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‘Stitching up’ the past — The strengthening of three
heritage marine structures in Jersey with needling
technology

The three structures are the North Pier and South Pier of St. Aubin’s Harbour and
the St. Aubin’s Fort Breakwater. Both structures are exposed to waves from the
south west and act as breakwaters.

Both structures have suffered ongoing failures or unacceptable movements during
the past decades, on the inner sheltered side of the breakwaters.

In 2001 the North Pier was assessed as
being in a state of instability due to
. movement of its internal wall and apparent
settlement of the interior of the pier. The
deck level of the North Pier is surfaced in
asphalt which waterproofs the deck but
also masks (to a certain extent) masonry
movements. Large cracks however had
developed and could be seen in the
asphalt indicating a threat of impending

North Pier - cracks at deck level wedge failure of a section of the inner wall

St Aubin’s Fort Breakwater has in turn suffered a re-occurrence of masonry
movements and loss of pointing at its inner, lower deck wall.

In 2008 a bulge was also identified in
part of this inner wall which prompted
concerns about this part of the
breakwater’s structural integrity.
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stitching anchors



inner wall on this new foundation was the initial solution favoured. However, the
rebuild proposals were not endorsed by the States of Jersey Planning and Heritage
Departments, who asked for a ‘tying in place’ solution to be investigated for
stabilising the inner wall. Environmental concerns regarding the endangered mollusc
species further reinforced this argument.

The chosen ‘stitching’ solution used Cintec anchors consisting of a number of solid stainless
bars contained within a fabric sleeve injected with cementitous grout after positioning. The
bond of the grout that seeps through the fabric sock used in the anchor between the
masonry and the reinforced anchor is very high tying areas of loose masonry blocks
together. This ‘stitching’ methodology was also able to provide a foundation solution; the
numerous small diameter vertical anchors become mini piles when drilled down through the
granite wall stones, through the beach deposits and into the Jersey rock shale beneath. The
natural arching of the masonry blocks between mini piles at beach level then provides
significant underpinning support to the existing mass granite masonry wall over and above
the sea bed level materials.

To resist the inner wall overturning, after pinning the base of the wall with vertical mini piles,
requires a form of top restraint in the outward direction (Figure 12). The final design
consisted of horizontal ‘passive’ ties from the inner wall to the outer face although inclined
raking anchors through the core of the Pier tied into the Jersey rock shale were also
considered.
The budget was focused upon dealing with the bulging section only. The engineering options
considered were:
- Partial rebuild and removal of cementitious grout;

Take down and partial rebuild in sections;

Mini-piling to provide an effective inner foundation;

Reduction of wave energy forces on the outside face of the breakwater — rock armour;

The ‘stitching’ option repairs and strengthening.

The quality of the grout that was pumped into the
end of the structure in 1972 was found (in 2009) to

5 now be of deteriorating variable quality and
—r consistency. However, it was not thought
' pragmatic or cost effective to dismantle this end of
the lower deck structure and rebuild it in its original
form, whilst the ‘stitching’ anchor solution provided
clear benefits allowing the structure to be anchored
and stitched together without changing its character
and with minimal impact. In order to optimise the
number of anchors, an iterative process was used,
""" finding the optimum spacing to satisfy the onerous

Figure 13 - St. Aubin's Fort inner wall  108d_
ties and mini piles erterla o
imposed

by the sea conditions in such an exposed
location. Horizontal ties were inserted through the
inner wall of the main breakwater so that the
inside face wall of the lower deck was not only
tied to the inner bulk of the original wall but also
had additional cantilevered ‘beam’ support.

Another design philosophy applied in the design
of both structures repair works was that within the



weaker strata such as sand, this grout injected anchor/pile system expands, reducing the
potential for buckling and increasing skin friction.

