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I write to report on the results of the soil
mechanics Lesta and their influence on the design snd construction

of en earth embanlonent 60 r't high.

1. A roptrt of the numerical valuas of the soil mechanics testa
carpied out &% the University 1s enclosed, You will elsc have
the resiits of teats made Ly Messrs, Pre-Plling Surveys Lid,

2« Connsidering first the atrength of the London Clay on which

the dom will be founded, Piz.1 shows the shesy strength of
undrained undlsturbed samples plotted rgainat depth. The results
of teatr mode initislly at tho stondepd rate of & per minute
have been nepglected. The presence of fissures in the London

Ciey rogquiren s slower rete of Lest 4n order to ensura unifornity
throvghnut the armple end comsequintly & rate of 1% par heur

was used for the majority of the tosts and Kessra, Pre-Filling
Surveys Ltd were instructed to do Jikewise.

gy Conslderdng sn saverage Dowvmstresm slops of 25/l g8 night arise
with e slope of 24/1 anwi n berm, ihe benk would il st m shoar
of €% pieaJd., snd & strength of 10 p,s.1. would be required to
ensure” an sdequate factor of safuty of 1.5. It follows thet
elther the bank must have an ozterded toe or the foundation
requires consolldetlon during construstion by mecans of aand
dralna. From Fig.l the minimum depth of the drains would be 18 [t.

4. The prosence of thin layers of fine silt in the laminationa
of the elnay, o8 noted 4n pavaarsph 7(b) of your report deted
l8th Deec. gEEE, and &3 observed In the womples tested, could
result in s spresd of pors water rreasure Covards the toe,.
Covsequently the vaa of 8 minimom mimbey of asnd dreins through
these sllt leyers is essentinl,

S« In order to design e dvsinsge system end subsequently to
provide elegucte control Anping construction, messurements were
mide of the effective strenyth warimeLbers of the fovrndation elaya.
Fig.2 thows the spple of shearing resistence In teorms of effoctive
strensas, @1, plotted spoinat tho neicht wbove the Beael Beds,

The commonly guocted valve for Lendon Ciuy 13 200 gnd this value
wid found in ploces nesr the surfses, Yith dagpth the value of

gY ot thin afte wae found to increnae to over 09, The everugns
vilue of the eohesion irtercept ¢! for sil ramplos wus 300 p.s.f.
Dot Filps 1 and 2 1llvatriate thet Lhe mindman strength of the
Toundetion ¢loys occcurs Just below the surfneo, Exceptionaily

low values of @' of 139 heve been found et B.F.4. The proevious
winfmum velune wshiech T have met gnywhere hns beon 180 and thls

is & mwetter fur further investipation,
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6. Fig.J shows the observed pore water pressures st the pesx
offective stress rutic for a renge of possible valuss of the
mijor prineipal total strasa, The results from Flgas 2 amd 3

heve been used to mske mn effoctive stroas enalysis. Tnis shous
that, in the ebscnco of drainsge, the water preasure in the
foundation would rise above the level of the bank near the creat,
and that the factor of aafety would be Just below unity on
completion, While thia ealeulstion supports that made usin

the undreined shesr strengths it elso indicates that 80% of the
pore water pressurs must be diasipated. under the full €0 ft
height of the benk in order to schieove & fuctor of sefoty of 1.5,

7. Ovinpg to the presence of fissures snd leminations the
Deceasnry spacing of the drefns mey be wider thsn thaot predicted
on the beasls of convolidation tests on smell samplen, The
megsurcd velusas of the coeffielont of consolidation of samples
teated under horlzontal druinsge in the pressure range tc be
expected from the bank lay between 25 and 85 ft2/yr, Below 16 ft
depth the presence of 11t layers should inercase the roal

specd of prossure dissipation, The necesssry spscing also
depends on the value of @' and on the rete of conntmictioen,

On the basis both of ealenlstions and of observations snd exoer-
iencoe on other sites of & siwfler nsture I would sugiraat st this
stage thet drains be instelled at 30 ft centres over the full
depth of the Loudon Clsy, with Intermediste dreins at 15 ft
centres to a depth of 15 ft below the surfsoce,

