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REPORT ON FIRST ST.GE GROTECHNICAL INVESTIGATION OF MILTON KEYNZS
1. INTRODUCTION
Iocation

The siting of the designated new city of Milton Keynes was deternined by its
geographical location in relation to population and cormercial requirenents., In
1962 it was decided by the Buckinghanshire County Council that a new city with a
population of 250,000 in Horth Buckingbamshire would effectively meet the needs
of the locality and of the Greater London arca. Though the Council sponsored

schene did not proceed, the initial feasibility study proved a valuable background
for the nore precise location of the designated arez of the new city of Milton
Keynes.

_ * Milton Keynes lies across the most inportant transport route in the country,
fron London to the north west, about half way between London and Birminzhan. The )
new city is also situated centrally in the nmain populated and urban part of England
and ¥Wales in an area of expanding population and employnent. The area is no
stranger to developnent schenes, having successfully fostered the new towns of
Wolverton and New Bradwell and the recent expansion of Bletchley.

Inportance of Geotechniccl Investization

In any project of this scale geotechnical information must be equal to the
denands of the development progranmne. An overall assessncent of the engineering
behaviour of the geological units encountered over the area can pernit design
criteria to be established for both linear siructures, such as roadways, tunnels
and waterways, and comnact structures, such as buildings, bridge piers and daps,

A detailed investigation for a particular construction can then establish any
snendnents to the general design criteria necessary to overcone unfavourable local
conditions,

In the case of the developnent of a new city both linear and compact
structures abound,

Their distribution over the whole site is prinarily governed by human factors
and only in the case of extrermely unfavourzable ground conditions causing unwarraonted.
extra expenditure need geological conditions interfere with this systea. The
possibility of trends of engineering properties existing in the various geological -
units is investigated here with a view to optimising the scotechnical deta as it
becomes voilable. This study also pernits an zgsessnent of the representativity
of data from a given unit with respect to surrounding material within that unit
go that detailed foundation investigation p"ograﬂnes nay be derived for 2ll tynes
of structures.

- The Present 1nvestigation

The investigation was carried out under the general supervision of the
Engineering Geology Unit of the Institute of Geological Sciences. This arose
fron discussion between the Milton Keynes Development Corporation and the Institutc
when the Development Corporation made it clear that they would welcone. =2 survey
of the geotechnical properties of the various rock types and superficicl deposits
found in the erez. It was agreced that this survey was a logical developnent fron
the recently revised geological mapping of the area by members of the I.G.S. field
staff, South of England units. The developnent Corporction agreed to pay the cost
of contract drilling some 30 boreholes and the necessary laboratory testing.
The Institute ngreed to provide staff for the supervision of the programre and
‘to put down shallow cuger holes to obtain sanples for odditional laboratory
testing. It is proposed to incorporate 211 the borechole and field results
obtained within the areaup to Decenber 1969 into = final report 2nd series of
enzineering genlogy nzps or overlays.. The present report sunnarises the findings
fron the Institute's surveys to date (October 1969) and.gives some details of the
engineering churacteristies of the geclogical nmaterials found in the arez.
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acknowledged. In particular we are grateful tc the stiff of the Engincering
Scction and the Estates Department who assisted greztly in arranging access to

land.

We should also like to thank ¥.S.C. French Ltd.; Crailius Co Ltd., z2nd the.
MPRY Soils laboratory, Cardington for carrying out the moin drilling and laboratory
. testing programmes. . :

At the Institute, we are grateful to the Geochemic~l Division for carrying
out sulphate analyses on clay samples,

Mr. P. Grainger and Mr. P. Collins of the Engineering Geology Unit did a
considerable amount of soil testing in temporary and often uncomfortable labora-
tories.

Geolozical Units

The solid geology within the designated area consists of strata of Jurassic
age, dipping gently to the South Bast. These units are covered in part by recent
drift materials of & variable nature. The oldest strata exposed in the area 2re
the Middle Jurassic scries outcrOpping only in the North West around Wolwverton and
Bradwell Abbey. A4bove these in the geological succession is the Oxford Clay whlch
nakes up the solid geology outcrop over the rest of the area.

Boulder (Clay, nainly consisting of derived Oxford Clay, chalk and flint
pebbles, sand and gravel provides & blanket of up to 100 ft thick over the majority
of the solid material especially in the centre, South and West of the area. In
the various river wvalleys these are irregular deposits of Alluviim, Head znd
Terrace Deposits. One local feature of specinl interest is a glacial lake deposit
consisting of Varved Clays and silts. :

The engineering significonce of these units is discussed zlong with their
environments  of deposition in the following sections.

System of Geotechnical Mapping

The approach - to rapping engineering properties of the various units depends
on the type of mcterizl. The geotechnical mapping of the solid geologiczl units
is based on the knowledze that the beds are fairly consistent in thickness and
lithology over the arec under consideration. Palaegeosraphical considerctions
lead to the conclusion that there probably exists a low znplitude trend of all .
the engineering properties over the whole ares with possible local residual trends,
as explained in the following sections. These considerations permit the develop-
nent of borehole programmes to optinise regional mapping input data and safely
reduce further local investigztions in these unlts.

The geotechnical mapping of the drift deposits acknowledges that the units
vary. considerably in thickness and, often, lithology sometires over a very small
area, From a knowledge of environments of deposition it can be predicted that
over the total thickness and extent of any of the drift units there will be 2
series of high: amplitude residual trends of engineering properties disguising or
completely overshadowing any generzl trends. These considerations necessitate the
large scale investigation of the engincering properties to deternmine the degree
of confidence in extrapolation from any data collection point. As suggested later
the representativity of parameters taken from o practiccl borehole programme in
certaln of these units is question,ble, while in others it may be volid.

