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FINAL FOUNDATION INVESTIGATION REPORT FOR
NOVAR ROAD UNDERPASS
HIGHWAY 11 FOUR LANING
6.7 km NORTH OF HWY 60 NORTHERLY 13 km
W.P. 462-93-00, SITE 42-235
DISTRICT 52, HUNTSVILLE

1. INTRODUCTION

This report presents the results of the foundation investigation carried out by
Thurber Engineering Ltd. (Thurber) at the site of the proposed bridge and
approach fills at the intersection of the extended Novar Road with realigned
Highway 11 in the Town of Huntsville. The purpose of the investigation was to
explore the subsurface soil and groundwater conditions at the site and based on
the data obtained provide borehole logs, soil profile and a written description of
the subsurface conditions.

Thurber carried out the investigation as a sub-consultant to McCormick Rankin
Corporation (MRC) under Ministry of Transportation (MTO) Agreement 9750 -
7424 - 5262.

2. SITE DESCRIPTION
2.1  Site Location

The structure forms part of the four-laning of Highway 11 north of Huntsville
and is located at the intersection of the proposed extension of Novar Road
and a realigned portion of Highway 11. The site lies at Station 264040,
approximately, C/L Median Highway 11.

Locally, the site may be described as lying east of the existing Highway 11,
in a flat, low-lying, treed area opposite the existing intersection of Novar
Road with Highway 11. Access to the site was directly from Highway 11 or
along the ROW from Highway 592 a short distance to the north.
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2.2  Physiography

Based on The Physiography of Southern Ontario, 3rd Edition, by Chapman
and Putnam, the region surrounding the site consists of bedrock ridges with
shallow overburden. The bedrock is undifferentiated igneous and
metamorphic rock of early Precambrian age and is generally hard and
massively jointed.

The Highway 11 corridor, however, lies in a long, narrow sand plain filling a
deep valley within the region of shallow bedrock. The typical soils filling the
deep valley in the corridor consist of sand and silt, with some gravel
deposited as glacial outwash or in localized glaciolacutrine environments.

The nearby, meandering creek (Little East River) and several wetlands in
the area suggest poor drainage and a high groundwater table. Locally the
ground is relatively flat, wet at the surface and supports typical vegetative
cover for wet areas.

INVESTIGATION PROCEDURES
3.1  Field Investigation

Between February 18 and 24, 1998, a Nodwell track mounted auger rig
was used on site for drilling, Standard Penetration Testing (SPT) and
dynamic cone penetration testing. One hole was drilled for each abutment,
one for the central pier and one at each approach fill, giving a total of five
sampled boreholes. The approximate locations of the boreholes are shown
on Drawing 19-1351-7d-01.

The holes were initially advanced using hollow stem augers. Fine uniform
sand and silt were encountered below a relatively high water table which
caused heaving of the soil into the hollow stem auger when the pilot bit was
withdrawn in preparation for SPTs. The hollow stem augers were kept full
of drilling mud at all times to counteract the effect of an unbalanced head of
groundwater.
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When it became apparent that auger drilling had reached its effective depth
limit, mud rotary drilling was implemented for the balance of the depth of
the hole.

The boreholes were numbered D-98-1 through D-98-5. The depths of
sampling in the five boreholes were as follows:

Borehole No. Depth of Sampling (m)
D-98-1 5.2
D-98-2 56.1
D-98-3 637
D-98-4 30.9
D-98-5 52

Samples were recovered at intervals throughout the depths of the
boreholes in conjunction with Standard Penetration Tests (SPT) (following
the test procedure outlined in ASTM D 1586). Samples were generally
recovered at intervals of 0.75 m in the upper 3.0 m and thereafter at
intervals of 1.5 m to depths which vary between the holes. In some holes
the sampling interval was increased to 3.0 m after stratigraphic continuity
was established.

Dynamic cone penetration tests were conducted in, or adjacent to selected
holes as follows

Borehole No. Depth of Dynamic Cone Test

D-98-3 From ground surface to 13.7 m
and from 15.0 to 22.8 m, adjacent
to the hole

D-98-4 From the termination of sampling
at 30.9 m to 34.4 m, from the
bottom of the borehole.
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Boreholes were not left open long enough for the groundwater to stabilize
and this coupled with the constant addition of drilling fluid led to the
decision not to report data on groundwater levels on completion of drilling.
Based on the flat site and the consistent sand stratigraphy, one standpipe
piezometer was installed in Borehole D-98-3 to monitor the groundwater
level.

The boreholes were backfilled with drill cuttings except in Borehole D-98-3
where sand pack was installed around the piezometer tip and a bentonite
plug was installed near the top of the hole.

All recovered samples were examined, identified and logged in the field and
were transported to Thurber's Toronto laboratory by the field supervisor for
further examination and laboratory analysis.

The result of the drilling and sampling are summarized on the borehole logs
in Appendix A.

3.2 Laboratory Analysis

Geotechnical laboratory testing consisted of natural moisture content
determinations and visual classifications of all recovered samples. In
addition, grain size analyses and pH and sulphate content testing were
conducted on selected samples. The results of the laboratory testing are
presented on the borehole logs in Appendix A, and in Figures B1 to B4 in
Appendix B. The results of the pH and sulphate content are presented in
Table B1.

DESCRIPTION OF SUBSURFACE CONDITIONS

4.1 Subsurface Soil Conditions

Detailed descriptions of the subsoil conditions encountered in the
boreholes are presented on the borehole logs in Appendix A. The

stratigraphic profile inferred from the borehole information is shown on
Drawing No. 19-1351-7d-01.
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In general, the boreholes indicate a surface layer of peat underlain by sand
which extends to depths in the order of 34 m. The upper sand is underlain
by a deposit of silt approximately 16 m thick, which in turn is underlain by a
lower sand deposit.

Further description of these major soil units is provided in the following
sections. The soils encountered all appeared to be lacustrine or fine
outwash deposits and no evidence of boulders was found. However, the
possibility of encountering boulders at random locations in the sand and silt
deposits during construction must be recognized.

Peat

All boreholes encountered a layer of peat at the surface. The peat is
fibrous, contains numerous roots and was noted as silty in Borehole D-98-
3. The colour of the peat ranges from brown to dark brown to black.
Measured moisture contents lie in the range of 70 to 564%.

The interpreted depths of peat at the boreholes are as follows:

Borehole No. Depth of Peat (m)
D-98-1 1.6
D-98-2 1.2
D-98-3 1.8
D-98-4 1.5
D-98-5 1.1

Actual depths of peat to be stripped may vary from those interpreted at the
borehole locations.

Upper Sand

Based on Boreholes D-98-2, D-98-3 and D-98-4, the upper sand layer
extends to depths of approximately 34 m below existing ground level, or to
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approximate Elevation 287.0 to 288.5.

The sand is fine grained and uniform and contains silt in proportions
ranging from trace to some and to sand and silt in Boreholes D-98-4 and D-
98-5. Grain size distributions for selected samples are shown in Figures B1
to B4. The deposit shows faint layering and is grey and wet.

Based on the SPT values, the density of the upper sand layer is variable
from very loose to dense with N values ranging from 2 to 44. Below a
depth of 28 m in Borehole D-98-4, the upper sand becomes very dense,
with N values ranging from 44 to 57. The measured natural moisture
contents ranged from 19 to 30%.

Boreholes D-98-1 and D-98-5, in the areas of the approach embankments,
were terminated in the upper sand at depths of 5.2 m. Boreholes D-98-2
and D-98-3 fully penetrated the upper sand at depths of approximately 34
m. Sampling in Borehole D-98-4 was terminated at a depth of 30.9 m and
the base of the upper sand layer was not established in this hole.

Silt

Below the upper sand, Boreholes D-98-2 and D-98-3 encountered a
deposit of silt. The silt extends from Elevation 288.5t0 271.5 m in
Borehole D-98-2 and from Elevation 287.0 to 271.5 m in Borehole D-98-3.
The silt contains sand in proportions ranging from trace sand to sandy and
also trace clay. The grain size distributions for selected samples are shown
in Figures B1 to B4. The deposit shows faint layering, is grey and wet.

Based on the recorded SPT values, the silt is dense to very dense with N
values ranging from 30 to 52. The measured natural moisture contents
range from 21 to 29%.

Both boreholes fully penetrated the silt layer and into the underlying lower
sand.



Lower Sand

Below Elevation 271.5, respectively, Boreholes D-98-2 and D-98-3
encountered a lower sand deposit which extended to the termination
depths of the boreholes, 56.1 and 63.7 m, respectively. The sand is fine
grained and uniform and contains some silt. Grain size distributions for
selected samples are shown in Figures B2 and B3. The lower sand deposit
shows faint layering and is grey and wet.

Based on the recorded SPT values of 63 for 0.30 m to 92 for 0.15 m of
penetration, the lower sand is in a very dense state. The measured natural
moisture contents ranged from 21 to 30%.

4.2 Groundwater

The following groundwater levels were recorded in the piezometer installed
in Borehole D-98-3:

Date Depth to
Water (below existing ground surface)

May 24, 1998 0.0m
July 15, 1998 0.2m
July 31, 1998 0.3m

Based on this data, the groundwater lies close to the ground surface or at
Elevation 321.3. The water level may fluctuate throughout the year, and in
particular surface flooding may occur after Spring thaw or periods of heavy
rain.



STATEMENT OF GENERAL CONDITIONS

1. STANDARD OF CARE

This study and Report have been prepared in accordance with generally accepted engineering ot environmental
consulling practices in this area, No other warranty, expressed or implied, is made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are
a part of the Report which is of a summary nature and is not intended fo stand alone without reference to the
instructions given to us by the Client, communications between us and the Client, and to any other reports,
writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of
which constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS
EXPRESSED HEREIN, REFERENCE MUST BE MADE TO THE WHOLE OF THE REPORT. WE CANNOT BE
RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE TO THE
WHOLE REPORT,

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purpose that were
described to us by the Client. The applicability and reliability of any of the findings, recommendations,
suggestions, or opinions expressed in the document are only valid to the extent that there has been no material
alteration to or variation from any of the said descriptions provided to us unless we are specifically requested by
the Client to review and revise the Report in light of such alteration or variation.

4, USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the
sole benefit of the Client. NO OTHER PARTY MAY USE OR RELY UPON THE BREPORT OR ANY PORTION
THEREQF WITHOUT OUR WRITTEN CONSENT, WE WILL CONSENT TO ANY REASONABLE REQUEST BY
THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”. The
contents of the Report remain our copyright property and we authorize only the Client and Approved Users to
make copies of the Report only in such guantities as are reasonably necessary for the use of the Report by those
parties. The Client and Approved Users may not give, lend, sell, or otherwise make the Report, or any portion
thereof, available to any party without our written permission. Any use which a third party makes of the Repor,
or any portion of the Report, are the sole responsibility of such third parties. We accept no responsibility for
damages suffered by any third party resulting from unauthorized use of the Report.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks,
geological units, contaminant materials and guantities have been based on investigations performed in
accordance with the standards set out in Paragraph 1. Classification and identification of these factors are
judgemental in nature and even comprehensive sampling and testing programs, implemented with the
appropriate equipment by experienced personnel, may fail fo locate some conditions. All investigations
utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected
and all documents or records summarizing such investigations will be based on assumptions of what exists
between the actual points sampled, Actual conditions may vary significantly between the points investigated
and all persons making use of such documents or records should be aware of, and accept, this risk. Some
conditions are subject to change over time and those making use of the Report shouid be aware of this
possibility and undersiand that the Report only presents the conditions at the sampled points at the time of
sampling. Where special concerns exist, or the Client has special considerations or requirements, the Client
should disclose them so that additional or special investigations may be undertaken which would not otherwise
be within the scope of investigations made for the purposes of the Report.
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INTERPRETATION OF THE REPORT ({continued)

b} Reliance on Provided Information: The evaluation and conciusions contained in the Report have been
prepared on the basis of conditions in evidence at the fime of site inspections and on the basis of information
provided to us. We have relied in good faith upon representations, information and instructions provided by
the Client and others concerning the site.  Accordingly, we cannot accept responsibility for any deficiency,
missiatement or inaccuracy confained in the Report as a resulf of misstatements, omissions,
misrepresentations, or fraudulent acts of persons providing information.

6. RISK LIMITATION

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants
or hazardous substances and the potential fo cause an accidental release of those substances. In consideration
of the provision of the services by us, which are for the Client’s benefit, the Client agrees to hold harmless and to
indemnify and defend us and our directors, officers, servants, agents, employeses, workmen and contractors
{herainafter referred to as the *Company™} from and against any and all claims, losses, darmages, demands,
disputes, liabilty and legal investigative costs of defence, whether for personal injury including death, or any
othar loss whatsoever, regardiess of any action or omission on the part of the Company, that result from an
accidental release of pollutants or hazardous substances occurring as a result of carrying out this Project. This
indemnification shall extend fo all Claims brought or threatened against the Company under any federal or
provincial statute as a result of conducting work on this Project. In addition to the above indemnification, the
Client further agrees not to bring any claims against the Company in connection with any of the aforementioned
Causes,

7. SERVICES OF SUBCONSULTANTS AND CONTRACTORS

The conduct of engineering and environmental studies frequently requires hiring the services of individuals and
companies with special expertise and/or services which we do not provide. We may arrange the hiring of these
services as a convenience to our Clients. As these services are for the Clients’ benefit, the Client agrees to hold
the Company harmiess and to indemnify and defend us from and against all claims arising through such hirings
10 the exient that the Client would incur had he hired those services directly. This includes responsibility for
payment for services rendered and pursuit of damages for errors, omissions or negligence by those parties in
carrying out thelr work. In particular, these conditions apply to the use of drilling, excavation and laboratory
testing services.

