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PREFACE

Foliowing the publication of the Department of the Environment's researchinto ground
movement in Ventnor in 1991, South Wight Borough Council took on board the
recommendations of that reportand commissioned its consultants Rendel Geotechnics
to develop a Landslide Management Strategy for the Ventnor Undercliff. The strategy
includes such important aspects as increasing public awareness, the need for
additional coast protection, improved drainage, monitoring and further research.

A Ventnor Landslip Management Committee of professionals involved with engineering,
building, planning and related matters within the Undercliff was established in orderto
develop a co-ordinated approach to works and planning in the area. In 1992 South
Wight Borough Council commissioned Rendel Geotechnics to undertake a major
extension of the Department of the Environment study of Ventnor to include the whole
of the Undercliff from Luccombe to the entrance to Niton. Contributions to the cost of
this research were received from members of the Ventnor Landsiip Management
Committee (including the Association of British Insurers, the Isle of Wight County
Council, Southern Water Services Lid., and British Telecom).

This report and the new suite of maps which accompany it provide a wealth of
information on the St.Lawrence to Niton Undercliff for the first time. In addition the
report describes how the Council has, over the intervening period, taken up many of
the recommendations proposed by the Department of the Environment.

Over the last three years the Council, with the assistance of the Isle of Wight County
Council and the Ministry of Agriculture, Fisheries and Food, has invested heavily in
protecting and strengthening coastal defences along the Ventnor Undercliff, a key
factor in relation to ground stability. In addition the installation of monitoring equipment
and commissioning of further research has increased our understanding of the nature
of physical processes and the impact of human influences within the Undercliff. It is
hoped that this new report will form a valuable contribution to the benefit of residents,
commercial interests and science.

Robin Mcinnes Councillor E G Keenor
Borough Surveyor Chairman, Environmental Health
South Wight Borough Council & Housing Committee

South Wight Borough Council
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EXECUTIVE SUMMARY

Much of Ventnor and St. Lawrence, Isle of Wight, lies within an ancient landslide
complex known as the Undercliff (Frontispiece and Plate 2). Historical records of
landslide events have been collected which indicate that, over the last 200 years, the
area has been subjected to ground movements which have caused damage 1o
property and services in some developed areas.

Detailed assessments of ground movement problems in the Ventnor Undercliff have
been taking place since 1988 when the Department of the Environment (DoE)
commissioned a study at Ventnor, as part of their planning research programme, to
incorporate land instability matters within the planning system. The findings of the
Ventnor Study were published in 1991 and since then the local authority, South Wight
Borough Councit, has commissioned an extension study, widening the coverage of the
earlier work to include St. Lawrence and the Undercliff towards Niton. Both studies
have involved:

» determining the nature and extent of the landslide problems;

* understanding the past behaviour of separate parts of the Undercliff;

« formulating a range of management strategies to reduce the impact
of future movement.

The programme of work has comprised a thorough review of available records, reports
and documents followed by a programme of detailed field investigation involving
geomorphological and geological mapping, assessment of ground movement rates,
a survey of damage caused by ground movement, and a review of local building
practice.

Detailed knowledge of the size and frequency of ground movement events over the last
200 years, and an understanding of the geomorphology of the Undercliff has enabled
the production of a 1:2,500 scale map of Ground Behaviour. This summarises the
nature and extent of the different landslide processes that occur in the area and their
impact on the community. The studies have shown that the landslides are developed
in Cretaceous rocks of the Upper and Lower Greensand upon weak clay-rich layers
within the Gault Clay and Sandrock strata respectively.

It is important to note that whilst some areas of the Undercliff have had a reputation for
landslide movement, much of the developed areas at Ventnor and St. Lawrence have
remained largely unaffected by major events. Thus, in many areas buildings have
survived for long periods, such as Bonchurch Qld Church which is believed to be over
1000 years old. In other locations, property damage may not necessarily reflect
serious landslide problems as many of the older properties were built with foundations
and building styles quite unsuited to accommodating ground movement. Other
properties were not well built or have been poorly maintained over the years. As a
consequence, the landslide problems have appeared to be more serious and less
manageable than they should.



This report outlines a range of approaches for managing the landslide problems which
provide a basis for planning and development decisions in the Undercliff, reducing the
hazard and minimising the impact of ground movement in developed areas. A
summary Planning Guidance map from Luccombe to Niton is presented which takes
account of the ground behaviour constraints for future development proposals and
provides pragmatic advice on the level of stability information that may be required for
future development.

The report incorporates the findings of the St. Lawrence extension study and provides
an update on the management initiatives implemented by South Wight Borough
Council since 1991. The format of the report follows that of the summary report
‘Ground Movementin Ventnor, Isle of Wight', published by Geomorphological Services
Limited in 1991, which is intended for the educated lay person with supplementary
detail contained within information boxes.

The reportis supported by a suite of detailed 1:2500 scale maps entitied Geomorphology,
Ground Behaviour and Planning Guidance; these maps should be inspected as part
of the procedures for assessing the suitability of particular sites for development. A
total of 5 sheets have now been completed for the Undercliff which can be viewed on
request from South Wight Borough Council. The coverage of the sheets is as follows:

Sheet 1 - Ventnor
Sheet 2 - Bonchurch
Sheet 3 - The Landslip
Sheet 4 - St. Lawrence
Sheet 5 - Old Park

Although summary Ground Behaviour and Planning Guidance maps are presented in
this report these provide only general guidance on stability conditions along the
Undercliff and decision makers will need to refer to the more detailed 1:2500 scale
maps.

