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K. A, N, TG}'.. *P‘mr 20‘, 1960,

teidge dnginesp Res Additional Fdn. Inwestigstion
Internationsl Bridge-Pldgeen

e Ay Stermeg River Hwy. #61, «.P. 14260,

Attermtion: My, 3. MaCombie

The original foundation investigacion at the adeve site wes
carried out by Dominion 3odl Investigation L4d., It has been pointed
out in the govering letter that bocause of the soft soterial on the
east banx, large and non~miforsm setilezents can be expected, Sueh
sstilenents are not permissible and two possible correstive messwres
have been smigyested. The secand suggestin {,e., Lhe sxtensicn o' the
strueture has beer adopted by thy Jesiner K. M, 24llen & Co. lrd., as
it 1» seen on the drswing WMo, ebhbiRe2,

In order to provide {nformetion om the stratifisavion and
properties of the solil at the new abutment loeation, teo sdditional
borsholes were put down by tids Section., The loostions of thess borings
e shown on Lhe atiashed drswing, The extended wubseil profile Aed
is also shown on thls drewing.

A surfage laysr of vary loose zni soft .atsrial of only about
» feal depth was found in both boreholes, Unueplying this sate: 48] is
Sunu snd Sandy clay ~ni6h with depth heaoames clay of interaediate
piasticity, Bolow thie layer, & layer of eand overlytng bedrosx was
fourds  The stratifization in both boreicles is simijer but the be.drosk
slavaticrns wre 1iflerent, Bedruck was encountered in 8H 1 «t elev, Yoda 0
wille in B & 4t was alreedy &b edev, (80,5, This intiestes o slo_in.
0f tha p-iroek Ln Lhe nortiem rection,

The projossd excavation o1 the solt eurface layer as irciicated
on the above mantione. drawing Ho, Jeiblf=. shoull te carried out. The
proparties of tim underlyin. strata are such tiat thers is no atability
probiem for the llaites approach fili. The 26 Llswents wi.l be swsll
shd Lherefore Lolerauie,

The vorings were Jons between August Luth and <th, 1%J, under
L supervialon of Hr. Frank Noraan,

Conttd 2
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te balieve that with tids additional informeifon you have all
the necessury data for the caupletion of your deatun werk., However,
shiould there bs any other questien in comneetion with the sbove Job
that you would lixe to disouss please feel free to osll on our offise.

1o Gs Soderman
Prineipal Feund.tion Engineer

‘1t kf;&-—"‘z« 7z ¢ 143"7

Per: A, Stermas
Foundation Offiea Engineer

Aattach

A/t

Co0s  7ucd tion dection
vaners, File
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{€} riur Looatione - (comt'd.) ...

-heet pi will provids protecticn from river lee,
&i weli as seowd, will also provids ferming for the pile
caps. The shest plling should be drivea to te approm.
Y to 7 feet intec the ¢ ayer er to refuzel, as 1o the o8
of bureholes 7 « 8.

(37 Smst spuileent -

The foundsticn report states that thers will be no
probless assoeisted with the stadility of the sp;romeh fill.
“hiz i3 not the ease. If failure does not ocowr during eom-
siructiac of the preposed fill, the large differentisl wove-
mg, ma ed by the high strefs in the subsell, will be ob-
Jeotionable.

~ Two possible eorroctive messures ere available: Thw
first is ascpwmtion of the snic elay 211t fros Densath the
srouosed embanimsent, This will fmvolve an ozsevation Yo approx-
iastaly 10 feat dapih, most of which will be under wmtoer.
e seaand gerrective seAsure would Se lo extemd the structurs.
i ithe strusturs is lemgthened spprox, ms span lengih, or &0
feel, no probless with sppromel U111 will result.

he founcation for thse a3t gputnent will e zisilser
to the wert abutaent -~ i.8,, steel 'H' piles, driven through
the £111 to refusal. Jesur protection in the farm eof rip-rag,
will be reculred for both the %ortk and “outh abulaents,

If we oag be of further sreistanee In copeciion vith
the oundatiors for this strueture, plesse emmtact ihe Toundsiiom
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88 fgiinton Ave fas

DOMINION SO INVESTIGATION LTD.