Inplicatioils of various environnents of devooltlon

There .re essentislly four types of depositionuzl environment illustrated by
the geological units in the Milton Xeynes are>. The solid units are representative
-of sedinentary deposits in 2 shnllow narine and narine environment. The recent ’
alluviun, terrace deposits, glacial gravels =nd glacizl lake deposits are
represent ~tive of sedinentary deposits-in a freshwater environment, sone fluv1at11e




gone lacustrine. The boulder clay is represontative of nechenically lein materinls
fron a dynsmic environment beneath or around an ice sheet, The head is represen-
tative of physically (and possibly chemically) 2ltered materizls from a static or
near-static environnent, sometines terned a residucl environnment.. :

The over-riding implication of the marine environment is that the depositional.
conditions were essenticlly sinilar over the whole area so thot there is a2 high
probability that any trends of properties will be graduzls This should pernit
their accurate mapping on a regional scale and a very high degree of confidence
in their representability. ’ ’ :

The primary inplication of the freshwater environnments is that the depositional
conditions varied over even the snall ocreas of the sedimentary basins so that the
nmaterials tend to form lenses or discontinuous beds., This implies that trends of
engineering proparties will be of a higher amplitude and less consistent than for
the marine environment, thereby reducing the degree of confidence in extrapolating
from a data point. The lacustrine environment prevniling during the deposition of
the glocial lcke nmaterinls provided conditions more constant in areal extent than
the other freshwater environments ,but more variable in section. ’

Outline of Present Investigition

The present investigotion attempts to put the above considerations into
practice for the design=ted area of the new city of Milton Keynes. The Middle
Jurassic beds are investigzated with a particuler enginzering project in mind, the
sewage tunnel through the centrol high ground. 4is their outcrop is restricted
to the zlready-built up North West of the arez their engineering inportance is
not very great with the exception of the tunnel project so it was not considered
particularly useful to n2p their geotechniczl properties benezath the rest of the
site. : :

The Oxford Clay, which forns the majority of the solid geology. outcrop,
provides an opportunity to map geotechnical properties of a fairly uniforn
noterial, The main object of the undertziking, therefore, is to demxonstrate this
unifornity z=nd determine any trends ioposed upon it. For this purpose a ronge
of boreholes was introduced over the designated aren,  Unfortunately because of
" the excessive thickness of overlying drift notericl over nmuch of the arec and
the difficulty in determining.an individunl horizon within the Oxford Clay, it
was not possible to exznine the trends rinutely. Some of the results that are
correlntnhls are mapped in Fig 1 to illustrate the notenticl of this type of mapping
and provide nn initial estinmcte of the varicbility and trends for one horizon.

- The Boulder Clay, which blankets nost of the site znd is consequently very
inportant to an engineering undertsking of this kind, provides an exanple of a
geological naterial which is vory unpredictable in character. The investigation
.programme to date has exanined the units variability on every scale from sample

Separations of the order of a kilonetre down to sauple separation of the order of
twenty centimetres. Figs 2 and 3 illustrate the findings and underline the great
variability of the nnterial on every scale. :

As it would appear that there is to be very little construction on the Recent
Alluviun, River Terrace Deposits, Glacizl Gravels or Head, a siniler investigaition -
of these nmu:terials has been withheld until particulur engineetring projects pro-
bably concerned with water works cre envisaged. This 2voids the study beconing
an acadenic exercise as would otherwise be the case. The exception to this is
the Varved Loke meaterial on which it is lmown there is to be a water retaining
structure. When funds become availsble it is hoped to investigate this unit as
an illustration of the application of engincering geology. technigues to specific
engineering nroject : '




2. JURASSIC STR4ATA BELOV THE OXFORD CILAY

The following is the seguence of strate below the Oxford Clay which outcrop
within the Milton Keynes designated area

Kellow:ys Sands
Kellaways Clay
Cornbrash

Blisworth Clay
Blisworth Linestone
Upper Estuarine Series
Lower Estuarine Series
Upper Lias

== N WL U

The solid strata, which comprise the above beds together with the Oxford Clay,
hes 2 general dip to the south-east with this area. Thus these lower strata are
exposed in the north and northwest, particularly where the Ouse hzs cut down
below the mean level. :

1. Upper Lias, This is the oldest series exposed in the Milton Koynes area and
its outecrop is linmited to o small zrez in the Ouse Valley around Stony Stratford
and Wolverton. The rocks are unifcmm clays deposited in an entirely narine environ—
nent, TFor engineering purposes they could be regarded as similar to the Oxford
Clzy, though the actucl values of their properties are slightly different.

The basal beds of the Upper Iiss, though not seen at the surface, have been
encountered in the Linford gravel workings. They consist of, llmcstone and narls,
but it is very unlikely thot these would be uet except in very deep foundztions
in the Ouse v~lley. -

The top of the Lias is rarked by 2 mnajor erosion surf:ce. The overlying
Middle Jurassic strata were aeposited in a variety of environnents, ranging Ifron
continental to riarine. This is reflected in the V“rlﬁblllty of the beds und con-
sequently their nrooertles.

-2+ The beds of the Lower TGstaurine Series (L.E.S.) ore entirely continéntal.
They were waterlain under deltnic and fluviatile conditions. Two facies have
been encowtered. - :

2) The white sund ficies. This is conmposed of pure clezn sends and silts,
occasionally ferruginous.’ : '

b) The cluy facies. In this one find poorly sorted silty cloys, with a
few fine sandstones. The rocks are gener:lly dark coloured and sonetines
contorted. ' ' ' .
- These variations in lithology nay be encountered both vertically =nd horizon-
tally within relatively short distances. The properties of the series are excced-
ingly varlﬂble, but they are. nenertlly of very low strength. Known thicknesses
range fron 10 - 4G feet. '

3. The Upper Estaurine Series (U.J.S ) contalns two llthologles

a) A calcareous group of nsrls, fossiliferous clays ond linestoncs, together
referred to as the Upper Estcurine linestone. This lies at, or within a.few
feet of, the base of the U.E.S. The linestones which usually pre cdoninate
are in sone vlaces hard and n,ss1ve, in others argillcceous and weak.

