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I write to report on the results of the soil
mechinlcs testa snd thelr influence on the design end construction

of an earth embanlment 60 ft highs

L. A report of the numerical veluas of the soll mechanlca tests
corpied cut ¢t the University is enclosed. You will also have
the reeplts of tests made Ly Mussprs. Fre-Plling Surveys Lid.

£, Considering first the atrength of the Lendon Clsy on which

the dem will be founded, Figp.l shows the shesy atrength of
untrained undisturbed smaples plobted againat depth. The results
of teste made initielly st the stendard rate of & per minute
have been negleeted, The presence of Tissures in the London

Clesy requires s ulower vate of Last in erder to ensure upiformicy
throvghnut the sample and consequently e rate of 15 per hour

wie used for the mejority of the tests end Messrs, Pre-Flling
gurveys Ltd were Instructed to do Jikewise,

ds Considerdng sn evernge Dowmstrean slope of 23/1 ve might erise
with & slope of 23/1 and & berm, the berk would fsil &t & shesr
of 6% p.s.i., and = atrength of 10 p.s.1, would be required to
ensura en sdequate factor of safuty of 1.5. It follows thet

) either the bLenk must hove an oxtended toe or the foundation
requires consolidstion during econstruction 0y means of szand
drains. From Fig.l the minimum depth of the drains rould be 18 Ift.

4. The presence of thin layers of fine silt in the lsminstions
of the eclay, es noted in persersph 7(b) of your roport deted
18th Dee. 1962, and es observed In the asmples tested, could
result in a spresd of pors water pressure tovards the toe,
Consequently the vse of a minimum murbsr of sand draina ta rough
these silt leyers is essontial.

B¢ In order to dealgn e dvainape system énd subsequently to
provids udequote control during vonstruetion, weasurementa wore
mude of the effective strenghbh vwenetors of the foundution elays,
Pig,2 shows the =nple of shearing resistence in terms of effeclive
atresnos, @', plotted apoinat the helght above the Basal Beds,

The commonly guoted value for London Cluy ia 202 and this vnlue
why found in pleces nenr the surfrews, With depth the velue of

@' at thin efte wap found to incromse to over 209, The BVErnEn
valve of tho cobeslon lrtercept o! for ell ssuples wis 300 pesisf,
Doth Flgs 1 ond 2 1llustrite thet the winimum etrength of the
foundation cloys oncurs fust below the surfnce, Exceptionally

low valuen of gt of 132 have beon found ot B0, 4. The provious
minimum velne which I bave met snywhere hen Beon 150 and tihls

is & putter for further investigsation.
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6. Fig.3 shows the observed pore water preasures st the peusk

ef fective stroess retlo for a renge of possible velusa of the

mé jor principal total streas. The results from Plgs 2 and 3

bhave beon used to meke an eaffectivo stress spalysis. Tnis shows
that; in the sbsenco of dralnage, the water pressure in the
foundation would rise above the level of the bank nesr the creat,
and thet the foctor of safety would be just below unity on
completion. ¥nile thla caleuletion svpports that made uslng

the undrained shesr strengths it slso Indicates that 60% of the
pore watoer preasurs must be dissipnted. under the full €0 ft
helght of the bank in order to schieve s fuctor of sefety of 1,5,

7« Owing to the presence of filssures and lsminations ths
necessnry spacing ol the dreins may be wider than thot predicted
on the boals of ronsolidation tests on smell samples, The
measured volues of the cpeffieiont of conrolidation of samples
tested under horlzontal drainage in the pressurs rénge to be
expected from the bank lay between 25 and 85 ft</yr. Below L& Pt
depth the presonce of pilt layers shovld inereass the real

speed of prossure dissipation, The necessary spmeing also
depends on the value of f' and on the rate of conatruction,

On the brals both of calenlations aénd of obeservutions and exper-
ience on other siteo of a aimiler nature I would sugpest at thia
stage thet draina be instelled ot 30 ft centrea over the full
depth of the Loudon Clay, with Intermediste drains at 15 ft
centres to a dapth of 15 f't below the surfase,