SOIL MECHANICS o FOUNDATION ENGINEERING

TORONTO 12, OMTARIO

Hitdson 7.36373
Suire 31 %
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1. INTRODUCTION:

A complete foundstion investigation for the proposed naw bridgs over
Flgeon River on Ontario and U.3. Highwey MBo. 61 woe suthorised by the
Ontario Depertment of Highways, Matarisls and Research Scction.

This raport presents the rssults of the field investigstion, the
results of laborstory teats, and subsequent analysis of foundstion
conditions rolated to the desizn end construction of the proposed

. bridge snd its approaches.

2. LOCATION OF SITE:

The locstion of site is shown in Enclosure Mo. 1 at the back of
the report. Briefly, the propogad bridge is about 1k miles south-
cast of the Ontarioc Provincisl Police Detachment buildings at Mikdle
Falls. The bridge over the Pigeon River joins Highway ¥o., €l on the
Minnesota, U.S.A., side with the same Highway No. 61 on the Ontario,
Canada, side. This general area iz known locally as Stuart Locetion
which is within Pardee Township in Thunder Bsy District.

The international boundary line is at ctation 2582 « 53.5 on
survey line 'B°.

3. DESCRIPTION OF SITE AND PIGEON RIVER:

At Stuart Location Pigeon River mokes s partisl “U' turan. The
proposed highway crosses the river at th¢ lover part of the “U" (see
plan on Enclosure 1), The west bank on the U.S, side nas a steep
slope ricing about 22 ft, above ice surface and levels off, It is
praicminantly a stiff brown clsy. Sasll trees and shrube line the

banks,
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Continved :

On the Canadisn side, st the sast baak, & 2-3 ft. slluvisl mewnd hes
baen built up by spring floods. Beyosd it for & distsnes of sbowt 100-
150 fc. is @ flood plain having & genersl elevation of €03¢. The deposits
in the flood plain srs slluvial silc, sand snd orgeaic silc. North of the
crossing the flood plain is several hundred feet wide. A stesp bank be-
yond the flood plain rises to elevstion 630+ forming a fiat platesu. This
::::;u is also a atiff clay with some rock ridgss (see Inferred Geology

The treos along the sast bank lesn towsrd the river. Many have boem
undsrmined by cthe progressive erosion of the river bank. The nein stremm
channel is presantly near the west benk. In recent times the cantre of
the river has bsen filled with sulti-layered silts, sands, grevsl =zd
organics. Maximum depth of river dsposits is about 10 ft. This dapesit
is very loose end will gcour easily. A loose fine orgsnic sandy sile har
been deposited at river bed adjscent to the esst bank.

Lstge boulders and stones iine the East bank from a point about 80 f¢.
dosmstress from the crossing. They are part of a disbase rock ridge inter-
secting the crossing at a slight engle with Line “B". The river cuts
across several disbase ridges. High Palls, about § mile upstresa had @
drop of 30 ft. originally, and Middle Falls, about 2 miles upstrean, has
a drop of 20-25 ft. Pigeon River flows into Pigeon Bsy, Lake Superior,
which is about ] mile downstream from the site.

Ice thickness during the investigation wes between 6" and 12". The

thickness veried depending on the intensity of the current. In several
locations, particularly cthers the water is shallow and turbulent, there
was no ice formaction. Upsiream from the proposed crossing the river is
such wider and the fiood piain avea is large, When the ice moves in the
spring, it will likely bresk up into lsrge sheets.

e W = ——— ——————

The area around Stustt Location may be described &3 rolling tope-
graphy with a succession of brosd vaileys running south-west and noreh-
east between outcropping rock. Bedsock is of the Late Precambrian ers.
The outcropping rock forming the tabuisr upland is primarily sills of
diabese with related rocks. These rocks are very susceptidle to erosicn

by atmosphieric agencies .and stremms.