B. Where the height of the dam uxeeeds 50 £t the drains should
penetrate threugh the Beeal Beds, They may then slso control
secprpge uplift i the permesbllity of the Bsasl Beds is
sufficiently low. This sres spplien to some 200 £t width in the
centre of tha velley. Between 50 snd 35 ft helght the depth of
tne deeper drofna mmy boe srogreastively reduced to 15 ft at a
bunk helght of 36 ft. At this height the svea is some 1400 Tt
wides Elsevhere no foundatlion consolidstion is NGCOBBETY o

B+ In vied of the low strongth of the surface claya it ie
nevertheleas advisable to continue the use of s ground dralnage
blenkat over the whole area of the seat of the benlk, independent

of fts height,

10, In Figs 4 and 5 I have indicated the sort of design which
mests the econclusions of your report and the present Indings,

In order to avold the use of a deep cut-off trench through the
Basal Boda and in order to employ sand dreins over the foundaticn
in the central srea of the site, 1t i=s necesdsary to seal the

elny aore into the elay foundetion near the Upstream toc. A
horizontal elay vlonket joins the ecentral clay core to the
partiel eut-off. ne letter is shown carried down 14 ft on the
alds of an open excavation.

11. Consldering now the f111 within the benk, the e¢lay core,
blanket sgnd eut-off’ eould he composed of London Cloy. Tue
surfece woethered eluya may have shesr strencths between B ernd
14 p.s.1 and at their mean strength of 10 n.s.1. should be

eoft enosuph te form en impersesble seal and yet firm enouch

to be laid by mechanicsl plant. fiowever eleyns at stengtha less
then 8 p.s.1. may have to be rejectsd, belns too soft for
meehenlesl plont. I &m particularly concerned to find nstural
weter conlesnts &3 wuch so 147 wet of' the Proctor Optirum, see
item (4) of the Unlversity soll teat roport, Also Pig.6 showa
that the low densalty snd hipgh water conteut at Optimum for bheso
weuthersd London clays come outside Lhe range of materials used
on many other aites. Thlsg in Itself is pot nocessarily a
dissdvantage but topetner with the low strengths end the hiph

i1quid Iimit valuea in the reéglon of 728 prove the nccessit
%ﬂguﬂpﬂﬂiﬂl cerg 1n the was ol theae mnﬁagiﬂla. ¥
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The Depariment of Zanglaserlic,
The Univeraicy of Bancooster,
Gxloml Roac,

Mahochester, 13,

Marck., 1LO85h,

S0il Mechanlcs Test Report on Undisturbed Samples from
Havent Talckat Reseivolr Site, Portsmouth and Gosport Water Co.

1. Standeyrd Undrained Prisxisl Compression Testa on 18" Dis,
Sumples using frictionless end platena. Toating rate 2%

atreln per minute. Fiassured London Cleay.
E.H. Depth Vinter Density Cell Devistor Mean sheor
ConLent Preasure 3treos atrengeh
B 3 SO R 13, P L M 1 T L _PeBade  pudile

1. ke 32 1215 ] Yia
Mled 1210 20 Sle & LEa L

Sle 12040 45 e P2

1o 123=13 £2.7 126,56 0 Tlad
E'Eal.ﬂ 12292 ED ':LE"IIEI' '?lll

b P 124.4 4G 140

1. 26528 3 125.¢ 0 14.3
276 125, 0 20 190 104

20. 6 12841 410 £9.0

be Blm=dE - 124,45 4] L5 3
28a0 1E6.0 20 16T 10 ¥

26.8 124.5 440 e O

e B6L-38 E£7.5 124, 5 ¢ 1542
- 1240 20 £5e b 1240

2% & 12640 10 Sle 5

le 412-43 EY.9 EETND a B 5
P ) 1256 =0 454 14,5

She 1275 40 JE. 1

= Sk ek P

As sbove but rate reduced to 0.0005" per min. snd with filter
pepera to speed diastribution of water pressure,

