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ABSTRACT
A 20m high reinforced soil embankment supports the East Taupo Arterial as it crosses TH2 gully. The
gully is 20m deep and 40m wide with near vertical walls in ignimbrite soils. A small stream runs along
the base of the gully, which is thought to have been formed by fluvial erosion in recent times. The
design comprised a mechanically stabilised earth embankment with steep sloping faces which
facilitate vegetation. The reinforced soil section is 17m high and lies above twin 2.1m diameter culvert
pipes which convey stream flood flows. This paper describes the design and construction of the
reinforced soil embankment. Limit equilibrium and finite element analysis methods were used to
evaluate the strength and deformations of the embankment, including during strong earthquakes. The
fill material comprised ignimbrite pumice rich soils. These sandy gravels have unusual properties
including being very lightweight but having very high strength. Some of the challenges during
construction are described including access to the gully floor, benching and detailing of the facing
units.
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1

INTRODUCTION

The East Taupo Arterial is a new 16km long state highway on the eastern outskirts of the Taupo
township. The highway was constructed to reduce the number of heavy vehicles travelling through the
centre of Taupo and the scenic lakefront which is popular with tourists. The NZ$110m project included
a 100m span network arch bridge over the Waikato River and a bridge over the Contact Energy site at
3
Wairakei Power Station. The project also included over 1M m earthworks and thermal blankets over
geothermal hotspots. Fulton Hogan was awarded the design and construct contract by Taupo District
Council. SKM was the lead designer. The New Zealand Transport Agency (NZTA) provided
approximately 75% funding.
The road crosses the TH2 Gully about halfway between the Waikato River Crossing and Centennial
Drive. It is 20m deep and only 40m wide at the crossing point. The sides of the gully are very steep,
typically near vertical and occasionally overhanging. The gully is thought to have formed following
clearing of the natural vegetation and historic mismanagement of stormwater. The soils are very
erodible and gullies can form very quickly. More recently, careful stormwater management has been
implemented with large stormwater detention ponds located on either side of the gully.
Value engineering was carried out at the start of the detailed design. The reinforced embankment
option was compared to a bridge structure. The bridge was estimated to be approximately double the
cost. A significant factor in the low cost of the reinforced embankment was the source of the fill
material. Excellent quality fill materials were obtained from nearby cuts.
The reinforced embankment is 16.25m wide at the top and has 70 degree (2.75 vertical to 1
horizontal) slopes. Overall the embankment is up to 22m high with the upper 19m comprising the
steep reinforced section. The majority of the fill material is ignimbrite soils (pumice sand and gravel),
however where there is a risk of stormwater flows lithic materials are used (i.e. not pumiceous). The
reinforced embankment sits on twin 2.1m diameter culverts. These are oversized to accommodate
potential extreme flows in the event of failure of upstream diversion systems. Extensive erosion
protection is provided at the inlet and outlet.
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Figure 1. View of the Reinforced Embankment Crossing TH2 Gully. Note people top left for scale.
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GEOLOGY & GEOTECHNICAL PARAMETERS

Taupo is located within the Taupo Volcanic Zone, the main area of active volcanism in New Zealand
and an area of very active faulting and high seismicity. Lake Taupo, and the landscape where the
bridge is located, was only established in the last 50,000 years, particularly due to the 26.5ka Oruanui
eruption. The landscape was then modified in a series of rhyolitic eruptions, including the historic
Taupo eruption of 186AD (Manville et al, 2007). The project-wide geology is dominated by ignimbrite
soils. These pyroclastic materials are pumiceous sands, gravels and vitric ash. The Oruanui and
Taupo Ignimbrites are predominantly unwelded and have layers containing pumiceous and lithic (nonpumiceous) fragments. There are also airfall and paleosol layers.
Ignimbrite soils, predominantly a pumice rich gravelly sand, were present in the upper 20m; i.e. the
depth of the gully. These are probably the Taupo Ignimbrite which is typically finer grained than the
Oruanui Ignimbrite. The material was slightly welded and would therefore be Class Im or possibly IIm
using the classification system proposed by Anderson (2010). Ignimbrites have unusual geomechanic
properties, most notably their very low density and high shear strength. This ignimbrite soil layer
overlies a dense lithic rich sandy gravel, i.e. non-pumiceous, which may be a lag deposit where the
pumiceous material has been previously eroded.
A project wide geotechnical design assessment was carried out which established interpreted
geotechnical parameters. These were based on observed geological characteristics, particularly
through observations of natural and man-made slopes; in-situ testing; laboratory testing; and
engineering judgement. These site wide parameters were further evaluated for the local conditions at
the gully crossing. Back analysis of the existing slopes were an important consideration, as these
indicated higher strength than through the laboratory shear strength test results. This was considered
due to the nature of the sampling for the laboratory testing which either comprised silt rich material (as
undisturbed samples could be obtained) or remoulded samples which are by definition disturbed. Both
types of sampling were likely to result in lower strength than occurs in-situ.
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Shear box testing of the fill material was scheduled to confirm that the assumed parameters were
achieved. These demonstrated far higher shear strength than was assumed, with a typical drained
cohesion of over 40kPa.
Table 1:

