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®. Ao =2|/dstd §4
Mechanical property ] C L E, E v . o, k G
of granite (kN/m®) | (MPa) | () | (GPa) | (GPa) (MPa) | (MPa) [(=10"" em/sec)
& 26.1 0.03 i | 0 02 030 | 476 a7 4.7 -
r— 0 264 0.09 | 470 | 05 09 | 030 | 746 | 47 10.9 .
rock Median 26.3 003 | 337 | 02 06 | 030 | 93 | 47 87 =
Mean 26.2 12 | 387 | 03 06 | 031 | 629 | 47 15.7 -
(1 M9 1% 45.5 .3 200 | 021 i3a 43 0% 2.60
Q, 26,0 83 | 490 | 41 nr | oz | 850 | 71 30 261
Soft rock
Median 258 78 | 490 | L1 52 |02 | 529 | 60 21 261
Mean 256 55 | 467 | 24 | w9 [ 025 | &0 | 59 25 2.61
Q, 26.2 97 | s40 | 23 37 | 025 | 629 | 59 07 2.63
Modersie o 264 124 | 560 | 34 | 463 | 027 | 81 | 79 1.3 2.68
rock Median 262 108 | 550 | 28 62 | 027 | 689 | 63 1.0 167
Mean 263 121 [ 538 | 63 | 210 | o2 | 810 | n2 1.0 2.66
Q 259 | 002 | 447 | 54 | 142 [ 020 | M6 | 74 05 265
I Q 262 240 | 560 | 174 | s82 | 025 | 1897 | 163 23 2.70
Meddian 26.1 136 | 530 | ng | 321 | o2z | 1324 | no 1.0 268
Mean 359 137 | 498 | 123 is5E | 021 1386 | 2606 29 2.68
3. Exote] 2a|/dsM EN
Mechanical property % C [ Ey E v o . k G
of sedimemary mek | anm’) | (MPe) | () | (GPa) | (GPa) (MPa) | (MPa) |(=107° emisec)
Q, 3 85 | 333 . a . s 54 1.5 .
Weathered Q, . 95 | ss8 s . : s 58 38 .
rock Median . 90 | 545 . . . . 56 2.6 .
Mean : 90 | 545 - - . . 56 26 -
Q 266 76 | 508 - 61 | 017 | 428 55 0.4 -
Q, 269 153 | 553 - 84 | 026 | 1312 | 96 1.0 -
Soft rock
Median 268 ns | s30 : 68 | 025 | 823 80 0.5 -
Mean 267 13 | sio 5 9.1 | 022 | 844 7.1 15 -
o, . 70 | 545 . . 019 | 468 34 21 -
Nicderses Qs - 128 | %62 & 2 021 | 866 | 34 33 =
rock Median . 70 | 3550 - - 019 | 671 34 28 .
Mean ; 08 | 3554 . 2 020 | 664 34 29 =
Q, 26.7 34 | 540 | 64 | 183 | 022 | 1Mo | 96 0.8 2.
Q, 27,0 216 | 603 | 106 | 480 | 027 | 246 | 177 22 270
Hard roek 1 dian 26.7 173 | 558 | 95 | 302 | 024 | 1320 | 140 15 270
Mean 267 137 | 567 | 90 | 326 | 024 | 195 | 139 1.8 270




