L]
— ———

FPETEH W. RowE, b LEois,

DR, P E A R R e

BELIFYS M Bl MLIDHANIAE

FLETsEaMD TioaD,

q ]

A REE LEIYERBIY B MG WERTE WILF'HL"—"“"
TPkl an

roum pEr. TrL 1 WilMawn'= X005,

A0th Maren, 1983

Meoora. BEdgar Vorton & Partner,
Consulting Enginsering Goologiste,
Styperszon House,

Adlington,

Mecclesfield,

Daar Er, Rovlen,
Froposed Sforsge Reaervoir at
Haowvant _'_Q_hin]e&t

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

of en eArth embanlanent 60 ft highs

L. A report of the numerical veluss of tho soil machanics tests
curriad cut #t the University is enclosed, You will plso have
the reaults of teats made Ly Muasps. Fre-Plling Surveys Lid,

s Consldering flrst the atrength of the London Cley on which

the dom will be founded, ig.]1 shows the shesr strength of
undrained undisturbed smiples plotted agninst depth. The results
of teste made initielly st tho stenderd pate of & per minute
have been negleeted, The presence of Tissures in the London

Clsy requires s slower rete of test in order to mnsure uniformitcy
throvghoui the sample snd consequently a rate of 15 per hour

Wie uned for the mejority of the teste end Messrs, Pre-Flling
Surveys Ltd were Instructed to do Jikewise.

os Considerdng sn evernge Dowmstream slope of £1/1 vs might erise
with & slope of 23/1 end & berm, the berk would fsil at & shear
of 65 p.8.i., ond & strength of i0 p.s.1. would be required to
ensure en sdequate factor of anfoty of 1.5. It follows thet
either the bank must heve an oxtended toe or the foundation
requires consolldetion during copstruction by meana of ssnd
drajna. From Fig.l the minimum depth of the drains rould be 18 Tt.

4. The presence of thin layers of fine silt in the lsminations
of the olay, as noted in peracreph T(b) of your roport deted
18th Dee. 1962, and es observed In the semples tested, could
result in a spresd of pors water pressure tovarde the toe.
Consequently the uss of a minimum murbsr of sapnd draina ta rough
these silt lsyers is ossontisl.

B¢ In order to dealen e dveinapge system end subsequently to
provids udequote conlbrol during tonstruction, weasurementa wore
mode of the effective strength vareneters of the foundution olnys,
Fig. & ohows the snple of shesring resistence In terms of effeciive
stresnos, @', plotted agoinat the helght wbove the Basal Bedn.

The ceauronly guoted value for London Clay ia 209 and this vnlue
wid found in pluces nenr the surfrews. With depth the velus of

@' at thin oite was found to inoremac to ovar 200, Tne averagn
vaulve of the cobesion lntercept o' for wll samplas wis 300 peBafe
Doth Flgs 1 ond 2 1lluatrite thet the winimum etrength of the
foundetion cloys occurs lust below the surfncs, Exceptionally

low valuen of (' of 142 heve bean found ut B.I.4. ‘The provious
winimum velve which I bove met enyshere hon Beon 159 and thils

is o mutter for further invostigation.
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6. Fig.3 shows tho observed pore water preasures st the peusk
effective stress ratio for a renge of possible valusa of the
major prineipnl total streas, 'fhe results from Flgs 2 and 3

heve been used to meke an affective streas spalysis. This shows
that, 1n the sbsence of drainage, the water pressure in the
foundation would rise above the lovel of the bank near the crest,
and thet the foetor of safety would be just below unity on
completion. Whnile thia caloulstion suopports that made uslng

the undrained shesr atrongthe it elsec indicates that 80% of the
pore water pressurs must be dissipated. under the full €0 ft
helght of the bank in order to schieve s fuctor of sefety of 1,85,

7. Owing to the presence of fissures and lsminations the
necesunry spaecling ol' the dreins may be wlder than that predlcted
on the beals of nsonsolidation tests on omell samples, The
measured veluea of the ecoef'fieiont of consolidation of samples
tested under horlzontal dralnage in the pressures reénge to be
expected from the bank lay between 25 and 85 ft</yr, Below 16 Pt
depth the prosonce of pilt layoers sbhouvld inercase the real

spoed of prossure dissipation, The necessary spmelng also
depends on the value of f' &nd on the rate of conatruction,

