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Preface

Work Project GWP 774-93-00 is one of a series of projects for the four lane expansion of
Highway 11. The project involves the four lane design of Highway 11, from 4.0 km south of
Highway 522, northerly for 7.9 km. 1t will result in the construction of a westerly by-pass of the
existing Highway 11 and the Town of Trout Creek.

This work project is located in the Townships of Laurier and Himsworth South, within the geographic
District of Parry Sound. The project requires geotechnical input for the following major components:

. New pavement design for the entire length of the four lane by-pass, including associated
service roads.

. New structure, Trout Creek South Interchange (underpass), Site 44-372.
. New structure, Trout Creek, Northbound Lanes, Site 44-371.
. New structure, Trout Creek, Southbound Lanes, Site 44-371,

. New structure, Highway 522 (underpass), Site 44-370.

. New structure, Trout Creek North Interchange (underpass), Site 44-369.

The following report deals with the new approach embankments for the flyover at Highway 522, Site
44-370. Separate reports will be submitted for the additional components.
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PART 1 FOUNDATION INVESTIGATION

1.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the new approach embankments for the flyover at Highway 522 and the
proposed King’s Highway 11, (Trout Creek By-Pass), at Site 44-370. Itis Trow’s understanding that
a two span structure will be constructed, with the central pier located in the median of the proposed
King’s Highway 11. This report contains factual information (obtained from the field investigation)
pertaining to the design parameters required for the approach embankments along Highway 522.

1.2  Site Description and Geological Setting

1.2.1 Site Description

The site is located in the Township of South Himsworth at the proposed bridge structure for
Highway 522 and the proposed King’s Highway 11, Trout Creek By-Pass, at Site 44-370.

The proposed new, two-span bridge will be constructed to carry Highway 522 traffic over the four
lanes of King’s Highway 11. An 8 m grade increase of Highway 522 at the bridge abutments is
anticipated, in accordance with the proposed grading plan.

The terrain at the proposed bridge structure is relatively flat, although the grade of the existing
Highway 522 rises gently towards both the west and east sides. The grade of Highway 522, at the
bridge site is at elevation 315 m and the existing road then rises gradually some 5 m, over a distance
of approximately 240 m on the east side (up to Station 10+240), and 3 m, over approximately 200 m
on the west side (up to Station 9 + 800).

The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate the
proposed four lanes of the by-pass. This arrangement will require approach embankments along
Highway 522, approximately 240 m long (from the east side) and 200 m long (from the west side).
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No bedrock cutcrops are visible in the immediate vicinity of the proposed bridge; however, a rock
cut is visible approximately 200 m along Highway 522 on the west side. There are mature trees, with
heavy underbrush on either side of Highway 522, i.e. along the alignment of the proposed King’s
Highway 11.

1.2.2 Geological Setting

According to OGS Maps 2544 and 2556, as well as Ontario Geological Survey Map P. 3160
(Quaternary geology, South River area), the site is located in what is known as the Central Gneiss
Belt, i.e. mainly felsic igneous rocks of the Mesoproterozoic Group.

The overburden is expected to be relatively shallow, comprising, for the most part, of detaic sands
and gravels with some prodeltaic deposits, mainly silts. A thin layer of basal, stoney, glacial till can
be expected immediately over the bedrock.

1.3 Investigative Procedures

1.3.1 General

Part 1 of this report describes the investigative procedures adopted for the geotechnical assessment
of the new approach embankments along Highway 522 at the proposed Trout Creek By-Pass, King’s
Highway 11. Properties of the overburden soils were obtained by in-situ and laboratory testing and
the procedures, employed during the investigation, are described below.

1.3.2 Field Investigation

The field work for the investigation related to the proposed Highway 522 approach embankments was
carried out on May 25 and June 24, 1998, and consisted of eight(8) boreholes (BH’s 6-CP to 13-CP)
inclusive, and two(2) dynamic cone penetration tests (C-4CP and C-5CP). The dynamic cones and
boreholes were advanced to refusal at depths ranging from 3.5 mto 7.8 m. Boreholes 6-CP and 8-CP
to 11-CP, as well as cone C-4CP, were located along the 240 m length of the east side approach fills,
and boreholes 7-CP, 12-CP and 13-CP, and cone C-5CP along the 200 m length of the west approach
fills.
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The borehole and dynamic cone penetration locations are shown on the attached site plan, Drawing 1,
in Appendix A. These locations, as well as the surface elevations, were established by Trow’s field
technician and a survey crew from Marshall Macklin Monaghan, and are referenced to geodetic
datum.

The boreholes, cones and probes were advanced through the overburden soils using a truck mounted
CME-55 drill, equipped with solid and hollow stem augers, and supplied and operated by a soils
drilling contractor, Master Soil Investigation Limited. Soil samples were obtained by using a 51 mm
0.D. split-spoon sampler in conjunction with standard penetration tests (ASTM D1586) at
approximately 0.75 m and 1.5 m intervals. The standard penetration (N) values, together with the
blows from the dynamic cone penetration tests, were recorded and used to provide an assessment of
the compactness of the overburden soils. The recovered soil samples were used for identification and
laboratory testing.

Upon completion, boreholes were backfilled with auger cuttings from the same boreholes, and
compacted at regular intervals by applying back pressure with the auger. Where boreholes were
advanced within the pavement surface, cold mix asphalt was placed to adequately patch the damaged
area.

Details of the soil and bedrock conditions encountered in the boreholes are included on the logs in
the attached Appendix A. The additional two standard data sheets, included with the logs, provide
further details on soil descriptions for classification purposes. For completeness, two of the previous
boreholes (boreholes 1-CF and 3-CF), advanced for the bridge structure at the abutments, have also
been included.

1.3.3 Laboratory

The laboratory testing program for select soil samples consisted of the following:

. Natural moisture content determinations
. Grain size distribution analyses
. Laboratory shear tests

The laboratory test results are summarized on the attached borehole logs in Appendix A. The grain
size distribution for selected soil samples are presented in Appendix B.
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1.4 Subsurface Conditions

The borehole locations are shown on the site plan, Drawing 1, in Appendix A. Also included in
Appendix A are the borehole and dynamic cone penetration logs. Based on this information, the
following different soil layers were encountered:

. fill

. silt

. sand/sand and gravel
. bedrock

A summary of the above soil strata encountered in the boreholes, and inferred from the dynamic cone
penetration tests, is presented below.

1.4.1 Fill

The fill at the test locations is associated with the road construction materials for the existing
Highway 522. Beneath the present asphalt (~50 mm thick) and the base and subbase granulars
(~700 mm thick), an underlying layer of sand and/or sand and gravel fill was encountered, which
extends to depths generally in the 2.0 m to 2.5 m range. The fill is mostly sand, although it contains
random pieces of old asphalt, some gravel and/or cobble sizes, as well as minor organic staining and
contamination. ‘

The compactness of the fill, based on the standard penetration resistance, “N”, value ranged from 4
to 36 blows/300 mm, indicating a loose to dense state.

Grain size analyses on samples of the material confirm that the deposit is mainly a fine sand with a
silt fraction of between 20% to 30%. Moisture contents vary from less than 10% above the water
table to about 20% below the groundwater table.
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1.4.2 Silt

A deposit of silt was encountered in five boreholes (boreholes 3-CF, 8-CP, 9-CP, 10-CP, 12-CP and
13-CP). This silt stratum is absent in the vicinity of the east abutment and is more prominent beneath
the west approach embankment (boreholes 12-CP and 13-CP). The silt contains some sand seams
and odd layering, where it is slightly cohesive. The standard penetration resistance “N” values ranged
from 4 to 14 blows/300 mm, indicating a loose to compact state of compaction. The thickness
ranged from 1 m (borehole 3-CF) to 3 m (borehole 12-CP), and the moisture content from 25% to
35%.

1.4.3 Sand and Gravel

A basal zone of sand and gravel was encountered in all boreholes, with the exception of
boreholes 8-CP and 9-CP. The deposit is reasonably well-graded with up to 31% silt sizes in places.
At some locations, the stratum appears to be weakly cemented, indicating a “till-like” structure. The
standard penetration resistance “N” values range from 9 to 25 blows/300 mm, indicating a loose to
compact condition. The thickness ranges from about 1 m at borehole 1-CF to 4 m at borehole 3-CF.
Moisture contents ranged from 5% to 20%.

1.44 Bedrock

Bedrock was confirmed by retrieving “NQ” size cores in the two boreholes at the abutments
(BH’s 1-CF and 3-CF) at depths of 3.72 m (~El 311.2 m) and 8.14 m (~El. 307.2 m).

Detailed descriptions of the rock are presented in Table 1-1 in Appendix A. Generally, the bedrock
can be described as a pinkish, light grey, biotite-Homblende gneiss. The rock is strong and
unweathered for the most part. Rock core recovery was 100% for all runs and the Rock Quality
Designation (RQD) values ranged from 75% to 100%.

In the remaining boreholes and cones, the refusal levels noted in the logs are assumed to represent
the bedrock surface.
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1.5 Groundwater Conditions

Information regarding the groundwater levels at the site was obtained by measuring the water levels
in the open boreholes after completion of drilling. The groundwater table, at the time of the field
work, was established at a depth of about 2 m to 2.5 m below grade, which is close to the grade of
the surrounding, poorly drained, relatively flat terrain.

Seasonal variations in the water table should be expected with higher levels during wetter periods of
the year (such as spring thaw and late fall) and lower levels during drier periods.
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Part2 Discussion and Recommendations

2.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the new approach embankments for the flyover at Highway 522 and the
proposed King’s Highway 11, Trout Creek By-Pass, at Site 44-370. It is Trow’s understanding that
a two-span structure will be constructed, with the central pier located in the median of the proposed
King’s Highway 11. This report contains factual information (obtained from the field investigation)
pertaining to the design parameters required for the approach embankments along Highway 522.

As outlined in Part 1 of this report, the grade at Highway 522 at the structure is at elevation 315 m
and the existing road then rises gradually some 5 m, over a distance of approximately 240 m on the
east side (up to station 10+240) and 3 m, over approximately 200 m on the west side (up to station
9+800). The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate
the proposed four lanes of the By-Pass.

This geometric arrangement will require approach fills, along Highway 522, up to a maximum of 8
m at the proposed bridge abutments, before tying into the existing grade of Highway 522 at a distance
of 240 m on the east side and 200 m on the west side.

2.2 Design

2.2.1 Stability

Based on the resuits of the boreholes and dynamic cone penetration tests, no instability problems are
anticipated. The underlying granular soils, i.e. sand, silts and sand and gravels, are adequate to safely
support the proposed approach fill heights.

Surficial topsoil and compressible organics, under the plan limits of the embankments where the
approach fills encroach off the existing road construction and over the adjacent soils, should be
removed. Based on Trow’s adjacent borings for the pavement design of Highway 11, it is likely that
the surficial organics will be about 300 mm to 600 mm thick.
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If rock fill is used to construct the approach embankments, the side slopes and forward slopes should
be constructed at a maximum gradient of 1.25H:1V, If Granular “B” is used, the side slopes should
be constructed at 2H:1V.

2.2.2 Settlements

Since the proposed approach embankments are underlain by granular soils, long-term consolidation
settlements are not anticipated. There will likely be some initial settlement, due to the surcharge
embankment loads; however, it is anticipated that they will be less than 50 mm and will occur, almost
entirely, within the construction phase.

2.3 Construction Considerations
2.3.1 Excavations

Temporary subexcavation for surficial organics is not expected to exceed 1 m and hence should be
straightforward. Side slopes will remain stable if cut back at an angle of 1H:1V.

2.3.2 Raising the Grade

Rock fill or other granular fills placed below the groundwater table may be end-dumped. Once the
material is 0.3 m above the water table, placement and compaction of the fills should be carried out
according to current OPS specifications and practices.

24 General

The information presented in this report is based on a limited investigation designed to provide
information to support an overall assessment of the current geotechnical conditions for the proposed
approach embankments along Highway 522 at King’s Highway 11, Trout Creek By-Pass. The
conclusions presented in this report reflect site conditions existing at the time of the investigation.
It is noted that the soil boundaries indicated on the logs are inferred from discontinuous sampling and
observations during drilling. These boundaries are intended to reflect transition zones for the purpose
of geotechnical design and should not be interpreted as exact planes of geological change.
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This report has been prepared by Mr. L. W. Gore, P.Eng., and Mr. E.A. Gonneau, P Eng., and
reviewed by Mr. S.E. Gonsalves, P.Eng. The field investigation was performed by Mr. 1. Dumpis,
CET.

We trust this report is satisfactory for your purposes. Should you have any questions, please do not
hesitate to contact this office.

#l\ng Engineers Ltd.
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Vice President
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Dist: Ministry of Transportation (8)
Planning & Design
Mr. E. Gallant

Marshall Macklin Monaghan (1)
Mr. R.D. Kivi, P.Eng.
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BOUNCING REFUSAL ON
BEDROCK OR BOULDER
Notes:
1) This cone test forms part of
Highway 622 Underpass
Foundation investigation,
2) Cane test focated at station
9+920.0, on gentreline as
referenced to Highway 522,
3) Augered first 0.3 m through
dense fill before driving cone test,
o
2
fal
=
=
8]
= ‘ ' ’
o~
iy
I~
g
o *
-
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MTO4 7524C Q17798

RECORD OF BOREHOLE BH-BCP 1or

METRIC

WP, _774-93-00 LOCATION 5083 658.9 N, 313 963.6 E ORIGINATED BY 1.0,
DIST 54 HWY 11 BOREHOLE TYPE Hollow Stem Augets /| CME-§5 COMPILED 8Y _M.D.
DATUM _Geodetic DATE May 25, 1998 CHECKED BY _ 1.G.
SOIL PROFILE SAMPLES o] SPT TEST (N-Value) @ PLASTIC Vo uaup
Gy | & | cone peneTRATION TEST e | UM cowter
o £ gz |oy 26 40 8O 80 w & REMARKS
=lE|wl |ZE|33 ' : : . wp il | 2 g GRAN SIZE
ELEV, @ =182 : w
SEET DESCRIPTION 2EIE 22 | ZE S M e T8 et vane WATER CONTENT (%) ® % DISTRIBUTION
242 A giz QUICK TRIAXIAL X LA SHEAR 50 30 40 )
B 1 KN,
216,81 GROUND SURFACE A Rk 0 40 80 & ° /milaR_sa  Si+Cl
0.00] Al [, mm aver
SAND, with gravel inclusions,
brown to grey, some cobbles,
moist to wet at base. 316
{tompact) 1]88 |24 4] e}
L l2{S5]38 315 2 o
314.21 ' lalssle | X ® o
289 PEAT, humerous roots < 450 mm | T = | o31a
thick over ) a o
SILTY SAND, with gravel, , 41551 g ®
grey/brown, wet, . o
{compact) l 313

gm‘ﬁ;a i -
3.9 END OF BOREHOLE EUE T0

REFUSAL TO AUGER ON
BEDROCK OR BOULDER

1) This borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
10+ 126.0, on centreline as
referericed to Highway 522.

3) Borehole caved wet at "4.0 m
depth on complation.




RECORD OF BOREHOLE BH-7CP 1or

METRIC

WP, 7749300 LOCATION 5093 B40.8N, 313713.2E ORIGINATED BY 1D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-65 GOMPILED BY _MD.
DATUM _Geodetic DATE May 25, 1998 CHECKED BY 1.G.
“ SPT TEST (N-Value) @ viagie Vot uup
SOIL PROFILE SAMPLES & o 5?, CONE PENETRATION TEST i CONTENT i
5 E gz log 20 40 60 80 w - REMARKS
=& & o |ZE |85 : ' l ] wpbm—eTIw 1 2 8 GRAIS SIZE
ELEV. ] = olox =8 : Cu, o8
SERTH DESCRIPTION SlEIEE |28 |52 g o NG G P e WATER CONTENT (%) 2 | pisTRIBUTION
212 = g 8 > OUTEX TRIAXIAL LAB SHEAR
kS
GROUND SURFACE G il 5 o 20 a0 B0 80 10 20 30 40 KN/M* E GR SA 51+ CL
QO mm over N
F!LL, roadbase. e
0.7 SAND FILL, brown, moaist to wet, a7
Some organic inclusions in parts. F |1 fss | B ©
{loose/compact) F
21881 6 nel® s} 0% B7% 33%
315,59
z.ﬁb’l W?;l e[tﬁ. $AND & GRAVEL, brown, QHO alss|17| W ® v
{compact) b' = 315
c”o alss|2a ® o
- 14

END OF BOREHOLE DUE 10
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

his borehole forms part of
Highway 522 Underpass
Fouridation Investigation,
2} Borehole Iccate at station
9+ 875.0, offset ~ m right of
centrelme as refarencad to

way
gBmehme caved wet at “5.1 m
depth on complation.

MTO4 7524C QF/17/98




RECORD OF BOREHOLE BH-8CP ior1

METRIC

3.5

Some gravel sizes at base,

W.P. _774-83-00 LOCATION 5093 657.7 N, 3138874 E ORIGINATED BY 1D,
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-B5 COMPILED BY _M.D.
DATUM _Geodetic DATE June 24, 1998 CHECKED BY 1.6
SOIL PROFILE SAMPLES Y | SPT TEST iN-Value) ® A wOGTRE  uou
" £, | & | conepenetRATION TEST o | AT Gomr
1) E gz o5 20 40 50 an w = REMARKS
ﬁﬁwg gg gg ) | p A WP oAy} %5, &
ELEV. 12 5 195 | £ & | SHEAR STRENGTH; Cu, KP 5 GRAIN SIZE
BEPTH DESCRIPTION SIEISE |22 |58 | Mo FIELD, VANE WATER CONTENT (%) 3 | oisTRIBUTION
é = S 98 2 ®  Quick mu;xmu " LAB SHESR 0 20 s 40 Ny \
515,05 GROUND SURFACE 5 B {8 |a.d 2 % ® 8 NemPlGR SA si+cl
0.00 . road i
shouider, bro(wn, mois’t.
314.30) compact =
0.75 FILL, mostly sand & sand with siit
& gravel, m){aces of asphalt, brown, Tss2 e o 0% 73% 27%
wet at base. E
{compact)
2|85]19 b
312,98 ¥ s
2.0 SiLT, grey, trace of sand, some -
!avr%ing, wet, slightly cohasive in 31851 6 8 [ 0% 0% 100%
parts.
(loose to compact)
al
ARG Uy

END OF BOREHOLE DUE 10
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

1) This borehols forms part of
Highway 522 Underpass Approach
Investigation. )
2) Borehols located at station
10+050.0, offsat “4.5 m left of
centreline as reférenced to
Highway 522,
3) Borehole was dry & open to

1.9 m depth on compietion.

MTC4 2524C Q7117/98




RECORD OF BOREHOLE BH-9CP 1or1

METRIC

1)

0+070

END OF BOREHOLE DUE
REFUSAL T0 AUGER O
BEDROCK OR BOULDER

is borehale forms part of
Highway B22 Underpass Approach
Investigation, )
2) Borehole located at station

1 /0.0, offset “4.6 m right of
centreline as refergnced to
Hu%wav 522
3) Water ievel

10

| was at 2,5 m &
hole was at 2.6 m depth on
complation.

