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Abstract

This study presents a reasonable and economical DCM reinforcement length for the various factors (the embankment
height, the distance from the embankment to the underground structure, the depth of the soft ground, and the compression
index and the swelling index of the soft ground) that affect the stability of the structure due to lateral movement. Based
on these results, we analyzed each factor’s degree of influence and figured out which factor influenced the lateral
movement most. The cross section of the embankment on the soft ground was modeled by using the Finite Element
Program and reinforced with DCM. The results show that the increase rate of the reinforcement length with the increase
of the embankment height is about 9~ 50%, the increase rate of the reinforcement length with the depth of soft ground
is about 13~30%, and the increase rate of the reinforcement length with increasing compression index is about 3 ~25%.
In addition, the influence of each factor on each other was analyzed. As a result, among the separation distance, the
compressive index and the maximum to minimum slope ratio of the reinforcement length of the embankment height,
the separation distance was the largest for the depth of soft ground. As the depth of the soft ground increases, the
ratio of the maximum to minimum slope of the reinforcement length according to the embankment height is 3.75, the
ratio of the maximum to minimum slope of the reinforcement length according to the spacing distance is 4.3, and the
ratio of maximum to minimum slope according to compression index is 2.5. From these results, it is confirmed that

the three factors are greatly affected by the depth of soft ground.
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Table 1. Properties of steel pipe
Steel pipe
t (m) 0.05
D (m) 1
Depth d(m) 3
EA (kN/m) 2.04E+06
El (kNm?/m) 17
W (kN/m/m) 0.78
v 0.18
Table 2. Ground properties
Ground Soft Weathered | Embank— DCM
properties ground rock ment (70%)
Z (m) 10, 15, 20 - - -
H (m) - 5 5 6,7 -
~, (KN/m?) 15 21 19 15
Your (KN/mM?) 16 22 20 16
K (m/day) 1.00E-05 | 8.64E—-03 0.864 1.00E-05
E (kN/m?) - 1.00E+05 | 3.00E+04 | 2.31E+04
v - 0.3 0.3 0.35
C (kN/m) 10 50 15 101
¢ () 0.1 35 25 4.9
Cc 0.3, 0.5, 0.7 - - -
0.03, 0.05, ~ ~ ~
Cs 0.07
e 1 - - -
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Table 3. Analytical condition

H (m) Cc D (m) Z (m)
5 0.3 1 10
6 0.5 3 15
7 0.7 5 20

Total 81 cases
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Table 4. Increasing ratio (R) of L with change of H

L=Reinforcement length R=Ratio of increase

D(m)|Z(m| Cc |[HmM L MR (%) [D(m]|Zm]| Cc |Hm]|L(m[R(%)[D(m)|Zm)]| Cc |[H(m)]|L (m)|R (%)
5 2.4 - 5 3.6 - 5 4.8 -
0.3 6 3.6 |50.00 0.3 6 4.8 |33.33 0.3 6 6.0 |25.00
7 4.8 |33.33 7 6.0 |25.00 7 7.2 120.00
5 3.6 - 5 4.8 - 5 6.0 -
10 0.5 6 4.8 |33.33 10 0.5 6 6.0 |25.00 10 0.5 6 7.2 |20.00
7 6.0 |25.00 7 7.2 |20.00 7 8.4 |16.67
5 4.8 - 5 6.0 - 5 7.2 -
0.7 6 6.0 |25.00 0.7 6 7.2 |20.00 0.7 6 8.4 |16.67
7 7.2 |20.00 7 8.4 |16.67 7 9.6 |14.29
5 6.0 - 5 7.2 - 5 9.6 -
0.3 6 7.2 |20.00 0.3 6 9.6 |33.33 0.3 6 13.2 | 37.50
7 8.4 |16.67 7 10.8 | 12.50 7 14.4 | 9.09
5 7.2 - 5 9.6 - 5 12.0 -
5 156 0.5 6 9.6 |33.33 3 15 0.5 6 12.0 |25.00 1 15 0.5 6 15.6 | 30.00
7 10.8 | 12.50 7 13.2 {10.00 7 18.0 | 15.38
5 8.4 - 5 10.8 - 5 14.4 -
0.7 6 10.8 | 28.57 0.7 6 13.2 | 22.22 0.7 6 16.8 | 16.67
7 12.0 [11.11 7 15.6 [18.18 7 20.4 | 21.43
5 10.8 - 5 13.2 - 5 19.2 -
0.3 6 14.4 | 33.33 0.3 6 18.0 |36.36 0.3 6 24.0 | 25.00
7 18.0 | 25.00 7 21.6 | 20.00 7 28.8 | 20.00
5 13.2 - 5 16.8 - 5 21.6 -
20 0.5 6 16.8 | 27.27 20 0.5 6 21.6 | 28.57 20 0.5 6 26.4 | 22.22
7 20.4 121.43 7 26.4 | 22.22 7 32.4 | 22.73
5 15.6 - 5 19.2 - 5 25.2 -
0.7 6 19.2 123.08 0.7 6 24.0 |25.00 0.7 6 31.2 | 23.81
7 24.0 | 25.00 7 28.8 |20.00 7 36.0 | 15.38
Average of slope 25.78 Minimum of slope 11.11 Maximum of slope 50.00
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L=Reinforcement length R=Ratio of increase

