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Defining the hydraulic excavation damaged zone
considering hydraulic aperture change

Jong-Sung Park, Dong-Woo Ryu, Chang-Ha Ryu, Chung-In Lee

Abstract The excavation damaged zone (EDZ) is an area around an excavation where in situ rock mass properties,
stress condition, displacement, groundwater flow conditions have been altered due to the processes induced by the
excavation. Various studies have been carried out on EDZ, but most studies have focused on the mechanical bahavior
of EDZ by in situ experiment. Even though the EDZ could potentially form a high permeable pathway of groundwater
flow, only a few studies were performed on the analysis of groundwater flow in EDZ. In this study, the ‘hydraulic
EDZ’ was defined as the rock zone adjacent to the excavation where the hydraulic aperture has been changed due
to the excavation by using H-M coupling analysis. Fundamental principles of distinct element method (DEM) were
used in the analysis. In the same groundwater level, the behavior of hydraulic aperture near the cavern was analyzed
for different stress ratios, initial apertures, fracture angles and fracture spacings by using a two-dimensional DEM
program. We evaluate the excavation induced hydraulic aperture change. Using the results of the study, hydraulic EDZ
was defined as an elliptical shape model perpendicular to the joint.

Keywords: Excavation damaged zone, hydraulic aperture, distinct element method, H-M coupling
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29 1. DEM block geometry

F 1. Parameters for mechanical analysis of jointed rock mass

Mechanical properties Unit Value
Young’s modulus (E) GPa 304
Poisson’s ratio (V) - 0.23
Density (p) kg/m® 2,660
Joint normal stiffness (K) GPa/m 1.5
Joint shear stiffness (Kj) GPa/m 0.8
Joint friction angle (¢) Degree 40
Joint dilation angle (¢a4) Degree 5
Joint cohesion (c) MPa 0.01
Gravity mls® 10
Horizontal stress ratio (K) - 0.25
Bulk modulus (Kp) GPa 18.8
Shear modulus (Gy) GPa 12.4
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29 2. Determination of the range of aperture changed zone
(EDZ) [ellipse model]
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3 2. Parameters for H-M coupling analysis of jointed rock mass

Properties Unit Value
Young’s modulus (E) GPa 30.4
Poisson’s ratio (V) - 0.23
Density (d) kg/m® 2,660
Joint normal stiffness (K) GPa/m 3
Joint shear stiffness (Kj) GPa/m 1.6
Joint friction angle (¢) Degree 40
Joint dilation angle (¢a) Degree 5
Joint cohesion (c) MPa 0.01
Gravitational acceleration mls® 10
Initial aperture (at zero stress) mm 02~4
Residual aperture mm 0.01~0.1
Joint permeability constant 1/(Pa-sec) 238
Bulk modulus (K») GPa 18.8
Shear modulus (Gy) GPa 12.4
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9 3. Determination of hydraulic EDZ by ellipse model [joint
spacing: 2 m, dip: 45°, initial aperture: 1 mm)]

Scale 10m

(a) block geometry (b) aperture > 0.25 mm

(c) aperture > 0.4 mm (d) aperture > 0.55 mm

1% 4. Hydraulic EDZ (initial aperture: 0.2 mm) [K: 0.5, joint
spacing: 2 m, dip of joint: 45°]
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1% 5. Variation of hydraulic EDZ according to various K [initial
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% 6. Hydraulic EDZ with various joint angle [K: 2.5, joint spacing: 2 m, initial aperture: 0.2 mm]
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9 7. Hydraulic EDZ according to various joint spacing [K: 2.5, dip of joint: 45°, initial aperture: 0.2 mm)]
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% 8. Hydraulic EDZ (initial aperture: 1 mm) [K: 2.5, joint
spacing: 2 m, dip of joint: 45°]
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joint: 45°, initial aperture: 0.2 mm]
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