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o. o713 F712u8H

120 AgE e setd 4 NzeaA A&t B

1) AHAH Y AYESL Fhol R

Shit e 2o 7 ZAHX M| et A9 7Fg-o] A== pH 45 T
6.1 W9l 2th <3E1>12, pH 4.6 ~ 5.00] 255% 24 7} HIH3] A5
H 5.1 ~ 55% 187%% FX& Holia 9om =y 759 A=

<FE 1> 1999172008 A4 Ak R o] A = (pH, w89 )

1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
A& 50 | 48 | 47 | 50 | 48 | 45 | 44 | 47 | 48 | 438
3 48 | 49 | 50 | 62 | 49 | 50 | 48 | 57 | 55 | 438
a7 56 | 58 | 60 | 56 | 48 | 53 | 53 | 55 | 56 | 438
M 46 | 5.0 | 47 | 48 | 47 | 47 | 45 | 54 | 48 | 49

BT 52 52 5.0 5.1 5.0 52 4.8 52 49 53

2 il 5.0 4.7 49 5.1 4.7 4.8 4.6 4.8 4.7 4.7

=5 5.0 5.0 5.1 - - 5.0 52 5.0 5.2 4.7

MERY ohe HYHE E oWl 5 UgE FHE A2EaAd 9
G Frh WE, ¥ 59 AHEES 2IAGNN 2AS ATAY BT
pH #to] 428, 50002 Z+zF YElyth<ii 2>13)




e 73 AENSF pH
H] 211 4,28
* 24 5.00

Zs7F G e Ao JFgFS e A AR A= e
ol e E o 2008 A iAWY gol& AEEAAI SO (2.36mg
/D>NO3; (1.79mg/1) >Cl (1.13mg/1)9] o=, ol AEE Na (0.80
mg/1)> NH;" (0.67mg/l,) > Ca® (043mg/l,) > K  (0.28mg/l) > Mg”
(0.05mg/1) > H' (0.0lmg/D& o2 YR TR<E 3>14),

¥ 3> 1999~2007d A= 2HAH|SHR o] 2F %=

o] 24 &
SO |NOs | CI' |NH | Na° | K | ca® | Mg* | H'
ad 7 Famg/D

1999 155 | 1.07 | 1.26 | 0.54 | 0.62 | 0.32 | 042 | 0.12 | 0.01

2000 2.08 | 1.27 | 1.83 | 0.55 | 1.00 | 0.31 | 0.78 | 0.17 | 0.01

2001 219 | 1.33 | 1.70 | 0.72 | 0.80 | 0.68 | 0.56 | 0.13 | 0.01

2002 2.21 | 1.55 | 1.41 | 0.62 | 0.77 | 0.34 | 0.45 | 0.13 | 0.01

2003 2.06 | 1.52 | 1.52 | 0.70 | 0.53 | 0.42 | 0.40 | 0.07 | 0.01

o= 2004 258 | 1.65 | 1.66 | 0.79 | 0.61 | 0.50 | 0.42 | 0.10 | 0.02
2005 2.59 | 1.63 | 1.34 | 0.70 | 0.55 | 0.45 | 0.46 | 0.09 | 0.02

2006 253 | 1.65 | 1.41 | 0.79 | 0.63 | 0.46 | 0.48 | 0.11 | 0.01

2007 2.30 | 1.53 | 1.35 | 0.85 | 0.68 | 0.37 | 0.53 | 0.13 | 0.02
2008(1~10) | 2.36 | 1.79 | 1.13 | 0.67 | 0.80 | 0.28 | 0.43 | 0.05 | 0.01

14) B9 | THERA e 1 ERETSNEATAD), , YRR
2=, 2009, p. 29.
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ANFFE AXsAPH 1, 3, 56, 7) A (FHAL, s, wHAAd)
WAL dgel d@ 2A-AWE Bal <19 153 2e AWNE QL 2
FAH Qo] st
15) o]d%d, Meb= Abdule] A4 2, , "oiekA2] s3] 4], vol. 33, no. 4, 1998,
pp. 455~468.
16) "=, Tabgu] 3 gz ede] s H7H2)s , A uiEta AAE AT, vol. 1, 1995,
pp. 1~ 18.

