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INTRODUCTION

This project comprises the essential repair and adaptation of St. Werburgh’s (a Protected
Structure), to accommodate cultural events and to open the building to the public for cultural
and community uses.

The key elements of the brief with respect to the civil and structural engineering design for the
project are to conserve the Protected Structure and to improve public access to the site.

Our approach to the Protected Structure is to retain as much as possible of the historic fabric,
repairing it where necessary and to design new structures that are low-key and do not detract
from the existing building.

A key aim of this project is to conserve the existing historic fabric. The conservation and
structural repair will use materials such as lime mortars and timber beams which are compatible
with the surviving fabric. Interventions requiring insertion of steel beams or braces, if required,
will be designed to have minimal impact on the existing fabric and to be reversible wherever
possible.

The existing building was first built in 1716-1719 and then rebuilt in 1756-1759 following a
fire.

KEY STRUCTURAL ISSUES
Roof Structure:

The roof trusses are approximately 160mm out of plumb and lean to the East. Cross bracing
was installed between the king-posts of each truss (from king post brace level to straining beam
level) in the 1960s. This provides some longitudinal restraint however the longitudinal loads
are applied primarily from the roof slope common rafters to the purlins which remain un-
braced. The longitudinal load applied to the purlins is resisted at the purlin ends built into the
East gable. This may be a contributary cause of the cracking visible in the East gable and the
north and south walls of the chancel visible in the roof space and within nave and chancel.

One of the northern king-post counter-braces has been removed and is lying on the ceiling.

Figure 1 Inserted bracing

b. Cracking at north and south chancel walls and east wall of nave

These walls have widely distributed cracks at the inner face and some cracks are also present
at the outer face. In addition, cracks are present in the south wall of the Vestry and in the
Sexton’s house immediately to the East.

Steel tie bars have been fitted between the north and south chancel walls connecting to vertical
steel channels at the outer wall faces. Also a vertical channel at the outer face of the East Gable
on the southern side is tied by steel bars to the southern east wall of the nave. These cracks are
not new being noted in the Paul Arnold report of 2011. Comparison of the photographs of the
cracks in that report with the cracks currently visible suggests no significant change has
occurred in the interim.

A crack is visible in the east gable under the southern side East Window which corresponds to
a crack visible in the basement wall beneath.

Possible causes of the cracks are:

1) Lack of bond between the wall faces and the wall core

i) Delamination of the inner face caused by bending of the wall under horizontal forces from
the roof (see above)

iii) Settlement of the foundations of the chancel and adjoining buildings



Figure 2 Cracks in south wall of chancel in roof space

Figure 4 Crack under East Window and at Sexton’s House

Figure 5 Crack at the south wall of the Vestry Room

Figure 3 Crack in east wall of basement



d. Gallery

Figure 6 Cracks at inner face of north wall of chancel

c. East Window Figure 8 Gallery looking west
The framing of the East window is weak from a structural point of view as the inner panels are The gallery has a timber floor supported at the external wall and on timber beams and columns
connected to the outer frame at just two points (excluding the bracket described above). The at the inner edge. A solid, panelled timber balustrade protects the inner edge of the gallery.
inner semi-circular panel at the top of the window is braced by a steel bracket from the keystone There are no obvious signs of structural deficiency in the gallery or balustrade.

of the brick arch at the top of the window opening.

The use of the gallery by the public will require a review of the adequacy of the current
guarding. It is likely that it will not be possible to meet current guarding standards without
significant intervention in the historic fabric. A combination of some discrete strengthening
and active risk management will be required.

e. Vestry Room

The Vestry room suspended timber ground floor has decayed and failed due to fungal
infestation.

Figure 7 East Window



Figure 9 — failed vestry room floor

Figure 10 — settlement of step at south side of chancel

f. Ground Floor

The ground floor comprises suspended timber under the pews, stone tiles under the centre aisle
and across the chancel arch and stone flags with some concrete repairs in the entrance porches.
The step between the nave and chancel is also stone. There is significant settlement and
widespread cracking of the tiles in the centre aisle and at the chancel arch including the steps
at the south end. The settlement is likely due to consolidation of the filling over the stone vaults
and to disturbance of this filling when heating ducts were installed.

