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SYNOPSIS: The paper describes geotechnical and archaeological investigations that have recently been carried out at Lincoln Castle. Soil stabilisation works 

which have been designed to strengthen the mounds that support the massive masomy walls are also described.

Since the construction o f the Castle over 800 years ago, natural and imposed alterations have taken place that has affected the geometry and particularly the 

vegetation cover to the mounds. Some fifteen years ago mature elm trees that were growing on the western castle flank began dying and in 1988 a  slope failure 

occurred. The ensuing investigation revealed clear evidence that formal earthworks construction techniques had been adopted together with a  spread type of 

foundation to the walls. This information assisted in evaluating the overall stability and in determining how best to design the necessary remedial works which 

comprised judicious regrading combined with soil nailing

The unique opportunity to  investigate the geotechnical engineering techniques that were used many centuries ago is described. The paper exemplifies the 

importance o f understanding the construction o f  earthworks mounds in order to explain their behaviour and thereby ascertain the most expeditious and cost 

effective modem soil reinforcement techniques in order to ensure the long term security o f  the ancient monument.

O U TLIN E H ISTO R Y  In 1113 A.D. the Castle was ravaged by fire and the timber palisade burnt.

The City o f  Lincoln lies to the East o f  England within a  low lying part o f  the 

country between the North Sea and the Pennine hills, Fig. 1. Lincoln itself is 

situated on a  limestone escarpment known as the Lincoln Cliff which is 

elevated above and overlooks the surrounding low lying plains.

Within two years a massive curtain wall formed of masonry was constructed 

on top o f  the mounds (Hill). Entrance to the internal square o f  the Castle 

was gained by gates on the eastern and western flanks. On the southern flank 

a  tower was constructed, called Lucy Tower, together with a second tower, 

now known as Observatory Tower, while at the north-east comer a  further 

elevated construction, Cobb Hall was built. A ground plan o f the Castle is 

shown on Fig. 2.

As a  result o f  its strategic position, Lincoln had become an important city in 

Roman times. Many centuries later, in 1068 A.D. William the Conqueror, a 

Norman, was obliged to march north from London to York to confront rebel 

forces that were gathering against him. On his return southwards he ordered 

castles to be erected in a  line o f towns, and Lincoln was again chosen 

because o f  its strategic position.

Throughout the 12th and 13th Centuries, the Castle was periodically 

besieged and captured, with damage to the Castle and subsequent repairs 

occurring during this period. By the next century it was predominantly used 

as court o f  law and a  prison. Later, in 1644 A.D. during the English Civil 

W ar, the Castle was again attacked and captured by the Parliamentary 

Troops and the walls partially ruined. Subsequently new buildings were 

erected within the con fines o f  the Castle, including the County Prison and 

Assize Courts. These are still in use today, with the prison buildings being 

used until recently as a  Magistrates Court. In future, the buildings will house 

and display the important historical document, the Magna Carta.

The Castle had to be built as quickly as possible. Mounds up to about 10m 

high were constructed to form an enclosed area about ISOm square and 

surrounded externally by a  ditch or moat. It is likely that the mound was 

topped by a  timber palisade that would have been quick to build and would 

not put too heavy a  loading on the new earth banks (Davison).

A i n c o l n

TOWER

Figure 1 Location plan Figure 2 Castle Layout
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PREVIOUS INFORMATION ON FOUNDATIONS AND MOUNDS INSTABILITY OF EARTH MOUNDS AND RETAINING WALLS

The necessity for speed o f  construction o f  the original Castle together with 

the probable use o f  unskil le d  labour was thought to have given rise to 

mounds constructed without design or control. The materials available 

would have comprised the local soils together with limestone cobbles and 

boulders excavated from the surrounding ditches. In order to speed 

construction the Normans made use o f the remains o f the Roman Fortress, 

using the south-west quadrant o f the fort to form the Outer Bailey o f  the 

Castle. The earth banks forming the Outer Bailey were about 50m wide with 

outer facing slopes at about 40 degrees while the inner facing slopes were 

more gently inclined.

Although a  timber palisade is thought to have been chosen because o f its 

speed o f  construction, it is also recognised that the constructors may have 

been aware that recently raised earth and stone mounds would not have been 

capable o f  supporting the weight o f massive masonry walls. Given time, 

some 40 to 50 years after the mounds were formed, it appears that there was 

confidence that the earthworks had setded and consolidated sufficiently to 

allow the masonry walls to be constructed. It is not known whether the 

builder in the 11th Century appreciated the aspects o f  settlement and 

consolidation, or whether fortuitously there was a delay between the mound 

construction and the imposition o f loading from massive masonry walls.