Within the broad valleys the underlying bedrock is psrt of the
Animikie sories, the lowest group of strata in the late Precambrian.
It has been subdivided into three separate formations by T. L. Tantoa. *
At the site the rock is part of the Rove formation vhich iz composed
in part of shale, greywacke and fragmental volcanic rock. The geo-
logical formations for the area are shown on Enciosure No. 2 at the back

of the report.

*Memoir 167, Geologicel Survey of Cenada.
Port Artaur, Port Willism and Thunder Cape Map Ares.
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Continued:

A soft greenish-grey rock with texture of silt or fins greined sandstens,
wee encovatersd is thoss borsholes withis the velley. Tha rock ooxtaiss tiny
flakes of mice and chiorite in & sedium crystalline mass. Most of the rocks
{n the Animikie series contsin irvon formstions. The Rove formatios has o
?w of sbout 130 ft. whiie the entive Animikia series is spproximasely

000 ft, thiek.

The lowlands msrked by broad valleys esntain thick deposits of gremulsr
soil and clay placed during Pleistocene times. Thass wallays ware probably
deepenad by glzcial erosion and subsequently ground morraise, lasustrine
and fluviolacustrine bode were laid down on which the surface of the low-
lands has been developed. They slope gently from alevation 830+ to pressnt
Lake Superior water lavel., The lovlands hsve been treached and gulliied
by stresms einca -the iavel of glacisl Lake Algonquin snd its oucceeding
stage dropped to ths level of lLake Superior.

It may be observed from the map showing the geological formations
that the bridge sits is immedistely north of a disbase sill ridge. This
ridge is only sbout 25 f¢. south of centreline at ths west benk and about
80 ft. south at the east bank., A very denss bouldery till overlies bedrock.
It is presumsdly the late Wiscomsin drift. Coarse gravel, sand, steoes aod
silt predominate with scme boulders up to several feet in Jdismeter.
Bouldess and stomes of granitic gneiss, chert and comglomerate waic noted
but most of the stones are rounded disbase rock fragments irvegularly
distributed in the till shest. The till slopes to the North-West pex-
pendicular to the proposed bridge centieline.

The reddish-brown clay is & lake-bed or delta deposit formed in
post-glacisl times together with the deposition of old Lake Algonquin,
The red color of the cisy is derived from the ferroginous rocks of .ae
late Precambrisn thst were being eroded and decomposed at & higher
elevation. Varves found in the clay at clevation 600-610 were formed
during intermedists stages of deposition during a period of no fluctustion

in Lake Supearier.

DRILLING PROGRAMME :

——— —————

Pield work wes cerried out during the period of December 3 te 19, 1939,
The drilling wes done by a crew from Boyles Bros. in Port Arthur.

Drilling wes started at borehole 1 on the Canadian side., A dymamic
cone penetration test was made &t sll borehwles but borehols 13 snd 2t
points necessary to correlate strata. Refusal was met when the cone
struck the douldery till stratum. Insitu vane shesr tests were con-
ducted in the clay stratum, Towards the bottom of the clay stratum,
numerous coarse sand and gravel sises mixed in the clay geve erratic

and unreliable results,
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Continued :

Both 2" and 3* thin-welled tube samples wers recovered. NMambrous
split spoon saxples that were taken vere sealed for moisture comtemt
deternination,

The aost time-consuming oparation wes penstvating the bosldery till
and drilling through zock amd bedrock. ihea the till was reached, aa
impregnsted AX casing choe was inseried inside the BX casing. Am AXT
core dit was uded to recover the rock core samples. Rocks from the
core barrel wers logged as recovered, sad represestativs specimesns are
stored in & core box. In some boreholes, it wis secessary to drill the
4X casing to solid rock,

A BX casing with shos was used to drill through the f£ill material at
the east approach (borshols 13). In addicion to belng frosen, it contsinsd
nussrous boulders.

g .
Ntk W - W T~ -

The samples vecovered wers exsmined and tests on eeclected samples vere
perforsied following a discuscion of the investigatios wich & D.BH.0. repre-
sentative, All tests wors made by the Matsrials and Resescch Sectioa.

