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ABSTRACT 
 
Expanded polystyrene (EPS) geofoam is a form of lightweight fill predominantly used in road and 
transport applications.  EPS is typically used to reduce vertical and lateral stresses imposed on 
foundation soils, thereby reducing settlement and lateral spreading.  Due to its size and ease of 
placement, EPS may also be used to expedite construction. The SH20 Manukau Extension, located to 
the south of Auckland, comprises a 4.5 km long section of new motorway.  Construction commenced 
in late 2006 with the aim of improving access to Auckland International Airport and reducing 
congestion.  It was opened to traffic in August 2010.  As part of the project, a 200 m long section of 
embankment up to 6 m high was constructed on a highly compressible layer of alluvium.  Primary 
consolidation settlements of up to about 1 m were measured.  In addition to consolidation settlement, 
the alluvium posed challenges with respect to lateral spreading, time to complete primary 
consolidation and magnitude of creep. Due to construction program and sequence of work constraints 
and to meet the performance requirements of the project, sections of the embankment were 
constructed with EPS, rather than using staged construction and surcharging adopted elsewhere.  
EPS provided an innovative method of limiting primary consolidation and reducing creep, thereby 
meeting the settlement tolerances of the project and the constraints of the construction program. This 
paper describes the use of EPS on the SH20 Manukau Extension project.  Aspects including 
assessment of the thickness of EPS required, capping design, pavement considerations and 
installation are discussed. 
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1 INTRODUCTION 
 
The SH20 Manukau Extension is located to the south of Auckland and comprises 4.5 km of new 
motorway designed with the aim of improving access to Auckland airport and reducing congestion.  
Construction of the motorway commenced in late 2006 and it was opened to traffic in August 2010. 
 
The project involved several geotechnical challenges, including constructing a 200 m long section of 
embankment to a height of 6 m on soft and very soft alluvial silts and clays.  This embankment forms 
the subject of this paper and a sketch of the longitudinal section is presented in Figure 1.  It is located 
directly to the west of the Plunket Avenue bridge, midway along the SH20 extension.  The motorway 
alignment is roughly at grade beneath the Plunket Avenue bridge, rising to about 6 m above original 
ground surface 200 m to the west of the bridge.  Although the embankment is of a similar height 
further to the west of this location (to the west of Ch. 3,100 m), the foundation conditions improve 
dramatically beyond this point and they are not further discussed here. 
  
Given the subsurface conditions present at this embankment and seasonal constraints associated with 
earthworks construction in New Zealand, the three year construction program was considered to be 
challenging.  The embankment was also constructed next to settlement sensitive structures along the 
northern site boundary.  Strict tolerances were specified for permitted soil movement along this 
boundary so a detailed numerical model, coupled with weekly monitoring of settlement and lateral soil 
movement, was used to compare to the project settlement requirements.  
 
 

ANZ 2012 Conference Proceedings 991



 
 

Figure 1. Sketch of longitudinal section 
 
Ground improvement, comprising wick drains and stone columns, was combined with surcharging and 
staged construction to meet post-construction settlement tolerances along the rest of the embankment 
length.  Ground improvement works commenced in February 2007 with embankment construction 
commencing shortly thereafter.   
 
To add further complexity to the construction program, a stream crossed perpendicular to the 
motorway alignment in the highest section of embankment (Ch. 3,150 m in Figure 1).  The stream 
needed to stay functional for regular flow and flood control.  The stream was temporarily diverted into 
a stream diversion channel (SDC) located about 25 m to the east of its original position (Ch. 3,175 m) 
at the start of the construction program.  This allowed a culvert to be installed along the original 
alignment of the stream.  However, project constraints meant that the culvert was installed mid-way 
through the construction program and the SDC could not be backfilled until about 6 months before 
road opening.  This timeline, and the stress history of the natural materials beneath the culvert and the 
SDC, would have resulted in significant amounts of primary consolidation settlement occurring after 
road opening. This would likely have resulted in a non-conforming settlement profile.   
 
EPS was used to reduce the stress imposed on the foundation soils as a result of backfilling in and 
around these structures.  This enabled the final sections of the embankment to be constructed rapidly 
while meeting the project design settlement requirements.  The challenges associated with design and 
construction of EPS in the lead up to road opening are described in the rest of this paper. 
 
