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CHAPTER 7

MORPHOLOGY AND MAIN FEATURES OF LANDSLIPS IN THE STUDY AREA

7.1 Introduction

The classification of landslides was discussed in
Chapter 6 from which it may be deduced that characteristic
landforms can provide diagnostic information. Typically,
as shown in Fig. 7.1, the area near the upper end of the
slide from which material has been removed is accompanied
by an area of déposition near the lower end of the slip.
Changes in geometry of the ground surface due to the
transport of material provides evidence for past landslip
activity and areas of potential instability may be iden-
tified from topographical studies. As described in Chapter
3 ten areas of instability were mapped using surface
observations, existing topographic maps and stereo-paired
aerial photographs. The chief objective of this work was
to establish the dimensions of the landslips and their
modes of movement. The nomenclature adopted follows that
advocated by Varnes (1978), the main features of which
are shown in Fig. 7.2 and summarised below:

MAIN SCARP

A steep surface around the upper periphery of the
slide produced by movement of slide material away from
undisturbed ground. The projection of scarp surface under
the displaced material represents the surface of rupture
near the base of the main scarp.
MINOR SCARP

A steep surface of displaced material produced by
differential movement within the slide mass and on .the
flanks of the landslip.
HEAD )

The wupper part of the slide material forming the
contact between displaced material and the main scarp.
TOP

The highest point of contact between displaced
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Fig. 7.2 Main features of rotational slide. (After
Varnes, 1978).



-124-

material and the main scarp.
TOE OF SURFACE OF RUPTURE

The intersection (sometimes buried) between the
lower part of surface of rupture and the original ground
surface.
TOE

The margin of displaced material that lies down slope
from the toe of surface of rupture.
MAIN BODY

That part of the displaced material that overlies
the surface of rupture between the main scarp and the
toe of the surface of rupture.
FLANK

The side of the landslip.
CROWN

The undisturbed ground adjacent to the highest part
of the main scarp.
ORIGINAL GROUND SURFACE

The ground surface that existed before movement
occurred.
DISPLACED MATERIAL

The material that has moved away from its original
position on the slope, it may be an undeformed or deformed
state.
ZONE OF DEPLETION

The area within which the displaced material lies
below the original ground surface.
ZONE OF ACCUMULATION

The area within which the displaced material lies
above the original ground surface.
SURFACE OF SEPARATION OR RUPTURE

The surface separating displaced material from stable
material.

The various sources of data for the observations
and measurements presented on the maps are summarized
in Table 7.1. The method by which heights were obtained
from aerial photographs 1is described in Appendix E and



Table 7.1 The observation and measurments data presented
on the maps (Figs.7.6 to 7.15)
Data Field Topographic| Aerial
observation| maps photographs
Height of main scarp. Y
Lithology of outcrops. )
Geological structure. ®
Steepness of slopes. o L
Irredqularity of slopes. ®
Location of marshy areas. L
Location of footpaths,
Roads and rivers. ¢ *
Location of seepages. ®
Extent of instability. ®
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the various symbols used on the maps (Figs. 7.3 and 7.7
to 7.15) are illustrated in Table 7.2.

7.2 Mam Tor

The landslip at Mam Tor is of particular interest
because of its continued unstability which forced the
closure of A625 Sheffield-Manchester Road in 1966 (Derby-
shire County Council, 1966). According to Brown (1977),
permanent closure occurred in 1977. Although the age of
this landslip has not been established it would appear
from Brown (1977) that in common with other North Derby-
shire landslips, the initial instability occurred during
the wetter climatic conditions of late Devensian times
(10,000-20,000) years before present. In fact, instability
prior to 1977 had caused Derbyshire County Council to
undertake substantial road maintenance work dating back
to 1906 when they assumed responsibility for its upkeep.
The history of instability is summarized below according
to Derbyshire County Council (1966) catalogues:-

Year  Month Style of Movement Weather Observation

1909 Dec. Cracks appeared along
side the road (made
good in Sept. 1911)
1912 Jan. Severe cracking, twis- Wet, weather and
ting of the carriageway Snow.
and subsidence

1915 Jan. Subsidence of whole . Excessive rain-
road by 2.4-2.7m. (8- fall.
9ft.)

1919 Jan.

and Slight twisting of the

1920 Jan. road.

1929 Feb. & Cracks, subsidence in

Dec. some places and uplift

in others.
1930 Jan. Slipping Heavy rainfall.



Table 7.

2 symboles used for the interpretation of geomorphological maps

Description
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Main scarp
Minor scarp in bed rock
Minor scarp in slipped material

Minor scarp in river bank

Scree material

Artificial fill

Sharp convex break in slope
Round convex break in slope
concave break in slope

Sharp

Round concave break in slope

Sharp convex break in slope

Round convex break in slope
Sharp concave break in slope
Round concave break in slope
Vertical face of main scarp

Other vertical face

Linear ridges

Small valley
Peat filled channels formed by run off

Direction of river flow

Marsh
Direction of water flow in marshy area
Stream

Drain

Slope direction and amount

NOTE
Arrows are drown on the side
of the line having the steeper
slope.

Darkest lines indicate more
angular or rounder convexity
or concavity of slope.




Symbol

Description
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Undulating slope
Concave slope

Convex slope

Horizontal ground
Spring
Water flow from joints

River

Road

Narrow road
Foot path
Depression

Dome

Talus

Direction of slickenside

Bar direction of strike, Tick direction of dip. Amount of dip in degrees.
Ancient rock fall

Fresh rock fall

Farm buildings

Outcrop of rock

Location of samples(with sample number)
Boundary of landslip

Pond or lake

Inflection (change in slope)

Transverse crack

Line of cross section
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Year Month Style of Movement Weather Observation

1931 Feb. Serious, slipping along
upper part of road.

1937 Mar. Slight movement

1939 Jan. Slight movement

1942 Oct. Slight movement, cracks

' on the road side.

1946 Feb. Extensive slipping. Heavy rainfall

1946  Nov. Slight movement

1948 Apr. Subsidence

1950 Jan. Slipping Heavy rain

1952 Apr. Large scale movements

1966 Jan. Very serious move- Unusually heavy
ment. rain.

Work to drain water and reduce percolation was
carried out in September 1931, in April 1946 traffic was
restricted to a single line and in December 1966 further
movements forced closure of the road.

The records make frequent reference to periods of
high rainfall and thawing of snow and it would appear that
instability may be temporarily related 'to these. It is

also significant that much of the instability occurs
during winter months.

7.2.1 Morphology

The Mam Tor landslip, shown in map Fig. 7.3 and
Plates 7.1 and 7.2, may be divided into two main parts.
The main unit consists of a non-circular rotational slip
stretching from the back scarp to near the lower Tloop
of the road. A translational flow slide stretches from
the toe of the main slide to the furthest edge of the
unstability. According to Skempton and Hutchinson's (1969)
classification the slide is a complex type with a 500m.
long by 300m. wide main unit, and a translational toe
of 400m. length and 450m width.
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Plate No. 7.1 Aerial photographs of Mam Tor landslip.
Scale: 1:6000






toe ' foot ' main unit

Plate 7.2 General view of Mam Tor landslip in a
southerly direction. Note the contrast in
the character of the ground surface bet-
ween the toe and other parts of the land-
slip. August 1983.

Plate No. 7.3 Landslip at Mam Tor. Main scarp Main
scarp 'A' viewed in a westerly direc-
tion with minor scarp B,C, and D on
the southern flank of the landslip. Note
downward movement of road surface 'E'.



Plate 7.4 Slikensided, back scarp surface at Mam

! Tor.

Plate No. 7.5

Damage at the upper road at Mam Tor.

Note that successive layers of road
surfacing material have been applied
in an attempt to maintain the road.
French drains on main unit of Mam Tor
lTandslip 'F'.



Plate 7.4 Slikensided, back scarp surface at Mam
Tor.

Plate No. 7.5 Damage at the upper road at Mam Tor.

Note that successive layers of road
surfacing material have been applied
in an attempt to maintain the road.
French drains on main unit of Mam Tor
landsiip 'F'.
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The chief morphological features of the main unit
of the landslip are as follows:

i. The crown forms the highest point of a series of
crests running in a NE-SW direction, vegetation
covers most of the area.

ii. The steep back scarp has a vertical height of 90m.
and is composed of Mam Tor Sandstone; Plate 7.3.

iii. The sandstones and interbedded shales comprising
Mam Tor Sandstone exposed in the back scarp dip 5°
in a NW direction (into the face). Rotation of the
main wunit of approximately 50° is apparent since
outcrops in the part dip 55° in a NE direction (See
map Fig. 7.3).

iv. Beds, 1in particular sandstone in the main unit,
have suffered distortion.

V. The back scarp is a free face subject to not infre-
quent rock-fall instability which together with
smaller talus flows contribute toc the 40° scree
slope shown in Plate 7.3. The slickensided failure
surface photographed 1in Plate 7.4 1is preserved
beneath talus at the top of the scree slope. This
surface which dips at an angie of about 85° becomes
exposed when the rate of downward movement of scree
exceeds the rate of scree debris accumulation.

vi. Small scale instability of land along southern flank
of the main unit produces the minor scarps illust-
rated in Plate 7.3. The SE-NW trending fault shown
on geological map Fig. 2.2 accounts for the outcrop
of Edale Shale in this part of the landslip.

vii. At the base of one of these retrogressive slides
a seepage occurs which Vear and Curtis (1981)
interpret as flow from the fault crush zone (See
geological map, Fig. 2.2).

viii.Present day instability of the minor scarps along
the southern flank of the landslip is evidenced by
the lack of vegetative cover and surface disturbance
in this area.
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ijx. A well developed debris lobe extends from one of
the main retrogressive slips of the southern flank.
The downward facing convex front of this lobe has
buried the vegetation which it overrides giving a
clear indication of active movement. Also Tlarge
angular blocks at the base of the lobe show signs
of rotational within the surrounding turf.

X o As shown on map Fig. 7.3. The surface of main unit
above the upper part of the road is affected by a
conspicuous 1intersecting pattern of 1linear ridges
and hollows trending WNW-ESE. This feature may be
the result of internal displacement along bedding
planes in the Mam Tor Sandstone of the main unit
or it may be due to slope processes which pre-date
the main instability.

xi. As indicated in Plates 7.5 and 7.6 the upper part
of the road has been seriously damaged by the
instability and 1in some places several metres of
vertical and horizontal movement prevent the passage
of wheeled traffic. The upper road is mainly damaged
at the edge of unstable area, where downward move-
ment shown in Plate 7.5 is evident.

xii. A series of minor scarps shown in Plate 7.7 also
affect the upper road for most of its transverse
across the displaced ground.

xiii. The foot of the main unit 1is characterized by
hummocky ground with a system of linear ridges and
hollows running in SE-NW and NNE-SSW, directions.
These are illustrated in Plate 7.8.

xiv. Examination of the aerial photograph, Plate 7.1
indicates that in most places, the edge of the land-
slip is well-defined. In fact, the 1location map,
Fig. 2.1, (1:25000 Geological map) shows a northward
extension of the area of instability, but it would
appear that this part is now stable.

xv. The lower road has also been damaged by the movement
with the upward movement shown in Plate 7.9 and Fig.
7.4 at the northern margin while at the southern
margin the horizontal translation and vertical
movement shown in Plate 7.8 are evident.



Plate No. 7.6 Damage of the upper road at Mam Tor. Note
' that the recent instability has caused a
downward movement with Taterial displacement.

Plate No. 7.7 Minor scarp at little Mam Tor 'A'.



.Plate No. 7.8 Hummocky ground at the foot of main
unit. Recent downward movement of
lower southern edge of the rbad in
January 1983.

Plate No. 7.9 Heave movement at northern part,
Lower road.



downword movment
(main damage)

downword mqvment
{main damage

limestone

Fig. 7.4 Mam Tor landslip showing the main damage and
the heave area.
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The toe of the landslip is characterized by: _

i. Various seepages which occur in the locations indi-
cated in map Fig. 7.3. Although these wet areas are
marshy in part, they are also the sites of iron
oxide precipitation which forms a hard crusty
deposit.

ii. The aerial photograph, Plate 7.1 indicates a system
of linear ridges and hallows in this area.

iji. As indicated by Plates7.10 and 7.11 the toe of the
slide is convex in profile and rises to height of
average of 10m. above the original ground surface
(See Fig. 8.5).

iv. The toe of the slide is very active as evidenced
by the destruction of Blacketlay barn in March 1983.
Plate 7.10 shows the barn before its destruction
whereas in Plate 7.11 it has been pushed over by
advancing movement.

7.2.2 Movement at Mam Tor

According to the EDM survey described in Chapter 3,
at Mam Tor movements can be characterised into three
areas in which the main unit, the foot of the main unit
and the leading edge of the toe undergo different styles.
The magnitude and the direction of the movement of the
21 survey stations located on map Fig. 3.5 are given in
Fig. 7.5 and Table 7.3.

Movements which have occurred between October 1981
and May 1983 may be summarized as follows:

Main unit 30cm in a NE direc. Oct 1981-May 1983
Upper main scarp 75cm in a NE direc. Oct 1981-May 1983
Upper road 34cm in a NE direc. Oct 1982-May 1983
Minor scarp upper road 46cm in a NE direc. Oct 1981-0c¢i.198..
Foot of main unit 101cm in a ENE " Oct 1981-May 1983
Lower road 60cm in a ENE " Oct 1981-May 1983
Upper part of toe 92cm in a ENE " Oct 1981-May 1983

Middle & lower part of toe 43cm ina NE " Oct 1981-May 1983



Plate No. 7.10 Blacketlay Barn before March 1983.

Plate No. 7.11 Destruction of Blacketlay Barn. March
1983. Note convex character of toe.
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SCALEOF MAP
1cm.=50m.

SCALEOF MOVEMENT
1mm.=10cm.

-

O Movement through winter 1982 only.

4+ No visible movement through winter 1982.

Fig. 7.5 Results of surveying at Mam Tor.



Table 7.3 Results of EDM survey at Mam Tor.
Location Movement cm Movement cm Total cm
0ct1981-0ct1982 | 0ct1982-May. 1983
1 40 46 86
2 27 47 64
3 9 22 31
4 28 --- 28
5 3 13 16
6 8 19 27
7 17 20 37
8 5 20 25
9 - 24 24
10 - 23 23
11 - 39 39
12 46 e 46
13 40 58 98
14 - 53 53
15 52 63 115
16 11 81 92
17 - 51 51
18 42 50 92
19 14 63 77
20 = 45 45
21 - 40 40

indiscernable movement

survey point lost
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The diversion in the direction of the movement at
the foot of the main unit and the lower road may be due
to the resistance offered by the stable area on the
southern flank which also causes the heave in the northern
part of the toe shown in Plate 7.9 and Fig. 7.4.

Table 7.4 shows the average rates of movement for
a various parts of the landslip. The main unit has moved
in an average rate of 4.1 cm./month, while the foot part
shows the higher rate of movement of 10.4 cm./month. The
toe of the landslip has moved at a rate of 8.2 cm./month,
during the period of October 1981 to May 1983.

From the consideration of the road maintenance
records and weather observations, it may be concluded that
large movements of the landslip may be correlated with
instances of high rainfall. It would be interesting to
consider the results of the surveying at Mam Tor over
the period October 1981 - May 1983 with respect to rain-
fall, but due to the absence of suitable climatic records,
only tentative conclusion can be drawn.

Rainfall records obtained by the Meteorological
0ffice (Bracknell, Berkshire) for Edale Mill and Hope
Valley Cement Works. (See map Fig. 2.1 for location of
the measuring stations). For the years 1981-1983 are
presented in Fig. 7.6 on a month by month basis. These
records may be compared with the recorded movements of
various parts of the Mam Tor Tlandslip listed in Table
7.3. It can be seen that comparatively low rainfall during
the winter of 1981-1982 was followed by relatively small
movements of the landslip. A relatively dry year in 1982
in which rainfall amounts varied between monthly low of
about 15mm and height of about 190mm was followed 1in
January 1983 in which 250mm was measured. This high rain-
fall may account for the relatively rapid movement ob-
served to have occurred between October 1982 and May 1983.
It is also significant that the accelerated damage shown
in Plate 7.8 which effected the 35southern part of the
lower road was observed at the end of January 1983.



Table 7.4 Average rates of movement at Mam Tor Tandslip

between October 1981 and May 1983.

Mam Tor Movement 1982 Movement 1983 Total movement

Oct 1981-0ct1982 Oct1982-May1983 Oct1981-May1983

Main unit 0.9 cm/month 3.2 cm/month 4.1 cm/month
Foot 1.7 cm/month 8.7 cm/month 10.4 cm/month
Translation| 1.1 cm/month 7.0 cm/month 8.1 cm/month

Toe
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7.3 Rushup Edge

The 1landslip at Rushup Edge, near Mam-Nick is one

of the most well-known landslips developed in the Mill-

stone Grit Series rocks. As indicated in map Fig. 7.7

and Plate 7.12, in common with landslip at Mam Tor, it

can be divided into two main parts. The upper part is
characterized by a non-circular rotational slide with

a translational slide or flowage forming the toe. Accor-

ding to Skempton and Hutchinson's (1969) classification

the landslip is a complex type in which the rotational
part measures 500m. long by 750m. wide while the trans-
lational part covers an area 600 m. long by 600m. wide.

The main features of the Rushup Edge landslip are
as follows:-

i. The crown of the 1landslip forms an E-W trending
crest with a system of transverse cracks affecting

1+ the western part. Most of this area is vegetated.

ii. A well-developed main scarp of maximum height 52m.
marks the top of the unstable area. Since as shown
in Plate 7.13, for the most part this is vegetated
so it would appear that it is stable.

iii. The Minor scarp seen in Plate 7.13 form a series
of NE-SW trending steps near to and below the head
of the 1landslip. These are an indication of the
rotational failure of the main unit.

iv. Few outcrops occur in the Rushup Edge area but near
the top of the landslip, where a minor road cuts
through the crest of Rushup Edge, undisturbed beds
of Mam Tor Sandstone dip 10° towards the NE. Inward
rotation of approximately 4° 1is indicated since dip
of about 6° to the NE within the main unit. Generally
speaking, the main unit of the landslip is charac-
terized by well developed hummocky ground shown in
Plate 7.13.