Saven consclidation tests of the cley and alluvial soil samples wers
mide. The resuits are shown in Appendix II, Laborstory Test Results, at
the back of the report. The results of consolidation tests on samgples &
and 3 of borehole 2 ars not considered relisble. The ssmplez weve prodebly
digsturbed. Unconfined compression and trisxial shear test vesults sva
sumariged in the ceme Appendix along with other test results.

Genarally the laborstory test resuits were consistent. Unconfined

compressive strength test results cozpared favoursbly with insitu veue
shear rosults. In some cases the shear strengths determined by lsbotstory
tests were higher than those obtained from vane shear tests,

5011 DESCRIPTION:

The location of borsholes and subsurfiace sections are showe on Enclesure
A found in the pockst st the back of the report. The subsoll is classified
under seven distinct geological formations. Boundaries of strata between
boreholes are opproximate only, based on geologicsl  :erpretatiom.

(a) Very lLoode Alluviuam:

Within the flood plaiu &t .che esmst benk is a 10 ft. aliwvial
deposit. It is composed of clayey siit near the surface then
changes to a dark grey organic silt. MNumerous organic fibres
are sixed in the silt-sand deposit,

Natsr content ie about 33X and the umit weight betwees 116 snd
119.5 pcf. The organic content is about 15%. Trisxial quick
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(s)

(b)

(c)

Coriinued :

tssts gave shear strength vesults of 373-330 pef. Oune comsoli-

dation test on & sample from 8 depth of 5'-0 geve & compressice

index of 0.32 and the coefficient of consolidation, vhich is

;L::t constant for the renge of ioads appiisd, is 0.06 im,
ute.

ilooss gravel and coarse sand:

Below the alluviem 15 & 1.3-2.5 ft. layer of grey well-graded
gravel and coarse sand. This stratus was encountsred i most
of the boreholes immediately above the clay stratum. Io some
cages clay wes aixed in the granular soil.

ScLlff Rodiich-browm cley:

A thick iayer of etiff reddish-brown cley covers the site with

the exceptior of one srea in the vicinity of borehole 8. The clay
layer was ancountered at slev. 617 at the west dank =nd it
terminsted at elev. 586 and 570. On the Soucth ¢id ° the
centreline, the river has aroded the clay tovs th. . -8 of only
4-6 ft. {n the sain channel. Along s line 25 ft. south of the
centerline, the ciey-till contact is generslly between clevations
SIA* and $86. However, slong a line 2% £t. north of the centerline,
the sane contact is between elevations 587 and 373.

The wet unit weight of the clay ranges from 108 to 129 pef with
the majority being iu the rangs of 116-120 pcf. HNatursl water
contents averags adout 32%, the plastic limit about 211, and the
Iiquid limit between 34% and 50% with some layers as high ss 62.6%.

Vane shear strangths are in the rangs of 1000 pef st the top of the
stratum to 2200 pef st the bottos. The incrsase in shear stremgth
would indicate that the clay has & Cv/p ration of about 0.3 below
the dessicated top crust. Shear strengths obtained from unconfined
compression tests sgread favorably with vane tests excspt when the
clay was varved or contained numerous cosrse send and gravel par-
ticles. The sensitivity of the clay from insitu vene tests is
commonly between 3 and 5 but some results were as high as 9.5.
Remoulded shear strength was measured after 10 complets rotations

of the vane,

The coampressive indexes for the clay detemained by consolidation
tests are as follows:s=

Borehole Seaple Elevation  Compreséion Index

13 1 - 608 0.76)
Jdes: Bank

i3 2 597 0.58)

)

5 i 590 0.405)
Jriver Best,

i0 2 585 0.37)
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. Results of two other tesis, borehole & semples 4 & 5, are not
considered relisble oince ths e-log p curvs suggusts that the
samples were much disthrded. Preconsolidation pressure deterninad
by the Casagrende construeticn suggests that the prelosding prassurd
was in the rangs of 2.4-2.8 tons per sq. ft.

