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6) &3A 54

AFE3E AE A= A7 EE ethyl silicate Al 849l HU Wacker
ik o] Silres BS OH 100¢]t} <19 5>.

=9 Wackerjit 9] Silres BS OH 100& ethyl silicate®] 3F#Fo] 100%0°]
o 25TAA Hxs oF 099g/arelth, 2ol &% o, FriA9]
Aot ZFaA Az HAA2E=E 10 - 30CE &5 Wi A5
Algrol AUHA whg AL PAdgth 25TeA 1.6mPas® W&

7RI o] FFoR AA A2wE 4 Quhls

44

tlo

<™ 5> ZslA Rz AFE3 5 Wackerit 9 Silres BS OH 100.

15) Wackeriit-2] Silres BS OH 100, 24" A.



2

2016 A= HAAE AR e A Al BE AES fal ARER A
55 AdAste] SRS B4F AAE <xE >0 YEATe HE
of e EAAH, S0 ol Mg wen [ 6568 -
78.1%% JERET 53] A ¥EAlR
=A et ogk #Zo] HES HEY EV]-A] s FEE o]&F
ARl 54374 Si0e A7 =4 Hes A &
o2} # 4 9lth ALOsE 161 - 23.1%% YT, KO% 13 - 17%°]
HeE 2len, LOL(Loss-On-Ignition)!NE 1.4 - 7.3%% YEFSTH

A M E A gl g HEA Rl st Ee] HRd AR e
o, A4 HEAlzel g4 HEA525E e &7 A9 FASHI
LEbstth o= gtefAdte] fERT WEo] aAdd T

[}
2 )
U SIAel nje} mEe] Aol dFe Fi Aow FEHT <1 6>

48 Anse FEA

WEAR | Si0y | FesO3 | AlOs | CaO | MgO | KoO | NayO | TiOp | L.O.L
A= | 781 | 0.7 | 161 | 03 | 06 1.3 | 04 | 02 1.4
mAWE 672 | 0.7 | 193 | 0.9 1.0 | 1.4 | 08 | 02 | 64
gAaME] | 658 | 08 | 231 | 01 | 05 | 1.7 | 02 | 02 | 7.3
gawEy | 780 | 07 | 161 | 02 | 06 | 1.3 | 04 | 02 | 19

16) A (2017) A 7T AT B43AF FelRas, A3 pp. 18-27.
7) FEARFEAWI RS BEy F2 Tr71 S AT FoR, AR T& Axd $9
AFES 600125CE ZEalA 7tg)sto] A E48 Ei)
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ANEHE | S8 E L'(% a (%) | b (A
A 48.64 15.60 16.89
GSC-1 #of 57.74 23.73 22.98
SERTy 51.76 20.47 20.00
H 49.26 15.04 20.89
GSC-2 =2he) 61.62 23.43 28.50
A 54.84 19.19 25.15
H A 48.62 14.55 19.51
GSC-3 =2he) 54.72 22.95 27.97
A 51.12 19.82 23.92
HA 56.39 8.08 16.41
GSC-4 Fof 61.73 16.34 25.98
e A 59.24 12.03 22.19
e EPN 54.14 16.08 23.09
GSC-5 #of 62.54 23.93 31.47
Bt 59.32 19.65 28.24
2 53.89 18.03 25.85
GSC-6 =2he) 61.76 22.06 32.94
H 58.06 19.65 29.26
H 49.59 15.17 21.17
GSC-7 Foj 61.55 25.28 34.26
S hTy 56.28 21.90 29.82
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0.00 0.20 040 060 080 1.00 1.20

0

2500 GSC-3-1
20.00
15.00 A ot
10.00 /
./ﬁ

5004 7

i

fl
oEH T T S

0.00 0.20 040 060 080 1.00 1.20

2500 4

GSC-41

2000 4

15.00

10.00 A

5.00

a
0.00 020 040 060 080 100 120

0o

GSC-2 : 16.75 — 17.84

GSC-3 : 16.38 — 17.26

GSC—-4 : 17.65 — 18.03

2500 4

GSC-5-3

20.00

15.00 A

10.00 A

5.00

0.00
0.00 0.20 040 060 080 1.00 1.20

s GSC-6-2
2000
15.00

10.00 A

5.00

0.00
0.00 0.20 040 080 080 1.00 1.20

L GSC-7-1

20.00 A
15.00
10.00

5.00

o

a
0.00 020 040 060 080 100 120

0o

GSC=5 1 17.56 — 19.28

GSC-6 : 12.08 — 13.60

GSC=7 : 15.97 — 17.36
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4) A=

Equotips ©]-&3 HEAIES TWH AES4 ZAAE ofdfd <F 8>
UrEhH?iE‘r.

