


Tf & citical condition is anticipated from thsse por
pressure readings, the stability of the approach Till can be en
by installing vertical sand drsins at the toe of the smbankment.
drilling through the embankment fill is therefore necessary.

From = theoretical spproach, the effect of the propesed
stage construction is difficult .to assess. The computed initial
time of 4 months, (for & minimum factor of safety to develop, is
helieved to be high and the probable field itime may be as low ag
1 to 2 months. After this period, the average sirength of %his%gl&?ey‘
$il%, and hence the factor of safety, will slowly increase. This rise.
in average effective siress with time can be deduced from the pore
pressure migration curves¥®, guoted in the repori. However, even after
6 months, this increase is relatively small. An equal or evea larger
inccease in effective siress may be possible due to vertical dissipat ‘
of pore pressurs over the & month period inmto the clay and $111 sar ound~
ing the questionable stretum. Inclusion of the effecis of verticar
dissipation makes the problem complex and gifficult to analyse, andy
accordingly, no compuiations have been made. However, it is belisve
that the effective siresses will increase sufficiently at this Hime
safely support the final 3 feet of fill.

bs indicated earlier in this letier, a direct estimate of
stability of the appraeach fill will be available from the measursd
pressures values. It is recommended that at least 4 plezometer
instslled under each side of the embankment at two or three location
as indicated on the accompanyir  xebch. LR

T4 is understood that Geonor viezometer fips will be
should, of course, be installed before placement of the fill
so tha% & coamplete patiern of readings during and subseguent
application may be obiained.

Vertical standpipes carrisd up through the fill ave
to damage by construction eguivment and are not recommended.
procedures are followed, therefore, polysthylene tubing will
laterally from the piezometer locations o bayond the toe of
ment, where the pressure measuring device will be positionsd.
of the pore pressures can be recorded either by gauges or by water 1L
chservations in an open veritical length of tubing. I this latter
alternative is used, the tubing under the embankment will have to be lal
in trenches approximately 4 to 5 feet below ground level, so as to ensure
that the initial ground water level can be measured in the vertiecal '
sortion of the tube. The replacement of the above denih of natural clay
along the line of this trench with relatively permesble fill material,
may result in excess vertical dissipation of pore pressure in this zone.
This condition, reflscied in the piezometric readings, would not be
representative of the sits. In addition, the provision of a suitable
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height of standpipe above ground level to accomm

pore pressures, presents some difficulty. Lccordingly, Tthe use
pressure guages is recommendsd. :

If pressure gauges are used, a satisfactory grade can béfif_
achieved with a 24 feet deep trench, rising to 1 foot at the tos of
the embankment. This shallow trench will not significantly affect
the vertical permeability characteristics of the site. IT the gauge
is to be positioned at ground level, it should be capable of register— -
ing a negative pressure of at least 2 psi. Otherwise a positive reading
gauge should be installed in a small pit at waler tabie lsvel. En~
trapped air bubbles must be bled from the plastic tubing and gauge
before embankment construction begins and pore pressures begin to
register.

%e shall be pleased to furiher discuss this matter if necessary
after you have reviewed this .etier, and also to cooperate with you'dw
anazlysing any pore pressure megsurements &t this siie.

Yours very iruly,

PGYI/ g0 P.G.H, Imrie, P.Eng.
Encls.- Sketch J5424/%a
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LABORATOR T!ESTING :
SO MECHANICS CONSULTATION

Project: IB424 November 17, 1961

¥r. A. Butka,

Acting Materials & Besesrch Engineer,
Depariment of Highways of Untario,
Parlisment Buildings, Toronto, Ontario

Attention: ¥r. N.D. Stermac, P.BEng..,
Principal Soils and Foundations Engineer

Re: Stage Construction of Embankment
Proposed Highway 2 over Dutherland Creek
WP 116-50 & WP 177-60

Degr Sirs:
In ocur recenitly submitted report on the shove project, we!

recommended that vertical sand drazins be installed under the slopes
of the east approach fill, where the height of the cpbankment
sxceeded 25 feet. The puwpche of these sand drains was to reliew
the pore pressures mlgrmtlng laterally from the cenire ic the edge
of the embankment, along the more permeadble clayey 8ilt stratum at
a depth of zbout 14 feet. This precaution would prevent the dew
ment of a critical stability condiftion at a compated time of appro
imately 4 months after completion of construction.

It is understood that initial construction of the cnbankms
t0 a height of 25 feet, with the addition of the remeining 3 e
£111 after a pewriod of 6 months, can be incorporated in the const
programme. Ln addition, the site is to be fully ;ns+rumentaa‘w1b
piezometers to detsrmine the magnitude and extent of this lateral po“e
pressure migration. The guestion arises; therefors, of the neces31ty
for the sand drains.

As indicated in the report, conservative assumpbions of the
nature of the pore pressure migraltion have had 1o be made. The piezom=
eters, however, will provide d_&ect measurements of pore pressure under
the embankment. As this information becomes zveilable, ths possibility
that the Tactor of satfety will reduce to the low walues guoted in the
report, can be sxamined more exactly.
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The installation of sand drains is therefore recommended =
to control these pore pressures, and thereby ensure a steady incresse -
in safety after comstruction., The engineering computations which
form the basis for these opinions are cutlined in the report. 5

We shall be pleased to discuss any outsitanding matier
pertaining to this investigation after your review of this report,

Tours very truly,

WaT/go William &4, Trow, P.Eng.
Enec.
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Depariment of Highways
COPY Mr. A. 3termac
R TESR M yaiker,
Disbrict Hngineer, 4. Ford,
—abtews ot 8r. Froject Deslgn Enginesr
Downaview.
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mentract 62-82

{¥.P, 52-50.2} .
Quebec Boundary Wesberly -~ Hey. #4501
District ©

This memeranduz is %o confirm our telephone conversabiy
regarding treatment 2t the Sutherlsnd Creek spprosches on Highway #2
relocation. As you know, it is stipuleted in the contract thet the
epproaches be constructed to 2 wmaximum height of £5-7%. and then be
glliowad to metitle for six menihs before sompleting %%éﬁﬁﬁﬁfiiﬁ grade.
I discussed this situstion further with the Foundalion Sectiop and the
following method of stage construction has been proposed:

i. Construet the fills to the lsvel of the tep of the abutasnt
rootings with & bepeh »f &t lsast 3B-£%. in length 2% the
back of the fooblings.

2. Irive the piles and consbruet the abutments.

« Immedistely alfter the construetion of the abulments, place
Fill in the beasch ta 2 helght not excesding 7-£%. from
profile grads.

%, 2llow the £ill %o settle for a period of rour wonths befors
bripging the {11l up to Finsl grade.

Attached please find sketches Lo explain the fore-
going suggestlons. I trust this informetion is satisfachory but if
glarificstion reguired, please advise,

N
| ‘('“/‘/g‘%’* ?ﬂ@@ e s
— SR, PROJECT DEBIGN ENGINEER,
e¢.¢. 8. J. Harkiswicz
termac

g

&
F T
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OTTA DOWN 2 JUNE 5/62 900A VR
G METCALFE CONSTRM ENGR

RE: CONTRACT 62-82
INSTRUMENTATION OF APPROACH GRADES FOR LANCASTER TWP BRIDGE NO. 11
HWY 2 AT SUTMERLAND CREEX
¥OULD YOU KINDLY ADVISE US OF THE DATE WHKEN YOU EXPECT THE CONTRACT
T0 START CONSTRUCTION OF THE APPRGACH GRADES 0F THIS SUBJECT
STRUCTURE. ¥E WOULD LIKE TO XNOW APPROKINATELY TWO WEEKS AHEAD
OF TIME IN ORDER THAT ARRANGEMENTS CAN BE MADE TO INSTRUMENT
THE APPROACH FILLS

4 B CURTIS BRIDEE LOCATION ENGR
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DEPARTMENT OF HIGHWAYS OF ONTARIO
MATERIALS AND RESEARCH BRANCH
PARLIAMENT BUILDINGS, TORONTO, ONT,

POUNDATION INVESTIGATION
PROPOSED CROSSING, SUTHERLAND CREEK
WP 177~60 & W.P. 116~59

HWY. 401 ARD HWY. 2

Project: J5424 October, 1961
William A. Trow & Associstes Lid.
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Q fugust, 1960, before the location of the bridges was finalised.

WILLIAM A. TROW AND ASSOCIATES LTD.

FOQUNDATION INVESTICGATION
PROPOSED CROSETNG, SUTHERLAND CREEK
HWYS. 401 AND HWY, 2

Project

The proposed construction of Highway 401 and asseciated servige
roads in the above area,; involves a realignment of Highway 2 to the~norf L
The existing route of Highway 2 iz to be retained as a service road, buﬁ'a: i
replacement bridge over Sutherland Creek is envisaged. The field investig-
ation for this siructure is the subjeet of a ssparate report. e

These proposals incorporate the simultaneous cressing of ngh%ay :
401 and Sutherland Creek by an overhead skew bridge carrying Highway 2. v‘ﬂ
At the time of the field investigabion, preliminary p.ans for this over= . =
head structure indicated two spans of about 120 feet. This layout has since.
been modified to include two central spans of 140 feet and fwo ocater gpans
of about 120 feet. Meximum embankment heights associated with this hridge
are about 28 feet, including superelevation.

The Highway 401 crossing of Sutherlisnd Cresk initially incorpor
& 40 feet single span structure. The present proposals are for a 110 fe
long three span structure.

A previous field investigation of iwelve borings was performed: 1n
This report presents the results of this work, together with thi

findings of a mors recent field investigation, and it discusses the founds
silon problems at this site. Spesifically these problems are:

a) embankment stability on the east bank, and

o) the choice of a suitsble pile for hridge suppori.

Site Deseription

In the visinity of the proposed hridges, Sutheriand Creek is 2
sluggish stream about 120 feet wids. Considerable swamp growth of reeds and
rushes extends some distance ocut from sach hank. Maximum depth of ths creek
is about 6 feet. The water level in the cresk remained level at Bl 152.6
feet during the investigation.

East of the creek, the ground is az typical very flat lake bed
deposit., This area is in pasture with isolated groups of treves. The west
bank, supporting a heavy growth of long grass and nuamerous krees, gradually
rises away from the river. This gently tndulating topography is indiecative
of & glacial till scil.
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Soil Types Ensountered

In the initial investigation,; twelve borings;, 1 %o 12, were - :
put down at positions indicated on drawing 2 of this report. The results i
of these berings are presented oan the borehole logs as drawings 3 to 14
Of these twelve borehoiss, only borings 3, 4 and 5 are now applicable %o
the projest.

