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CEPARTMENT OF HIGHWAYS ONTARIO

MEMIORANDUM
To: Mr. A. Stermac From: G.C.E, Burkhardti,
Principal Foundation Eng.,
YMaterials & Research Secticn,
Lab. Bldg., Bridge osivision,
Dare: November 13, 1962,
Oue Fue Rer. #BA1531 In REPLY TO
Sussecr: County of Laabton,

Bridg=s over Bear Creel,
Moore Twp., Lot 16, Son I,
Sombra Twp., Iot 17, Con XV,
Structure Site #15-158

Attached please Tind one copy of the Foundation
Peport, by E. M, Peto Associates Linmited, lor your
sonments.,

(oI

The proposed bridge is a continuous three-span
structure with an overall length of about 160 feet,
The superstructure cornslists of steel beams and con-
crete deck supported on concrete abutments and con-
crete pilers., The structure is founded on 14BP73
“.Piles, drivern to EL-34+.

sould 13 tc approve the plans before the end
of onth and we would appreciate it very much,
iz ould have your comaments within the next two
T &
for ¥.I.. Kleinsteiber,
GCEBR/Em Municipal Bridge Liaison Engineer.



¥r. 4. G. Stermac,

Frincipal Foundation Engr.,
Foundation lectlon,

Haterials & Tesearch Division.

November 15, 1962.

cunty of Lambton,

firidge over Bear Creek,
Lft lé Con. I,

an. XV,

we have reviewed the above report, and
herewith subsit ocur comments Tor your consideration:

Fel
et
»
lad

o 23 not praovan in this investi-
‘e, & degree of uncertalinty will be
: ing piles are used, Tecause cf the
oD ence and Tindings in this area, it is
yer s assumpticng are correct.

It appears to us that a certain alsunder-
standing iz invelved in the reccmmendation that pile driving
te interrupted to allow for the dissipation of bul‘t up
scre prassures 1f drivinz becomes excessively difficult
in interruptlon in this particulsr soil would cause an in—
crease - nct & decrease - in bearing capacity and, therefore,
ipterruptior of the pile driving cperations should not be
allowed.

Sheuld there be any cther questions you
would like %o édiscuss, please feel free tc call on our
ITfice.

,tefméb,

I -
"CINTATIOH SHGINSLE
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E. M. PETO ASSOCIATES  LIMITED

1287 Caledonia Road,
Toronto 19, Ontario.

QOur Job: Number 521356 RUssell 9 - 1126,

September 20th, 1962,

The County of Lambion,

¢/o0 3. A. Monteith & Asacciates, Lid,,
Congulting Engineers,

P. 0. Box 579,

Petrolia, Ontario.

9

Attention: Mr. V. W. Ingram, P. Eng.

Gentlermen,

Soil Site Investigation
Township Bridge No. 10,
Bear Ureek

We have pleasure in submitting three copies of cur Report
Number 62136 on the zbove site investigation. One additional copy has
been forwarded directly to Mr. O. 'van Deurs, Lambton County

Engineer.

The allowable bearing capacity under bridge piers, if supported
on spread footings, would be limited to 1 ton/sq.ft. As this may prove
ingufficient for an economical design, we have directed our analysis
mainly towards a pile foundation, and both end-bearing and friction piles

were considered.




PAGE TWO

The end-bearing piles would obtain excellent support in the

stratum of extremely dense, gsndy silt with broken shale, which was

_black shale bedrock was not reached, but it can be assumed to

commence within 5 to 10 it below the surface ¢
IS, - e = o s o e ST o g
silty stratum

the extremely dense

o e e

encountered at a depth of 115 ft below the existing embankment. The {

i the p:aés are supported ai or below the depth of 115 ft, the
bearing capacity would be very high, with negligible gettlements. How-
gver, E0me diﬁieult{y may be experienced in driving the piles {brough
the whole thickness of the clayey till stratum, and preboring mayprove

economical.

in our cpinion, hgwever; there is no need for end-bearing piles,
which would have to be over one hundred feet long. Satisfactory support
for the bridge can be cbiained by tbe use of friction piles supported in
the clay HI siratam, and a suitable level to which the piles should be

driven is the zone between elevations 0 and + 20,

Consideration could be given to supporting the piers on piles

ard the abutments on spread footings.

s



PAGE THREE

We believe the Report to be comprehensive within your terms
of reference. Powever, we would gladly provide additional apsistance
should yon wish to discuss further any of thepoints, and we would wel-
come ‘' an opportunity to re-examine the bearing capacity and settiement

aspects when a foundation design will be available,

Yours very truly,

E. M. PETO ASSOCIATES LTD.

E. M. Peto, P. Eng.

RK/ap



TEE COUNTY OF LAMBTON

C/0 J. A. MONTEITH & ASSOCIATES LTD.
CONSULTING ENGINEERS

SOILS RBPORT
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MOOCRE AND SOMBRA TOWNSHIP LIME

E. M. PETQC ASSOCIATES LTD.

1287 Caledenia Road,
Toronte 18, Ontario,
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a, INTRODUCTION

The work described in this report was auvthorized verbally
v Mr. O. van Deurs, Lambion County Engineer.

y The site is located on the Moore-Sombra Township Line,
approximately half a mile east of Ne. 15 S8ide Road, Moore Tawnshipe An
existing narrow bridge, of steel trusses and of approzimately 107 ft span,
i3 inadeguate for present day traffic, and the abutments show coasiderable

¢racking.

The new bridge is visualized as consisting of ihree spans,
the centre span being 60 ft long and the side spans 48 {t each. According
to the information obtained from Messrs. J. A. Monteilh Associates Lid.,
Ccnsulting Engineers, the fotal weight of ihe bridge is anticipaied io be
§80 tons, of which the abutments will be 200 tons each and the piers 290 tons
each. In addition, a total live load of approximately 200 tons is to be allowed
for. |

On the basis of preliminary information obtained from the
test holes, it became apparent that the subsoil under the plers is not cap-
abie of withstanding concentrated spread footing loads in excess of 1 ton/sq. ft
which could render this type of foundation economic; the site investigation
and soil mechanics laboratory work was therefore directed to establishing
information required for the design of a piled : foundation. However, spread

footings are also considered in the report.




