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Abstract - This paper gives the idea of the settlement
occurrence at the surface of soil due to tunnelling. The trough
formed due to the tunnelling at various depths in Greenfield
ground condition is compared with the formation of trough
due to the presence of building at the top of tunnel. The tunnel
section adopted is a modified horseshoe tunnel section, were
this is taken from the Bharbai-Aizawl Railway Project Tunnel
No.1. The soil settlement at top of surface is tried to reduce to
minimum with the help of varying depths and varying lengths
of construction stages. The prediction was that the settlement
can be controlled by increase in depth of tunnel, but the
experiment done shows the new path to control this formation
of troughs. The soil profiles selected are the medium soil & the
soft rock. This study has its importance to check the building
effect due to the tunnel and what kind of possible damages
could occur to existing structure. The building can face the
minor-major cracks in the infill and minor crack to the main
structural elements. These cracks can be controlled if
settlement or differential settlement occurrence lies in
allowable limits.

Key Words: Trough, Greenfield ground, construction stages,
modified horseshoe.

1. INTRODUCTION

The aim of our study is to find the impact of tunnelling
over the existing structures. The work is progressed using the
Numerical Methods approach in 3D by using the software
MIDAS GEN for the building and the GTS NX for the tunnel
and foundation of building. In this paper, the settlement
curves are shown, these curves were formed due to the
tunnelling and the comparison of the results were made for
the Greenfield ground conditions & due to the presence of
building over the tunnel. The building heightis 33 meters and
this is a G+10 storey building. The building is symmetric in
nature and the tunnel passes just at the middle bottom of the
building. The response of settlement occurrence at the
building base is described in this paper and the actual formed
trough due to tunnelling is given. The response of Building in

dynamic loading and Tunnel Shell response due to building
presence are kept for other parts for presenting in future for
this paper.

2. BUILDING

The building under which the tunnel passes is a high rise
structure of height 33 meters and is a G+10 storey building.
The plane of the building is symmetric and its size is 20X20
Sq.m. The design of building is done using the software
MIDAS GEN following the code IS 456:2000. The section
passes designs are 300mm X 400mm for the beams and
600mm X 600mm for the column. The afterwards the model
isimported to the GTS NX the imported model brings only the
material properties and the mesh of the building. The loads
were assigned again for the load combination of 1.5(DL+LL),
considering it as the critical load combination. The vertical
reaction at the column base is coming maximum as 2567 KN
& minimum as 1315 KN. The pile foundation is designed for
this maximum coming load for all the columns of building.
The pile sections are designed manually for both the soil
types and the four numbers of piles are coming under each
column of diameter 600mm and length 6meter for medium
soil and 4meter for softrock. The plan of building is given
below in figure 1. Where the sections passes design are
shown in figure 2.

Plan of Building

Figure 1: Shows the Plan of Building
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Fig - 2(a & b): Shows the passed Beam and Column
sections

The foundation is provided for the maximum coming load
at the tip of column. The pile caps of size 3meter X 3meter
and thickness 1meter is taken for each column at base. The
four number of piles are provided under each column. The
properties of the soil for the medium clay and soft rock are
given below in Table 1.

The building foundation is designed for the L/D=30-40 &
1.5 percent steel. The pile are designed using the IS code
2911:1979. The values of shear stiffness modulus (Kt) and
normal stiffness modulus (Kn) are taken as Kn=1000Es &
Kt=0.01Kn. The ultimate shear force is calculated using

formula G=Es/2*(1+p). The tip bearing capacity and spring
stiffness (Ks) are taken as Kn=1000Es & Kt=0.01Kn. The
ultimate shear force is calculated wusing formula
G=Es/2*(1+p). The tip bearing capacity and spring stiffness
(Ks) are calculated using formula Ks= P(x)/d(x) where, P(x)
is foundation pressure & d(x) is settlement of underlying soil.

3. TUNNELLING

The tunnel section selected is a modified horseshoe
section, the Bhairabi-Aizawl Railway project tunnel no.1 is
taken in our study. The length of tunnel is kept 70 meters
were the depths of tunnel are varying in different cases. The
occurrence of settlement due to construction of this tunnel at
the surface in Greenfield ground and in presence of building
at ground is recorded. The section of tunnel is shown below
in figure 3.

Figure 3: Shows the Section of Tunnel

The construction is done at various depths and with
different length construction stages. The lengths of
construction stage are kept 1.5meter, 3meter & 4meter
throughout the tunnel length for different tunnel depths.

The initial and final stages of tunnel at the faces and ends
were kept 0.5 metre to control the sudden falling of these
faces. The faces and overall tunnel shell deflections were not
allowed to deflect more than 20mm in Z-direction. The tunnel
shell thickness is kept 650mm throughout the tunnel section.
The incorporated model of building, foundation & tunnel is
shown below in figure 4.

TABLE 1: Properties of Soil Profiles Clay and Weathered Rock

Sr.No. Soil Type Young’s Modulus (E) Poission’s Ratio Dry Unit Cohesion Q Friction Angle
m? (W weight — (Y) 2 ($) deg.
KN/ 3 KN/TTL
KN/
1 Clay 82500 0.33 19.8 33 33
2 Weathered 385000 0.33 253 38.5 36.3
Rock
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This incorporated model is made repeatedly for all the
different conditions and the comparisons of the results were
made in future through these models.

