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ABSTRACT

Keywords: Historic Buildings ~ Restoration ~ Lime ~ Lime Work

I. Study Background

Materials of and construction techniques used for lime works are
one of the most important in the building industry before cement is
widely applied. But in recent years, they have either been diminishing
or lost. However, its application on national monuments and historic
buildings is extremely extensive. On the basis of the spirit of Article 46
of the Cultural Asset Preservation Law-- original materials and
traditional techniques shall be applied for restoration work on national
monuments--, this study’s most important objective is to conduct more
extensive and in-depth fundamental research on lime works’ materials.
We expect to understand the characteristics of the materials of lime
works created under the various techniques and explore the tips to the
various techniques to help set the regulations governing lime
construction in future restoration work on national monuments.

II. Study Methodology and Process

National and foreign journals are collected to gain understanding
on traditional application techniques of lime works, materials and
allocation ratio, which in turn are used as the references for field
studies, experimental analyses etc. Understanding on the compositions
of the various lime works, allocation ratio, construction tips and
problems faced by lime works are obtained through interviews with



traditional technicians. On the other hand, interviews with suppliers of
lime materials provide insight into the sources of lime materials and the
production process. Lime works’ materials and allocation ratio gained
from the interviews are experimented to gain knowledge of material
characteristics. In addition, chemical analyses and examinations are
conducted on the various lime materials to gain understanding of the
differences of the various compositions.

III. Important Findings

Important findings of this study are explained below in terms of
materials and techniques:
(1) Materials
1. Currently available Kuan-Zai-Lin Extra White Lime cracks

easily, has poor plasticity and viscosity and is not suitable
for application on surface. Shell Lime ( Coral Blocks Lime,

Oyster Shell Lime ) has high plasticity and low
contractibleness ( does not crack easily) and is suitable
for application on surface.

2. Mineral Lime ( Lime-stone Lime -~ Kuan-Zai-Lin Extra White
Lime ) has low resistance level.

3. High level sand contents in Coral Blocks Lime shall be
noted when applying this type of lime and the quantity of
sands added shall be adjusted appropriately.

4. Contents of Magnesium Oxide (MgO) in limestone in Pillow
Mountain, Kuan-Zai-Lin are very high and possess similar
properties to those of Shell Lime.

(Il) Techniques

1. Lime shall be sifted prior to use to eliminate impurities that



may affect the quality of the lime work.

2. Lime has to be thoroughly cultivated to avoid recurrence of
hydration of part of the lime.

3. The allocation ratio of traditional lime works’ materials is
important, but the engineering quality is determined by
construction tips. Hence, it is of crucial importance to
thoroughly implement construction tips.

IV. Main Recommendations

The following recommendations are made based in the results of
the study:

1. Lime-work materials are air-hardening materials, quite
different from hydraulic materials such as cement. The
approaches of Concrete Study may not be directly applied in
this research fully. Adjustments shall be made to design
other research approaches.

2. The quality of lime generated in Pillow Mountain,
Kuan-Zai-Lin is quite superior. It is recommended that the
Government open an appropriate level of mining activities
so that extracted products can be used for restoration work
on national monuments. On the other hand, it is
recommended to allow the production of Shell Lime to be
destroyed by fire approved on one-off basis, unrestricted by
the provisions of Environmental Conservation Regulations.

3. The restoration on lime works of national monuments
requires a set of construction regulations to be used as the
references for construction and inspection. It is
recommended to set comprehensive regulations upon
completion of related fundamental studies.
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(S R ERD B lAe 07 R & T X&P 2] 4 2] &Y -

[ ie 6]
(=) -~ 2&P

g 1-07 e B T 1o
B® & (cm) 4.7 4.7 4.7

B jFE (kg) 30 31 30 30.33
B % R (em) 4.1 4.1 4.1

& % 1277% | 12.77% | 12.77% | 12.77%
S E 2-07 W E A T i
B® & (cm) 4.6 4.7 44

=~ L (kg) 8 8 8 8
Bis % R (cm) 4.4 4.4 4.1

& % 4.35% 4.26% 6.82% 5.14%
gL 3-07 ST T35
B& R (cm) X X X X
=g (kg) X X X X
i g & (cm) X X X X
&% X X X X
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8L 4-07 MRS A Ty
B& R (cm) 4.4 4.3 4.3

B jm g (kg) 6 4 5 5
BRic % & (cm) 4.1 4.1 3.9

&% 6.82% 4.65% 9.30% 6.92%
SEL 5-07 R ET B D=
B& & (cm) 4.8 4.8 4.8

B jFE (kg) 30 30 30 30
Ris% R (cm) 4.4 4.5 4.3

& % 8.33% 6.25% 10.42% 8.33%
S Fr 6-07 dv ) o B A I
B® & (cm) 4.4 4.5 4.5

B jmE (kg) 8 8 8 8
Bis®% R (cm) 4.1 4.1 4.1

J& % 6.82% 8.89% 8.89% 8.20%
Y5 7-07 R AL E T in
B & (cm) 4.1 4.6 4.5

=~ L (kg) 1 1 1 1
Bis % R (cm) 34 3 3.2

&% 17.07% | 34.78% | 28.89% | 26.91%
5 8-07 SR MY X T3
% & (cm) 4 4 3.8

B~ jmE (kg) 1 1 1 1
Bis % & (cm) 3.5 3.5 3.4

&% 12.50% | 12.50% | 10.53% | 11.84%
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) Lw X #pdp