8. CONTROL OF WORK AND JOBSITE SAFETY

We are responsible only for the activities of our employees on the jobsile. The presence of our personnel on the
site shall not be construed in any way to relieve the Client or any contractors on site from their responsibilities for
site sately. The Clent acknowledges that he, his representalives, contractors or others retain conirol of the site
and that we never occupy a position of control of the site. The Client undertakes to inform us of all hazardous
conditions, or other relevant conditions of which the Client is aware. The Client also recognizes that our activities
may uncover previously unknown hazardous conditions or materials and that such a discovery may result in the
necessity to undertake emergency procedures fo protect cur employees as well as the public at large and the
environment in general. These procedures may well involve additional costs outside of any budgets previously
agreed to. The Client agrees to pay us for any expenses incurred as the result of such discoveries and to
compensate us through payment of additional fees and expenses for Hime spent by us io deal with the
consequences of such discoveries. The Client also acknowledges that in some cases the discovery of
hazardous conditions and materials will require that certain regulatory bedies be informed and the Client agrees
that notification 1o such bodies by us will not be a cause of action or dispute,

9. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on our interpratation of conditions
revealed through limited investigation conducted within a defined scope of services. We cannot accept
responsibility for independent conclusions, interpratations, interpolations and/or decisions of the Client, or others
who may come into possession of the Report, or any part thereof, which may be based on information contained
irn the Beport, This restriction of liability inciudes decisions made 1o either purchase or seil land,

THLBRER
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BOREHOLE LOGS

- Symbols and Terms Used on Borehole Logs

- Unified Soil Classification

- Borehole Logs D-98-1 to D-98-5
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BOREHOLE GRAPHIC SYMBOLS

SOILS

FILL
ORGANICS
CLAY

SILT
SAND
GRAVEL

COBBLES
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SILTY CLAY
CLAYEY SILT
SILTY SAND

SAND & GRAVEL

CLAYEY SILT TILL

SILTY CLAY TiLL

'SANDY SILT TILL

SHALE

LIMESTONE
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SILTSTONE

GRANITE

CEMENT GROUT

BENTONITE GROUT

l BENTONITE SEAL

THURBER

CONCRETE

WATER
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SYMBOLS AND TERMS USED ON TEST HOLE LOGS

TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION

Boulders Greater than 200mm same

Cobbles 75 to 200mm same

Gravel 4.75 to 75mm 510 75mm

Sand 0.075 to 4.75mm Not visible particles to 5mm

Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eye )

Clay less than 0.002mm Plastic particles, not visible

to the naked eye

COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)

TERMINOLOGY PROPORTION
Trace or Occaslonal Less than 10%
ome 1010 20%
Adjective (e.g. siity or sandy) 20 to 35%
And (e.g. sand and gravel) 35 to 50%

TERMS DESCRIBING CONSISTENCY HESIVE SOILS ONL

DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPT™*N"VALUE
STRENGTH (kPa)

VeR( Soft Less than 10 Less than 2

So 10 to 25 _ 2t0 4

Firm 25 to 50 4108

St . 50 to 100 gto 15

Very Stiff 100 to 200 15 to 30

Hard greater than 200 Greater than 30

1) Laboratory Triaxial Testing
2) Field Insitu Vane Testing
3) Laboratory Vane Testing

4) SPT value

5) Pocket Penetrometer

TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)

NOTE: Hierarchy of Soil Strength Prediction

DESCRIPTIVE TERM SPT "N" VALUE
Very Loose less than 4
Loose 41010
Compact 10 t0 30
Dense 30 to 50
Very Dense Greater than 50
LEGEND FOR TEST HOLE LOGS
Shelby Tube A - Casi
SYMBOLS FOR o y nd
SAMPLE TYPE A spr [l Grab/Auger sample
J No Recovery [} Core

. MC - Moisture Content (% by Weight) as determined by sample]
X  Water Level
Shear Strength Determination by Field Insitu Vane
Shear Strength Determination by Pocket Penetrometer
C., Shear Strength Determination using a Laboratory Vane Apparatus
Cy Undrained Shear Strength determined by Unconfined Compression Test

SPT  Standard Penetration Test - refers 10 the number the blows from a 63.5kg hammer falling
through 0.76m to advance a 60 degree truncated cone 0.3m.
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UNIFIED SOILS CLASSIFICATION
GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GRAVEL AND | GW Waell-graded grivels or gravel-sand mixtures, little of no fines.
GRAVELLY GP Poorly-graded gravels o gravel-cand mixtures, lithe or no fines.
SOILS GM Sitty gravels, gravel-sand-siit mixtures.
COARSE
GC Claysy gravels, gravel-sand clay mixtures,
GRAINED sw Wellgraded sands or gravelly sands, fittie or no fines.
SAND AND sP Poorlygraded sands or gravelly sands, little of no fines.
SOILs
SANDY SM Siity sande, sand-sit mixtures,
SOILS sC Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flout, silty of clayey fine sands
SILTS AND or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays,
CLAYS silty clays, lean clays. (W < 30%).
Cl torganic clays of medium plasticity, sitty clays. (30% < W < 50%).
FINE W, < 50%
OL Organic sitts and organic sifty-clays of low plasticity.
GRAINED
SILTS AND MH Inorganic sifts, micaceous or diatomaceous fine sandy or silty soils,
slastic silts,
SOILS CLAYS
CH horganic clays of high plasticity, fat clays.
W, > 50%
OH Organic clays of medium to high plasticity, organic silts.
HIGHLY ORGANIC SOILS Pt Peat and other highly organic soils.
CLAY SHALE
SANDSTONE
SILTSTONE
CLAYSTONE
COAL
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5| 8% 7 o
0 80 10
318
6 | 58 9 )
317
316
7|88 7 315 =
314
855! 3 o
313
becoming compact
g{ss | 1 312
0 91
an
310
Cbolss oo 308 4
308

Continued Next Page 20
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Sl 2 '§é % 20 40 60 80 100 [mr gl wef B8 Lo
o ) 1 A =] GRAI
BLev 18| w| 2|oE| & [SHEAR STRENGTH kPa "N TF LostrisuTion
DEBTH DESCRIPTION 21212 ®|5Z1 % |o UNCONFINED  + FIELD VANE
212 - lagi s WATER CONTENT ¥ %)
El* Z[£C] & |e QUICK TRIAXIAL X LABVANE A NT (%}
© o 20 40 B0 B0 100 0 20 30 wm? ler sA st oL
LS
SAND continuas as above
291
161 55 | 38 4
092 8
290
288
288.5
338 BILT, trace sand, triace clay,
fayered, dense, grey, wet 288
171 88 | 37 o
287
286
285
s8 | 35 o
18 0 4 928
284
283
282
191 88 | 46 e
281
280
279
20| 88 | 82 o
278
Continued Next Page 20
3 3, Numbers refer to
X ¢ 15@5 (9} STRAIN AT FAILURE

Sensitivity



L f
1Mf‘anrl\§ggr?aﬁon Foundation Design
Ontario

RECORD OF BOREHOLE No D-98-2 4 0F 4 METRIC
W.P. ___462.92.00 LOCATION SITE 42.235, N 5 033 956.9 E 324 557.8 _ ORIGINATED BY £X
DIST____ 52 HWY 1 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY __ wMm
DATUM _GEODETIC DATE 98,02.23 - §8.02.24 CHECKED BY ___AEG
SOIL PROFILE AMP @ JOYNAMIC CONE PENETRATION
5 LES « 2 [|RESISTANCE PLOT == st SATURAL - REMARKS
=2l 5 wogrone YO L T
51 0 ;g B 20 40 60 B0 100 ™M cowex M| 5O &
o D — z 1 1, d, 1 w m
ELEV DESCRIFTION f B8l 3 o F © [SHEAR STRENGTH kPa we - L z Dﬁm’g‘fﬁ&
BEFTH S5 F | Z138] < |© UNCONANED  + FIELD VANE y 1%)
== Z|EC| @ | QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
b fre 20 40 B0 BO 100 10 20 30 wwm? lGR sA s CL
e
SILT - continues as above
276
21{ 85 | 38 o
0 64
278
274
273
221 8% | 46 o
272
2715
50.5 SAND, fine grained, some siit,
uniform, very dense, grey, wet 271
270
“ 123l ss | 63 )
. 0 81 19
269
268
1 ] S SSPRU SOV SISO DUUN SN SIS NS S —
© 124 55 | 65 o
266.0 R .
§6.1 END OF BOREHOLE AT 56.08m.
+ 3 3. Numbers refer to 153‘;5
©7 T Sensitivity Yoo (%) STRAIN AT FAILURE



%Tnitprgr?afﬁon Foundation Desgign
Ontario

RECORD OF BOREHOLE No D-98-3 10F5 METRIC
W.P. 462-53-00 LOCATION SITE 42-235, N 5 033 951.6 E 324 697.2 ORIGINATED BY £K
DIST ___ 52 HWY 1n BOREHOLE TYPE __210mm HOLLOW $TEM AUGERS COMPILEDBY _ WM
DATUM _GEQDETIC DATE 98.02,19 - 88.02.22 CHEGKED BY __ AEG
BYNAMIC CONE PENETRATION
SO PROFILE SAMPLES g w” § RESISTANCE PLOT % - - e HEMARKS
- wlgzZl 8 20 40 60 80 100 W Cowmw | EB &
g ﬁ g = 2 e 7 f i 3 i wp w wy =) g GRAIN S12¢
ELEV - & E # g ad 2 |SHEAR STRENGTH kP'a DISTRIBUTION
bEFTH DESCRIPTION 5 Sl e| > 3Z| & |o UNCONFNED 4+ FIELD vANE Y o
ElZ Z |20 & |e QUICKTRIAXIAL X LB VANE |WATER CONTENT (%)
321.6 hd af 20 40 60 BO 100 10 20 30 w3 lor 5a s o
0.0 PEAT, silty, dark brown to black [~
j~~3 1 88 3 BB4.78
= a1
Crd o | ss | \
st it o4
.
319.8 2l s ss | o 820 o
1.8 BAND, sorme silt to sand and
silt, fayered, loose to very loose,
grey, wet 4| ss 2 318 N
518 | o / o
518 ) 0 59
- 317
“Jeal ss | &
lem) ss | 3 3
: 316 \_I
315
71884 8 ( o
314 ey
8lss | 7 °
313 )
312 <
9| ss
s 8 \ © o089 11
3N
N
“t1o]| ss | 16 310 <\ a
309
becoming compact
11 ss | 18 o
308 .
Ji2lss | o 307 -
081 19
i 2
Continued Next Page + 3«3, Numbers refer to .,533,5
"7 Sensitivity Yo (%) STRAIN AT FAILURE



Ministry of |
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No D-98-3 20F5 METRIC
W.P. _ 462-93.00 LOCATION SITE 42.235, N 5 033 951.6 E 324 697.2 ORIGINATED 8Y K
DIST 52 RwY 11 BOREMOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY _wm
DATUM GEQDETIC DATE 98.02.19 - 98.02,22 CHECKED BY____AtG
, @ |DYNAMIC CONE PENETRATION
SOIL. PROFILE SAMPLES E " -g.l RESISTANCE MOT%‘M — ::,::;‘é v 5:_ REMARKS
5 8 gé 2 20 40 60 80 100 [M  oww %g o szt
2 lu w = =t g L L . . wp w wy = N 51
ELEYV g1 9| 2les SHEAR STRENGTH kPa .- DISTRBOTION
BEPTH DESCRIPTION 13|81 >|32 % |o unconemen  + FiELD vane y %)
ElZ 2|20 & |e quck TRIAXIAL x LAB vang | WATER CONTENT (%)
© b 20 40 60 BO 100 10 20 30 km3 lor sa =1 oL
SAND - contonues as above
306
1385 | 5 °
305
14] 55 | 18 304 5
303
s ss | 2 o
' 302 0 42
Codelss | 2 1 ©
300
17| 85 | 44 o
' 299
288
18| 88 | 24 o
0 38 62
297
19 88 | 20 a
082 8
296
295
Coeof ss | 17 o
294
21} 85 | 28 ©
293
292
o
Continued Next Page 20
k3 3, Numbers refe t
Fhx T TIPS () STRAIN AT FAILURE

Sensitivity



Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No D-98-3 30F5 METRIC
W.P, _ 462:93-00 LOCATION SITE 42.235, N 5 033 951.6 E 324 697.2 ORIGINATED BY EK
DIST 52 HWY 11 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY __ WM
DATUM _GEODETIC DATE 98.02.19 - 98.02.22 CHECKED BY ___AEG
SOIL PROFILE SAMPLES | o w [QYNAMIC CONE PENETRATION
Bol T BABTIC x;m woe |t REMARKS
51 @ gg ® 20 40 60 80 100 | cowmwr M z8 &
= £l =z : : i GRAIN SIZE
ELEV DESCRIFT = Bl ¢ | 2|/o5| & [SHEARSTRENGTH kPa Vo BT foisTRiBuTION
SERTH ESCRIPTION é 2lp| 3 32| % |o uNcoNFNED  + FIELD VANE y %)
£l Z|{E9] & |» quick TRIAXIAL X LABVANE | WATER CONTENT {%)
@ o 20 40 60 80 100 10 20 30 wim3 lor sa & L
22 L 33
291
w23 ss | 27
200 0 93 7
- 289
“lea| ss | 3s J
bocoming dense
288
287.0 "2 ss | 49 287 o
4.6 ST, some sand to sandy, trace
clay, layered, dense, , grey, wet
286
26| 85 | 43 o
285
27] 85 | 40 284 o o 15
283
281 85 | 30 @
282
20] 55 | 40 281 o
280
30 S5 | 36 @
279
278
277

