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sovering letber 4, Depurtse

phways Of OBLATl®gheet No R

Ze. The weter hedle is virtuwelly st groupd surfase.

3. “onsiderstisn of the seil esnditions on this gite have
tad ue to fore the opinics thet the bridge snd esbonkment
« 4% be sonstyucied subjeot to the oxureise of serdalin e
$¥a§a§§ia&@ is regard to the mabhod snd order of g@&ﬁ%@a&%iaa;
ag Tollows:

a) The hianly oresnlie pest should be stripped @?a@ ths eres %@
be oceupled by the new exbanksents «nd repleced with clean
grevalsr material.

¥} In order 0 contrel the censelidetion of the silty slsy
strebum bonseth the exbenlments, and with the view to ,
sgoalersting the rate of ﬁ@ﬁ&ﬁ@ﬁ@%z&ﬁ the instelletion of
veptisel sand drains, balow She grsauler materisl end imte :1-»
the silty ciey strstam is cossidersd nescesssry. These drains
will neef % e sugered, to u sminimue dlsmetsr of Lﬁ iﬁ%ﬁ%ﬁ .
and loseted sporosisctely on & 20 foed grid. ;

Tais recosmendation does sot sxclude the slterastive &&@iﬁ?&ﬁﬁﬁ
of stege lesding over & longep peried, vithout the use of sand

qg; éveine, whick msy be considerof more appropriete on She grounds
ef @%ﬁ&iﬁf

a4} The side slopes of ks approsck ssbarkmsuts adjesent b0 the
#uilway should bs construvted wisth ss Lsslisetien et 3:l1 rﬁ%hﬁx %
ther 2:1 ee presently coslespleted.

&&ﬁw roatively 2:1 side slopes mey be soustrueted ﬁ&%j&&% t@ %@a
crision of tos berms L2 feed high Tor s distense of 30 fwa%
@@yaﬁﬁ tne toe of the 21l side slopes.

Jﬁ%%&@ﬁ the recomssndstisn o J:l side slopes or the al%&ﬁmati?e
of & toe berm, we feel thst ihe raits of sdeslersted construction
%ﬁﬁﬁi& be conbroiled by the imstsllebion of plezomstor tebes
within the imsefliste sres of the smbeskments.

4} The seady il stretus overlying bedrock iz pot considered
gaiteble ss 8 load ocsrrring medium for & heavy bridse siructurs.
Agcordingly the bridee should Ye foundsd on bedrock end So this
and we recomsend the sdophiion of steel "RY plles for this
PUT POER.
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sovering istter s Deperitmens of Higbweys of InUaris gneet No.

b {Yeasta)

These spould be driver after the gzm@i% of the gmm&}.m ek
,:ﬁ%xﬂm% rosopnesiod in {8) sbovs, apd belfowrs fhe %ﬁa&&mﬁwi%~ i
£ e w}wmm This type of pile will reduce 4isturbas
z:%ﬁ’ the silty clsy stvstns to s minisun 208 will fsoll :
penosration of she sendy $1ll layer whers gome resistonse o
ean be anblicipeted; wud is *%?i&%‘ of the ganarel m@ aaﬁs@i&m;
haré driviasg of the sbes)l YHP piles iabto bedrook ia not :
degivable oF 57 BBOXY.e

, i gite pregonis & nusber of probless whjeh you mey wm
Like %o dlscuss Turthar and segor a&ﬁgﬁy we shell bs pleased to
stband for aay &m% discusslon a% your seavenlense.

Yours very Wwaly,

2, B, PEFD ASSOOIATES LTD.,

g
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CFFisb e M. Pelo, Py Brz.
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job Mo T8 Glfear’s Ref. No. Date ¥ay 1st, 19

m@i@:;
letter frem Mr, F. O -
20 Br. g&ﬁ%&i@m; ﬁx@&w
inslude the appread

at
HIGHWAY 401 - CuPeB. ©

RHT OF HIGHWAYE OF DNTARIO

h £ills te m ax%m%w

Beeuzhor 1ith, 1957.

Januvary 27th, 1936, ?m holes staked out and mﬁw supply

leme resolived, and field mwmg B
’%&k%&&

Jamusry 28th, 1958, Fiald work commendsd on site ’@y wsit
moved fyos completed Zalein River M&g@
investigation.

Febyruary 13th, 1958, Fisid work completed, Hesvy soowful
' during ﬁmﬁfw« s wark.

Feoruary 1hth, 1958, Egui

poeny seoved and returned to Terente.

SOl ENSINEERING & LABDRATORY TEBTING, RUAD SUBGRADE INVEBTIGATION,
CARTHWURKSE CONTROL & PAVEMENT DESIGHN, SURERVISION & COMSULTATIONS.
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¢ % W&%@k of ¢ RN
%ﬁiﬁg&& wem ;} 3

%ﬁtﬁam ; #
gmehm& would be af the order of
and these Figures have mw fﬁrm mi&m
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ﬁmﬁagh the gzenersl arves is lscated in *hs phayl

rezion kmows as the Glenmparsy Bill mq

conditions exist &t %%gz;w&i&m ¢ Lo} :
depraossional, end the naturel drsinsge is ?W mx. The
soil tyre w@%

ch has developed, szss a consequence, is hi

peat, classilied agrisulturally as muck. mﬁm peat
marine clay, m ‘beneatk this iy 8 sandy $i11

mwg@i%wm& is mt gmm:w dsnse, szcept m&iﬁ%&w‘

The sandy till divestly overiies be 3
g@h @i’ ﬁ% sately 22 feet. The m&m bedreck i

The site wnder consideratisn is 3&%&.3 and seil ﬁﬂﬁﬁi‘hm m&
unifors &s shown on the attached plot of the solil shrati y&:%&i :
SR 5

Unly thvee main soll types were susountsred sbove hed

gita, %ﬁ; &} highly organie gwm, b} very soiz mﬁg @i&y m
£} ctapset to dezse sendy Bill,

