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PRELIMINARY FOUNDATION INVESTIGATION REPORT
PROPOSED HIGHWAY 11, MUNICIPAL ROAD

UNDERPASS
KATRINE, ONTARIO
W.P NO. 314-99-00

1. INTRODUCTION

Shaheen & Peaker Limited ("S&P") was retained by Stantec Consultants

Limited ("Stantec") to conduct a preliminary foundation investigation for a proposed
bridge which wil carry the municipal service road over the realigned southbound and
northbound lanes of Highway 11. The site is located just north of Katrine, Ontario,
approximately 0.7 km north of Three Mile Lake Road and about 6 km south of the
Vilage of Burk's Falls.

The purpose of the investigation was to obtain preliminary information at

the site by means of limited number of boreholes.

The findings of the investigation are presented in this report.

2. SITE DESCRIPTION AND GEOLOGY

The proposed bridge (underpass) wil be located to the immediate west of
existing Highway 11, near the easterly end of an open field which is surrounded on all

sides by heavily forested areas. The area is hummocky, and is probably utilzed for
grazing, and drains towards the Magnetawan River via a wide swale which slopes from

west to east. The Magnetawan River meanders approximately 150 m east of the

proposed underpass.

The existing Highway 11 is a two-lane asphalt paved road. After
completing the four-lane highway, the existing highway wil be utilized as a service road

for accessing the near-by communities. The alignment of the reconstructed Highway 11

wil be on the east side of the existing Highway 11 to the south of the bridge site and

crosses to the west side immediately south of the proposed bridge site. The ground
surface elevation in the immediate vicinity of the underpass is between EI. 303 m and

313 m, generally rising towards the north and towards the west. To the south, the grade

Preliminary Foundation Investigation Report, Proposed Highway 11, Municipal Service Road Underpass
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first rises and then drops to the Magnetawan River while to the north, the grade first
rises and then drops sharply into the valley of a small watercourse.

Available geological information indicates that the site is located within an

area of ice-contact sediments. After the last glacial withdrawal, ice-contact sediments of

sand and gravel, followed by glacio-flucial sediments of deltaic and nearshore sands
and gravels, as well as lake bottom silts and clays, were deposited on top of the existing

sandy glacial til or directly on the Precambrian bedrock. The area was then inundated

by the glacial lake Algonquin, depositing sands, silts and clays in low-lying areas. The
bedrock underlying the general area is known to consist of Precambrian (igneous)

gneiss formations and is encountered at depths ranging from the ground surfaæ to
more than 50 m.

The geological information leads us to believe that the surfcial swale
mentioned earlier in this section of the report had a predecessor in the geological past:

during and towards the end of the ice ages a wide channel was scoured into the
bedrock. The channel was subsequently filled with coarser materials directly above the

bedrock and later with fine sands and silts in the upper part of the overburden.

3. INVESTIGATION PROCEDURES

The fieldwork for the proposed overpass was performed during the period

of April 6 through April 17, 2001, and consisted of drillng three deep boreholes
(numbered BPR 2, BPR 3 and BPR 4), at the each of the planned bridge support
location, and two shallow boreholes (numbered BPR 1 and BPR 5) below the approach

embankments. Table 3.1 below summarizes the borehole locations, elevations and
depths.

Table 3.1 Overview of Borehole Locations, Elevations and Depths

Borehole No. BPR 1 BPR2 BPR3 BPR4 BPR5
Sta. and 9+935.0 9+950.0 10+000.0 10+048.9 10+070.0
Offset (m) 0.00 -5.00 -3.00 4.00 0.00
Ground EI. 312.5 m 312.2 m 308.6 m 307.1 m 309.4 m

Depth (m) 6.6 21.2 25.3 24.5 9.6
Location South South Central Pier North North

Approach Abutment Abutment Approach
Distance
between Boreholes: l-----.. 15 m ---l--- .. 50 m----l--- .. 49 m ----l--- .. 21 m----l

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
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The boreholes were located in the field by Shaheen & Peaker Limited
using for reference stakes installed by Stantec at the planned abutment and pier
locations. Geodetic elevations and horizontal control (using stations and offset
distances, and Ontario grid coordinates) were determined by Stantec after completion of

the field work.

The locations of the boreholes are shown on the Borehole Location Plan,

Drawing No.1.

The boreholes were advanced using a track mounted driling rig outftted
for soil sampling and rock coring, and owned and operated by Groundworks Drillng Inc.

Generally, the drillng of each borehole began by means of solid stem continuous flight

augers and when caving occurred continued with hollow-stem augers. Below 10 to 13 m

depth in the deeper boreholes frequent boulders and cobbles impeded the

advancement of the boreholes by augering therefore casing was installed in the hollow-

stem auger and the boreholes were continued by washboring and diamond driling. Also

in the deeper boreholes drillng mud was used in the casing to counterbalance the
hydrostatic head and the rods and the sampler were withdrawn slowly while pouring
mud into the hole to minimize disturbance to the cohesion less sands. In spite of this
measure, some inevitable disturbance may have reduced the recorded N-values.

Sampling in the boreholes was effected at frequent intervals of depth by
The Standard Penetration Test method (SPT), in general accordance with ASTM
Method 01586. The SPT consists of freely dropping a 63.5 kg. hammer a vertical
distance of 0.76 m to drive a 51 mm diameter 0.0. split barrel (split spoon) sampler into

the ground. The number of blows of the hammer required to drive the sampler into the

relatively undisturbed ground by a vertical distance of 0.30 m is recorded as the
Standard Penetration Resistance or the N-value of the soiL. The N-values indicate the

compactness condition of nonplastic/cohesionless soils (gravels, sands and silts) or the

consistency of plastic/cohesive soils (clays and clayey soils).

Where the consistency of the soil permitted in the cohesive (clayey)
deposits, the undrained shear strength of the soil was measured in-situ by means of
field vane tests using an MTO type field vane equipment.

In the deep boreholes the bedrock was explored by diamond drillng.
Wire-line core barrel was used to obtain NQ size (63.5 mm dia.) core. From the
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recovered length of core pieces the total core recovery (REC) and Rock Quality
Designation (RQD) values were obtained which are expressed as percentages and

indicate the quality of the cored rock.

Since the groundwater level did not attain equilibrium condition in the open

boreholes at the time of completion, the water levels were estimated from the condition

of the recovered samples and from the laboratory moisture content test results. For
long-term observation of the ground water conditions, a sealed piezometer was installed

in Borehole BPR 3.

The soil profile and ground water level encountered in the boreholes,
sampling depths, N-values and vane test results, together with the coring data are
presented on the Record of Borehole Sheets, in Appendix A of this report.

Upon their completion, the boreholes were backflled to about 8 m below

the ground surface with soils brought up by augering (Le. auger cuttings). The upper
8 m of the open boreholes was then grouted using a cement/bentonite mixture.

The geotechnical index properties of selected representative samples
were determined by standardized laboratory methods which included natural moisture

content and bulk unit weight measurements, Atterberg (liquid and plastic) Limits tests,

and grain-size analyses. The results of laboratory tests are presented on the
appropriate Record of Borehole Sheets and also in Appendix B.

4. SUBSURFACE CONDITIONS

All the five boreholes were driled in an open field within 5 m from the
centreline of the proposed underpass and Table 4.1 below presents an overview of the

borehole locations.

The ground surface at the bridge site falls from about Elevation 313 to
312 m at the south approach and south abutment locations to about 309 and 307:t mat
the central pier and north abutment locations, respectively, and then rises back to about

Elevation 309 to 310 m at the north approach. In the general area, the grade also falls
from west to east.

Preliminary Foundation Investigation Report, Proposed Highway 11, Municipal Service Road UnderpassKatrne, Ontano Stantec Consulting Limited
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The boreholes indicate that, below a relatively shallow veneer of topsoil,

an extensive laminated silt deposit is the principal surfcial soil type. The thickness of
this silt deposit increases towards the north from about 5 to 6 m at the south abutment

(in Borehole BPR 2) and south approach (Borehole BPR 1) to 13 m below the north
abutment (in Borehole BPR 4). Below the north approach embankment (in Borehole
BPR 5) the silt deposit is overlain by a -4 m thick silty clay layer. With depth the silt
contains increasing percentage of fine sand, and grades to a silty sand stratum which

contains gravel particles. This stratum is about 3 to 8 m thick and its surface is also
sloping towards the north from about EI. 307 m at the south abutment to about EI.
294 m at the north abutment.

The deposit grades to coarser granular materials which consist of gravelly

sand with silt and frequent cobbles and boulders. The surface of this unit was
contacted at about EI. 299 below the south abutment, and at about EI. 291 at the north

abutment, corresponding to about 13 and 16 m depth, respectively and is approximately

4 to 11 m thick. It is a competent and very dense formation overlying the gneiss

bedrock, which was encountered at EI. 295:l m below the south abutment, and at
Elevation 286:t below the central pier and north abutment. Although stabilzed
groundwater readings could not be taken during the field work, at the time of drillng the

groundwater level was probably between 1.5 m and 2 m depth in the lower areas and

between 3 and 4 m in the upper boreholes.

An inferred stratigraphic profile is given in Drawing 1 while the details of
the subsurface conditions encountered in the boreholes are presented on the Record of

Borehole Sheets in Appendix A. The various strata encountered in the boreholes and

their geotechnical properties are briefly described in the following subsections of this
report.

4.1. TOPSOIL

At the borehole locations the ground surface elevations ranged from

EI. 312.5 m (Borehole BPR 1) to EI. 307.1 m (Borehole BPR 4). In all the five boreholes
driled for the proposed structure topsoil was encountered extending to the average
depth of 160 mm (range: 75 to 250 mm). As can be expected, the topsoil was thickest in

the borehole driled in the low area of the site (in Borehole BPR 4).

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
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One water content measurement was over 50%, due to the presence of

organic matter in the topsoiL.

4.2 SILT

A major silt deposit was encountered in all boreholes; in Boreholes BPR 1

through BPR 4 the silt deposit is directly below the topsoil while in Borehole BPR 5 it
was encountered at 4.3 m below ground surface (at EI. 305.1 m), underlyinig a silty clay

stratum.