B. GENERAL INFORMATION

i. Positions and Begths of Test Holes

Two test holes were drilled at the site, in the positions
chosen and set out in the field by Mr. V. W. Ingram, of J. A. Monteith
Associates Ltd., Consulting Engineers, who also provided ground
elevations at thepositions of the test holes and a drawing showing the
site plan and centre ling preﬁle{})rawiag No. B-1907),

It was believed that the subsoil in the area consists of 2
stratum oé/ciayey till, of generally firm to goft consistency, and approxi-
maiely Qavfee%. thick. The clayey till is overiain by some alluvial deposits
and backfill, and resis ou top of 2 layer of exiremely dense sandy silt
with broken shale, which i8 approximately 5 to 10 £t thick and i8 followed
by 2 black shale bedrock. The surface of the shale is known to be approxi-

mately horizoatal in the area.

Or the basis of these assumptiﬁnsjtest hole 1, put down
on thz west side of the cresk, was aimed at proving the silty clay till
gtratum and reaching the extremely dense silt with broken shale or the
shale bedrock. In fact, the till was found o~ _pontinue to a depth of
115.2 ft below the existing grage; the extremely dense sandy silt with
broken shale was encountered at this depth and was proved for a further

1.5 it,whereupon the test hole was terminated.




B? GENERAL INFORMATIOM - Cont'd

Test hole 2, performed on the east side of the river, was
taken aonly sufficiently deep to prove a uniformityzgupper portions of the
pilty clay till siratum, and was terminated at a depth of 61.5 it below
the existing grade,

Beth tegt holez were located a short distance towards the
cenirz of the bridge from the proposed new abutments, The Client did

nct reguire test boles at the positions of the piers.

2. Ground Elevations

Groundg slevations af the existing grade were measured

by the Consuliing Engineers, and supplied to us on Drawing No. B-1807.

The ground levels at test holes 1 and 2 were 82.4 and 76. 8
respectively. Theae elevations are referred to 3 temporary beach mark,
of agssumed elevation 100.0, the position of which is known to the Consuliing

Eanginesrs,

3. Drilling Operations

The field work was carried out by our drilling unit No. 8

ketween Juiy 30th and Auguest 8th, 1962,

QCur gtandard drilling and sampling procedures were followed,
as ouilined in the enclosed Appendix "A", BX and 4 inch diameter casing

was used ag reguired.




B. GERNERAL INFORMATION - Cont'd

Details of the soil conditions found within the test holes
are ahown on the enclosed borehole logs. A simplified soil profile,

deduced from the logs, is included on the appended drawing.

4. Boil Tesiing

Standard penetration tesis were performed at regular
intervals in both test holes; the regults are entered on the borehole
iogs, which alsc coniain moisiure contenis , delermined on standard

split spoon sambles of the scil.

The penetration resistance and moisturs content dis-
iribution is plotted againgt ezevai‘.ioa, together with other geotechnical

preoperties of the subsoil, on the enclosed drawing,

Vane iegte were performed in test hole 1 at 3 depth of
5C £t and in test hole 2 at a depth of 38 fi, and the results are included
in Appendiz "B", Within thig approximate depth, the clay was found
t0 be sufficiently fres of pebbles; lower down Jowever, the pebble con-
tent was generally high, the pebbies fraguently exceecing 1 inch in
diameter, g0 thai vane tesis would probably overestimate the true

shear sirength of the clay.




B. GENERAL INFORMATION - Cont'd

b} Laboratory Tesis

The following tesis were periormed in the soil

mechenics laboratory:
Moisture conienis determinations
Atterberg Limiis,
Particle size distribution,
Unconfined compression {esis, undisturbed
and remoulded, with volumetric analyses,
Undrained iriazial compression tests for
determination of Young's Modulus,
Consclidation testa.
The goil identification tests were required in order io
determine {0 what extent the siliy clay till stratum ean be considered
a3 uniform and what reliance can be placed on the established shear

strength proiile when calculating the beaving  capacity of piles.

The rezniis of the dbove tests are included in Appendix C",
while the variation of the main geotschnical properties with depths s

pletied on the Drawing.



C. SITE and GEOLOGY

The site of the proposed Township Bridge No. 10 is
located on the Moore-Sombra Township Line, approximately one half
mile east of No. 15 Side Road, Moore Township. The site is located

aporozimately 4. 6 miles south-west of Bridgen.

The Bear Creck, which flows in a northerly direction
at the site, is approximately 75 feet wide and SAft deep at low water;
(ow water elevation 64.0 +)ander flood conditions, the high water
ievel rises to elevation 72.0 + , which is aimost level with the

existing bridge deck.

The ground rises o the west of the existing bridge,
while {0 the east the grade falls several feet and the road swings to
the gonth. The terrain, ;:articuiaﬂy to the cast of the bridge, is

dengely wooded,

The road on which  ths exéstiﬁg bridge ie sitvated
has an mnimproved, dirt surface.

Gegologically, ithe area is located within the 8¢, Clzair Clay
Plain, whare glacial processes have deposited a mantle of clayey till over
a shale bedrock. A laver of extremely dense silt and sand with broken
shale intervence between the clay till and the bedrock, and ﬁrequenﬂy
containg scme natural gas. The deepest test hole, No. 1, was terminated
at a depth of 115. 7 £t in thedense siit stratum, and it can be assumed

that the shale bedrock is located only a short distance further down.



D. SCIL CONDITIONS

Dstails of the soil conditions found in the test holes ars
described on the appended borehole logs. A simplified subsoil profile

is plotied on the enclosed drawing, in the form of z section through

the iwo test holes.

The subsoil can be divided broadly into the foliowing

strata in the order of occurrence.