V. Hollows within the landslip area, and particularly
between the <crest and the back scarp contain,
accumulations of peat.
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Plate No. 7.12 Aerial photograph of Rushup Edge landslip.
Scale: 1:6000






Plate No. 7.13 Main scarp and main unit landslip
at Rushup Edge.

Plate No. 7.14 Toe of landslip at Rushup Edge.
Note the present of marshy areas.
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vi. The translational toe (See Plate 7.14) is also
characterized by hummocky ground but of a 1less
intense nature than that of the upper part.

vii. The flanks of the landslip are clearly defined as
in Plate 7.12.

viii.The toe of the Tlandslip rises to a height which
averages 8m. above the valley floor (see Fig. 8.6).
It is well defined, as shown in Plate 7.14. The toe
displays a convex profile shown in Plate 7.15 and
a tongue 1ike shape shown in Plate 7.14,

ix. The general trend of the movement is towards the
NNW.

X. The lack of evidence of recent activity of this
landslide 1is demonstrated by Plate 7.13. The road
is undeformed both within the slide area and where
it crosses the slide margins. Furthermore, a wall
presumed to be quite old shows no sign of displace-
ment and both the fence at the toe of the landslip
shown in Plate 7.15 and Greenhill Farm buildings
are not affected by movements. Although Fig. 7.15
shows lean and slight curvature of some trees at
the toe of the convex these features do not apply
to all trees in area, also the fence in this area
has not been disturbed.

The presence of water seepage over the whole landslip
area (See Fig. 7.7) indicates a high water table. The
well formed system of surface drainage also indicates
comparative stability.

7.4 Cold Side

A large area of instability at Cold Side affects
Millstone Grit Series rocks which occur on the southern
side of Edale Valley (See Map Fig. 2.1). This Tlandslip
is a rotational type 575m long by 650m wide where movement
has occurred generally in a North western direction. The
main characteristics of this landslip are illustrated



Plate No. 7.15 The convex margin of the toe of the Tand-
slip at Rushup Edge.
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jn map Fig. 7.8 and Plates 7.16 and 7.17. Attention is
drawn to the following features:-

ia

ii.

The crown forms a 26° NE-SW trending slope on the
valley side. Much of this area is vegetated although
a small tension crack on the eastern margin of the
main scarp provides evidence of recent instability.
A well developed main scarp marks the upper margin
of the instability. In fact this feature consists
of two linear portions, one trending 'EW,. and the
other NE-SW where, the maximum height of 43m.
decreases respectively towards the west and north
east until it merges with the original ground slope.
The rock exposed in the scarp are Mam Tor Sandstone.

jii. As indicated by Plate 7.18, for the most part, the

ive.

V.

vi.

main scarp is vegetated. This area 1is not subject
to rockfalls.

Seepage water emanates from the main scarp and forms
a stream which flows to the toe of the landslip.
Several minor scarps are well developed within the
landslip area. These are shown in Plates 7.16 and
7.19, since most are vegetated, they are probably
stable.

Rather few outcrop occur in the landslip area. Beds
of sandstone in the main unit scarp dip to the SE
at angles of 5-7° whilst beds within the main body
of the Tandslip dip 12-16° NE thus implying an outwards
rotation of 7-9°. The beds which occur within the
main body of the landslip, have apparently suffered
little distortion in consequence of this rotation.

vii. The rock which outcrops in the foot and toe areas

is probably Edale Shale.

viii.The foot of the slip is marked by a minor scarp with

ix.

X.

a steep slopes which become rather irregular towards
the eastern part.

At a number of locations, especially in the eastern
sector, hollows contain accumulation of peat.

The toe of the landslip shown in Plate 7.20 consists
of a smooth 8° slope formed of landslip debris.
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7.8 GEOMORPHOLOGICAL MAP OF COLD SIDE LANDSLIP.



Plate No. 7.16 Aerial photograph of Cold Side landslip.
Scale: 1:13000






Plate No.

7.17

General view of Cold Side landslip.
Note the vegetated character and
change in direction of the minor
scarp.



Plate No. 7.18 East-west part of the main scarp of
the landslip at Cold Side.

Plate No. 7.19 Minor scarps in the Tandslip at Cold
Side, note that there are mostly
grass covered.



Plate No. 7.20 The toe of Cold Side landslip. Note the
presence of marshy areas.
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xi. The 1imit of landslip is well defined as shown in
Plate 7.16.

xii. The tension crack already mentioned is the only trace
of recent activity. Field boundary walls, trees,
the footpath as well as the buildings of Greenland
farm show no sign of displacement. Furthermore, since
the surface drainage 1is moderately well developed
and the 1landslip is almost entirely covered with
vegetation, it seems 1likely that only in the most
unfavourable groundwater condition does the factor
of safety approach unity.

7.5 Back Tor

As shown 1in Fig. 2.1 the Back-Tor landslip extends
from the crest to the base of the hill separating Edale
and Castleton valleys. Movement has occurred in a NNW
direction and the landsiip is 950 m. long by 720 m. wide.
According to Skempton and Hutchinson's (1969) classifica-
tion it is a rotational failure. The geological map Fig.
2.2 indicates that the landslip has occurred in Millstone
Grit Series rocks.

The main features of this landslip described below
are illustrated in map Fig. 7.9 and Plates 7.21 and 7.22:
i. The crown slopes 30° to the north-west and forms

part of the crest of the hill slope between the two

valleys, this area is covered with. vegetation.

ii. The main scarp is curved and may be divided into
three parts. The eastern part includes a large
exposure of undisturbed bedrock which consists of
alternating thick beds of well jointed sandstone
and highly fissile shale belonging to the Shale Grit
and Mam Tor Sandstone. The near vertical face shown
in Plate 7.23 reaches a maximum height 49m. The
middle part is much less steep with average slopes
of 26° and it is covered with vegetation. The western
part shown 1in Plate 7.24 slopes at angle of up to
50° and it is vegetated.
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Plate No. 7.21 Aerial photograph of Back Tor landslip.
Scale: 1:13000






Plate No.

7.22

General view of Back Tor landslip.
Note the steep exposure of Shale

Grit and Mam Tor beds in the back
scarp.



Plate No. 7.23 Eastern side of the main scarp of the
landslip at Back Tor.

Plate No. 7.24 MWestern side of the main scarp of Back Tor
landslip. Part of the main unit shows the

hummocky ground with sandstone blocks be-
low the main scarp.
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iii. Movements in the eastern part are much greater than

iv.

V.

vi.

those of the western or middle parts. A well deve-
loped minor scarp occurs in the eastern part of the
main unit of the landslip. This feature can be seen
in Plate 7.23 and 7.21 and map Fig. 7.9, which also
show the hummocky ground that comprises a series
of generally NE-SW trending hollows and ridges in
this area.

The eastern part of the main scarp is subject to
rock fall 1instability, the debris of which forms
the scree slope shown in Plate 7.23 and 7.24.
According to the geological map and field observa-
tions, the main unit of the landslip occurs in Mam
Tor Sandstone while the foot and toe are situated
on Edale Shale.

At the foot of the landslip a minor scarp in Plate
7.25 gives rise to an E-W trending steep slope which
becomes less severe in a westerly direction.

vii. The sandstone beds exposed in the main scarp dip

SE at 10° while the bed at foot of the landslip dip
38° SE which gives an outward rotation of 28°.

viii.The field observations shown in map Fig. 7.9 indicate

iX.

X.

variations in the attitude of beds at the foot of
the 1landslip which suggests that the beds have
suffered distortion during movement.

As shown by Plate 7.21 and map Fig. 7.9 in the middle
part of the landslip there is a series of NE-SW
trending hollows and ridges which gradually die out
towards the top which forms the smooth slope of 7-8°
shown on Plate 7.26. These features may be the result
of internal displacement along the bedding planes
within the Mam Tor Sandstone.

Surface drainage consists of a ditch on the western
side of the main unit which carries water from near
the western flank of the landslip to the River Noe.
The eastern side of faot and toe have a well deve-
loped system of surface drainage.



Plate No. 7.25 Minor scarp at foot of the main unit of
) Back Tor landslip.

Plate No. 7.26 Part of the foot and toe of the landslip
at Back Tor. Note the gentle slope of toe.
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xi. The toe of the landslip forms a steep slope at the
bank of the River Noe as shown in map Fig. 7.9. The
great steepness of this slope is probably due to
undercutting by the river.

xii. The boundary and the flank of the landslip are well
defined as seen in Plate 7.21.

xiii.The condition of the field boundary walls, foot
path, trees and Back Tor farm buildings suggest that
the landslip is now stable. Also the vegetation and
surface drainage is moderately well developed.

7.6 Burr Tor

The landslip at Burr Tor located on map Fig. 7.10,
is a rotational landslip affecting Millstone Grit Series
rocks. It is situated near the village of Little Hucklow
(See map Fig. 2.1). The generally westerly movement
affects an area of maximum length 500m. and width 760m.
The features illustrated in map Fig. 7.10 and Plate 7.27,
7.28 and 7.29 may be summarized as follows:

i. The crowns forms a flat grass covered area.

ii. The main scarp illustrated in Plates 7.28 and 7.29
comprises a steep cliff of vertical height 20m which
is for the most part vegetated. This scarp consists
of sandstone units belonging to the Shale Grit Series
(See geological map Fig. 2.2).

iii. The head of the landslip is densely vegetated with
bushes and trees which occupy a depression along
the edge of the main scarp.

iv. The sandstone bed in the main scarp dips SE at an
angle of 10°, while in the main unit of the landslip
the dip is 34° SE. Thus an outward rotation of about
24° is indicated. No distortion of the ground surface
consequential upon dinstability was noted during
field observations.

Ve The main unit of the landslip can be divided into
northern and southern parts, the latter of which
is characterized by hummocky ground with rock



A /
- 30 30,
O ¥ vy

"'\
.y
0 50 100 150 m 10 / = p
y
Ll T /
4 ¥
5.5 5-% 31“’{“1’;—93%} K8 7
-’ — \ L \_k\k\
123 ] \‘7{2 M/ 23 —“:,-\%\8.. % Burrs Mount v 2 \' J
S /:f:; 28 ¥ Bur rs r. \ \ ’\V/,
130 NS0 ¢ o el iy f'.c°”°ge _______ P N
1 i - i >

F1G. 7.10 GEOMORPHOLOGICAL MAP OF BURR TOR
LANDSLIP.



plate No. 7.27 Aerial photograph of Burr Tor landslip
Scale: 1:4000
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Plate No. 7.28 General view of landslip at Burr-Tor. Note
the main scarp behind the belt of trees.

Plate No.129 Main scarp of the landslip at Burr Tor. Note
the steep exposure of sandstone of Shale
Grit, and hummocky ground at the main unit.
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exposure and a conspicuous pattern of N-S trending
ridges and hollows. These features do not occur
in the northern area which consists of smooth
vegetated slope.

vi. Seepage water and springs occur near the northern
flank of the landslip.

vii. The foot is characterized by a smooth 5-8° slopes
with W and NW trend in the southern part, and a SW
trend in the northern part. This gentle slope is
broken across the whole width of the foot by a steep
slope which ranges between 26° and 50° in the
northern part and about 13° in the south.

viii.The northern part of the toe of the landslip shown
in Plate 7.29 1is characterized by a convex slope.
To the south of the toe the slope gradually decreases
until it merges with the undisturbed ground.

ix. The geological map Fig. 2.2 and field observation
show that the main unit and toe occur on shale of
Millstone Grit Series.

X. The 1imits of the 1landslip are well defined as
indicated by Plate 7.27.

xi. There is no evidence of recent activity of the land-
slip at Burr Tor since neither Burrs Mount nor Burrs
Cottage Farms have been affected and also the large
well established trees in the upper part of the
landslip show no sign of movement.

7.7 Bretton Clough

At Bretton Clough (See map Fig. 2.1) an elongated
landslip with a maximum width of 2200m. occurs. It is
convenient to separate the area of instability shown in
map Fig. 7.11 into western and eastern landslip by taking
an intervening narrow neck as the dividing line as shown
in Fig. 7.11A. In fact, this narrow area of width 130m.
has also been affected by movement. The landslip at
Bretton Clough occurs in Millstone Grit Series rocks as
shown in geological map Fig. 2.2. Analysis of map Fig.
7.11 and Plate 7.30 indicates that according to Skempton
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FIG. 7.11 GEOMORPHOLOGICAL MAP OF BRETTON CLOUGH LANDSLIP.



Eastern part « western part

Fig. 7.11 A Sketch showing regional subdivisions of

Bretton Clough 1landslip to which reference
is made in the text.



Plate No. 7.30 Aerial photograph of Bretton Clough lant
slip.
Scale: 1:12000
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and Hutchinson's (1969) classification these landslips

are rotational, non-circular types. Owing to their rather

different character, the main features of the western

and eastern parts will be considered separately.

Western part.

i.

ii.

iv.

The crown forms part of gentle E-W trending slope
of hilly vegetated ground.

The well developed curved main scarp shown in map
Fig. 7.11 and Plates 7.30 and 7.31 has a near ver-
tical face of maximum height 25m. A large exposure
of undisturbed bedrock consists of alternating beds
of well jointed sandstone and shale from the Shale
Grit Formation. The height of the main scarp reduces
towards the eastern end where a small N-S trending
valley has been formed.

i. Small minor scarps form a series of SE-NW trending

steps below the head of the 1landslip area. These
are an indication of rotational failure (See map
Fig. 7.11). The main unit of this landlsip has a
series of 10-15m. high ridges running generally
WSW-ENE with steep slopes formed on the northern
side. As indicated in Plate 7.31 the intensity of
these ridges diminished towards the foot zone. The
foot is characterized by hummocky ground.

The toe of the landslip in Plate 7.31 is not well
developed since it 1is subjected to river erosion
where the slide has raised by several metres the
level of Bretton Clough. Erosion produces a steep
slope towards the river in some places. The main
unit and the toe overlie shale from Millstone Grit
Series as indicated by map Fig. 2.2.

Marshy areas occur in the hollows between the ridges.
The dip sandstone beds in the main scarp is 9° NW
while the dip within the main unit is 5° SE. This
implies an outward rotation of 14°. It 1is also
observed that sandstone beds within the main unit
have suffered some distortion due to movement.



Plate No. 7.31 MWestern part of the landslip at Bretton
Clough. Note ridged ground.

Plate No. 7.32 Eastern Tandslip at Bretton Clough -
general view.
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vii. The general direction of movement of the slipped
material is NNE and the limit of the 1landslip is
well defined, as shown in Plates 7.30 and 7.31.

viii.Apart from erosion by the stream, no evidence of
recent mass movement was noticed in this part of
the 1landslip. The well established trees and the
ground surface have not been disturbed and further-
more marshy areas are moderately well disturbed over
the area.

Eastern part.

The eastern part is shown in Plate 7.32 Fig. 7.11
and Plate 7.30. the further subdivision adopted for this
part of the 1landslip is indicated in Fig. 7.11A where
a deep highly vegetated S-N trending valley separates two points
labelled A and B. The main characteristic features are
as follows:

Part A.

i. The crown consists of a 7° NE slope which is prac-
tically entirely vegetated.

ii. The main scarp is well defined with a maximum height
of 10.5m as shown in Plates 7.30 and 7.32. This area
is mostly vegetated but small outcrops of sandstone
with some thin shale beds belonging to the Shale
Grit Formation occur in this area.

iii. A minor scarp which runs from the head of the land-
slip has a northward slope.

iv. The main unit is characterized by hummocky ground.
The whole of the foot consists of a curved ridge
about 15m. high. The surface drainage in this area
is well developed.

V. The toe of this part of the landslip is not as well
developed as that in the western part and it slopes
gently towards the river as shown in Plate 7.33.

vi. The general direction of movement 1is towards the
NE.

Part B.

is The Crown consist of a vegetated area sloping 14°-16°
in a south westerly direction.



Plate No. 7.33 Part of the toe in the eastern part of
landslip at Bretton Clough - Note the
gentle slope towards the river.

Plate No. 7.34 Minor scarp on the eastern side of Bretton
Clough with evidence of recent instability
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ii. The main scarp shown in Plates 7.30 and 7.32 is well
defined with a maximum height of 21.5m. This area
is mostly vegetated.

iii. A SW-NE trending ridge occurs at the top of the
main unit of the landslip. An exposure of sandstone
beds in the main unit dips 45° SE while the dip of
of the sandstone beds in the main scarp is 8°NE.
Thus an outward rotation of 53° has occurred.

iv. At the eastern end, that is at the extreme flank
of the landslip, as shown in map Fig. 7.11, a minor
scarp forms a series of NE-SW trending steps from
the main unit to near the toe of the landslip. The
minor scarp nearest to the toe shows recent insta-
bility since in Plate 7.34 trees have become bent
towards the river.

V. The toe in this area is not as well developed as
the one in Part A.

vi. Apart from the instability noted in the foot, there
is no evidence of movements within the remaining
area.

7.8 Alport Castles

Alport Castles, located in Fig. 2.1, is an area of
landslip which is one of the most interesting cases of
instability in the area studied. It is a complex type
of failure with a maximum length 800m. and width 1500m.
developed in Millstone Grit Series rocks. Many aspects
of the 1landslip are illustrated on map Fig. 7.12 and
Plates 7.35 and 7.36. The main features may be described
as follows:

i. As shown in map Fig. 7.12, the crown of the landslip
slopes in the opposite direction to the main scarp.

It is mostly vegetated and along the upper edge of

the main scarp there are a number of 60-70 cm. deep

trenches containing peat as shown in Plate 7.37.

ii. A well developed main scarp up to 32m. high shown
in Plate 7.38 exposes Jjointed sandstone in thick
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Plate No. 7.35 Aerial photograph of Alport Castles
landslip.
Scale: 1:13000
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Plate No. 7.36 General view of the landslip at Alport
Castles.