On the baalas both of caleunletions and of observutions and exper=
ience on other siteo of a aimilnr nature I would sugpest at thia
stage that drains be inatelled at 30 £t centres over the full
depth of the Loundon Clay, with Iintermedinste dreins at 15 ft
centres to a dapth of 15 f't below the surfase,

&. ¥Where the height of the dam excesds 50 ft the drelins should
penetrate through the Basal Beda. They may then slso control
gecpege uplift if the permesbllity of the Baaesl Beds 1s
sufficiently low., ™is srea appliea to some £00 £t width in the
centre of the valley. Between 50 snd 35 ft helght the depth of
the deeper dreins mey be orogressively reduced to 15 ft at a
benk helght of 36 rt. At this height the 2rea ia some 1400 It
wlde. Elsevhere no foundation consolidstion is necessary,

Qs In vied of the low strength of the surfacs clays 1t 1=
nevertheless advisable to continue the use of & ground dralnsge
blanket over the whole area of the seat of the bank, independent
of its height,

10, In Figs 4 and § I have indiceted the sort of design which
mests the conclusions of your report and the present findings,

In order to avoid the use of a deep cut-off trench through the
Besal Beds and in order to employ snnd drseins over the foundaticn
in the central erea of the sits, 1t is neceasary to seal the

clay core Into the clay foundetion near the Upstresm toe. A
horizontal elay blanket joins the central clay core to the
pertiel cut-off. Tne letter is shown carried down 14 ft on the
slde of &an open excavatlon.

11, Considering now the 311 within the bank, the clsy core,
blanket end cut-off could be composed of London Clay. The
surfece wenthered cleys may have shear atrengtha between 5 snd
14 p.s.i and at their mean strongth of 10 p.s.1. should he

sof't enough (o foim an lmperweable seal and yet Mirm enouch

to be lold by mechanical plant. However clays at stengtha leas
then 8 p.s,i, may heve to be rejected, belng too soft for
machanlecal plont. I tm particularly concéernced to find patural
water contents &8 much nn 14% wet of the Proctor Optimum, soe
item (4) of the University soll test report. Also Flg.6 shows
thnt the low denaily end high water content at Optimum for theae
veathered London clays come outsides the ronge of materinls used
on many other aites. Tnis in 1tsell 1» not necesnsarily a
dispdvantage but together with the low strengtha and the hiph

Tiguid Timit values in the roglon of 72 ove the nocoasit
rngunpamlnl cieré In the uae nP ghﬂuﬂ me aFIaIa. ’



1£, Where 8ilt laminstlons occur, gcontelining water, the

borrow materiol will sof'ten weftor extraction. inia moy be

the couso of the high water contents found on ssmplas 1'rom

B.H.s 4 end 10, with the sxceptlon of B.H,10, 1f=5 't whiech

mey be losally dry at the surface. These materisls would be

quite unsuituble ns maln #4511 materiel. Furthermore the
exceptlonally low values of ¢g' would reguire flat slopes even
with drainsge. In this connectinn the test results on compacted
smplas by Messrs. Pre-Plling Surveys LtA yield improbeble vealuen
U-r ﬂrl of "'.I':'h

1%, Por those ressons 1 hove aaked for the undisturbed samples
obtained from the Heading Beda in order to inventigate thelr
suitablilty for use es the maln rolled £11). They wore not
previovsly Anvestligated owlng ko tholr devth below the surface
hear the teat of the hank. Howvever they might be won from cn
grea Horth of your llne AA on Plun K. The detailled plecement
of thess and the Dasal Bed poterinls within the banlk will in
any event depend on your pstimate of the relative guantitieas
nvaileble sr on considerations of heulage.

