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Qo &4E HxEshd BES AT Tk AsArE /B H Ao ZsA 9] FRele A,
ol YA, o]AhAofH|o]EA|, dZAATA Fol At} B Aol AL Z3AE 1TIG S wt 0.08 %
2 T (TEOS: Tetraethyl Orthosilicate)®} G (GPTMS: 3-Glycidoxy propyl trimethoxy silane)= &=A|
AdAloIt. ZstAl A2l As A2 A o E=ghol W2 wobA, AE Wt A Ae & 2
71lE SRt ol FHAARE AZe] Aol whet W] Yrl2 SdEn. 259 S5 Wske A3HA
el & 27)ol= S7FSHARE AlRbol Agel meh ozt st A FAEY. 25 S5 F
Zhell Wt &2 F37F Bol I 253 S5V =9 L4 F Fstado] woh

F20|  w&E AYE, 1FY L 2, S, A

ABSTRACT : Consolidants were extended use for conservation of weathered stone heritage. Epoxy,
acryl, isocyanate, and alkoxysilane consolidants are most commonly used products. Consolidant of
ITIG 5 wt 0.08 % that consists of T (TEOS: Tetraethyl Orthosilicate) and G (GPTMS: 3-Glycidoxy
propyl trimethoxy silane) were used this study. A shore hardness values show increasing after treated
with consolidant in granite. Surface brightness after treated with consolidant are changing slightly dark
but turns the original color over time. Ultra-sonic velocity is increased after treated with consolidant
but slightly reduced over time to remain constant. It has the advantage of being effective after treated
with consolidant in granite and efficiency of consolidation increase with slow velocity before treated
with consolidant.
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Fig. 1. Stand for Experimental setup. A: hanger type
placer, B: Ringer set for treated with consolidant, C:
gauze and wrap, D: measurement of color.
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Fig. 2. X-ray diffraction patterns of granite before
and after treated with consolidants.
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Before

after 70 days

Fig. 3. SEM microphotographs of granite surface before and after treated with consolidant.
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Fig. 4. Stereo-microphotographs of granite surface before and after treated with consolidant.
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Fig. 5. Variations of shore hardness of granite before
and after treated with consolidants of 1T1G 5 wt 0.08 %.
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Table 1. Shore hardness of granite before and after treated with consolidants of 1T1G 5 wt 0.08 %

Time Point 1 Point 2 Point 3 Point 4 Point 5 shore
(days) shore efficiency shore efficiency shore efficiency shore efficiency shore efficiency hardngss of
hardness (%) hardness (%)  hardness (%)  hardness (%)  hardness (%) consolidant
Before 45.4 52.5 74.3 51.2 52.6 liquid
10 54.6 120.3 52.5 100.0 52.2 70.3 52.2 102.0  56.0 106.5 51.8
30 52.8 116.3 46.3 88.2 474 63.8 46.6 91.0 473 89.9 52.1
60 55.0 121.1 56.8 108.2 61.0 82.1 46.0 89.8 54.5 103.6 513
90 55.7 122.7 56.8 108.2 62.9 84.7 41.1 80.3 523 99.4 51.6
120 545 120.0 57.3 109.1 63.6 85.6 39.8 77.7 48.6 92.4 52.3
150  54.1 119.2 57.9 1103 64.9 87.3 44.5 86.9 45.7 86.9 53.1
180 56.9 1253 57.4 109.3 62.5 84.1 49.7 97.1 54.8 104.2 52.9
Avg. 548 120.7 55.0 104.8 59.2 79.7 45.7 89.3 513 97.6 522

140 m Shore hardness

Addndd

Point 3

Efficiency

Shore hardness & Efficiency

Point 1 Point 4

Measuring point

Fig. 6. Shore hardness and efficiency each point on
surface of granite after treated with consolidants of
ITIG 5 wt 0.08 %.
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Table 2. Variations of color index of granite before and after treated with consolidants

Measuring Point Time(day) L a b

before 46.17 11.13 18.51

10 34.70 10.43 16.93

20 34.60 9.91 16.03

point 1 30 3443 9.07 12.82
40 36.40 7.81 13.21

50 35.77 8.82 14.17

60 37.33 8.93 14.93

70 36.91 8.57 14.13

before 46.32 9.27 17.21

10 40.71 8.83 15.23

20 41.63 7.57 14.11

point 2 30 43.13 6.33 14.43
40 4142 6.17 16.15

50 46.41 8.12 18.07

60 43.27 8.32 17.97

70 44.62 7.77 17.53

before 45.21 9.47 18.27

10 36.25 9.27 15.57

20 35.37 8.93 14.93

point 3 30 34.23 8.63 14.83
40 37.52 8.11 14.83

50 38.67 8.83 15.27

60 39.01 8.63 15.63

70 39.92 8.71 15.97

before 39.97 9.33 19.23

10 33.93 8.77 16.63

20 33.27 8.81 14.83

point 4 30 33.83 7.73 14.35
40 31.77 6.93 13.07

50 31.47 6.31 12.33

60 37.53 7.72 17.03

70 34.01 8.63 16.33

before 46.27 10.87 19.33

10 34.83 9.07 17.51

20 33.31 8.47 14.23

point 6 30 33.22 8.71 14.83
40 33.72 8.03 14.53

50 38.61 8.77 17.41

60 37.97 9.03 18.52

70 41.21 9.75 19.42

ME st L& W 5(lightness)2 A} Y] FEE HER|]

[}
7} £25% Heme Uehith at 3ol g

AT L g b GOE UERE Stk o714 ol A9 A8 GeiE Lol ghe S ek
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Table 3. Variations of ultrasonic velocity of granite before and after treated with consolidants

Time Line 1 Line 2 Line 3
(days) Uler.asonic efficiency Uler'asonic efficiency Uler?sonic efficiency
velocity(m/s) (%) velocity(m/s) (%) velocity(m/s) (%)
Before 1596.5 1451.6 1020.3
10 2378.3 149.0 1698.7 117.0 1154.2 113.1
20 2355.7 147.6 1888.6 130.1 1613.5 158.1
30 2466.5 154.5 1265.8 87.2 1354.2 132.7
40 2136.7 133.8 1213.5 83.6 1569.4 153.8
50 1735.5 108.7 1253.9 86.4 1523.8 149.3
60 1668.5 104.5 1198.6 82.6 1588.9 155.7
70 1563.8 98.0 1216.8 83.8 1454.6 142.6
Avg. 2043.6 128.0 1390.8 95.8 1465.5 143.6
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Fig. 7. L, a, b trend after treated with consolidant on
surface of granite after treated with consolidants of
ITIG 5 wt 0.08 %.
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Fig. 8. Variations of ultrasonic velocity of granite
before and after treated with consolidant.
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hardness and efficiency each point on surface of
granite.
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