Plate No. 7.37 The crown of Alport Castles landslip. Note
the trenches contain peat.



Plate No. 7.38 Main scarp of landslip at Alport Castles
showing a recent rockfall. Note the de-
tached of block of the main unit.

Plate No. 7.39 The main scarp at the southern side of
Alport Castles landslip. Note the hummocky
ground of the main unit.
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beds. The slope of the main scarp decreases in a
southerly direction into a vegetated 30° slope seen
in Plate 7.39.

jii. Instability in the form of rock falls shown in Plates
7.38 and 7.40 affects the main scarp where sandstone
blocks form a scree slope.

jv. It is very noticeable in map Fig. 7.12 and Plate
7.35 that the toe of the landslip is affected by
river erosion which has produced minor scarps up
to 5m. high as shown in Plate 7.43.

V. From field observations and the geological map of
Fig. 2.2, the main scarp and main unit consists of
sandstone and shale beds of the Shale Grit and Mam
Tor Sandstone Formations, while the toe of the land-
slip occurs on Edale Shale.

vi. The dip of the beds in the main scarp face vary
between 4° ESE in the southern part and up to 7°
ESE in the northern part. This compares with dips
in the main unit of the landslip which vary from
place to place in both magnitude and direction due
to distortion during movement. The maximum dip of
25° to the SW implies a rotation of the main unit
of up to 32° while in middle part of area as shown
in Fig. 7.12 dips of 48° towards the ESE imply a
rotation of up to 44°.

In view of the rotation which appearsto have occurred
and the presence of the major secondary movement, in terms
of Skempton and Hutchinson's (1969) classification, the
landslip is a complex type.

It is convenient to divide the 1landslip into the
three areas "“A", "B" and “C" shown in fig. 7.12 A.

The morphology of part A is as follows:

i, This area is dominated as a large block 250m. Tlong
by 75m. wide shown in Plate 7.35 and 7.41 which
appears to have become detached from the large area
of ground involved in the initial instability. As
shown in Fig. 7.12 A and Plate 7.38, further detached
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Plate No. 7.40 Scree formed by distribution of sandstone
blocks in the main unit of landslip at Al-
port Castles with a detached block due to
secondary movement. Note Back scarp of
sandstone and shale beds of Shale Grit
formation.

Plate No. 7.41 Part of the main unit of the landslip shows
a block of 250 m. by 75 m. wide at Alport
Castles landslip.



Plate No. 7.42 Northern side of the main unit of the
landslip at Alport Castles. Note the
ponding of water.

Plate No. 7.43 Part of the toe at landslip of Alport
Castles forming minor scarp along flank of
river Alport.
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Fig. 7.12 A Sketch showing regional subdivisions of
Alport Castles Tlandslip to which reference
is made in the text.
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blocks lie to the north. The smaller block of sand-
stone is surrounded by a system of NW-SE minor ridges
shown 1in Fig. 7.12. These ridges continue to the
northern end of the landslip.

ii. As shown in Plate 7.42 the main unit is characterized
by a series of ridges running NW-SE. In the hollows
at the base of the ridges see pages of water give
rise to marshy areas and ponds.

iii. Minor scarps in the main unit and foot occur as
located in map Fig. 7.12.

jv. The morphology of the ground between the 1large
detached block and the main scarp in the southern
part consist of NW-SE running ridges and hollows
which include a vertical face of bedrock sandstone
and deep valleys. In addition the ground is hummocky
with small ridges and hollows running in a NE-SW
direction. The toe of the landslip is characterized
as shown 1in map Fig. 7.12 by a gently undulating
area.

V. The northern flank of the landslip is well defined
as indicated by map Fig. 7.12.

vi. The general trend of movement of part A of the land-
slip is towards a south westerly direction.

The morphology of area “B"™ is as follows:

As shown in map Fig. 7.12 and Plate 7.39 the area
to the south of the foot path is an irregular slope with
a hummocky ground surface. Since the predominant slope
direction is towards the southwest, it would appear that
this part of the landslip has been twisted during secon-
dary movement. If this is so, then the near vertical NW-SE
face of the block would be at the head of this part of
the slope.

The morphology of area "C" is as follows:

i. The main scarp forms a slope of 30° which is for
the most part, vegetated.

ii. The general trend of the movement 1is in a south
westerly direction and unlike areas A and B, it would
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appear that this took place in a single episode of
instability.

iii. The main unit and the toe consist of a sloping,
undulating piece of ground which slopes at an ave-
rages of 7°, 23° and 10° over the landslide area.

iv. As shown in Plate 7.35, because of the effects of
the neighbouring 1landslip at Rowlee Pasture the
southern flank of the landslip is not well defined.

Present instability appears to be confined to minor
falls along the river banks and rock falls from the main
scarp. Plate 7.44 shows the result of one rock fall which
occurred during the winter of 1982. No other evidence
of activity is apparent and also the surface drainage
system is well developed over the landslip area

7.9 Rowlee Pasture

The landslip at Rowlee Pasture is one of the largest
landslip in North Derbyshire. The location of this land-
slip which 1is developed in Millstone Grit Series rocks is
shown in map Fig. 2.1. According to Skempton and Hutchin-
son's (1969) classification, this 1Yandslip, which has
a maximum length 600m and maximum width 3250m., is a
rotational non-circular type. The main features of this
landslip are illustrated by map Fig. 7.13 and Plate 7.45.
Briefly, the crown consists of a flat plateau in some
places while in others it slopes towards the back scarp.
Most of this area is covered with vegetation. It is
convenient to consider the morphology of this 1landslip
in three parts as shown in Fig. 7.13 A.

Area A

i. In some places, as shown in map Fig. 7.13, the main
scarp forms a vertical face consisting of sandstone
beds which are subjected to rock fall instability.

ii. The main unit of this landslip is characterized by
smooth changes in slope as shown in map Fig. 7.13.



7m

Plate No. 7.44 Recent rockfall in the main scarp
at Alport Castles. August 1982
Scale lcm. = 0.5m.
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Plate No. 7.45 Aerial photdbgraph of Rowlee Pasture
landslip.
Scale: 1:17300
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Fig. 7.13 A Sketch showing regional subdivisions of

Rowlee Pasture Tlandslip to which reference
is made in the text.
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The highly vegetated nature of both the main unit
and the foot areas are illustrated in Plate 7.46.

Few outcrops of rock occur in the main unit, those
at the head of the landslip have a dip of 12° SE.
The dip of sandstone beds in the main scarp is 8°-
10° SE, thus implying an inward rotation of between
2° and 4°.

The general direction of movement is SW.

Seasonal springs occur along the track which runs
NE-SW.

The toe 1is an area of undulating slopes in some
places where an Edale Shale exposure forms a minor
scarp adjacent to the River Ashop.

The eastern flanks of the landslip are marked by
a stream which flows south to join the River Ashop.

B.
In main scarp this part of the landslip an exposure
of sandstone dips 8° - 10° SE which compares with

dips of 32° - 38° NE for the minor scarp in the river
bank. An outward rotation, averaging 22° to 30° is
implied by these values. The beds have suffered
distortion due to movement.

The eastern side of this area is characterized
by undulating ground in which a series of small E-W
ridges occur in the foot area. The western side of
the area forms a smooth 5° - 7° slope.

Shale outcrops in a minor scarp in the western part
of the toe.

No marshes or other forms of surface drainage occur

in this part of the landslip.
The general direction of movement is southwesterly.

C.

The main scarp forms a very steep or nearly vertical
slope where sandstone beds of the Shale Grit forma-
tion are well exposed.

Two highly vegetated minor scarps give slopes of
up to 35°.



Plate No. 7.46 Part of the main scarp (A) of landslip at
Rowlee Pasture. Main unit and foot are
highly vegetated. Note part of the toe
forming minor scarp (B).

Plate No. 7.47 Repairs to the A57 road due to movements
of the landslip at Rowlee Pasture.
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iii. As shown 1in map Fig. 7.13 the foot and the toe
produce a smooth slope. The toe is not well deve-
loped, it forms a smooth slope of 13° - 16°.

iv. A number of marshy area occur around the River Ashop.

V. The western flank is well defined as shown in Plate
I b

According to the field observation and geological
map, Fig. 2.2, the main unit and foot are situated in
a sandstone unit of the Shale Grit and Mam Tor Sandstone
formation, while the toe is in Edale Shale.

Recent activity of this landslip is indicated along
the A57 road and particularly in the area of the toe
where fences and traffic signs have been displaced. The
edge of the road shown in Plate 7.47 and 7.48 is subjected
to fracturing and measures to prevent erosion of the toe
of the landslip by the River Ashop include the construc-
tion of gabions and concrete walls, shown respectively
in Plates 7.48 and 7.49. However, as indicated in Plate
7.50, these defences have not entirely prevented move-
ment. No landslide activity was noticed in the remainder
of area C.

7.10 Cowms Moor

The landslip at Cowms Moor is developed in Millstone
Grit Series rocks at a location shown in Fig. 2.1. A false
impression of the landsliding activity is 1liable to be
gained from a cursory examination since as shown in map
Fig. 7.14 and Plate 7.51 it appears that there is a stable
area in the centre of the 1landslip. An alternative
explanation derived by intensive field observation, aerial
photography and topographical maps is that this area has
been affected by two separate movements along different
slip surfaces.

The main features of the landslip area are as follows:
i. The crown of the upper slip forms a gently sloping

portion of mostly wet, vegetated ground. A series



Plate No. 7.48 Gabbion wall to protect the toe of the
landslip at Rowlee Pasture.
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Plate No. 7.49 Concrete wall to protect the toe of the
landslip at Rowlee Pasture.
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FIG. 7.14 GEOMORPHOLOGICAL MAP OF COWMS MOOR LANDSLIP.



Plate No. 7.50 The gabbion protection has not entirely
prevented movement of toe of the Rowlee
Pasture landslip.



Plate No. 7.51 Aerial photograph of Cowms Moor landslips.
Scale: 1:13000
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of channels containing peat deposits have been
eroded. The surface drainage includes ponds and
several streams, which decrease in number towards
the east and there are also a number of small hollows
or .sheep scars along the edge of the crown at the
western 1imit of the landslip area.

A well developed main scarp that attains a maximum
height of 39 m. and which decreases in steepness
in a westerly direction as illustrated in Plate 7.52,
consists of sandstene beds. Water seepages from
joints in this area supply the streams flowing across
the main unit.

A slikensided sandstone surface occurs in the main
scarp.

Since the dip of the beds in the main unit of the
landslip varies in both magnitude and direction,
it is concluded that it has suffered distortion
during movement. The sandstone beds in the main scarp
dip 10° SW, while the maximum dip of the sandstone
bed within the main unit is up to 20° NE, thus
implying an outward rotation of 30°.

A number of fallen sandstone blocks are distributed
over the main unit (See Plate 7.52).

Minor scarps clearly mark the eastern flank of the
landslip as in map Fig. 7.14 but the western flank
is less prominent. Plate 7.53 is a typical view of
the hummocky ground of the main unit.

A number of marshes occur within the landslip area,
particularly in the hollow between ridges, and a
spring occurs in the western part of the area as
indicated in map Fig. 7.14.

A sudden change in slope takes place along a NE-SW
line which turns to an S-W direction in the western
part. It is believed that this represents the scarp
of the lower slip surface. The hummocky ground is
cut by this 1lower movement, but it does not form
a well developed scarp especially in the east where
it becomes obscured by 1landslip debris from the
upper movement.



Plate No.

7.52

Main scarp and main unit of landslip at
Cowms Moor. Note the exposure of sandstone
of Shale Grit formation in the mainscarp
at 'A' and the fallen sandstone block in
the main unit at 'B°‘.



Plate No. 7.53 Hummocky ground in the main unit of land-
slip at Cowms Moor.

Plate No. 54 The main unit of the lower slip at Cowms
Moor. Note the NW-SE ridges and hollows.
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ix. The eastern side of the main unit of the 1lower
movement is characterized by differentiated NW-SE
ridges and hollows as shown in Plate 5.54. Towards
the west, and also in the middle part of the main
unit, the ridges become less intensive.

X. A minor scarp near an exposure of Mam Tor sandstone
in a road cutting is developed in the middle part
of the 1landslip between the River Ashop and the
A57 road.

xi. The geological map Fig. 2.2 and field observations
indicate that the 1landslip occurs in sandstone and
very thin shale beds belonging to the Shale Grit
and Mam Tor Sandstone-formations.

xii. The surface drainage is well distributed over the
whole area with some marshes concentrated in the
western toe of the landslip.

xiii Hollows and sheep scars occur along the eastern
flank of the landslip, while in the west a more or
less smooth slope merges into the valley side. The
general trend of movement of both the upper and lower
landslips is towards the south.

xiv. Recent instability appears to confined to rock falls
from the upper main scarp and river bank erosion
The buildings of Wood Cottage, Upper House Farm and
Blackden View Farm, show no evidence of any movement.

xv. According to Skempton and Hutchinson's (1969) classi-
fication the landslips at Cowms Moor are rotational
non-circular types.

7.11 Kinder Scout

The 1landslips at Kinder Scout are located on map
Fig. 2.1 and shown in Fig. 7.15 and Plate 7.55. There
are in fact nine individual areas of instability indicated
in Fig. 7.16 which together effect an area of about two
square kilometres. These 1landslips occur 1in Millstone
Grit Series rocks as shown in geological map Fig. 2.2.
The main feature of these slips are indicated in Fig.
7.15 and may be listed as follows:
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Plate No. 7.55 Aerial photograph of Kinder Scout Tlandslips
Scale: 1:26000
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The crowns of the 1landslips are very nearly flat
with some exposures of coarse feldspathic sandstone
in thick exfoliating beds which are illustrated in
Plate 7.56. Although the surface water drainage
system shown in map Fig. 7.15 and Plate 7.57 is well
developed over the whole of the crown with streams
and ditches, the area is very wet with marshes in
some places.

The landslip area can be divided into two main
parts in which NW part is separated from the SW one
by Kinder Downfall, a deep stream valley and water
fall which runs in a south westerly direction.

The main scarp of the landslip consists of two faces
at right angles to each other with Kinder Downfall
stream at the intersection. Plate 7.56 show NW area
and the SW part is shown in Plate 7.58. The vertical
back scar face occurs in Kinderscout Grit Sandstone
and is shown in Plate 7.59.

The main units of the landslip exhibit different
slopes as indicated in map Fig. 7.15. Plates 7.56
and 7.58. A number of fallen blocks of sandstone
are distributed over the main unit which is mostly
vegetated except for certain areas represented on
map Fig. 7.15 by dip and strike readings.

The surface drainage system is well developed along
the whole area, and conveys water to Kinder Scout
Reservoir.

Field observations and geological map, Fig. 2.2
indicate that the main unit and toe are situated
on shale beds belonging to the Grindslow Shales
formations.

Beds of sandstone in the main scarp dip ESE at 8°-
10° while the dip of the sandstone beds in the main
unit ranges between 14° and 22°. Hence an outward
rotation of 6° - 12° has taken place.

The toe forms a smooth slope over the stable ground.
The actual direction of movement of individual land-
slips 1is indicated in Fig. 7.16. These direction



Plate No. 7.56 Main scarps in the NW part of landslip at
Kinder Scout ('A') and exposure of coarse
feldspathic sandstone at the crown ('B').

Plate No. 7.57 Crown of landslips at Kinder Scout showing
the surface drainage.



Plate No. 7.58 The landslip in the SW part of Kinder
Scout. Note. Exposure of sandstone at the
crown and the ponding water.

Plate No. 7.59 Kinder Scout sandstone cliff forming part
of NW Main scarp.
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vary between SW in the NW part and WNW along the
SW part of the landslip area.

ix. No sign of recent activity was noticed in footpaths,
walls and streams.

x. According to Skempton and Hutchinson's (1969)
classification, these 1landslips are of rotation
non-circular type.

7.12 Conclusion

The North Derbyshire 1landslips generally involve
the slipping of thick and competent sandstone beds over-
lying weaker shale. This may well be due to the with-
drawal of ice support from slopes over-steep end by
glaciation (See Higginbotton and Fookes, 1971).

Thick beds of Jjointed sandstones of the Mam Tor
Sandstone and also the Shale Grit Formation overlying
relatively weak beds of shale. High load causes cambering
of the sandstone beds over the shale which results in
opening of joints as shown in fig. 7.17 A and B. The shale
beneath the sandstone beds becomes deformed as shown in
Fig. 7.17 C.

The thawing of ice inclusions will cause a sudden
rise in the moisture content which may induce excess
hydrostatic pressures 1leading to instability along the
bedding planes and Jjoints. Under these conditions Shale
undergoes softening and the consequent reduction in shear
strength could cause failure to occur.

The main units are rotational and generally non-
circular as might be expected with nhomogeneous bedrocks.
Also, the shale is an isotropic with beds of sandstone
or ironstone and the bedding planes, which control the
behaviour as shown in Fig. 7.17 C.

The rotation in some cases inwards while elsewhere
it is outwards. This feature depends on the attitude of
the beds before failure.

The toe of the 1landslips tend to be translational
slides due to the movement of colluvium over the original
ground surface.
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Fig. 7.17 Possible evolution of landslips.
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The morphological technique wused in establishing
the dimensions of the landslips and their modes of move-
ments are very important. Changes in the geometry of the
ground surface after failure provides evidence for post
landslip activity and thus the instability can be iden-
tified. In addition to defining the geometry of the slips
studied, it has also been possible to draw conclusions
regarding their present stability condition and the likely
groundwater conditions. Further details are included in
Chapter 8.
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CHAPTER 8

STABILITY ANALYSIS FOR LANDSLIPS STUDIED

8.1 Introduction

The objective of this chapter is to examine the
causes and conditions of instability of landslips in North
perbyshire. The general characteristics of the landslips
are given in Table 8.1, and each of these areas of ins-
tability is located on map 2.1. Morphological observations
are described in Chapter 7 are discussed in this Chapter
with regard to features affecting the analysis of stabi-
lity. Of particular importance to these analyses are the
positions of the slip surfaces, the groundwater table
and both the pre-slip and the post-slip topography. The
analysis of each landslip is carried out in terms of its
stability against both first time sliding and also post-
failure movements.