WP, 774-93-00 LOCATION & 093 650.1 N, 313 808.1 E ORIGINATED BY 1.D,
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-B5 COMPILED 8Y _M.D,
DATUM _Geodetic DATE June 23, 1998 CHECKED BY _ 1.G.
$OIL PROFILE SAMPLES b SPT TEST (N-Valug) L rashc  MoATME  Uaud
E o, | E | CONEPENETRATION TEST e | UMWY coRTET oWt
b E |22 |6 " REMARKS
9 | 5 |2812F 20 40 80 80 wp § " {wl .- "
ELEV Sl B | a5 |28 [Trarsmenetiic i R GRAIN SIZE
BEPTH DESCRIPTION ERIZE |22 |58 (¢ uncowmm & ranvam WATER CONTENT (%) Z | oisTRIBUTION
£E1F B |23|d S0 a0 60 80 10 20 30 40 KNim
315,22 GROUND, SUREACE o g 15 |d GRSA  Si+CL
0.00} SAl L., road 5 318
shoulder, brown, moist.
314‘421 (comipact) F
0.75] SAND FILL, trace of organics,
brown, wet at base, ¢ Fogss;2 314m
(very lbose) E
z2|ssl4| Y ®
313.22 e
300 §il.h1', grey, trace of sand', slightly 218
s‘?m?swe in parts, some layering, 3 55 |11 ©
{loose)
4lss| s 312 gy
311,20
4.02

MTO4 7524C Q7/17/88




RECORD OF BOREHOLE BH-10OCP 10r

METRIC

REFUSAL TO AUGER ON
BEDROCK OR BOULDER

Notes:

1} This borehole forms part of
Highway 522 Underpass
Foundation investigation,

2} Borehole located at station
10+ 100.0, offser “4.0 m left of
centreline as referenced to
l-s-l)igéwway 522

depth on completion,

orehole caved wet at “3.3 m

W.P. _774-93-00 LOCATION 5093 660.9N, 313 937.3E ORIGINATED BY 1D,
DIST 54 HWY 11 BOREHOLE TYPE $tandard Augers /| CME-B5 COMPILED BY M.D.
DATUM Geodetic DATE June 24, 1998 CHECKED BY 1.G.
SO PROFILE SAMPLES e SPT TEST (N-Value) ® st woRMRE uoue
G | & CONE PENETRATION TEST e uwt CONTENT vt
E E 122184 20 40 w ke REMARKS
2l .6 [ZE|BS ' : A GRAI Si2E
ELEV. i E a5 l2%F TH: Cu, KP: 5w
SERTH DESCRIPTION SlRIFE {28158 gs M e sty WATER CONTENT (%) 2 | DISTRIBUTION
& [2 5 (28 |& b "“";’8‘“ g 10 20 30 40 KN/
e
15, GROUND SURFACE i B |5 | 20 GR_SA Sl +CL
5.00 FILL, road =
shoulder, bm(wn, mois)t.
315,90 compact F
o.76] SAND FILL, trace of organics 315
brown, moist. g ’ - j1iss| 6 &
{loose) 3
314,15 2138 9 -
1.a§l”§lLT! grey, trace of sand, some Y| s
layering, wet. -
{loose to compact) 318811 o
213
312.7
S SITV SAND B GRAVEL s Tew 9114 |58 | 20 ® ©
cobbles, brown, wet, | b
{compact) b,{; 412
31141 rJ,
4.54 END OF BOREHMOLE DUE TO

MTO4 7524C 07/17/88




RECORD OF BOREHOLE BH-T1CP ror

W.P. _774-83-00 LOCATION 5 093 656,56 N, 313 987.8E ORIGINATED BY 1D,
DIST B4 Hwy 11 BOREHOLE TYPE Standard Augers /| CME-58 COMPILED BY _M.D.
DATUM _Geodetic DATE June 24, 1998 CHECKED BY .G,
SOIL PROFILE SAMPLES | o« | | SPTTEST (N-Value) ® sasnc  wosmer  uau
— — o 3 CONE PENETRATION TEST e LY coRTENT T ~ REMARKS
z|lag
=gl R $O1z8) 2 0 ® % | we——ot—iw |EE 5
ELEV. oI5 o | E 2| SHEAR STRENGTH; Cu, KP 5@ GRAIN SIZE
DErTH DESCRIPTION EElZ 22 | ZE | g wconemeo | 8 P vane WATER CONTENT (%) = | OISTRIBUTION
- o 8 u:: CUICK TRIAXIAL oLAﬁ SHEAR o » 30 0 .
317,40 GROUND_SURFACE & 5 | 20 4 60 8 = KNm"]GR_SA Sl +CL
0.00 D & GRAV road e
shouldar, brown, moist. 317
16,6 " {compact) F
6.75] SAND FILL, trace of organics,
pigces of asphalt, browgn, moist to Fojryssoe &
wet, F 316
{looze)
2185( 86 ® o] 8% 59% 33%
m s
314. 90! -
350 STV SAND & GRAVEL, Some T 3|88 |28 @
cobbles with traces of organics, 3
dark grey, wet. b‘
{compact) JL 418514 a8
4
313,35 — ‘L
58— END OF BOREHOLE DUE 70
REFUSAL TO AUGER ON
BEDROCK OR BOULDER
Notes:
1} This borehole forms part of
Highway 522 Underpass
Foundation investigation.
2) Borehole located at station
10+ 150.0, offser "4.0 m right of
centreline as referenced to
Hug‘gxway 522.
3) Borehole caved wet at "3.9m
depth ort complation.
o
o
=
=
o
[#] W
o
(3]
19
™
g *
)_
b




W.P. _774-93-00

LOCATION 5093 641.0N, 3137784

RECORD OF BOREHOLE BH-12CP 1o

METRIC

ORIGINATED BY 1.D.

...39%.37%._..._

DIST B4 HWY 11 BOREHOLE TYPE Standard Augers { CME-55 COMPILED BY _ M.D.
DATUM _Geodetic DATE June 23,1998 CHECKED BY _ LG,
SOIL PROFIL SAMPLES = SPT TEST (N-Value) pusTc  MoTRE  Laub
Ol PROFILE n ém 5 CONE PENETRATION TEST e LT COMTENT Lty - REMARKS
3 z =
g & l gg g?:i R g g GRA]&SZE
ELEV. o | B oz |2¢e : Cu, KP o & !
a0 DESCRIPTION glE|E 29 | £ £ | SHEAR STRENGTH; Cu KPe WATER CONTENT (%) z | pISTRIBUTION
2 =2 88 z QUICK TRIAXIAL X LAB SHEAR 0w 30 40 "
10 kN/m>»
31615 GROUND SURFACE o G lw GR_SA (si&cy
0.001 SAN . foad
shoulder, brown. F
215,40 {compact) e
.75 SAND FILL, some layering,
occasional organics, some sit, | |/ |55]7 315
moigt then wet at "2.2 m depth. =
{loose to compatt)
2{88i{ 9
¥ | »a
Fo{a|ss{3a] o o% 77% 23%
313,35
280l SILT, trace of sand & sli?htly‘ ‘s
cohesive in parts, some layering, 2155 8 3 5
grey/brown, wet.
(foose to compact)
312
5|55] 4
311
310.15]
6.00] SILTY SAND & GRAVEL, (till-like) |4, 3o
brown, a few cobbles, wet. | o} 6155 | 25 o
(dense) A
L P 309
4,
L Pletesbed

77| END OF BOREHOLE DUE 10
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

otes:
1) This borehole Torms part of
Highway 522 Underpass
Foundation investigation.
2) Borehote located at station
94940,0, offset "4.5 m right of
centreline as referenced to

Huggway . .

3) Borehole caved wet at “6.4 m
dapth on completion.

4) Lab shear tost was a pocket
penatrometer test.

MTO4 F524C O2122/88




RECORD OF BOREHOLE BH-13CP 1o 1

METRIC

I G N N AN NN AN I R B IS IBE BN B B B W EE e

REFUSAL TO AUGER ON
N BEDROCK OR BOULDER
ote
1) Thns borehole forms part of
Highway 522 Underpass
Foundation Investigation.
2) Borehole Iocata_ at station
+800.0, offs 4.0 m left of
centrehne as referenced to

gBhwa
orehole caved dry at “1.6 m
depth on complation.

W.P. _774-93-00 LOCATION 50935486 N, 313 737.9E ORIGINATED BY )D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers /| CME-55 COMPILED BY MDB.
DATUM _Geodetic DATE June 24, 1998 CHECKED BY __1.G.

SOIL PROFILE SAMPLES o SPT TEST (N-Vatue) o FLasTIE Wi we
% N CONE PENETRATION TEST e it coNTONT i
g E {hzlog o REMARKS
o MEFREY: 20 40 60 80 wp bW | £ &

ELEV, 818 5 | oF | 8 & [TSHEAR STRENGTH; Cu, KP £@ GRAIN SIZE
RED DESCRIPTION E z| = 23 |GE uconemen & A WATER CONTENT (%) 2 DISTRIBUTION

|z OO a QUICK TRIAXIAL LAB SHEAR

1714 HOUND SURFACE = gg‘-’ 3 20 40 &0 80 1020 30 40 Wime | gr S48 + CL

0.00] SAND RAVEL FILL, road - 317
shollder, brown.
.44 {compact) B
0.75] SAND FILL, brown, moist.
{loose) Fj1ss| 8 316 s
F‘.‘
2lss] 3 ® O
314,99 ¥ s
2200 BILT, Trace of sand, some layering, =
brown to grey, moist to wet. 3185115 ] O
{compact)
1
48814 M o
313
312, 38
THY STV SAND £ GRAVEL some 811258128 ®
cobble sizes, brown, with wet R 2
layers of sand. t:‘
(loase to compact) i %
0, EEA]
c”a 655| 8 @
1y
01 t 310
756 END OF BOREHOLE DUETO




Core Recovery Core Description
BH#
Core # Depth (m) Yo Y% Depth Description
CR* RQD** (m)
HIGHWAY 522 BRIDGE FOUNDATION

1-CF 1 3.72104.72 100 98 3.72t0 6.89 | Biotite Horneblende Gneiss - light

2 4.72t0 5.88 100 100 grey to pinkish white, fine to medium

3 5.88 t0 6.89 100 100 grained, strong, unweathered, fractures

very widely spaced, dipped at 80 to 90°
from vertical, planar, smooth

3-CF 1 8.14 t0 9.05 100 75 8.14to 11.40 | Biotite Hornblende Gneiss
2 9.05 to 10.52 100 76 (Garnetigerous), pinkish white to light
3 10.52to 11.40 100 94 grey, medium grained, strong
unweathered, fractures moderately
spaced, dipping at 0 to 10° and 80 to
90° from vertical, planar, smooth
*CR Core Recovery %
**RQD Rock Quality Designation %

MOIL
s
N
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UNIFIED_SOIL_CLASSIFICATION
CLAY AND SILT SAND GRAVEL
FINE MEDIUM | COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
108um 2500m 4250m BS0pm 2.358mm 3. 2rvun 285m0 83.0mimn
S3um  T8m 1450um 300um 00um Li8mm  2.0mm A.75mm H.5mm 18.0mm 38mm  83.0mm
100 i P 1 Lo i L 3 Lok A i A 1.4 1 75.0mm
90 /
/A
17
80 4l
/' f;
70 ‘ | ;
/] w
2 60 i
9 | l/ /R
o ]
.. 50 4
o oL F S WOUR T TS W0 I R 10 1 T N WY T A \
& IV LEGEND
o 40 i B.H. [sAMPLE|EL(m)| svwBoL
| 7CP| 2 |315.0| —————
30 ;
,}’ ] ||scp] 1 314.0] weemmm =
h2cH 3 [313.5] comoome
20
10
0
0.001 0.010 0.100 1.000 10.000 100.000
GRAIN SIZE (mm)
FIGURE 1
e ation | GRAIN SIZE DISTRIBUTION
ALL SAMPLES FINE SAND W.P. 774-93-00
METRIC f PROJ. No. S07524GC




UNIFIED_SOIL_CLASSIFICATION

CLAY AND SILT SAND GRAVEL
LAY A FINE MEDIUM  |COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
108pm 2am 428 #30pm 2.36men 13.2mm 26.5mvm 53,0
S3um T 150pm J00utn SO0 1.w.mm 2.0ml 4.7.':mn O‘B:Nn‘ 1ﬂ.l:rm , 37.5.mm ?ngu‘vﬂw
100 L 1 1 ) i 1 3 M
.wﬂ"""’ﬂ‘
80 ’ oo )“'
7] el
80 T LA
AN iV :
70 v, /
l F.4
] i
7 60 A
) »
o i
50 N y
z | '/ i
& : [ LEGEND
& 40 ’”A / B.H. SAMPLE|EL(m)| symBoL
/ ! 3cF| 5 [310.5] =
%0 H H1cH 2 [315.5] semmmeee
/ iscH 6 [311.0] ——wu
20 ;
10 L
8001 0.010 0.100 1.000 10.000 100.000
GRAIN SIZE (mm)
FIGURE 2
Yo ration GRAIN SIZE DISTRIBUTION
ALL SAMPLES SAND & GRAVEL W.P. 774-83-00
METRIC 'ﬂf PROJ. No. S07524GC




el : v p iui i = :

UNIFIED SOIL_CLASSIFICATION
SAND GRAVEL
Y AND SILT
CLA FINE MEDIUM  [COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
108pm 280pm  $2%n B8 2.36mmn 13.2mm 26.5mm 53,0mm
. S3um Tham 180pm J00pm SO0 1.18mm  2.0mm 475 ©.8mnm 18.0mm I7.5mm 83.0mm
100 1 /1 i 1 i i I i A 1 T ) § 1 Lt 78.0mm
90 /
80 Y,
70
2 & /
2 | /285 1 1 N O M I
a /
50
O ‘0 / LEGEND
a B.H. [samPLe]EL(m)| svwsoL
8CP| 3 [512.5| s
30 12.9)
20 A
,,,,,,,,,, /
10
3001 0.010 0.100 1.000 10.000 100,000
GRAIN SIZE (mm)
FIGURE 3
T rhtion GRAIN SIZE DISTRIBUTION
BH-8CP, SS-3 CLAY & SILT | W.P. 774-93-00
METRIC S prou. No. SO75246¢
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MTO/Proposed Crossing at Highway 522 and Highwayv 11, District $4, Sudbury S07524G/C

Preface

Work Project GWP 774-93-00 is one of a series of projects for the four lane expansion of
Highway 11. The project involves the four lane design of Highway 11, from 4.0 km south of
Highway 522, northerly for 7.9 km. It will result in the construction of a westerly by-pass of the
existing Highway 11 and the Town of Trout Creek.

This work project is located in the Townships of Laurier and Himsworth South, within the geographic
District of Parry Sound. The project requires geotechnical input for the following major components:

. New pavement design for the entire length of the four lane by-pass, including associated
service roads.

. New structure, Trout Creek South Interchange (underpass), Site 44-372.
. New structure, Trout Creek, Northbound Lanes, Site 44-371.
. New structure, Trout Creek, Southbound Lanes, Site 44-371,

. New structure, Highway 522 (underpass), Site 44-370.

. New structure, Trout Creek North Interchange (underpass), Site 44-369.

The following report deals with the new approach embankments for the flyover at Highway 522, Site
44-370. Separate reports will be submitted for the additional components.




MTO/Proposed Crossing at Highway 522 and Highway 11, District 54, Sudbury SO7524G/IC

PART 1 FOUNDATION INVESTIGATION

1.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the new approach embankments for the flyover at Highway 522 and the
proposed King’s Highway 11, (Trout Creek By-Pass), at Site 44-370. Itis Trow’s understanding that
a two span structure will be constructed, with the central pier located in the median of the proposed
King’s Highway 11. This report contains factual information (obtained from the field investigation)
pertaining to the design parameters required for the approach embankments along Highway 522.

1.2 Site Description and Geological Setting

1.2.1 Site Description

The site is located in the Township of South Himsworth at the proposed bridge structure for
Highway 522 and the proposed King’s Highway 11, Trout Creek By-Pass, at Site 44-370.

The proposed new, two-span bridge will be constructed to carry Highway 522 traffic over the four
lanes of King’s Highway 11. An 8 m grade increase of Highway 522 at the bridge abutments is
anticipated, in accordance with the proposed grading plan.

The terrain at the proposed bridge structure is relatively flat, although the grade of the existing
Highway 522 rises gently towards both the west and east sides. The grade of Highway 522, at the
bridge site is at elevation 315 m and the existing road then rises gradually some 5 m, over a distance
of approximately 240 m on the east side (up to Station 10+240), and 3 m, over approximately 200 m
on the west side (up to Station 9 + 800).

The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate the
proposed four lanes of the by-pass. This arrangement will require approach embankments along
Highway 522, approximately 240 m long (from the east side) and 200 m long (from the west side).

z




MTO/Proposed Crossing at Highwayv 522 and Highway 11, District 54, Sudbury SO7524G/C

No bedrock outcrops are visible in the immediate vicinity of the proposed bridge; however, a rock
cut is visible approximately 200 m along Highway 522 on the west side. There are mature trees, with
heavy underbrush on either side of Highway 522, i.e. along the alignment of the proposed King’s
Highway 11.

1.2.2  Geological Setting

According to OGS Maps 2544 and 2556, as well as Ontario Geological Survey Map P. 3160
(Quaternary geology, South River area), the site is located in what is known as the Central Gneiss
Belt, i.e. mainly felsic igneous rocks of the Mesoproterozoic Group.

The overburden is expected to be relatively shallow, comprising, for the most part, of detaic sands
and gravels with some prodeltaic deposits, mainly silts. A thin layer of basal, stoney, glacial till can
be expected immediately over the bedrock. :

1.3 Investigative Procedures

1.3.1 General

Part 1 of this report describes the investigative procedures adopted for the geotechnical assessment
of the new approach embankments along Highway 522 at the proposed Trout Creek By-Pass, King’s
Highway 11. Properties of the overburden soils were obtained by in-situ and laboratory testing and
the procedures, employed during the investigation, are described below.

1.3.2 Field Investigation

The field work for the investigation related to the proposed Highway 522 approach embankments was
carried out on May 25 and June 24, 1998, and consisted of eight(8) boreholes (BH’s 6-CP to 13-CP)
inclusive, and two(2) dynamic cone penetration tests (C-4CP and C-5CP). The dynamic cones and
boreholes were advanced to refusal at depths ranging from 3.5 mto 7.8 m. Boreholes 6-CP and 8-CP
to 11-CP, as well as cone C-4CP, were located along the 240 m length of the east side approach fills,
and boreholes 7-CP, 12-CP and 13-CP, and cone C-5CP along the 200 m length of the west approach
fills,
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The borehole and dynamic cone penetration locations are shown on the attached site plan, Drawing 1,
in Appendix A. These locations, as well as the surface elevations, were established by Trow’s field
technician and a survey crew from Marshall Macklin Monaghan, and are referenced to geodetic
datum. '

The boreholes, cones and probes were advanced through the overburden soils using a truck mounted
CME-55 drill, equipped with solid and hollow stem augers, and supplied and operated by a soils
drilling contractor, Master Soil Investigation Limited. Soil samples were obtained by usinga 51 mm
0.D. split-spoon sampler in conjunction with standard penetration tests (ASTM D1586) at
approximately 0,75 m and 1.5 m intervals. The standard penetration (N) values, together with the
blows from the dynamic cone penetration tests, were recorded and used to provide an assessment of
the compactness of the overburden soils. The recovered soil samples were used for identification and
laboratory testing.