@%ﬁw i:éz@ site &% all points m&mﬁf, bul msmm@ et
sxisting below the present mmay mﬁs due *&sa m@&m% ’ ia %&a ‘
past, is a stratum of dark ' TE ; ; sperdal
s from ww wp %6

was fourd to range in thickn " ear
beive a good avsvage vaius. ?m} upper three oy ,i‘w fw&a @f
&}mﬁﬁug} frogen &t the time of eur mww&g%i Ry aﬁwﬂy

be in a semi~liguid comdition im the spring. Below thisg, ths m

is very loese. Dduring early Fabruary, Bowever, it was o
throughous,with natural soisturs ecntents in the erder of 400%.
is stone fres, ard the ergaic matarial is well duocomposed. Hes

vhe lowsy %mzmﬁ&w of the peat &% zeny g@’mﬁﬁ, mwr ?aek@m of mw
elay bave intruded, sud weTe sncovnisve during the s

Blrestly m@aﬁym the grgenie peat is & stvetum of
seft silty elay. The elay varies in ckasse from 475" to 1E
generally %mmg mwiﬁ thie pproach te the propossd
bridge. The sversge thickness of e m? iz 10-1/2 fest,

e iovestization. |
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rEPOTL for Devariment of Highwave of OGnutaricsheet No.

i Very Seft Bilsy Clay

it the Immediste uggw boundiry ol the siliy slay mﬁmw ) S AR
%&%@ @1&&3 material containg fairly 1&%;& sngnnte of ssnd, m@ a

£ Bluigh-grey eslowr. AT the lower woundary of the my

%:% ,m& @ri&l is mrmwxsmﬁ“ stravificd, end coutaing very
geans of fine light grey sand, spsced &% reughly 1¥ iamm&&u

¢ majior ﬁ.ﬁﬁmﬁi@ te mrtiw o the silty tlay siretum mﬁsﬁm

ne fﬁ!‘ﬁmgﬁ BELter,

{cont'd}

The ¢lay fraetien of this faterisl is s&m’m Mghg as m ‘
by & hydremeter grain sisze test Wmﬁ }t i s Y %ﬁ :
gﬂa@ sﬁm distribution deterxined is 508 ﬁ.&:ﬁ aj@ﬁ ma, mﬁ ?ﬁ S

233

5 large vuaber of natursl moisture content deterns f
pade throushout the clay siretum, and were cerrelsted with the
regults of two mm%@m? limit teats. The Liguid Limis, B
&mm and Flastielty Index of wm silsy elay are in the W %
§ snd 37 mﬁmgﬁmﬂy: Toe natural aslazups conlents are
- @ gﬁ%mig in axesss of the Liguid Limits, & very undesirable
; pondivinn,

The vary lew strensths, high pateral meisture contelss im
excsss of she Liguld Limit, and high compressive index i3 esleulated
from the Avteyberz Limit testa, suzpest that the silsy g}mr mmm,,
has not besn precenszelidan &é to any extent in the W
&

songolidation vest on 2 mav specimen of similay ebivectari
&% the adiacent Cormwall 0.N.R. - Bighwsy 401 eressiy, . whieh -
ba congidered to have had the sane geclegic history, & omed mﬁ;
the gilty slay uﬁ. in point of m:ﬁ;, bean sublscled (o a praesonss
tion pressure of of at least 3.0 kivm per sg. Tont,

The silty ¢lay hae & very promocunced nuzEstty and bleaky
wmf}m@ at avme points, perticalaciy h@maﬁ; the sandy @
t&m top boundarr. This might be mwﬂs&a tasle in part %o

zat of some of the soluble salts frem the mw& Ww L
eiay, aithough it iz mowrs 1likely that the mugget fia i tazbur
of the silty clay material developed primei; .Z.y m & Conseous
of the removal of this precenselidetion load. We ﬁf!;’al;%ﬁ that a‘;@m
pragent nugzetty texturs of this materdial is the ressen for its
behavicur 2s thousgh it were snly normally conselidated. :
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repoyt for_Department of mﬁmyﬁ of Qmtaritsheet No. 5.

The e&ay is @&Mﬁ&&y fully m%w%ﬁa and the Wﬁﬁ%&m
test revealed that it may even be supersaturated 2t some points.

The silty clay is exceptienally weak. Thirteen separate
unesafined compresei+s strensth tests on undisturbed saw 16
values ranging frem ssly 90 ﬁm, per cquare foot te 748 ibs.
square foot. It is & reasemsble seumption %&% w&s alay m
wyg :i&tﬁia, if any, eﬁ‘wﬁw i.ny 2l fr o
updrained triaxisl test perforsed with 1 , Bures Sur
@m effective goil Mss, pm# W&@ : idatie
the partigulay le tested, bears cut the mmﬁ;&z of t&w -

: el o on tests. The vaiues devermined fvem this
cohegion » 209 p.s.f., and angle of immml

friction = 3‘*1

411 sam Yw of the eclay material were much teo wei and &ti@ky fm:*‘
proper-remsulding, and thersfore no remoulded st h tests could o
be carvied out, ﬁmwm i® ¢ur epinien the ssmeitivity can be

@ ﬁ%ﬁy &gs sroximgted by mﬁ.ﬁg Bjerrmm's corvelatise @i“wmﬁﬁw
: g and liguiditc mm for marine clzys. Thie hzu Seen ém, and the
%wiﬁmw were fouud 16 vary frow 4.4 at the upper ry of the

silty elsy stratume to 10.0 in the grester pertion of ‘&f&ﬁ aver.

The wet density of & typical grey silty clay sample from| = -
borshele 11 wmss ﬁ’aw w %& 144.0 1bs. per cuble foob, and the !
dry dengity was ¢ be 75,
the clay ﬁmt

ibg. per cubic fwﬁe 8ince
& cround weter table on this gite,
dbmerged effective m wm@ of £2 lba. per eubic
ﬁ‘mt has im@xa m& for our saleulations.