21 WE(GSC-1) o] w4 == Het 651 -697 (HLD)= e 493
ekl /\o]'ma]'% e gad ATh Wk HEe] WA EE o
T 307 - 464 (HLD)Z YEY} 21 ¥Eo] vla] A8 @2 s 2t
<19 15>,

>y
%0,

pe

KE 8> WEZAge FWAL (HLD)
A AEHE | AR S | A | A4 | s | Fd | #S5 | 5
HA 667 | 634 | 672 | 603 | 619 | 623
Al ¥E | GSC-1 Hf 706 | 728 | 718 | 681 | 682 | 726
ERTy 688 | 692 | 697 | 652 | 651 | 671
A 329 | 375 | 357 | 407 | 359 | 387
GSC-2 F o 420 | 455 | 481 | 469 | 416 | 427
Bt 389 | 424 | 422 | 430 | 385 | 405
A 379 | 372 | 309 | 314 | 330 | 379
GSC-3 Hj 444 | 466 | 473 | 477 | 484 | 478
EEiy 422 | 410 | 384 | 393 | 423 | 419
A 384 | 358 | 340 | 360 | 413 | 410
GSC—4 FHoj 476 | 389 | 475 | 422 | 447 | 456
2w ﬂjéq} 437 | 375 | 423 | 395 | 426 | 426
HA 343 | 410 | 330 | 359 | 301 | 330
GSC-5 Hof 428 | 497 | 395 | 473 | 451 | 432
ERTy 395 | 439 | 357 | 417 | 392 | 394
HA 362 | 323 | 407 | 300 | 340 | 278
GSC-6 =2he) 466 | 410 | 426 | 359 | 367 | 327
=Ry 406 | 359 | 419 | 337 | 352 | 307
H 412 | 422 | 437 | 369 | 393 | 422
GSC-7 Hoj 481 | 451 | 504 | 475 | 413 | 450
B 438 | 437 | 464 | 419 | 402 | 433
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800
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Al
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At

il

ot
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w74 % (HLD)

o

1% 15> HEA RS
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Qstel Fitghe ool
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.
gl Wa SetdEa AAAv Y B Rl g=3 Fdo] v
al

sl ANBWT =% 7+ 25 5 3t
Al =P 2,693 2,220 2,077
L GSC-1 =2he) 2,721 2,368 2,182
5 Bt 2,709 2,293 2,137
H 2 891 902 819

GSC-2 =2he) 1,076 972 953

H 966 941 866

HA 903 890 850

GSC-3 #oj 1,136 1,045 924

A 1,009 972 880

HA 904 876 803

GSC—-4 # o 968 935 840

Z A 934 899 827
= % 708 723 675
- GSC-5 A 793 771 716
A 755 750 698

EIP 745 542 654

GSC-6 # oj 785 832 686

A 771 708 669

=P 702 691 641

GSC-7 #oj 713 758 715

Chin 706 714 671
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2,709
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e 41 66
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EF = Akt
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2,709
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i EE) 27
_ 1
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2,709

T o= Ao}
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<29 16> Al HE3 Ag A - HE=9
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2293
¥

2,137

FH7 HE Ao}
BGSC-1 ®GSC-3
2,709
2 393
: 2,137
I "z e}
BGSC-1 ®GSC5S
2,709
‘)}‘)QQ
PEET]
14
I b=z A5t

B GS5C-1 ®GSC-7
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Ein
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(b) Il A% dFAE
s AR Aol sE o) 7hA Folxl b
A 8% GSC-10] 25 Mpa o|4to 2 Uehyk whd ¢ M=o 123 -