The colour of the silt is brown to about 1.4 m to 3.8 m depth,
corresponding to EI. 305.2 m to 309.7 m. The colour change occurs at lower elevations

in the deeper lying boreholes. In Borehole BPR 5 where the silt layer was encountered

at a greater depth, its colour is grey.

The silt deposit is laminated and, in some samples, thin (1 to 2 mm thick)

clay laminations were observed. The average thickness of the stratum is about 8 m,
ranging from about 5 m to about 13 m, and possibly more because Borehole BPR 5 was
terminated in the silt. The lower boundary of the silt deposit is around EI. 307 m in the
higher borings (BPR 1 and BPR 2) and as low as EI. 294 :I m in the lowest borehole

(BPR 4). The silt is considered a non-plastic and cohesion 
less (i.e. fine grained

granular) deposit which is confirmed by an unsuccessful attempt to perform an
Atterberg limits test on sample 55 7 taken from Borehole BPR 4. The clay laminations,

however, could lend some plasticit to some zones of the silt deposit. Eleven grain-size

distribution tests were performed on samples taken from the silt deposit (see Figure 1,

in Appendix B). The summary of the results is presented in Table 4.2.1 below.

Table 4.2.1

Silt Deposit - Grain Size Distribution

SOIL
Percent by Weight

AverageCOMPONENT Maximum Minimum

Gravel 0 0 0

Sand 8 37 0

Silt 86 98 63

Clay 6 22 0

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
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A trend of increasing fine sand content with depth was observed in the
recovered soil samples, which can be best seen in the gradation results of three
samples obtained from Borehole BPR 4: the sand content was only 2% at about 1 m

depth but increased to 37% at about 12 m depth.

The silt deposit was generally wet except in Boreholes BPR 1 and 3,
where the upper zones were in a moist condition. Attention is called to the fact that the

boreholes were driled in early spring when the upper zones of the soil had stil high
water content after the snow cover melted. The natural water content of the silt samples

was found to range from 18 to 29%, with an average of about 23%. The average bulk

density of six samples obtained in Borehole BPR 3 was 18.9 kN/m3 (with a range
between 18.5 and 19.8 kN/m3).

Based on the standard Penetration test results (N-values) which range
from 2 to 29 blows/0.3 m, the silt deposit is very loose to compact. By discarding three

low N-values (4, 2 and 5 blows/0.3 m penetration) near the ground surface in Boreholes

BPR 1, 2 and 3, and two very low N-values (2 and 3 blows) at greater depths in
Boreholes BPR 4 and 5 (which were believed to have been caused by unbalanced
groundwater effects), the average N-value in Boreholes BPR 1 2, 3 and 5 is about 11
indicating a compact to loose condition while in BPR 4, it is indicating a compact
condition.

4.3 SIL TV CLAY

In Borehole BPR 5 (most northerly borehole) a silt clay deposit was
encountered below the topsoiL. The deposit extends to 4.3 m depth (to EI. 305.1 m)
where it grades to the silt deposit described in the preceding Section 4.2 in detaiL. The

colour of the silty clay is brown to about 1.4 m depth and grey below. The silty clay
deposit is laminated, with thin silt layers and the silt content is increasing with depth
which is indicated by the results of two grain size distribution tests summarized in Table

4.3.1. (For the grain size distribution curves see Appendix B, Figure 2.)

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
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TABLE 4.3.1

Silty Clay Deposit - Grain Size Distribution

SOIL
Percent by Weight

COMPONENT Average Upper Lower
Sample Sample

Gravel 0 0 0

Sand 2 4 0

Silt 62 46 77

Clay 36 50 23

The silty clay is a cohesive deposit and two Atterberg Limits tests yielded

the following results (the plasticity chart is shown in Appendix B, Figure 3).

Liquid Limit:

Plastic Limit:

Plasticity Index:

40 and 27 %

24 and 22 %

16 and 5 %

The higher and lower Atterberg test results were obtained on samples

taken from 0.9 m and 4.0 m depths, respectively. They indicate the decreasing
plasticity of the deposit with depth.

The N-values ranged from 15 to 6 blows indicating that the upper portion

of the silty clay has stiff consistency but the deposit becomes weaker, (Le. firm), with

depth. This suggests that the silty clay layer is overconsolidated to some extent,

probably caused by desiccation of the upper zones of the deposit. (Immediately below

the ground surface the N-value was 5 but this is not considered representative.) Also, a

very low N-value of 2 blows was obtained at about 4 m depth. Since the silty clay
contains silt layers and the silt content is increasing with depth, this N-value was
probably caused by the presence of a saturated silt layer which was disturbed when the

solid stem augers were withdrawn before sampling.

To determine the undrained shear strength of the silty clay depost, two
vane tests were performed near its lower boundary. Both results were in excess of
100 kPa, indicating very stiff consistency. In our opinion and taking all findings into
account, the actual shear strength of the silty clay deposit is probably less - about

Preliminary Foundation Invesgation Report Proposed Highway 11, Municipal Service Road UnderpassKatnne, Ontano Stantec Consulting Limited
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75 kPa - at this depth, and the high vane test result is most likely due to the presence of

silt layers.

4.4 SIL TV SAND, SOME GRAVEL

This is a cohesion less and granular deposit which was encountered in four

of the five boreholes. (Probably Borehole BPR 5 did not extend suffciently deep to
encounter the deposit.) The upper and lower boundaries are at an average depth of

8.2 m and 11.8 m, respectively, ranging from 5.0 to 13.2 m, and 6.6 to 16.2 m, again

respectively, possibly deeper, because Borehole BPR 1 was terminated in this materiaL.

In the three deep boreholes (BPR 2, BPR 3 and BPR 4), the thickness of the deposit

was found to range from 3.0 m to 8.2 m with an average of 4.6 m. The upper boundary

of the silty sand is about EI. 307 m in the higher borings (BPR 1 and BPR 2) and drops

as low as EI. 293.9 m in Borehole BPR 4 which was driled at the lowest elevation. The

lower boundary of the silty sand layer drops from EI. 299.0 to EI. 290.9 m in Boreholes
BPR 2 and BPR 4, respectively.

Four grain size distribution curves are shown in Fig. 4, in Appendix B. It
can be seen that the material consists of up to 38% gravel, 48 to 65% sand, 13 to 29%

silt and negligible amount (maximum 2%) of clay size particles. There are cobbles and

boulders in the deposit, through which diamond driling was required in some instances

to advance the boreholes.

The deposit is a cohesion less (granular) material and the N-values ranged
from 22 to 95 blows per 0.3 m penetration indicating compact to very dense condition.
Occasionally, the sampler could not be driven the full 0.3 m depth due to the high
density of the silty sand, and due to obstructions caused by coarse gravel, particles,
cobbles and boulders.

4.5 GRAVELLY SAND WITH SILT, COBBLES AND BOULDERS

The three deep borings (Nos. BPR 2, 3 and 4), encountered a glacial
outwash deposit consisting of sand, gravel and silt in varying proportions, and
numerous cobbles and boulders embedded in the granular matrix. This is a
cohesion less deposit whose upper boundary is at an average depth of 13.6 m (range:

11.2 to 16.2 m) below ground suface. The deposit extends to the bedrock surface
which was encountered at 17.3 to 22.4 m below ground surface at the three borehole

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
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locations. The upper boundaries drop from south to north from EI. 299.0 m (in Borehole

BPR 2) to EI. 290.9 m (in Borehole BPR 4). The lower boundaries also slope
northwards and follow the bedrock surface which also drops from EI. 294.9 m to EI.
285.7, respectively, in the above boreholes.

A grain size distribution test was performed on Sample 18 from
Borehole BPR2. The gradation curve is shown in Figure 5 in Appendix B, and the
results are summarized below.

Gravel: 37%
Sand: 47%
Silt: 16%

Although this grain size distribution curve is very similar to that of the
overlying stratum (characterized as silty sand, some gravel), the principal difference
between the two deposits is the presence of numerous cobbles and boulders in the
lower one. The grain size distribution curve does not include the oversize particles;
therefore, the curve cannot be considered as representative of the entire material but
only of the matrix.

N-value recorded in this deposit range from 73 to more than 100 blows for

0.3 m penetration, indicating a very dense condition. In almost all cases the split spoon

could only be driven to 5 to 15 cm because of the high density of the material or
because of obstructions caused by boulders and cobbles.

Natural water content mesurement on samples from the deposit ranged
from 8 to 18 per cent, depending on the composition of the deposit: where the samples

contained more silt and fine sand, the water content of the samples was also higher.

4.6 BEDROCK

The bedrock surface was encountered in the three deep boreholes at the

average depth of 20.4 m (range: 17.3 to 22.4 m), corresponding to EI. 294.9 m in
Borehole BPR 2 and to EI. 286 :f m in Boreholes BPR 3 and BPR 4.

The bedrock consists mainly of light grey to dark grey gneiss with white
quart intrusions and occasional fracture zones. It is generally unweathered to

moderately weathered but generally unweathered to slightly weathered, and was

Preliminary Foundation Investigation Repon, Proposed Highway 11, Municipal Service Road Underpass
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explored by diamond driling to depths ranging from 2.9 m to 3.9 m. The recovery rates

ranged from 73% to generally 100%, with Rock Quality Designation (RQD) values
between 60% and 100 %. Most results were over 75 % indicating a good rock quality.

4.7 GROUNDWATER

The ground water did not stabilize by the time the fieldwork was
completed, although the available information gives an indication of the probable ground

water levels. In addition to the moisture condition of the samples, one such indication is

the color change from brown to grey which occurred between about 2 and 4 m depth,

corresponding to EI. 309 :f and 306 :fm depth. The lower groundwater elevations were
obtained in the lower boreholes.

Some water level observations were not too far below or at these levels

(e.g. in Borehole BPR 1 at 5.9 m/EI. 306.6 m, in Borehole BPR 4 at 1.5 m/EI. 305.6 m,
and in Borehole BPR 5 at 3m/EI. 306.4m). This indicates that the probable ground
water levels were at 1.5 to 2 m depth in the lower boreholes and 3 to 4 m in the higher

boreholes. These depths correspond to EI. 306:f m in the higher borings and to
EI. 300.6:f m in the lower ones. The groundwater table can be expected to fluctuate
with the seasons and weather events.