ﬁﬁmmh the grey siivy clay, is a my @&iw material
conteining numerous angtlar lisestons frageents, which we have
desiznated as sandy till. The occwysnce of the sandy 111 is
axactly converse % the occurvence of the siliy ¢lay abeve. On
the West approach where the clay stratum is thiekest, thers is
very 1ittle sandy ﬁ&mw} between the elay and the bedrock;
however, on the Bast approach %o the bridge the sandy £ill ﬁﬁmﬁa
its maximes thickasss @S‘ wug;é&y 11 fest.
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B

The wy 5311 ismmigaﬁmwMimm »u&m
RERY m&: and lisestone frazments, mnd silt &d cla ~
At mg points thers iz & copsidersble incrssse in
mg@ﬂ £ 7 ‘ ’ )

Standard pen tration srm mmm in this mmm g :
from a 1 £ 13 !azmtaamwmm@ b&mmi’wﬁ.
the éemw tending to ineve with depth. '

| m@wmam@gafmmgmmammwma '
erder of 132 ibs, m m!zi@ i‘mm

& razher importani fmma is m existence af approxisatel
i% ze 3& iﬁm MW ths w sarface of the lima%m, nf & S
thin water-bearing seam, from 3,*‘ t@ &3 in th W 3oL

« : m ii‘@.g ﬂu ﬁ@&m xmﬂ -
illustrates the mlraivai wwam The be uriace
uader &&m mdmy trecks a@m é.:a; §%ﬁ‘§3~? % m ﬁm‘-& Ragt.

The nm&ar t2ble at the tisme of the mwamzmx m wmm
2 feet of ground surface, whish is ateribuiable to the ver : PO
gsurface émimgﬁ It %a vnlikely that the mw m’ﬁi@ wiil
fluesuate Lo any sxtsnt, unluss major a4

taken,; or & prolenged dreught sceurs,

SUPER IMPOSED DOCUNENT &%A‘f ;
E‘PPE?%R %‘3 WH ?s;EB 3?%5 oo
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Z»

The highly Wﬁ Nm‘é is & tetally uwndesirable ;
bacause @ﬁ‘ its very high mmﬁsﬁm m ,
iow strex There is po doubt that i % :
mrﬁ&amg ﬁi@&m&%mﬁmmmﬁﬁﬁ
of the exbankment.

Tee grey silty ¢lay, bensath the awgmﬁ %y is alse
az undssivable soil, Mmmﬁ;ﬁ”:im gm 2
and its pehavieur as a 81

excavation of this sﬁ&y ﬁw,
dus to the high water table.

y clay stratm by m ?fm'
3&*&% §3§:&@§g @g

Under the West approach : %&m i»s an 3-$ f‘ﬁmﬁ
thi m@a of @iwy m ‘%ﬁ% worst cage], the shea:
styees inducsd m ﬁa;g ﬁm&m dus to
@mmé m& be ﬁ%ﬁ pémf.,

which ém net exce
on this gaterisl.

mg &iﬁ East spproach subsukesnt,
foot thickness @f giisy f:my whe %
’ém’%m of the elay stratus by the sizht of
smbankment plus present overbur M i Dell
which is greater than the laburatery x&ﬁi@w

Tuwrning now to comgideration of inm smitu W m;
rosults on sislilar ¢lays at the 1 Eigk :
crossing, we find the valvues gbtais here m B
three Lo four %ma as bigh as the laboratory ﬁm&’x &t
Furthernove, poblished mgmm of the vesults of very
extensive tesss on & parsatly virtually identisal gﬁ&y
insluding deliberately %&'&@ﬁﬁ ted field failures By - desp

z of the la wy i
m& m& mm:w mmw&i&%&m~ s%mm
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m mm fw mm fa 5
asngivivity of the my, e
walls %ﬁ%& an 8 2 5

Wb ’ @# fﬁ, ?&W* ?’g ’%’%ﬁg«

SUPER IMPOSED DOCUMENT MAY e
APPEAR AS MULTLFEED ON FAM.
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TORONTO, ONTARIO
BOREHOLE VLU*E

SO

ENGINEERING SERVICE

CChent L ooE

Borehole Mo, oo i,

Boring Date

Checkad By ... *

ZAMPLE COMBITION LpmbLE 1Y ABBHEVIATIONS
URDISTURBED 5.5, 2% STANDARD SPLIT TURE SAMMLE V.oT. N SITU VA AR TEST
AR 5.4 SPLIT BARREL WiTH LINERS Q/u UNCOREPHED COMPRESSIVE STRENSGTH
) 5T, THINWALLED SHELRY TUBE SAMPLE W, L. WATER LEVEL IN CASING
VILTURGED W5, WASH SAMPLE W.T. GROUND WATEP TABLE IN SOIL
LS R0 ROCK TORE
LECREP PION DM R WATEFR LEVELE
- - v| . ‘ “ Q,' e e e b
Q.9 GROMND . EROZEM TO. 3 DEFTH.
IEPR i
Highly orgsnic pest Derk Ml T L ) o
) o X .
Brown| Liuuid. SATURATED. . . ..

w0

1, (PUSHED i’

Ilby elav, .

Nery soft.

o

- o

(K&

10 o b

PUS HEE?

sm@f SURPERSATURMTED.

NAT MO Le=5207

Joeley oo

Siln

v_c;: Mg et‘

By clay,

Yery soft

Vary scft.

