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Part 1 Foundation Investigation

1.1 introduction

This submission presents the results of a geotechnical investigation completed by Trow
Associates Inc. (Trow) for the replacement of the Martin Creek Culvert (2500 mm
diameter by 28.0 m long Corrugated Steel Pipe (CSP), located on Highway 522 at Station
27+608 within East Mills Township. The culvert replacement is to consist of a pre-cast
concrete box culvert 3000 mm wide by 1800 mm high and approximately 28.0 m long.
Photographs of the site are included in Appendix A.

The purpose of this geotechnical investigation was to determine the existing soil
conditions within the proposed construction limits by field investigation and laboratory
testing.

The MTO’s explanation of terms, abbreviations and symbols are included in Appendix C.

1.2  Site Description and Geological Setting

1.2.1 Site Description

The Martin Creek Culvert is located in the East Mills Township at Station 27+608 on
Highway 522.

The site plan and cross section profile of the Martin Creek Culvert are as shown on
Sheets No. 1 and 2 in Appendix B.

The overall terrain in the area consists of undifferentiated igneous and metamorphic rock,
exposed at the surface or covered by a discontinuous layer of drift. The vegetation in the
area consists mainly of coniferous trees, some deciduous trees and smaller low lying
shrubs and grass. The drainage in the area generally consists of roadside ditches which
drain into Martin Creek. A beaver dam and pond is located immediately upstream of the
culvert inlet.

1.2.2 Geological Setting

According to the Ontario Geological Survey (OGS) Maps 2544 and 2556, the site is
located in the Mesoproterozoic era within the central gneiss belt, which falls under the
mafic rocks, amphibolite, gabbro, diorite and maffic gneisses. The topography in the area
consists of undulating bedrock outcrops separated by intervening marshy zones and
wooded areas. As such, the surface soils in the area consist of intervening shallow
organic deposits (peat), with fluvial deposits consisting of gravel, sand, silt and clay.
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1.3 Investigative Procedures

1.3.1 General

The fieldwork for this project was carried out on June 16", June 17™ and June 25™ 2006.
The investigation consisted of a total of 3 boreholes (BH-1 to BH-3). Borehole BH-1 was
drilled along the north side of the existing culvert embankment and borehole BH-3 was
drilled along the south side of the existing culvert embankment to verify embankment fill
materials and soil conditions below the existing culvert. Borehole BH-2 was drilled near
the culvert outlet (northwest end of culvert), to verify soil conditions below the existing
culvert, The original intent was to drill borehole BH-3 at the culvert inlet (northeast end
of culvert). However, due to the topography of the land extensive reconfiguration would
have been required to facilitate advancing a borehole near the culvert inlet. Therefore,
subsurface conditions at the inlet location are unknown for design and construction.
Foundation design for the new culvert inlet must be based on extrapolation of subsurface
conditions at the other borehole locations.

All boreholes were advanced with a Mobile CME-55 track mounted drill rig equipped
with continuous flight hollow stem augers and standard soil sampling equipment, All
boreholes were advanced by Landcore Drilling.

From the drilling program, soil samples were obtained using a 51 mm (2 inch) outside
diameter split spoon sampler in conjunction with Standard Penetration Tests (ASTM D
1586), at 0.75 m intervals for the upper 3.0 m and at 1.5 m intervals thereafter. The
Standard Penetration Test “N™ values were recorded and used to provide an assessment
of the in-situ relative density of the overburden soils. All borcholes were backfilled with
auger cuttings and sealed with bentonite pellets.

All fieldwork was supervised by a member of Trow’s engineering staff who directed the
drilling and sampling operations, logged the factual borehole data, and retrieved soil
samples for subsequent laboratory testing and identification. All geodetic borehole
elevations were determined in the field by Sutcliffe Rody Quesnel (SRQ). The locations
of the boreholes and geodetic elevations are shown on Sheet 1, with a cross-section of the
boreholes on Sheet 2 in Appendix B.