{8} Silty clay fill
{b} Layers of brown siliy clay, or
sandy and clayey siit
{e) Grey silty clay with pobhles {clay till}
{d) Extremely dense gsandy silt with
broken shala,

By interpolating belween results of tost holes, as on the
s ncloaed soil profile,it would appear thai the creek bottsa;{ls iocated
near the top of the grey glityciay stratum. Howsver, it is very iikely
that, in actual fact, several feet of the material have bsen ercded by
geouring below the creek Dotiom and replaced by siream-car ried deposits
of sand and gravel, which may also contzain organic matter and mud.
The depth of such izyers is unknown 38 no tesi holes wo. e perfirmed at
the creek itgelf, but judging {rom our cxperience on other sgites, the

exact thickness of such degosits is not important.,




D. SOIL CONDITIONS - Cont'd

The geotechnical properties of the various soil types
listed above will now be described in turn. The properties of the
grey siltyciay till were studied in some detall, since this stratum
would be reguired to support friction pile foundations.

aj Silty clay fill

Both test holes werc pui down from the shoulder of the
existing embankments, which were found to be built up of a silty clay
with somepebbies, obvicusly derived from fe deposit of silty clay tll,

which forms the main overburden over bedrock in this area.

The depth of the fill appeared to be approgimately 5.3 fi
in fest hole 1 amd 10.7 £t in test hole 2. However, the exact boundary
beiween the {ill and the original surficial weathered layers of subsoil
ig difficuli {o determins, becauvse of 2 similar sppearance of the two

materials.

The fill was of & brown or mottled brown and grey
zolour and of generally firm or stiff consigtency. Standard penetration
teet resulls were in the range of 16 to 22 blows per foot. Water con-
tents ranged irom 16.4% to 23.5%. The material was very weathered
and figsured, and coutained some organic matter in the fissures. The

fisgures were formed by crzeking during the drying cycles.



D. S8S0OIL CONDITIONS - Cont'd

b} Brown to brown-grey, silty clay or sandy and clayey siit

The above described fill was found to restontopof a
stratum of silty clay with some pebbles, which forms the upper,
desiceated crust of the clay till siratum, or on layers of sandy and
clayey silt withk someplant roois and layers of clay, which may

hzve originated 23 marsh deposiis on the side of the creck. Generally,

these layers were variable, Tizeyexte:é&t to 2 depth of 22. 7 fi (elevation 59.7)

in test hole 1, and ic 17. 8 {elevation 61.0) in test hole 2; the grey silly

clay till followed at the above slevaiionas.

Becavse of variability of the gurficial deposits, the
description of individual 2of! samples entered on the borehole logs
should be conaulied. Generally, the density was Hrm or stiff, with
standard penctration test resulis in the range of 13 to 18 blows per foot.
The cxception was a much softer layer in test hole 2, between the depth
of 14.7 ff and 17. 3 §i, where a layer of very soit sandy ciay was en-

eountered, with a modure conteat of 25, 6% and 4 blows per foot standard

penetraticn resistance,

An Atierberg Limit tesi was performed on a typical
gample of the brown clay from 2 depth of 13 £t in test bole 1, and the

iollowing resulls were obtained:

Liguid Limit: 50.7% Plastic Limit: 22.4% Plasticity Index: 28.3
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D. S8SOIL CONDITIONS - Cont'd

The nzatural moisture content was in the range of 21.6% to
28.1%, i.e. in the lower part of the plastic range of the material,
corresponding to a generally firm or stifi consistency. The liguid limit,
however, was éaasiéerabiy higher than of the underlying, main body of
this ailiy elay 811 stratum, and may have been caused by chemical action
agsociated with surizce water percolation through the fissures to the

water table, and - by the organic content of the material.

¢! Soft io firm grey silty clay 'with pebhies (Clay till)

Thiz material forms the main overburden over the black
ghale bedrock in the avez. ¥t was encountered at the depth of 22,7 it in
test hole 1 {elevation 59.7) whiie in test hole 2 it was reached at a depth
of 17.8 it {elevation 61.G).

The above level of surface of thiz stratom marks the
boundary Witk  the overlying desiceateg portion of the clayey till,
of mottied browa colovr snd generally firmer consistency. It corresponds .
roughly to the low water level in the stream, and theboundary between
the brown and the grey clay can be 23sumed as the  'phreatic gurface in

the subsoil,
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D. SOIL CONDITIONS - Cont'd

The silty elay till wae fouad to continue to a depth of 115.2 ft
in test hole 1 {elevation 32. 8), where it was followed by the extreme}y dense
sandy silt with broken shale, which is known to overly the shale bedrock.
Test hole 2 was terminated in the grey silty clay til at & depthof 61,5 £t
and its lower boundary was not reached. However, from our experfence
at otker sites in the area. it can be coacluded that the thickneas of the .
clay £ili {approximately 93 £t} is vniform at the site.

The mein gectechnical propsrties of this stratum, as
affecting the design of bridge foundation? will now be'described in turn,

1. Composition, Plasticity apd Consistency

Although the grey ailty clay il stratum can be considered,
from the geclogical point of view, (o form a single entity, in fact zones
with somewhat varyiag characteristics were identifigd.

The varistion of thepropertics with depth can, tc some
ezient, be cbserved on the Drawing, where standard penetration test
results, water contenfand Atterberg Limits, and the undrained shear
sirength have been ploited againet - the elevation. The following 2ones
in the siily clay till were identified.
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D. BSOIL CONDITIONS - Cont'd

{1 In the upper portions of the stratum, i.e. between
elevations-60 and.40 the material was gmérauy of soft to firm con-
sistency, with standard peneiraticn test results in the range of 8 to 15
blows per foot and 2 motsture content varying from 20.5% to 28.6%. I
thia zome the clay contained grits &dp%leg, some up to 1.9 inches in
dismeter; however, the pebble content appeared to decrease with depth.,
Three typical grain size distribution curves, plotted on Fig. 1a, indicate
that the material contains approxzimately 50% of clay, the remainder
being mainly silt with some {ing gand.

The plastic properties are illustpated on the Drawing:
the Liquid Limit was between 40.5% and 42.5% and the Plastic Limit
betwesn 19, 4% and 26%.

{i1} Between the elevations«40 and approzimately.20, gtandard
penatration {est reaulis were found to inc:ease with depth, the average
rising from azbout 13 to 20 Liows per foot; at the same time, thereis a
tendency for a decreasing moisture content, althongh the scatter of
regulis is very considerable. Tha plasticity properties are approximately

similar asg in the higher gone.