Pour borings, 13 to 16, were made in trs field invesitigation .
just completed, and the results presented im thu orehole logs as drawings.
15 to 18. Two of these borings, 13 and 14, lec. =d at the central-pier’
and the east abuiment of the then proposed strv- .re, were taken io bedrock
which was proved. Bedrock was alsoc proved in boring 5, located by the west
abutment. Boreholes 15 and 16, located under the propeosed embankment, were:
put down to obtain continucus samples of the surface deponit of slay in this
area, and were terminated in the underlying $ill.

In view of the modifications to the bridge lsyout subsequent to
the field investigation, several borings are now wrongly located. Howeverg
invdew of the relative uniform seil siratigraphy enco miered az% the sitey
further borings ars considered to be unnecessary.

The relevant information from the borehole logs has héen»summéréﬁif‘
ized and presented in drawing 1 in the form of an estimated subsoil stretig-
raphical profile. ;

. Referencs to this drawing shows that a slightly plastis sandy silt
t1l1l, with numercus gravel sizes is the predominant foundation material at
this site. According to the field penetration measursmenis, it exists in a
loose to medium dense siate for the first 23 to 32 feet. At approximate
El 133 feet under the west bank decreasing to El 122 feet under the east
bank, it becomes very demse. A heavy concentration of large stones, ina .
matrix of sandy silt or s¢ility sand and gravel is encountered after a penei~
ration of 1 fool into this dense till. There is a slight artesian‘preséura
in this beuldery deposit. The hydrostatic head is El 54.5 feet approximately,
which is at or just above ground level on the east hank. )

Bedrock,; consisting of dense slightly argillacecus limestone was
encountered at about Bl 114 feet across the site. Farther to the suth, upder
the existing bridge, it was encountere’ at Bl 118 to 120 feet; and to the
north of the project siie in boring 10, it was encountered at Bl 124.3 fest.

The till on the east approaches to the bridge is overlain by & very
stiff to stiff fissured marine clay. Below ghout § fset, the elsy becomes
softer and layered with the silt phase predominating between 10 and 12 fesk,
where the till contact ocours., There is no ¢lay of consequence in the west
bank or in the creek bed. About 1 foot of organic muck overlies the till in
this latter location.
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Undrained triaxial %ests indicate a shear sirength of about 400 psf
in the layered deposits just above the till contact., Atterberg limit tests
indicate & plasticity index of about & for the silt with a corresponding
value of 50 to 60 for the upper clay.

4 series of consolidated drained tests on samples from depths
between 10 and 12 feet indicated an effective angle of internal friction of
32° A single test on a sample of the 5ill immediately below, indicated 2
probable angle of about 42°., These results confirm the fairly obvious comn-
clusion that any potential failure surface will be confined to the soft
layered clay.

Measursments of the horizontal coefficients of consolidation were
made during the consolidation process of the above tests, and compared to
values obtained from silt and clay sampies subjecied to vertical drainage in
the oedometer. The purpose of these tesis was +o show that the horizontal
permeability of the silt was much greater than the vertical permeability of
the clay surrounding it. Unfortunately these tests are not conclusive and it
is assumed that the filter paper irains surrounding the triaxial spscimens
possess a comparable permeability to the sample when subjected to cell pressure.
Similarly, reliasble values of the ratio of the coefficients of consolidation
and swelling for the silt, as required for the analysis in the following
section of this report, could not be obiained.

Grain size analyses were also performed on samples of silt and +311.
A lower permesbility of the silt is indicated by the relative D 5 sizes of
the two materials. Conversely, a higher silt permssbility is indicated by
comparison of the uniformity cosfficients. Hence the similar comsolidation
coefficient values cbtained for these two maiterisls is not unreasonable. The
results of a similar test on a sample of clay, however, would indieats a much
lower consolidation coefficient and lower permeability, for the clay, than
obtained from the tests.

The resulis of these various laboratory tests ars presented on
drawings 192 to 29 of this repori.

Poundation Requiremenis

Embankment stability over the surface deposits of the layered silty
clay, and the selection of the most suitable type of bridge support; represent
the major foundation problems at this site.

a) Embankment Stability

The scft condition and layered nature of the lower 2 %o 3 feet of
the deposit of silty clay on the east bank of Sutherland Creek have been
degeribed in the previous section of this report. In view of these question-
able 20il characteristics, the stability of the proposed 28 feet high embank-—
ment is discussed in the following pavagraphs.
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It is reascnable to assume that a horlzontal displacement of a block
of soily along a plane in the clay just abouve the $ill contact, is the mest
probable mode of failure. This displacement is assumed to be caused by the
active thrust on the rear face of the block, and resisted by the sum of the
passive resistance at the front of the block, and the shear resistance zlong
its base, Othsr meihods of analysis using composite sliding surfaces must
lead to similar resulis tc¢ the above method and have not been investigated.

Computations outlined in Appendix B show the maximum acitive thrust,
P,, on a vertical plane through the top of the embankment siope and the minimum
passive resistance, P_; at the tos of the embankmeni to be 35,120 and 22,700 plf
respectively. P

Immediately after the ombankment construstion is complete, the shear
resistance developed in the soft clay is 400 psf or 22,400 pif. Hence the corr—
esponding factor of safety at this stage of the project is 1.28.

However, a more critical state may exist at some time subseguent fo
the application of the surcharge. This undesirable condition could develop
during the horizontal transfer of pore pressure along the relatively mors perm~
eable silt layers from under the centre portion of ine embankment towards and
beyond the toe. Hencse the effective stresses in the soil in this latter area
may be decreased considerably.

The computations in Appendix R indicate that the factor of safety
could degreass to 1,10 under these conditions, sssuming & triangular bank., I%
is also shown in these computations that an even lowsr factor of safety is con—
ceivable when the embankment contains a ventral sestion of constant height.
Offsetting this latter probability, however, is the slighi increase in effeciive
pressures which cccurs as & result of the very gradual pore pressure dissipation
in the vertical dirsstion through the clay.

Since neither of fthese two conditions can be svaluaited with any degree
of acouracy, 1% is assumed that they approximetely cancel out each other. The
raguliant factor of safety, therefore, is about 410, as quoted above.

It is computed that this critical condition occurs about 4 months after
placing the £ill, but will probably develop sooner due to higher field rates of
drainags.

It is recommended, therefore; that additional measurss be taken to
incrsase the factor of safety. These measures incorporate the installation of
two rows of veriical sand drains, under either embankment slope, extending down
to the $ill contact; to intersect the silt layers. These drains should be
located, 8 feet spart, under the midpoint of the embankment zlopes. This position
is the approximste transition point beyond which pore pressures theorstically
jncrease with time. The presence of the highly permesble sand drains, thersfore,
prevent any build-up in pore prsasures near the toe. Corsequenily the effective
pressures and hence the factor of safety will steadily increase after comstruction
is complete.
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It is suggested that these veriical drains be drilled with .an 18 inch
diameter highway-~type auger down to the gravel +ill contact., Immediately upon
withdrawal of the auger, the hole should be filled with concreie sané conform=
ing hto ASTY C33-46. If any signifieant time is allowed to elapse beitween auger
withdrawal and placing the sand; there is a danger of the silt sloughing into
the hole,

Computations in Appendix B show that the critical fachor of safety of
1,10 has increased to .28 when the embankment height is reduced to 25 feet.
Hence the sand drains should extend eastwards to this location or about 150 feet
from the abutments.

The positions and details of these sand drains are indicated on
drawing 1.

In view of the shori embankment lengith requiring sand drains, it might
be argued that they are not entirely necessary. It is considered, however, that
they offer a relatively insezpensive insurance against failure near the abutment,
which, if ocourring, could seriously distort the abuitment.

The possibility of a failurs towards the creek, where no passive resist~
ance cay be developsd, was alsc considered. Calculetions in Appendixz B show that
a factor of safety of 1.5 is developed if the toes of the slope is at least 76
feet from the creek bank. It is believed that this requircment is satisfied under
the present proposals. A cerisin decrsase in the safety factor may oceur as
previously deseribed. However; on the basis of the redustion guoted above, i%
should not decrease beiow about 1.3, '

b} Bridee Foundations

Preliminary plans, based on the results of the initial site investig-
ation had envisaged s*eel H piles to bedrock as support for the bridge structures.

The recently completed field investigation, however, has revealed the
presence of a dense boulder $ill stratum below F1 122 to Bl 133 feet,; overlying
pedrock. It is possible that some H piles may peneiraie this stratum $c Teach
bedrock without undue deflection or damage. However, it is believed that the
majority of such piles will be considerably impeded by the boulder mairix, with
consegquent distortion and damage. Several piles may encounter refusal some dis-
tance above the bedrock.

¥hile a satisfactory load capacity is implied if piles are driven to
refusal, some concern is felt about the possible effects of buckling and damage
of the pile. It is conceivable that the long term yislding of a buckled pile
and the surrounding ground could result in a potemtial localised setilement of
one pile.
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It is considered that z more satisfaciory seciution, in the engineer-~
ing sense, can be achieved by the uss of a caisson-type pile bearing in the
top of the dew.se bouider $ill lccated about 22 to 30 feet below the present
ground surface. A pile of the Pranki type is recommended. The sompacted bulb
of such a pile would serve two purposess

a) the lecad will be spread oui over a large area and therefore the
danger of loao concentration on the side of a boulder is avoided; and

b) the compaction process will ensure that the boulders assume a
dense condition,

A safe lead capacity of 100 tons should be achieved with these Franki
type piles, but a lcad test should be performed on one pile in the pier location.

These piles should be imstalled in prebored holes about 18 inches in
diameter, stabilised with a temporary limer to hold back looss pockets of wet
sandy 111, This procedure will avoid both the danger of disturbance to the
soft clayey silt and the tendency for the displaced relatively impermeable till
to squeeze in against the green concrete as the temporary liner is withdrawn.
After this operation is complete, the bulb of the Franki pile should be compacied
in place in the usual mamner, followed by the installation of the concrete shaft.,

Since augering equipment will be on the site, the additional cost of
preboring through embaukment fill for the abuiment pilles ahould not be excessive.
Since the soft clay and silt will be partially consolidated under the embanikient
weight, and since the £ill will no% be at full height, the danger of a temporary
instability condition occuring in the soft elay during the driving of the Franki
bulb sppears unlikely.