8.2 Information Required for the Analysis of Stability

A knowledge of the position of the slip surface
forms an essential part of analysis for both first-time
and subsequent-instability. In practice, the most likely
position was deemed to be the one which minimized the
factor of safety for the worst probable groundwater con-
ditions. This was found by trial and error from an initial
position chosen on the basis of the various factors listed
below and considered in detail in the subsequent text.
i. Present geometry of slope
ii. Geological cross section
iii. Original geometry of slope
iv. Position of the water table
V. Shear strength parameters.

i, Present geometry of slope
A topographic section of each landslip was drawn
from the relevant Ordnance Survey 1:10000 scale



Table 8.1

Landslip

Mam Tor

Rushup Edge

Cold Side

Back Tor

Burr Tor

Summary of Instability in North Derbyshire.

Location
(GR of Centre)

xy 135837

xy 122841

xy 128845

xy 143853

xy 178785

Main unit:

Toe:

Main unit:

Toe:

Main unit:

Toe:

Main unit:

Toe:

Main unit:

Toe:

Type of instability

Non-circular rotational
slide cutting through Mam
Tor sandstone and underlying
Edale Shale.

Translational slide of col-
luvium lying on Edale Shale
and valley floor deposits.
Non-circular rotational
slide cutting through Mam
Tor sandstone and underlying
Edale Shale.

Translational slide of col-
luvium lying on Edale Shale
and valley floor deposits.
Non-circular rotational
slide cutting through Mam
Tor sandstone and underlying
Edale Shale.

Convex to the original slope
form, part of main unit
movement.

Non-circular rotational
slide cutting through Mam
Tor sandstone and underlying
Edale Shale.

Translational slide of col-
Tuvium lying on Edale Shale
and valley floor deposits.
Non-circular rotational
slide cutting through Shale
Grit Sandstone and under-
lying shale.

Convex to the original slope
form, part of main unit
movement.



Table 8.1 cont'd.

Bretton
Clough

Alport
Castles

Rowlee
Pasture

Cowms Moor

xy 199788

xy 141912

xy 155893

xy 155893

Main unit:

Toe:

Main unit:

Toe:

Main unit:

Toe:

Upper part
Main unit:

Toe:

Lower part
Main unit:

Non-circular rotational
slide cutting through Shale
Grit sandstone and under-
lying shale .

An accumulation of landslide
debris raising valley floor,
eroded by river.

Non-circular rotational
slide cutting through Shale
Grit sandstone, Mam Tor
sandstone and underlying
shale.

Translational slide of col-
Tuvium lying on shale and
valley floor deposits.
Non-circular rotational
slide cutting through Shale
Grit sandstone, Mam Tor
sandstone and underlying
shale.

Flow slide of landslide
debris, part of the main
unit. Convex to the original
ground slope.

Non-circular rotational
slide cutting through Shale
Grit sandstone, Mam Tor
sandstone and underlying
shale.

Debris slide.of landslide
debris of the main unit.

Non-circular rotational
slide cutting through Mam
Tor sandstone and underlying
shale.



Table 8.1 cont'd.

Toe: Debris slide of landslide
debris, of the main unit
raising the valley floor,
eroded by river.

Kinder Scout xy 078886 Main unit: Non-circular rotation in
cutting through Grindslow

shale.

Toe: Debris slide of landslide
debris from the main unit.
Convex to original slope of
ground surface.



ii.

jii.

iv.
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contoured maps. These maps were found to be very
suitable for this purpose since they have a 5m.
or 10m. contour interval. The maps were enlarged
photographically to a scale of 1:5000 in order to
simplify the task of section drawing and the sec-
tions themselves were similarly enlarged to a scale
of 1:2500 for the purpose of analysis. '
Geo]odica] cross section

The geological cross section was prepared from geo-
logical maps published by the Institute of Geolo-
gical Sciences (British Geological Survey) which
were enlarged in the same way as the topographic
maps. Where it was difficult to measure the dip
and strike of the beds in the field the attitude
of beds was deduced from geological maps. In a few
cases due to the lack of suitable exposures or suit-
able bedding plane contour intersections, a suit-
able structure was assumed to be similar to that
of the nearby scarp sandstone.

Original geometry of slope

The stability conditions for the initial failure
were analysed according to the pre-failure slope
profile which was derived by extrapolation across
the landslip of contour lines from either side of
the unstable area. Analysis of post-initial failure
was carried out using the present day topography.
Position of the water table

The position of the water table is one of the main
potential errors in calculating the factor of safety
Since for first-time sliding the slope geometry
has been estimated before slippage, the Tlocation
of the water table at the time of failure is not
known. In order to carry out the stability analysis
this position has been estimated. Due to the prevai-
ling climatic conditions (See Section 7.12), it
may be assumed that it would be relatively high.
In the lower, and more gentle parts of the slopes,
that is near the toes, it seems reasonable to assume
that the water table was at or very near to the
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ground surface. At the top of the slopes it has

been assumed that the ground water table lies a

small distance below the ground surface. Then the .
analysis was performed for a number of water table

positions. Initially a water table which rises on

a gentle curve which slopes a few degrees less than

the original ground surface has been adopted. This

follows the shape of the ground surface in a subdued

manner. The general slope of the water table has

then been changed in order to find by trial and

error a position which gives a reasonable factor

of safety.

Finding a suitable position for the water table

in the case of the post-failure analyses is much

easier than for first-time sliding. At Mam Tor,

the piezometers readings are available (See Fig.

8.4). However, since the cross section chosen for
determination the stability of Mam Tor lanslip does

not pass through the measuring positions, the water

table was extrapolated on a tranverse sections (See
Map Fig. 7.3), again using a shape which reflects

in a subdued manner the ground surface. For the other
landslips for which no measurements of the elevation

of water table are available, the elevation of water
table has been estimated after considering the
location of marshes and seepages. These were ob-
served during geomorphological maps work. Again
different heights of water table were tested by
trial and error analyses, and the most satisfactory
one was adopted.

Shear strength parameters
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Most analyses required a knowledge of the strength

of both shale and sandstone.

a. Shear strength of shale.

The shear strength parameters for samples of shale
were determined using the ring shear method as described
in Chapter 5.

The shear strength may be expressed in terms of
a_ peak (c.' . ¢;), fully softened or remoulded. (c; .
¢g) or residual values (c; . ¢¥) for existing shear sur-
faces. The first time failures were analysed on the basis
of the remoulded peak values while the remoulded residual
parameters were used for the post initial calculations.

According to Skempton (1970) the stability of first-
time slides in over-consolidated clay is controlled by
the fully softened or remoulded strength and residual
is appropriate to the analysis of over-consolidated clay
with pre-existing failure planes. It is argued with
reference to Fig. 8.1 that whatever the original condition
of a clay, drained shear is accompanied by dilation in
the case of over-consolidated clays and contraction in
under-consolidated clays so that ultimately a condition
of normal consolidation is attained during shearing.
Roscoe et al (1958) define a critical condition after
which further increments of shear distortion cause no
change in water content, this is an equivalent condition
to normal consolidation. Although Schofield and W-oth
(1968) concluded that the peak strength of a normally-
consolidated remoulded <clay occurs Just before th?
critical state is reached and he suggest a value of ¢Q
= 22.3° for London Clay compared with the remoulded peak
strength of 20° found by Skempton (1970) for practical
purpose, the critical condition strength is taken as being
equal to the fully softened strength of an over-consolf~
dated clay or the peak strength of remoulded normal con-
solidated sample.

b. Shear strength of sandstone.

Attempts were made to determine the shear strength
parameters for sandstone using the 60mm square shear box.



stress ZPcuk 0-C
Fully “softened
/Pcok N-C
Rcsiduul/
0 Displacement
Shear 0-C Critical state Shear
stress strength

$e |

0 Effective normal pressure

0 Displacement
N-C

Water k
0-C  Critical state

o Displacement

Fig. 8.1 Critical state for drained shear tests on

ideal clay (After Skempton, 1970).
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Samples for this determination was chosen from the Mam
Tor Beds. They were a grey fine to medium grained lami-
nated sandstone which consists of moderately to well-
sorted quartz with a 1little feldspar (See also Allen,
1960). In order to measure the approximate strength
mobilized along joint surfaces 1in this material an
artificial discontinuity was formed in the sample by
cuttig rectangular block and breaking it with a wedge
sample splitter. The two halves of the sample were then
trimmed to fit in the shear box so that the induced
discontinuity surface coincided with the join between
the two halves. Any spaces between the sample and the
edges of the box were filled with plaster of Paris to
ensure that the sample was held firmly in place. Unfor-
tunately, probably due to the irregularity of the sur-
faces, during shearing, the join between the two halves
of the shear box opened and anomalously high values of
shear resistance were obtained. The gap increased with
continuous shearing and three attempts to overcome this
problem were unsuccessful.

According to Bell (1981) the angle of friction
(¢) of sandstones is generally between 32° and 42° depen-
ding on the type of rock. Data published by Wilum and
Starzewski (1975) in Table 8.2 indicate that a ¢' value
of 35° to 37° would be appropriate. With respect to
residual properties, Table 8.3 present Barton's (1973)
compilation from a number of sources. Hence a ¢; value
between 30 and 32° was used in the analysis of post-
initial failure.

8.3 Stability Analysis for Rotational Movement

The stability was considered in terms of a typical
vertical cross section drawn for the length of the land-
slip, generally along the centre 1line. As is normal
practice, the potentially unstable area was divided up
into a series of strips as indicated in Fig. 8.2. Jumikis
(1965) recommends using a strip width of 10% of the radius
of slip surface.



Table 8.2 Typical value of strength. parameter o (after Polish

code PN-591B-03026, 1959).

Type of soil Density
Dense Medium Loose
0o o] (o]
sands coarse 40 - 38 38 -35 35 - 32
- medium
. o (] [s]
sands fine 37 - 35 35 - 32 32 - 28
& silty
sands & 30 - 25° 25 - 22° 22 - 18°

organic




Table 8.3 Residual friction angle of sandstone (after Barton, 1973)

Moisture Un' KN/m2 ‘br. Reference

dry 0 -490 | 26 - 35 | Patton (1966)

Wet 0 -490 | 25 - 33° "

wet 0 - 294 29° Ripley and Lee (1962)
dry 294 - 2942| 31 - 33 | Krsmanovic (1967)
dry 98 - 6864| 32 - 3¢ | Coulson (1972)

wet 98 - 7158| 31 - 34 "
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Where :
(@ = slope angle of slip surface at base of slice.
H1 = height of slice in sandstone beds.
Ha = height of slice in shale beds.
a = height of water table from slip surface.
d = width of slice.
L = base length of slice.
wiw2: weight of slice.
Psst. = density of sandstone.
Psh. o density of shale.
P, = density of water.

C = effective cohesion of shale.

Fig. 8.2 Method of calculating stability.
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The calculations were carried out by a desk calcu-
lator method using the format in Fig. 8.2. It was consi-
dered that no advantage would be gained from using the
computer for this operation, in view of the difficulty
of finding the position of non-circular slip surfaces
and water tables. Variations in shear strength are easier
to accommodate in the manual method which also affords
a greater ‘feel' for the situation being modelled.

In order to carry out the analysis it was necessary
to make the assumptions outlined below regarding the form
of the slip surface.

i. The shape of slip surface cuts more or less directly
across the bedding of sandstone curves slightly when
approaching shale. It takes a curved path through
shale.

ji. Where more than one lithology is present, the situa-
tion has been characterized by the properties of
the major constituent.

jii. The effective cohesion of sandstone is zero.

jv. The density of shale is 2.3 Mg/m® and density of
sandstone is 2.59 Mg/m>.

V. Shear strength 1is wuniformily mobilized on shear
surface. &

vi. The interslice forces cancel out each other and have
no overall effect (See Section 6.4.2).

Applying these assumptions to equation (6.22) gives
the following working expression (See Fig. 8.2).

Sandstone (sst) based slices Shale (sh) based slices

Factor of S(ucosa-u) tan Py +Sc 1+ SlWcosa-u) tan @,
safety - ‘

against S¥Wsina
failure

where:

=
—
1}

weight of slice

effective cohesion of shale
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were
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effective internal friction of shale

effective internal friction of sandstone.

= slope angle of slip surface at the base of slice

base length of slice

Stability Analysis for Translational Movement

The stability of translational parts of the landslips
analysed using the infinite slope method outlined

in Chapter 6. For this the assumptions listed below were

necessary:

i.

ii.

jiti.

8.5

Figs.

The slip surface lies at the level of the original
ground surface (See Fig. 8.3). Since most slides
are terminated by a convex slope at their lower end,
it seems likely that the landslip material over-rides
the original ground surface.

The water table creates a hydrostatic component of
pressure on the slip surface with flow out of the
slope (See Haefeli 1948). This 1is supported by
reference to seepages of water and the permanent
high water table measured in borehole 2 at Mam Tor
(See Fig. 8.4 B).

A second groundwater condition in which the water
table is the below ground surface was also considered
(See formula 6.13). This is likely to be more repre-
sentative of the situation during dry seasons. Fig.
8.4 shows that the seasonal variation of water table
for boreholes 1 and 2 at Mam Tor is approximately
of 0.8 metre for Borehole 1 and 0.5 metre for Bore-

hole 2.

Volumetric Changes

Longitudinal cross-sections for each landslip in
8.5 to 8.14 indicate that the land movements have



zone of depletion

zone of accumilation
original ground surface

present ground surface

slip surface

/R

Fig. 8.3

Sketch of typical features of landslip.
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had the effect of creating zones of depletion and accummula-
tion with respect to the previous land profile. Clearly
the postulated movement has implications to the equality
between these amounts which were found by measuring the
area on the cross sections with a planimeter. Errors may
be introduced since the zone of depletion consists of
rock in a more dense condition than in the zone of accu-
mulation. Also the cross section chosenmaynst have been
truly representative, inaccuracies may have a risen in
the estimation of previous profile and loses of material
from-or gains of - material in landslip area may be due
to erosion or other causes.

Table 8.4 shows that as would be expected, the
volumes of accummulation zone material are more than the
depletiom material in all landslips except for Cowms Moor
Upper landslip and Kinder Scout landslip section A - A’
where the two volumes are nearly equal. This effect may
be due to the interference between the upper and lower
landslip.

8.6 Sources of Error

Apart from difficulties already considered,possible
sources of error may be arise from due to the choice of
'typical® cross section and also since stability is
influenced by the assumptions regarding the position of
geological boundaries. To some extent these problems were
overcome by determining the sensitivity of the factor
of safety to changes in various parameters. Hence for
certain landslips more than one section was analysed.
In addition several slip surfaces and water tables were
considered for each landslip.

8.7 Results of Stability Analyses

The stability analysis for the ten landslips were
carried out using the relevant shear strengths indicated
in Table 8.5. In the cases of Mam Tor, Rushup Edge, Cold



Table 8.4 Volumetric changes for zones of depletion and

accumulation of the landslips studied.

Landslip Zone of Depletion Zone of accumulation
(m3) (m)
Mam Tor 1,158,187 1,784,412
Rushup Edge 1,087,500 3,268,125
Cold Side 1,223,750 2,716,875
Back Tor 2,691,875 7,698,500
Burr Tor 512,500 3,750,000
Bretton Clough 710,937 1,638,000
A - A o
Bretton Clough 1,365,625 2,625,000
B -8
Alport Castle 8,279,687 20,040,500
Cowms Moor 3,196,875 3,122,031
upper slip
Cowms Moor 3,789,362 5,502,656
lower slip
Kinder Scout 1,375,625 1,363,820
A-A
Kinder Scout 687,375 1,568,925
B-B
Rowlee Pasture 1,393,437 5,187,500
A - A'
Rowlee Pasture 8,409,375 18,735,937
B - é




Table 8.5 Shear strengths used in the analysis.

SAMPLE

LANDSLIP

Mam Tor Borehole

Mam Tor

(MTBH) Rushup Edge
Cold Side
Back Tor
Burr Tor Burr Tor
( BUT) Bretton Clough

Alport Castles
(AC)

Alport Castles

Cowms Moor

Rowlee Pastures

(rRP)

Rowlee Pasture

Cowms Moor

Kinder Scout

(KS)

Kinder Scout
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Side and Back Tor slips, the underlying material is Edale
Shale so it was assumed that the result of the shear tests
on material from Borehole 1 at Mam Tor was representative.
The Bretton Clough and Burr Tor landslips are reasonably
near to each other and so the analysis is carried out
using shear strength results for the Burr Tor sample.
The shear strength parameter for material from Rowlee
Pasture and Alport Castles have used in the analysis of
the Cowms Moor landslip for the same reason.

By considering carefully the situation relating to
each landslip (See Section 8.2), the most probable
slip surface was postulated and used for analysis, other
slip surfaces were tried and by a process of trial and
error the most critical one to give a reasonable account
of all the evidence was found. In addition, for first
time sliding two other slip surfaces were also used in
order to test the sensitivity of the factor of safety
to this position. In the case of post-initial failure,
calculation was based on the conditions for the most
critical slip surface. In addition the residual shear
strength measured by ring shear is assumed. The sensiti-
vity of the factor of safety to the shear strength of
sandstone and shale and to the elevation of water table
are also considered. In addition the following sections
include discussions of each postulated slip surface.

P Mam Tor
a. Main unit, (rotational part).

The analysis is based on the most probable slip surface
which is slip surface '2' in Fig. 8.5 A which yields a
factor of safety of 0.92. Slip surface 'l1' gives a figure
of 0.97 while slip surface '3' gives a figure of 0.96.
Changes in the shear strength of the sandstone were found
to produce little change in the factor of safety where
an increase in ¢' of 2° (from 35-37°) increased the factor
of safety by 0.01 (from 0.92 to 0.93 for slip surface
'2'). By lowering or raising the position of the water
table by 5m. safety factors of 0.96 and 0.88 respectively
were found. This is a change of only f 0.04.
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safety factor increases to between 0.97 and 1.04. The
relationship between the safety factor and the depth below
ground surface of the slip plane (z) 1is indicated in
Fig. 8.5D.

