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Bamnard Castle, Stability of Outer Ward Walls
Engineer’s Repart

AUTHORITY AND BRIEF
Authority

Structural & Civil Consultants were authorised to carry out this survey and report by
Durham County Council through Mr David Blackett.

The clients for the inspection were originally:
i)  Durham County Council
ii)  Raby Estates
iii) English Heritage

It is understood that the Home Group who own the land at the south end of the wall are
also contributing.

Interpretation of Original Brief

The brief for the investigation, survey and study of Bamard Castle outer walls is
commended as a very efficient form of Management Plan. The brief targeted the
matters of concern and encouraged focused involvement and interaction between Civil
Engineers, Geotechnical Engineers. Archacologists, Surveyors and Tree Surgeons.

The original brief involved inspection of the west section of the outer ward wall, above
and parallel to Bridgegate. This section of the wall has been designated chainage Om to
130m.

The principal tasks by a conservation civil engineer involved:
a) An inspection and appraisal of the existing slopes, walling and rock face.
b) Recommendations of options to reduce the risk of further deterioration.

A geotechnical investigation was proposed involving:
a) Preparation of a desktop study of the expected conditions of the soil strata.
b) A survey of the slopes in association with the civil engineer.

A survey company would:
a) Carry out a baseline survey.
b) Scan the wall where practical.

Archaeological specialists would:

a) Carry out a desktop study of the historical significance of the walls of the outer
ward to inform an assessment of the potential impact of any works on the
archaeology of the site — built, buried and landscape. This would be used to
inform the civil engineering proposals.

b) Provide an interpretive survey of the wall elevations based on the metric survey
provided by the surveyors. Annotate this with details of phasing and areas of
key significance.

c) Liaise for Scheduled Monument Consent.

d) Monitor and assist with excavations and groundworks.

A health and safety expert was bought in to advise on the several issues related to the
unusual risks associated with the inspection.
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Cherry pickers (MEWPs) would be used to gain access to the rock and stonework
where necessary and practical. Branches, bushes and ivy would be cut back where
necessary to allow occasional access for the inspection and for access.

Additional Works

At the pre-start meeting, and following recommendations from the survey team and the
County Council’s in-house engineers, the clients agreed to extend the brief to include
the section of wall on the south side (chainage 135m to 160m) for two reasons:
i)  The section of wall was largely man-made rather than natural and appeared
to require inspection.
ii)  The section of wall adjacent to the housing block posed a risk to the
residence.

At the pre-start meeting, the clients requested the use of the access equipment on site 1o
cut back vegetation growth:
i)  Where the growth on the wall was tending to pull out stonework,
especially after snowfalls.
it)  Where the growth was likely to cause damage to the walls.
iii)  Where ivy could be trimmed (but not killed at this stage. pending a review
of its condition).

Following further inspections and research., it became apparent that investigations into
the geology of the underlying soils and their condition would be a significant
recommendation. The client therefore agreed to include a limited site investigation into
the current brief.

Structural & Civil Consultants Lid 1968 May 2014 v4



2.1

!\)
9

2.3

24

2.5

Bamard Castle, Stability of Outer Ward Walls
Engincer's Report

INTRODUCTION
Team Members

The inspection team was assembled under accredited conservation engineer Robert

Thorniley-Walker MA(Oxon) CEng CEnv FICE FIStructE MIHT IHBC.

a) Archaeology — Penny Middleton and Oliver Cooper of Northern Archacological
Associates Ltd.

b) Geotechnical Engineer — Ross Nicholson of Geolnvestigate Ltd.

c) Surveyor — Andrew Dodson and Steve Bickley of Greenhatch Group Ltd.

d) Health and Safety — Stephan Tomaszewski of Safety Zone Ltd.

c) Project Civil Engineer — Alice Bowers of Structural and Civil Consultants Lid.

Orientation and Site Layout

Chainages along the wall have been set up to help identify points of note and to allow
the team to identify locations along both the top and the bottom of the wall. This starts
at Om at the north end of the County Council’s new green barrier fence and extends to
chainage 130m at the south west corner of the fence. The wall turns eastward adjacent
to the housing block, with the survey extent stopping at chainage 160m.

The project involved the inspection of 160m of walls. These have been split into the
following sections between chainages.

a) Section A: Ch 0 to Sm Terraced walls at the north end below the
Constable Tower.
b) Section B: Ch 5 to 45m Vegetated slopes, walls and sandstone outcrop

with original top wall.

c) Section C: Ch 45 to 70m Steep drops of mudstone including the “crow’s
nest™ with original top wall.

d) Section D: Ch 70 to 98m Remedial facing walls with slope at old failure up
to newer top wall.

¢) Section E: Ch 98m to 130m  Vertical wall and rock at the south end of west
wall includes main collapse.