The same type of pils could be used to support the Hwy. 401 crossing
of the creek. However, sines this is to be a much lighter siructure; it may
not be possible to efficiently utilize the full capacity of Franki piles. Thers-
fore it may be mors economic fo use untreated Class B timber piles for this bridge.
Because of the boulders, there will be uncertainty regarding the end-bearing capaci-
of these units, and therefore additional piles should bes used *o provide a factor
of safety. It is recommended that the piles be designed for a mavimm lead of 15
tons. The criterion for refusal should be 8 blows per inek under 8730 f4.1bs, of
driving enmergy. Refusal should be encountered at the top of the dense boulder
deposit. It may be necessary tc redrive some of the timber piles because they may
be pushed up during driving of adjacent members.

In the preceeding paragraph, caisson-type and timber piles have been
recomzended because of the umcertainty regarding the reliability of E piles driven
through this demse boulder till. It is understood, however, that ccusiderable
econcdy would be achieved by the use of steel H piles of 80 ton capasity through-
out tke entire projest including the downsiream Hwy. 2 repiacement bridge.

If;, therefore, the decision is made o use steel H piles, it is rec~
ommended thai they be driven to a refusal criteriam of 2 %o 15 blows per inch
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penetration under a driving emergy of 15000 ft.lbs. per blow. A4 heavy seciion

pile should be used to minimize the danger of distortion. The pile caps should
be designed so as to adequately distribute the loads to other piles should any

one pile yield excessively at some future date.

Pile load tests would be desirable on about four or five piles which
met refusal in the dense boulder till.

Conclusions and Recommendaiions

1) © A slightly plastic loosse io medium dense sandy =il $ill overlain by
a surface deposit of marine clay is the predominsnt soil at this site. A%
depths of about 23 to 32 fest below ground level it becomes very dense with a
large concentration of boulders. Slight artesian pressure exists in this
stratum. Dense limestone bedrock is encountered at a uniform depth equal te
El 114 feet approximately. Tne surface deposits of s$iff fissured clay extend
to a depth of 12 feet on the eas* bank; they become soft and laysred with silt
below 9 feet. The undrained strength of the silt and clay just above the $ill
contact is about 400 psf.

2) Computations show that a 28 feet high embankment on the east approaches
is just safe immediately afier construciion. At some subsequent period, however,
an insufficient margin of safety exists due to build up of pore pressures under
the embankment toe.

3) In order %o raise the factor of safety to acceptable vaines, the
installation of vertical sand drains to intercept the silt layers is recommended.
Details of these drains are given in the report and summarized on drawing 1.

4) Caisson piles are recommendsd for support of the overhead siruciure.
Prebored Franki piles are suitable, with an estimated safe capacity of 100 toms.
Timber piles, with a conservative capacity of 15 tons are suggested as a2 more
economic alternative for the light Highway 401 bridge structure.

5) Some objeations to the use of steel H riles from an engineering point
of view are outlined im the report. Nevertheless, the use of steel H piles
throughout the whole projest would result in considerable economy. Certain pre-
cautions and recommendations covering the use of these piles are presenied in
the report.

N % F o ._,"
%5, % \w/ ‘2'\ §
®, =4

o, Ay
oy v NCE‘ oF rﬂ(m""
R 5

PCHI/gc
J5424
Oct., 1961

P.G.M. Imrie, P.Eng.
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APPENDIX &

Field and Laboratory Investigation Methods

Twelve borings were made at this site in August, 1960, and a further
four boreholes put down in Sepiember; 1961. In both instances, the work was
accomplished using two conventional diamond drills equipped for soil sampling
purposes. Four holes were taken to bedrock, which was proved by recovering
AX core. Except for two shallow borings in the surface, clay deposits, the
other holes were terminated in the very dense boulder till overlying bedrock.
Progress through these boulders, in the four borings to bedrock, was very slow
and was achieved by alternately drilling ahead with BX casing and AX core barrel.
Dynamic cones were driven adjacent %o most borings.

Measurements of the slight artesian flow encountered in this latter
stratum wers made in the normal marmer. After completing flow measurements
Jjust above ground level, a short length of casing was added and the stabil-
ised water level noted. On complefion, the borings were sealed with bentonite,
Just above the artesian zons,

Disturbed samples of the various soil sirata were obtained by driving
a standard 2 inch ocutside diameter split spoon sampler into the soil zhead of
the boring. The number of 350 ft.l1b. hammer blows required to extend the
penetration of the splii spoon from 6 inches to 18 inches was recorded as the
penetration resistance of the soil. Upen recovery, the samples were inspected,
and retained in moisture proof plastic bags.

Undisturbed samples of the clay deposit were cbiained by pressing a
2 inch inside diamster shelby itube sampler into the soil ahead of the boring.
Upon recovery, the tubes wers sealed with low melting point wax for itranspori-
ation to the laboratory.

In-situ strength measuremenis of the elay were determined by field
vane tests. Upon completiom of the imitial test, the remoulded sirength was
determined after six compiete reveolutions of the vane.

In the laboratory, conventional undrzined triaxial tests were
performed on undisturbed samples of the ¢lay. Particular care was taken when
handling and setting up the samples with high silt content, o minimise
disturbance. The results of these tests are presented in drawing 21— 23,

Consolidated drained tssts were performed on three samples of the
layered clay to determine the effective angle of internal friction. A simiiar
test was performed on a sample of the immediately adjacent till. The resulis
of these tests are presented on drawings 24 to 27 and summarized on drawing 28.

The samples in these above tests were set up with filter paper
perimeter drainage. Theoretically, the coefficient of consclidation determined
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for the comsclidation sitage of the above tests would be indieative of the
horizontal permeability. Resulis of these tests are also presenited on
drawings 24 to 27. In order to compare the values so obbained with those
for drainage in a vertical dirsciion, samples of both the silt and c¢lay
phase of the layered clay were subjected %o consolidation in the cedometer,
Drainage of the silt specimen was permitted at one end only to slow the
consolidation to a messureagble rate. The resulis of these tests are
presented on drawings 19 and 20.

Grain size analyses were carried out on samples of the clay, silt,
and $i1l, ©Sizes passing the No. 14 sieve were subjected to hydrometer
analyses in the usual manner, Drawing 29 shows these test resulis.

Atterberg limit and moisture content tests were performed on
several samples of the silty clay.

The elevations of all boreholes were referred to =z bench mark in a
maple tree on the east bank. The levsl of this bench mark was taken as
El 159.03 Teet,
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APPENDIX B

Stability Analysis of BEmbankment Fill

The assumed physical dimensions and soil properties are shown on
Fig. 1. It is assumed that the soft soil Just above the till contact at
about El 145.5 feet represents the potential failure plane, under the active
pressure of a central wedge of soil in the embankment. This active lateral
thrust, P,, is resisted by the shear strength, R, along the failure surface
and the passive resistance Pp9 developed at the toe i the embankment.

The factor of safety, P, is therefore given by the expression:

F = (Pp +Rj/PA

The active and passive pressure distribution at the top and toe
of the embankment slope respsotively are shown in Mg, 2.

i) At Completion of Comsiruction

i

F, 2301125 + 1125 x 2.5 + {1125 + 3610)/2 x €.5

= 35,120 pif
P = 9x(3600 + 1460)/2

= 22,700 plf
400 x 56

o
i

g

22,400 pif
F = 14,28

ii) A Short Time After Construction is Complete

After partial dissipation of pore pressure; the value of R is
given by the expression:

R =« 22400 + 3VH.L. sin ¢ (1 ~ 2I)*

* "Stability of A Bank On A Thin Peat Layer" - Ward, Penman & Gibson.
Geotechnique, Vol. V, No. 2, P, 162 (In first term,undrained strength used
to allow for pore pressurses set up due to horizontal shear siresses - see
Bishop & Skempton - "Gain in Stability Due to Pors Pressure Dissipation® -
5th Congress on Large Dams - 1955)
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wheres 21 is the ratio of the total pore pressure at any
time to the total weight of embankment above the
. sliding surface.

The second term represents the change in strength of the soft clayey
8ilt due to the horizontal redistribution of pore pressure.

Assuming that the ratic of the cocefficients of consolidation and -
swelling for this material is about %@ the maximum value of I for a triangular
vabankment is 0.53 as quoted. %*

N Hence: R

#

22400 - 125x28x56z sin 32° x 0,03

19,280 plf

The zbhove value of T occurs approximately at /evt/az ~ 0:11. At this time,
the pore pressure at the tos of the embankwent is A~ 0.11YH = 385 psf,
The reduced value of Pp is thereforss

il

P, = 22,700 - 38519

- = 19,240 plf

Change in PA due to decrease in pore pressure will be negligible.

The favtor of safedy, F is therefore

19280 + 19,240
35, 120

L

F

s
=
-
=

= 1.10

e

However it should be noied that the sbove pore pressure redistrib-
ution value I = 0,53 is applicable for a triangular embankmeni. An even more
unfavourable redistribution is conceivable when the smbankment contains a
B central section of comstant height. This possibie condition is indicated in

Pig. 3.