However, this layer appeared to contain very few pebbles;
also, the structure in this zone was laminated, and some thin gilt seams
were observed. ~
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D. BSOIL CONDITIONS - Cont'd

{1i1} Between the approximate elevations+20 and - 25, the

clay again coniained pebbles, and was somewhat less plastic,as shown

by the decrease of Liputd Limit with depth. A general tmdéncy for

ar increase in standard penetration resistance with depth is observable,
although the resulls are very scattered; bowever, the average of the
resulis reaches about 30 biows per foot at the elevaton ~25. Grain

size distaiution curves on two typical samples of the material con-
taining more pebbles and less clay ave inciuded on Fig. 1b, Appendix "B",

{iv} Betweoen the zpprozimate cievation - 25 and bottom of the
strainm af - 32. 8, the clay was found io be again more plastic, (Liguid
Limit rising to 41%) and was again laminated and contained fewer pebbles.
The moistire content - In this lowest layer was found to increase con-
giderably to as high as 352.9% and 54.0%, while the standard penetration
tesi regulis fell io 22 blows per foct.

‘The above varistion ofproperties with depth was probably
cauged by different depogition environment. In addition, a scatter of test
resulis within each of the above broadiy defined zones indicaies a gen-
erally keterogeneous character of the stratam.
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D. BSOIL. CONDITIONS - Cont'd

2. Shear Strength

The undralned shear strength of the silty clay till at
various depths was measured by unconfined compression tests, the
resuiis of which are tabulated in Appendix "B". The resulis are
also plotied against elevation on the Drawing; 2 very cousiderable
gcaiter i3 observed and between the elavations 61 and 20 the shear
strength 15 in the range of 350 and 1300 lb/Bq. ft, though the lower
limit of mosi of the resulta is 800 Ib/sq. it.

It coxid be expected that the undrained shear strength
prozile woeld be similar to the variation of standard penetration test
resistance, water contents and plasticlty, as was described in the
previcus ssction. However, due to the scatier of the shear strength
test resulis, . no distinct patiern ! distributionof the strength with
depth is cbservable above the elevation 20. Below this level, there
appears to be 2 consistent Increase in sivength, which would correspond
o the observad high standard penetration resistance and lower moisture
conienta and plasticity, between the approximaie elevationss20 and - 15,
In this zone, the average undrained shear sireagth of the clay can be
taken a3 1000 1b/sq. £, and this +2lue can be used in calculating the

point-besring capacity of piles driven io elevationse20 to 0.




D. SOIL CONDITIONS - Cont'd

No information §s available on the shear strength of the
clay in the scit ' layer between the approximate elevations - 1§ and - 32.8,
as no endisturbed samples of the ciay were recovered from thig depth.
However, from our amagsed relationships between undrained shear
strength on the cpe band and the water content and standard penctration
test resulls on the other hand for a similar silty clay Hi1i in {his part of
Lambion County, ths tadrained shear stre.agtl; of this lowest 2ou¢ of the
stratum can bs assumed as 500 io 700 ib/sq.ﬁ.

A number ofunconfined compressinn {ests were carried
out on remoulded samples of the clay, and the resulis are tabulated,
together with the corrssponding ungisturbed strength, in Appendiz "B".
B will be obasrved that the seneitvity was generally in the range of

"1 t5 2. In the lower and less plastic portiorns of the stratum, where the
average undrained shear sirength was of the order of 1000 Ib/sq. §i, the

sengitivity was near unity.

The skin friction component of bearing capacity of pites
is calculated oa the basis of adhesive strength of elay onpiles. For
caiculating the adhesion, we adopted the relaticnship between the un-
drained shear strength and adhezion of clay on piles proposed by
M. AJ . Tomliugso., as presented in the Proceedings of the 4th Iﬁternational
Conference on Soil Mechanics and Foundation Engineering, London, 1857,

{"The Bearing Capa city of Piles Driven in Clay Soils").
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D. BSO0OIL COMDITIORS - Cont'd

The percentage adhesion and the adhesive strength of the
clay ars iabulated for each result of unconfined compression test on the

test data sheets ir. Appendix "B,

The average value of adhesion was found to be 639 Ib/sq. ft.
For the calculationof the skin friction component of pile bearing capacity
we propose to adopt the weighted value of aghesive strength of clay of
650 1b/eq. {t throoghout the clayey tili siratum below the elevation 55 for the
esse ofipiers and 65 for the case of s}mtments Above these elevations, we
congider that any adhegive component shouid be neglected, due {o the
possibie scouring of piles supporting the piers and becauseé of possible
tension cracks through the brown, desiccated crust of gilty clay under the

sbuiments.

3. Compressibility

As the bridge will probably be supported on piles, we have
ouly carried out consolidation tesis on two samples of  the siliy clay till,
{rom the lower portions of this stratem. The results, in the form of void
raiio - log oregzare curves, are included In Appendix "B" on Figs. 2a and 2b,
From these tests, and on the basis of our amassed values of compresasibility
of the clay till in the arsa, it is preposed to employ + average values of
coefficient of volume change, m, of 0.00758q.1/ ton , between
cieva-tons + 20 and -15, and 0.015 sq. ft/ton between elevations -15 and
tus bottom of the stratumyior the calculationof consolidation settlement
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D. 8O0OIL CONDITIONS - Cont'd

of the friction pile foundation.

'Zl_’farﬁ triaxial compresaion tests were performed on sam-
ples of the silty clay till to determing the moduius of linear deformation
(Young's modulus!. The results of the tests are included in Appendix "B",
The miculus was 69.5 tons/sq. £t at the depth of 55.5 £t and 110 tons/sq. ft.
ai 2 depth of 83.5 ft.

d) Exitremely dense silt with fine sand and broken shale

This stratum was reached at a depth of 115.2 ft in test
hole 1, {elevalion-32.8). It was not reached in iest hole 2, which was

terminated at a considerably higher level.