Geotechnical parameters
Bulk Unit
Dry
Material
Weight
Density
(kN/m3)
(kN/m3)

Pumiceous
Silty
Sands and Gravels
Lithic
sands
and
gravels
Pumiceous
Sand/Gravel Fill
Non-Pumiceous
Sand/Gravel Fill

3

Drained Shear Strength
Effective
Effective Angle
Cohesion (kPa)
of Friction (°)

Young’s
Modulus, E
(MPa)

12.5

9

25

40

15

16

12

10

40

40

15

13

10

40

15

18

17

1

40

50

DESIGN CONSIDERATIONS

The design philosophy was to use relatively light weight geogrids at close spacing. The maximum
spacing between any geogrid was 300mm. This maximises the benefit of the strength of the fill
through confinement. Using widely spaced geogrids has a higher risk of displacement between the
reinforcement which can result in unsightly displacement at the face, or with a more serious higher risk
of failure.
Primary geogrids span the whole width of the embankment and therefore “tie” the faces together.
Secondary geogrids have a similar function to the primary grids and are orientated perpendicular to
the facing, but do not necessarily span the embankment. The primary and secondary grids provide
most of the required reinforcing strength. The purpose of the tertiary grids is to minimise displacement
at the face and to add redundancy to the system. They are orientated parallel to the facing and
therefore also add redundancy longitudinally. A typical section is shown in Figure 2.

Figure 2. Typical cross section through 19m high reinforced embankment
3.1 Geogrid layout
The layout of the primary, secondary and tertiary geogrids was determined through the analysis
described below. The primary grids spanned the whole width of the embankment and were spaced at
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1.2m vertical spacing. The secondary grids were also spaced at 1.2m but would not necessarily span
the embankment. Tertiary facing grids were located between the primary and secondary grids.
Therefore, a geogrid was placed at 300mm vertical spacing. This is summarised in Table 2 and
shown in Figure 3.
Table 2:
Wall
Height
5m
10m
20m

Geogrid layout
Primary Grid Type
GX40/40
GX40/40
GX40/40
(above RL395.9)
GX 80/30
(below RL395.9)

Primary
Grid Length
Full Width
Full Width
Full Width

Secondary
Grid Type
GX40/40
GX40/40
GX40/40

Secondary
Grid Length
5.2m
6m
10m

Tertiary
Grid Type
GX40/40
GX40/40
GX40/40

Tertiary
Grid Length
5.2m
5.2m
5.2m

Full Width

GX 80/30

10m

GX40/40

5.2m

Figure 3. Geogrid detail
3.2 Finite element analysis
The MSE wall design was developed using finite element software Plaxis. The critical factors in the
analyses were reviewing the load carried in each geogrid and the distribution of stresses in the fill. The
geogrids were modelled to yield at the load that results in 2% strain. This avoids excessive facing
deformation in the structure. The analysis demonstrated that all the geogrid loads were below 20kN
under static conditions, including the 12kPa traffic load. All the grids above RL395.9m had loads below
10kN. This allowed using the relatively light weight geogrids Tencate Miragrid GX40/40 and GX80/30.
Another important design consideration was the angle of the interface between the natural gully walls
and the fill material. 2d finite element analysis in the longitudinal direction was carried out. The aim
was to control shear strains at the interface and avoid potential loose zones, which can occur where
the fill material “hangs up” on the natural walls. All interfaces were benched. Displacement was
anticipated to be up to 100mm during construction at the base of the embankment as it the
constructed. However, post construction settlement was expected to be minimal.
3.3 Limit equilibrium checks
Limit equilibrium analysis was carried out using Slide. This was to check the finite element analysis
and also demonstrate compliance with the Principal Requirements and NZTA Bridge Manual, by
confirming strength based factors of safety. Under static loading and traffic loading, the factor of safety
against slope instability was calculated as being greater than 1.5.
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3.4 Seismic analysis
The structure was designed for a design peak ground acceleration of 0.34g. The design was checked
for the seismic loading using a pseudo static approach in both the limit equilibrium and finite element
analyses. The analyses demonstrated that the MSE structure performance is adequate both in terms
of factors of safety and deformation under the design seismic loading. Further analysis was
undertaken to determine the critical acceleration. This was calculated to exceed 0.42g. This confirmed
compliance with a higher requirement requested by the client.
3.5 Detailing
Detailed design included analysis of facing stability. The analysis of the facing confirmed that the
300mm spacing of the geogrids is required for facing stability so that the facing only needs to carry the
load of the loose soil column at the face which provides the growing medium for vegetation. The steel
facing and vegetation provides erosion protection, which is critical for the pumiceous fill material used.
The design also incorporated robust erosion and scour protection. This comprised a detailed surface
runoff control at the top of the wall, and the scour protection sand bags at the MSE/existing gully
interface.
4

