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ABSTRACT

Town Point is an area located at the confluence of Tamar and North Esk rivers in Launceston, 
Tasmania. The area is underlain by soft Quaternary deposits that are poorly characterised in 
geotechnical terms.  A flood levee was constructed in the early 1900 decades to protect the inland 
suburb of Invermay. Studies undertaken for the Launceston City Council indicated that the stability 
of the flood levee was marginal due to the underlying soft deposits. In addition, dredging of the 
river section was required to improve its hydraulic capacity in accommodating large floods.  
Dredging required a suitable retention system to be constructed in order not to jeopardise the 
stability of the flood levee.

This paper presents the uncovered ground conditions and the design of a retention system 
comprising soldier piles. Geosolve Wallap and standard limit equilibrium computer programs were 
used at the feasibility stage. The design of the selected soldier pile option was further optimised 
using computer modeling using Rocscience Phase2. At a later stage and as part of preparing this 
paper, modeling with Itasca FLAC was undertaken, which provided an opportunity for comparing 
software outputs. Construction of the retention system has yet to start at the time of preparing this 
paper. Monitoring of the field movements of the constructed structure will provide a good 
opportunity to validate the corresponding values predicted in the computer models.

1 BACKGROUND

The Launceston City Council (Council) has for some time been concerned about the stability of the 
flood levees built in the early decades of the 1900s, and in particular a section of levee at Town 
Point. Town Point is an area located at the confluence of Tamar and North Esk rivers in Launceston, 
Tasmania (Figure 1). In addition, the Council, as part of the Upper Tamar River Improvement 
Authority, intended to carry out additional dredging of the river at Town Point to RL -2.4m AHD.  
The dredging was deemed essential to maintain a wet surface on the mudflats at Home Reach 
opposite to this site, to ensure that major floods remove the sediments, and not to overtop the 
levees in extreme flood events. Existing old timber piling and waling systems around Town Point 
have significantly deteriorated. Some 2.5m of tidal fluctuation takes place every day at this site.

Figure 1: Arrows point to Town Point and North Esk–Tamar River confluence 

GHD undertook a geotechnical investigation program and preliminary design and option analysis for 
a suitable retention system that addresses the Council’s design constraints including budgetary, site 
access and working areas, in addition to the presence of deep low strength Quaternary deposits 
[Ahmed-Zeki, 2006]. These deposits are the main design and construction constraint on a river edge 
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7retention system (e.g. can not be constructed on shallow type foundations). This issue was the main 

constraint affecting the development of viable solution concepts.

The uncovered ground conditions and the design aspects including a focus on numerical modeling 
are described further in the remainder of this paper.

2 GEOTECHNICAL SITE MODEL

The geotechnical investigation program included 9 piezocone and normal CPT probings (by EngTest 
of the University of Adelaide), as well as drilling 5 boreholes (by Stacpoole Enterprises) with the 
associated Standard Penetration Testing (SPT). Classification testing was undertaken on the insitu 
soft soils, while shear box testing (peak and residual strength) was undertaken on levee fill samples, 
and unconsolidated undrained triaxial testing was undertaken on very weak Tertiary siltstone and 
mudstone. The geological site model is shown in Figure 2 below [Ahmed-Zeki, 2006]:

Figure 2: Geology - Town Point foreshore (projected on a vertical plane; looking northwards)

The main two insitu deposits affecting the behaviour of the retention system are the high plasticity 
and soft clay, and the fine-grained (and sometimes gravely) sands. Typical cone resistance (qc) and 
side friction (fs) profiles for areas with deep soft clay and others with sands as well as soft clays are 
shown in Figure 3 [Ahmed-Zeki, 2006]:

Figure 3: Typical qc and fs for sand/clay section (left) and deep clay section (right)
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7 Typical uncorrected SPT blow count within the clay layer and that within the sand layer are shown 
in Figure 4. The increase in SPT blow count in sand reflects the presence of fine-grained gravels.

Figure 4: Typical SPT profiles in clay and sand deposits

3 NUMERICAL MODELING OF THE SOLDIER PILE SYSTEM

3.1 General

Stability of the retention system is the prime objective here, as displacements were not considered 
too critical (i.e. no buildings in the vicinity). Displacements depend largely on the pattern of 
dredging and support construction, but also on material parameters (soil and elements). Prediction 
of lateral behaviour of pile foundations is complicated due to the fact that the soil reaction is 
dependent on the pile movement and in turn the pile movement is dependent on the soil response. 
It is also known that the flexural stiffness of piles change with the application of load and 
developing movements. Moreover, there is evidence that the pile/soil interface strength can have 
an important effect on the amount of soil movement. These issues and others will be investigated in 
future work.  As indicated earlier, the Wallap software was used in the feasibility study.