.29
MpaZ 21 #lEo] vla] dA3 @A SA-AFHAJT <& 10>
stctol] dld hEA o didl Hus Aggst= AHE 2P EZE Fa
SRl Ay HdFA T E2dS AHS VsoR F HEY g
Fe= bR stgele e E yEido <a9 17>
<GE 10> #AstA e d 54 454 % 43 (Mpa)
NEFE
B Neds b
N (Mpa)
EE GSC-1 >25
GSC-2 5.04
GSC-3 5.66
S owE GSC—4 7.29
GSC-5 3.25
GSC-6 1.23
GSC-7 4.03
30
7
ﬁED
< r
U 1e = —
o
H
ol
[+ i0 20 30 40 50‘3" (Seiﬂ)- 70 80 a0 100 110

<% 17(a)> GSC—-19] 4F4E 18 =,

21 Bl GSC-12 105&(sec) ol HAFHAE 25Mpaz 574 = Q.

_41_



:
\_

N

2= 25 (MPa)

i

[=]
t
|

0 i0 20 30 40 50 80 70 80 90 100 110 120 130 140 i50 160 170 180 190
A2t (sec)

<18 17(h)> GSC-229] =45 1=,
GSC—-2+ 95%(sec) el HUYEAE 5.04Mpaz 74 =t

7-/ f=—

0 10 20 3¢ 40 50 80 70 80 90 100 110 120 130 140 150 16C 170 180 190
Al2H (sec)

<I¥ 17(c)> GSC-39 =A% 1=,
GSC—-3< 105%(sec) e UYL=4E 5

!

|—

ot 25 (MPa)
e
By

L] I ——

0 10 20 3¢ 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
A2 (s8c)

<18 17(d)> GSC—-42] =45 1=,
GSC—4+= 90%(sec)o AL 7
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2= 2 (MPa)
b

0 i0 20 30 40 50 80 70 80 90 100 110 120 130 140 i50 160 170 180 190
A2t (sec)

<I1¥ 17(e)> GSC-59 4=HE 1 =.
GSC—5+ 70x(sec)l HUYF4 =7t 3.25Mpa® =7 5 Slth.

1.4

oz 2 (MPa)
o
g
it

||

0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 190
A2} (sec)

<I2¥ 17(0)> GSC-69] =A% 1#=.
GSC—6 130%& (sec) ol Huit=H4d5%=7F 1.23Mpa® 574 = 3t

2 A% (MPa)

0 10 20 3¢ 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
A2 (s8c)

<1¥ 17(g)> GSC-79 4&FH% 1=,
GSC—7< 100x(sec) ol HUNAEF4E7} 4.03Mpaz 574 = Sl
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<E 11> 33 Z3xe 1A

_ | 8% | AHAY A g & (g) S7HE
H 7 A5 ° - - -
A EEE (2) F | oA | 3% (%)
Al Hx 389.33
" GSC-1 7yax e ekt
G ) 431.77 32
H4 327.24 | 392.33 | 398.57 | 400.23 | 22.30
GSC-2 -
FH 359.07 | 429.29 | 438.25 | 441.09 | 23.07
Hx 356.20 | 423.93 | 430.69 | 432.11 | 21.31
GSC-3 -
FH 365.22 | 437.38 | 444.22 | 44579 | 22.28
H 2 348.36 | 395.14 | 415.58 | 424.68 | 21.90
- GSC—4 -
- =2al 350.43 | 402.69 | 426.17 | 428.19 | 22.81
o HA 342.36 | 391.56 | 418.75 | 421.41 | 20.28
= GSC-5 -
A 362.45 | 422.31 | 431.81 | 435.96 | 23.09
H4 320.43 | 351.48 | 372.59 | 381.82 | 19.16
GSC-6 -
FH 350.54 | 393.44 | 415.09 | 423.81 | 20.90
HAx 321.20 | 376.80 | 383.26 | 387.75 | 20.72
GSC-7 -
FH | 354.53 | 417.92 | 437.06 | 438.48 | 23.68
<R 12> AsiA e & HF FEHsh
2 | Asws | 388 [ 3% A8 S | 43 3 e | AF 3G
Al 7 A~ ~ -
e | Gsc-1 BeA e kg
Hx 400.23 373.18 14.2
GSC-2 -
| 441.09 409.88 14.0
HA 432.11 404.55 13.6
GSC-3 -
FH 445.79 417.86 14.6
H X 424.68 403.92 15.9
- GSC-4 -
Hﬂ FH | 428.19 407.29 16.2
. EPN 421.41 399.85 145
= GSC-5 -
e 435.96 415.01 16.8
Hx 381.82 364.92 13.9
GSC-6 -
F o 423.81 403.96 15.2
H A 387.75 367.40 14.4
GSC-7 -
F o 438.48 412.38 16.3
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Fol YEA ek <1y 19> 3, daAez s mMEo] Fia
ol A FEzre] WAl o] WAHA GATT T X F Ak

