolated piles play the role in controlling the
foundation deformation in the coordinates range from Om to 10m under condition 2.
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Fig. 4. I - I profile settlement curve of the south side of the foundation
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As shown in Figure 5, the largest settlement amount at the west edge of the building foundation
(coordinate -43m to -90m range) is 25mm under condition 1; isolated piles are applied in the coordinate
range from -35m to -60m under condition 2, the largest settlement of the foundation is expected to 10mm,
the role of controlling deformation is evident.
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Fig. 5. II-II profile settlement curve of the west side of the foundation
6. Conclusion

Through research and analysis, it shows that there is effective effect to the isolation piles to control
building deformation through reasonable design and strict construction conditions. Isolation piles play a
role in isolating stress, which can reduce stratum displacement and control the building deformation and
settlement caused by the tunnel excavation, then to ensure that the building deformation can be accord
with the requirement of standard and assure the safe use of the building as well as tunnel normal
construction.

In addition, the piles themselves are close to the metro, therefore the isolation piles section should be
protected according to metro protection principle. Pit reinforcement is used in the isolation construction
section in order to effectively block the effect of pile construction on the subway.
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