17) THEATY, 71293 2gR7E 24 mRle= GeEARTOHIL |, 1993, pp. 344~372.

18) £Wd &, "7l eddel o3 AFAS MxwsAl AEAG2Ab |, TS 38ts EA% ke
23] =37(2)s , 2002, pp. 161~162.

19) AAE 9, Tl EshAlel digk 2bdn|e] 43, | Fea sl L&A 83 BEeks]~]; |
vol. 9, 1998, pp. 19~22.

20) 95, TkAdulel ojgh ohite] F515A |, TiiSESRSs] A7) Sgedsxts, |, 2007,
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b A3 AWl =R Bod Al Aol el 7.7w

2. F712nH

F 7148kl ¥ (Inorganic ¥} H+& Mineral BFQIH) 2] wiQlti gk A3t
ZHE}J_# EEw ole SRl H2Eo] o] =4S Afete W &
= F—’ﬂXﬂZzi ZHS%EE— @E AIE, A3]7F o), Wazd #3b7]e4

] ?3‘1 7]75|];G AR ﬁﬂ Ay, B vE A HARALS galsy] o
= =d< mulﬂ-t— =

gl om7p AgANrE A A= Aollon, HE At
AdAro]l ofye} &AZAY, TS e EFA(E AR, complex
system)& ©| "] gHr}2o),

1A E s A8 ST AMESE FARSEARE, HA4 0] gl
AFer TEHd F7lEe] 50 A &2 IJdFE ot At
of 7= B YEhH AE 4F F 19 §9 A=V AME Y
T 15d F9 AEE TUtets BAS Adu veket ARl wel o
A A e 7 dow, AMER e e EE FHO AES
e g 0. FrlERRIg s A, & 249 JdxY S 274, =4,
7€ olE o dE AU ARE 55 7] 93 "ol Ak it
HolAE= vlH 2 7|3t Ee] 5o o, FrlEuIgs A F
Zjdolnr S frEgEe] 2 AAVE glens A AUl vt
Az e A, AstEe] AMER @ujehe ghEvise] WAE 9
al, @A At ARE HA 9ol =) WA G 2L SR

21) 19)9] =% p. 22.

99) layo] BAS Zo|x|A| 317] 98t WA,

23) #His 01‘311/\} {%H 23], "McG# €4 -Hill Dicthionary of scientific and technical
terms,Fifth ed; , 'A7FEFA1EAL |, 1998.

24) 717A19] mhs Xd?ﬂ afal 111%2 3087 Slate] e 24,

25) WEA, "WstEEsNE, |, FEAE 2008.

26) A3 A Fr)Euiely N—POWERQI 2} -http://cafe.naver.com/mineralbinder.cafe.
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M ATHH

1. A 2A %

1) F71dude A8

o REAYAZ HE e #5Fr1EAneY 152
2 718 @A 239 Fo1A8eld 3%, & 4% ¥4

[©)
AABIAT<E 4> = Fr1Eudde s A FrIERRRIg T A
K<l

3%¢ F714ultE B, C, D2 39stgitt.

A-Fo "3 SAHAYHS 13t <29 2>9F o] AR 3
719l A71% FER AFstget <18 2a)>E A% ZE, A4 232

#&Zal7] Yo, <1¥ 2(b)>E ZAAZITTFE =S 93

(a)%+ 930 =°] 15(mm) (b)HE+ 930 F°] 50(mm)

<a2d 2> Ak Fr1EnRIE AR FH

<E 4> PR AR FHE

[ A8g [ AsA% 00
H A o] 7] A wlelT
A + silica + 22 + A E
A + silica + HAHE
A+ 23

oW >

_10_



jus}
=
ro,
Anj
Lo
m
oX,
o,
o
N
rr
>
m
=2,
~
>,
w o

1
Az % A8 24 242 33k =4

- T

70, 8.0)5 FoIstitt.