14, At thia atspe therefors the provisionsl profiles, Figa 4
pr:d 5, ipdicete tno maln considarations to be borme in mind
nemely,

4) The use of & partisl upstresm RS T4 o

11) Tue use of drainage by sand drains and drainsge blankets
to econtrol water pressures in the fill snd foundation,
owing to the wot neture of these elays and thelr low
drained strengtha,.

§11) In order Lo sllow time for the drainage to operate it
mpy well prove necessary to restriet the raising of the
central srea of the embankment %o 45 't in the firat season.

15, During construction 1+ 15 essentlial that wator preasures
in the foundestion and in the F1l1l be maasured by mesns of
plezometers and at nis stupe 1 estimste thetl = total numbaer
of 25 to 30 on one scction would be required,

I hope that this information may prove sufficient
to allow general Drogresd to be made with the scheme, Prior
to the finelisatlon of contract drawings and the apaclficatlon
you may feel it would be advizstle to have a runber of pita
openorl in the horrow Areis wnich we conld inspeet and 1T
necedsary teast ip pgreater detoil.

Yours sincerely,
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The Department of Englinserlng,
e Universlty of Menchaster,
Oxford Iond,

Manchenster, ld.

Yaroch, 1Y9G635.

8011 Mecheniesz Test Rsport on Undiaturbed Samplea from
Havent Talcket Hegervoir Slte, Portsmouth and Ocsport Water 0o,

le Stoandord Urdrained Trisxial Compresalon Testa op ]i“ I-‘ﬂ_.fll.-
Samples using Crictionlesas end platena., Tezatipg rate 2§

strain per minute. Flssured London Cley.
B.ll. Depth Vnateor Density dz211 Davletor Maan shear
Content ¥Progsure J3LIEGE atrengtn
e B F PeBel.  PaBels  PeBeds | DeBele
1. 1&"5 R | 121.5 (4] 17 8
Sled 12140 0 Gle b 12k
Sle 1200 40 258
1., 115-13 28.Y 1244 5 0 11.4
AH.0 126. 8 20 1667 Tl
281 144.0 AQ 14,8
l. 26g-28 + 1EE.0 0 14.3
£7e B 1250 20 19.0 10.4
£ G LE6.0 4 289.0
le 3lz=d3 =« 12445 i} 1045
2Ga 0 126.0 a0 17 10.%
2C. 0 12£.5 40 3240
le 3Z62-38 27.8 124,65 ¢ 16e2
- 124.5 20 25a 12.0
27 & 1L24.0 LiE ale B
1  41l3-43 £7.9 1AT.0 e 23.8
EB. € 125. 5 pa i 45 & 14.5
25 8 187 .56 40 18.1

S E— = _——

A & = S = = P i o —— e prem—

Aa above but rete reduced to 0.0006" per min. and with filter
pepers to speed diastrilution of woter pressure,

1. 464-48 25.6 129, 0 20 S0 4
25,4 130.0 A0 2 G 15,7
26, 1 129, 0 Gl 544 C

2. 1-2% 5540 118 20 10 C
35S ( 117 40 18,5 Ge2
5le B 118 &0 142

2. Ei-8 E0ed 121 20 26.8
2% 5 121 40 19.1 11,6
Ry & la1 20 5.0

¢ 13%=15 3L.7 125 20 i
51.8 lz8 40 200 9.4
3240 LEL &0 1448



e

1) Contizveq,

B.H. Depth ™"ater Dansity Cell Devistor ¥een Shear

Content Presaure Stress Strength
o -rt __ﬁ gyl I'-IE'II‘I___J]IIE‘_-I‘!lﬂl— __'Pl.-'__'u'_ii- = ____I-'I'lﬂiii- it
2 163-18 29,1 124 20 15.2
28.1 154 40 1.1 8.5
25.1 124 &0 17.0
2 21a-23 L 1885 =0 27 .5
e TEF 40 33.8 14.7
7.5 125 &0 " 27.1
g Zosi-20 05T 125 20 251
Ebe 1235 40 E8.0 18
2445 124 G0 275
4 1z-3 5 B 117 20 15.0
Bhel 119 40 Bgd 5.8
35w 116 &0 105
4 Ai-e 28,8 151 0 12:8
o 18 ) e 40 124 B 6.0
L9, 5 181 54 102
4 o oy 3l.8 150 20 1%. B
3l 121 40 24.5 10,7
315 121 ] £5¢5
4 Lak-lh 28,8 122 20 28 . 6
GE, 5 125 40 28.2 1%.9
Z7.4 153 &0 E6ab

- T EETSTTETT @ OmT TR . R EE L sEugm = N . # = .