i
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1250
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850
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Mm\wmw :

e b
‘MWW’W b M’MMM —asc2(M2|®) 450 ﬁWuW M"YW""*"H\M“‘ ‘*M\

M‘M}'W‘W\,\LW —Gsc3(K 2| ™)

\‘me W»www owapihy b
250 — i 250
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<" 21> A%

FAAA AR A (SEM)E A1 59 FH 9= HAxAMo] FAH(scanning) T
o B A RoA] EAEE AZE F WASEo] /M Be olxA

A (secondary electron) T WFAFA &} (back scattered electron)S 7 &3}
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T AR g AEE et ot
<Y 21>9 FH= 2

FAE Al Fzre] Fho] AR

ALE TS sty #Est =

A BFAY, o=

OO Zjl E
g Apabolel Aol A H o PAEEL AXAAIL AT F wolETh

<®& 13> AsAE 7 HEe] FdAkE

2 MBS | SA3% 7F L% A (AsA%) | b (NS

A 48.64 15.60 16.89

A e g?;;ll) A 57.74 23.73 22.98

B 51.76 20.47 20.00

HA 40.17 17.38 20.76

GSC-2 Fof 49.05 23.85 27.69

At 43.88 20.88 23.90

= E 40.65 15.55 18.86

GSC-3 #oj 49.36 24.28 27.46

Bt 45.06 20.10 22.19

HA 39.88 9.74 19.81

GSC—4 =l 50.18 21.37 25.69

2o ﬁ_éﬁ 44.77 14.61 21.93

H2x 39.26 15.97 21.13

GSC-5 Fof 61.60 26.84 32.49

B 47.43 21.95 27.27

=P 39.69 20.87 26.66

GSC-6 A 47.87 24.21 31.83

3t 43.78 22.60 28.73

A 42.67 17.48 19.94

GSC-7 #oj 47.76 27.04 33.00

q 45.27 24.07 29.16
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<E 14> 7237 & "HEA

| o3t LA} (pseudo color).

25 AR AL
GSC-2 GSC-3

GSC—4 GSC-5

GSC—-6 GSC-7

2) A3AeE 3 =&, 4%

A RERKS g (wt. %) | FF& (ol %) | BE(g/em®)
A HE GSC-1 7FakA e otg
GSC-2 8.40 19.05 2.02
GSC-3 8.23 20.22 1.98
GSC-4 6.68 17.06 2.02
GSC-5 6.04 15.88 2.02
S GSC-6 5.63 14.77 2.05
e GSC-7 7.30 18.39 1.99
HA 5.63 14.77 1.98
) 8.40 20.22 2.05
oot 7.05 17.56 2.01
H A} 1.14 2.04 0.02
T HEY Ay A E5E&S HiF 1887 wt. %, =8 3459 vol. %,
dEE 174 g/em’z SAHJOY A F F5ES HF 7.05 wt %,
FEEE 1756 vol. %, BEE 201 g/em’®2 A HJT <19 24>
Al 19.38 vol. %, WE+= 2.05
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o ez wao=z st ARgH

Wackerjit ] Silres BS OH 1000] - =9

BRI o2 T AL P T AstAg ay ¥k ofygr A
7

2 F3 49 AAE 2ol @ oA U Zow B 5 vk

9.00 840 gy3 8.40
8.00
7.00 6.68

7.30 7.05

6.04
6.00 563 5.63

5.00
4.00
3.00
2.00

1.14

Water Absorption Rate(wt.%)

1.00
0.00

GSC-2 GSC-3 GSC-4 GSC-5 GSC-6 GSC-7 Ha Ho =R X

38
25.00

20.22 20.22
20.00

15.00

10.00

Porosity (vol.%)

5.00

0.00

GSC-2 GSC-3 GSC-4 GSC-5 GSC-6 GSC-7 X4 Ho)

0Fl
[N

HA
HES
2.40
2.02 19g 202 202 205 199 193 205 201
2.00
1.60

1.20

Density {(g/cm?)

