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Novembeor 7, 1962,

Hes Gw&?ai{;ﬁt?u ?rb e ?‘*‘:G» 2“%%
Few lLiskeard Smhankment

Vede HE-F-0G,

Dear Dave:-

1S

WP o es —_ 60

nclogsed, please find a photostatic copy of the
instrusent read’ azs of our co-operative research project
at liew Liske - | aring the placing of the protective cover
of £ill four . - above the top of the eulvert,

ol

The resultls appear ito be consistert so far,

My perscnal regards,

KYL/ud
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ONTAREO

DEPARTMENT OF HIGHWAYS

‘ew Lisxeard, COntario,
whexher 1? 1%62,

» e Si armac,
Joundation Section,
Department of Highways,
Parlisment BhlldlﬂiS,
Toronto, Untario.

Re: Installation at 0.N.R., Overpass « Tri-Town Bv-Pass

bear Tonv:

The following is a list of the materials supplied by Canadian
Longyear and left at the site,

1. 3%4% fv. of Std. 3/L"™ black pipe.
€2 372 fy. of Std. 13® black pipe.

3. 11 ft. of Std, 4™ black pirve,

@. 2 caps to fit 4" pipe,

¢ 9 = on ship augers,

. G - adanters for augers,

7. 11 - 2 ft, sections of I - rods.

‘ > zal. pails of bentenite (4 pails were shipped, 2

g8, 2~ 5
were returned).,
S. Approx. 5 1bs. of lumite cement.

Als0 encleosed are the two packing sli s for the valves and
D
connectors which I believe should be ?orwarded to Ken Selby.

Si s‘ere.s.\'

i\'{ el @%f’f

..

David B, Hilts,
DEH/ 14
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CANADIAN LONGYEAR, LIMITED
General Office and Manufacturing Plant

North Bay, Ontario,  Canada TELEFHONE 474-2800
P.0. BOX 330 — CABLE LONGYEAR TELEX 027694

October 8, 1§64
SPECIAL BELIVERY
wdalion Engineer,

Material and Testing Division

Ontarie Depariment of Highways,

ownsview, Ontario

Dear ¥r, Devadas

hs per your telephone reguest of todayls date, we are ablaching

one print each of SKB,12373, Driving Sleeve and SKD, 12374 -

adapter to 2% Auger. The dugers used were 2% U.D. x 18" long,

navwing #A" Rod Box threads on the top end, and are called Ship Augers®

L3 k k- *y .

. We Tt

indiv

LINALY

Co¥W, Steclest

Encs,.

DIAMOND CORE DRILL MANUFACTURERS . MINING ENGINEERING AND GEOLOGICAL ;VCO"NSULTANTS ~ CORE DRILLING CQNTEACTd#S ;



grc i‘iv %igl@, Mr*

A. Rutka. A =
Program Engineer.

December 4, 1967.

Huve 11, €.P, 104-50-020, OMR Overpass at Hew Lisksard

I have ohecked with the Foundation Section and
have been advised that the settlemsnt measarements of ths

loaded pier are continuing, the latest readings being taken
this Fall. :

Thae total settlement is approximately 3" so far,
and it seems to be levelling off. wWe are confident that
the bridge can be constructad as planned. However, we can
take further measurements if the bridge is not programmsd
for construction next year.

I undeystand that the Bridge Office is now
considering & subway as an alternate, so it would be wise
Lo get further information fram them befors this structurs
is programmed for construction.

ol

4. Rutka,

AFzpa Materials & Testing Engineer.




‘ce: Foundati ‘ :

” B. B favwis, Poundations W «u R Lol
Brddge Divisiom. Rean 107, Llad. Bidg.

Deesuder i, 1966

Bs: O.8,8, Overpuse at Zew Lisheard &7 i o LD
o  Dimtriet #18 - wt le-bo-¢

~p

Tuig ie to semmarise the dissussion held im yowr offise
on Bovesbsr 23, 1968, regerdiang the results of the instruseniation
of the test feoling 2t iIbe sbevo nemtisnsd srossiag.

After balf ¢f the sabankaont wag remcved, the test feeling
wes built st station 302420 snd loaded with vhetl iz %o beo the dead
load of the strustwrs. 7he dimemsicms of the tect foetimg oerrespemd
to thowe of the proposed strmaturs, .

Shesrvaiitas of the footing settliemsents were onrried ouwt
fer & psriocd of eloven momiks and ars s32ill belag comtimwed. Per
tkis period the feoting hes setiled about 2-3/& fmﬁa ; 2, of whieh
epprezimmiely 1-1/6 inches wes immediste setilement.

During this period of time, the pere pressurs:z ai the
gwgmk {soms 30 3. sast), heve Jecrsased im the onder of 2.3 to
o PeBel.

it iz elzo setimeled Chel theve i3 2%i1) some 5.0 pes.i.
of ezZsess Ppore pressures remmining in the ground, and these are in
the prosess of dissipetiom,

during the dissipation of ths remainisg 5.0 p.8.1. of siseny pars-
weter pressurex, ancther 3.0 imshesz of setilesments will prodably

taks plese, Consequently, the total settloment will smewmé to
sless to 4 inshos,

The rete of pore pressurs dissipetion and scbtitiement will
decrease hs Lime goss on and the hydrsulie gradlent beeames sasller,.
I iz estimated that 1t wiil take zore than tem yesys for ithe
repaining setilssents to take plasse,

It is our suggestion that the Lridge bDe waiil as plamned -
fo8., om plers with spread Cfootings resting 5 fi. belee the surfase
of the remmialmg § ft. of fill {Orewing D-3842-73). The piers
spperting the spas over the UK, Hallvey showld, hewever, be ;

orted by end-bearing plles driven te refusal ou the underlying

DEFECTS IN NEGATIVE DUE TO sent'd. /2 ...
CONDITION OF ORIGINAL DOCUMENT



sttar B, €, n. arevexi | , Desombar 1, 1966

-

&m&tmnum»ﬁmawaiww
seouresy that seSilemants of the plers, vhem wilt, will
in the exder of 2.5 50 3.0 inshes within She firet :urww
it 1o prediotad that Shey will further setile W-
the seme speuni before squlilibeiun i3 reasched,
that previsione for lewerimg the spaun over ths mil
incorporated in the design, This, of course, will foxr the
m&gﬁi ¢f the milires bwridge siz isches Righer than umza
reg ®

Beesuse of the possibility of &ifferential setilsamis
betwesn indlividusl piers, 1t is recomnendsd thad siony e
sade at eash pler fer jeciing end shimming of u mmu:,

de wish to advise you also, that the abeve was ﬁmud
with Or, B, @, Colder om November 29, 1964, and he is in agree-
meat with our interpretation snd regowsendatioms,

ACR/MAeP 4, G. Bler=ae
mmuxm, POUNDAYTON BEQIEZZR
881 Xeassrs., 4, Curtis
£. 3. Saint

Poundations Offise .

R o d »3: %¢ e TR

DEFECTS IN NEGATIVE DUE TO
CONDITION OF ORIGINAL DOCUMENT
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¥r. 4, G. Stermac, ¥r. K. Y. Lo, S
grimﬁﬁyai FounCation Engr., supervising Foundation Engr.,
Foundation Section, Foundztion Section.

Materials & Tesating Diw.
Noverber 2%, 136%
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b feslign and field work carried
‘ «@ricd of Auvgust to date,

This memo 30
vt foP the sbhove prol.

In & pero dabsd . = ;. to the bridge 0ffice, it was
rointed cut thet, ¥ ies o8 f3eld observaticas of pore
pressure and sebtlement, ste strucvion was not feasible,

aricus schemes were then eonsiu. 4. 4 meeting was held on August
2%, 136%, at which Dr, E, {. Cclder, Messrs. A. Butka and &, 0. Stermac
@ere pressnk.

in & letler to Mr. A, Butks, dated October 9, 1365,
Yr. Geldsr surmarized $he discussions and conclusions arrived at
Suring this and sabsegusnt meetings (August 26 and September 2, 1965).
The scheme suggested by Dr. Golder and discussed in these
zeetings, wss to repove 9 £%. of the existing oxbankment znd build
the bridge on spread feootings resting on the remaieing 9 ft. of fiil.

The factor of safely of the clay agsinst shear failure dus

to the superimposed load of the footing was checked and found to be
satisfactory i the fooling is not placed more than six feet deep
frexe the teop of the remsining f£il:i.

The remaining guestion, then, is that of setilement, which

& is on the residual pore pressures after load removal ag well

a ugerimposed load from the footing. It is also necessary to
axplain the unususl behaviour of the pore pressures and setilements
chserved at station 802450, so as to lend confidence to further

)

seslgn ¥Work.

£

an oypoethesis was put Iorward by the writer, based on some
previcus experimental work on the stress-strain-pore pressure ]
relationshipy of sensitive, normally-consclidated clays (Lo, 1361).
Denesil the esmbankment, the socil is loaded to a factor of safsty
very elese to unity. In fact, a fzilure cccurred betuween stations
E0%+50 and £0G400 in June 1363, Within this region, therefore,
rlestic deformation cceurs and the shear strain progressively builds

conb¥™. /2 seiae
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- #. G. Stermsac,
rincipal Foundation Zngr. Heovenber 2h, 1U08Y
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gn SYCess ﬁyﬁrasﬁatie pressure, This process proceeds simultanecusly
with consclidation of the subscil. h@ pere pressure, sebtitlement

snd changs in undrained strength w*iia therefore, dapend on the net
resalt of these ftuwe iﬂ;@§emﬁewt phencmena, Thils explains the high

pore prassure and azlwost constant rate of settlement after 2-1/2
years of esbankment construetion,

In order to define wors accurately the strength profile slong
the contre line @n the west side of the f&il@my and tm sheck the
above hypothesis, four additional boreholes were put down, Seven
piezometers and thres setilement augers were installsed at station
795+00, It was fcund thal the vans strengths st this iscatieﬁ were
over 300 p.s.f. as compared to 2 value of 320 p.s.f. from. s previous
analysis of the 1383 failure. The pore pressures at %he centre line
cbserved, were much lower than those at station J02+50 asg
shown in the tabla below.

o i

; Depth § Excess Pore Fressure {p,s.i.)
! below original : ‘ }
groundé surfacs : i y

P : Station 202450 Station 79&+0D
VhEeS ; fet., 1986% Qoh, 1965 :
| T
15 10 ; 2.3
30 10 5ol
: : }
45 f ii § 2.9 ;
! : :
A7 ! 11 : 1.8 ‘

o o { e i &oa
i : |

It is obvicus that the pore pressures st station 796+00 are
el lower than those at corresponding depths at station 302450
hough the embankepent is 2 or 3 ft. higher at the latiter location,
1is Jact, t%wr@furwﬁ is consistent with the hypethesis., Calounlations
rs%ié&"? pore pressures after removal of © ft of 111 and
ttlement ﬁ&@a&@&@ﬁ% to the spplication of footing load, wers

e s g
Q’iﬁﬁﬁ’ﬁ& fﬁ R



¥ovember 2&; &?£§‘f

Prineipsl Poundation Engr., - 3 -

j Usling the usual assumption that the change in pore
pressure is equal te the change in vertical stress, i.e,, :
neglacting the effect of shear stresses,

2. Using the pore pressure-strain theory ss suggested,
out simplifying the caleuluticn by neglecting the elsstioc rebound
for regionz whers the shear stre.s excssded the shesr strength
of the solil, say within H0-f%, depth. Below this depth, the pore
pressure changes will be assuwed Lo be egual to the change in
mean prinecipal stresses,

The results of calculation are shown in Fig. 1, in yhich
the existing excess pore pressures are alsc plotted, The aetus)
residual pore pressure will most likely lie between curves 1 and 2,
wat closer to the curve based on methad 2.

