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Weathering Impact for Rock Properties and Material Characteristics of
Concretes Used Stone Pagoda of the Mireuksaji Temple Site, Iksan, Korea

Dong Sik Lee', Chan Hee Lee** and Jiyoung Kim’

!Tksan Mireuksaji Stone Pagoda Conservation Team, National Research Institute of Cultural Properties, Tksan
570-911, Korea
Department of Cultural Heritage Conservation Sciences, Kongju National University, Kongju 314-701, Korea

The Mireuksaji stone pagoda in Tksan is the largest stone pagoda existing in Eastern Asia. It was assumed that
originally it had been established in the shape of nine-storied pagoda but as time went by only six-storied pagoda
remained partially due to collapsing, repair and reconstruction. According to the reference, we can’t make sure
when its modification happened. The form that the pagoda is having now, was modified with concrete by the Japa-
nese during the 1910s. The materials mixed in concrete were mixture of Portland cement, all sorts of stone, sand,
and a little bit of new building stone, additive and compound. And also these materials were applied to cultural
assets without any experiment at the time of 1910s as maintenance, which are still used recently. To prevent the
change of its shape, the west side, south side and the north side which is partially destructed was rebuilt and rein-
forced with concrete and some of the deformed parts were also filled. The amounts of concrete used were about
200 tons. Such method had prevented the pagoda from destructing, however, by choosing a wrong repair method,
its surface of the stone has secondary contaminants and precipitation caused by concrete. This kind of contamina-
tion speeds up the weathering which accelerates the aging mechanism of the stone to make it even harder to revive
the absence of historical nature. Therefore, we are to find the best cleaning method to remove the secondary haz-
ard contaminants.

Key words : Repair, Reconstruction, Portland cement, Additive, Weathering, Cleaning
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Fig. 1. Photographs of the remaining six storied pagoda after collapse and before or after the concrete maintenance in year
1915 of Mireuksaji stone pagoda. (A) Dosal view of the west side where the partial stone line have recollapsed even after
being mended through stonework. (B) Frontal view of the east side where the south side have been extremely collapsed. (C,
D, E, F) The present view of east, west, south and north side after maintained with concrete.
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Fig. 2. Microphotographs for the rock properties of Mireuksaii stone pagoda. (A) Scanning electron microphotographs of
rock-forming minerals, altered minerals and organic matters. (B, C) Rock-forming and alteration minerals showing host rock

of the Mireuksaji pagoda.
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Table 1. Concentration of major (wt. %), minor and rare
earth elements (ppm) for the host rock of the stone pagoda
in Mireuksaji temple area.

No. MRS-1 MRS-2 MRS-3
Si0, 70.57 71.93 70.81
ALO, 14.78 1431 1432
Fe,Oy 2.16 1.91 2.00
MnO 0.03 0.03 0.03
MgO 0.49 0.49 0.42
Ca0O 240 T221 295
Na,O 4.09 3.54 3.59
K,0 4.01 422 422
TiO, 0.36 0.38 0.33
P,0; 0.15 0.32 0.28
LOI 0.92 0.64 1.11
Total 99.95 99.97 100.0
CIA* 58.47 58.94 57.10
WPI** 6.15 5.68 5.95
Ba 935 954 309
Be 4 3 3
cd 0.4 0.7 <0.3
Co 4 5 5
Cr 256 270 240
Cu 3 5 7
Cs 49 3.6 6.0
Hf 42 43 43
Ni 121 137 109
Pb 17 28 24
Rb 176 178 180
S 10 10 10
Sc 22 22 23
Sr 473 471 431
Th 14.9 17.1 109
U 15 3.7 1.9
\' 11 8 <5
Y 5 9 10
Zn 71 131 61
Zr 149 165 139
La 39.7 338 732
Ce 62 44 84
Nd 23 24 37
Sm 3.9 5.0 75
Eu 1.0 1.0 1.2
Tb <0.5 <0.5 <0.5
Yb 0.6 0.6 0.6
Lu 0.10 0.09 0.10

Fe,0s; as total FeO, CIA*; Chemical index of alteration,
WPI**; Weathering potential index by Nesbitt and Young
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Fig. 3. Photographs showing surface texture of the concrete used in Mireuksaii stone pagoda(X100). (A) Concrete. (B)

Primary mortar. (C) Secondary mortar.