Upon completion, boreholes were backfilled with auger cuttings from the same boreholes, and
compacted at regular intervals by applying back pressure with the auger. Where boreholes were
advanced within the pavement surface, cold mix asphalt was placed to adequately patch the damaged
area.

Details of the soil and bedrock conditions encountered in the boreholes are included on the logs in
the attached Appendix A. The additional two standard data sheets, included with the logs, provide
further details on soil descriptions for classification purposes. For completeness, two of the previous
boreholes (boreholes 1-CF and 3-CF), advanced for the bridge structure at the abutments, have also
been included.

1.3.3 Laboratory

The laboratory testing program for select soil samples consisted of the following:

. Natural moisture content determinations
. Grain size distribution analyses
. Laboratory shear tests

The laboratory test results are summarized on the attached borehole logs in Appendix A. The grain
size distribution for selected soil samples are presented in Appendix B.
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1.4 Subsurface Conditions

The borehole locations are shown on the site plan, Drawing 1, in Appendix A. Also included in
Appendix A are the borehole and dynamic cone penetration logs. Based on this information, the
following different soil layers were encountered:

. fill

. silt

. sand/sand and gravel
. bedrock

A summary of the above soil strata encountered in the boreholes, and inferred from the dynamic cone
penetration tests, is presented below.

1.4.1 Fill

The fill at the test locations is associated with the road construction materials for the existing
Highway 522. Beneath the present asphalt (~50 mm thick) and the base and subbase granulars
(~700 mm thick), an underlying layer of sand and/or sand and gravel fill was encountered, which
extends to depths generally in the 2.0 m to 2.5 m range. The fill is mostly sand, although it contains
random pieces of old asphalt, some gravel and/or cobble sizes, as well as minor organic staining and
contamination.

The compactness of the fill, based on the standard penetration resistance, “N”, value ranged from 4
to 36 blows/300 mm, indicating a loose to dense state.

Grain size analyses on samples of the material confirm that the deposit is mainly a fine sand with a
silt fraction of between 20% to 30%. Moisture contents vary from less than 10% above the water
table to about 20% below the groundwater table.
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1.4.2 Silt

A deposit of silt was encountered in five boreholes (boreholes 3-CF, 8-CP, 9-CP, 10-CP, 12-CP and
13-CP). This silt stratum is absent in the vicinity of the east abutment and is more prominent beneath
the west approach embankment (boreholes 12-CP and 13-CP). The silt contains some sand seams
and odd layering, where it is slightly cohesive. The standard penetration resistance “N” values ranged
from 4 to 14 blows/300 mm, indicating a loose to compact state of compaction. The thickness
ranged from 1 m (borehole 3-CF) to 3 m (borehole 12-CP), and the moisture content from 25% to
35%.

1.4.3 Sand and Gravel

A basal zone of sand and gravel was encountered in all boreholes, with the exception of
boreholes 8-CP and 9-CP. The deposit is reasonably well-graded with up to 31% silt sizes in places.
At some locations, the stratum appears to be weakly cemented, indicating a “till-like” structure. The
standard penetration resistance “N” values range from 9 to 25 blows/300 mm, indicating a loose to
compact condition. The thickness ranges from about 1 m at borehole 1-CF to 4 m at borehole 3-CF.
Moisture contents ranged from 5% to 20%.

1.4.4 Bedrock

Bedrock was confirmed by retrieving “NQ” size cores in the two boreholes at the abutments
(BH’s 1-CF and 3-CF) at depths of 3.72 m (~El. 311.2 m) and 8.14 m (~ElL 307.2 m).

Detailed descriptions of the rock are presented in Table 1-1 in Appendix A. Generally, the bedrock
can be described as a pinkish, light grey, biotite-Homblende gneiss. The rock is strong and
unweathered for the most part. Rock core recovery was 100% for all runs and the Rock Quality
Designation (RQD) values ranged from 75% to 100%.

In the remaining boreholes and cones, the refusal levels noted in the logs are assumed to represent
the bedrock surface.
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1.5 Groundwater Conditions

Information regarding the groundwater levels at the site was obtained by measuring the water levels
in the open boreholes after completion of drilling. The groundwater table, at the time of the field
work, was established at a depth of about 2 m to 2.5 m below grade, which is close to the grade of
the surrounding, poorly drained, relatively flat terrain.

Seasonal variations in the water table should be expected with higher levels during wetter periods of
the year (such as spring thaw and late fall) and lower levels during drier periods.
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Part2 Discussion and Recommendations

2.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the new approach embankments for the flyover at Highway 522 and the
proposed King’s Highway 11, Trout Creek By-Pass, at Site 44-370. It is Trow’s understanding that
a two-span structure will be constructed, with the central pier located in the median of the proposed
King’s Highway 11. This report contains factual information (obtained from the field investigation)
pertaining to the design parameters required for the approach embankments along Highway 522.

As outlined in Part 1 of this report, the grade at Highway 522 at the structure is at elevation 315 m
and the existing road then rises gradually some 5 m, over a distance of approximately 240 m on the
east side (up to station 10+240) and 3 m, over approximately 200 m on the west side (up to station
9+800). The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate
the proposed four lanes of the By-Pass.

This geometric arrangement will require approach fills, along Highway 522, up to a maximum of 8
m at the proposed bridge abutments, before tying into the existing grade of Highway 522 at a distance
of 240 m on the east side and 200 m on the west side.

2.2 Design

2.2.1 Stability

Based on the results of the boreholes and dynamic cone penetration tests, no instability problems are
anticipated. The underlying granular soils, i.e. sand, silts and sand and gravels, are adequate to safely
support the proposed approach fill heights.

Surficial topsoil and compressible organics, under the plan limits of the embankments where the
approach fills encroach off the existing road construction and over the adjacent soils, should be
removed. Based on Trow’s adjacent borings for the pavement design of Highway 11, it is likely that
the surficial organics will be about 300 mm to 600 mm thick.
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If rock fill is used to construct the approach embankments, the side slopes and forward slopes should
be constructed at a maximum gradient of 1.25H:1V. If Granular “B” is used, the side slopes should
be constructed at 2H:1V.

2.2.2 Settlements
Since the proposed approach embankments are underlain by granular soils, long-term consolidation
settlements are not anticipated. There will likely be some initial settlement, due to the surcharge

embankment loads; however, it is anticipated that they will be less than 50 mm and will occur, almost
entirely, within the construction phase.

2.3 Construction Considerations

2.3.1 Excavations

Temporary subexcavation for surficial organics is not expected to exceed 1 m and hence should be
straightforward. Side slopes will remain stable if cut back at an angle of 1H:1V.

232 Raising the Grade

Rock fill or other granular fills placed below the groundwater table may be end-dumped. Once the
material is 0.3 m above the water table, placement and compaction of the fills should be carried out
according to current OPS specifications and practices.

2.4 General

The information presented in this report is based on a limited investigation designed to provide
information to support an overall assessment of the current geotechnical conditions for the proposed
approach embankments along Highway 522 at King’s Highway 11, Trout Creek By-Pass. The
conclusions presented in this report reflect site conditions existing at the time of the investigation.
It is noted that the soil boundaries indicated on the logs are inferred from discontinuous sampling and
observations during drilling. These boundaries are intended to reflect transition zones for the purpose
of geotechnical design and should not be interpreted as exact planes of geological change.
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This report has been prepared by Mr. LW. Gore, P.Eng., and Mr. E.A. Gonneau, P.Eng., and
reviewed by Mr. S.E. Gonsalves, P.Eng. The field investigation was performed by Mr. 1. Dumpis,
CET.

We trust this report is satisfactory for your purposes. Should you have any questions, please do not
hesitate to contact this office.

LW. Gorg, M.Sd
Principal

&Eﬁmgr ‘

Vice President

Encl. s
Dist: Ministry of Transportation (8)
Planning & Design
Mr. E. Gallant

Marshall Macklin Monaghan (1)
Mr. R.D. Kivi, P.Eng.
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RECORD OF BOREHOLE BH-1CF 1or1

METRIC

e

W.P. 774-83-00 LOCATION 5093657.8N, 3138708 F ORIGINATED BY 1D,
DIST B4 HWY 11 BOREHOLE TYPE Hollow Stem Augers / CME-B5 COMPILED BY M.D.
DATUM _Geodetic DATE May 12, 1998 CHECKED BY .G,
SO PROFILE SAMPLES | o SPT TEST iN-Value) @ PLASTIC oTRE  uouo
W 3 CONE PENETRATION TEST e L CONTENT T
E t 152185 = REMARKS
3 o« (2 $Ciz§ 20 40 e 8 WP e @ f il EE &
ELEV. Z|8 5 |oF | 2 2 [TSHEAR STRENGTH; Cu, KP R GRAIN SIZE
DEPTH DESCRIPTION SIBIFR |22 |58 | ¢ Incommm B Fi vane WATER CONTENT (%) 2 | DISTRIBUTION
£ L |8S|E 20 40 60 B0 10 20 30 40 KN/ms
314,90 GROUND SURFACE o B 18 |3 ' GR_SA S +CL
0.00 » mostly silty sand & gravel a
with a few cobble sizes,
occasional pieces of asphait, F
brown, moist. 214
{compact)
e {1 (ss|2e 313 @ o)
=
312.40
750 SAND & GRAVEL, pockels of i
sand, some cobbie sizes & b u x 312
possible bouldars, brown, wet. . e
{compact) P 128813 @ o
311,18 - :
3.7 BIOTITE HORNBLENDE GNEISS, 31
pinkish grey, excellent rock 3 |NQ Rec 100% RQD 98%
quality, unweathered.
310
4 {NQ
Rec 100% RQD 1004
309
5 INQ Rec 100% ROD 100%

END OF BOREHOLE

Notes:

1) This borehole forms part of
Highway 622 Underpass
Foundation Investigation.
%Borehole located at station

centreline as referenced to
Highway 522.

+033.3, offsat "6.5 m left of




RECORD OF BOREHOLE BH-3CF 1o

METRIC

MTO4 75240 QZ/1798

WP, _774-93-00 LOCATION 5093 641.5N, 3138056¢ ORIGINATED BY 1D,
DIST .54 HWY 11 BOREMOLE TYPE Hollow Stem Augers / CME-55 COMPILED BY M.D.
DATUM _Geodetic DATE May 12, 1998 CHECKED BY LG,
SOIL PROEY ™ 4 SPT TEST {N-Value) ® AsTe Vo uaub
L PROFILE SAMPLES |« 1Z | Cone PeNeTRATION TEST o | " Emor
[ E |KZ2las . HEMARKS
2l > |20 (=28 20 40 60 80 Wp @l | B &
ELEV. @ o | 8 € [ SHEAR STRENGTH; Cu, kP 59 GRAIN SIZE
BEPTH DESCRIPTION ﬁ % % %% E E § uNc{:ﬁ;pﬁ;gﬁ ;( l;:"ngm \?Amg WATER CONTENT {%) = DISTRIBUTION
g [z 2512 20 a0 6o g0 10 20 30 40 kN/ma
315.37 GROUND SURFACE & & ld GR_SA S +CL
g.00] SAND & occasional J
lumps of asphalt, brown, moist. £
{compact/dense) £
414,17 1]5%]2%8 & Q
1.2 SAND, brtzwn, yglet,F}&?es of A
organics, o55i0e . =3
¢ P compact) 2|ss|16 ® 0
313 L
3851 9 5] o
312,37 -
300 SILT, grey, trace of clay, wet.
9. (Very loose) 4188] 3 2@ 2
311.37
4.0 SAND, with gravel sizes, brown,
moist then wet below “6,.0 m 313
depth, occasional cobbles.
(compact} 5158118 &l o V% 83% 10%
310
618812 300|._m. o)
aos
7155119 -] Q
307,23 o
8.74 BIOTITE HORNBLENDE GNEISS, 307
pinkish grey, good to excelient 8 |NO Ree 97% ROD 76%
roek quality, slightly weathered to
unweathered.
306
o [NQ Rec 100% RQD 76%
308
10{NG Ree 100% RQD 94%
303.97 304
11,40 END OF BOREHOLE
} This borehole forms part of
Highway 522 Underpass
Foundation Investigation.
2) Borehole located at station
9+ 966.8, 5.0 m right of
cantrelirte as referencad to
Highway 522,




RECORD OF BOREHOLE C-4CP  1or: METRIC

MTGa4 7524C 07/1798

W.P. _774-93-00 LOCATION 5093 655.8N, 313 922.7E - ORIGINATED BY 1.0,
DIST _54 HWY 11 BOREHOLE TYPE Dynamic cone test | CME-58 COMPILED BY _M.D.
DATUM _Gsodetic DATE May 25, 1998 CHECKED BY _ LG,
SOl PROFILE SAMPLES 2] SPT TEST IN-Value) ® masc  wewIRE uawp
ﬁ » E&) CONE PENETRATION TEST e utm!: COMTENT Ly
|~ £ Ezlox = REMARKS
S e ¥ g-O z ] 2,0 4,0 6,0 BP wp Wi ant % &
o o =} [ & Zz 4
ELEV. sl E |nE|2%2 NGTH: Cu, KP 5 W GRAIN SIZE
DEPTH DESCRIPTION BIEIEE |22 | R S e s i vane WATER CONTENT (9%) 2 | DISTRIBUTION
x 12 e 88 > QUIEK TRIAXIAL X LAB SHEAR 20 0
i = 1 30 4 s
315,83 GROUND SURFACE ’(5 R 20 4 60 B0 o KNim*} GR SA Si + Ct
0.00 Dynamic cone test only.
318
34
313 (
312
.

31111 Z

%73 END OF CONE TEST DUE TO
BOUNCING REFUSAL ON

BEDROCK OR BOULDER
Notes:
1) This cone test forms part of
Highway 522 Underpass
Foundation Investigation.
2) Cone tgst iucated at station
10+ 085.0, on centreiine as
rafarenced to Highway 522.
3) Augered first ~0.3 m through
dense fill before driving cone test.




RECORD OF BOREHOLE C-bCP 1 o¢: METRIC

MTO4 7524C 071798

W.P.  774-93-00 LOCATION 5 093 6440 N, 313 758.1 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Dynamic cone test / CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE May 25, 1998 CHEGKED BY _LG.
SOl PROFILE SAMPLES o SPT TEST {N-Value) % puastie Yot utwb
E., | & | CONEPENETRATION TEST oo | o0 cowen it
5 £ lqzloyg 20 40 60 80 w £ REMARKS
=Elwe |ZE]83 , : : ' AR EE GRAI% SiZE
ELEV. o0 [« ¥ B=R- H TRENGTH; Cu, KP: =W
BERTH DESCRIPTION SEIEE |22 |58 | Dok rinvane WATER CONTENT (%) 2 | DISTRIBUTION
= 28 |& o a0 g0 10 20 30 40 kN
316,97 GROUND SURFACE @ 5 1d GR SA Sl +CL
0.00f Dynamic cone test only.
f"

316

-~
It
7

315
314 (
313
312
3t

N
310 7\

7.7 END OF CONE TEST DUE TO
BOUNCING REFUSAL ON
BEDROCK OR BOULDER

otas:
1) This cong test forms part of
Highway 522 Underpass
Foundation Investigation.
2) Cone test located at station
9+920.0, on centreline as
refarenced to Highway 522,
32) Augered first 0.3 m through
dense fill before driving cone fest.




RECORD OF BOREHOLE BH-6CP 1or

METRIC

MTOS 7524C 07/17/98

W.P,  774-83-00 LOCATION 5093 6568.9 N, 313 963.6 £ ORIGINATED BY LD,
s 4 H HOL P olow Stern Augers - D,
T 5 wYy 11 BOREHOLE TYPE Hollow § Augers | CME-55 COMPILED BY _M.D
DATUM _Geodstic DATE May 25, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES o SPT TEST (N-Valug} @ PLAgTC oe  Loum
— ﬁw g CONE PENETRATION TEST e Lt mONTENT Lot N AEMARKS
Sle| B |S8|2F| 20 4 60 wp bl | & E &
B w s El5% - 25 GRAIN SIZE
ELEV. o o Cu, SO
BEPTH DESCRIPTION 2E ¥ 20 | LB | SN e s oane WATER CONTENT (%) z DISTRIBUTION
g2 aoi= QUILK TRIAXIAL X LAB SHEAR
316.81 GROUND SURFACE % -1 20 40 60 8O 1 2 30 4 KNIme | GRS Si+ CL
5.00] ASPHALT, ~40 mm over o -
SAND, with gravel inclusions, o
brown to grey, some cobbles, L
moist to wet at base, . E
{tompact) L1851 24 [ o]
: 21588136 31% 2 )
314211 i RENETER: ! ] e}
Z.600 PEAT, numerous roots 450 mm “ = 314
thitk over -
SILTY SAND, with gravel, nmr ® o
nray/brown, wet. -
(compact) l 313

NG OT SOREOLE BUETO
REFUSAL TO AUGER O

AUG N
?EDROCK OR BOULDER

his barghole forms part of
Highway 522 Underpass
Foundation investigation.
2) Borehole located at station
10+ 126.0, on centreline as
referenced to Highway 522.
3) Borehole caved wet at "4.0 m
depth on completion.
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RECORD OF BOREHOLE BH-7CP 1or: METR!C

W.P. _774-83.00 LOCATION 5093 640.8 N, 313 713,20 € ORIGINATED BY 1D,
DIST 54 HWY 1] BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE May 25, 1998 CHECKED BY _ 1.G.
50\l PROFILE SAMPLES % ] SPT TEST (N-Value) ® mastic Mo uoun
- £ | & | CONEPENETRATION TEST o | W cowre e N CEMARKS
Sle| K [$8|2% 20 40 60 80 wp b oW | £ I "
v EI8e B |25 | S8 [Sransirenorr oo s, g GRAIN SIZE
S DESCRIPTION SREIEE 22|58 ¢ oo & Fmovane WATER CONTENT (%) % | DISTRIBUTION
12| B |28 |3 %o a0 60 80 10 20 30 40 Khjms
317.89 GROUND SURFACE > B 16 |2 GR_SA sl +CL
©.06] ASI ", mm over =
FiLL, roadbass.
-
0.70 SAND FiLL, brown, moist to wet, 37
some organic inclusions in parts. Foj1iss|n 8 [¢]
{loose/compact) =3
2]ssi 6 6L ® o) 0% B7% 33%
315,59
2.3 . v X
SiLY L. brown jLS ss 117 ! ® s
{compact) ’ i 215
j% 4{ss |24 ® 0
”O 114

END OF BOREHOLE DUE TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

1) This borehols forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
9+875.0, offset "4.5 m right of
centreline as referenced to
Highway 522, .

3) Borehole caved wet at “5.1 m
depth on completion.

3.
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RECORD OF BOREHOLE BH-8CP 101 METRIC

W 774-93-00 LOCATION 5 093 857.7 N, 313 8874 E ORIGINATED BY 1.D.