178

(b} Caloulation of Settlement after Rezova) of Jeft, Fill and
zppiication of Footing lLoad:

Caleulation was perforsed for footing size of 36 Fi. be & ftg,
at 2 besring pressurs of 1-1/2 7,/f¢.2, | ‘

vy

The total settlement arises from fwo sources: {(a) the dissip-
ation of Lhe excess residual pore pressure; and (b) dissipstion of
2Ecess pore pressure resulting from the foobing pressurs, :

Curve 2 was used te establish the sterting point on §-l08 p
curvesof the appropriate consclidation tests., Calculations show
that the total final settlsment is of the order of 1-1/2 £%.5 of
uhich & in. is due to the footing load, after correcting for the
thieipess of the silt layers, 2

Fu ele footing was changed to
36 x 7.5 ft.

dote 2 -~ & fsetor of .75 was used,ac the ratio
ol thickness of silt to clay iavers
is at least lib,

Ceenttd, A oL,

1




Mr. A, . fimru@, ‘

Principal Poundation Engr. -k - Hovember 2k, 1369

an alterpative upprosch of estimating the settlement 1s
to assuze that § 8. of fill wes applied initlally and the footing
then conatructed. The gonsolidation part of the settlement cecurred
to dats, should then be subtractad frow the result e arrive at an
estimated setitlement which will ceceour.

Ihe total ssttlement under § ft. of £1ll and footing liocad
wag computed to be 3 in.

Using the method cf isochrones and taking Cy = 26.7 ftmﬁfyr*
and further assuming thst the present settlement is mostly confined
to the top %% ft. of the elay depcsit, the consolidation settlement
which bas cceurred is 10 in., the degree of consoiidation being
approximately 30,

‘ The total settlement which will ceccur is, therefore, 25 in,
aiter correcting for the thickness of the silt layers.

g

It will be ssen that both methods yileid results of the
slzilar order of magnitude. The caleulated total setilement is
about 1-1/2 to 2 feet as compared to a total setilement of & fTest

he 1¥9-ft. eszbankzent were left in placa,

At the present time, 7 fest of 111 i3 being removed and
pessurenent of residual pore pressure taking place, 4 more reliable
estimate of seltlement may be carried osubl when thesze resnlis and
these of the full-scale losding test ars avallable.

It hezg slso tc be noted that the calculation hes bsen carried
cut for station 802450 only. 4%t places where the shear strengths
of the soil are higher, the residual pore pressures will be much
swailer and, therefore, the expectsd ssttlement will be much less,

rt is suggested that the following items of further work

1. Caleulate the residual pore pressures at oiher pelnts
¢f the subscll sc that the whols petltern may be compared with field
L2

2., Revise the setilement computaitlon using measured
vre pressure at station E02+%0, and compare with results
gil-wsczie loading test.

5y

3. Study the field pore pressure and seitlement records
2t statiom B02+5%50 and 796400 to arrive at an appreciation of the
varistion of setilement with respect to change in loading snd
subsoil conditions.

ﬁ@ﬂﬁ'ﬁ'g !"ﬁ B R Y



'm,. A, m Starnac

Frineipsl ?nﬂnﬁat&m mr,. =g November 24, 19

L' ’é‘.aﬁimhi@n of set

iocation for design work.

KYL /MdeF
Attaeh,

o @1’«. ﬁ. Ql wﬁlﬁﬁr
®e. A, Rutks «
¥r, 8. ¥MeCombie
Hr., C, Grebsk:

Foundations Office
Gen, Flles

&GWISSIE% ﬁmﬁ‘ ICH LRGINEER

tlement at each pler and &“hmﬁmﬁ;
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@—-Residuné p.w.p. assuming Qu=z AO,
@*Residuol p.w.p., mathod 2

@-Existing excess p.w.p. QOct 1965



&amrmim& by the Foundation Section.

Hr. G. A. Wrong, Cotober 4, 1961,

Principal Soils Enginesr. Re: C.N.E. Crossing - Hwy. #11,
Tri-Towr Fﬁlaén*,f

Materials & Research Section, ni%‘!’a’?iﬁ*ﬁ # "F
(Foundatiom Office). o Gl

Attached to this memo, you uiu find zmwmg'xm x«-at) |
showing the recomssnded construction sequencs m‘ the amm
esbsniments. Stag. i'o. 1 can be started whanmnr ﬁaaimbl» w
convenient, whi'c the tixe for the start of Stage No. 2 v b

Fﬁr this surpose, settlement plates aml pium

will De mmuw and rwﬂims earrind out to dﬂ:wm&m& t;
of settlements and the pemm&aga of cmnnﬂntim. ,
~ Stage cmtrmtim ‘has bum amidad zz:m:, bu m

hm.tuac of two aein reasons:-

1) large settlements that would hmi ‘been det
for tha struntm*a, will alresdy bave taken place “by tha t
“tructure will be bzzilt. ‘

2) The full height of embankment will be built w

beras.

g
AGS MdeF A. Go Stam
: , PRINCIPAL FO@KM‘HM mmm
¢c: Foundations COffice
Gen. Files.

Copy also sert to Chester CGrebski, Bridge Orfice




SUGGESTED APPROACH EMBANKMENT CONSTRUCTION
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MNOTE: The time of Stage II construction will be determined by the Foundation Section
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Mr. B, &, Chapman, Mr. A, G. Stermac i

Distriet Engineer, Principal Feumdatimn Eng wn

New Liskesrd, intario. Materials & Eaa@arah,niniaimm,

Attention: Mr., B, §itk&ﬂ% September 7, 1962.
Congtruction Ingr.

Fe: Commencement of Filling Cperaticns at
ULHE, Uverhead - WP, 1Qk -60, Bi trict #1k,

You are kindly reguested to advise this Section
at lemst one week in advance of commencement of fill
construction at the C.K.E. overhead structure. As you inow,
& groat deal of effort and guite a lot of money was spent
for the instrumentation at thic site, and it 1s therefore
mest important that all the necessary preparations and
readings be caerried cut in time.

Antifreesze i3 goling to be put into tha piszometer
leads in order to prevent any ireezs~-up in tha leads.
However, if the placement of the fill is scheduled for a time
when very low temperatures are alraaﬁg experienced, it would
be most desirable to have the entire length of the culvert
covered with an earth cover at lsast four feet thick.

Would you please endeavour to have this precautionary measure
carried cut.

LAY rdiee

AGS /MdeF 4,G. Stermac, '
PRINCIPAL PUUNDATICN wmmm

ces Foundations wffim&
Gen. Files.
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¥y, B, L. Davis, ~ | F@ﬁﬂﬂﬁti@ﬂ‘éaﬁtiﬁﬂﬁy
Bridge Engineer, ; Haterials ¢ Testing D
Bridge Division. liocm 107, Lab. Bldg.

June 29, 1965

File Zioqko-020

UN.E, Uverpass -- Tri-Town Bypass
Dist, #1b (Hew Liskeard) W.%.wiﬁ%wék“'

4 meeting was held on Jume 2%, 1965, to discuss the al
schemes for the above project. The purpose of this memo i
recapltulate briefly, the history of the investigation and
of this project and to record the various schemes we propo
this crossing, based on the results of field observation for %
past two years. o ' : Ve

~ The original foundatlion investigetion for the crossi
approach fills was undertaken by Geocon, Ltd. in 1960. T -
- was found by the Comsultant tc be a thick deposit of laminated e
verved clay, underlain by banded limestone bedrock at a depth of
150 - 160 ft. The consistency of the varved clay was found to be
soft to Tirm, having valusg of shear strength as low as 300
at &ﬁ%@‘&éga%ieas;~ ‘ ‘ R e R e

The Consultant recommended an overhead crossing w
embankments of 33 ft. high, neceszitating 120 ft.
final settlement was oxpected to be of the order
In viev of these shortcomings, Geocon suggested t estlige
alternative routes for the crossing and mentioned the posaibilit

of @& crosging by me&ns of & subway.

The alternate routes were luvestigsted by H. Gol
Asgociates in 1961, It was found that soll cond ng A1
change significantly elong the C.N.E. tracks within one m
and scuth of the proposed line. Therefore, the present alig

4 decision was then reached to go ahesd with the cons
of the overhsad, utilizing stage construction for the aab
The first stage called for a height of {111 of 20 ft., fc
the full height, afier sufficient strength increase in th
cbtalned by consclidation urder the load of the first sta
te observe the pore pressures and settlements caused by t
plezometers and settlement gauges were installed by this
the crossing under the propesed embankment. ST

wEEIR

%a;j"x\x

\ 7=

cont'd.




Mr. B, %, Davisffiege Engr. ?‘:T’r
&ttaatis&x &r,i;;1ﬂbaas%?§. : 2-

, During aanstrnetian of the first atsge, in Juns 1963 8
“tock place some 500 ft, east of the crossing. The haight of
at the fallure was approximetely 18 ft. A short berm wes des ;
by this Section to increase stablility, and the fill was brought bsekx
§f1§8 ft. in h@ight.' Further plﬂcaaant of the {ill was wallwa,‘ﬂ~“ bl

Reosults of observations for the past two years, tmg%hhﬁr wi%ﬁ
edditional field snd laboratory tests carried out nn samples fr@m 8
borehole put down in Cctober 1964, show that:

{a) The excess pore pressura nas ﬁissip&%@ﬁ by only 15% mr
less in the last two years.

{b) Ko increase in strength of taa subscil wes n@ﬁiaaa%1$. 
In fact, there is a slight decrease c¢f the undreined shear atwmﬁg

{@) The settlement is still progressing at & rate of aggrux~~ R
imately © in./year, and there is no trend for the rate to ﬁa&r&&&w, ¥

Prom the sbove @&m@l&xi&u&, it is obvicus that the stage
struction metbod as originally contemplated, 1s not feasibl
construction of the overpass 1s {o be carried out in the near
In order that construction can proceed, one of the fallﬁwxng
‘natives should %ﬁ adopted:

A)

, Thia soluticn will necessitate agpr@x. 31-2t, high enb

which, in turn, require berms of about 100 - 120 ft. length
stability. The height of the berms are designed tc be half |
haights of the embankments. Becsuse of the required 120-ft. length
of the end berms, the overhead will bave & length of about M tey
the abutments buing at around Stations 797+80 and BO2+4C. Spill
through type of abutments are recommended in order t@ maiﬁ%a‘

side glopes for the approsch fills.

Bedrock was observed argﬁmﬁ Bl. 475 - h&? rm‘, some lﬁﬁ»
below ground level  Piles should be driven to practical re
arcund above slevations. The safe bearing pressure on the
be governed by the structural strength of the yartzaaltr ty@&
uged .

Pile driving through the present fill will not be fn&ai
te the large amount of boulders (1 - b4 ft. diam.) in the em ' :
mxnavatiaaa of the existing fill down to the original ground 1 ;
necessary at the locations of pile driving. 2 horizontal to m,vawti@ul
side slopes should be msintained for these excavations, : .

@mt‘ﬂn ‘ f‘% uu
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ﬁt%mtim@ Mr;';‘agmx’ﬁmiﬁ‘ e

a) (Qﬁnﬁ‘é,} i

The recommended sequence of pile driving and fill cmumﬁ#a@ﬁinﬁ s
is as follows: B

1.) Excavation of fill in pile driving locetions.
2.) Pile ériving and forming the pile caps.

