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Dynamic Response Analysis of Underground
Drainage Pipeline under Traffic Load
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Abstract ; Dynamic response of vehicle’s multi-wheel dynamic load to the underground drainage
pipeline is studied in order to verified repair effect of pipeline by polymer grouting. The 3D
numerical model of the drainage pipeline with socket structure is established by ABAQUS finite
element software. And four wheel loads on the front and rear axle are implemented by Dload
subroutine written. The dynamic response of the pipeline under three working conditions of normal
burial , bottom evacuation and polymer grouting repair was calculated and analyzed,and the effects
of different pipeline burial depths, different vehicle loads and different vehicle speeds on the
dynamic response of pipeline were compared. The results show that polymer grouting can

effectively repair pipe that has detached from the bottom. And the numerical analysis results are
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close to the experimental values,which indicates the accuracy and reliability of numerical model.

The numerical analysis results show that with the increase of the pipeline depth,the earth pressure

increases linearly. The larger the vehicle load is,the more unfavorable the pipeline. The strain and

displacement of the vehicle load on the pipeline decrease with the increase of moving speed.

Key words : traffic load ;buried pipeline ; polymer grouting repair ; numerical simulation
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Fig.2 Arrangement of pipeline strain gauge
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Table 2 Material parameters
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RN 1.80 60 0.30 37 28.5
REET 2.50 3 000 0.20 — —
W 7.85 200 000 0.31 — —
FEY 0.16 1.2 0.30 — —
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Fig.3 Grid diagram of overall structure
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Fig. 6 Comparison of experimental and numerical results
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Table 3 Comparison of experimental and numerical results
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Fig.7 Comparison curve of circumferential Mises stress of J3 socket under different working conditions
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Fig. 8 Comparison curve between bottom strain and top displacement under different buried depth
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Table 4 Maximum strain,displacement and circumferential
Mises stress of J3 bell and spigot under
different buried depth

YR N/ fikg/  AROARNS)/ AR/

m 10-6 mm MPa MPa
0.9 —-3.881 -0.169 3.598 0.352
1.0 -3.615 -0. 164 3.764 0. 366
1.1 -3.403 -0. 160 3.955 0. 381
1.2 -3.315 -0.157 4. 136 0. 403
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Fig. 9 Comparison curve of circumferential Mises stress of J3 bell and spigot under different buried depth
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Table 5 Maximum strain,displacement and circumferential
Mises stress of J3 bell and spigot under
different vehicle loads

Ky N/ g/ RAMJ AR/
t 10°°  mm MPa MPa
4.1  -2.166 -0.104  3.666 0.358
6.1 -3.403 -0.160  3.955 0.381
8.1  -4.291 -0.207  4.152 0.399
10.1  -4.810 -0.243  4.275 0.410
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Fig. 10  Effect of vehicle load on circumferential Mises stress of J3 bell and spigot
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Fig. 11 Comparison curve between bottom strain and top displacement under different vehicle loads
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Fig. 12 Comparison curve of circumferential Mises stress of J3 bell and spigot under different vehicle loads
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Table 6 Maximum strain,displacement and circumferential

Mises stress of J3 bell and spigot under
different vehicle speeds

s N/ fiks  RORS/ WO/
(km-h~') 10°°¢ mm MPa MPa
10 -3.403 -0.160 3.955 0. 381
40 -3.221 -0.156 3.930 0.379
70 -3.070 -0.153 3.903 0.377
100 -2.911 -0.150 3.854 0.372
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Fig. 13 Comparison curve between bottom strain and top displacement under different vehicle speeds
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Fig. 14 Comparison curve of circumferential Mises stress of J3 bell and spigot under different vehicle speeds
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