2) AR HHE Fr Ay

AT Hgoz A% Frjdnielre Wart o = Jg
& 28] el A 9ol R AuRlE S ARFAR EEIATE
5><a9 3> AFol AMEH S AFSAGS A8t 1 B T
rA 4AS zAe

AZs7Fete] WEE 2617267 glem’, 4SS 0247053%, ESES
0.6471.39%, ¢=7%E 159172723 kgf/em®, Q@4 %=E 617133 kgf/em”

IH(wt/%), FrdES

10.0723.8, +% 14768 L

o™, XRD A%
3797579, &z
)29,

b

Q 2267428, AHEA

I =54 0.172.39]

N HE
2o

o 1%

F A

[0

<E 5> dHARS AVIsh mxE FU1ERIY e A

A8 &4 (mm) HF 1 E A (mm)
A-1 B3t 50%20%50 5
B-1 Bt 50%20%50 5
C-1 Bt 50%20%50 5
D-1 B 50%20%50 5

29) A3 AFAE AB-http://www.granite.re.kr.

_1‘]_



<d 3> Fr1dneld

il
2
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[e]
o
X
>
fru

2. AEAFAze} F1E0JAGA & H&

vt el = A9 A =S Roles HE e R H7 9
710 W= 47FA pHO A5 AlZeith Bag wpo] wEd $-2u
gho] ARdH] = oAbl s E e, Aol wet AHdH] dgor FA4H
Az Holm=z ALY pH 562 7oz AP om ojrth
gk Abduld ] pH 4.05 Alxste] vluwstith g-2vhetel A A A4
Koz Yty abdu) o] A EE ofyA| Rk A e} By = 4
AHAHIE Al xdte], dzbe] oA o A gWstE #ESg Alxd 2
TATE <¥ 4>8 Fo] (a)= FUIAHRIEE 409 F1F 60me] Q¥
Aol AEE, (b)E 409 5o 10me] AFH-E A ol
ST Merck it)E ol-&ste] A3 A A9-oke] whrgol g
Hl A5 2 AFESFATE Al Zgh 13799 A= Ffol2dis <i

6>l A A skt

<

1=

6> Aol A8d Ao A= ()} FroldE

4.0 | 33.88 | 0.36 6.09 0.00 | 81.67 | 18.67 | 17.61

7.0 1.67 0.18 0.71 0.00 0.39 0.28 | 0.0043

_12_



(a) HFAH (=

(b) welEi 7k 3 QP A E(FAD

<a¥ 4> AFH9-9] 48U

3. F71duly e P2 F=HE

Nzpaa wEAAY A5 g 48 F 2 mEAAe] R
weh Zel-sehy WAabe] thEsl Ueh] e ol % ety 98 4

=<
SR B FEAR A AN
S &

e

T F1AvIY Almed g 5t 2
Ak 7 FriAwIgE Ewsste]  dxtdEw Ao FEAE o
SEM-EDX S-2300 (Hitachi iit)E o]&3le] F+AseAdES 4]
o, B2 IFHAR FAS 98 D/MAX 2000(Rigaku jit)S ©
X-A FHEAS s h

o
ol
s

ol
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stebd i B4 A(eEF)F71dvig e vtadla(Mg), 25 (K),
TA(SDe Ao dFulE(ADe]l AEHAom, By 71dntdlrel A= f
2(Sh), ¢FrEAD, vta2dlEMg), ZEK)el, CF71dnlgd = f
2(Si), &FrEAD, vtdlaMg), ZE K)o, DF-71ZAulg e s vt
adlEMg), 14(SD, ZE(K)ol A = At
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<E 8>°ﬂ el on <ad 14> agZ2 7AYo
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o

1o

[

ox,

?, H—I
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A& pH SRl &5 FAREE(%)
4.0 16.2868 14.4417 12.78
A 5.6 15.7841 14.1121 11.85
7.0 15.3173 13.6238 12.43
8.0 16.2340 14.6391 10.89
4.0 14.5427 13.8963 4.65
B 5.6 14.8286 14.0825 5.30
7.0 14.5593 13.9374 4.46
8.0 14.9089 14.2026 4.97
4.0 12.6503 12.2884 2.95
C 5.6 11.7374 11.4929 2.13
7.0 12.4280 12.0892 2.80
8.0 13.3671 12.9549 3.18
4.0 16.3134 14.6627 11.26
D 0.6 16.9318 15.2417 11.09
7.0 16.8912 15.2215 10.97
8.0 17.2694 15.5780 10.86
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732 2
- 259 &5 F
D =