3.) Hefill of the excavations and construction of the béﬁmg e
the designed length apd height. i ‘

k,) Cgﬁgtructian of the approach embankments to the f&ﬁukf"
£I Ba e

By adopting this method of crossing, a new detour will be
necegsary farther from the centre llne of the highway; also, =
%@éit%gmui land should be expropriated to provide room for the

ohg berms. sy

This solution calls for an overhead of approximately 1,250 ft.
length in order to eliminate approach smbankments higher tham 19 ft.
The locations of the two sbutments will be at around Stations L
794+30 and 806+80, respectively. The hsight of the approach fills
at the abutments will be about 19 ft. GEmbankments of such heights
are stable with very short berms or no terms at all, provided they
are constructed with side slopes 2 horizontal to 1 verticsl.

20N

The present fill between Stations 794+30 and 806+8C will not be
required any longer, sc the materisl of this ssction could be removed
and usad for other purposes. DRemoval of the fill should preceds
pile driving. The bridge should alsc be supported on end-besring

under Section A).

piles or calssons, driven to bedrock as discussed
Spill-thrcugh type of abutments are recommended.

This solution will require an approx. 160-ft. long bridge with
spill-through abutments, supported on end-bearing piles on bedrock.
Largth of piles will be some 20 ~ 30 ft. shorter than those required
for the overhead., ‘ e iy

The approsch cuts for the subway should be constructed with g
side slopes 3 horizomtal to 1 vertical. It is jstimated that the =
deepest cut at the crossing will be about 20 ft. 4 1 - 2 ft. thick
granular blanket or sand cushion is suggested te be used to protect
the cuts. ) e Lo

cont'd. /4 ...



?ix* ‘B, i%‘. zmm‘ ﬁ%‘* ﬁn;r,.,

ﬁtkmti%b %%? . &3 ..

ombi .

{:} {@ﬁn‘h!ﬁ ) ewa

The ground water level should be lowsred to helaw thﬁ | ;
of the proposed cuts by provision ¢f & deep drainage 3yuhaw ‘&#fi
the Wabi River, some 2,000 ft. to the east. i

In case of s&apting the crossing by subway, the ﬁfﬂ&ﬁﬂt f&li
must be emsyitt@ky removad,

It was agreed that the Bridge Uffice would study these x@hmmma'
in further detail. |

The above recomaendations for the variocus s@hﬁ&&ﬁ mra

and for estimating purposes only., Further detailed vork is
on & cacsen scheme for final design.

KYL/HaeF ¢/ Lo
| SUPERVISING ¥

ce: ¥r, G. M. Sinclair

Foundaticns Office (2)
Gen. Filles
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Mr, A. M. Toye, February 10, 1961,
Bridg2 ¥ngineer.

Materials & Feseareh Section.

attention: Mr, C, 5, Grebski.

Fe: O.N.E, ﬁverhaad,é ),
Hwy. 711, Dist, #1
;’i?o?'ka 1@*:6(}- ’

Attached to this memo, you will find 2 =zketeh
showing the required distance between the existing &nd
the detoured railway tracks. The distance was determined
on the basis of a factor of safety of 1.3. Ten more feet
ware added to provide some addli.icnal safety necessary be-
cause of vibratinns caused by the passing train,

L. G. Soderman,
PRINCIPAL FOUNDATION ENGH.

Per:
éﬁgg?ﬁ52§;§$zﬁ{&kA’
ﬁﬁ:ﬁ/ﬁﬁ&? (f’:i « Go Stermac Py
Attach. SUPERVISING POUNDATION BHOR.)

A qundatimns,ﬁf?ice
Gen. Files ¥
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Mr. A. M., Toye, February 1, 1961.
Bridge Enginser. REVIEW OF PRELIMIRARY PLAN
Materials & Kesearch Section. by Foundatlions 0ffice.

Attentlon: Mr, C, 5, Grebski.

Reg:

O.N.k, Overhead,
o # Dist. #1
fidb: 104%60.° ’

We have reviswed the preliminary Drawing No.

D 4807-B of the three span alternative structure, and have
found the embankment slopes stable. A number of stability
analyses have been carried out in order to check this
stability, meking different assumptions concerning the live
loed and shear strength of the underlying clay. Even when
it was assumed that no shear strength is left in the clay
through vhich the piles are driven, and that the piles have
no beneficial resisting influence, the computed factor of
safety was slightly in excess of one. It is therefore our

opinion that the shown preliminary disposition is safe and
can be finalized as such.

We believe that this infermation will prove adeguate
for your future design work. However, should there be any
other questions vou would like to discuss, please feel free to
call on our OfF o,

L. G. Soderman,
PRINCIPAL FOUNDATION ENGR.
Pear:

;g
T el
VK /tideF (V. Korlu

cc: Foundations Cffice

PLOJECT FOUNDATION ENGR.)
Gen. Filks ’




. o i ffc{*.”!h D. Smith

teceab 16, 1959,

Gencon, [dmited,
1% ¥aas foad
rexdale, Untario,

asttentirn: Hr. ¥, Ailligan.

for Site Investipatiens ‘
Tri-Tow Bypass - ﬁi&triﬁ@ #lh
-~ Three Structures --

1. Ty, 67 interchange w.P. 124-60.7
2

bi kiver Crossing W.P, 1 de”

fwmar Sirse

Plesse consider this your autherit %o earry out =
foundation investigstions st the abeve not. sites. S

4 tentative boring and sampling program has been

Siseussed with your ¥r, ¥, deCannor apd he has been provided
with the necessary site plans., Ve antiecipate that soil Gog-
ditiens will censist of a deposit of varved elay overlying
limestone bedrock. in evalustien of the strength (both lab-
oratory and in-situ vane measurements) and compressibility
charascteristies of the subseil will be required =~ hoth at the
strueture locatlons and in the areas underlyling the approach
i1l exhanksents, '

+ susmary of the nuzber and loecation of bori

, ngs, 88
diseussed with liy. YeCannen, is as follows:- L

Hwy. (Y Interchange - W.P, lék=id,

Twe detalled sampled borings with vane tests betwean
saaple intervals, required st diagonally opposite corners of
shutwent feotiogs. 17 plle foundstions aPPear necessary, 10
feel of badroek eore should be oroved in sach of thes

eonttd. /& ...

s bariogs.



2 %

e

Hwy. 708 Interchange - W,.F, 12k-£0 .., (eont®d,) ...

Two wash beorings with ne samples recovered, should he
carried out at the cerners of the other disgenal. if,ﬁilmw
appear necessary, these wash borinmgs zhould be carried to re-
fusal, or te prove at least 1C feet of & ecompetent underlying

In adcitlon to the borirgs at th. ztructure, taree
saupled berings are requasted st the Tollowing centre line
ehalnages: 782+00; Fb+00: and 773+00. Infermation obtained

in é%@@@ berings should be suffielent to design the erbankment
FHOT L ONE .,

“abl tiver Siructurs ~ We¥. 10%-40,

4 three spen siructure is enticipsted at this site,
Lne detalled szeopled boring ineludiny {r-situ vwane tests and
oné vash boring te prove & competent bearing stratus for riles,
is recuested at sach sbutnent locstlion,

If end-~bearing piles appear necossary, at least L0 feet
of bedreex core should be reeoverad in caeh sampled boring,
finles should be loecated &F £, left and right of read centre line,
The tentative centre pler location 12 chainege B1l9+00, and one
detaliled sampled bering on centre line is requested st this
chainape,

g"m?% Q?E - Q?ﬁ!’hﬂ&ﬁ e @ - f3 * 1%&@’& L]

At each sbutment locatlon -~ i.e., chalneges 300400 and
JC0+60, one sampled boring and one wash boring, as at Webl Hiver,
is reguested., In addition, centre line sampled borings are re-
guested at cheiragss 798+5C and BOE+00,

it 15 understend that bering rige will be aobilized from
Zirklapd Lake. Cur Preject Snpineer, ¥r, i, Loh, has been assigned
afd Liaslseon ‘nplineer Tor these orojects and he is to be sdvised of
the boring resulis lmzediately sach hole ig cozmpleted. The extent
of laborateory work requlred and amalyses necessary, will be author-
ized upor ouy sutual study of field irnforsation,

if ihe terntsiive boripg and sampling program appears ine
cuale or too glaberate, based upon & study of fleld data,
fieations of thls vprogresm will be zade,

eenttd. /3 ..,



mam

It s importsnt that we sre inforuwed of resulis as
they beeoms svaileble Trosm the Tleld and we reguesi that you
contaet My, Loh direcily. suthorizstion {or the use of a foll
sampler will be given 1T this deviece appesrs eeonealeally
Justified,

The Distriet persy Lol have been reguesied itz ssnist
you wilh surveying wors ne 235807. :

would you please submit teo us your propesal Tor carrying
out the work, as detailed in this tentative vrogram. Flease
audress samne Lol Nr. 4. Duthka, aeting Yaterials ¢ TFeseareh Englresr,
Faterials and Tecesreh Jeetlon, (ntarle Degartment of Highways,
1o &, Ontarie. |

¥
Farliasent Dulldinge, Toro

ien norvies nf the complated reverts for these three
strueturas =shonld be submiited for distribution, te the Foundati ou
Cffiee, at yeur sarliest eomvenionce.

g

LG f e Yours very truly,

L=

j =

o4/
AL~

Al futiam,
HIALS & AIOE BNGIE

HeGonble
Funter
Chenuan
58 3an o

Smithes

Foundation Seetion
Cen, Tiles (2)



THE PERFURMANCE OF AN EMBANKMENT
 ON A DEEP DEPOSIT OF VARVED CLAY

A G.STERMAC Principal Foundation Engineer, Dapartment of Highuwnys, Ontaric

K. Y. LO Professeur Auriliore, Département du Génie Zicdl, Unicersits Laval, Québec
St (Formerly Supervising Fowndation Engimeer, Depastmaent of Highzeays, Ontario)
A K BARSVARY Sowior Foundation Engincer, Dopartment o Highways, Ontaria

It is generally accepted that a clay deposit containing near-horizontal lavers or
bands of coarser grained material exhibits greater permealbiility in the horizontal
than in the vertical direction. It has also been: yointes? out | Milligan, Soderman,
an Rutka, 1962) that, owing to the faster rate of consolidation of such daposits
under external load, they are ideally suited for stage comstruction.
In 1960 the Ontario Department of Highways proposed to construct a
of Highway 11 in the Tri-Tewn region in Nerthern Ontario. The nertherly
- portion of the bypass at the town of New Liskeard lies on a deep deposit of
varved clay of glacial arigin (Figure 1). Among other structures along the
proposed road, the overpass over the Ontaric Northland Reddway necessitated
the construction of long approach embankments of some 30-33 ft. in height
{Figure 2). Stability caleslations showed that on account of the low strength of

the vnderlving varved clavs an embankment of such height could be built only

with long berms or by utilizing stage construction. :
The latter scheme was adopted, with the constructioa of a 20 ft. high 5l as
 the first stage. It was believed that the consolidation of the varved clay would
take place much faster than it would in a comparable deep deposit of horo-
- gepeous clay and that the larger part of the induced pore pressure would
dissipate within a few years. It was also ussumed that the corresponding
strength increase would improve the sail properties to sech a degree that the
full beight of the 6l could then be safely built. In order to observe the pore
pressures and settlements caused by the embankment load, piezometers and
settlement augers were installed under the proposed £ll near the crossing.
During construction of the first stage, in June 1963, a failure occurred some
300 it. eust of the crossing, as reported by Lo and Stermac {1964). The height
of the Ell at the time of failure was approximately 18 ft. The failed section was
redesigned with a short berm and further placement of the §11 was brought to a
halt. By the summer of 1965 *he observations of the piezometers and settlement

Canadian Geotechnical Jowrmal, vol. IV, no. 1. Printed in Canada. ;
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Ficure 1. Site plan

augers, as well as additional field and laboratory tests on samples of boreholes
put down later, showed that: (a) The excess pore pressure had dissipated by
only approximately 25 per cent. (b} No increase of strength of the subsoil was
noticeable. Indeed, there was a slight decrease of the undrained shear strength.
{¢) The settlement was still progressing at a rate of about 5 in./year and there
was no trend to show that the rate might decrease. From the above findings it
became cbvious that the stage construction as originally contemplated would
have to be abandoned.