This extremely dense stratum, in which®standard penetration
test resulf of 122 blows per foot was recorded, is known to separate the
overlying 8ilty clay till from the black sbale bedrock. This layer at other

gites in the area was found to be roughly 5 t0 10 £t thick,

The material is of dark grey to black colour, and consists
mainly of silt mixed with fine sand and angular fragments of broken
shale; the silt and sand 2lso have the form of powdered shale. A moisture

content of 16.1% was recorded in this deposit.
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It can be assumed that no softer layers exist between this
stratum and the underlying black shale bedrock, which probably commences
a short distance below the botiom of test hole 1.

E. WATER CONDITIOAS

Both test holes were put down from the existing embank-
ment and at eome distance away from the cresk. The suhsoil consisted
of clay till of very low permesbility and no significant seepage into test
holes occurred while the holes were open. The ground water table at
tke gife can be assumed as controlied by the average water level in the
creek,

Judging by the change from the desiccated, brown portion
of the sility clay tili stratum to the grey layers, -ghich commenced between
the elevaticns 55.7 and 61.0, the phreatic surface is located approximately
at this level.

The extremely dense sandy silt with broken shale, which
underlies the giity clay ¢ill stratum,at other sites in the area has been
found to coniain ground water under a slight artesian pressure, and zigo some
natural gas. At the present site, however, no artesian water was reported,
although wash water was used for advancing the test hole below a depth of 78 ft.

The wash water interfered with measurement of water level in the very dense

gilt stratum.
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1. Summary of Subeoil Conditions

Both test boles were put down from the existing embank-
ments, and the subsoil was found to consist of a stiff , siity clay fill to
a depth of 8.3 ft in borehole 1 and 10.7 ft in borchole 2. The fill was
followed by mottled brown and grey silty clay with pebbles, and layers of
sandy silt, the deansity and strength of which progressively decreased with
depth, and which exiended to a depth of 22. 7 £t in borehole § and 17.9 ft
in borehoie 2.

A stratum of soft to firm: . grey siliy clay till followed,
commencing near the clevation 61. This materisl forms the main over-
burden over the shale bedrock in the area. Thig stratum was approzi-
mately 92 it thick, aund restedon topof 2 deposii of extremeif dense
sandy silt with broken shale, which commenced at the elevation - 32.8,
The deeper test hole, No. 1, was terminated in the latter material. From
information obizined at other sites in the area, it is known that the
extremely dense sandy s8ilt with broken shale layer variag in thickness
from 8 to 10 £t and rests directly on top of the black shale bedrock, the
surface of which is known to be practicallyiorizontal in this region.
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The average strength of the silty clay til! can be taken as
approzimately 850 Ib/sq. ft between the elevations 60 and 20 and 1000 1b/sq. ft

between elevations 20 and ~ 158,

The adheslive strength of the clay for the calculation of skin
friction component of pile bearing capacity can be taken as 650 Ib/sq. ft
throughont the grey silly clay till stratum, i.e. between elevations 61 and
- 82.8.

The distribution of geoiechnical properties of the subsoil

with depth ' is shown on the Drawing.

The following typescf foundations for the new bridge will
be considered in turn:

Spr2ad footings,
End-bearing piles,

Friction piles.

2. BSpread Footlng Foundations

While the footings for the zbutments, if located
sufficiently far back from the charnel, could be placed o; the stiff
brown crust of the aiity clay till, spread footings for the support of
piers would have {0 be located in the upper parts of the stratum of soft
to firm grey silty ciay till. In order fo protect the fo_otings against
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poesible scouring, the footing level would bave to be at or below the
slevation 55.

Assuming that the shear sirength of the silty clay till
under the crsek ig the same ag in the test holes located on the banks,
the allowable net bearing capacity of footings placed near the él evation
50 to 55 would be approximately 1.0 ton/sq. ft, if 3 -factor of safety
of three i employed. However, the clay may be softer under the river.

According to information received from the - Consulting
Enginecrs, the weight of the piers would be 290 tons each,whiie the
tofal live load of the bridge i expecied to be approximately 200 tons.

Assuming that the total dead and live load supported by
the pier fooling amounts o 352 tons, a footing 35 ft long and 10 ¢ wide
or 30 £t long and 12 ft wide would be required to limit the bearing

pressure o 1 ton/sq. ft.

Consolidation tests were not performed on samples of
clzy from the upper portions of the stratum, but from our cxperience
at other bridge siies in thig area, the fotal theoreﬁcal settlement of
the footing desigred with above dimensions and loading can be expected
fo be of the order of 1.5 inches.
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Should the Client seriously consider adopting spread
footing foundations, we would recommend that additional test holes be
performed at the actual pozitions of thepiers in order {o:
i} determine the depth of river-deposied
materiais, indicating the depth of scouring,

if) compare the strength of the clay under the
river to that measured in the two present
test holes performed from the banks,

iii} obtain samples for consclidation tests for

the prediction of gettlement of the piers.

The adgitional test holez would need to peneirate only fo
elevation+30, approximately.

if the abvimients are piaced sufficlently far from the
slope, they could probabiy be designed for a pressure of approximately
1.5 ton/aq. £, for footing elevations between 70 and 75, i.e. in the
desiccated, browniayers of siity clay. To this value, an overburden
component equal io the least weight of final overburden above the

footing level couid be addad.
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3. EnJ-bearing Piles

The problem of settlement of the bridge would be practically
eliminated ¥ the foundations were supporied on piles resting on the stratum
of extremely dense sandy silt with broken ghale, which commenced in
test kole 1 al 2 depth of 115.2 fi {elevation - 32, 8); or if theplles were
driven to the shale bedrock, which is likely o commence not deeper than
elevation - 40 or thereabouts. However, because of the exiremely dense
nature of the sandy silt with broken shale stratum, it is possible that
refusal would be cbtained in this material, and it would not be neceasary
{0 drive {he piles to bedrock.

