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Numerical Evaluation of Excavation Damage Zone Around Tunnels by Using
Voronoi Joint Models

Eui-Seob Park, C.D. Martin, Joong-Ho Synn

Abstract Quantifying the extent and characteristics of the excavation damage zone (EDZ) is important for the nuclear
waste industry which relies on the sealing of underground openings to minimize the risk for radionuclide transport.
At AECL’s Underground Research Laboratory (URL) the Tunnel Sealing Experiment (TSX) was conducted and
the tunnel geometry and orientation relative to the stress field had been selected to minimize the potential for the
development of an EDZ. The extent and characteristics of the EDZ was measured using velocity profiling and
permeability measurements in radial boreholes. The results from this EDZ characterization are used in this paper
to evaluate a modeling for estimating the extent of the EDZ. The methodology used a damage model formulated
in the Universal Distinct Element Code and calibrated to laboratory properties. This model was then used to predict
the extent of crack initiation and growth around the TSX tunnel and the results compared to the measured damage.
The development of the damage zone in the numerical model was found to be in good agreement with the field
measurements.

Key words Tunnel sealing experiment (TSX), Excavation Damaged Zone (EDZ), Damage model, Fractured rock
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Table 1. Mechanical properties of Lac du Bonnet granite
Initial dilation Unstable crack growth Peak
Unit Young’s e . . Circumfer . . Circumfer . .
weight | modulus P 01sspns Axial Axial ential Axial Axx'al ential Axial Ax1-al
I’ ratio stress strain . stress strain . stress strain
(N/m’) (GPa) (MPa) ©%) strain (MPa) %) strain (MPa) %)
o (%) a 0 (%) o
2,630 70.08 0.27 107 0.173 -0.037 160 0.252 -0.068 205 0.329
Table 2. Hoek-Brown failure parameters for Lac du Bonnet granite
Strength 7, (MPa) m; s n R’
Initial dilation 114 11.88 1.0 11 0.8652
Unstable crack growth 132 19.39 1.0 11 0.6801
Peak 230 20.70 1.0 12 0.9588
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Table 3. Hoek-Brown parameters for the onset of dilation
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Fig. 1. Stress-strain curves from the UDEC-DM (9=50° &
varying cohesion) (after Martin, 2006)
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Fig. 2. Stress-strain curves from the UDEC-DM (c=15 MPa
& varying friction angles) (after Martin, 2006)
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Table 4. Properties for the UDEC-DM based on the laboratory test results
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Joint Properties

. Tensile
K G Density Aperture Ka Ks ¢ o}
3 ) 5 6 strength
(GPa) (GPa) (N/m’) (rnm) (10" GPa) | (10° GPa) (MPa) (deg) (MPa)
54.2 1 250 2600 1.5 14.6 7.3 15.0 52 10.0
Table 5. Stresses from the laboratory tests and the UDEC-DM
Items Lab. test UDEC

Initial dilation (o)

107 (52%)

100 (50%)

Stress

d
(MPa) Unstable crack growth (ocd)

160 (78%)

145 (72%)

Peak (or)

205 (100%)

202 (100%)

40% Tangential modulus, Exy (GPa)

70.0

64.8




332 Voronoi Zd&jrdol 2J3t €y

Z9 ZALAUEDZ)Y 4 AR

Average defect length 4 mm 6 mm
i A TRaTes
*3,!:{‘?!" —\ T % 44_3 :
o R HE
'}';‘:vf' R z, O
CORTRAE, ) W ¥
e tul dba; B P - Y
Voronoi block modeling 55‘%‘5}&1} ; ”{?{i » %g?% -
LA Bt ‘i o .y
AT S LI by Lo, \{,_,_Z ¢
ot L ':\ e Wl 4
SR DRSS :
Bl has iy R P
R AN SO ST
e By SRS s
NESeaatie Gy d r

Fig. 4. Various average defect length for Voronoi block modeling (after Martin, 2006)

Table 6. Joint stiffnesses according to joint spacing

Joint spacing Ka K
3 mm 58.4x10*/0.003 = 19.5x10° GPa Ky/2 = 9.75x10° GPa
4 mm 58.4x10%/0.004 = 14.6x10° GPa Ky/2 = 7.3x10° GPa
6 mm 58.4x10°/0.006 = 9.7x10° GPa Ky/2 = 4.85x10° GPa
Stress (MPa) (TSX)7} S=3=QJr). TSX= B2 AR 12 m Zo|
gmom 20T o] ZoF AYA oFHol 2712 #7|HE] ApctH(keyed
4 bulkhead)S 711 30 m o2 ElgdZ A= o] Sith

-04 -03 -D2 -0.1 4] 0.1 0.2 0.3 0.4
Lateral strain (%) Axial strain (%)

Fig. 5. Comparison of the stress strain curves from various
defect length (after Martin, 2006)
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Fig. 6. Dimension and shapes of applied Voronoi joint model (afier Martin, 2006)
Table 7. Joint stiffness according to sample size
Sample size {m) K. Ks
0.06 x 0.12 58,4x10°/0.004 = 14.6x10° GPa K2 = 7.3x10° GPa
6 x 12 58.4x10/0.4 = 14.6x10" GPa Ko/2 = 7.3x10° GPa
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Sample size -
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Fig. 7. Comparison of the stress strain curves from various
sample size (after Martin, 2006)
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Fig. 10. Basic equipment used in the EDZ survey (after Maxwell et al., 1998)
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Table 8. The intact rock properties for Lac du Bonnet granite

Bulk modulus, K (GPa)

Shear modulus, G (GPa)

Unit weight (N/m”)

54.2

25.0

2,600

Table 9. The defect properties for UDEC-DM rock mass model

. Normal stiffness,| Shear stiffness, Cohesion Friction angle | Tensile strength
Spacing Aperture K I c o T
(m) (m) (<10° GPa) | (x10° GPa) (MPa) (deg) (MP2)
0.3 0.01 29 1.4
15.0 52 10.0
0.1 0.01 8.7 4.2
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