Observation of the water table in Borehole 2 indicate
depth ranges from zero to 0.5m below the ground surface.
Again by drawing a transverse cross section C - é (See
map Fig. 7.3) through this position in Fig. 8.5C indicates
a depth to the original ground surface of about 13m.

In view of the uncertainty regarding the thickness
of toe 1in Area B the instability was calculated for
different slip surface depth with the water table (location
4, 5, 6 and 7) shown in Fig. 8.5 A. Hence the factor of
safety ranges between 0.95 and 1.06. By lowering the water
table by 0.5m the safety factor increases to between 0.99
and 1.11. Increasing the residual shear strength by one
degree raises this figure by 0.09 to 0.12.

ii. Rushup Edge
a. Main unit (rotational part)

The most probable slip surface for first time sliding
is shown in Fig. 8.6. Slip surface '2' gives a safety
factor of 0.96 while slip surfaces 'I1' and '3' give
figures of 0.99 and 1.06 respectively. Increasing the
shear strength of sandstone from 35 to 37° increases the
safety factor by only 0.04. Raising or lowering the water
table shown in Fig. 8.6 by 5m. gives a safety factor of
0.93 and 0.99 which represents a change of 0.03. Increa-
sing the original slope by 5° in Fig. 8.6A decreases
the factor of safety from 0.96 to 0.93 and correspondingly
increases it to 1.03 for a reduction in slope of the same
amount.

The stability in the post initial condition gives
a safety factor for slip surface '2' of 1.00 and 1.03
depending whether residual shear strength of sandstone
30 or 32° is used. An increase in safety factor by 0.09
to values of 1.09 and 1.12 results from an increase in
residual shear strength of shale from 7.5° to 8.5° for
residual shear strength of sandstone of 30° or 32°.
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b. Toe (translational part)

The stability of the translational part is considered
as two parts in Fig. 8.6. In area A, where the original
ground surface slopes at an angle of 6.5°, the safety
factors lies between 0.96 and 1.31 depending on the depth
of the slip surface and elevation of water table. In area
B, the ground slope is 7.5° and a safety factor between
1.01 and 1.11 is obtained. Increasing the residual shear
strength by one degree increases the factor of safety
in area A by 0.09 and 0.12, while the corresponding
increases for area B is 0.11 and 0.13. Hence it would
appear that the toe of the landslip is more stable than
the main unit.

iii. Cold Side
a. Main unit (rotational)

Using the 1longitudinal profile of Fig. 8.7 for the
most possible slip surface, a safety factor of 0.96 is
obtained for slip surface '2' while slip surfaces '1'’
and '3' give values of 1.03 and 1.0 respectively. This
factor is increased by only 0.04 if the shear strength
of sandstone is increased from 35 to 37°, so it has little
effect in position of the postulated slip surface. By
lowering the water table shown in Fig. 8.7 by 5m., the
factor of safety increases by only 0.02 from 0.96 to 0.98
while raising it by 5m reduces the factor from 0.96 to
0.94. As shown in Fig. 8.7A, the safety factor is reduced
by only 0.006 if the original slope is increased by 5°,
while reducing the original slope by 5° causes an increase
in safety factor by 0.02.

The results for the stability of post-initial failure
shown in Fig. 8.7 indicate factors of safety from 1.00
to 1.03 where the residual shear strength of the sandstone
assumed is 30 and 32° respectively. An increase in safety
factor by 0.08 results from an increase in residual strength
of shale from 7.5 to 8.5.

b. Toe

The stability of the toe of the landslip was calcu-

lated as a flow of landslip material. The results shown
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in Fig. 8.7 give a safety factor of 1.12. By assuming
a residual shear strength one degree higher than the
laboratory measured one, the figure increases by 0.13 to
1.25.

iv. Back Tor

a. Main unit (rotational part)

The stability factors for the main unit at Back Tor
landslip are shown in Fig. 8.8. Slip surface '2' gives
a safety factor of 0.96 and corresponding values for slip
surface '1' and '3' are 0.98 and 0.99 respectively.
Increasing the shear strength of sandstone from 35 to
37° 1increases the factor of safety by 0.05. Thus the
strength of this material has only a small effect on the
factor of safety or postulated slip surface position.
By raising the water table by 5m. there is a reduction
in safety factor of only 0.01. Similarly, lowering the
water table by 5m increases the safety factor by only
0.01. )

The stability of post initial failure is also calculated and
it was found to be 0.98 and 1.02 for a residual shear
strength of sandstone of 30-and 32° respectively. Assuming
the mobilized shear strength of shale is one degree higher
than the laboratory one yields an “increase .in safety factor of 0.07.
b. Toe (translational)

The stability of the toe of the Tlandslip is also
calculated 1in Fig. 8.8. Again the stability has been
calculated for different 1locations and for different
depths to the slip surface and elevations of water table.
The safety factor ranges between 1.19 and 1.33. By
assuming a residual shear strength of shale one degree
higher than the measured one, the figure increases by
0.12 to 0.15. Thus it would appear that the toe is more
stable than the main unit. It is significant that no
evidence of recent landslip activity was noticed in the
field.

V. Burr Tor
a. Main unit (rotational)
The stability analyses of the Burr Tor landslip are
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shown in Fig. 8.9. Slip surface '2' gives a safety factor
of 0.97 while slip surface '1' and '3' give safety factors
of 1.00 and 1.03 respectively. An increase in shear
strength for sandstone from 35 to 37° increases the
factor of safety by 0.02, so apparently it has little
effect on the stability. By assuming water table 'A' shown
in Fig. 8.9 is lowered by 5m increases the safety factor
by 0.03, while raising it by the same amount reduces the
value by 0.03.

The stability of the post-initial failure produces
a factor of safety of 0.98. Assuming the residual shear
strength of shale 1is one degree higher than that used
in the analysis gives a safety factor of 1.07, an increase
of 0.09. As mentioned in Chapter 7 there is no evidence
of any recent activity of this landslip, so the first
value appears a little low in view of the likely seasonal
fluctuation of water table elevation.

b. Toe
The stability analysis of the toe of this landslip

which consists of a small translational flow of landslip
debris gives a safety factor of 1.72. By assuming the
mobilized shear strength is one degree higher than the
test one, gives a safety factor of 1.86 so it would appear
that the toe is more stable than the main unit.

vi. Bretton Clough

a. Main unit (rotational)
The stability of the Bretton Clough 1landslip is

analysed with respect to two cross-sections located on
map Fig. 7.11. The stability analyses for first time slides
using postulated slip surfaces are shown in Fig. 8.10.

For section A-A', slip surface '2' gives a factor
of safety of 0.95, while slip surface '1' and '3' give
safety factors of 0.97 and 1.0 respectively. Increasing
the shear strength of sandstone from 35 to 37° increases
the safety factor by only 0.02. By lowering or raising
water table 'A' by 5m the figure respectively increases
or decreases by 0.05. For section B-B', postulated slip
surface '2' gives a safety factor of 0.96 while slip
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surfaces '1' and '3' gives values of 1.01 and 1.03 res-
pectively. Changing the shear strength of sandstone from
35° to 37° increases the safety factor by less than 0.005.
A 5m reduction in the height of the water table 'A' gives
a safety factor of 1.02 while raising it by the same
amount produces a safety factor of 0.90 , an increase
or decrease of 0.06.

Analyses of the post-initial failure idindicate 1in
Section A-A' of Fig. 8.10 that the landslip has obtained
a very stable condition since slip surface '2° gives.
safety factors of 1.55 and 1.56 for residual shear
strength of sandstone of 30 and 32° respectively. By
assuming a residual shear strength of shale one degree
higher than the measured one, these figures increase by
0.13. The relatively stable condition attained by this
landslip may be attributed to the restraint due to the
accummulation of landslip debris in the valley. The post-
initial failure analysis for section B-B' gives a safety
factor of 1.21 for slip surface '2'. Assuming the residual
shear strength of shale is one degree higher than the
laboratory value, this increases the safety factor to 1.33.
These values are less than the corresponding ones for
section A-A' because the landslip material in this section
appears to be shallower in the zone of depletion and
deeper in the zone of accumulation.

b. Toe

The analyses of the toe of the landslip which forms
a small translational slide yield factors of safety of
1.21 for section A-A' and 1.25 and 1.32 for section B-B'.
These figures increase by 0.08 to 0.11 when the assumed
residual shear strength of the shale is one degree higher
than the laboratory value.

vii. Alport Castles

The stability analysis of Alport Castles landslip
is represented by two cross sections located on map Fig.
7.12.

a. Main unit (rotational)
The stability analyses for first-time sliding for
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several slip surfaces are shown in Fig. 8.11. Slip surface
'2' in Section A-A' gives a safety factor of 0.95, while
slip surfaces '1' and '3' both produce a value of .0.99.
An increase in safety factor of only 0.04 occurs if the
shear strength of sandstone is increased from 35 to 37°.
By lowering or raising by 5m water table 'A' shown in
fig. 8.11, section A-A', the safety factor is changed
by 0.03. Section B-B' shows the location of two landslip
surfaces. For the first of these the most probable slip
surface is number '2' which gives a safety factor of 0.95
while slip surfaces '1' and '3' give values of 0.99 and
0.97 respectively. The factor of safety is increased by
up to 0.05 if the shear strength of the sandstone is
increased from 35 to 37°. An increase or decrease in
safety factor by 0.03 occurs if water table 'A' s
changed by 5m to give a safety factors of a 0.92 and 0.98
respectively. For the second landslip, slip surface '2'
gives a safety factor of 0.98 while surfaces 'l1' and '3'
give safety factor of 0.99 and 1.0 respectively. These
figures are increased by 0.02 if the shear strength of
sandstone is increased from 35 to 37°. Raising or lowering
water table ‘A' by 5m decreases or increases the safety
factor by 0.02 respectively.

The post-initial failure analysis is also shown in
Fig. 8.11 in which the safety factor for the mast probablé slip
surface '2' in Section A-A* is 1.35. This value increases
by 0.05 if the residual shear strength of sandstone is
jncreased from 30 to 32°. If the residual shear strength
of the shale is increased by one degree the factor of
safety is increased by 0.11. This high factor of safety
in this cross-section is attributed to large thickness
of landsTip material in the zone of accumulation. Analysis of Section
B-B' yields lower safety factors in which for the first
time landslip the safety factor is 0.98. This is increased
by 0.05 if the residual shear strength of sandstone is
raised from 30° to 32°. By assuming the residual shear
strength of shale is one degree higher, the safety factor
js increased by 0.05. In case of second landslip, slip
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surface '2' gives a safety factor of 1.00. This increases
by 0.03 if the residual shear strength of sandstone is
increased by 2°. Assuming that the residual shear strength
of the shale is higher by one degree than the residual
shear strength determined in 1laboratory increases the
safety factor by 0.08.
b. Toe (translational)

The stability analysis of the toe of the landslip
is also calculated for both sections shown in Fig. 8.11.
For Section A-A' the factor of safety ranges between 0.92
and 1.02. By assuming the residual shear strength of shale
is one degree higher increases the safety factor to 1.03
and 1.15 respectively. In case of Section B-B', the factor
ranges between 0.94 and 1.35 depending on the position
of the slip surface and the water table. These values
are increased by 0.12 if the residual shear strength of

the shale is one degree higher.

viii. Rowlee Pasture
Stability analyses for first-time sliding are car-

ried out for the two cross sections located on map Fig.
7.13.
a. Main unit (rotational)

Slip surface '2' shown in Section A-A' in Fig. 8.12
gives a safety factor of 0.95, while slip surfaces 'l
and '3' gives respectively safety factors of 0.99 and
0.98. Increasing the shear strength of sandstone by 2°
increases the factor of safety by up to 0.06 and altering
the water table by 5m reduces or increases the value by
by 0.03. For Section B-B' the safety factor is 0.91 for
slip surface '2' and 1.00 and 1.05 for slip surfaces 'l
and '3' respectively. An increase in safety factor up
to 0.04 is produced by increasing the shear strength of
sandstone by 2°, while changing the water table by 5m
produces a change in safety factor of 0.02.

Analysis of post initial failure stability for both
Sections A-A' and B-B' yield a safety factor of 0.98.
This value increases by 0.04 when the residual shear
strength of sandstone is ‘increased by 2°. The factor of
safety is increased by 0.06 when the residual mobilized
shear strength of the shale is one degree higher.
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b. Toe
In Section A-A' the toe is not developed and it has

not been analysed. In Section B-B', the stability of the
toe 1is calculated assuming a small translational flow
of material from the main unit. This suggests a factor
of safety of between 0.88 and 0.94 depending on the slip
surface position and water table elevation. These values
increase to 0.97 and 1.01 respectively by assuming the
residual shear strength of the shale is one degree higher
than the 1laboratory value. In fact, field observations
(Chapter 7) indicate that the landslip Section A-A' has
not been subject to recent activity. It is certainly more
stable than section B-B' where the A57 road and river
bank have been affected by minor movements.

ix. Cowms Moor

The stability analyses for first time sliding using
postulated slip surfaces for the Cowms Moor landslip are
represented in two cross sections located on map Fig.
7.14 and the analyses shown in Fig. 8.13. As mentioned
in Chapter 7, it is convenient to divide the landslip
into an upper and lower part.

a. Main unit (rotational)

The analysis for a first-time slide of the upper
landslip shown in Section A-A' of Fig. 8.13 gives a safety
factor which ranges between 0.96 and 0.98 for slip surface
'2', while for slip surfaces 'l1' and '3' the figures range
between 0.97 - 0.99 and 1.00 - 1.03 respectively. The
increase in safety factor produced when the shear strength
of sandstone is increased by 2° is 0.04 and 0.05 and
raising or lowering by 5m water table 'A' causes changes
the safety factor by 0.07. In section B-B' the upper
landslip gives a safety factor that ranges between 0.92
and 0.95 for slip surface '2' while for slip surface 'I1°
and '3' the safety factor is from 0.97 to 0.99 and 0.99
to 1.02 respectively. An increase of 0.04 to 0.05 in this
figure is produced when the residual shear strength of
sandstone increases from 35° to 37°. Lowering or raising
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the water table by 5m causes an increase or decrease
in safety‘factor amounting to 0.04.

For the 1lower 1landslip the postulated slip surface
in Section A-A' gives factors of safety for first-time
sliding of 0.94 - 0.98 for slip surface '2' and between
0.96 to 0.99 and 0.97 to 1.01 for slip surfaces '1' and
'3' respectively. The corresponding values for cross
section B-B' are 0.92 to 0.95 for slip surface '2' and
0.97 to 1.00 and 0.98 to 1.02 for surfaces '1' and '3’
respectively. An increase in safety factor of between
0.02 to 0.03 occurs when the shear strength of sandstone
is 1increased from 35 to 37°, and changing the position
of the water table by 5m causes a change in safety factor

"of 0.04 for Section A-A'. The corresponding values for
Section B-B' are 0.04 to 0.06.

The post-initial failure stability for Section A-A'
of slip surface '2' of the upper landslip is found to
range 1.36 to 1.38 depending on the strength value adopted
where as for Section B-B' the range is 1.25 - 1.28. An
increase in safety factor of between 0.09 and 0.08 occurs
when the residual shear strength of sandstone is increased
from 30 to 32° for Section A-A' and the corresponding
increase is only 0.06 for Section B-B'. By changing the
residual shear strength of shale by one degree, the safety
factor for Section A-A' increases by only 0.05 while for
cross-section B-B' it is between 0.06 and 0.07. Slip
surface '2' of the lower landslip of Section A-A' gives
a safety factor which ranges between 1.03 and 1.05 while
for Section B-B' slip surface '2' gives a value of 1.05
to 1.07. For both sections the factor of safety is
increased by 0.04 by increasing the shear strength of
sandstone from 30 to 32°. By increasing the residual shear
strength of the shale by one degree, the factor of safety
is increased by 0.07 to 0.08 in cross-section A-A' and
by 0.06 in cross-section B-B' depending on the 1length
of slip surface assumed to cut the shale beds.

b. Toe

The stability of the toe of the lower landslip shown

in Section B-B' of Fig. 8.13 was calculated by assuming
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a small translational slide. The factors of safety range
between 2.49 and 2.90 depending on the thickness of the
landslip material and elevation of water table. This high
factor of safety is explained by the presence of sandstone
beneath the slip. In the case of the toe of the upper
landslip, since the original ground slope is less than

5° movement 1is most improbable on the sandstone present
in the area.

X. Kinder Scout
Only two cross sections located on map Fig. 7.15

were chosen to represent the landslips in the Kinder Scout
area.

a. Main unit (rotational)
h The slip surfaces used in the stability analysis
are shown in Fig. 8.14, Section A-A' and B-B'. Slip
surface '2' of Section A-A' gives a first time safety
factor of 0.95 while for Section B-B' the corresponding
figure is 0.94. Slip surface '1' and '3' both give higher
safety factors of 0.99 and 0.97 respectively. Lowering
or raising the water table 'A' shown 1in both Sections
A-A' and B-B' by 5m., gives an increase or decrease in
the value of 0.06.

The post-initial failure analysis shown in Fig. 8.14
for Section A-A' gives a safety factor of 1.37 and 1.01
for Section B-B'. This higher value may be attributed to
the large thickness of landslip material in the zone of
accumulation. By assuming the mobilized shear strength
in the field is higher by one degree than the residual
shear strength obtained from ring shear tests, the factor

of safety is increased by 0.11 for Section A-A' and 0.08
for Section B-B'.

b. Toe

The stability of the toe was calculated as a small
translational slide of Tlandslip material. The safety
factors range between 0.97 and 1.08 for Section A-A* while
for Section B-B' they are between 0.91 and 1.02. If the

residual shear strength of the shale is one degree higher

than the measured value then the safety factor is
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increased by 0.06. No evidence of instability has been
noted in Chapter 7, so it would appear that the laboratory
remoulded ring residual shear strength is lower than the
field value.