Fig. 4. Microphotographs showing surface morphology of the concrete used in Mireuksaii stone pagoda(X1000). (A)
Concrete. (B) Primary mortar. (C) Secondary mortar.
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Fig. 5. A construction of concrete sample used in Mireuksaii stone pagoda.

Table 2. Chemical composition (wt. %) of mortar and
concrete.

Primary  Secondary Average

Elements Concrete
mortar mortar
Si0, 80.682 84.151 78.118 80.98
Al 04 4.626 3.304 3.838 3.92
Fe,04 1.060 1.004 1.170 1.08
MgO 2.442 0.647 0.611 1.23
CaO 10.49 10.32 15.46 12.09
Na,O 0.258 0.150 0.234 0.21
KO 0.343 0.346 0.466 0.39
TiO, 0.099 0.078 0.101 0.09

Table 3. The assay of cement used on Mireuksaji stone
pagoda.

Primary  Secondary Other

Classification Concrete
mortar mortar

Cement

content(%) 96

23.7 15.7 51

Table 4. Chemical composition (wt.
common Portland cement.

Si0, ALO, Fe,0; MgO CaO SO,
20 53 30 13 649 19

%) of present

VM
0.6

DR Total
0.1 99.1

VM: volatile materials; DR: disuse remains
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(B) Gel porosity.
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FABEE AHES F3lEE B Ca(OH,E A
2387] W] 7hek Yzl d(pH 12~13)S YRt
o|Re FIE HA pHE AF3te akle] . o
Ca(OH),Z t)713ol] <k 0.03% EF= o] Ue ok
9] Bhabriiol HEsle] CaCO,02 H3lslH, ol
CaC0O;0 2 W33t 729 pHy} 8.5~108 52 4w
AL 9 Sk TERCS] $3kee vl g B
Fshar 21 Algel AA wighgict, deolr whEshe
EAQ] Sk g3 2

2(Ca0),Si0,+6H,0
—(Ca0)(SiOx)H,0)5+3Ca(OH), 0]
2(2Ca0SI0 )V HH,0

—3Ca0,8i0,2H,0+Ca(OH), )
Ca(OH),+CO,— CaCOs+H,0 3)
(Ca0);(Si0,),(H,0)3t3CO,

—3CaC04+25i0,+3H,0 @)

T3} 2719 AHE ShE2 R H9 wheAe

mEy zbzb 9502 whe-S SNSRI 2 ke

Z34 gag. dnFos ieEse 27t &,

ARE Y7t &S, L5t 244 At £
AHIE SIfHES &4 SIRMER AR ¥EL o

o] 2 AES 2431 Ao ©]89] Fvhe2 v
9 Bl saldno] & 93e Fok

ARIE7} 2HA3] olEE Ho) 35% o] 4kt
237} =) Aslel 8% e g} a2gal
7] Fol de wirtaet wkeste (3)F 7ol
CaCOy2 A3}, ol /4% CaCOs9] delAgol
oA pHZE 8.5~100] HH FAdskE Zlejch. 3
FE9] w3} AYPHEE A7) AT o
tlEAQ Zlo] S48} g AARE she Aelth A
A7 ARz St JaEE Agolztd FAjeh
AEH F3E FANE F de 880 FEsL
Atke 2SI git,

21y defo|Eqalite) 32 A|WE 813HE Foll
A 7P B2 Aleg ARSI &3 HeEk EnE
Ca(OH), A4 S3H2(C-H-S)2 g & &
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gt BA9 (SiO)*E (SiOHg)Y o2& =31 U}
olE YA} F 4ol Ca¥te} AFsl HikHE FIE
(C-H-S)°] A4gt}, o] #3E- AR el wet 3t
stzAdo] Wkl A Aol AR ol

21(2)2} Hlgto|Ebelitey= UlF-E BFLE AWE
4 HEF 7P bt =g sk Wit
o|ES} 7o) Ca(OH),%t A “JEfe] C-H-s2 A3k
Al M=, Ca(OH), & go|E wrct A A
Agch. AlMES] kg o A= CaCO;,
H00] §leH, CO8 uhe-3les (4)eF 7] CaCOs&
AR o HHg-e BAgl Hheo R sl g
gl AdEE 42 3y (@eold