2 SITE CHARACTERISATION AND PERFORMANCE 
 

Cone penetration tests (CPTs) and drilled boreholes were undertaken across the site to characterise 
the subsurface materials.  Laboratory testing, including oedometer and triaxial tests, were also 
undertaken.  Results of this site investigation and testing program suggested the following subsurface 
profile: 
 
0 – 2.5 m  Desiccated clay, firm (inferred Puketoka Formation) 
2.5 – 7 m  Clay, very soft to soft (inferred Puketoka Formation) 
7 m – 11 m  Silt / Clay, soft to firm (inferred Tauranga Group Sediments) 
> 11 m   Sand and clayey sand, medium dense to dense (inferred Waitemata Group)  
 
Quaternary age basalt, comprising the northern extent of basalt flows from the Manurewa Volcano, 
was encountered to the west of about Ch 3,100 m (see Figure 1).  The basalt increased in thickness to 
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the west resulting in a reduced thickness of compressible clays and a general improvement in ground 
conditions. Groundwater ranged between 1 m and 3 m below surface level. 
 
Based on the settlement data collected throughout construction, and the available geotechnical data, 
settlement behaviour is summarised as follows: 
 

• Primary consolidation was measured in the order of 150 mm for every 20 kPa (about 
1 m) of fill. 

• The alluvium appeared to be overconsolidated by less than 10 kPa. 

• For areas treated with ground improvement (wicks and stone columns), primary 
consolidation took between 15 months and 18 months to complete. 

• Back analysis suggested primary consolidation in untreated areas would have taken 
in excess of 5 years to complete. 

• Creep settlement in untreated areas (areas not treated with stone columns or 
surcharged) was estimated at 250 mm in the 25 years following road opening. 

  

3 MEETING THE PROJECT DESIGN REQUIREMENTS 
 
The project had several requirements relating to total and differential settlement.  The most critical 
requirement with respect to embankment design was that settlements not exceed 200 mm in the 25 
years after road opening.  As the culvert and SDC were completed within 12 months and 6 months of 
road opening, respectively, the combined effects of uncompleted primary consolidation and creep 
were calculated to exceed the 200 mm tolerance in the 25 year allowance.   
 
The culvert alignment had been subject to various stages of filling and excavation during the 
construction period.  The SDC was backfilled and surcharged for 3 months immediately prior to 
placement of the EPS in an attempt to complete as much primary consolidation as possible. The 
stress history of the underlying natural materials was assessed to estimate the pre-consolidation 
pressure at the time of installing the EPS.  The extent and thickness of EPS used in the embankment 
cross-section was selected to ensure the underlying soils remained overconsolidated and primary 
consolidation did not occur.  EPS with a density of 22 kg/m

3
 was used in calculation and adopted for 

construction.  The impact of over-consolidation on creep, through the use of EPS, was then assessed 
using the widely used methodology proposed by Mesri & Rokhsar (1974) and others.   
 
On the basis of this analysis, EPS was adopted from about 10 m west of the culvert (Ch. 3135 m) to 
the eastern edge of the SDC (Ch. 3185 m), a length of about 50 m.  The EPS was placed across the 
full width of the embankment, about 30 m.  A graph of calculated settlement versus chainage is 
presented in Figure 2 for the two cases (with and without EPS). The analysis suggests a significant 
reduction in post-construction settlement could be achieved through the use of EPS, thereby meeting 
the project requirements. 

 
Figure 2. Calculated settlement over culvert with and without EPS 
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4 DESIGN AND CONSTRUCTION OF THE LIGHTWEIGHT EMBANKMENT 
 
Design of the lightweight section of the embankment was undertaken with consideration to the 
guidelines proposed by Stark et al (2004).  Some of the most important aspects relevant to design and 
construction of the lightweight embankment are described below.  
 