Several alternative schemes were therefore considered for the crossing,
among them 2 longer stracture to limit approach fills to 19 ft. For the founda-
tions, end bearing piles driven to bedrock and frichion piles are being studied.
Crossing by means of a subway is also being contemplated. Because of a
number of still unrc_olved engineering problems and also because of economic
considerations, it was Gecided, however, to give priority to the investigation of -
the overhead scheme in a modified form. This modified design called for the
removlt of 9 £t. of £l and the use of spread footings for the bridge piers, placed
in the remaining 9 ft. of fill. The feasibility of the scheme bad fo be confirmed
by a full-scale loading test. 3 e ‘

In this paper, a description of the soil properties and instrumentation for the
measurements of pore pressure and settlement is given. The results ropo..ed
include: (a) pore pressures and settlements at various depths under the full
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load of the .§ f1. embankment; (b) pore pressures and settlements during and
subsequert te partizl removal of the embankment load; and {¢) settlement of
the full-szale test footing. The results of field observations are discussed in
relatior, to theis ~flects on the design problem. Detailed analyses of these
res i1t ars outside the scope of this paper.

SOIL COXDITIONS

The site of the crossing is part of the region known as the “Little Clay Belt.”
The subsoil consists essentially of varved and laminated deposits of silty clays
or clavs {dark layers ), and clayey silts (light layers). The geotechnical proper-
ties of the varved clay in the New Liskeard area have been studied by varicus
authors { Milligan, Soderman, and Rutka, 1962; Eden and Bozozuk, 1962; Ray-
mond and Hilts, 1984; Lo and Stermac, 1965), and the physical-chemical
properties have been investigated by Soderman and Quigley (1965).



48 CARADIAN GEOTECHNICAL JOURNAL

The area under consideration included the proposed overhead crossing at the ’~
ONR tracks and approximately 600 ft. east and 800 ft. west of the crossing

along the bypass, where the stage construction of the embankment was con-

These Beld investigations: showed f,hat : thé uppexr 2-0 'ft.fof*th'e subsoil is Vo
composed of silty clays, having very faint minute laminae of clayey silts, A
layer of approximately § ft. below the ground surface was desiccated, as

evidenced by the higher values of shear sirengths and the presence of mottled,

oxidized pockets of clays. ‘iTe thickness of the silt seams is in the order of '
¥32-1% in. Figures 3 and 4 show two representative borelogs with the results of

laboratory and ﬁeldtest&,'fheborehelm were located near Sta, 802-+50, =
In the upper portion due to the very thin laminations, Gnly‘bulk‘samp}es i
were tested. The liquid Kmits were found to vary between 43 and 76 per cent,

z R B/qh | MOISIURE % T Z]
o - [DESCRIPTION| SHEAR STRENGTH ibfeqft. ’ gﬁgNYEng o i‘i;;’_’
§z OF 501 x- FIELD VANE  g-y.C. w,'h—-——~?r~.<w‘ 38
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FIGURE 3. Results of field and laboratory tests: bare hole 14 and B
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FIGUB# 4. Results of field and laboratory tests: bore hole IC and D

the plastic limits from 23 to 28 per cent. Typical values of Atterberg limits are
plotted on Figure 5. The natural moisture contents of the thin laminated layer
zone lie both below and abave the liquid limits, yielding values of the liquidity
indices of 0.64-1.40. Sl ~
Underlying the laminated stratum a 3-7 ft. deep silt laver was observed, with
hardly any visible stratification, under which the varved clay of a more regular
nature follows. The separate varves are composed of dark grey clay or silty clay
and light grey clavey silt; the thickness of the individual varves varies and there
appears to be a tendency of increasing thickness of silt seams with depth. The
lamination is near-horizontal, but occasional inclined varves were also observed.
The thickness of the individual seams is between 14, and 1% in. :
The average values of liquid limits for the dark clay and the light silt seams
were estimated to be 72 and 27 per cent respectively, while those of plastic
limits were 31 and 20. The computed highest and lowest values of the liquidity
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FIGURE 5. FPlasticity chart, New Liskeard

indices were 1.30 and 0.41. There seems to be no ‘significant difference between :
the values of liquidity indices of the dark and light layers.

The total depth of the overburden at the proposed crossing was found to be
about 150 ft. followed by an apy; proximately 2 ft. thick deposit of very dense

silty sand and gravel, which, in tum, is underlain by limestone bedrock. The 5

ﬁenth of the overburden increases toward the Wabi River, where it is about

170 ft. deep and decreases toward the crossing ‘of Hwy. 65, where the bedrock -

is exposed at the surface. The undrained shear strength of the overburden was

determined by field vane tests, unconfined compression, and unconsolidated

undrained triaxial tests. Since there appears to be no reason to place more
reliabilitv on any one of the three types of tests for reasons discussed elsewhere

{Lo and Stermac, 1965, also closure to discussions 1966), the welghted average g

values were computed.
A careful study of the strength determined at various locations along the
embankment showed that the strength is minimum at regions around the failure
area but increases in both directions towards Wabi River and Hwy. 65. The
average undrained strength at three locations is plotted in Figure 6, which
illustrates this horizontal variation of strength. Although the weighted averages
of all the test results have been shown in Figure 8, it is important (o note that

this trend of variation is present ais() when each type of test is consxdered :

separarel\

Typical void ratio/ pressure curves of oedometer tests are presented on
Figure 7.
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rioure 8. Variations of average shear strength at different locations

INSTRUMENTATION

In order to observe the pore water pressures and settlements in various loca-
tions beneath the Rl piezometers and settlement points were installed. On
Figure 8 the layout of the instrumentation at Sta. 802-+50 is shown, The
instrumentation was carried out jointly by Queen’s University, Kingston, and
the Department of Highways, Outario, in 1962, and formed part of an Ontario
Joint Highway Research Project. At later dates, additional piezometers and
settlement augers were put down pear the original ones (“L” group) and ako
at the west side of the crossing at Sta. 796--00 ("B” group). =
The first set of 30 piezometers was installed in four locations below the ﬁil
at Sta. 802-+-50, at various depths from 13 ft. to 120 ft. below the criginal
ground. The location of the first group was beneath the centre-line of the il
the second below the shoulder of the 18 ft. high embankment, the third at the
toe, and the fourth at 40 ft. outside the fill. Within the upper 60-75 ft. depth,
“Peaker”-type piezometers {modified Casagrande piezometers ) were installed,
with two polyethvlene leads to facilitate flushing the instruments. The piezo-
meters below 75 ft. were of the porons brass type { Geonor piezometers). They
were provided with one tube only, so flushing and cleaning were not possible
because of the great depth involved. The installation of the latter piezometers
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FIGURE T.

were not satisfactory; in fact none of the instruments registered reliable pres-
sures from 1963 on. Possible factors in causing this malfunction might have
been (a) the difficulty of de-axmg and flushing of the piezometers at great
depth or (b) the fact that, since the polyethylene tubes were not cased in by .
drill rods or casings, they could have been bent, twisted, and broken owing to
the large settlements. Tubes of the piezometers installed later were protected.
by standard E and A rods, and so far, have been found to perform satisfactorily.

‘The settlement augers consisted of 2 in. diameter ship augers attached to
%, in. pipes, the upper 4 fi. of which were assembled in 2 ft. sections. The
latter could then be removed as settlements increased. Tk sttlement rods were
encased by 1.5 in. diameter casings. Surface settlement plates were installed
8 in. below ground. : : : : S

The leads of the piezometers together with the settlement rods (below the
£ill) were housed in a 48 in. CIP, so that readings of the instruments could be
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FIGURE 8. Instrumentation, Sta. 802 4 50

taken during and arter construction. The pxezcmeters were assembled with
Bourdon pressure gauges by means of a header. The gauges were provided
with mercury null indicators similur to those used in laboratory triaxial tests,
so that a whole group of piezometers could be read by means of one pressure
gauge.

Ir% the early fall of 1965, addmonal (Geonor) piezometers were installed
at Sta. 796--00, where the shear strength of the subsoil was observed to be
higher than at Sta. 802+4-50. Four piezometers were put down at the centre,
15, 30. 45. and 60 ft. below the original ground; also three piezometers at the
shoulder at depths 30, 45, and 60 ft. Three settlement augers were installed
as well, just below the original ground, two of them being at the centre and
one below the shoulder of the fill. The purpose of this latter instrumentation
was to compare the pore pressures and settlements within stronger and weaker
soil strata that were induced by a supemnposed load ‘of apprommately the
same magnitude.

In order to check the accurany of the ongmal piezometers at Sta. 802-+50,
five piezometers { Geonor) were placed at the centre of the fill near the ongmal
“ones in the fall of 1965 ( “L” group on Figure 13).
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RESULTS OF SETTLEMENT AND PORE WATER PRESSURE OBSERVATIONS

Observations of the piezometers and settlement points were carried out two
or three times daily during the construction operations, after which they were
read at intervals of two or three months. From the practical point of view, the
centre group of instruments are of the greatest importance, wasmuch as the
highest induced pore pressures and settlements occurred beneath the centre.
This paper is therefore limited to reporting. the settlements and pore pressures
registered by the centre group. It is intended to report the performanﬁe of the
rest of the instruments in later publications.

The results of pore pressure measurements for piezometers at different depths
below the embankment are shown in Figure 9. The upper diagram depicts
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the history of construction. The full height of 18 ft. of embarkment was com-
pleted in approximately three weeks within 100 ft. on either side of Stat.
802-4-50. The load was put on in 2 to 3 ft. lifts running from toe to toe. The
£l material was granular with pebbles and boulders. It will be seen from
Figure 9 that there was very little dissipation of pore pressure during the first
few months after the full load was put on. In fact, the average degree of dis-
sipation after 214 years was only 25 per cent for this gruup The maximum
pore pressure regxstered was 14 1b./sqoin.

Figure 10 depicts the surface settlements versus- time at Bta. 80230, The
settlement forms a regular pattern with its magnitude decreasing from the
centre to the toe of the embankment. The largest settlement below. the centre
of the fill during the period from June 1963 to November 1963 was registered
as 25 in. (settlement plate no. §-1). The “immediate” settlement, which
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occurred during the construction period, was approximately 8 in. As can be
seen, the settlements proceeded at about the same rate, without any noticeable
slowing down until half of the fill was removed (in November 1965).

On Figure 11, settlements at various depths beneath the centre of the
embankment are presented as registered by the settlement augers.