Continued Next Page

4

3

L X

3,

Numbars refer to
Sansitivity

20
1585 (%) STRAIN AT FAILURE




Ministry of .
Tr:;:sstprgr?aﬁon Foundation Desgign
Ontario

RECORD OF BOREHOLE No D-98-3 40F5 METRIC
W.P, __ 462-93-00 LOCATION SITE 42-235, N 5 033 951.6_E 324 697.2 ORIGINATED BY EX
DIST 52 HWY 1 BOREMOLE TYPE __210mm HOLLOW STEM AUGERS COMPILED BY __wm
DATUM _GEODETIC DATE 98.02.19 - 98.02. 22 CHECKED BY ALG
SOIL PROFILE SAMPLES [ | 9 [RYNAMIC CONEPENETRATION
EFanl & AR mm woo | & REMARKS
= « n “;’-' g g 2.0 40 6]0 810 1?0 Lot CONTENT wr ] g &
BlE| | 2|oE] & [SHEAR STRENGTH kP wp W wi| T | CRANSEZE
DEFTH S E & > 15 Z] % |O UNCONFINED  + FIELD VANE y (%)
E1Z 2 |80] & | QUICK TRIAXIAL X LABVANE | WATER CONTENT (%)
© a 20 40 B0 80 100 1020 30 «N/m3 6GR SA 51 CL
[+
SILT » continues as above Npss g H 0 29 67 4
276
275
274
32| 55 | 42 °
273
272
2715
501 SAND, some silt, layered, very
dense, grey, wet 271
33| ss | 66
080 20
270
269
268
34| ss | %%
150
267
266
265
35| 85 | 81
264
263
262
Continued Next Page 20
3 5, Numbers ref
PR sty 1585 (%) STRAIN AT FAILURE

Sensitivity



sorgen,

DEPTH
{m)
24105198 0.0
15/07/98 0.2
3107198 0.3

DAYE

Fiezometer installation consists
of 19mm distmeter Schedule 40
PVL pipe with a 3.0m slotted

WATER LELVEL READINGS:

-}1‘;‘,‘,‘;‘,,’;,“’;'“0,, Foundation Design
Ontario
RECORD OF BOREHOLE No D-98-3 50F5 METRIC
W.P, __462.93:00 LOCATION SITE 42-235, N 5 033 951.6 324 697.2 ORIGINATED BY gK
DIST___ 52 HWY 1 BOREHOLE TYPE __210mm HOLLOW STEM AUGERS COMPILED BY __ WM
DATUM _GEODETC DATE 48,02.19 - 98.02.22 CHECKED BY __AEG
BYNAMIC CONE PENETRATION
SAMPLES o
SOIL PROFILE é " 3: RESISTANCE PLOY = nasme g | REMARKS
ELE 2l#8| w | 3|oE| & [SHEAR STRENGTH kPa we o w o wm| P3| SRamsSE
LEV DESCRIPTION w |2 A E E Gk DISTRIBUTION
DEFTH S{S1 F | >|58] o |o unconenep  + FELD vaNE y (%3
1= 2|20 & |e QUICK TRIAXIAL X LABVANE | WATER CONTENT (%)
@ @ 20 40 60 8O 100 10 20 30 |wum3 lorsa siocL
36| 55 | 67
261
260
259
a7| 88 | 73
287.9 258
637,  END OF BOREHOLE AT 63.70m.

+

3

. K

3

Numbars refer to
Sansitivity

20
@5 (%) STRAIN AT FAILURE



Mini
-,,a,';‘p'g,{’;ﬁm ) Foundation Design
Ontario

RECORD OF BOREHOLE No D-98-4 10F3 METRIC
W.P, _ 462-93-00 LOCATION SITE 42:235, N 5 033 945.3 £ 324 737.5 ORIGINATED BY gK
DIsT 52 HwY 11 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY __wMm
DATUM _GEQDETIC DATE 98.02.18 - ¥8.02.18 CHECKED BY AEG
SOIL PROFILE SAMPLES o |DYNAMIC CONE PENETRATION
g " g RESISTANCE PLOT = mre N | REMARKS
S| 21$8] @ 20 40 60 80 100 ™" v M| 3T &
Sig 5 =1 o2 L L ! L wp w wy | 5§ | GRAN sz
ELEV Sla| 8| 2|28 © [SHEAR STRENGTH kPa ) DISTRIBUTION
BERTH DESCRIPTION 1317 | 2152 & |o unconemen  + rewo vane v it
= Z|2O| & |e QUICKTRIAXIAL x LABVANE |WATER CONTENT (%)
3214 o &l 20 40 60 80 100 10 20 30 wom3 lor sa s oL
0.0 PEAT, fibrous, with roots, brown E':Z"“
4 85 1 517,78
] 2
ng 2|85 | 1
319,9 e 320
1.5 SAND, some silt to sand and T
] 3| 88 10 o
sift, layered, very loose to
compact, layered, grey, wot
. 319
4 55 6 57,74
0 42 54 4
] 55 4 318 1)
317
6| 5% 5 a
316
7188 | 2 s
4
8185 | 11 o
33
9|88 | 7 512 a
0 77
an -
0] 85 | 2 o
310
11085 | 8 00—t ISRV PO T
308 -
12| 88 | 17 o
307
Continued Next Page 20
&3 3, Numbers refer to 1595
' Sensitivity Yo (%) STRAIN AT FAILURE



Mmustrv of
Transportatmn

Foundation Design

Ontario
RECORD OF BOREHOLE No D-98-4 20F3 METRIC
W.P, __ 462.93-00 LOCATION SITE 42.235 N 5 033 945.3 € 394 737.5 ORIGINATED BY g
DIST 52 HWY 11 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY __wMm
DATUM _GEODETIC DATE 98.02.18 - 98.02.18 CHECKED BY ___AEG
BYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES o« w RESISTANGE PLOT NATURAL REMARKS
=} b asne e tooo |t
51 o g 3l @ 20 40 60 B0 100 Lt CONTENT e - g R & s
2 5 £l =z ! L . : w w w, ] 3 AIN SIZE
ELEX DESCRIPTION Sl2| & | 2o & [SHEARSTRENGTH KkPa C oM F |oisTRIBUTION
DEPTH R E £ | ®]35&| T |0 UNCONFINED  + FIELD VANE y (%)
£1Z z|BO| & |e auick TRIAXIAL x LABVANE | WATER CONTENT (%)
@ o 20 40 60 80 100 10 20 30 wm3 lor sa s eL
SAND - continues as above
13| 88 | 13 306
305
11 ss | 6 o
304
15] 8% | 33 303 S
becoming dense 302
S| ss | 28 o
| 307
300
171 88 | 32 °
0 B8 12
209
18] 88 | 30 o
298
- 297
18] 85 | 25 e
296
20| 58 | 9 o
295
pro— 294
21| 88 52 [
08 14
becoming very dense 293
Doz ss | aa o
; i) 202
Cortinued N
ontinuet Next Page . 3' v 3, NU"‘F’?"? refer to ,Sgs
Sensitivity 16 {%) STRAIN AT FAILURE



Ministey of )
Tr’arl‘spgnation Foundation Design
Ontario

RECORD OF BOREHOLE No D-98-4 30F3 METRIC
W.P. _ 482:93.00 LOCATION SITE 42.235, N 5 033 945.3 E 324 737.5 ORIGINATED BY EX
DIST 52 HWY 11 BOREHOLE TYPE _ 210mm HOLLOW STEM AUGERS COMPILED BY __wwm
DATUM _GEODETIC DATE 98.02.18 - 98.02,18 CHECKED BY ___AEG
SOIL PROFILE SAMPLES | | % |DYMAMIC CONEPENETRATION
& g = dagme  FATR = | remarxs
Lot 8 i, MO TURE vaw o x
51 e @ gg b 20 40 60 80 100 ™ cowmwr W z9 &
& 5 £ z . ! : wp w w GRAIN SIZE
ELEV DESCRIPTION z 218 | Z|8g| 2 [SHEARSTRENGTHKP (R DISTRIBUTION
BEPTH 213 e > 32| 4 |© UNCONFINED  + FIELD VANE v %)
£z Z|2O| & | QUICK TRIAXIAL X LABVANE | WATER CONTENT (%)
© o 20 40 60 80 100 10 20 30 Jwmd lorsa o c
SAND - continues as above
o 291
200.5 Cles| oss | 87 o
30.8]  END OF BOREHOLE AT 30.8m.
"-q&’
4
M
Dynhamic cone driven to 34,4
+3. % 3, Numbers refer to 15%}25
"7 Sensitivity 7 (%) STRAIN AT FAILURE



Ministry of |
V Transportation

Ontario

Foundation Design

RECORD OF BOREHOLE No D-98-5 10F1 METRIC
W.P. 462-93-00 LOCATION SITE 42.235 N 5 033 9408 E 324 765.8 ORIGINATED BY EK
DIST 52 HWY 11 BOREHOLE TYPE __ 210mm HOLLOW STEM AUGERS COMPILED BY __wM
DATUM _GEODETIC DATE 98.02.18 - 98.02.18 CHECKED BY____AEG
SOIL PROFILE SAMPLES w [OYNAMIC CONE PENETRATION
& 3 [RESISTANCE PLOT e AT ~ | REMARKS
- 0 5 MOIETURE = I
5 o & é g @ 20 4]0 60 80 100 bl CONTENT wir g’ g &
2wl > £} = 4 " ' . wp w wy GRAIN SIZE
ELEV Stal W Floa] © |SHEARSTRENGTH kP A £
BEFTH DESCRIPTION 5 21 F | >|5Z] & |o unconrnED  + FIELD vaNE y D'STF:';L)'T'ON
512 2|20 & [o quick TriaxiaL x LaB vANE | WATER CONTENT (%)
221.3 @ o 20 40 B0 8O 100 10 20 30 wumd lak 84 st oL
0.0 : ; =
PEAT, fibrous, with roots, brown :E: 1lss ! 1 221 -
320.2 201 | ss | 4 o
11 SAND, trace silt to silt and sand, 420
fobse to compact, grey, wet:
(SPISM) 3881 9 o
09 5
319
4185 10 o
5| ss |10 318 7
317 /
6| 5% 5 [+]
316.1 0 37
5.2|  END OF BOREHOLE AT 5.2m, )
+3 3, Numbers refer to mgg
"7 Sensitivity To. (%) STRAIN AT FAILURE



APPENDIX B



APPENDIX B
LABORATORY TEST RESULTS
- Figures B1 to B4 - Grain Size analyses

- Table B1 - pH and Sulphate



THURBGSD 3517 98/10/06

NOVAR ROAD UNDERPASS

FIGURE B1
GRAIN SIZE DISTRIBUTION
Size of apenings, inchas U.5.8. Sieve vize, meshesfinch
100 & 4"5- M 1.1;;-1.' 31.4- 1?-34;-:? 4 810 16 3&%060 100 ~‘200
\\Q
2]
0 M
70 K
: It
ZE 60
: W
Z 5
: WAL
=
il
. \
30 \\ \
20 H{
10
m A ? S < S
0 100 10 1 0.1 0.01 - 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE [MEDIUMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH {m) ELEVATION (m)
) D-88-1 1.83 320.37
b d P-98-1 3.35 318.85
A D-98-2 3.35 318.69
* D-98-2 10.06 311.98
® D-98-2 31.39 290,65
e D-98-2 37.49 284.55
pate .October 1998 D D Prep'd ... WM
Project .462-93-00 Chka. ... AEG.

THURBER




THURBGSD 3517 98/10/06

NOVAR ROAD UNDERPASS

FIGURE B2
GRAIN SIZE DISTRIBUTION
Size 6f openings, inthes 1.5.5, Sieve size, meshes/ingh
100 6 Al 3 e 1t Y Yy 34 810 16 30 40 5060 100 200
90 N
) Iﬂ
70
=
<
I 60
&
Z s0
L \ )
&
% 40 )
&
ol 1l \
20
oL i
0
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
CORBLE| COARSE FINE COARSE 1memum} FINE SILT and CLAY
Size GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
[ D-98-2 46.63 275.41
= D-98-2 52.73 269.31
A D-98-3 3.35 318.25
* D-98-3 10.056 311.55
® D-98-3 14.63 306.97
O D-98-3 19.50 302.10
Date .Qctober 1998 D D Prep'd ... . WM. .
Project .462-93-00 Chkd. ... AEG.

TrHURBER




THURBGSD 3517 98/10/06

NOVAR ROAD UNDERPASS

FIGURE B3
GRAIN SIZE DISTRIBUTION ‘
Size uf openings, inches U.5.5, Sieve size, mashes/itich
100 6 4y 30 1";2- 17 Y- 12-358-‘3 4 810 6 2&40 5080 100 200
. L\
\
. \\\\\
70 \\
: \
E 60 .
5 \
i
Z 50 !
e \ )
5 \ \
) 40
o
: LA
. | N
20 m \ ;\
10 NS N
0 e
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
coBsLe| COARSE FINE COARSE IMEDIUM | FINE SILT and CLAY
Size GRAVEL SAND FINE GRAINED
S5YMBOL BOREMOLE DEPTH (m) ELEVATION (m)
) D-98-3 23.77 297.83
b 4 D-98-3 25.30 296.30
A D$-98-3 31.39 290.21
* D-98-3 37.50 284.10
® D-98-3 45.11 276.49
& D-98-3 51.20 270.40
pate .October 1998 D D Prep'd ... WM
Project 462‘93‘"00 Chkd. ..., AEG

THURBER




NOVAR ROAD UNDERPASS

THURBGSD 3517 98/10/06

FIGURE B4
GRAIN SIZE DISTRIBUTION
Size of openings, inches L.8.5, Sieve sire, meshesfinch
100 6 4y 3T Vg1t Y- ‘?‘3{8' 3 4 B0 18 30 40 5060 100 200
80 \ \
70
: |4
<
& 60
s || |\
% 50
-
: \
Q40
& \ \
o
30
|
20 \
| \
10 Lt
\% ka
o]
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE |  FINE COARSE |MEDIUM|  FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
) D-98-4 2.59 318.81
b4 D-98-4 9.37 312.03
A D-98-4 21.64 299.76
* D-98-4 27.66 293.74
® D-98-5 1.75 319.556
o] D-98-5 4.88 316.42
pate . October 1998 D D Prep'd ... WM
Project .462-93-00 Chkd. ... AEG.

THIIRBER




Table B1

Results of pH and Sulphate Testing

Sample Depth (m) pH Sulphates (ppm)
D-98-2, SA3 1.5-2.1 4.2 178
D-98-4, SA3 1.5-2.1 3.1 1,150
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) DIST s2
55 ' CONT  No
5 & CON 14 _ &> * WP No 458-93-00 - \i'
S | * * F HWY 11 — FOUR LANING | SHEET

NOVAR ROAD
THURBER ENGINEERING LTD.