Thickness and Settlement

 

 – Based on the stress history analysis described earlier in this paper, the 
EPS needed to be about 2.2 m thick across the majority of treatment zone to meet the post-
construction settlement tolerances.  This reduced to 0.7 m thick over the centreline of the culvert 
where imposed stresses from the embankment fill were lowest.  The available EPS blocks measured 
3.6 m (l) x 1.2 m (w) x 0.815 m (h).  To avoid cutting the EPS on site, the height of EPS needed was 
rounded up to correspond with multiples of the block heights (i.e. 0.8 m, 1.6 m and 2.4 m).  A long-
section and cross-section of the adopted EPS layout are presented in Figure 3 and Figure 4, 
respectively. 

 

 

Figure 3. Longitudinal section of embankment showing EPS layout 
 

 

 

Figure 4. Cross section of embankment showing EPS layout 
   
 
Buoyancy

 

 - The base of the EPS was located about 400 mm below the 1 in 100 year flood design 
level resulting in a potential buoyancy stress of 4 kPa during a flood event.  The pavement materials 
overlying the EPS provided a downwards pressure of about 20 kPa, providing adequate resistance to 
buoyancy. 

Encapsulation - EPS is susceptible to impact from hydrocarbon based fluids and hence may be 
susceptible to damage from a tanker spill.  The EPS was therefore fully encapsulated with a layer of 
petroleum resistant geomembrane liner.  The liner comprised a single layer of Coolguard RCG36 
geomebrane (Polyester Knit coated with polymer alloy fibre, 0.91 mm thick), with welded seams.   
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Construction

 

 - During construction the EPS footprint area was excavated to provide a level base.  This 
required accurate survey set out and placement of a leveling layer of clean sand fill in some locations.  
It was imperative that a level base was provided to ensure blocks were flush and to prevent gaps 
forming in subsequent layers.  The geomembrane was then placed over the level base and welded 
prior to placing the EPS. Blocks were held in position during construction using steel pins and bracing.  
Long-term restraint was provided by confining layers of soil fill on side batters and the overlying 
pavement materials.  A photograph of the EPS blocks being placed over the geomembrane liner is 
presented in Figure 5. 

 

 

Figure 5. EPS blocks being placed in SDC 
 
Protection slab

 

 – A 150 mm thick concrete slab was constructed directly above the geomembrane 
encapsulation as a method of evenly distributing compressive loads from construction traffic and to 
ensure that the elastic stress limit of the EPS was not exceeded during placement and compaction of 
the overlying pavement.  The slab also provided protection to the geomembrane encapsulation during 
construction.  As described by Stark et al (2004), a 300 mm thick crushed rock layer could also have 
been used for the same purpose although this thickness could not be accommodated within the 
proposed pavement.  A photograph of the protective slab being constructed is presented in Figure 6.  

 

 
Figure 6. Concrete protection slab being placed over EPS 
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Pavement

 

 – A pavement layer approximately 700 mm thick was placed above the concrete protection 
slab.  Based on available published data for the EPS, a CBR of 2.6% was adopted for design.  A 
CIRCLY analysis was undertaken to confirm that pavement performance was not adversely affected 
by the change in materials (EPS) underlying the pavement subgrade.  A sensitivity analysis was also 
undertaken which suggested a CBR as low as 1% could have been adopted for the EPS while 
meeting the performance criteria for the pavement.  The lower layers of the pavement, including the 
layer of Non Descript Crushed Rock (NDCR) directly above the concrete protection slab were placed 
using lightweight construction equipment so that the elastic limit stress of the EPS was not exceeded.  
For instance, excavators used to spread the NDCR were limited to a mass of 13 tonnes.   

5 PERFORMANCE  
 

Although post-construction settlement monitoring data was not available at the time of writing this 
paper, the motorway embankment has been performing satisfactorily since opening in August 2010.   
 

6 CONCLUSIONS 
 
As part of the SH20 Manukau Extension, a 200 m long section of embankment up to 6 m high was 
constructed on highly compressible alluvium.  Due to construction program constraints, two creek 
crossings were unable to be adequately surcharged.  As a result, the combination of primary 
consolidation and creep remaining after road opening may have exceeded the project settlement 
requirements. EPS was used to innovatively meet these design requirements and the constraints of 
the construction program.  Various aspects of construction and performance were addressed in design 
including post-construction settlement, thickness, installation, geomembrane encapsulation, protection 
and pavement considerations.   
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