Results of pore pressure measurements at Sta. 796--00 are shown in Figure
12. The embankn.cnt at this location was 16 ft. high and was constructed
at approximately the same period as that portion at Sta. 802-50. However,
when the pore pressures at these two stations are compared, it is- ¢bvious
that the pore pressures at Sta. 796-+00 are much lower. At October 1965, the
highest value of the excess pore pressure was 5 Ib./sq.in. registered by the
piezometer at 30 ft. depth. The excess pore pressure at other depths are lower,
being from 2 to 3 Ib./sq.in. At the same period, the excess pore pressure at
Sta. 802-+-50 was about 10 Ib./sq.in.

It was observed that settlement points at Sta. 79600 during the period
from September 1965 to March 1966 registered surface movement of less than
0.4 in. Within the same period of time the surface settlements at Sta. 802-+-50
would have been in the order of 2.5 in. if no fill had been removed.

In order to determine the effect of consolidation on the shear strength of the
subsail, two boreholes were put down (B.H. IC and 1D) near the instrumenta-
tion at Sta. S02--50 in the fall of 1964, These boreholes were some 10 ft. from
B.H. 1A and 1B, which were carried out prior to the construction of the fill
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{Figs. 3 and 4). No increase of shear strength was observed whatever but,
vather, a slight decrease at depths of 16-22 ft.

In summarizing the observations up to the early fall of 1965, it can be seen
tha: at Sta. $02--50 where the undruined shear strength of the soil was
generally low (see Figure 6) the high values of pore pressure still persisted,
the rate of settlements showed no slowing down, and no increase of the shear
strength was noticeable. On the other hand, at Sta. 796-+-00, where the shear
suwength was generally higher. the magnitude of the induced excess pore pres-
sure was less than half the pressure registered at Sta. 802350 by October 1965.
Hardly anv settlement was measured within the six months ‘of observation.

It should be mentioned that the original design of the stage construction
was based on undrained shear strength values of 500 Ib./sq.in.; the weaker
zones were unfortunately discovered only later. Had the assumed value been
the true shear strevgth of the subsoil along the entire length of the fill, the
consolidation wouv'«. probably have occurred similarly as it did at Sta. 796--00.

MODIFICATION OF THE ORIGIN AL DESIGN

By the early fall of 1965, it became clear from the observations discussed in
the previous section that the originally proposed stage construction would not
be feasible in the near future. A modified scheme of the crossing was therefore
adopted. The new crossing scheme called for the removal of haif the height of
the fil! within the length of the 1308-ft. long bridge, and spread footings for
the piers supporied within the remaining 9 ft. of the embankment. It was
assumed that, because of the preloading of the soil by the 18-ft. fill, only small
further settlements would occur under the 9-ft. &l

To assure the maintenance of the desired clearance over the railway tracks,
the end piers at the crossing were to be founded on H-piles driven to bedrock.
It was also decided that a test footing be built near Sta. 802+50 and loaded
with the design dead load of the pier and the weight of one span of the
bridge {220 tons) in order to study the settlements for a period of half to
one year.

The removal of the upper half of the fll within a 500 ft. length of the test
area, together with the comstruction and loading of the test footing, was
carried out during the latter part of November 1965. The layout of the loadmg
box and the piezometers beneath the middie of the £l are shown on F igure 13.
The effect of the partial removal of the »mbankment load was observed by
the settlement points as well as by the piezometers to be almost instantaneous.
The magnitude of the rebound of the subsoil at the original ground beneath
the ceatre of the 8l was 1.1. in. and roughly 0.5 in. at a depth of 60 ft. (see
Figs. 10 and 11)

The drop of the excess pore picssure (Au) registered by the centre group
of piezometers was in the order of 5 Ib./sq.in. (Fig. 9). Figare 14b, ¢, and d
illustrate the drop of Au during the time of load romowal at the otbey three
locations. 1t can be observed that beneath the centre, shoulder and toe of the
fill the drop of pressure was 50-60 per cent of the pressure registered just
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before the stress release. However, at the location outside the il the pressure
decreased less than 20 per cent. It is quite obvious that the rate of dissipation
during the period from November 1965 to June 1966 was somewhat faster
wan before the removal of the embarkment load.

Observations of settlements of the test footing were carried out after the
test footing was fully loaded. The loading box contained 220 tons of sand,
vielding a unit load of 0.52 tons,sq.ft. The results of observation are plotted
in Figure 15. A very smull amount of settlement occurred below the embank-
ment from November 1965 {load removal) to February 1968, and no further
settlement was observed up to May 1966 by the points inside the culvert. ;

Settlements below the footing, however, appear to be quite substantial.
Settlement within the six-month period was about 2 in., of which approximately
L in. may be taken as immediate, the rest being consolidation settlement. The
projected consolidation settlement for the first year may be taken to be 15-1.8
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in., but it is felt that the total settlement due to the footing will not exceed 4 in,
and the rate of settlement will be relatively fast. It should be remembered that
a large portion of the stresses is concentrated in the 4 ft. layer of granular 1l
below the footing, thus transferring diminished stresses to the weaker soil
strata.

CONCLUDING REMABKS

The soils investigation, instrumentation, and performance of an embankment
founded on a thick deposit of varved clay have been described. Accounts have
also been given of the pore pressure and settlement behaviour subsequent
to partial removal of the embankment load, as well as the performance of
a full-scale test footing. While the results of all these field observations await
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further detailed analysis, the present study serves to emphasize several
important points from the practical point of view.

L In the same and apparently uniform soil deposit, important horizontal
variation of stremgth may occwr. The variation may not be large in the
absolute value of shear strength, but it is sufficient to alter the design approach
completely in 2 soft clav.

2. When an embankment is designed with a low factor of safety, pore
pressures set up by shearing strains must be accounted for, These pore pres-
sures are generated under sustained load and are strain-dependent. A hvpo-
thesis hased on the pore pressure-strain concept (Lo, 1981} appears to be
able to interpret the observed phenomena consistently.
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DISCUSSION

ALD P. RAYMOND
o+ of Ciil Enginesring, Quesn’s Unicoesity, Kingston

All Beld records are of immen > importance to a better understanding of
soil behaviour. We are grateful to the authors for recording their experiences
i connection with the performance of a deep deposit of varved clay sub-
jected to an embankment loading.

It is pevhaps worth noting that the geotechnical properties of the varved
clay described by Raymond and Hilts (1964} and veferred to by the authors
A!arm with results repuﬁed by Townsend, Ravmmond, and Cruickshanks (1964)
were cbtained from a borehole some 37 ft. from the original instramentation
described by the authors. A reanalysis of the laboratory tests along with
additional test: on the same material has been presented by Raymond and
Chan {1966). The above references are given so that anyone who wishes to
perform hic own analysis of this case vecord may deo so, although a more
detailed analvsis is at the moment underway.

One of the most important aspects of this paper is that it describes a
planved stage construction of an embankment wiich had to be abandoned
for somee alternative scheine. Very rarely do we see in print case records which
did not work out as planned.

Some of the difficulties which arise when attempting to predict the pe:-
formance of this case record can be summarized as follows. First, one wonders
whether the use of larger factors of safetv as suggested by the authors would
have caused faster rates of dissipation of the pore-water pressures. The writer
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would tend to agree with the suthors that it would, for reasons that have
been stated earlier by Raymond (1965}, (1966a).

Second, it may be noted that the modulus of deformation of this soil d@pmnt
as reported by Ravmond and Hilts is about 10 to 15 times higher at the bottom
of the deposit than at the top. This difference is indivectly confinmed by the
vane tests reported, ¥ it is agreed that the undrained shear strength is propor-
tional io the undreined modulus. It is quite possible that such a variation in
modulus will affect the initial distribution of pore-water pressures.

Third, shown oa Figure } of this discussion is a plot of field void ratio against
mmgemmm imdex for this varved clay. It is quite apparent that there is uch
variation in the soil properties. At the moment it would appear that the only
way of analysire this material is to try o obtain an average field void ratio to
give an average compression index or an average value of the conse'dition

characteristics (the same type of plot being used to determine the other
consolidation characteristics ).
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Ficvre 1. Correlation betwen compressina index and field void ratio of New Liskeard
varved soil

Fourth, in such a deep deposit it is felt that some effect of the variation of

the soil’s characteristics with respect to depth should be taken into account. -

Some work alorz these lines has been presented by Schiffman and Gibson
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{1964), Davis and Raymond (1965), snd Raymond (1966b). Further work
will, it is hoped be presented by the writer and will acount, also, for the
variation in consolidation coefficients during the consolidation process.

Fifth, some consideration of laterial drainage must be given.

While it is not our intention to elaborate on any of these points at this time,
it is perhaps worth recording that the Ootario Department of Highways and
Queen’s University bave been co-operating through the Ontario Joiut Highway
Research Programme to ol “ain & better understanding of the effects of these

It should be needless to add that considerable savings could have been
realized had it been possible to predict the performance of this embankment.
This underlines the necessity for continued research on the consolidation and
settlement behaviour of soils. o ; D «
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The importance of field measurements has been well demonstrated by the
authors of this paper. In the opinion of the writers it would not be possible,
using present theoriss, to predict the settlement rates and pore pressure
respons> which has been observed in this case. ;

From the soil profile and the consolidation tests it may be assumed that
most of the consolidation settlement occurred in the 10-ft. layer between
depths of 12 and 22 ft. The stress applied to this layer has just equalled or
exceeded the measured preconsolidation pressure and the settlement of the
layer is estimated to be about 5 in. during the first month, 10 in. after 6 months,
and 15 in. after 24 months. At the end of two years, therefore, the layer has
compressed about 12 per cent without any gain in strength. This is also the
layer of minimum initial strength throngh which most of the failure surface
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passed and significantly it is the most sensitive layer with a liquidity index
of 1.5,

It is known that in a sensitive soil under constant stress the pore pressure
will increase with time due to strwctural breakdown and presumably this
can lead to undrained failure if these pressures camnot dissipate quickly
enough. It has been observed in the Iaboratory that a substantial consolida-
tion is required to compensate for the loss in strength which oceurs when the
preconsolidation pressure is slightly exceeded {Crawford, 1963). A similar
observation was made in sensitive clay under an earth §1 at Kars, Onatario,
just south of Ottawa { Fen, 1960,

This I was placed in 1959 over a layer of extremely sensitive Leda clay.
The vertical pressure of the &l about 3000 Ib./sqft., exceeded the precon-
solidation pressurc of the clay. in 1963, some 314 years after the fill had been
placed, the clay laver had settled nearly 15 in. and the excess pore water
pressure caused hy the fill had dissipated to about 5 f1. excess bead. In July
1963, field vane tests were conducted through the fll to determine whether
any gain in strength due to the consolidation couid be observed, The results
showed the same average vane strength as the tests conducted before any §lf
had Leen placed. Hence a substantial volume decrease in the clay layer had
uot resulted in any strength gain and, therefore, the loss in strength due to
the structural breakdown in the clay was just as significant as the gain in
strength from the consolidation process, ,

In the New Liskeard i 2 is apparent that from the tire of construction
until the time of unloading {214 vears) the pore pressares were increasing at
a rate almost equal to the maximum rate of dissipation, As soon as the load
was reduced (in November 1965} the pore pressures immediately decreased to
less than half their previous values. Despite this substantial drop in the
hydraulic gradient the observed rate of dissipation increased. This is a most
significant observation because it suggests that the relief of overburden has
stopped the strain-mechanism that was creating the pore pressures on a con-
tinuing basis. Following this change in stress Jevel, therefore, the dissipation
should follow a mere normal rate consistent with the consolidation theory,
It would be useful to have an extension of Figure 9 in the authors’ closure.

