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Variation of Rock Properties in Acidic Solution
and Loading Condition

Jae Hong Chung, Seung Hun Park, Seung Jun Lee, Seungwon Yu,
Woo Hee Lee, Sangki Kwon*

Abstract This paper presents experimental results to investigate the affects of acidic solution under loading condition
on rock properties. In the experiment, the variations of various rock properties including effective porosity, thermal
conductivity, and etc were investigated with different pHs of solution and magnitudes of loading. The results show
that the rock property change was increased with low pH under loading. It was predicted that chemical reaction
rate would be increased in low pH. Below the crack initiation stress of the rock specimen, the variation of rock
property change was reduced with increased loading. It could be explained with the reduced chemical reaction area
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by the compressional loading if there is no crack generation.
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Table 1. Application cases of abandon mine(Modified from Peila & Pelizza, 1995; Park, 2008)

Country Name of mine Type of ore Facility type Case of utilization
Seongju mine Coal Tourism facility Relic of coal exhibition
Seokgongsinseong mine Coal Food storage facility Storage of salted seafood
Yungbo mine Coal Agricultural facility Mushroom cultivation
Chunpo mine Au Tourism facility Sightseeing of limestone and gold mine

Chuncheon kidney

Korea . Kidney stone Tourism facility Korean dry sauna
stone mine
Gahak mine Au-Ag-Cu-Zn Tourism and. . Cave tourist destine.ltion
food storage facility and storage of wine
Seok . e . e
© gongeunseong Coal Tourism facility Relic of coal exhibition
mine
Amethyst mine Amethyst Tourism facility Amethyst tourist destination
Kamioka mine Pb-Zn-Ag Research facility Neutrino detection experiment
Various laboratory for tests on drilling
Kamasaishi mine Fe-Cu Research facility equipment, on rock mechanics monitoring
Japan devices and on explosives
Nakatatsu mine Pb-Zn-Ag |Waste disposal facility Storage of fly ash

United States

Ohya mine Building stone Tourism facility Mining historical museum
Kellogg mine Pb-Zn Agricultural facility Seedling grown under artificial light
Steel company plant for manufacturing

Randolph mine Limestone Industrial z.n?d storage conveyo.rs and tanks
facility Concrete pipe manufacture
Storage of goods
Kansas City area mines| Limestone Storage facility Storage of various products
Tower Soudan mine Fe Research facility Physical research laboratory

Asse mine

Potash and salt

Waste disposal facility

Storage of radioactive wastes
Tests for radioactive waste storage

Germany Storage of fly-ash wastes
Helibroun mine Salt Waste disposal facility Storage of anhydrite and clay
contaminated with Hg
Harsbacka mine Fluorite Storage facility Storage of oil
Ljunsnarberg mine Sulfide Storage facility Storage of hot water
Swed - - - - -
wedent Kirunavaara mine Fe Agricultural facility Mushroom growing
Stripa mine Fe Research facility International .resee.lrch project on disposal of
radioactive nuclear waste
A 59 SHE S8 AYstal= ALY &EEX] & seam, oil shale, mineral sand7} EX|sk= x| HojA| F
shal A=A Q= AgoltHLim et al, 2000). X FSHA YR (Bernd, 2010), HgAE ot 57
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Fig. 1. Stress-strain curve showing the strain and the stages
of crack development (Eberhardt et al., 1999, Charles,
1993), The axial and lateral strains were measured and
the volumetric and crack volumetric strains were
calculated
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Table 2. XRF analysis results

Number of Concentration (%)
borehole Ca0 Si0, Fe:05 ALO; K>0 TiO, BaO Etc
1 412 29.9 14.4 6.6 4.9 1.0 0.2 1.8
2 355 228 33.9 4.7 0.1 1.0 0.1 1.9
3 68.8 14.1 9.3 3.2 2.5 0.8 0.1 12
Avg. Con. (%) 48.5 223 19.2 4.8 2.5 0.9 0.1 1.6
FeollA HAskm, oFA ARt 8ol H4E 7
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o dagt siepgo] dojLi Ao
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Table 3. Initial properties of rock specimen