Archaeological investigations o f the last century revealed that the foundations 

to the walls were based near the top o f  the mounds rather than being deeply 

set into them as at some other castles in England (Wilson). It was also 

discovered that the bottom courses o f masonry were laid on rough timber 

frames. These would have acted both to distribute the weight o f  the wall 

more evenly and to tie the masonry together. It demonstrates a  very early 

understanding o f  the benefits o f  incorporating material with a  tensile capacity 

into the basic form o f masonry construction. Although the timber has long 

since decayed, cavities remain in the wall to show their original location. 

Furthermore the walls and their foundations continue to perform 

satisfactorily even though they now lack the timber reinforcement. Again it 

is not known whether the builders in the 11th Century intended the timbers to 

provide only a  temporary engineering benefit or whether, fortuitously, the 

decay o f  the timbers was not detrimental to the stability o f the masonry 

walls.

On 23 March 1988 a landslide occurred on a  section o f the West Bank o f  the 

Castle. Temporary stabilisation measures were carried out, comprising the 

removal o f  slipped material and terracing o f  the slide area. In December 

1989 Allott & Lomax were commissioned to cany out a  study o f the Castle's 

masonry structure and its associated earthworks. A geotechnical condition 

survey o f  the Castle banks, mounds and walls was carried out in January 

1990. This established that the masonry forming the Castle ramparts was 

structurally sound, primarily as a consequence o f ongoing maintenance o f the 

walls by the Castle masons. The study therefore concentrated on 

geotechnical aspects with particular emphasis on the stability o f the banks, 

mounds and retaining walls providing support to the Castle ramparts.

It was found that the banks and mounds ranged between 6m and 10m in 

height with slope angles varying from 30° up to 70° to the horizontal. The 

walls surmounting the banks and mounds were o f  typical Norman 

construction, comprising two external skins o f masonry facing blocks 

sandwiching a central rubble and lime mortar core between 2m to 3m thick 

and between 7m to 12m high. Walkways to the crest o f  the walls were 

drained by spouts that issued directly onto the banks and mounds below.

In places the banks were covered by tree and shrub growth. In the West 

Bank area the stumps o f  elm trees, which had been felled some years 

previously due to infestation by Dutch Elm Disease, were found to be 

growing back. In other areas trees had been removed to prevent deterioration 

o f  the walls and to improve the appearance o f  the Castle from external view. 

It was clear from the study that the removal o f the trees may have adversely 

affected the stability o f  the banks and mounds particularly the steeper West 

Bank o f the Castle, whereas in other areas stability may have been improved 

due to reduction o f  mass on the upper reaches o f slopes. Where trees 

remained on the slopes, some creep movement indicated by curved or leaning 

trunks was observed. This was particularly apparent on the North Bank, 

where the trees were also contributing to the depletion o f  surface vegetation 

and consequent promotion o f  soil erosion on the surface.

The forms o f  the banks were also noted to have changed significantly from 

their original state, particularly outside the Castle walls, Fig. 3. Initially, the 

banks were o f  uniform profile leading to a  ditch at their base before rising 

again to ground level. Following the sale o f  the banks surrounding the Castle 

by Charles I during the English Civil W ar, the ditches were filled in and 

properties constructed around the Castle. Gardens were extended into the 

banks and Training walls constructed at the base o f  slopes. In time, the 

Castle walls weathered and decayed causing a build-up of rubble material 

towards the upper sections o f the slopes. During the Victorian and later 

periods, with increasing interest in consolidation o f the Castle walls, the 

rubble mounds were formed into berms for maintenance access, leading to 

substantial surcharging near to the crest o f slopes.

It was concluded that certain sections o f  the Castle's banks and mounds, 

particularly the W est Bank of the Castle, were in need o f  remedial works to 

prevent further slope movements that could jeopardise the stability o f the 

Castle walls. It was further concluded that a  site investigation was required 

to identify the nature o f  the bank materials and the form of construction o f 

the banks, mounds and foundations to the Castle walls.