The allowable bearing capacity of piles set at or below the
clevation-3% would be determined by the structural sirength of the piles
themselves. ‘

Because of hard resistance to driving ofpiles through the
considerzble thickness of the silty clay stratum, preboring could be con-
sidered ae an altornative to driving the plles through the full thickness
of the ¢lay.

if drivenpises are adopted, stee! H-piles would probably
be most appropriate, 25 they swould encounter relafively low resistance
io driving,
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4, Priction Piles

{2} Level of Bottom of Piles

From the examination of variation of the géotechnical
properties of the ciay till strafum with depth, as illustrated on the
enclosed Drawing, the most favourable lavel to ‘which friction piles
shouid be driven appears to be the zone between elevatiors + 20 and 6.
in this zone, the average undrained shear strength of the clay was about
1000 iIb/sq. ft and the sensilivity was near uniiy. Also, the standard
peneiration tests reached the bighest values, while the water contents
were lowest, thus providing furiher evidence that this layer of clay is

the sirongest.

The strength appeaved {0 increase further between elevations
C and - 15; however, ° low - 15 the clay rapidly becomes considerabiy
softer and more compreesible, It ig therefore considered advisable
to place the pile toes at 2 suificient distance above the softer layers, so
that the pressure bulb below a group of piles partly dissipé.tes before

reaching ¥ sre compressible material.
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1
i

Above the elevation + 20 the clay was softer, more sensitive,
ceosiderably more compressible, and also very variable, as shown by the
scatter of test resulis on the Drawing. A conservative value of shear
strength would have {0 be adopted for the poini-bearing component of total
bearing capacity « iles driven to above elevation + 20, while between
elevations + 20 z.d O the undrained shear strength is more consistent and

a _cealer reliance can bs placed on the point resistance.

Driving the piles to a level between clevations + 20 and 0
also appearc ‘o offer a satisfactory compromise betwesn an adequate

value of aliew=ab’2 load per pile and a veasonable length of pils,

{b} Bearizg Capacity ¢f Friction Piles

The total baaring capacity of the piles can be taken as
the sem of the point-reszistance below pile toes and the skin friction,
mobilized along the shaftg of the piles.

The point bearing capacity is normally calculatsd as
the product of the undisturbed shear sirength of the clay, Cy, at and
a short distance below the level of pile ioes; bearing c.pacity factor,
Ng {normally taken 25 9 for piles); and cross sectional area of plle
toe, Ap.
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Because of the unceriainty -1 to what is the effective ccoss-
sectional area of stesl H-piles, and because of the variability of glacial
till materials, in which local soft pockets may be more critical below
an H-pils if high stresses are transmitied through a small cross-sectional
area, we consider it safer to neglect the point-bearing resistance for -
steel H-piles in this type of material, and to rely wholly on the skin
friction. In the case oipiles with a large cross-ssctional area, however,

we consider that the end-baaring component can be included.

The gkin {riction component ie calculated 28 the product
of the surface area of pile effective in mobilizing skin friction and the
adhesive sireagth of clay.

For the case of the piles supporting the piers, we consider
that the effcctiva length of pile in mobilizing friction should be assumed -
to commence at elevation 55, as a precaution against possible scouring

below the river bed,which is to be at the elevatior 61.

in the case of the abutments, full skin friction may noi become

mobilized in the desiccated;ugger portion of the clay tili stratum above
the water table and in the fill nuiowrinla, dve © possible tension cracks.
We consider it reasonable to assume 1.l mobilization of gkin iriction

. below the elevation 65, and fo negiect it completely abore this level.
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The effective area of shaft in mobilizing gkin friction is

taken as the praduct of pile perimeter, P and the length of pile effective
in mobilizing skin friction, Dg, for circular and square piles. For H-piles,
we employ the cutgide perimsier of the pile, i.e. 4 ff for 2 12" x 12" H-pile,

The value of adhesion of cldy on piles, C a, was discussed ia
Chapter D, and it isproposed to use an average Cg  of €50 1b/sq. ft.

The allowable load per pile, for a factor of safety F, will

thus be:

Qa = i{ axNex B+ Cy 2 P xDe?] for circular : or
square piles

=4x(CaxPzxD,) for Steel H-piles,

al

Weere C . = 850 Ib/aq. ft,
Cy = 1000 Ib/sq. ft. between elevations 0 and + 20,

and other terms are 28 defined above.

Using the above relationships, the allowable load per
pile was calculated, for 2 factor of safety of 2, 2.5 and 3, for the case of:

(1) 12" x 12" steel H-pile
i 12" dia. circular pile
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The resulis arepresented on the diagram on page 28 as a
plot of aliowable load per pile, against the elovation of bottom ofpiles.

Similar relationships can be obtained for other gizes and
shapes of piles, by substituting the actual values of Ajand P in the above
equations.

The bearing capacity of a typical pile group, consisting
cf 12 piles with a load of 30 tons per pile (as for a pler), driven to
slevation 0 and having overall dimenstions 20 x 5 ft was examined, and
wag found f{c be less critical than for individual piles {a factor of safety
of over three was oblained),so0 that the bearing capaciiy of individual
piles will bs the désign criterion. However, sghould the overall dim-
ensions of the pile group be considerably smailer than assumed above, -
the safety of a group of piles should be re-examined.

We consider that the above method of calculating the
theoretical bearing capacity of frictionpiies in the most satisfactory
within the present state of development of the science of Soil Mechanics.
However, opinions vary considerably on the adhesive strengih of clay
onpiles, which is known to depend on such faciors ss stiffness, sensitivity
and plasticity of clay, and it pore preassures coefficients, as wen
as on type oipile, method and rate of driving, time after driving, spacing



F. ENGINEERING CONSIDERATIOSS & CONCLUSIONS

Cont’d

of piles and drainage conditions., Even if the ghear strength profile of the
subsoll has been adeguately established, as we consider 18 the cage at
the present site, an adeguate factor of safety should be inciuded to allow
for the various unknown faciors, some of which have been listed above.

¥ po in-situ pile loading test is periormed, we consider that
a facior of safety of 2.5 should be adopted in pile design. K satisfactory
evidence is obtained from = pile Joading test, it may be permissible to
reduce the factor of safety to 2.

We congider that it would be very useful to perform an
in-situ pile loading test at tﬁsrsite. In view of the aimilarity of the ‘
gubsoil conditions throughout this part of Lambton County, results ef a
comprehensive test eould be applied to possible other bridge sites'in
the arez, and the expense of the test may - well repay in the long run
by aﬂ&wisg a more sconomical pile design.