P L]
s
o

WL COMMR.IATE G,
¥
b
I»’
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A

DISTRICT MUNICIPALITY OF MUSKOKA
GEQS 2 AFFEY

H

L)
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o\
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K¢ '5‘9 s.?-
. . D-98-1 | 94940 [5 033 959.1|324 636.4
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2 / D=98-4 | 1040415 035 9453|324 7375
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THURBER ENGINEERING LTD. [
SDuite 101, 170 Evans Averie

ETOBICOKE, Ontario M8Z S5YEB

Phone (41 8) 503-3800 THURBER

Fax (418) 503-3010

December 3, 1998 File: 19-1351-7

McCormick Rankin

2655 North Sheridan Way
Mississauga, Ontario

L5K 2P8

Attention:  Mr. Reno Radolli, P. Eng.

Re: Novar Road Underpass, Highway 11
Pile Capacity and Length

Dear Sir:

Further to our recent meeting with MTO where they expressed a concern
regarding the recommended pile capacity and lengths for the Novar Road
Underpass, we have reassessed the pile design. The results of this
reassessment are summarized in Table 1 attached. Table 1 indicates that the
piles may have to be driven deeper than indicated in our original design.

We understand that the drawings for the Novar Road underpass have not been
issued for Tender yet and the pile driving note for Novar Bridge should be
modified as follows :

Piles to be driven in accordance with Standards SS 103-10 or SS 103-11 using
an ultimate capacity of 2520 kN but must be driven below the following elevations
for the various foundation elements:

Foundation Elevation of Base Piles Must be Driven

Element of Abutment Below Elevation
Stem or Pile Cap

West Abutment 324.8 281.8

Central Pier 318.5 275.5

East Abutment 326.3 283.3

The revised ultimate resistance corresponding to Hiley's Formula is based on the
stated MTO policy (refer to MTO letter dated September 9, 1998 on Little East
River) in which ultimate resistance is taken as two (2) times the Factored ULS
Capacity.

Continued....
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THURBER ENGINEERING

McCormick Rankin -2 - December 3, 1998

We trust the contents of this fax clarify the results of our reassessment which
addresses the concerns of the MTO foundation section. Please do not hesitate to
call if you require any additional clarification.

Yours very truly,
Thurber Engineering Ltd.

P.K. Chatterji, P. Eng.
Review Principal

w Paulo Branco, P. Eng.
Principal
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McCormick Rankin

December 3, 1998

Table 1
Pile Design Reassessment : Novar Road Underpass, Hwy 11

Abutment

Bridge | Foundation | No. of SLS Factured | Ultimate Pile | Most likely pile
Element Piles Capacity | ULS Capacity for | depth based on
per pile Capacity | control of our reassessment
{kN) per pile | driving based | (m below
{(kN) on Hiley's abutment stem or
Formula (kN) | pile cap)
Novar West 8 820 1260 2520 43
Abutment
Central Pier | 8 820 1260 2520 43
East 8 820 1260 2520 43
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Ontario

To:  V.Minassin November 4, 1998
Senior Project Engineer
Northern Region

From: Pavements and Foundations Section Tel: (416) 235-5267
Room 315, Central Bldg. Fax:  (416)235-5240

Re: Draft Foundation Investigation and Desigh Report Review
Novar Road Underpass
WP 464-96-01, Site 42-235

As requested in your memorandum dated October 20, 1998, our office has completed a review of
the Final Foundation Investigation Report and Final Factual Investigation Report for the Novar Road
Underpass. Our review comments are provided in this memorandum under the corresponding
heading in the report. '

Factual Component of the Report

Figures

Figures B1 to B4 are not to MTO standards. The figures should present the different soil strata
‘separately.

Discussion and Recommendations Component of the Report

The Foundation Investigation and Design Report only partially addresses the terms of reference for
the design and construction of structure foundations and related earthworks. In view of the absence
of a competent end bearing material within the practical depth of the investigation, special attention
is required in the design and construction of the structure foundations. Comments regarding the
axial capacity of the pile particularly and other comments as well are given in this memorandum.

Structure Foundations
Pile Capacity

1. Static analysis has been employed to predict the axial resistance of the piles. Static analysis
is not the most accurate method of predicting axial pile capacity. Based on pile load test
data available in the MTO Foundations Pile Load Test database report, lower axial capacities
were obtained at a site with similar subsurface conditions and pile type. The merit of
verifying the recommended axial pile capacities by reviewing pile load test data or perhaps
conducting a site specific pile load test should be discussed with the Consultant.
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2. The lateral capacity of the pile was given at SLS only. A lateral pile capacity at ULS is
required.

In the computation of lateral resistance, the coefficient of horizontal subgrade reaction is a
parameter required when finite element modelling techniques are employed. Horizontal
subgrade reaction parameters have not been included in the report.

Integral Abutment Design

The surficial soils at the site are comprised of peat and loose sand. The report recommends that the
surficial layer of peat be completely stripped and replaced with compacted earth fill. In addition,
the report states that the annular space surrounding the top 3.0 m length of pile be filled with loose
sand. Inview of the existing native loose sand, the Consultant should review the need for importing
fill material beneath the peat material that is going to be excavated.

Pile Driving

1. The ultimate resistance of a driven pile using the Hiley Dynamic Formula is taken as two(2)
times the Factored Capacity at ULS.

2. Pile Tip Elevations are given as minimum values. For piles as required at the site, there
exists a risk that the axial capacity at the design tip elevation will not be achieved. This
leaves the potential for significantly larger embedment lengths than estimated. It is
recommended that a note be included in the contract drawings that states that piles shall not
be driven beyond the design tip elevation without approval from the Design Engineer.

Pile Installation

Appropriate special provisions shall be included in the contract documents to ensure the quality
assurance of the installation of the deep foundation units. An end result special provision for Piling
that includes a requirement for a certificate of conformance can be obtained from our office.

Earth Pressure

The report presently recommends a Granular B, Type 1 backfill material. Consideration should be
given to including a Granular A backfill material as an alternative. Soil parameters should be
provided accordingly.

It is recommended that heavy compaction equipment be restricted within close proximity of the
abutment and wingwalls to avoid inducing unnecessary pressures on the walls. An NSSP should be
included in the Contract Documents that restricts the equipment size and type adjacent to the walls.
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Embankment Design

The Consultant has recommended an embankment geometry of 3H:1V or 2H:1V with 2 m wide
midheight berms for common earth fill and Selected Subgrade material respectively. This geometry
recommendation applies to fill heights exceeding 8 metres provided that the peat material is
completely subexcavated. For the conditions described in the report we have conventionally
recommended a 2H:1V embankment geometry for either common earth fill or selected subgrade
material.

Excavation and Groundwater Control
It is recommended that an NSSP be included in the Contract Documents that alerts the Contractor
of the subsurface and groundwater conditions at the site and that the Contractor is responsible for

(a) the necessary subexcavation and construction of foundations in the dry and (b) proper placement
of embankment fill on the native subsoils.

please do not hesitate to contact our office.

for

D. Dundas, P. Eng.
Senior Foundation Engineer

ce. T. Kazmierowski
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Ontario

To: V. Minassin July 29, 1998
Senior Project Engineer
Northern Region

From: Pavements and Foundations Section Tel: (416) 235-5267
Room 315, Central Bldg. Fax:  (416) 235-5240

Re: Draft Foundation Investigation and Design Report Review
Novar Road Underpass
- WP 464-96-01, Site 42-235

As requested in your memorandum dated July 22, 1998, our office has completed a review of the
Foundation Investigation Report. Our review comments are provided in this memorandum under
the corresponding heading in the report.

Site Description
Site Layout

Normally, a description of the proposed structure is not included in the Site Description section of
the report

Investigation Procedure

Conventionally, the Field Investigation and Laboratory Analyses are included within this subsection
of the report.

Field Investigation

The depths of the boreholes advanced should be given.

The Standard Penetration Test(SPT) was conducted bothlas an in situ test to evaluate the strength
of the soil and also as a method of sample retrieval. An appropriate reference for the test procedure
should be included in the report (ASTM D1586). '

The penetration depi:hs of the Dynamic Cone Tests should be included in this section of the report.
The method of measuring the groundwater levels should be clarified. Presently, it appears that the
groundwater levels were taken only at BH D 98-3. If water levels were not taken at the other -

boreholes, an explanantion shall be given.

The backfilling of boreholes, storage and transportation of samples should also be included in the
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Field Investigation component of the Investigation Procedure.
%\

Borehole Logs

The coordinates of the boreholes have not been identified on the individual borehole logs.

Figures

Figures B1 to B4 are not to MTO standards. In fact, the title of Figures B1 to B4 identify the CNR
Overhead structure.

Expanation of Terms Used in the Report

The symbols and terms used on the Borehole Logs are not to MTO standards. Our office can supply
the terms and symbols that are conventionally used in MTO reports

If you require additional information, please do not hesitate to contact our office.

D. Dundas, P. Eng.
Senior Foundation Engineer

cc. P. Stuart
T. Kazmierowski
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FINAL FOUNDATION DESIGN REPORT FOR
NOVAR ROAD UNDERPASS
HIGHWAY 11 FOUR LANING

6.7 km NORTH OF HWY 60 NORTHERLY 13 km
W.P. 462-93-00, SITE 42-235
DISTRICT 52, HUNTSVILLE

1. INTRODUCTION

This report presents the results of the foundation investigation carried out by
Thurber Engineering Ltd. (Thurber) at the site of the proposed bridge and
approach fills at the intersection of the extended Novar Road with realigned
Highway 11 in the Town of Huntsville. The purpose of the investigation was to
explore the subsurface soil and groundwater conditions at the site and based on
the data obtained provide borehole logs, soil profile and a written description of
the subsurface conditions.

Thurber carried out the investigation as a sub-consultant to McCormick Rankin
Corporation (MRC) under Ministry of Transportation (MTO) Agreement 9750 -
7424 - 5262,

2. SITE DESCRIPTION
2.1 Site Location

The structure forms part of the four-laning of Highway 11 north of Huntsville
and is located at the intersection of the proposed extension of Novar Road
and a realighed portion of Highway 11. The site lies at Station 26+040,
approximately, C/L Median Highway 11.

Locally, the site may be described as lying east of the existing Highway 11,
in a flat, low-lying, treed area opposite the existing intersection of Novar
Road with Highway 11. Access to the site was directly from Highway 11 or
along the ROW from Highway 592 a short distance to the north.
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2.2 Physiography

Based on The Physiography of Southern Ontario, 3rd Edition, by Chapman
and Putnam, the region surrounding the site consists of bedrock ridges with
shallow overburden. The bedrock is undifferentiated igneous and
metamorphic rock of early Precambrian age and is generally hard and
massively jointed.

The Highway 11 corridor, however, lies in a long, narrow sand plain filling a
deep valley within the region of shallow bedrock. The typical soils filling the
deep valley in the corridor consist of sand and silt, with some gravel
deposited as glacial outwash or in localized glaciolacutrine environments.

The nearby, meandering creek (Little East River) and several wetlands in

the area suggest poor drainage and a high groundwater table. Locally the
ground is relatively flat, wet at the surface and supports typical vegetative

cover for wet areas.

INVESTIGATION PROCEDURES
3.1 Field Investigation

Between February 18 and 24, 1998, a Nodwell track mounted auger rig
was used on site for drilling, Standard Penetration Testing (SPT) and
dynamic cone penetration testing. One hole was drilled for each abutment,
one for the central pier and one at each approach fill, giving a total of five
sampled boreholes. The approximate locations of the boreholes are shown
on Drawing 19-1351-7d-01.

The holes were initially advanced using hollow stem augers. Fine uniform
sand and silt were encountered below a relatively high water table which
caused heaving of the soil into the hollow stem auger when the pilot bit was
withdrawn in preparation for SPTs. The hollow stem augers were kept full
of drilling mud at all times to counteract the effect of an unbalanced head of
groundwater.



McCormick Rankin Corporation Page 3

When it became apparent that auger drilling had reached its effective depth
limit, mud rotary drilling was implemented for the balance of the depth of
the hole.

The boreholes were numbered D-98-1 through D-98-5. The depths of
sampling in the five boreholes were as follows:

Borehole No. Depth of Sampling (m)
D-98-1 5.2
D-98-2 56.1
D-98-3 63.7
D-98-4 30.9
D-98-5 52

Samples were recovered at intervals throughout the depths of the
boreholes in conjunction with Standard Penetration Tests (SPT) (following
the test procedure outlined in ASTM D 1586). Samples were generally
recovered at intervals of 0.75 m in the upper 3.0 m and thereafter at
intervals of 1.5 m to depths which vary between the holes. In some holes
the sampling interval was increased to 3.0 m after stratigraphic continuity
was established.

Dynamic cone penetration tests were conducted in, or adjacent to selected
holes as follows

Borehole No. Depth of Dynamic Cone Test

D-98-3 From ground surface to 13.7 m
and from 15.0 to 22.8 m, adjacent
to the hole

D-98-4 From the termination of sampling
at 30.9 m to 34.4 m, from the
bottom of the borehole.
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Boreholes were not left open long enough for the groundwater to stabilize
and this coupled with the constant addition of drilling fluid led to the
decision not to report data on groundwater levels on completion of drilling.
Based on the flat site and the consistent sand stratigraphy, one standpipe
piezometer was installed in Borehole D-98-3 to monitor the groundwater
level.

The boreholes were backfilled with drill cuttings except in Borehole D-98-3
where sand pack was installed around the piezometer tip and a bentonite
plug was installed near the top of the hole.

All recovered samples were examined, identified and logged in the field and
were transported to Thurber's Toronto laboratory by the field supervisor for
further examination and laboratory analysis.

The result of the drilling and sampling are summarized on the borehole logs
in Appendix A.