%733} R3S THogHE MAE] AlFsle] URE
Yt FIHNE A3 AIEE 3 A Sl =
49 XHTE Aol e Fio] o Be] FA4st 2
FErhs AW WSITH712, 1995). 543 A48=
<1 Wi (CaCO; 1= FHFEAC) E(caluncite), oF}azL}
) E(aragonite), W}E|E}o| E(bateriteys 3% A7t
o, A3l o8 AAgEE e FMEAelEejT)
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294 ojE4] . o

57t eitol2o g sk, gty oR dirle] -
H BA FEE 0.03~0.1%3 5otk AW H%rt
ofujgt 37 FFhxlo] Qliibel] uwlel Aek HAE
Bk, v S5AA Aehe EAYER dAFREe] B
=] e]fe} o|x A xgkd deg7he 7RI 9l
I AN} e E3AE ANl oS 2wt
7t=E el 3lS Aot} i FAE &
o} gl= A8 AAA HlEo] EeEHA 8
EW7}* FE7t wobd Zloly, Fol B2 FUsiu

2 BER 28] o] 4 FEE JEpt
i ME}. FEollM B e A5 (6)9] ol
3l Jwz Jepid.

CO, + H,0 =H,CO;4 H + HCO5” &)
HCO; e2 H' + COy ©)
ZaEE o8 FHEZ o|Foz FAAH0]7] u)

o WAdell mIxle Qclo] Btk 2 F #A7t
AL s 23ksle BY, X3k, s HE
o5t Aajolr}. o] IS o] QEEt Al
Z8E FoA sEe Ao H|e} Xelert 248}
of 2 YRt Sobx AREY] dE 2% ZGA
(MgS0,, CaSO,, K,S0,, Na,SO. 7 Bt} sl
= MgSO,8F MgCl 5o] 2850 it} #34 4k
H,0, SO, SO; Fo| A%t ojegt Ak g
HEsME Felrt FaAEEA JE-RIO|E (ettringite)S
B 2 AF WA o8 FAHEs 4L O
7,

(Ca0);, (Si0,) + CaSO,+nH,0

— (Ca0)Si0,, CaSO, +nH,0 )

%
=
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5.4. AgALY

HEARR] Agto FER A NE pHE &
Agk A Table 59 2T} pH HHE EH 9.14~
1177 9892 A3s S48t A=z S-S
& 5 itk A8 7152 pH 8.5~1022 &2 ) A

Table 5. Values of the pH in concrete of Mireuksaji stone
pagoda.

. pH
Place Direction Sample Trsde Middls Outward
Second SW C-1 9.77 9.80 9.58
floor WN C-2 9.14 10.03 11.07
. ES C-3 9.15 9.23 10.99
?:;S SwW C-4 9.99 10.00 9.73

WN C-5 9.30 9.59 11.02

LR

8 idel X —‘T’—‘?’*PJr 7 FE2 Pgst Gl
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P Holx itk oAl &
e FA ol A&HoE ‘?FSH% =3 ﬁ“— ‘Rlﬁ}%

olAg zZ} AEnrltt F438 £}t fEA e
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o] Ax, A, 13 FAME & THE EE, vl
Ao wrEvkg EOﬂ o8 Fggrt deERvker]
2, 1995). 78512 FAYUE F2E9| F9] T
webr] S8 SErb S Wt giv)e *Prﬂ*
=7} 50~70% w7F 7P wEn, A3 F8o) vt
Ere AtE mEe S22 gdd. F2ds T:1171
289 et Al JFgoR £t oS mEA
3= 9l
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FolA 3 WHH xHe] pHe & 28% Zo|7t drt.,
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Bl 4% 43 & 2ol itk C-3, C-
59 A9 Uas S Aol Hss g3 H9e
U fHos ApE A Advlelds do g
A ANEAH AHAe Ages A43E AojE Ho|x
ot F43 B FEL S AT -,
C-4= 79| HISE pHE 7 3L AlZ9] 94 &
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HAEAS M2 7 s 290g 7K E Utk
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o e WiElE doh o3 A4 BA xHS
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Fig. 8. Experimental on the Carbonation of concrete. (A,
B) Condition advanced neutral reaction all over. (C) To be
done neutral until the middle part and to be going on the
neutral reaction up to now.