DIST 54 HWY 11 BOREHOLE TYPE Standard Augers { CME-55 COMPILED BY M.D.
DATUM _Geodetic DATE Jupe 24, 1998 CHECKED BY LG,
SOIL PROFILE SAMPLES | u SPT TEST {(N-Value) 4 PLASTIC jiviuip S Loy
e i g CONE PEMNETRATION TEST s LT CONTENY Lt
o B aZ | % 20 40 50 80 w = REMARKS
Izl B 3828 ! A A ! wp peme @ | E &
ELEV, D& |05 |22 | SHEAR STRENGTH; Cu, KP 5 GRAIN SIZE
BEFTH DESCRIPTION EIEIEE | |RE | Moome . & bun vane WATER CONTENT (%) % |  OISTRIBUTION
22 o |88 13 ®  QUICK TRIAXIAL X LAB SHE
bod
315.08 GROUND SUREACE = e 20 40 60 ao 10 20 30 40 KN | R sA 8+ CL
0.00 gAND & GRAVEL ALL, "road i
shoulder, brown, moist.
414,30 (compact) a
5,78 FILL, mostly sand & sand with silt o 9
& gravel, pieces of asphalt, brown, Fo11issi2 b S o 0% 73% 27%
wet at base. £
(compact)
2|85)19 3
312,95 ¥ s
2.9 SILT, grey, trace of sand, some -
!ayenng, wet, slightly cohesive in slss| 6 oy e 0% 0% 100%
parts.
(loose to compact) 31245
Some gravel sizes at base. 418516 ®

3

&

1 END OF BOREMOLE DUE TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

} This borehole forms part of
Highway 522 Underpass Approach
Investigation.

2) Borehole located at station

10 4050.0, offset 4.5 m left of

centrelme as referenced to

gBorehale was dry & open to
1.9 m depth on completion.




RECORD OF BOREHOLE BH-9CP 1or

METRIC

A4,02

WP 774-93-00 LOCATION 5093 650.1 N, 313 908.1 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE S$tandard Augers { CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE June 23, 1998 CHECKED BY 1.G,
SOIL PROFILE SAMPLES | o] SPT TEST (N-Value) 2 PLASTIC o Lt
H o ﬁ CONE PENETRATION TEST o e CONTENT umse
| e |kzlog 20 40 &0 80 w = REMARKS
£ =] ® [ WORPSVRIIY .4 SRV RYY!] =& &
ELEV lEluk [®E18% i e Z g GRAIN SIZE
LEV. 2oy | | & SHEAR STRENGTH; Cu, KP. =
BEBTH DESCRIPTION SlEIFE (22|5¢E Unconemen 8, Fied AN WATER CONTENT (%) z DISTRIBUTION
g 4 HEERE QUICK TRIAXIAL LAE SHEAR
51822 GROUND SURFACE B = z @ 20 40 80 B0 10 20 30 40 kKN/mel GR 8A S o+ CL
0.00f SAND & GRAVEL FILL, road - 315
shoulder, brown, moist.
314.47 {campact) i
575 'SAND FiLL, trace of organics, e |1iss| 2
brown, wet at base. 34
{very laose) E
2lss|a| ¥ ®
313,22 =
%00 SILT, grey, trace of sand, slightly 313
wel}?swe in parts, some layering, 3 Tss 11 ®
(lousa)
4ss| 8 312y

END OF BOREHOLE DUE 10
REFUSAL TD AUGER ON
BEDROCK OR BOULDER

1) This borehole forms part of
Highway 522 Underpass Approach
Investigation,

2) Borehole located at station
10+070.0, offset 4.5 m right of
centreline as referenced to
Highway 522, .

3) Water level was at “2.5 m &
hole was at ~2.6 m depth on
compietion.

MTO4 7524C 07:/17/98
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l RECORD OF BOREHOLE BH-10CP 1or+ METRIC
W.P. _ 774-83-00 LOCATION 5 093 660.9N, 3139373 E ORIGINATED BY LD.
DIST b4 HWY 11 BOREHOLE TYPE Standard Augers / CME-65 COMPILED BY _M.D,
DATUM _Geodetic DATE Jung 24, 1998 CHECKED BY .G,
' SOIL PROEILE SAMPLES b SPT TEST (N-Valuel ® - VoATRE o
I CONE PENETRATION TEST e wwit CONTENT L
s c Eglg. [ REMARKS
I g | éo 28 2]0 4f) 69 Bf) VP TR -S.. A =& &
o 5 El&E =z =
ELEV, o | B o= 28 TH: Cu, K 5 & GRAIN SIZE
’ BEFETH DESCRIPTION G o E2 1L E SHE&%&«.‘;&EQ T S e WATER CONTENT {%) 2 DISTRIBUTION
22 38 z QUICK TRIAXIAL < LAB SHEAR o 0 40 .
o GROUND SURFACE b 5 |a H» B & i KN/m®]GR_SA I+ CL
0.00 , road I
shoulder, brr.»(wn, moigt;
315,901 compac F
6,78 SAND FILL, frace of organics 318
brown, moist. ¢ ' Fo[1]ss| e =
{loose) E
314,15 215851 9 4
' 1.80f SILT, grey, trace of sand, some ! N4
fayeririg, wet. =
{loose to compact) P o
313
312,78 o
, 520, SILTY SAND & GRAVEL, a few 9,14 55|20 &
cobbles, brown, wet. b
{cormpact) CP 217
311,41 - 4
4,54] END OF BOREMOLE DUE TO
1 REFUSAL TO AUGER ON
BEDROCK OR BOULDER
Notes:
1) This borehole forms part of
Highway 522 Underpass
) Foundation investigation.
2) Borehola located at station
. 10+ 100.0, offset 4.0 m left of
centreline as referenced to
Highway 522,
3) Borehole caved wet at 3.3 m
l depth on cotmpletion.
,'w
@
o
l‘r:
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[
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RECORD OF BOREHOLE BH-11CP ror1 METRIC

w.p 774-83.00 LOCATION 5 083 656.6 N, 213 9878 E ORIGINATED BY 1D,
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-B5 COMPILED BY _M.D,
DATUM Geodatic DATE June 24, 1998 CHECKED BY .G,
SO PROFILE SAMPLES b SPT TEST {N-Value) & FLASTIE vetipt LD )
G | & | coNe PENETRATION TEST . | e cowon it
8 = E i 20 40 &0 20 w p REMARKS
= |z i Q=g L & e B 4| E &
ELEV <BlEg 2t |83 SHEAR STRENGTIE Cor s, g8 GRAIN SIZE
LELEY. DESCRIPTION 2lE|sE |28 1iFE % " Ern v WATER CONTENT (%) 2 DISTRIBUTION
PErT SIE|FE [S257|8 amwm. X o
fud (4] 3
317,40 GROUND SURFACE 5 B 15 1a 20 40 60 80 102 KNIm 1 GR  SA  Si + Cl
0.00] SAND & GRAVEL FILL, road -
shouider, browr, moist, 317
418, {compact) F
0.75 SAND FILL, trace of organics,
piaces of asphalt, brov?n, moist to Fo[1]ss| @ ®
wet. 0 ) F e
cose STes s ® o 8% 59% 33%
314.90 i 315
750 SILTY SAND & GHAVEL, some T13 (5828 ®
cobbles with traces of organics, ah
dark grey, wet.
{compact) S8 14 314 2

[
—_
»

3132 35

L

- IR OF SORERGLE BUE TS
REFUSAL TO AUGER ON
Not B EDROCK OR BOULDER
Gte

1) Tl-ns borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole lncate at station
10+ 150.0, offset 4.0 m right of
centrelme as referenced to

way
gﬁorahole caved wet at "3.9 m
depth on completion.

MTO4 7524C 0F/17/98




RECORD OF BOREHOLE BH-12CP 101 METRIC

W.P. 774-83-00 LOCATION 5083 641.0N, 313 778.4 ORIGINATED 8BY LD
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers | CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE June 23, 1998 CHECKED BY __1.G,
| | AMPLES w SPT TEST (N-Value) ® FLASTIE i LAt
SOl PRORLE - s E, | S | CONE PENETRATION TEST oo | 7 EE REMARKS
9 E {22198 20 40 60 80 w -
=lElwpg |ZE |35 G AT T GRaIl SiZE
ELEV. @l g ag | 2 & [ sHEAR STRENGTH: Cu, KPa R
DESCRIPTION El=lE 22 |EE|S 5 WATER CONTENT {%) z DISTRIBUTION
PEFTH SBIFE |S2]3°(S g, ¥ e :
OUND SUREACE = £° 4 20 40 B0 8O 10 20 80 40 KN/mS 1 GR SA (51 &CL
D & GRAVEL FILL, road 41k
ghoulder, brown. F
____{compact) F
SAND FIlL., some layering,
accasional organics, some silt, Fojssi 7 2158
muoist then wet at ~2.2 m depth. F
{toose to compact)
2]ss] 9 ®
Y| s
= |alssiza] ® e 0% 77% 23%
313.35
780 SILT, trace of sand & STohtly a1
cohesive i parts, some layering, alss| 8 5 e 5

gray/browh, wet.
{looge to compact)

312

an

310,15 —
&0y SILTY SAND & GRAVEL, (till-like) |9, 310 5
brown, a few &%t;‘t;lg)s, wet. | k{65525 L]

309

7.77] END OF BOREHOLE DUE TO
REFUSAL TO AUGER ON
ot SBEDHOCK OR BOULDER
s

1) This borehole forms part of

Highway 522 Underpass

Foundation Investigation.

2} Borehols located at station

9+ 940.0, offset "4.5 m right of

centreline as referenced to

Highway . .

3) Borehoie caved wet at 6.4 m

depth on completion,

4) Lab shear test was a pocket

penetrometer test.
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RECORD OF BOREHOLE BH-13CP ror1

METRIC

W.P. _774-93-00 LOCATION 5093 646.6 N, 313 737.9E ORIGINATED BY 1D,
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers /| CME-55 COMPILED BY M.D,
DATUM _Geodetic DATE June 24, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | = |2 | SPT TEST IN-Value) ® nasne  WOBME uowp
= - Wy 5 CONE PENETRATION TEST i CONTENT Lt HEMARKS
- =
Sle| B [$5(2E] 2 40 80 80 wp b | & E &
| ELEV. DESCRIPTION < 2|8 5 |05 |28 [Gmear STRENGTH; Cu, KPa 5 & GRAIN SIZE
DEPTH 215 TE |Z2]|== ¢ unconemen B rmo VANE WATER CONTENT {%) = DISTRIBUTION
= |z 3 08 Z QUICKTRIAXIAL X LAB BHEAR 40 s
s17.10] GROUND slyaFAc:s 5 R E 20 40 60 80 10 20 30 KNm |l GR 5a @+ CL
0.00 N RAV L1, road I 317
shoulder, brown.
318,44 {compaat) F
©.75] SAND FILL, brown, maist.
{loosa) Foj1]ss| 8 6 &
E
21881 3 o}
314.99 315
220 BILT, frace of sand, some layenng, "!
brown to grey, moist to wet. 3188115 23 o
{compact)
4[ss |14 g 5
213
312,30
T STV SAND & GRAVEL some 17115 | 5823 @
cobble sizes, brown, with wet SR 312
layers of sand, f:'
(loose to compact) s
o, ...
4r) 6551 8 2
o
310

7.53 END OF BOREHOLE DUE TO

REFUSAL TO AUGER ON
BEDROCK OR BOULDER
Notes:
1) This borehole forms part of
Highway 522 Underpass
F?ténda}:nln Ilnvestl ation.
orehole ocate E stanon
+900.0, offzset 4.0 m left of
centrelme as referenced to

gB way 5
orehole caved dry at
depth on completion.

“1.6m
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Core Recovery Core Description
BH#
Core # Depth (m) % % Depth Description
CR* RQD** (m)
HIGHWAY 522 BRIDGE FOUNDATION
1-CF 1 3.72104.72 100 - 98 3.72t0 6.89 | Biotite Horneblende Gneiss - light
4,72 t0 5.88 100 100 grey to pinkish white, fine to medium
3 5.88 to 6.89 100 100 grained, strong, unweathered, fractures

very widely spaced, dipped at 80 to 90°
from vertical, planar, smooth

3-CF 1 8.14t09.05 100 75 8.14 to 11.40 | Biotite Hornblende Gneiss
2 9.05 to 10.52 100 76 (Garnetigerous), pinkish white to light
3 10.52 to 11.40 100 94 grey, medium grained, strong
unweathered, fractures moderately
spaced, dipping at 0 to 10° and 80 to
90° from vertical, planar, smooth
*CR Core Recovery %

**RQD Rock Quality Designation %
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UNIFIED_SOIL_CLASSIFICATION
CLAY AND SILT SAND GRAVEL
FINE MEDIUM  |COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
108um 250um 4250 H50um 2.38mn 13.2mm 26.8mm SX.0mm
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GRAIN SIZE (mm)
FIGURE 1
%"..:},‘:;’.,:;ﬂ,,. ‘ GRAIN SIZE DISTRIBUTION
ALL SAMPLES FINE SAND W.P. 774-93-00
METRIC ?,'.f PROJ. No. S07524GC
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UNIFIED_SOIL_CLASSIFICATION
CLAY AND SILT SAND GRAVEL
FINE MEDIUM  |[COARSE|  FINE COARSE
MINISTRY SIEVE DESIGNATION (Mefric)
108pm 2800m 425 #0um 2.38men 13.2mm 26.8mm 53.0mm
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UNIFIED_SOIL_CLASSIFICATION
SAND GRAVEL
CLAY AND SILT
FINE MEDIUM [COARSE|  FINE COARSE
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FIGURE 3
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MTO/Proposed Crossing at Highwav 522 and Highwayv 11, District 54, Sudbury 507524G/C

Preface

Work Project GWP 774-93-00 is one of a series of projects for the four lane expansion of
Highway 11. The project involves the four lane design of Highway 11, from 4.0 km south of
Highway 522, northerly for 7.9 km. [t will result in the construction of a westerly by-pass of the
existing Highway 11 and the Town of Trout Creek.

This work project is located in the Townships of Laurier and Himsworth South, within the geographic
District of Parry Sound. The project requires geotechnical input for the following major components:

New pavement design for the entire length of the four lane by-pass, including associated
service roads.

New structure, Trout Creek South Interchange (underpass), Site 44-372.
New structure, Trout Creek, Northbound Lanes, Site 44-371.

New structure, Trout Creek, Southbound Lanes, Site 44-371.

New structure, Highway 522 (underpass), Site 44-370.

New structure, Trout Creek North Interchange (underpass), Site 44-369.

The following report deals with the new approach embankments for the flyover at Highway 522, Site
44-370. Separate reports will be submitted for the additional components.
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PART 1 FOUNDATION INVESTIGATION

1.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the new approach embankments for the flyover at Highway 522 and the
proposed King’s Highway 11, (Trout Creek By-Pass), at Site 44-370. It is Trow’s understanding that
a two span structure will be constructed, with the central pier located in the median of the proposed
King’s Highway 11. This report contains factual information (obtained from the field investigation)
pertaining to the design parameters required for the approach embankments along Highway 522.

1.2 Site Description and Geological Setting

1.2.1 Site Description

The site is located in the Township of South Himsworth at the proposed bridge structure for
Highway 522 and the proposed King’s Highway 11, Trout Creek By-Pass, at Site 44-370.

The proposed new, two-span bridge will be constructed to carry Highway 522 traffic over the four
lanes of King’s Highway 11. An 8 m grade increase of Highway 522 at the bridge abutments is
anticipated, in accordance with the proposed grading plan.

The terrain at the proposed bridge structure is relatively flat, although the grade of the existing
Highway 522 rises gently towards both the west and east sides. The grade of Highway 522, at the
bridge site is at elevation 315 m and the existing road then rises gradually some 5 m, over a distance
of approximately 240 m on the east side (up to Station 10+240), and 3 m, over approximately 200 m
on the west side (up to Station 9 + 800).

The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate the
proposed four lanes of the by-pass. This arrangement will require approach embankments along
Highway 522, approximately 240 m long (from the east side) and 200 m long (from the west side).
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No bedrock outcrops are visible in the immediate vicinity of the proposed bridge; however, a rock
cut is visible approximately 200 m along Highway 522 on the west side. There are mature trees, with
heavy underbrush on either side of Highway 522, i.e. along the alignment of the proposed King’s
Highway 11.

1.2.2 Geological Setting

According to OGS Maps 2544 and 2556, as well as Ontario Geological Survey Map P. 3160
(Quaternary geology, South River area), the site is located in what is known as the Central Gneiss
Belt, i.e. mainly felsic igneous rocks of the Mesoproterozoic Group.

The overburden is expected to be relatively shallow, comprising, for the most part, of detaic sands
and gravels with some prodeltaic deposits, mainly silts. A thin layer of basal, stoney, glacial till can
be expected immediately over the bedrock.

1.3 Investigative Procedures

1.3.1 General

Part 1 of this report describes the investigative procedures adopted for the geotechnical assessment
of the new approach embankments along Highway 522 at the proposed Trout Creek By-Pass, King’s
Highway 11. Properties of the overburden soils were obtained by in-situ and laboratory testing and
the procedures, employed during the investigation, are described below.

1.3.2 Field Investigation

The field work for the investigation related to the proposed Highway 522 approach embankments was
carried out on May 25 and June 24, 1998, and consisted of eight(8) boreholes (BH's 6-CP to 13-CP)
inclusive, and two(2) dynamic cone penetration tests (C-4CP and C-5CP). The dynamic cones and
boreholes were advanced to refusal at depths ranging from 3.5 m to 7.8 m. Boreholes 6-CP and 8-CP
to 11-CP, as well as cone C-4CP, were located along the 240 m length of the east side approach fills,
and boreholes 7-CP, 12-CP and 13-CP, and cone C-5CP along the 200 m length of the west approach
fills.
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The borehole and dynamic cone penetration locations are shown on the attached site plan, Drawing 1,
in Appendix A. These locations, as well as the surface elevations, were established by Trow’s field
technician and a survey crew from Marshall Macklin Monaghan, and are referenced to geodetic
datum.

The boreholes, cones and probes were advanced through the overburden soils using a truck mounted
CME-55 drill, equipped with solid and hollow stem augers, and supplied and operated by a soils
drilling contractor, Master Soil Investigation Limited. Soil samples were obtained by using a 51 mm
O.D. split-spoon sampler in conjunction with standard penetration tests (ASTM D1586) at
approximately 0.75 m and 1.5 m intervals. The standard penetration (N) values, together with the
blows from the dynamic cone penetration tests, were recorded and used to provide an assessment of
the compactness of the overburden soils. The recovered soil samples were used for identification and
laboratory testing.

Upon completion, boreholes were backfilled with auger cuttings from the same boreholes, and
compacted at regular intervals by applying back pressure with the auger. Where boreholes were
advanced within the pavement surface, cold mix asphalt was placed to adequately patch the damaged
area.

Details of the soil and bedrock conditions encountered in the boreholes are included on the logs in
the attached Appendix A. The additional two standard data sheets, included with the logs, provide
further details on soil descriptions for classification purposes. For completeness, two of the previous
boreholes (boreholes 1-CF and 3-CF), advanced for the bridge structure at the abutments, have also
been included.