(m/sec) AR

(kg/cm?)
40 A 12215 137.7
) z 1131.2 1325
5.6 A 11832 1355
) =z 1113.8 1316
70 A 1155.3 1339
) = 1112.1 1315
8.0 A 1189.1 135.8
) - 1104.0 131.0
40 A 1065.2 1289
) = 1049.8 128.1
56 A 1041.0 127.6
) =z 1014.2 126.2
70 A 969.0 123.8
) = 941.9 122.4
3.0 A 986.2 1247
) = 957.2 123.2
40 A 658.0 1086
) =z 640.3 107.7
5.6 A 625.3 107.1
) = 614.4 106.6
70 A 655.3 108.4
) = 653.8 108.4
8.0 A 683.2 109.9
) = 6785 109.5
40 A 1236.1 1385
) = 959.2 123.3
5.6 A 1252.1 1395
) = 907.9 120.6
70 A 12327 138.3
) - 970.8 123.9
8.0 A 1321.1 1436
) 3 1011.0 126.0
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A 56 | 84.16 | 230 | 932 | 8348 | 1.16 | 498 6.23
7.0 | 8566 | 206 | 868 | 856 | 1.03 | 432 5.9
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Ag A 48 5 H 38 (%)
A 2.36 8.79 73.15
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D 1.38 7.42 81.40
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<E 13> F71ERRIY Alsek whedt A5-(pH 4.0, 7.00¢] g Fol=d i SHppm)
ppm Na“ Mg? K’ Ca*
pH 4.0(Q1&7%) 33.88 N.D. 6.09 0.36
14 130 29 1018 4
A 224 160 1,794 11,890 3
40 165 1,920 13,253 5
14 146 47 1,021 4
B 22¢ 208 950 9,854 13
40¥ 207 941 10,140 10
14 149 103 1,719 5
C 22¢ 252 1,977 20,284 8
40¢ 294 1,471 21,060 8
19 171 32 3,156 5
D 224 217 46 9,060 7
40 206 37 9,125 7
pH 7.0(1&7-%) 1.67 N.D. 0.71 0.18
194 18 18 717 4
A 224 16 1,971 13,037 9
40¥ 5 2,131 13,991 5
14 31 35 749 4
B 2249 99 1,052 10,713 13
40¢ 127 1,072 11,141 11
14 23 133 1,673 7
C 224 168 2,040 20,616 9
404 196 1,457 20,750 8
14 45 55 2,108 4
D 224 145 25 10,821 7
40¥ 168 22 11,771 6
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o 7+0 =0 H
HROICIZ} S8 Z2(pH 4012 B 0| 2P R HE
250000
200000
150000
ppm W Nat
" Mg+
100000 s
uCal+
50000
0g ———!
1% ng 402 1%
Wil ARl e pllc] Pl
235 7S o H 3|
BROICIZH S8 2 (pH 7012 B 0|24 EHE
250000
200000
150000
ppm oz
o Mg2+
100000 Wi
L5
50000
1% ng 4% 12 ng 4% 19 ng 4% 12 ng 0%
Hilh A L] ey pEsIE

a9 21>

AP whE F71EuRIE AlEeh whRk /150 Sy o]/t




A A g FHE FrIAnH
1) EA¥E A
(1) Z=ws3}
FERse] e SARE <E 14>9 ol 7 A5 I #E =4
stlom <1¥ 22> AR WEtE YER AT
<E 14> (@) Ved94E -5 F71ARIE AZF B2 A R e ARt
2o %! :-:*4 1 %‘*:_‘M
As | pH | 249 | &= T e
4S5 = HEA=
(m/sec) 5 5
(kg/cm?) (kg/cm”)
g A | 2796.86 3356 460.4
4.0 203 2488.0 278.6 235.0
g T 2464.7 274.9 232.7
A4 A | 2897.05 3476 493.6
5.6 203 2600.1 297.3 246.4
A g F 2455.0 273.3 231.7
g A | 4004.99 4806 1065.3
7.0 203 2540.9 287.3 240.3
A8 F | 24615 274.4 232.4
g A | 2903.59 3484 495.8
8.0 203 2453.1 273.0 231.5
e 5 2388.4 263.0 225.3
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(b) AF7F-4E A-F 714wy B7F 539 gAA 8] Zrwst
3E4 1 384 2

