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An Estimation of the Excavation Damaged Zone at the KAERI
Underground Research Tunnel

Changsoo Lee, Sangki Kwon, Jong won Choi, Seokwon Jeon

could be estimated to be around 1.1-2.4 m.
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Abstract In this study, physical, mechanical, and thermal properties of rock samples were investigated to estimate
the Excavation Damaged Zone (EDZ) developed during the construction of the KAERI Underground Research
Tunnel. The average porosity in the EDZ was increased by about 140%. The average wave velocity, Young’s
modulus, and uniaxial compressive strength in the EDZ were decreased by about 11, 37, and 16%, respectively.
And the thermal conductivity in the EDZ was decreased by about 20%. From the laboratory tests, the EDZ size
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Table 1. Mechanical properties of rock specimens obtained before and after blasting

Before blasting After blasting
Porosity (%) 1.00 241
P wave velocity (m/s) 4471 3948
S wave velocity (m/s) 2117 1882
Young’s modulus (GPa) 53.9 32.3
Uniaxial compressive strength (MPa) 100.4 82.7
Poisson’s ratio (-) 0.21 0.22
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Fig. 5. The porosity change from the laboratory tests
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(a) The divided bar test equipment used in this study
(made by KIGAM)
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Fig. 8. The device used for the thermal conductivity tests
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Table 2. Results of thermal conductivity tests conducted at underground research laboratories

Thermal conductivity
Country | Underground research tunnel Rock type Reference
(W/mK)
Mean' : 3.03 .
(Std. : 0.15) In this study
Korea KURT Granite 5
Mean” : 243 In this stud;
(Std. : 0.36) o
Japan Kamaishi mines Granite Mean : 2.6 Rutqvist 2](1999)
. Mean : 3.49 Simmons and Baumgartner(1994)
Canada URL Lac du Bonnet granite (Std. : 035) Katsube and Hume(1987)
I Jackson £](1989)
PSR Mean® : 2.6
Sweden HRL Aspo diorite Sundberg and Innova(2003)
(Std. : 0.17)
Mean® : 2.04 Nagra(2001)
(Std. : 0.23) Miigler £](2006)
Mont Terri Opalinus clay
. Mean : 1.26 Nagra(2001)
Switzerland -
(Std. : 0.11) Miigler £](2006)
. . Lo Mean : 2.55 o
Grimsel Grimsel granodiorite Scharli and Rybach(1984)
(Std. : 0.13)
. . . Mean : 2.91
Finland Olkiluoto Research Tunnel Granite Kukkonen £](2011)
(Std. : 0.51)
Yucca Moutai Tuff Mean : 1.50 Brodsky 2](1997)
a ain T
teea Mou " (Std. : 0.44) OBy
USA
. Mean : 3.93 .
WIPP Argillaceous salt Sweet and McCreight(1980)
(Std. : 1.54)
Mean is thermal conductivity of rock specimens obtained before blasting.

1
Mean® is thermal conductivity of rock specimens obtained after blasting.
Mean® is thermal conductivity parallel to the bedding plane.
Mean® is thermal conductivity perpendicular to the bedding plane.
40 6
o Before blast!ng (TH-1) O Before blasting (TH - 1)
o Before bla_stlng (TH-4) 0 Before blasting (TH - 4)
354 o After blast!ng (TH-7) 5 ® After blasting (TH - 7)
g7 o Atter blasting (TH- 9) . » < ® After blasting (TH - 9)
E 5 -  Thermel Cond vty £ ® Choetal, 2009
= " . %y o § 44
> 30-e oo o 5 o ©  Intact rock ;;
Z e B =
o a o 34
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Fig. 10. Relationship between thermal conductivity and Fig. 11. Results of thermal conductivity tests for the calibration
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Table 3. Results of thermal conductivity tests conducted at underground research laboratories

EEE= 2.73~3.32 W/mKZ YEeltom, Hytgke 3.0

Test site Rock type Test Excavation method EDZ size (m) Reference
Stripa . . .. . . 0.3 (in the wall) Gray (1993)
(Sweden) Granite Hydraulic conductivity test |Drill and blast drift 1.2 (in the floor) Borgesson 2] (1992)
P-wave velocity TBM drift 0.03 Emsley 9] (1997)
Hydraulic conductivity test ) ) 0.3 (in the wall) Bickblom (2008)
Acoustic emission Drill and blast drift| s (in the floor) Chandler £] (1996, 2002)
Aspd Porosity change TBM drift 0.02 Autio €] (2005)
spo . - -
(Sweden) Granite Fracture characterization Normal blasting |1.5 - 2.1 (in the floor)*
. . ; i - N
Geophysw?l logg-lng Careful blasting |1.0 - 1.7 (in the floor) Pusch and Stanfors (1992)
Borehole inspection
Vibration measurements Very careful SKB (1999)
. ; . 0.6 - 1.4 (in the floor)*
Hydraulic testing blasting
Kamaishi Mechanical 08
mine Granodiorite P-wave velocity excavation ’ Matsui 2] (1998, 2003)
(Japan) Blasting 1.4
. . P-wave velocity Mechanical 03 Sugihara £] (1993)
T(z?: :rlll)ne Sed;T:Etary Seismic tomography excavation Kamemura and Sugihara (1993)
P Hydraulic conductivity Blasting 0.8 Sato £] (2000)
Hydraulic conductivity test 0.3 Chandler et al. (1996)
Source location of
URL . . .. . . Carlson and Young (1993)
(Canada) Granite micro-seismic eV§nt Drill and blast drift 0.75 Read and Martin (1996)
Ultrasonic velocity
Seismic refraction survey 0.25 - 0.78 Chandler ] (2002)
Olkiluoto Autio (1996)
(Finland) Tonalite |"*C-PMMa and He-gas methods TBM drift 0.02 - 0.04 Autio ] (2006)
Biéckblom and Martin (1999)
i Permeability test 2.0
G“mssile Test Grimsel- e Drill and blast drift Bickblom (2008)
(Switzerland) Granodiorite Wave velocity TBM drift 0.5 Marschall £] (1999)
Visualisation of the fracture 20
Mont Terri network
Rock Opalinus Pneumatic and hydraulic |Drill and blast drift
Laboratory Clay characterisation Roadheader 0.5-07 Bossart 9] (2002, 2004)
(Switzerland) Observations from field
. 02-15
mapping
Rock core observation 2.0
- Kwon 2] (2009)
Goodman jack test 23
Porosity 24
KURT . . . 1.1 (P wave velocity)
(Korea) Granite Wave velocity Blasting 1.3 (S wave velocity)
Young's modulus 1.3 In this study
Uniaxial compressive strength 1.1
Thermal conductivity 1.8

* EDZ size in the wall and roof was considerably smaller, 0.3 - 0.7.
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