2 iii) Time of Critical Condition

This unfavourable condition ccours when jcvj/é'«'Goﬂﬁo

If an average value of cv = (.3 sqoftajday is assumed, then

> 0,0121 x 56
o= 0.3

= 126 dazs

*#% %3tebility of A Bank On A Thin Peat Layer" - Ward, Penman & Gibson.
. Geotechnique; Vol. V, No. 2, P. 163
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iv) Factor of Safety for H = 25 feet

In g similar manner as before but with H = 25, L = 50, and I = 0,53

PA = 28960 plf
R = 20000 - 2500 = 17,500 plf
Pp = 22700 - 3090 = 19610 pif
therefore Fo= %%%%%
= 1,28

v) Failure Towards Creek

Immediately after construciion

P = O
P
R = 400 x L
?A = 35120 plf
For F = 1,5, L = 35120/400
= 132 feet

«

or the toe of ths fill must not extend nearsr than {132 - 56) = 76 feet %o
the bank of the creek.
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View looking North View lcoking Northwest (Upstiream)
Left drill on BE 14 Drill on BH 13
Right drill on BH 5

i

View looking Wesi along Line "C¥
Drill on BH 13
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BITE INVESTIGATIONS BOIL MECHANICE CONSULTATION

1

BUREMOLE No

FE TN 3 PR R ey PR ks

wosecr Sutheriond Cragk and I
Tt b PRl £y -

rocarionidh o Leporster,

Heo 1

o
HOLE LOCATIONSEE

HOLE ELEVATION. g

o m RoD mmn {}mwa Hail Bxisting Bridge =

1 63 .. 3

re Hoo 2 Crosfsﬂ.mg@mﬂwy 401 =2 pra. cone

LEGEND

PENETRATION RESISTANCE

27 0.0, BPUIT TUBE o il
2" 1.D. SHELBY TUBE oo

SHEAR STRENGTH
UNDRAINED TRIAXIAL

‘AT OVERBURDEN PRESSURE @
UNCONFINED COMPRESSION L]

VANE TEST AND SEMSITIVITY (51—}-«3

NATUR AL MOISTURE SONTENT
AND L{QUIDITY INDEX

ATTERBERG LIMITS

LIQUIT LM

PLASTIC LIMIT

SAMPLE TYPE

2% 0.5, SPLIT FURE. .. .

2° LD, GHEUBY TUBE .. ,

3" O.D. SHELBY TUBE. .. . .. B

1 ii»:)le cased to 30 £i.

s} Cona 5 4. west of hole

: FENETRATION RESISTANCE 380 ¥T LB, NATURAL MOISTURE CONTENT
POV - ‘ ELEV { DEPTH 20 N BLOWS/FT. AND
HYMIOL SOIL DESCRIPTION ceer | reer A 2 fo 8o ATTERBERG LIMITS

SHEA® STRENGTH R Y% DRY WEIGHT
Mo ot 13767 v e " .
DERAR SRR A AT G G ¥
. el AP R TR ] %%5@&7 0 - [y 1000 ?9@0
e &y ¥ T T -
3 }
o : , T ,
Y, Domsdny bo wed trovn silt about SiPY. B
P g A
i ; e Wi
Ll 148.3 .
A o} | 1o
o | Dense cohssive ailty sand with
S D inumerous Pine grovel  very dense
< 7 inelaw 92 feet
w B S
s L
e T 20
! .
o
p 1
#{ ;
.
e ) ‘ 30
W.M.,,.;_w--m nd of Bores e 4256 3
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INVESTIGATIONS SO, MECHAN . C8 CONSULTATION

HiTE

t":l
BOREHOLE NG ‘&
.
rrosecronihorlond Oréel: and Ty,
cocanon.mit of Doncaster, Ootk,

IR

.i&Ou 1

o 5102 Lhe

HWOLE LOCATION .l

HOLE ELEYATION o
5t
DATUSM 3.3(. ‘%UJT

Cuard Reil Pxioting Bridge = 1633

No. 2 Crossing-Twy.401

PENETRATION RESISTANCE

2 ©.D. SPLIT Tua}: RIS N k‘ :
27 1D, SHELBY TUBE i e
27 DA, CONE
SHEAR ST RENG"'H

UNDRAINED TRIAXIAL o
AT OVERBURDEN PRESSURE ;
UNCONFINED COMPRESSION 2]

VANE TEST AND SENSITIVITY xm«,}ws

LEGEND

:NATURAL MOIE
AND? LIQUIG!TY INDEX

)RE CONTEN T

ATTERBERG L!MlTS

‘L!QUID LIMIT
:PL«ASTH." LAMUT

SAMPLE TYPE

27 oD, SPLITITUBE., ..
2" 1,00 SHELBY TUBE.
3 O, SHELBY TUBE..

7 S

‘ PENETRATION RESISTANCE 350 FT. LB. NAYURAL MG!ST\JRE CONTENT 'ﬁ_;‘)l.MEj;,ﬁé:,
| ELEV | DEPTH ‘ ) BLOWS/FT. : AN Y PE
S MBOL SO, DESCRIPYION FEET FEET 2LO 4]0 030 B'D ATTERBERG LIMITS AN
SHEAR STRENGTH CPSF Y% DRY WEIGHY
- 574 o 1000 2000
P N o : Wl R
X ’ norevegandy 811t withl
B B R 0 o o O N0 O e e B ARG IR O (8
.
SRR ¢ » doans royn cohesive ailily o 3
"o pend with rumerous shale gravel below -
LT about 8 feet. 10
‘{_:‘;z b }
s _i;;é
AU Y
24 H
1
20
ind of Bore. UR— . 7Y
Hotese an b
30

1} Heole cesed to 24 ft.

2} Done Griven 9 feet east of kmla o
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SITE {NVESTIGATIONS

BOREMQLE No. 3

SO MECHANICS (IONSUL'Y‘ATION

rrosect Sutherisnd Cresk and Hwy, Nos 2 Crossing-Hwys 401

Locanionsedd of

Lanoes

gher, (nt.

HOLE LocaTion. B8 g

A‘iﬂ)a ‘}

HOLE ELEVATION

5404 ft.
oarum Ton ¥ortdh uard Rail Ex¢ﬂx3ng

Bridge =

16343

ﬁbNErRAT'N RA&STAN E

20 oD, em_n TuBE »«-o-~o-—o- T
2" LD SHEL BY TUBE -%——-*—1
2% DLA: CONE
SHEA;‘(QTRENGTH

UNDRAINED TRIAXIAL
AT OVERSBURDEN PRESSURE

UNCONFINED COMPRESS!ON

PIRECT RN DR

®
®

VANE TEBT AND SENSITIV!TY 18l+

2% OB SPLIT TUBE...
&0 D0 SHELBY TURE.

3" 0., SMELBY 'TUBEM.W.“.W.WW S §

%f PENETRATION RESISTANCE 350 ET, LB NATURAL MOISTURE GONTENT | 8ampl
‘ ! B N ELEV. | DEPTH BLOWS/ET, ) AND Y E
BYMBOL | SCIHL. DESCRIPTION CEET FEET 2{0 ‘ d}O 6’0 on ArTERBhRG LIMITS
SHEAR STRENGTH (LR Yo DAY WEIGHT
15004 0 1000 2000
/ :)4"4 . } ] T b
L x"?
y : balow about 5 feet P i
A 5 .o X e x NG S
S i) Of & eeat. Yot clayey silt

/; /3”“» g g t

fiefugal

Shelltr Tube 12.3 £,

Qg*@¢x$dtld
!
=
oy
o
4!

Laglng
i

2 )one iriven

:£QNwa angular gkuval in &
cohes

houre

metrix of
ive silty sand.

ing at 29% T4,

nd of Bore

20 %, north

14,3
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SITE INVESTIGATIONS . SOl MECHANICS CONSULTATION LEGEND
PENETRATION RES?STANCE NATURAL MC\iSTURE CONT&NT .
) . AND CHQUIRITY INDEX X
R 2" 0D, SPLIT TUBE BT & paed o WRE S .

BOREHOLE No 4 v ‘ 2% 1D, SHELBY. TUBE . Fop s poiy CATTERBERG quTs
rrosecrobrelond Creel and Hwy. Hoo 2 Crossing-Hwy.407 20 oA cone e LIQUID LIMIT ’ s

: ; , - ; PLASTIC CIMIT ~
Locanionbuit of Lancasiexr, Ontb. SHEAR'STRENGTH. - ‘ A PUE TYLE -

. e, 0 UNDRAINED TRIAXIAL ® ‘ ¥

HOLE LocaTion D8@ Dwe. o, 1 AT GVERBURDEN F’RESSURE

27O, SPETT TUEE...

HOLE ELEVATION. o 154.4 Tt UNCONF)NED COMPRE&SFDN ®3‘ 2% 1D, SHELBY TUBE.
. . e VANE ENSITIVITY (6 . i ‘
oarum_Top Horth Guard Reil Existing Bridge = 163.3 ANE TEST AND SENSITIVITY ¢ 1 87 0., SHELBY TURE
i - PENETRATION RESISTANCGE 380 #T1, LB, NATURAL MOISTURE: CONTENT'
; i ELEV. | DEPTH T BLOWSFET. AHD
| BYMBOL SO DESCRIPTION FRET FEET ‘2‘0 4k0 Gi.ﬁ; 8‘0 ATTERBERG LiMITE
...... ; ] SHEAR STRENGTH U mse S % ORY WEIGHT -
éi:wwnd Surface 154040 O 1000 000 ‘
AT N N x § T B 0
/ Zznﬂ,r 8bilf grey brown Tissured clay
. coring less atiff with depthy
7 yarved Lelow aboub 8 feet

o @mza Phe=cloy about 4 inch thick,siltyl
-7 ¢lay nheut -z’g inch t,i*s:a.c:k .
[ 4E-13mclay 4 to % inehy silt about ¥ 10

<7 he 1 ingh. ) co
e 14933
Y Bolt to medium stiff wet clayey
e s
« PBandy silt with gravel.
o poandy & 1353
; 20
. 17 Dense grey cohesive silty sand with
Lol
A
oo -\} considerable gravel.
* 203 30 |
, ind of bore om be&x"mk or bauldm: el g
Hotens
1) Hole cased to 30 £t.
'3’} Cone driven 10 £t. south of hole
' (according to blows gravel indicated 40
| below 10 £8.) |
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SOIL MECHANICS CONSULTATION

| BOREMOLE MOk

rrosecr Sutherland Creek & Hwy. No.

cocaion 28t _of lancaster

HOLE ELEVATION

oarom o north Guard Rail existing bridge 163.3

HGLE LOGCATION Ses I}‘ﬁg* 1o

15446 £

Crogsing Hwy. 401

PENETRAUON RESWTANLE

2~ oub, SPLIT Tuse ._.MM )
27 fo. SHELEY TUBE -x-—-—x»~x—»~*
27 DAL CONE PRSI
SHEAR STREN’GT‘H e
UNDRAINED TR(AX!AL e

AT OVERBURDEN PRE‘S&URE &
UNCONFINED COMPRESSIQN &

VANE TEST AND SENSIFVITY (sx+‘s

NATURAL MOISTU&E:
A
“fiGuin LIMIT
BLASTIC LIMIT

s

2"
an

as

ONTENT oL
CAND LI QUIDETY TNDEX. - X
TTERBERG L;Mﬁ“s

AMPLE TYPE

0.0 SPLIT TUBE. e o B

1B $HELBY TUBE i e B
Oib. SHELBY TUBE., NS

RELEV
Y MBOL S04, RESCRIPTION FEET
Cround surface 544 6
': ¢, I8tiff brown ¢lay with roots haire
=" & nunerous shale gravel.
el il 149.6
‘wv 1,,.L< -
?3 “Medium dense to dense cohesive
o, T
s isandy silt with gravel sizes
,'&f‘ "{larger stones between 5 to 10 ft.)
S
by o
A
,\;., P
et 133.3
:‘»ZJ .\ Very dense mixturs of fine sand and
\/ ©+ igravel with numerous cobbles.
,{{g?‘ﬁ .
(I:))S’i ‘Very dense angular shale gravel in a
;i~~§A*matrix of slightly cohesive silty
o R OF SR e
L sand.
¥ 14"3

Shaley me@ratqne baﬁrnck. Shal@ imraaﬂw

with depth - 100‘}% reaavery ta 51 ﬁ fﬁﬁ

DEPTH
FEET

10

20

30

4G

PEN&TRAHON RESISTANCE 3’50 FT wB.