1.4 Laboratory

The soil samples obtained in the field were carefully transported to our Sudbury
laboratory and examined for further verification and classification. A laboratory testing
program for the selected soil consisted of Particle Size Analyses (LS 702).

The laboratory test results are summarized on the attached borehole logs in Appendix C,
as well as in Appendix D.
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1.5 Subsurface Conditions

1.5.1 General

The subsurface conditions encountered during the field investigation are summarized on
the borehole logs located in Appendix C. The following is a description of the subsurface
conditions encountered during the field investigation.

1.5.2 Stratigraphy, Highway Embankments

In general, the stratigraphy within boreholes BH-1 and BH-3 located along the north side
and south side of the highway embankment, consisted of thin layer of asphalt, sand fili,
sand, boulders, sand till and silty sand till overlying suspected boulders or bedrock.

A 130 (BH-1) to 150 mm (BH-3) thick layer of asphalt was encountered from ground
surface, Underlying the asphalt was a 2.9 (BH-3) to 3.7 m (BH-1) thick layer of sand fill.
The sand fill was brown to grey in colour, damp, well graded, fine to coarse grained and
contained trace to some fine to coarse grained gravel and trace to some silt. Uncorrected
SPT “N” values within the sand f{ill ranged from 4 to 50 blows per 300 mm indicating a
very loose to dense material in relative density. Underlying the sand fill in borehole BH-1
was a 3.8 m thick layer of sand extending to a depth of 7.6 m. The sand material was
brown to grey in colour, wet, well graded, fine to coarse grained and contained trace to
some fine grained gravel and some silt. Recorded uncorrected SPT “N” values within the
sand material were 15 blows per 300 mm above 6.1 m depth inferring a compact material
in relative density and 4 blows per 300 mm below inferring a very loose material in
relative density. Underlying the sand fill in borehole BH-3 was a 3.0 m thick layer of
boulders. The boulders were cored from 3.1 to 6.1 m below grade. The boulders consisted
mainly of granite and gneiss and were up to 0.23 m in diameter. Underlying the sand in
borehole BH-1 and the boulders in BH-3 was a 3.1 (BH-1) to 3.3 m (BH-3) thick layer of
sand till, which extended to a depth of 10.7 m in borehole BH-1 and 9.4 m in borehole
BH-3. In borehole BH-3 the sand till overlaid suspected boulders or bedrock, where SPT
refusal was encountered (i.e. >100 blows per 300 mm). The sand till was grey in colour,
damp to wet, poorly graded, fine to coarse grained and contained trace fine grained gravel
and some silt. Uncorrected SPT “N” values within the sand till ranged from 57 to 100
blows per 300 mm indicating a very dense material in relative density. Underlying the
sand till in borehole BH-1 was silty sand till, which extended to the 11.1 m depth. The
silty sand till overlaid suspected boulders or bedrock, where SPT refusal was encountered
(i.e. >100 blows per 300 mm). The silty sand till was grey, wet, poorly graded and
contained fine grained sand and trace to some fine to coarse grained gravel. The
uncorrected SPT “N” value within the silty sand till was 100 blows per 300 mm
indicating a very dense material in relative density.
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1.5.3 Stratigraphy, Culvert Outlet

In general, the stratigraphy within borehole BH-2 at the culvert outlet, consisted of sand
fill, sand and boulders.

Sand fill was encountered from ground surface to a depth of 3.1 m below grade. The sand
fill was brown in colour, damp above 1.74 m depth and wet below, fine to coarse grained
and contained trace to some fine to coarse grained gravel, trace to some silt and trace
organics. Recorded uncorrected SPT “N” values within the sand fill material ranged from
0 to 5 blows per 300 mm inferring a very loose to loose material in relative density.
Underlying the sand fill material was a 4.5 m thick layer ot sand, which extended to a
depth of 7.6 m. The sand was brown to grey in colour, wet, fine to coarse grained and
contained trace fine grained gravel and some to with silt. Recorded uncorrected SPT “N”
values within the sand ranged from 20 to 100 blows per 300 mm indicating a compact to
very dense material in relative density. Underlying the sand was a 4.8 m thick layer of
boulders. The boulders were cored from 7.6 to 12.4 m below grade. The boulders
consisted mainly of granite and gneiss and were up to 0.1 m in diameter.