Yours truly

SHAHEEN & PEAKER LIMITED

Z. S. Ozden, P.Eng

~~
K. R. Peaker, Ph.D., P.Eng.

Preliminary Foundation Investigation Repon, Proposed Highway 11, Municipal Service Road Underpass
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DRAWINGS
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~. . 5 rdtA~Jl'nl' . ... . .". . Q.. ..,.., . ". . . . ,,' . '.' 50 13e. . .0 .
'I'A\". . ~J~: ø. .... . ..0. . -0. . .0.... . .4; : . .; ..... 501f. Q, . .....00.:

320

-.8PR3
WI pßn'A6IY
NOT $TA8IIIZ£D.:~::i" STA'IIZ£D

-.BPR4
WI NOT
STA8IIIZED

~._._---_._--------------------l NOTH

..---__.T~~:~~.:_.._....~- 315
200"2SO"..n.¡. . -..""""-----. TOI'Oll -, N t NBl

1

¡
N

12~

u. · It co 8l . 13
11

310

~/ ll SILTY CLAY
NAY..~ ¡l WITH SILT LAYERS . v"" 1 ~Ii// 10 Soft /

l 305
~ï;iYOiOTl:~OI I: l~ II i 1 I 'còs LES

305

300

's.IL'r-' '1..1 I 1.1 I'ld 1)1 I Laminate
Loose to Compact

T1. 295

290

285
-GNEISS BEDROCK

Slilllly Weaihered
I- lJJ!w..ihered
GNEISS 8EDROCK

280

~D-
.D-

ga
.
2

a · LOW N-VALUE
~ PR08AIlY DUE TO
. HVDIOSTATIC UPLIFT
2 275

~ PROFILEMUNICIPAL SERVICE ROAD
SCALE

5.. 0 5 10m I H i-) ; !
~;:;'.:':~:-:~).::'" ~v~~:S !~ . v ) '..', .'1 /tJ ~;; n r¡ .. '. i: \1.' u: . i

'~;;.~'.;-;;;:;'.". ~J g t.SOWEN:; ~,':~l,~'k?,\,/' " i~"" _.. -,;. .,t.. ~ 0v, ~~ '~P' ~

CONT No
W P No 314-99-00(i HWY 11
MUNICIPAL SERVICE RD UNDfRP~

BO HOLE LOCATIONS & SOil STRAA

SHEET

Shaheen & Peaker Limited

Disr :~§F ì\PARRY SOUND
\ ii .. ¡ I

TWP \ J O\F~ ARMOUR
i \ ~ ~E," ..,' "' ~t.

~~..l ~"
~ .M~ ~:' Kalrin.
00. ~ \ "1, tal. o1~." .p ..."

KQlrin,
tal.

'bto

~

~;. ...~; ~ ~ ~t."
\ .....d~..Ot

.. ,,'l\'
11 $9

KEY PLAN
SCALf

lk.. 0.5 02km

320

LEGEND

..80r.Hoi.

-$Dynamic Con Penelrotio Test(Cane)

.-80r. Hoi. & Can.

N8lslO.3m (Sid ,..T"t, 475 J/Iolewl

CONIls/0.3l1 (60' Cono. A15J/biowl

+W l 01 li_ 01 .,..iiigaion AR.2oo1

.lW L in Piezometer

lPiezOte..r

NoELEVATIONCO-DRINATES
NORTHEAST

aPRl312.5.5048931.8315920.1
8PR2312.2.5048946.8315915.0
8PR3308.65048996.8315917.0
8PR4307.1.5049045.1315924.0
8PR.5309.45049066.8315920.0

300

295

290

285

280

-=NOTE=-
Th ""dorie bewee soil strolo ~ be osiabish
only al Bo. Hoi. Iocolioni. 8eween 80re Holes the

bounclie. ar. aSSUMed from g.ologiol evidence.

NOTE: The c:e Iotion ¡"esliliiion anol desi rel lo
thii project an ot.r relie ~ts ma .. ..Ol ol th
En.. Mooll Off.. Povie. i.ion ..lo Ìl
ih r~ an..1o ci, ÎI ,pefic:liY eoded in
ocorclce wi th condlioof Sectio GC 2.01 af OlG4.Co.

i,.r i I ::, DATE 18Y DESCRIPTIO
Geo,.. Na 31r:-19 I
rHWY No 11 i DIST 52 ISUWUil fOiiClllRIQATI Àu 7.2001 ISITE
IDIWJP ICHIcXW7n1"-''' IDW I



Project: SPT1010E

APPENDIX A

Records of Boreholes

Preliminary Foundation Investigation Report, Proposed Highway 11, Municipal Service Road UnderassKatrne, Ontano Stantec Consulting Limited



(ã Min Of~ Transpti
Onri

Fou Desi

RECORD OF BOREHOLE No BPR1 10F1 METRIC
W.P. 314- LOCATION Munl8e Roa Undss - Ka, ON - Co: N 5 04 931.8; E 315 92.1 ORIGINATED BY G.I

DIST 52 HWY 11 BOREHOLE TYPE So Ster Augnng COMPILED BY G.T

DATUM Geeti DATE 06.04.01 CHECKED BY LSR

SOIL PROFILE SAMPLES w DYNMIC CONE PENETTION
II .. RESISTANCE PLOT ~ NAT\ f- REMARKSw'" 00 PlTI MORE lIQID f- :if- ~ Z 0

20 40 60 80 100 UMIT lIIT - C) &'" '" CONT Z _0 II w ~ Q z :: ~ GRAIN SIZE .. wp W wL
Q. w w :: c t: 0 SHEAR STRENGTH kPaELEV m Q. .. Z C ¡: i- DISTRIBUTION

DEPTH
DESCRIPTION

~
:: t ~ :: z o UNCONFINED + FIELD VANE :: 00 ~ ., (%lf- z ~ II 0 w . QUICK TRIAIAL X LABVANE WATER CONTENT (%)

'" C) ..
312.5 Grond Surfac w 20 40 60 80 100 20 40 60 kNlm3 GR SA SI CL

0.0 75 mm Topsil 
v

loose 1 SS 4
----- 312

SILT

(laminated)
copact

2 SS 14 0 o 2 98 0
most to wet 

311

3 SS 13 P

-- -- - - --

insing 4 SS 15 310

fine sand

coten
5 SS 10

brish 30
--.--.
grey 6 SS 13 o 12 88 0

30
7 SS 16

3078 SS 16 .
30.6 Y.

5.9 SILTY SAND 
-I

so gravel, ver dense, grey, wet
-I

9 SS 60
305.9 30

6.6 End Of bohole

Refsal to augenng at 6.6 m

"Water level at 5.9 m (no stbilized)

and ho opn to 6.0 m on

coplti

+ 3 . X 3 : Numbe reer to
Sensit

20
15i5 (%) STRAIN AT FAILURE



(ã Ministry of
~ Transportation

Ontario

Foundation Design

RECORD OF BOREHOLE No BPR2 10F2 METRIC

W.P. 314-99 LOCATION Municipal Servic Roa Underps - Katrne, ON - Cos: N 504 94.8: E 315 915.0 ORIGINATED BY G.I

DIST 52 HWY 11 BOREHOLE TYPE Solid and Hollo Stem Augering, Washbong & NO Roc COIng COMPILED BY G.T

DATUM Geoetic DATE 11.04.01 & 12.04.01 CHECKED BY LSR

SOIL PROFILE SAMPLES w DYNMIC CONE PENETRTION
a: RESISTANCE PLOT ~
l! '"

.. PV NAl\RA ualO I- REMARKS
(3 MORE I- :iI-

~ ~ 20 40 60 sp 190 UMIT UMIT - Cl &
0 '" '" CONT Z _
.. a: w c !: z wp W wL :: ~ GRAIN SIZE 
0. w w :: Q SHEAR STRENGTH kPaai 0. .. Z C DISTRIBUTION.. DESCRIPTION
~

:; t ~ :: z ~
i-

DEPTH :: 00 o UNCONFINED + FIELD VANE 
Y (%)I- z Z a: 0 ¡¡ . QUICK TRIAXIAL X LABVANE WATER CONTENT (%)

'" Cl ..
312.2 Ground Surfaæ

w 20 40 60 60 100 20 40 60 kN/m3 GR SA Si CL
0.0 150 mm Topsoil very 312

1 SS 2lose
.- - --

compact 2 SS 12 0 0 4 92 4
rotlets to 1.2 m to 311

SILT
loo

(laminated) 3 SS 10 0

wet...... 310

incrasing 4 SS 11

fine sand brown

content
------
grey 5 SS 9 30

6 SS 8
30

307,2
7 SS 8 o 14 82 4

-I
HST

5.0 307 augering
- - - - - --

BOULDER ~ 9 NO
0 washboring

SILTY SAND 
'i

'i
30

some gravel. dense to very dense, 10 SS 48 0

grey
'i

'i 11 SS 59
moist to wet 305

-------- -I
wet

-I 12 SS 95 4 65 29 2

-I
30

-I

-I

-I

303
13 S5 62

ocsional -l

sandy sitt til 'i 302
lenses

-I

~in'" * .
.Y 301 April 11 

- -- --
April 12 

-I 30
-I 17 55 44 38 48 (14)

-I
299.0 -I

. " 29
13.2

. "

GRAVELLY SAND ' "
18 S5 60/10 37 47 (16)

wi sitt. cobbles and boulders .'

very dense, grey.
' " 298

wet
' "

297.2 9::
15.0 Continued Next Pag

+ 3 , X 3 : Numbers reer to
sensit

20
15.5 (%) STRIN AT FAILURE

10



iã Mini Of~ TransatOn
Fouti Den

W.P.

DIST

314-99

HWY52 11

RECORD OF BOREHOLE No BPR2 METRIC20F2

LOCATION Munl Se Roa UndSS - Kati, ON - Co: N 50494.8; E 315 915.0 ORIGINATED BY G.I

'b":. ..
.ö :.i

:¡f
. .