0.80
0.40

0.00
GSC-2 GSC-3 GSC-4 GSC-5 GSC-6 GSC-7 A Ho) R A

<I¥ 24> A § 7 e 48, 358, 2k
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4) FIAY F A=
Ay Ay T3 PR HAEE FAS Ay F ¥HEY i EE
el A dhb A == gt 307 - 464 (HLD)olloy A & Hhidd ==
Hit 464 - 661 (HLD)Z Ye} dAeA dsdso] &elEdn <&
17>, <19 25>,
<R AsAE F ¥Ee) ZuAdRE
FA ANEWZ | A 712 | A | Ad | g | 3| F= | =
N Hx 667 | 634 | 672 | 603 | 619 | 623
AEE L DA i 706 | 728 | 718 | 681 | 682 | 726
At 688 | 692 | 697 | 652 | 651 | 671
e 493 | 494 | 495 | 406 | 426 | 416
GSC-2 o 552 | 513 | 607 | 615 | 553 | 551
it 527 | 505 | 548 | 477 | 477 | 506
£ 480 | 520 | 509 | 466 | 502 | 475
GSC-3 F o 619 | 574 | 560 | 592 | 540 | 587
At 548 | 539 | 534 | 515 | 517 | 543
e 524 | 450 | 504 | 509 | 501 | 516
GSC—4 FH | 609 | 491 | 551 | 661 | 545 | 551
2o At 554 | 464 | 527 | 566 | 522 | 534
Hx 506 | 512 | 520 | 490 | 517 | 474
GSC-5 o 660 | 605 | 579 | 582 | 546 | 550
At 596 | 546 | 541 | 534 | 532 | 504
Hx 577 | 440 | 533 | 447 | 412 | 416
GSC-6 o 685 | 543 | 645 | 495 | 590 | 532
At 627 | 493 | 581 | 476 | 493 | 487
H 2 622 | 562 | 545 | 573 | 524 | 573
GSC-7 FHrj 721 | 593 | 610 | 630 | 626 | 644
X iy 661 | 578 | 587 | 603 | 568 | 597
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697
688 692 650 51 671

ME HE SE BE IE 93 AT EE G 2E Z 23

B G5C-1 ® GSC-2 B G5C-1 mGSC-3

B WY SE U HS 25 B MY SE U IF 23

B GSC-1 = GSC-4 B G5C-1 mGSC-5

e HE oE ¥ A5 2% Aet MY oE 2@ A5 9%

B GSC-1 = GSC-6 B G5C-1 mGSC-7

<19 25> AeAel7t gnE HE

ot

7% 21#8= (HLD).
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5) Z3lA g

HEl Ax

0E FAYSEE

o]

<E 18> ZAstAeE & F ¥EY 25955 (m/s).

-2 NEWE SA% 7+ 25 Aqg ‘g5t
A Hx 2,693 2,220 2,077
E GSC-1 o 2,721 2,368 2,182
= A 2,709 2,293 2,137
2 1187 1411 1060

GSC-2 FH 1437 1510 1238

Bt 1332 1445 1175

EP 1373 1392 1294

GSC-3 ) 1449 1521 1524

eshTy 1414 1442 1390

H2 1105 1141 1090

GSC-4 A 1284 1245 1173

i Bt 1180 1192 1137
- A 1007 1143 1049
b GSC-5 Ay 1195 1365 1266
SEhTy 1099 1231 1123

#HA 1402 874 914

GSC-6 FHuj 1563 1414 1393

B 1465 1228 1191

H A 823 1112 802

GSC-7 FH o 1270 1360 1046

ks 1118 1253 896
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A study on conservation of the bricks used in
modern masonic cultural heritage