8.8 Summary and Discussion

The analysis of stability for first time sliding
on the basis of remoulded peak strength has been used to
determine the position of the most probable slip surface.
The post failure stability condition has then been pre-
dicted by an analysis based on the most critical slip
surface wusing the remoulded residual shear strength.
Detailed mapping and observations described in Chapter
7 of the stability state of the landslips analysed may
be compared with these predictions. It should be remem-
bered that there exist a number of explanations for
apparent divergence from the predicted stability condi-
tion of which the most important probably include a lack
of knowledge regarding piezometric pressures, the position
of the slip surface, the density of the sliding material,
the ground surface profile prior the second movement
and the shear resistance mobilized on the slip surface.
Furthermore, there is uncertainty regarding the represen-
tativeness of the chosen cross-section and the accuracy
of the analysis 1itself. While having the advantage of
being convenient to apply, the analysis used does involve
a number of simplifying assumptions. In particular it
is assumed that interslice forces cancel out and that
shear stress mobilized on shear surface is constant (See
Section 8.3).

Increasing or decreasing the original slope modifies
the factor of safety value. As shown in Fig. 8.5 E for
Mam Tor increasing the slope by 5° causes a decrease in
safety factor of up to 8.5% while decreasing the slope
by the same amount increases the safety factor of up to
6.5%. Kinder Scout, Bretton Clough and Burr Tor have
comparable geometry to this landslip and so the changes
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will be of a similar magnitude. On the other hand, Cowms
Moor, Rowlee Pasture (Section B-B') and Alport Castles
are similar in terms of their geometry to the Rushup Edge
landslip. Hence from Fig. 8.6 A the change in factor of
safety for these slips will be decrease about 3% or
increase 7% for 5° change in slope. In the case of the
Rowlee Pasture (Section A-A') and Cold Side 1landslips
the changes are a decrease of 0.5% or an increase of 1.5%
for the same geometrical change (See Fig. 8.7 A). Changes
in safety factor due to the elevation of the water table
depend on the geometry of the landslip but typically a
5m. increase or decrease alters the safety factor by up
to 7%

A1l the 1landslips except for Mam Tor and part of
Rowlee Pasture appear from field observations to have
reached a stable or near stable condition. Indecase of
Mam Tor it is possible to compare the laboratory ring
shear d’rr.' with the shear resistance mobilized on the
post- initial failure slip surface owing to the greater
certainty which exists regarding the location and depth
of the slip surface. The depth of unweathered shale was
measured in Borehole '1' and water table observations are
available for both Borehole 1 and 2. However, as seen
in Fig. 8.5 the post-initial failure analysis for the
main unit gives a safety factor of 0.87. In fact as
explained in Chapter 7 the survey at Mam Tor indicates
that the movemert is intermittent, so that it would appear
to be stable during dry periods corresponding with a low
water table. Rainfall data presented in Fig. 7.6 show
that higher values in 1983 correspond with more rapid
movements indicated in Tables 7.3 and 7.4. Section 7.2
discusses circumstantial correlation of instability with
climate. In fact it would be necessary to lower the water
table by about 10m. in order to achieve a stable condi-
tion. Reducing its height by 3m. giving a safety factor
of 0.90 which is still rather low, but since from Fig.
8.4 A- seasonal fluctuation of only 0.8m has been measured
it would appear that the 1laboratory q‘)”', value under
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estimates the f{ieid residual shear strength by about 1°.
Increasing ¢%; by 1° would produce a safety factor of
0.98, which seems reasonable in view of the observed
stability condition. A similar argument may be applied
in respect of the toe of the Mam Tor landslip. As shown
in Fig. 8.4 B the maximum seasonal fluctuation in the
height of water table is about 0.5m. Since the difference
between the predicted factor of safety of 0.90 and unity
corresponds to a lowering of the water table of one metre,
it appears that, the mobilized residual shear strength
is underestimated by about 1° in the ring shear tests
on tumbled samples.

At Rushup Edge the landslip has a factor of safety
approaching unity however, increasing ¢r; of the shale
by 1° would appear to simulate more closely the field
condition since no evidence for activity was noted
(Chapter 7).

Similar effects were also noted in case of Cold Side,
Back Tor and Burr Tor landslips where the analyses show
that the increasing of residual shear strength of shale
by 1° raises the safety factor to a little more than unity
which again corresponds with the apparently stable
condition recorded in Chapter 7.

Apart from main unit Section g-8' of Alport Castles
and the toe of Rowlee Pasture, the landslips would appear
from field observations to be stable. So for Mam Tor,
Rushup Edge, Cold Side, Back Tor, Burr Tor and Kinder
Scout toe, it would be necessary for the mobilized shear
strength to be of at least one degree higher than that
obtained 1in the 1laboratory test (Ring shear, tumbled
samples). Instability of the toe of Rowlee Pasture land-
slip would still occur even if the residual shear strength
was raijsed by this amount.

In case of Bretton Clough 1landslip, using the ¢r;
of shale obtained by the ring shear apparatus gives a
high safety factor which appears to agree with the stable
condition of the 1landslip. This high factor of safety
is attributed to restraint due to the accumulation of
landslip debris in the valley.
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The analysis of the upper Cowms Moor landslip is
inconclusive since although a stable condition may be
predicted by assuming that the mobilized residual shear
strength is one degree higher than the laboratory value,
due to the sensitivity of this analysis to the proportion
of sandstone and shale, increasing the shear strength
of the sandstone by 2° would have a similar effect. In
the case of the lower Cowms Moor and the main unit of
Kinder Scout landslips the laboratory values may be
approximately equal to that mobilized on the slip surface.

As shown in Table 5.11 the difference between the
standard crushed-remoulded and tumbled-remoulded ring
shear, ¢r; ranges between 1.5 - 6.5°. Since a one degree
change in residual shear strength causes an increase in
factor of safety by up to 12.5% (See Table 8.6), use of
the value of ‘br; for the standard crushed-tumbled sample
would appear to overestimate the factor of safety by a
considerable amount. The cohesion intercept has only a
small effect on the factor of safety but, as shown in
Table 5.11, the crushed-remoulded sample gives a higher
cohesion intercept which would enhance the calculated
factor of safety further. Since shear box residual
strengths are more than ring shear ones it would appear
that a considerable over-estimate of the factor of safety
would have occurred had standard shear box test results
been used in the analysis.

The magnitude of the inaccuracies in the boundary
condition assumptions discussed in Section 8.7 indicates
that in a typical analysis the value of factor of safety
is most sensitive to the value of residual shear strength
of the shale. Table 8.6 shows the percentage change in
safety factor of each slip due to the changes 1in this
parameter and also the shear strength of sandstone. The
variation in these percentages depends on the length of
the slip surface assumed to cut the shale and the sand-
stone beds and also on the area of sandstone and shale
affected by the movement. Thus a change in ¢%; of only
1° will dincrease or decrease the factor of safety by up



Table 8.6 The effect of water table, the shear strength
of shale and sandstone used in the stability
analysis.

FACTOR OF SAFETY
LANDSLIP D/L |water table +5m shale +1°| sandstone
ratio
% % T2 °h Ty oog

for first time slide ¢¥rl ¢rl ¢'
Mam Tor 0.10 4.0 12.5 - 1.0
Rushup Edge 0.11 3.0 9.0 3.0} 4.0
Cold Side 0.08 2.0 8.0 3.0 5.0
Back Tor 0.12 1.0 7.0 4.0 5.0
Burr Tor 0.09 3.0 9.0 - 2.0

Bretton Clough
A - A’ 0.09 5.0 8.0 0.05 2.0
B - B' 0.10 6.0 10.0 - <0.5

AMport Castles

B - B' 1 3.0 5.0 5.015.0

first slip 0.17

A- A 2.0 8.0 3.0(2.0

second slip 0.16 3.0 8.0 3.5(4.0

Rowlee Pasture
A-A 0.13 2.0 6.0 4.0 | 4.0
B - B' 0.12 3.0 6.0 5.0 (3.0
Cowms Moor
A - A' upper slip. 0.1 7.0 3.5 6.5]14.0
Tower slip 0.10 4.0 7.5 4.0 2.0
B - B' upper slip 0.15
lower slip 0.13 4.5 5.5 5.0 4.5
5.5 5.5 4.0 | 3.0
Kinder Scout
A - A' 0.15 6.5 8.0 - -
B - B' 0.1 6.0 8.0 - -
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to 12.5% compared with up to 6.5% due changes in the shear
strength of sandstone of 2°.

8.9 Conclusion

It is difficult to determine the amount of error
which may arise in any particular parameter which forms
part of the calculations. However changes in the para-
meters other than residual shear strength of the shale
are large 1in comparison with the apparent uncertainty
in these values. On the other hand, a 1° change in ¢r;
which produces a large change in the factor of safety
determined, is a small change in comparison with the value
of other parameters such as water table. Hence it would appear that
the factor of safety obtained in the calculation is most sensitive
to the residual shear strength value adopted and 1less
sensitive to the other boundary conditions. It then
follows that in view of the relatively large changes in
factor of safety required to bring the field observations
into agreement with the stability predictions, the
mobilized field shear strength may be at least one degree
higher than the value obtained by ring shear tests on
thoroughly disaggregated material.

It would appear that the effects of over consolida-
tion and cementation (See Section 5.5.5) are not comp-
letely removed in the caseofcrushed-remoulded samples since
the samples are not disaggregated during preparation.
A high percentage of clay graﬂ{ aggregates remain intact
even when sheared to residual. Either these are not broken
down during testing, or they are lost from the shear plane
before full disaggregation occurs. The remoulded tumbled
sample overcomes this difficulty since most of the grains
are disaggregated during preparation. It may also be.
concluded that incomplete disaggregation occurs on actual
shear planes although irregularity of the slip surface
may also be responsible for this effect. "

An additional important conclusion which may be
drawn from these results relates to theuse of a remoulded
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peak value of shear strength for the analysis of first-
time sliding. It is argued (See Section 8.2) that first-
time sliding depends on the establishment of a continuous
shear surface on which the critical strength is mobilized.
Furthermore the remoulded peak strength is little lower
than this parameter. The fact that in the analyses for
first-time sliding, the most critical slip surfaces yielded
factors of safety in the range 0.91 to 1.02 (See Fig.
8.5 to 8.14) suggests that the remoulded peak value is
near to the mobilized strength of material since it is
not expected that the slopes would have existed in a
condition in which the factor of safety was much 1less
than unity. It should be borne in mind that, as was the
case with residual strength, the value used was determined
by ring shear tests on thoroughly disaggregated material,
Standard shear box tests yielded higher values than these.
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CHAPTER 9

CONCLUSION

9.1 General Conclusions

This chapter includes the general conclusions for
this study. In reading these, reference should be made
to the concluding remarks written at the ends of indivi-
dual relevant chapters.

The stability of the 1lanslips studied in North
Derbyshire havg been studied in the context of the inter-
action of geometry of the slopes, shear strength of rele-
vant rocks and the hydrological conditions. Hence factors
of safety against failure for the 1landslips have been
found by the 1limit equilibrium method from comparisons
of factor of safeties for individual Tlandslips, it is
possible to deduce values of residual shear strength
mobilized on the shear surfaces. These field, residual
shear strength are compared with 1laboratory ones. 1In
addition by plotting the average shear strength stress
against the effective normal stresses in Fig. 9.1 for
each landslip the overall average residual shear strength
is equal to c'= 0 ; = 11.2°. Mention is made later of
the testing conditions but briefly the remoulded residual
ring shear strength of thoroughly disaggregated shale
would appear to be about 1° less than that mobilized in
the field.

0f the ten landslips studied, present day instability
appears to be confined to the one at Mam Tor where the
movements have been monitored. Part of the toe at Rowlee
Pasture 1landslip also displays instability and slight
instability related to river erosion affects the toes
of the Bretton Clough, Alport Castles and Cowms Moor
landslips but it would appear that these slips have
achieved stability so far as mass movement #s concerned.

The movement of the Mam Tor landslip has been shown to be
intermittent. It 1is probably controlled by changes of groundwater
level in response to seasonal variation in the amount of rain fall.
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'Following a consideration of a number of classifi-
cation systems for land instability in Chapter 6 it was
concluded that the one proposed by Skempton and Hutchinson
(1969) is the most useful one to use for this study.
Although mixing mechanism and material, it is simple to
use and relates to appropriate methods of analysis. In
terms of this classification, most of the 1landslips
studied are rotational non-circular types. Those at Mam
Tor and Rushup edge show well developed toes which form
translational slides of landslip debris. The inhomogeniety
of the underlying bedrock material would appear to be
the main reason for the non-circular nature of the slip
surfaces. Besides changes of lithology due to the presence
of sandstone or ironstone beds, bedding in the shale and
weathering may also have contributed to this inhomogeniety.

Although simplifying assumptions are necessary a
limit equilibrium method of slices has been used in this
study. This method can be adapted for any shape of slip
surface and it is easy to change the boundary conditions
to carry out parametric studies where many of the conclu-
sions are based on comparisons. It has been necessary
either to determine or assume values of various parame-
ters. Some of the boundary conditions have been estab-
lished by geomorphological mapping and laboratory shear
strength determinations have also been used. The stability
of the slopes has been analysed in respect of both first
time failure and subsequent instability. It is argued
in Chapter 5 that the appropriate shear strength parame-
ters are respectively the remoulded peak and remoulded
residual values.

The value of factor of safety is shown to be very
sensitive to shear strength value and furthermore the
value for shale hasamuch greater influence than that of
the sandstone. The actual amount depends on the situation
but an increase of up to 12.5% in safety factor corres-
ponds with a one degree increase in ¢r; of shale, while
for sandstone the figure is up to 6.5% for a Qr;
increase of 2°. The position of the water table has also
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been investigated for each landslip. The actual effect
depends on the geometry of the slip, but since a change
of 5 m. in water table height is necessary to bring about
a change up to 7% in the value of factor.of saféty it would appear
that the comments made with regard to the mobilized shear
strength are valid.

A very important aspect of this study has comprised
applying techniques of geomorphological mapping and
measurement of actual movement to the investigation of
stability. These have been used to indicate the stability
condition of slopes and also to establish the geometry
of failures. Clearly inaccuracies may occur in the assess-
ment of the geometry but these can be considered in terms
of their effect on the factor of safety.

As would be anticipated, increases of the steepness
of the original slope decreases the safety factor. In
fact the change is not linear so that reducing steepness
has smaller relative effect. Again a comparatively large
change of 5° 1in original slope angle is required to
decrease the safety factor by up to 8.5% increase by
as much as 5.5%.

As mentioned earlier various testing techniques were
used to determine the residual shear strength. Clearly,
besides testing a number of different samples, since
in landslip studies rarely it is possible to test undis-
turbed shear plane material, methods of testing and sample
preparation have been investigated. Basically these
comprise ring shear and shear box tests on material dis-
aggregated either by tumbling in water or crushing. The
effect of sample grain size has also been studied by
seiving the material.

The tests indicate that the ring shear value of
remoulded residual shear strength ( ¢r;) is on average
about 2° lower than the corresponding shear box value.
These differences have been subjected to a statistical
analysis which indicates that the variation in the
residual shear strength is probably engendered by the
test method. Hence it is a function of the equipment
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rather than the samples. In fact this analysis casts doubt
on the accuracy of the shear box test.

The degree of roughness of the slip surface may have
an important effect on the comparison since it is more
likely to be more significant in case of the shear box
tests.

It could be argued that 1in well disaggregated
material a flatter surface is produced in the ring shear
where the shear relief is severely restrained compared
with the natural situation. It is envisaged that natural
rock mass inhomogenieties and existing discontinuities
would be significant in the latter case.

Tumbled remoulded ring shear samples always produce
a lower residual shear strength than crushed remoulded
material. The difference in ¢;r angle ranges between
1.5-6.5°, and the remoulded crushed samples show a higher
cohesion intercept. The effect of over-consolidation and
cementation appear not to be completely removed in case
of crushed remoulded sample, where the samples are not
disaggregated during preparation. It also appears that
the clay grain aggregates remain intact even when sheared.
Since from the previous discussion regarding observed
stability condition it was concluded that the mobilized
residual shear on the slip surfaces is about 1° higher
than the ring shear tumbled value, clearly crushed samples
yield rather high results. It is implied from this that
incomplete breakdown of aggregates occurs due to both
natural and test shearing

A further conclusion which arises from the study
is that the remoulded peak value of shear strength is
quite near to the mobilized shear strength for first time
failure. In the analyses to determine the most critical
slip surface for the first time sliding, a factors of
safety not much less than unity were obtained.

During the study, the opportunity has been taken
to investigate other causes of variation in the residual
shear strength value. Thus, changes in the normal
effective stress ( 0; ) produce effects compatible with
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those found bx other authors in that ¢?; decreases with
increasing & value. The stress envelope has been found
to be linegr with a positive cohesion intercept value
over the o, range used even for a stress value as low
as 24.5 KN/m?.

Providing the condition for full drainage 1is not
violated the rate of displacemnt appears to have very
little effect on residual shear strength over several
orders of magnitude. Apart from the observation that the
first normal stress value produces an anomalously high
shear stress value, apparently the loading sequence has
no effect on the residual shear strength result.

A good correlation exists between ¢r; and the
moisture content at the end of a test. Also as would be
expected ¢}; increases with decreased clay fraction,
increased amount of quartz, decreased proportion of mixed
layer clay and decreased 1liquid 1limit and plasticity
index. The value of c;r’ decreases with increasing clay
fraction and clay quartz ratio or akcveasyj quartz
content and proportion of silt size clay aggregates. No
correlation could be found to exist between c;r and the
liquid 1imit, plasticity index or amount of organic carbon
present.

Finally, it should be noted that the residual shear
strength of remoulded tumbled samples obtained by ring
shear tests are lower than those obtained from other
methods of preparation and testing. Stability calculations
suggest that this value is a 1little lower than the
mobilized strength in the field. Hence in calculating
the stability of existing failures a factor of safety
a little on the "safe" side would be produced. However,
calculations based on shear box data for samples prepared
in the normal way would yield erroneously high factors

of safety.