HE. stMete =2|/Y9std EY
Mechanical property b C L Ey4 E v . X, k G
of voleanic rock (kN'm%) | (MPa) | ) | (GPa) | (GPa) (MPa) | (MPa) g=10"" emisec)
L1 - 0.01 - - - 23 410 126 6.0 254
Weathered Lo " - 001 - - - 0.23 140,7 14,7 (%] 255
rock Median - 0.01 : - - | oz | ses | 137 64 2.55
Mean - 0,01 - - - 23 | 953 | 137 6.4 258
0, 26.1 00 | 352 | 24 53 | o2 | 378 | 124 0.8 2.66
g o 6.9 219 | 560 | 100 | 485 | 025 | 964 | 151 6.7 173
Median 263 N6 | 540 | 61 | 298 | 024 | 559 | 132 1.9 2.69
Mean 264 129 | 474 | 64 | 320 | 025 | 3.7 | 128 6.0 269
Ql = L = - = - - = = -
Moderate 4 c g - = = z 2 : Z £
rock Median . E . = 5 : 2 2
Mean = = . - = . . = =
Q, 2.3 0.0 | 393 | 54 | 384 | o020 | 482 | 19 06 264
Qy 270 270 | 605 | 265 | 570 | 026 | 1736 | 188 1.2 269
Hard mock
Median 269 82 | 460 | 57 | 535 | 025 | 800 | 139 08 2.66
Mean 6.7 128 | 404 | 204 | 575 | 023 | 1379 | 159 21 265
H. #HMdo F2/Ystd EN
Mechanical property T c ® Eq E v [ 7 k G
of metamorphic rock | knimYy | (MPa) | ) | (GPa) | (GPa) (MPa) | (MPa) 107 emisec)
0, . 001 | 259 | 01 02 | 030 . . - .
Weeathered Qy o3 | 322 | ol 0y | 030 - - - -
rock Median 002 | 314 | 01 02 | 030 . . - =
Mean = 002 | 283 | 01 02 | 030 - . - -
0, 26.1 176 | 460 | 08 | 292 |02 | 910 | 41 0.9 2.74
Sl s 0, 263 210 | 510 | 17 | 518 | 026 | 1287 | 100 0.9 277
Median 262 190 | 460 11 kLR 026 94,5 9.0 0.8 By
Mean 262 w3 | 490 | 12 2 | o [ 993 73 0.9 1.74
Q - - = - . - - - -
Moderate Q - - - - - - - . - -
rock Median - - - 2 . 3 - 5 i
Mean - - - - - - - - - -
0, 26.1 64 | 510 | 06 66 | 022 ]| s10 | 49 0.4 268
e Q, %5 126 | 350 | 30 | 342 | 026 | 369 | 107 12 268
Median 262 83 | %30 | o7 | 183 | 024 | s40 78 0.4 2.68
Mean 262 95 | 533 | 22 | 243 | 025 | 520 | s6 9.4 2.68
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GEOLOGICAL STRENGTH INDEX ° %
® o ® ®
From the description of structure and surface conditions of 3 ° s § E §
the rock mass, pick an appropriate box in this chart. Esti- g £ b= h= 'a T
mate the average value of the Geological Strength Index @ ® ki = @
(GSI) from the contours. Do not attempt to be too precise ® & e E s 3 =
Quoting a range of GS| from 36 to 42 is more realistic than 5] = 2 Sy 3=
stating that GS| = 38. It is also important to recognize that % E -] % E’ % 5
the Hoek-Brown criterion should only be applied to rock % ‘é 2 2 2E g '3
masses where the size of the individual blocks or piecesis = ] © = >6 >c
small compared with the size of the excavation under con- © = % ] Jg:» 5 Jg:n 3
sideration. When individual block sizes are more than ap- & ol > 3 =8 lees
proximately one quarter of the excavation dimension, failure © @ = = E E S 8 E _?-?
will generally be structurally controlled and the Hoek-Brown 5 9 B - w sul| ae
criterion should not be used. x - 2 8‘5% m§§ gé 8¢ Eég
x x> =1 =Ft C Eo ]
3| U& | 885|253 |R838| uat
STRUCTURE DECREASING SURFACE QUALITY T
INTACT OR MASSIVE - intact rock specmens 90
or massive in situ rock with very few widely N/A N/A N/A
spaced discontinuities /
80
w
w
BLOCKY - very well interlocked undisturbed (1 70
rock mass consisting of cubical blocks formed 0O
by three orthogonal discontinuity sets 5 i
.
0 /
VERY BLOCKY - interlocked, partially disturbed & 80
rock mass with multfaceted angular blocks X
formed by four or more discontinuity sets ol
4
i}
s 40
BLOCKY/DISTURBED - folded and/or faulted ©
with angular blocks formed by many intersect- £
ing discontinuity sets g
i 30
[}
w
(s}
DISINTEGRATED - poorly interlocked, heavily
broken rock mass with a mixure of angular and
rounded rock pieces ﬂ /20
FOUATED/LAMINATED - Folded and tectoni-
cally sheared foliated rocks. Schistosity prevails NA NA 10
over any other discontinuity set, resuling In
complete lack of blockiness 5
/
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ZERTIFIKAT & CERTIFICATE ¢

C€

Attestation of Conformity
No. ESA 108302 0001 Rev. 00

Holder of Certificate: COWIN. FA
45, Cheongneung-daero, 289beon-gil, Namdong-gu

Incheon 21633
REPUBLIC OF KOREA
Name of Object: Heating controller
(Rapid heating system)
Model(s): CDHC-5KVA
Rated input voltage: 188-242 Vac, 1 Ph
g:l'!:l"?ﬂol'l of vase zm e L mrd ac ase
ject: Rated input current: 25 A(Normal) / 75 Adinrush)
EN 61000-8-4:2007/A1:20
Tested i EN s:om-a-zaonsr =
according to: EN 61000-3-11:2011

EN 61000-3-12:2000

This Attestation of Conformilty is issued on a voluntary basis according to the Directive 2014/30/EU
relating to electromagnetic compatibility. It confirms that the listed apparatus complies with all
essential requirements of the directive and is based on the lechnical specifications applicable at the
time of issuance. It refers only lo the particular sample submitted for testing and certification. See also
noles overleaf.

