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Generation and detachment of surface crust
on ancient earthen architectures
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Abstract: Field survey, systematic sampling and laboratory tests were conducted to study the weathering mechanism of earthen
architecture taking the Jiaohe Relics site, Xinjiang, China for example. Particle size analysis, X-ray diffraction and chemical analysis
of soluble salts illustrate that surface crusts are characterized by finer particles and lower soluble salts contents compared with the
host soil. Temperature monitoring by IR thermography camera and thermal sensors shows that thin crusted layers response greatly
and quickly to the environmental temperature change. It is concluded that the local saturation and slurry film generation due to
rainfall are mainly responsible for the formation of surface crusts; and the crust will be subsequently detached by wind erosion and
expansion-contraction induced by the change of temperature. Surface crusted layer prevents the wall from weathering to some degree
at its earlier formation stage but tend to accelerate the deterioration of the earthen architectures in the long term considering that
Jiaohe site suffer from strong sandstorm and strict weather condition.
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Fig.3 Cross section of the host wall covered by surface crust
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Table 1 Results of particle size analysis test

o R (mm) £ 4 25 ik % H& B
- 2~0.075 0.075~0.005 <0.005 /(mZ/g)
C2-1 2.98 62.64 34.38 1.52
C2-2 10.39 60.20 2941 1.28
C2-3 4.35 63.70 31.96 1.45
C5-1 481 63.84 31.35 1.48
C5-2 10.01 65.15 24.84 1.15
C5-3 11.83 64.31 23.86 111
C8-1 10.25 70.33 19.42 0.93
C8-2 16.74 69.82 13.44 0.72
C8-3 11.51 72.75 15.74 0.85
D2-1 10.39 63.61 26.00 117
D2-2 13.56 64.68 21.76 1.03
D2-3 11.66 64.81 23.53 1.13
D3-1 11.67 61.76 26.57 1.28
D3-2 13.77 61.14 25.09 117
D3-3 14.96 61.79 23.23 1.08
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Fig.5 Particle size frequency and cumulative distribution
curves of samples in section C
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Table 2 Results of chemical analysis
. cr NOy S04% Na* K* Mg?* Ca®* Ec
RS / (mg/L) / (mg/L) / (mg/L) / (mg/L) / (mg/L) / (mg/L) / (mg/L) / (ms/cm)
C1-1 263.93 190.44 977.58 240.69 19.37 24.90 567.49 1.04
C1-3 722.26 767.25 675.03 575.19 30.84 24.71 652.48 1.45
c2-1 217.46 151.62 1180.35 176.66 35.42 33.06 616.57 0.99
C2-2 247.65 243.08 714.15 370.25 25.83 16.19 399.84 0.95
c2-3 1479.89 1017.21 621.97 1014.45 92.03 57.18 929.28 2.24
C3-1 729.12 985.93 1043.37 304.77 70.83 86.32 934.30 1.28
C3-2 1900.48 2153.38 1 156.76 953.84 79.02 123.18 1495.18 2.18
C3-3 2993.67 4075.15 440.84 247043 138.95 211.76 1808.52 3.14
C4-1 2 480.56 2 852.55 1109.11 15.49 2.68 1.45 16.43 3.95
C4-2 1974.37 2 194.65 1071.48 1030.50 180.16 155.63 1370.39 2.95
C4-3 2452.38 4717.74 n.a. 1236.79 406.54 115.30 1416.71 3.88
C5-1 356.54 303.33 1098.34 235.21 43.87 33.42 690.44 1.14
C5-2 1 808.68 2104.39 921.26 916.88 86.58 51.95 1425.92 2.37
C5-3 1 407.46 4161.52 324.17 719.66 145.01 41.26 1471.99 2.50
C6-1 612.40 777.20 837.71 224.35 21.57 54.61 803.61 1.16
C6-2 1 856.04 1516.14 920.57 810.34 35.75 108.22 1282.96 2.23
C6-3 2195.49 2034.58 780.49 934.50 49.85 106.80 1463.87 2.48
C7-1 2432.76 1618.33 1158.48 1797.02 88.29 74.13 1143.63 3.28
C7-2 2000.94 2 046.69 407.12 1339.22 55.40 67.61 917.24 2.76
Cs8-1 257.32 371.28 1421.29 356.72 50.93 73.77 730.26 1.23
C8-2 577.62 957.93 1558.30 859.78 79.65 89.86 693.03 1.88
C8-3 1120.98 1851.02 1548.15 1497.41 99.94 134.72 1789.21 3.09
D1-1 14.49 n.a. 687.37 20.81 12.85 15.15 380.48 0.54
D1-2 18.45 29.57 1081.53 45.69 n.a. 16.24 565.97 0.53
D1-3 496.40 79.69 1589.09 788.30 24.56 18.98 568.66 1.72
D2-1 56.11 28.44 409.67 91.44 13.02 12.28 206.49 0.54
D2-2 270.88 94.56 833.97 193.65 11.66 22.63 481.27 0.76
D2-3 1187.70 494.73 762.64 750.72 26.09 40.33 755.92 1.65
D3-1 148.85 105.84 840.64 146.87 14.13 n.a. 457.46 0.68
D3-2 509.93 334.09 809.78 323.39 17.02 25.72 616.04 0.95
D3-3 1244.07 1197.34 458.20 662.66 30.32 39.20 825.48 1.47
D4-1 222831 1721.63 1042.12 1317.87 36.90 34.46 1267.81 228
D4-2 2918.27 3473.28 705.69 1363.31 43.05 36.50 1877.06 2.52
D5-1 609.64 169.59 1436.98 659.81 22.09 22.07 640.19 1.36
D5-2 1578.86 398.22 1386.78 1243.46 31.63 29.41 826.63 211
D5-3 1217.86 379.36 1219.10 974.29 26.76 26.16 772.22 1.75
D6-1 361.10 225.11 1177.22 305.49 14.69 27.74 622.60 0.90
D6-2 686.10 333.33 985.21 511.87 18.52 33.53 597.88 1.13
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Table 3 Results of semi-quantitative analysis
by X-ray diffraction
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Cl1-1 34 28 25 5 8
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C5-3 35 25 24 7 6 1 1
Cr-2 42 34 8 7 1 2 7
C7-3 44 26 19 5 1

D1-1 46 27 13 10

D1-2 42 27 20 10

D1-3 38 24 14 8 6 2 2 6
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Fig. 9 Temperatures monitored at 5 cm-depth of rammed
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Fig.10 Temperatures monitored at the surface of
natural earth wall
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