Borehole BH-2 was terminated at a depth of 12.4 m below grade.

1.6 Groundwater Conditions

The groundwater was encountered in boreholes BH-1 to BH-3 between Elevations 218 43
to 222.90 m. This infers a groundwater level ncar creek level at the time of the
investigation. The lower water levels within the boreholes could be due to disturbance in
the holes at the time of drilling and that the boreholes had not stabilized prior to
backfilling. The higher groundwater level observed within borehole BH-2 at 222.90 m is
likely due to trapped water within the existing fill. As such, for design purposes the
groundwater level should be assumed to be equal to the creek water elevation, which was
222.73 m at the time of the investigation.

Seasonal vartations in the water table should be anticipated, with higher levels occurring
during wetter periods of the year (such as spring thaw and late fall) and lower levels
during drier periods.
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20 CLOSURE

This report has been prepared by D. Muldowney, B.Eng., and reviewed by T. Crlly
M.Sc., P.Eng. and S. Gonsalves, M.Eng., P.Eng. Designated MTO Foundation Contact,
The field investigation was conducted by Craig St Amant.

We trust this report is satisfactory for your purposes. Should you have any questions,
please do not hesitate to contact this office,
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Phofb #1 — Station 27+608, East Mills Township, Facingr West.
Photo taken on June 16", 2006

PRI S 3 ”§ s 3
Photo #2 — Station 27+608, East Mills Township, Facing West
Photo taken on June 16", 2006
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Borehole Logs
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Figure 1A

Notes On Sample Descriptions

1. All sample descriptions included in this repori follow the Unified Soil Classification System (USCS) as
outlined by the Ministry of Transportation. Different classification systems may be used by others; one such
system is the International Society for Soil Mechanics and Foundation Engineering (ISSMFE), as outlined in
the Canadian Foundations Engineering Manual. Please note that, with the exception of those samples
where a grain size analysis has been made, all samples are classified visually. Visual classification is not
sufficiently accurate to provide exact grain sizing or precise differentiation between size classification

systemns.
UNIFIED SQIL CLASSIFICATION

[ CLAY (PLASTIC) TO T FINE [ MEDIUM T CRS. [ FINE T CDARSE )
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2. Fill: Where fill is designated on the borehole log it is defined as indicated by the sample recovered during
the boring process. The reader is cautioned that fills are heterogeneous in nature and variable in densiiy ui
degree of compaction. The borehole description may therefore not be applicable as a general description
of site fill materiais. All fills should be expected to contain obstruction such as wood, large concrete pieces
or subsurface basements, floors, tanks, etc., none of these may have been encountered in the boreholes.
Since boreholes cannot accurately define the contents of the fill, test pits are recommended to provide
supplementary information. Despite the use of test pits, the heterogeneous nature of fill will leave some
ambiguity as to the exact composition of the fill. Mast fills contain pockets, seams, or layers of organically
contaminated soil. This organic material can resuit in the generation of methane gas and/or significant
ongoing and future settlements. Fili at this site may have bean monitored for the presence of methane gas
and, if s, the results are given on the borehole logs. The monitoring process does not indicate the volume
of gas that can be potentially generated nor does it pinpoint the source of the gas. These readings are to
advise of the presence of gas only, and a detailed study is recommended for sites where any explosive
gas/methane is detected. Some fill material may be contaminated by toxic/hazardous waste that renders it
unacceptable for deposition in any but designated land fill sites; unless specifically stated the fill on this site
has not been tested for contaminants that may be considered toxic or hazardous. This testing and a
potential hazard study can be undertaken if requested. In most residential/commercial areas undergoing
reconstruction, buried oil tanks are common and are generally not detected in a conventional gectechnical
site investigation.

