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Abstract: Soil creep is the process where soil deformation progressively increases under
sustained loading. Under the coupled action of berth siltation soil and berth loads, soil creep
occurs, impacting pile foundation bearing capacity. This paper investigates the creep
characteristics of various soils, analyzes how soil strength and deformation affect pile
foundation load response, and revises the p-y curve method for creep conditions. The
results show that under the coupled action of bank slope siltation and creep, the long-term
soil strength declines. The eso value, which is the strain at half the maximum principal
stress difference in isochronous curves, gradually increases. The horizontal pile
displacement becomes larger, yet with increasing time, the incremental horizontal
displacement of the pile foundation becomes smaller and smaller.

1. Introduction

As a common foundation type for docks, single-pile foundations are characterized by low self-
weight, simple structure, and clear stress distribution™. Soil creep caused by the coupled action of
dock loads and silt changes soil strength and deformation, affecting pile foundation bearing capacity.

Yang(2022)1, via 1D consolidation creep tests, found that remolded soft clay undergoes
significant instantaneous deformation during creep, with slow, gradual deformation reduction
toward stabilization as loading time increases. Zhou(2006)[! conducted a series of triaxial tests to
explore how factors like soil's initial consolidation degree, drainage conditions, and load ratio affect
soft soil creep. Hu(2023)™), with triaxial shear creep tests, observed strain-hardening in remolded
overconsolidated saturated clay, noting earlier creep onset and smaller creep deformation with
higher overconsolidation ratios. Long(2010)! divided the creep process into three stages: steady-
state creep, accelerating creep, and creep failure, based on triaxial and direct shear creep tests.
These studies focused on analyzing soft soil creep via indoor tests but did not deeply explore the
impact of soil creep on foundation horizontal bearing capacity. The p-y curve method recommended
by AP1(2014)[ also does not account for soil creep effects on pile foundation capacity.

This paper analyzes the creep characteristics of different soils to study their effect on pile
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foundation bearing capacity. It first examines how soil creep influences the strain value eso at half
the maximum principal stress difference in isochronous curves. Then, it revises the p-y curve
method and uses numerical analysis to simulate the impact of soil creep on pile foundation capacity.

2. Impact of Soil Creep on p-y Curves
2.1. Calculation Method of p-y Curves for Clay

Use the p-y curve method from API(2014)! to calculate horizontal load responses of pile
foundations. The detailed calculation method is shown in equations (1)~(4) and Table 1.

For 0<z<zr, p,D=3s,D+yzD+Js,z (1)
For z>zr, p,D=9s,D (2
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Table 1 Horizontal resistance-displacement data

p/pu 0.00 0.23 0.33 0.50 0.72 1.00 1.00
ylye 0.0 0.1 0.3 1.0 3.0 8.0 00

puD represents ultimate resistance per unit length (N/m), pu the ultimate resistance (N), su the
soil's undrained shear strength (kPa), D the pile diameter (m), Y° the soil effective unit weight
(KN/m3, J a dimensionless constant, z the depth below the mudline, zr the depth from the mudline
to the bottom of the soil resistance reduction zone (m), and y the horizontal pile displacement.

2.2. Creep Test Analysis

By analyzing the creep tests done by scholars I3l this paper studies the impact of soil creep on
gs0 in the p-y curve method. The soil parameters are shown in Table 2.

Table 2 Basic physical and mechanical parameters of soil

Soil | Zhuhai™ | Zhangzhou® | Binhail® | Shantou™ | Wangjiang™ | Wenzhou!*? | Shanghail*!
Ip 37.2 35.8 20.38 16 17.3 23.1 154
c/kPa 4.6 8 15 15.9 154 9.8 16.7
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Figure 1 Stress-strain isochronous curve
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Take the triaxial consolidation undrained shear creep test of Zhuhai soft soil at 100kPa cell
pressurell as an example to analyze the variation of eso during soil creep. The stress-strain
isochronous curves are shown in Figure 1, and the variation of the strain growth value Aeso at half
the maximum principal stress difference with time is shown in Figure 2.

From Figure 1, the initial elastic modulus of soil decreases and its long-term strength drops
gradually during creep. Figure 2 shows that eso increases gradually with time.