. p
-l":

DATE

BOREHOLE TYPE Soid and Hollo Stem Aug, Wash & NQ Roc Co

LSR

COMPILED BY

CHECKED BY

G.T

DATUM Geeti 11.04.01 & 12.04.01

..
DEPTH

BOULDER

moely
weath

slight
weath

NQ

RC

SOIL PROFILE

DESCRIPTION

297.2

15.0

GRAVELLY SAND

wi siR, coes and boulders

ver dnase, grey,

wet

29.9
17.3

BEDROCK

(Gness)
grey

291.0

21.2 End Of borehole

"Water level at 11.2 m (not stabilized

in hollo stem augers). Hol open to

1.7 m on complti

SAMPLES iu DYNAMIC CONE PENETTioN
.. RESISTANCE PLOT ~ HAT\RA

UQIO i- REMARKS
('

..nc MORE i- :i
20 40 60 ii 100 UUIT CONT UMIT - Cl &II z -z wp W wL :: ~ GRAIN SIZ0 SHEAR STRENGTH kPa t- DISTRIBUTION¡:

o UNCONFINED + FIELD VANE 
Y (%)~

iu . QUICK TRIAXIAL X LABVANE WATER CONTENT (%)..
ap 100 2p 40 60 kNlm3 GR SA SI CLiu 20 40 ii

I I i
297

131 ir
.. iuQ. m

~ ~
t;

iu I ~Q. ..
t ~

~

ir
iui- IIC( z
~ Q
c !:
z c:: z00ir 0
Cl

29

'''' OUlõ/

NQ 295

NQ Rae.

RC 73% I I I I I I I I I I I IRQD=6%

29

NQ Rae.

RC 85%
I I I I I I I I I I I I RQD=6%

293

292
Rae.

90
RQD=77%

+ 3. X 3: Numbe reer tosesi
20

15.5 (%) STRIN AT FAILURE
10



të Minis of~ Transpo
Ontari

Fouti Desin

RECORD OF BOREHOLE No BPR3 10F2 METRIC

W.P.

DIST

314-99 LOCATION Mun Se Roa Undss - Ka, ON - Coo: N 50499.8; E 315 917.0 ORIGINATED BY G.I

52 HWY 11 BOREHOLE TYPE Ho Stem Au, Weshbo & NQ Roc Cong

DATE 06.04.01 to 11.04.01

SAMPLES w DYNMIC CONE PENETTION
0: RESISTANCE PLOT ~
I! en ;;

b ~ ~
0

20 40 60 80 100en en
0: w Z.. W :: C !:Q. W Q SHEAR STRENGTH kPaai Q. .. Z C

~
:: t ~ :: z !; o UNCONFINED + FIELD VANE :: 00z

¡i
0:0 :;

I- W . QUICK TRIAIAL X LABVANE
en C) ..

W 2~ 40 80 80 100

1 SS 5
I-- 30

2 I SS 8

COMPILED BY ~
CHECKED BY LSR

PL NATURA
UQUIO I- REMARKS

UNIT IiRE UMIT I- :i &CONT - C)z -
Wp W WL :: ~ GRAIN SIZE 1- DISTRIBUTION

WATER CONTENT (%) Y (%)

20 40 80 kNm3 GR SA SI CL

0 I I I 18,8

0 I I I 0 0 86 14

0 I I I 18.9

0 I I I 18.5

I 0

4 96 0

0 I I I 18.6

H- 19.8

18.7

DATUM Geti

SOIL PROFILE

.E
DEPTH DESCRIPTION

~ Grond Suñac
0.0 125 mm Topsoil

clyey
laminatis

br 307
3 SS 11 ::.1 I..

grey

4 SS 8 30
SILT

(laminaed)
lose to copact,

we
5 SS 10 t::.l t::.,

30

6 SS 9

30
7 I SS 8 ....

inasln
fine sand

content

8 I SS I 11 30

9 I SS I 9

30

301

I I I I I I I 1010 55 6
...,1 ~.. " ., " 0~ ~06SILTY SAD "l 11 55 22 _____so gravel, . i April 09t ~Igrey, we ~~~~" i

dense . i

. i 1 12 I SS I 38 f; f; 29~ ~.11.2 :~:~4 I I NI NI 297

.~ irl 13 1 SS 150141.1 r J I I I I I I I 0
GRAVELLY SAND ...;

wih sill, cobls and bold, 'f1l. :~ : 29. . . . HSTvery dense, gry .. .' . . . . . .wet .' ao ::. ::. aug.ø:. : : _ _ _ __..0." 14 55 50 .., ... 29 _ washbongt?~ .. ..'ø

"'''' ~ I'" I '" i:. ''"' '"J d296 .... 20
. Coue Next Pag + 3 X 3. Numbe reer to 15.5 (%) STRIN AT FAILURE¡ 15.0 , . Sesi 10

. i
')



(ã Minsti of
\J TranspOn

Fou Desin

RECORD OF BOREHOLE No BPR3 20F2 METRIC

W.P. 31~ LOCATION Mun Se Roa Und - Kane, ON - Co: N 5 04 99.8; E 315 917.0 ORIGINATED BY G.I

DIST 52 HWY 11 BOREHOLE TYPE HoSlem Aug, Was & NQ Roc Co COMPILED BY G.T

DATUM Getic DATE 06.04.01 10 11.04.01 CHECKED BY LSR

SOIL PROFILE SAMPLES w DYNMIC CONE PENETTION
II RESISTANCE PLOT ~
l! '"

.. PV HAl\ LIID r REMARKS
~ UORE r :i

b ~~ 20 40 60 80 ll? UMIT LIMIT - Cl &
'" '" CONT Z -

II W Z :: ~ GRAIN SIZE .. w W :: o !: wp W wL.. 0- m 0- .. Z 0 Q SHEAR STRENGTH kPa I- DISTRIBUTION
DESCRIPTION

~
:; t ~ :: z ~DEPTH :: ~8 o UNCONFINED + FIELD VANE 

Y (%)Z ~
:: WATER CONTENT (%)r w . QUICK TRIAXIAL X LABVANE'" Cl ..

293.6
w 20 40 60 80 100 20 40 60 kNlm3 GR SA SI CL

15.0 Gl' '.4A NO, ..
.õ :.

293
,'4"
. .

, .of:
Aprl 09 

29 ~ - - - --
.... 15 SS 73

I ~,

0
Apl 10 

GRAVELLY SAD .'~o

wi sill coes and boers, ;,:.
o.q,

ver dese, grey . .

wei ' ø
, 0'. .

", 'i 16 SS 50
'.,.

I
0

. ,ø
29,;:.

.'n.

.' :.

.o.~

. .
17 SS 289". .~ 5013 0

'!il
l:, 'd

"'.'
. .0

288
.ô :.

.'4',
. . 0' .'
, .

'0. '
. . 287'.

BOULDER ~~
286.2

19 NQ
22,4 ~ 286

~
NQ Rec~ 20 RQO=85%BEDROCK ~ RC 100

(Gn) = 285
grey, ~slight weatre

~ ~
~

21 NQ Rec. 284 RQO=87%~ RC 95% ~=
~283,3 ~

25,3 End of boho
Hol caved at 3.2 m on coplti

"Water level in holo stem augr al

8.3m
Piomer insalle on Ap
11120011015,2 m

Water level in pizomler a16.5 m

depth on Ap 11121. 

Probably not stabilized

+ 3. X 3; Num reer 108e 20
15t5 (%) STRAIN AT FAILURE



(ã Min of~ TraOn
Fou Design

RECORD OF BOREHOLE No BPR4 10F2 METRIC

W.P. 314-99 LOCATION Munl Se Roa Un - Ka, ON - Cos: N 5 049 04.7; E 315 924CIGINATED BY G.I

DIST 52 HWY 11 BOREHOLE TYPE So and Hol Ster Aug, Washng & NQ Roc Cong COMPILED BY G.T

DATUM Getic DATE 11.04.01 to 17.04.01 CHECKED BY LSR

SOIL PROFILE SAMPLES iu DYNMIC CONE PENETRATION
a: RESISTANCE PLOT ~ REMARKS
l! (I

-' Pl HAWRA IJ l-
tS MOE I- :i

b ~ ~ 20 40 60 80 100 UMIT CONT UMI - C) &(I (I z -
a: iu Z :: ~ GRAIN SIZE -' iu :: c ~ wp W wL

l1 iu 0 SHEAR STRENGTH kPa.. ai l1 -' Z C ¡: i- DISTRIBUTIONDESCRIPTION
~

:: t ~ :: zDEPTH :: 00 ~ o UNCONFINED + FIELD VANE 
Y (%)

t;
Z ~ a: u iu . QUICK TRIAXIAL X LABVANE WATER CONTENT (%)

C) -'
307.1 Grond Surface

iu 20 40 60 60 100 20 40 60 kNlm3 GR SA SI CL
0.0 250 mm Topsoil 307

1 SS 28

mobr 2 SS 26 30 o 2 76 22
.--- _. ~io gry

3 SS 7
to copa, wet
. - -_. -- 30
copact

c4 SS 13

30
5 SS 19

SILT

(laminated) 6 SS 19
ocsionl 30

thin cly

layers 7 SS 29

302 o 9 91 0

8 SS 27

Aprl 11 

301 - ----
9 SS 19 Apnl16

10 SS 18 30cobbles

11 SS 13

299

298fine sand content 0
inasing wi depth 12 SS 11

297
..