{d) Very deuse bouldery till:

A very dense till containing numerous disbsse stounes and

boulders in @ matrix of sand, eilt and grevel underiies the clay.

1t was necesssry o drill with diemond bits or impregnated shoss through
this ;ill. Spiit spoon sampling was attempted but oo recovery wes
poseible,

{#) Bedrock:

A sharp demsrkation between broken rock or boulders end bedrock

was difficult to establish, Within the valley portien of the

site, bedrock is a soft greenish-grey greywacke. It vas fractured ..’
end fissured at the top. On the south side of the centeriina, large
diabase boulders snd fractured disbsse rock was sncountered. Grey-
wacke was roached 2t the boreholes near the east bank.

8. DISCUSSION:
. (a) Embaniment Stability:

i) West approach:
The embankment was constructed to grade defore the investigstion
wag rcarried out. There ic no esvidence of instability of the
approach or the adjacent banks. Slope of the natural banks

is much steeper than the fiillsiope.

A cursory stability anslysis of the existing fill slope was
msde. The results indicate that the factor of safety is in

excess of 1.5,

ii) Bast approsch:
it was sssumed thet clay fill material similar to that found

in che area would be used in the embanlment. 7t was {swther

essuned that the fill would be placed directly on the alluvium

having slopes of 2 on 1. Using an estimsted vaiue for cohssion

in the clay fill of 300 psf and excluding frictionsl resistance,

the factor of safety is in the order of 1.3 to 1.5 for a slide

confined to the allumium. 1f the fill is constructed over &

period of about i webk or more to proposed grade {elev., 623},

the faccor of safety would incresse slightly with time and wouid

therefore be sufficiently stable. Close fieid comntrol is suggested

to ensure that the minimum insitu saear strength of the fill {s at

lesst 300 psf or more, due to cohesion of the equivalent in frictional
i resistance as required in a szability enslysis. The factor of safety

for & degp-seated slide within the clay stratum is over 1.5,
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i1)

(b)

(e)

Continued :

Total sottiement of the fill is predicted to be {n the order of 1.6 te
2.0 fc. with grade at elev, #23, Settlemsnt due to conselidatica of
the alluvial stratum sloas i3 sbout 1.3 ft. Most of the provictad
settloment will take place within 2-3 months but 4 seall percestage
wvill continue over & period of 1§ yeses.

Yest abutnant:

4 shellow depth ~Lutment supported in the stiff clay is ome poesibility
for the West ssutment, The safe bearing cepecity for spresd footings
placed betwaen slevations 615 and 610 is only 3000 pef. Ssauming that
the footing width is about 5.0 ft., and the doad losd presure i¢
limited to 2000 paf the predicted settioment i3 in the ordes of 3 to &
inches. This, of cocurse, would require remedial medsures to Che
approach span to correst for the settiement.

An alternative is e pile-aupported small stutwent with the b~y
piles driven to ths very dense bouldery tiil.

The ultimete capacity of a friction pile based on veightid vane shear
strength values is about 3.5 kips per foot of eabadded depth in the
clsy. Secttlement of the entirs pile growp would however, stiil de
excessive for & pile less then 25 ft. in leugth.

River Piers:

Two major considerations entsar into the design snd construction of the
piers. The first is the choice of foundation. Ssfe bearing capaciity
of the clay is less than 2000 psf for spread footings esiablished in
it., Theve ig the added problem of excessive sattlament and pertice-
larly differential settiement of the pier in 2 diruction perpendicular
to the bdridge cemterline, The clay stratum is considersbly desper

or the upstresm than on the downstress side of ths bridge.