Test report no.: OT-205-RED-023
Date, 2020-05-12 ng- )
Page 1 of 1

mpmrwmdmammmmmmmnumlumm
Declaration of conformity the required CE marking can be afficed on the product That
Declaration of conformity is issued under the sole responsibility of the manufacturer,
Other relevant EU-directives have to be cbsarved.

TUV SUD Product Senvice GmbH « Cerification Body + Ridlerstralle 65 « 80339 Munich - Germany
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Modelling of Rock Cracking Using Expansion of Vermiculite

Chi-Hyung Ahn" Joung Woo Lee? and Yong-Hoon Byun* ¥

") School of Electrical, Electronics and Communication Engineering, Korea University of
Technology and Education, Cheonan, 31253, Korea
2 TaePyeongyang Technology Industry, Hanam, 13017, Korea
9 School of Agricultural Civil & Bio-Industrial Engineering, Kyungpook National
University, Daegu, 41566, Korea

* yhbyun@knu.ac kr

ABSTRACT

Conventional excavation methods, such as drilling and blasting, are widely used for
tunneling. However, the blasting process induces stress waves propagated through the
ground, and subsequently, vibration and noise may occur at the ground surface. A new
vibration-free excavation method using expansion of vermiculite is developed for rock
cracking (Ahn and Hu 2015). The objective of this study is to evaluate the performance
of vibration-free excavation method using the expansion of vermiculite according to
rock condition. Rock block and expansion of vermiculite in a drilled hole are simulated
using finite element method. The results of finite element analysis demonstrate that the
vermiculite can be effectively used for rock cracking.
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Techmical Note
Expansion-Induced Crack Propagation in Rocks
Monitored by Using Piezoelectric Transducers
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Abstract: The objective of this study is to develop a new vibration-free excavation method based on
elastic wave monitoring. Natural vermiculites expand rapidly in volume when heated above 800 *C.
MgO powder is used o evenly transmilt the surface temperature of a heater rod, which can attain
high temperatures rapidly, to the vermiculites. The insertion direction of the heater rod greatly
affects the expansion pressure. Three cuboid rock specimens are prepared and equipped with the
heating system at different hole-to-face distances. Crack propagation is monitored by a pair of
disk-shaped piezoelectric transducers. For short hole-to-face distances, the wawve welocity and
maximum amplitude rapidly decrease after certain time. For the greatest hole-to-face distance, the
shear wave velocity remains constant during the test, while the maximum amplitude decreases
after a certain time. The time taken for the velocity and amplitude of the shear waves to decrease
reasonably corresponded to that taken for detectable crack propagation to ocour on the surface of
the rock specimen. The proposed method and materials may be useful from the viewpoints of rapid
expansion, economy, and crack control.

Keywords: crack propagation; expansion: heater; piezoelectric transducer; rock fracture

1. Imtroduction

Various excavation methods are employed for constracting tunnels and underground spaces;
drilling and blasting is one of the common excavation methods. However, the propagation of the
stress wawves, which are induced during the blasting process, o the ground surface may cause
vibration and noise. To minimize such vibration, controlled blasting methods such as line-drilling
and pre-splitting are used at the tunnel perimeter [1]. Nevertheless, the blast-induced stress wawe
can still propagate through the connected area between empty drilling holes.

Various excavation methods were developed to reduce the blast-induced wvibration. Jeng et al
[2] suggested a new technology using an abrasive water jet for cutting rocks. Experimental and
numerical studies on the effects of precutting the runnel perimeter by an abrasive water jet on
blast-induced vibration showed that such a jet system can be useful as an auxiliary tool for creating a
free surface along the tunmel perimeter [3.4]. As another wvibration-reduced excavation method,
namely, the wire-saw cutting technique was proposed by Gustafsson [5]. Lee et al. [6] investigated
the effect of a precut discontinuity on the attenuation of blast-induced wvibration. The cutting
performance of a wire-saw cutting machine was repored by Lee et al. [T however, only rectangular
rock masses can be obtained by this method. For a more rounded tunnel section, more drilling holes
have to be drilled, which is ime-consuming. Although the use of tunnel-boring machines (TBMs) is
Semsors 2020, 20, 054 doc D0 XPS0F00 1 e064 wrrwy M L

(ch) 12¢ 2|5 (review) &

Manuscript Status

Incomplete submissions (0) | Under processing (1) | Website Online (4) | Rejected / Withdrawn (1)
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