S IT E  IN V ESTIG A TIO N

F ig u re3  Comparison o f  original and existing A site investigation, comprising boreholes, trial trenches and trial pits was

profiles for the West Bank carried out between May and June 1990. All exploratory hole work was

monitored by Archaeologists from the City o f  Lincoln Archaeology Unit and 

trial pits and trenches were archaeologically recorded.

The findings from the investigation revealed the mounds to be o f a  consistent 

construction, comprising a  core o f loose to dense gravel, cobble and boulder
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Figure 4 Typical cross section through the West Bank

sized limestone and ferruginous sandstone materials with occasional pockets 

o f  weathered mudstones overlain by thin layers o f  topsoil. The exception to 

this rule was the W est Bank where much greater proportions o f cohesive 

materials were identified than elsewhere, Fig. 4. The investigation thus 

proved that the mounds were constructed from locally won materials 

obtained from the associated ditch excavations, the higher proportion o f clay 

material in the West Bank being explained by the presence o f mudstone 

outcropping near the surface at this location. Sub-horizontal layering o f 

bank materials was identified in a  number o f the trenches, with cobble and 

boulder sized layers sandwiching finer grained materials. Horizontal bands 

o f  flat laid limestone boulders were also encountered in some trenches. These 

bands were observed to be approximately 0.4m thick interleaved with 

boulders and cobble fill. These works were indicative o f  an attempt by the 

Norman Castle Builders to mechanically improve the strength o f the banks 

and mounds by the inclusion o f  strong zones with high values with weaker 

layers, thus making the best use o f  the range o f locally available materials.

Root growth was generally found to be strong in the upper O.Sm layer o f  

soils associated with the widespread grass and small shrub cover. In wooded 

areas, root penetration was found to be more extensive, reaching up to 1.0m 

below ground level with main tap roots extending deeper still into the banks.

Large trees on the slope had developed massive buttressing roots, principally 

on their downslope side, and were generally making a positive contribution to 

the stability o f  slopes where present.

The trial pit investigation o f  the Castle wall foundations revealed that, in all 

cases, the masonry walls increased in thickness below ground level. 

Typically the masonry walls extended up to 1,0m into the mound at the same 

thickness as the walls above. Below this depth, the walls increased in 

thickness, stepping out sometimes by as much as lm  from the face o f the 

walls on each side. Foundation depths were also found to vary at different 

locations. Generally, the formation levels for the walls to Cobb Hall, 

Observatory Tower and the Outer Bailey o f  the Castle were found to be in 

excess o f  1.5m below ground level. However, the foundations to Lucy 

Tower, the Castle Keep, were found to be very shallow at 0.6m below 

ground level or less. The reason for this is thought to be related to the 

urgency o f  construction o f this section o f  the Castle. The Lucy Tower, being 

the focal defensive point, would have been constructed quickly with the 

remaining structures built at a less urgent pace and more attention paid to the 

detail o f  their construction. Mound materials directly beneath the masonry 

wall foundations were also seen to be more structured, consisting o f selected 

hand placed stones as opposed to randomly placed rubble, extending to 

undetermined depths into the mounds. Beneath the walls to Lucy Tower, for 

example, layers o f en-echelon and flat laid limestone boulders were observed 

in a  loose decomposed sandy mortar to depths o f lm  below masonry 

foundations, effectively extending the foundations to a  greater depth into the 

mounds.

All the above provides clear evidence o f an understanding o f  the rudiments o f 

foundation design by the Norman Builders, particularly o f  the need to reduce 

bearing pressures at formation levels.

A significant archaeological find was made in the trial trench on the West 

Bank where a  line o f  stones running up the bank was identified at shallow 

depth within clay materials. The Archaeologists have postulated that this 

line o f  stones presented a  demarcation boundary between separate work 

areas, indicating that some form o f work gang arrangement may have been 

used for the construction o f the mounds. This evidence further consolidates 

die view that the Normans adopted a  highly organised and well developed 

approach to die design and construction o f  the Castle.
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Figure 5 Analytical cross section and results for the West Bank
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REM ED IA L SOLU TIONS

Analytical models were established for each of the areas requiring detailed 

assessment. The banks were modelled with a granular fill core (representing 

the mixed limestone and ferruginous sandstone rubble) overlain by a surface 

layer o f cohesive fill. The influence o f tree roots was also represented in the 

model by three near surface zones, extending to a total depth o f 1.5m from 

the surface o f the slope. By including values o f cohesion incrementally into 

each o f  these near surface layers, the influence o f  the rooted soil mass on the 

stability o f  the slope could be modelled and evaluated.