3.2 Laboratory Analysis

Geotechnical laboratory testing consisted of natural moisture content
determinations and visual classifications of all recovered samples. In
addition, grain size analyses and pH and sulphate content testing were
conducted on selected samples. The results of the laboratory testing are
presented on the borehole logs in Appendix A, and in Figures B1 to B4 in
Appendix B. The results of the pH and sulphate content are presented in
Table B1.

DESCRIPTION OF SUBSURFACE CONDITIONS

4.1 Subsurface Soil Conditions

Detailed descriptions of the subsoil conditions encountered in the
boreholes are presented on the borehole logs in Appendix A. The

stratigraphic profile inferred from the borehole information is shown on
Drawing No. 19-1351-7d-01.
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In general, the boreholes indicate a surface layer of peat underlain by sand
which extends to depths in the order of 34 m. The upper sand is underlain
by a deposit of silt approximately 16 m thick, which in turn is underlain by a
lower sand deposit.

Further description of these major soil units is provided in the following
sections. The soils encountered all appeared to be lacustrine or fine
outwash deposits and no evidence of boulders was found. However, the
possibility of encountering boulders at random locations in the sand and silt
deposits during construction must be recognized.

Peat

All boreholes encountered a layer of peat at the surface. The peat is
fibrous, contains numerous roots and was noted as silty in Borehole D-98-
3. The colour of the peat ranges from brown to dark brown to black.
Measured moisture contents lie in the range of 70 to 564%.

The interpreted depths of peat at the boreholes are as follows:

Borehole No. Depth of Peat (m)
D-98-1 1.6
D-98-2 1.2
D-98-3 1.8
D-98-4 1.5
D-98-5 1.1

Actual depths of peat to be stripped may vary from those interpreted at the
borehole locations.

Upper Sand

Based on Boreholes D-98-2, D-98-3 and D-98-4, the upper sand layer
extends to depths of approximately-34 m.below existing ground level, or to
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approximate Elevation 287.0 to 288.5.

The sand is fine grained and uniform and contains silt in proportions
ranging from trace to some and to sand and silt in Boreholes D-98-4 and D-
98-5. Grain size distributions for selected samples are shown in Figures B1
to B4. The deposit shows faint layering and is grey and wet.

Based on the SPT values, the density of the upper sand layer is variable
from very loose to dense with N values ranging from 2 to 44. Below a
depth of 28 m in Borehole D-98-4, the upper sand becomes very dense,
with N values ranging from 44 to 57. The measured natural moisture
contents ranged from 19 to 30%.

Boreholes D-98-1 and D-98-5, in the areas of the approach embankments,
were terminated in the upper sand at depths of 5.2 m. Boreholes D-98-2
and D-98-3 fully penetrated the upper sand at depths of approximately 34
m. Sampling in Borehole D-98-4 was terminated at a depth of 30.9 m and
the base of the upper sand layer was not established in this hole.

Silt

Below the upper sand, Boreholes D-98-2 and D-98-3 encountered a
deposit of silt. The silt extends from Elevation 288.5 to 271.5 min
Borehole D-98-2 and from Elevation 287.0 to 271.5 m in Borehole D-98-3.
The silt contains sand in proportions ranging from trace sand to sandy and
also trace clay. The grain size distributions for selected samples are shown
in Figures B1 to B4. The deposit shows faint layering, is grey and wet.

Based on the recorded SPT values, the silt is dense to very dense with N
values ranging from 30 to 52. The measured natural moisture contents
range from 21 to 29%.

Both boreholes fully penetrated the silt layer and into the underlying lower
sand.
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Lower Sand

Below Elevation 271.5, respectively, Boreholes D-98-2 and D-98-3
encountered a lower sand deposit which extended to the termination
depths of the boreholes, 56.1 and 63.7 m, respectively. The sand is fine
grained and uniform and contains some silt. Grain size distributions for
selected samples are shown in Figures B2 and B3. The lower sand deposit
shows faint layering and is grey and wet.

Based on the recorded SPT values of 63 for 0.30 m to 92 for 0.15 m of
penetration, the lower sand is in a very dense state. The measured natural
moisture contents ranged from 21 to 30%.

4.2 Groundwater

The following groundwater levels were recorded in the piezometer installed
in Borehole D-98-3:

Date Depth to
Water (below existing ground surface)

May 24, 1998 0.0m
July 15, 1998 02m
July 31, 1998 0.3m

Based on this data, the groundwater lies close to the ground surface or at
Elevation 321.3. The water level may fluctuate throughout the year, and in
particular surface flooding may occur after Spring thaw or periods of heavy
rain.
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RECOMMENDATIONS FOR STRUCTURE FOUNDATIONS
5.1 Type of Structure
The proposed structure will be a two-span bridge carrying Novar Road over

the re-aligned Highway 11. Geotechnical recommendations are required
for the design of foundations at:

a. the west abutment
b. the central pier
c. the east abutment

The west and east spans of the proposed structure will be 38.0 and 39.0 m
long, respectively, and it is understood that an integral abutment design is
preferred, if the foundation conditions are suitable.

Geotechnical recommendations are also required for the approach fills to
the bridge.

5.2 Foundation Soil Conditions

The factual description of the foundation soils is presented in Section 4. of
the report. A discussion of the soil conditions is presented below.

The foundation conditions encountered in the Boreholes D-98-2 and D-98-
4 consist of deep deposits of fine sand and silt. These soils are considered
suitable for the design of an integral abutment bridge with each abutment
supported on a single row of H-piles driven to sufficient depth to achieve
fixity well below the depth required to provide for movement of the
abutment. The surficial layer of peat should be stripped as discussed in
Section 7. Embankment Design.

For the proposed two span bridge, no movement is required at the central
pier and the foundation can be considered to be effectively fixed. The near
surface soils are too loose to support a spread footing and it is
recommended that the central pier be supported on a piled foundation.
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5.3 Piled Foundations
5.3.1 Axial Capacity

The foundations of both the abutments and the central pier should be
supported on HP 310X110 piles.

Axial resistance analysis has been carried out for the HP 310X110 pile
using the soil parameters described in the Foundation Investigation Report
and assuming both skin friction and end bearing.

Abutments

In the analysis of the vertical geotechnical resistance developed by the
piles at the abutments, the following assumptions were made:

. the underside of the abutment stems will be approximately at
Elevation 324.8 at the west abutment and 326.3 at the east
abutment

. the surficial layer of peat will be completely stripped and replaced by
compacted earth fill

. the top 3.0 m length of pile was assumed to be surrounded by loose

sand and not to contribute to the vertical resistance.

For the abutments, analysis indicated that an HP 310X 110 pile driven to a
total depth of 33:m below the base of the abutment stem would have a
factored geotechnical resistance at ULS of 1,600 kN and an SLS
resistance of 1,000 kN. This is expected to correspond to a pile tip
elevations of approximately 292 at the west to 293 at the east.

The geotechnical resistance should be checked against the structural
capacity of the pile.

Central Pier.

The underside of the pile cap is estimated to lie at Elevation 318.5.
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At the central pier, there is no requirement for lateral movement and the full
depth of the pile below the pile cap was assumed to contribute to the axial
resistance, provided no peat remains below the pile cap. To ensure this
condition, the contract should specify that all peat and similar deleterious
material should be removed for a distance of 5.0 m beyond the pile cap. if
necessary, the area may be backfilled to the underside of the pile cap
using earth fill or granular fill at the contractors discretion.

For the pier, analysis showed that an HP 310X110 pile driven to 31 m
below the underside of the pile cap will have a factored geotechnical
resistance at ULS of 1,600 kN and an SLS resistance of 1,000 kN. This is
expected to correspond to a pile tip elevation of approximately 288.

The geotechnical resistance should be checked against the structural
capacity of the pile.

5.3.2 Lateral Resistance _ ~
The lateral resistance of the HP 310X110 pile was analyzed assuming ' '
flexure in the weak direction and the computed value is 40 kN at SLS. -

5.3.3 Pile Installation

The piles should be provided with driving shoes in accordance with
OPSD 3301.00.

20D i/ )
Pile driving should be carefully monitored and controlled employingthe < ° ~

iley Dynamic Pile Drivin in accordance with MTQO Standards

SS 103-10 or SS 103-11 and assuming an ultimate resistance of 3,000 kN.

The piles supporting the two abutments should be installed in holes pre-
augered to depths of 3.0 m which should then be backfilled with fine to
medium grained, uniformly graded, loose sand. The grading requirements
for the sand are shown in Table C1 in Appendix C. In order to prevent
collapse of the pre-augered hole and contamination of the sand backfill, a
600 mm diameter sleeve may be placed in the pre-augered hole.
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The pile driving should be carried out using a hammer delivering energy in
the order of 50 kJ per blow.

During the driving process, piles which have already been driven should be
monitored to determine if they are heaving due to the effects of driving
adjacent piles. If this phenomenon occurs, the affected piles must be re-
driven.

5.3.4 Pile Driving Note
The pile driving note to be added to the drawings should be Note 2 in

Clause 2.5.11 of the Structural Manual. The ultimate resistance to be used
is 3,000 kKN. The elevations below which the piles must be driven are::

. west abutment - Elevation 292
. east abutment - Elevation 293
. central pier - Elevation 288

6. EARTH PRESSURE

The lateral earth pressures to be used in design should be computed in
accordance with Section 6-7 of the OHBDC .

Granular backfill should be placed behind the abutment walls and wing walls to
conform to the minimum requirements illustrated in OPSD 3501.00. The granular
backfill should conform to Ontario Provincial Standard Specifications (OPSS)
1010 for Granular B, Type 1. The fill should be placed in accordance with OPSS
501. A perforated subdrain should be installed behind the base of the walls as
shown in OPSD 3501.00 to maintain the granular fill in a drained condition. The
subdrain should be provided with a positive outlet to the highway drainage
system.
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For the above backfill and drainage conditions, the abutment walls and wing walls
may be designed based on the following unfactored earth pressure distributions:

P, = Kyh
where;
K = earth pressure coefficient, use value from table below.
Y = unit weight of soil, = 21.2 kN/m® for Granular B
h = depth below top of wall, m
Earth Pressure Coefficient (K)
Wall Type OPSS Granular B
¢'=30°
Horizontal Sloping Ground
Ground Surface
Surface Behind (2H:1V)
Wall
Abutment Walls 0.50 -
(Restrained Wall)
Wing Walls 0.33 0.55
(Unrestrained Wall)

If an integral abutment design is used, the abutments will be cast integrally with
the deck and therefore the abutment walls should be treated as restrained. If the
wing walls will not be connected to the abutments and therefore will be able to
accommodate some rotation they may be treated as unrestrained. The above
also assumes a horizontal ground surface behind the abutment walls. If concrete
approach slabs are not provided, an additional load equivalent to 600 mm of fill
should be superimposed on the wall loadings to account for traffic surcharge
loading.

Additional lateral pressure must be added to account for compaction induced
forces. The additional pressure must be computed in accordance with

Section 6-7.4.3 of the OHBDC.
,,ﬁd“ be L\mﬁ uJ ﬁfé ;
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7. EMBANKMENT DESIGN

Based on Plan E-625-11-9, Sheet 2 of 2, the driving lanes of Highway 11 will be
constructed on embankments with a finished grade 3 to 4 m above existing
ground level. At the abutments, the Novar road approach embankments will be
‘{'0 to 12.m above existing ground level.

As shown on the borehole logs, a surface layer of peat was encountered at the
boreholes which measured 1.1 to 1.8 m in thickness. Prior to construction, all
peat below the immediate approach embankment footprint should be stripped
from the toe of the forward slope to a distance of at least 10 m behind the
abutment. Beyond these limits, stripping should be coordinated with the
recommendations of the Pavement Design Report. This stripping is
recommended mainly to minimize differential settlement between the
embankment and the structure and also to eliminate downdrag on the piles
created by consolidation of the peat after the piles have been driven and the
approach fills completed.

Based on the groundwater level lying close to the ground surface, the base of the
stripped area will lie below water, uniess prior steps are taken to lower the
groundwater level. If fill is to be placed on a wet or flooded subgrade, fine grained
earth fill is not recommended at the lower levels since it will be very difficult to
compact this material. If these wet conditions are allowed to exist, the contract
should specify the use Select Subgrade Material (SSM) to a level 1 m (x) above
the prevailing water table.

Above the water table, earth fill may be used in embankment construction, subject
to the Non Standard Special Provision (NSSP) in Appendix D.

Embankments for Novar Road constructed of common earth fill should generally
have side slopes not steeper than 3:1, and all peat must be stripped from below
the embankment. If these embankments are specified to be constructed of Select
Subgrade material (SSM), then side slopes not steeper than 2:1 may be used,
provided all peat is stripped.

The forward slope under the bridge may be constructed at 2:1 provided it is
covered with concrete slope paving and earth fill meeting the NSSP in Appendix D
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is used.

In either of the above cases, where the embankment height will exceed 8.0 m, a
berm 2.0 m wide should be provided on the embankment side slopes in each

8.0 m vertical interval. Provided the forward slope does not exceed 8.0 m in
height, measured from the toe to the point where it intersects the face of the
abutment, the berm on the side slope need not be carried into the forward slope.
In this case, the side slope berm may be transitioned from 2.0 m at the end of the
wing wall to zero width at the concrete slope paving on the forward slope. The
transition from a 3:1 side slope to a 2:1 forward slope may also occur in this zone.

Embankment fill should be placed in appropriate lift thicknesses and be
compacted in accordance with OPSS 501.

8. EXCAVATION AND GROUNDWATER CONTROL

The groundwater level established by piezometer readings at the central pier is at
Elevation 321.3, very close to existing ground level.

At the two abutments, long term dewatering will not be required. Short term
dewatering may be required, depending on the decision made regarding
backfilling. After the embankment is constructed, there will be no further need for
groundwater control at the abutments.

At the central pier, the underside of the pile cap is expected to be at Elevation
318.5. The excavation required to construct the pile cap will be carried out in
saturated sand and will extend approximately 3.0 m below the stabilized
groundwater level. Groundwater seepage into such an excavation would create
boiling and unstable base conditions and caving of the side slopes, and it is
recommended that positive groundwater control measures be implemented prior
to excavation being carried out for construction of the pile cap.