9.2 Suggested Further Research

An insufficiency of time has prevented further work



-181-

from being carried out in connection with this research.
Clearly the practicality of field based studies in which
the weather exerts significant control must also be con-
sidered. It has been necessary to make various assumptions
which could form the basis of more research, and some
important gaps in (published) knowledge have been revealed

The analysis of the stability of various landslips
has included the use of a number of unknown factors some
of which have been determined by detailed geomorphological
mapping. However, a more rigorous comparison between back
analysed shear strength and laboratory determined values
would be possible if some of the boundary conditions were
known with more precision. Furthermore, it would be
possible to prove the geomorphological conclusions. As
mentioned in Chapter 6, standard methods of locating slip
surface include trial pitting, the drilling of holes and
the installation of slip detectors. Geophysical methods
may possibly also be applied since a density contrast
would probably exist between landslip debris and under-
lying bedrock. Obviously, more information regarding pie-
zometric pressures would be of great value. It would be
necessary to fully instrument each slope with (preferably)
hydraulic piezometers. Again geophysical methods may also
prove useful. Of particular interest would be the response
of pore water pressures to rainfall and individual rain-
fall events. Hence continuous measurements of rainfall,
run-off and infiltration would be required.

Yariation in shear strength value have been discussed
and the effects of preparation and testing method inves-
tigated. Clearly with regard to the measurement of resi-
duval shear strength of indurated shales, much depends
on the methods adopted. A clearer understanding of the
mechanism of breakdown of mudrocks on shear surfaces
would be of immense value. It is therefore suggested that
investigations involving the effect of method of break-
down such as freeze and thaw, wetting and drying,chemical
weathering and breakdown by grinding should be undertaken.
Similar work on younger, less {ndurated mudrocks with
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both similar and contrasting composition would probably
lead to a clearer understanding of mudrock behaviour.
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APPENDIX A

A.1 Calibration of Proving Rings

The proving rings for the ring shear and shear box
apparatus were calibrated by - Wykeham Farrance Enginee-
ring Limited - Table A.1 shows the calibration factors

derived from Figures A.1, A.2 for these rings.

Table A.1 Calibration factors for proving rings used
in the ring shear and shear box apparatus.

Apparatus Ring Shear Shear Box

9808
Proving ring number 9379 A |9379 B Tension | Compression
Date of calibration 17-10-1979 22-8-1980
Calibration certi-
ficate number 25860 14162
Calibration 0.195 | 0.19% 3.567x1073] 3.367x1073
(div= 0.002mm) N/div N/div KN/div KN/div

A.2 Calculation of Shear Stress

i. Ring shear apparatus
The average shearing stress (7) mobilized on the
annular shear surface is calculated on the assumption
that the normal effective stress and the shearing
stress are uniformly distributed across the width
of the failure surface in the horizontal plane.
Following Bromhead (1979), a uniform stress distri-
bution yields.

3(F]+F2)L

Shear stress 7 = — 3 3

4™ (R>-Ry)

where R] and R2 are respectively the inner and outer

sample radii (35mm and 50mm)
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F] and F2 are the forces applied by the proving ring

L is the distance between the two proving ring
F = PRC (S] - S,)

where
PRC = proving ring constant
So = original proving ring gauge reading
S] = gauge reading
The normal effective stress is given by
' P
P = = | anssisemasxmssxnsisssns e-.(A.2)
3 3
7l’(R2 R])

where p is the total vertical load.
The annular displacement in degree is converted to
an average linear displacement in mm. by multiplying
by 0.742.

ii. Shear box
The shear stress mobilized on the shear surface is
given by:

PRC x (S1 - S0)

T: ooooooo o.oc-a(A.3)
Area - (D1 - DO) x 0.002 x L

where

PRC = proving ring constant

S1 = proving ring dial gauge reading

So = initial proving ring dial gauge reading
Area= initial area

D1 = shear displacement dial gauge reading
Do = initial displacement dial gauge reading
L = length of side of box

The shear strain is given by

(DV - Do) 0.002

L

A.3 Calculation of Shearing Rate
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In case of a drained testing, complete dissipation
of pore water during shear is necessary. In practice it
is assumed that 95% drainage is achieved by allowing a
long enough time to failure. The coefficient of consoli-
dation value c, (See Bishop and Henkel 1957) at 00
found from the straight line portion of a plot of height
change of specimen against the square root of time for

is

consolidation. The value of cv is calculated from the

expression

where H is the half specimen thickness

The time to failure for 95% dissipation of pore water
pressure is

To calculate the shearing rate, a strain to failure
must be assumed and this is judged by experience.

S fd
The rate of strain = ————— ..ttt eeeeennncnna (A.6)

2t

where >fd = strain at failure under fully drained condi-
tions (taken as 5mm in these tests).

The calculation yielded values of 0.120 deg/min.
for the ring shear test and 0.036 mm/min. for the shear
box.

A.4 Calculation of the Load Used in Apparatus

In order to find the appropriate normal effective

stress to be used in the laboratory the following assump-
tions were made.
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The depth of the shear surface in field, d 20m
The height of watertable, hw, 14m.

The density of the shale, P, = 2.3 Mg/m’

The density of water, P_ = 1 Mg/m®

w
’
o, = ( Py x d) - ( Ph x hw) ........ . M E AR S W (A.7)
= (2.3 x 20) - (1 x 14) Mg/m*
so g = 313.92 KN/m’
The load applied to sample.
g, X surface area
Load (kg) = — ittt (A.8)
9.81
i. Ring shear
The surface area is equal to 40.05 x 10 %p?
the load used = 128.16 kg.
= 130 kgm

ii.

for a ratio 10:1 lever loading system
The load used is 13kg.
Shear box

4 2

Surface are = 36 x 10 'm

The 1load is = 11.5 kg.
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APPENDIX B

COMPUTER PROGRAM FOR CALCULATING AND

PLOTTING RING SHEAR TEST RESULTS

The calculation and plotting of the ring shear test
results were processed by 1906 computer.

The program calculates the shear stress, linear
displacement and shear stress to normal effective stress
ratio and plots graphs of shear displacement versus shear
stress and change in vertical thickness. The program also
tabulates these data. Fig. Bl is a listing of the program.
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Fig. B.1 Computer program for calculating and plotting
ring shear test results.

LIBRARY (GHOST)
LIBRARY (GHOST)
FROGRAM(AECD)
INFUT 1=CRO
OUTFUT 2=LF0
TRACE 2

END

MASTER THANDON

CALL GFINFO(’PEN NUMEBER 7L-3 IN HOLDER NUMEER 23ELACK INK?,44)
DIMENSION IDATE(100,10),TIME(100,10),VDIAL(100,10),TO0S(100,10)
1,5TRA(100,10),5TRE(100,10) ,KOTAT(100,10),T00C100,310) ,RITATL(100
1,10),N(10),5(10) ,ROST(10)

READ(1,100)NUNE

FORMAT (13)

READ(1,85)(S(I),N(I),I=1,10)

FORMAT(S(F0.0,10))

D0 5 J=1,NUNE

READ(1,83)ROST(J)

FORMAT(F0.0)

NREAD=HM(.J)

READ(1,101) (IDATE(I,J), TIME(I,J),VDIALCI,.)) ,STRACI, ) ,STRECI, D),
1ROTAT(I,J),I=1,NREAD)

101 FORMAT(IO,SF0.0)

80

)

84

81

99
10

98

CONTINUE
0 10 J=1,NUHE
NREAD=N(J) -
WRITE(2,B84)ROST(J)

FORMAT(20X,"RATE OF STRANS',F7.3,//)
WRITE(2,80)N(J),S5(C(1)

FORHAT(/,' NO OF READINGS',2C0X,7SIGHMA’,/,3X,13,27X,Fé&02,/77)
WURITE(2,81) .

FORMAT(6X, "DATE? ,13X, " TINE? , 12X, V. DIIALT,12X,
#'STR.A’ , 13X, "STR.E’ 13X, "ROTATION",/)

o 10 I1=4, NREﬁD

URITE(2,99) IDATC(T, ), TIME(L,.),VDIAL(L, ),
*STRA(I,J),STRE(I,) ,FOTAT(I,D
FORMAT(SX,Iﬁ,S(lOX,F?.z),/)

CONTINUE

WRITE(2,98)

FORMAT(S(/))

1O 1 J=1,NUMR

STRA1=STRA(1,.J)

STRE1=STRB(1,.J)

ROT=ROTAT(1, )

NREAD=N(.J)

[0 1 I=1,NREAD

VDIALCI, ) =VDIAL(I,J)*0.002

STRA(I, J) (aTRA(I,J) ~STRAL) ¥0. 175
STREB(I,J)=(STRE(I,J)-STRRELI®0.1%6
ROTAT(I J)= (RUTAT(I JI-ROT)I®0.742
TOO(I, J) (STRA(T, J/+bTRB(I 1))Ix0.A36
RDTATL(I J)= ALOGIO(FthI(I J¥+0.00001)
TOOS(1I, J) TOOC(I,J)/6(

CONTINUE

Do 86 J-1 .00l



NREAD=N(J)
WRITE(2,82)
82 FORMAT(i/ TCHANGE IN THC.?,8%,'SHEAR ST.?,
¥3X,"SH. STR /He STR.",6X, 'DISfL ’,8X, 'LOG nIg FI ',/
URITE(Z 102) (VDIALCL, ), TOOCI, ), TUOS(I ) ROTAT(I JYSROTATLCT, J)
iI=1, NFEAD)

102 FORMAT(SX,F6.4,10X,F5.1,10X,F7.3,10%,F7.2,10%,F7.4,/)
WRITE(2 87)

87 FURNAT(//,JOX,ZO(,*'),//)

86 CONTINUE
CaLL FAFER(1)
CALL FSFACE(0.2,0.7,0.5,0.8)

CALL CSPACE(0.0,1.0,0.0,1.0)
CALL CTRSET(1)

CALL CTRMAG(8)

CALL FLOTCS(0.4,0.A45, IISILACEMENT MH?,15)
CALL FLOTCS(0.4,0.05,'DISFLACENENT NM?,15)
CALL CTRORI(1.0)

CALL FLOTCS(0.15,0.15,7CHANGE IN THICKNESS’,1%)
CALL FLOTCS(0.135,0.4,*SHEAR STRESS KN/M27,18)
CALL CTRORI(0.0)

CALL MAP(0.0,170.0,0.0,150.0)

CALL SCALSI(20.0,20.0)

CALL BORDER

CALL FSPACE(0.2,0.7,0.1,0.4)

CALL EORDER

CALL MAF(0.0,170.0,0.0,3.5)

CALL SCALSI(20.0,0.2)

CALL CTRSET(A4)

CALL CTRMAG(S)

[0 4 J=1,NUMB

CALL FOSITN(0.0,0.0)

CALL PSPACE(0.2,0.7,0.5,0.8)

CALL MAP(0.0,170.0,0.0,150.0)

NREAD-N(J)

IF(J.EQ.1)137=37

IF(J.EQ.2)137=43
IF(J.EQ.3)137=45

IF(J.EQ.4)I37=50

IF(J.EQ.5)I37=51

IF(J.EQ.6)137=52

IF(J.EQ.7)137=53

IF(J.EQ.8)I37=54

IF(J.EN.9)I37=56

IF(J.EQ.10)I37=5
D0 2 I=1,NREAD

CALL JOINC(ROTAT(I,J},100C1,d))

CALL TYFENC(IS?

CALL FOSITN(ROTAT(I,.),T0O(T,N))
2 CONTINUE

CAaLL PSFACE(0.2,0.7,0.1,0.4)

CALL MAFR(0.0,170.0,0.0,3.9)

CALL FOSITN(0.0,0.0)

D0 4 I=1,NREAD

CALL JOINCROTAT(I,J),VDIALCT, J))

CALL TYFENC(I37)

CALL FOSITN(ROTAT(I,J»,VDIALCY,))
4 CONTINUE

CALL GREND

sSTOP

END
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APPENDIX C

C.1 Introduction

The samples of shale were subjected to analysis by
X-ray diffraction techniques. Using this method, the type
of minerals present in samples can be established and
it is also possible to estimate the relative abundances
of certain minerals. The X-ray reflection takes place
from lattice plane with indices (hkl) according to the
Bragg Law.

NN = 2d (hk1) Sin 8  ticeerureeeccncecccocaonnaces (Cc.1)
Where

d(hk1) is the true lattice spacing for plane hkl.

A = the wave length of the radiation
@ = the glacing angle of reflection
n = the order of reflection

The quantity which can be measured experimentally
from X-ray is

d (hk1)/n = A/2 sin ©

and this is ordinarily called the 1lattice spacing for
nth order reflection and is the quantity given in any
tabulation of spacing deduced from the data. With clay
minerals the most useful atomic spacings are those per-
pendicular to the crystallographic c axis, that is the
00T atomic planes.

The <criteria for the clay identification were
obtained from Brown (1961). Carrol (1970) and Brindley
and Brown (1980). Basal reflection from the common clay
minerals produce the most intense diffraction peaks for
20 angles in the range 4° to about 30°. Unfortunately
each peak is not at a distinct position on the trace since
various peaks overlap with each other.
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For example the (002) chlorite peak and 001 kaolinite
peak both occur at about 28 = 12.4° (7.1 A° d - spacing).
Other chlorite peak often occur at about 286 = 8.9° (10
A°) and 26 = 6.3° (14 A°).

A Phillips X-ray diffractometer was wused with
operating conditions as follows:

Tube type Cu broad focus

pw 2253/20
Voltage and current 35 kV, 40 mA
Filter Ni
Goniometer Vertical w/1050/70
X-ray Generator pw 1130/90
Channel control pw 1390
Range 1 x ]04 C.p.S.
Time constant 1 second
Chart speed 2 cm. per min.

C.1.1 Mineral identification technique

The various techniques will be described under the
following titles: whole rock mineral identification.
Identification and semi-quantitative estimation of clay
minerals.

j. Whole rock sample mineral identification

The smear technique of Gibbs (1965) was employed.

For this about 10 gm of tumbled sample was Tleft

overnight in a loosely covered container to air dry.

The sample was then ground to fine powder in an agate

mortar, water was added and after further grinding

the paste was transferred on to glass slide ensuring

a uniform smear. This was dried by leaving it over-

night and mounted in the goniometer. The identifica-

tion of the minerals was carried out from the inten-

sity 26 scan using the data of Chao (1969).

ii. Identification and semi-quantitative estimation of
clay minerals.

The best method of preparing clay mineral samples
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for analysis is by X-ray diffraction is the subject
of considerable debate 1in the 1literature. Most
authors agree that the use of <2 pm (or smaller)
size fraction gives the best result. The preparation
method used was smear mounting on glass plate as
described by Gibbs (1965). The separation of < 2
B m clay fraction was carried out in an MSE centri-
fuge (Super Minor Centrifuge)

About 10 gm. of tumbled sample was air dried and
ground in an agate mortar. The resulting powder was placed
in a centrifuge tube with a 1.5 g/1 concentration sodium
hexametaphosphate (calgon) deflocculant solution. After
a few minutes of mechanical shaking , it was centrifuged
for about 15 minutes. The calgon was poured off the top
of the sedimented material and the centrifuging repeated
with new calgon. This operation was carried out 5 or 6
times until the clay fraction was completely defloccu-
lated. The sample was then washed in distilled water
5 or 6 times in order to remove all traces of calgon.
The suspend material was then separated in to its consti-
tuent grain size by using different settling velocities
as quantified by Stoke's Law. Stoke's Law has been
modified by Jackson (1973) to take into account the effect
of centrifugation. As viscosity varies significantly with
temperature, calibration curves of Fig. C.1 were used
to give convenient spin time ranges for different parti-
cles sizes.

The € 2 um size fraction was separated from the sus-
pension by centrifuge. The suspension was transferred
to centrifuge tubes and the levels adjusted to balance
the centrifuge. The temperature of the suspension was
measured and the centrifuging time adjusted accordingly.
The < 2 pm fraction is removed by centrifuging at 1000
rpm at a given temperature (Fig. C.1). The suspension
above the sediment which contains the < 2 pum fraction
was transferred to clear tubes, sedimented by centrifuging
at 3000 rpm for about one hour. This fraction was placed
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Fig. C.1 Centrifuging time for particle size separation
at various temperatures. )
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on a clean glass and air dried slide as described by
Gibbs (1965) for XRD smear mount.
Each sample was X-rayed as follows:

a. Air-dried (as prepared)

b. Treated with ethylene Glycol by placing the smear
in a dessicator, containing ethylene glycol at 60°
C for about 30 minutes.

c. Heated at 300°C for one hour

d. Heated at 550° C for one hour.

C.2 XRD Results

C.2.1 Whole rock samples -

Fig. C.2 for sample CW1 is reproduced here as an
example to ‘demonstrate the interpretation of the data.
The following discussion concerns the whole rock smear
mount of all 13 samples analysed.

Quartz was found to be the dominant mineral present
in all samples with the main quartz peak at 3.35 A° with
smaller peaks at 4.21 A°, 2.46 A° and 2.29 A° .

Kaolinite and illite are perhaps the two most abun-
dant minerals after quartz. The main peaks of these clay
minerals occur about 7.15 A° (001) and 3.57° (002) for
kaolinite and at 10 A°, 5 A°, 4.48 A° and 3.3 A° for
illite. The 3.3 A° peak coincides with the main quartz
peak in some traces and may produce a bump on the side
of this peak.

Another clay mineral detected is chlorite with peaks
at 14 A° and 4.7 A°. The expandable clay minerals from
a particular borehole sample (MTBH) and elsewhere in the
Mam Tor area (MT5 and MT6) show a broad peak at 11 A°
which may be indicative of a relative abundance. Pyrite
was detected in some samples (W1,cW2 and CW3) by a very
small peak at 2.7 A°. Pyrite was not detected in the XRD
in MTBH sample even though it was observed to be present
in the core. (See Section 3.2.2) It would appear that
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it occurs in localized patches unless it is too poorly
crystallized to be detected. Vear (1981) does not report
pyrite in various boreholes samples although his samples
were from shallower depths than those of the present work.