1. 4EL-48 25.5 129.0 24 S0 4
e 13570 40 2he 5.7
26.1 129.0 EU Gda

2, 1-22% 35.0 118 Ty 1 1)
5.0 117 40 12.% 6.2
1.6 113 &0 Y, 8

2. &&-0 50 1 121 2o 26, 6
29 5 121 40 1%. 1 1k, 8
Dy 4 121 A0 53 4

Be I5i-30 31a7 18e 20 B4, 0
5L.8 &t 4Q 200 0.4
520 121 GO 14.2

1,



1} Contine

i1

B.A. Depth Water Density Cell, Deviator Mean Sheop
Conteout Fresoure Strean Strength
i rtl :: [ni:. r-_“__lp;_ﬂ_.‘i-____ _I.J'_E'it : ___Pq.-u'tir

e 16§-18 29,3 124 20 1o.8
it P 124 40 19.1 B.5
25,0, 124 Bl 17,0

2 B2lz-23 po.g 125 20 BHE
2640 T 40 S5 H 14.%
&% 5 1885 B VR

2 2epoeg 2h. 1285 20 fhe 1
E5e 125 40 29,0 15.6
4.5 14 Gl AT

4 14-3 Ghe G 11% 20 16.0
EGe 1 11% 40 Bed 5.8
5.8 138 G0 10.5

4  diup 2G5 141 £0 120
5241 123 4.0 Yt o B 6.0
9.5 128 £() 1548

4 Ti-9 318 140 20 15.6
51ed 121 40 B4, 0 10,7
Glets 121 80 fded

4 13315 we.8 184 =0 ZH. B
2E. 5 123 40 LB 2 15.9
o 122 G vibs £

24 Consolidated-undreined triaxial compreasion teata with

pore water pressure measuroment on 14" samples. Porous dlsas
und frietienlesa end platens used with Tiltap papera, Dead
londing to equilibrium. Five hours te failups.

B.H. Depth Water Cell Peviator  Sum ol ol
Conteut Pressure

TR PeBely _ PeSel. Paseds  peneis

4 43-C 23,0 1o 1€ B 281
S0 28 PR GYe X e 1540
o) 29,1 10G.1

4 wi-g B2 0 10 18.7 i) B |
S 208 Tl 2 4.6 B
20 Cise 4 loa. &

10 6E-8 Hemoulded 10 18¢ ) B B
T 2.0 E%e2 1.0 2
l 41,0 109.8

T e — —




G« Dodometer Conanlidation Tests on 3¥ Din, Sumplen token

in & Parizontel Mreotion ond uaing Sin

over 1"
B.H. Depth
£k

2 Gy-8

17
[
CH
il
i
ot
(|

length,

"atep
Content

- A
50,2

S

Sl

Presaure

Stroin

4+ Standerd Proctor Comprction Tests

B.H« Depth
£t

4 1d-3

Brown Clay
¥ith blue
streaka

[£7]

4  gde

Erovn Clay

16 12-3

Brovn Clay
with bluc
atranlcs

Weater

Content Densiiy

A R
ok ARG
- = - - -
AR ]

L, 5
e 5
o
£ i
wlad
=0, 0
e w3
L
S
.

e

£le Dralinage Direction

Coefficient of
Conaolldstion,

SRS . Wl
& 0.0038
1 0. 0045 T IMisgured Blrown
pe 0.0113 Wl Glay
4 O.0ER0
i =0, Q005 Fissured end
i 0.0031 48 Lamineted Hrowvn
2 . D0TY £5 Lo
b 0.0208
% sPalatals Ditto
X . O108 g
i 0.0180 5
4 2. 0480
4 UL Q070 2En Pitto
i} 0.011% S
2 D.OE43
4 b.O392
% 0.00GE Yl Frieble Brown
1 . 0030 86 Clay &nd Yeliow
E- ﬂtﬂllﬂ Pﬂtﬂh.'l';!ﬂ-b
4 O.0ETE
Dry Cptimum Valuosa Natural
Wator Content
oo Psel 8 peeifs
g0, 0
Q2.8
DA, 4 24,5 Ha.d b5
Y.
BT
59,9
9& , o
G55 Bl HELO < 1 T |
ah, 5
CH.1
AT
Q6.0
S0
OG- 24,6 96, 2 26, 9
95,5
11



4) Continued.

