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2D FEM analysis compared with the in-situ deformation measurements: 
A small study on the performance of the HS and HSsmall model in a design

The deformation behaviour as a result of excava-
tion of a building pit in the inner city of Amsterdam 
is studied using the small strain stiffness model in 
PLAXIS 2D. The numerical results of deformations 
on the sheet pile wall during the different excavation 
stages obtained using PLAXIS are compared with 
the measured data. The objective of this  study is to 
investigate the differences in computed deformation 
of the sheetpile wall when using the Hardening Soil 
model (HS) and the Hardening Soil Small Strain Stiff-
ness model (HSsmall) employing the correlations of 
Alpan (1970) and Benz & Vermeer (2007) compared 
with the inclinometer data to asses their performance 
in an actual design process.

Background on the Small Strain Stiffness model
It has been discovered from dynamic response analysis 
(Seed & Idriss, 1970), that most soils exhibit curvilinear 
stress-strain relationships. The shear modulus G (see 
Figure 1) is usually expressed as the secant modulus 
found at the extreme points of the hysteresis loop. 
The damping factor is proportional to the area found 
inside the hysteresis loop. The applied terminology 
of damping usually means the dissipation of strain 
energy during cyclic loading. From the defi nition of 
both physical properties, it shows that each of them will 
depend on the magnitude of the strain for which the 
hysteresis loop is determined. Thereby, both the shear 
moduli and damping factors must be determined as 
functions of the induced strain in a soil. Several studies 
have shown that the shear moduli of most soils decay 
monotonically with strain. Cavallaro et al. (1999), Mayne 
& Schneider (2001), and Benz et al. (2009) suggest that 
when the maxima are at very small strain levels, i.e. less 
than 10-6 to 10-5, which is associated to recoverable, the 
material behaviour is almost purely elastic (see Figure 2).
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Small-strain stiffness is seen as a fundamental property that almost all soils ranging from colloids to gravels and even rocks exhibit. 

This is the case for static and dynamic loading, and for drained and undrained conditions. In literature, small-strain stiffness is 

assumed to exist due to inter-particle forces within the soil skeleton. Therefore, it can be altered only if these inter-particle forces 

are rearranged (Benz et al., 2009). 

Figure 1: a) Defi nition of the secant shear stiffness Gsec of the hysteresis loop, b) Decrease of Gsec from its maximum 
value Gmax with increasing shear strain amplitude γampl [after Wichtmann & Triantafyllidis (2009)]

Figure 2: Characteristic stiffness-strain behaviour in logarithmic scale [after Atkinson & Sallfors (1991) and Mair (1993)]