SS13

LawN-value- 0 prbably dueto13 SS 2
29 I hydrostatic uplif

HoIoStem
Augenng

295 - - - - - --

14 SS 26
Nashbong
0 37 (63)

29.9 29
13.2

.1
SILTY SAND 

so grvel, .1 15 SS 23co
.1

29
grey, we

.1

29.1 .1
.. -
15.0 COnu Next Pag

+ 3 , X 3 : Numbers reer to
Sensiivi

20
15.5 (%) STRIN AT FAILURE

10



~~~~On
Fou Desin

RECORD OF BOREHOLE No BPR4 20F2 METRIC

W.P. 314-99 LOCATION Mun 5e Roa Undss. Kane, ON - Cos: N 50404.7; E 315 924CIGINATED BY G.I

DIST 52 HWY 11 BOREHOLE TYPE Soid and Hol Stem Aui, Washbng & NO Roc Co COMPILED BY G.T

DATUM Getic DATE 11.04.01 to 18.04.01 CHECKED BY LSR

SOIL PROFILE SAMPLES w DYNMIC CONE PENETTION
a: RESISTANCE PLOT ~
~ (I

.. Pl NAT1RA .. REMARKSc( MORE UOID .. :i0
b (I ~ ~ (I 20 4? sp 80 100 UUIT CONT UUIT - Cl &z _
.. a: w c !: z wp w wL :: ~ GRIN SIZE 
0. w w :: 0 SHEAR STRENGTH kPa.. ai 0. .. Z C ¡: I- DISTIBUTION

DEPTH DESCRIPTION
~

:; t ~ :: z
~ o UNCONFINED + FIELD VANE :: 00 T (%)

iñ
z ~ a: 0 w . OUICK TRIAXIAL X LABVANE WATER CONTENT (%)

Cl ..
29.1 w 20 40 80 80 100 20 40 60 kNlm3 GR SA SI CL

15.( SILTY SAND ï
29 Api16

~ - - --
some gravel,

.1
16 SS 37 Api17

grey, wet, 28 58 14 0

dense -I29.9 291

16.2 '0''-
. .G

.6 :.

:¡f
. . 29
. .

.0. .
, 0

GRAVELLY SAND
...~

wi siK, cobbles and bolders, ....
:~G 289

very dense, grey, .ö:. 0
wet .o.q, 18 SS 5013

. -
. 00
o p

. O' 288. .

'0 "i.~o
0."
.c:. (

:n- 287
." :.
.o.~
. .

'0 .~

'~il 286
285.7 o off

21.4 slighUy ~ NO Rae.
weathre 21 ROD=93%:: RC 100
- - - - ---- ~ 285

BEDROCK ~
NO Rae.~

(Gneiss) unwathre ~ 22
RC 100 00=100%

grey ~ 28=
-- - - - - -- =
slightly

23
NO Rae.

ROD=72%
weathere ~ RC 100 28

282.6 =
24.5

",asing wnarawi

on Apiil18 

End of bohole

*Water level not stabilized on

copletio
Bohole opn to 7.9 m depth

-Grter prbabl at 1.5 m

deth fr sampl mosture

coKion

+ 3 X 3 . Numbe reer to. . Se 20
15't5 (%) STRIN AT FAILURE



(ã Min of~ Transp
Onri

Fou Desin

RECORD OF BOREHOLE No BPR5 1 OF 1 METRIC

W.P. 314-9 LOCATION Munl 5e Roa Undss. Ka. ON - Cos: N 5 049 06.8; E 31592.0 ORIGINATED BY G.I

DIST 52 HWY 11 BOREHOLE TYPE Soid Stem Augring COMPILED BY G.T

DATUM Getic DATE 06.04.01 CHECKED BY LSR

SOIL PROFILE SAMPLES w DYNAMIC CONE PENETTION
0: RESISTANCE PLOT ~
I! en

.. HA1\RA I- REMARKS
ci Pl MORE lIUID

l- :iu &l- en
ci z en 2! 40 60 60 1i. UMfT ""NT UMfT - C)

0 :: Q z _
.. 0: w c !: z Wp W WL :: ~ GRAIN SIZE
0- w w :: 0 SHEAR STRENGTH kPam 0- .. Z C 0-1 DISTRIBUTION.. DESCRIPTION
~

:: t ~ :: z ~DEPTH :: 00 o UNCONFINED + FIELD VANE T (%)
l- z Z 0: U (¡ . QUICK TRIAXIAL X LABVANE WATER CONTENT (%)
en C) ..

30.4 Ground Suifac
w 20 40 60 60 100 20 40 60 kNlm3 GR SA SI CL

0.0 200 mmTopsoli /
// 1 ss 5

30//
SILTY CLAY 

/~ 2 i-SS 15 0 4 46 50
wih br

sitt layer .. -- /V 30
damp 10 gray

mo / 3 ss 11

..... /
mot 307

stif / 4 SS 6
sittcoent

to
.

- - -- inaasing soft :t
High vane tes

wet wih depth / resutts probably30
/ cause by sin 

/ H
layer

/ 6 SS 2 0 o 77 23
305.1 ".

4.3 30

7 SS 3

SILT 30
gray. wet 8 SS 6 o 0 86 14

9 5S 6 30

very lose to lose
- - - _. - - -- - - - --

compact
302

- - - - --
inasing 10 SS 18 0 4 92 4

fine sa 

coen 301

COBBLES
11 SS 21 30

299.8

9.6 End of borehoe

*Water level not stabilized;

encnter at 3.0 m during drillng
Borho caved at 4.9 m on
copleti

Co Next Pag + 3 . X 3 : Num reer tosens
20

1StS (%) STRIN AT FAILURE



Project: SPT1010E

APPENDIX B

Laboratory Test Results

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
Katrine, Ontario Stantec Consulting Limited



l~-l ~
¡¡ s- :: --
", !d

"8 ~
~ So

g::

N0

'"
0

".
0

G)N

;;Cl

~N
0 -0

Z:¡
0

(Jõ
N0

(Jm:i
-z

C7
0 r-0-tiui

-l-i0
(J;i~

".
-l0
;;ti
-m'"
CO.c0 m
C0N

-lm0
ti --

0
G)ëi
Z

Z~-i
ÕÕ ZQ)

--3
"II
..
0". -~

o

I

PASSINGl PERCENT
i

C7--ClIØÕI N'"".ui
Õ000000000~-

N

'"

".

ui

õ

\"

I'-..
..

o: o: o: o: o: o:
-0 -0"0 -0 "0 -0 0; :; :::;:;:;:;:i ~ tr~WtV-

-==

N(i
:u
:i
Z

'"en
N
m

".

ui2
()

~r-
0~ :u~ 0~

Qo
Õm

-l(J m- :ur- ut-l

N
0

'"
0

C
..Z 0- ..-n 0

m
..~..0 ..1=
3(/

0-r-

'"
(/:E

-n~ - -0C) -l-0~- -Z~ W 0-0': -~
.. =

0I-I m"0=

I "0
i

~I 0=

0N
I .

N

I ~No
'"o 0IØ

00

00 tV tV tV tV

Qo Qo Qo Qo Qo

e5 '" ~ '" 0-

tii:
~ r- -0 m ..m Q

m
Z
o

-=

IV
..o ..
3 g

1=
.. 3
IV
..
1=
3

."_.() ::
CDr-

~(/
(/ ~-n

Z-()
¡¡ -~ -i(J-l ;ii:- ~

Z0 ti ~0Z - CD
m Q.
~ C(/ 3~ 0(/ m-l enm -~ G)_
zi: ()
-i 0
o ~
z '"CD

~-- II-..
n
~."_.

::
CD

Q
:i

-~m
r-

().. 0
QOl
..

Ñ '"
CD

:i

i-..

~t?
,. t-'I ~

~~y ~
Cl
oC7 '" .i o 0 0 PERCENT RETAINED

--
o

'"
o



U
N

IF
IE

D
SO

IL
C

L
A

SS
IF

IC
A

T
IO

N
SY

ST
E

M

C
L

A
Y

 &
 S

IL
T

SA
N

D
I

G
R

A
V

E
L

Fi
ne

M
ed

iu
m

I
 
C
o
a
r
s
e

Fi
ne

C
oo

rs
e

G
R
A
I
N
 
S
I
Z
E
 
I
N
 
M
I
C
R
O
M
E
T
E
R
S

M
IN

IS
T

R
Y

SI
E

V
E

D
E

SI
G

N
A

T
IO

N
( 

M
et

ri
c)

I
2

3
4
 
5

10
20

30
40

50
75

1l
m

15
0i

im
30

0i
im

60
0i

im
1.

8m
m

2.
36

m
m

9.
Sm

m
19

.0
m

m
37

.S
m

m
63

.0
 m

m

II
 "

II
I

2S
0L

'm
 4

2S
iim

l

10
0

53
¡.

m
i0

6¡
.m

8S
0i

im
2.

00
m

m
4.

7S
m

m
13

.2
m

m
26

.S
m

m
53

.0
m

m
7S

.0
m

m

/
0

~
~

..1
..

90
~

--
""

""
)/

10

~
/

,
./

80
/

/~
20

II
I

70

II
30

c.
 6

0
)

40
° w

z
)

z
V

'
-i

V
'

IJ
.

..
.:

/
w

0.
""

50

/
i

50
..

L
E

G
E

N
D

..
z

z
w

w
u

/
/

u
'"

B
H

SA
M

PL
E

SY
M

B
O

L
""

w
w

0.
 4

0
V

60
0.

B
PR

5
2

'j
B

PR
5

6
--

--
30

~
70

.'
20

..
80

/
10

90

0
10

0

I
2

3
4
 
5

10
20

30
4
0
 
2
7
0
 
2
0
0

14
0

10
0

6
0
5
0
 
4
0

30
20

16
10

8
4

3/
8"

 1
/.;

'
0/

4"
i"

1
'
/
2
"
 
2
"
 
2
Y
i
'
 
3
"

M
IN

IS
T

R
Y

SI
E

V
E

 D
E

SI
G

N
A

T
IO

N
 (

Im
pe

ri
ol

)

(î
M

in
is

tr
y 

of
 

G
R

A
IN

SI
Z

E
D

IS
T

R
IB

U
T

IO
N

FI
G

N
o

2
T

ra
ns

po
rt

at
io

n
W

 P
 3

14
-9

9-
00

SI
L

T
Y

C
L

A
Y

O
nt

ar
io

S
P
T
 
1
0
1
0
E

78
 1

2 
M



60 50
/V

C
H

V /
40

~
V

0
C

I

)(
~\

~y
u. 0 Z

,tb
:-

 3
0

/'
~

V
1

u ~ l/ -:
C
 
L

.. 0-
L

E
G

E
N

D

20
/

B
 H

SA
M

PL
E

SY
M

B
O

L

~
B

PR
5

2
.

.
B

PR
5

6
Â

V
M

H
O

H

10
-/

~-
--

/'
~"

""
""

~
~

--
--

~
 ~

L,
 -

 ~
L,

 ,,
'

./
M

I
01

M
L

,/.
/

M
L

O
L

00
10

20
30

40
50

60
70

80
90

10
0

LI
Q

U
ID

 L
IM

IT
 %

~
 
M
i
n
i
s
t
r
y
 

of
 

PL
A

ST
IC

IT
Y

C
H

A
R

T
W

 T
ra

ns
po

rt
at

io
n

FI
G

 N
o 

3

O
nt

ar
io

SI
L

T
Y

C
L

A
Y

w
 P

 3
14

-9
9-

00
S
P
T
 
1
0
1
0
E



U
N

IF
IE

D
SO

IL
C

lA
SS

IF
IC

A
T

 I
O

N
SY

ST
E

M

C
L

A
Y

 &
 S

IL
T

SA
N

D
I

G
R

A
V

E
L

Fi
ne

M
ed

iu
m

I 
C

oo
rs

e 
I

Fi
ne

C
oo

rs
e

I

G
R
A
I
N
 
S
I
Z
E
 
I
N
 
M
I
C
R
O
M
E
T
E
R
S

M
IN

IS
T

R
Y

SI
E

V
E

D
E

SI
G

N
A

T
IO

N
( 

M
et

ri
c)

I
2

3
4
 
5

10
20

30
40

50
75

IL
m

15
0"

,m
30

0"
,m

60
0"

,m
1.

18
m

m
2.

36
m

m
9.

5m
m

19
.0

m
m

37
.5

m
m

63
.0

m
m

11
11

II
I

25
0 

"1
m

 4
25

IL
m

i

10
0

53
IL

m
10

61
lm

85
0I

L
m

2.
00

m
m

4.
75

m
m

13
.2

m
m

26
.5

m
m

53
. 

O
m

.. 
75

.0
m

m

.,-
;'

0

_.
.

./
II

90
.

10

/'
.,/

,: 
I

l/
,,'

.' 
'
"

I
80

,
20

I
-~

 ."
,,/

/
.

"
¡
.
 
.
.

,/
,.

70
J

.
-/

30

J
/

/'
_/

/
/'

.,
/"

~
 
6
0

-'
40

~
z

/
1

,.'
~

Z

on
.

-i
'"

/ /
, ~

..
-i

~
w

0.
,

IX

50
.

50
..

j
,/

"~
/

L
E

G
E

N
D

..
z

z
w

w

u
/ '

i~
"

V
u

IX
B

H
SA

M
PL

E
SY

M
B

O
L

IX

w
W

0.
 4

0
1/

1/
V

60
0.

J
B

PR
2

12
.

/~
/.~

,
B

PR
2

17
30

.//
70

//
B

PR
3

11
_-

._
--

~I
//

B
PR

4
16

_.
..-

20
80

~ 
"

~
..

" ,
. .

~
"

-
.,

10

..
r

90

."
".

 .
--

a
.' 

-
-

,,-
10

0
0

I
2

3
4
 
5

10
20

30
4
0
 
2
7
0
 
2
0
0

14
0

10
0

6
0
5
0
 
4
0

30
20

16
10

8
4

3
/
,
,
"
 
I
I
.
;
:

3/
4"

i"
11

/2
" 

2"
 2

Y
i' 

3"

M
IN

IS
T

R
Y

 S
IE

V
E

 D
E

S
IG

N
A

T
IO

N
 (

Im
pe

rio
l)

W
M

in
is

tr
y 

of
 

G
R

A
IN

SI
Z

E
D

IS
T

R
IB

U
T

IO
N

FI
G

N
o
 
4

T
ra

ns
po

rt
at

io
n

SI
L

T
Y

S
A
N
D
,
 
S
O
M
E

G
R

A
V

E
L

W
 
P
 
3
1
4
-
9
9
-
0
0

O
nt

ar
io

S
P
T
 
1
0
1
0
E

7
8
 
1
2
 
M



U
N

IF
IE

D
SO

IL
C

L
A

SS
IF

IC
A

T
 I

O
N

SY
ST

E
M

C
L

A
Y

 &
 S

IL
T

SA