Implementation
Not only did the final design solution comply with the planning authority requirements, it

Figure 15 - Anchors with  Figure 16 - Pre-injection Figure 17 - Anchor-
coupler with masking tape expanded

furthermore mitigated pollution control concerns by the ‘sock’ principle of the anchor system
where the grout is contained within a small radius of the sock diameter. Only a small surface
area of grout oozes through the sock material to bond to the adjacent substrates and when
cured, forms a concrete skin over the ‘sock’ material (Figure 16 before grouting
injection/Figure 17 after grouting injection).

This way the repair works to the three structures were wrapped into one project, realising
benefits in terms of cost and programme and lessons learnt from the trials.

At the North Pier the vertical drilling
works for the anchors took place through
the inner wall concrete up-stand used for
vessel mooring. Plugs in the masonry
were reinserted to enable invisible fix
(such as that shown in Figure 20) once
the anchor had been installed. The
supplier utilised standard 2.5m anchor
lengths for both structures, coupled
together to achieve vertical and
horizontal lengths as required (Fig 15).
Another valuable aspect of the
installation process was that each
individual anchor drilling provided its own
borehole information. This allowed the length of the
anchors to be reduced where, for example, the rock
outcrop was found to be at a shallower depth.

From a large machine platform aided by localised,
demountable scaffolding the horizontal anchors were
drilled and fixed (Figure 19). -
The number of verticals and
horizontals at the inner wall of
the Fort Breakwater required
careful setting out to avoid
conflicts and also to allow for
flexibility with respect to deck
positioning of the rig on the

Figure 20 - Anchor with
plug cap replaced, 'Secret
drilling Fix'




structure. In-situ vertical load tests took place on the anchors to confirm design assumptions,
configuration and spacing of the anchors. The storm events at St. Aubin’s Fort in December
2010 coincided with high tides, so the contractor re-focused upon the St Aubin’s Harbour
North Pier work, another advantage of having wrapped both works into one. In February
2011 they remobilised back out at the Fort Breakwater.

Conclusion

The ‘stitching’ method used to stabilise and strengthen these two marine heritage structures
has proved to be effective on a number of fronts. The ‘secret’ or ‘hidden’ fix of the structure
means that the heritage planning aspects of the strengthening works are achieved. The
predicted wave pressure paths and loadings were analysed in an empirical way to maximise
the effectiveness of the solution in areas of local maximum distress. Environmentally, the
impact on the endangered mollusc species is now negligible and the risk of grout spillage is
low. Economically, the costs budgeted for the original rebuilding of the inner wall of the North
Pier on a new foundation, were of a similar magnitude to that for the ‘stitching’ techniques.
There is a certainty with respect to the capacity of each anchor or mini pile as the drilling
technique means that every element's bearing capacity is known and recorded. The
technique therefore proved itself adaptable to the engineering judgements so necessary in
this type of work; effective in terms of providing strengthening and repairs to threatened
parts of heritage structures; and cost effective.
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The sea defences constructed by the occupying Germans in 1943 are widespread in Jersey, and most still function
today. The particular length of sea wall east of the slipway at Gunsite Café in St Aubin's Bay had experienced
overtopping during high tides and storm events for many years, resulting in flooding inland at the main roundabout
leading to the airport. The wall is subjected to 12m tidal range. Engineering investigations into the causes of the
flooding were started in 2014 to determine the nature of the flooding and how the mass concrete, original World
War Il (WWII) sea wall played a major part in it. The scope of the overall project included investigations into the
flooding, the research into the original WWII mass concrete wall and design of a concrete capping beam with a
recurve that allowed the top of the wall to be raised. Phase 1 of the construction work was completed in October
2017, Digital modelling together with innovative construction engineering methods enabled the project to be
completed reducing the large wave forces which impact on this wall to be resisted even under storm conditions. This

paper describes the investigations, research and design work invelved in arriving at a design solution.