H(m)|Z (m)| Cc |D(m)[L(m|R(%)|[Hm]|Zm]| Cc |D(m)|L(m[R (%) [HmM)|Z(m)]| Cc [D(m)|L (m)|R (%)
5 2.4 - 5 3.6 - 5 4.8 -
0.3 3 3.6 |25.00 0.3 3 4.8 |16.67 0.3 3 6.0 |12.50
1 4.8 |16.67 1 6.0 |12.50 1 7.2 110.00
5 3.6 - 5 4.8 - 5 6.0 -
10 0.5 3 4.8 |16.67 10 0.5 3 6.0 |12.50 10 0.5 3 7.2 110.00
1 6.0 |12.50 1 7.2 |10.00 1 8.4 | 8.33
5 4.8 - 5 6.0 - 5 7.2 -
0.7 3 6.0 |12.50 0.7 3 7.2 |10.00 0.7 3 8.4 | 8.33
1 7.2 |10.00 1 8.4 | 8.33 1 9.6 | 7.14
5 6.0 - 5 7.2 - 5 8.4 -
0.3 3 7.2 |10.00 0.3 3 9.6 |16.67 0.3 3 10.8 | 14.29
1 8.4 | 8.33 1 13.2 | 18.75 1 14.4 | 16.67
5 7.2 - 5 9.6 - 5 10.8 -
5 156 0.5 3 9.6 |16.67 6 15 0.5 3 12.0 [12.50 7 15 0.5 3 13.2 | 11.11
1 12.0 | 12.50 1 15.6 [ 15.00 1 18.0 | 18.18
5 8.4 - 5 10.8 - 5 12.0 -
0.7 3 10.8 | 14.29 0.7 3 13.2 [ 11.11 0.7 3 15.6 | 15.00
1 14.4 | 16.67 1 16.8 [ 13.64 1 20.4 | 15.38
5 10.8 - 5 14.4 - 5 18.0 -
0.3 3 13.2 | 11.11 0.3 3 18.0 | 12.50 0.3 3 22.6 [12.78
1 19.2 | 22.73 1 24.0 116.67 1 28.8 [13.72
5 13.6 - 5 16.8 - 5 20.4 -
20 0.5 3 16.8 |11.76 20 0.5 3 21.6 [14.29 20 0.5 3 26.4 (14.71
1 21.6 [ 14.29 1 26.4 | 11.11 1 32.4 |11.36
5 15.6 - 5 19.2 - 5 24.0 -
0.7 3 19.2 | 11.54 0.7 3 24.0 112.50 0.7 3 28.8 [10.00
1 25.2 115.63 1 28.8 [10.00 1 36.0 [12.50
Average of slope 13.25 Minimum of slope 7.14 Maximum of slope 25.00
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Table 6. Increasing ratio (R) of L with change of Z

L=Reinforcement length R=Ratio of increase

H(m)|D (m)| Cc [Z(m)|L (m)|R (%) |H(m)]|D(m| Cc |Z(m)|L (m)[R(%)|[H (m)|D(m)| Cc |[Z (m)|L (m)|R (%)
10 2.4 - 10 3.6 - 10 4.8 -
0.3 15 6.0 |30.00 0.3 15 7.2 |20.00 0.3 15 9.6 |20.00
20 | 10.8 [16.00 20 | 13.2 |16.67 20 | 19.2 | 20.00
10 3.6 - 10 4.8 - 10 6.0 -
5 0.5 15 7.2 |20.00 5 0.5 15 9.6 |20.00 5 0.5 15 | 12.0 |20.00
20 | 13.6 [17.78 20 | 16.8 [15.00 20 | 21.6 |16.00
10 4.8 - 10 6.0 - 10 7.2 -
0.7 15 8.4 |15.00 0.7 15 | 10.8 | 16.00 0.7 15 | 14.4 120.00
20 | 156 [17.14 20 | 19.2 |15.56 20 | 25.2 |15.00
10 3.6 - 10 4.8 - 10 6.0 -
0.3 15 7.2 |20.00 0.3 15 9.6 |20.00 0.3 15 [ 13.2 | 24.00
20 | 14.4 120.00 20 | 18.0 [17.50 20 | 24.0 |16.36
10 4.8 - 10 6.0 - 10 7.2 -
5 3 0.5 15 9.6 |20.00f 6 3 0.5 15 | 12.0 |20.00 7 3 0.5 15 | 15.6 |23.33
20 | 16.8 [15.00 20 | 21.6 [16.00 20 | 26.4 |13.85
10 6.0 - 10 7.2 - 10 8.4 -
0.7 15 | 10.8 | 16.00 0.7 15 | 13.2 | 16.67 0.7 15 | 16.8 |20.00
20 | 19.2 |15.56 20 | 24.0 [16.36 20 | 28.8 |14.29
10 4.8 - 10 6.0 - 10 7.2 -
0.3 15 8.4 |15.00 0.3 15 | 10.8 | 16.00 0.3 15 | 14.4 120.00
20 | 18.0 | 22.86 20 | 22.6 |21.85 20 | 28.8 |20.00
10 6.0 - 10 7.2 - 10 8.4 -
1 0.5 15 | 10.8 | 16.00 1 0.5 15 | 13.2 | 16.67 1 0.5 15 | 18.0 | 22.86
20 | 20.4 |17.78 20 | 26.4 |20.00 20 | 32.4 |16.00
10 7.2 - 10 8.4 - 10 9.6 -
0.7 15 | 12.0 | 13.33 0.7 15 | 15.6 |17.14 0.7 15 | 20.4 |22.50
20 | 24.0 | 20.00 20 | 28.8 [16.92 20 | 36.0 |15.29
Average of slope 18.25 Minimum of slope 13.33 Maximum of slope 30.00
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Table 7. Increasing ratio (R) of L with change of Cc

