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A Numerical Study on Safety Evaluation of Prefabricated Sewage-Pipe
Plastic Foundation Based on Pipe Diameters and Buried Soil Depths
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Abstract Improper backfill materials and compaction controls under pipelines have become one of the major causes
of failure in many sewage pipeline systems. A study on backfill materials and compaction controls has been
considered for a long time. However, structural supporters under the pipe were recently concerned because of pipeline
repair and maintenance. This paper presents a prefabricated plastic foundation for supporting a sewage pipe system
and increasing the performance function of the pipes. Several analytical models for the plastic foundations were
investigated using finite-element program, ABAQUS, for checking safety. Comparing with the results of analyses,
some of economic design sections based on the sizes of pipe diameters, 600mm, 700 and 600mm, were evaluated.
These results could be applied to a pipeline system with a prefabricated plastic foundation with respect to pipe
diameters and buried depths.
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Fig. 1. Sewage Pipe Renewable-New Plastic(RNP)
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Table 1. Loading conditions of RNP Foundation

Loading Case Conditions
Pipe Self-Weight Filled with Water
Wheel Load DB-24
Vertical Load of Soil Im ~ 10m

Vertical Load of Lateral Earth Pressure Maston's Equation

Vertical stress increment by road pavement | Concrete Road Pavement

Table 2. Applied Load of Analytical Models

X Analytical Models
Buried . " -
Depth D1a-600mmA Dia-700mm : D1a-800mm'
(m) Body | Connections | Body | Connections | Body | Connections
(MPa) | (MPa) | (MPa) | (MPa) |(MPa)| (MPa)
1 ]0.0827| 0.0867 |0.0871| 0.0949 [0.0916| 0.0983
2 |0.0824| 0.0864 | 0.0888 | 0.0966 [0.0956| 0.1022
3 10.0954| 0.0993 |0.1032| 0.111 [0.1118] 0.1184
4 |0.1115| 0.1154 |0.1204 | 0.1282 |0.1302| 0.1368
5 10.1286| 0.1326 | 0.1384 | 0.1462 |0.1491| 0.1557
6 [0.1461 0.15 0.1564 | 0.1642 ]0.1678| 0.1744
7 10.1639| 0.1679 |0.1748 | 0.1825 |[0.1867| 0.1933
8 ]0.1819| 0.1858 0.193 0.2008 |0.2053| 0.2119
9 10.1997| 0.2037 | 02111 | 0.2189 [0.2237| 0.2303
10 |0.2175] 0.2215 |0.2291 | 0.2369 [0.2419| 0.2485

3. Finite Element Analysis

3.1 FEM Modeling
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3.2 Material Properties
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Table 3. Material Properties of RNP
Elastic : . . .
Yield Stress | possion's Density Gravity
Modulus 1 \pay | Ratio | (kefmm®) | (mis))
(E Mpa) | 7w g
522 20.17 0.42 0.94(10'6) 9.81

3.3 Boundary and Applied Load Conditions
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Fig. 3. Boundary Conditions of RNP Foundation
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Table 4. Boundary Conditions of RNP Foundation

Direction X-Axial Y-Axial Z-Axial
Location (Transverse) | (Longitudinal) (Length)
Up-Down Side .

(Length) Free Free Fixed

Left-Right Side Free Free Free
(Transverse)

Bottom Fixed Fixed Fixed

3.4 Parameters
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Fig. 4. 3D View of RNP Foundation
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4. Fitnite Element Analysis Result
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Fig. 5. Stress Distribution of Model 6MR5N5

Fig. 6. Displacement Distribution of Model 6MR5N5
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Table 5. Comparisons of Analytical Results(6MR5NS)

Buried Maximum | Maximum Yield .

Depth Displacement |  Stress Stress Comf:/arlson
(m) (MPa) (MPa) |(0,, MPa) )
Im 2.10 6.73 20.17 33%
2m 2.09 6.70 20.17 33%
3m 2.42 7.76 20.17 38%
4m 2.83 9.10 20.17 45%
Sm 3.26 10.46 20.17 52%
6m 3.70 11.88 20.17 59%
7m 4.16 13.33 20.17 66%
8m 4.61 14.79 20.17 73%
9m 5.06 16.24 20.17 81%
10m 5.51 17.69 20.17 88%

4.2 Dia—700mm RNP Foundation[7MR5N5]
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Fig. 7. Stress Distribution of Model 7MR5N5

Fig. 8. Displacement Distribution of Model 7MR5NS5
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Table 6. Comparisons of Analytical Results(7MRSNS)

Table 7. Comparisons of Analytical Results(8MR5NS)

Buried Maximum | Maximum | ~ Yield . Buried Maximum | Maximum |  Yield .
Depth Displacement |  Stress Stress Comls/a rison Depth Displacement |  Stress Stress Comg/arlson
(m) (MPa) (MPa) | (0, MPa) 9 (m) (MPa) (MPa) | (0, MPa) )
Im 2.98 9.82 20.17 49% Im 2.87 10.93 20.17 54%
2m 3.03 10.02 20.17 50% 2m 3.00 11.41 20.17 57%
3m 3.53 11.64 20.17 58% 3m 3.50 13.35 20.17 66%
4m 4.11 13.58 20.17 67% 4m 4.08 15.54 20.17 77%
Sm 4.73 15.61 20.17 77% Sm 4.67 17.80 20.17 88%
6m 5.34 17.64 20.17 87% 6m 5.26 20.03 20.17 99%
7m 5.97 19.71 20.17 98% 7m 5.85 22.28 20.17 110%
8m 6.59 21.77 20.17 108% 8m 6.43 24.50 20.17 121%
9m 7.21 23.81 20.17 118% 9m 7.01 26.70 20.17 132%
10m 7.82 25.84 20.17 128% 10m 7.58 28.87 20.17 143%
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Fig. 9. Stress Distribution of Model 8MR5N5

Fig. 10. Displacement Distribution of Model 8MR5N5
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5. Conclusions
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