The method of positive groundwater control should be selected by the contractor,
subject to approval, but should produce a stable working base free of boiling or
quick conditions. Typically, the required performance will be achieved under the
site conditions by using vacuum well points or driven, interlocking steel sheeting
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or a combination of both.

The groundwater control measures should be kept in place until construction of
the pile cap has been completed and the excavation has been backfilled.

All excavations must be carried out in accordance with the Occupational health
and Safety Act.

No permanent groundwater control measures are required for the proposed piled
foundation.

9. FROST PROTECTION

The design depth of frost penetration for this project is 1.8 m. All pile caps and
footings designed for this site must be provided with a minimum depth of soil
cover of 1.8 m to protect against the penetration of frost below the foundation
elements.

10. CONSTRUCTION CONCERNS

Construction of the pile cap for the central pier will be carried out from a subgrade
level that will be created by excavation into a presently saturated sand stratum. It
is important that the groundwater level be depressed at least 1.0m below the
excavation base prior to pile cap construction.

Similarly, stripping and construction of the approach embankments may
experience difficulty with high groundwater levels.

11.  CONSTRUCTION INSPECTION AND MONITORING

During construction, all foundation installation, excavation and embankment
construction activities should be monitored by geotechnical personnel to confirm
that the foundation recommendations and design are being correctly implemented
and that the soil conditions encountered do not differ materially from the
interpretation used in this report.



STATEMENT OF GENERAL CONDITIONS

1. STANDARD OF CARE

This study and Report have been prepared in accordance with generally accepted engineering or environmental
consulting practices in this area. No other warranty, expressed or implied, is made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are
a part of the Report which is of a summary nature and is not intended to stand alone without reference to the
instructions given to us by the Client, communications between us and the Client, and to any other reports,
writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of
which constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS
EXPRESSED HEREIN, REFERENCE MUST BE MADE TO THE WHOLE OF THE REPORT. WE CANNOT BE
RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE TO THE
WHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purpose that were
described to us by the Client. The applicability and reliability of any of the findings, recommendations,
suggestions, or opinions expressed in the document are only valid to the extent that there has been no material
alteration to or variation from any of the said descriptions provided to us unless we are specifically requested by
the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the
sole benefit of the Client. NO OTHER PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION
THEREOF WITHOUT OUR WRITTEN CONSENT. WE WILL CONSENT TO ANY REASONABLE REQUEST BY
THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS™. The
contents of the Report remain our copyright property and we authorize only the Client and Approved Users to
make copies of the Report only in such quantities as are reasonably necessary for the use of the Report by those
parties. The Client and Approved Users may not give, lend, sell, or otherwise make the Report, or any portion
thereof, available to any party without our written permission. Any use which a third party makes of the Report,
or any portion of the Report, are the sole responsibility of such third parties. We accept no responsibility for
damages suffered by any third party resulting from unauthorized use of the Report.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks,
geological units, contaminant materials and guantities have been based on investigations performed in
accordance with the standards set out in Paragraph 1. Classification and identification of these factors are
judgemental in nature and even comprehensive sampling and testing programs, implemented with the
appropriate equipment by experienced personnel, may fail to locate some conditions. All investigations
utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected
and all documents or records summarizing such investigations will be based on assumptions of what exists
between the actual points sampled. Actual conditions may vary significantly between the points investigated
and all persons making use of such documents or records should be aware of, and accept, this risk. Some
conditions are subject to change over time and those making use of the Report should be aware of this
possibility and understand that the Report only presents the conditions at the sampled points at the time of
sampling. Where special concerns exist, or the Client has special considerations or requirements, the Client
should disclose them so that additional or special investigations may be undertaken which would not otherwise
be within the scope of investigations made for the purposes of the Report.
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INTERPRETATION OF THE REPORT (continued)

b) Reliance on Provided Information: The evaluation and conclusions contained in the Report have been
prepared on the basis of conditions in evidence at the time of site inspections and on the basis of information
provided to us. We have relied in good faith upon representations, information and instructions provided by
the Client and others concerning the site. Accordingly, we cannot accept responsibility for any deficiency,
misstatement or inaccuracy contained in the Report as a result of misstatements, omissions,
misrepresentations, or fraudulent acts of persons providing information.

6. RISK LIMITATION

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants
or hazardous substances and the potential to cause an accidental release of those substances. In consideration
of the provision of the services by us, which are for the Client's benefit, the Client agrees to hold harmless and to
indemnify and defend us and our directors, officers, servants, agents, employees, workmen and contractors
(hereinafter referred to as the “Company”) from and against any and all claims, losses, damages, demands,
disputes, liability and legal investigative costs of defence, whether for personal injury including death, or any
other loss whatsoever, regardless of any action or omission on the part of the Company, that result from an
accidental release of pollutants or hazardous substances occurring as a result of carrying out this Project. This
indemnification shall extend to all Claims brought or threatened against the Company under any federal or
provincial statute as a result of conducting work on this Project. In addition to the above indemnification, the
Client further agrees not to bring any claims against the Company in connection with any of the aforementioned
causes.

7. SERVICES OF SUBCONSULTANTS AND CONTRACTORS

The conduct of engineering and environmental studies frequently requires hiring the services of individuals and
companies with special expertise and/or services which we do not provide. We may arrange the hiring of these
services as a convenience to our Clients. As these services are for the Clients’ benefit, the Client agrees to hold
the Company harmless and to indemnify and defend us from and against all claims arising through such hirings
to the extent that the Client weuld incur had he hired those services directly. This includes responsibility for
payment for services rendered and pursuit of damages for errors, omissions or negligence by those parties in
carrying out their work. In particular, these conditions apply to the use of drilling, excavation and laboratory
testing services.

8. CONTROL OF WORK AND JOBSITE SAFETY

We are responsible only for the activities of our employees on the jobsite. The presence of our personnel on the
site shall not be construed in any way to relieve the Client or any contractors on site from their responsibilities for
site safety. The Client acknowledges that he, his representatives, contractors or others retain control of the site
and that we never occupy a position of control of the site. The Client undertakes to inform us of all hazardous
conditions, or other relevant conditions of which the Client is aware. The Client also recognizes that our activities
may uncover previously unknown hazardous conditions or materials and that such a discovery may result in the
necessity to undertake emergency procedures to protect our employees as well as the public at large and the
environment in general. These procedures may well involve additional costs outside of any budgets previously
agreed to. The Client agrees to pay us for any expenses incurred as the result of such discoveries and to
compensate us through payment of additional fees and expenses for time spent by us to deal with the
consequences of such discoveries. The Client also acknowledges that in some cases the discovery of
hazardous conditions and materials will require that certain regulatory bodies be informed and the Client agrees
that notification to such bodies by us will not be a cause of action or dispute.

9. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on our interpretation of conditions
revealed through limited investigation conducted within a defined scope of services. We cannot accept
responsibility for independent conclusions, interpretations, interpolations and/or decisions of the Client, or others
who may come into possession of the Report, or any part thereof, which may be based on information contained
in the Report. This restriction of liability includes decisions made to either purchase or sell land.
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APPENDIX A
BOREHOLE LOGS
- Symbols and Terms Used on Borehole Logs
- Unified Soil Classification

- Borehole Logs D-98-1 to D-98-5
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BOREHOLE GRAPHIC SYMBOLS

SOILS
3 7
i FILL 71 SILTY CLAY
R %
. % ORGANICS % CLAYEY SILT
2 i
| cav . SILTY SAND
/
%
H:” SILT 1 SAND & GRAVEL
SAND ‘ % CLAYEY SILT TILL
GRAVEL ] SILTY CLAY TILL
i
(X . ll‘i
Lt‘ COBBLES l's 'SANDY SILT TILL
l*' I’l
() i@
ROCK
SHALE q SILTSTONE
[+]
% LIMESTONE | GRANITE
[+
CEMENT GROUT CONCRETE
=
BENTONITE GROUT % WATER

I BENTONITE SEAL
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SYMBOLS AND TERMS USED ON TEST HOLE LOGS

TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION PARTICLE SIZE VISUAL IDENTIFICATION
Boulders Greater than 200mm same
Cobbles 75 to 200mm same
Gravel 4.75 to 75mm 5 to 75mm
Sand 0.075 to 4.75mm Not visible particles to 5mm
Silt 0.002 to 0.075mm Non-plastic particles, not visible to
the naked eye
Clay less than 0.002mm Plastic particles, not vislble
to the naked eye

COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occaslonal Less than 10%
Adjective (e.g. sl ) 39 10 559

ective (e.g. slity or sa o]
An!j (e.g. sargid an% gravel;lsj y 35 to 50%

DE NSIST HESI ILS ONL
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPT™*N*VALUE
STRENGTH (kPa)

Veq Soft Less than 10 Less than 2
So 10 to 25 2104
Firm 25 to 50 4t08
Stiff 50 to 100 81to 15
Very Stiff 100 to 200 1510 30
Hard greater than 200 Greater than 30

NOTE: Hierarchy of Soil Strength Prediction 1) Laboratory Triaxial Testing
2) Fleld Insitu Vane Testing

3) Laboratory Vane Testing

g SPT value

Pocket Penetrometer

TERMS D ING DEN ESI ILS ONL
DESCRIPTIVE TERM SPT "N" VALUE
Very Loose less than 4
Loose 41010
Compact 10 to 30
Dense 30 to 50
Very Dense Greater than 50
LEGEND FOR TEST HOLE LOGS
Shelby Tube A - Casin
SYMBOLS FOR o y g
SAMPLE TYPE (A spT [0 Grab/Auger sample
Bd No Recovery [I) Core
. MC - Moilsture Content (% by Weight) as determined by sample]
x Water Level
C.ne Shear Strength Determination by Field Insitu Vane
C,en  Shear Strength Determination by Pocket Penetrometer
C,,  Shear Strength Determination using a Laboratory Vane Apparatus

Undrained Shear Strength determined by Unconfined Compression Test

O

u

SPT  Standard Penetration Test - refers to the number the blows from a 63.5kg hammer falling
through 0.76m to advance a 60 degree truncated cone 0.3m.



UNIFIED SOILS CLASSIFICATION
GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GRAVEL AND | GW Well-graded gravels or gravel-zand mixtures, litte or no fines.
GRAVELLY GP Poorly-graded gravels or gravel-sand mixturet, little o no fines,
SOILS GM Slity gravels, gravel-sand-sift mixtures.
COARSE
GC Clayey gravels, gravel-sand clay mixtures,
GRAINED SW Woell-graded sands or gravelly sands, little o no fines.
SAND AND SP Poorly-graded sands or gravslly sands, litile or no finet,
SOILs
SANDY SM Slity sands, sand-sit mixtures.
SOILS sC Claysy sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock fiour, silty or clayey fine sands
SILTS AND of claywy sifts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays,
CLAYS slity clays, lean clays. (W < 30%).
Cl inorganic clays of medium plasticlty, sifty clays. (30% < W < 50%).
FINE W, < 50%
oL Organic sitts and organic sitty-clays of low plasticity.
GRAINED
SILTS AND MH inorganic sitts, micacecus or diatomaceous fine sandy or ilty soils,
elastic slits.
SOILS CLAYS
CH Inorganic clays of high plasticity, fat clays.
W > 50%
OH Organic clays of medium to high plasticity, organic sifts.
HIGHLY ORGANIC SOILS Pt Peat and other highly organic soils.
CLAY SHALE
SANDSTONE
SILTSTONE
CLAYSTONE
COAL
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W.P. 462-93-00

DIST 52 HWY 11

DATUM _GEODETIC

RECORD OF BOREHOLE No D-98-1 10F1

LOCATION

DATE

SITE 42-236, N 5 033 959.1 _E 324 636.4

BOREHOLE TYPE _ 210mm HQLLOW STEM AUGERS

98.02.22 - 88.02.23

METRIC
ORIGINATED BY EK__
COMPILED BY __wM
CHECKED BY___aka

317.0

DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES « RESISTANCE PLOT — ATERAL REMARKS
'f g!, - MABTE L ToRs 1.1 ] e E
o« @ ; 210 4.0 BIO 1?0 bt} CONTENT war | F Q &
> z 2 GRAIN SIZE
ELEV gl g | o Q |SHEAR STRENGTH kP ~F o "t ¥
DESCRIPTION = z = —_—— DISTRIBUTION
DEPTH = t :"" 25 o O UNCONFINED + FIELD VANE Y (%)
z z gu & |® QUICK TRIAXIAL x LABVANE |WATER CONTENT (%)
322.2 o 20 40 60 100 10 20 30 kN/m3 |GR 54 S1 CL
0.0 PEAT, fibrous, dark brown
' . 22
1 S5 3
2| S8
n
320.8
1.6 SAND, fine grained, some sllt, 3| 88
compact te loose, brown, wat: Qo 83 17
(SP/SM) 320 -
4 | 58
319
5 55
0 88 12
318
6 55