There is also movement in the floor of the south porch around a large stone tomb which appears

to have been relocated there. The outer edge of the timber stairs in the south porch is supported
on the floor and has been displaced by the floor movement.

s
{ R
3
i alie #
&l 35 MEN e

S AR W2 3
Figure 11- cracked tiles at centre aisle
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Figure 12-cracked floor at south porch

INVESTIGATION

An investigation contract was procured and Francis Haughey Construction were appointed to
carry out the investigation works. The areas to be investigated from a civil / structural point of
view were:

Cracking at north and south chancel walls and east wall of the nave
Deformation of the East Window

The gallery structure

Subsidence in the Vestry Room

Cracking to the ground floor of the central aisle

Condition of the below-ground drainage

SourwnE

A comprehensive investigation is currently nearing completion. The structural investigations
to date include:

1. A percussion borehole which reached 4.5m below ground level and allowed sampling
of the sub-soil strata

Dynamic probing at eight locations

Dynamic probe tests at three locations

Trial pits to expose to expose the wall below floor level in three locations

Opening up of the floor in the central aisle and vestry

Opening up of the gallery floor structure

Opening up of the external wall in a number of locations to examine its composition

Nogakown

The ground investigation was focused on the chancel where there is evidence of movement and
stress in the walls. It revealed 5-6.5m of very soft made ground overlying sandy gravelly clay
which becomes stiffer with depth. This is consistent with ground investigations carried out on

3.3

the Jurys site to the west and on the site on the corner of Werburgh St and Ship St to the south.
Rock was not proved on this site but on the Jurys site, limestone rock was found at 12m.

Plaster was removed from the inner face of the east wall of the nave where multiple cracks
were visible in the plaster. Hairline cracks were found in the stone with wider cracks in the
masonry joints.

\

Figure 13-cracked masonry at East wall of Nave (north side)

Figure 14-cracked masonry at East wall of Nave (south side)



3.4

East Window

The East Window was examined from scaffolding externally and internally. The
brickwork arch at the window head has split at the north side along the bed joints and
across the bricks.

The dressed granite reveals are detached from the masonry behind and are bulging
outwards creating a gap between the window frame and the reveal which has been filled
previously but continues to open.

The timber window frame has itself bulged outwards near the window head.

7

Figure 14-cracked arch at east Window

3.5

Figure 15-bulging reveal at east Window (looking down)

Gallery

The gallery floor was opened to measure the sizes of the main structural members by removing
selected floorboards. Some of the timber joints were found to have opened and will require
reinforcement.

Figure 16-open timber joint in Gallery floor (looking down)
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Vestry Room

The south wall of the vestry has subsided causing the diagonal cracks in the wall. The
suspended timber floor spanning onto the south wall has failed due to fungal infestation.

i

Figure 17-subsidence crack in vestry wall and decayed floor joists
Aisle Floor
The aisle floor comprises stone tiles on loose granular fill (stone with silty sand) laid over the

crowns of the basement vaults which are built of rubble masonry. The filling has settled
particularly where it has been disturbed by heating ducts laid in the filling.

3.8
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Figure 18-aisle floor filling

Drainage

A CCTV survey of the below ground drainage has been carried out and results are expected
shortly. Disused brick drains and culverts were uncovered in trial pits excavated in the
graveyard along the north graveyard boundary and east and northeast of the chancel.

PRELIMINARY ANALYSIS OF INVESTIGATION FINDINGS
Movement / Cracking at Chancel East Gable

The ground investigation indicates that original ground is close to, but slightly below, the base
of the chancel walls. This layer is soft initially becoming stiffer with depth. Sufficiently firm
bearing varies but appears to be at least 1m below foundation level at the chancel. The chancel
gable imposes significant pressure on the subsoil due to its height and thickness. The
foundation appears not to be significantly wider than the wall at ground level thus concentrating
the load on a relatively narrow strip of subsoil. The cracking visible in the chancel walls
particularly within the roof space is indicative of settlement of chancel due to over-stressing of
the soil under the foundation. Why this should be occurring at the chancel and not elsewhere
is not yet understood. Ongoing investigations may clarify this. It may be that side walls of the
nave are built on slightly better ground or ground pre-consolidated by the medieval church.
Local softening of the soil around the chancel may be due to a locally elevated water table or
spring or historically inadequate drainage. The crack pattern in the roof space suggests that the
gable is rotating outwards and appears to be partially restrained by the roof purlins.