1. Description of the localised flooding
problem

(n many occasions in recent years, particulardy at times of
exceptional high tide and storms, overopping at this relatively
short section of sea wall in 5t Aubin’s Bay on the south coast of
the Channel Island of Jersey (sec Figure 1) has resulted in
significant flooding of residences and businesses at the main
roundabout and highway immediately inland. As this roundabout
is the main sccess leading from 5t Helier and St Aubin on the
south coast up o the airpor, the States of Jersey engincers for the
Department for Infrastructure (DI1) decided that these significant
flooding events needed to be addressed.

The Stutes of Jersey engineers commissioned the consultants, Arup
Rothwell, 1o investigate the flooding problems (see Figure 2) and put
forward engineering concepts for a solution to alleviate the Aooding
which included the option of mising the height of this Warld War 11
(WWII) concrete wall. Other options considered at this location, such
as rock armour and grovnes, wene not thought viable because this
part of the St Aubin’s Bay beach 1s a popular tounst spot, and the
solutions impinging on the beach amenity use, coupled with the cost
of such methods, precluded their use at this location.

2. Engineering constraints on the WWII sea
wall

The sea wall in this section of 51 Aubin’s Bay was constructed by

the Genman occupation forces in 1943 under the instruction of

Lt Gen, Graf von Schmettow, the military administrator of the

island. He instructed nine Panzermauem (or antitank landing

walls) to be constructed urgently on all of the large beaches in

Jersey that presented an opporunity for the Allies to mount
amphibious landings. The wall in St Aubin's Bay PMZ6 as
reported by Hold (20016), was, like many other amphibious
landing sea defences and fortifications, built by prisoners of war
and forced labour (see Figure 3), In the cumrent era, the cross-
sectional geometry and shape of this particular section of the mass
concrete sca wall was found to be of insufficient height to resist a
combination of the high tides and storm waves and was inwardly
sloping with a rounded top, both of which contributed o wave
overtopping, allowing waves to rde up and over the wp of the
wall,

Directly behind the sea wall is the promenade walkway, which
runs from St Aubin into 5t Helier around 5t Aubin’s Bay, The
walkway, which cames pedestians, cvclists and a tounst
minitrain, has been paved, but in this particular arca of the
promenade’s surface, the paved surface also slopes nfand, This
combination of the wall geometry and the inland fall of the
promensde meant that all significant ovenopping water was
channelled behind the promenade paved arca and man naturally to
the lowest point inland, Access roads then channelled the
overtopping water back to the main highway and surrounding
butldings, which then had a fall towards the main roundabout
junction on the island. The shape of the geometry of the sea wall
being inclined mwards with a rounded top also meam tha
seaweed and debris contained i waves could run up and over the
sea wall and also wavel inlond. During storms and heavy ramfall
events, the subsequent build-up of debris (in particular scaweed)
resulted in blocking the storm water drainage systems at the road
and the roundabout, exacerbating the flooding problems.



Engineering History and Heritage

WWII sea wall in 5t Aubin’s Bay, Jersey:
infrastructure improvements to alleviate
flooding

Hold and Armstrang

Figure 1. Location map of Jersey and 5t Aubin's Bay

In 2015, at the start of the flood stedy investigations, Amup
commissioned a light detection and mnging (lidar) survey of the
arca around this section of the esplanade, the roundabout and the
beach in 5t Aubin’s Bay w produce accurate levels and to model
digitally the arca around this part of the sea wall. The hidar
modelling enabled the flow of water to be studied and understood,
which confirmed the behaviour and direction of the flow of all
overtopping. In addition, the lidar survey and model enabled
accurate drawings to be produced of the whole area subjected o
the flooding and allowed visualisations of the proposed raised
wall to be assessed for both the effects of additional height on
user benefit and visual impact changes to the beach and
promenade.