X Effective P-wave velocity Thermal conductivity Tensile
Number of porosity (m/s) (W/m-K) ues strength
borehole (MPa)
(%) Dry Saturated Dry Saturated (MPa)
0.19 5337 6236 3.73 3.95
0.35 - - - - 75.6
0.33 5083 5640 2.81 2.99
0.33 5536 5658 3.10 3.16
1 0.33 5443 6028 2.89 3.09
0.48 5536 5658 3.03 3.13 17.4
0.30 - - - - 113.4
0.32 5454 5693 2.72 2.85
0.24 4836 6231 2.66 2.87
0.10 5296 5904 2.61 2.75
0.16 - - - - 71.9
0.18 4711 5403 3.38 3.55
0.25 4920 5325 3.23 3.37
2 0.27 - - - - 116.4
0.24 4512 5403 3.03 3.25 16.9
0.25 4050 5412 2.71 291
0.38 4769 5471 3.91 4.14
0.19 5852 6429 3.44 3.56
0.40 4919 5446 2.86 3.08
0.40 4703 5395 2.61 2.93
0.53 - - - - 75.2
3 0.32 4538 5379 2.61 2.78
0.36 5085 6160 2.74 291 16.9
0.29 4712 5622 2.67 2.89
0.36 - - - - 115.4
Avg. 0.30 5015 5710 2.97 3.16 95.2 17.1
Table 4. Experiment results of acidic water and loading condition
Experimental Porosity P-wave Velocity Thermal Conductivity
condition (%) (m/s) (W/m-K) Tensile
. : Change Strength Altered
Loading pH Bef.ore At?er rate Dry Saturated Dry Saturated | (MPa) pH
(MPa) experiment | experiment %)
2 0.40 0.60 50.0 4391 5815 2.64 2.85 14.0 7.1
20 3 0.36 0.42 16.7 5655 6204 2.69 2.91 14.0 -
4 0.33 0.37 12.1 5496 6337 2.87 2.98 14.5 7.1
2 0.29 0.35 20.7 4487 6019 2.74 2.88 14.7 7.6
30 3 0.38 0.42 10.5 6080 6670 3.90 4.04 11.5 -
4 0.48 0.53 10.4 5584 6126 2.90 3.10 12.8 7.2
Avg. 0.37 0.44 20.1 5282 6195 2.95 3.12 13.6 7.3

* Porosity change rate was calculated from equation(1)

Aol A 6195 mis® Sk Wit BAEEE 2
Z Aol A 2.96 W/m'K, 323} AFe]ofA4] 3.13 W/m'K

2 Uity A EE 27] 24 9t vlaste] of
20% 743k 13.6 MPao & LpEpgth
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Fig. 4. Acidic solution and loading condition experiment using creep test apparatus
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Table 5. Performed experimental condition

20MPa | 30MPa | 40MPa | 50MPa | 60MPa
pH2 O O X X X
pH3 @) O - - -
pH4 O O (@) - -

* (O: Conducted experiment without failure
x: Rock failure

WO QR U] B QR Aplel Bt
ek bl skgol ZheliRlE A, 3= o=
HEg o g HAE7|E olal, uAltE Aol s
S7F=]715= Sti(Charles, 1993). F4o] 1hgd=ofl 4=
8 9ol 33 W g3 R A SO chaFe sap
5ol FAlel WAgsto] 55| ¥slstA Hrk(Shon et
al.,, 2004, Woo et al., 2009).

 AoAE pH 2 shEEde] w2 ool fE
T8 3= wksloln). 20 MPa @ 30 MPad] 315
oA pH2, 3, 49] AMdpol e dAY FSES
Table 49| 2249} 2ol BE Z7eksick pH % 815
2ol ofst o4 BB Wisk Y= WA Sl
4 (1y% A3l B8 WaE Akt

¢1 7‘?2

Porosity change (%) = x 100% (D)

A (O] ¢ AS A

HAge BHEOIL, ok AH T

Fig. 5220 MPa 4 30 MPa®] d%3t 352 H-=

AofM ARl Abd=e] pH 3o o

S8 ishE ek A0 pHYL U4ES
1

Biaph WAt ol Ab4e] pH % 515 2 W
sfoll uhe} Sephg 47} wigy] WEo 2 wekE,

42 ST 25 s}
S STl Qe YR A v B
&00] B 9 YXAT ek W o4 Aol
5 BYU R 242 7KL Giolehe st &
L olxpa] gl s 4 kel Aol AWsiA
W Z7kstn, v ulAlEde] Wkt gashl Hct
(Kim et al., 2011, Kim et al., 2010).