N

D
G

R
A

V
E

L

Fi
ne

M
ed

iu
m

I
 
C
o
a
r
s
e

Fi
ne

C
oa

rs
e

G
R
A
I
N
 
S
I
Z
E
 
I
N
 
M
I
C
R
O
M
E
T
E
R
S

M
I 

N
 I

ST
R

Y
S
I
E
V
E
 
D
E
S
I
G
N
A
T
I
O
N

( 
M

et
ri

c)
i

2
3

4
 
5

10
20

30
4
0
 
S
O

7S
IJ

m
15

01
Jm

30
0l

Jm
60

0l
Jm

1.
18

m
m

2.
36

m
m

9.
5m

m
19

.0
m

m
37

.5
m

m
63

.0
 m

m

i i
ii

I1
II

2
S
0
1
1
m
 
4
2
S
¡
.
m

i
53

.0
m

m
S3

1J
m

10
61

Jm
8S

0l
Jm

2.
00

m
m

4.
75

m
m

13
.2

m
m

26
.5

m
m

7S
.0

m
m

10
0

I
0

/
90

/
10

80
/

20
./

70
/

30

/
(
:
 
6
0

/
40

°
./

w
z

z
V

I
-

-t
V

I
V

..
"t

w
a.

.J
'"

50
50

..
..
/'

L
E

G
E

N
D

..
z

z
w

w
v

7
v

'"
".

B
H

SA
M

PL
E

SY
M

B
O

L
'"

w
w

a.
 4

0
"

60
 a

.

/
B

PR
2

18

30
/

70
/ /

~
/

20
/

80

10
90

0
10

0

I
2

3
4
 
5

10
20

30
4
0
 
2
7
0
 
2
0
0
 
1
4
0

10
0

6
0
5
0
 
4
0

30
20

16
10

8
4

3/
8"

 1
/2

'
3/

/
I"

i l
i
z
"
 
2
"
 
2
J
!
:
i
'
 
3
"

M
IN

IS
T

R
Y

 S
IE

V
E

 D
E

S
IG

N
A

T
IO

N
 (

Im
pe

rio
l)

~
M

in
is

tr
y 

of
 

G
R

A
IN

SI
Z

E
D

IS
T

R
IB

U
T

IO
N

FI
G

N
o

5
T

ra
ns

po
rt

at
io

n
W

 P
 3

14
-9

9-
00

G
R

A
V

E
L

L
Y

SA
N

D
O

nt
ar

io
W
I
T
H
 
S
I
L
T
,
 
C
O
B
B
L
E
S
 
&
 
B
O
U
L
D
E
R
S

S
P
T
 
1
0
1
0
E

7
8
1
2
 
M



I

J

Project: SPT1010E

APPENDIX C

Explanation of Terms Used in Report

Preliminary Foundation Investigation Report Proposed Highway 11, Municipal Service Road Underpass
Katrine, Ontario Stantec Consulting Limited



EXPLANATION Of TERMS USED IN REPORT

N VALUE: THE STANDAD PENETRATION TEST (UTI N VAlUE IS THE NUMIER Of IlONS ltQUIRED TO CAUSE A STANDARD 51", 0.0. SI'IT IARREl

SAMI'ER 10 'ENETRATE 0.300 INTO UNDISTURIED GROUND IN A BOREHOLE WHEN DRIVEN IY A HAMMER WIH A MASS Of 63.5kg. fALLING

fREELY A DISTANCE Of 0.7600. fOR PENETRATIONS Of lESS THAN. 0.300 N VALUES ARE INDICATED AS 1lE NUMIER Of liOWS fOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE IS DENOTED THUS Ñ;

DYNAMIC CONE PENETRATION TEST: CONTINUOS PENETRATION Of A CONICAL STEEl POI NT (51l1 O.D. 60" CONE ANGLE I DRIVN IY HS J
IMPACT ENERGY ON 'A' SIZE DRill RODS. THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMIER Of liOWS fOR EACH 0.300

ADVANCE Of THE CONICAL POINT INTO THE UNDISTURIED GROUND.

SOilS ARE DESCRIIED IY THEIR COMPOSitiON AND CONSISTENCY OR DENSENESS.

£.0.!Sl!T,LN£y.=

Q.EtltEtI~~ :

ROCkS ARE DESCRIIED IY THEIR COMPOSlTON AND STRUCTURA fETURES AND 101 STRENGTH.

~Q.!.!!Q. !.E£QYfR.!!

!t.£C2V!.R!.: SUM Of AU RECOVERED ROK CO PIECS fRO A CORING RUN ElRESSE AS A PERCEN Of 1H TOAl leNGTH Of THE COING RUN.

RQD (SI

!.0!N11~2 NiD_I,tDj)ING:

SPACING 50mm SO-io 0.300 - 1m I 1m. 3m :'3m
JOINTING WWCIOSE aOSE MO. CLOS WIDE WWWIDE
IEDDING t'EWTHIN THIN MEDIUM I THICK t'UY THIel

ABBREVIATIONS AND SYMBOLS

MECHANICAL PROPERTIES Of SOIL
kPo.1 COEffIENT. Of VOLUME CHANGE

I COMESSiON. INOEX
I SWEllING INDEX
I RATE Of SECONOAl CONSOUDATION

m2/~ COEffICIENT Of CONSOUDATION

00 DRAINAGE 'ATH
I TIME fACTOR
", DEGREE Of CONSOIDATlQN

kPo EffECTIVE OVRIURDEN ftSSURE.

ItPo PlCONSIDATION ~ESSURE
it SHEAR STRENGTH

ItPo EffECTIVE COHESiON INTERCEPT
o' EffECTIVE ANGle Of INTERNAl fRICTION

kPo APPARENT COHESION .INTERCE'T

0" APPARENT ANGLE Of INTERNAL fRICTION

kPo RESIDUAL SHEAR STRENGTH

k,o REMOUlDED SHEAR STRENGTH
C

SENSITIVITY' -l
,

fielD SAMPLING.
S S S'lIT S,ooN

W S WASH SAMPLE

S T SlonED TUIE SAMI'E

I S IIOCK SAMI'E

C S CHUNK SAMPle

T W THINWAll OPEN

T' THINWAll 'ISTON

o S OSTERIERG SAI'E

R C ROCK CORE

, H T W ADANED HYDRAUUCAUY

, M .TW ADANCfÐ MAAllY

f S fOIL SAMI'E

Uw

ru

tT

tT'

STRESS AND STRAIN
ItPo PORE WATER 'RESSURE

1 PO 'RESSURE RATIO
it TOTAl NORMAL STRESS

it EffECTIVE NOMAL STRESS
ItPo SHEAR STRESS

ItPo 'RINCIPAl STRESSES

i LINEAR STRAIN
i 'RINCI'Al STRAINS

kpo MODULUS Of LINEAR DEfORMATION

id MODULUS Of SHEAR DEfORMATION

COEffICIENT Of fRICTION

T

OJ Pi oO
€

.€I .€i.€
E

G

JL

my

Cc

Cs

'u
cy
H

Ty

U
,

tTyO

oV;

Tf

c'

fi'
Cu

fiu
TR

Tr

S,

PHYSICAL PROPERTIES Of SOil

P, kg 1m3 DENSITY Of SOID 'ARTICleS e I,i VOID RAtiO emin ,.i VOID RATIO IN DENSEST STATE

~ kN/m3 UNIT WEIG Of SOLID 'ARTICLES . e. en I,i POOSITY ID I DENSITY ItDEX' mo. - .emox- eminPw ko/nl DENSITY Of WATER w ,.i WATER CONTENT D moo GRAIN DIAETER
)'w kNlnl UNIT WEIGHT Of WATER S, i DEGREE Of SATURTION On moo n PERCENT. DIAMETER
P ko/m3 DENSITY Of SOil

wi i LIQUID LIMIT Cu I UNIfOMIT COffflC lENT
)' ItNlJ UNIT WEIGHT Of SOil w, i PlASTIC LIMIT " m HYDRLIC HE OR POTENrtAl
ld

Itg/J DENSITY Of DRY SOil Ws i SHRINKAGE LIMIT q m3/s RATE Of OlSCHARGE

~ ItNW UNIT WEIGHT Of DR SOIL Ip i 'lASTICITY INDEX' wl - wp y m/s DISCHARG VELOCITY
Pai Ito1m DENSIT Of SATURATED SO WoW

i IIl I UQUlO INDEX' T HYDRLIC GRADIENT
rioi ItHlm' UNIT WEIG Of SATE SO ,

It wi/, HTIC CONDUCTIVITYW -w
p' itoAn DENS Of SU SOL IC I COSISTENC IND' .:

J WrJ SEEPAGE fORCE,y' ItN/m' UN W£lGf Of SUERGEO SO emo I,i IIID RATIO IN lOOSEST STATE



PRELIMINARY FOUNDATION DESIGN REPORT
PROPOSED HIGHWAY 11, MUNICIPAL ROAD

UNDERPASS
KATRINE, ONTARIO

W.P.314-99-00

Prepared For:

STANTEC CONSULTANTS LIMITED

Prepared by:

SHAHEEN & PEAKER LIMITED

Project: SPT1 01 OE

November 7, 2001
250 Galaxy Boulevard

Etobicoke, Ontario
M9W5R8

Tel: (416) 213-1255
Fax: (416) 213-1260



Project: SPT1010E

Table of Contents

5. DISCUSSION AND RECOMMENDATIONS 12
5.1 GENERAL................................................................................................12

5.2 FOUNDATIONS .......................................................................................14
5.2.1 Spread Footing Foundations...................................................... 14
5.2.2 Deep Foundations .......................................................................14
5.2.3 General Comments About Foundations ....................................18

5.3 LATERAL EARTH PRESSURES ............................................................ 20
5.4 APPROACH EMBANKMENTS ................................................................21
5.5 CONSTRUCTION COMMENTS ..............................................................23

5.6 FROST PROTECTION ............................................................................23

6. CLOSURE 24

APPENDICES

LIMITATIONS OF REPORT ApPENDlxD

Preliminary Foundation Design Report Proposed Highway 11, Municipal Service Road Underpass
Katrne, Ontario Stantec Consulting Limited



Project: SPT1 01 OE 12

PRELIMINARY FOUNDATION DESIGN REPORT
PROPOSED HIGHWAY 11, MUNICIPAL ROAD

UNDERPASS
KATRINE, ONTARIO

W.P.314-99-00

5. DISCUSSION AND RECOMMENDATIONS

5.1 GENERAL

The new alignment for Highway 11 across Katrine wil consist of a four-
lane divided roadway with a typically 30 m wide median. The exising two-lane
highway wil be used as a municipal service road for local access. According to
preliminary arrangement drawings prepared by and received from Stantec, the
municipal service road wil pass above the four lane Highway 11 at Station 12 +
885.322 m (= centreline of the median of the reconstructed four-lane Highway 11).

At this crossing point the centreline of the Service Road is defined as Station 10 +

000.000 m. The angle between the centerlines of the two roadways is 44° 33' 16".

To avoid level crossing, an underpass (bridge) structure wil be built to
carry the municipal road over the north- and southbound lanes of Highway 11. The

underpass is planned to be an approximately 12.5 m wide structure and wil consist

of two spans, each 58 m long, adding up to a total length of 116 m.

The top of pavement of the four-lane Highway 11 wil be about

EI. 306.4 m and 307.5 m at the center of the S.B.L. and the N.B.L., respectively.
The elevations of the top of bridge structure (Le. pavement) at the supports of the
municipal service road underpass are shown in Table 5.1.1.

Preliminary Foundation Design Report, Proposed Highway 11, Municipal Service Road Underpass
Katrine, Ontario Stantec Consulting Limited
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Table 5.1.1

Underpass Elevations at Support

UNDERPASS (MUNICIPAL SERVICE ROAD)

SUPPORT TOP OF BRIDGE PAVEMENT