B.H. Depth Yater Dry Optinum Values Natural
Content Densaity Water Content
e f peoaf. % pes.d. %
10 6:-8  19.4 97 .4 N
Z1.4 88.0 &Y .4 G8. 0 55.1 to 42,5
Brown Clay 24.7 9c.8
Flesured 26.6 94,3 .
and S0.1 89.3
Laminated
10, 16§-18 1B.4 8.4 . .
20.4 #6.8 284D Y. BG4 T %4
Ls above 24.8 98.0
£7.2 3.5
S0 6 BH.H

- R T P T

h. Identification Tests.
B.H, Depih Liquid Plastic £ Clay Natural Ligquidity

Limit Limit Index
TS i\ SIS 3 “
10 1z-3 72 28 . -0.02
10 &2-B B3 26 45 0.26 =~ 0.45
10 1&i-18 73 27 51 0.20 = 0.27
M aturbed
sample of
Reading Red -
Red Clay 59 22
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CONSOLIDATION

JEST

CONTRACT *Hevent Thicket,
SAMPLE REE ! Tubo ho. 151, Dore ilo. 3, Dopth 1'6Y - 30"

DESCRIPTION * Givy and Lresm mottled oloy with a few weter—worn pelblea.

RULK DENIITY ¢ 128.4 1h/ou.lt.

PRY DERSITY ¢ 106.7 1v/on.lt.

IRITIAL MOISTURE COMTENT: 20,205 PINGL MOISTURE CORTENT ! 275
PATE + JTanunry 1363,
PRI PILING SURVEYS LT FETRRGOROUGH
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CONSOLIDATION T8 F
COKTRACT : Havont Thicket.
SAMPLE KEF: Tube Fo. 175, Bore Ho. 3, Depth 10'6" - 12'0™ B.S.
DESCRIPTIOR * Groy black cley with pockets of fine send.

BULK DENSITY 1171 .6 1u/ou. 0L, DRY DERSITY ¢ 95 .9 1u/eu.lt,
IMITILL MOISTURE COMTEMT: 26.9% FINAL MOISTURE CORTENT : 20,74
PATE « Jonua—v 19583,

PRE PILING SURVEYS LD . PETERBOROUSH.
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CONSOLIDATION

T E

)

COMTRACT ¢ ilavant Thickat,

SAMPLE KER‘Tube Mo, 174, Dore Ko, 3, Depth 2516% - 27°0" B.S.
DESCRIPTION : Hignly fissvred bromm elary with tmeos of Blach: =silt,

DRY DERSITY 7100,9 1b/cu.f't.
FIRAL MOISTURE CORTENY :26.B3

BULK DEKSITY ¢ 125.7 1n/ou.rt.
INITIAL MOISTORE COMTERT: 2L.0
PATE » Jum:-'-r*_;r 1363 .

PEE PILING SORVEYS LTS FETERBORDUGE,
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CONSOLIDATION TEST

CONTRALCT 1lavant Thickol.

SAMPLE REF Sube o, 154, Sore Mo, b, Depth 15'6" - 18'C" 3.4,
PESCRIPTION ¢ Mishly fissmed grey-brovn clay with selenite cryntals,

BULK DENSITY :121.2 1b/ou. %, BRY DEASITY 195.5 ib/on.fL.
IMITIAL MOISTURE COMTEHT:30,35 FINAL BOISTURE CONTERT :30.6%
PATE : Jamnay 1Y53,

PRE PILING SORVENS LT« PETERTOROUGH,
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CONSOLIDATION

TEST

CORTRLICT ¢ Hovent Thicket.

SAMFLE REFE:Tube Mo. 172, Bore No. 5, Dopth 11'6" = 13'0" B.S.
DESCRIPTIONM @ Mizhly Tizsuwsd {rinkle oy bresm cloy with forrous

BULK DENSITY :116.8 1h/ecu.ft.
INITIAL MOISYURE COMTEMT: 29,87

discolovretions,

DATE + Jonu-z~r 1963,

PRI PILIKG SOAVEYS LTP« PETRERBORCUGH.