The second consideration is the depth of scouriny. On the upstresn
side, the viver has eroded the clay to as low as elev, 381.7 at
boreholr 6. The viverbed depositks laid subsesumtly to eycaion are
very losze and ar. susceptible te scouring.

it mey be desirable to use a combination of mass concrete and besring
pile foundations. The msss conctete foundation would rest directly
on the bouldery till on the dow..stream side of the senterline and

as the depth to till became excessive, besring piles would be used,
Although @ direct evalustiocn of the safe bearing capecity of the
bouldery till could not be made, 2 safe bearing pressure of 000 psf
msy be assumed, Heavy scour protection is suggested. This =may taks
the form of stee! shest piling around the pier footings or thick
rip-rap protection for “ooting embedded in the clay strastum or a

combination of the two.
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(4) Rast abutasat:

As outiined under river plers sbove, the clay or the ovarlyiag slluviwm
is not suitable for supporting wpresd footing foundstions. A pile-
supportsd abutment is requires. In view of the bigh total settlicmant
due to the weight of the approach fill (when placed directly en the
alluvium), ¢ 1s sévisable to place the fill sbewt 2-3 sonths prios

to construction of the edbutment. This will bave the beceficisl effect
of most of the settlement being coupleted bafors the sbutment is in
place and thus svoiding the probedilicy of negative skin frictiom

and adhssion from the alluvium and fill meterisl overstressing the
bearing piles.

Bither & spill-through abutment or A shallow depth pile -supporead
abutasct ssy be uged. The latter say prove sors psaceical and
economical. However, this is left to the structursl eagineer's
discretion, Bearing piles, regardicas of type, are nol expected
to penaticts very far into the very demse bouldaxy eill.

Stone vip-rap protection on the slope and the upsiress side of the
spproach fill is requized. At the toe of the ¢lope vhere fine #ilc
and sand is deposited, hesvy rip-rap protection is required.

9. CONCLUSIONE AND RECOMMEMDATIONS :

e et W A Ge Ay W SRS

The borings revedled thet & very dense bouldery till overlies bedrock

and broken rock. Blevation at top of the till stratum on the up-
stroam eide is 563.2 &0 573.3 with s genersl elevation of 568+, On
the downstream side of the centerline the till was ancounterad betwsen
elevations 585.3 and 579.4 with a genarsl elevation of 583.58.

A 3tiff reddish-brown clay covers the till with some alluvial da-
posits above it in the east flood plainm.

The clay has & low besring capacity and seitlemant would be excessive
under comparatively low basaring pressures. Pile foundations ave
recommended throughout. BRearing piles will stop on or within the
bouddery till strstum. A thick layar of river deposits lines the
river bed. Scour protection is necessary for river plers and stons
rip-rap or other forms of protection is racommended for the approsch

fill slopes.

Approach fill st the west abutment (u.S. side) is completed to grads.
The embsnkment is stable. A stability analysis of the east spprosch
smbankment revealed that a fector of safety in the rangs of 1.3 vo
1.5 is available when the fill is placed to grade directly om the
alluvial deposits. Close field control is suggested to assure that
the sinimum shear strength of the fill materisl (supposedly clay)

is 300 pof.
iw
It is recommendrd that the west approach £ill be pisced about 2-3

months prior to shutment comstruction. Within that period of time
most of the predicted 1.6 to 2.0 ft. of settiement will save taken

place,
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Continved ;
This would hove the effect of minimizing the prodebility of nepative

skin {rieticn dewslopisrg emn the piles ; and the sbutment sfter the
sbutmont fs construstsd, The dekring piles should be pre-corsd
through the f11l msteris! perticularly Lf comstruction is started
vith & consolidation period of 2 months or less.

It the 2-3 moanth paricd of consolidstion 1is wet desirsble, or for
other ressons, poesibly that the minimus shesr strength of the clay
f111 could not be guarantesd, the alterastive is to remove the
slluviua o the gravel and ssnd strats owerlying the clay. Ssttle-
ment dus to econsolidetion of the clay slone {s predicted to be in
the order of 4 to 7 Zaches. The veristion inm predicted settlement
i# due to the diffezrence #n thickness of clay perpendiculsr to the
centeriine of the highway.

In all probability sheatpiling cofferdams will be required to
coaptiuct che river piers. In view of the scour protection
neceassery, it may be sdvisable to lasve the cofferdam in place
for that purposs and they may also act as iee breikers protecting
the pier shafe,
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