Station Elevation

South Abutment 9 + 941.504 m 315.852 m

Centre Pier 10 + 000.000 m 314.952 m

North Abutment 10 + 057.504 m 313.211 m

The girders of the underpass wil be made of reinforced concrete of a

structural height of 2250 mm. The structure wil be continuous, with fixed support at

the centre pier. Due to the continuity, the structure wil be sensitive to differential
settlements.

The approach embankments wil range in height between 3 and
5 metres along the centerline of the proposed road, being somewhat less along the
west and somewhat more along the east sides. Our discussion and analysis wil be

based on these premises.

The borehole results give the indication that the proposed underpass

wil probably be built above a deep channel which was scoured into the bedrock and
whose remnant is indicated by the surface topography of the site: a surface
drainage channel collects runoff from the west and conveys it eastward towards the

Magnetawan River. This surface drainage channel crosses the proposed underpass

near the central pier location. (This aspect may need to be considered in the actual
design of the roadway.)

At the borehole locations, below a shallow topsoil cover, there is a 5 to

13 m thick, loose to compact silt deposit, except at Borehole BPR 5 location where it

is overlain by a 4 m thick silty clay layer. The silt deposit is underlain by a 3 to 5 m

thick layer of compact to very dense silty sand with some gravel content. Finally, the

lowest zones of the overburden consist of a very dense gravelly sand with silt, and

frequent cobbles and boulders. This deposit of glacial origin was found to be 4 to

Preliminary Foundation Design Report Propoed Highway 11 J Municipal Service Road UnderpassKatrne, Ontano Stantec Consulting Limited
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considered but these too wil be diffcult to construct, have little resistance to lateral
loads and wil unlikely be cost-effective.

5.2.2.1 DRIVEN PILES

In our opinion, the use of driven piles is feasible.

5.2.2.1.1 TIMBER PILES

Although the anticipated length of timber piles (15 to 18 m) would be
suffcient on this project, such piles may not be economical because of their
comparatively low load carrying capacity and potential construction diffculties
caused by boulders in the subsoil which could damage the piles resulting in a
number of wasted units. Due to these considerations timber piles are not
recommended on this site, based on reliability.

5.2.2.2.2 CONCRETE PILES

Concrete piles are not considered an economical solution on this site

because of the presence of boulders and variable length of piles. Also, concrete
piles are heavy, sensitive to handling stresses and are diffcult to splice therefore
such piles are not recommended.

5.2.2.2.3 STEEL PILES

Driven steel H-piles and steel tube piles are available options. If "an

integral abutment" type bridge is to be considered then the use of H-piles is
preferable. The boreholes indicate the presence of very dense and bouldery

granular deposits overlying the bedrock and the piles are anticipated to develop
satisfactory bearing resistance when penetrating 2 to 4 m into these materials.

A heavy pile section should be selected due to the anticipated tough

driving conditions through the coarse grained deposits containing cobbles and
boulders into the very dense bearing stratum. The anticipated pile tip depths and
elevations and axial pile resistances are shown in Table 5.2.2.2.3.1. These values
should be confirmed during the detailed foundation investigation.

Preliminary Foundation Design Report Proposed Highway 11, Municipal Service Road Underpass
Katrne, Ontario Stantec Consulting Limited



Project: SPT1 01 OE 16

Table 5.2.2.2.3.1

Recommended Preliminary Axial Resistance
for 310x110 Steel H-Piles

Support Reference Existing Estimated Estimated Recom- Recom- Beañng
Location Borehole Ground Depth of Pile Tip mended mended Stratum

Surface Pile Tip Elevation Factored Axial
Elevation below (m) Axial Resistance

(m) Existing Resistance at S.L.S.
Ground atU.L.S. (kN)
Surfce (kN)

(m)
South BPR2 312.2 10.2-13.2 302.0- 1700 1100 Silt

Abutment -299.0 sandI
Gravelly

sand
Pier BPR3 308.6 13.6 295.0 1700 1100 Gravelly

sand
North BPR4 307.1 18.1-19.1 289.0- 1700 1100 Gravelly

Abutment -288.0 sand

Considering the length of the piles and in view of the fact that frequent

cobbles and boulders were encountered in the boreholes below about 6 m to 14 m

depth, the use of a heavy pile section (e.g. HP310x110) with reinforced tips as per
MTO specifications (OPSD 3301.00) is recommended.

Steel tube piles may also be considered. Tube piles wil provide a
lower resistance, as they wil not drive as deep in comparison with H-piles but the
lower resistances may somewhat be compensated by the anticipated shorter pile
lengths. As the upper zones of the soils encountered at the site are not in a dense
condition, the required flex zone in the case of an integral abutment type bridge may

not present a problem for the design of integral abutments. This should, however,

be discussed with the structural engineer.

Closed-end steel tube piles (e.g. 324 mm x 9.4 mm size piles) can be

expected to provide a Factored Axial Resistance at U.L.S. of about 1500 kN and an

Axial Resistance S.L.S. equal to 1000 kN per pile at depths ranging between 7 to
10 m (Elevation 305-302 m at Borehole BPR 2), 12.5 m or Elevation 296 m (at
Borehole BPR 3 and about to 17 m or Elevation 290 m at Borehole BPR 4. Tube
piles wil need to be filled with concrete after their installation and examination (for

possible damage). Again, as a protection against hard driving conditions and

Preliminary Foundation Design Report Proposed Highway 11, Municipal Service Road Underpass
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coarse soil (cobbles and boulders) particles relatively thick steel section should be

selected.

The use of steel H-piles is the preferred alternative at this site, based

on previous experience with similar projects.

The piles wil need to be driven using a suitably heavy hammer
capable of delivering a rated energy of at least 55 kJ/blow, but not more than 70
kJ/blow. The driving of the piles in the field should be controlled by a recognized
driving formula, such as the Hiley Formula. The estimated ultimate resistance of the

piles by the Hiley Formula can be calculated by dividing the recommended axial
resistance at U.L.S. by a resistance at factor of 0.5 as per current MTO practice.
With this criterion, the estimated ultimate axial resistance for steel H-piles as per
Hiley Formula is 3400 kN (Le. 1700 divided by 0.5 = 3400) and for 300 mm nominal

diameter steel tube piles it would be 1500+0.5 = 3000 kN.

In accordance with the above criterion, the piles should be driven to

about 3 m above the design elevation and driving should then be monitored and
controlled by employing the Hiley Dynamic Pile Driving Formula in accordance with

MTO Standards SS103-10 and SS103-11.

During the driving process, piles which have already been driven wil
need to be monitored to determine if heaving occurred due to the effects of driving

of adjacent piles. If this phenomenon occurs, the affected piles wil need to be re-
driven. At least 10% of the piles (but not less than two piles) driven at each support
element should be re-tapped not less than 24 hours after the driving of the pile, as

per OPSS-903S01, to check that relaxation has not occurred. If it has then all the
piles should be re-tapped. Furthermore, it may be necessary to stagger the driving

of the piles.

All pile driving should be in accordance with special provision

SP903S01 - Construction Specification for Pilng.

Pile lengths may be significantly different than the quoted values and

therefore this aspect wil need to be considered in the contract documents and
ordering of the piles.

Preliminary Foundation Design Report Proposed Highway 11, Municipal Service Road Underpass
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The minimum spacing between the piles should in accordance with