5.2 END OF BOREHOLE AT 5.18m.

Numbers rafar to

20

Sansitivity 10

154n6

(%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-2 10F4 METRIC
W.P. 462-93-00 LOCATION SITE 42-235 N 6 033 866.9 E 324 §57.8 ORIGINATED BY EK
DIST 52 HWY 1 BOREHOLE TYPE _210mm HOLLQW STEM AUGERS COMPILED BY _ wMm
DATUM GEODETIC DATE 96.02.23 - 08.03 24 CHECKED BY AEQ
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & “  |RESISTANCE PLOT = e o | remarks
= @ g MOBTUN s = b o
Ele g1s z 20 40 60 B0 100 | coews 7| 3O &
= z L L . w w w = RAIN SIZE
ELEV g g | Fle E Q@ [SHEAR STRENGTH kPa A % D?smlalfnon
SEPTH DESCRIPTION g r > §g % | o UNCONFINED  + FIELD VANE v %)
E = z|29| & [e auck TRIAXIAL x LaB VANE |WATER CONTENT (%)
322.0 @ b 20 40 €0 B8O 100 10 20 30 awmd |6r sa s oL
0.0 PEAT, brown == aLl
== 1 sS 1 AR4BH
320.8 EEH 2| 85 1 a 7000
1.2 SAND, fina grainad, trace to )
some siit, layarad, loose, grey,
wet: (5P} 3| 88 6 o
320
4| ss | 10 o
310} —-—
5 55 7 o]
0 80 10
18
6|55 | 9 o
317 -
316
7| ss 7 315 Q
34
8] ss | 3 o
313
bacoming compact
985 | 1 312
oo
an
310 oo ——
10|85 | 9 309 A A et A
308
Continued Next Page — 20
+ 7, % 3. Numbaers refer to 154hs
Sansitivity " (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-2 20F4 METRIC
W.P. _ 462-93-00 LOCATION SITE 42-235, N 6 033 9566.9_E 324 657.8 - ORIGINATED BY _EK
DIST__ %52 HWY 11 BOREHOLE TYPE _210mm HOLLOW $TEM AUGERS COMPILED BY __wWM
DATUM _GEQDETIC DATE 98.02.23 - 98.02.24 CHECKED BY___ AEG
SOIL PROFILE SAMPLES o | 4 [Reaiatanceiion NETRATION
N e e |t | REMARKS
5| e 2| Zl @ 20 40 60 B0 100 ™ cwrma M| FQ &
&) 1 ) 1 1 a GRAIN SIZE
ELEV 218w | 2]ek é SHEAR STRENGTH kPa we " " E
DESCRIPTION = zg —_————— DISTRIBUTION
§ g t >15 o o O UNCONFINED + FIELD VANE Y (%}
sz z |20 & [e quick TRIAXIAL x LABVANE [WATER CONTENT (%)
© w 20 40 680 80 100 10 20 30 kN/m3 |GR SA §1 CL
o7 J¥N/m= JGR 5A S| CL|
SAND - continues as sbova
1 55 17 306 a
306
304
303
12| 55 15 2]
302} -
aom —_— =
[ R 200
13| 88 | 20 o
209
298 - —-
297 - -
14 | 88 32 [}
208
295 [ — -
294
bacoming dense, grey 15| 55 | 29 ©
203 - |
Continusd Next Page 20
+3 2. Numbers refer to |5¢_5
’ Sansitivity 7o (%} STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-2 30F4 METRIC
W.P.  462-93.00 LOCATION SITE 42-235, N 5 033 956.9 E 324 867.8 ORIGINATED BY £K
DIST__ 62 HWY 11 BOREHOLE TYPE _210mm HOLLQW STEM AUGERS COMPILED BY _ wM
DATUM _GEQDETIC DATE 98,02,23 - 98,02.24 CHECKED BY___AEQ
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o Y |RESISTANCE PLOT NATURAL - REMARKS
NN Ew g rLARTIC ow TN LU £ L
5] e il IS 0 40 60 B0 100 ™M comwr M} F O &
4 z f L i 1 t pur] GRAIN SIZE
ELEV Elg| ¢ | 3 SHEAR STRENGTH kPa “F o n %
3 DESCRIFTION -1z 0 DISTRIBUTION
DEFTH HE = > § 2 | o UNCONFINED  + FIELD VANE y (%)
£z z |2 & |® Quick TRIAXIAL x LaB VANE | WATER CONTENT (%)
© w 20 40 60 80 100 10 20 30 kN/m3 |GR 8A SI CL
292 i
SAND continues as sbove
- 201
161 85 | 38 q
092 8
200
289
288.5
335 SILT, trace sand, trace clay,
Iayared, densa, grey, wet 288
17 | S5 37 a
287 0 S IS
286
285
18] 55 | as )
0 4 92 6
204
283
282
19| 8§ | 46 o
281
280
279
20] 88 | 52 o
278
Contlnued Next Page 20
+3 %3 Numbars rafer to 15¢hs

Sansgitivity

10

(%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-2 40F4 METRIC
W.P. 462-93-00 LOCATION SITE 42.235 N 6 033 956.9 E 324 657.8 ORIGINATED BY EK
DIST 52 HWY 11 BOREHOLE TYPE __210mm HOLLOW STEM AUGERS COMPILED BY _ wM
DATUM _GEODETIC DATE 08.02.23 - 98.02.24 ) CHECKED BY AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES £, 3 |resisTancE PLOT = e A = | REmARKS
51 . il z § 20 40 B0 80 100 [T commwr £5 &
=1 z L . L wp w w > GRAIN SIZE
ELEV DESCRIPTION E g £ 2|8 E 2 [SHEAR STRENGTH kPa A 3 DISTRIBUTION
DEPTH AE F | >]5&]| % |© UNCONFINED  + FIELD VANE y %)
El= z 29| & [ QuCK TRIAXIAL x LAB VANE | WATER CONTENT (%)
@ w 20 40 60 80 100 10 20 o k/m3 |ar sa 51 L
L77 I
SILT - continues as above
276
21| s5 | 38 o
0 64
275
274 o
273—--
22| 55 | 46 o
272}~
271.5 H
0.5 SAND, fine gralned, soma silt, .
uniform, very dense, gray, wet 271 .
270
23] 85 | 63 o
081 19
269
1 e S e e T B S ot B -1
267 -
o |ea| ss | es °
26880 : . 266 ]
56.1 END OF BOREHOLE AT 66.08m.

+

3

.x

3,

Numbars refer to
Sansitivity

20
1% :%5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-3 10F6 METRIC
W.P. __ 462-83-00 LOCATION SITE 42-236, N 5 033 851.6 E 324 697.2 ORIGINATED BY EK
DIST 62 HWY 11 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY _wM
DATUM _GEQPETIC DATE 98.02.19 - 98.02.22 CHECKED BY ___ AEG
DYNAMIC, CONE PENETRATION
SOIL PROFILE SAMPLES E 3 RESISTANCE PLOT naeme | MATAL REMARKS
= o ;é 20 40 60 80 100 M Cower W gg & ]
z 1 1 1 L . GRAIN SIZE
ELEV 2lE| g 5 g © [SHEAR STRENGTH kPa “p . “t DISTRIBUTION
DESCRIPTION S22l = % % | O UNCONFINED  + FIELD VANE y (%)
E z P2 g ?j ® QUICK TRIAXIAL % LAB VANE | WATER CONTENT (%)
321.8 o 20 40 80 80 100 10 20 30 kN/m3 |GR 8A s1 CL
0.0 PEAT. sity, dark brown to black (=~
=111 ss 3 111.7¢4
= a
==d2|ss | 1
319.8 =3 |ss | o @
1.8 HEAND, some silt to sand and S
siit, Inyered, loose to very loosa,
gray. wet 4|ss| 7 319 o
6!Ss| 9 o
0 51

318

68 | §§ 3
318

\

|
: /
LB

(

ne

7| 88 8 o
314 LN

B | 85 7 [s)
33 )

32

8 | S5 8 <]
089 1
311

10| 85 16 110 Q

TN

09— - [T A
bacoming compact
11| 88 16 o
-
308 o ——
12| S5 9 307 — e B DR -
0 81 19
Tontinued Next Page *
ontinued Next Pag + 3, x 3, Numbers refer to 1535
Sensitivity B® (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-3 20FB METRIC
I W.P. _ 462-93.00 LOCATION SITE 42235, N 5 033 9561.8 E 324 697.2 ORIGINATED BY EK
DIST___&2 HWY 1 BOREHOLE TYPE __210mm HOLLOW STEM AUGERS COMPILED BY _WM
DATUM GEQDETIC DATE 96.02.19 - 98,02.22 CHECKED BY___AEQ
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Yy
l E’ - g RESISTANCE PLOT = T Lk REMARKS
51 ;z 20 40 60 80 100 Rl contaT Lnar §§ &
L . ' : L w w GRAIN SIZE
ELEV E 4| S ] § § SHEAR STRENGTH kPa A DISTRIBUTION
BEFTH DESCRIFTION I §g < | O UNCONFINED  + FIELD VANE y (%)
E z z Of g |e Quick TRIAXIAL x LAB VANE | WATER CONTENT (%)
. © v 20 40 60 80 100 10 20 30 wm3 ler sA 81 oL
SAND - contonues as abova
I 308
13|85 | 5 o
I 308
. 14] 85 | 18 304 F
l 303
16| 85 | 21 o
I 302 0 42
1
I 16| 88 | 27 30 )
l 300
17| 55 | 44 o
I 209
298
18] 56 | 24 o
I 0 38 62
207
I 1| 8 | 20 o
092 8
206
29%
20| 55 17 o
294
l 21| 85 | 28 o
293
l 202
.. o
Continued Next Fage 20
+3 3, Numbers rofer to 1393
' Senaitivity T5~ %) STRAIN AT FAILURE
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RECORD OF BOREHOLE No D-98-3 30F6 METRIC
W.P. _ 462-83-00 LOCATION SITE 42-235, N 6 033 981.6 E 324 697.2 ORIGINATED BY EK
DIST 52 HWY 11 BOREHOLE TYPE _ 210mm HOLLOW STEM AUQERS COMPILED BY __wM
DATUM _GEQODETIC DATE 06,02,19 - 98.02.22 CHECKED BY AEG
BYNAMIC CONE PENETRATION
E g § 2_____ AT xm LA £ E REMARKS
= fﬂig 20 40 60 80 100 |w mm“'"gu &
z 1 il | L I w w iN 5l
ELEV g & E 3 85| @ [SHEAR STRENGTH kPa * L £ D?s?:umfnchu
DEPTH DESCRIPTION 3 > § % |o unconFINED  + FIELD vANE Y 1%)
é z z & g |e auick TRIAXIAL x LABVANE | WATER CONTENT (%)
© i 20 40 €0 80 100 10 20 30 k3 lar sa s cL
212 [~ 213
291
23| ss | 27
290 093 7
‘ 289
|24 88 | 38 )
bescoming danse
288
287.0 26| ss | e . °
M6 SUT, some sand 1o sandy, trace
cluy, lnyared, dense, , grey, wat
286
26| 55 | 43 o
285
271 88 | 40 o
284 0 15
283
28| 5 | 30 o
282
20| ss | 40 281 o
280
30| 55 | 36 o
279
278
277 -t
Contlnued Naxt P
ontinued Naxt Fage . 3’ 3. Numbors refer t0 mgo
Sensltivity 1o (%) STRAIN AT FAILURE



¥rll"rll.lm:ﬂon Foundation Deslign
Ontario

RECORD OF BOREHOLE No D-98-3 40F6 METRIC
W.P. _ 462.93-00 LOCATION SITE 42-235, N 5 031 961.6 E 324 697.2 ORIGINATED BY EK
DIST___ B2 HwY 11 BOREHOLE TYPE _210mm HOLLOW STEM_AUGERS COMPILED BY __ wM
DATUM _GEQDETIC DATE 98.02.19 - 98,02.22 CHECKED BY AEQ
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | RESISTANCE PLOT HATURAL REMARKS
'ﬂ 7.3 FARTIC L mime L0 g
5| 2|3 E 20 40 60 80 100 | Gmm  wef E &
1 1 L 1 I =]
ELEV I8 | 3 g & |SHEAR STRENGTH kPa "e . oL § [ onansze
DESCRIPTION - 2 Ot DISTRIBUTION
BEFTH é o >12 < | O UNCONFINED  + FIELD VANE ¥ (%)
E x 2 :_':I ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%)
© w 20 40 60 80 100 10 20 30 wN/m3 lar sa 81 cL
(=]
SILT - continues as sbove vy ss 0 20 67 4
278
278
274
32| 58 42 Q
273
272
271.6
50.1 SAND, some silt, layarad, very
denaa, gray, wat 7 S
33| ss | 66
0 80 20
270
269
208
| ss | 92
.150
267 I
286
265 - PR L e
35| 58 | a1
2684 pem
263
282
Contlnued Next Page 20
.3 3. Numbers refer to 15405
Sensltivity 10 {%) STRAIN AT FAILURE




%I."‘n:gg,?:“on Foundation Design
Onterlo

RECORD OF BOREHOLE No D-98-3 5 OF 6 METRIC
W.P. 462-93-00 LOCATION SITE 42-235, N % 033 951.6 E 324 €97.2 ORIGINATED BY EX
DIST__ 52 HWY 1 BOREHOLE TYPE __210mm HOLLOW STEM AUGERS COMPILED BY _wM
DATUM GEQDETIC DATE 96.02,19 - 98.02.22 CHECKED BY____AEG
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Ew Y fRESISTANCE PLOT = e AEMARKS
5|« @ ;E 3 20 40 60 80 100 |™  owme W E &
x L L L L L w RAIN SIZE
ELEV s Bl e | 3 2G| £ [SHEAR STRENGTH kPa i o vl T E Df;mmfnm
DEFTH DESCRIPTION b 5 = | *|5&]| = |o UNCONFINED  + FIELD VANE y %)
E z RO E ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%)
e o 20 40 60 80 100 10 20 30 kN/m3 |GR 5A 81 CL
36| 58 | 87
261
260
260
s 137| 88 | 73
267.9 Y 268

63.7 END OF BOREHQLE AT £3.70m,
Mazometer inatallation consiats
of 19mm diameter Schedule 40
PVC pipa with a 3.0m slotted
screen.