1.3.3 Laboratory

The laboratory testing program for select soil samples consisted of the following:

. Natural moisture content determinations
. Grain size distribution analyses
. Laboratory shear tests

The laboratory test results are summarized on the attached borehole logs in Appendix A. The grain
size distribution for selected soil samples are presented in Appendix B.
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1.4 Subsurface Conditions

The borehole locations are shown on the site plan, Drawing 1, in Appendix A. Also included in
Appendix A are the borehole and dynamic cone penetration logs. Based on this information, the
following different soil layers were encountered:

’ fil

. silt

’ sand/sand and gravel
. bedrock

A summary of the above soil strata encountered in the boreholes, and inferred from the dynamic cone
penetration tests, is presented below.

1.4.1 Fill

The fill at the test locations is associated with the road construction materials for the existing
Highway 522. Beneath the present asphalt (~50 mm thick) and the base and subbase granulars
(~700 mm thick), an underlying layer of sand and/or sand and gravel fill was encountered, which
extends to depths generally in the 2.0 m to 2.5 m range. The fill is mostly sand, although it contains
random pieces of old asphalt, some gravel and/or cobble sizes, as well as minor organic staining and
contamination.

The compactness of the fill, based on the standard penetration resistance, “N”, value ranged from 4
to 36 blows/300 mm, indicating a loose to dense state.

Grain size analyses on samples of the material confirm that the deposit is mainly a fine sand with a
silt fraction of between 20% to 30%. Moisture contents vary from less than 10% above the water
table to about 20% below the groundwater table.
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1.4.2 Silt

A deposit of silt was encountered in five boreholes (boreholes 3-CF, 8-CP, 9-CP, 10-CP, 12-CP and
13-CP). This silt stratum is absent in the vicinity of the east abutment and is more prominent beneath
the west approach embankment (boreholes 12-CP and 13-CP). The silt contains some sand seams
and odd layering, where it is slightly cohesive. The standard penetration resistance “N” values ranged
from 4 to 14 blows/300 mm, indicating a loose to compact state of compaction. The thickness
ranged from 1 m (borehole 3-CF) to 3 m (borehole 12-CP), and the moisture content from 25% to
35%.

1.4.3 Sand and Gravel

A basal zone of sand and gravel was encountered in all boreholes, with the exception of
boreholes 8-CP and 9-CP. The deposit is reasonably well-graded with up to 31% silt sizes in places.
At some locations, the stratum appears to be weakly cemented, indicating a “till-like” structure. The
standard penetration resistance “N” values range from 9 to 25 blows/300 mm, indicating a loose to
compact condition. The thickness ranges from about 1 m at borehole 1-CF to 4 m at borehole 3-CF.
Moisture contents ranged from 5% to 20%.

1.4.4 Bedrock

Bedrock was confirmed by retrieving “NQ” size cores in the two boreholes at the abutments
(BH’s 1-CF and 3-CF) at depths of 3.72 m (~El. 311.2 m) and 8.14 m (~El 307.2 m).

Detailed descriptions of the rock are presented in Table 1-1 in Appendix A. Generally, the bedrock
can be described as a pinkish, light grey, biotite-Homblende gneiss. The rock is strong and
unweathered for the most part. Rock core recovery was 100% for all runs and the Rock Quality
Designation (RQD) values ranged from 75% to 100%.

In the remaining boreholes and cones, the refusal levels noted in the logs are assumed to represent
the bedrock surface.
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1.5 Groundwater Conditions

Information regarding the groundwater levels at the site was obtained by measuring the water levels
in the open boreholes after completion of drilling. The groundwater table, at the time of the field
work, was established at a depth of about 2 m to 2.5 m below grade, which is close to the grade of
the surrounding, poorly drained, relatively flat terrain.

Seasonal variations in the water table should be expected with higher levels during wetter periods of
the year (such as spring thaw and late fall) and lower levels during drier periods.
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Part2 Discussion and Recommendations

2.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the new approach embankments for the flyover at Highway 522 and the
proposed King’s Highway 11, Trout Creek By-Pass, at Site 44-370. Itis Trow’s understanding that
a two-span structure will be constructed, with the central pier located in the median of the proposed
King’s Highway 11. This report contains factual information (obtained from the field investigation)
pertaining to the design parameters required for the approach embankments along Highway 522.

As outlined in Part 1 of this report, the grade at Highway 522 at the structure is at elevation 315 m
and the existing road then rises gradually some 5 m, over a distance of approximately 240 m on the
east side (up to station 10+240) and 3 m, over approximately 200 m on the west side (up to station
9+800). The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate
the proposed four lanes of the By-Pass.

This geometric arrangement will require approach fills, along Highway 522, up to a maximum of 8
m at the proposed bridge abutments, before tying into the existing grade of Highway 522 at a distance
of 240 m on the east side and 200 m on the west side.

2.2 Design

2.2.1 Stability

Based on the results of the boreholes and dynamic cone penetration tests, no instability problems are
anticipated. The underlying granular soils, i.e. sand, silts and sand and gravels, are adequate to safely
support the proposed approach fill heights.

Surficial topsoil and compressible organics, under the plan limits of the embankments where the
approach fills encroach off the existing road construction and over the adjacent soils, should be
removed. Based on Trow’s adjacent borings for the pavement design of Highway 11, it is likely that
the surficial organics will be about 300 mm to 600 mm thick.
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If rock fill is used to construct the approach embankments, the side slopes and forward slopes should
be constructed at a maximum gradient of 1.25H:1V. If Granular “B” is used, the side slopes should
be constructed at 2H:1V.

2.2.2 Settlements

Since the proposed approach embankments are underlain by granular soils, long-term consolidation
settlements are not anticipated. There will likely be some initial settlement, due to the surcharge
embankment loads; however, it is anticipated that they will be less than 50 mm and will occur, almost
entirely, within the construction phase.

2.3 Construction Considerations
2.3.1 Excavations

Temporary subexcavation for surficial organics is not expected to exceed 1 m and hence should be
straightforward. Side slopes will remain stable if cut back at an angle of 1H:1V.

2.3.2 Raising the Grade

Rock fill or other granular fills placed below the groundwater table may be end-dumped. Once the
material is 0.3 m above the water table, placement and compaction of the fills should be carried out
according to current OPS specifications and practices.

2.4 General

The information presented in this report is based on a limited investigation designed to provide
information to support an overall assessment of the current geotechnical conditions for the proposed
approach embankments along Highway 522 at King’s Highway 11, Trout Creek By-Pass. The
conclusions presented in this report reflect site conditions existing at the time of the investigation.
It is noted that the soil boundaries indicated on the logs are inferred from discontinuous sampling and
observations during drilling. These boundaries are intended to reflect transition zones for the purpose
of geotechnical design and should not be interpreted as exact planes of geological change.
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This report has been prepared by Mr. 1. W. Gore, P.Eng., and Mr. E.A. Gonneau, P.Eng., and
reviewed by Mr. S.E. Gonsalves, P Eng. The field investigation was performed by Mr. 1. Dumpis,
CE.T.

We trust this report is satisfactory for your purposes. Should you have any questions, please do not

hesitate to contact this office.

IL.W. Gork, M.SQ,
Principal

Sfﬁéng/

Vice President

Encl.

Dist: Ministry of Transportation (8)
Planning & Design
Mr. E. Gallant

Marshall Macklin Monaghan (1)
Mr. R.D. Kivi, P.Eng.
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RECORD OF BOREHOLE BH-1CF 1o+

METRIC

Ny I R BN A B BN B SN B B TN B R BE N B e

Notes:

1) This barehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
10+033.3, offset "6.9 m left of
centreline as referenced to
Highway 522,

W.P. 774-93-00 LOCATION 5093 657.8N, 313 870.8E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Hollow Stem Augers / CME-55 COMPILED BY M.D.
DATUM Geodetic DATE May 12, 1998 CHECKED BY LG.
SOIL PROFILE SAMPLES | Y SPT TEST (N-Value) 2 PLATIC Wém%: vauin
w 5 CONE PENETRATION TEST —— L COMTENT LT
™ s T = REMARKS
Q <5 7 20 40 B0 B0 ; oW L wi — T %
slElwe |2E|85 ' ' l ' " R GRAIN SIZE
ELEV. a [T a5 | £ & | SHEAR STRENGTH: Cu, KPa =
DEPTH DESCRIPTION cIiE|E 22 |55 |9 unconemen FIELD) VANE WATER CONTENT (%) 2 DISTRIBUTION
&t = 08 a L auIck THIA4XIAL X LAR SHBESR 10 20 20 40 .
3
arasol GROUND SURFACE 7 & |d 20 40 60 m>lGR SA Sl +cCL
0.00] FILL, mostly silty sand & gravel F
with a few cobble sizes,
occasional pieces of asphalt, E
brown, moist. 114
{compact)
e {1]ss{zs8 13 ® o
F
312.40
2.50| SAND & GRAVEL, pockets of G~
sand, some cobble sizes & - e ! 312
possible boulders, brown, wet. ~ =
{compact) C- 2 |ss|13 @ o
311.18) -©
3.7 BIOTITE HORNBLENDE GNEISS, amn
pinkish grey, excellant rock 3 |NQ Rec 100% RQD 98%
quality, unweathered.
310
4 |INQ
Rec 100% RQD 100%
309
5 (NQ Rec 100% RQD 100%
308.01
6.8 D OF BOREHOLE

-
WMT04 75
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RECORD OF BOREHOLE BH-3CF 1o+

METRIC

END OF BOREHOLE

1) This borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
9+ 966.8, 5.0 m right of
centrelineg as referenced to
Highway 522.

W.P.  774-93-00 LOCATION 5093641.6N, 3138056 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Hollow Stem Augers / CME-55 COMPILED BY M.D.
DATUM Geodstic DATE May 12, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | = | = SPT TEST (N-Value) ® PLASTIG NMosTRE  uaup
B, | S | CONEPENETRATION TEST — | wwr CONTRMT L
[ E |kzlog o I REMARKS
S e e EI= - 20 40 60 8 wp ————a%——wi =z &
ELEV. SRleg |25 |8 ¢ [Seanstrenorr coxre 2g GRAIN SIZE
DEFTH DESCRIFTION = Z| = = %% = UnCONFNED 8 FIELD vANE WATER CONTENT (%) z DISTRIBUTION
7B |88)8 |° 20 a0 60 80 10 20 30 40 kN/m>
= = m
315.37 GROUND SURFACE 7 g & |d GR_SA Si+cCl
0.00| SAND & GRAVEL FILL, occasional 5
lumps of asphalt, brown, moist. 35
{compact/dense) F
1417 1(85|29 @ e}
1.2 SAND, brown, wet, traces of AV 34
organics, (possible FILL). ==
{compact) 2(ss5]16 2 0
K 313 —\
|3|ss| 9 ® o
31;.;,37
.0 SILT, grey, trace of clay, wet.
(very loose) 4185| 3 312F@ o
311.37
4000 SAND, with gravel sizes, brown,
maist then wet below "6.0 m an
depth, occasional cobbles. L.
{compact) - |5)155|18 [} 7% 83% 10%
310
6 (8512 309 !
308
{7 ss] e dq o}
307.23)
8.14] BIOTITE HORNBLENDE GNEISS, 307
pinkish gray, good to excellent 8 [NQ Rec 97% RQD 76%
rock quality, slightly weathared to
unweathered.
306
9 [NO Rec 100% RAD 76%
308
10|{NQ Rec 100% RQD 94%
303.87] 304,
11,40]

MTO4 7524C Q7)17/98
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RECORD OF BOREHOLE C-4CP 1or1 METRIC

-

W.P. _774-93-00 LOCATION 5093 655.8 N, 313 922.7 E ORIGINATED BY i.D.
DIST &4 HWY 11 BOREHOLE TYPE Dynamic cone test / CME-55 COMPILED BY _M.D,
DATUM Geodetic DATE May 25, 1938 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | o 4 SPT TEST (N-Value) @ PLASTIC wonsTRE noue
= G, [ & | cone PENETRATION TEST — war conteNT i REMARKS
g z|?hg =
g x g gg g § 2IO 4]0 6|0 BIO wp | i I wl % é &
ELEV. <|212 G |25 |2 & [ SnEAR STRENGTH: Cu, KPa =] GRAIN SIZE
DEFTH DESCRIPTION cE|EE [22]%E ConEED W FIELD VANE WATER CONTENT (%) z DISTRIBUTION
a2 5 |2 alz ®  QUICK TRIAXIAL X LAB SHEAR
= ] 30 40 3
315,83 GROUND SURFACE & i o » % & e 0 KNIm*]GR_SA Sl +cCL
0.00 Dynamic cone test only.
315 \
34
13 (
312
.

31111 Z

272 END OF CONE TEST DUE TO
BOUNCING REFUSAL ON
BEDROCK OR BOULDER

Notes:

1) This cone test forms part of

Highway 522 Underpass

Foundation Investigation.

2) Cong tast located at station

10+085.0, on centreline as

referenced to Highway 522.

3) Augered first 0.3 m through

dense fill before driving cone test.
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RECORD OF BOREHOLE C-5CP 1or1

METRIC

W.P. 774-93-00 LOCATION 5 093 644.0N, 3137581 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Dynamic cone test / CME-bb COMPILED BY _M.D.
DATUM _Geodetic DATE May 25, 1998 CHECKED BY 1.G.
) NATURAL
SOIL PROFILE SAMPLES o SPT TEST (N-Value) @ FiaSTIC MOSTRE  oun
= E o | S CONE PENETRATION TEST —— 1T GONTENT L _ REMARKS
g 4 |05
g & | W g gg g § 2'0 4'0 6'0 8‘0 wp bl E é GRAIi SIZE
ELEV. Do 5 195 1= & | SHEAR STRENGTH: Cu, KP: S @
SEPTH DESCRIPTION ElElr B |22 |28 |0 tnconmmen B o vane WATER CONTENT (%) ES DISTRIBUTION
212 o ol l= ®  QUICK TRIAXIAL * 1AB SHEAR
316.92 GROUND SURFACE 7 B |57 |2 20 40 80 8O 10 20 30 40 kN/m> | GR SA S| +CL
0.'00 Dynamic¢ cone test only.
316 -l
315
314
213
312 \
31N
v_#b
310 \
]
309.15]
7.77] END OF CONE TEST DUE TO
BOUNCING REFUSAL ON
BEDROCK OR BOULDER
Notes:
1) This cone test forms part of
Highway 522 Underpass
Foundation Investigation.
2) Cong test located at station
9+920.0, on centraling as
referenced to Highway 522.
3) Augered first 0.3 m through
dense fill before driving cone test.
m
o
Q
=
=)
Q . I ’
o
o
uwy
P
=+
o] *
—
=




RECORD OF BOREHOLE BH-6CP 1o+ METRIC

*

MTO4 7524C Q7/17/88

W.P. 774-93-00 LOCATION 5093 658.9N, 313 963.6 E ORIGINATED BY 1.D.
DIST &4 HWY 11 BOREHOLE TYPE Hollow Stem Augers / CME-55 COMPILED BY M.D.
DATUM _Geodetic DATE May 25, 1998 CHECKED BY 1.G.
w HATURAL
S0IL PROFILE SAMPLES 5 SPT TEST {N-Value) @ PLASTIC MOISTURE Liauin
- S | & | conereNETRATION TEST . | wn cowreNT . FEMARKS
Slel ¥ |£8]ZF 20 40 80 80 wp b oW wo | eI o
ELEV 2w e |55 | 2% [SreanstrenaT cukre el GRAIN SIZE
DEPTH DESCRIPTION Ll st 2 z2 (g E UNCONEINED & FIELD VANE WATER CONTENT (%) = DISTRIBUTION
212 B 3 alz QUICK TRIAXIAL X LAB SHEAR 2 30 40
= S 20 40 60 80 10 KN/m? |
316.81 GROUND SURFACE @ P |6 |a GR sAa Sl +CL
0.00| ASPHALT, - 40 mm over C .
SAND, with gravel inclusions,
brown to grey, some cobbles, -
moist to wet at base. . 316
{compact) 1155 24 [+=] &)
2]|%5]36 s Joal O
314.21 .']3iss| 8 ! & =]
2.6 PEAT, numerous roots 450 mm | [ = 314
thick over - o
SILTY SAND, with gravel, alss] g @
grey/brown, wet. (]
{compact) l 33

3.96) END OF BOREHOLE DUE TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

Notes:

1) This borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
10+ 126.0, on centreling as
referenced to Highway 522.

3) Borehole caved wet at "4.0m
depth on completion.
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RECORD OF BOREHOLE BH-7CP 1ors

METRIC

REFUSAL TO AUGER ON
BEDROCK OR BOULDER

Notes:

1) This borehole forms part of
Highway 5§22 Underpass
Foundation Investigation.

2) Barehole jocated at station
9+875.0, offset "4.5 m right of
centreline as referenced to
HigBhwav 522,

3) Borehole caved wset at “5.1 m
depth on completion.

W.P. _774-93-00 LOCATION 5 093 640.8 N, 313 713.2 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM Geodetic DATE May 25, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | o 4 SPT TEST (N-Value) 2 PLASTI Mot L
= & o 5 CONE PENETRATION TEST — Limiy CONTENT M - REMARKS
g Zlow
= A §g z & 20 40 60 80 wp bWl | 5 & &
ELEY. al¥E 125 |2 [SHEAR STRENGTH: Cu, KP el GRAIN SIZE
DEPTH DESCRIFTION E 2 % g Zg ’c_t 3 C;S UNCONFINED lij.u \?ANE WATER CONTENT (%) z DISTRIBUTION
z2 = 88 z ®  QUICK TRIAXIAL X LAB SHEAR 40
= 20 40 60 80 10 20 30 kN/m?2
317.89 GROUND SURFACE & B [5 |a GR SA si+cCL
ASPHALT, 40 mm over -
FILL, roadbase.
F
SAND FILL, brown, moist to wet, 317
some organic inclusions in pans. F IREERRE [ o
{loose/compact) &
2|ssie 1sL® o 0% 67% 33%
s TAND & GRAVEL, ©
2.3 SILTY SA . Drown, .
:svet. U] L alss|17| ¥ ® q
{compact) N = 315
JL 418824 @ o}
- 214
2 b
4.1 END OF BOREMOLE DUE TO

MTO4 7524C 07/17/88
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RECORD OF BOREHOLE BH-8CP 1o

METRIC

TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

1) This borehols forms part of
Highway 522 Underpass Approach
Investigation.

2) Borehole located at station
10+050.0, offset "4.5 m left of
centreline as referenced to
Highway 522,

3)gBorehole was dry & open to
“1.9 m depth on completion.

w.p. 774-93-00 LOCATION 5 093657.7 N, 3138874 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-B5 COMPILED BY M.D.
DATUM _Geodetic DATE June 24, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | 4 SPT TEST (N-Value) @ FLagTE WOSTORF  oup
= S, | & | CONE PENETRATION TEST o | W7 coNTET LT FEMARKS
€ Z|og -
olzl P |fglz¢ 20 40 60 80 wpb——e% w5 &
ELEV. DESCRIPTION <2828 |g5 |2 2 | SHEAR STRENGTH: Cu, KPa S 4 GRAIN SIZE
DEPTH EElrE |32 |2 UNCONFINED I FIELD VANE WATER CONTENT (%} = DISTRIBUTION
é =z o =) 8 a L4 QUICK TRIAXIAL X OLAB SHBESR 10 20 20 40
= ] 20 40 6 kN/m?
315.05! GROUND SURFACE n m | & v m*IGR SA 5+ CL
0.00] SAND & GRAVEL FILL, ~road =
shoulder, brown, moist.
314.30 {compact) F
0.78] FILL, mostly sand & sand with silt oy 9 9
& gravel, pieces of asphalt, brown, 18812 314 R 0% 73% 27%
wet at base. F
{compact)
2185119 [
312.95 h 4 313
2.1 SILT, grey, trace of sand, some =
Igg{g;mg, wet, slightly cohesive in 3|88 6 [ ol 0% 0% 100%
" {loose to compact) 31345 e
Some gravel sizes at base. 4185 6 ®
3.51 END OF BOREHOLE DUE

MTO4 7524C 07:17/98




RECORD OF BOREHOLE BH-9CP 1or

METRIC

REFUSAL TO AUGER ON
BEDROCK OR BOULDER

1) This borehole farms part of

Investigation.