Trace amounts of gypsum at 8.26 A° were detected
in samples from Hope Valley Cement Works quarry (CW1,
CW2, CW3), and trace amount of feldspar 3.17 A° was
present in all 13 samples tested.

C.2.2 < 2pm clay fraction

The various clay mineral types were recognised from
the traces as follows:

Kaolinite was defined by its characteristic well-
defined basal reflection at 7.17 A° (001), (26 = 12.33)
and 3.57 A° (002), (20 = 24.9). It is not affected by
glycolation or heating to 300°C, while heating to 550°C
removes the basal reflection as shown in Fig. C.3.

ITlite was identified by its characteristic well
defined basal reflection at 10-10.07 A° (001) (20 = 8.8-
8.7) and 5 A° (002), (20 = 17.75). The (003) illite
reflection overlaps with 001 quartz peak and could not
identified on the whole rock XRD diffractometer trace.

Mixed layer clay was characterised by a broad basal
X-ray diffraction peak between 14 A° and 10 A° (20 = 6.5
and 8.8°), Nearness to 10 A° indicate that illite is more
abundant constituent of the mixed layering.

The illite peak and expandable clay reflections with
basal d - spacings between 10 and 12 A° (See Fig. C.3)
were distinguished by glycolation and heating. When
treated with ethylene glycol the d-spacing of the expan-
dable clay increases to about 12 - 14 A°. Heating the-
glycolated sample causes dehydration and collapse back
to about 10 A°. Therefore the difference in area between
the glycolated 10 A° peak and the one obtained after
heating 1is wusually taken as a quantitative measure of
the proportion of expandable clay relative to illite.
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The 002 and 003 illite peaks remain when the heating is
increased to 550°C.

Chlorite when present was identified by its basal
reflection at 14 A° (001) (286 = 6.3), and 4.7 A° (003)
(20 = 18.8°). The 002 chlorite reflection is overlapped
by the kaolinite (001) but the 1loss of kaolinite peak
due to heating to 550°C with only a slight decrease in
d - spacing for chlorite enables its presence to be

detected.

C.3 Semi-quantitative Estimation of Clay Minerals

Estimating the amount of <clay minerals, poses
many problems since as explained by Brindley and Brown
(1980) and Pierce and Siegal (1969), many factors including
the variation in the degree of crystallinity of individual
clays, the effects of various treatments, compositional
variation within clay minerals orientation effects, prepa-
ration method and machine condition render estimation
by XRD difficult. The presence of impurities such as iron
oxide and organic matter also causes problems which
usually results in the development of high background
radiation levels on the diffractograms. In fact Brewster
(1980) described how increases in background radiation
may increase the 1likelihood of identifying the minera-
logical composition of mixed-layer clay. It 1is also
possible that the concentration and crystallinity of some
expandable minerals increase and hence the reliability
of the estimation is reduced. Cubitt (1975) demonstrated
statistically that peak area measurements produce superior
results compared with peak height measurements. _

For distinguishing between samples 1in this study
the peak area produced by smear mounts were determined.
A constant base line to represent background was drawn
as in trace Fig. C.3 using French curves. The area was
then measured by planimeter. These area measurements
require appropriate corrections which depends on the
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various intensity factors for each clay mineral. In this
study Schultz's (1960) method was adopted. Briefly, for
this the proportion of kaolinite is measured by the area
of 7.17 A° peak and for chlorite (when present) by the
14° peak on the air dried trace, the proportion of illite
by the area of the 10 A° peak on the glycolated trace.
The difference between the measurement of the 10 A° illite
peak on the -glycolated trace and the 300°C heated trace
was taken to be the proportion of mixed-layer clay
present.

Schultz (1960) found that poorly crystallised fire-
clay type kaolinite gave 7 A° peak area about equal to
the area of the 10 A° peak on an equal amount of illite
or mixed layer clay, where as well crystallised kaolinite
generally gave 7 A° peaks of twice of this area. Hence
by calculating the degree of crystallinity, the amount
of kaolinte may be determined. Schultz (1960) defined
crystallinity of kaolinate as the ratio of 7 A° area to
7 A° height.

The degree of crystallinity found by Schultz (1960)
for various type of kaolinite ranges between 1.1 - 2 where
1.1 -1.3 would be well crystallised kaolinite, 1.3 -
1.7 intermediate, ) 1.7 is poorly crystallised. The
crystallinity values of the kaolinte present in the
shales analysed vary between 1.00 and 1.39 as shown in
Table C.1. Values between 1.0 and 1.1 are regarded as
very well crystallised kaolinite and the correction factor
of 0.5 was applied to the kaolinite peak areas. Interme-
diate crystallinity kaoline had values between 1.1 -
1.2 and a correction factor of 0.75 was used. While the
Tower 1imit of poorly crystalline kaolinite taken to be
1.4 and a factor of 1.0 was applied. The relative abun-
dances of clay minerals, corrected for kaolinite crysta-
1linity 'value, for {2pum clay fraction are shown in Table
5.4.



Schultz
Sample "kaolinite
crystallinity"”
MTBH 1.32
CW1 1.24
CW3 1.02
Cw4 1.06
MT5 1.19
MT6 1.08
CM 1.12
BUT 1.21
AC 1.39
RP 1.24
CS 1.07
BCL 1.00
KS 1.31

Table (C.1) Schultz (1960) “"Kaolinite crystallinity"
for < 2 micron clay fraction.
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APPENDIX D

STATISTICAL ANALYSIS

D.1 Introduction

A statistical analysis was carried out on the results
of ring shear and shear box tests to determine whether differences
between the results obtained for each apparatus are
significant.

The analysis has been carried out for:

i. Values of ¢%; obtained from the rihg shear and shear
box.

ii. Values of crr'obtained from the ring shear and shear
box.

iii. Results for the tumbled shear box samples for cr;
and ¢rr’

iv. Results for the tumbling ring shear samples for
¢r; and cr;.

a. Using all 13 samples

b. Using only 7 samples tested in both the shear

box and ring shear apparatus.

D.1.1 Test procedure

A randomized block design was used to test the
results of the ring shear and shear box. The experimental
data (measurements make by the same operator) were
arranged in blocks where with rows for different treat-
ments. If an equal number of measurements were -made for
each treatment in each block and if the order of tests
within a block is randomized, then the experiment is -
called a randomized block. The data are classified accor-
ding to two characteristics in a two-way table, a proce-
dure described by Chatfield (1970) as two-way analysis
of variance. The proposed mathematical model is:

xij = M+ bi + tj + eij (i =1tor, Jj=1toc)

where

r = TOWS, ¢ = columns
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xij = OQObservation on treatment j in block i
= Over-all average of the response variable
bi = Effect of ith block
tj = Effect of jth treatment
Eij = Random error.

Since M is the over-all mean, the treatment and the
block effects must be such that

M'$

Cc
bi = S ti =0

-l o
n
-
[ &)
"
-

The best point that estimates of unknown parameter is

A -
po= X
A - -
bi = X;- X (i =1 to r)
A 3 -
tj= X j - X (3 =1 to ¢)
- the sum of all the data
where, X =

No. of data
A
K, bl, ti are the estimated value ie experimental value.
Kk, bi, ti are the mathematical model ie real value.
The total corrected sum of squares given by

?% (xij - %)% can be split in three component to become
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The component on the right handside of this equation
measures the block variation, the second component mea-
sures the treatment variation and the third component
measures the residual variation.

The corresponding degrees of freedom are as follows:

d.F.

Blocks ( rows ) r;l

Treatment (columns) c-1

Residual (r-1) (c-1)

Total rc - 1

Each sum of squares is divided by the appropriate
number of degrees of freedom to give the corresponding
mean square. Neither the treatment mean square nor the
residual mean square is affected by whether or not there
is a significant variation between blocks. Thus, the ratio

treatment mean square

residual mean square

will follow an F - distribution with (c-1) and (r-1)
(c-1) degrees of freedom if a null hypothesis is true.
(This assumes that there is no bias estimate in work and
eij = 0 can be found for all i and j). The observed F-
ratio can then be compared with the chosen upper percen-
tage point of this F-distribution by reference to a
standard table.

To illustrate the main point of the analysis a step
by step ?xplanation of the calculation will be followed

using ‘ﬁrr test results of the ring shear and shear box.
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Table D.1 a Statistical analysis of residual shear
strength values for ring shear and shear

box.
Remoulded residual
Shear strength, ¢r;'
Sample Ring shear Shear box |- Sum (x.j)
of sample
MTBH 7.5 9 16.5
CM 8.5 9 17.5
RP 7.5 9 16.5
CW1 7.5 11.5 19.0
KS 13.0 12.5 25.5
MT5 6.5 8.5 15.0
AC 7.0 13.5 20.5
Sum for 57.5 73 130.5
apparatus
(Xi.)

The sum for sample (x.j) and the sum for apparatus
(Xi.)) should be the same which in this example (Xij) =°
130.5. Now the source of variation - should be calculated
according to the table -D.%bs



oLjed-4

WNS URJY

mwgmrcm 30 wng

Cot £-1
$08°0L = (x - * 'x) < €L = (L - 24) te3jol
VA
¥9v-9lL
Hl.o o—v ﬁ—. .ch.F
bviLte = (X + " %X-%x-"x)Z 9 = (L-3) (Ll-4) Lenptsay
4
c L=t (suwngod)
¥52°9 191° 21 Lot*zt = (x - *'x) 2 4 L= (L - 9) snjededde uaamiag
2 2
L=t (smoud)
852° 2 961°9 BLL°E = (X - 'x) 2 0o 9 = (L - 4) sa|dwes uaamiag
[enpisay & 4
adenbs ueauw 3°P/S°S
umn|o0d R MOJ aJenbs jo0 *S*S *3°p "A°S

wopaadq 30 3ausbag

UOLIRLJRA 4O 324N0S

sisA[eue YAQNY Aem-om])

qQ 1°Q ®lqel



-199-

The residual sum squares can be calculated from
Residual s.s = Total s.s - (s.s. of rows + s.s of columns).

The mean sum of squares is calculated by dividing
s.s/degrees of freedom, and the F-ratio is calculated
by dividing the mean sum squares of rows and then columns
by the residual. The results are shown in Table D.1 b.

The F-ratio results are compared with F-distribution

tables of a certain significance level. It seems reaso-

nable to choose a 5% level which allows an error of up
to 5%. The calculated F-ratio for the samples (rows) =
2.2%% was compared with the tabulated F - distribution
= 4.28 at 5% level of significancy under (6,6) d.f., while
the F-ratio corresponding to the apparatus (columns) =
6.254 was compared with the tabulated F = 5.99 under (1,6)

d.f. at 5% level.
These values can be compared with the F-ratios

obtained in the tests. If the F-ratio obtained from the
analysis is higher than that obtained Ffrom the table then
the analysis shows the results are statistically signi-
ficant at the chosen 1level, but 1lower values indicate
non-significant results. So in the above example the
analysis shows a non-significant difference between the

samples (rows) such that tabulated Fo.05 (6 6) 4.28
while a significant difference appears for different

apparatus (columns) with Fo.0o5 (1.6) = 5-99.
The analysis of the other four tests are shown in

Tables D.2, D.3, D.4.and D.5.

]
Test (1) ¢,, results obtained from the ring shear and
shear box. -~ as shown in the example Sec-

tion D. 1.1 (fab]e D.1, a and b).

Test (2) Crp results obtained from ring shear and shear

box.
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Table D.2 a Statistical analysis of cohesion intercept
values for ring shear and shear box.

Remoulded cohesion
strength B o
Samples Ring shear Shear box Sum for sample
MTBH 4.7 10.5 14.6
CM 6.8 17.8 24.6
RP 4.3 9.5 13.8
CWl 2.5 8.2 10.7
KS 4.9 27.0 31.9
MT5 4.9 14.5 19.4
AC 6.5 14 3 20.8
Sum from 34 101.8 135.8:
apparatus
Table D.2 b Two-way ANOVA analysis
S.V d.fF. s.s s.s./d.F F-ratio
mean sum
of Sq/res.
Between samples| (r-1) =6 157.67 26.278 "1.529
(rows)

Between App. (c-1) =1 328.34 328.34 19.106

(column)
Residual (r-1) (c-1) = 6] 103.11° 17.185
Total (rc-1) 13 598.12

Using different apparatus ring shear and shear box,
for B results, the analysis shows that there are no
significant differences between the samples (rows) such
that tabulated F0.05 (6,6) - 4.28, while significant
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differences appear when different apparatus (columns)
are used where the tabu!ated FO.OS (1,6) = 5.99.

Shear box ¢ '

rr

Jest 3 and Crp results.

Table D.3 a Statistical analysis of residual shear
strength values for shear box.

Remoulded residual strength
Parameters of shear box.
Samples Drp Crp Sum for sample
MTBH 9.0 10.5 19.5
CM 9.0 17.8 26.8
RP 9.0 9.5 18.5
CWl 11.5 .8.2 19.7
KS 12.5 27.0 39.5
MT5 8.5 14.5 23.0
AC 13.5 14,3 27.8
Sum of 73.0 101.8 174.8
¢ .& c'
re rr
Table D.3 b Two-way ANOVA analysis
S.V. d. F. S. S. S.S./d.f. | F. ratio
Between samples 6 162.92° 27.15 1.48
(rows) '
Between qbrr &
[] P
Corr .(Columns) 1 59.24 59.24 3.34
Residual 6 109.66 18.27
Total 13 331.82
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The results show no significant differences between
samples such that tabulated F0.05 (6.,6) . 4,28 apd also
no significant differences between ¢?r and c . using
the shear apparatus since tabulated Fo.o5 (1,6) = 5.99.

Test 4. a 13 samples tested in the ring shear apparatus:

Table D.4 a Statistical analysis of residual shear
strength values for ring shear.

Remoulded residual shear strength

parameters for ring shear. '
Samples qb”'_ c”‘, Sum for

samples

MTBH 7.5 4.1 11.6
CW1 7.5 2.5 0.0
CW2 10.5 2.4 "12.9
CW3 12.5 3.8 16.3
MT5 6.5 4.9 11.4
MT6 8.0 3.8 11.8
CM 8.5 6.8 15.3
BUT 9.5 7.6 171
AC 7.0 6.5 13.5
RP 7:5 4.3 11.8
CcS 8.5 3.1 11.6
BCL 12.0 8.9 .20.9
KS' 13.0 4.9 17.9
Sum of 118.5 63.6 -182.1
(ﬁrr &
¢ rr
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Table D.4 b Two-way ANOVA analysis

S.V. d.F. S.S. S.S./d.F. | F-ratio

Bet. samples 12 62.415 5.701 - - 1.425
( rows )

Bet. ¢ . & 1 115.923 115.923 - | 31.768

Corp . (Columns }

Residual 12 43.993 3.649

Total 25 222.13

The results show no significant differences between
samples such that tabulated. F0.005 (12,12) = 2.69. How:
ever a very significant difference occurs between ‘prr
and Crp using the ring shear apparatus such that tabulated

Fo.05 (1,12) = 4-75-

b: 7 samples tested in both the shear box and ring shear
apparatus.

Table D.5 a Statistical analysis of residual shear
strength values for ring shear.

Remoulded residual shear

strength. Parameters for

ring shear.
Samples (pr; cr; Sum for sample
MTBH 7.5 4.1 11.6
CM 8.5 6.8 15.3
RP 7.5 4.3 11.8
CW1 7.5 2.5 10.0
KS 13.0 -4.9 17.9
MTS 6.5 . 4.9 11.4
AC 7.0 6.5 13.5
sum of ... 57.5 34 91.5
& cpf
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Table D.5 b Two-way ANOVA analysis

S.V. d.F. S.S. S.S/d.F. F-ratio

Between sam- 6 22.238 3.706 1.134
ples. (rows)

Bet. ) & | 39.447° 39.447 | 12.070.

Crr . (Columns)

Residual 6 19.608. 3.268

Total 13 81.293

The analysis shows no significant differences between
samples such that tabulated F0.05 (6,6) - f.28 but a
significant difference exists for ¢%r and Crp using the
apparatus, such that tabulated Fo.05 (1,6) = 5.99.
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APPENDIX E

DETERMINATION OF THE HEIGHTS OF BACK
SCARP FROM AERIAL PHOTOGRAPHS.

The heights of the back scarps of the landslips were
determined from aerial photographs by use of a Watts SB190
mirror sterescope. The following procedure was employed.

The principal point, that is the central point of
the photographs drawn by the intersection of the four
crosses at the corners was determined and carefully
marked. Then each overlapping pair of photographs were
base-lined where the base line is defined as the 1line
between the principal points, the base 1ine is also called
X-axis.

The scale of each photograph was found by taking
corresponding distances off the photograph and the
Ordnance Survey sheet. Care was taken to choose precise
image points of approximately the same height that would
be recognized on both the photograph and the control map.
The flying height is given by:

f
SCATE == cicisessss5ussianiiirnnbbidEaindas (E.1)
H
where f = focal length of the lens (normally 152.4mm).
H = flying height

The photographs were then orientated correctly in
the Watts Stereoscope. In this instrument two light spots
are introduced into the viewing system and can be fused
to form a floating mark in relation to the stereoscopic .
model formed from the pair of photographs. The floating
mark can be brought to ground level by the adjustment
of micrometer reading heads. The difference in reading
being the difference in parallax.

These differences are then placed into the difference
in parallax formula, equation E.2. The lower of the two
points is referenced to a datum.
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First the parallax adjustment necessary to bring
the spot to ground level at a control point or the lower
point of measurement is determined (point E) and then
the spot is moved to the upper point of measurement (point
A) and the difference in parallax between A and E is
calculated ( APg, = P, j;.PE). The actual difference in
height between point A and E is then given by equation
Es2

PEA

A%; H-hE——————. ........................... (E.2)
Pa

where
E = Bottom point, taken as zero
= top point
AhEA = The difference in the height between the two
points A and E.

H = Flying height

hE = The height of E.

APEA = The difference in parallax between A and E.

P = Parallax at A.
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