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Abstract

The non-uniformity of the construction site is a key factor affecting variations in the vertical bearing
capacity of pipe piles. Traditional pile design methods overlook the non-uniform distribution char-
acteristics of the site, often leading to discrepancies between the designed bearing capacity of pipe
piles and actual engineering conditions. To address this issue, this paper proposes an estimation
method for the vertical bearing capacity of pipe piles considering the non-uniform distribution
characteristics of construction sites. First, the geometric parameters of pipe piles and the dataset of
soil mechanical parameters of the site were obtained through engineering investigation, the statis-
tical characteristics of parameters were calculated and the spatial weight matrix was constructed.
On this basis, the random field of soil mechanical parameters was established to quantify the spatial
variability of parameters within the same soil layer. Then, multiple groups of soil parameters sim-
ulated by the random field were substituted into the bearing capacity calculation formula to obtain
multiple groups of bearing capacity results. Finally, the distribution characteristics of bearing ca-
pacity were clarified through statistical analysis. Engineering case verification shows that the ran-
dom field of soil parameters constructed by the proposed method is highly consistent with the law
of measured data, and can accurately reflect the uncertainty of bearing capacity caused by the non-
uniform distribution characteristics of construction sites; the average value of vertical bearing ca-
pacity of pipe piles in this site is 16009.7 kN, the 5% quantile value is 15703.3 kN, the 95% quantile
value is 16209.6 kN, and the high-probability interval of 15703.3 kN~16209.6 kN. The results can
be utilized for engineering pile design values. This research provides a scientific and technological
pathway for the reliability design of pipe pile vertical bearing capacity and engineering risk assess-
ment.
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Figure 1. Calculation process for bearing capacity of non-uniform pipe piles in construction sites
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Figure 2. Spatial distribution characteristics of pipe pile resistance
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Figure 3. Stratigraphic conditions at sampling points
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Figure 4. Dataset of lateral friction resistance and cone tip resistance
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Figure 5. Random samples of lateral friction resistance and cone tip resistance
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Figure 6. Statistical characteristics of vertical bearing capacity
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