2) Borehole located at station

10 +070.0, offset "4.5 m right of
centreline as referenced to
Hi%r\llway 522, .

3) Water level was at "2.5 m &
hote was at “2.6 m depth on
completion.

Highway 522 Underpass Approach

W.P. 774-93-00 LOCATION 5 093 650.1 N, 313 908.1 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-5% COMPILED BY M.D.
DATUM Geodestic DATE June 23, 1998 CHECKED 8Y 1.G.
w . @ 3 HATURAL
SOIL PROFILE SAMPLES E ° g EE)LEEIE;E-‘I‘\](ENI'F\(/:"TL;CB)'N TEST ::.';\I%;TIC MolaTuRe vaup
[ = -
ol.| & [2]23 20 40 60 80 we | M qw |eE REMARKS
L8] w AL I l : : z 3 GRAIN SIZE
ELEV. 2lafz lag|E SHEAR STRENGTH: Cu, KPa 5 d
DEPTH DESCRIPTION sz it z2 |3 & UNCONFINED FieLD VANE WATER CONTENT (%) E DISTRIBUTION
g % 8 8 a QUICK TRIAXIAL XOLAB SHEAR
a
315.22 GROUND SURFACE @ 5 1d R 1020 30 40 KNim* | GR SA sl +CL
0.00] SAND FILL, road = 315
shoulder, brown, moist.
314,47, {compact} F
0.75| SAND FILL, trace of organics,
brown, wet at base. Fojr]ss| 2 214
(very loose) F
20ss|a | ¥ ®
313,22ﬂ =
2.0 SILT, grey, trace of sandl, slightly 313
svoar'{e.:swe in parts, some layering, 3 188 111 @
(loose)
4|ss| 8 N2y
311.20
4.02| END OF BOREHOLE DUE TO

MTO4 7624C 07/17/98
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RECORD OF BOREHOLE BH-10CP 1 or+
B METRIC
W.P. 774-93-00 LOCATION 5 093 660.9 N, 313 937.3 E ORIGINATED BY 1.D.
DIST _54 HWY 11 BOREHOLE TYPE Standard Augers /[ CME-55 COMPILED BY _M.D.
DATUM Geodetic DATE Juns 24, 1998 CHECKED BY _ 1.G.
SOIL PROFILE SAMPLES | o o SPY TEST (N-Value) 2 FLARTIE ORTORE Lzt
- d o 3 CONE PENETRATION TEST  o—— LM conmT R
= E |2 |23 20 40 60 8O | " twi | e E REMARKS
25wk |ZEB|BE i L . - e v z 8 GRAlﬁSlZE
ELEV. @I85 log | F & | SHEAR STRENGTH: Cu, KP =
DEPTH DESCRIPTION 21z B 12215 E g unconrmen . B FieLD vANE WATER CONTENT (%) S DISTRIBUTION
g2 = ac|= #  QUICK TRIAXIAL X AR SHEAR
315.95 GROUND SURFACE 5 B [5°]4 20 40 80 80 20 30 40 kNm3l GR SA 81+ CL
0.00| SAND & GRAVEL FILL, road =
shoulder, brown, moist.
315.20) {compact) F
0.75] SAND FILL, trace of organics, 315
brown, moist. Fojiyss| e [T
{loose) F
314.15 2155) 9 @
l .80 SILT, grey, trace of sand, some ! e
layering, wet. =
{loose 10 compact) 3lss | 11 ®
313
312,75
3.29 SILTY SAND & GRAVEL, a few  [1.[ |4 |55|20 4 o
cobbles, brown, wet. Ll
{compact) o’[a 2132
311,41 :
4.54 END OF BOREHOQLE DUE TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER
Notes:
1) This borehole forms part of
Highway 522 Underpass
Foundation Investigation.
2) Borehols located at station
10+100.0, offset 4.0 m left of
centreling as referenced to
Higé-nway 522,
3) Borehole caved wet at “3.3 m
I depth on completion.
lm
(=]
=
=
=)
lU
bk
o
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~
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RECORD OF BOREHOLE BH-11CP 1o+ METRIC

-

W.P. _774-93-00 LOCATION 5093 656.6 N, 313 987 .8 E ORIGINATED BY |.D.
DIST b4 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY M.D.
DATUM _Geodetic DATE June 24, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | 4 SPT TEST (N-Value) @ PLASTIC VOSTRE  uaup
= S |3 CONE PENETRATION TEST e CONTENT LT AEMARKS
- =
g @« "E’ %5 ; g 2,0 410 6,0 3,0 wp b Wi 5 &
w ks Eloxg z ©
ELEV. < |28 5 |25 | = 2 [SHEAR STRENGTH; Cu, KPa 5y GRAIN SIZE
DERTH DESCRIPTION FEIEE 22 |<E ncoNENED UL FIELD VANE WATER CONTENT (%) 3 DISTRIBUTION
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1} This borehole forms part of

Highway 522 Underpass

Foundation Investigation.

2) Borehole located at station

10+ 150.0, offset ~4.0 m right of

centreline as referenced to

HigBhway 522,

3) Borehole caved wet at 3.9 m

depth on completion.
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RECORD OF BOREH

OLE BH-12CP 1or1

METRIC

REFUSAL TO AUGER ON
BEDROCK OR BOULDER

Notes:

1) This borehole forms part of
Highway 522 Underpass
Foundation investigation.

2) Borehole located at station
9+ 940.0, offset "4.5 m right of
centreline as referenced to
Higé'nwav 522,

3) Borehole caved wet at “6.4 m
depth on completion.

4) Lab shear test was a pocket
penatrometer test.

W.P. 774-93-00 LOCATION 5093 641.0N, 313778.4 ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-Bb COMPILED BY _M.D.
DATUM _Geodetic DATE June 23, 1998 CHECKED BY _ LG.
w NATURAL
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n
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[ F 309
U‘
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W.P. _774-93-00 LOCATION 5 093 646.6 N, 313 737.9 E ORIGINATED BY |.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE June 24, 1998 CHECKED BY .G,
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Highway 522 Underpass

Foundation Investigation.

2) Borehole located at station

9+ 900.0, offset 4.0 m left of

centreline as referenced to

Highway 522,

3) Borehole caved dry at 1.6 m

depth on completion.
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Core Recovery Core Description
BH#
Core # Depth (m) % % Depth Description
CR* RQD** (m)
HIGHWAY 522 BRIDGE FOUNDATION

1-CF 1 3.72t04.72 100 98 3.72t0 6.89 | Biotite Horneblende Gneiss - light

2 47210 5.88 100 100 grey to pinkish white, fine to medium

3 5.88 to 6.89 100 100 grained, strong, unweathered, fractures

very widely spaced, dipped at 80 to 90°
from vertical, planar, smooth

3-CF 1 8.1410 9.05 100 75 8.14 to 11.40 | Biotite Hornblende Gneiss
2 9.05 to 10.52 100 76 {Garnetigerous), pinkish white to light
3 10.52 to 11.40 100 94 grey, medium grained, strong
unweathered, fractures moderately
spaced, dipping at 0 to 10° and 80 to
90° from vertical, planar, smooth
*CR Core Recovery %
**RQD Rock Quality Designation %

Mo
waden
AN\



APPENDIX B

-



UNIFIED_SOIL_CLASSIFICATION X
CLAY AND SILT SAND GRAVEL
FINE MEDIUM | COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
106um 250um  42%m 850m 2.38mmm 13.2mm 26.5mm 83.0rm
100 55,:"1\ Toum , 15(?.!!1 ]mln . EO0um 1.18mm 2‘(h1l'llI 4.731"!\1 U.5|lllm . 19.C:ﬂ'll| . 37.5Imlrl ?.Tnmn
V.
90
.’l' 1]
M
80 7
70 /]
/
2 60 /' /
7 [; /
. R IA
® 50 1/
5 ; 1
& / LEGEND
o 40 1 B.H. SAMPLE{EL(m)| svmBOL
%0 ] 7CP| 2 [315.0
h N 8cP| 1 [314.0] ==——
2cF 3 [313.5] —-—
20
10
0
0.001 0.010 0.100 1.000 10.000 100.000
GRAIN SIZE (mm)
FIGURE 1
Tramsporiation | GRAIN SIZE DISTRIBUTION
ALL SAMPLES FINE SAND W.P. 774-93-00
METRIC Ef PROJ. No. S07524GC




,

UNIFIED SOIL CLASSIFICATION
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Preface

Work Project GWP 774-93-00 is one of a series of projects for the four lane expansion of
Highway 11. The project involves the four lane design of Highway 11, from 4.0 km south of
Highway 522, northerly for 7.9 km. It will result in the construction of a westerly by-pass of the
existing Highway 11 and the Town of Trout Creek.

This work project is located in the Townships of Laurier and Himsworth South, within the geographic
District of Parry Sound. The project requires geotechnical input for the following major components:

. New pavement design for the entire length of the four lane by-pass, including associated
service roads.

. New structure, Trout Creek South Interchange (underpass), Site 44-372.
. New structure, Trout Creek, Northbound Lanes, Site 44-371.

. New structure, Trout Creek, Southbound Lanes, Site 44-371.

. New structure, Highway 522 (underpass), Site 44-370.

. New structure, Trout Creek North Interchange (underpass), Site 44-369.

The following report deals with the new bridge structure at Highway 522, Site 44-370. Separate
reports will be submitted for the additional components.
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PART 1 FOUNDATION INVESTIGATION

1.1 Introduction

This submission presents the results of a geotechnical foundation investigation by Trow Consulting
Engineers Ltd. (Trow) for the proposed crossing at Highway 522 and the proposed King’s Highway
11 (Trout Creek By-Pass), at Site 44-370. It is Trow’s understanding that a two span structure will
be constructed, with the central pier located in the median of the proposed King’s Highway 11. This
report contains factual information (obtained from the field investigation) pertaining to the design
parameters required for the bridge foundations and related earthworks.

1.2 Site Description and Geological Setting

1.2.1 Site Description

The site is located in the Township of South Himsworth at the proposed Highway 11 (Trout Creek
By-Pass), and Highway 522 intersection, approximate Station 11+224 along the proposed
Highway 11, which corresponds to Station 10+000, along Highway 522 at this location.

The proposed new, two-span bridge will be constructed to carry Highway 522 traffic over the four
lanes of King’s Highway 11. An approximately 8 m grade increase of Highway 522 at the bridge
abutments is anticipated, in accordance with the proposed grading plan.

The terrain at the proposed bridge structure is relatively flat, although the grade of the existing
Highway 522 rises gently towards both the west and east sides. The existing grade of Highway 522,
at the bridge site, is at elevation 315 m and the road then rises gradually some 5 m, over a distance
of approximately 240 m on the east side (up to Station 10+240), and 3 m, over approximately 200 m
on the west side (up to Station 9 + 800).

The grade of Highway 522 will be raised to elevation 323 m at the bridge to accommodate the
proposed four lanes of the by-pass. This arrangement will require approach embankments along
Highway 522, approximately 240 m long (from the east side) and 200 m long (from the west side).
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No bedrock outcrops are visible in the immediate vicinity of the proposed bridge; however, a rock
cut is visible approximately 200 m along Highway 522 on the west side. There are mature trees, with
heavy underbrush on either side of Highway 522, i.e. along the alignment of the proposed King’s
Highway 11.

1.2.2 Geological Setting

According to OGS Maps 2544 and 2556, as well as Ontario Geological Survey Map P. 3160
(Quaternary geology, South River area), the site is located in what is known as the Central Gneiss
Belt, i.e. mainly felsic igneous rocks of the Mesoproterozoic Group.

The overburden is expected to be relatively shallow, comprising, for the most part, of detaic sands
and gravels with some prodeltaic deposits, mainly silts. A thin layer of basal, stoney, glacial till can
be expected immediately over the bedrock.

1.3 Investigative Procedures

1.3.1 General

Part 1 of this report describes the investigative procedures adopted for the geotechnical assessment
of the Highway 522 flyover structure at Trout Creek By-Pass, King’s Highway 11. Properties of the
overburden soils were obtained by in-situ and laboratory testing and the procedures employed during
the investigation, are described below.

1.3.2 Field Investigation

The field work for the investigation related to the proposed bridge structure was carried out between
May 12 and May 13, 1998, and on May 25, 1998, and consisted of five(5) boreholes
(BH’s 1-CF to 5-CF), three(3) dynamic cone penetration tests (C-1CF to C-3CF) and four(4)
additional auger probes (AP-1CF to AP-4CF). Atleast three (3) explorations were completed at each
of the foundation elements. The probes, dynamic cones and boreholes were advanced to depths
ranging from 3.7 mto 11.4 m.

Trow
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The borehole, probe and dynamic cone penetration locations are shown on the attached site plan,
Drawing 1, in Appendix A. These locations, as well as the surface elevations, were established by
a survey crew from Marshall Macklin Monaghan, and are referenced to geodetic datum.

The boreholes, cones and probes were advanced through the overburden soils using a truck mounted
CME-55 drill, equipped with solid and hollow stem augers, and operated by a soils drilling contractor,
Marathon Drilling Limited. Soil samples were obtained by using a 51 mm O.D. split-spoon sampler
in conjunction with standard penetration tests (ASTM D1586) at approximately 0.75 m and 1.5 m
intervals. The standard penetration (N) values, together with the blows from the dynamic cone
penetration tests, were recorded and used to provide an assessment of the compactness of the
overburden soils. The recovered soil samples were used for identification and laboratory testing,

Upon completion, boreholes were backfilled with auger cuttings from the same boreholes, and
compacted at regular intervals by applying back pressure with the auger. Where boreholes were
advanced within the pavement surface, cold mix asphalt was placed to adequately patch the damaged
area.

At three (3) of the borehole locations, i.e. at each of the three foundation elements, conventional rock
coring techniques were used to advance the boreholes approximately 3 metres into the underlying
bedrock. An “NQ” size core barrel and casing were used and core samples of the bedrock were
retrieved for rock quality determination and classification.

Details of the soil and bedrock conditions encountered in the boreholes are included on the logs in
the attached Appendix A. The additional two standard information sheets included with the logs,
provide further details on soil descriptions for classification purposes.

1.3.3 Laboratory

The laboratory testing program for select soil samples consisted of the following:

. Natural moisture content determinations
. Grain size distribution analyses
. Laboratory shear tests

Trow
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The laboratory test results are summarized on the attached borehole logs in Appendix A. The grain
size distribution for selected soil samples are presented in Appendix B.

1.4 Subsurface Conditions

The borehole locations are shown on the site plan, Drawing 1, in Appendix A. Also included in
Appendix A are the borehole, probe and dynamic cone penetration logs. Soil sections, longitudinal,
as well as at each of the three foundation elements, are plotted on Drawings 1A, 1B and 1C. Based
on this information, the following different soil layers were encountered:

. fill

. silt

. sand/sand and gravel
. bedrock

A summary of the above soil strata encountered in the boreholes, and inferred from the probes and
dynamic cone penetration tests, is presented below.

1.4.1 Fill

The fill at the test locations is associated with the road construction materials for the existing
Highway 522. Beneath the present asphalt (~50 mm thick) and the base and subbase granulars
(~300 mm thick), an underlying layer of sand fill was generally encountered, which extends to depths
of 1 mto 2 mbelow the road grade. The sand fill is generally fine, although it contains random pieces
of old asphalt, some gravel and/or cobble sizes, as well as minor organic staining and contamination.
At borehole 3-CF, a sand stratum extends somewhat deeper, to about 3 m depth. Since this deposit
also contains minor organic inclusions, it 1s also believed to be fill or possibly alluvial in origin, having
been deposited by previous meanderings of an adjacent small creek, which runs beneath the existing
Highway 522 in this area.

The compactness of the fill, based on the standard penetration resistance, “N”, values ranged from
4 to 35 blows/300 mm, indicating a loose to dense state.

Trow
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Grain size analyses on samples of the material confirm that the deposit is mainly a fine sand with a
silt fraction of between 7% to 20%. Moisture contents vary from less than 10% above the water
table to about 20% below the groundwater table.

1.4.2 Silt

A deposit of silt was encountered in three boreholes (boreholes 2-CF, 3-CF and 5-CF). This silt
stratum is absent beneath the east abutment (boreholes 1-CF and 4-CF). The silt contains some sand
seams and odd layering where it is slightly cohesive. The standard penetration resistance “N” values
ranged from 3 to 9 blows/300 mm, indicating a very loose to loose state of compaction. The
thickness ranged from 1 m (borehole 3-CF) to 3 m (borehole 2-CF), and the moisture content from
25% to 35%.

1.4.3 Sand and Gravel

A basal zone of sand and gravel was encountered in all five boreholes, with the exception of
borehole 2-CF. The deposit is reasonably well-graded with up to 31% silt sizes in places. At some
locations, the deposit appears to be weakly cemented, exhibiting a “till-like” structure. At borehole
4-CF, the sand and gravel contains odd, small pieces of wood and cobble sizes. At this particular
location, the sand and gravel deposit is likely fill, associated with backfill around the existing,
adjacent, 780 mm diameter, CSP culvert.

The standard penetration resistance “N”" values, with the exception of borehole 4, ranged from 12 to
41 blows/300 mm, indicating a compact to dense condition. The thickness ranges from about 1 m
at borehole 1-CF to 4 m at borehole 3-CF. Moisture contents range from 5% to 20%, although at
borehole 4-CF, higher moisture contents of 25% to 30% were measured.

1.4.4 Bedrock

Bedrock was confirmed by retrieving “NQ” size cores in the boreholes (BH’s 1-CF, 2-CF and 3-CF),
i.e. at one borehole beneath each of the three foundation elements. Based on the borehole, probe and
dynamic cone penetration tests, the bedrock level was established at the following depths:

. East Abutment (BH’s 1-CF and 4-CF, AP-3-CF, C-1CF)
3.7m (~El 311 m) to 4.5 m (~El. 310.4 m)

Trow
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. Centre Pier (BH 2-CF, AP-1-CF, AP-2-CF)
5.0 m (~El. 310 m) to 5.3 m (~El. 309.1 m)

] West Abutment (BH’s 3-CF and 5-CF, AP-4-CF, C-2CF)
53 m(~ElL 310 m) to 8.1 m (~El. 307.2 m)

Detailed descriptions of the rock are presented in Table 1-1 in Appendix A. Generally, the bedrock
can be described as a pinkish, light grey, biotite-Homblende gneiss. The rock is strong and
unweathered for the most part.

