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ABSTRACT
The thermal treatment plant for municipal waste in Ringsend is expected to be operational by late
2017. This paper discusses the design of a temporary cofferdam to facilitate construction of the
pump station structure for the plant and the construction of the permanent sheet-pile walls for the
cooling water intake channel, both located within Dublin Port. The cofferdam has been designed as
a fully-interlocked sealed cofferdam partially in open water with the sheet-piles penetrating into
Dublin Port Clay so that the excavation/construction works can be carried out in the dry. Two levels
of temporary internal propping frames have been used to construct the 12m deep cofferdam; the
lower propping arrangement is the biggest ever used by Groundforce in Ireland. The construction
stages have been modelled using the PLAXIS 2D finite element program accounting for soilstructure interaction and out-of-balance forces across the cofferdam and intake channel.
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1. INTRODUCTION
The Dublin Waste to Energy Project is a
Public Private Partnership between Dublin
City Council and Covanta, one of the
world's largest owners/operators of
infrastructure for the conversion of waste
to energy (WtE). The thermal treatment
plant for municipal waste in Poolbeg,
Ringsend is expected to be operational by
late 2017 and will generate energy from
up to 600,000 tonnes of waste per year
(http://dublinwastetoenergy.ie/).
In this paper, the design of two sheetpile retaining structures are discussed,
namely a temporary cofferdam to facilitate
construction of the pump station structure
for the plant, and the permanent sheet-pile
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walls for the cooling water intake channel.
Both are located within Dublin Port. The
majority of the paper focuses on the
cofferdam design.
The cofferdam has been designed as a
fully-interlocked sealed cofferdam partially
in open water with the sheet-piles
penetrating into Dublin Port Clay so that
the excavation/construction works can be
carried out in the dry. Penetration into the
Port Clay was necessary to provide a
groundwater cut-off due to the presence of
high permeability gravels above.
The construction stages have been
modelled using the PLAXIS 2D finite
element (FE) program. FE analyses were
required because the cofferdam and
intake channel designs were complicated

verify overall stability and ascertain
possible failure modes. Both undrained
(cohesive soils only) and drained
conditions have been considered. For
both structures, design has been carried
out based on a surcharge load of 20kN/m2
on retained ground.

by the differential ground and groundwater
levels between the quay and the existing
channel leading to out-of-balance forces
across the cofferdam and intake channel.
FE analyses allow the interaction between
the walls to be considered.
Two levels of temporary internal
propping frames have been used to
construct the 12m deep cofferdam; the
lower propping arrangement is the biggest
ever used by Groundforce in Ireland.
A single level of anchors and an
accompanying waler beam has been used
to support the inner (west) wall of the
intake channel with the outer (east) wall
supported by a permanent propping frame
connecting to the inner (west) wall. The
excavation is up to 15m deep at the
intake. Both structures had to be designed
to the relevant standards for waterfront
structures. Wake waves and sheet-pile
corrosion were considered for the
permanent condition.

3. GROUND MODEL & PARAMETERS
3.1. Site Location
The cooling water intake channel and
pump station structures are located in
Ringsend on the south side of the River
Liffey as shown in Figure 1. The ground
conditions in the area typically comprise
3-6m of made ground over recent
estuarine and alluvial deposits (comprising
soft estuarine silts/clays and post glacial
sands and gravels) overlying stiff
laminated glacial clay (Port Clay) over
limestone bedrock.