It is considered that, for the clay till rﬁateriﬂ exhibiting
plastic failure characteristics and in which the fatiure point is difficuli
to define, a constant rate ofpenctration (CRF) type of test would provide
wmosgt useful information. This method of testing was recently developed
by the British Bullding Research Station and was described by T. Whitaker
and R. W. Cooke in the Proceedings of 5th International Conference on
Soil Mechanics and Foundation Engineering, Paris 1961 ("A New
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Approach to Pile Testing”). In this type of test, the pile is made tp
penetrate at & constant speed, the force necessary {0 maintain the
coasgtant rate of penetration being continuously measured.

{e} Seitlement of Pile Group

| The settlement of abutments and piers supported by
friction piles, the toea of which are located in the ciayey till stratum,
will depend on the distribution of stress along the length of the pile, on
the spacing of piles 2nd the area and shape of a pile group, az well as
on the level of pile toes and soil compressibility. A reasonable estimate
of theorstical setilement caa be made only afier the length and arrange-
ment of piles has been decided.

- Bowever, io obtain a rough indication of the order of
magnitude of settiement, a computation wa‘;‘g;r the case of a 20 x 5ft
group of piles, driven to the elevation 0 and supporting a total dead
load of 280 tons.

Assuming that the stress distribution along the length
of pile eiiective inmobilizing skin friction results in a horizontal spread
of loading in the ratio of 1:4, horizontal to vertical, the stress increass
at the level of pile toes wovld be 0.16 ton/sq.ft, acting on an area
35z 50 ft. Assuming the coefficient of volume change, my to be 0.0075
sq.ft/ton between elevations 0 and -15, and 0.015 sq.ft/ton between the
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elevation -15 and -85, and assuming tke subsoil to be incompresiible
below the elevation -35, the total settiement of a pile group was
estimated to be €.3 inches.

As wae staled earlier, we would gladly revise this
vaive when the lay.out and depth oipiles is decided,

{d@ Type and Insisilation of Friction Diles

Steel H-piles would probably be easiest to drive fo the

required elevation and, together with their sconomic ' advantages,

may appear mors favourstle. Eowever, i is not certain whether a

etet) pile with an H-seetion is the most appropriate one fo use if its
bearing eapscity muat rely on themobilisation of skin friction in a clayey
till, There is a danger of gaps, or voids, forming adjacent to the pile
along its embedded length, which can be subsequentl> filled with water,
causing progressive sofiening of the surrounding clay and a conseguent
ces of adheslve strength. Such voids may be formed by the trangverse
vibration of piles during the hard driving operations, by the displacement
of stones by the pile tce, and due to air (and water, if under river) befng
drawn in during the driving. The danger of formation of such gaps appears
to ba particularly azute in the case éfpiles with an H-section, due to the

large surface area and thepresence of sharp corners between the : fil-nges
and web,
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Piles with a circular, or square sectiop, may therefore
bg;i;referable, ard there would appear less doubt as to what proportion of
surface area is effective in mobilizing friction,

Pile driving conditions are anticipated to be faiily hard,

and 1% may become necessary to interrupt the driving to allow digsipation
SRR = ;

("

cf pore-water prassares, which may build up during the driving operations

-

and result in increased resisiance to driving. The driving would be

A et i s s e

continuad after a few days.

it may be worthwhile to prebore the abutment :pHies through
the brown stiffer and desiceated crust of the subsoil; this would allow easier !
subseguent driving. The preboring pxeiérably should not be taken down
deeper than elevation 80, in order rot to reduce the adhesive strength of
clay onpiles, which will be relied uponbelow this elevation to supnort the
piies in sktin Iriction,

5 , Embankments
Judging irom theprofile on Consulting Engineers’ Drawing
No. B-1807, the new embankment is unlikaly to exceed 15 to 20 it in
heightv to the east of the br!dge; whilé some cutting is anticipated on the
weat side. |
The embankments wiil be sapporfed on the desiceated,
stiff erust of the subsoil and, as far &« zan be judged from tesu;t:oz o
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the two test holes, there is o apparent danger of instability.

Some minor settlement of the embankment may take place,
and it is advisable to remove all organic topsoll and also not to reuse
the existing fill, if visual examination indicates that it contains a con-
siderable guantity of organic matier.

H the brige is founded on piies, Kitle setliement is anti-
cipaied {particularly in the case of end-bearing piles resting over the
bedrock), =0 that 2 - step could form between the bridge deck and the
embankment subjected to some settlement. To avoid this, the embank-
ment fill should be placed before completion of the bridge an& allowed
to setile. A temporary surface - could be placed, and 'iinal surface
only constructed after most of the settlement has cezsed.

Good compaction should be ensured in fhe #ill behind the
abutments, to avold settiement adjacent to the bridge deck.

¥, as iz likely, the clayey iili material, abundant in the
arca, ie used for consiruction of the new embankments, a granular
layer 2f least 8 inches thick should beprovided under the pavements, to

1

-
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preveat possible damage of road surface by frost heave. The clay till
material, oa account of its high content of silt, must be regarded as
suaceptible to frost action.

Report prepared by: E. M. PETO ASSOCIATES LTD.

Yy - O F Ftrman, .

R. Kulesza, P. Eng.
C. F. Freeman, P. Eng.,
Chief Engineer.

RK/ap



APPENDIX "A"
STANDARD PROCEDURE

The field investigation work is carriad out by means of a skid
mounted diamond drifl rig.

Standard sampling procedures are followed. Casing is driven
and cleaned, either by augers, tubes or by wash water.

Samples are recovered ahead of the casing at frequent intervals,
with either a 2 inch or 3 inch 0. D. split barrel sampling tube, Shetby tube;
or split barrel sampling tube fitted with brass iiners and special sharp
cutting nose.

The standard penetration test resuits are recorded when sampling
with the reguiar 2 inch O.D. split barrel sampler, these being the number
of blows of a2 140 pound hammer falling 30 inches, reguired to drive the
sampiing tube a distance of one foot into undisturbed soil.