(¢}

S 9 ok 2N BNt AT

@ 20MPa O30MPa

£ un
o o
T T

*

Porosity change(%)
w
[=]

20 =
0 8
o .
1 2 3 4 5
pH
Fig. 5. Variation of porosity change with pH of acidic
solution
.
W 30MPa-Sat
— | ]
%64 . 030MPa-Dry
g . s » |#20MPa-Sat
233 .« __ |ooompa-Dry
9 T o
9 Initial Sat. P-Vel. B
T
> 352
v b ]
2 Initial Dry P-Vel.
246
a 8
4
1 2 3 4 5
pH

Fig. 6. Variation of P-wave velocity with pH of acidic
solution

orile] Az zoh Aol SR 4 5 p
o
[e]

4o T

[e>
1
h=)
Bl et g 2k oyd Ao

8
ue
N

27| &4 AN S4E g4 3
(5015 m/s)Q} vtk pH29)
A& 20 MPa & 30 MPa9] 6152 1
Au} & 7bzF 4391 m/s, 4487 m/sE AR 3
o Z1e WESIGITE pH3 9| Aol el A= 20
MPa %! 30 MPa®| o152 BhE QrAloflA] hdat &2
L 7}7} 5655 m/s, 6080 m/sE A3 & 271819tk
2k pH4 9] Aol FE AEl= 20 MPa %! 30 MPa
9] 5 T HHoME BN £ 5496 mis,
5584 m/s2 F715 AL WAt Table 4). Fig. 6
= A A 2 ok 24 Y = AMS9] pHO
wE Hxe2st edu S5 vehdich AMd4=0] pH
7h Wolof whet gHdut £=v) ke B Hol
a1 Qlek E3L u3h AR O] BT £rvt Az AR
ehdat gof w3 B 18% =7 YERTH

~ M
o M

&
2

o o
2
&=
=2
S~

¢
i)

f
n
o
EN

£
fu



et Aok 161

4.1
& u m 30MPa-Sat.
§3a o 00 30MPa-Dry
‘é ® 20MPa-Sat
S5 © 20MPa-Dry
=
o
s
32 e
< | tnitial ar T L]
o Initial $at. T.C.
®oo [T T T T T P e
£~ Initial Dry T.C ] g
=
© o o
<
F26 2

1 2 3 4 5

pH

Fig. 7. Variation of thermal conductivity with pH of acidic
solution

43 HF- o H3L
RO %’é‘% %’J
£ miEtajeolct. oF
A 24 ‘3—4?@#3%2—45@}@501]@%}@&7114
ERJTHCho et at., 2008). AHgd<= 2 5
4 YL W= Aol A PN PAke]

4

% 2% 9 FFE| MakHA GRS Holsh
WYY 4 9le oR dsich

® AL A A5 D AERA AF AT
o Alsel Az Jelold AERS ol
oh A% FpH 9 ShEazle] gAmwe] nAt 9%
2 wotst] gl) AF A QA1) B Azems) A
E5g ZAser 38 A% A 94 Ax 94

TEl3.16 WmKZ
SAE pH B sl A9 &, dRErRE pH3
2 30MPa%] A3 2AL A3t 57}4(20MPa-pH2,
3, 4 @ 30MPa-pH2, 4) A8 ZAo|A 27] AEE
°ﬂ H3)| skl Table 4). ¥ & GAEE7t 27
IHEZo H]3)] 2713t pH3 2 30 MPa AF A9
A RS TE Ay, GHARANA 7| A
AR AET} k2 Ao Wo] IHEGTE F=EC] &
2 FH9] FHETE AL e FEC 240 2
Al g WE AR o4t = dth(Lee, 2007). ©]
of pH3 & 30 MPa A% 7ol AREH o4 AJR9] 4
+ FE 249 BoldoR QF thE HRPET o
£ dH=w ¥l Fee Bl Aoz ssle], A =
Zof| w2 4 Wstol gk e whedalA] ol
Fig. 72 A4 = H 352 Fo & pH°ﬂ u}
23} AAEEE LERdh °‘Xé
]_

