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Abstract

The mortar, consisting of the cementing material, lime, and various additives, is an
important material in the construction of ancient architectures. The mixture proportion of
the mortar traditionally dictated from craftsman to craftsman has failed to be handed down
from the past generations. The preservation of the cultural heritage generally requires the
use of the traditional mortar mixture to restore the ancient architectures. To this end, this
study established a method for quantitatively analyzing the mortar mixture with the use of
stereomicroscope micrograph analysis and the determination of content of the carbohydrate,
calcium carbonate, and fine and coarse aggregates. Then, the method is employed to
analyze the mortar mixture in the Remains Wall of the Fort Zeelandia, in the ruins of the
Small East Gate section of Taiwan Fucheng, in the ruins of the Dongbianmen section of
Fongshan City Wall, and in the ruins of the North Gate section of Hengchun City Wall.
Due to the advantage of high strength and workability of the Portland cement, the
traditional mortar is no longer used in the construction of recent architectures, which
reflects the lack of studies of investigating the properties of the mortar. This study
incorporates the basic physical property test, the carbonization rate test, the unconfined
compressive and splitting tensile strength tests, the moisture content test, and the thermal
conductivity test to investigate the physical and mechanical properties of the mortar. The
test results include:

(1) The mixture proportion of rendering and joint mortars in the Remains Wall of the
Fort Zeelandia:

Lime : Sand : Oyster Shell : Carbohydrate = 1.00 : 0.15: 0.25: 0.04

(2) The soil-lime mixture proportion in the ruins of the Small East Gate section of
Taiwan Fucheng:

Lime : Clay : Sand : Oyster Shell : Carbohydrate = 1.00 : 4.00 : 6.22 : 1.55: 0.02

(3) With the use of lime, clay, Ly-port sand, and oyster shell, this study established an
equation for evaluating the steady state strength of the mortar through the two
parameters, the carbonization rates (x) and the strength increase rate (y) as follows:
y =-0.0038x” +1.3484x +0.4837 (R? =0.9407)

(4) The heat transfer coefficient of a pure lime sample with water/cement ratio of 0.75 is
0.42W /mK , which is one third of that of the cement. In addition, the effect of use of
the mortar on preventing the infiltration and evapotranspiration of the moisture is
better than that of the Portland cement.

Key words: Mortar, Lime
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Sample | C(%) | O(%) | Mg(%) | Al(%) | Si(%) | K(%) | Ca(%) | Fe(%) | Total(%)
A | 1035|4890 | 1.50 | 386 | 1220 | 1.12 | 1937 | 2.70 | 100.00
B | 1216 | 5544 | 133 | 333 | 966 | 091 | 1539 | 1.78 | 100.00
Cc | 1098 | 4999 | 126 | 326 | 10.04 | 097 | 21.05 | 2.44 | 100.00
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Sample [CaCOs(%)| SiOx(%) | MgO(%) | Fex05(%) | AlOs(%) | K2O(%) |Total(%)
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4 43EDS A7 % frda 2z L £ 2 BRI 2%

Sample | CaCO3(%) | SiOx(%) | MgO(%) | Fex05(%) | Al:O3(%) | K20(%) | Total(%)
A 54.05 29.19 2.78 431 8.15 1.52 100.00
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% 5-1(a) iBF BB PR F Ei Bl LS

2 R F 2h(hr) [cement| Lio |L10Co2|L1.0Cos|L1.0C10|{L10C20|L10S02|L1.0S0s|L1.0S10|L10S20|L1.0002|L10005|L1001.0[L1.0020
1 0.195 | 0.187 | 0.156 | 0.149 | 0.164 | 0.201 | 0.157 | 0.099 | 0.094 | 0.087 | 0.161 | 0.168 | 0.134 | 0.106
2 0.727 | 0.545 | 0.474 | 0.434 | 0.467 | 0.593 | 0.378 | 0.297 | 0.239 | 0.197 | 0.520 | 0.436 | 0.335 | 0.213
4 1.927 | 1.246 | 1.046 | 1.116 | 0.623 | 0.731 | 0.606 | 0.473 | 0.372 | 0.282 | 0.873 | 0.877 | 0.468 | 0.508
8 2.649 | 1.610 | 1.400 | 1.346 | 0.940 | 1.148 | 0.887 | 0.733 | 0.533 | 0.400 | 1.228 | 1.196 | 0.686 | 0.718
24 4,163 | 2.295 | 2.306 | 1.812 | 1.501 | 1.752 | 1.526 | 1.310 | 0.835 | 0.634 | 2.014 | 1.830 | 1.201 | 1.183
25 4.038 | 2.139 | 2.138 | 1.696 | 1.423 | 1.628 | 1.399 | 1.173 | 0.747 | 0.559 | 1.918 | 1.716 | 1.065 | 1.096
26 3912 | 2.053 | 1.976 | 1.584 | 1.336 | 1.505 | 1.257 | 1.056 | 0.676 | 0.497 | 1.798 | 1.604 | 0.961 | 1.013
28 3.766 | 1.811 | 1.806 | 1.428 | 1.199 | 1.359 | 0.998 | 0.926 | 0.584 | 0.425 | 1.617 | 1.443 | 0.820 | 0.901
36 3258 | 1.176 | 1.092 | 1.005 | 0.716 | 0.755 | 0.439 | 0.526 | 0.293 | 0.194 | 1.065 | 0.885 | 0.472 | 0.553
48 3225 | 1.147 | 0.914 | 0.982 | 0.579 | 0.625 | 0.400 | 0.498 | 0.262 | 0.185 | 0.965 | 0.854 | 0.457 | 0.532