S, PUSHED |

| PysHED &

NAT, ML= GO Yo
N‘uon vmbter bLhan Plfsstic
Lunito

Heur Li\lulh Lim
G o S1BE PaT. AT MG GE 4

5. Bome grits
ne_sund.

c;;f.’. silty oley

L (21' &Y.

ligquig

Mpost

cond ition.,

‘,&Qmm\cf&.v U R ¥ (8.0 T i A

PUSHED P e e

Saturstad .o

o
/meéium sand y

GnY o anguiag LO\:I\.
£ Grey Lense A& | Wet e

) ’}\Q"y'j\i 25 U NG N e
ned olimestone.. . L;ﬂg,'/ to W R e
e Grey-Blacyl WRIERCBRAR .
T ‘w*d limestone, ! As ubove |Bxcellent | . . .
slonal fossils snd | gualiby |
ﬂfmﬂ of bl hele noutq B
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SOIL ENGINEERING SERVICE | o TORONTO, OWTARID
BOREHOLE LOG

Borahole Now i, Lo R ’
- - " )
Boring Dote ’b BN 6?1'{" 1958.

‘ Checitad By . .1‘“ \.‘I’E}t’)"

SaRPLE COHDITION

UNDISTURBED
FAIR

FISTURBED

LOST

SOV DESCRIPTTEGN

COLOUR

SAMPLE TYRE ABBREYVIATIONS

5, 2° STAHDARD SPLIT TUBE SAMPILE VT, INSETU YANE SHEAR TEST .
L. SPLIT BARREL WITH LINERS Q40 UNCUNEINED COMPRESSIVE STRENGTH
To THIMWALLED SHELBY TUBE SAMPLE Woks o WATER LEVEL IN CASING

D80 WABH SAMPLE #oT O GROUER WATER TABLE 4N 501L

C. ROCK CORE ‘

e

Park B:‘owu Semi-Liguie

»x; wwn

,"’RAPV. VAWE lH ﬁOTTQ

w) <88, (pu sm:p“? Supersaturated.

A Durk

Brown,  Sepi-lidui

LSUPE R‘;}r«Td?’fﬁ\TED

| Very soft | I Ak

S5 puswes| NA‘S"' M. g

Nery s0fhe oo ~ ‘,YE&‘A'sHm :

PusiED | NAT. M.C. 4= 70,
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SOIL ENGINEERING SERVICE o TORONTLY, kQNTARlO
BOREHOLE L0G:

L TR, Grosalng jou e,

OISR O Sratie AN . Borehole MNow..io oo s .
sty 8 0f Onbar 1o Casing... BX. L7 Roring Dare . Fela B-10t0 1958,
; Peto

o . . A
Coempiled By Checked By .., e

SAMPLE CONDITION SAMPLE TYPE L ABBREVIATIONS
A UNDISTURBED 5050 27 SYANDARD SPILT THOE SAMPLE VTN SIYY VANE SHEAR TEST
¢ Ak 5ol SPUIT SARREL WITH LINERS G0 UNCONFINED  COMPRESSIVE OTermn
: 50T THELWALLED SHELBY TURT SAMPLE Wl WATER LEVEL iM CASING
LISTURRBED WS, WASH SAMPLE WoT. GROUND WATER TABLE NSO
R. ¢ ROCK CORE ‘ -

LOSY

Gampid
; i

WATEI L EVELS

Ty

SO MOISTHRF &G REMARE

|Derk Lrown | Semi-Liquid
5.0

PL’?BHE‘?*', CoSupersaturated. o

"

Dork Brown | Very loose : ,,sﬁusu;zt?‘e‘i,

‘fgms'?-‘i

m MO =T007

Srey | Very

L PUSHED

1oy [Veysore. |V s

| Very wofto o 14 G pusnen | Q

”Lignt groy. Som
Lig,ht grcy

3"WI§TEY§'~BEI’§‘H€.$EAM R
Lark

| Bxealient.
slgueldty. o
| throughout.,

Al ot

Gmyﬂw
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EMGINEERING SFQVICE - TORONT O, ONTARIOD
BOREHOLE LOG

SOl

Job Name HWY'A’{”

Client Dept S

of Highuuy

QIm L

-~ C.P.R.
of 0O

57148

J/Z" diam.)

M“’«ndess :

C"'D“S'Lng Job No. Borehole No, /J'

. Dt f o b by
Boring Date Fe‘“/‘th)t'n'

’ Mo M Peto U :
Chncked By 4:,..,

0 Casing......

Compilad By

s CONDITION
- LINBISTURBED

CEAIR
DISTURBED
CLDST

AMMPLE TYFE
55,
L.
5T,
LR
R.C,

USTANBARD SPLIT TUBE SAMPLE
SPLAT -BARREL WITH LINERS
THINWALLED SHELBY TUBE S5AMPLY
WASH SAMPLE

ROCK CORE

V. T.
Tov
WL,

W

I SITU VANE SHEAR TEST :
UNCONFINED - COMPRESSIVE STRENGTH
WATER LEVEL IN CASING

GROUND WATER TABLE.IN S0IL

Uity ar Bio ek 9 e g et
COLOUR Jens s L ) EE T Bhaws WATRR CEVELS; $O1 MOISTURE, & HE
Csisten,y Eicvniian c RE &

ey Fu

: C;IM.O :

EAR A

TRAP. YALVE i
BOTTOM OF SAMPLER

|

nj . Seni-Liquis

S. 5. [rusuedh
SUBERSATURATED,.

» PUSHE&*

| Q,V G AGE E fT mcw 877
NAT Mey=opey

Yol pos8s.s

G' G NAT Mu R 6158 -xm{ AT GET

Grey. . . | .Yery soft. ..

IBUSHED |

ments

' O“

PUSHED |
r.e

cGrey. . NAT, MC= 7917

tter: than pob el ulo Limit /

| Very. Soft..

T\

Grey s Dense

Black

1 Grey to ..
- Grey ‘Blac

Gompact

Tlrey=biag
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¥y, j ¥, %@y@’
Bridge Engineer.
Haterials & Ressarch Section.