2. DESIGN APPROACH
Design has been carried out in
accordance with IS EN 1997-1:2005
(referred to as EC7 hereafter) and the
accompanying Irish National Annex. An
ultimate limit state analysis using Design
Approach 1 of EC7 has been adopted.
This requires two combinations of partial
factors to be considered, namely DA1.C1,
which considers the effect of load
uncertainties,
and
DA1.C2,
which
considers
the
uncertainty
in
the
geotechnical parameters. The “single
source” principle has been used.
Design has been carried out using the
finite element computer program PLAXIS
2D 2012 (Brinkgreve et al., 2012) and
checked (for simple conditions only) using
the limit equilibrium program Geocentrix
REWARD 2.7 (Bond & Spencer, 2013).
The REWARD output is not presented in
this paper. Allowance has been made for
a temporary overdig of 0.5m for the
Ultimate Limit State (ULS) during
construction for both the cofferdam and
the intake channel. Phi-c reduction
analyses have also been carried out to

Site Location

Figure 1. Site Location (Google Maps)

The most recent aerial photograph of
the area available (see Figure 2) shows
two rows of sheet-piles in the channel, i.e.
on the western bank of the channel and
within the channel on the eastern side.
The flow in the channel (cooling water
from the gas-fired power station) can be
clearly observed, and can be seen to flow
through the eastern wall due to the many
holes in it (the eastern wall is in the direct
line of the channel flow and are heavily
corroded).
These
sheet-piles
were
removed where they obstructed the
installation of the sheet-piles for the new
structures (shown indicatively on Figure 2
using yellow shading), thus making it
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possible to obtain corroded section
measurements (see Sexton et al., 2016).

Existing
western
sheet-pile
wall

3.3. Ground, Bed, & Water Levels
The ground level behind the inner (west)
wall of the cofferdam is approximately
+4.0mOD and the channel bed level
outside the outer (east) wall of the
cofferdam was -2.0mOD initially. However,
subsequent to clearing obstructions from
the channel bed along the line of the outer
(east) sheet-pile wall, the bed level was
lowered below -2.0mOD in places (down
to -4.0mOD).
This necessitated the construction of a
berm (to -2.0mOD with a minimum crest
width of 3m) to ensure stability of the
cofferdam
and
to
minimise
wall
deflections.
This
berm
required
maintenance and monitoring during
construction due to scouring in the
channel bed.
Tide levels in Dublin Port range from a
Highest Astronomical Tide (HAT) level of
+2.0mOD to a Lowest Astronomical Tide
(LAT) level of -2.6mOD. These tidal
variations were considered in the analyses
in
combination
with
water
level
differentials and wake waves.

Existing
eastern
sheet-pile
wall

Figure 2. Aerial Photograph 2013 (Google
Maps)

3.2. Model Parameters
The soil stratigraphy adopted in the
analyses is summarised in Table 1. The
characteristic properties for each stratum
have been derived using the relevant
corresponding lab test and field test data
(e.g. measured and design standard
penetration test NSPT values are shown in
Figure 3). Where no data were available,
conservative assumed values have been
assigned based on experience. The
properties are given in Table 2. The Mohr
Coulomb model has been used.

4. PUMP STATION COFFERDAM
The design of the pump station cofferdam
is as follows:
 The internal dimensions of 35.31m x
12.89m give a minimum clearance of 2m
to the external walls of the pump station,
see Figure 4a.
 Two levels of temporary internal
propping frames (at +2.0mOD and
-3.0mOD) have been used to construct the
12m deep cofferdam, see Figure 5.
 The lower propping arrangement is the
biggest ever used by Groundforce in
Ireland, see Figure 4b.
 The sheet-piles (AZ38-700N for all four
walls, see Figure 6) were 24m long with
top of pile at +5.0mOD (ground level at
+4.0mOD) driven to a minimum toe level
of -19.0mOD in order to give 1.0-2.0m of
embedment into Dublin Port Clay below
an elevation of -17.0mOD to provide a cutoff for groundwater control.

