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a few feet of submerged, sand at the gap set
into motion a flow that continued even when
an extremely flat slope was attained. The
movement stopped only when the gap was closed.
The excessively loose nature of the overlying part of the sand deposit was indicated
by a number of test borings made at the site
before reconstruction operations were begun.
Each of these borings was made within a 2-Jinch casing. Samples were taken at intervals
of 24- feet in the vertical direction by means
of a split spoon having an internal diameter
of 1 3/8 inches and an external diameter of
2 inches. The spoon was driven into the ground
by a drop hammer weighing 140 pounds and al
lowed to fall 30 inches. The number of blows
per foot of penetration was recorded as a
measure of the relative density of the ssna.
This procedure is widely used in the United
States for preliminary exploration of sand
deposits. In general, resistances of less than
5 blows correspond to veiy loose sand, from
5 to 10 to loose sand, from 10 to 30 to sand
of medium density, and over 30 to dense sand.
Within the upper 12 feet, a single blow
of the drop hammer was sufficient to advance
the sampler as much as 22 inches. In many
parts of the deposit the resistance to pene
tration was only one blow per foot. On the
other hand, below El. -12 the penetration re
sistance varied between 10 and 15 blows. Hence,
the lower sand appears to have been relative
ly loose but stable whereas the upper sand in
volved in the flow was abnormally loose and
unstable. The grain size curve of the sample
of one of the finer lenses in the hydraulically deposited soil is shown in Figure 4. It
indicates that the individual lenses are ex
tremely uniform. The fraction passing the
100-mesh sieve and retained on the 200 and
that passing the 200 were examined under the
microscope. Both consisted almost exclusively
of angular quartz grains; very few rounded or
sub-rounded grains were present. Grains pass
ing the 200-mesh sieve were slightly more
angular than those in the coarser fraction.
CONCLUSIONS.
This paper describes the general features
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FIG.4
of a flow slide that occurred in very loose
sand due to a relatively minor disturbance.
The flow was confined exclusively to a uniform
excessively loose hydraulic deposit having a
penetration resistance, according to the pro
cedure deseribed in the teit, of as little as
one blow for 22 inches. On the other hand, the
underlying sand which had a relative density
somewhat greater (about 10 blows per foot),
did not participate in the movement. Inasmuch
as no seepage pressures were involved, it may
be concluded that the flow was due to the
spontaneous liquification of the excessively
loose sand.
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A COASTAL LANDSLIP
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V.H. WARD, B.Sc. (Eng.), A.C.G.I., A.M.I.C.E.
Department of Scientific and Industrial
Research-Building Research Station
The landslip occurred along the seaward
side of Castle Hill, Newhaven, Sussex, see
plan end section Figure 1. The recent move
ments are restricted to the upper part of the
hill above the chalk cliff, where a small out
lier of Woolwich and Reading beds overlies the
Thanet sand (Lower Tertiary) and the o-h«iir
(Upper Cretaceous).
EARLY HISTORY AND GEOLOGY.
Hawkes (1939) considers that Castle Hill
was more or less continuously occupied from
the late Bronze Age (circa 750 B.C.) until about 250 A.D. There was an early hill fort,

which like others in Sussex, occupied the
whole of the summit (Fox 1859). These earth
works have been slowly destroyed by the loss
of land and by the construction of forts from
time to time. There is no record of occupation
between 250 A.D. and Elizabethan times, and
since then according to Field (1939), the site
has been in constant use and adapted for suc
cessive fortifications. Forts were constructed
in the early 19th century and the present fort,
built in 1864, practically obliterated all
traces of more primitive encampments.
There are enough maps and references to
the geology of the Hill, dated back to 1783,
to enable the history of earlier movements to
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FIG.1
be partly reconstructed. Whittaker (1871) bad
noticed in 1866 that successive geologists had
recorded additional Tertiary Strata and con
sidered that this was due to slips cutting pro
gressively into the seaward side of the Hill.
These gradually exposed successively higher
Tertiary Strata and by that time all the beds
had been exposed. A further study of the earl
ier observations suggests another fact which
is important in relation to the recent move
ments.