Attentiem: Mr. S. mmm. :

Attached herete ﬁ.ﬁ & mwt prepared by Dr. ,ie*ﬁ
spslling out in deteil, 1 massures required in%
design of the am gwm ams @tm%mw o

The initial mmﬁgamm u& M siw VRS m&nﬂ m@a,g :
by B.HM. Peto & Aszseciztes, who reperted ﬁhﬁ% tha u&wﬁn& elj -
at this site had s shear @traag%& of the orde af 150 1 :

With this value, the initial decign of t&# 2D .. mis
esongisted of m instailation of fricticmal s DREE & ;
the track, and displscement »f i%e soft subseil by ﬁmw\g‘ o
If the rﬁp@rﬁéﬁ shasar stzumgm%‘%&&<bsta, = fugt, wawzaa%, this
deaizgn m&ﬁ have worked mti*»z m%ﬁ&g. e

During ths ﬁﬂfi@ﬁ of iugust '59. the sontra
menced exvavation at the looation of the West i
Failure of the side walls of ﬁms STZERVE
the reguired depth had been remeched,
%mﬂ Ssetien m miiw% in m& » &ﬁ + 4
ig &ééiti@m al Hes nh G
intarested In tnis fallure snd they also carried .
- number of boripgs and vene tests 5t this xita.~;
lected, showed comclusively, that the informstion
Dapariment by BE.M. Pete & &ﬁs@wi@t&s, was grosgly o3 ‘
Hore specifically, the shear sireigth was found %Uyhaein,h ‘5w;\
of BDO zbs.fﬁq,fto Harize eclay derosits with sheer strangihs
© of the order of LOD ibs. eammot be antiafawtaxity &1&3&&@%& hy
surcharging.

Because of this, it wax n&a@aasxg &a mi%&r‘ﬁﬁg i&i&i&l}
construction procedurs and design, and the classical
of counterbaiancing berms for the smbs e i1 “W
Typieal f£111l sections were designed by ﬁ%ﬁ‘?ﬁﬂ on B
ané these have been checked in detsil, by Dr. Geolder, wh
internaticnal expert in the fiehﬁ of @@ii ﬁ@&h&&%ﬁ&»‘

emt*&,, /2 ..




Y,

?riﬁ@iﬁﬁi cosments and recossendstions &aw&mina&
in Dr. &a&ﬁa& 3 report that effect the design of the overhead
structure at this aite, 8re sunmarized as fw&imm&sm

1. The initfal structure at this Xaaaﬁﬁaﬁ was ﬁeaimﬁﬁﬁ ma
7 spans. In order 1o sccopsodate the ~w ‘
Tor stadility of the fﬁ&& in & direetion o
to the {raeck, it &8 necsssery to inersese %hm atxﬂﬁkura
by one cempleis span on the West sids of the rail ﬁﬁﬁ@¥ﬁm
line. He change in pler lesations or ghulman :
on the Esst side of the structurs are requlred.

The new structure will, then, bave to oconsist of & spans,
rether than the 7 ﬁ@t&% imﬁtial&y“ﬁeaigna@

2. In order to accommodate the berm zectione required
ditional property will bave to be obteimed. The District
have %@@n.&ﬁv&@&ﬁ of the chenges in £111 sectiomn and, B
also, of the changss required in the designing of the over-
besé siructure, snd ithey & gwaswmmh&yg srrenging sny
sdditional yrﬂyaxty reguiresenis

da Cur asmo te the Distriet has poipted ocut to them, that the
footings for plerz &nd sbutments will be supported on end-
bearing piles. During the site visii, 1% wes learned that
the contracter had pisced large é&&mﬁgﬂr boulders in the
£111 materiel, and the precise leesltion of these large-size
boulders has ﬁﬁﬁ been determined. It iz possidble that
these boulders say axist &t the loesiiens sf the plars and
abutmants and, if so, g@@&lﬂﬂ# would develep during at-
tenpts te place ths regulired pike. Ve have advised the
Digtriet of the éiffiwakty that osuild result in thisz in-
stance, apd reguested that they have us deline the lessiion
and gx%axt of any sweh boulders that they fe2l may be in
the 7111 sirsady placed.

The problem thel hes developed st this site, snd the
sdditional work resulired to modify the design of the &%wan@wm@
and 7111 sectious, is elesrly the rasult of incorrest factnal
dete provided us by the sawaallaﬁ *hi; swywiag” consultants.,
Tew may Tind some comfort in the fest that this partiecular
organization hes heen virtually cut off.

,{ é}: . %mdm i

g&f& ‘A al m i:w Soderman,
ttanh, HINCIPAT, 507L8 & w@mmmﬁg W? IBERR
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Hugh Q. Golder,P.Eng., | 1662, Avenve Rosd,
D.Eng., M.1.C.E. Teronte, 12,
ONTARIO,

i6th .Saptesber, *3.959
Mr. A, hutka, '
Hzteviale and Begearch Sectiom,
Departmont of Riglmrays,

Pariisment Budldings,
Toronto 2, Ont.

Bosr Bix,

Following the investigation snd anslysis which 1 |
have made with the enginsera of your department of tha;it:a’bﬂi}try’cf
the embsnkment st the crosaing of the Censdian Pa: ‘ic Railvay at
Cormeall, I now have pleasure in sobmitting oy report and

recommendstions .,
I trust that th ese will be satisfsctory to you snd

I will be happy o discuss the problem with you further at any == O

Yours falthfully,

A3 {1

|4

H ‘é;:j Ulder » ‘\M;



904 REPORT ON STABILITY OF ZMBAJ

INTTONCUTION,

This veport desls with the problems scising in the
construction of z road esbsankment over the Canadizn Pacific Railway
tracks at Cormwall, Omtario. | : L |

At present thers . is only one railway :rw#k?ém: m:wmm '
has to be made for a second track in the futuve, Ia the fi:atimizm
one two-lane pavement will be bullt with sn a;z;;mpsriwa ﬁtidgu;:, but 2 T
cecond pavement and bridge will follow shortly m& mmmu |

to be designed to accormodate this second pavement. mﬁiﬁmight

iy

of the embankment sbove existing ground level will be 29 feet.