Figure 2. Inland flooding - overtopping and flooding at
5t Aubin’s sea wall near the Gunsite slipway

Figure 3. Shape of wall

3. The flood study

Amp underiook the flood study and assessed the volumes of
water being produced by overtopping events and understanding
where these volumes of water would be trapped and cause
flooding. The objective of the study was to assess how high the
existing WWII concrete sea wall had to be mised to prevent
flooding or, at the very least, alleviate the flonding scenario
infand, in particular at the roundabout. At the outset of the
remedintion  design, the Construction Industry Rescarch  and
Information Associntion (Ciria) guidance C674 on sea wall design
(Dupray ef al, 2000} was vsed 10 provide an initial curved
geometry and profile for a ‘recurve” and capping beam that would
be robust when subjected to the storm wave forees that impact on
the existing WWIIL wall (see Figure 4),

The ohjective of the recurve is 1o ensure that the wave impacting
on the wall is thrown backwards into the next oncoming wave,
thus reducing the energy of the incoming wave and its wave
energy at the wall together with its consequential overlopping
volumes, The study looked at the relevant decrease in overtopping
volumes that could be predicted, when the wall height was raised
incrementally, sccounting for sea level rise, storm increase and
duration over a design life of a further 50 vears, Various heights
for raising the wall were analysed, and the relative reductions in
overtopping volumes of these heights were predicted and plotied
on the new cross-section (see Figure 3).

4. Scheme stage design

The geometry and the rmising of the wall at scheme swmpe
design was initially based on the above ordmance damum
(AOD) levels that exist elsewhere in 5t Aubin's Bay for other
parts of the esplanade sea wall parapet, particularly wwards the St
Helier end of the bay where the esplanade parapet wop level s m
9-0m AOD. This is not an all-encompassing magic figure but a
regsonable ‘engincening  judgement” height for the new added
section of the top of the sea wall ot the Gunsite Café slipway area,
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Figure 4. Typical shape of recurve’ from Cina C&74 (Dupray er al.,
20100

It is well documented that even this area of the esplanade in
St Heler 15 overtopped with resulting fleoding in 51 Helier as
in 2014,

The onginal scheme design allowed for the further significant
overtopping to be dealt with by wtilising a secondary droinage
channel at the rear of the promenode and a gated bamer defence
across the entronce leading out to the highway, Previously, the

Smtes of Jersey engincers would place large sand bags at the

e

whring

moadway access to the highway in an effort o reduce overtopping
flows getting on 1o the highway,

5. The research and further study

Refining the design of the shape and height for raising the sea
wall, coupled with the change of geometry profile to produce a
recurve had several ierations. A permanent sccondary defence
pgate system at the entrance to the roadway has also formed part of
the overall flood alleviation scheme proposed at this location.

6. Assessment of WWII concrete

The condition of the WWII concrete of this pant of the wall was
vismally m a poor state, particularly on the seaward side. There
were many areas where the wall surface had been abrded by
gravel and maringe debris and exposed the concrete aggregates in
the mass concrete to a significant depth in some areas (sec
Figure 6), In addition 10 these defects, there were many inclusions
of ferrous metal reinforcement that had originally been used 1o
join together the joints in the mass concrete pours during the
original construction in WWII which, being ferrous metal,
produce cormosion problems within the porous concrete wall.

It was therefore necessary to assess the integrity, the consistency
amd the physical propertics of the onginal WWI congrete that
was cast under the shadow of a blockade, which in tum meant
that worious other unseen defects were possible within the
concreie. Mot only was cement and aggregate reporied to have
been in limited supply during this part of WWII, but certain arcas
of the sea defences in the Panzermauern system were also subject
to sabotage and deliberntely poor construction. To address these
quality unknowns, three horieontal cores were taken completely

Overtopping volume as a function of the wall top level
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Figure 6. Poor surface of WWII wall with inclusions

Figure 7. Concrete core intact through wall

through the cross-section of the wall. These samples were o
provide mformation on the consistency, compressive strength and
tensile capacity of the origmal WWII mass concrete. For the
design of the new concrete raised sections of the wall, it would be
necessary to match this new concrete recurve capping picce with
the in situ existing mass concreie to ensure that the new combined
concrete sea wall arrangement acted as one.