DRY DEKSITY ¢« 82,9 1b/eu.rt.
FIMAL JADISTURE CONTENT t 30,00
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DATE + Janusry 1054,
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[EST

CORTRACT tHowant Thickot.

SAMPLE RER! Byl ilo, 2051
PESCRIPTION ¢ Gray prd doxk

RULK DEMSITY *1%2.3 1b/ou.lt.
INITIAL MOISTURE COMTENT :15,9.

PATE + Jusoxy 1963,

PREPILING SORVEYS LY®: PETLABOROUGH,

Bore 15 : Depth 12'0" - 13'0"
el woltled olay.

PRY BERSITY ¢111.2 1b/en.it.
FINAL MOISTURE CONVENY 125.0:
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PREPILING SURVEYS AT s PETLROOROUGY,

DRY DERSITY : 112.0 1bu/feu.ft.
FINAL MOISTORE CORTENY :20.27
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INDEX PROFERT IS,

Borehele 9 (Mixture of fragmentary samples
0-10 ft. depth).

Liquid limit B 43, 3

Plastic limit . 17.9%

Plasticity Index = 25.4%

Liquidity Index u 0.398

Cassagrande Claseification : 'CI' -Medium Flastic cluy.

Borehole 12 (Mixture of fraguentary ssmples
0 =10 #t. depth).

Ligquid limit - 75.0%

Plastiec limit = 26 4

Plasticity Index = 48.66

Tdquidity Index = 0.132

Craspagrande Clascification s'CH'-Inorganic clay of high
plasticity.

e

Borehole 16 (Mixture of fragmentary samples
0 -10ft. depth).

Liguid linmit - 67 2%

Plastic limit = 22.2%

Plasticity Index = 45.0%

Liguidity Index = 0.200

Cassagrande Classification :'CH'-Inorganic clay of high

plasticity.

Tube 226: Borehole 15, depth 12'0" -13'0" B.S.

Liguid limit = 55.7
Flastic limit = 18.1
Plasticity Index = 37.6
Liguidity Index = 0.021

Cassagrande Classification: 'CH'-Inorganic clay of high
plasticity,

Tube 225: Eorehole 20, Depth 17'0" - 15'¢" B.S.

Liquid limit u 60.1
FPlastic limit =  21.6
Plasticity Index = 58,5
Liquidity Index = negative.

Cassagrande Classification. 'CH'-Inorganic clay of high
plasticity.
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18th December 19562

THEs CHAIRNMAN ARD DIRECTORS
TilE PORTSMOUTH AND GOSPORT WATER CCOMPANY,

Gentlemon,
GROLOGICAL REPORT ON TRE PROPOSED

STORAGYE RESERVOLR AY HAVANT THICKET,

Following a prelisinary geolopical assessmont of
the site I recomuended explovation Ly means of trial boreholea.
1 collaoborated with M. S.0,.Haffety and Mr,Hall in the propora-
tion of the Tender docomeonts and alterwavds supervised, as nec=-
essary, the trial borehole propracme,

I now have pleasure to report an the results of the
trial Loreheles, aud three diagraws are appended,

L. GEREUAE,

1, It ip proposed to jmpound and store water up to an
elevation of 120 ft, A.0.D, or preferably 125 ft, A,0.D, at
Havant Thicket by means of & dam founded on the London Clay.

R On the proposed centre line the maximum depth of water
would be 50 ft, (or 535 fi, with the higher T W.L,) and the wax-
imum heipght of bank can be taken as about 55 ft., (or 60 ft.
with the higher T,W.L.).

3. The storage provided would be largely filled by prwp-
ing and daring dry eeasons it is likely. that the water lsvel ig
the reservoir vould be rapidly drawn dowa.

&, The wmajor part of the reservoir basin Ineluedins the
Eundua site of the intended dam lies on the outcrop of the
Loudon Clay, The underlying Reading Beds=z outcrop in ilhe uppex
reaches of the various small stresms which cross the site. 'The
atyatn dip to the south-south-west at about 1 in 34 or albout
1+° (Plan ©).