EITE COMDITIONS,

The ground conditioms at the site are difficult but
not complicated. There is & layer of muskeg up to 8 £z, !:hick mr!ying
a soft clay 7 feet tu 25 feet bhick, which in turn overlies a cmgagﬁ
glaciai till cverlying limestome bedrock, | |

The wuskeg is esgentlially ka peat, ﬁs'aas#msmd Wﬁ:h |
water, has very little shear strength and a low weight. it mtbe
removed and be replaced by a more suitsable mterial.

The soft clay has @ shear strength magurad by vane
rests of just over 400 Ib/sq. ft. Its moisture cout:ént is sbout BOL
awel ths ff%m}f anel plathe [ieite ave absof 50%
and 237 vessectively.

The glacial till contaics material from clay sizes up
o very large boukders several feet across, It is compact in its natural

condition. The percentage of clay present is not high. ‘ﬂm propexties



Z ,
of the till are described in Appendix I, Borings and vane tests bave

been carvied out at the site and the sbove infosmation has been taken
from records of this previous work. {(Bee &ppundix 'H}
VISIT 10 SIIR |

On the 9th September I visited the site with Mr. &f. Rutks
ro inspect the wmaterials., the general site conditions, axid a giip which
had previousiy taken place, and alss to talk to the men who hsd beeu |
2ye witnesses of this event. ; |

The glacial till which was inspected both in the bank and
in the Uorrow pits is a good filling material. . 1€ properly W:m;
which is essential, it should form a herd mass with an angle of internal
friction of at least 357, Its cohesion will not be high and iﬁpm»ba'bly

best ignered in caleulations. . This materisl can be cmactﬁﬁ anly if

placed at a suitsble moisture content. This must be carefully cm‘;trﬂlied
in the fieid during construction.  If placed too wet the soil wiil ,rwiﬁly,
sluwrry and construction traffic will bog down. To zome extent th&ra‘fo#e
the control on the wet side will be automatic. This is not so if the ;
mzterial is placed too dry. If voids are left in the dry material due to
inadequate compaction, soffening can occur later when water penetrates.
Large boulders {over 12") should not be plzced in the £11l as 4t will be
impossible to compsct the material around them adequately.

The best method of site control is by many rapid demsity
tests. In this coupection it may be worth trying seilsmic measurements
of the speed of wave tvansmission and correlating these with density
meagurensnts .

The gravel £iil whiech has been placed in the frictionsl

key com the East side is quite suitable for its purpose, and after discussing

the formatiom of this key with the personnel on the Site I see no reason



to doubt its effectiventss.
From inspection of samples of the soft a&ay;ﬁhigkﬁﬂ&kg?f‘
available, the figure of 400 lb/sq.ft. for the sm;stmnggh,am
quite ressonable. This clay is sensizive; bubl net uaduiy 80, ‘ ’
The slip which had occurred while making the excavst . m;~  
for the frictional key oa the West side was exsmined. Thiz iz s ’
cylindrical type of slip which spparently took place iﬁ,nhree;#;#gaa»i
It iz not wnesessary to postulate a virtual ligusfaction sf,tﬁe~¢1¢y"'
to explain it, as had previousiy been :heughﬁ. | Apparently a c&aw‘,
siderable k@igﬂt of gravel £ill was buiit up too agax to the exn&vatia&;‘i
and the weight of this combined with the unsuygarted«ﬁac& left by thg |
excavation caused failuwre of a small section. The remoulding of tﬁei-'
clay in this area reduced the stabiiity af‘the section behind this
and two further fallures occurred. The scars of these failures we@a‘
clearly visible,

POSSIBLE SOLUTIONS TO THE PROBLEM.

The problem is to carry the roadway over the rallwsy at
& height of 27 ft. above th e track level.
4 simple embankeent will overstress the soft clay to
such sn extent that fsiluwe 18 to be expected.
The following solutions have been proposed:-
1} Displace the clay sideways by tipping good fill on top of it.
2} Combined with the asbove, construct frictional keys of gravei
£111 to protect the railway and prevent displacement in this
direction.
3} Comstruct a large box culvert to carry the railway through

the embankment.




&
43  Construct berms af each side of the manmm,
and combive berms snd a bridge to carry &;b.é xm
ower the raflwgy. |

Bisnlacement.

Following the fivsr site imes&igathi it vaa ~ﬂ:hmh:f‘tl’fm:x :
the shesr streangth of the clay was about 150 lbs/ aq. ft. 1t !wmalﬁ  ¢
heve been easy to displace this materisl by tipping good £ill on top
of it. A benk ao built would have been stable and this vb.ﬁ &cmmz o
golution, | | | ;

Fz:ic:;cnal Reve .

The idsa to use frictional keys of good mmiuia&xi:@nﬂiug =
<own to the till to prevent displscement of the soft clay towaris tim |
railway was also scundly conceived. The key on the Easst side i;a’ ia
posicion and will serve its purpose in the new design.

When the slip occurred on the West side further imvestigation
cf the shear strength of the clay wae carried out and it was foend that: :
this strength was not 150 1b/ sq. ft. but 400 ibe/ sq. ft. end over.
These resulis were abtaineé by vane messurements.