3. Tilt The term till on the borehole logs indicates that the material originates from a geological process
associated with glaciation. Because of this geological process the tilt must be considered heterogeneous in
composition and as such may contain pockets and/or seams of material such as sand, gravel, silt or clay.
Till often contains cobbles (75 to 200 mm) or boulders (over 200 mm). Contractors may therefore
encounter cobbles and boulders during excavation, even if they are not indicated by the borings. 1t should
be appreciated that normal sampling equipment cannot differentiate the size or type of any obstruction.
Because of the horizontal and vertical variability of till, the sample description may be applicable to a very
fimited zone; caution is therefore essential when dealing with sensitive excavations or dewatering programs
in till materiais.



Figure 1B

Notes On Soil Descriptions

4, The following table gives a description of the soil based on particle sizes. With the exception of those samples
where grain size analyses have been performed, all samples are classified visually. The accuracy of visual
examination is not sufficient to differentiate between this classification system or exact grain size.

Soil Classification Terminology Proportion
Clay and Siit <0.075 mm
Sand 0.075t0 475 mm “frace” (e.g. Trace sand) 0% to 10%
Gravel 4751075 mm “some” {e.g. Some sand) 10% to 20%
Cobbles 75 to 200 mm with {e.g. with sand) 20% 10 35%
Boulders >200 mm and {e.g. and sand) 35% to 50%

For a given material listed as an adjective (e.g. silty sand) means the predominant grain size is sand sized with 30
to 40% silt sized particles.

The compactness of Cohesionless soils and the consistency of the cohesive soils are defined by the following:

| Cohesionless Soil Cohesive Soil
Compactness Standard Penetration Consistency Undrained Shear
Resistance “N” Strength (kPa)
Blows/ 0.3 m

Very Loose Qio5 Very soft <12

Loose 51010 Soft 1210 25

Compact 10to 30 Firm 251050

Dense 30to 50 Stiff 50 to 100

Very Dense Over 50 Very Stiff 100 to 200
Hard >200

5. ROCK CORING

Where rock drilling was carried out, the term RQD (Rock Quality Designation) is used. The RQD is an indirect
measure of the number of fractures and soundless of the rock mass. It is obtained from the rock cores by
summing the length of the core covered, counting only those pieces of sound core that are 100 mm or more
length. The RQD value is expressed as a percentage and is the ratio of the summed core tengths to the total
length of core run. The classificatfon based on the RQD value is given below.

RAQD Classification RQD (%)
Very Poor Quality <25
Paoor Quatity 2510 50
Fair Quality 50to 75
Good Quality 7510 90
Excellent Quality 90 to 100

Length of Core Per Run
Recovery Designation % Recovery = x 100

Total Length of Run




| row Assoctates Inc.