A LB BRIE G EHL ZKE%) -

Z 5-1(b) Bf % > BN IR F BITZ B TEE
et cement| Lio |Li.0Co2|L1.0Cos5|{L1.0Cio|L1.0C0|L1.0S02{L1.0Sos|L1.0S1.0|L1.0S20[L1.0002[L1.0005|L1.001.0[L1.0020

B %~ 2(%) | 4.163 | 2.295 | 2.306 | 1.812 | 1.501 | 1.752 | 1.526 | 1.310 | 0.835 | 0.634 | 2.014 | 1.830 | 1.201 | 1.183
X (%) | 9.54 | 21.07 | 21.66 | 21.18 | 20.11 | 22.44 | 34.63 | 29.34 | 30.14 | 33.06 | 19.74 | 21.12 | 31.72 | 23.88

A I()BRFErRL AP S 242 5 kE o

QVkF FEcF 5 P A7 $ 24 | e § 28 | P2 £ @B F %~ £2 0 & > T(24hr-28hr)/24hr -
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e C I 4 BRFREKE S

PRIt R ] X

R i | Toid et | THPAAL | RCEA | TOPREA
(%) (g/em’) (m/sec) (%) (kgflcm?)

Lio 4.83 1.13 1342.54 41.31 19.80
L1 0Cox 5.20 1.17 1712.77 33.47 31.60
L1.0Cos 5.16 1.22 1544.87 33.26 20.27
L1 4Cio 5.94 1.24 1876.98 25.42 29.57
L10Ca0 451 1.25 1301.10 29.47 21.30
L1.0S02 4.81 1.22 1239.80 26.17 14.24
L1.0So.s 4.97 1.39 1481.48 24.79 17.74
L1.0S10 4.01 1.50 1455.36 22.08 20.88
L1.0S20 3.31 1.69 1306.88 26.66 12.35
L0002 3.97 1.15 1378.53 25.40 14.24
L1000 3.43 1.18 1452.94 30.30 17.74
L0010 2.25 1.26 1583.33 26.50 20.88
L0020 2.06 1.36 1377.78 25.94 12.35

Pt R 2 X
R ime | Tid f | THPAAR | RCEA | TOPEEA
(%) (g/em’) (m/sec) (%) (kgf/cm?)

Lio 5.21 1.18 1630.87 59.84 29.43
L10Co2 5.88 1.21 1737.41 44.98 38.98
L1.0Cos 5.60 1.28 1685.31 61.22 27.07
L1oCio 6.53 1.30 1892.00 39.83 33.29
L1.0Cay 6.20 1.35 1757.46 45.86 33.70
L1.0S02 4.92 1.27 1699.30 37.22 21.68
L1.0So0s 5.38 1.42 1791.04 33.61 25.66
L10Si0 4.11 1.53 1686.21 33.20 26.99
L1.0S20 3.34 1.70 1543.75 33.94 17.62
L1.0002 4.04 1.18 1682.76 41.46 21.68
L1000 3.45 1.18 1625.00 47.70 25.66
L4010 2.39 1.30 1635.76 39.76 26.99
L1.0020 1.95 1.38 1512.20 35.93 17.62
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B R4 X Sl

fie vt S Tiojpage | TiojH i d | THPRRE | AR | THRURER
(%) (g/em’) (m/sec) (%) (kgf/cm?)

Lio 4.99 1.18 1653.06 100.00 40.67
L10Co2 6.41 1.24 1762.77 100.00 46.37
L10Cos 6.69 1.33 1882.81 92.78 51.80
L16C10 7.23 1.37 2021.37 62.74 55.23
L1 4Cao 7.48 1.40 1811.54 100.00 40.80
L1.0S02 5.12 1.30 1854.96 67.08 43.62
L1.0Sos 5.82 1.50 2000.00 47.61 34.20
L1.0S10 4.04 1.57 2222.73 50.80 52.80
L1.0S20 3.22 1.73 1727.27 56.39 35.04
L0002 4.12 1.22 1921.26 62.04 43.62
L1000 3.39 1.23 1900.00 100.00 34.20
L0010 243 1.33 1703.45 60.24 52.80
L0020 2.27 1.40 1653.33 90.22 35.04

it R T X
R ime | Tid f | THPAAR | RCEA | TOPEEA
(%) (g/em’) (m/sec) (%) (kgf/cm?)