It would not be possible to displace this m-terial with azty
certainty by piling £111 om it, and the idea of displacement was then
rightly sbandoned,

Culvert,

Fron the point of view of the soil problems encountered this
coluticn Is a good one, However, it is understood that théra are
objecticns to this solution from the railway company s point of v}ieﬁ? and
following a meeting with the Bridge Engineer it was rejected,

Beros gnd Pridge,
2g8e

This is the traditiomal solution to the problem and in  fact




The purpm of ﬂ:he im:m ?* o r#é@e tim : :
the fomda;:iou mtar:;a&gf mmmiy :;hé.s mim:&aa m he WW ,
in this cese although the hem ,a:e; lamgg. %e&tﬁilﬁ -m;e 518%393 o
L : | i e 3§ e
DESIGN 0F BFAM SECTIONS. | «
There are several éﬁiemut ammmm m the an wo

ﬁt@smﬁﬁmaﬁsh&s&ﬁ% s&m@haiamntammwmx‘

xn of theae, mt weight mt m gxmm ta &he mthad w&ick ,

‘most clasely the t:ype of f&ilm which is m be axpecm. X

of method is he&t. haaed cn experianm -fé aﬁe way inwhmh otm QMM -

&anka have failed.a
In the present case; in whis:h a relaz:i\reiy t&;in hyer
of soft clay is sandwiched bewaw o iayera af cmct 1:5.21

method haown as the ma-eix:eie memmé :us applicahle, When the layar ﬁf ‘

clay is very thin this method sgr:es cl:zseiy wim the hlock net!mﬁ, bm:
the thickuess of clay increases The b.‘mck mt?md giwes pessimistic remlm
which do not accord with the mwithod aﬁ m;ﬂ.m:a which is nhaerved in ‘

nature. The results should be checked by ‘caicuiating the shear atx:easég Lo

under the bank and comparing ‘L;hese with the shear: stzengéh‘ of the ‘day.‘ o
Typical calculations are given in Appendix II’I.

The factor of eafety reguired is alsa 2 matter of judgnen!: ’
and experieace. & wvalue of 1.3 ‘has‘ been vzm:ked ‘to :!,n the prexent cgse, Pl
This value has been chosen after fair cmidaxatiﬁﬁoikthe ameqmceﬂ ' ‘ e
of a failure, the relisbility of the strength data, and’ the eeaaamics of ‘the
nrazect, It must be emphasised that good site sugemrisim wi};}. he z:aquire&nf |

during constructinn to ensure the strength assmd in the fill materi.al._




& o

The stability of the top aad bottom sections of the berm | ‘_k T ’
must be considered :iuéapm&&m:i% ﬁmse’ have been mlmaﬁ using ai@i&a - :
circular arcs, 2 wmethod which isg &y@tﬁpriﬁt& to this a#xe,' The iactﬁ£}¢£~ﬁ 
safety is in no case lower than that for the wain section. . i

The bridge piers will be fcunded on Steel H piles driven
to rock. These piles will pess through the soft clay under the pi@a ‘Mdewrl E
when driven will remould this clay and reduce’its strength st least ‘
temporarily, This has been allwied for oy assuming m‘yam’ shear strength in
the srea under the plevs. This afféct'teﬁuﬁas tha'iaﬁt@x of aafaty §y;5%ﬁ;7‘
An appropriate increase in berm length has been made Lo mum:érmx: th:i.s L :
reduction. { Ar incresse in berm length of 10 ft, increases the fagtné:a£ 
safety by 6%.) In fact the sﬁraagth,wiil not be :aﬁuceﬁ‘ta zerc and #ﬁﬁ§ ‘
regain in streagth will cccur after the piles are driven éc that the above
approach is comgervative,

it must be borbe in mind Lhst large bosiders must not be
placed in the £iil where piles have to be driven through it. 'This
condition has been observed alveady in plscing the £il1l in the sreas of
the piers, but it may be necessary to remove the Fill under the nzw‘p@aitiga
of the ebutment on the West side.

Table 1 shows the effect on the factor of safety cfk

different variables.



1) Adopt the selution usiug berms #nd a bridge.

2) Remove the muskeg from below the bsuk and replace by till. This
till must contaln no boulders larger than 12" in dismeter, and sust ba
compacted to at least 951 of Proctor damsity. This excavation mﬁ filling
is best carried out at a time when it can be &min the dx:"y. The

£iiling wuatr fa}.lm immediately on the mwanm

3} - The cross section of the mein bank mp&aﬁwﬁm ¢ the zentre Mm‘ ,
of the pavement is shown in figure 1. Toe top width of the baok is 105 ft.
At each side of this there is a slsgé of 2:1 (2 mmm 11 mtmz} "
for & heighr of 14 ft. At the toe thexe iz a alm df %1 for aﬁmi@ht
of 10 fr. Batween these two slopes tﬁe‘re is a berm with a'&o@ of § ft.
slong its length for drginage purposes. The width of the mﬁ. 'variw as.
shown on the figure. Where there is no berm the side slope is 3:15 Where
the bexm tapers to zern width this can be done at such s rate that t%ae
appearance Iz pleasing. |

4}  In addition to the laters: berms it will be neceasary to have a berm
pn each side of the railwey and perpendicelar to ir. The zection of tbz
berm on the approach to the railway on the West side is shown in figure I.
This section is drawn perpesndicular to the direction of ibe rall track. |
This section ! ludes & spens. This is one more than in the original
design and iz necessary in order to get the reguired factor of safety. '
The muskeg is excavated up to @ lime 16 ft., from the centre line of tf.me.
existing railway track. This line forms the toe of the berm.

3}  The section of the berm on the approach to the railway om the East
side is shown in figure 3. This section is alsc perpendiculsr to the track.

On this side the conditiony are better because of the frictional key which

is alveady in place. Hers the bridge can be built a5 designed with 3 BDanS .



The muskeg willkba removed to & line 16 fe. from the centre liae of thaa'“‘ “~‘

existing tvack and tre area backfilled witn £ill. The toe of tae bewm‘;f',

nowever , will be 16 f£r. from tue centre line of tue future xaccnd tr&m%m ;

L} Some settlewent will cccur in toe embacksent due to Tue consmiid&ﬁiun‘a 
of the underlying clay. For tuis reason the 9avemant in this regina &aé#&ﬁjt
be flexible and nat: concrete. at least for t.e fuxt few ymx:sg ‘ o
7} It would be of advantage Lo instal mﬁaaur;u& pai&es iu tha berns ﬂﬁ 
tuat wa.mmg can be obtained of asy imipiea:: iaiiure~, These Wiﬁtﬁ i
can consist of steel rods or tubes about i% to 2 iachea dismeter, dri ?emf

say @ to 10 feetr iato the fxil on the bexm at about 100 ft. mtmam;: :

Their positions snould be related to fixed poiats well outeide tne back.