w1595 Clark Boulevard Ltd.
Trow Brampton, Ontario L6T 4V1

RECORD OF BOREHOLE No BH-1

SHEET1 OF 1

METRIC

ON_MOT 10242 - MARTIN CREEK.GPJ ON_MOT.GDT 0608125

-

A

Sensitwity

STRAIN AT FAILURE

PROJECT NO._ 5010242G/C LOCATION Martin Creek - Hwy 522 Sta 27+608, 2.1m LT of Centerline ORIGINATED BY (S
DIST __Parry Sound HWY 522 BOREHOLE TYPE _Hollow Stem Auger COMPILED BY __TA
DATUM Geodetlc DATE §/16/2008 CHECKED BY TC
SOIL PROFILE SAMPLES o W |SPT TEST {N-vaiue) ®
NATURAL b REMARKS
[ <L PLASTIC LIQUD
- AL IR e o Tl i e - B
il w E[ Z —= — ! PL = GRAIN SIZE
LY SlE| £ | 3|25 & [snEarSTRENGTHPa " ol B B
BEPTH DESCRIPTION |2l ! 3|28 E © UMCONFINED — + FIELD VANE ¥ o)
E z 2 |2°] 4 | quokTRiAXAL % LABVANE | WATER CONTENT (%)
206 3 w 2‘0 40 jﬂ a0 100 10 20 30 kN GR SA 5 oL
ASPHALT, 130mm thick.
2268.2 FILL SAND, brown o grey, 226
damp, compact, well graded, 1 | BAG i
fine to coarse grained, seme fine l
t;?n?oarse grained gravel, some 2 | sg 24 . ] B 18
225 T — —*( —
3|85 18 . ' ‘
4| s3] 10 ] T i r
5 335 17 223 I
T 7
2225 AL
a8 SAND, brown {c grey, wet, -
compact, well graded, fine to 618 | 18 bt o762
coarse grained, some fine 222 4 T
grained gravel, sorme silt. r [
7 s$5 15 1 ' ’
221 T IL iT ] ’
very Ioose, trace fine grained l | ' J
gravel below ~ 6.10 m depth. 188 ) 3 220“* T T 1 AR
219 | >——+— ‘
2187 l 1
76 TILL SAND, grey, wet, very s | ss 57 ! ‘
dense, pacily graded, fine l ‘ ‘
grained, trace to some silt, trace | L [ |
fine grained gravel. ;% 218 ] ‘li —[ JT
410l ss ! 100 217 ! { ﬁI[ } JT J
I .
% o | |
216 ———F—-—“4]———j»—,‘~
2157 ‘ { { | 1
10.7 TILL SILTY SAND, grey, wet, “ I ( .
2153} _ very dense, poorly graded, sand 1) 88 100 | J_ | i ) | ;
111 fine grained, trace to scme fine ; T I I !
to coarse grained gravel. | 1 : l | i
BOREHOLE TERMINATED AT l 1 . , ‘ |
~11.07 m DEPTH DUE TO Ly I
SPT REFUSAL ON | ; 1 ‘
SUSPECTED BOULDERS OR ' ' i i : 1 |
BEDROCK 1 l ! ‘ : ‘ .
i | !
, ‘ i i : E | i
| : i N :
| P! b
.. | _ . [ | | :
[ ! .\ : :
S S b
: \ i !
o .
; 1 i ; ! : 1
AT .
| |' \ ! | [
‘ I ] S 1. I
3 .3 Numbers referto I 3%




Trow Associates Inc.

mge= 1505 Clark Boulevard Ltd.
Trow Brampton, Ontaric L&T 4V1

RECORD OF BOREHOLE No BH-2

SHEET 1 OF t

METRIC

CHN_MOT 10242 - MARTIN CREEK GPJ ON MOT.GDT 06/09/22

PROJECT NC._ S010242G/C LOCATION Martin Craek - Hwy 522 Sta 274608, 11.7m LT of Centerllne ORIGINATED BY €S
DIST _ Parry Sound HWY 522 BOREHOLE TYPE _Hollew Stem Auger COMPILED BY TA
DATUM Geodatic DATE 611642006 - 6/1712006 CHECKED BY TC
SOIL PROFILE SAMPLES @ W [SPTTEST (N-vaiue) @
TURAL . REMARKS
el £ |DYNAMIC CONE PENETRATION PLASTIC ' uau T
5|« g |58| 2| 2 ® & = 1.? war o w58 s
ELEV ElHl w | 2|25| & [SHEARSTRENGTH«Pa - b w % DISTRIBUTION
DESTH DESCRIPTION 5 = - = 33 5 G UNCONFINED + FIELD VANE Y %)
4 2 19| & [o QUCKTRIAXIAL X LABVANE | WATER CONTENT (%)
2245 u 20 40 80 80 100 I kNS JGROSA 81 GL
00 FILL SAND, brown, dry, very I [ T
looge, well graded, fine to coarse 1 | BAG
grained, some fine to coarse
grained gravel, trace silt, trace 224 ‘ 1
organics. 2 ss 3 I
damp below ~ 0.76 m depth. L
31857 0 i\._/_ 223,
wet below ~ 1.74 m depth. = i
trace fine grained gravel, some
sift below ~ 2.29 m depth. 4|88 8 20t® 1
2216
31 SAND, brown to grey, wet,
compact, well graded, fine to 5] 85| 2 * 5 77 18
coarse grained, trace fine 221
grained gravel, some sift.
; ~ 220
ﬁ@ﬂt‘d&%éense below 6 1 s§ | 100 ] 3 8 3
219
71 ss | 108 1
I
218 —t T —i[
217.0 917
78 BOULDERS, Granite, Gneiss —
up to 0.10 m in diameter. Q
o
(S
[~ 218
h
gj
3 215 } ]L | | T
O | I
o |
) 214 l ] T
3 RN |
2 P | i
3 ' ‘ }
b 213 ——;—l— : .L TI 1
< ’ | \ | !
2123 b | | J w l
124]  BOREHOLE TERMINATED AT ’ ’ I
~12.42 m DEPTH 1 | ‘ i
R .
o
! | |
B .
. ' i | | [ .
. .
S S N N 11|