In figure 2 the extent of the observations
of Webster (1814). Buckland (1817) t Mantell
(1822 and 1833), Prestwick (1854) and Whittaker
(1871) are recorded alongside a section of the
Strata compiled from various borings and ex
posures in 1943. They all, except the first,
recorded also the recent valley gravel on the
top. The interesting fact is that Whittaker
was the first to record the presence of the
fine yellow sand and thin beds of brown clay,
which figure prominently in the recent move
ments. It is likely therefore that these stra
ta did not exist in the portions of lend now
lost.
The receulT movements, as well as those in
Whittaker's time, were largely due to internal
eroBion of the fine yellow sand, but the ear
lier loss of land could not have been caused
in this way if this bed had been absent. The
losses were probably due to more active erosion,
of the main chalk cliff, and this is borne out
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by earlier accounts. Mantell's engravlng(1833)
reproduced in Figure 3, does not suggest move
ments in the Tertiary Strata and does not com
pare in the least with the section today, see
Figure 1.
The suggestion that the cause of loss of
land has changed in the past is supported by
evidence on early topographical maps. Yeakell
and Gardner's map (1783), the one inch Ordnance
Survey map (1813) and Greenwood's map (1825)
shew about 800 yards of the porthern part of
the earthworks of a vanished hill fort. This
feature practically disappeared from the later
Ordnance Survey maps between 1825 and 1879 and
w a s replaced by a hachured scar above the main
chalk cliff, indicating landslips in the Ter
tiary strata. Comparisons of the later six inch
maps shew that the chalk cliff has retreated
little since 1879« There is no doubt that a
shingle beach started to form on either sideof the long jetty after its construction about
1887 (Carey 1887;. This shingle, collecting on
the wave cut chalk platform, protected the toe
of the chalk cliff from sea erosion.
The six inch maps also suggest that the upper
cliff immediately above the jetty has receded
up to about 120 feet between 1879 and 1898,
and only a small amount between 1898 and 1929.
It should be noted that the movement be
tween 1879 and 1898 follows the first recorded
exposure of the fine yellow sand (by Whittaker)
and also the construction of the long jetty.
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STTB b t piq r a t io n
A detailed plan of the site is shewn In
Figure 4, with north to south sections In
Figure 5»
Towards the end of January 1943 the rain
was particularly heavy and slope failures had
occurred in many places. The site was first
seen following three weeks of fine weather.
Extensive new slips had occurred and in the
slipped area the surface soil was extremely
wet and soft. Soft soil was pouring like mud
over the edge of the main cliff in gulleys,
which had been scoured into the slightly- ce
mented Thanet sand. These gulleys are lettered
a, b, c, d, e, and f. On the beach a very
large quantity of this mud had accumulated and
it looked like a steep lava flow. Some of this
material had been bulldozed over the cliff
edge a few months earlier, but the natural
flow of mud had been sufficient to push several
buildings over and set mines off on the beach*
At the foot of the upper cliff face were sev
eral ponds and streams, some of which were re
ported to have persisted all the previous sum
mer. This was surprising, because the total
catchment area, which was mainly devoid of veg
etation, was not greater than eight acres.
A fairly detailed exploration of the soil
conditions waB made during Uarch. Towards the
end of the month the slipped material had
dried up considerably, and was badly broken up
with shrinkage cracks, except near the ponds
and gulleys. From mere inspection of the site
and its many exposures the root cause of the
slips was not obvious. It did not appear to be
simply progressive softening of the heavy
stiff-fissured clays, because, in comparison
with the height of the upper cliff, the aver
age slope was low. The fine sand bed was noted,
but the outcrops were sometimes dry and in
other places discharged water only and the
ponds were persistent. Borings A, B, C, D,and
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E were sunk in that order and boring C gave
the clue to the problem. This boring had to
be made from a small excavated shelf on the
face of the upper cliff to avoid sinking into
the mud of the pond below. A series of thin
alternating layers of rather soft clay and
fine sand, a few inches thick were encountered.
This sand was dry, but 12 inches below the
level of the adjacent pond a fine yellow sand
rapidly rushed in to fill the hole. This im-
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mediately suggested that the whole of the up
per cliff was being undermined by washing out
of the fine sand in a "quick" state. This ma
terial was partly redeposited in front of the
cliff and built uf a small "levee” to form a
pond. The growth of the levees reduced the
flow of water and thereby tended to check the
internal erosion.
Further exploration was necessary to
determine:
1) The extent of the fine sand layer
2) Why it was dry at some outcrops
3) How water was getting into the sand.