-On the case of Gasil Catholic Church of Chilgok-
Um, Sang Wook

Department of Cultural Properties
The Graduate School
Gyeongju University

(Supervised by Professor Do, Jin young)

(Abstract)

South Korea's bricks used in modern masonry were damaged over
time by humidity, growth of herbaceous plant, and freeze-thaw
weathering. Up to recent years, bricks were repaired either by
manually augmenting individual bricks, or by placing replacements.
Such methods of repair utilizing contemporary materials and methods
caused problems such as lack of durability, structural instability, and
material heterogeneity with the original material and design.

In this research, I will analyze the repair of Gasil Catholic Church of
Chilgok to determine the problems which occurred during the
reinforcement of the bricks, and I will also consider the desirable
further conservation methods. Gasil Catholic Church of Chilgok, which
was originally constructed in 1923 and designated as a tangible
cultural heritage 384, was deteriorated by granular disintegration,

flaking and disintegration. It needed wurgent restoration and
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conservation treatment. Severe deteriorated parts were replaced by new
brick, but as mentioned above, defects such as structural instability
and material heterogeneity emerged.

To solve these problems, this study proposes an alternative method
of conservation. One such method is utilization of chemicals to
reinforce the structural integrity of the old bricks which grew weak
by weathering. Without having specific consolidant for brick, we have
to use ethyl silicate consolidant, which are used in stone cultural
properties. Before the application, I checked whether weakened bricks
contain swelling clay mineral. After the confirmation with X-ray
diffraction analysis, I proceeded on to the consolidation test.

Silres BS OH 100, ethyl silicate consolidant, was applied. I processed
to consolidation the old bricks with vacuum impregnation once in three
days, for 3 minutes and cured them for 4 weeks. There were not any
changes in X-ray diffraction analysis result, so I verified that neither

swelling nor contraction occurred after the consolidation.

After the process, physical properties of old bricks largely improved,
so I concluded that Silres BS OH 100 could be used in conserving
bricks of modern laying bricks building. We can upgrade the strength

of old bricks with it, so effects of weathering damage will diminish.

Before the process, old bricks showed average 18.87 wt.% of water

absorption rate , 34.59 vol.% of porosity, 1.74 g/cm® of density. After

the consolidation treatment, they showed 7.05 wt.%, 1756 vol. %, 2.01

3 respectively. Water capillary absorption rate changed from 16 -

g/cm
19kg/m?-h* to 0.34-3.46kg/m*-h’. With lowered water absorption rate,

bricks would get less influence and damage from external moisture.
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Old bricks which used Equotip hardness tester showed average 307
-464 (HLD) of rebound hardness, but after the process, dramatic
improvement took place. Processed bricks showed average 464 - 661
(HLD). Although they have lower rebound hardness than new bricks,
old bricks get harder surface than old ones after the process.

We could estimate that old brick’s estimated compressive strength
was increased after the process, by ultrasonic velocity. Before the
consolidation, bricks showed average 669-1,009m/s and after the
reinforcement, they showed average 896-1465m/s. Research with
pressure disruption showed elevated results in comparison with
ultrasonic method, so we could verified that solidity of old bricks is
largely improved after the consolidation. Before the process, old bricks
showed 1.23 - 7.29 Mpa of compressive strength. After the consolidant,
they showed 10.06 - 16.75 Mpa.

Although there was a significant improvement in durability and
compressive strength, another problem emerged. After the process,
color of the bricks brightness value decreased and range of
chromaticity changed. Brightness L* was 48.62-62.54 (average 56.48),
green-red a* was 8.08-25.28 (average 18.71), and yellow-blue b* was
16.41-34.26 (average 26.43). Lowering of brightness led to the color
change after the process. Green-red a* rose slightly, and yellow-blue
dropped a little. It showed insignificant change.

Applying of ethyl silicate consolidant did not generate changes in
texture, but it caused definite difference in brightness. Although this
process largely augmented the durability, change of color pronounced
the difference to the original. We have to keep on researching and

experimenting to maintain the aesthetic factor of the original.
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