There is no reason why there should not be confidence in Ventnor and St. Lawrence
from a buildinginsurance or development point of view. This is true so long as sensible
use is made of the technical information and recommendations presented in this report
and accompanying maps, and that the landslide management strategy continues to be
practised and developed. Of course, unstable areas must be avoided where possible.
However, more stable areas may be successfully developed, so long as necessary
stabilisation, protection and monitoring measures are adopted, and the developer is
willing to accept, in some locations, a higher level of risk than could be expectedin other
circumstances.
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The boundary between the Zone | and I failures coincides with a generally steep Gault
Clay scarp which can be defined along much of the Undercliff. Recent evidence
provided by this report and the recent landslide events at Blackgang and Castlehaven
in January 1994 has demonstrated the importance of the Gault Clay scarp as a major
influence on the mechanism and models of landsliding. The observation of the Gault
Clay scarp, where exposed along the Undercliff, indicates that the depth of the basal
shearsurface in Zone |l may occur at a higher level in the Gault than previously thought,
although the exact elevation of the shear surface will be dependent on the location and
model of landsliding within the Undercliff landslide complex.

The evolution of the landslide models is believed to be related to the interplay of climatic
changes and sea level rise over the last 20,000 years or so. During periods of low sea
levelinthe last “ice age” the coastal slopes became fronted by large aprons of landslide
debris which would have acted as a natural protection to the slopes. However, therise
in sea level after the ice melted would have caused parts of the aprons and even the
coastal slopes to be eroded away. As a result of this erosion, the slopes probably
became partially destabilised and major deep-seated landslides developed on the
lower section (Zone |). The curved backscars of these lower landslide systems appear
to have isolated a series of broad, triangular spurs. These spurs have subsequently
failed as a result of the unloading on either side caused by the movement of the earlier
slides (Box I). Inthis way a pattern of closely related landslide systems has developed
(Figure 6) in response to the gradual unloading of the lower portions of the Undercliff.

The general extent of these systems can be recognised from the marked changes in
topography and surface form that occur along the Undercliff, although precise system
boundaries need to be confirmed by borehole investigations. Figure 6 sub-divides the
Undercliff from Luccombe to the Orchard into ten landslide systems which have then
been classified according to the models of landstide form that best describes the local
ground conditions.
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Box 1 Landslide Systems and Units

The geomorphological mapping of the Undercliff has highlighted a series of discrete
landsiide units within much broader landslide sylems. Landslide systems are often
marked by a prominent arcuate scarp slope which can generally be traced from the rear
scarp of the Undercliff extending down either side of the landslide towards the coast,
defining the lateral boundaties of the system. The curved backscars of the landslide
systems have in places isolated a series of broad, triangular spurs. These spurs have
subsequently failed as a result of ground movement and unioading on either side. In this
way a pattern of closely related landslide systems has developed in response to the
gradual unloading of the lower portions of the Undercliff.

Within each landslide system there is a
complex arrangement of individual
landslide units which reflect the wide
variety of landslide types and processes
(e.g. rotationallandslide blocks, toe areas
elc). The recognition of these units along
with the nature of the ground conditions
= and pasthistory of movement has formed
the framework for understanding the
ground behaviour of the Underciiff,

3 1. Developrent of deep-seated
——— ¥ primary slides

AN, AR e e o 2. Unicading of spurs, leading to
=S _ \ \ multipfe rotational failure

B \ 3. Futher unloading leading to
retrogressive multiple rotational
failure

Since the development of the Undercliff (over 20,000 years ago) the landslide features
have been affected by episodes of relatively small-scale movements (Figure 6}, some
of which were described in Chapter 1. Most of these movements should be viewed as
involving the relaxation, settlement or degradation of the landslides rather than
involving the creation of new landslides. Here, it is useful to consider how a landslide
system can be divided into a number of sub-systems andthen into individual landslide
units (Box 1). In many parts of the Undercliff the contemporary problems involve the
movement of separate landslide units (e.g. the slow settlement of Zone |l landslide
blocks in the Castle Court area) and only occasionally the movement of a sub-system
(e.g. Castle Cove). Only at the extreme ends of the Undercliff, at The Landslip and
Blackgang, do historical events suggest the movement of a whole landslide system.

REFERENCES:

1. Chandler, 1984 4, Hutchinson et al. 1991
2. Hutchinson, 1987 5, Jones and Lee, 1994
3. Bromhead et ai. 1991 6. GSL, 1987
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CHAPTER 3
THE CAUSES OF GROUND MOVEMENT

Factors Influencing
the Pattern of
Movement

Causes of Ground
Movement

Landslides occur when the force of gravity acting on a slope exceeds the strength of
the slope materials (see Box J). In these circumstances the displaced material moves
to a new position so that equilibrium can be re-established between the destabilising
forces and the residual strength of the rock and or soils along the surface of movement.
A landslide, therefore, is a process that changes a slope from a less stable to a more
stable state. No subsequent movement will occur unless changes take place which,
once again, affect the balance of opposing forces.

In many inland situations on the Isle of Wight and mainland Britain landslides can
remain dormant or relatively inactive for thousands of years, as is the case for many
examples on the north-facing slopes of the Southern Downs. However, in the case of
coastal landslides such as the Undercliff, marine erosion removes material from the
lower parts of the slopes, thereby removing passive support and promoting further
movement. Overthousands of years erosion at the toe of the slope canlead to the area
of instability progressively affecting a larger area. The presence of passive support or
toe weighting provided by landslide debris aprons reduces the potential for slope
instability. That is, of course, until continued marine erosion at the base of the slope
causes the reactivation of the landslide complex.

The fact that all parts of the Undercliff do not show similar frequencies or magnitudes
of landslide activity emphasises the importance of other factors than just coastal
ergsion. The most active sections of the Undercliff over the last 200 years have been
the western and eastern ends (Blackgang and The Landslip respectively), where the
physical processes have historically been far greater than in the intervening areas.
This variation is influenced by the presence of a broad concave down-fold (syncline)
in the rocks which controls the height of the Gault Clay relative to sea level'. The two
most active areas occur where the clay is at its highest elevation along the coast.

Certain landslide systems are more prone to movement than others. These differences
in ground behaviour highlight variations in the sensitivity (see Box K) of the four
contrasting models of landslide form to periods of heavy rainfall or high groundwater.
This is self evident from the events in January 1994 when historically-known unstable
areas have experienced significant movements and more stable areas have been
largely unaffected.