1) Section 'z Ch 130 to 160m  South wall behind residential housing, vertical
stonework on sandstone rock face.

A topographical survey of the site is included in Appendix B. Photomontages
identifying the chainage locations and sketches of elevations have been produced for
the north sections of the wall where surveying and photography were difficult due to
heavy vegetation.

Previous Inspections

Minutes of a meeting on 30th March 1979 reported on findings from two civil
engineers. Mr R Mills and Mr C Patel, from the Department of the Environment in
London. Elements from that indicated:

a) There were proposals to stabilise the leaning east-west north boundary wall to
the Outer Ward with the Town Ward using hidden reinforce concrete legs. [It is
assumed that this work was carried out as the wall still is still standing.]

b) Excavated soil to the Middle Ward was gradually being transported to the other
side. [Soil may have come from the moat. It is unclear where it was being

Structural & Civil Consulants Ltd T968 May 2014 v4



c)

d)

0

Bamard Castle, Stability of Outer Ward Walls
Engincer’s Report
dumped, but indicates how free standing-walls can be loaded with backfill to
create retaining walls when soil has to be dumped somewhere.]
The western and southern walls of the proposed guardianship area |presumed
Outer Ward] were difficult to assess due to dense growth but were considered
stable apart from two areas:

i)  35m south of existing guardianship area where trees and shrubs were
stabilising a considerable deterioration of the wall. Removal of vegetation
would necessitate considerable reinstatement work and rebuilding. [cf
large brick panels at chainage 30m to 40m (Photograph B35).]

ii)  Halfway down the western boundary below the missing section of original
curtain wall had dense growth. Trees were deteriorating the stone wall
construction and at one end, a section of wall had collapsed onto the grass
below. Engineers recommended replacement with new sections of walling
[ probably around chainage 80 to 90m].

Engineers recommended removal of shrubbery, replacement of missing
stonework and grouting of the southwest corner [chainage 130m].

The short timber beam [chainage 140m (Photograph I'75)] supporting a section

of overhanging curtain wall to the southern boundary was considered in

satisfactory condition.

Engineers expressed concern over an undermined area at the base of the rock at

the extreme southern corner of the Castle curtain wall outside the proposed

guardianship area [chainage 200m (Photograph F72)]. Some pieces of rock had
fallen away and others were loosely held in place. Engineers suggested that this
area should be rebuilt to make it stable and safe.

2.6 A letter from Mr R L Mills and Mr Patel dated 6th October 1981 discussed an
inspection on 2nd October 1981:

a)

b)
¢)
d)

e)

f

At the southwest corner [chainage 130m]. the natural sandstone rock was
suffering some separation along the horizontal beds and fissuring which could
be packed with cement mortar and/or concrete to resist accelerated weathering.
Some stones were missing in the random rubble stone walls and a number of
isolated relatively weak areas needed consolidation.

The large void at the southwest corner [chainage 200m] needed to be filled or
sealed.

Four other cave-like voids were not affecting the structure.

No signs of loose rock or masonry which would present a danger to the public.
An offer was made to present their findings to a meeting if necessary.

Background to Investigation

2.7  The current investigation was triggered by a failure of Barnard Castle outer ward walls
in February 2009 between chainage 112m and 117m. This event led to general concern
about the stability and safety of the castle walls and slopes on the south and west sides.

2.8 It is believed that the main concern of the local residents and the general public in
Barnard Castle was the maintenance of the castle walls and slopes in order to ensure
public safety. In particular, the safety of drivers on Bridgegate Road, passers-by on its
pavement and the occupants of the adjacent flats all need to be considered when
assessing potential rock fall and future wall collapses.
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Concerns have also been raised about the damage from vegetation, and particularly ivy
overgrowth, to the fabric of the castle walls. In other areas vegetation was seen as a
stabilising influence.

In 2013 in response to ongoing public concern, Durham County Council erected a 2m
high fence at the foot of the west slope from chainage Om to 130m to prevent public
access to the slopes including the wall collapse between chainage 112m and 117m. The
fence was also intended to reduce the risk of rock falls reaching the public areas,

In December 2013 there was another report of falling debris although there was no
clear evidence of the extent of this later event.

Inspection Details

The inspection and report were prepared from December 2013 to March 2014:-

a) Inspections were mostly carried out in December 2013 and January 2014.

b) Scheduled Monument Consent for the cutting back of vegetation was given in
early January 2014, which caused some delays and disruption to the
programme.

c) Surveys were started in December 2013 and completed in February 2014.

d) Engineering sketches have been used in place of surveyed elevations to cut
further delays.

The site's steep slopes, high walls and dense ivy and tree overgrowth created problems
with regard to accessibility and inspection. Access was achieved with the use of
ladders and two different types of mechanical access platform. Vegetation required
extensive cutting back and removal including some trees branches to provide inspection
windows or slots at various locations along the site slopes and walls.

