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Abstract

Considering the stability of the ground in the process of excavation design is essential
because there is a risk of basal heave due to the load of the surrounding ground during
the vertical excavation. However, calculation of the factor of safety for basal heave
should be performed with two-dimensional equation, and the equation cannot reflect
three-dimensional shape of vertical excavation. In this study, an equation for factor of
safety for the basal heave was proposed with considering the effect of three-dimensional
shape. It is confirmed that the equation can more appropriately reflect the basal heave
stability 3D circular vertical excavation than the existing equation. Using the equation
proposed in this study, it is possible to derive an appropriate factor of safety according
to the 3D excavation shape during the circular vertical shaft excavation.

Keywords: Circular vertical shaft, Basal heave, Factor of safety, 3D effect,
Numerical analysis
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Fig. 1. Schematic diagram for derivation (Terzaghi and Peck, 1948)
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Fig. 3. Conceptual diagram of driving force and resisting force (Terzaghi and Peck, 1948)
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Fig. 4. Conceptual diagram for considering 3D geometry

Table 1. Modified elements in factor of safety equation

Conventional equation (2D) Proposed equation (3D)
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Table 2. Process of numerical analysis

Steps for numerical analysis

1. Formation of zones for initial ground / Entering properties

2. Application of gravity / Equilibrium reached

3. Simulation of vertical excavation

4. Installation of the lining as supports

5. Calculation of differential equations to find the factor of safety

FLAC3D 5.00

©2012 Itasca Consulting Group, Inc.
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Fig. 5. Numerical modeling
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Table 3. Input values in numerical modeling

Numerical model Mohr-Coulomb model
Shear modulus [Mpa] 0.5
Bulk modulus [MPa] 1.1
Poisson’s ratio 0.3
Friction angle [degree] 0.1
Density [ton/m’] 2.0

32 A T2 17 o-gotod AR 2] == o] Ris} Fdol] sl 245171 sl A4k 2| 2] el FF= 1
A= 78 Al 7\‘:‘l‘&*a—*.(c) %ﬂ ZOIH), 121l =2 R (B2 iR A, Als e s 2
T7iH 4= Table 401 WERH gEo = == ]et. A[olA 2} =Ed a2 =2t Zlo]o] S7lof et e
Stlem, HEo] o, %%‘ WP 2 o 2 e 2T 2RI = it Fig. 6, Fig. 7).

Table 4. Input values for parametric study

Soil properties Excavation shape
316 > 5
10 Excavation
Cohesion, Excavation depth, X v
60.0 20 diameter, 10
¢ [kPa] H [m]
30 B [m]
90.0 50 20
9
3 A Oc = 31.6kPa
7 .."... Xc = 60kPa
2 6 Ac = 90kPa
5 Xy
55| N
N \,
..g 4 .\X A .....
N 8 T
L(E 3 Q b ‘\ TR
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0
0 10 20 30 40 50 60

Excavation depth [m]

Fig. 6. Factor of safety variation with increasing depth - effect of cohesion (B =10 m)
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