233

Numbers refer to
Sensitvity

o3

o
" STRAIN AT FAILURE




ON_MOT 10242 - MARTIN CREEK GPJ ON_MOQOT.GDT 06/09/22

“J” Trow Assaciates Inc.
=g 1595 Clark Boulevard Ltd.
Trow Brampton, Ontario L6T 4V1

RECORD OF BOREHOLE No BH-3 SHEET 1 OF 1 METRIC
PROJECT NO._S0Q10242G/C LOCATION Martln Creek - Hwy 522 Sta 27+608; 2.2m RT of Centerline ORIGINATED BY CS
DIST __Parry Sound HWY 522 BOREHOLE TYPE __Hollow Stem Auger COMPILED BY TA
DATUM _Geodetic DATE €/25/2008 CHECKED BY TC
SOIL PROFILE SAMPLES - W |SPT TEST (N-value) @
REMARKS
Wao| & |DYNAMIC CONE PENETRATION pLastic NUIEERL Lieup £
5. @ 'é Z § 207 "ap s0 &0 ‘1002 it e T % g &
bl I = = PL w LL GRAIN SIZE
o j=] Q |SHEAR STRENGTH kPa
ELEV ol o 2 lzg z —_——— DISTRIBUTION
DEPTH DESCRIPTION 5 | = | S 28| 3 [c unconemer - riELDvANE Y Jo ©
El= z |E9| & |& QUCKTRIAXAL < LABVANE WATER CONTENT (%)
2264 v 20 4 B0 8O 100 1920 30 kwm® |GR sA s cL
ASPHALT, 150 mm depth. i
2263 FILL SAND, brown, damp, 1 | BAG 228 |
dense, well graded, fine fo
coarse grained, frace to some
fine to coarse grained gravel,
trace sii. 2 88 &0 4
trace asphalt below ~ 0.76 m
depth. 225
some sitt, trace fine grained
gravel, compact below ~ 1.52 m 388 2 » 4 7T e
depth.
;ggi’lfose below ~ 2.28 m 4| s 4 224 .
223 4
a1 BOULDERS, Granite, Gneiss -
up 10 0.23 m in diameter. < 223
A.
f s
N
N
b
b
. 222
o
O
T
b 221
N
2203 e
6.1 TILL SAND, grey, damp, very
dense, poorly graded, fine to /¢/1 585 | 88 220 TN
coarse grained, trace fine f
grained gravel, with sit. ;
[
%- 219
g;d s ss | w5/ 3
wet below ~ 7.7 m depth. “ -
47 218
7
7
T
7o ;; A S5 | 100 ]
04 BOREHOLE TERMINATED AT
~9.37 m DEPTH DUE TO SPT
REFLJSAL ON SUSFECTED
BCULDERS OR BEDROCK
I | |
| | i ‘ i
| L o
\ | ‘
| oo S
L I
3 .3 Numbers refer to -~ 3% STRAIN AT FAILURE

Sensitivity




APPENDIX D

Laboratory Data
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