CONSTRUCTION

The initial challenge for construction was access to the base of the gully, as can be seen in Figure 4. It
was decided to form an access track on the alignment. As the gully walls were so steep, the track
commenced some distance back from the top of the gully wall. The good quality of the in-situ
ignimbrite soils allowed for very steep temporary slopes on the access track. These were designed to
be 8v:1h with a 1m wide bench for each 8m vertical lift. These slopes were stable throughout the
construction period.
The embankment at the base of the gully comprised the twin 2.1m dia. culverts and the adjacent
culvert fill platform. This was constructed with non-pumice lithic fill with standard fill slopes, i.e. without
geogrid reinforcement. As pumice soils are susceptible to erosion, lithic fill with a specified density and
grading was used to mitigate the erosion risk below the flood level. Some difficulties were encountered
in clearing the base of the gully due to groundwater flowing through and up into the formation.
Diversion of the stream was straightforward as the typical stream flows were very small.
Steel mesh facing units were designed to be formed as partially preformed units that did not require
access to the face during construction. This avoids costly formwork or falsework that is often required
if wrap around facing is used. The preformed units also provided a tidy finish to the wall and avoided
bulging which can occur between the primary grid layers. The facing units were pre-fabricated on the
project site nearby as storage space was not available in the gully. The use of the facing units was of
benefit to construction as it was easier to construct than other facing types and setting out was easy
and accurate. There were some initial concerns regarding the stiffness of the units, as the mesh was
relatively lightweight, but this was addressed using ties. Safety was an important consideration
throughout the design and construction. Edge protection was provided by installing scaffold type
railing on the edge, supported with driven supports into the underlying embankment.
Fill material was sourced locally, either from the adjacent gully wall where material was excavated for
the access track or nearby cuts. Ignimbrite pumice rich soils are particularly problematic for quality
control testing. Most compaction tests relate to density, either by comparing an in-situ density to a
maximum density or by measuring the air voids in the compacted soil. The moisture content has a
strong influence on the results of standard compaction tests and the control of compaction during
construction earthworks, However, these methods are not suitable for pumice soils. Pumice has very
low and highly variable specific gravity due to its highly vesicular material. Bulk density is therefore
more a function of the specific gravity of the material and the grain size of the soil. A pumice silt is
significantly heavier than an equivalent volume of similar pumice gravel. The moisture content can
also vary significantly with the opportunity for more moisture to be held in the vesicular void spaces
afforded by larger grain size materials. However, neither of these properties is a reliable guide to the
strength or stiffness of the soil. Imposing a minimum density requirement on the fill is more likely to
result in over-compaction. Over-compacting the soil results in a finer material due to breakdown of the
coarser material and the quality of the fill can be affected.
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The preferred method of stiffness testing was by correlation with the dynamic cone penetrometer
(DCP), also known as the Scala. This simple low cost test provided a reliable qualitative indication of
compaction. One of the advantages of the DCP is that it tests between 1m and 3m depth. Pumice soil
is difficult to compact at the surface. Overfilling, compacting and trimming back was commonly
employed to achieve the required stiffness. DCP test targets for compaction were correlated with plate
bearing tests during the trials and the geotechnical investigations.
The installation of the reinforcement was straightforward. The gully walls were benched as the filling
progressed. This provided anchorage and tie-ins for the embankment in the longitudinal direction. The
benches were matched to the primary reinforcement levels.

Figure 4. Access to the narrow deep gully was a significant challenge
5

CONCLUSION

The geology and historic erosion of the TH2 Gully resulted in a narrow deep gully, which posed a
significant challenge to the East Taupo Arterial project. The most economic and robust solution was a
22m high steep sided geogrid reinforced embankment overlying culverts which carry the stream flows.
The culverts were sized to accommodate high consequence low probability flows and extensive
erosion protection measures were undertaken including using non-pumiceous materials below the
flood level.
Most of the in-situ ground conditions and fill material were ignimbrite soils. These provide opportunities
due to their low weight and very high shear strength. However, they are also difficult, particularly
relating to quality control testing during construction and their susceptibility to erosion. Benching
between the embankment and the natural gully walls was required to mitigate the risk of loose zones
and to key-in the embankment.
The design philosophy of closely spaced light weight geogrids and the vegetated facing were
successful. Finite element and limit equilibrium analysis demonstrated that the geogrids and the facing
would have low loads due to confinement and the high strength fill. The embankment is one of the
highest geogrid reinforced structures in New Zealand. The construction was reasonably
straightforward which is testament to the design and construction teams.
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