Figure 3. Measured and design standard
penetration test NSPT values
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Table 1. Design Stratigraphy
Layer

Depth to
top of stratum
(mbgl)

Depth to
bottom of
stratum
(mbgl)

Elevation at
top of
stratum
(mOD)

Elevation at
bottom of
stratum
(mOD)

Layer
Thickness
(m)

Made Ground

0.0

4.5

4.0

-0.5

4.5

Upper Sands &
Gravels

4.5

7.0

-0.5

-3.0

2.5

Soft Clay & Silt

7.0

7.9

-3.0

-3.9

0.9

Lower Sands &
Gravels

7.9

21.0

-3.9

-17.0

13.1

Port Clay

21.0

35.0

-17.0

-31.0

14.0

Glacial Gravels

35.0

39.0

-31.0

-35.0

4.0

Limestone

39.0

-

-35.0

-

-

Table 2. Characteristic Geotechnical Design Parameters
Layer

Young’s
Modulus,
E' / Eu
(MPa)

At-Rest
Coefficient
of Lateral
Earth
Pressure,
K0

Peak
Friction
Angle,
'p ( )

Effective
Cohesion /
Undrained
Shear
Strength,
c' / cu
(kPa)

Made
Ground

40 / -

1-sin'p

34

1/-

21

0.2 / -

Upper
Sands &
Gravels

15 / -

1-sin'p

32

1/-

21

0.2 / -

Soft Clay
& Silt

7.5 / 9

1-sin'p

30

1 / 30

18

0.2 / 0.495

Lower
Sands &
Gravels

50 / -

1-sin'p

37

1/-

22

0.2 / -

Port Clay

35 / 45

0.6

32

1 / 100

20.5

0.2 / 0.495

Glacial
Gravels

100 / -

1.0

38

1/-

22

0.2 / -

Limestone

2000 / -

1.0

50

250 / -

25

0.2 / -

o

 Sheet-pile interlocks were sealed with
bituminous sealant to significantly reduce
groundwater infiltration and seawater
ingress.
 The water temperatures in the channel
were much higher than expected due to

Bulk Unit
Weight,

Poisson’s
ratio,
' / u


(kN/m3)

the Power Station Cooling Water Outfall.
This resulted in softening of the
bituminous sealant between the clutches
in places. To combat this, a gravel drain
was introduced in place of approximately
0.5m of the base slab inside the east,
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 An alternative scenario was considered
for the cofferdam whereby the upper
propping frame was replaced with a series
of ground anchors and an accompanying
waler beam. However, the former option
was chosen because it allows for a
quicker construction time, despite lower
ground movements for anchor/waler
solution.
 The sheet-pile walls, props, and base
slab have been modelled as plate
elements. The props have been modelled
with “pinned” connections to the sheet-pile
walls (i.e. with no moment transfer).

south, and north walls of the cofferdam
(see Figure 7). Additional PLAXIS
analyses were carried out to verify the
stability of the cofferdam. To reduce the
east-west lateral movement of the base
slab, a 10m length of concrete propping
slab has been used at the east wall over
the central section of the cofferdam.
 2 No. dewatering/relief wells (well
diameter = 300mm, well base at 22.0mOD) were installed so that
dewatering could be maintained both
during excavation and until the cofferdam
was backfilled around the completed
Pump Station.
 Excavation within the cofferdam was
carried out in stages to base slab
formation level (-7.35mOD). The base slab
is 1.1m thick.

Figure 4. Pump Station Cofferdam (a) Aerial Photograph (BAM Civil) (b) Groundforce Props
Prop @ +2mOD

Prop @ -3mOD
Berm

HAT @ +2.0mOD

-7.85mOD (including 0.5m overdig)

-19.0mOD
Internal Wall
External Wall

Figure 5. Pump Station Cofferdam: Excavation to -7.85mOD (including 0.5m overdig)
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Figure 6. AZ38-700N Sheet-Pile

Max. = 1437.0kNm/m

Figure 8. Pump Station Cofferdam Outer
(East) Wall Bending Moment Profile

Max. = 243.9mm
Figure 7. Gravel drain to east, south, and
north walls of cofferdam

5. FE ANALYSES RESULTS
Figure 9. Pump Station Cofferdam Outer
(East) Wall Horizontal Deflection Profile

The results of the numerical analyses
were used to determine the maximum
design shear forces, axial forces, and
bending moments in the sheet-pile walls
and the maximum design loads in the
props. The maximum horizontal wall
deflections
and
maximum
horizontal/vertical ground movements
have also been determined. A selection of
the outputs are presented in this section.