HATURAL MOISTURE CONTENT

25 io 5 BLOWS/FY AND
§ | 2 & ATTERBERE LIMITS
SHEAR STRENGTH : PSF % DRY WEIGHY

e I o T

¥.

P S e s S e
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H53TE INVESYTIGATIONS - SOIL MECHANICS COMSULTATION LEGEND 354’2A PROJECT Nejjéﬁg-
PENETRATION RESISTANCE MATURAL MOISTURE CONTENT [
o &b, SPUIT TURE AND LIQUIDITY INDEX
. 0. e - .
BOREMOLE NO. v 2% 1D, SHELBY TUBE Yoo fomie ATTERBERG LIMITS
prosecroutherland Creek & HBwy. FHo. 2 Crossing Hwy. 401 2 oia cone e uc»umCLm:iT —
o Sy PLASTY L
cocanon. bast of Lancasier, Ont. SHEAR STRENGTH _ !
X UNDRAINED TRIAXIAL SAMPLE TYPE
e Sea Dwg. 1 R EN PF re D
HOLE LOCATION 88 DWZ. Je AT OVERBURDEN PRESSURE 2% O.0. SPLIT TUBE. i g
wove eLevation. 12001 Tte UNCONFINED COMPRESSION 35 27 1D SHELBY TUSE . .. ...
VAMNE TEST AND SENSITIVITY (S) “LD. T SNSRI .
varumTop north Guard Bail existing Bridge 163.3 " 3" 0.0 sHELEY TUBE
! PENETRATION RESKS;N\NCE 380 FY. LB NATURAL MOISTURE COMTENT SAMPLE
i ELEV. | DEPTH LLOWS/FY AND TYPE
BYMBOL 0. DESCRIPTION ceer | FEes 2;3 40 ‘5!0 8o ATTERBERG LIMITS AND
R — ] BHEAR STREMGTH PEF Y% ORY WEIGHT MO
y N A
- y Ground surfage 156.7 © 2000 I
;// Approx. 8 ins, topsoil. ; :
/ Med, stiff to stiff light gray brown oo b
P . ; ) T T3 1
‘@/ _Aclay appears fissured and reworked. - RS 7
‘ ot 1148.3 T
| 10 | !
[ Vs . ; e g gk i 2
1 Wed, dense to dense cohesive sandy S
Yeilt with numercus limestons and ‘ ,
b ) 3
- shole gravel sizes.
o 20
i Large stones at 8% £4., 14 £, 4
d e Ind of Bore 129,13 5
. ;,
[ o
Hotess 3' 30 4
1} Hole cased to 25 ft. 7
©) Cone driven 21 ft. east of hole. :
.
40 H
1 3 I
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SITE INVESTIGATIONS SO MECHANICS CONSULTATION

LEGEND

DHAWING NO &

PROVECT NO...‘Z:;?..

[P S S

PENETRATION RESISTANCE NATURAL Mons-rlmE’com‘l«:NT LA
AND LIQUIRITY INDEX
2% ©.0. $PLIT TUBE JROUY TG, W, W
BOREHOUE N0l 2 1D LHELBY TUBE et o ATTERBERG LIMITS
muur:(:rglﬁl"ﬁal‘lil}"ﬂ Craek & Hwy., Wo. 2 Croesing Huy. 401 2" DIA. CONE it LIQUID LIMIT .
Ty g+ S s SHEAR STRENGTH PLASTIC LiMIY [ ——
Locariontzst of Lancaster, Ont. = SAMPLE TYPE
i TS o 1 UNDRAINED TRIAXIAL I
HOLE LOCATION 08 W, 1s AT OYERBURDEN PRESSURE 2% 0.0, SPLIT TUBE o . 1]
HOLE ELEVATION 4”5‘;‘4 f%° UMCONFINED COMPRESSION G?s 2" 1.D. SHELBY TUBE. . - “
oaron Top north Guard Redl existing hridge = 163.3 VANL TEST AND SENSITIVITY (811 3 0.0. SHELAY TUBE— o e N
E i PENETRATION RESISTANCE 350 FT. LB NATURAL MOISTURE CONTENT SAMPLE
| ) ELEV | DEPTH BLOWS/FT AND TYRE
SYMBOL | S0IL. DESCRIPTION ceer | peet 2o 40 50 Bo ATTERBERG LIMITS AND
- S SHEAR STHENGTH PSF Yo DAY WEIGHT NG
z«‘ "
Hround surface . 2000
, ﬁ““‘ ound surlace 155, 4 0 - . |
// 2 . ' ' y i ’4 )
// |Very stiff grey brown fissured clay ,.",\K&,\, -
. ‘becoming stiff below about 5 I't.s ot e
ntiff grey reworked clay with some ISR
val at & £i. D W
, 146.3 A t\;
S 10 i
j | |Dense cohesive silty sand with +
R
. \'ﬁ.“ ;\
- numerous gravel nives.
pes .;« ‘
- ) : i
i ‘o 20 -
¥ EYY ; * *
e - Tnd of Doxe B ~—1432,3 |
! i
Y T -
1) Hole cased to 20 f¥. ERERE R
S SN N '
| . 30 i
2) Cone driven 10 ft. south of hole.
b
H
a0 '
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. SITE (MVESTIGATIONS SOIL MECHANICS CONSULTATION L EGEND JE424. PROJECT N(,,_J!}_é?

PENETRATION RESISTANCE NATURAL MOISTURE CONTENT Lt

i 2" O.0. SPLIT TUBE OO AND LIQUIDITY INDEX X
. BOREMOLE Wo. 8 27 1 D, SHELBY TUBE Yool ATTERBERG LIMITS -
' lerosecr.Sutherland Cresk & Hwy. No. 2 Crossing Hwy. 401 2 pia cone R LIQUID LIMIT e
_ g e PLASTIC LIMIT —
)' fLOCATlGNA.Eﬁ of Lanca & SHEAR STRENGTH SAMPLEl TYPE "
UNDRAINED TRIAXIAL
’HQL&: LocATION DB8 13wg;, T AT OVERBURDEN PRESSURE & 2% O.D. SPLIT TUBE. .. #
' HOLE ELEVATION 157.20 £, UNCONFINED COMPRESSION ®$ 2 1.0, SHELBY TUBE .
| oarow Top_north Guerd Rail existing bridge 163.3 VANE TEST AND SENSITIVITY (5 3" 0.p. sHELEY TUBE. . —— . B
=2 ]
| -
|
3 ' PENETRATION RESISTANCE 350 F1. LB NATURAL MOISTURE CONTENT | SAMPLE| NATURAL
' ) ) ELEV | DEPTH ) BLOWS/FT anD TYPE UNIT
SYMBOL | SOl DESCRIPTION FEET FEET ¢l° 49 ‘5}0 80 ATTERBERG LIMITS AND WEIGHT,
; — - SHEAR STREMNGTN BEF % ORY WEIGHTY Ho . P.CF
: Ground surface h57.21 o
' Vs N bl DL P ! 1 e
~ 5tiPFT brom clay numerous gravel sizes [ % RN ! a 1 N
s 154,3 A T S SR e | - -4
] 7 %
‘Dense browm clayey sandy silt with Y.
L mumerous Tine to medium gravel sizes, B -
| . . 10
g, . becoming larger gravel bslow 15 ftl.g e
5 ~ ’. .
dd w?iarg& stones balow 25 feat. ;
% Tl ¥ 3
] Jost water at 2.7 feet in sand -
rand gravel. 20
’ A4
S o 5 1
He
Ind of Bore et @T0 3 1 3 .

Rotea:
1} Hole cased to 25 ft.

;| 23 Cona driven 8 ft. sest of hole.

" 40




WILLIAM A, TROW & ASSOCIATES LTD. Dwgs 11| orawine no 10
= TE AR
SITE INVESTIGATIONS . S50IL MECHANICS CONSULTATION LEGEND J5424 : PROJECT rxo\,m‘f,{éﬁf
FENETRATION RESISTANCE NATURAL MOISTURE CONTENT Lt
) AMD LIQUIDITY INDEX X
27 0.0 PLIT TUBE i ‘ -
BOREHOLE oD 2 (D SHELBY TUBE  -¥—¥— ke ATTERBERG LIMITS
erosecr._oubherland Creek & HBwy. Ho. ¢ Crossing Hwy. 401 2 oia cone S LIQUID LIMIT ——
Tast of 1 y SHEAR STRENGTH PLASTIC LIMIT O
cocation best of Lancaster, Ont. ’
o UNORAINED TRIAXIAL ® SAMPLE TYPE
HOLE LOCATION. W98 Dwga 1s ~ AT QVERBURDEN PRESSURE 2" O.0. SPLIT TUBE.. . o %
wore eevarion 110 fHe UNCONFINED COMPRESSION ®$ 2" tn sHeLsy tuee .. .. . . . &
oatom Top north Guard Rail existing bridge 163.3 VANE TEST AND SENSITIVITY (51 37 O.D. SHELBY TUBE o .. . &
f: PENMETRATION RESISTANGCE 35C FT, LB NATURA MOISTURE CONTEMNT SAMPl;E, NATURA;
; ELEV | DEPTH N BLOWS/FT AND TYPE T
SYHMBEOL | SO, DESCRIPTION CEET FEET ‘,0 “10 ﬁo ’3,0 ATTERBERG LIMITS AND WEIGHT
SRR . SHEAR STHENGTH XS Y% DRY WEIGHT NG P.G.E.
ﬁroumd surface 157.0| o
i N .
St E brown slightly cohesive coarse _f
81t with then layers of clay at IR IR R S B N0 N N o 000 G
P cbout 1 inch intervals, " == st ] b ¥ 1. leversd
7 ’51 v1 . \ - 7
A . 10
a -4 'Dense grey slightly cohesive silty - Lded
] : oo ; 2
) C 1 LAY s i . F
{f‘ »~ Band with numerous gruvel sizesy o
] f; - ‘ Iy /3
o ifnum@roua large gravel sizes or stones ! RN
: ke 4 H
N 7 balow 20 £, t -4
P = |
<. 4
i x’:? | .
s ] . 4
Ind of Bore DRI 1~ A T B TS T S ,
Notes: 5 ‘

