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Abstract: Leakage from water supply pipelines can induce fluidization of overlying sand, leading to subsurface voids and
ground subsidence. Current experimental and theoretical studies generally focuse on continuously graded saturated sand,
neglecting unsaturated and intermittently graded conditions. This study considers factors such as sand particle size, grading,
pipeline submergence level, overburden depth, and leakage orifice size. Based on the balance of sand's weight and seepage
forces, an analytical formula is derived for the initiation flow rate of sand fluidization under varying submergence levels, Model
tests are used to validate this formula. Results show that reducing submergence levels, increasing sand particle size, and
overburden depth will decrease the initiation flow rate, while orifice size has no significant impact. In additions considering the
practical proposed situation that there is no fixed boundary for pipe lakeage and fludization of overlying sand, empirically
modified the Ergun equation is to better describe fluid pressure drop in sand under local pipeline leakage conditions.
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Fig. 1 Schematic diagram of sand fluidization area on the upper
part of the water supply pipeline
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Table 1 Physical and mechanical parameters of test sand

W MXRE RADNTEE KT HE WIEE  fLRE NEEM BERE AW HERAR

. EEG p.. /(kg'm?) p. /(kg:m?) p /(kg'm?) & 0/I(°) Kims) FHa HC
Al 2670 1265 1669 1480 0.446  48.34 0.00393 1.44 1.020
A2 2683 1261 1637 1463 0.455  40.20 0.00099 146 0.960
A3 2.688 1217 1530 1387 0.484  37.80 0.00051 146 0.960
A4 2.674% 1284 1723 1545 0422 4771 0.00084 6.26  2.489
A5 2.677* 1284 1788 1516 0.434  43.42 0.00046 1.71 0.964
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conditions
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Fig. 4 Phenomena of sand fluidization under different pipeline

leakage flow rates
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Table 3 Parameter values related to pressure gradient calculation and initiation fluidization flow rate calculation
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