NE | pH | 3RQ | TETEEL 2y 4
m/sec) | qzze | g4az=
(kg/cm®) (kg/cm®?)

28 A 2355.0 258.0 222.1

4.0 203] 2282.5 247 .4 215.5

g F 2279.4 246.9 215.2

g A .2408.3 266.0 227.2

5.6 203] 2387.3 262.8 225.2

e 3 2255.4 243.5 213.0

o A& A 2464.4 274.8 232.6
7.0 203] 2380.9 261.9 224.6

48 F 2337.5 255.4 220.5

4 A 2379.8 261.7 224.5

8.0 203] 2375.4 261.0 224.1

e 3 2325.3 253.6 219.4
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() AFH$AE A5 Fr1Aukeld Cob 3

it
le)
1%
>,
bl
o
oy
ki
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24 A 2313.9 251.9 218.3
4.0 203 2190.6 234.6 207.3
e ¥ 2176.5 232.7 206.0
24 A 2263.8 244.7 213.8
5.6 203 2100.4 222.6 199.5
e 5 2040.5 215.1 194.5
C-1
e A 2299.7 249.8 217.0
7.0 203 2240.4 241.4 211.7
e & 2189.9 234.5 207.2
A8 A 2248.1 242.5 212.4
8.0 203] 2110.7 224.0 200.4
HE F 2076.0 219.5 197.5
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(d Jda74-48g A5 Fridvely D7F H25 A 5o FrHs)
484 1 484 2
ZLu &5 = =
Ng | pH | &3R4 o T T
(m/sec) | gtzzE | AEFE
(kg/cm®) (kg/cm®)
g A 3131.3 404.2 308.3
4.0 203 2905.7 354.8 280.3
g 3 2760.3 326.2 263.6
e A 3008.3 376.5 292.7
5.6 203] 2864.7 346.4 275.4
e T 2732.8 321.0 260.5
D-1
g A 2991.8 372.9 290.6
7.0 203 2966.3 367.4 287.5
g T 2849.0 343.3 273.6
g A 3006.4 376.1 292.4
8.0 203 2872.3 348.0 276.3
e T 2835.0 340.6 272.0
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CE 15> F/1ANRIE S A2 @ /ARl sh AR AFS A A A7
g A 44 ¥
A% | pH E(H A1)
L a b L a b
4.0 73.82 | -0.30 | 4.24 | 73.66 | -0.37 | 4.21 0.18
5.6 75.17 | 0.05 4.84 | 75.10 | -0.02 | 4.79 0.11
A-1
7.0 76.08 | -0.29 | 4.24 | 76.01 | -0.36 | 4.21 0.10
8.0 75.94 | -0.21 | 4.91 | 75.89 | -0.28 | 4.85 0.10
4.0 78.28 | -0.22 | 2.53 | 78.21 | -0.25 | 2.50 0.09
5.6 70.20 | -0.45 | 3.42 | 70.14 | -0.51 | 3.39 0.09
B-1
7.0 78.79 | -0.06 | 3.94 | 78.74 | -0.13 | 3.92 0.09
8.0 77.58 | -0.39 | 3.22 | 77.51 | -0.42 | 3.17 0.10
4.0 76.46 | -0.19 | 3.13 | 76.40 | -0.26 | 3.09 0.10
5.6 78.02 | -0.11 | 3.14 | 77.96 | -0.18 | 3.11 0.09
C-1
7.0 78.49 | -0.45 | 2.83 | 78.43 | -0.52 | 2.78 0.10
8.0 74.04 | -0.44 | 3.07 | 73.99 | -0.51 | 3.04 0.09
4.0 73.31 | -0.18 | 3.61 | 73.25 | -0.25 | 3.56 0.03
5.6 78.21 | 0.02 4.52 | 78.15 | -0.03 | 4.48 0.09
D-1
7.0 75.40 | -0.17 | 3.91 | 75.34 | -0.24 | 3.89 0.09
8.0 74.29 | -0.04 | 3.85 | 74.24 | -0.11 | 3.80 0.10
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AlEY | pH
4.0
5.6

