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This paper presents an early estimation method for elastic parameters of surrounding

rock by setting measurement points near the tunnel face. The method is incorporated into

an efficient algorithm which expresses the excavation process by controlling the density

of elements in the excavation zone.

Moreover, boundary element method is combined

with the finite element region in order to express infinite domain. Elastic parameters are

estimated by the aid of the gradient method. Thorough numerical examples, feasibility

of the developed method is validated. In addition, aplication to measurement data is

attempted. It is concluded that the proposed method is effective for early estimation.
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Fig.1 Schematic diagram of present problem
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Fig. 3 Illustration of the analysis procedure of the excava-

tion process
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Table 1 Input data of each ground grade used for analysis

Ground grade CI DI DI

Ground properties

Young’s modulus £ [MPa] | 1000 | 500 | 150

Poisson’s ratio v 0.30 | 0.35 | 0.40

Cohesion [MPa] 1.0 04 102

Internal friction angle [°] 40 35 30

Unit weight v; [kN/m3] 23 22 21
Shotcrete

Young’s modulus [MPal 4000
Poisson’s ratio 0.2
Thickness [mm] 100 | 150 | 200

Curved H-beam

Axial stiffness [MN] 525 630 833

Bending stiffness [kN m?] 1470 | 1760 | 3400

Pitch [m] 1.0
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Table 2 Estimation targets and initial values

E [MPa] | v

CII ground 1000 0.30
T Case 1

Initial value 1 | 700 0.325
| Case 2

DI ground 500 0.35
T Case 3

Initial value 2 | 300 0.375
| Case 4

DII ground 150 0.40
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Table 3 List of input data for estimation based on measure-

ment data

Ground grade cu

Ground properties

Initial young’s modulus E, [MPa] | 8000

Initial poisson’s ratio vy 0.25
Cohesion [MPal] 1.0
Internal friction angle [°] 40
Unit weight v, [kN/m?] 23
Overburden [m] 150
Shotcrete

Young’s modulus [MPa] 4000
Poisson’s ratio 0.2
Thickness [mm)] 100

Curved H-beam

Axial stiffness [MN] 525
Bending stiffness [kN m?] 1470
Pitch [m] 1.2
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Fig. 14 Estimation process of the elastic parameters based

on measurement data
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Table 4 Comparison of estimation results

Measurement data type E [MPa] | v

All data (tian) 4423 0.343
Near tunnel face data (GNear) | 4145 0.341
2-D 2816 0.392

Side horizontal direction

Top vertical direction

Black - All data
(measurement)

Red - Estimated displacement

Relative displacement [mm]

2 4 6 8
Distance from the tunnel face [m]

Fig. 15 Comparison of all data (tian) and analysis with
estimated values (E=4423MPa, v=0.343)
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