Before considering those factors which cause ground movement in Ventnor and St.
Lawrence, it is important to stress that the towns are built on an ancient landslide
complex. As the materials along the landslide basal shear surfaces are probably at or
close to their residual strength the slopes can be made to move under conditions that
they could have resisted prior to the formation of the Undercliff. Thus, events which
cause ground movement along the Undercliff would not necessarily cause problems
on intact slopes of similar materials elsewhere.
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Box J Causes of Landslides

The ultimate cause of all landsliding is the downward pull of gravity. The stress imposed
by gravily is resisted by the strength of the material. A stable slope is one where the
resisting forces are greater than the destabilising stresses and, therefore, can be
considered to have a margin of stability. By conirast, a slope at the point of failure has
rio margin of stability, for the resisting and destabilising forces are approximately equal.
The guantitative comparison of these opposing forces gives rise to a ratio known as the
Factor of Safety’ (F):

Factor of = Resisting forces = hear s
Safety Destabilising stresses Shear stress

The Factor of Safely of a slope at the point of failure is 1. On slopes of similar materials,
progressively higher values represent more and more stable situations with greater
margins of stability. In other words, the higher the value the greater the ablility of the slope
to accommodate change before failure occurs. Thess changes are usually divided, for the
sake of convenience, into internal and external groups. External changes increase the
stress placed on slope-forming materials, while internal changes reduce or weaken their
resistance to movement. The majority of landslides are therefore the product of changing
cireumstances or alterations to the status quo.

The shear strength of a material depends upon both the nature of the material itself and
the presence of water in fissures and pores. A slope is only as strong as its weaksst
horizon, often a clay. Clays such as the Gauit Clay are known as briftle materials because
once they have been subject to more than the maximum stress they can withstand and
have failed, further displacements are possible at lower levels of stress. In other words the
shear strength of the clay decfines from a peak value to a lower residual value.

Water contact has a major influence on reducing shear strength, not because of
lubrication’ as is ofen stated, but due to the fact that water in the ground exerts its own
pressure which serves to reduce the amount of particle to particle contact. Within saturated
horizons the pore-water therefore bears part of the Ioad by exerting an upthrust or
buoyancy effect known as pore-water pressure. Although soil or rock particles can resist
both normal and tangential (shearing) forces, fluids can support compression forces but
cannot resist shearing forces. Therefore, frictional rasistance to movement depends on
the difference between the applied normal stress and the pore-water pressure. This
difference, or that part of the normal stress which is effective in generating shear
resistance, is known as the effective stress.

Two contrasting sets of conditions are often used to describe landslides:

* first-time failures in previously unsheared ground, when the material fails at peak
strength;

¢ reactivated failures in which movement occurs along pre-existing shear surfaces
where the malerials are at residual strength.

The importance of this distinction is that once a slide has occurred it can be mada to move
under conditions that the slope, prior to failure, could have resisted. In other words,
reactivafions can be triggered much more readily than first-time failures.

As slope movements are the result of changes which upset the balance between

Continued/...
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Box J Causes of Landslides

resistance and destabilisation, the stability of a slope is often described in terms of its ability
to withstand potential changes:

« stable: when the margin of stability is sufficiently high to withstand all transient forces
in the short to medium term (i.e. hundreds of years), excluding excessive alteration by
human activity;

« marginally stable; where the balance of forces is such that the siope will fail at some
time in the future in response to transient forces attaining a certain level of activity; and

« actively unstable slopes; where transient forces produce continuous or intermittent
movement.

This perspective makes it possible to recognise that the work of destabilising influences
can be apportioned between two categories of factors on the basis of their role in promoting
slope failure (Figure 7).

These two categories are:

1. preparatory factors which work to make the slope increasingly susceptible to failure
without actually initiating it (i.e. cause the slope to move from a stable state to a
marginally stable state), eventually resulting in a relatively low Factor of Safety;

2. triggering factors which actually initiate movernent, ie. shift the slope from a
marginally stable state to an actively unsitable state.

When considering the actual cause of landsliding this relative simplicity gives way to
complexity as there is a great diversity of causal factors. In broad terms, however, they
can be sub-divided into internal causes which lead to a reduction in shear strength and
external causes which lead to an increase in shear stress.

Factors Leading to a Decrease in Shear Resistance (internal):

1. Materials:
. strata which decrease in shear strength if water content increases (clays,
shale) 8.g. when local watertable is artificially increased in height by
reservoir construction, or as a resuft of stress release following slope

formation;
. low internal cohesion (e.g. consolidated clays, silts, porous organic ratier),
. weaknesses in bedrock: faulls, bedding planes, joints, foliation in schists,

cleavage, brecciated zones, and pre-existing shears.

2. Weathering changes
. weathering reduces effective cohesion and to a lesser extent the angle of
shearing resistance by the absorption of water leading to changes in the
fabric of clays (e.g. loss of bonds between particies or the formation of

fissures).
3 Pore-water pressure Increase
. higher groundwater table as a result ofincreased precipitation or as a result

of human interference.

Continuedy...
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Box J

Causes of Landslides

Ll

L3

Factors Leading to an Increase in Shear Stress (External);

1. Removal of iateral or underlying support

undercutting by water (e.g. river, waves), or glacier ice;
washing out of granular material by seepage erosion;
man-made cuts and excavations;
drainage of lakes or reservoirs,

2, Increased loading (external pressures)
natural accumulations of water, snow, talus;

man-madle pressures (e.g. tip-heaps, rubbish dumps, or buildings).

3. Transitory earth stresses

earthquakes;

continual passing of heavy traffic.