Further questions of interest are: 1. What were the ranges of computed
amount and rate of settlement under the 8117 2. What was the method and
rate of loading of the consolidation tests? 3. Was there any evidence of lateral
movement outside the failure area® 4. What pore pressures were observed
below the 60 ft. depth?® ' ' ' :
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E. E. READSHAW BL. Department of Highways, Victoria

The paper presents an interesting and valuable exasuple of a case history of
81 construction over soft ground. It points cut clearly that stage coustruction
may present maany problems which may be difficult to investigate beforeband.
The spacial variation in strength experienced at New Liskeard occurs often
at many sites and for this reason a conservative approach to safe initial GH
heights may be advisable. ~ ; «

The following points are presented for discussion.

1. What were the C, values and how did they vary?

2 How were these values used in the calculations for design?

3. In a similar situation how would the results of this investigation be inter-
preted to get a satisfactory design? In other words had a failure not occurred,
would stage construction have been feasible? ‘ ‘

ot f/»‘*mz’ e //
g0} 7 = 35.
/, . 1
oL 3 '
o ‘
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60 Lé m ® 60 y
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4. Plotting the settlements ( Fig. 18) between the various points of measure-
ment it appears that about 50 per cent of the settlement occurs in the top 15 ft.
if the top 8 to 10 ft. is desiccated it appears likely that there would be hardly
any settlement in this section, leaving only about 7 ft. of materials in which
50 per cent of the settlement has occurred. Would the authors care to comment
on the reasons for this and do they consider that this layer may have been
extensively remoulded? L - R S

1f this were the ¢ave, the remoulding may have formed a more impermeable
layer preventing drainage of the underlying layer and thus delaying the process
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of consolidation. The fact that decreases in strength oven red tends to support
this hvpothesis; & remoulded laver may well lose strength faster than it can be
regained by consolidation. This was found to be the case under SI on the
Bumaby Freeway.

5. Semsitivity values are not quoted. What were thev? Did thev give any
indication that remoulding due to shearing might have caused an increase in
the compressibility and & decrease in the permeability?

6. In order to speed up the dissipation of pore pressures, was the use of toe
relief drains in the form of drilled in sand drains considered? These may have
heen effective  providing a shorter drainage path.

Bply bv A, G. STERMAC K Y. LO snd A K. BARSVARY

The authors are grateful to the discussers for their interesting contribution. The
main purpose of the paper was to present the results of field observations and
therefore only the ¢ melusions that could be directly drawn from the factual
data were outlined. Attempts to compare in detail the ob. rved bebaviour of
the varved clay deposit with some existing theories will be presented elsewbere.
With this in view, the authors restrict their response to the questions raised to
providing further information that has heen omiited in the paper.

With regard to the questions raised by Crawford and Eden, it may be noted
that there are no visible signs of movement at or beyond the toe at the section of
instrumentation. As mentioned in the paper, the piezometers installed at depths
below 60 . did not function propedy shortly after installation. Therefore, no
information on pore pressure was obtained at greater depths. The consolidation
properties of the clay deposit and prediction of settlement and pore pressure
were deseribed by Raymend and Hits { 1964).

In response to Mr. Readshaw’s queries, it may be pointed out that the
failure adjacent to the section of instrumentation and reported by Lo and
Stermac (1963) was not the governing reason for abandoning stage construc-
tion. The main concern was the persistently high pore pressures and the slow
rate of dissipation, together with the Jack of increase in shear strength of the
clay 2% vears after the embankment was constructed.

It must be noted that the so-called desiccated crust of the deposit is not
incompressible. The average shear strength of the first 8 ft. is approximately
&30 1. /sq.ft. am} the highest sh'engﬁl measured is 1340 1b. /sq.ft. \mth hqmo:hty '

first 15 ft. of the* &e?mm hnww&r no doubt induced conmdemble m'ammg of
the clay with simultaneous reduction in strength due to structural breakdown.
The same phenomenon would occur at greater depth, though to a smaller
degree. For this reason, the use of sand drains, although they may have
accclerated the dissipation of pore pressure, does not necessarily produce
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an over-all gain in shear strength sufficiently large for the second stage
construction. ,

The sensitivity of the clay determined from the same field tests ranged from
4 to 20, averagiug 10, as reported previously (Lo and Stermac, 1965).

Professor Raymond suggests several factors which should be considered in
the analvsis of the observed behaviour of the varved day deposit. The authors
are pleased to see thet the case record is serving the purpose of arousing

imterest in further study of the behaviour of varved clay deposits, which have

caused several major problems in the design and vonstruction of embankments
in these areas.
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SUMMARY

During the construction of a 19-ft, high roadway embankment
at New Liskeard, Northern Ontario on varved clay, a failure involving
half the width of the embankment occurred, extending for a length of
350 ft. A comprehensive investigation was carried out, including
contineous sampling and in-sita vane tests at 2-ft. intervals to locate
the failure zone.

Stability analyses were carried out bothfor the failed and the ,
stable side of the embankment, assuming different values of fill strength
and depth of tension cracks.

Prior to construction, 30 piezometers and 14 settlement gauges
were installed at a section close to the failure region. Extrapolation of
the pore-pressures measured at this location to the failure section enabled
the stability study to be performed in terms of effective stresses.
Analyses were also carried out for the instrumented section both in
terms of total and effective stresses,

The results ot this study show that:

{2} The discrepancy between in-situ vane and laboratory
tests carried out in the varved clay stratum is of the
same order of magnitude as those experivnced in
homogeneous deposits,

{b} The % =0 analysis gives approximately correct
factors of safety in all the cases analyzed when both
fill strength and effect of tension cracks are taken
into account.

{c) The factors of safety given by effective stress analyms
appear to be too high,

The remedial measures subsequently carmed out for the fallurekg
region are described, ‘
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Introduction

it is not uncommon for geotechnical problems to arise in the
construction of highways in Northern Ontario where a varved clay belt
stretches between Cochrane and New Liskeard. An embankment failure at
Eariton was reported by Milligan, Soderman and Rutka,{1), and the ;
foundation failure of a silo, near New Liskeard, was investigated by Eden
and Boznzuk (2). While these papers, among others, have thrown some
light on the validity of the conventional methods of dealing with varved
clays, many problems, both fundamental and practical, remain unsolved.
Several studies of varved clays, with special emphasis on field behaviour,
have therefore been carried ocut in connection with the design and construction
of several important bridges and high embankments. This program
included observation of pore-pressures due to pile driving described «
elsewhere by Lo and Stermac {3}, settlement and pore-pressure changes
under embankment loading and increase of bearing capacity of friction
piles with time, This paper describes another study in this series and
reports the investigation and analyses of an embankment failure during
construction.

Description of Failure

The site is located on Highway 11 approximately one mile north-
west of New Liskeard, Ontaric, where an embankment 4,000 f+, in X&ngﬁh
was being constructed between Highway 65 and the Wabi River, as part of
the Tri-Town Bypass. A plan of the site is shown in Fig. 1.

Construction of the embankment between station 800 + 00 and
811 + 00, rear the Ontario Northiand Railway Crossing, began in the early
part of June, 1963, {Fig. 2). At that time, a detour on the north side of
the embankment was completed. The fill material was granular, with a
high percentage of pebbles and boulders placed in layers 2 to 3 ft, thick,

running from toe to tce. Compaction was achieved by an 8-ton pneumatic
roller,

A new lift of fill material was being placed on June 27th, starting
from station 808 + 00 towards decreasing chainages. When the lift reached



»2» .

station B804+ 50 at 4:00 p.m. , the northern half of the embankment batween
these two stations suddenly failed. The slide took place without any
warning and no cracks were chserved prior to failare. Movement was
completed in a matter of one minute,

The length of the {ill involved was approximately 350 ft, and the
height of the fill within the region of failore was 18.5 ft,, decreasing to
13 ft, at the eastern extremity of the slide. The back of the slide ran
almost paraliel to and at a ghort distance from the centreline of the
embankment, as shown in the pian in Fig. 2. The fill subsided vertically
for a distance of 12 to 14 ft, (Figs. 3 and 4). The soil was pushed up at
the toe and was badly cracked {Fig. 5}, Some of these cleavages were as
deep as several feet, as seen in Fig. 6. A culvert newly installed, was
also forced up by the slide. The geometry of the slide approaches a
classical case of plane strain condition. '

investigaﬁun of the Slide

The investigation of the slide was started four days after the
failure, Four boreholes werﬁ put down at the positions shown in Fxg. 2. 4
In borehole 10-A, within the failure area, continuous 2-in, Shefby eampleﬁ
were taken. In borehole 10-B, at a distance of 5 ft. away, vane tests
were performed at 2-ft, intervals in order to compare x‘asu.‘&ta of la‘bnraf:ory
and field tests at the same elevation. Borehole 12 was put down on the
stabie side of the embankment and borehole 13 was drilled at the west
exﬁremvzw outside the siide. Previous to this investigation, continuous
3-in. piston samples were obtained at the location of the inatfumentatim;
for pore-pressure and settlement measurements {station 802+ 508). These
boreholes outside the failure zone furnish information on the horizontal
variation of the properties of the varved clay deposit,

Soil Conditions at Failure Site

The subsoil at the site consists of a layer of laminated silty clay
approximately 8 ft, thick lying on an extensive varved clay stratum
extending to 1535 ft. below the ground surface. Below this depth there is
a l-it. layer of very dense sand and gravel overlying limestone bedrock.

Samples recovered from the boreholes were carefully studied in
the laboratory, Wherever possible, Atterberg limits and moisture
contents were determined on individual lamina. The undrained strengths
were determined both by unconfined compression and unconsolidated
undrained triaxial tests, with special reference to the mechanism of
failure, the percentage of silt and clay layers in the specimen and the

failure zone as well as the location of the failure pla.ne with respect tc
the orientation of the varves,
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The silty clay stratum is desiccated, with brown pockets showing
the effects of oxidation., At the natural state, the samples exhibit no
lamination. On drying, however, a faintly laminated structure is evident.
The thickness of the laminae is of the order of 1/32 to 1/16 in. The liquid
limit varies from 43 per cent to 33 per cent, with an average of 47 per cent,
while the plastic limit ranges {rom 20 per cent to &3 per cent, averaging
21 per cent., The moisture contents lie between 21 per cent and 35 per cent,

Underlying the desiccated laminated clay stratumn is an extensive
deposit of varved clay whose upper boundary varies generally between
El. 618 and 620 ft. The dark layers are composed of grey clay of high
plasticity or occasionally silty clay, and the light layers are clayey silt.
The thickness of the individual layers varies from 1/32 to 2 in, but there
appears to be no definite trend towards increase in layer thickness with
depth,

The orientation of the varves is mainly horizontal in boreholes
i2 and 13, In borehole 10, however, varves with an angle of inclination
as high as 45 degrees to the horizontal were observed at depths of 10 to
20 it. Some typica:i specimens of the varved clay are shown in Figs. 7 to
11. Detailed descrintions of each sample and the results of field and
laboratory tests ar mtained in Tables 1 10 3.

The liquid lmits of the dark iayvers vary between 60 and 73
per cent, while "7 = nla.stic bmits range from 21 to 34 per cent. In the
Light layers, the = ges of the liquid and plastic limits are 28 to 47 per cent
and 19 to 20 per cent respectively. With a few exceptions, the moisture
contents of the varves are close to the liquid limit, exhibiting a trend of
decreasing with depth. The values of the liquidity index of each layer at
the same depth do not seem to be significantly different. The activity of
the dark layers and light layers are 0,5 and 0.3 respectively. The

sensitivity of the bulk samples was found to range from 4 to 20, averaging
10 from field vane iests.