Four boreholes were sunk on 20" January 2014 in the outer ward using a Dando Terrier
2002 tracked, hydraulic percussive mini-drill rig to confirm the nature of the soil cover.
The positions of the boreholes are shown on the general chainage plan (BHI-BH4) in
Appendix A. The boreholes were started with shallow archaeological pits which were
in-filled then re-drilled. with the boreholes reaching depths between 2.20m to 3.80m

History of the Castle Site & Outer Ward Wall

As part of the survey, Northern Archaeological Associates (NAA) carried out a report
‘Historic Environment Assessment and Walls Survey for Barard Castle Outer Ward
Walls’, which should be read in conjunction with this Engineer's Report. The
following summary is taken from the NAA report.

This report presents the results of an historic environment assessment and preliminary
survey of a 160m section of Barnard Castle Outer Ward perimeter wall, Barnard
Castle, County Durham. The wall forms part of the Scheduled Monument of Barnard
Castle Ringwork, Shell Keep Castle, Chapel and Dovecote. The assessment and survey
was undertaken by Northern Archaeological Associates Ltd for Raby Estates, English
Heritage and Durham County Council to support a feasibility study to inform a
programme of repair and consolidation works. '

The castle has previously been the subject of considerable research, including a
comprehensive programme of excavation, and the history of its development is
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H1. Speculative plan of 14th century castle H2. Grose’s plan of Barnard Castle 1773-6
based on Austin Fig. 8.1 (Austin 2007, 288) (Gorse 1773-6) — study area in green

relatively well understood. In contrast, very little is currently known about the Outer
Ward and the nature of the defences in this area. The Outer Ward covers a 1.32ha area
with an outer perimeter of just under 300m. Today the area predominantly comprises
open pasture. with a block of garden plots in the south west corner, bounded by a series
of mid to late 19th century walls. The remains of the 12th century chapel of St Margaret
are incorporated into a small stable which is a Grade Il listed building. Although
outside the English Heritage guardianship, the Outer Ward is encompassed within the
Scheduled Monument boundary.

Based on the surviving physical and documentary evidence, the original medieval
curtain walls are thought to have stood approx 4-5m high, including a wall-walk and
battlements, However, it is unclear if this ever extended along the entire perimeter of
the promontory or if the defences of the Outer Ward were ever as substantial as those
of the inner defences. Unfortunately, little survives above ground of the original wall.
What does survive is incorporated into those walls and ancillary structures along the
east side of the ward (associated with properties on the west side of Horse Market and
The Bank). The south and west walls largely only survive as revetment or refaining
walls. At the northern end of the study area (Chainage 13-70) the perimeter wall is
more substantial, measuring approx 1.00m thick at base, and potentially supported by a
line of shallow external buttresses which are similar to those surviving on the Town
Ward crosscurtain wall. In contrast, at the southern end (Chainage 100- 200) the walls
seem to have been much thinner: defendable rather than defensive. Unfortunately,
much of the middle section (Chainage 70-98) has been lost following a collapse in
antiquity.

It appears that the topography of the lower slopes of the promontory have changed
considerably since the 12th century. Today, the shear face of the scarp and wall towers
over Bridgegate, but previously it now seems likely that there was a more gradual
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slope. The rock face would have extended further forward and been surmounted by a
natural soil slope reaching up to the height above the visible foundation course. The
walls were constructed by digging a trench close to the slope edge, while leaving a
suitable working platform to build. A section, as near vertical as possible, was then cut
down the face of the natural alluvial deposits of the promontory slope. Subsequently,
courses of stones were then laid and mortared in position, with soil packed into any
void left at the rear as the structure increased in height. The upper courses of the
curtain wall were then constructed from ground level up. Within the ward interior the
original ground level is likely to have been considerably lower in the medieval period
than it is today.

Over the preceding 800 years various events have impacted on the west and southern
walls of the castle. There have been three major sieges, the last being during the Civil
War when the castle was subject to artillery bombardment from across the Tees. There
may have also been an episode of undermining in the earlier 1569 siege.

In addition, the geology of the area is known to be unstable, particularly along the mid
section of the west wall, where there are shifiing bands of mudstone and shale. Prior to
the late 18" century there was a major episode of collapse which resulted in the loss of
approx. 30 - 50m of wall on the west side (Chainage 70-98). The failed wall was
replaced with a lower terrace wall and upper revetment which has been variously
enhanced and repaired over the years.

From the 17th century onwards there was extensive development at the base of the
promontory, with properties built all along Bridgegate, many abutting the revetment
walls and some even built into the scarp. Their construction involved quarrying of the
cliff base and the formation of new terraces. In the mid 20th century further
disturbance was caused by the demolition of the properties along the base of the cliff
and landscaping of the area; the subsequent growth of trees and vegetation across the
resultant slopes and remaining walks is a relatively recent phenomenon in the history
of the site.