1) Hole cased to 30 £4,

2) Cane driven 5 4. east of hole,

40
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WILLIAM A, TROW & ASSOCIATES LTD, Dwg. 12 DRAWING No. 11
o ©
SITE INVESTIGATIONS SOIL MECHANICS CONSULTATION LEGEND J5424 PROJECT Nao. J«?ﬂ
PENETRATION RESISTANCE NATURAL MOISTURE CONTENT XLI
2" O.D. SPLIT TUBE —0 00— AND LIQUIDITY INDEX
BOREMOLE No ek O 2 LD, SHELEY TUBE  -Nomfomomrfe ATTERBERG LIMITS
PROJECT Hutherls halsd Creal & H"fyu o 2 Cz‘a&ming HWm 401 2" DIA. CONE S— LiQuiy LimiT S
LocaTion. a8 Y of lLancaster, Ont. SHEAR STRENGTH FLASTIC LimiT b
“ee Dwe, I UNDRAINED TRIAXIAL ® 5AMPLE TYPE
HOLE LOCATION. 288 UWH, 1. . AT OVERBURDEN FRESSURE 2* ©.D. SPLIT TURE. .. g
HOLE ELEVATION 155.4 T4, UNCONFINED COMPRESSION ®s 2" 1.0 SHELBY TUBE. . .. _ ]
oatom__Top north Guard Rail existing bridge 163.3 VANE TEST AND SENSITIVITY (51 -F 3" 0.0 SHELBY TUBE— . §
: 1
§ i . PENETRATION RESISTANCE 380 FT. LB. ! NATURAL MOISTURE CONTENT | SAMPLE] NATUR
i ] ) - ELEV | DEPTH . ) BLOWS/FY AND YYPE URET
! SYRMBOL SO1L DESCRIPTION cEET FEET ¢§0 AiO 6}u B‘o B ATTERBERG LiMITS AND WEIGH
e e . i S0 e - SHEAR STRENGTH PSF Yo DRY WEIGHT NQ PCF
!Grounﬁ surface 155.41 o !
/// 1vayy gtiff brown grey fissured clay
////Laauplhﬁ stiff ot 5 £4. snd ‘soft SRR b - 1 Levered

‘below ubout 8§ 1. Tumerow =ilt
//"laV@rs and some gravel 84 - 30 4.

o ¥ |
4 whelDense clayey silty sand with
f/’& 5
v # ‘magerous angular gravel.
o b-f
PR
; 9
e
v
:«‘(f . H
T ol
# . 4
7ol

46,4

£
3573533 Bedrock
T Layere of limesione and sheley shale
,$¢QMWG¢WMMhV1hmmh,
Bnd of Bore - N
Fotes:

1) Hole cased to 29 £t.
7) Coffe driven 5 £%. north of ho 4.

124.3

118.3

10

20

e
<

440

{
2 Leydred

3 Levered




WILLIAM A, TROW & ASSOCIATES LID.

SITE INVESTIGCATIONS SO MECHANICS CONSULTATION

BOREHOLE Mo o 13
rrosect outheriand Creek & Hwy. Ho. 2 Crossing
Location__hast of Lancaster, Ont.

‘ a
HOLE LOCAT xoww.‘:?ﬁw o e

MOMGE ELEVATION 156*G ftv
« um Hater level Sutherland Cresk = 152.13

n August 8, 1960

Hwy. 401

PENETRATION RESISTANCE
27 0D, SPLIT TUBE gy rnoonn
274D BHELBY TUBE Yoo
27 DIA. COMNE

SHEAR STRENGTH

UNDRAINED TRIAXIAL ®
AT QVERBURDEN PRESSURE
UNCONFINED COMPRESSION [

VANE TEST AND SENSITIVITY (Sx'+‘s

LEGEND

Dwg. 13
J5424

RATURAL MOISTURE COMNTENT
AMND LIQUIDITY INDEX

ATTERBERG LIMITS
LIQUID LIMIT

PLASTIC LIMIT
SAMPLE TYPE

27 0.0, SPLIT TURE
27 1D SHELBY TUBE.
37 O.D SHELBY TURE,

DRAWING Na. Tg

A
PROJECT No‘w‘zﬁﬁﬁ

L
)(‘

J—_

fez g ]

o i i' g PENETRATION RESISTANCE IBO FT. LB NATURAL MOISTURE CONTENT § HAMPLE
: o j ELEY [ DERTH | - BLOWS/FT AND U rype
- SOIL DESCRIPTION eeer | oresr i ) i e 8o ATTERBERG LIMITS . AND WEIGHT
S ‘1 SHEAR STREMNGTH P F Yo DRY WEIGHT T PLGLE,
i ' |
! [Ground surfase 156,00 o L :
|~ Abeut 8 ins. topsoil ‘ Levdrad 07
§/ // Fissured very eiiff grey brown ¥ 152,3 T g (Driven reat
|/~ olay becoming less stiff with depbh. — for 23 blow
: / bl 2 leversd
L ‘Quite =ilty below chout 13 £4,
A 10 @10 3 Levered
I P t tore i .
i | Fhelby difficult %o lever at 16 £, NERRE 4 Levered
// . } y ¥ "1 ”.\ i
Y N e e 1&0o0 (R N S IR N
R O AP Fodeod e b d
FE B e A R A
P ;.5] 50 PR R S SE SR O
B 'Dense angular gravel in a matrix of <t (6 | 18gY dPpary beuhaed |
. '» o R L. .:yi;
f“"‘ | 'slightly cohssive silty sand, SUBOREREEEE
F L T r 3 l
@/‘-4. r A dﬁ P
1A | 30 - -
- . . ok
e ,.%; P i . ;.i
Cpos b ‘ : Lo 1y Fdy o s Ly
ten d of Hole — . e §121,0 SR Ly
P R RS R
. Led s b P o
Hotes: 1) Carbolloy bit on pressure at 35 £, SRS TR RRE RN R I
(Probahls badreck) ; IER S SR G DN
2) Hole ecased to 33 ft, { b DA
3) Cores driven 5 £4. & 10 ft. south of h::»lé refusal j e SESENeY
! N AERRANRRNR R DN

G- nd- 43 - iner-respeetivety s




WILLIAM A, TROW & ASSOCIATES LTD.

SITE INVESTIGATIONS SOIL MELMANMICS COMSULTATION

<%
SOREHOLE Mo LG
-

wst of Leacasisr, Ont.

qoLe Location_ 928 Dwg. 1.
e Fid
HOLE ELEVATION 156e4 £t
ber level Sutherland Cresk =

152.13

On sugust 8,

rherisnd Oreek & Hwy. No.? Cressing Hwy.

LEGEND
PENETRATION RESISTAMCE
2700 SPLIT TUBE i
27 1D SHELBY TUBE St
401 27 DIA CONE B —

SHEAR STREMNGTH

UNODRAINED TRIAXIAL
AT OVERBURDEMN PRESSURE

UNCONFINED COMPRESSION

@
VANE TEST AND SEMSITIVITY (8, +$

1960

Dwg.
THAZK

MATURAL MOISTURE CONTENT L
AND LIQWIDITY JNDEX X

ATTERBERG LIMITS

LIQUID LiMIT B

PLASTIC LIMIT PR

SAMPLE TYPE

27 S.D. $PLIT TUBE &
27 @ SHELBY TUBE 7

e
37 0.0 SHELBY TUBE. . ]

v , i , PENETRATION RESISTANCE 350 F:/ - NATURAL MOISTURE CONTENT | AMPLE| MATURAL
BymMBaOL | S0t DESCRIPTION ¢ BLEV G DERTH } 20 a0 &0 BLr;’JnWJ T AND i ML UbiiT
a . ’ ) I freev | rEEY 1 i i ) ATIERBERG LIMITSH I OAND | WEIGHT
o e s i i CnHEAR STRENGTH - T DRY WEIGHT t, N : PLoF.
'1 ; ! f
. ... Pround surface 1554 g 2000 30 20 10 | z
/ i i A t ppree oy .
o s A Y - ; ; L ! aBne I
Ssbout U ina. of dark brown topsoil i ST NEN i
X A T e
k= ; it
; "
P . 1 9"1 |
tedia 88180 at approximately 12 £, t 10 w\ : Y e i - 3
- i P PP . .. o8 § Al 4 4 - 4
ey a v B b G L Py o H .t
// Refusal to open end Shelby at 15.3 Ft. i VR I N0 TR i ; X4 1
Vs ; S IR (I R SRR eI SO IR e + 1
R - e e e e 141,, 41 . ; }-g-zﬁ‘f“ :d - — . 40
hy ,};\ . R 8% Driven
jv;ﬂ ybense sngular gravel in a matrix of Mgt spdeors] bk PRSI B R & RePusal
. ; 20 % T - H , s ¢ .+_L . b e 1{;“@1
Z © . Blightly cobesive silty sand. ! e S R Y I N /Y i
e i R R T U R SN b et . .
4 ! PR PR N . P Py i o
o : Pl i H T .
. DR S [ - - A bk oy o4 ! g
. ‘ = gt — -
e - ey . } bbb ey . . I STETC U S VS R BN
nd of Hole §1£’9,4§ S N I N IR /15
: . I . P g B [ i B
! .y . 3 PR i A S g b e
‘otes: 30 foon IR ‘ . RN A I A
[P . T ; . . PEETICT S T S OO PO s N SN
_ 1) tole cozed to 05 T4, 3 [ ISR ORERE DR L. N S S !
! ‘
i ioa oy 4 . ’ok P [T .3 N 4 - N H - H
{r\ Coneg dpriven X £ south of hole i ; b AR e ~4‘~-’§-—§ NS I B B ;
;) Con vEn 4. oof hole, : T T N Ly A F AR5 A AN . ,
L DU SN g e L e S T R |
! et TR A - b SR R R B !
! ; P Cey . i e . b . N . :
H [ + ook - + .- i
, ; NP [ X ' , . . TN c s : . i
: g b . [ P .E i b i - f; : FE i i P i - i
R 1 (R : i [ T W N O O T fer s i ! i o




WILLIAM A TROW & ASSOCIATES LTD.

