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Steel sheet pile walls are extensively employed in civil engineering projects as primary
excavation support systems. In practice, soil profiles often exhibit nonuniform stratification,
and loose or soft layers may occur at various depths. The presence of such layers can
substantially influence ground-surface displacements, as well as the internal forces and
bending moments mobilized within sheet piles and struts during excavation operations,
compared with conditions involving a fully uniform soil profile. These effects must
therefore be taken into account in the design of sheet pile systems. In the present study, a
deep excavation is analyzed using the finite element method. The soil profile is idealized as
three clay layers, one of which consists of soft clay. The soft layer is assigned to three
different positions within the profile—upper, middle, and lower—and the corresponding
responses are compared with those from a reference case without a soft layer. In addition, a
pseudo-static analysis is performed by applying a horizontal acceleration of 0.3g to simulate
seismic loading. The results indicate that the presence of an upper soft clay layer exerts
negligible influence on the vertical displacements of the ground surface and sheet pile wall.
Conversely, when the soft clay layer is located beneath stiffer units, the shear forces, lateral

deformations, and bending moments acting on the sheet pile wall increase markedly.
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Introduction
Excavation-induced ground movements pose significant risks to adjacent structures and

utilities, particularly in urban environments where deep excavations are frequently required
for infrastructure development. Retaining systems—such as sheet pile walls supported by
struts—are commonly employed to mitigate these risks. However, heterogeneous soil
profiles, especially soft clay layers embedded within predominantly stiff clay deposits, can
substantially modify the distribution of stresses, forces, and deformations acting on these
systems. The presence of soft layers may amplify lateral displacements or alter load-transfer
mechanisms, potentially resulting in excessive bending moments, shear forces, and
increased axial demand on struts.

This study examines the influence of a single soft clay layer on the performance of sheet pile
walls in braced excavations under both static and pseudo-static conditions. Building on prior
research (Ahmadpour et al., 2015), which reported increases in strut forces and bending
moments when soft layers underlie stiff clays, the present work extends the investigation by
incorporating seismic effects through a pseudo-static horizontal acceleration of 0.3g. The
objectives of this study are to: (1) quantify variations in soil deformations, sheet pile
stresses, and strut forces associated with different soft-layer positions; (2) evaluate system
behavior under both saturated and dry conditions; and (3) provide design implications for
permanent retaining structures in seismic-prone regions.

Finite element modeling using PLAXIS is employed to simulate realistic soil—structure
interaction and to address existing knowledge gaps regarding the role of soft-layer depth in
governing the stability and performance of braced excavations.

Method
The numerical simulations were performed using PLAXIS 2D with a plane strain

formulation, which is appropriate given the large longitudinal extent of the excavation. The
model represents a symmetric half-section of a 10 m wide and 12 m deep excavation,
supported by steel sheet piles with a total length of 16 m, extending 4 m below the
excavation base. Lateral support is provided by four horizontal struts, spaced at 3 m intervals
in the vertical direction, with the uppermost strut positioned 1 m below the ground surface
and a longitudinal spacing of 5 m.

The soil profile consists of four layers: three clay layers (each 4 m thick) underlain by a 13
m thick gravel layer. An overburden pressure of 5 kN/m? is applied at the ground surface to
represent surcharge loading. Groundwater levels are assigned at 1 m below the ground
surface for saturated analyses.

To isolate the influence of the soft clay layer, four numerical models were developed. Model
1 incorporates a soft clay layer at the top of the clay sequence, Model 2 positions the soft
layer in the middle, and Model 3 places it at the bottom of the clay stack. Model 4 serves as
the reference configuration, consisting entirely of stiff clay layers. In Models 1-3, the soft
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clay layer maintains the same 4 m thickness and directly replaces the corresponding stiff
clay layer in the stratigraphy.

Results

Horizontal ground displacements—an essential parameter for evaluating the stability of
adjacent structures—decrease by approximately 5-9% in Model 1 (soft layer at the top)
relative to the reference Model 4, primarily due to the increased confinement provided by
the underlying stiff layers. In contrast, deeper placements of the soft layer result in amplified
movements: Model 2 exhibits an increase of nearly 10%, whereas Model 3 shows increases
exceeding 14%. These trends are consistent with Long’s (2001) database of 300 case
histories, which indicates that soft layers thicker than 0.6H tend to raise maximum lateral
wall deformations (Osmax) from typical values of 0.05-0.25%H observed in stiff soil
deposits.

Normalized lateral deformations of the sheet pile wall (Figure 18) fall within the range of
0.03-0.055%H. The largest deformation—approximately 0.055%H-—occurs in Model 3.
Notably, Model 2 demonstrates a shift in the depth at which the maximum deformation
develops, indicating an altered deflection mechanism associated with the intermediate
positioning of the soft layer.

Conclusions

This finite element study demonstrates that a soft clay layer in stiff clay profiles generally
induces negligible reductions in shallow deformations and forces when positioned at the top
but amplifies risks with depth. Key findings include: (1) reduced overall deformations and
moments in surficial soft layers, with changes <10%; (2) 10% shear force escalation in
deeper placements; (3) up to 30% bending moment increases at twice-layer-depth,
necessitating enhanced section design; (4) elevated mid-strut loads, critical for braced
systems; (5) progressive rises in influencing parameters with depth; and (6) heightened
lateral soil movements (>14%), vital for protecting adjacent infrastructure.

Design recommendations advocate site-specific geotechnical profiling to locate soft layers,
prioritizing reinforced struts and deeper embedment in seismic zones. Future work could
incorporate dynamic analyses and multi-layer heterogeneity for refined guidelines. These
insights enhance safe excavation practices, reducing urban construction hazards.
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