A-1
7.0
8.0

(a) F71durdlelef oA AA e =2wst (Avkld) (EAAR )
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Ned | pH A5 Ag A A4 A ¥

4.0

5.6

7.0

8.0

(o) F71dnrde o b A 22¥st (Cukld) (AA-AR )
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A& | pH
4.0
5.6

D-1
7.0
8.0

(d) F71&vpie ek b AA e =4Rst (Dukly)  (AdEWA)

< 25> A ARl F2E Fr1Enklveh by A ] 2AE (BAEM )
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&
o
o
o
ro
oX,
S
E
ot

A4S Ago=z At AR F2e Fr1dnely Adie A
U "5 ZolE dolry] 9 4Ae YA 72o]2(0.3cm, 05cm) Fo
g st AFAT EUFEE T olRAES 4 sdoen I he<i
16> F Ao

GE 16> (@ V&7d5pH 4009} HEg2E F71duIRIE7E 218 oF4e] e o] 2/ 8Kppm)

o] 24 ¥(ppm)
A=

Na* Mg?* K’ Ca®

(Eflid‘;(;%) 339 - 6.1 0.4
Hg A oA 1444.6 1746 1046.9 405.6
409 165.2 1919.7 13253.2 55

A-1 | 0.3(cm) 1458.0 14734 5432.3 832.8
0.5(cm) 13665 699.1 3173.9 8425

409 206.6 940.7 10140.0 9.9

B-1 | 0.3(cm) 1024.6 3990.0 12482.5 407.2
0.5(cm) 1031.3 491.6 17574 465.7

409 294.4 1471.1 21059.9 8.4
C-1 | 0.3(cm) 1456.0 33295 4841.8 1015.2
0.5(cm) 871.4 250.7 2721.1 323.8

409 206.0 37.0 9124.8 6.6

D-1 | 0.3(cm) 1166.7 1565.8 7161.4 598.2
0.5(cm) 1176.0 1169.1 3497.0 482.7
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(b) 1-87-5-(pH 7.0)¢} WH-3-&F 7] dnpQIei7F 2213k 9FA 9] 3t o] /4 ¥ 3H(ppm)
o] 24 ¥ (ppm)
o R=Ac

Na* Mg?* K" Ca®*

(5;1;7%.070}%) 1.7 - 0.7 0.2
g A 44 1444.6 174.6 1046.9 405.6

404 75.0 2131.0 13991.0 5.0
A-1 0.3(cm) 1735.0 3651.3 10200.3 636.4
0.5(cm) 1894.1 371.8 2973.8 745.7

409 127.0 1072.0 11141.0 11.0
B-1 0.3(cm) 2342.8 4838.0 15650.7 1027.9
0.5(cm) 820.2 1274.7 4949.2 409.6

4049 196.0 1457.0 20750.0 8.0

C-1 0.3(cm) 1434.8 5174.5 5510.9 620.6
0.5(cm) 969.0 603.5 2726.6 4579

404 168.0 22.0 11771.0 6.0
D-1 0.3(cm) 1273.2 2519.1 3070.2 603.5
0.5(cm) 3845.1 1098.7 2606.5 386.7
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(Abstract)

Most of stone monuments are located in out-door and need conservation process to
maintain their original status against damages by natural conditions. A lot of sorts of
conservation materials are currently applied according to damage types of the stone
monuments while cement mortar and lime were used for conservation works generally
restricted to binding and filling in the past.