=
FROIA] 244171 A4 pHY

o ™ g

(ROl
il

18
| @ 20MPa O30MPa

ﬁ Imitial T;m;?;tr;‘z; o o
S
=
=
o o .
& 1 . .
=]
w
K] o
g 12
2 a]

10

1 2 3 4 E
pH

Fig. 8. Variation of tensile strength with pH of solution

U stobie 4T WK, w5
pHO] Ab4Zol] =gl ghalolA] 7haAl s150] 27Kt
ol wet AHEET] ol A RIS ol 4t
#40) pH 2 815 27 wislo] uh Bfahike ol
sto] QJrow yhehEiny.

= = o
o|tiHeo et al., 2014, Brace 1960). & A-toflA e
ot Abde 9l sl 2304 Bek oakE| gkl Qs

QP v o] MARITHA QPFEE W SO0 o

4% 4 ek
TRV ATE B3 ol ghale] 27] Qgmsl

N9 AAZETL OF 14-32%2]

2]oj Fa5l gt (Table 3, Table 4).
Fig. 82 AMd4=e) 4=H A= O]Xhﬂ‘ e W

QFlolA] AHd4o) pHYE wslel m QIzdwme] wiat
2 HojEr) 30 MPad] SFE We %u | pH3 % 4
o] AHgol M 20 MPag] BHE-E Wk Qb4 Hr} Q1)
757t s ek Ea pH29| APl A o
Aol A= 20 MPa 8} 27104 30 MPa2] alz7at
ulaste] 2he dolAek We Qe ghe ek

5.1

2

—

A 2 BhERTI0] Ao X GRS St
7] 9lof pH 2 s5slel T o B4 S35



kg0l MAYSHA HH, F-A(Ad)
ol9] Fduglto] WAE o] oA U F=51]7} WA
Hr §H3} gl Abol9] sty K AT &
oA EARAOlS] f1H S Bleeet Ueld 89 T
of mlElste] 7K Hk &, o] pH7F
g W oo Frt SISk A e
ol&9] & 37t SVl HaL olof wheh wold
olehil-g- Lieof] ofsl 8ol S7HE 4 Wl 3=
Fu7b 71 Aem deEnh ERL pH7EF Wolg el
el b W 358 Wbt SISkl 'duh £ 9l
A= At Jlos wokEch

LT pHE| Aol M AolM= 7Rl st
T 57kl w3552 WPt gasthal, gdut &
=Y deEs SRk e Ak olHdt 7
S FH7NA] 23 (Crack initiation stress) ©]3}2] 3}
oA A 4= = HPl o7t T Fulo]
7F dglew whE £, sk Sl wek Al A
g5 Aol9] sfehilg- W#o] sty 355 Woh=
S A W JAERTE S AR et

R

>

4% 9 AHEES} ol
ePo] TP EE Al

=3 pH ¥ 3}5x4

J

r
2
1o
:oé
H
rr

J
o2
>
>
U
2
By
oy

(Fig. 8). o= 2Fsh-oJstd Jake] gt oA =
o] ¥z} vl ExFelA Uehbs A oulsh g
pH ¥ 3lzo] o] n|2|= g7kl thet Ko wdst
o] a3t Zlor

pH ¥ sk 27 AE 23 5, pH29] Aol 4=
% oFAof| A= 40 MPa, 50 MPa & 60 MPa2] JA3t
shzo] 7} u) sk} HAYSIGIC Ea pHAS] A
ol 4= 4ol 40 MPad] AT shEo] 7talA
= 227} EESEA] kth(Table 5). 5ol ofgt o
AMASE2 4, T3 A= Soll wet ohekskA U
AT, 2 Atol s ot Ao oF 40%of| i
Sk 40 MPa® 7Pgstoith A W skl oJsf +4
o] WMYEH, I 4MISG Atelo] HE WA o] F7t
Hr. o]o) FREE-E dhe AlAS Go] A&H o=
Al eEEWA §E e ST =L +4E
o] X|&# o7 HHASHA EthLiu et al., 2006, Tada et
al., 1986, Gratier et al, 1999). =, & WAjo] o5