MARGINALLY
STABLE

(No Movement)

A

Intermittent {episadic) response

Preparatory factors Triggering factors
- »
Cliff retreat Extreme rainfall
Seepage erosion Winter rainfall
Loading High pore water pressures.
Unloading Vibration
Oversteepening
Weathering
Excavation

T Seasonal response
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(Movement)

Stabilising factors

Geometry

Prevention of toe erosion

Lower pore water pressures

Rendel Geotechnics

Figure 7. Causal responses of pre-existing landslides.
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Box K

Landslide Sensitivity

Landscape sensitivity is a general term used fo describe the ability of earth surface
processes such as earthquakes, volcanoes, floods or landslides, to bring about landform
change. The sensitivity analysis of the landslide systems forming the Undercliff attempts
to highlight the spatial and termporal susceptibility of each system to ground movement
which has operated over the past 200 years or so.

The landslides forming the Undercliff can be considered to be marginally stable, whereby
the resisiance to change just exceeds or balances the disturbing forces operating at any
time. Occasionally the disturbing forces (such as extreme rainfafl) exceed the resistance
of the landslide and ground movement or landslide events occur to bring about a new
equilibrium or more stable landform. Within the Undercliff, some landsiide systems are
more resistant to disturbing forces than others (Figure 6). This fact is supported by
conternporary field evidence and the past records of landslide events and ground
movement.

Figure 8 shows the winter rainfall totals that may be expected to be equalled or exceeded,
on average, for particular recurrence intervals. By using a non-linear horizontal axis the
relationship can be defined by a straight line. The winter rainfall total which is expected
to be equalled or exceeded, on average, every 100 years (ie. around 800mm) has a return
period of 100 years. This total could cccur any year, but the probability of its cccurrence
during 100 years is clearly much greater than during a single year.

The winter rainfall associated with recorded ground movement events in particular areas
are indicated on the diagram to emphasise the varying degrees of sensitivity of different
parts of the Undercliff. Thus winter rainfalls that may be expected fo be equalled or
exceeded, on average, every year can lead to ground movement at a number of highly
sensitive areas including The Landslip and near the Mirables. Elsewhere, on low
sensitivity areas such as Upper Ventnor and the Orchard, near Nifon, ground movement
has been associated with winter rainfall totals that have occurred, on average, every 50
years or more. During extreme winter rainfall periods many more landslide systems may
become active as witnessed in 1960/1961 and in January 1994. For this reason any
reduction in the volume of water articifially introduced into the groundwater table (e.g. from
leaking water pipes or sewers) is of considerable significance.

SUSCEPTIBLITY TC GROUND MOVEMENT
1000 =

[ very HGH | HGH |
e« Monks Bay

» Wheelers Bay ,

MODERATE I ww | vERYLOW |

800

600 |

The Landslip
Luccombe
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Blackgang

Steaphill Cove

Havensbush play area

400 —

Winter Raintall [Sept-Jan) Total (mm)

200 —
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west of St Lawrence
Binnel Bay
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Upper Bonchurch
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» Bonchurch
« Ventnor
.
.

St. Lawrenca
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Figure 8. Return period rainfall and susceptibility of landslide systems.
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Defective
Construction

past 100 years or so. Whilst this partly reflects better records of ground movements,
it is also true that development itself has acted as a destabilising influence in parts of
the town. For example, it is widely recognised that the removal of Collins’ Point in
Ventnor Bay, during the construction of an artificial harbourinthe 1860s, caused beach
depletion, rapid coastal erosion® and an increase in reported landslide activity in the
1870s.

Throughout the Undercliff, development has involved cut and fill operations to
establish level plots for houses or acceptable gradients for roads. These operations
have promoted localinstability problems in some cases by changing the surface profile
of the landslide slopes to a less stable configuration,

Potentially the most serious destabilising activity associated with development has
been the artificial recharge of the groundwater table. Uncontrolled discharge of
surface water through soakaways and leaking drains may have contributed to raising
the groundwater table to a level where heavy winter storms could trigger movement.
The progressive deterioration and leakage of services such as foul sewers, storm
sewers, water mains and service pipes are considered to have added to the problems.
As an extreme sxample, during the winter of 1960-61, over 3 million gallons of water
from the flooded Ventnor railway tunnel were pumped into the back of the landslide
system®. This, together with the exceptionally high autumn rainfall preceded the most
dramatic movement in the town of Ventnor in recent years (Chapter 1).

Within the Undercliff it is not always a simple case of damage to property occurring in
unstable areas and no damage in more stable areas. Oftenitis not clear whether some
of the reported problems with buildings are a direct result of ground movement or
simply due to poor construction.

Like many English coastal resorts, Ventnor was developed rapidly between 1830 and
1910. Inthe case of Ventnor this followed the publication of “The influence of climate
in the prevention and cure of chronic disease” by Sir James Clark in 1829, as well as
the popularity of sea bathing and improved communications. A vivid description of the
early years of the town is provided by the diarist Mark William Norman®, who wrote:

“there was a rush to it (Ventnor) of all sorts and condition of men from all quarters
of the compass. Among them builders without capital or credit or character.
The place was infested with jerry builders who ran up houses of inferior order,
mortgaged them and which generally fell into the mortgagee or lawyers hands™.

itis only to be expected that a rapidly built Victorian town had its fair share of defective
constructions. However, in many cases damage appears to worsen with time, as the
cumulative effects of imperceptible movement and inadequate maintenance become
more and more serious. The issue as to whether such damage to property is due to
ground movement or poor construction is not one that is easily resolved, mainly
because in most cases the two are inexorably linked. Although there can be no doubt
that the town lies within a slowly moving landslide complex, many contemporary
problems are probably heightened by human failings. The large number of substantial
Victorian properties in the town present particular maintenance problems for owners.
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In Bonchurch and St. Lawrence most properties are understood to be built on simple
non-reinforced foundations. Whilstin the great majority of cases these properties have
suffered little or no damage, it is likely that in some cases damage due to ground
movement might have been avoided or reduced if the foundations had been designed
to accommodate the ground conditions. Wastewater and stormwater drainage in
Bonchurch and St. Lawrence is generally limited to septic tanks and soakaways (only
twenty to thirty properties in St. Lawrence are connected to mains sewerage)
concentrating discharge to the ground and potentially causing problems of localised
settlement which collectively can lead to a more serious problem of land instability.