_ Usually 6-10 ft thick,

" b) The reazinder of the U.B.S., is coaposed of variegoted nulticolsured
green-grey clays with sonme silts and calcareous bands. The lithology is
very varicble vertically, but tends to fz21l into cycles. The preperties nay
be expected to show sinilar veriability to those of the L.E.S. but on the
whole the rocks ~re slightly stronger.



The series as a whole was den051ted ted under 1agoonal and deltaic conditions
~ with sone marine incersions, notably the Upper Estuarine Linestone, The thickness
of the whrole series has been seen to range fron 30 to 40 ft,

4. The Blisworth Linestone is entirely calcareous, in the nain heing a hard
mssive linestone, Marl and clay bands, up to 2 ft in thickness are guite
connon. The formstion is wholely marine and in thiclmess varies from 20 to 30

ft. 4Although joint spacing appears to Le quite frequent, the bedding planes may
_be several feet apart. This fzoct, together with the extreme hardness of the rock
in some places, would nake it a-very difficult formation to excavate, except within
about 10 Tt of the surface, where it weathers +to o flaggy lirmestone. In tunnel-
ling operations, the hard, nassive parts of the formation would be difficult to
excavate but nmay be expected to stand without too nuch overbroak. Problenas nay be
encountered where narl and cloy bands occur. :

54 The Blisworth Clzy is a variable group deposited under lzzoonal and deltuic
conditiong, with.. infrequent narine phnses. In nost respects it is comparable to
the clay facies of the Upper Bstaurine Series. In the lower two thirds it is
usuzlly a purple brown very plastic clay while the upper third is often grey-green
and sonewhat siltier. A4t outcrop it produced plastic clays, which are usually leos
silty than those of the U, E.S. Kaown thicknesses range fron 12 - 20 ft.

6. The Ounﬂuash is in nany respects sinilar to the Blisworth Lisestone, but the
proportion of clay is ruch lower and there are no narls. - In lateral extent it is a
very uniform forn:stion, having been deposited under entirely narine conditions.

In the Peterborough district it is generally a good founding material but it weathers
easily to = rubble and in the Milton Keynes Aren it appears to be well jointed and
fractured so that it may not perform so well under foundations. On the other hand
it would be a nuch easier naterial to excavate than the Blisworth Linmestone.:

Ite thickness varies betwecn 2 and 8 ft. - .

7. The‘Kéllaways clay is a thin, very uniform clay deposited in a marine environ-
nenv. It is generally strong and its properties compare closely with those.of the
Qzford Clay. 3 to 6 ft thick.

8. The Kellaways Sands comprise « variable seguence of fine sands and silts.

‘The properties show a linited range of v*rlgtlon though grezter than for the.
adjacent clays. Occasionally sone cenented pockets of sand are encountered; these
are referred’to as 'doggers!. This nmairine formation is 10 - 15 ft thick,



3, OXFORD CLAY.

BEnvironnent of Deposition

The depositional environnent of the Oxford Clay was shallow mirine to marine
depending on the individunl horizon. The lower beds are of shallow narine sedinents,
contoining typical nenr-shore clastic materials with consequent reduction in the
nicrofaunal population. Another feature of these conditions is the occasional
channelling on the sea bed which reflects itself presently as a change in the
thickness of the now-consolidated beds over a range of severcl tens of metres. A
further consequence of this chammelling is the apparent occurrence of frequent
" low anplitude residual trends on the general ofishore trend of properties. The
najor problen, from the point of view of obtaining correlatable results, is that it
is very difficult to determine exact boundaries between the lithologic:l units
within the lower Oxford Clay because of the scarcity of type microfossils.

The highaer beds are of marine sedinents, with much less coarse clastic naterizl
and consequently a greater deeper-water nicrofaunal population. The conditions of
deposition of these beds, being further from the ancient shoreline, were nore
quiescent. This pernitted a less-interrupted grad-tion of meterizcl in an off shore
direction, which should be presently reflected by a low amplitude trend of engln-
eering properties from North Jest to South Bast over the designated crea.

Enrineering Implications of General Properties

Unfortunntely the higher beds outcrop only in the South Eazst of the desiz-
nated ~re~ and are then often covered by drift. The lower beds, which are not
80 readily correlatahls ocuteropin 2 broad South West to North. Bast arc through the
centre of the site, often coveréd by extensive drift deposits. The lower beds =are
of considerable engineering inportance beczuse of their extent over the designated
area and a preliminary geotechnical mnp has been prepared (Flg 1 - See Appendix 1
for interpretation technlque) for one of the most precisely defined horizons.
Five sites were specially chosen for this pilot study and it is thought that the
initial success, even with this loosely defined zone, justifies an extension of
this method to other horizons and & closer separation of dita points.

Fron the nop of geotechnical properties it can be seen that the general trend
of engineering properties from North West to South Bast is very graduzl and of
snall amplitude; for exanple, the total range of Liquid Lirnit can be seen to bve
only 8> The other index properties exhibit = sinilar range and generzl trend.
Superinposed on the general trend is ~ residual (or loczl) trend in the neigh-
-bourhood of presentday Simpson. This appears as a "clay sink" by interpretztion
of the engineering properties, suggesting a2 possible deeper trench in the near-
shore environment in that aren at the time of deposition. This supposition requires
further investigation before compiling 2 final geotechniczl nap. Similar trends
would be expected in other horizons within the Oxford Clay but with fewer residucl
trends and any that exist would be of a lower amplitude, i.e. the range of pro-
perties would be lower.

