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Abstract: Rainfall infiltration can affect the stability of the city wall, eventually leading to instability and collapse.
This study focuses on the city wall as the object of study and investigate the physical and mechanical properties as
well as unsaturated properties of the soil through experiments. Based on the experimental data, a shear strength
formula with variable water content is derived, and the safety factor expression is obtained using the Bishop
method. Finite element analysis and stability evaluation are conducted on the seepage field of the city wall slope

under different working conditions, and the stability change of the city wall and the distribution of pore water
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pressure during the plum rain season are analyzed. The results show that with the continuous progress of rainfall,
the pore water pressure gradually increases, the surface soil begins to saturate, the depth of infiltration continues to
increase in the early stage, while the groundwater level rises in the later stage. The stability of the city wall
continues to deteriorate during the rainy season, greatly affected by the total amount and duration of rainfall.
These findings serve as a theoretical reference for the design and construction of the city wall repair and other
projects in the region under typical regional climatic conditions.
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Fig.1 Current situation of Panmen city wall
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Fig. 2 Seepage analysis and calculation model
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Table 1 Physical and mechanical parameters of soil

+2 I /(KN-m™) Ky c/kPa INEEIES 0/(°)  fLBIL e PR /% ARR/% BB FRE Lk /(mesT)
RIE L 18.82 31.1 12.5 0.84 34.37 20.27 1.62 x 10°°
B Rs 1 19.22 44.9 13.8 0.77 36.04 20.23 436 x 107°
it 19.39 48.1 14.6 0.75 36.69 20.03
b+ 18.84 29.4 13.6 0.83 33.83 19.45
bran g 18.69 2.2 29.0 0.83 30.25 20.55
iRk 18.68 26.5 13.3 0.86 33.88 19.94
MR et 18.68 15.0 15.7 0.85 31.30 19.43
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Fig. 3 Soil water characteristic curve
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Table 2 Matrix suction and shear strength under different volumetric water content

B K% F T J)/kPa i J1/kPa W EEAE AR /()
26.05 204.63 65.63 16.60
29.98 136.89 46.05 14.26
30.56 125.37 44.89 14.11
31.62 104.36 48.04 14.53
33.99 21.67 33.56 12.46
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Table 3 The relationship table of soil sample volumetric water content, matrix suction, suction stress and conversion rate

RALE KR 1% L F W 1 /kPa W% % 71 /kPa AR I%
26.05 204.63 39.39 19.25
29.98 136.89 19.81 14.47
30.56 125.37 18.62 14.88
31.62 104.36 21.80 20.89
33.99 21.67 7.32 33.78
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Fig. 5 Relationship curve between suction stress and matrix suction
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Table 4 Calculation conditions considering the influence of rainfall duration variation

R T 400 o F 5 B /(mm - d 7 T 1 4 /d ST W /mm
Al 30 12,3 30,60,90
A2 45 12,3 45,90,135
A3 60 12,3 60,120,180
A4 100 1,2,3 100,200,300
A5 150 1,2,3 150,300,450
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Fig. 6 Variation of safety factor of city wall after three days of rainfall under different rainfall intensity
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Fig. 7 Fitting curve of rainfall intensity and slope
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Fig. 8 Variation of pore water pressure with elevation under different rainfall duration
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Table 5 Calculation conditions considering the influence of rainfall intensity change
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Fig. 9 Variation diagram of safety factor of city wall under different rainfall intensity
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Fig. 10 Pore water pressure distribution at the end of rainfall under different rainfall intensities
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Table 6 Calculation schemes of different rainfall modes
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Fig. 11 Variation of safety factor of city wall under different rainfall modes
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Fig. 12 Variation of safety factor of city wall under different cycle times
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Fig. 13 Pore water pressure distribution under different cycles
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Fig. 14 Changes in the safety factor of the city wall
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