A mineralogical study of the deposit was reported by Soderman
and Quigley {¢}. It is significant to note that both montmorillonite and
vermiculite are present in the dark layers. Consolidation tests performed
on the clay layers showed that the deposit is slightly overconsolidated,

A profile of the consolidation history of the depomt is shown iu Fig, 12,

Detailed results of the laberatory unconfined and unconsolidatec
unarained triaxial tests are shown in Tables ! to 3, A study of the
experimental data mdmama that:

{8} The mode of failure is not determined by the type of test,
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{b} The mechanism of failv e, whether by bulging or shearing
on a plane depends on both the mmknaan of the individual layers and ﬂm
orientation of the varves.

If the layers are arbitrarily designated as “thick” for thickness
exceeding 1/4 in., and ae "thin" if they are less than 1/4 in., the samples
may be divided into the following categories according to the manner o1
failing:

i. For samples composed of horizontal thin layers, shear
planes develop across the varves {14 specimens).

2. For samples composed of thick clay laminae and thin silt
: laminae, shear planes develop across the varves, independent
of orientation {12 specimens).

3. For samples composed of horizontal thick laminae, plastic
fajilure occurs {4 specimens}. x

4, For samples composed of inclined thick laminae, shear
planes develop along the clay laminae {6 specimens}.

it is emphasized that the above statements are not meaat to be
conclusions but rather, shservations for this particular deposit of varved
clay. It is important to note that the majority of the samonles failed in
shear, For the four samples that failed by bulging, no squeezing or
spreading of individuoal layers was noted. This iz consistent with the
resuit that the liguidiiy indices for the individual layers sie of the same
order of magnitude. The fact that the type of failure in this varved clay
deposit does not ditfer from that of homogeneous clay strata saggests
that the conventional methods of strength determination and stability
analysis discussed by Tschebotarioff and Bayliss {5} may be applicable.

A detailed comparison between the undrained streugths measured
by in-situ vare tests and laboratory tests, at the same elevation in
Borehole 10, shows that the strength determined in the laboratory is on
the average, 20 per cent lower. The general strength profiles of lae
different types of tests, however, are in much better agreement in
Boreholes 12 and 13, ewcept a: depths greater than 40 ft. These observations
do not differ significantly from those generally experienced in homogeneous
clay deposits,

For convenience of discussion on the strength properties, the ‘ciay"
deposit is arbitrarily divided intn three lavers as shown in Table 4, Itis
clear from Table 4 that the average strengths in the three lavers of
boreholes 10 and 13 agree closely, while the s*rengths are definiteiy,
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thouwgh only slightly, higher on the south side of the embankment {borehole
12}, The same conclusion may be reached by studying Figs. 13 to 15,

Faor the purpose of stability calculations, therefore, undrained
strengths of 800, 320 and 460 p.s.f, for layers 1, 2 and 3 will be used
for the failure region. For the south side, the strengths used will be
£, 000, 360 and 570 p.s.f.

Snil Conditions at Station 8§02 + 50

Details of soil properties at the location of the instrumentation
will not be dealt with in detail, but the results of field and laboratory tests
of a typical borehole ar~ shown in Fig. 16, It may be seen that the soil
conditions are similar io those at the site of the failure. The average
sndrained strengths for the soil strata arbitrarily divided as above will be

BOO, 340 and 500 p.s.f. for layer 1 {10 ft.), layer 2 (8 it.} and layer 3,
respectively,

Observations on the Failure Zone

In an attermgt to detect the failure zone, careful examination was
made on each sample {rom borehole 10. At a depth of 11 ft, 3 in. to
1Z #t. 3 in., & zone of distorted and disturbed material was observed, :
(Fig. 9). An unconfined compression test performed on 2 specimen taken
within this zore indicated a shear strength of 150 p.s.{., the lowest vame
observed in all tests carried out, and a value less than half the average

strength of layer 2. It is very probable, therefore, that this sample farma .
part of the failure surface of the slide.

Triaxial Tests with Pore-Pressure Measurements

Three series of consolidated undrained triaxial tests with pore~
pressure measurements were performed on samples taken from boreholes
10-4, 12 and i3, The results of the tests are summarized in Table 5.

The tesis were carried out at a strain rate of 1 per cent per hour
ot which speed the pore pressures in the constituent layers of the ‘specimen
are probably equalized or differ only slightly. The results, however,
show some scatter, The factors which control the effective stress ,
parameters are, among others, the orientation of the varves, the thickness
ar relative thickness of the iammaa and the mechanism of failure., For
example, the varves of the samples in Series 1 are inclined, in Series 2 are
contorted and in Series 3 are horizontal, A detailed discussion of these
factors is outside the scope of this paper. The values of efiective
cohesion and angle of shearing resistance which are considered to be
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reasonably reur&aenmﬁm for the stratum in which failure occurred are

C'= 100 p.s.i., ¢’ = 25%, But, as will be men later, stability condition
ig also mvagugam& ifm' the case as‘zummg c'= 0.

Stability Analysis

Conventional stability analyses were carried out both in terms cf“
total {# =0 ) and effective stresses. In order to investigate the validity ai ,

these methods more fully, both the failure and the stable sections of the
embanxmant were analyzed.

For the total stress analysis, calculations were performad far
the following sections: ,

{a) Failure section at station 806 + 00 which is located
approximately at the centreline of the slide (Fig. 17).

{b} The stablie side {south} of the embankment at station
806 + 00 (Fig. 18},

{c} The ins_rumented section at station 802 + 50 {Fig. 19).

Effective stress analyses were carried out for sections {a} and
fc} only.

The strength properiies apphcahke to each location have been
&;scussed in th. -revious section. For the fill material, it i5 assumed
that C' = 0 and ¢'= 35%,

In all stability analyses, the zssumptions of full mobilization and.
virtually no fill strength, as well as depth of tension cracks {d} were

alternated so as to obtain the minimum factors of safety for the following
conditions: :

{1y d = ¢ » With no fill strength (FOQ}

{2} d = 0 » with full fill strength  {Fgg

(3)  d = 12fr., with no fill strength  (Fg,)
{4y 4 =

12 ft., with fuil £i1l1 strength {Fan

In addition, calculations were carme& out for the probable slip
surface at station 806+ 00, : B S

From the external geometry of the fmlure and the probable
failure zone found from a sample at borehole 10-4, it has been possible to
construct the slip surface with a reasonable degree of accuracy,




Total Stress Analysis

‘The results of the total stress analyses for different sections
using different assumptions of fill strength and depth of tension cracks as
mentioned previously are shown in Table 6. ' ‘

it will be seen from Table 6 that the effect of assuming no tension
crack is to reduce the factor of safety by 4 to 8 per cent, while the fill
strength accounts for 6 to 1? per cent of the value of the factor of safety,
All the factors of safety obtained except F,, which involves the severe o
assumptions of zero tension crack and no fill strength are consistent with
the observed facts with rege rd to the stability conditions of the embankment
at each location.

The positiona of the critical and the actual failure arc at station
806 + 00 are shown in Fig. 17. The two circles do not coincide and the :
factor of safety calculated from the failure arc is higher than the minimum
factor of safety by approximately 10 per cent. This inconsistency is = ‘
inherent in ¥ = 0 analysis, Skempton (6). : ' : :

The results of the analyses show that using the average strength
of all field and laboratory tests, and taking tension crack and fill strength
into account, the empirical use of ¢ = 0 analysis leads to an accuracy
within 15 per cent on the safe side of the factor of safety. If the average
undrained strength determined by in-situ vane test in borehole 10 is used,
the factor of safety similarly calculated is close to unity. Simiiar results
have been ob*zined by Eden and Bozozuk (2} and Milligan et al (1},
However, there appears to be no compelling theoretical reason as to why
in-situ vane strength should be employed (Table 4). :

Effective Stress Analysis

The factors which affect the computed factor of safety are, as
in the case of total stress analysis, the depth of tension crack and
mobilization of fill strength. In addition, the pore-water pressure
distribution and the snear strength paramaters in terms of effective
stress, have to be defined. 'The pore pressures used in the analysis are
those measured at station 802 + 50 where the height of the embankment is
the same as at the slide and the soil conditions are very similar. Details
of the measurement and analysis of pore-pressures and settlements will
be reported elsewhere. It is believed that these pore pressures should be
very close to those existing prior to failure. The shear strength parameters
have beendi;scusse,d in a previous section and the values used in the ‘
analyses are C' = 100 p.s.f. ¢’ = 250, k ‘
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Calcnlations show that the factor of safety is increased by s
approximately 5 per cent if tension crack of 12 ft, deep is assumed while
full fiil strength accounts for about 20 per cent of the factor of safety,

By coincidence the difference in the factor of safety between C' = 0 and

= 100 is also approximately 20 per cemt. Therefore, factors of safety
obtained by taking C' = 100 and no fill strength cre approxxmately the
same as asa‘ummg C‘ = 0 and full fill ﬁtrength

Ii tension cracks are takan into account and f:J.l ﬁtrexngth :
neglected, then the factor of safety obtained for the failure is 1,25, Uamg
the probable failure arc, the calculated factor of safety is 1.33. If C' Q,
the figures drop to 1.03 and 1,11, -espectively, G

Analyses carried out at station 802 + 50 yield a factor of safety
for C'= 100 gmdwr than 1.4 and for C' 0 greater than 1.3.

Etxs seen, tharefare,, t}mt facmzrfs of safety given by the effective
stress analysis appear to be on the unsafe side by more than 20 per cent

unless the stringent assumptions of C'= 0 and no fill strength are used,

Remedial Measures

- The embznkment was reconstructed after failure to its former
grace by adding a berm of half the height of the embankment. In design of
the berm, a factor of safety of 1.3 was used. The rebuilt embankment has
so far been qmtﬁ stable, ‘ - ‘ o

Conclusions

As a result of this study, the following conclusions may be drawn
with regard to this particular case: :

{a} The amount of discrepancy between in-situ vane and
laboratory undrained tests is of the same order of

magnitude as those experienced in hmugenecms clay
deposits,

{b} The conventional ¢ = 0 inalysis gives appromm&tely
correct factors of safety when both fill 5trength and
tension cracks are !aken into accmmt ‘

{c} The effective stress analymsa v1elds factors Of safety ,
on the unsafe side by more than 20 per cent uniess th@ )
stringent assumptions of no fill strength and zero
cohesion intercept are made,
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It is ermnphasized that the treatment expounded in the paper is
entirely of an empirical natare and extrapolation of the conclusions
reached herein should be made only with extreme care. Lo has shown
elsewhere that even for homogeneous but anisotropic clays, the shear
strength determined by the vane and undrained tests would depend on the
degree of anisotropy (7). There is also a lack of both theoretical or
experimentzl methods of studying the stress-strain pore pressure
properties of the individual layers. A more iogical approach to the

problems of a layered soil cannot be adopted until such studies are carried
out. :
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TABLE L - SUMMARY OF UNDRAINED SHEAR STRENGTHS

Avefag@ Undrained Strength p.s.f.
chghalﬁ Degth B Sgcgsfiggé thgnsckidgtaﬁ §§§ghteﬁ ~
10 (1) 0o- 8 910 (3) 720 (3) 600 (3) 740
2) - 20 380 (6) 270 (8) 350 (5) 320
(3) | 20-30 | u90 (6)] 390 (8) 37 (5) 1 w70
2 b | o- 8 |1ueo ] 10 @ 730 (1) 990
(2) 8 - 20 300 (3) 390 (2) w10 (3) 360
(3) {20 - 30 510 (3) 650 (2) 580 (2} 570
13 (1) 0o- 8 600 (1) g0 (2) | 880 (1) | 800
(2) | 8-20 | 33 ()] =270 () | w20 (1) 310
(3) {20-30 | 480 (3) 380 (2) 490 (2) 450

NOTE: () Indicates number of tests.