Lio 5.29 1.20 1664.38 100.00 40.89
L10Co2 6.37 1.24 1762.77 100.00 44.23
L1.0Cos 5.94 1.28 1928.00 100.00 50.89
L1oCio 7.98 1.41 2111.61 100.00 80.03
L1.0Cay 8.34 1.43 1839.84 100.00 49.34
L1.0So02 5.06 1.25 1928.57 100.00 55.14
L1.0So0s 5.78 1.52 2123.89 87.14 48.02
L10Si0 431 1.60 2306.60 100.00 80.48
L1.0S20 3.24 1.75 1892.72 100.00 38.69
L1.0002 4.08 1.23 2067.80 100.00 55.14
L1000 3.43 1.23 1864.15 100.00 48.02
L0010 2.34 1.36 1733.33 100.00 80.48
L0020 2.27 1.40 1746.48 100.00 38.69
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PoMiC R 14 X el

fie vt S Tiojpage | TiojH i d | THPRRE | AR | THRURER
(%) (g/em’) (m/sec) (%) (kgf/cm?)
Lio 5.24 1.19 1667.81 100.00 40.44
L1.0Cos 6.31 1.26 1829.55 100.00 48.77
L10Cos 6.59 1.32 1959.35 100.00 52.19
L1oCio 7.72 1.40 2092.92 100.00 80.87
L1 4Cao 8.48 1.44 1777.36 100.00 49.11
L1.0S02 5.18 1.28 1913.39 100.00 52.80
L1.0Sos 5.80 1.51 2162.16 100.00 59.14
L1.0Si0 427 1.61 2328.57 100.00 82.10
L1.0S20 3.16 1.74 1900.00 100.00 35.30
L0002 417 1.23 2059.07 100.00 52.80
L1000 3.47 1.23 1878.33 100.00 59.14
L0010 2.19 1.31 1739.44 100.00 82.10
L0020 2.31 1.39 1758.87 100.00 35.30
BOARF FCA B 28 % d Y
R ime | Tid f | THPAAR | RCEA | TOPEEA
(%) (g/em’) (m/sec) (%) (kgf/cm?)
Lio 5.23 1.11 895.22 10.69 5.16
L10Co2 6.01 1.18 822.64 10.04 6.41
L1.0Cos 6.83 1.20 901.85 10.98 8.49
L14C1o 7.34 1.31 989.84 13.14 11.02
L1.0Cay 8.51 1.37 817.11 13.55 10.80
L1.0So02 4.65 1.21 811.67 11.31 4.64
L1.0So0s 5.33 1.48 851.40 9.54 5.36
L1.0S10 4.12 1.53 922.35 10.93 6.24
L1.0S20 3.26 1.74 1096.85 11.00 7.37
L1000 423 1.18 974.00 5.06 4.99
L1000 3.14 1.19 851.40 10.78 427
L0010 2.16 1.31 901.85 12.72 4.70
L0020 2.34 1.34 1132.56 11.20 4.75
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ORI GE 28 3 &9
fort il | Taogpgpe [ TaogE ef | TPt | RCERE | THRRHA
(%) (g/em’) (m/sec) (%) (kgflcm?)
Lio 533 1.20 1702.80 100.00 39.38
L10Cos 6.32 1.25 1830.83 100.00 50.44
L;.0Cos 5.62 1.30 1963.71 100.00 50.80
L1oCio 7.56 1.39 2135.96 100.00 81.58
L10Cao 8.37 1.43 1844.70 100.00 48.43
L10So02 5.05 1.30 1924.90 100.00 54.80
L10Soss 5.85 1.50 2174.11 100.00 60.90
LioSio 4.22 1.62 2341.35 100.00 80.61
L10S20 2.97 1.74 1887.60 100.00 37.16
L0002 4.18 1.24 2063.56 100.00 54.80
L1005 3.44 1.23 1844.70 100.00 60.90
L1010 2.06 1.32 1702.80 100.00 80.61
L0020 221 1.40 1720.85 100.00 37.16
BARF 35 E 56 < &)
fie 1t S Bh ifgggﬁgig TPt ti# AR (%) T afUR zg}i
(g/cm”) (m/sec) (kgt/em”)
L10Co5S0 1.28 1096.85 18.85 9.37
L10C1.0S10 1.50 1217.50 19.03 12.13
L10C1.0S20 1.61 1337.91 20.33 12.7
L1.0S0300.05 1.38 1201.82 18.52 15.34
L1 0812002 1.45 1096.85 16.87 7.29
L1.0C12524002 1.62 1309.14 20.12 9.98
L1.0C0.454S0.45400.00 1.27 1127.31 19.24 10.47
PRt &G S6 X dA
fle st Yo if’aﬁ’aﬁi;ift TP gdid AR (%) T ER a;}i
(g/em”) (m/sec) (kgt/em”)
L10Co5S0 1.37 1645.27 100 43.07
L10C1.0S1.0 1.49 1790.44 100 50.62
L10C1.0S20 1.62 2099.14 100 44.89
L1.0S0300.05 1.38 2237.18 100 63.48
L10S12002 1.51 1656.46 100 32.55
L1.0C12524002 1.67 1858.78 100 36.42
L1.0C0.454S0.45400.00 1.38 1790.44 100 43.04
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