L 4

ORAWING NQT?,";

PROIECT Mo

5424

SUIE INVESTIGATIUNS GO MELHANIUS CONBULTATION LEGEMND
PENETRATION RESISTANCE CATURAL MOGISTLRE CONCENT 4
3 ©GD $PLT TUBE PP U S - ANE L Y oanmex :
BOREHOLE NG e e e o D10 SHELBY TUBE ¥ b ATTERSERSG LIMITS
e ] PA CONE U — g A —
oszer  ETOpoBed Crossing Heys.401 & 2 2 DA CONE SEMERSE @
¢ Sutherisnd Greek, Lansaster, Ont. SHEAR STRENGTH PLASTIC LiMiT e
LEC AT VOMN i i i —
NDRAINED TRIAXIAL @ SAMPLE TYPE
ROLE LOCATION AT OVFRBURDEN PRESH.TE . oD SPLIT TUBE
DNCONFINED COMPRESS & CoTmm
o £ EvaTION dn8 S 2EEN s : D sWELBY TUSE.
- VAMNE TEST AND SEMNSITIVITY 8
e 3 0D SHELBY Tuecfd
At Sae Dwg.l —
i PENFTRATION RESISTA CE ¥I50C FT LB NATURAL MOISTURE CONTENT BAMPLE
ELEV | DEPTH v o BLOWS FT AND rE
- S 20 a By
SYMB0oL S$OIL DESCRIPTION FEET cEET l=1 BIO ATTERBERG LIMITS AN
_ SHEAR CIREMGTA L 3-23 % URY WEIGHT N
Fater Surface H52.6
e — e O
¥nter ;
i
o o R _h4s.6
—5 TUEganic puek, Some sand T T T 1454

| SANDY SYLP GRAVEL TILL -

' Jloose to msdiume dense Tine te
coarss mngular gravel, predominantly
shale, in a slightly cchesive zandy
gilt matriz !

.mopre cohesive at ~ 25 £,

ra below 27% feet-16 in. boulder
from 275 £t.

-glmost oontinuous boulders with
sandy silé till maizrix

-3 Pt.boulder from 33 fi.

cK 100
1 ~slightly argillaceous R
acov. |
limesione. i
gox ¥
Tnd of Hole Recov. ‘Il
HOFES:
11} Hole advanced to 214 £, by alter-
nately driving BX caging and waghing
olean, Hole continued %o bedroci by
ranning AX casing or AX core barrel
as necoesary Lo progress through boul
2) Bedrock recovered in AX core barre
Prill on conbinuous pressure with ful
water return.
3)Artesian condition encountered at~
33 £%. Rose to 154.8 Fi. Flow about 1

Sezled on withdrawal of casing.
43 Cone ariven 6 £i. west of boring.

127 ©

i0

20

L)
<

113.4

40
103.5 50
Hera. | 60
Lo
i
g'p"%' 70

80

90

100

110
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WILLIAM A, TROW & ASSOCIATES LTD.

ETRd

BOREMOLE No __14

E INVESTIGATIONS SOIL MELHANICS CONSULTATIOUN

sroserr _Propossd crossing Hwys. 401 and 2.

LOCATION .

A&ztherland Creek, Lencaster, Ont.

noce vocation.. . 398 Deg, 1

HOLE ELEVATION

DA Tum

152.9
See Dwgz. 1

LEGEND

PEMETRATION RESISTANCE
0D SPLIT TuBE P -

e
DIA CONE -

SHEAR STRENGTH

TUNDREAINED TRIAXKLAL
At COVERBURDEN PROSE @

10 SHELBY LUBE

UNCONFINED COMPRESS

.3‘+s

VANE TEST AMND SENSITIVITY

NATURAL MOISTURE CONTEMT
AND LIQUIRITY INDEX

ATTERBERG LIMITS
LIOUID LiMiY
PLABTIC LIMIT

SAMPLE TYPE

DRAWING N,

2 OO0 SPLIT YUBE. 2

P D SHELBY TUBE.,

37 00D SHELBY TUBE ﬁ

16"

PROJECT MO i

S0IL DESCRIPTION

ELEV
FRET

Ground surface

,//

~12 ins. black peaty topsoil. =
SILTY CLAY -wmed. stiff with thin
! sand seams znd occasional gravel
| sizes.

| l-depse below ~ 25 fi.

SANDY SILT GRAVEL TILL

=loose to med.dense fins to coarse
gravel in slightly echesive sandy
2ilt bimder.

~higher sand conltent and non-cohesive
at 20-22 ft.

~boulders below 31 ft.
4 boulders between 6 inz.and 11 ins.
cored.

Probable sandy matric.

e *90%"‘.‘" -

Recov\.—i‘_

”

~slightly argillasecus
limesione.

End of hole B

{EGTES:

;1} Hole adgvanced to 31 £1. by alter—
mately driving EX casing and washing
Jean. Hole contimued %o bedrock by
ing AX casing or AX core barrel ag
rscessary to progress %rough boulders
P} Bedrock recovered in AX core barrel
11 on gontinuous pressure with £&1]
uter recovery.

F@ﬁng sealed with bentonite as casing
withdrawn.
4} Come driven 5 £%. east of boring.

3) Sligkt artesian condition encounteyed
nt ~ 33 £i.3 rose to El.154.6 in casing.

124.9

113. 5

1004

152.9

145, 6

DEPTH
FEET

10

20

30

50

60

70

80

a0

100

PENETRATION RESISTANCE

35C FT. +8
BLOWS FT
ac

NATURAL MOISTURE CCHTENT
AND
ATISREBERG LIMITS

Y DRY WEIGHT

SAMPLE
_TYPE
AND
NOw

NATURKAL

110




WiLLIAM A. TROW & ASSOCIATES LTD.

DRAWING No 3?mw«

SITE INVESTIGATIONS S0, MECHANICS CONSULTATION LEGEND PROJECT MO Mmﬁﬁu%_
PEMETRATION RESISTAMCE NATURAL MOISTURE CONTENT L
??‘ 2 oD SPLIT TUBE - AND LIQUIDITY IKDEX (X
BOREHOLE MO ot D 21D SHELBY TUBE ook ATTERBERG LIMITS
enosecy Proposed Crossing, Hwys. 401 &ﬁd 2 27 DIA CONE T RIQUID LMY —@
- ocanon Jutherland Creek, Lancaster, Ont. SHEAR STRENGTH : PLASTIC LT b
UNDRAINED TRIAXIAL SAMPLE TYPE
- HOLE LOGATION_* Bee D‘ﬁgvx P AT OVERBURDEN PRESSURE @ . 8
?56 3 £, UNCONFINED COMPRESSION ® 271 OB SELT TUAER. - - )
= vous FLevaTion 202 T2 _ - RS s 2° 1.D. SHELBY TUBE oo B
o .,..n,g?@ﬁ Dwg, 1 VANE TEST AND SENSITIVITY (5) -} 2 G.0. SHELBY TUBE 8
’ r _ > 1
! | | PEMETRATION RESISTANCE gig:;/ x;“a | NATURAL MOISTURE CONTEMT SAMPLE | NATURAL
PEL y i % ¥ : 3 x
L E VM BOL SOIL DESCRIPTION : _L_Ey DEPTH 20 40 50 8G ! ; ,:ND : TYpE Y
i FEET FEET ! { } ' L ATTERBERG LiMiTS AND WEIGHT
S S —— e e e § | SMEAR STRENGTH P S F ; Yo DRY WEIGMT NO R
. " Ground surface - 156.3 |
3 . ‘“" . - Ry “"““% O -y L 7 Y T ¥ 5
N S g mpmm ~ 2 £t, dry sandy silt. | S SRR R RS |
2 - i o e by dededepe b e 4 b b de
7 SILTY CLAY - very stiff mottled ..2..(153.} RENAE RIS [SESRERERS 1
S brown and desiceated l AR B : T e
=3 I ! ; N [ y t e g 2 ™
. . -odd fine gravel sizes. ! © R SRR DS Raes T A IBEEE N “%ﬂ"gg,
R N P P [ R [ . Lod g 4
- «becomes less stiff with depth < B T e H RN SR 3-I
-yarved with clayey silt below ~9 fte T NN DR SRS DI DS R BN BRREE N &:,g
o msrqf“f;,&gfmd@mw}y cohesive clayey 1442 D ‘ N I B RN I B [ 1
Y s311t below 11 f, % ;; SRS L RSN LR 5 o
) ; H . . s R . .h O . N Lo b ’ !
o ’ SAWDY SILT GRAVEL TILL : | ' S et : oot i
7 ~locss to med.dense fine to coarse % OIS SRR REREE BEEE s ms RS SOBRE RSN | é
to gmwal sizes in moderately cmhssi% g S DR S U SIS SN O SN SRV SR ;
( t‘&ﬂiﬁgf Sllf} hj,ﬁﬁ&l"a ‘ % 2(") {j,\ S PEPE S U AR T o I T S 2 Je ke /1 ﬂ? :
! R 1 ) e e T . e ' _ . - . e i i
2| : * i , I L AP S SN Y I SRS I :
" . W : ! LA H . 4 ™ - . i 4 i | ] :
| -glightly higher sand content with ! SRR RN S S DU S NESRE RN '
- d ! ! FU SO AU A S TSNS S S i b R AR R O X !
anth ‘ N ‘ I JUSRTAN NDU S5 S ISR SR |
- 99PEE T wng of hole e 130 8 I A o ' e : - 78
: R . SRR P - - [N NI N B A o i
BOTES: f U I B N O IO I SO | l
1) Hole sdvanced by alternately driwing = 3o [ DR BRSNS SABDE TR SN SR SEE aan | |
;%X@mingand%fmhingclews ; eI R DR R '
s . | R N T T L
2} Water level after 28 bxaw-fi;gf ; 5 N I SRR R .
5 3{3 3 4, ; PP R PR _, t . ! . a '
After remowval of casing -3 ft. ; SO R R R ! h )
’ , i , - { . s N 1 B i . ; ; N ! t
- L ? 1} P :l . ; . i . '
! : . . . e { . e H . i .
| o] R ceee % ;
(R EREEE S . o LI i i . .
; i Pttt RS RN AR | |




WILLIAM A. TROW & ASSOCIATES LTD.