REFERENCES:

Hutchinson, 1965

Royal Commission on Coast Erosion, 1907, 1911
Whitehead, 1911

Anon, 1960

Norman, in Chambers, 1988
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CHAPTER 4
DEFINING THE LANDSLIDE HAZARD

Types of
Contemporary
Ground Movement

The nature of ground movements within the Undercliff can be separated into two
distinct groups, namely;

* subsurface movements associated with the deep seated creep of the entire
landslide complex;

* surface or superficial movements arising from the erosion or faiiure of steep slopes
and the differential movement and potential collapse (vents) between landslide
blocks.

The impact of subsurface movements in the developed areas at Ventnor and St.
Lawrence is relatively insignificant when compared with the more active landslide
systems atthe extremities of the Undercliff (e.g. The Landslip). Within Ventnor and St.
Lawrence contemporary problems arising from slope instability tend to result almost
entirely from superficial movements. The nature of these is illustrated in Figure 9, and

involve:

Type 1;

Type 2;

Type 3;

Type 4;

Type 5;

Type 6;

Type 7;

shallow translational slides off the Chalk downs invoiving the movement of
soil and weathered Chalk on over-steep slopes, e.g. above the former
Seaman’s Mission in Mitchell Avenue, Ventnor in 1877".

settlement of the Upper Greensand bench, involving slow movements
accompanied by joint widening and the development of vents. The most
notable example occurred along Whitwell Road in 195423, Large scale
settlement of Upper Greensand and Chalk has been taking place at Newport
Road, where subsidence of the Lowtherville graben has been measured at
rates of around 44mm per year {see Box D).

rockfalls off the rear scarp. These may occur along the steep cliff faces
behind St.Lawrence where a number of incidents have been reported,
including the rockfail in 1912 which damaged the former railway line*.
degradation of Zone |l multiple - rotational landslides involving the differential
movement between blocks caused by back tilt, forward tilt, torsion and
settlement. This type of movement has taken place in many parts of the
Undercliff but most notably in Upper Ventnor.

degradation of the Gault Clay scarp. Slow superficial movements resulting
in cracking and bulging of infrastructure. Undermining may occur at the crest
of the scarp while toe heave may be apparent at the base of the slope.
Mudslides have developed on the Gault Clay scarp west of Binnel Point and
seaward of the Mirables.

degradation of Zone | compound landslides involving the outward horizontal
movement of blocks causing damage through torsion and differential
settlement.

consolidation of soft ground within low-lying graben areas seaward of the
Gault Clay scarp.
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Preventing
Unsuitable
Development

A central theme of the Undercliff landslide management strategy is to ensure that
development is compatible with ground conditions and is not encouraged where the
likelihood of movement is high. New property within the Undercliff must be capable of
withstanding movement and not lead to a worsening of slope stability at the site or on
adjoining land. These requirements are overseen by the Council through the Planning
System and application of the Building Regulations (Box N).

Developments in Great Britain require planning permission. Local planning authorities
are required and empowered under the Town and Country Planning Act 1990 to control
most forms of development and are responsible under the Building Regulations and
the Housing Acts for ensuring standards of construction of development. When
reviewing an application for planning permission the local authorities, in England and
Wales, have a duty to take into account a range of material considerations, which
include potentia! land instability problems (e.g. ground movement and landsliding).
The main aims of considering potential landslide problems at this stage in the planning
process are:

= to minimise the risks and effects of landsliding on adjoining property, services,
structures and the public;

+ to help ensure that various types of development should not be placed in unstable
locations, without appropriate precautions,

» to enable unstable land to be appropriately used,;

* to assist in safeguarding public and private investment by a proper appreciation of
site conditions and the necessary precautionary measures.

The Department of the Environment has recently issued Planning Policy Guidance?
which advises local authorities, landowners and developers on the role of planning
controls as a landslide managementtool. The purpose of the guidance is not to prevent
development (although in some cases this may be the best response) but to ensure
that development is suitable and to minimise undesirable consequences such as
property damage or degradation of the physical environment. However, the responsibility
for determining whether land is physically suitable for a proposed development and the
appropriate technical measures to protect that development, lies with the developer
and or the landowner.

The basic principle of the Isle of Wight Structure Plan (which is currently in deposit draft
form) is that development should take place within existing built up areas and the
remainder of the island is considered countryside where there is a general presumption
against development. In addressing all instability matters over the Island the County
Council's approach is clearly set out in policy D9 of the plan which states:

“Development of areas known to suffer from instability will not normally be
permitted, unless the local planning authority can be satisfied that the site can be
developed and used safely and not add to the instability of the site or adjoining land”.

South Wight local planning policies are also currently under review for inclusion within

a Unitary Development Plan Part I and may contain policies that recognise the issugs
of instability and poor ground conditions. Detailed areas have been identified on
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Box N Background to the Planning System and Building Regulations

The Planning System

The planning system is designed to regulate the development and use of land in the public
interest. ltis an important instrument for protecting and enhancing the environment, and
reconciling the interests of conservation with development. The principal planning
legisiation s contained in the Town and Country Planning Act 1990. Important amendments
are contained in the Planning and Compensation Act 1991.

The powers provided by the 1990 Act are exercised by local planning authorities (Isle of
Wight County Council and South Wight Borough Council). The two most important
functions of planning authorities are the preparation of development plans, and control of
development through the determination of planning applications. All planning decisions
must be made in accordance with the policies and proposals presented within the
development plan, unless material considerations indicate otherwise.

Recent DoE planning guidance has stressed the need to take instability issues into
account at all stages of the planning process (PPG 14 “Development on Unstable Land”).
This document unequivocally states that:

“the stability of the ground, in so far as it affects land use, is a
material consideration which should be taken into account when deciding
a planning application” (PPG 14 para 20).