It is stressed that all the properties quoted are used as index parameters
at present. It would be unwise to use the undrained strength values in design
without ascertaining the degree of weathering =nd other possible disturbance to
the sanples. Such zlterations to in situ unweathered materizl can cause
reductions in strength of an order of magnitude.

It can be seen from the profiles of various engincering rropertles for bore-
holes 16 and 24 that it would be p0331b1e to nisinterpret such profiles in terns
of engineering significance if sanples were taken 2t too great a separation in
profile., This is illustrated gquite well by comparing the profiles of, sty, Liguid
Linit for the two series of tests perforned for each hole, one with sanples at a
separation of adbout ten feet the other of about three feet. The profiles are
distinctly different and any zonation for design purposes based on this would .
differ in each cose. 43 it nust be eccepted that the closer separation of data
provides the riost accurate profile, this serves as a strong recomnendation for
close separation s“nnllng even in fairly uniforn naterisls.




Engineering Implications of Trend and Ranze of Properties

The total range of index paranmeters for the horizon illustrated suggest that

" for that bed, and therefore, by inference for all those above it in the Qxford
Clzy it could be considered as a uniforn naterial over the designated area for

the purposes of engineering design. Therefore, it would appeaxr thot over this

area the low.amplitude trend in these b2ds has no significance to engincering pro-
jects. However, again by inference fron consideration of the depositional environ-—
nent, it would cppear that there could be a greater range of properties and nore
local trends in the lower beds of the North West of the arez. This grezter -
variability could be of engineering significznce, especinlly as one particular
property, the cohesion, could become locally very low so thzt the safety of short
tern excavations designed on general values would be suspect. This is,therefore, a
field for further detailed investigation, requiring new techniques for correlntion.

The avernge properties for the Oxford Clay in this crec suggest thdt it is
gener=1lly = stiff fissured silty clay.



4, BOULDER CLAY

Environment of Deposition

Boulder clucy, or till, is 2on omnibus term given to products of the crosional
and depositional activities of glacier ice. Eroding ice picks up rock fragments
of 21l shapes. and sizes as it advances together with rock-flour resulting from
ice zbrasion. In general deposits lzid down directly fron ice have not been
subjected to the action of water and conscquently are characteristically.
unsorted and unstratified. Till is deposited largely nezr the margins of ice
shects where the ice is relatively thin (measured in hundreds of feet canpared
to thousands of feet near centres of accunulation). -

Two general types of till are recognised - ablation till and lodgnent till.
Lblation till accumulates on the surface of a glacier by the melting out of
englacial materisl, It is charncterisced by the presence of abundant angular and
unstriated boulders, a high proportion of sand and gravel and small announts of
clay; the texture is loose and it therefore oxidises rapidly and is comnonly
brown or yellowish brown in colour. Lodgnent till by comparison is very compact
and conteins fewer and smeller stones which are rounded and striated. The
proportion of silt and clay jpresent is high and conscquently permeability is low;
oxidztion procceds very slowly and this till is usuelly grey in colour.

" Although tills appear to be heterogenous, unsorted and unstratified masses.
structures nay be present which affect strength and permeability. These
include the parallel orientation of silt and clay particles and the preferred
orientation of the long axes of pcbbles and boulders: - generally in the dircction
of ice novcment. Comuact bands or irrejular bodies of sand and/or silt resulting
fron the activity of englacinl water may also be present. Obligue joints often
occur, resulting from marginanl shearing in the ice sheet or post-depositional
d2ssication, and they nay be faced with thin loyers of conpacted sand. .

Bngincering Toplications of General Prozerties

The cover of Boulder Clay is of sufficient extent to merit special attention:
with respect to cngineering construction on it. It was decided that, as puch of
the proposed new. construction is plamned for sites covered by the Boulder Cleay,
the investigation should cover the whole cren with extra consideration given to
the tentative new city centre nenr Little Woolston, . With this in nind a
shzllow borchole progromne was carried out over the whole areca on z systen
which, vhen coupled with the rest of the borchole network, provided o grid with
separation of date points at about five hundred metre¢ intervals. The results
of this demonstratod the variability of the unit to be larze over the whole arca
as can be seen by scanning the borchole logs containing Boulder Clay (in Appendices)

As no trends were immediately cpparent on theo suall scale a trench, twenty
metres long by one metre wide by four metres deep, was. dug nenr Little Woolston
oxposing a section of Boulder Cloy. The results of index testing on a one
metre interval grid are shown on Fig 2 for a longitudinal scection of the trench.
It can be seen that the usual index tests (Atterberg Linits and Specific Gravity)
show consistent trends in profile but these trends =re gencrally of zn order of
nagnitude less in extent than o building foundation, To further exanmine the
varicbility of this materizl a onc metre squore within the grid was further
divided by sanpling at twenty centimetre intervals., Fig 3 shows that the rong
of the index paranmeters is as great over this scale as over that of the trench
and gencrally over the whole of the designated area. :

It was decided to adopt o convention of cross-hackering that shows clayey
zones as more heavily hackered in every case for the Boulder Clay properties,
At a glance it is therefore evident that there is strong cgreement between 2ll -
the index properties except the Bulk Density. - Moderate agreement is to be
expected but such a close relation lends éxtra confidence to the testing accurucy.




Assuning the eccuracy of the Bulk Dencsity deternination to be equelly accurate
it must be accepted that there exists srecter veriction in it. Gonerclly there.
is a trend similor to that of the other index properties but with difforent
rosidusl trends upon it. Thers is en overcll verticzl trend superinposed on
this systen. It would bo expected that this overall trend would extend over the
whole designated arce as indicated by other boreholes., The occasional residunl
trends, controry to normal expectations of sandy zones being nore dense than
clzy, support the accepted concept of dyﬂamlc pla cement without much conscgquent
over loading.