3.2 Material Parameters

Based on the interpretation of the geotechnical investigation findings, the following strength and 
deformation parameters were used for the ground materials in the Phase2 computer modeling (and 
then same for Flac for comparison), adopting the Mohr-Coulomb material model:

Table 1: Ground Material Parameters

Material

Unit
weight,
kN/m3

Effective
friction

angle '

Effective
cohesion,
kPa

Undrained
cohesion,
kPa

Deformation
modulus E, 
MPa

Poisson’s
ratio

Levee Fill 19 34 0 0 10 0.3

Additional Fill 16 24 0 0 5 0.35

Clay 1 15 0 0 10 1 0.49

Clay 2 16 0 0 20 2 0.49

Clay 3 16 0 0 25 2.5 0.49

Clay – Firm 17 0 0 35 5 0.49

Sand 18.5 33 0 0 20 0.3

Basalt Gravels 21 37 0 or 10 0 60 0.3

Siltstone/Mudstone 22 26 25 0 100 0.3

3.3 Phase2 Analysis

To verify the design of the selected soldier pile system, the initial Wallap analysis was augmented 
by analysis using Rocscience Phase2. Clearly this is a soil-structure interaction exercise. The chosen 
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7system was a 450mm square reinforced concrete piles (with eight 28mm diameter rebars) at 3 

metre c/c spacing, and 4m deep precast concrete wall panels. Seventy degree raked piles for the 
deep clay section, were included. Phase2 is a 2D plane-strain finite element software. Being a 2D 
software, the individual soldier piles in this case were modeled as elastic and continuous “thin 
walls”, with an equivalent stiffness (i.e. modulus of elasticity times the moment of inertia, EIpile) to 
that of the discrete piles positioned at 3m spacing.    

Figure 5: Geometry for the deep clay section

Figure 6: Geometry for the sand and clay section

In Phase2, the piles were modelled as liner elements, the tie-rods were modelled using "end-
anchored" bolt elements with discrete bolt spacing, while the struts were simulated using "spring" 
elements with spring stiffness specified per metre length of wall. Ground and river water level at 
the end of the dredging operation was assumed equal and at RL 0m AHD. The top of the soldier pile 
is at RL 0m and the raked pile – soldier pile connection is at RL -1m. Due to space constraints, 
modeling comparison for only the deep clay section is presented in this paper.

Figure 7: Horizontal displacements of soldier pile and ground – Deep clay section
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Phase2 outputs for the deep clay section (the critical section) are shown in Figure 7 (horizontal 
displacements of ground and soldier pile); Figure 8 (pile bending moments), and Figure 9 (axial 
force in raked pile). The Phase2 analysis indicates that the max lateral pile displacement (LPD) was 
39mm, the max working max pile bending moment (MPBM) was 82kN.m/m, and the max working 
raked pile axial force (RPAF) was 515kN/m.

Figure 8: Bending moments in piles – Deep clay section

Figure 9: Axial force in raked pile – Deep clay section

3.4 Itasca FLAC

An analysis using Itasca FLAC version 5 was undertaken to compare the output with that obtained 
from Phase2.  FLAC is a finite difference 2-dimensional continuum code for modeling soil, rock and 
structural behaviour. It treats individual piles in a similar way to Phase2 (see 3.3).  The geometrical 
model was based on that in Figure 5, and the material parameters were those presented in 3.2.  
Figures 10 and 11 present the ground’s horizontal displacements, the soldier pile horizontal 
displacements and bending moments, and the raked pile axial force. The FLAC analysis indicates 
that the max LPD was 85mm, the MPBM was 122kN.m/m, and the max RPAF was 380kN/m. 

As the Phase2 analysis considered undrained behaviour for the clay zones, this was also adopted in 
the Flac analysis for comparison purposes.
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Figure 10: FLAC – Horizontal displacement contours (200mm intervals) – Deep clay section

Figure 11: FLAC – Bending moment and lateral displacement in soldier pile, and axial force in 
raked pile – Deep clay section

4 CONCLUDING REMARKS 

Soil-structure interaction problems are complicated.  Phase2 versus FLAC results for the 
LPD/MPBM/RPAF quantities were 39mm/82kN.m per m/515kN per m, versus 85mm/122kN.m per 
m/380kN per m. A structural engineer’s assessment resulted in NA/34kN.m per m/365kN per m,
using the rules of Statics and considering the piles’ ends pinned to the ground.  While the Statics 
type analysis is not considered adequate in this case, the difference between Phase2 and Flac
analysis appears to arise mainly from the difference in assumption of the EIpile (i.e. partially versus 
fully cracked section). More research is being undertaken on the ability to adequately capture 
soldier or sheetpile type structures and their interaction with the ground.
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