The sand layer, owing to its elevation and
generally horizontal bedding, was clearly res
tricted to the top of the hill. There was a
lot of soil creep and a few small clay slips
on the landward side of the hill, indicating
that the rainwater could not enter the sand
easily. The dry outcrops of the sand could pro
bably be explained by slight folding of the
beds.
Borings F, G, H, I, J, K, L, M, and N
were then sunk with a hand auger to locate the
level and the thickness of the fine sand layer.
In Figure 4 the approximate contours of the
top of the clay underlying the fine sand are
shown. In general the lowest points correspond
with those places where the sand is being
washed out. The highest point is near boring
M where the sand occurs just below a thin de
tritus lining a new ditch alongside the re
cently constructed road. This ditch therefore
gave the surface water ready access to the
sand. There were probably other places of ac
cess in end around the numerous trenches which
had recently been dug in the same area. There
is a maximum difference in water level in the
sand on either side of the hill of nine feet,
which is sufficient to cause internal erosion
of the sand at the bottom of the upper cliff.
The blocks of ground which fractured off the
upper cliff doubtless sealed the sand up in
some places and would there tend to stop fur
ther internal erosion, whilst probably in
creasing erosion elsewhere.
The large expanse of broken moving ground
in front of the upper cliff was not explored
by boring, since it obviously consisted of
disintegrated blocks of the upper strata.The
depth of mud in the gulleys was found to be
three to four feet near the main cliff edge.
IfRflHAN’TRM Of THE MOVEMENTS.
So much movement of various types had oc
curred that it was difficult to trace the
movement of the strata in detail from the time
a block was detached from the upper cliff un

til it arrived in the form of mud on the beach
some 180 feet below. Since the blocks were not
seen moving near the upper cliff it was dif
ficult to deduce their motions from their
various positions. Probably they do not all
move in the same way x). The underlying fine
sand is in a saturated quick condition, under
the blocks when they become detached and they
probably flounder forwards and tilt backwards.
Eventually however the blocks lie with their
bedding practically vertical on top of the
stiff-fissured blue clay below, and by this
time the soil is highly fractured and progres
sive softening sets In, aided by water contin
ually discharged from the ponds. In this state
the material is weak enough to slide forwards
to the gulleys.
The chalk and the Thanet sand forming the
main cliff are relatively stable. Small falls
of chalk occur occasionally, particularly af
ter long periods of frost. These falls under
mine the Thanet sand which then comes away.
Hence local slips sometimes occur at the edge
of the fissured blue clay. In general however
the soft material from the upper cliff passes
over the surface of the blue clay on a dis
tinct slip plane, which was seen in several
trenches. The continual passage of the soft
material appears to have gradually worn away
the blue clay bed. Figure 6 shows a generalis
ed section Indicating the form of the move
ments.
PBMWnTAL MEASURES.
The remedial measures had to be simple
because only unskilled labour was available.
They consisted essentially of four parts.
1) In order to reduce the loss of further
softened material over the main cliff, the
worst of the mud was thrown over and replaced
by rubble dams crossing the gulleys.
2; So as to improve the stability of the main
mass of sliding ground, an extensive series
of deep rubble drains piped at the bottom were
laid in suitable positions. It was desirable
to take these drains to the bottom of the mov
ing mass, but is some cases the depth had to
be reduced owing to the difficulty of strut
ting the deep trenches. The maximum depth
reached was about 18 feet. These drains dis
charged through the rubble dams and over the
main cliff.
3) During dry weather trenches were excavated
behind the ponds so as to gradually expose
x) The Author previously suggested (1945)that
the blocks might induce a local rotational
slip in the underlying blup clay, once they
had become detached.
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FIG.7
the eroding fine sand. This was protected by
a coarse sand filter and the water led into
the main rubble drains.
4) The ditch and trenches suspected of lead
ing water into the fine sand were seeled
off as far as possible using concrete and
clay linings.
All surface cracks were sealed up and
a certain amount of regrading was done. The
whole area was then seeded. The work was
completed in three months. Pig. 7 shows work
nearing completion.
A succession of detached blocks of the
upper strata with their original bedding
practically vertical was revealed in several
of the drainage trenches. The blocks were
often separated by a reduced thickness of
fine sand. Such sand was protected with a
filter whenever it was encountered.