The results of the honzontal cores indicated that the surface damage
was o an approximate depth of only 20 or 30mm, and, generlly,
the depth through the wall to 700 mm thickness was seen to be of
consistent, teasonable quality conercte, The tensile strengths of
conerele cores were in the 1-4-19 Nimm” region, and the crushing
strengths wiere from 30 to 40 N/mm? (see Figure 7).

With these parmmeters in mind, design could then be directed at
providing a new mass concrele capping beam 1o mise the height
and to change the profile of the wall that would have similar
characteristics 1o the onginal concrete that would be *stitched and
bonded® to the original mass concrete below.

7. Design parameters

The pnme design objectives were to provide a funher moss
conerele capping arrangement that raised the level of the wall and
incorporated a recurve to reduce the volumes of overtopping. The
recurve would also mean that the wave energy from the next
mcoming  wave was dissipated by the reflected wave and
consequently had less energy when it impacted at the wall.
Stitching new mass concrele o old mass concrete posed o few
design problems, and the onginal concept of using numerous
dowel bars was superseded by utilising “Cintec anchors’ which
mobilise significant bond over o larger contact area and therefone
require fewer dnll holes o provide the tving action between old
amd new concrete and, therefore, larger spacings between les
could be used. The spacing of the anchors was chosen 1o be two
anchors at the scaward side |0m apan, with one anchor at the

4

landward side of the cross-section in the compression zone. The
site pull-out tests included in the contract specification proved an
in situ tensile capacity of the Cintee anchor being able 1o produce
a pull-out load of 75 kN.

Previous work by Arup Rothwell on sea defences in and around
Jersey had concluded that a worsi-case scenario design impact
from wave loads at this location in 5t Aubin’s Bay would be
the region of 24 kN/m®. This impact force would have a
significant wpward component as the wave impact was being
channelled up the wall due to the incline of the concrete face and
would impose an uplift force at the junction between oniginal and
new concrete. 1t was therefore necessary to provide a “tving or
stitching” armangement that could compensate for this “uplift
force” as well as other extreme impact circumstances from wave
bom debris. Eary in the onginal design concept, it was deemed
necessary 1o cul down the rounded and daomaged top of the
existing original sea wall o stitch and tie® in the new mass
concrete beam with a recurve profile (Figure 8). The geometry
of the cut surface 1o provide the tying action with the Cinec
anchors meant that approximately 1 linear m of new conerete
would be providing a downward dead load force of approximately
25-4kN/m’ — that is, | m", almost providing a safety factor of |
to 1, with respect o the assumed worst-case uplift force per metre
mun of 24 kN/m®. Also taken into consideration was information
from the practical wave studies previously on the Jersey coastline
that only in very rare circumstances would storm waves act
orthogonally to the wall over a long length but would generally
tend to impact on the wall in a rolling pattern, which imparts the
maximum impact over a relatively small arca of wall only. To
achieve the required design safety factors, the additional bonding
between the two concretes and tying them together was o be
provided by the Cintec anchors within a unifying new capping
beam arrangement on the top of the cut-down wall. Engincering
judgements also concluded that at the junction between old and
new mass concrete was also to be ticd together in a continuous
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beam. The intention is that the localised “high forees” would be
spread over a longer length of continuous new beam and betler
transferred and spread through to the mass concrete below by a
‘designed” number of anchors which provide the estimaied
additional resistance required o comply with manne code safety
factors.