The aim of the advice contained within PPG 14 is not to prevent the development of
unstabie or potentiafly unstable land, though in some cases this may be the appropriate
response. Rather it is 1o ensure that development is suitable and that both natural and
man-induced physical constraints on land use are considered at all stages of planning.

Local planning authorilies do not owe a duty of care to individual landowners when
granting planning permission and are not liable for josses caused to neighbouring
landowners. However, where development is proposed on unstable or poltentially
unstable land, the planning authority shouid ensure that a number of issues are adequalely
addressed by the proposal (PPG 14 para 22):

» the physical capability of the land to be developed;

* possible adverse effects of instability on the development;

* possible adverse effects of the development on the stability of adjoining land, and;

* possible effects on local amenities and conservation interests of the development and
of any remedial or precautionary measures praposed.

The third procedure involves subritting a Building Notice together with a site plan and
certain specific information to the local authority. The work will normally be inspected as
it proceeds, although an approval notice will not be given. This approach does not give
the developer the protection afforded under the 1984 Act (5.36(5)) (i.e. that the local
authority may not issue a Section 36 Notice (to pulf down work) if the work is built in
accordance with plans they have passed.

The local authority must be given a Commencement Notice 48 hours before proceeding
with the works. In addition notification must be provided at least 24 hours in advance
before covering the excavations for foundations or a damp course. Further noftification
requirements are listed in the Regulations.

Continued/...
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Box N Background to the Planning System and Building Regulations

The Building Regulations

Building reguiations are made by the DoE and Weish Office to secure “the heafth, safety,
welfare and convenience of persons in and about the building” (The Building Act 1984,
81(1)) and provide a complementary mechanism to the planning system for addressing
instability issues during development. The 1991 Building Regulations drew the building
industry’s attention to the problems that landsiides and subsidence may cause to a buiiding
and the surrounding area:

“The building shall be constructed so that ground movement caused by:
(a) swelling, shrinkage or freezing of the subsoil; or (b} landslip or
subsidance, in so far as the risk can be reasonably foreseen, will not
impair the stability of any part of the building” (Requirement A2).

Landsliding clearly is a factor that needs to be taken into account before proceeding with
the design of certain buildings or their foundations. Indeed, the 1991 Regulations drew
attention to the availability of relevant information held in the Nationai Landslicé Databank
for Great Britain.

The Building Regulations apply to building work in general, control of services and fittings
and material change of use. However, there are exemptions such as greenhouses and
agricultural buildings, temporary buildings, smafl detached buiidings and extensions. The
local authority Building Control Department has to see that building work complies with the
Requlations. If the work fails to comply, the developer may be required to alter or remove
it.

A person intending to carry out building work or make a malterial change of use may either:
« deposit full plans with the local authority;

e use the private certification procedure;

s give a building notice.

For a full plans application, plans need to be drawn up showing all constructional details.
The application should be submitted to the local authority who will thoroughly check the
plans and, ifthey comply with the Regulations, issue an approval notice. Inotherinstances
a conditional approval may be issued. A notice of rejection must specify the defects or
grounds on which the plans have been rejected. The local authority will normally inspect
the work as it proceeds.

The private certification procedure is controlled by the Building (Approved Inspectors)
Reguilations 1985. The only Approved Inspector at present is the National House-Building
Council (NHBC). The system involves the daveloper and inspector jointly nolifying the
local authority by the issue of an Initial Notice. Once that has been accepted by the local
authority, the Approved Inspector is responsible for the supervision of the building work
and will issue a final certificate when the work is completed.
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1:2,500 scale maps of Ground Behaviour and Planning Guidance that have been
prepared for much of the Undercliff. Areas are identified which are likely to be
physically capable of development along with areas which are either subject to
significant constraints or are likely to be unsuitable.

The determination of planning applications for development in the Undercliff will need
to take possible ground movement problems into account even if acceptabie in land
use policy terms. The Councit may reject outright any built development proposals in
areas considered to be unsuitable or insist on particular conditions being met before
granting planning permission. In all instances it is the developer's responsibiiity to
investigate the potential problems on and around a site and to satisfy the planning
authority that adequate attention has been paid to ground movement in the proposed
building design.

The nature of investigation required by the planning authority will depend on the type
of development that is proposed and the potential instability problems anticipated at
the site, taking into account the ground conditions shown on the 1:2,500 scale maps
of Ground Behaviour and Planning Guidance. Three levels of investigation may be
required, as follows:

* desk study; involving a review of available information relating to instability
problems in and around the proposed development site;

* site survey; an inspection of the site and surrounding area should be carried out to
assess the geomorphological context of the proposed development and to identify
any recent ground cracking or structural damage to property;

* groundinvestigation and subsurface investigations involving trial pitting, boreholes
and groundwater monitoring may be required in certain areas of the Undercliff.
However, it is recognised that the extent of any investigation should be realistic,
otherwise the cost of obtaining stability information might act as a restriction on
development,

These criteria are being used by the planning authority to ensure that development is
suitable and does not lead to further instability problems. For example, proposals for
the major capital investment programme associated with the Ventnor Wastewater
Treatment Scheme have been accompanied by extensive geotechnical investigations
to establish the potential problems that need to be considered in designing the various
elements of the project.

The procedure for handling planning applications is shown in Figure 13 which
highlights the value of prior consultation between developers and the planning
authority before the application is submitted. The authority then determines whether
a proposeddevelopmentshould proceed, taking into account all material considerations
of which instability is only one. If development is approved, it is then the authority’s
responsibility under the Building Regulations to determine whether the detailed
design of the structure can be built and used safely. Even though the local authority
may have granted planning permission, the responsibility and subsequent liability for
safe development and secure occupancy rests with the developer and or landowner.
The Building Regulations are made by the DoE to secure “the health, safety, welfare
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Figure 13. Procedures adopted for the handling of planning applications within the Undercliff.
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In 1993 South Wight Borough Council carried out a survey of some thirty insurers to
determine whether the results of the DoE study were influencing their attitudes to the
problems in Ventnor. This survey revealed a number of interesting points:

« many insurers now recognise that some past claims were due to factors such as
neglect and poor building rather than landsiide damage;

« some insurers now use the land categories shown on the Planning Guidance maps
to support their decision-making. This is seen as a positive move, with the
assessment of insurance risk now reflecting the variation in ground behaviour
within the Undercliff and not based on an unrealistic picture of the problems such
as by postcode;

+ insurers are now increasing the level of excess (i.e. the amount of each claim paid
by the policyholder) to encourage owners to maintain their properties rather than
allow them to deteriorate and then seek relatively small claims for “landslip and
subsidence”.