The Dutch Cone probe test is made by driving the drill rods into
the ground with a 2 inch dia, x 60° cone tip. The number of 4200 inch
pound blows per foot of peneiration are recorded, as in the standard penetration
test,

Where required, "in situ” shear strength tesis are mwade ahead
of the casing, using Modified Acker vane test equipment.

Disturbed samples are visnally classified in the field, sealed in
sample jars, and are re-examined, and tesed-as necessary, in the soils
laboratory. Undisturbed samples are returned to the laboratory for later

examination and festing as required.



The test holes are bailed {or pumped oul) during the work as
necessary, at the end of the day. and on complstion. Svbsequent water

level readings are taken inr ithe duration of the field work. Water pressure

A

readings ave retorded when Artesian waler conditiong gre encounterad.
Maolature content samples are recavered al ‘requent Intervals to assist in
the soil clessification and the interpretziion of water table resulis.

Borshole logs are pregsrod giving deialls of the soil des-
cription and condition &3 reoorded in tha fleld.  Theso logs term the
bazis of the soll profile, which indlesiss the general abratigrephy assumed
i exigt between ths boreboles 88 representsd by ths bovehole logs.

The borshcies ore normally set oud by the Field Engineer, who
algo reoords the ground 2lavalions reforred {o 2 tomporary bench mark or
known refsrence point. If the cilent bos been reaponsibie for setting out
the borebolss anc reeording thelyr ground elevatinns this is stated in the
preambiz {0 the repori

A olon i drawn w frow drawings suppiied by the Client or

showlng the locsiinms of the boyebnlaes and the T.R. M.

Mormally, ihe standarc genstration bjowa aad the natursl

moigtore confsnig gre plofied s

2 ;.’.’;'\"Ei’%ﬂil &% o g‘r&;;‘} and ﬂl"ﬁ"'

grapbe furin part of the anpendices. © -+ with isboreiery teal resalt

detaila, ground wals s34 charscteristics which can
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ATTERBERG LIMIT TEST RESULTS ,

- Job No. 62136

Depth Liguid Limit Plastic Plasticity Natural Water
B.H./Sample No. ft % : Index Content %
i/ 8 13 50.7 23.4 28.3 28.1
1/12 81 40.6 16.9 20.7 26.3
1/17 a a1.1 18.5 22.6 28.0

1/25 57 43.3 20.9 22.4 25.8
1/ 33 76 37.8 17.0 20.8 20.6
1/39 96 34.9 17.1 17.8 19,7
1/42 111 41.1 20.1 21.0 34.0
2/11 26 42.5 19.4 28.1 26.5
2/16 41 38.8 18.8 21.0 28.0
2/ 92 56 37.9 19.5 18.4 22.3
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] Job No. 62136
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i ® 50396 341 136.8 102.0  0.65 18 68 759
i 20 474787 261  136.4 01,0 ©0.67 3280 885 59 756
1 20 47643 24,2 125.5 0L.6  0.67 @10 e &2 665
1 33 53538 3.3 L7.4 80.5  0.89 85 583 89 595
1 28 E2¢"-6S' 25.2 135.0 3.8  0.69 647 90 562
T 33 BIWBIE" 243 1240 9.8 0.69 ges 79 885
23 53654 S54.4 HES 8.3 0.81 180 78 65 748
1 28 62.63'6" 32,0 124.0 0.8  0.68 1297 872 58 564
i 32 778 2L 196.3 103.8  0.62 912 1020 T8 710
3z TEEUTS ZLS 184,09 102.8 0.6 1207 1562 58 751
1 84 7PSTreT 3L,3 1349 2.5 0.864 876 810 78 708
1S4 TPeT 24.4 128,90 103.0 0.84 1086 100 88
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E.M. PETO ASSOCIATES LTD.

UNCONFINED COMPRESSION TEST DATA BHEET §
‘, _ Joi No. 62135 3
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g 2 g5 B k - Y s8: 58 %
2 3 gl 27.0  108.8 83.2 1.04 1.9 437 01 441
P iz .27 24.8 124,90 88.08 0.72 20 815 82 565
2 32 27g"-23 28.3 138.8 150.0 6.8% 20 855 4575 i85
z iz 7378 27.8 123.2 58.8 0.7% 20 58& 85 837
Z 15 37'51-328* 27.8  188.3 88.0 .70 20 348 848 7 €89
z ] 4187 42" 8.0 128.3 88.9 6.70 20 550 86 528
o ¥ 42'-42'8"  27.7 124.8 97.8 .78 26 828 405 81 670"
4 23 87378 22.2  127.3 154.0 0.82 20 1150 85 748
2 23 3TG".58° 28,1 i2i.8 95.0 0.77 20 350 38¢ 106 sT1
2 i9 EARE VS A 34.1 6.8 87.0 8.84 20 502 i 28 452
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UNDRALINED TRIAXIAL COUPRESSIul TLESTS

FOR DETERMINATION OF MODULUS OF

62136

Ling. R DEFORMATION, B ( YUUNG'S MODULUS .
1/SA. No. BEPTH WATLR BULX BRY VoIb URDRAINED YOUNG'S CELL
CORTERT DENSITY BENSITY RATIO SHE.R HODULUS PRESSU! {
FT STRENGTH g
4 PCR PCF Cy B C PSI
i
PCF TON/SC . FE
L/z4 58.5 35.5 121.3 87.0 1.07 ’550 69.5% 253 50
1/36 85 20.0 130.5 109.0 0.54 1700 110 13d 7%
NuTB: E was #btainedfrom svorage slope of streas - strain

cyclsam.,

PR e

DEFECTS IN NEGATIVE DUE

PR3

CONDITION OF ORIGINAL DOCUMENT

carve loeps in repsatad loading.




62136
FIELD VANE TEST RESULTS
B. H. # DEPTH SHEAR  STRENGTH
UXDISTUKBED REMOULDED
FT PSF PSF
1 50.5 - 51 4650 1540 -
2 38 - 39 2000 1260

HOTE: Because of the lurge discrepancy between the above results and the shear strength

meagured by unconfined cpmpression tests, the field vane tests were disregarded.
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