Many factors influencing the deterioration on the stone monuments, environmental
pollutions due to industrialization are dominant these days, among them, acid rain has
been reported as one of the most critical variables which take effect. Treated
conservation materials as well as rocks making up the stone monument are affected
by those degradation factors, which shows damages such as efflorescence formation,
exfoliation in their constituting rocks.

Problems were found in cement mortar applied as conservation materials for stone
construction earlier in architecture industry and studies have been performed to replace
it reporting better stability of inorganic binder. Stone monuments conservation, with
similar problems as those in architecture takes into consideration the application of the
new materials, however, due to its distinct characteristics of cultural properties
management, researches should be performed in advance on various environmental

conditions surrounding the monuments and their constituting rocks to secure stability

_67_



of conservation process agents.

Degradation of inorganic binder by natural environment and its influences on rocks
were analysed and practically demonstrated on stone samples in this study to ascertain
the stability of inorganic binder expected to be applied as conservation materials for
stone monuments. A species of pure inorganic binder(A) and 3 species of inorganic
binder(B, C, D) which contain additives on the basis of species A were selected as
test samples. Specimens were applied in Geochang granite and their influences on
rocks were analysed. The stability of inorganic binder against rainfall was regarded as
the most important factor among many damaging causes considering that stone
monuments are located in the out—door. Artificial rain with pH 4.0 and 5.6, respectively
were manufactured on the basis of the acidity of domestic rainfall whose average
acidity ranged from pH 4.6 to 5.5 during 1998 to 2008. The artificial rain was applied
in the inorganic binder and changes in their properties and rocks according to them
were analysed. Alkaline rain with pH 80 and deionized water with pH 7.0 were
prepared as control group. Inorganic binder was immersed in the artificial rain.
Artificial rain was injected for 40 days on another inorganic binder attached on rock
specimens.

Mg, K, Si, and infinitesimal Al were detected in specimen A, Si, Al, Mg, and K
were detected in B, C, and Mg, Si, and K were in D, respectively by chemical
analyses. XRD results showed that all the inorganic binder contained
calcium-magnesium oxide, monocalcium phosphate, monokalium phosphate, and quartz.

Changes in weights were not definite according to the change in acidity of artificial
rain while weight losses in inorganic binder A and D were more than 2 times of
those in B and C.

Uniaxial compressive strength by ultrasonic propagation velocity showed that the
difference according to rain acidity were negligible but significant according to
specimen of inorganic binder. The compressive strengths of specimen A and B were
larger than those of B and C before artificial rain application but its decrease rate
were larger in A and D than B and C.

Change in color did not show significant correlation with the acidity of artificial rain

but did according to specimen of inorganic binder. Their differences were A, D, C, and
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B in order of quantity. In this regard, inorganic binder was expected to make aesthetic
problem in stone monuments by changing their color due to rainfall.

Water absorption rate before and after the artificial rain application were D, A, B,
and C in order of degree. The rate of inorganic binder before the artificial rain
application was high with 1.05 to 11.95 wt.2%. Such high absorption was considered
that it forced rain to move deep into inorganic binder and made the components of
inorganic binder dissolve.

Cracks were found in all the binder specimens due to the artificial rain making
microgaps between binder and rocks. The crack in the binder was found enhancing
the inflow of water into rocks at the site of binder application.

Acidities of the artificial rain of pH 4.0, 5.6, 7.0, and 8.0, respectively were changed
to alkaline over pH 9.0. Ion concentrations in the artificial rain changed after their
reaction with the inorganic binder and Na’, Mg%, and K' significantly increased,
dissolved from the binder. The high concentration of ions detected showed that the
binder reacted with rainfall and formed salts with high solubility such as
MgS04-4H20, MgSO4-6H20, KNOs. Repeated dryness and wetness was considered to
make the salt move into rocks along the crack in the binder and to have the rocks
damaged by exerting physical pressure such as crystallization.

In conclusion, the degree of damage of the inorganic binder was lower in B and C
than in A and D, however, all the 4 inorganic binder specimens were not thoght
stable as conservation materials for stone monuments taking into consideration

excessive water soluble ions in them and cracks they made.
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