Concern has been expressed throughout Great Britain over the use of postcodes for
zoning insurance. The Ventnor postcode, for example, extends some Skminland from
the Undercliff leading to an unrealistic and arbitrary assessment of landslide risk over
much of the area. The publication of the Consumer’s Association magazine “Which”
in 1993 highlighted these issues and appears to have led to some insurers reappraising
their procedures. Several companies have taken positive action and have visited the
Council to discuss it's landslide management strategy, with a view to providing a more
realistic and factual basis for assessing premiums.

Clearly it will be many years, involving a long term education exercise, before building
standards and household maintenance standards improve sufficiently to reduce
insurance claims and premiums. The publication by the Council of a code of good
practice for property repair and maintenance, and for new construction within the next
year is seen as a key aim. However, it should be stressed that positive steps are being
made towards ensuring that insurance companies, together with mortgage lenders,
estate agents and solicitors, support their decision-making with an awareness of the
range of ground conditions within the Undercliff, recognising that many areas have
remained largely unaffected by the effects of ground movement over the last 200 years
or 50.

The results of the Ventnor Study and the more recent work have also been widely
presented atconferences andin journals with national andinternational audiences®# =57,
In April 1991 the Institution of Civil Engineers held their annual conference at Shanklin,
onthe Isle of Wight, entitled Slope Stability Engineering®. Eleven papers were presented
on topics about the Undercliff during an isle of Wight session, six of which were on the
DoE Ventnor Study'. Guided tours were also held during which the geotechnical
consultants and Borough Surveyor's staff illustrated the findings of the work.

REFERENCES:

1. DoE, 1991 5. Moore, Lee and Clark, 1992
2. Dok, 1990 6. Clark, | ee and Moore, 1994
3. Chandler, 1991 7. Mcinnes, 1994

4 Lee, Doormkamp and Moore, 1991
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

introduction

Ventnor, St.Lawrence and Bonchurch lie within an ancient landslide complex known
as the Undercliff, which extends from Dunnose in the east to Blackgang in the west.
Whilst the largely undeveloped extremities of the Undercliff have been subject to large
scale movements (eg. the Blackgang Landslide in January 1994), historical records of
movement rates show that over the last 200 years most of the area has suffered only
slow to insignificant movement. Indeed many of the old buildings within the Undercliff
show little or no sign of structural damage. In other locations many of the Victorian
properties were built with foundations and building styles quite unsuited to
accommodating ground movements while other properties were not well constructed
or have suffered from inadequate maintenance. As a consequence the landslide
problems have appeared to be more serious and less manageable than they should.

Throughout much of the developed Undercliff the long term rates of ground movement
have been less than 5mm per year and many areas have remained inactive over the
last one hundred years. Periods of instability have been related to heavy rainfall and
coastal erosion. By developing a rainfall and ground movement monitoring programme
as part of an overall Landslide Management Strategy a systematic approach is being
adopted by South Wight Borough Council towards the reduction of landslide hazard.
The strategy involves:

* modifying the hazard to the community by means of engineering works, coastal
protection, improved building practice;

*» effective planning control to avoid development in unsuitable areas and contro! the
nature of new development;

* improving the understanding of landsiide behaviour:
* mitigating the costs of ground movement through Insurance, etc;
* co-ordinating the community responses to the problems.

Recent research commissioned by South Wight Borough Council has increased the
knowledge and extent of understanding beyond the buiit-up area of Ventnor to include
most of the Undercliff from Luccombe to Blackgang. Media coverage of the landslide
events at Blackgang in January 1994 could lead to a public perception that the whole
of the Undercliff {(and indeed the Isle of Wight) is affected in this way. It is most
importantthat the landslide problems affecting the Ventnor area are kept in perspective.

The townisbuilton a large landslide complex butfortunately the geological setting and
the style of landsliding is such that movements are often concentrated in a few
locations, and the intervening areas show negligible or no movement. Of the areas
affected by movements a number of sites are already public open space or have been
acquired for this purpose. Indeed there are few Victorian towns around the British
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Could the Pattern of
Ground Movement
Change?

The Benefits of
Landslide
Management

coast which do not show damage to structures, roads or retaining walls for a variety
of reasons such as clay shrinkage, subsidence or changes in ground water levels. It
is also the case that many areas of the United Kingdom suffer from problems of
instability, with most counties in England being affected to a lesser or greater degree.

The development and implementation of a Landslide Management Strategy by South
Wight Borough Council involving education, physical works (eg. coast protection,
drainage) and monitoring, together with improved planning and building procedures
will assist in raising confidence in Ventnor from an insurance andfinancial development
point of view. The use of sophisticated monitoring equipment (for ground movements
and rainfall) will, in time, improve prediction of ground movement events and enable
changes to be monitored.

A positive approach to co-ordinating the community’s response to the landslide
problems is considered essential. Indeed, to effectively reduce the impact of ground
movements in the urban areas, planners, developers, builders, utility companies,
estate agents, solicitors, insurers and property owners should liaise and recognise the
needs of all the parties involved.

The behaviour pattern of the landslides over the last 200 years or so has been well
established by the earlier DoE study and the subsequent extension study carried out
for this report, with detailed information available on the magnitude, frequency and
impact of past events. A major landslide has not taken place in Ventnor over this time
period, although large landslides have occurred at The Landslip (1810, 1818),
Luccombe (1950, 1988), Gore Cliff (1799; 1839; 1928), Castiehaven (1994) and
Blackgang (1978, 1994). If the past and present hold the key to the future then such
events are unlikely to occur in Ventnor, Bonchurch and St.Lawrence in the medium
term, especially if the landslide management strategies outlined in this report are
adopted.