The mnjor engineering implication of the results of this invostigation is
that any practical borehole programme in Boulder Clay will gencrally not give
rosults that oro represent:tive of neighbouring aress only » metrc or so cuay.
Conscquently the usual borehole tcchnique is reduced to a tool for exploring the -
total thiclmess: of thc unit and finding excessive anomclies of engineering
inportance, ¢.g. buried glecial lakes, very large bouldcr, etc.

It would be expected that the varlablllty of engineering propertics would
- decrease with depth and removal of the pore varinble material sbove nmey be an
agconouiic proposition for major construction in nany ccses. In other cases,
lorze scale in sitr testing could be most valuable,

Engineering TInplicctions of Trend ~nd Ronge of'Properties

The range of index properties is generally about four or five tinmes as
great over =n area as snoll aos one square netre as it is at any given horizon
in the Oxford Cleoy over the vhole designated area. The ronge of engincering
design reremeters would be cven greater because the standard methods enployed
on the index testing rcguire only thc small fraction of the naterizl in
general, The overall ronge of properties includes those associzted with
3lnost pure cloy, uniforn silt or sand, well graded sandy gravel, and rock and
clay adnizxturcs, The lensed nature of these materisls would required thelr
renov~l from bene: th water retnlnlnb structures,

) . Trends of-proPertles are often genercl over a distance of seversl metres
with nore local trends superimposed on them. All the trends can be very
abrupt no matter whot their smplitude. For design purposes. this distribution
of properties recquires throt no one value of any property oy be assumed for -
any foundation problem unless it is = generzlised property detcrnined for the
whole of the materisl affected by that foundation.

The establishment of ccononical design criteric was further complicated
by the discovery of a local slip plane cutting the trcnch slong o local bedding
plane, " The slip wes in a very wenk clay layer between a coarse sand in a clay
pmatrix end a firn clay, The wesk layer was -only sbout onc rilinmetre thick ond
certainly indistinguishable in disturbed borchole sanpling and to 211 but the .
very practised cye in undisturbed sempling, " The slip wes down dip at about
157 to the horizontel. Any such plane bencath a foundation designed on even
. a gonerel averoage porometer could prove catastrophic. . '

t




5. ALLUVIUM

Environnent of Deposition

. The dapos sitional environnent of 2lluviun is freshwater. In the Milton Keynes
arex the 2lluviun was laid down by the present river syoten which has since altered
. only slizhtly by local neandering so that the unit occupics only ribbons up to half
2 nile wide about the existing rivers.. The materinl is graded by the local currents
and deposited on the river bed. As can be seen by annlogy with present small rivers
the naterizl tends to be deposited in the slack water and eroded fron the fast run
cround neanders. This type of deposition results in the formation of lenses of
naterial. However, fluviszl regines of this scale provide a fairly uniform range

of naterials so the lenses are barely distinguishable for engineering purposes.

The exception to this is the occasional silt lens corresponding to a historic flood
tine. A practical borehole programie should discover any such lens of enginsering
significance. The environnent hzs basically not changed in this aren during the
deposition of the 2lluvium s0 no erosion of the recent materizl hos taken place,
leaving it in =2 normslly consolidated state.

' Engincering Implications of General Properties

As the alluviun occupies only the borders of the present river network it is
of importance only to water retaining structures and occzsional roadway foundations
and snill buildings. It has not, therefore, been investigated in detzil as it
should be grouped with the sever~l other units beneath it when investig:iting the
foundations for specific water retaining structures. However, in gerer:l terns’
there ~re two main engineering inplications of such nmaterisls in this context.

The consolidation chnracteristics of alluviun generally indic:te 2 large znount

of settlement under even norrzl engineering londs and, if there is too great a
thickness of it for econonic renoval, enbankments on it should be designed to
accornodate this settlenent to avoid brecches in dams or cracking of rond surfaces.
The presence of occasion:sl large lenses of nore permeable raterial could provide

a natural water bypass beneath o water retnining structure, especially if
exgessive settlement caused cracldng in the surface material to provide easy access
to 2 lens. A further property of engineering significance is the gonerLl weakness
-of natericl but fortunctely the weclmess is obvious qnd general.

anAnuerlng>Inm11cqt10qs of Trend cnd Qadge of Properties

The range of properules for these nater a2ls is not generclly great ezcept in
the occasional pernmeable lenses. This usunlly pernits the assunption of generalised
design parameters over the lirmited arex between the dztz input points of & prac-
tical borehole progranze. In this pairticulor regine it would be expected thot any
regional low anplitude trend would be overshudowed by residusl trends of the scale
of a compact structure but, apart fron silty ard s:ndy lenscs, no trends should be
of a high enough amplitude to defeat nor:al engincering site investigation nmethods.,

Any perneable lenses of enginecering significance should becone evident frono
a nomal practical borehole progronnme zlong with their properties, the nost sig-
nificont being groin size distribution and permeability. Generclly there is an
abrupt division between these lenses and the surrounding noteritl, reflecting the
depositional condltlons so they are not predlctuble by the onset of a gradual:
local trend. ' ‘




6. RIVER  TERR.CE DEPOSITS AND GLACIAL GRAVEIS

Environnents of Deposition

River Terrace Denosits )

Sands, gravels and silts zrc deposited in the middle and lower reaches of a
river volley due to the loss of lo:d bearing capacity of the river resulting fron
a reduced velocity of flow. Reduction in flow velocity occurs in one or both of
two circunstances: the lower elevation above base level and greater width of the
river channel in the lower reaches of 2 vzlley, ani/or raising of the base level -
resulting from a risc in sex level, , ' : :

Terraces which develop in the ‘lower reaches of 2 river valley are thalasso-
static, i.e. they result fron the response of the river to fluctuations in sea
level., A pernanently flowing river, under stable eustatic conditions, is in a
- pernanent state of erosion. Terraces are formed by the interruption or inten-
gification of vertical erosion due to the rise or fall of sca level.