Fig - 4(c): Tunnel section below Building

These models for the building, foundation & tunnel were
incorporated to one model and the combined model is
prepared the effect of the tunnel construction over these
existing structure can be recorded from this new approach of
Numerical Methods in 3D. The combined model is given in
figure 5 on the next page. The complete model is prepared in
GTS NX where the depths and the construction stages were
changing for the different incorporated models as described
in detail in result section of this paper.

tunnelling construction at 15meter depth and
Construction stages of 1.5 meters.

IYNIINIIINY,

Fig - 5(b)
Fig -5(a & b): Shows the Building,foundation & Tunnel
Incorporated model

4.RESULT

The comparisons of the settlement results were made
between different depth tunnels in Greenfield ground and in
presence of building at top of tunnel. Some of the results for
the clay and the soft rock are presented here in figures
below. The tunnel at depth 15 meters, 20meters, 30meters &
40meters below the ground with the construction stages of
1.5 meters, 3meters & 4meters are described in the results.
Firstthe experimentis done with the clay at different depths
of tunnel. In the Clay the excavation of tunnel is done at 15
meters depth with the construction stages 1.5 meters. The
results of settlement at surface for the points/nodes just
below the columns are presented below, so that the 3D
settlement curve can be formed easily. For clay in Greenfield
ground & with presence of Building, for
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With construction stages of 4 meter the settlement at surface settlement at surface for the softrock are also done are there
is given here similarly the results were recorded for the comparisons with the clay were made for both the condition
other depths of tunnel at 20 meter, 30meter and 40 meters. types of with and without building. The settlement results
These results were for the Clay where the results of changes with construction stages of tunnel excavation.
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The different colour line expresses the different construction various construction stages are shown in these figures. The
stages where all 8 nodes express the all 8 selected points of results for 30 meters depth tunnel with construction stages
the column base. The changes due to tunnel construction in 3 meter are given below.

Similarly the results were observed for the other depths of Greenfield ground conditions and with presence of Building
tunnel in Clay. Softrock settlement occurrence at surface is at top of tunnel section. The conclusions from observed
also observed and compared with clay for both the cases of results of this new approach of Numerical methods in 3D for
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the case of building presence at top of tunnel in any megacity
and for plain ground are discussed ahead.

5. CONCLUSIONS
5.1 With and Without Building-

The test results shows that the settlement values obtained
for the Greenfield ground conditions are also creating the
heaps over the surface during the tunnel construction. The
heaps formation is observed during the tunneling at 15
meters depth with the construction stages of 1.5 meter
where the similar results are found for the 4 meter
construction stages, the difference in both is that 4meter
stages are not forming high heaps and limiting to 0.43mm
only while in case of 1.5 meter stages their height is up to
2.4mm. With the interaction of building with tunnel these
results were modified to better values as for this case there
is no formation of heaps and only some settlement is
observed. This is good to control the differential settlement
occur at building column base.

The maximum differential settlement for the cases of
Greenfield ground conditions is 1.9mm as rise and 4.5mm
as settlement, while for the case with building present at
top no rise is observed and the maximum differential
settlement is 5.8mm. This maximum differential settlement
is for the tunnel at 40 meters depth with 1.5meter
construction stages and the minimum is obtained as 4.6mm
for the 15meters tunnel depth with stages 1.5meter. The
results conclude that the soil mass surcharge has a main
role for the soft and medium type soils, as here we see with
increase in soil mass the settlement varies rapidly. The
building weight is affecting very much in settlement and
the increase in settlement up to 40% is observed at surface
while comparing with the Greenfield ground conditions. It
shows building has a large impact on settlement so its
presence can’t be ignore.

5.2 Clay and Weathered Rock-

The selection of suitable soil profile is always very
important before execution of geotechnical works. This can
be observed from the results, as in the weathered rock
cases the maximum settlement obtained during tunnel
construction is 2.28mm & for the clay it is 8.2mm. This
settlement is obtained for the 40 meter depth tunnel with
construction stages 1.5 meter for weathered rock & for the
clay. As at 40 meter depth both in clay and weathered rock
the maximum settlements are recorded. The weathered
rock is a strong strata and its ability to deform with
excavation is also not so easy. The rock selected is a soft
rock type and the horseshoe shape is known for their
suitability in soft rock type.
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By comparing the results for the changes occur in
settlement during tunnel construction it is found that
minimum?2.6 times clay settlement is more than that for
rock. The maximum value calculated is 6 times and this is
observed for the 15meter tunneling with stages 4meter.
The weathered rock through this observation represents it
strength and prove itself average 4 times better than the
clay. This concludes that the tunneling in weathered rocks
is showing the better results to transfer lesser settlement at
the surface during its construction. Also the building will
suffer low differential settlements in weathered rock than
that of clay, so it is good to choose the hard strata for the
tunneling as weather rock is much better than the clay in
our case study.
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