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Description

The examples of NATM Tunnel with three bench excavations at two different clay soil
layers will be discussed. These examples will be analysed by the finite element method 2D
model and will be compared with the finite element method 3D model. The analysis was
performed by utilizing PLAXIS 2D and PLAXIS 3D. The main objective is to evaluate and
to compare the deformation between 2D model and 3D model. The soil model used in the
analysis is the Hardening Soil Model and used mesh medium with coarseness factor 1.0.

Soil Parameters
Soil parameters for 2D and 3D numerical Modelling using Hardening Soil Model. Two
different clay soils are stiff clay and very hard clay.

Stage Constructions

Both models are simulated with one cycle stage construction using three bench excavation
method. So that the stage constructions are modelled does not completely excavated: (1)
excavation of top bench, (2) installation of shotcrete & top rock bolt, (3) excavation of
middle bench, (4) installation of shotcrete & middle rock bolt, (5) excavation of bottom
bench, (6) installation of shotcrete & bottom rock bolt, and (7) installation of lining
reinforced concrete.

2D Numerical Modelling of NATM Tunnel

Geometry model with two different clay soil layers has assumed without ground water
level. Round length excavation is assumed 3 meter in every step excavation. In PLAXIS
2D for simulation every step excavation needs to input strength reduction factor (p-value)
with range value for partial excavation is 0,2 < 3 < 0,5 for a top headingand 0,4 <3< 0,8
for a wall heading from Laabmayr and Swoboda (1986). The results from 2D model
showed that the largest deformation is occurs in the crown of the tunnel. The total
deformation that occurs in the final stage of -34.74 mm.

3D Numerical Modelling of NATM Tunnel

Geometry model with two different clay soil layers has assumed without ground water
level. Round length excavation is assumed 3 meter in every step excavation. The results
from 3D model showed that the largest deformation is occurs in soil at the crown of the
tunnel. The total deformation that occurs in the final stage of -37.05 mm.



Comparison Between 2D and 3D Model

The comparison of total vertical deformation in the soil around the tunnel between 2D and
3D numerical model showed no significant difference. The difference is only 5.7%. The
difference of vertical deformation at the lining tunnel showed no significant too, the
difference is maximum 7% at the crown of the tunnel. The difference of vertical
deformation at ground surface between model 2D and 3D is maximum 10%, right above
the tunnel.

Summary

The approach of NATM tunnel using 3D model is widely used in numerical modelling, but
2D model can also be used by using the strength reduction factors (b-values). The
comparison of deformation of both models are quite good. The assessment of strength
reduction factors in 2D model is awkward, as they are not only dependent on the geometry
of the tunnel cross-section, round length or the material behaviour, but they depend as well
significantly on construction processes.
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The examples of NATM Tunnel with three bench excavations at two different clay soil layers will be discussed. These examples will be analysed by the finite element
method 2D model and will be compared with the finite element method 3D model. The analysis was performed by utilizing PLAXIS 2D and PLAXIS 3D. The soil model
used in the analysis is the Hardening Soil Model and used mesh medium with coarseness factor 1.0.

3D Numerical Modelling of NATM Tunnel

Soil Parameters and Stage Construction

Soil parameters for 2D and 3D numerical Modelling using Hardening Soil Model.

Both models are simulated with one cycle stage
Unit construction using three bench excavation
method. So that the stage constructions are
modelled does not completely excavated.

Soil . Very Hard
Parameter SIS E Clay

Soil Model HS Model HS Model

Depth 0-15 15-50 m Stage Construction
Type Und. A Und. A - 1 Excavation of top bench
Yunsat 15 15 (kN/m?) 2 Installation of shotcrete & top rock bolt
Ysat 16 16 (kN/m?) 3 Excavation of middle bench
Eso'® 65000 210000 (KN/m2) 4 Installation of shotcrete & middle rock bolt
Egeq™ 52000 168000 (KN/m?) 5 Excavation of bottom bench
E, 195000 630000 (KN/m?) 6 Installation of shotcrete & bottom rock bolt
c' 15 o5 (KN/m?) 7 Installation of lining of reinforced concrete
phi’ 25 32 °
Y 0 2 °

2D Numerical Modelling of NATM Tunnel

Geometry model with two different clay soil layers has assumed without ground water level.
Round length excavation is assumed 3 meter in every step excavation. In PLAXIS 2D for
simulation every step excavation needs to input strength reduction factor (p-value) with
range value for partial excavation is 0,2 < < 0,5 for a top heading and 0,4 < < 0,8 for a
wall heading from Laabmayr and Swoboda (1986). In this 2D modelling of NATM tunnel
using strength reduction factor (B-value) as shown in figures.

The total deformation in every excavation stage in 2D model are shown in figures below:
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The approach of NATM tunnel using 3D model is widely used in numerical modelling, but 2D
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model can also be used by using the strength reduction factors (p-values). The comparison of

deformation of both models are quite good. The assessment of strength reduction factors in 2D
model is awkward, as they are not only dependent on the geometry of the tunnel cross-section,
ength or the material behaviour, but they depend as well significantly on construction
processes.

Geometry model with two different clay soil layer has assumed without ground water
level. Round length excavation is assumed 3 meter in every step excavation.

The total deformation in every excavation stage in 3D
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stage of -37.05 mm.

The results from 3D model showed that the largest
deformation is occurs in soil at the crown of the
tunnel. The total deformation that occurs in the final

Comparison Between 2D and 3D Model Total Vertical
Stage

The comparison of total vertical deformation in the soil
around the tunnel between 2D and 3D numerical model
showed no significant difference. The difference is only

5.7%.

The difference

of vertical

deformation at the lining tunnel
showed no significant too, the
difference is maximum 7% at the
crown of the tunnel (position 0° or

3600).
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Deformation (mm) A (%)
2D Model 3D Model

1 -5.54 -4.38  20.94
2 -7.95 -7.68  3.40
3 -23.74 -18.24 23.17
4 -24.24 -23.49 3.09
5 -33.96 -33.84 0.35
6 -34.33 -35.90 -4.57
7 -34.74 -37.05  -6.65
Average 5.68

The difference of vertical deformation at ground surface between model 2D and 3D is maximum
10%, right above the tunnel.
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