The periodic genercl lowering of sea level during the Pleistocene period is
correlated to periods of extensive glacier expansion @s also are the cutting of
erosioncl benches of rivers. A4 rise in sea level following 2 glacizl episode is
corrclated to an 2~melior:tion of clinute and the aggradation in the lower reaches
of a valley largely tzkes place under temperazte conditions. In generzl terms river
terrace deposits were laid down during temperate- or warn periods and river chunnel
benches were cut durins cold or glaciul phases. Often the first materials to be
laid down on a river bench were solifluction deposits, indicative of 2 cold climate,
these are poorly sorted and unstratified. The later tesperate fluviatile uggra-
dation consists of sands, gravels and silts, often cocrser towzrds the base, well
sorted and stratified., Channelling and reworling of the deresits is comnon.:

Glacizl Gravels

Glzcial sands and gravels are deposited fron melt waters issuing fron the
nargins of a glacier. Sub-glacial and englacial debris is 12id down both in and
above the level of local standing water to form sheets of outwash in which sorting
hos occurred enid where stratification is nore or less regulzr. Grzin size of these
deposits depends on the outwash loxd and the distuonce from the nelt water source;
the coarsest grades are deposited near the source and the finest further down
strean, ‘ . '

Outwash deposited zbove local water level builds up fans with irregular
surfaces which are channelled by sn2ll streams. Sub-2queous deposits forn deltas
showing nore regular sedirentation built up of the coarsest parts of the load shed
by the nelt waters. PFurther downstrean rafting by ice may introduce coarse
naterials into finer sedinents, .

Outwash fans vary in size depending on the nunber and size of melt water
streans, load and length of time of foraction. Sorme outwash plains are pitted by
kettleholes indicating that when the ice front receeded blocks of ice were left in
the accunulated sediment. Outwash deltas have more even surfaces which are foriued
from the topset beds. If outwash is confined to a pre-existing wvelley a valley
train may be built up by aggradation of the nelt water load and terraces nay be cut
in the infilling 2s @ result of the lowering of the local -base level of the:pro-
glacial strean. S : ;

Engineerirg Inplications of General Properties

Fron the point of view of engineering  constructions on these natericls there
are only a few problems resulting from the general properties; +these are related
to the zbsence of fine naterial. The presence of any of these muterinls in a
natural condition beneath or in the flow path zround a water retcining structure
would render the schene econorically unvi:zbie, owing to the excess drainage through
the nore perrecble nateri:l. Both sorts of coarse grained material tend to be in
beds that are continuous over the extent of a compact engineering construction or
in large lenses often of equal extent. .inother feature, particularly of the
Glacial Gravel, is the comnmon occurrence of well sorted zones of n:terial from
coarse gravel, sonetimes in a matrix of silt, down to silts. When subject to




hydraulic gradients greater than critical these naterials assune a2 quicksand con-
dition. This is not an insoluble problen and it can be predicted and overcone in
virtually every case at very little cost provided oneis aware of its possible
occurrence. In certain. cases, noderutely sorted material subject to high hydraulic
gradients can becone devoid of fines, the snaller fraction, so that it supports
npipes", or local quicksand conditions, which can cause excessive leakige and/or
cotzstrophic collapse in or near water retaining structures or deep excavations
below water table level. : _

L further inplication of the particle size distribution of these naterials
relates to their strength under various conditions. In frece dreinage cases the
gravels and sunds will not stand freely in excavation except in the very short
‘tern case. When there is a finer fraction included in the patrix it will prevent
very short tern drainage. and pernit the materizl to stand freely for o little longer
until it drains. This is the most dongerous in that it can offer a false sense of -
security. In normal drained bearing conditions all these ncterials moke excellent
foundations, having @ high strength and low settlenent properties.

Engincering Inplicotions of Trend and Rangze of Properties

The inportant properties are nainly the grain size distribution and perceability.
Any trends deternined for perneability would pernit major leckage channels to be
predicted and counteracted. The range of pernezbility would cover several orders
of nagnitude in these zmaterials but it would be difficult to grout only the nost
pernezble zones -2gainst leakage. Therefore, the whole of the profile through the
unit would have to be grouted 2nd a knowledge of any trends in perneability would
pernit a close estinate of grout toke. ' ’

. Treﬁds of grain size distribution would not only pernit a prediction of zones
likely to be liable to adopt a quicksand condition but would also be economic2lly
useful in forecasting the optinun sites for gravel and sand exploration.




7. HBEAD

Environnent of Fornmation

These naterials were formed essentially in position fron indigenous matericls,
either by physic:l and/or chenical alteration of loczl materizls in situ or by. the
slow nccunulztion of matericl fron hlllSl ‘e creep or late glacial oud flows. The
regine h2s renained largely unaltered since their formation. They have been subject

to little or no erosion =nd zre, therefore, essenticlly normally consolidcoteds
“There exists ¢ rerniote possibility that some of the material in this unit pay never
have been completely below = water table nor completely waterlogged since its
formation so that it could be locally netasteble., This is a condition thot would
occasion excessive settlement after the co¢pletlon of an engineering construction
if it were later flooded. .

Enginecring Inplicoations of Generzl Properties

The engineering bechaviour of this unit is likely to be sinilar to that of
Alluviun, It is likely to be noderctely conpressible but will generzlly be found
to be stronger than Alluvium in all draincge conditions., However, there is less
likelihood of the existence of lenses of highly peraeable rnterizl. The possibility
of any of the naterial being netastable should be explored for specific engineering
projects as it is likely to be only a local phenomenon,.,- As the unit is not to
for: the foundution material of an intensely built upon aren it has not yet been
investigated to th1s effect.