2.3. Modified p-y Curves for Clay

The relationship curve between the normalized strain value at half the maximum principal stress
difference for different soils Aeso(t)/Aeso(t=0h) and the plasticity index Ip at the same time is shown

in Figure 3 (taking t=24h as an example).

curve in Figure 3 yields equation (5).
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Figure 3 The curve of Ae50(t=24h)/Ae50(t=0h)-1p
From Figure 3, Aeso(t)/Aeso(t=0h) increases with Ip. A fitting of the Aeso(t=24h)/A eso(t=0h)-Ip

Ag,(t=0h)
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Figure 5 Coefficient b-t curve

(5)

Equations (6)~(8) provide a method to calculate ¢so during soil creep, thus revising the p-y curve
method recommended by the API specificationl®!,
The relationship between Aeso(t)/Aeso(t=0h) and Ip at different times is expressed by equation (6).
The relationship between coefficients a, b and t is shown in Figures 4 and 5. a and b are fitting
coefficients. The relationship curves between coefficients a, b and time in Figures 4 and 5 are fitted
to obtain equations (7) and (8).
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3. Pile Load Response under Bank Slope Siltation and Creep Coupling
3.1. Numerical Model Establishment

Numerical analysis on the horizontal load response of pile foundations under the coupled action
of bank slope siltation and creep was carried out using the ABAQUS finite element software.A
42m-long pile with a 0.75m diameter and 38m burial depth was modeled. Soil layers were set every
2m below the mudline, with a soil spring applied at the midpoint of each layer and creep parameters
input at connection sections. The soil's plasticity index Ip was 20, with undrained shear strength su
increasing linearly from 50kPa at the first layer to su =50+1.2z with depth z. The effective unit
weight of the soil was 8.5kN/m3A horizontal load F1 was applied at the pile head to simulate the
dock load, and another load F2 at 2.67m below the mudline to simulate the effect of siltation on the
pile foundation. p-y curves at different times were input for each soil layer to account for the
influence of soil creep on the pile foundation. The loading conditions are shown in Figure 6.

F: Dock load
|~ F2 Pressure of silt deposits

Figure 6 Numerical model
3.2. Pile Load Response Analysis

Zdravkovic(2015)4 defined the horizontal bearing capacity of pile foundations as the
foundation resistance corresponding to a mudline displacement of 0.1D under lateral loading. To
more accurately simulate the horizontal load response of pile foundations under the coupled action
of bank slope siltation and creep, soil spring models at different creep times were established in
ABAQUS. The pile foundation was subjected to dock loads and soil pressure from the siltation, and
the load-displacement curves at the pile head, pile depth-displacement curves, and horizontal
bearing capacity-time curves are shown in Figures 7,8 and 9.

From Figure 7, under the same lateral load, pile foundation horizontal displacement increases
with creep time. The initial displacement growth is rapid but slows to nearly zero. From Figure 8,
pile horizontal displacement decreases with depth. A inflection point appears at 12m depth. Above
12m, displacement decreases nearly linearly; below 12m, it approaches zero, indicating fixed ends
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at the lower pile and base. From Figure 9, due to soil strength decay with creep time, pile horizontal

bearing capacity decreases over time. Most capacity is lost by one month, after which the decay
slows.
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Figure 9 Horizontal bearing capacity-time curve

4. Conclusions

Through simulations using ABAQUS finite element software, the horizontal load response of
pile foundations under the coupled action of bank slope siltation and creep was studied. Here are the
key findings:

As creep time rises, the soil's initial elastic modulus and long - term strength decrease, while the
strain value eso at half the maximum principal stress difference increases. A modified p-y curve
method considering soil creep effects is proposed.
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Under the coupled action of bank slope siltation and creep, pile foundation horizontal
displacement grows with time, but the increment declines. Within a certain pile burial depth range,
horizontal displacement diminishes nearly linearly with depth, approaching zero, with fixed ends
appearing at the lower part and base of the pile.

As the action time of dock loads and silt pressure on the pile increases, the pile's horizontal
bearing capacity decreases. Initially, it drops rapidly; after one month, most of the capacity is lost,
and in the later stage, it decays slowly.
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