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Relationship between Mechanical Properties and Microstructure of Ancient

Tomb Bricks Unearthed from Tsinghua Garden
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Abstract: Macro and micro performance of ancient tomb bricks unearthed from Tsinghua Garden covering a history

of 1 600 years, including appearance, mechanical properties, porosity, chemical and mineral composition, were

analyzed. The results show that from the Jin Dynasty to the Qing Dynasty, there is no significant change in the

brick-making technology and brick quality. From the Qin Dynasty, red brick and blue brick was produced universally

in China. Compared with red brick, the blue brick has smaller volume density, larger porosity and higher strength,

resulted from the increased degree of sintering, higher degree of calcium carbonate decomposition and illite crystal

water vaporization, and the increased amount of anorthite and glass phase formation.
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(a) Excavation scenario

(b) Burial form of ancient tomb
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Fig.1 Archaeological excavation in Tsinghua Garden
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Table 1 Type and size of ancient tomb bricks from five dynasties

Size/(mm X mm X

Dynasty Brick type Number
mm)
Jin Blue 1 307X 150X 60
Red 9 290X 150X 56
Northen
Blue 4 287X 150X 55
Red 5 290X 150X 58
Sui
Blue 9 290X 150X 50
Tang Blue 1 360X 175X 55
Red 2 325X 145X 55
Qing
Blue 10 317X 160X 60
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(a) Blue brick of Jin Dynasty

(e) Blue brick of Sui Dynasty

(f) Blue brick of Tang Dynasty

(b) Red brick of Northen Dynasty (c) Blue brick of Northen Dynasty  (d) Red brick of Sui Dynasty

(g) Red brick of Qing Dynasty
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(h) Blue brick of Qing Dynasty

B2 5 A 1 S LT S

Fig.2 Appearances of ancient tomb bricks from five dynasties
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Fig. 3 Mechanical strength measurement of ancient tomb brick
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(b) Compressive strength measurement
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Table 2 Mechanical strength of ancient tomb bricks

Flexural strength

Compressive strength

No. Dynasty Type
Mean/MPa  Std./MPa  CV/% Number ~ Mean/MPa  Std./MPa  CV/% Number

1Q Jin Blue 0.92 0 0 1 4.45 0.24 5.5 2
BH Northen Red 2.53 0. 90 35.4 3 8. 00 2.09 26.2 6
BQ Northen Blue 2.22 0.71 31.9 3 9.26 2.89 31.2 6
SH Sui Red 2.53 1.23 48.5 3 7.38 2.78 37.7 6
SQ Sui Blue 2.35 1.16 49.4 3 8.06 2.03 25.1 6
TQ Tang Blue 2.91 0 0 1 7.06 2. 80 39.7 2
QH Qing Red 1.42 0.08 5. ¢ 2 6.05 0.83 13.7 4
QQ Qing Blue 2.79 1.20 43.0 3 7.70 2.32 30.1 6
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Table 3 Apparent density, volume density and porosity of ancient tomb bricks

No. Dynasty Type Apparent density/(g-cm ™ *) Volume density/(g-cm ) Porosity(by volume)/ %
IQ Jin Blue 2.65 1.61 39.21
BH Northen Red 2.64 1.70 35.61
BQ Northen Blue 2.65 1.66 37.43
SH Sui Red 2.64 1.67 36. 87
SQ Sui Blue 2.65 1.65 37.69
TQ Tang Blue 2.64 1.67 36.75
QH Qing Red 2.65 1.66 37.52
QQ Qing Blue 2.64 1.63 38. 24
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Fig.4 Morphology of cutting section of ancient tomb bricks
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Table 4 Chemical compositions(by mass) of ancient tomb
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Table 5 Mineral compositions (by mass) of ancient tomb

bricks bricks

Unit: % Unit: %
No. SiO, ALO, Fe,O, CaO K,0 MgO TiO, Na,0O Total No. Anorthite  Illite  Quartz Calcite Rutile Magnetite
JQ 60.94 15.82 10.68 2.77 3.87 2.11 1.39 1.37 98.95 Q 28.53 11.24 59.18 0.24 0.06 0.75
BH 51.71 15.76 12.36 10.40 3.78 2.54 1.33 0.95 98.83 BH 18.70  20.54 51.87 5.96  0.90 2.02
BQ 53.86 15.78 11.98 8.30 3.73 2.66 1.34 1.20 98.85 BQ 41.84 9.04 44.82 1.54 1.62 1.15
SH 54.32 15.58 12.05 8.10 3.85 2.56 1.32 1.03 98.81 SH 24.89 16.82 52.91 3.18 1.65 0.55
SQ 54.43 15.52 12.07 8.01 3.78 2.51 1.34 1.23 98.89 SQ 37.40 8.75 50.15 1.65 1.33 0.73
TQ 60.76 16.38 10.90 3.07 3.59 1.72 1.38 1.15 98.95 TQ 24.52  14.25 58.48 0.45 1.99 0.31
QH 58.88 16.90 11.54 3.42 3.83 2.00 1.36 1.17 99.10 QH 20.30 17.88 57.42 1.30 0.86 2.24
QQ 59.73 16.41 10.90 3.74 3.86 1.85 1.34 1.20 99.03 QQ 28.67 13.58 54.84 0.60  0.99 1.32
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Fig. 5 XRD patterns of ancient tomb bricks
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