TABLE 5 - RESULTS OF TRIAXIAL TESTS

_— Borehole Depth c* g

Series No. Ft, P.S.F. Degrees
1 104 12 - 16 80 27
2 iz 14 - 16 250 22
2 i3 1 - 20 230 24




TABLE

RESULTS OF TOTAL STRESS ANALYSIS

6 -
Factor of Safety

Cross C

4 s

Section Foo Fop Fio Far PSP
BOE + 00 0,74 0.83 0.80 0.87 €y = 800
Failure Are 0.81 0.93 0,88 0.97 e = 320
806 + 00 1.07 1,13 1,12 1.19 €y = 1,000
Stable Side Cs = 360
802 + SO 609? 1&6? 1;05 3«013 Q}‘ = 3%
{8table) CQ = L0
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FIG 3- VIEW OF FAILURE TOWARDS EAST

FIG. 4: VIEW OF EXPOSED PORTION OF EMBANKMENT AFTER
FAILURE
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FiG. 7: A 'TYPICAL SAMPLE OF LAMINATED SILTY cLAY
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Fm;.mg;m OCoNEMEN TEST.

FiG.8: A TYPICAL SAMPLE OF THE VARVEB CLAY
DEPOSIT




NEW LISKEARD
BH OA. Sa*32 4.5

FIG. 7: A TYPICAL SAMPLE OF LAMINATED SILTY CLAY
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FIG.8: A TYPICAL SAMPLE OF THE VARVED CLAY
DEPOSIT
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FIG.7: A TYPICAL SAMPLE OF LAMINATED SILTY CLAY
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FIG.8: A TYPICAL SAMPLE OF THE VARVED CLAY
DEPOSIT



F!G. i1 A TYPICAL SAMPLE OF THE VARVED CLAY
DEPOSIT




SANPLE

OF THE VARVED CLAY



PRESSURES  Ibs. /sq. ft.

0 1000 2000 3000 4000 5000

1S ]

10

FEET

IN

30

DEPTH

40

50

60

23 - RANGE OF PRECONSOLIDATION PRESSURES
mo o e mew -~ EFFECTIVE OVERBURDEN PRESSURES

- TOTAL OVERBURDEN PRESSURES

FiG. i2: PROFILE OF CONSOLIDATION HISTORY



%'}ESCR%PNGN

® - GUICR TRIAX
¥~ FIELD vANE

SHEAR STRENGTH lbAqit!

Q-

1000

MOISTURE %
CONTENT

| Wy e W
& W

SILTY CLAY
LAMINATED

Soft to Stité

VARVED CLAY

Soft to Firm

200 400 600 800

i

o onis e s s

FIG. |

EGJ& ANQ ﬁC‘B

| 20 40 e o]




e

|9-| DESCRIPTION |SHEAR STRENGTH IbAsaft] MOISTURE %

2“‘“ GF ® - QUICK Taiax = Q- 4 C cmN?gNr .
Gate SOIL X - FIELD VANE W ;

BULK
 DENSITY

L

W . 0 EVEL 200 400 400 MO0 000 20 a0 30 lew
¢ 1 i i | i .

SITY CLay 1340
LAMINATED 3‘ f fﬁ B JULR: |

Firm o Stiff

1S SR R — .sz--a

JARVED CLAY

Soft to Firm é \ ; W hosw

Lo o
; 11904

8 o}

-
erccrmcsicmmon g st e s AR

FIG.14: RESULTS OF FIELD AND LABORATORY TESTS, BOREHOLE 12




_| DESCRIPTION

SILTY CLAY
LAMINATED
Soft to Stift

o o e o RN BRaR S
G0 GROUND LENGL

SHEAR STRENGTH lbisght
@ - QUCK TRIAY
® ~ FiELD vANE
200 400 600 800 1000

Q. C

MOISTURE %
CONTENT

Wi i einens Y
w

FL 20 4G

60 paw i

-
&

TBULK

g

¥
é LIE30
g

L

loag

VARVED CLAY

Sott to Firm

j ;
3

FIG. 15¢ RESULTS OF FIELD AND LAQQRAT@RYTE'STS’BQREHQLE (2




e

SHEAR STRENGTH lbfkght
&~ QUICK TRiax
X~ FIELD vAMNE

200 400 600 800

DESCRE?TI’N

it

TELEVATION
1 FﬁET :

MOISTURE § |

CONTENT

SILTY CLAY
Firem to Shift

| VARVED CLAY

Soft to Firm

enor il w”
B~
&

L=

s |

107-8
108-5
10701
n2-2

1060/

iR ;
108-00

FIG. 16" RESULTS OF FIELD AND LABGRATORY ras*rs maeme’”mﬁ o
|4 AND IB |




e Rar097
6 6 0 —f b O~
)
et 8 D "’/

y Fdf =087
| e 50

_SECTION BEFORE FAILURE

" AFTER FAILURE -
" mﬂ"'/ ﬂ“*‘%\’“& awf
| | ; : ;g:s‘ﬁ,c:ﬁ — 30

ORIGINAL GROUND SURFACE 7 e
— Y115 P.CE / B

¢ =800 P5F / ;
-~ CRITICAL ARC - - ,
- v 1108 poE

== § % 0~

mﬁ 4 Gaes

=6 4 - /

-
P

i g
-
IR i,

== 3 L

e J Qe

PROBABLE FAILURE ZONE —=

)/J_,)
-6 1 0 <= FAILURE ARC -

8 9 0

STATION 806 +00 NORTH SIDE

FIG. 17+ CROSS-SECTION OF SLIDE, STATION 806400



ey Yy £} s

& § 0

— 4 0

= 3 0

= 2 O

-5 9 0 e § G 0

STATION 806 +00 SOUTH SIDE

FIG. 18 CROSS—SECTION OF ENBANKMENT, STATION 806 +00, STABLE SIDE




e 6 & Qo oo B (ot

el 5 (0 e — 5 O

640~ —6 40~
/ s 115 PCEF

62 0— ~ 800 PSFE 6 20—
Yy = 105 PCF

and - BRI Eaad . ¢ 2 3‘9 PSF ey § )

e & G oo L A A

SCALE

10 5 0 10 20 F1
i i C————]

STATION 802+50 NORTH SIDE

FIG.19: CROSS -~ SECTION OF ENBANKMENT, STATION 802+50



6 -F- 99
b P*/04 .60
QI HRP
PROJ. *2 4
NEW. LISKEARLD
ENBANAMENT



* .
/ ¢ OE(TM@SKAN\I !G
e B 4 EX'STING Ny 7 d 4 ‘
/’/ ——_HWY No DETOUR —/V\ } - yﬁﬁ
— 104 ; 18 e )
- 13 10A 8108 )
. * * » ~ -
e 103 o ~— P
* . 8 10 n
g 2 13 14 15 7 @ & 121A 1C 16 17 18 ﬁ 20 22 B T— 25 (i ‘ X f
\ FrS Y A& & & — I 65
%% I &l M .2 A A v v & @ — ® A i
oz /i 2A&2B 2 N P N%ISK (AR
® /
t LEGEND y RN
0 i wAg: BAy
<
9 D.H.O. Borehol July 1963,0ct 1964
o ° ‘ orobele L 14 Augl?(;i) ~/
=S 4@ BOREHOLE KEY PLAN
§ PLAN Geocon Borehole {lan. & Feb.1960) ~ SCALE IN MILES
% " SCALE @ wasn note A I T S 2
2& 100 50 100 200FT.
= ¢ Golder Borehole {Moy 1961}
~¥— Water Levels Established at Time of NO. | ELEVATION | STATION OFFSET 3 MIZE
Field. Investigation N oo ozeis & sfie
18 6270 802+26 8717 v gy s3g00
noowglt Ll v 18 19 0 L2 22 423 24 25 TR HE I BT
S e 9 ¢ &7 @7 T T oY 7 ¢ ¢ @ g ) | oun

- 105 | 6308 794403 7917
. 104 628.5 796+10 85'LT.
’k_,_, — R . 10A 6280 806+14 78LT.
N L N R
MOTTLEL ST OROZEDES Firin o, S SHHF N 2 6255 80600 70'RT
»‘\%x SN SN SH USRI SR 13 6263 804+66 87'LT
7 7 v 1 6259 804+92 195 LT
o . : g 7 6787 798450 |
. s g | g | BN
iy ,/ Geocon 10 6279 800478 25'LT.
1 628.0 8G0+70 25 RT
Z IR
.
) S 6318 791+00
7 ? 631.2 792400 o
7 10 6314 793+00 o
7 g 11 630.0 794400
' 7 12 6296 795+00 :
v g g 13 5292 798+00
- 14 6291 797+00
7 L / Gold i 4345 703100
older 626! +
o ] / % ’ 7 L | 6258 804+00 "
il s 18 6262 805+0C
v il 7 20 | ea | ao7i0 :
+
i, VARVED [SILTY CLAY] & CLAY g / i’ s 21 625.5 808 +00 :
/ 7 7 7 A 5o | e
0 y mH occ. davery oF clakey suTTO S LT/ g 7 NN 6234 810+
g " g L/ g 24 607.2 811+00
7 // 7 . ¢ 7 D gy coN Ll 25 0235 812+00
7 / Soft o Firm // 7 g / \‘0
’ Arzs . -y : “
> = 7 — NOTE -
g’ 7 7 / Q‘ The boundaries between soil strata have been established only ¢!
< = Ln Bore Hole locations. Between Bore Holes the boundaries ere assumed
/ // ) 4/‘/ from geolcgicol evidence and may be subject to considerable error.
] iy g S .
500 : A T i V‘:-/ 4
i GLACIALTILL .= s / 7, o
250 i SILTY SAND WITH GRAVEL " s
i R 77 2
2
180 7 [ T DESCRIPTION
‘ .
270 : s
! | DEPARTMENT OF HIGHWAYS - ONTAR -
7 MATERIALS 8 TESTING DiVISION - FOUNDATICH
260 - . 4 460
i - o~ Y 7 i
| ? | ‘ ONTARIO NORTHLAND RAIL .
v 7
< = G AND APPROACHES
110 * * | N P KING'S HIGHWAY NO. 11 isT. No_14
g g END OFfROREHOLE AT E & DIST, TIMISKAMING TOWN OF NEW LISKEARD
430 ' TNy 3264 STHLIN TAVERED 430 TwP_DYMOND LoT__7 coN.__ I
ND SILT
e BORE HOLE LOCATIONS & SOIL STRATA
¢ PROFILE SUBMD. A B, [ CHECKED 2 | WR NG. 104-60 M.BT. DRAWING NQ.
SCALE DRAWN B.S. | CHECKED £/7| J0B ND. 62-F-99 62-F-99A
HORIZ. 100 30 0 120 200 FT. DATE 19 FEB. 1968 STE NO BRIDGE DRAWING NO.
VERT. 200 1©° 0 20" 40 FT. oo v




	0006961
	0020985