5.2. Ground Movements
Displacement contour plots were used to
establish the maximum vertical and
horizontal ground movements behind the
cofferdam and intake channel walls. The
horizontal ground movements behind the
inner (west) wall of the cofferdam are
shown in Figure 10. The deformed mesh
is shown in Figure 11. This shows that the
critical mode of deformation is a “rackingover” failure mechanism. The inner wall is
supported by the propping frame
connecting to the outer wall; FE analyses
were necessary to capture the soilstructure interaction behaviour.
For the cofferdam, the maximum SLS
ground surface settlements and lateral
movements in the ground retained by the
inner (west) wall were found to be 341mm
and 279mm, respectively. Horizontal and
vertical ground movements 1m below
ground level are plotted against distance
behind the inner (west) wall in Figures 12a
and 12b respectively. The maximum

5.1. Sheet-Pile Walls
The maximum design bending moments
and horizontal wall deflections (for the
most onerous design situation) for the
outer (east) wall of the cofferdam are
presented in Figures 8 and 9. Plots of
maximum design shear forces and axial
forces are not presented due to space
limitations. The analyses outputs were
checked against the design bending
moment, shear force, and axial force
resistances to confirm that the AZ38-700N
sheet-pile section was acceptable.
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The vertical ground movements at
distances greater than 15m from the
cofferdam are caused by the 20kPa
surcharge.

horizontal ground movements occur at the
cofferdam walls and reduce to <10mm at
a distance of about 15m from the
cofferdam west wall. The nearest structure
to the cofferdam is at a distance of ~30m.

Figure 10. Pump Station Cofferdam - Horizontal Displacement Contour Plot

Figure 11. Pump Station Cofferdam - Deformed Mesh

Figure 12. Ground movements behind the inner (west) wall 1m below ground level (a) horizontal
(b) vertical
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6. COMPARISON OF FE ANALYSES

7. COOLING

OUTPUTS WITH WALL DEFLECTION
MEASUREMENTS

CHANNEL

WATER

INTAKE

The design of the cooling water intake
channel is as follows:
 A single level of anchors (drilled
perpendicular to the wall at 30o to the
horizontal) and an accompanying waler
beam above high water level (at
+2.5mOD) have been used to support the
inner (west) wall of the intake channel with
the outer (east) wall supported by a
permanent propping frame (at +2.85mOD)
connecting to the inner (west) wall, see
Figure 14. The excavation is up to 15m
deep at the intake.
 AZ46-700N sheet-piles have been used
for the inner (west) wall (which has to
retain soil and water) and AZ38-700N
sheet-piles have been used for the outer
(east) wall (water only).
 The ground anchors (with double
corrosion protection for the permanent
condition) have been designed as 57.5mm
GEWI Plus Bars drilled at max. 2.1m
centres. They have been designed in
accordance with EC7, BS8081:1999
(Code of practice for ground anchorages),
and IS EN1537:2013 (Execution of special
geotechnical works. Ground anchors).
 The ground anchors have been
modelled as “node-to-node” anchors over
their free (unbonded) length of 13m with a
stiffness (EA) equivalent to the anchor bar
tendon divided by the anchor spacing. The
fixed length has been modelled as a
“geotextile” with a stiffness (EA) equivalent
to the anchor bar tendon divided by the
anchor spacing.
 The sheet-piles, waler beam, and
propping frame have been designed with
a sacrificial steel thickness for corrosion
allowance.
 Note that, based on the site
investigation information, slightly different
stratigraphies have been adopted for the
cofferdam and intake channel analyses.

Measurements of horizontal wall deflection
for the outer (east) wall of the cofferdam
have been taken by both BAM Civil and
AGL Consulting. The measurements were
taken with an inclinometer accurate to
±1mm. The wall deflection measurements
are compared to the FE output in Figure
13 for the relevant construction stage. It
was found that the wall deflection
measurements were in good agreement
with the PLAXIS output when the berm of
granular material to -2mOD (see Section
3.3) was intact. However, the wall
deflections
exceeded
the
design
predictions where scouring of the berm
had occurred. Corrective measures were
taken by filling outside the outer (east) wall
of the cofferdam to the design level of
-2.0mOD.