T RIHT o] 0|2 ]IS F93t A= dA
e FARAA HAE = & UG VE
E 7 QX EAlE S92t = ek
WA AE FAAY e S9skE AeE ¥N%
Azt 24 R wet s Aozt vzd
47643 2 @3 we} S35 A= gERS &
T Uk ol9h 2o AL FadE elA AuA
7 #@Ae] "ojx]7] wiEelrt. o= Fig. 84 vt
W AANE F23E WA ST AR S
< 4 F UARAHEFAAANAE A+, 2005).

6. TEM YUEH9Y HE

6.1. SCIEEE 54
M3l AS Hols AJHE pH 62 2 5.0 24 E

ARS8l G s Azl mhE MY A Fo,
A5E ANEE Bogh A3 78 FrIedEde
Table 6, 73 2t} &miAle] w2 pH EMZAE 1B
W pH 62 -8ul; 577~7.07F<; 641), pH 50 &
of; 6.20~7.24(F4; 6.7HE UIAE £ Buixe} 4
#Aglo]l A9 vl F4L Uk B FRANE F
THAZIE BulA|eb Adgle] Favdhe WhHY ECE
Z71 A VElstch T3 pHoe| AUEE ok
A7} Eh= BWER ¥ A E 7BV EC BY A
LS 7T Y 25T S AFAEE BAFHA
2Tt AAHOZ pH 5.0 SIS AHESAE # Eh
E A9F ZE P2olM A HEHAT

AEH & Sol29 A% BY Br ¥ POSE
A& 9ol F# NOyd A= EFaHe
2 gaso] B AR AEHITE whEe
Cl 3 SO & whgAo] d3sh AZHUL. CI-e
pH 5.0 9914 SO+S pH 62 &olold H& 7
SEFS 2T fElEe Jdle EEEi.

FAR ool o] FdhEe 2 SiPe AE pH
50 &ui(Ca®; 3.614, Fe™; 0.024, K*; 1426, Mg™;
0211, Na*; 1491, Si?"; 0896 mg/)7t pH 62 -&nj
(Ca®*; 2.824, Fe™; 0.016, K*; 0.793, Mg?"; 0.104,
Na'; 0313, Si%%; 2.835 mg/HEt} £& {53 o] zH
=t} 53] Sie o P8R XEUE AlRE 74
Hgo] 22 g B2 oo HHAUI 4HIFHT}
= 35N 4A BES ¢ U

ulF ool AL AP, ¢, Co*, C, Cu*t
Z A93 o] &2 pH 5.0 SulollA] FA £Fo] HA
o} olejgh Hae HE o]2& A2Jg pH 5.0 8
7} pH 6.2 871 AREE 1B} whgAdo] FA Yt
Wk A A E digt §eiAle]) Q92 AR
A BAE A o] olf 2%k abolt) mEkA

Table 6. Sclected concentrations minor elements of the solvent samples after reaction experiments.

. B
No. Solvent Time As a Cd Co  Cr

Cu Mn Mo Ni Rb Se Sn Sr U Zn

Al
(ng/) (ug/) (wg/) (ng/h) (gD (ne/h) (ug/h) (el (ug/h) (ne/l) (ug/h (neg/ly (ng/h) (ng/l (ue/h) (ug/h

Th 7.934 0.155 0.419 0.001 0.054 0.955 0.629 0.435 0.139 0.084 0.490 0.092 0.365 3.101 0.009 0.527
th  3.950 0.289 0.515 0.031 0.171 0.250 1.241 1.040 0.122 0.317 0.468 0.342 (0.844 3.556 0.008 1.776

pH 6.2
Water

2h  6.476 0.519 0.614 0.046 0.661 0.392 7.486 1.485 0.234 0.405 0.684 0.491 1.101 5.274 0.008 2.506

3h  10.953 0.768 0.681 0.035 0.197 0.562 8.400 1.350 0.121 0.233 0.882 0.239 0.559 6.321 0.022 1.504
5h 17.392 1.229 0.773 0.040 0.256 0.811 7.035 1.278 0.265 0.395 1.004 0.275 1.420 8.617 0.033 1.109