L Bl 2 7AeIAE PhAle) Blehike &t Z7khL
g o] A& OR WHstel TS of7|3t
2

40 MPao] 5515 Zrol A pHAS] APSo] A4
B Qe TR gk wb, pH20) A% 4
QPAL SRl E Gt o]t AM340] pH7} ol uf

=
2t 949l 8Eol SV, #E WA S=rt A
Ao olxy] wjEoz wrhgr)
6. Z B

A Aol JaE e AN s
I Qe HEA Rte] B4 #gkE S4sh] 919t o
&gt A ARE FAsislcE Adolde d4oll pH
4 oks 20E Fofdt ¢, 20| WE fETSE ©
gt &, QA O] B4 HskE WEskA
ot AES B3l dold F8 AESS o Atk

ol wet ob W slshibg ool 7t 9 ol w
orH gl Pavt Ao WerE

3. sHgol olgh F9 WAlo] disl skgolA pH2e)
APl A4 QPR Shal7h WAISI L, pHA)
ARGl A48 QPAel A shalzk wAlshA gkt
oh 24 WAle] st shEl A HAIZl A
0] pH7} wobglol whet 29 WA =7k $7h9
7 Wgos g

4. FelelA 71 A A7) gl Aol 315 2
AbReol] OJF b4 B4 wiskE: ofu] B 91
S 2 AT 2 b SAES I Bk A
G5 £ ATE 1T AIFE thedt 2tk

AFOIAE S AN 27] pHYL 4

o] pHS} ThEA vehgek. ol ere] gt

Z WA 39 Uk B 02 BekE,

2 Fol BAHOR AT A4 Alolo] Bkt

ol WSS FHT 5 ek S A

s are] Qhike pHO| Wiskt 7o) gl A4

X o rfT

o]



et Aok 163

ii. QPR Afzzo] Rojul Y] wet &

il B3H8 gL GAS LA

o= O-L= =]
o4 B4 WElE WA 4 9 Zolt
iv. 50 pH, 315 2 AZE So] B3kH ALEAE
& FPHoR B QAE maYTte) o
Ak Btk APS B 4ol js)aket mal
YUe BESh Y wu 7ES R
20 A= Hup A= w2 F7PL 7t
53 Zolct
2 TS B3 Qo7 Auks wAHRYL okje} At
Kol ArE haRet ASFRZE Qi aEe] B4 W
32 &3] fF AR 28 ¢ s AR Y
etk o Ao A7 kEE A E5 3
5= A Hrhel= 82 4 e Aotk

NN

o] =2 20159 AR PSR FH=7o)
A 2015 SRR A 2 )0 2| who}
e ATAEAIS 52114-1)

References

1. Bernd, G. Lottermoser, Cayol, 2010, Mine Waste, Springer,
3rd Edition, Springer, New York, pp. 43-50.

2. Brace, W., F., 1960, An extension of the griffith theory
of fracture to rocks, Journal of Geophysical Research,
Vol. 65, Issue 10, pp. 3477-3480.

3. Charles Derek Martin, 1993, The strength of massive lac
du bonnet granite around underground openings, Doctor
of science thesis, University of Manitobe, Canada.

4. Cho, W., I, Kwon, S., K., Choi, J., W., 2008, Thermal
conductivity of granite from the KAERI underground
research tunnel site, Journal of Korean Society for Rock

11.

12.

15.

16.

Mechanics, Vol. 18, No. 3, pp. 219-225.

. Eberhardt, E., Stead, D., Stimpson, B., 1999, Quantifying

progressive pre-peak brittle fracture damage in rock during
uniaxial compression, International Journal of Rock Mechanics
and Mining Sciences, Vol. 36, Issue 3, pp. 361-380.