8. Where the helght of the dam execeeds 50 ft the drains should
penetrate throupn the Basal Beda. Tuey may then slso control
seepage uplift if the permesblility of the Baael Beda 1sa
suffielently low, ™is srea applies to some £00 £t width in the
centre of the valley. Between 50 snd 356 ft helght the depth of
the deegper dreins mey be orogressively reduced to 15 ft at a
bank height of 35 rt, At this helght the 2rea 1s some 1400 ft
wide. Elsevhere no foundstion consolidstion is necessary,

9e In vied of the low strength of the surfacs clays 1t 1=
nevertheless advisable to continue the use of 8 ground dralnage
blanket over the whole area of the seat of the bank, independent
of 1ta height,

10, In Figs 4 and 65 I heve indiceted the sort of design which
meets the conclusions of your report and the present findings.

In order to avold the use of & deep cut-off trench through the
Besal Beds and in order to employ sand drsins over the foundstlien
in the central erea of the site, 1t is neceasary to seal the

¢lay core into the clay foundetion near the Upstretm toe. A
horizontal clay blanket joins the central clay core to the
partial cut-off. Tne lettor 1s shown carried down 14 ft on the
side of &n open excavation.

1l. Con=ldering now the 111 within the hank, theé clay cores,
blankat snd ent-off could be composed of London Cley. The
surfece wasthered cleys may have shear atrengths between 5 snd
14 p.8:1 and at their swean strongth of 10 p.s.1. should be

sof't enough Fo form an impermeable seal and yet ffIrm enouch

to be lold by mechanical plent. However clays at stengtha less
then 8 p.s,1. may heve Lo be rejected, baelng too noft for
machanlesl plont. I tm particuluarly concerncd to [ind patural
water contsnts &8 much nn 144 wet of the Proctor Optimum, see
item (4) of the University soll test report., Also Flig.6 shows
that the low density end nlgh water content et Optimum for thaao
weathered London clays come outsides the ronge of materinls used
on many other sites, Tnis In 1€sell 1y not necepaarily a
dissdvanitage but together with the low strengtha and the hipgh

Liquid Tdmit valuea in the rnginn of 72% nrova the nocessiby
for spceinl cere in the use of these mabellalas
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1£, Where 8ilt lominstlons occur, gonteining water, the

borrow materiol will sof'ten sitor extraction. ‘inia may be

the counase of the hlgh water contents found on gsmplas f'1om

B.0.5 4 and 10, with the sxception of B.H,10, 1f-8 It which

maey be losally dry at the surfiace. These materlals would be

quite unsuitable as maln 411 materiel. Furthernore the
exceptlonnlly low values of ¢' would regquire flat slopes sven
with drainsge. In this connection the test results on compacted
samples by Messrs. Pre-Pilling Surveys Ltd yield improbebles veAlues
of @g' of 99,

1%, Por those ressons 1 hove gaked for the undisturbed samples
obtained Trom the Reading Beda in order to inventigate thelr
suiltability Loy nse es the maln rolled £11l. They wore not
previeusly investigated owing ko tholr deuth Lelow the surtace
hear the teat of tha hank. However they milgnt e won from en
grea North of your llne AA on Plon E. The detalled plecement
of thess and the Basal DBed weterisls within the bank will in
any event depend on your satimate of the relativo ouantities
avallable wrd on considerations of heuleage.

14, At this atspe therefora the provisionnl profiles, Figs 4
prid 5, indicerte Tno maln considaretions to be borne in mind
neEmElY,

4} The use of & partlal upstresm it e

11) Tue use of drainage by sand drains and drainsge blankets
to conitrol water pressures in the fill snd foundstion,
owing to the wot nature nf these clays and thelr low
drained stirengtha.