Engineering Impllcatlons of Trend ~nd Rance of Pronesrties

It is likely that trends within this unit are mainly in profile as indiczted
in the present borehole logs. The range of properties coull be high but only
down to just below the subsoil so thot econonic removal of unsuits .ble surface 7
naterial should be possible., Below that level engineering design should bo able
1o proceed with generzlised paraneter deternined in profile from borehcles. It
the unit is to be considered in relation to a water retzining structure a pre- .
linincry investigation should be made to deternine the anount, if 2ny, of altercd -
clay ninerals that could have swelling properties upon the 1ntvoduct10n of water.

o




8, VARVED LAKE DEPOSITS

Environnent of Deposition

Varved deposits are rhythnisally  banded sediments formed where glaciers
discharge melt water into still water = usuully a lake but moy also be a bey of
the seq or cven a quiet river. During the recession of an ice front nelt waters
fron the surface of the gliacier sink down through crevmsses to the botton of the
ice where they flow under pressure in tunnels. Where these over loaded sub-glacial
rivers rezch still water, clezr of the ice nurgin, sand is deposited which becones
finer and is interbedded with clay; eventually at great distance from the ics front
only clay is deposited. Deposition of varves is periodie - usually annunl,

Bach varve consists of two parts: a thick, light coloured coarse loyer - the
product of deposition from sumer melting, followed by 2 thin, dark coloured lazyer
consisting largely of coloidal matter and clay deposited during winter. The thick-
ness of the individual varve and the size of the constituent mineral particles
depends to a large extent on the proximity of the ice front.

" Thers are three nain ways in which the fine extra-glocial sedinents nay be
deposited. Melt waters rise to the surface of the lake and spread out widely
dropping the sedinentary load through the standing water below. The sedinment nay
be carried out 2long the botton of the lnke by, =2nd be deposted from, a turbidity
current. The nelt waters may spread out graduzlly beconing nixed with the entire
body of standing water and then deposit sediment. The salinity, teoperzture and
density of the stonding water into which the nelt water was discharged determined

. whichof these processes took place, or which dorminnted in a combination.

Small stones and concretions are sonetlmes -abundant in varved deposits, and
are usually confined to the coarse layers., tngulsr fragnents of till are zlso oulte
cornon in some deposits ond these are usuzlly confined to the lower varves of a
sequence, Deformation of varves, particularly in the upper part of a deposit is
coazon, this can be due to wave action, calving of ice bergs, turbidity currents,
recent or penecontemporanzous slumping or over-riding by glacier ice.

Ingincering Inplications of General Propsrties

The inplications of the propertizs of the individu:l layers, or v-rves, are
greztly overshadowed by the those of the combination of the loycers.  The genercl
properties of the individual layers are generally those apertaining to 2 silt or
those apertzining to a clay. Any layer considered on its own would therefors:
behave as a silt or as 2 clay. Ccllectively,however, the behaviour of the unit
is a cooplicated nixture of the two and o few extra choracteristics are 1ntroduced.'
The problems inherent in this unit agein involve both strength =nd drainzge
chiracteristics. The nzjor problem fron the point of view of stability is that,
though the silt layers are essentially capable of imnedirte free drainage in a =
vertical direction, the drainage path in that direction is blocked by the inter-
vening cley layers. This neans that upon the rapid opplication cf & load to the
surface the total lond is taken by the pore water pressure in both 31lt and clay.
The cliy, belnp a cohesive material, even if weak, can often withstond the load
nore thon the mon-cohesive silt which con in effect cet as 2 fludd irmedisztely
outside the loaded area until the excess pressure can dissipate laterally This
is a particulcrly relevant point to consider in programming the constructlon of
m3351ve water reteining structures.

A further inplication of thn leyered noture of the unit is that the horizontal
perueability of the overall unit will be considerably higher than the vertical.
This is an inportant considerction in predicting scepage fron woter retaining
gstructures and .mount 2nd time of consolidaztion bene-th any structure.

" Engincering Iniplications of Trend and Ronge of Proverties

The union of the layvrs is so overvhelningly important compared with the =
individucl layers that it is not pertinent to consider then separately. Therefore,
though the renge of properties is sure to be high for the unit as 2 whole, it is
only the renge of behaviour chzracteristics of the whole unit th2t is significant-




to engineering construction. By considering the environnent of deposition it
is thousht that laterzl trends of the properties of the individunl layers and
the whole unit will be found to be of a2 low anplitude and insignificant.
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9., DISCUSSION

Swinary of Eneineering Inplications of the Geological Units

With the excention of the Middle Jurassic beds are relatively free of
enginecring problens except for difficulties in funnelling through hard linestone
bands and the rapid introduction of groundwater through joints in this naterial
and problens associated with the clayey cilts of the Lower Estuarine Series. The
Oxford Clay, representing the Upper Jurassic beds, is a typical stiff over-
consolidated silty clay. The engincering problens inherent in it will be those
typiczl of engineering projects on similar British morine clays, e.g. Gault and
London Clay (though the latter is nore clayey). BExperience gained in these
naterials, on which there hos.been nuch nore engineering constructlon, should
prove invaluable.

The Boulder Clay provides a far greater engineering problem, The excessive
variability of the unit and the consequent inpossibility of obtaining representative
. design paraneters by laboratory testing will involve large projects in the extra
_.expense of in situ large scale testing for strength and consolidation charac-
teristics. The widespread occurrence of slip planes like the one uncarthed in the
only trench dug, at Little Woolstone, could nece531tate a very expensive investig-
ation programne for all large projects.

The Recent .illuvium should not provide any insurnountable problems provided
enginsering constructions are designed to take account of its high compressibility
and low general strenzgth. Occasional perneable lenses of englneering significance
should be found in a conventional borehole programne.