8. The design of the capping beam

Notionally the concrete 1o be placed on top of the existing sea
wall needed to maximise the bond arca created by the cutting off
of the rounded and in many areas damaged top curved surface of
the original wall, Two horzonial and one vertical surface culs
would provide a relatively large surface area for the new capping
beam to be in contact with and cast on the onginal mass concrele
below, The majority of the resistunce to the wave uplift was
required ot the front of the wall where the overhang of the recurve
presented a barrier 10 these upward forces. The need o spread the
direct impact load of waves therefore required that the new
capping beam would act as onc unit although only a nominal
amount of reinforcement would be needed so that the tying action
between old and new concrete was uniform and spread over the
new mass concrete length (see Figure 8),

9. Planning considerations

Some of the WWII concrete sea walls from the German occupation
in Jersey have a grade 2 listing in terms of their heritage planning
stotus, as stated on the Channel lsland Occupation Society (lersey)

wehsite (CI0S, 2008), However, @ this particular section of the
antitank landing sea wall in 5t Aubin’s Bay cast of the Gunsite Café
slipway, there was no listing, The wall is considerably lower and has
an inclined face with a munded top for a localised length that
contributes significantly to the overfopping. The States of Jersey
engincers obtaned a planning permission for mising and reshaping
the wall in this area and also had samples of the new concrete o be
used to raise the wall approved for colour blending in with the
existing conerete. The other planning considerations were dealt with
by a ‘consultation process” that produced the final approved scheme
for construction,

10. Concrete repairs

The condition of the scaward surface of the onginal concrete wall
was in o very variable condition (see Figure 6). In some arcas,
large surface loss has taken place, exposing aggregate and
cormeding reinforcement, The solution was o break out these
areas of weakened concrete and repair with a fibre-reinforced
spray concrete. Trial spray concrete areas were used to amive at a
satisfactory methodology for both the safe cutting out and
replacement of material using spray concrete o achieve an
appropriate concrete repair and an acceptable colour match,

11. Consultation processes

Prior to the production of detail design specification and tender
documents for the works, DIl engineers hod discussions with the
Jersey public, the local politicians and minister responsible, who

5
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deemed that the new designed height of the wall of 90 m AOD at
this part of the promenade walkway was unacceptable from a
political standpoint as it reduced the viewing opportunities of
people using the very busy and popular promenade.

Consequently, the top of the new section of the wall was
instructed to be some 300 mm below the new designed level of
9-0m AOD and that a provision for *future-proofing” the height
of the wall so that it could be raised to 90 m AOD at a later time
was to be included in the detail design. As a result, the design and
tender drawings had a reduced height of wall and a threaded bar
with a cover cap at the top of each of the Cintee anchor bar at the
surface level to cnable a coupler to be fixed and then additional
beam height could be added to the current level at an unspecified
date in the future, This coupling capacity would also allow for an
even bigger beight sea wall than the notional 9:0m AOD 1o be
possible depending on climate change and sea level rise in the
future. Another significant fundamental design change instigated
by the States of Jersey Manager of Highways and Infrastructure
was 10 create a recurve design for the capping beam that mirrored
the angular shape at the top of the wall in the WWII concreie
defences that was designed 1o resist tank assaulis climbing the
concrete delence walls (see Figure 9). The recurve shape for this
project is therefore not designed as o modem recurve, which is
generally rounded, but angular with an overhang, which
effectively produces a similar wave deflecting eapacity. The wave
deflecting characteristics by mising the wall to 9-0m AOD could
produce a 30% reduction in overtopping volumes, but with a
recurve, this figure was increased to a 70% reduction in wave
energy and consequent overtopping at the wall (see Figure 5).

12. Additional contractor’s input from
tendering

The suecessful contractor from the tendering process, Geomanne

(Jersey) Lud, had allowed for applying quict concrete-cutting

methods and a specific steel shutter design that conformed to the

Figure 9. Gunsite angular recurve at the slipway

new angular recurve profile. The Gunsite Café and St Ouens WWII
sen wall PMZ3 antitank top wall have an angled, outward-leaning
sections and then a vertical beam section, and the contmctor’s
design shutter proposal utilised a metal shutter bolted to the wall
which conformed to the new recurve profile design (Figure 10

The contractor also received eredit in the tender assessment
process for his use of modem techniques for conerete splitting
using a hydraulic device which greatly reduced site noise and
made removing the top of the wall concrete much casier as well
as being more efficient when handling the waste concrele picces
for disposal (see Figure 11).