§44) In order to sllow time for the drainage to operate it
mry well prove nagessary to restriet the raising of the
cantral area of the embankment to 49 ft in the first season.

15, During construction it 18 essential that water DPressures
1 the foundetion and in tne 111 be mesasured by mesns of
plezometers and at tnis stupe 1 estimste thel & total numbar
of 25 ta 50 on one scetion would be required,

1 hope that thils informmation may prove sufficient
to allow general DProgresd to be made with the scheme. Prior
to the finelisatlon of conbtract drawings and the apacificatlion
you may feel 1t would be ndviastle to have o manban of pita
openordl in the borrow Aress wnieh we conld inspeet and iF
neeessary teat ip pgreater detoil.

Yours sincerely,




The Department of Englineerlng,
Mhe Univeralty of Menchaster,
Oxford Rond,

Manchenster; ld.

Yaroch, 19635

801l Mechenies Test Report on Undisturbed Samples from
Havent Talcket ltessrvoir Site, Portsmouth and Oosport VWater (o,

le Stonfdord Urdralned Trisxiasl Compresalon Testa op :I-_é._“ Dia,.
Samples using friotionleas end platena. Testing rate 2%

atrain per minute, Filssured London Cley.
B.M. Depth Wator Density dzll Devlegor Mean shear
Contant ¥rogsure 3LPeEgs strangth
e B R pesef. pasel. | Peleds | PeSede
1. 1 Dl 1815 G 17« 8
Gled 12149 20 Gl b 1z L
Slet 1200 40 258
ls 11g=15 28,49 18445 0 11.4
A .0 122,% 20 16. Y Tl
2He 1 lag. 0 AL 14.8
l. 26Bz-83 4 125, 0 0 143
276 12640 20 100 10,4
294 6 1E640 40 29.0
1l 3l3-83 - 184,58 i} 1ha 5
oG 12840 20 16" 10,7
E.8 12240 a0 S U
le B5%-38 £7.8 124,58 ¢ 1548
- 12d.5 20 20 12,0
2%+ B L24.10 a0 51.5
1o  413-43 £7.9 LAY LD « 23.8
o £ 125.5 el 45 4 14.5
Eoe D LET. 5 49 18.1

i 5 S = = P e = m— e prpem— — e e -

As above but rate reducsed to 0.0006" per min, and with filter
pepers to speed dilastrilution of woter pressuras,

1. 46i-48 25.6 129.0 20 Slnd
2E, 4 1300 4] LA j 1L
GG, 1 1280 B Sdea 3

2e 1-2% 556 118 20 10 G
B5 119 40 1.5 G2
H1e8 119 0 1de =

2. Ei-8 01 123 20 266
25 5 11 1) 16.1 Lh.&
Bide & L £ e B

2. 13415 317 iz Z0 Dy 5
3148 1z8 4 IOy, 9,4
32wl 1L G0 145
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1Y Contizaed.

B.H. Depth ™Water Density Cell Devistor ¥een Shear

Content Pressurs Streas Strength
- ft "ﬁ .. I'-I“-Ifl____]]l.g'_-l‘!ltl— -.,P'.'..E"i- * ___p.”iii- ™
2 162-18 29,1 14 “0 15.2
28.1 154 40 19.1 8.5
28.1 124 &0 17.0
2 Ble-gi 4 1Eh o0 27.5
2.0 L L] i, o 5 ) i
£ & rES &0 27.1
b2 EE%HEE pH R 125 Pag 1|
5 T 1825 () 8.0 T &k
pof 124 60 275
4 1i-5 T 117 20 1640
Shs 1 11% 40 Hel .08
A5 wt] 116 &0 10. 5
4  Ai-w 29,8 18% 20 128
G 15 | 121 40 12.6 6.0
£9.5 121 Bl 152
4 ?énﬂ Z1l.8 Y20 20 15.8
&1« B 141 40 24 .5 10,7
aols b 181 &0 25 b
4 15%-ln 28,5 122 20 28 .6
il ol 125 475 c8.2 Y
i I 1E &0 £6.5

L B EerE-EEmTEERET O CTE @ B L == Py = - " = il - Sl

2. Consolidatod-undrained trisxial compreszsion tests with
pore water pressure measurement on 13" samples. Porous discs
end frictionless end platens usad with filter papers. Dead
loading to oquilibrium. Five hours to fallure.