Bt 1-14 e b I 35
Bk & (cm) 5 5 4.7

==+ =& (kg) [65.8 65.7 66.3 65.93
BRis® B (cm) 4.7 4.4 4.4

&% 6.00% 12.00%  [6.38% 8.13%
Sa¥h 2-14 8, B A B
B& R (cm) 4.4 4.4 4.6

g (kg) [34.1 32.8 35.9 34.27
Riss R (em) 3.7 3.7 3.6

&% 1591% |15.91% [21.74%  [17.85%
YL 3-14 L T 3a
B& R (cm) 4.4 4.4 4.4

=+ =g (kg) 4 3.4 4 3.8
BRitd R (em) [3.7 3.5 3.7

e % 15.91%  20.45%  [15.91%  [17.42%
B 4-14 MG % Eye
B& & (cm) 4.6 4.3 4.5

=* g (kg) [241 22.4 21.6 22.7
Riss &R (em) 35 3.4 3.6

&% 23.91% 20.93%  [20.00%  [21.61%
Bh 5-14 R T PR T
B& R (cm) 4.8 4.7 4.7

=+ =& (kg) [99.3 104.2 86.7 96.73
Riss R (cm) 4.3 4.5 4.3

% 2.17% 4.26% 8.51% 4.98%
S 6-14 Sv R HE A A T i
B& & (cm) 4.6 4.5 4.5
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=g (kg) W44.2 44.9 44 44.37
BRis® R (em) W 4 4.1

&% 13.04% |11.11%  2.22% 8.79%
MoBh T-14 ey R IR B T 3o
B& R (cm) 4.6 4.7 4.7

x g (kg) |71 7.5 1.7 7.43
Bz kR (cm) 4 3.5 3.4

&% 13.04%  |25.53%  [27.66%  [22.08%
% 8-14 SR E Y T 35
B& R (cm) 4.5 4.5 4.4

£ (kg) (337 34.7 31.5 33.3
Riss &R (cm) 3.8 3.8 3.7

T % 15.56%  |15.56%  [15.91%  [15.68%
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i

) = - AP

S5 1-21 X+ A T3
B& R (cm) 4.9 4.8 4.8
== jFE (kg) [61.9 53.9 70.9 62.23
BRisF R (cm) |44 4.3 4

10.20% [1042% [16.67% [12.43%
e 2-21 N T o
B& R (cm) 4.6 4.5 4.6
=+ jm& (kg) [33.6 33.2 31.1 32.63
Riss R (cm) |41 3.9 4.1

10.87% [13.33% [10.87%  |11.69%
S5 3-21 L T 5
B & (cm) 4.3 4.4 4.3
=+ jFE (kg) [21.3 21.1 19.2 20.53
Bis® R (cm) (3.6 3.5 3.5

16.28%  [20.45%  [18.60%  [18.44%
% 4-21 MG A EF
B& & (cm) 4.3 4.4 4.4
= £ (kg) [26.2 27.9 27.4 2717
RisB R (cm) 35 3.8 3.7

18.60% [13.64% [15.91%  [16.05%
e 5-21 hRET B T 5
B® & (cm) 4.9 5 4.9
=+ =& (kg) [80.7 70.5 90 80.4
Riss R (cm) |46 4.7 4.9

6.12% 6% 0% 4.04%
5L 6-21 Sv ) MR T35
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h3 R (cm) 4.7 4.7 4.6
=+ =& (kg) (334 34.8 34.8 34.33
BB R (cm) @43 4.1 4.1

8.51% 12.77%  [10.87%  |10.72%
Sk T-21 T TR R U T o
B& & (cm) 4.5 4.4 4.5
&= £ (kg) [29.3 25.9 24.7 26.63
Ricg R (cm) 4 4 4.2

11.11%  9.09% 6.67% 8.96%
¥ 8-21 SRIME S Ty
& & (cm) 4 4.2 4.3
=+ =& (kg) [33.7 34.6 33.9 34.07
Riss r (cm) (3.8 3.8 3.8

5% 9.52% 11.63%  [9.00%
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(B) =+~ as

5 1-28 X+ FA T 15
& R (cm) 4.8 4.9
=+ =& (kg) P19 58.2 55.05
B3R (cm) @7 4.7

2.08% 4.08% 0.00% 2.05%
Bt 2-28 Vg B A T 15
B& R (cm) 4.5 4.5 4.4
=+ jFE (kg) [34.9 27.8 34.4 32.37
Riss R (cm) |42 4.2 4.1

6.67% 6.67% 6.82% 6.72%
Hh 3-28 g B A T35
B& R (cm) 4.4 4.5 4.3
=g (kg) 447 34.6 51.3 43.53
Riss & (cm) |41 3.8 4.2

6.82% 15.56%  [2.33% 8.24%
o35 4-28 MRS R T 45
Bg & (cm) 4.3 4.4 4.4
=+ jFE (kg) [21.8 23.8 27.4 24.33
BRis® & (cm) 4 4.1 4

6.98% 6.82% 9.09% 7.63%
M5 5-28 R E T B T35
& & (cm) 4.2 4.7 4.7
=+ =& (kg) [63.9 47.9 46.8 52.87
RisB R (cm) W7 4.7 4.6

11.90% 0% 2.13% 4.68%
% 6-28 Sv B g A T 5
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h% B (cm) 4.6 4.5 4.5
=+ =& (kg) [32.8 43.9 47.2 41.3
BRitd R (em) |45 4.3 4.3

2.17% 4.44% 4.44% 3.68%
YE 7-28 P IR L T35
B& & (cm) 4.5 4.6 4.4
B =* £ (kg) 1[65.2 58.5 73 65.57
Riss &R (cm) |44 4.3 4.4

2.22% 6.52% 0% 2.91%
%% 8-28 AT T 3
B® R (cm) 4.2 4.2 4.4
=+ =& (kg) [385 44.1 54.6 45.73
BRis®d & (cm) @4 4.1 4.1

4.76% 2.38% 6.82% 4.65%
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