Consolidation of the clay could continue for many years therefore it will be necessary to
improve the bearing capacity of the foundation. The approach will be determined by the very
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limited access to the walls, the depth to firm bearing and the rich archaeology at the site which
would be destroyed by conventional underpinning.

Figure 19-Ground Profile at Chancel showing the estimated foundation depth in pink
and the depth which would have been required in yellow

The proposed approach is “Pali Radice’ (from the Italian ‘root pile’) developed in Italy after
World War 11 and used extensively to stabilise monuments. It involves installing raking micro-
piles through the wall foundation to add additional bearing capacity. We have used a similar
approach successfully to address subsidence in the Catholic Cathedral of the Most Holy Trinity,
Barronstrand Street, Waterford (built in 1793).

Figure 20-Indicative section showing proposed micro-piles
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Figure 21-East end of Church showing extent of proposed micro-pile underpinning
Roof Structure
Additional bracing is required to the roof structure. This may supplement and replace the
existing modern timber bracing. It will be more extensive — bracing longitudinally at each truss
vertical — and will comprise steel bar bracing rather than more bulky timber sections.
Chancel East Window
The reveals of the east window have displaced laterally under load. The window arch will need
to be temporarily re-supported to allow the stone reveals to be dismantled, damaged stone to
be repaired and the reveals to be re-built, tied into the adjoining masonry.

Gallery Floor

Initial inspections suggest that some of the timber connections may require additional support
using steel plates or similar.

Aisle Floor

The filling under the aisle floor tiles has settled. It is likely that the loose filling will need to
be removed. This will allow consolidation of the crypt vaults from above. The filling will be
replaced by a lightweight limecrete which will provide a firm substrate for the floor finish and
will provide additional support to the vaults.
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Vestry Room

The Vestry Room external walls will require underpinning. Internal and external mini-piles
linked at intervals by reinforced concrete needle beams will minimise disturbance of
archaeology. The suspended timber floor has been replaced.

PROPOSED STRUCTURAL INTERVENTIONS

The proposed structural interventions are described below:

Gallery Edge Protection

Reinforce the gallery balustrade with steel sections placed at the inner face of the balustrade at

regular intervals, coach-screwed to the existing timber perimeter beam and screwed to the
existing panelled balustrade. This approach is similar in nature to the existing reinforcement.

§

Figure 21 - Gallery Balustrade — existing reinforcement
Aisle Floor

Remove the existing tiled surface in accordance with the Architect’s method statement.
Remove the loose filling and service ducts to expose the top surface of the masonry vault.
Consolidate the masonry with lime mortar where joints are eroded or voussoirs are loose. Lay
limecrete consisting of natural hydraulic lime, sharp sand and lightweight aggregate in layers
to the crown of the vault to provide solid backing to the masonry arches. Lay service ducts as
required, surround in limecrete to underside of floor finish and mortar bed.

5.3

5.4

5.5

Figure 22 — Aisle Floor
Roof Structure

Provide longitudinal steel tube and diagonal steel bar bracing at the three lines of roof truss
struts to improve the longitudinal stability of the roof and enhance its capacity to wind loads.

Provide two lightweight steel trusses to support the chancel ceiling joists. These will be
fabricated for assembly within the roof space.

Provide steel plate reinforcement to the eastern most purlins spanning to the east gable.
Chancel Walls

Open the cracks in the walls of the chancel and adjoining east return walls of the nave. Pack
the cracks tightly with lime mortar. Stitch each crack with stainless steel helical bars set across
the crack at regular intervals recessed into the bed joints of the masonry and bedded in lime
mortar.

Connect the perimeter of the east gable of the chancel to the north and south return walls using
stainless steel, NHL grout-filled, sock anchors drilled through the gable from the outer face into
the core of the return wall. Connect steel verge ties to the roof purlins.