These positions suoculd be zarsiully checked as the bank is raised to its
full height. Possibly weekly intervals will suffice, but this depeunds |
on tae rate of bank building.

¥} If till can be placed over the muskeg alongside tie vail track

to a level of 183 a useful incresse in factor of gafety will be
obtained.

9} The existing excavation on the Wesl side should be Filled

with gravel starting from the North end.

Var B
?j ;7 (S WJM
,j é‘:’}{-—m “w S j"L §
7 {
{J N
HQ. Golder,

®.Eng.

17¢th. September, 19592,



APPERDIX 1.

Properties of Rast Ontaric Drumlic Tiil,

The following informstion has been mnéﬂ;md on the
engineering properties of the till which is to be used zs £i11 on this
job. It is given here for record pucposes.

Field description by E.M.Peto Associates ILtd,, in their veport

dated May 1858.

“The seady-till is baﬁ&call}e a fine to medi,sm 8&1?:1, with,

many grits and limestons ftag;xmm:s, and ailz: and clay himiem At a;nm_

points thera ls a considecable imzrme in the bmdar cameut*
Standard ganatzaaien test msults in this mterial
ranged from a low of 13 blows to a high of over 100 blows pex fuct,
the density tending to increase with depth.
The unit wel veight of ‘the sendy till in situ is’ in ’

the order of 132 Ibs. per cubic foor.”

Information from D, Bazetl of Ontaric Hydro,

In meny tesis carried out by Mr. Bazett drumiin till
in East Ontario gave#ﬁfacnsisteétiy in draiced triaxial and ?mx
shear tests, and in undrained tegts with pore pressuze measurements.
The corresponding value of ¢ was 130 - 200 1b/sq.ft.

In these tests the material was cowpacted to ordinary
Proctor density in the laboratory.

All the American design wo.: on the Seaway in the East
Ontaric area was done using ¢ = 0 anégég here have been nc‘ |

failures.
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Extracts from "& §urvey of Brumlxw Formaticans in Sauthera ﬁu&axie“

by Ed. M. Gordon, Design giaeax %m-ﬁanada Hkm_g_

Under the heading “Giassifiaamm“ m.ﬁ}m:dm ﬂrimﬁ.» i s

"Dremlin seils exhibit a zemkahle mifomi&:y in gra:ﬁiug,f , L .

plasticity index and ?m:..tc:r density. Thase ralatimhipa wiil aeama ; ; -
to estsblish a definite category for such so'ls when an av&rall enginﬁﬂring  7f‘  .
classification is establisbed. : .
For the present time it will be expe&ient to cnnsidﬂr all

drumlin soxls as baiengiug to t.ixe Bame angineeri.ﬁg scii gmup.. Sm

drumiin sﬁ:&ls show a glxg:ht variatioca from ::he mml& but. t%my da mt

eccur in sufﬁsieaa numbers to wmxm& a segarate group baing esta}zuahem L

“ihe yesults of the mutim tests cmdm.md on xapraaenmiwﬂff
drumlin parent materxals are present&d in the following tahlaa aad grayhs

Bastern Ontario 7%Sa 81 %61  S.G. Dry Bem. O0M. LiL. B.L. ?.Lk

Cormwall S 30 is 2.72 124 1.6 17.9 \15.33 ;52g6
Kemptwille 56 32 iz 2,72 125 18,5 16,5 14,2 2.3 .
Hinchester 63 25 Lt 2.72 134 12.2 204 15.8 Qmﬁ; e
Morrisburg 63 24 13 2.73 121 13.0 ~ S e e
?QS& . = % sand 1 'tﬂ mn to §.050 ==

%EL = % osilt 9,050 mm to 0.005 mm

L = % clay G005 am

§.6. = Specific Gravity

Dry Den = Proctor dry density Ibfou. f£t.

0.4, = Optimom moisture contenk.
L.b. = Liguid limir

P.L. =  Plastic limit

P.I. = Plasticity index

" - = - « Bastern Ontsrio drumlin soils are more sandy than

their counterparts in other regions; ~ -
om o - = the lower porticns of the gxadiﬁg CULTVRE = = = =

=~ = = gzre almest identical to the corresponding section of the WEymauth ideal

grading curve. This would indicate that drumlin till agpraaches an ida&l gxadiag

and consequently is gquite &z dense soil in its aatural aasurrences.“

Figure & Typical drumlin grading curves.
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APPENDIX II. o
Previous T&Btﬁ and Ima;migg&%ﬁm
i) A aue iwestigatiozz was @mmd aut by E.K, ?&m

Aspociates Limited and taperted on in theix: r:epmft: dated nay, 1958.

Zhis ::e;mrt shmaé the ga\.“ neral W&iﬂn of at:ata in m
“KWTWS‘Q ~ e

area. The values for the p:w@erties of the clay/which hiave b
in the wmain bady of thi& repart have been taken frm &asm. i‘eto s ‘r

and their descripticn of the tili has Mw qmz:ad abave,

e
A

'a.v

A gecp ysx a2l fovestisa tm g;@ thg gite was s:m:riad out
by Messrs. Geocon in June, 1953. : Tm shwad the relati% lmals aﬁ m

muskey, the clay, the till and the :se,d:mk over thﬁ- wiwle *aitag L

3 Vane tests were carried mﬁ.: in the clay by m Biviaian ’
O of Building Resesrch in August 1332. The results are g:mn in m ietm ‘

am:a::h&& to this appendix. ’

43 Vane tests were also carried out by the Department 'of‘,
Higtways in August 1959. The vesults showed that the ‘éiay ia the m*ea ; :
of the slip was ouly slightly }éss strong than the uadistzszbed'%matﬁriél,

Theae resulis are also gttached to this asppendix.
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