Rock core recovery was 100% for all runs and the Rock Quality Designation (RQD) values ranged
from 66% to 100%,

1.5 Groundwater Conditions

Information regarding the groundwater levels at the site was obtained by measuring the water levels
in the open boreholes after completion of drilling. The groundwater table, at the time of the field
work, was established at a depth of about 2 m to 2.5 m below the grade of Highway 522, which is
close to the grade of the surrounding, poorly drained, relatively flat terrain.

Seasonal variations in the water table should be expected with higher levels during wetter periods of
the year (such as spring thaw and late fall) and lower levels during drier periods.

-
Trow
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Part2 Engineering Discussions and
Recommendations

2.1 General

The following subsections address geotechnical considerations pertaining to the proposed two-span
bridge for the Highway 522 underpass of the Trout Creek By-Pass (King’s Highway 11). A two-span
bridge is proposed to carry Highway 522 traffic over the four lanes of the new By-Pass. The central
pier will be located in the By-Pass median, with the abutments located on the west and east sides of
the south and north bound lanes of Highway 11.

2.2 Foundations

Based on the explorations, bedrock was encountered at depths of approximately 4 m at the east
abutment (8 m from the proposed profile grade), 5 m at the central pier (7.5 m from the proposed
profile grade), and 5 m to 8 m at the west abutment (7 m from the proposed profile grade).
Foundation alternatives include piled foundations (integral abutments can be considered, although
the rock is probably too shallow at the east abutment and pier), and/or spread foundations excavated
to sound bedrock. At the west abutment, excavations of up to 8 m below grade will be required, i.e.
where the deepest bedrock was encountered. Consequently, at the west abutment, it may be possible
to establish the foundations at a higher level on the native, compact, granular soils.

Other options include installing a compacted granular mat over competent material (till and/or rock)
to support the foundations, or possibly using caisson-type foundations. However, conventional
augered caisson foundations are not normally practical in Northern Ontario because of potential,
unknown, sharp irregularities in the bedrock surface, difficulties “seating” casing into the hard, strong,
Precambrian rock, as well as the potential excavation difficulties with water seepages in the granular
overburden and possible boulders near the rock contact.

Foundation options and design parameters are discussed in the following paragraphs.

Trow
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2.2.1 Foundations on Bedrock
2.2.1.1 East Abutment

Atthe location of the east abutment (BH-1CF, 4-CF, cone 1-CF and AP3-CF), there is approximately
4 m of overburden soil overlying bedrock. As such, it would be feasible to excavate down to the rock
and place the foundation directly on the bedrock surface. For the purpose of design, in accordance
with the Ontario Highway Bridge Design Code, the following bearing capacities can be used for
spread footings placed directly on the gneiss bedrock, subject to inspection by a qualified geotechnical
engineer.

Spread Footing

Factored Bearing Capacity at ULS 7,500 kPa

The above Factored Bearing Capacity at ULS applies to spread footings placed directly on bedrock
with a good Rock Mass Quality (RQD>75). The bearing capacity at SLS will not govern for a spread
footing founded on bedrock, since the loads required to produce unacceptable settlements of the
structure will be much larger than the recommended values for the factored capacity at ULS.

For the east abutment area, the borehole, cone and probe data indicate that the construction of spread
footings on bedrock would require excavation and removal of approximately 4 m of overburden soil,
i.e. down to approximate El. 310 m. The footing area must be cleared of all loose materials prior to
placement of concrete and inspected by a qualified geotechnical engineer to verify the Rock Mass

Quality.

As per Section 6-8.4.2 of the Ontario Highway Bridge design code, a reduction factor would
normally be applied to the Ultimate Bearing Resistance at ULS (7,500 kPa) to account for the effects
of inclined loadings. Recent comments, however, received from the Pavement and Foundation
Section of MTO indicate that “A/though the OHBDC Code talks about bearing resistance reduction
due to inclined loadings for footing on bedrock. The OHBDC committee has decided that no such
reductionwill be required if the footing is constructed on bedrock”. As such, for spread footings on
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bedrock, the structural engineer should consult with the Ministry to confirm that a reduction factor
for inclined loadings need not be applied.

2.2.1.2 Centre Pier

The subsurface conditions for the centre pier location (BH-2CF, AP1-CF and AP2-CF) are similar
to those discussed for the east abutment, although the overburden is slightly thicker, i.e.
approximately 5 m. As aresult, spread footings placed directly on bedrock using the bearing values
given in table 2-2, below, are an option for the central pier foundations subject to inspection during
construction by a qualified geotechnical engineer. The bedrock surface is expected at a depth of
about 5 m below grade (~EL 310 m).

Spread Footing

Factored Bearing Capacity at ULS 7,500 kPa

The above Factored Bearing Capacity at ULS applies to spread footings placed directly on bedrock
with a good Rock Mass Quality (RQD>75). The bearing capacity at SLS will not govern for a spread
footing founded on bedrock, since the loads required to produce unacceptable settlements of the
structure will be much larger than the recommended values for the factored capacity at ULS.

2.2.1.3 West Abutment

The subsurface conditions for the west abutment location (Boreholes 5-CF, 3-CF, cone 2-CF and
AP4-CF) are similar to those discussed for the centre pier and east abutment; however, on the south
side (cone C-2CF and borehole 3-CF), the rock is locally deeper, i.e. at a depth of some 8 m below
grade. Foundations placed directly on bedrock can be designed using the bearing values specified in
Table 2-3, below, subject to inspection during construction by a qualified geotechnical engineer,

10
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Spread Footing

Factored Bearing Capacity at ULS 7,500 kPa

The above Factored Bearing Capacity at ULS applies to spread footings placed directly on bedrock
with a good Rock Mass Quality (RQD>75). The bearing capacity at SLS will not govern for a spread
footing founded on bedrock, since the loads required to produce unacceptable settlements of the
structure will be much larger than the recommended values for the factored capacity at ULS.

Given the depth to bedrock at this abutment, and the high water table, necessitating 6 m to 8 m
excavations below the groundwater table, spread footings located on the bedrock may not be the
most prudent foundation alternative at this site, as construction difficulties may arise. As such, the
other foundation options discussed in this report may be more suitable for this abutment.

As a further alternative, given the depth to rock at this abutment, foundations placed at a higher
elevation on the compact and dense, native, sand/sand and gravel strata should also be considered.
The compact and dense sand/sand and gravel stratum was encountered at a depth of about 4 m
(elevation 311 m) beneath the west abutment location. Since the level of the sand and gravel stratum

is about 2.5 m below the water table, dewatering will be required if this option is selected.
Foundations placed on the undisturbed, dewatered, sand/sand and gravel stratum could be designed
using the bearing capacity values specified in Table 2-4, below.

Spread Footing
Factored Bearing Capacity at ULS 300 kPa
Bearing Capacity at SLS 150 kPa

Although founding the abutment on the underlying native sand/sand and gravel strata will require
shallower excavations than founding the abutment on bedrock, excavations, will still be required
below the water table. This may require dewatering, which may include sheet piling to accomplish.

11
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As such, considering the low allowable bearing resistance values and the potential need for
dewatering, this option is not recommended.

2.2.1.4 Anticipated Bedrock Elevations

The following table summarizes the location and estimated bedrock elevations at the three foundation
elements.

Location Boreholes & Probe Overburden Approximate
Holes Thickness (m) Bedrock Elevation
(m)
East Abutment Borehole 1-CF 3.7 311.0
Borehole 4-CF 4 4% 3104
Probe Hole AP-3CF 4.1* 311.0
Cone C-1CF 3.7* 311.4
Cone C-3CF 5.1% 310.0
Centre Pier Borehole 2CF 52 309.9
Probe Hole AP-1CF 5.0% 310.0
Probe Hole AP-2CF 5.3% 310.0
West Abutment Borehole 3CF 8.1 307.2
Borehole 5CF 53% 310.0
Cone C-2CF 8.2* 307.5
Probe Hole AP-4CF 6.7* 309.1

*4ssumed bedrock level

The above elevations are for preliminary design purposes and were estimated based on the factual
borehole, dynamic cone and auger probe holes drilled near the abutment and pier locations.
Interpolation between boreholes and probe holes is approximate, and as such, actual footing
elevations will depend on the conditions encountered at the time of construction. The bedrock
surface in Northern Ontario is known to be erratic. The rock surface at the footing base must be
cleaned of all loosened or highly fractured rock and be inspected by a qualified geotechnical engineer
to verify the Rock Mass Quality prior to placement of concrete.

12
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2.2.2 Footings on Compacted Granular Pad

It may be feasible to establish footings on a Granular A (or equivalent) compacted granular pad. The
existing upper loose soils should be subexcavated down to bedrock at both the east and west
abutments, as well as at the central pier. As an alternative, at the west abutment, it may only be
necessary to excavate down to 4 m (El 311 m), i.e. down to the compact and/or dense, native,
granular soil horizon, provided that the groundwater is controlled to prevent disturbance. The
granular pad, when placed over the rock (pier and east abutment) and/or over sand and gravel (west
abutment), should extend horizontally a minimum of 1.0 m beyond the plan limits of the footing and
have side slopes no steeper than 1 horizontal to 1 vertical. The granular material should be
compacted to 100 percent Standard Proctor Maximum Dry Density.

The bearing capacities recommended for the abutment footings placed on this compacted granular
pad design, based on the Ontario Highway Bridge Design Code, are as follows:

Spread Footing
Factored Bearing Capacity at ULS 400 kPa
Bearing Capacity at SLS 200 kPa

As an alternative to using a granular pad, it would also be feasible to “upfill” over the bedrock, or
possibly over the native sand and gravel at the west abutment, and up to underside of the proposed
foundations, with lean concrete (typically 15 Mpa mix).

Footings placed on a granular pad beneath the groundwater table will require additional construction
considerations. It is very difficult to compact the granular material to an acceptable Standard Proctor
Maximum Dry Density by excavation and replacement methods underwater. Since the groundwater
table was measured to be above the bedrock level at the time of the investigation, it is probable that
dewatering will be required to ensure the granular material can be placed and compacted at optimum
moisture levels. Alternatively, the granular material could be replaced by a nominal 400 mm clear
stone beneath the groundwater table.

13
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2.2.3 Frost Protection

Frost cover is not required for footings placed directly on bedrock. Due to the open nature of
bridges, for footings placed on a granular pad, or the native granular soil for the west abutment, a
minimum frost cover of 2 m should be provided.

2.2.4 Sliding Resistance

The computation of the sliding resistance of the spread footings shall be carried out in accordance
with O.HB.D.C. An unfactored friction angle, ¢ of 32 degrees can be used for sliding along the
bedrock and footing base and ¢ of 35 degrees for sliding along granular soils (native sand/sand and
gravel or engineered granular pad).

If the factored resistance against sliding failure is inadequate based on friction, then the footings
normally could be anchored into bedrock by means of keys, dowels or sockets. However, given the
hardness of the bedrock encountered at the site sockets and keys will likely be impractical, and
developing adequate resistance against sliding of spread footings founded on the sloping bedrock at
the site will likely require dowels. An unfactored coefficient of passive earth pressure, K.', equal to
3.7, can be used for design of a passive resistance key.

2.2.5 Piled Foundation
2.2.5.1 Capacity and Length

Piling could be considered for the foundation elements at this site. However, because of the
proximity of bedrock at the east abutment and central pier (<5 m below grade), piles may only be
feasible for support at the west abutment, i.e. where bedrock is deeper. End bearing piles are
normally only feasible when the length/width ratio exceeds 10, i.e. a length of 3 m for a 300 mm pile
section, since it is very difficult to achieve adequate lateral support for the piles, and the piles will tend
to rotate if the applied loading is eccentric.

Piles driven to bedrock can be designed based on the following Limit States design values in
accordance with the O.H.B.D.C.

14
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HP 310x79 HP 310x110

Factored Axial Resistance* 1430 kN 2000 kN
* Note: Structural Office Policy Memo 98-01, April 15, 1998

Based on the attached borehole logs in Appendix A, the previous Table 2-5 shows a summary of the
approximate bedrock elevation at the test locations at which piles would be expected to be founded.
Drawings 1A, 1B and 1C in Appendix A show interpreted soil and rock subsurface profiles at the two
abutments and pier.

It should be noted that the elevations given in Table 2-5 are approximate. Furthermore, although not
experienced in the borings put down at this site, the bedrock elevation in this part of the country can
be variable and may change rapidly over a very short distance.

2252 Construction

All piles should be driven to bedrock. Since the boreholes indicate that the bedrock elevations are
relatively uniform, the potential for irregular, steeply sloping bedrock at the foundation locations is
considered to be low to moderate. The bedrock in this part of Northern Ontario, however, is known
to be variable. As such, some minor problems may arise during pile seating. At some locations, the
piles may have a tendency to skip over the bedrock surface resulting in alignment problems and
deeper penetration. In the event that this problem occurs, somewhat longer piles may be required
and, in some cases, piles may have to be added or replaced.

To minimize seating difficulties, rock injector points should be considered to facilitate proper seating.
All piles must be fitted with reinforcing plates welded to the flanges as per OPSD 3301 to minimize
pile damage. It is recommended that, during pile driving and upon initial contact with the bedrock,
the pile driving energy should be reduced and subsequently increased incrementally until the piles
have been sufficiently seated. OSLO, or similar rock points, installed and driven in accordance with
OPSD 3304 and OPSS 903, respectively, may be considered. Once the locations and orientations of
the piles have been determine (i.e. during the preliminary design stage), the use of such methods will
be determined and recommendations will be provided by this office as required.

15
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All lateral loads at the abutments should be supported using inclined piles.
2.2.5.3 Horizontal Subgrade Reaction Parameters

Should finite element modelling techniques be utilized, the Horizontal Subgrade Reaction Parameters
can be calculated as follows:

k=k,Z/B
Where: k, = coefficient of horizontal subgrade reaction for a 300 mm (1 ft.) Wide pile at
300 mm (1 ft.). The values of k, are given below in tonnes/m’
Z = depth
B = width of pile
Dry Submerged
Sand and Gravel Fill (compact) 700 450
Silt (loose) 225 110
Sand and Gravel (compact) 700 450
Sand and Gravel (loose) 350 175

These values are for design in the clastic range and are taken from published values.

2.2.6 Caisson Foundations

2.2.6.1 Bearing Capacity

Where bedrock is deeper at the west abutment, a caisson type foundation system to rock could be

considered. Caisson foundations placed directly on bedrock could be designed using the bearing
values specified in Table 2-8, below.

16
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Spread Footing

Factored Bearing Capacity at ULS 5,000 kPa

The above Factored Bearing Capacity at ULS applies to caisson foundations placed directly on
bedrock with a good Rock Mass Quality (RQD>75). The bearing capacity at SLS will not govern
for a caisson founded on bedrock, since the loads required to produce unacceptable settlements of
the structure will be much larger than the recommended values for the factored capacity at ULS.

2.2.6.2 Construction

As noted earlier in this report, caisson foundations, which are typically large diameter augered
elements, which are cased to rock. are not normally feasible in Northern Ontario. The potential for
sharp, unknown irregularities in the bedrock surface, difficulties “seating” and sealing casings at the
hard strong bedrock contact, as well as the potential excavation difficulties with water seepages in
the granular soils and possible boulders near the rock contact, render augered caissons difficult, if not
impractical. As such, if caissons are considered at the west abutment, they will likely have to be
installed using a backhoe type excavator with temporary braced shoring to support the open
excavation sides and appropriate dewatering procedures..

2.3 Backfill

Backfill to abutments or retaining walls should consist of free-draining granular materials such as
Granular “A” and Granular “B” or rock fill. Computation of earth pressures shall be in accordance
with Section 6.7.4 of the Ontario Highway Bridge Design Code. Unfactored properties for backfill
materials are provided in the following table.

17
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Material Friction Angle, ¢’ | y(kN/m’) K, K, K,
Granular A 35 degrees 225 0.27 3.7 0.43
Granular B 30 degrees 21.1 0.33 3.0 0.50
Rock Fill 35 degrees 18.0 0.27 3.7 0.43

Note: K, is the earth pressure coefficient corresponding to the active state.
K, is the earth pressure coefficient corresponding to the passive state.
K, is the earth pressure coefficient at rest.

If rock fill is used as backfill behind abutments, the particle size should be limited to no greater than
300 mm and the backfill must be placed carefully in a manner that does not cause damage to the
abutments or other structural components of the bridge.

As shown in figure 6.7.4.3 of the Ontario Highway Bridge Design Code, the lateral earth pressure,
as a result of compaction shall be increased by 16 kPa.

2.4 Excavations
2.4.1 Overburden

Excavations through overburden soil will be required if spread foundations are used. The overburden
granular soils are classified as Type 3 soils and the maximum depth of excavation anticipated at the
site 1s approximately 8 metres at the west abutment. As such, excavations in accordance with the
Occupational Health and Safety Regulations for Construction Projects for Type 3 soils will be
adequate, provided the groundwater in the overburden soil is removed. If appropriate dewatering
is not done, the soil would have to be classified as a Type 4 soil and any excavation greater than 1.2
m should then be sloped to 3 horizontal to | vertical, starting from the base of the excavation, or
appropriate shoring provided.

18
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2.4.2 Bedrock

Any removal of bedrock required for the foundations (spread footings and/or at the base of caissons)
will require drilling and blasting procedures.

2.5 Approach Embankments

No stability or significant settlement problems are anticipated for the approach embankments
established over the essentially granular soils. Topsoil and compressible organics (if present) must
be removed from the plan limit of the approach embankments. Based on Trow’s adjacent borings for
the pavement design of Highway 11, it is likely that the surficial organics will be about 300 mm to
600 mm thick. If rock fill is used to construct the approach embankments, the side slopes and
forward slopes should be constructed at a maximum gradient of 1.25H:1V. If Granular “A” or
Granular “B” is used, the forward and side slopes should be constructed at 2H (minimum):1V.

The geotechnical conditions are such that integral abutment design could be considered, if feasible,
from structural, practical and economical considerations. It should be noted, however, that the depth
to bedrock at the east abutment and pier is less than approximately 5 m.

2.6 General

The information presented in this report is based on a limited investigation designed to provide
information to support an overall assessment of the current geotechnical conditions at the site of the
proposed Highway 522/King’s Highway 11 Trout Creek By-Pass. The conclusions presented in this
report reflect site conditions existing at the time of the investigation. It is noted that the soil
boundaries indicated on the logs are inferred from discontinuous sampling and observations during
drilling. These boundaries are intended to reflect transition zones for the purpose of geotechnical
design and should not be interpreted as exact planes of geological change.

This report has been prepared by Mr. LW. Gore, P.Eng., and Mr. E.A. Gonneau, P.Eng., and
reviewed by Mr, S.E. Gonsalves, P.Eng. The field investigation was performed by Mr. 1. Dumpis,
CET.
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We trust this report is satisfactory for your purposes. Should you have any questions, please do not
l hesitate to contact this office.