L=Reinforcement length R=Ratio of increase

H(m)|D (m)|Z(m)| Cc [L(m)|R(%)|H(m)]|D(m)|Z(m)| Cc |L(m)[R(%)[H(m)|D(m)[Z(m)| Cc |L (m)|R (%)
03 | 24 - 0.3 | 3.6 - 0.3 | 48 -
10 0.5 | 3.6 |25.00 10 0.5 | 4.8 |16.67 10 0.5 | 6.0 |12.50
0.7 | 4.8 |16.67 0.7 | 6.0 |12.50 0.7 | 7.2 |10.00
0.3 | 6.0 - 03 | 7.2 - 0.3 | 8.4 -
5 15 0.5 | 7.2 |10.00 5 15 0.5 | 9.6 |16.67 5 15 0.5 | 10.8 | 14.29
0.7 | 84 | 833 0.7 | 10.8 | 6.25 0.7 | 12.0 | 5.56
0.3 | 10.8 - 0.3 | 144 - 0.3 | 18.0 -
20 0.5 | 13.6 |12.96 20 0.5 | 16.8 | 8.33 20 0.5 | 20.4 | 6.67
0.7 | 156 | 7.35 0.7 | 19.2 | 714 0.7 | 24.0 | 8.82
0.3 | 3.6 - 03 | 48 - 0.3 | 14.4 -
10 0.5 | 4.8 |16.67 10 0.5 | 6.0 |12.50 10 0.5 | 18.0 |12.50
0.7 | 6.0 |12.50 0.7 | 7.2 |10.00 0.7 | 24.0 |16.67
03 | 7.2 - 0.3 | 9.6 - 0.3 | 16.8 -
5 3 15 0.5 | 96 |16.67| 6 3 15 0.5 | 12.0 |12.50 7 3 15 0.5 | 21.6 |14.29
0.7 | 10.8 | 6.25 0.7 | 13.2 | 5.00 0.7 | 26.4 |11.11
0.3 | 13.2 - 0.3 | 18.0 - 0.3 | 19.2 -
20 0.5 | 16.8 | 13.64 20 0.5 | 21.6 |10.00 20 0.5 | 24.0 |12.50
0.7 | 19.2 | 714 0.7 | 24.0 | 5.56 0.7 | 28.8 |10.00
03 | 438 - 0.3 | 6.0 - 0.3 | 6.0 -
10 0.5 | 6.0 |12.50 10 0.5 | 7.2 |10.00 10 0.5 | 7.2 |10.00
0.7 | 7.2 |10.00 0.7 | 84 | 833 0.7 | 8.4 |8.33
03 | 9.6 - 0.3 | 13.2 - 0.3 | 10.8 -
1 156 0.5 | 12.0 | 12.50 1 15 0.5 | 15.6 | 9.09 1 15 0.5 | 13.2 |11.11
0.7 | 14.4 |10.00 0.7 | 16.8 | 3.85 0.7 | 15.6 | 9.09
0.3 | 19.2 - 0.3 | 24.0 - 0.3 | 22.6 -
20 05 | 21.6 | 6.25 20 0.5 | 26.4 | 5.00 20 0.5 | 26.4 | 8.41
0.7 | 25.2 | 8.33 0.7 | 31.2 | 9.09 0.7 | 28.8 | 4.55
Average of slope 10.51 Minimum of slope 3.85 Maximum of slope 25.00
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