2. Conaolidatod-undrained trisxial compreszsion tests with
pore weter pressure measurement on 14" samples. Porous discs
end frictionless end platens usaed with filter papers, Dead
loanding to equilibrium. Five hours to fallure.

B.,H. Depth Water Cell Deviator  Sum o! git
Content Pressure
= Te  F . Pesed.  pesel,  pas.ds p.s.d, "
§ 4i_g 33,0 10 12.3 8.1
Ml 217 S | T TS0
o0 40,1 108.1
4 ?%-9 Hr i g 10 16.1 Slal
a0 Fhe B Vel 4.0 15485
S0 ik s 100,58
10 Bi-8 ¥emoulded 10 121 28, 5%
it Ete( B7«2 1.0 Bl

e Y S i i, N Sl W il 12 - —— S —— s




3« Cadometer Conanlidation Tosts on 3" NDie. Samplens taken
in a Forirzontel Direction end using Single Dralinage Direction

over 1%

}.H,. Dspth
S 3
2 Gz-B

2 18%-10

IUI:J:' ‘:I." -

Watep Freasure atrocin
Content
% . bons/rt2

w02 C.00ae
O.0045

0.0113

ol 2

L
-

=0 0002
0.00LL
Q.O077
00208

{.0oA9
0.0100
0.0120
0, 0300

0. 0070
C.0LLE
0.0243
0.035%2

o P

a4 G.Go08
0 .0C50
0.0110

0. 0870

e D0 R b PO Eb PO R B DO M s D

4« Standord Proctor Compection Tests

E.H, Depth
- .rt-l.

4 1i-3

Brows Cloay
with blue
strooka

4  4i-a

Breen Clay

10 11-3

Erown Clay
wilih bBlue
atreaks

water Dry
Contcnt Density
B SR 1. 'F S

22,5 G0
3.l g .8
:'2'5.15 gﬁr‘j‘ E{EfE‘
£6,0 G2 b
£5e 8 ELa%
alre =R
e 04,9
25.5 5.3 o LS
2D 855
et i Gdel
Slod 5745
0.0 9GO
Al o 2T .G
24,0 Q.2 e4.5
=740 G5.6
i o 50.8

Je

Q0RO

Optimum Values

Coafficient of
Consolidsation.

B 5.7 4 £
83 IMasurad Brovn
a0 Clay

Fiszured and
403 Loamineted Browm
25 Clay
Ditto
£
32
] Pltto
L
HE Fploehle Erown
BS Clay and Yeliow
Patchecge
Natural

¥ater Content

o Ppscefe o®
Caed Y 5 AP
PG.d o i e
Cifs . 2 26,9



4) Qontinuecd.

B.H. Dapth Veter Dry Optlnum Values Natural
Content Denailty Water Content

NETRN: RS NN T P R || IS |
10 6g-8 19.4 97« 4

21.4 g8.0 2l.4 3.0 G3.1 to 4E,.5
Brown Clay =24.7 96,8
Flssured 26.6 04,3 *
and 3041 8%8.35
Leminated
10, 16g-18 1B.4 054

£0.4 6.8 22.5 07.2 38.1 to 3B.4
As sbove 24.8 88.0

27.2 83.5

G046 B8.56

- [p— r— inieashiiili il A

6. Identification Testsa.
B.H., Depth TLiquid PFlastic ¥ Clay Natural Liquidity

Limit Limit Index
. 4 ] 4 %
10 1:-3 72 28 - -0, 07
10 E%-E &3 26 &6 Ued = 0,45
10 163-18 75 27 51 0.20 - 0.2
Diaturbed
semple of
Reading Paed
Red Clay 59 it

ds
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