. Eberhardt, E., Stead, D., Stimpson, B., Read, R. S., 1998,

Identifying crack initiation and propagation threshold in
brittle rock, Canadian Geotechnology Journal, Vol. 35,
No. 2, pp. 222-233.

. Gratier, J., P., Renard, F., Labaume, P., 1999, How

pressure solution creep and fracturing process interact in
the upper crust to make it behave in both a brittle and
viscous manner, Journal of Structural Geology, Vol. 21,
Issue 8-9, pp. 1189-1197.

. Grgic, D., Giraud, A., Auvray, C., 2013, Impact of

chemical weathering on micro/macro-mechanical properties
of oolithic iron ore, International Journal of Rock
Mechanics and Mining Sciences, Vol. 64, pp. 236-245.

. Heo, I, Lee, J., C., Seo, J., B,, Park, S., H., Park, J.,

C., Kwon, S., K., 2014, Variation of thermal and mech-
anical properties of crystalline granite under saturated-
loading condition, TUNNEL & UNDERGROUND SPACE,
Vol. 24, No., 3, pp. 224-233.

. Kim, J., H., Lee, M., S., Lee, M., H,, Lee, J., M., Park,

S., M., 2011, A study on effects of temperature for physical
properties change of rocks, Journal of Petrological Society
of Korea, Vol. 20, No. 3, pp. 141-149.

Kim, J, H., Lee, M,, S., Lee, J., M., Park, S., M., 2010,
Physical properties of rocks according to heating treatment,
Conservation studies, Vol. 31, pp. 31-42.

Korean Society of Rock Mechanics, 2005, Standard test
method for determination of elastic wave velocity of
rock, TUNNEL & UNDERGROUND SPACE, Vol. 15,
No. 4, pp. 239-242.

. Korean Society of Rock Mechanics, 2005, Standard test

method for uniaxial compressive strength of rock,
TUNNEL & UNDERGROUND SPACE, Vol. 15, No. 2,
pp. 85-86.

. Korean Society of Rock Mechanics, 2006, Standard test

method for indirect tensile strength of rock by the brazilian
test, TUNNEL & UNDERGROUND SPACE, Vol. 16, No.
4, pp. 279-280.

Korean Society of Rock Mechanics, 2006, Standard test
method for porosity and density of rock, TUNNEL &
UNDERGROUND SPACE, Vol. 16, No. 2, pp. 95-98.
Lee, C. S., Kwon, S. K., Choi J. W., Jeon, S. W., 2011,
An estimation of the excavation damaged zone at the
KAERI underground research tunnel, Journal of Korean
Society of Rock Mechanics, Vol. 21, No. 5, pp. 359-369.

. Lee, C. W., Kim, J., Jeon, S., W., Kim, S., J., Jung, M.,

C.,, Lim, K., J., Jung, Y., U., 2014, Mine environmental
engineering, Cir, Seoul, pp. 337-360.

. Lee, Y., M., 2007, Thermal conductivity of rocks for

geothermal energy utilization, Korea Society of Geothermal
Energy Engineers, Vol. 3, No. 2, pp. 9-15.

. Lim, H., U, Baek, H., Kim, C., H., 2000, Feasibility



164

20.

21.

22.

23.

24.

25.

26.

PARSES

1 o

Y

study on the utilization of abandoned underground ex-
cavation caverns, Journal of Korean Society of Rock
Mechanics, Vol. 10, pp. 249-256.

Liu, J., Sheng, J., Polak, A., Elsworth, D., Yasuhara, H.,
Grader, A., 2006, A fully-coupled hydrological-mechanical-
chemical model for fracture sealing and preferential
opening, International Journal of Rock Mechanics & Mining
Sciences, Vol. 43, Issue 1, pp. 23-36.

Martino, J. B., Chandler, N. A., 2004, Excavation-induced
damage studies at the underground research laboratory,
International Journal of Rock Mechanics and Mining
Sciences, Vol. 41, Issue 8, pp. 1413-1426.

Min, K., B., Rutqvist, J., Elsworth, D., 2009, Chemically
and mechanically mediated influences on the transport
and mechanical characteristics of rock fractures, Inter-
national Journal of Rock Mechanics and Mining Sciences,
Vol. 46, Issue 1, pp. 80-89.