Grading curves of the fine sand are
shewn in Figure 8; the small percentage of
very fine material should be noted. The insitu porosity of the sand was about 43% and
the range of porosity obtainable in the la
boratory was 40 to 52%. The protective fil
ter sand selected by Terzaghi's rule (1922)
is a beach sand from the Crumbles, Eastbour
ne. The permeability of the fine sand is about 0.001 cms./sec. and of the Crumbles
sand about 0.07 cms^/sec.
LATEB OBSERVATIONS.
In November, 1945 an ammunition ship
became stranded on the beach and struck a
mine alongside the landslip. Windows were
broken in a town six miles away, but the
landslip dit not move.
A minor movement of part of the old
landslip masses occurred in Januari, 1945«
Following the exceptionally wet and
frosty winter of 1946-47, some chalk was
dislodged from the main cliff and pieces of
Thanet sand fell away, causing further move
ments behind. Minor movements occurred in
several other places, particularly where some
of the rubble drains were shallow. Addition
al drainage will be required for preserva
tion,
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help of his colleagues and the co-operation
of Captain L. Carpenter, Royal Engineers,who
carried through the remedial measures.
The work was carried ojit for the War
Office by the Building Research Station and
the paper is published by permission of the
Director of Building Research.
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CONTROL OP THE STABILITY OF A ST/TOTKfi SLOPE IN A RAILWAY CUT NEAR WETTEREN
L.

MARIVOET
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INTRODUCTION.
In the first months of 1945 a slip occur
red in the railway cut, on the line Brussels
(Midi) - Ostend in the vicinity of the kilo
meter indicator 40.2000, near Wetteren. This
cut was excavated in the early years of the
nineteenth century, to a depth of about 10 me
ters, with side slopes of about 8/4.
The site of the slip is shown in figure
1, in which a dotted line gives the limits of
the area of slip. A cross-section through the
sliding slope is seen in figure 2. A crack and
subsidence near the top of the slope were ob
served. The approximate depth of the tension
crack which had developed prior to the slide,
was about 1 meter. Near the toe of the slope
an upward movement of the rails had taken
place. So when the failure occurred, in the
median part of the slip zone, a difference of
height of about 0,15 ® was found between the
outward rail 1 and the interior rail 2. The
limit of the slide was visibly located between
the two tracks.
Some previous movements had taken place
at this point and had inspired some anxiety to
the engineers of the S.N.C.F.B. Various meas
ures had been taken in order to stabilize the
slope. As can be seen in figures 1 and 2, at
the toe of the slope a retaining wall in con
crete had been erected, with the hope to main
tain the profile. In. front of this wall a mass
of stones had been placed in order to provide
a supplementary support for the wall. At some
places a row of sheet-piles was found at the
toe of the wall. However, it has appeared that
the retaining wall was not founded sufficient
ly deep in order to have an effective effect,
whilst the construction of the wall led to an
Increase of the waterpressure in the slope.
Afterwards large openings were made in the
wall and filled with drainage materials. Just
behind the wall the slope was considerably
flattened. But movement continued and in a
further effort to remedy this situation, in
1928 a vertical circular drain was placed in
front of the wall, what helped temporarily to
reduce the waterpressure in the slope.
In spite of all these measures a definite
slip took place in 1945. it was then decided
upon to perform a complete soil investigation
and further to analyse the stability of the
slopes with a view on remedial measures which
could be adopted.
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SITE EXPLORATION.
As a first exploration of the site two
deep sounding tests were carried out. The loca
tion and the results of these tests are given
in figures 1 and 2. This exploration was sup
plemented by 7 borings in order to discover the
sequence of strata and to obtain undisturbed
samples from which the physical and mechanical
properties could be determined. The changes
of the ground water-levels were recorded in
7 piezometers. The position of the borings and
the piezometers are shown in figure 1.
As revealed by the deepsounding tests and
by the boring the natural strata on a depth of
20 meters below the original ground surface
comprised:
Boring A .
- from + 27,16 to + 13,46 : yellow loam, fairly sandy in its upper part.
- from + 18,46 to + 14,41 : blue clay.
- from + 14,41 to + 12,00 : fine sand, lightly
clayey.
At deepsounding I, this last sand layer
has been recognized to the level + 8,00. It
has also been established that the thickness
of the blue clay was very different from point
to point. As shown in figure 2- where the clay