B.,H. Depth Water Cell Doeviator  Sum e! git
Content Pressure
Tt pesel.  pesids Peseds pesids .
4 4.3 33.0 o 12.3 o, 1
% =1 o 6.1 Sl 13.0
50 29,1 108.1
4 T=.9 TE,0 10 161 51,1
S0 Tha B e B 4.0 i
50 kb, 100, &
10 Bi-8 Remoulded 10 T8l G285
&) FE .0 6742 1.0 i B
50 41.8 109. 6

- — - EAE SRS - & — R eSS S — iE = ogEwET - T T ———— N i W i . r—————

L8 0
Lol



3« Oadormeter Conanlidation Tosts on 3" Din. Samples taken
in a Forizontel Direction end using Single Drainsge Direction

over 1" longth.

D.H. Depth "Water Prearsire Strain Coaf fioteont of
Content GDﬂﬁPliﬁﬂtjmn.
e R tome/rt®  TeBfyw
E G;‘-E E’G’-? %.J- ﬂ-ﬂﬂf}fﬁ
i O.0045 Ba IMasurad Brovin
P 0.011% 1N Clay
4 Q.0HU0
2 13&-15 28,2 & -0, 0008 Fissured and
1 O.00LL 43 Laminsted Brown
2 Q. 0077 25 Clay
4 00208
2 Ink-1Z 30,0 % 0.00A9 Ditto
L 0L Q105 £
o 0. 0180 e
4 0, 0500
4  Tiob A0 4 0. 0070 200 Dltto
J o.0L1E wl
2 O.0243
4 0.0392
£ 13%-15 29,4 % 0.6008 LOO Frichle Erown
1 0. 0Ca0 1212 Cloy and Yeliow
b, 0.0110 Patcehcgas
4 . 0878
4« Standord Proctor Compection Tests
B.H. Depth datey Dry Optluum Values Ratursal
Content Density Water Content
e Pe€ef B paeef. o ®
4 12-3 A GO
T .8
Brows Cloay 24.0 3.4 24.5 Ga.4 G085
with blue 26,0 L2 L
sticoka a8 EL. 5
4 4he-d e 86,5
ah.d 04,9
Eh.5 Go.0 L R 26,0 wl, ]
Brown Clay i H5.5
e . 3.1
oled B7.8
16 1&+3 200 S,
; PE. D i
Erown Clay = :
wilh bBlue f-‘i-[_.- b7k e ed. b Cth. 2 26,9
afpe i 270 5.5
A 20, 8 €0.d

S



4) Gontinucd.

B.H. Depth Water Dry Optimum Values Natural
Content Denaity Water Content

DRI TN, AT R SRR .| /S et
10 6Ep=-8 19.4 97 . 4 _

21.4 88.0 2l.4 3.0 35.1 to 42,0
Brown Clay 24.7 6.8
Flesured 20.6 04,5 :
and J0.1 B9.3
Leminated
10. 16§-18 18.4 5.4

Eﬂ'i"i 'EHE*E EE-E 'E'?-E E"E'tl tﬂ 391'&:
As shove £4.8 88.0

27.2 8355

S0, 8 B8.6

- wm L T L AL i il i -

B. Ydentilication Testa.
B.H., Depth TLiquid PFlastic # Clay Natural Liguidity

Limlt Limit Index
B . * % % : B
10 1i-3 72 28 - 0,02
10 63-B 63 26 46 s T R i
10 163-18 75 27 51 0,20 = Q.27
Diaturbed
sample of
Heading Hed
Red Clay 59 gt

L
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