13. Attention to public interface

The location of this project directly adjacent 0 a well-used
promenade behind the sea wall with a busy, popular sandy beach
meant that the interface with the public was of vital importance.
The contractor had o deal with the use of the promenade for
cyclists, pedestrions, runners and so on and a tourist minitrain that
regularly passed up and down the route from St Aubin's into
St Helier and back along the promenade. Therefore, public
awareness and interfacing with the public from both the contractor’s
and design team’s points of view was given much thought, planning
and programming. The temporary works involved minor redinection
of the train in particular and isolation of the working area from the
public, which meant that access of materials and machinery at the
wall as well as safe transpontation of concrete, formwork and 50 on
required careful planning, supervision and execution,
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Figure 11. Concrete splitters removing the top of rounded wall

14. New modern engineering techniques
used during the project

In addition to utilising lidar for the surveying and modelling of this
project, Cintee anchors provide the main tying and bonding
connection between the old WWII concrete and new concrete. The
new  seaward-facing  surface concrele was o be  produced
incorporating formwork using Zemdrin fabric on the shutter.
FLemdrain produces @ surface, which 15 hard weanng, has few
surface defects, is more robust 10 wave impact and is more abrasion
resistant. In addition to sand debris in the waves, a gravel bank s
formed at the base of the sea wall and the gravel is then taken up in
the waves and this has a very abrasive action. The Zemdmin-coated
formwork was also used in 2006 for the St Ouens sea wall overlay
and produced a very good antiabrasive resull which has stood up
well in an even more extreme environment than the one in
St Aubin’s Bay. The almost flat top of the capping beam has a
shallow fall towards the sea and needed a ‘non-smooth” surface so
has been given a light *rough brush® finish on top, The landward-
or promenade-facing concrete has a normal F1 fimish, Some minor
volumetric and shrinkage cracking took place dunng the carly work
which was camied out in the hotter drier summer months, Leaving
formwork in place for a longer period resulted in reducing this
minor cracking during the progress of the works, The sequencing
of the works is shown in Figure 122

15. Contractor’s programme

The contractor chose o deal with the breaking out of the concrete
and the casting of the new concrete in successive phases in a
rolling programme working backwards from Le Perquage car park
to the Gunsite Café slipway. The new methodology of using
conerete splitters provided a less noisy, less dusty and more casily
handled removal operation. There were a few anomalics of
additional cracks and voids found within the body of the WWII
mass concrete when cut. These arcas were made good by using
concrete hand repair methods, which was the most ¢conomical
way of dealing with these breakouts,

Figure 12, View of sequental construction of capping beam,
ramsing the height and providing a recurve

The seaward face concrefe repairs were hand eut out and then
spray concrete applied, using Sika 135F, o complete the major
part of the phase | flood alleviation works,

16. Finished arrangement of phase 1

Since the construction and completion of the top of the wall o
Gunsite Café slipway, two major storms coinciding with high tide
have demonstrated the ability of the new geometry of the wall and
s recurve to reduced overtopping. Storm Brian tested the ability
of the new geometry of the wall, and studying the changed wave
action and responses have produced excellent resulis.

It is interesting to compare the wave action of the original WWI1I
lower height wall with the performance of the mised new recurved
profile wall because the new wave behaviour illustrates the
reflected wave impact on incoming waves reducing the wave
energy at the wall (Figure 13). The armangement has yet to be
tested against the maximum of storm surge, high tide and heavy
rainfall, but it is anticipmed that with the secondary defences m

Figure 13. Performance of the wall reflecting waves
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Figure 14. Scheme stage design concept before and after cross-section
the entrance to the access road, the measures have significantly Acknowledgements

minimised the risks of further flooding.

