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Influence of Moisture Content on Physical and Mechanical Properties of
Rammed Earth Wall in Pingyao Ancient City and Its Stablity Analysis
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Abstract: [Purposes] In response to the changes in the surrounding environment, the moisture
content distribution of rammed earth walls varies. To investigate the law of physical and mechanical
properties of rammed earth bodies with different moisture contents, the rammed earth bodies of the

World Cultural Heritage site of Pingyao Ancient City are selected as the research object. [Methods]
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Different target moisture content rammed earth bodies were set up, and the compression modulus, co-
hesion, and shear strength of the soil bodies with different moisture contents were tested by using con-
solidation apparatus and shear apparatus. At the same time, the stability coefficient of the walls with
different moisture contents was calculated by using the strength reduction method in ABAQUS, and
the influence of moisture content in soil bodies on the stability of the walls was discussed. [Results]
The findings indicate that when the soil’ s moisture content w is less than 13.0%, the soil”s cohesion
¢, compression modulus E, and shear strength r all exhibit an increasing tendency as the moisture
content increases. When the soil has a moisture content of more than 13.0% , the soil’s compressibili-
ty increases and its E, decreases. Low—compression soil gradually becomes medium—-compression soil
as w increases. The soil experiences a drop in ¢ and 7, leading to a decrease in soil stability. With the
increase of w, the safety and stability coefficient of the wall shows a gradual downward trend in gener-
al. For the maximum shear stress and equivalent plastic strain of the rammed earth wall with different
moisture contents, the maximum shear stress of the outer wall is greater than that of the inner wall,
that of the bottom is greater than that of the top, and the plastic strain is concentrated at the bottom of
the inner wall. The research results can provide a theoretical basis for the preventive protection and re-
pair soil selection of rammed earth walls and similar rammed earth buildings in Pingyao Ancient City.
Keywords:rammed earth body; moisture content; physical and mechanical properties; Pingyao

Ancient City; finite element analysis
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Fig. 1

Pingyao ancient city rammed earth structure
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Fig. 2 Pingyao ancient city rammer wall damages
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Table 1 Basic physical properties of rammed earth in
Pingyao Ancient City
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Table 2 Particle distribution of soil
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Table 3 Rammed earth repair technologies in Pingyao Ancient City
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Table 4 Data of compaction test
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3 280.5 14. 88 1.72 14. 88 1.72
14.96
16. 56

4 317.9 16. 60 1.69
16. 64
18. 56

5 351.5 18.52 1.65
18.48
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Fig.3 Moisture content—dry density curve of remodeled soil

samples
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Table 5 Porosity ratio of soil with step~by-step pressure and
different moisture contents

w(FrKE)/ J1/kPa
% 50 100 200 400
11.0 0.621 0.616 0. 607 0.591
13.0 0.552 0.543 0.536 0.529
15.0 0. 570 0.565 0.557 0.541
17.0 0.591 0.581 0.565 0. 547
19.0 0. 610 0.592 0.566 0.548
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Table 6 Consolidation test results
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% (MPa™ (MPa) m,/(MPa) ™!
11.0 0. 090 18.775 0.053
13.0 0.070 23.625 0.042
15.0 0.079 19.928 0. 050
17.0 0.157 10. 186 0.098
19.0 0. 260 6.192 0.161
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Fig.7 SEM images of soil samples with different water contents
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Fig. 8 Moisture content—compressibility factor curve of remodeled
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Fig.9 Moisture content-compressive modulus curve of remodeled
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Fig. 11 Moisture content-internal friction angle curve of

remodeled soil samples
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Fig. 12 Moisture content—cohesion curve of remodeled soil samples
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Table 7 Moisture contents, cohesions and internal friction
angles of remodeled soil samples

AR w/ % Hi% 1 c/kPa WIS f ¢/ (D
11.0 21.775 40.10
13.0 114. 683 31.62
15.0 90. 060 23.50
17.0 70. 908 30. 24
19.0 42.380 26.22
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Fig. 13 Shear strength fitting curves of remodeled soil samples with 1.0 18.775 0.3 21.775 40.10 1770
different moisture contents 13.0  23.625 0.31 114.683 31.62° 1840
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Table 8 Fitting equations of compressive stress and shear strength 17.0° 10,186 0.33 70.908 30. 24 1970
with different moisture contents 19.0 6.192 0.34 42.380 26.22° 1950
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Table 10  City wall surface material parameters
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Table 11  Calculational cloudmaps of soil samples with different water contents
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Table 12 The maximum shear stress, equivalent plastic strain, and

safety factor of city wall with different water contents

wCEAKFY/ Y FRBIRL S /kPa SEROIBYERIAE R R
11.0 38.99 1.541x10°° 1.254
13.0 38.74 9.775X 107 1.798
15.0 42.32 1.358x107° 1.639
17.0 43.60 3.019% 107 1.638
19.0 44.59 5.219%x107 1.548
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