Ning, L., Yunming, Z., Bo, S., Gunter, S., 2003, A
chemical damage model of sandstone in acid solution,
International Journal of Rock Mechanics and Mining
Sciences, Vol. 40, No. 2, pp. 243-249.

Park, J. D., Min, K. W., 2003, Variation of physical
properties of rocks subject to artificial weathering, research
of resources development, Vol. 17, pp. 51-60.

Park, S., H., Heo, J., Lee, J. H, Park, J. C., Kwon, S.,
2015, An evaluation of the influence of the rock property
change under saturated-loading conditions on rock stability,
Journal of Korean Society of Mineral and Energy Resources
Engineer, Vol. 52, No. 3, pp. 309-321.

Park, S., Y., 2008, Application plan research of under-
ground space developed by mining, 2nd paper contests
of preventing mine damage, Mine Reclamation Corp
(MIRECO).

S ETERE

27.

28.

29.

30.

31.

32.

33.

34.

35.

Qe A

Peila, D., Pelizza, S., 1995, Civil reuse of underground
mine openings: a summary of international experience,
Tunnelling and Underground Space Technology, Vol. 10,
No. 2, pp. 179-191.

Shin, H., S., 2001, The utilization of abandoned mine
caverns for disposal of industrial wastes, &/=¢/H/-325}-3]
glen)3] % Ajnju A2 F, pp. 167-181.

Shin, H., S., 2013, Underground space development and
strategy in Korea, TUNNEL & UNDERGROUND SPACE,
Vol. 23, No. 5, pp. 327-336.

Shon, B. H., Jung, J. H., Kim, H. K., Yoo, J. G., Lee
H. K., 2005, Effects of salts and acid solutions on the
weathering of granite, Journal of Korean Society of
Environmental Engineers, Vol. 27, No. 1, pp. 101-108.
Son, Y. J., Kim, J. D., 2012, Mine haulage system design
for reopening of yangyang iron mine using 3D modelling,
Journal of Korean Society of Rock Mechanics, Vol. 22,
No. 6, pp. 412-428.

Tada, R., Siever, R., 1986, Experimental knife-edge
pressure solution of halite, Geochimica et Cosmochimica
Acta, Vol. 50, Issue 1, pp. 29-36.

Wiederhorn S. M., Johnson H., 1973, Effect of
electrolyte pH on crack propagation in glass, Journal of
the American Ceramic Society, Vol. 56, No. 4, pp.
192-197.

Woo, 1., Um, J., G., Park, H.,, J., 2009, Variation of
geomechanical characteristics of grinite and orthogneiss
in wonju area due to accelerated artificial chemical
weathering tests, Journal of Korean Society of Rock
Mechanics, Vol. 19, No. 3, pp. 213-225.

Xie, S., Y., Shao, J,, F., Xu, W., Y., 2011, Influence of
chemical degradation on mechanical behaviour of a
limestone, International Journal of Rock Mechanics, Vol.
48, pp. 741-747.



Bl Askgzt

165

RV
20159 Qlsjoista o 23z sk}
B

Tel: 032-872-7551

E-mail: jachongchungl@gmail.com
R IIC AR R PA P BB
REE

Tel: 032-872-7551
E-mail:popo4816@naver.com

R IC L SR [PPSR E
REE

L=
10
1o

Tel: 032-872-7551

E-mail: Iwh5627@naver.com

B EIC RS R PARE S
74

U s s
20124 AT o233 ska)
3HA}

20141 Qlshfak ouix g skt
A

Tel: 032-872-7551

E-mail: wartrip@naver.com

A4 <lshrfshL o Ui x|AFlEsk} vt
REE

ol
i

o
T

Tel: 032-872-7551

E-mail: h-2250@hanmail.net

A4 <lshfeta o AHEs s
REE

H 4|

19874 A& TjshE AHEsT} FH)
19894 Mg ofahn AHelpsha ZoHl
1996 University of Missouri-Rolla,
Mining Eng. 38HalA}

Tel: 032-860-7554
E-mail: kwonsk@inha.ac.kr
ARy Qlatesti of vl A2l E st

oo
Tl