It may be unwise, however, to rely on past ground behaviour continuing unchanged in
the future. Patterns of ground behaviour could alter significantly over the next hundred
years, particularly in view of the climatic changes which are predicted to occur over the
next few decades or in the event of increased development. Clearly, an on-geoing
programma of monitoring and review of the ground behaviour and planning guidance
maps is required.

The co-ordinated landslide management strategies that have been developed and
implemented by South Wight Borough Council for the Undercliff should help minimise
risks to the communities through:

* guiding development away from unsuitable locations;

» ensuring that existing and future development are not exposed to unacceptable
risks;

+ ensuring that public safety considerations are addressed in potentially vulnerable
areas;

= ensuring that development does not increase the risk to the rest of the community.
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Itis important that the public and financial institutions are fully aware of the nature of
ground conditions throughout the Undercliff. Existing property in unstable areas will
probably continue to experience damage due to ground movement: such areas must
be avoided by future development. More stable areas are likely to remain free from
significant building damage and may be successfully developed, so long as necessary
stabilisation and monitoring measures are adopted and the developer is willing to
accept, in some locations, a higher level of risk than would be expected in other

circumstances.

Recommendations for hazard reduction

It is recommended that prompt action is taken to
reduce hazard by commissioning the following
surveys:

® a shallow geophysical survey to be carried out
along a number of key access roads into Ventnor
to identify the location of any unrecorded vents;

® a survey should be undertaken of all swimming
pools and wells within the Undercliff to identify
problems with leakage, and owners should be
advised on drainage or emptying arrangements as
appropriate;

® asurvey shouldbe undertaken to identify ownership
and condition of all retaining walls to safeguard
against a risk of collapse;

* a survey should be made with the assistance of
property owners of scarp slopes, offering advice

on management, and treatment if appropriate.

The following additional measures should be
investigated in the short term;

* the extension of the monitoring system to key sites

within the St. Lawrence Undercliff with particular
reference to highway infrastructure;

extend the existing monitoring to include a global
monitoring system using satellite fixing of position
and elevation;

completion of pians in consultation with Southern
Water Services Ltd., for first time sewerage
schemes for Bonchurch and Steephill as identified
by South Wight Borough Council;
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taking into account the additional information on
ground behaviour, discussions should take place
with the Planning Authority over the suitability of
development within parts of the Undercliff,
particularly with respect to drainage provision;

management options should be prepared for
resoiving the problem of instability affecting sections
of the A3055 Undercliff Drive at locations between
St. Lawrence and Niton.

investigation of drainage in the Niton Undercliff as
part of the stability study of the Castlehaven area:

discussions should be held with Southern Water
Services Ltd., over the condition of water supply
pipes and sewers within the Undercliff with the aim
of developing an agreed programme for renewals
as required,

publication and distribution of advice to residents of
the Undercliff with respect to the control of water
leakage through service pipes, sewers, septic tanks
and soakaways;

discussions with the Highway Authority over the
extentand condition of highway drainage provision.

Recommendations for further research

The effective management of ground movement
problems in the Undercliff requires further research
in a number of areas, including:

® the development of a GIS system to store and
manipulate the monitoring information, including a
capability to redefine ground behaviour classes,
where appropriate, taking advantage of the existing
Dok Coastal Planning Database for this purpose;



to complete the study of the whole of the Isle of
Wight Undercliff by commissioning a third and final
phase from Niton to Blackgang, thereby providing
the Niton Undercliff with similar detailed ground
behaviour and planning guidance information. The
available information on Castlehaven and
Blackgang would enable this research project on
the Undercliff to be completed economically;

the development of a reliable method of landslide
forecasting based oninformation provided by South
Wight Borough Council’s monitoring of ground
movements, rainfall and groundwater;

the consideration of the relative risks associated
with rockfall activity along the Undercliff rear scarp,

the examination of the priorities for coast protection
along the Undercliff, taking account of conservation
interests;

the consideration of the costs and benefits of an
engineered solution for the improvement of slope
stability of the Undercliff by lowering groundwater
levels, to include the consideration of drainage
galleries or pumping from wells;

the development of a Code of Practice for those
involved with engineering, architectural and building
works within the Undercliff, including the wider
applications of this research within the EC,

the development of experimental buildings plots in
partnership with landowners in order to determine
the suitability of foundation types and construction
techniques with the aim of advising on good practice;

the publication of a leaflet on basic property
maintenance, particularly with respectto drainage,
for distribution to residents;

the publication of notes on coastal management
and landslip issues for sale to students and schools
to improve understanding and reduce the time
currently allocated to student enquiriesfinterviews;

to investigate the effect of sea level rise on coastal
defences:;
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® {oinvestigate the benefits of rock armour for beach

development as well as coast protection,

ongoing provision of data to the World Landslide
inventory and to partners within the Conference of
the Peripheral Maritime Regions of Europe (CPMR)
with the aim of establishing common themesforEC
bids;

the examination of the social implications of the
results of this study and the DoE study and the
effectiveness of the results in influencing decision-
making by financial institutions.

Other general recommendations

® the local community should adopt a positive

response to landsliding which has resulted in the
magnificent Undercliff scenery. The coastal
landslides represent a unique tourism and
educational opportunity, through study centres,
nature trails and short breaks. The publicationofa
colour guide to the unique geological features of
the Undercliff and the habitats created should be
considered,;

a series of meetings should be arranged with
professional groups on the Isle of Wight to explain
the results of research including insurers, building
surveyors, architects, engineers, lawyers, estate
agents and builders;

the technigues adopted formanagement within the
Undercliff could be adopted elsewhere on the Isle
of Wight with these recommendations being
considered when the Isle of Wight Shoreline
Management Plan is prepared.
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