East Window

Provide temporary support to the arch over the east window by inserting a steel arch resting on
braced steel prop to ground level. Remove the east window. Insert vertical props in the window
opening and incorporating needle supports to the springing of the window arch. Record and
dismantle the window reveals, one at a time. Rebuild the dismantled reveals in lime mortar,
integrating the reveals with the adjoining masonry by incorporating bond stones and stainless-
steel ties embedded in the masonry. Reinstate the east window on completion.
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Inserted Door Openings

The widened door opening in the north-east corner of the nave and the new door opening in the
south-east corner will be formed by inserting temporary needle beams on props to support the
masonry over the new openings. The masonry will be dismantled by hand to form the new
openings and to allow new precast concrete lintels with stone or precast concrete bearings all
bedded in lime mortar to be inserted and secured. Once the lintels are securely fitted, the
temporary supports will be removed.

Gallery Floor Structure

The timber gallery floor joints have opening in some instances due to shrinkage of the timber,
reducing the load transfer capacity of the joint. In these instances stainless steel angle brackets
will be screwed or bolted to the timbers within the floor to reinstate the connectivity of the
joint,

Foundations

The foundations of the chancel walls and adjoining nave walls will be strengthened by installing
Pali Radice micro-piles (opposing raking piles) through the undercroft walls to stiffer subsoil
layers at depth. These micro-piles are installed from ground level and do not require deep
excavations which would impact archaeological layers beside the walls.

The vestry room walls will also be underpinned using micro-piles and cross-beams under the
walls.

Entrance Steps

The stone entrance steps, front boundary railing and stone plinth will be recorded, dismantled
and stored for reinstatement. A concrete raft slab laid on stone hardcore on geotextile will be
cast from the public footpath to the West wall of the church. The steps, plinth and railing will
be reinstated to match the pre-works record.

Drainage

A combined sewer running south across the East Gable and then west beside the south wall of
the nave connects to the public sewer in Werburgh St. The existing sewer is blocked and in
poor condition. New separate foul sewer and surface water drainage will be laid on the lines
of the existing drains where possible to minimise additional disturbance of the ground.

The proposed drainage will include renewal of the existing pipe route along the south side of
the church with new separate foul sewer and surface water drainage within the site and a
combined discharge to the existing combined sewer on Werburgh St. This will ensure
continuity of drainage for existing surface water from the church and connections from the
south. The drainage serving the new extension at the east end of the church will run north
through the proposed new access from Castle Street, and will connect to the existing drainage
in Castle St. The sewer and drain will combine prior to entry to the public sewer. The flow to
the public sewer will not be increased as the proposed works do not increase the hard-surfaced
area drained.
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Access Ramps and Platforms

The proposed access routes over the graveyard will be lightweight, steel-framed structures
supported at ground level laid on precast concrete spreader planks on stone filled paving grids
laid on the existing ground surface. The structures are designed to avoid disturbance of the
subsoil. It is likely that settlement of the soil surface will cause distortion of the steel structures
which will require periodic re-levelling and shimming.

The proposed outdoor space adjacent to the new reception rooms will comprise paving, on
hardcore on a geotextile separation layer laid on the existing ground surface.

PROPOSED EXTENSION, CONVERSION OF SEXTON’S HOUSE AND NEW
TICKET CHECK/RECEPTION ROOM ACCESSED FROM CASTLE STREET

The proposed single storey extension at the east end of the church will have a lightweight
structure. A raft slab at ground floor level, with a suspended ground floor slab over the existing
basement, will minimise disturbance of archaeology. Steel columns will support the new
timber and steel roof structure. The structure of the Sexton’s House will be retained and
strengthened if necessary to support the proposed floor loadings.

The proposed pedestrian access from Castle Street will involve the partial demolition of the
existing OPW building on Castle Street. The existing front and side walls of this building will
be retained but the concrete ground floor, first floor, and roof will be removed. Existing piers
and beams will be retained where necessary to ensure the continued stability of the retained
walls.

The structure of the new double height Reception Room adjoining the Sexton’s House will
incorporate the retained side and rear walls with additional timber and steel structural elements
to support the new roof. New foundations where required will comprise micro-piles to
minimise ground disturbance.

ACCESS FROM CASTLE STREET

Access to the site from Castle St will be via a new pedestrian access path laid on the existing
formation below the concrete floor slab to be removed.

JOHN KELLY
CONSERVATION ACCREDITED ENGINEER
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23/08/2024



