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Abstract: Taking he collapse accident of late restoration section of a Ming city wall as the
background, the collapse reasons of the city wall were analyzed. Based on laboratory test and
scale model experiment of the city wall, the unsaturated properties, strength softening properties
of traditional modified soil (MS) and plain soil (PS) and the anti-permeability, anti-denudation

and anti-cracking properties of rammed city wall with different types of soil were studied.
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According to the unsaturated seepage principle and slope stability analysis method, the rainfall
infiltration regularity and stability of the rammed city wall with different MS were explored. The
results show that compared with PS, the MS of lime soil (LS) and sticky rice and lime powder
soil (SPL) have better comprehensive engineering properties such as the properties of anti-
permeability, anti-denudation and anti-cracking. Under different rainfall conditions, the rainfall-
influenced infiltration depth of the rammed city wall with PS is the largest, and the maximum
infiltration depth is 2. 9 m. The infiltration depth of rammed city wall with LS is the smallest,
which is about 1. 0 m and then followed by the tabia soil (TB). The overall stability of the
rammed city wall with LS or SPL is relatively high. Rainfall infiltration and water accumulation
on the top of the city wall are the external causes of the collapse and instability of the repaired
section of the city wall. Improper materials used in the new construction of rammed earth and the
failure of drainage system are the internal causes of the instability of the city wall. Appropriate
use of MS to repair the ancient city wall and avoiding water accumulation on the top of the city
wall will benefit improving the overall stability of the restored city wall.

Key words: traditional modified soil; engineering property; city wall restoration; model experi-
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Fig. 11 City Wall Calculation Model (Unit:m)
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Table 4 V-G Model Parameters and Permeability Parameters

+ R a/kPa m n 0./ % 0./ % K/(m+d™ 1) p/%
PS 200. 0 0.29 1.4 44.2 5.9 0.165 0 46
ST 4.0 0.17 1.2 48.0 5.0 0.029 3 44
SJL 2.4 0.17 1.2 68.9 1.0 0.030 0 42
SPL 58.8 0. 66 2.9 53.5 17. 4 0.010 3 53
CS 280. 0 0.29 1.4 60. 3 2.0 0.010 7 49
TB 200. 0 0.17 1.2 43.0 2.6 0.000 1 49
LS 200. 0 0.23 1.3 50.0 5.0 0.009 3 58
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Table 5 Mechanical Parameters of Materials

BB E/MPa P y/(kN +m ?) o SR 1 05 PR KL o 21125 5 PR KL
PS 6.6 0.35 cw=—107. 6w+39.8 gw=—47.8w+31.9
ST 6.8 0.34 cw=—115. 2w+92.5 gw="12.0w+17.8
SIL 8.5 0.33 cw =224 4w+197. 4 gw=—18.3w+37.3
SPL 15.6 0.30 15.0 cw=—236.4w+120. 9 ¢w=—55.6w+56.3
Cs 18.4 0.30 cw=—121.6w+75.9 gw="29.8w+41.6
TB 23.5 0.29 cw=—603.5w+220. 8 ¢w="—85.9w+60.8
LS 22.7 0.29 cw=—30534.8w+1 284.8 pw=—413.0w+171.0
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Table 6 Rainfall Parameters
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Table 7 Overall Safety Factors of City Wall

IR A R
+ K 5 : : : :
/N i K R
SJL 1.81 1.74 1.62 1.42
SPL 4,10 4,04 3.73 3.68
PS 1.17 1.06 1.01 0. 87
TB 2.59 1.59 1. 35 2.40
CS 1.81 1.77 1.74 1.75
LS 5.03 5.00 4. 91 4. 86
ST 1.82 1.76 1. 64 1.63
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