1T, THE TUIAL DORMUOLES .

o A tolal of 20 trial boreholes were runk, 9 on the
propogsed centie line dnd 11 within or on the margin of the res-
ervoir basin, A toigl of B5 4% undisturbed samples were tanlen,
24 being sent to Manchester and 61 to Pre-Piling Survery'!s laborn
1oTY. The testing of selectod samples is still in prozress,
end when completed a sevarate report on the Soil Mechanics aspec
of the scheme will be submitted,

6. The resnlts of the trial boreholes and details of the
strata as indicated by the disturbed samples are shown on
Dingram A, thie diagrem is uselul for correlation purjoses

since it is drawn in & NEE/SSW direction, approximately parsllel
to the true dip, and most of tha boreholes have been projected
on to the sectlion in their relative positions,

Ts The following gencrnllsations regarding the strata
cuit b oadoe !



s

(#) Superficial Deposits: Comprising rosidual scils,
stony and silty clays, and, in places, thin nlluvial
deposits and "hillwash', Most of the superficind
Geposits examined contained a proportion of silty or
¢layey material although there was soue evidenoce of
interbedded coarser and wora sandy material,

(b} London Clay: Essentially grey silty clays having a
tendeney o laminntion, sometimes with thin layers of
fine =silt between the lominae and with occensional Leds
of grey eluyey sili. The upper part of the London Clay
miny be weatheved to brown and grey mottled silty cluys
down to depths of about 15 ft, B.G.L. The bottom 2
to 0 ft. of the london Clay often comprises grey silty
or sandy strata with or without stones and with some
gllty clay, or occasionally a silty elay with stonos
or gravel.

(e) leading Bedm: Essentially red and grey clays, some-
tfwes sTiTy and oerssionally with a subsidiary amount
of sundy waterial (probahly in patches or inm very thin
layoers),

a8, During drilling, casing was worked down continuously
and ground water,; where encountered, avpeared to secp from the
upper part of the hole, or occasionally from silty layers within
the Clay. In the deeper lioles, however, the basal Veds of
the London Clay contained free-flowing water under pressurec
(e.p. Wos, 3,5 and 6. In No.9, in the centro of the valley,
water rese to 5'6" above gromd level and this hole was con-
verted into an observation hole, In Wo.5 the water rose to
within 17 feet of ground level,

IFY, THE PRACTICAL, IMPLICATIONS OF THE T2IAL UDORMMOLY. DATA.

Q. Generalised seclions showing the geolozical structure
of the proposed reservoir basin are shown on Diagram 'B' and
Plan 'C' shows the area within which the Reading Beds and the
London Clay ovuterop.

10, On Flan €, the line A-A represenits the ouiecrop of a
plane within the London Clay located 10 fi. above its base,
Below this plane are the more permeable bagal beds having o
thickness of about 2 ft, to 6 ft,., and above it are the more
impervious beds of the London Clay, Thus north of the line A-A
tie more pervious basal beds of the London Clay actuazlly outerop
or are only thinly covered by impermeable clay, and south of
the line the thickness of impermeable London Clay cover increage:
in a southkerly dircetion (See Diagram B),

1l1. The basal beds of the London Clay recuire special
consideration sinee they outcrop within the floor of the res-
ervolr basin, where impounded water eould gain access to them,
and wince also they outerop ‘at lower eclevationg outside the
reservolir basin in the valley to the east at o di=ztauce of

appoul 1500 yards from the reservoir, The head differcence
beiween ithese points would be shout 30 to 40 ft.; so that ihe
average gradient would be low, and the smount of seepage prob-
ahly negligilblie, Nevertheless thig is a factor to be borue
in mind,

TR, The fact also that the basal beds of the London Clay
prss at depth below the ombankment, where they contuin water
under pressure, hihs to be consldered in relation to thue gtabilit:
of the embankment, In erder to prevent the developmont of
uplift pressores beneath the downstream portion of the embauk—
ment 1t mny be necessary to coustruct a nuaber of relief wells
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