The engineering problers involved in the River Terrace Deposits and Glacial
Gravels are that they will often "boil" when sub;ected to high hydraulic gradients.
This can take the fom of a qulcksand condition in deep excavation (or boreholes

~and trial plts, etc) or of piping through or around water retaining structures.

The engineering problens associcted with the Head are essentially the sane
. as those associzted with Recent illuviun. There is 2 remote possibility that the
unit nay be locally netastable. : :

The najor problems proposed by the Varved loke Deposits result from its
varved nature. There is the possibility of a "blow out" beside a large rapidly
built engineering construction. It should also be noted that consolidation
characteristics found in a conventional ocedoneter will be very inaccurate.

_ Buggested Methods of Overconing these Problems (with particular consideration
given to safety and econony)

. The difficulty of removing the hard Middle Jurassic linestones in the tunnel
" should be easily overcome by normal nining techniques. The excessive introduction
of groundwater:through its joints could still be inportant, even if only for its-
nuisance value. However, it would be uneconomical to dewater the whole bed so it v
is suggested that seepage water is collected at appropriate intervals in the tunnel
and intermittently punped out, 1

The problens involved in working on the Oxford Clay will include estinating
the effect of fissuring on the reduction of the intact strength and sinilar '
hitherto unanswered questions, The strongest recocrendation possible is that the
experience gained in neighbouring marine clays should be inplenmented and general
design criteriz tempered by local considerations, e.g. local fissure pattern..

There ls no way of safely avoiding large scale in 81tu testing in Boulder Clay.

At sone scale, probably less than that of the construction foundation, truly rep-
resentative average design paranmeters will be found. It is an econonical pro-
position to try to find this optinun scile before large scale construction begins.
_ It is also <reconmended that an attenpt be nmade to establish the frequency of occur-

rence of near-surfoce slip planes in this naterial and whether their effect can

be incorporzted in the "“lump® de51gn paraneter establlsh fron less-than-fullscale

in gitu testing. _




The compressible, weak Alluviun could be econonically renoved beneath the
oceasionnl water retnaining structures to be built on it provided it is ae b nore
than about five netres thiclke In the event of its being of greater thickness
- superinposed structures could be designed to have sufficient plasticity to accon-
nodate the settlement. Significant peracable lenses could be econonically filled
by chemical. grouting. For large projects in which the removcl of the naterinl
would never~the-less be excessively unecononical it would probably be neéecessary
to preconsolidate the unit by drainage and perhcps preloading before constructing
a najor ecbanknent on it.

To prevent boiling of the Terrace Deposits and Glacial Gravels it would alnost
always be an econoniic necessity to reduce the hydraulic gradient by lowering the
wvater table by punping fron wells around the offending arca. Tt would probably be
nore ccononical to deal with the problen when it arose rother than do extensive
tests to predict it, other than sinking trinl boreholes first to see if they strike
"running sand", Piping in indigenous materinl could be dezlt with in the sane
way and filters should be designed to prevent it in water-retaining structures.

The netzstability of Head con be established cheaply by laboratory tests.
Other problems in it can be overcome in the same way as for 2lluviun, In the
unlikely event of swelling ncterials being present Head should not be used as a
fill noaterizle

The "blow out" problen over Varved Iake Deposits can be overcome by slowing
down the construction prograrme according to congolidaticn requirenments that can
be obtained either by in situ testing or by loborztory testing using aparatus
that provides scope for lateral drainage, This sane aparatus should provide 211
the necessary consolidation charﬂcterlstlca needed for design on such thinly
varved naterials,

Sone Sugzested Purther General Investisntions

It is suggested that investigation of the following topics would prove
vialuzble to later construction within the designated ares of Milton Xeymes,

1. The effect of fissure intensity and orientatioh-on the stability of engineering
earthworks.

2. The scale at which in situ testing in Bouller Clay provides representative’
de31gn paraneters.

3. The correlation of 1aboratory and in situ paru1eters for the varved
naterials.

4. The amplitude of trends of enginsering properties in the Iower Oxford Clay.

5. ‘The affegt of weathering on engineering properties.
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The preparation of the geotechnical maps presented here is primarily to
illustrate the variability of Boulder Clay and relative consisten:: »f 2:xFord
Clay. Two techniques are used; that shown in Fig 2 is simply to plot individual .
index parameters separately, each on a different diagram, This has the advantage
that the individual trends are readily digested. If the maps (in this case,
sections of a trench) were superimposed a picture could be built up thet would
permit an overall comparison of these trends; .however, it would becomé ocumbersome.
An advence on the overlay system wculd be to plot all the index parameters on one
map, saerificing individual clarity and gaining the advantage of being able to
compare trends easily without any encumbrance of overlays. Once the eye is fami~

liar with accepting this kind of mapping it readily translates the map in terms.
" of combined trends. The experienced engineer or geologist will at the same time
infer a lithological interpretation.

To assist the lithological interpretation the individual parameters may be
sacrificed in favour of meaningful ratios of them. Examples of this are shown
in Figs 1 and 3, Fig 3 is shaded such that the lithological interpretation is
already done, If the individual parameters were required, as they would be if
this technique were developed for design parameters, they cculd be derived from
the map by solving a series of simple simultaneous equations given in the index
with each map, With experience this takes only a little longer than interpreting
from the direct mapping of individual parameters - a small price to pay for a
general lithological interpretation at a glance. It should be understcod thet the
present submission of maps is intendeéed to be primarily an illustration of technique.




The table of selected engineering properties and significance o7 +he main
geological units is composed from the information available from the borehole
survey tempered with previous experience of these materials. It should be
understood that the values given are representative of about 9% of samples
tested, the rest being badly tested or from an unreliable source, It should
also be noted that the effects of weathering, physical and/or chemical, can be
either to soften, usually by mineral alteration, or to hardéen, usually by
_dessication, any unit so that its engineering properties fall outside the given

ranges.,
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