The overall significance of the Quter Ward walls is obviously bound to that of the wider
medieval castle complex as defined in the scheduling description. Nevertheless, there
are site specific values which could be potentially placed at risk by any programme of
consolidation. Of particular significance is the evidential value of the existing walls
and the enormous potential to advance a greater understanding of the nature, form,
construction and development of the castle through study of the buried and built
archaeology. This is an area which is currently poorly investigated and understood in
comparison with the rest of the castle. A study of the construction and possible
instabilities of the wall could also aid the management of other castle sites. Also of
importance is the archaeology and history of the properties below the scarp which form
part of the development of the town and its industry. In addition, the site is of
considerable significance aesthetically as it forms a prominent element in views
towards the town from the west and is one of the first things seen by visitors
approaching the area from this direction. The site also has strong links with the
community and is core to people's perception of the town, encapsulating much of its
character and history.

The potential impacts on significance resulting from the repair and consolidation work
will stem both from the initial investigative work and the resultant consolidation
programme. Measures to mitigate impact during the initial investigations have already
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been undertaken and included archacological excavation and monitoring during
geotechnical investigation, and monitoring during a vegetation clearance. The details
of a proposed stabilisation programme have not yel been finalised but it is essential
that the preservation of the archaeological significance of the site is key to any
proposals.

A full heritage impact assessment will need to be undertaken before any programme is

finalised. and a suitable archaeological mitigation strategy will need to be agreed with

English Heritage and the Durham County Council Senior Archaeologist. This should
take into account the potential impact of any works on both buried and built heritage as
well as the setting of the castle. It is anticipated that a mitigation programme may
include:

a) a further phase of building recording following additional vegetation
clearance;

h) a small degree of additional documentary research (Durham County Cowncil
maintenance records and Raby Archive) to fill in any gaps in understanding:

¢) archaeological evaluation, potentially in both the Outer Ward interior and
along the base of the scarp,

d) monitoring/recording during any grading, remediation or consolidation works

which are considered to be necessary.

Structural & Civil Consultants Ltd T968 May 2004 v
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GEOTECHNICAL FINDINGS
This section is based on geotechnical investigations carried out by Geolnvestigate Lid.

It covers the engineering geological factors affecting the stability of the slopes and wall
foundations as well as the underlying supporting geology.

The investigation involved:
a) A geological desk study.

b) An inspection of exposed geology including the strata to the north of the site
outcropping at the river and beneath the main keep of the castle.

c) Shallow boreholes driven in the outer ward at the top of the walls.

Desk Study

The 1:50,000 geological map overlay information provided by the BGS on their
borehole scan web site indicates the upper platform of the site in the outer ward to
comprise Glacial Till of unknown thickness. These soils were formed with Ice Age
glaciers scouring the landscape and depositing moraines of till (clay) with outwash sand
and gravel deposits from seasonal and post glacial meltwaters.

River Terrace deposits of unknown thickness may encroach over the Till from the south
from the direction of the River Tees. River terraces comprise mainly sand and gravel
detrital material deposited in channels to form river terrace deposits, with fine silt and
clay from overbank floods forming floodplain alluvium. River terrace deposits can
include larger cobble and boulder size material like those that can be seen nearby in the
channel of the River Tees today,

These soils are underlain by the Stainmore Formation of the Yoredale Group of the
Namurian, previously called the Millstone Grit and Upper Limestone Group, This is a
sedimentary bedrock formed approximately 313 to 326 million years ago in the Upper
Carboniferous Period in an environment dominated by swamps, estuaries and deltas.
The Stainmore Formation comprises a cyclical repetition of sandstones, siltstones,
mudstones, thin limestones and some coals.

The BGS shows the rocks on the western slope to comprise the Stainmore Sandstone at
the base with the Crow Limestone (up to 3.60m thick) above this followed upwards by
the Stainmore Formation comprising sandstones, siltstones and mudstones.

A number of individual limestone and sandstone beds within the Stainmore Formation
have been named by quarry men. The Stainmore Sandstone is believed to be one of
these beds. It rises southwards to form the base of the west and south slopes from
around chainage 55m to 200m and its hardy, rocky, bedded exposures can be seen in
the River Tees below the abutments and middle pier of Barnard Castle Bridge. It is
believed that this particular sandstone bed may be the Firestone Sill - named by
quarrymen.

The Stainmore Formation sandstone is known to have been extensively quarried across

its outcrop including the Barnard Castle Area. Working was often from small pits to
provide local building stone.

The BGS plan does not record the presence of faulting within the site survey area.
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