Figure 13. Pump Station Cofferdam Outer
(East) Wall - Comparison of FE Output with
Wall Deflection Measurements
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Prop @ +2.85mOD
HAT @ +2.0mOD
Anchor @ +2.5mOD
-10.8mOD (including 0.5m overdig)
-19.0mOD

Internal Wall

External Wall

Figure 14. Cooling Water Intake Channel: Excavation to -10.8mOD (including 0.5m overdig)

8. COOLING

WATER
CHANNEL ANALYSES

for a wave 1.5m above a mean water level
of +2.0mOD (i.e. HAT). This simplified
distribution of water pressure has been
compared (and shown to be conservative)
with pressure distributions for waves
calculated using the method of Sainflou
(1928), assuming that the mean water
level during the wave occurrence
corresponds to HAT.

INTAKE

8.1. FE Analyses Outputs
As for the cofferdam, the results of the
numerical analyses were used to establish
the maximum design loads in the props
and to confirm that the AZ46-700N and
AZ38-700N sheet-pile sections were
satisfactory for shear force, axial force,
and bending moment. In this case, the
maximum design anchor loads were also
determined.
The
maximum
horizontal
wall
deflections
and
maximum
horizontal/vertical ground movements
were also checked. In this case, the wall
deflections and ground movements were
much lower than for the cofferdam owing
to the anchor/waler solution. The results
will not be presented in this paper.
Instead, some particular design issues
relating to wave loading and to long-term
corrosion design will be mentioned.

8.3. Corrosion Requirements
Corrosion is typically accounted for in the
design of sheet-piled wall structures by
allowing for a reduction in thickness of the
sheet-pile section during the lifetime of the
structure. The corrosion rates depend on,
among
other
factors,
groundwater/seawater conditions and soil
type. Different corrosion rates are
applicable in different zones of the sheetpile, e.g. Figure 15.

8.2. Wave Loading
Due to its more exposed location in the
port, an additional water pressure from a
1.5m high wake wave has been analysed
for the outer (east) wall of the permanent
channel. This has been considered in the
PLAXIS analyses as an increase in
hydrostatic pressure based on an
additional 1.5m of head on the external
(eastern) side of the outer (east) wall. The
most onerous condition considered was

Figure 15. Example of corrosion rate
distribution (IS EN 1993-5:2007)
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cofferdam were found to be in good
agreement with the PLAXIS output when
the berm of granular material to -2.0mOD
that was specified in the design was intact.
However, the wall deflections exceeded
the design predictions where scouring of
the berm had occurred. Corrective
measures were taken by filling outside the
outer (east) wall of the cofferdam to the
design level of -2.0mOD.

General corrosion rates are given in
Tables 4.1 and 4.2 of IS EN 1993-5:2007.
The works requirements specified a
minimum design life of 50 years for the
new permanent intake channel and so the
relevant corrosion rates were accounted
for in the design. For the long-term
condition, accounting for corrosion, the
design resistances have calculated based
on corroded section moduli which were
interpolated/extrapolated from charts by
Arcelor (Arcelor Mittal Piling Handbook, 8th
Edition), e.g. Figure 16.
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Figure 16. Elastic section modulus versus loss
of thickness for AZ piles (Arcelor Mittal Piling
Handbook, 8th Edition)

9. CONCLUSIONS
In this paper, the design of a temporary
cofferdam and permanent anchored
sheet-pile wall for the cooling water intake
channel for the Ringsend thermal
treatment plant are discussed. The
designs necessitated FE analyses as the
soil structure interactions and the
differential ground and groundwater levels
between the quay and the existing
channel leads to out-of-balance forces
across the cofferdam and intake channel.
Measurements of horizontal wall
deflection for the outer (east) wall of the
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