However, high tide and wave conditions that occurred in January
and February 2018 at the site provided an excellent practical
demonstration of the theory of improvement to the wall being
demonstrated on-site, Figure 14 shows the theory behind the
scheme, but the very good photograph in Figure 15, waken by the
site enginger from DA, Ross Femley, captures nature behaving as
the engincer intended. The split and change in direction of the
wave is at the junction of the completed phase | work with
the next section of the wall to be remodelled in phase 11 to match
the phase | concept.

Stormn wave action at new wave retum wall and existing

The auwthors thank Ross Fearnley, Angela Brant and the States of
Jersey Depaniment for [nfrastructure Engineers.
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beam. The intention is that the localised “high forees” would be
spread over a longer length of continuous new beam and betler
transferred and spread through to the mass concrete below by a
‘designed” number of anchors which provide the estimaied
additional resistance required o comply with manne code safety
factors.

8. The design of the capping beam

Notionally the concrete 1o be placed on top of the existing sea
wall needed to maximise the bond arca created by the cutting off
of the rounded and in many areas damaged top curved surface of
the original wall, Two horzonial and one vertical surface culs
would provide a relatively large surface area for the new capping
beam to be in contact with and cast on the onginal mass concrele
below, The majority of the resistunce to the wave uplift was
required ot the front of the wall where the overhang of the recurve
presented a barrier 10 these upward forces. The need o spread the
direct impact load of waves therefore required that the new
capping beam would act as onc unit although only a nominal
amount of reinforcement would be needed so that the tying action
between old and new concrete was uniform and spread over the
new mass concrete length (see Figure 8),

9. Planning considerations

Some of the WWII concrete sea walls from the German occupation
in Jersey have a grade 2 listing in terms of their heritage planning
stotus, as stated on the Channel lsland Occupation Society (lersey)

wehsite (CI0S, 2008), However, @ this particular section of the
antitank landing sea wall in 5t Aubin’s Bay cast of the Gunsite Café
slipway, there was no listing, The wall is considerably lower and has
an inclined face with a munded top for a localised length that
contributes significantly to the overfopping. The States of Jersey
engincers obtaned a planning permission for mising and reshaping
the wall in this area and also had samples of the new concrete o be
used to raise the wall approved for colour blending in with the
existing conerete. The other planning considerations were dealt with
by a ‘consultation process” that produced the final approved scheme
for construction,

10. Concrete repairs

The condition of the scaward surface of the onginal concrete wall
was in o very variable condition (see Figure 6). In some arcas,
large surface loss has taken place, exposing aggregate and
cormeding reinforcement, The solution was o break out these
areas of weakened concrete and repair with a fibre-reinforced
spray concrete. Trial spray concrete areas were used to amive at a
satisfactory methodology for both the safe cutting out and
replacement of material using spray concrete o achieve an
appropriate concrete repair and an acceptable colour match,

11. Consultation processes

Prior to the production of detail design specification and tender
documents for the works, DIl engineers hod discussions with the
Jersey public, the local politicians and minister responsible, who

5
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Fig 11 Large drop
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1. Contract Sum Analysis

1.1. Drawings Received

e Parapet Strengthening to Containment Standard — Proposed Option 2 Paratec Strengthening
Anchor —Job No. 219921 - Drawing No. ARP-S-PWR-003 - Issue PO1

® Parapet Strengthening to Containment Standard — Testing Locations and Setup— Job No.
219921 - Drawing No. ARP-S-PWR-003 — Issue PO1

1.2. Bill of Quantities

Our bill of quantities can be found below:

N:ren?er Description Rate Quantity Unit | Total
1 Mobilisation, setup and Traffic 1 Sum
Management
Supply and Installation of 1 ISum
2 CINTEC anchors (11nr 200mm
wall ties, 12nr 4m anchors, 11nr
9m anchors)
3 Static Load Test 1 Sum |
4 Masonry works (Coping 1 Sum
works/repointing)
5 Additional CINTEC ties to fix Per anchor
coping stones
I I
TOTAL