OHBDC, Clause 6-11.1, current addition. As mentioned before, due to the presence

of cobbles and boulders, H-piles should be equipped with reinforced tips as per
MTO Standards (OPSD 3301.00). For steel tube piles, the provision of a thick steel

toe plate (preferably with reinforcing) is recommended, provided that the pile is
inspected for possible damage at the end of installation, before pouring the
concrete.

5.2.3 GENERAL COMMENTS ABOUT FOUNDATIONS

To accommodate the grade of the new underpass structure, approach
embankments of about 3 to 5 m height wil be required. Induced stresses due to the

weight of the fill placed for the approach embankments wil cause the settlement of

the underlying soils which wil then transfer loads by negative skin friction to the
piles, thus causing some down-drag on the piles. In order to minimize downdrag,
and also to pre-induce the settlements for the performance of the paved highway
near the bridges, and to minimize lateral loads on the piles from the lateral yield of

the silts (at the south abutment) and silty clays (at the north abutment), the

embankments should be placed to their final grades about six weeks ahead of pile
driving at both abutments.

For frost protection, all pile caps should have a permanent earth cover

of at least 1.8 m.

In cohesion less soils the coeffcient of horizontal subgrade reaction
can be estimated from:

ks=nhzld kN/m3

Where

ks = coeffcient of horizontal subgrade reaction

z = depth

d = pile width

nh = coeffcient related to soil density; see Table 5.2.3.1

m

m

kN/m3
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Also presented in the same table are estimated values for angle of
internal friction and bulk unit weights. Since the soils at the abutment locations are

considered to be cohesion less, the undrained shear strength is not applicable on

this site.

-

Areal Applicable Applicable Soil Type Bulk Unit Angle of Recom- Recom-
Reference Depth Elevation Weight Internal mended mended

Borehole No. Below (m) (kN/m3) Friction (ci) nh Undrained
Existing Degrees Value Shear
Ground (kN/m3)

Strength
Surface Iml (kPêll

South 0.2-5.0 312.0-307.2 Silt 18.5 30 1400 Not
Abutment 5.0 -13.2 307.2-299.0 Silty sand 20.5 34 11000 applicable
Borehole 13.2-17.3 299.0-294.9 Gravelly sand 21.5 36 11000
BPR2
North 0.3 -13.2 306.8-293.9 Silt 18.5 31 1400 Not

Abutment 13.2-16.2 293.9-290.9 Silty sand 20.5 34 8000 applicable
Borehole 16.2-21.4 290.9-285.7 Gravelly sand 21.5 36 11000
BPR4

Table 5.2.3.1.
Geotechnical ProDerties of Soil D

For preliminary design purposes, the recommended horizontal
resistances for HP31 Ox11 0 steel H-piles are as follows:

Factored Horizontal Resistance at U.L.S. = 120 kN/pile

Horizontal Resistance at S.L.S. = 50 kN/pile

If integral abutments are not constructed then the lateral resistance of

the piles can be supplemented, if desired, by the horizontal components of battered

piles. In this instance, we recommend that the batter be limited no more than 4: 1,

as in practice greater batter is diffcult to instalL.

Oversize materials (e.g. greater than 75 mm nominal diameter) should

not be used in the embankment fills through which piles would be driven.

In accordance with MTO requirements (MTO Structural Offce
Standard), piles for integral abutments require a 3 m long flex zone. In essence
where a false RSS type abutment is to be constructed, the current MTO standard for

the flex zone consists of an annular space in between two concentric corrugated
steel pipes (CSP's). One of the CSP's surrounds the H-pile (i.e. has a diameter of

about 600 mm surrounding the pile, while the second CSP has a somewhat larger

Preliminary Foundation Design Report Proposed Highway 11, Municipal Service Road Underpass
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diameter; typically 800 m for a 310 mm H-pile). The annular space in between the
CSP's is the 3 m long flex zone.

As the surfcial soils are weak, it wil likely be necessary to remove and
replace the upper 0.6 to 0.8m of the existing subgrade with engineered fill in order to

provide a suitable founding medium for the foundations of the panel facing of the
RSS walL. Depending on the season of construction, the water table at the site
could be high, requiring some dewatering during this operation.

5.3 LATERAL EARTH PRESSURES

Backfill behind abutments and retaining walls should consist of non-

frost susceptible, free draining granular materials in accordance with the Ontario
Ministry of Transportation Standards.

Free-draining backfill materials (Le. Granular A or Granular B) and the

provision of drain pipes and weep holes, etc., should prevent hydrostatic pressure
build-up. Computation of earth pressures should be in accordance with O.H.B.D.C.

For design purposes, the following parameters (unfactored) can be used.

Compacted Granular 'A'

Unit Weight = 22 kN/m3

Coefficient of Lateral Earth Pressure:

Ka = 0.27

Ko = 0.43

Compacted Granular 'B' Type 1
Unit Weight = 21 kN/m3

Coeffcient of Lateral Earth Pressure:
Ka = 0.31

Ko = 0.47

Rock Fil
Unit Weight = 18.0 kN/m3

Coeffcient of Lateral Earth Pressure:
Ka = 0.27

Ko = 0.43

Preliminary Foundation Design Report Proposed Highway 11, Municipal Service Road Underpass
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placing the filL. In cases the height of slope is more than 7 m (e.g. forward slopes for

the abutment due to lowering of the existing grades for the S.B.L. of Highway 11) a

detailed stability analysis should be conducted.

Assuming properly compacted, acceptable inorganic earth fill material,

2 horizontal in 1 vertical side slopes can be used. Proper erosion control measures

should be implemented both during the construction and permanently. This can be

achieved by immediate seeding or sodding (OPSS 572).

All organic and other unsuitable soils should be removed within an

envelope given by an imaginary slope not steeper than 1: 1 from the toe of the
proposed embankment. Based on the available borehole data for preliminary
estimating, the average thickness of the unsuitable soils to be stripped can be
assumed to be about 0.3 m. After stripping, the exposed subgrade should be
inspected, approved and properly compacted from the surface, using a heavy

compactor, suitable for the prevailing site conditions (Le. high water table and silty
soils). In wet areas some dewatering may be needed in order to achieve proper
compaction and the first one or two lifts of the fill may need to consist of granular
materials.

.,

)

The materials used for the construction of the embankment fills should

consist of approved, acceptable earth filL. Oversize materials (Le. nominal diameter

in excess of 75 mm) should not be used in embankment fils through which piles
would be driven. The fills should be placed in lifts not exceeding 300 mm before
compaction and each lift should be uniformly compacted to at least 95% of the
material's Standard Proctor dry density. The degree of compaction within the top
0.5 m thick zone of the fill (Le. subgrade immediately beneath the granular subbase)

should be minimum 98%. The settlement of embankment fils prepared as
described above should not exceed 30 mm. However, the underlying foundation
soils can be expected to settle an additional 50 to 60 mm. As mentioned before, we

recommend that the embankment fils be placed to their full height at least six weeks

ahead of pile driving. If this recommendation is followed, about 90% of the

estimated settlements would be completed before the highway is paved, which is
considered acceptable.

¡
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6. CLOSURE

The recommendations given in this report are for preliminary design

purposes only and should be reviewed when the detailed investigation is carried out.

The Limitations of Report, as quoted in Appendix D, are an integral

part of this report.

trzip#hd

Zuhtu Ozden, P.Eng.

~
K. R. Peaker, Ph.D., P.Eng.

~
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APPENDIX D

Limitations of Report
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