Fig. 5 details a typical cross-section through the West Bank of the Castle. It 

depicts the ground model adopted and shows factors o f safety for a range of 

critical slip surfaces. For a relatively deep seated slip surface, BY, with no 

root reinforcement modelled the analysis gave a factor o f  safety o f 0.91 for 

the slope. However, with root reinforcement modelled within the upper lm  

o f bank materials, represented by an effective cohesion o f  5kN/m^ in these 

layers, the factor o f safety increased to 1.09.

The analyses therefore highlighted the important influence o f root 

reinforcement on slope stability and demonstrated that the removal o f tree 

growth on the West Bank, with associated decay o f the root reinforcing 

system, was an important factor in the slope failure on the West Bank 

together with the steeper geometry o f  the slope at this location resulting from 

the presence o f  the wide access berm at the crest o f the slope.

The main conclusions from the analysis were that most slopes at the Castle 

were stable, with factors o f safety against a slip failure generally above 1.2 . 

The exception was the West Bank, where factors o f  safety were determined 

to be close to or below unity for certain conditions. Recommendations for 

remedial works to the West Bank were therefore made to include regrading of 

the slope to a  flatter, more stable profile, installation o f soil nails and 

geotextiles to reinforce the slope and the réintroduction o f small trees and 

shrubs onto the slope to promote natural root reinforcement. Fig. 6  shows a 

typical cross-section through the slope detailing various aspects o f  the 

remedial works.

An important consideration in the design o f  the remedial works was the need 

to mitigate archaeological damage to the banks and mounds. Regrading was 

considered to be the most damaging work from this aspect. Remedial 

solutions were therefore designed as a  balance between regrading, which was 

minimised to a  maximum cut depth o f  1,0m wherever possible, and increased 

use o f  soil nailing which, whilst more expensive, was considered to be 

archaeologically less damaging. Re-vegetation proposals included the 

planting o f  low height tree and shrub species with vigorous rooting habits to 

assist in binding the near surface layers and improve the long term stability 

o f  the slope.
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Figure 6  Remedial works details

SOIL NAILS INSTALLED WHERE SLOPE 
ANGLE EXCEEDS 35 ' OR WHERE 
RE-GRADING CANNOT BE CARRIED OUT

CO N CLU SIONS

1) Previous investigations revealed that over 800 years ago builders 

delayed construction o f  massive masonry walls on newly formed earth 

and rock mounds and may have recognised the aspects o f  self-weight 

settlement and construction.

2) In forming the base section o f the masonry walls, timber beams were 

used to achieve more uniform load distribution at foundation level and 

to provide tensile reinforcement, demonstrating that the builders many 

centuries ago understood the benefits o f such reinforcement.

3) The recent investigations have revealed that in places where there 

appears to have been a possible shortfall in granular material, the 

coarser cobbles and granular fill was used for the core o f the mounds. 

The facing of the mound was constructed with successive layers o f 

granular fill and cohesive fill in the same way that granular layers are 

nowadays incorporated in earthworks.

4) At one location a  line o f  limestone boulders running down the face o f 

the mound has been interpreted as possibly forming a  boundary marker 

between two distinct work areas, perhaps to indicate progress o f 

respective teams o f labourers.

5) The recent investigations have revealed that the foundations to the 

masonry walls often comprised a  stepped increase in width o f the 

masonry underlain by a layer o f  regularly placed boulders. The need 

for and advantages o f spread foundations were clearly understood by 

builders many centuries ago.

6 ) The slope instability o f part o f  the earth mounds did not arise from any 

shortcoming on the part o f the original builders. In contrast it occurred 

mainly as a  result o f  trees being permitted to grow on the slopes and 

the trees then dying and the roots decaying. Recent local widening of 

the berm at the top o f  the slope, to assist repairs to the masonry walls, 

probably relied on the tree root reinforcement for stability. Loss o f  the 

roots led to loss o f  support for the slightly steepened slope. At the 

same time uncontrolled drainage discharge assisted to saturate a  slope 

where previously the tree vegetation had absorbed much o f the 

moisture.

7) The modern day solution involved minor regrading to return the slope 

close to its former profile together with soil nailing strengthened by a  

surface covering o f geotextile reinforcement. Natural vegetation is to 

be re-established to assist the long term security o f  the slope.
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