MRS-2

Toh 3.114 0.151 1.174 0.042 0.263 0.187 3.611 3.188 0.107 0.729 0.620 0.126 0.399 4.865 0.013 4.650

1h  4.631 0.314 1.025 0.029 0.172 0.284 2.242 2.431 0.288 0.595 0.800 0.277 1.282 5.354 0.016 2.776

pH 5.0
Water

2h  17.684 0.518 0.878 0.037 0.154 0.470 2.869 1.965 0.213 0.495 1.005 0.432 1.129 6.484 0.033 1.965

3h  15.874 0.720 0.807 0.024 0.204 0.650 2.011 1.150 0.465 0.450 1.040 0.203 1.022 6.893 0.032 0.897
Sh 38214 1.069 0.898 0.014 0.126 1.025 2.853 1.396 0.546 0.431 1.401 0.045 0.819 9.538 0.065 0.929
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Table 7. Selected physical properties and concentrations of major elements of the solvent samples after reaction experiments.

Ca Fe K Mg Na Si T H Eh EC C F NO; SO,
(mg/D) (mg/)) (mg/l) (mg/l) (mg/D) (mg/) (°C) P (mV) (mg/l) (mg/l) (mg/) (mg/l) (mgl)

No. Solvent Time

T/,h 1.040 0.010 0.380 0.058 0.191 2.586 29.0 577 709 87 0231 nd nd 0385
1h  1.600 0.013 0.444 0.074 0220 2.591 287 6.16 46,6 11.7 1895 nd 0.139 0.154

l;;]laf; 2h  2.593 0.015 0.841 0.107 0.293 2,783 28.7 647 277 16.0 1494 0941 0982 1.130
3h  3.628 0.018 1.038 0.127 0.351 2994 282 6.60 207 195 1344 nd 1.566 2.662
MRS-2 5h 5.257 0.023 1.261 0.153 0.510 3.219 29.6 7.07 86 275 0.183 0260 nd 0.056
I/2h 1.663 0.012 0.994 0.168 1.335 0518 295 620 446 178 2495 nd 0.554 0.291
lh 2280 0.017 1.206 0.191 1.453 0.590 295 6.56 224 207 1.692 nd nd 0.646
pWHati;j 2h  3.464 0.020 1413 0219 1.559 0.968 296 6.77 94 254 1521 nd 0.035 0.594
3h 4368 0.023 1.590 0.226 1.536 1.086 298 6.94 2.0 28.8 2.435 0.042 0.175 0.051
S5h 6.294 0.046 1.897 0.251 1.572 1.317 312 724 202 375 3323 nod 0.201 0.142
40 = 4 = 8 = 10
A - ] A
—~ — A —
3 « 3 -
g 4 S, = 4 4 A = J
£ Lol B WA £ -
< - o M [3) - o - n
| |
a .! s - n
D ———— 0 T - 0 y J 0
60 o 49 0.4 = 6 =
- a = [ |
3 = = A =
230 E o2 50.2- Am *Saﬁ
e ﬁA - « - " t A
. s [ ] =
n 4 . m 5
mn LY [ |
0 of—— 0 . - 0.0 r 1 0 of——
2 - 4 = 4 = 30 +
o u
-~ A _ = -
X 4 s n -' S - =
g ) 3 E
- 11 = 2 T2 4 A = 15 «
< ;‘_ N:: A A 0
z - ) AAA w a.A ) 2] i
| an® Pl u ¥
I e ] 0 r y 0 v ' 0 r—————
8 W - 4 4 2 A 2 -
= A A — A —
=~ = el | | =z
-~ = A A
3 4 25 4 51 4 5 1 |
H) AN = S e A
N © z [ | 2
n’r o
EEE
o b o 4—E__m o —myoB 0 d—mm sl
50 6.5 8.0 5.0 6.5 8.0 5.0 6.5 8.0 5.0 6.5 8.0
pH pH pH pH

Fig. 9. Concentrations of cations and anions versus pH of solvent samples after reaction experiments area. Bl ; pH 6.2 solvent, A :
pH 5.0 solvent.
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Fig. 10. Concentration of dissolved-ion with reaction time.
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