WATER LELVEL READINGS:
DATE DEPTH

{m}
24/06/98 0.0
16/07/98 0.2
31/07/88 0.3

3' x 3, Numbers refer to |5$5

* Senaitivity . (%) STRAIN AT FAILURE



‘wnmn'lgzr?l'tlun Foundation Design
Ontarlo

RECORD OF BOREHOLE No D-98-4 10F3 METRIC
W.P. 462-93-00 LOCATION SITE 42-235 N 6 033 846.3 E 324 737.6 ORIGINATED BY EK
DIST b2 HWY A BOREHOLE TYPE __210mm HOLLOW STEM AUGERS COMPILED BY __wM
DATUM _GEODETIC DATE 98.02.18 - §8.02.18 CHECKED BY AEG
DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES = Y IRESISTANCE pLOT_a‘_‘_ ) ATmAL REMARKS
=7} é X AN run [ =
B « @a ; é 20 40 60 80 100 umr conraNT Rl - &
= S z | f I 1 I wp w wy =} GRAIN S1ZE
ELEV DESCRIPTION E ; [y 3 g g '9_,, SHEAR STRENGTH kPa e G DISTRIBUTION
DEPTH E =] [ .:" > 8 « | O UNCONFINED + FIELD VANE ¥ (%)
El* z |8 G |® ouick TRIAXIAL x LAB VANE | WATER CONTENT (%)
321.4 w w 20 40 60 80 100 10 20 30 kN/m3 |GR SA 81 CL
0.0 PEAT, fibrous, with roots, brown EEE
-~ 1 | 85 1 21 s17.78
==
~~12 | ss 1
2]
310.9 = 320
1.5 SAND, some ailt to sand and )
3| 88 10 o
ailt, layarad, very loosa to
compact, layarsd, gray, wat [
4 | 88 [ 319 87.74
0 42 54 4
S 55 4 118 Q
Nz —
6 | S5 5 S
318
7| S5 2 316
34
a 55 1 o
313
9 | 8% 7 (U D..
k 312 0 77
3an
B et B
10| S8 2 o
Nop—-- [P S P
111 ss | 8 309
JRR R A
308
12| 88 17 Q
307 e o — - R — L]
Continued Next Paga
" +3 % 3, Numbers refer to ,5325
' Senaltivity T (%) STRAIN AT FAILURE




Ministry of
Trameﬂnﬂon Foundation Design

Onturio

RECORD OF BOREHOLE No D-98-4 20F3 METRIC
W.P.  482-93-00 LOCATION SITE 42-235, N § 033 945.3 E 324 737.6 ORIGINATED BY EK
DIST 62 HWY 1 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY __ wM
DATUM _GEQDETIC DATE 90.02.18 - 8.02.18 CHECKED BY AEQ
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 5 o |ResiSTANCE PLOT = e AT £ | Remanks
5 2|3 é B 20 40 60 80 100 |"T w0 E g &
2 A A o . wi GRAIN SIZE
ELEV DESCRIPTION & E ¥ 3|e g| P [SHEARSTRENGTH kPa B — * |oistriuTion
DEPTH E 2 & > §o < | o UNCONFINED  + FIELD VANE v (%)
E z 0 E ® QUICK TRIAXIAL x LAB VANE | WATER CONTENT (%)
© o 20 40 60 80 100 10 20 30 kN/m3 |GR SA SI CL
SAND - continuas as above
13| 88 | 13 306
305
14| ss | 8 o
304
“ 16| ss | 33 303 o
2
bacoming dense 30
“le| ss | 28 o
301
300
|17 ss | 32 o
. 088 12
299 -
“ls| ss | 30 o
298
297
19| 85 | 25 o
296
20| 88 | 39 o
2095 ——t-
A 294 ...... —_ —— .
21| ss | 52 o
0 88 14
becoming very dense L 293} - — - - -
|22| 85 | 44 o
: 292|-
Continued Next Page 20
N 3 % 3. Numbers refer to ‘b'¢'5
"7 Sansitivity Yo (%) STRAIN AT FAILURE



1’4:"'\:";3'&'““ Foundation Design
Ontario

RECORD OF BOREHOLE No D-98-4 30F3 METRIC
W.P, 462-83-00 LOCATION SITE 42-235, N 5 033 945.3 F 324 737.5 ORIGINATED BY EK
DIST 52 HWY 11 BOREHOLE TYPE _210mm HOLLOW STEM AUGERS COMPILED BY _ wMm
DATUM _GEQDETIC DATE 96.02,18 . 93,0218 CHECKED BY __AEG
SOIL PROFILE SAMPLES |o | 4 [QYNAMK CONE PENETRATION
o é -i"'}"'_____ PARTIC :;::;: waut | o REMARKS
5 . 2|3 3 20 40 B0 80 100 |"™  cownmr ™| F O &
> z . . L . 4 w w w 2 GRAIN SIZE
ELEV DESCRIPTION E s & 2|2 5 2 [SHEAR STRENGTH kPa A $ DISTRIBUTION
OEETH 2 [ 13 Z| « | O UNCONFINED  + FIELD VANE y (%)
E |20 & [ quick TRIAXIAL x (ABVANE | WATER CONTENT (%)
© o 20 40 60 80 100 10 20 30 kN/m3 |GR SA S CL
SAND - continuss as sbove
o 291
290.5 ]23) ss | 87 o
30.9 END OF BOREHOLE AT 30.8m,
"-\.,_\h,
14
M
Dynamic cone driven to 34.4m
+ 3 x 3. Numbers rafer to 1535
"7 Sensitivity % (%) STRAIN AT FAILURE



Minlst f
Tr:n:err?ation Foundation Design
Ontario

RECORD OF BOREHOLE No D-98-5 1 0F 1 METRIC
W.P. 462-93-00 LOCATION SITE 42-235, N 6 033 840.8 E 324 765.8 ORIGINATED BY _EX
DIST 52 HWY 1 BOREHOLE TYPE _ 210mm HOLLOW STEM AUGERS COMPILED BY __wMm
DATUM GEQDETIC DATE $8.02.18 - 98.02.18 CHECKED BY ___ AEG
DYNAMIC CONE FENETRATION
SOIL PROFILE AMPI
SAMPLES £, g RESISTANCE PLOT — arc Mo || REMARKS
51« 23 z 20 40 80 B0 100 ™' cowwr MTf 3 &
2| G 3 E § . . wp w wie | @ GRAIN SIZE
ELEV = [=] a SHEAR STRENGTH kPa ' o . Di
DEPTH DESCRIPTION ’é £ E > gé 2 |© UNCONFINED  + FIELD VANE Y STF:';';'TION
ez ¥ |2 :_T‘ ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%}
321.3 @ w 20 40 60 B8O 100 10 20 30 wm3 |GR sA 1 cL
0.0 PEAT, fibrous, with roots, brown Egé 1 ss 1 21 o387
320.2 ==d 1| ss 1 o
1.1 SAND, trace silt to silt and sand, : 320
loose to compact, gray, waet: ..
(SP/SM) ~l3|ss| 8 o
o 0 85 &
318
4|85 | 10 o
5 SS 10 313 7 —g— o
n7 -
.71 8| 58 5 o
316.1 R n ) 0 37
5.2 END OF BOREHOLE AT 5.2m. )
¥ 3 « 3. Numbers reler to 152¢25
"t Gensltivity T2 (%) STRAIN AT FAILURE
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APPENDIX B

LABORATORY TEST RESULTS

- Figures B1 to B4 - Grain Size analyses

- Table B1 - pH and Sulphate
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THURBGSD 3517 9B/10406

NOVAR ROAD UNDERPASS

GRAIN SIZE DISTRIBUTION

FIGURE B1

Size of openings, inches

U.5.5. Sieve size, mashesfinch

100 80 4h-3 iyt Y Yy 34 810 18 30&000 100 200
70 1 (
z
: R
W
Z 50 i
-
: WAL
2 .
: AR
20 \ - -
\
10
° 100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE FINE COARSE | MEDIUM | FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION {m)
) D-98-1 1.83 320.37
P d D-98-1 3.35 318.85
A D-98-2 3.35 318.69
* D-98-2 10.06 311.98
® D-98-2 31.39 290.65
< D-98-2 37.49 284.55
pate . Qctober 1998 D D Prep'd ... WM
Projact 462“93'00 Chkd. ...... AEG
THURBER




THURBGSD 3517 98110/06

NOVAR ROAD UNDERPASS

FIGURE B2
GRAIN SIZE DISTRIBUTION
Sira of openings, inches U.5.8, Siava asize, mashasAnch
100 B 430 Vg1t e Ypdge 3 4 810 18 30 40 K080 100 200
90
80 \ \
] I
: il
<
T eo0
: \
E 50
e \ )
z
(57 ]
O 40 )
? ik
30 k‘x
20
10 \&
0 ﬁﬂ
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSE FINE COARSE JMEDIUMI FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION (m)
® D-98-2 46.63 275.41
X D-98-2 52.73 269.31
A D-98-3 3.356 318.25
* D-98-3 10.05 311.565
o} D-98-3 14.63 306.97
O D-98-3 19.50 302.10
Date . Qctober 1998 D D Prep'd ... WM
Project . 462-93-00 Chkd. ...... AEG

THURBER




THURBGSD 3517 98/10/06

NOVAR ROAD UNDERPASS

FIGURE B3
GRAIN SIZE DISTRIBUTION '
Sire of apaninga, inches U.5.5. Slave size, mashes/Inch
100 6" 437 o1l Tl 34 810 16 0'3&%%% 200
) W\
80 \X \ \
70 x
% \
E 60
= &\ \
£ 50
- \ \ )
7 \
O 40
24
i LT
30 \ \
w Riin )
10 \
0 ;g f"__@
100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE COARSEJ FINE COARSE [MEDIUM] FINE SILT and CLAY
SIZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH {m) ELEVATION (m)
* D-98-3 23.77 297.83
X D-98-3 25.30 296.30
A D-98-3 31.39 290.21
* D-98-3 37.50 284.10
® D-98-3 45.11 276.49
L] D-98-3 51.20 270.40
pate .QOctober 1998 D D Prep'd ... WM
Project . 462-93-00 Chkd. ...... AEG
THURRER




THURBGSD 3517 98118408

NOVAR ROAD UNDERPASS

FIGURE B4
GRAIN SIZE DISTRIBUTION
Slze of opanings, inchas U.8.5, Slava sira, mashey/ingh
100 6 4y Vg1t B -3 34 810 18 f: 30 40 8OO 100 200
. % |l
. L
z 4
<
F 60 ;" ]
5 \ \
Z 5
._
& |
O 40
af \ I
30 W—
20|~ i\
10 WAk NER O
7 )
° 100 10 1 0.1 0.01 0.001 0.0001
GRAIN SIZE, mm
COBBLE| COARSE |  FINE COARSE |MEDIUM|  FINE SILT and CLAY
SiZE GRAVEL SAND FINE GRAINED
SYMBOL BOREHOLE DEPTH (m) ELEVATION {m)
® D-98-4 2.59 318.81
m D-98-4 9.37 312.03
A D-98-4 21.64 299.76
* D-98-4 27.66 293.74
® D-98-5 1.75 319.55
o D-98-5 4.88 316.42
Date . October 1998 D D Prep'd ... WM.
Project 462‘93'00 Chkd. ...... AEG.
THURBER




Table B1

Results of pH and Sulphate Testing

Sample Depth (m) pH Sulphates (ppm)
D-98-2, SA3 1.6-21 4.2 178
D-98-4, SA3 1.56-21 3.1 1,150




c



APPENDIX C

- Table C1 - Grain Size Distribution for Uniform Sand Around Piles



Table C1

Grain Size Distribution for Uniform Sand Around Piles

MTO Sieve Designation Percentage Passing by Mass
2mm #10 100%
600um #30 80 - 100%
425um #40 40 - 80%
250pm #60 5-25%
150um #100 0-6%
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APPENDIX D

NON STANDARD SPECIAL PROVISION

LIMITATIONS ON USE OF EARTH MATERIAL FROM CUTS



----)---)----

NON-STANDARD SPECIAL PROVISION

Sheet 1 of 1
DATE: 1998 08 04

WP No.: 482-83-00 CONTRACT No.: DISTRICT No.: 52 HWY No.: 11
LOCATION: 6.7 km North of Highway 60, Northerty 13,6 km

This 6P s new

M Maerials

This non-standard special provision oullines the reguirements for on-site earth embaniamant

ftam Spec No.

Thie or Rem Description

On-Shte Earth Fill Requirements

shall conform to OPSS 206,

Earth fill matedals ahall be free from organic material and foreign objects. Boulder contant
Earth fill material which has more than S0 percem of the particies smatler than 76 um, as
determined by (L8-702, shall not be wsad if the field moigture contert Is higher than:

A. The optimum meisture content, as determined by LS-708, plus 1 percam for
solts with a Plastichy index. as deteimined by L8-704, of 7 percent or less, or

B The optimum moisure coment, as determined by LS-708, plus 5 parcent for |
soils with a Plasticlty index, as determined by LS-704, of more than 7 percem. §

Earth material which has more than 80 percant of the particles smaller than 75 m as
detarmined by LE-702, shall not be used as flf in embankments having side siopes seaper

than 2.51V.

Earth fill rhaterial with 50 percent or more of the particles between 5§ um and 75 um n skze, as
determined by LS-702, shall not be sed within 1.8 m of the tep of pavement elevation,




; '-’gﬁ i ‘ DIST s2
H o755 ' CONT  No
i S & 2 CON 14 & & | . WP No 458-93-00
v . . . . F HWY 11 — FOUR LANING | SHEET
! NOVAR ROAD
| THURBER ENGINEERING LTD.
w s o %2
E
® o ¢ > 3 »
& 5 & - pegran F 4 F
ST 240773 S !
= HOS 2-+851480 C/L Wed oifeel 1L750 Lt
o ol
; Yg
o & - LAY & 3
F & P £ £ F
HOS 264042.2% CA Med Hey 11
HOT H+OS0.000 Newer B :

KEY PLAN
oE=y 30 socom

METRIC

DIMENSIONS ARE IN METRES
AND/OR MILLIME TRES
UNLESS OTHERWISE SHOWN

A=3T

PLAN BASED ON PLAN E-625-11-9
SUPPLED BY CUENT

ch Mad

T LOCATION
e No ELEV.

NORTHING | EASTING

D-98-1 | 9+540 |5 033 959.1|324 636.4
D-98-2 | 9+962 |5 033 956.9|324 657.8
0-98-3 [ 10+000{5 033 951.6]324 697.2
0—98—4 | 104041 |S 033 9453|324 72375
0-88-5 | t0+070|5 033 940.8]324 765.8

BOREHCLE | OCATION PLAN

19-1351-7d-01
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