SITE INVESTIGATIONS S5O, MECHAMICS CONBULTATION

DREHOLE No. ?6

rosecr. Proposed Crosaing H‘Hy&a@f"‘ & 2
Sutherland &r@@kg Lancaster, Ont.

ADCATION

LEGEND

PENETRATION RESISTANCE

2% 0.0, SPLIT TUBE bt
2% 1.D. SHELBY TUBE ¥
z° DIA. CONE

SHEAR STRENGTH

DRAWING NOo.

PROJECT No.t,..g

NATURAL MOISTURE COMTONT
ANT LIQUIDITY INDEX

ATTERBERG LIMITS

LAQUID LIMIT
PLASTIC LIMIT

Ll
X

SAMPLE TYPE
UNDRAINED TRIAXIAL
JOLE LOCATION HBee Dwg.1 AT OVERBURDEM PRESSURE & 2+ O.0. SPLIT TUBE. .. ..
sore eLevation.. 136, 4 UNCONFINED COMPRESSION ®$ 2 1.0, BHELBY TUBE o oo
aTum Ses Dwg.t VAME TEST AND SENSITIVITY (814 5" 0.0, SHELBY TUSE. e B
iﬁ g PEMNETRATION RESISTANCE 3850 FT. 48 MATURAL MOISTURE CONTENY SAMPLE A
1 ELEY | DEPTH N BLOWS/FT AN TYPE UMIET
HYMBOL | SO, DESCRIPTIIN FEET cEET ‘xo aiO 510 ! ATTERBERG LIMITS AND WEIGHT
e ke SHEAR STRENGTH X % DRY WEIGHT ND [~
_} Ground surfacse 1560 4 0 2000
g ~T% topsoil, 2 £%. dry sandy silt - f
o SILPY CLAY -s%iff mottled browm e 153.8 .
7 and desiccated g N
~ R 1L
| ~becomes less stiff with depih. +-
s ~varved with clayey silt below ~ 9ft. 14423 10 Y SR
e et e <o g5 -+ B — " PR . Fag Podi '
Bad 6F hole ——— T % P & S EROENE S et POCOTs
~refusal on probable boulder in o L
. glacisl 111 . T
X%‘Sﬂ' 1) Hole advanced by driving and 20 IR B levered
' withdrawing BX casing. Below 9% ft. ” FRREES
. gamples recovered with piston N
sampler.
' RRRRR:
PTiite |
. : et :
30 et :
; I R R I I
T i L 'f h X
| i 4 —1»6‘ i [ A , o I v ‘ P 1 " ‘ g
i i T TR [ S Ve RIS [ i
f. ? R R N »i b o i
; { SRR EEEEE ERSREEES R SRS et |
! PR SO RN R bt L ’ :
: 1 R R R b : ,
I R S SR SRR RRE I AR R R DO t |
b EEIEERRRERENREERE g Lt e “t |




J 5424 Dwg. 19

—— —— ] m T m
<R S S, - . i ;
N [ j J B S
[N IS I/ UNUIN SO SO : ]
o b ; : i i
' . S S T SO AU SO R JDU A TN ” et e
: . . H . ; | . ' i
O i S SRV S UNRE UL SCI N SO e A s 1
’ TR WS S S SE NL S U S I = e e e e e !
L e e . . : - + ; : o : : i

T h ﬁ ; :
TR S RS SU E S S (P )
: S '
I : i |
“ . S i : N i
fpe T T .W m |
h ; | _” ;
! ; : i !
_ i ; . B i e O ag ; :
v ‘ : foe Ia&QE &8RS | !
m ! : i 4 2 ¥ & © & & L I K : i
; | ; o COOORL T M- 00 i ]
i - . o s . — ey - - G - i
b e DB e T e T A
p— R e e U SRRt I et med e e e e b i ! .
[N S - [ S I« - - ' { - ;
7 \P e e rﬁ. ‘ — e L e i o M1 . .
RN : & : ; i it !
e e L - e e S L ek R
i | N ; i Wﬂd !
L e ” . a.mw U - -y S : o W _
L i 204 oo ! | | ! , “
| m b 5 | : ; . | i P i
e s It S e el S e - - 1 o :
L : f ¢ . o N o
o : Py s B DO o0 s,
R S E BERSB3Reesd g
Lo RIS IR S NUUU S - S | =0 - IRBEIAERT L . o -
5 IR R &
. | N - o ‘ | v g |

1
s
P

-
B
1
!
e
i

'
i
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1
1
i
{
i
i
i
4

L
b
N
isf{
h

F
|
B
|

N
b

TEST RESULPS
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L
L
:

RV NS SR

n Brag
oo
i

wobed
+
i
i
b -
|
i
|

CONSOLIDATION 1
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Memo fo

From

Ve g
gy e e

ONTARIO
DEPARTMENT OF HIGHWAYS

Mr, 4. ¥. Tove, Date _November 8, 1961, Y
Bridge Fngineer, Subject FOUNDATION INVESTIGATION REP(I
Materials & Resmarch Division, By: W.h. Trow & Assg !

{Foundation Section).

Attention: Mr, S. MeCombie,

Re: W.P, 197-60 and W.P, 116-59,

We have reviewed the Consultants! report for the
above projects, and submit the following commentsi-

{1} Siruccure Foundations:

The Consultant has recommended Franki type caisseon
piles for the Hwy. #2 structure, and timber piles for the Bwy.
#:0L structure., He has raised some objections to the use of
‘HY piles on the grounds that during the process of driving
through the dense boulder stratum located above the bedrock,
sevrious distortion and buckling of the piles mar result.

In viesn of the fact that the Department has, on
several occasions, driven 'H! piles under similar conditions
and obtained satisfactory subseguent performence, we feel that
Deavy section 'HY piles with reinforced tips should be used
for both these structures. A design load of 65 tons per pile

may be used. Refusal may occur either on the bedrock or in the
boulder stratum,

{2) Embankment Stability:

st

The Consulbant has recommended the installation of
sand drains Tor fills greater than 2% on the Hwy, #2 bridge
approaches. The maximum height here, is 28%, 7This involves &
section about 150' long on the East approach. We have discussed
this matisr with the Consultant and he is in agreement with owr

contid, f2 age
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Comments cont¥d. cecae

(2) Embankment Stability: {cont®d.) ...

suggestion that the installation of these drains will not be
necessary provided that the sectien in gquestion, is censtructed
to a height of 25%, then left in place for a period ef about

¢ months prior to adding the additional material to complete

the section to profile grade.

We .ave also discussed this

matter with the Road Design Section who are of the cpinion that
this procedure will cause only minor inconvenience and SEPETISS.

f further assistance is reguired in connection
with these projects, please do not hesitate to contact omr

Office.

KGE /MdeF
Attach.

cc: Messrs. L. M. Toye (2)
He A4« Tregaskes
H, D, MeMillan
d. Ford
Jo Be Gruspier

L. E. Walker

de BO¥

T. ¢. Rovich

E. R Saint

¥, Normen

A. Watt

Foundations O0ffice

Gen. Files,

A, G. Stermac,
PRINCIPAL FOUNDATION ENGR.
Per:
N B Y 3

;’,-; /J ’ ? .Qg j /Z‘ -

~si n‘,\f' ) ué«; . Umx“ga/ 3 5,
(K. G. Selvy,
SR. PROJECT FOUNDATION ENGR.)



WILLIAM A. TROW AND ASSOCIATES LTD.

LABORATORY TESTING
SOIL MECHAMIDS CONSULTATION

W. A. TROW, MAS.C., MELC, PENG. 1850 JANE ST,
WESTON; ONT.
CH. 14644
Projest: J5424 Cetober 27, 1961
¥r. A, Butka,

Agting Materials and Ressarch Engineer,
Department of Highways of Ontario,
Parliament Buildings,

Toronte, Ontario

Attentions Mr. N.D, Stermec, P.Eng.,
Principal Soils and Foundations Epginser

Re: Foundation Investigation
Proposed Crossing, Sutherland Creek
Hay. 4071 and Hwy. 2

Dear Sirs:

This report is our formsl submission on the foundation ;
conditions at the site of the proposed bridge siructures for i
Bwys. 2 and 401 across Sutherland Cresk, o

Dense limestone bedrock is encountered about 40 feet
beleow ground surface at this site. It is overlain by about 10 o
19 feet of very dense boulder till. It is understood that H piles
t¢ bedrock would be the most economiecal bridge foundation prop-
osal. While there is no doubi that refusal will be obtained with
these piles, some concern is feit sbout the effects of the possible
distoriion and damage suffered by them after driving through the
dense boulder 1ill deposit,

Because of this unceritainty, we have recommended that the
Hwy. 2 overhead structure be founded on the demse boulder +ill
utilizing caisson piles, similar to the Franki type. Timber piles
are believed to be more economical for the lighter Hwy. 401 bridge.

Under the east approaches of Hwy. 2, the lower 3 feet of
a 12 feet thick surface deposit of siiff Pissured marine clay
becomes soft and layered, with the silt phase predominating, We
have examined the siability of the proposed embankment over this
stratum; and it was found to be just safe immediastely after con-
struction. Howsver; an insufficient margin of safety exisis subsequ
ent to completion of the embankment; dus %o lateral transfer of pore
pressures towards the toce of the embankment.




WILLIAM A, TROW AND ASSOCIATES LTD e

The insiallation of sand drains is therefore recommended
to conirol these pore pressures; and thereby er—wre a steady increase
The engineering ..mputations whickh

in safety after comstruction,.
form the uvasis for these opinions are cutlined in the repori.

¥%e shall be pleased to discuss any outstanding matter
periaining to this investigaticn after your review of this report.

fours very truly,

pu——

i nstd™
William A. Trow, P.Eng.

DN
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