Vice President

r J.:' kD
Encl. 7 4 2 &
Dist: Ministry of Transportation (8 \\_-_».“
Planning & Design
Mr. E. Gallant

Marshall Macklin Monaghan (1)
Mr. R.D. Kivi, P.Eng.
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Project No.: S$07524G/C Drawing No.: 2Ap0 0
NOTES ON SAMPLE DESCRIPTIONS
1. All descriptions included in this report follow the 1.S.S.M.F.E. as suggested in the Canadian

Foundation Manual. The laboratory grain-size analysis also follows this classification system.
Others may designate the unified classification system as their source; a comparison of the
two is shown for your information. Please note that, with the exception of those samples
where the grain-size analysis has been carried out, all samples are classified visually and the
accuracy of visual examination is not sufficient to differentiate between the classification
systems or exact grain sizing.

-Gravel
UHIFIED SOIL Sand
CLASSIFICATION Fines (silt or clay) Fine Medium Koarse] Fine | - coarse CObbles
Silt Sand Eravel
1.5.S.M.F.E. ! =rave. ]
SOIL CLASSIFICATION Clay Fine | Medium | Coarse | Fine |Medium | Coarse | Fine {mMedium | Coarse |Cobbles
[ = | =
Sieve Sizes 2 o o ¢ O pa
¥ T — ) .l !
BRI llJIII BRI
~ N O—wo~ o o= won N Ndeoo oQeSel g BRE3
g 8 88882 992 €5 © covo~ amww®
s e o 0 o0 O
(=] O oOooo
Particle Size (mm)
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 density or degree of compaction. The borehole description may
therefore not be applicable as a general description of the site fill material. All fills should
be expected to contain obstructions such as large concrete pieces of subsurface basements,
floors, tanks, etc.; none of these may have been encountered in the borehole. Since
boreholes cannot accurately define the contents of 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 and correct composition of the fill. Most fills contain
pockets, seams, or layers of organically contaminated soil. This organic material can result
in the generation of methane gas and/or significant on-going and future settlements. Some
fill material may be contaminated by toxic 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 hazardous. This testing and a potential
hazard study can be carried out if you so request. In most residential/commercial areas
undergoing reconstruction, buried oil tanks are common but are not detectable using
conventional geotechnical procedures,

3. TILL: The term till on the borehole logs indicate that the material originates from a
geological process associated with glaciation. As a result of this geological process, the till
must be considered heterogeneous in composition and, as such, may contain pockets and/or
seams of material such as sand, gravel silt or clay. As till often contains cobbles (60 to
200 mm) or boulders (over 200 mm), contractors may encounter them during excavation,
even if they are not indicated by the borings. It should be appreciated that normal sampling
equipment cannot differentiate the size, or type of any obstruction. Because of the horizontal
and vertical varability of till, the sample description may be applicable to a very limited
areas; caution is therefore essential when dealing with sensitive excavations or dewatering
programs in till material.



NOTES ON SAMPLE DESCRIPTIONS (Cont’d)

Project No: S507524G/C

4.

5.

Drawing No: 2B

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 <0.002 mm
Silt 0.002 to 0.06 mm "trace" (eg. trace sand) 1% - 10%
Sand 0.06 to 2 mm "some" (eg. some sand) 10% - 20%
Gravel 2 to 60 mm adjective (%: . sandy) 20% - 35%
Cobbles 60 to 200 mm and (eg. and sand) >35%
Boulders >200 mm noun (eg. boulders) >35% and

main fraction

Classification system as suggested in the Canadian Foundation Engineering Manual. 3rd Edition,
unless otherwise noted.

The compactness of cohesioniess soils and the consistency of 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 Oto4 Very Soft <12

Loose 4to 10 Soft 12 - 25

Compact 10 to 30 Firm 25-50

Dense 30 to 50 Stiff 50 - 100

Very Dense Over 50 Very Stiff 100 - 200

Hard > 200

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 soundness of the rock mass. It is
obtained from the rock cores by summing the length of core recovered. counting only those
pieces of sound core that are 100 mm or more in length. The RQD value is expressed as a
percentage and is the ratio of the summed core lengths to the total length of core run. The
classification based on the RQD value is given below.

RQD Classification RQD
Very poor qualit <25
Poor quality Y 25 -50
Fair quality 50-75
Good quality 75 - 90
Excellent guality 90 - 100

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

Trow



RECORD OF BOREHOLE BH-1CF i1or1

METRIC

wMTO4 7524C GV/17/98

Notes:

1) This borghole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
104033.3, offset 6.5 m left of
centreline as referenced to
Highway 522,

W.P. _774-93-00 LOCATION 5093 657.8 N, 313 870.8 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Hollow Stem Augers / CME-55 COMPILED BY _M.D.
DATUM Geodetic DATE May 12, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | o u SPT TEST (N-Value) @ PLASIG VOSTRE  lauo
- Gy, | & | CONEPENETRATION TEST — | o coNTT LT REMARKS
g z|lvs -
Sl B (5ElFEL © @ |uwr—er i |5E :
ELEV. < |2 85 |25 | 2% [SHEAR STRENGTH; Cu, KPa 2g GRAIN SIZE
DEPTH DESCRIPTION SEIEE |22 (58| ucowme FIeLD VANE WATER CONTENT (%) 2 | DisTRIBUTION
z =z 9 08 a QUICK TRIA)SAL 6OU\B SHBESR 10 20 30 0
EY
314.90 GROUND SURFACE & P |5 |2 20 A kNm21GR SA S +CL
0.00] ALL, mostly siity sand & gravel =
with a few cobble sizes,
occasional pieces of asphalt, F
brown, moist. 314
{compact)
F |1]ssj28 33 ® 0
F
312.40
Z.50{ SAND & GRAVEL, pockets of .
sand, same cobble sizes & Y ! M2
possible boulders, brown, wet. bl . =
{compact) - 12185113 @ O
311,18 -°
3.72] BIOTITE HORNBLENDE GNEISS, n
pinkish grey, excellent rock 3 |NQ Rec 100% RAD 98%
quality, unweathered.
310
4 [NQ
Rec 100% RQD 100%
309
5 |NQ Rec 100% RQD ‘IOO%J
308.01
[~ 6.59] END OF BOREHOLE
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RECORD OF BOREHOLE BH-2CF 10r: METRIC

W.P. _774-93-00 LOCATION _§ 093 649.6 N, 313 838.0 F ORIGINATED BY I.D.
DIST 64 HWY 11 BOREHOLE TYPE Hollow Stem Augers / CME-55 COMPILED BY _M.D.
DATUM Geodstic DATE May 13, 1998 CHECKED BY _1G.
SOIL PROFILE SAMPLES | 4 u SPT TEST (N-Value) @ PLASTIC o TE uaud
G, | & | CONEPENETRATION TEST —— Lhar CONTENT T
= e |2 |85 = REMARKS
Slel m |35|=z¢ 20 40 60 80 wp b—aY——wl | EF &
ELEV SRlse |25 |22 [sreansevomica . 33 GRAIN SIZE
DEPTH DESCRIPTION Pl 3 ’t g = % ':( -§ < UNCONFINED i F|’ELD VANE WATER CONTENT (%) S DISTRIBUTION
02 B 3 8lz ®  QUICK TRIAXIAL X LAB SHEAR
P = i 20 40 &0 80 10 20 30 40 kN/m3
31513 GROUND SURFACE 2 i R GR_Sa_ S +CL
31Q,,QQI ASPHALT, “50 mm thick over
030 SAND & GRAVEL FILL f:;_
SAND FILL, some gravel
grglyvsl-:?rrﬁéitsrta‘ces of organics, Fl11ss a5 a4 ® o 0% B80% 20%
(compact/danse)
285128 @ © o
313.03 = | h 4 13
2.1 SILT, fine sand inclusions in parts =
with occasional fine clay layers, 3(55]| 9 © Q
grey, wet.
(loose)
312
4188 5 @ o]
n
Some cobble sizes at base. 5(88] 5 ® o
309.95 310
5.18] BIOTITE HORNBLENDE GNEISS,
pinkish grey, fair to excellent rock 6 (NG Rec 99% ROD 68%
quality, slightly weathered to
unweathered. 109
7 {NQ Rec 100% RQD 75%
308
8 [Na 807 Rec 100% RQD 93%
306
9 [NQ Rec 100% RQD B82%
9-5% END OF BOREHOLE

1) This borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
10+ 000.0, on centreline as
referenced to Highway 522.
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MTO4 7524C

W.P.

774-93-00

DIST _54 HWY 11

DATUM _Geodetic

LOCATION 50936415 N, 313 BOE.6 E
BOREHOLE TYPE Hollow Stem Augers / CME-B5
DATE May 12, 1998

RECORD OF BOREHOLE BH-3CF

METRIC

ORIGINATED BY |.D.
COMPILED BY _M.D.
CHECKED BY .G.

—END OF BOREHOLE

} This borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole _located at station
9+ 966.8, “5.0 m right of
centreline as referenced to
Highway 522.

SO, PROFILE SAMPLES | - 3 gPoTNZEfELg‘r_F\(:%)N TesT
E E |R2184 = REMARKS
Q! F |58]=z8 wp —%——wi [ £ F &
ELEV. <228 |25 |22 [Snean sTRENGTH; Cu, KPa ERT GRAIN SIZE
DEPTH DESCRIPTION 5 g r e zZs S E WATER CONTENT (%) z DISTRIBUTION
= D OO =
o} oy kN/m?
315,37 GROUND SURFACE U"v <2 - GR_SA (S1&cCU
0.00 occasional o
lumps of asphait, brown, moist.
{compact) F
34,17 !
1.200 SAND, brown, wet, traces of z
organics, (possible FILL). =
{compact) 2
3
312.37
3.00 SILT, grey. trace of clay, wet.
{very looss) 4
311,37
.00 SAND, with gravel sizes, brown,
wet occasiorzal cobble)s.
compact
P 5 7% 83% 10%
6
7
307.23
8.14 BIOTITE HORNBLENDE GNHISS,
pinkish grey, good to excellent 8 Rec 97% RQD 76%
rock guality, slightly weathered to
unwaeathered.
9 Rec 100% RQD 76%
10 Rec 100% RQD 94%
303.97
11.40)




———— _
RECORD OF BOREHOLE BH-4CF 1 of: METRIC
W.P. _774-83-00 LOCATION b5 093 646.7 N, 313 870.9E ORIGINATED BY 1.D.
DIST _54 HWY 11 BOREHOLE TYPE Haoilow Stem Augers / CME-55 COMPILED BY M.D.
DATUM _Geodstic DATE May 13, 1998 CHECKED BY .G,
[ NATURAL
SOIL PROFILE SAMPLES 4 SPT TEST (N-Value) ® PLASTIC WOl TUR Lo
S 3 CONE PENETRATION TEST —— e CONTENT T
= E |z |o% 20 40 60 80 w e REMARKS
il [V 2 z2|=z8 | ) \ | wp b———iG————qj wli = 5 &
ELEV. 2Bl eE |2E |28 [Snean sTRENGTH: Cu, KPa =3 GRAIN SIZE
DEPTH DESCRIPTION FiEIEE [22[5E UNCONFINED FIELD, VANE WATER CONTENT (%) z DISTRIBUTION
é g = o) 8 8 a QUICK TRIAXIAL X LAB SHEAR o
= ] 20 40 60 80 10 20 30 4 kN/m2
314.98 GROUND SURFACE o B |6 | GR SA 8l +CL
0.00| FAILL, sand & gravel, occasional E
cobble sizes, some silt, brown,
moist. " ) F
oose to compact
? 1|88 4 St o
2|85(15 8]
312.98 F Y 3 ®
2.000 SAND & GRAVEL, organic ©. =
Cobblas, dark Sreyower 3 ss| 7 ® o 15% 66% 19%
(very Voose) P 212
o
b, - {41881 o}
o
c. m
1 .9
439 END OF BOREHOLE DUE TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER
1) This barehole forms part of
Highway 522 Underpass
Foundation Investigation.
2) Borghole located at station
10+032.2, “5.8 m right
centreling as referenced to
Higgway 6§22,
3) Borehole caved wet at 3.8 on
completion.
@
o
=
P
o
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~
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MTC4 7524C 07/17/98

W.P. 774-93-00

DIST &4 HWY 11

DATUM Geodetic

RECORD OF BOREHOLE BH-5CF 1or-

LOCATION 5093 653.0N, 3138056 E

BOREHOLE TYPE Hollow Stem Augers / CME-55

DATE May 13, 1298

METRIC

ORIGINATED BY 1.D.
COMPILED BY _M.D.
CHECKED BY 1.G.

5T HATURAL
SOQIL PROFILE SAMPLES - SPT TEST (N-Value) PLAETIC MOISTURE uQuip
S, | & | cONEPENETRATION TEST —— o coWTENT T
= c |28 = REMARKS
8 |« MEF Y 20 40 60 8O wp | oW Ll £z s
SBle g |25 |28 [Srearnerenai co kP =R GRAIN SIZE
ELEV. o E =3 = - Cu,
BEPTH DESCRIPTION ElEIEE [Z2|58 |9 wcowmn ¥ Fuovane WATER CONTENT (%) Z | DISTRIBUTION
glz| B (28] % a0 e g0 10 20 30 40 KN/m
m
315.24 GROUND SURFACE @ B |6 |a GR_SA Sl +CL
31933 SAND & GRAVEL FILL 315
0.301 SAND FILL, traces of organics, =
brown, maoist.
{loose to compact) FlhTss! 7 @ fa
314
213,24 258514 -] 4 2% N% 7%
2.00¢ SIILT,gccasional seams of firm 313
clay, brown to grey.
{loose) 3155|911 & ©
4lss| o N2y < 0% 22% 78%
311.24
4.000 SAND & GRAVEL, brown, moist. [, an
{dense) -]
?,'Os 55 | 44 b o o 8% 61% 31%
| 309,97 ‘ 210

5.27) END OF BOREHOLE DUE TO
REFUSAL TO AUGER ON
BEDROCK OR BOULDER

1} This borehole forms part of
Highway 522 Underpass
Foundation Investigation.

2) Borehole located at station
9+967.3, offset “6.0 m left of
centreline as referenced to
H|gé1way 522,

3)

depth on completion.

orghole caved wet at 4.8 m
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RECORD OF BOREHOLE C-1CF

BOUNCING REFUSAL ON
BEDROCK OR BOULDER

1) This cone test forms part of
Highway 522 Underpass
Foundation Investigation.

2) Cone test located at station
10+033.0, on centreline as
referenced to Highway 522,

1 METRIC
W.P. _774-93-00 LOCATION 5093 652.5N, 313870.7E ORIGINATED BY |.D.
DIST 54 HWY 11 BOREHOLE TYPE Dynamic cone test / CME-bS COMPILED BY M.D.
DATUM Geodstic DATE May 13, 1998 CHECKED BY 1.G.
SOIL PROFILE SAMPLES | bor SPT TEST (N-Value) L4 PLASTIC BT L
= o 3 CONE PENETRATION TEST  ~—— L CONTENT usr REMARKS
S | E |=2i{2% 20 40 60 B8O wo | oW R - a
slElwl |2E|25 l . ' : ° z 2 GRAIN SIZE
ELEV. dlaf |ag |2 HEAR STRENGTH: Cu, KP: =]
DEPTH DESCRIPTION £ Z|z = Z2 |2 E 3 UNCONFINED & FIELD VANE WATER CONTENT {%) B DISTRIBUTION
g 2 B 8 8 2 @  QUICK TRIAXIAL < LA SHEAR
= = 20 40 60 80 10 20 30 40 kN/m?3
315,14 GROUND SURFACE 7 P |5 | GR_SA & +CL
0.00 Dynamic cone test only. 313 >
314 <
313
312 (
1 —_—
3.66 END OF CONE TEST DUE TO




RECORD OF BOREHOLE C-2CF

J

! !II"H 719

MTO4 7524C

BOUNCING REFUSAL ON
BEDROCK OR BOULDER

15 cone test forms part of
Highway 522 Underpass
Foundation Investigation.

2) Cone test located at station
+967.0, on centreline as
referanced to Highway 522,

o METRIC
W.P. _774-93-00 LOCATION 5 093 647.5 N, 313 805.2 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Dynamic cone test / CME-55 COMPILED BY _M.D.
DATUM Geodetic DATE May 13, 1998 CHECKED BY .G,
w NATURAL
SOIL PROFILE SAMPLES - SPT TEST (N-Value) @ PLASTIC MOIETURE vauvo
S |8 | CONEPENETRATION TEST . | cowT i
= e |E= 1oz = REMARKS
e 45 4y 20 40 80 80 oY i - T 4
slfilup [5E|35 ' ' l : " z 2 GRAIN SIZE
ELEV. RN ox |2 SHEAR STRENGTH: Cu, KP =
DEPTH DESCRIPTION clElz z2 |22 inconemen FIELD VANE WATER CONTENT (%) 2 | DISTRIBUTION
22 38|z |[® outkmiawa X LABsHEAR 0 40
= & 20 40 60 80 10 20 kN/m3
215,67, GROUND SURFACE o o | GR SA sl +CL
0.00 Dynamic cone test only. P
35 7
314 /
313
32
3 M
310 />
309 <
J
308 B—
207,47 /_,,/
8200 END OF CONE T1EST DUE 10




l RECORD OF BOREHOLE C-3CF 1 oe1 METRIC
W.P. _774-93-00 LOCATION 5092 651.0N, 313 857.8 E ORIGINATED BY I.D.
DIST 54 HWY 11 BOREHOLE TYPE Dynamic cone test / CME-B5 COMPILEDBY _MD.
I DATUM _Geodetic DATE May 25, 1998 CHECKED BY 1.G.
50IL PROFILE SAMPLES | » | 2 SPT TEST (N-Value) ® PLASTIC oRTE  uaup
P- & 0 5 CONE PENETRAT'ON TEST LImT CONTENT LIMIT ’_ REMARKS
2 |- s gg 2% 20 40 60  BO wp b o w e = A
ELEV. < B o= |83 emansTreneTi CoXre R GRAIN SIZE
DEPTH DESCRIPTION Rl 22 1S E |9 unconmmen | ¥ riep vane WATER CONTENT (%) 2 | OISTRIBUTION
£ 2 2812 |° ST e a0, 10 20 30 40 kN/m>
315.18| GROUND SURFACE » & ld m*{GR SA 8l +CL
l 0.00 Dynamic cone test only. 315
a4 /
l 3l
. a2
31 /]
' 310,07 >
5.11 END OF CONE TEST DUE TO
BOUNCING REFUSAL ON
BEDROCK OR BOULDER
Notes:
1) This cone test forms part of
Highway 522 Underpass
Foundation Investigation.
2) Borehole located at station
10+ 020.0, on centreline as
referenced to Highway 522.
3) Augered first ~ 0.3 m through
denss fill before driving cone test,
lm
o
-
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RECORD OF BOREHOLE AP-1CF 1o

METRIC

311,05

311

W.P. _774-93-00 LOCATION 5093 645.6 N, 313 841.0 E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE May 13, 1998 CHECKED BY LG
S0IL PROFILE SAMPLES | o § SPT TEST (N-Value) @ Fage oWTIRE  uau
B, | & | CONEPENETRATION TEST —— | cowtam i
5 E |22 (%37 40 60 80 w = REMARKS
SR A N S - wp bt ——iwl | 5 § .
ELEV. 2185 |25 | 22 [SHEAR STRENGTH, Cu, KPa 54 GRAIN SIZE
DEPTH DESCRIPTION E g t 2 %% EE UNCONFINED 5 EIELD VANE WATER CONTENT (%) = DISTRIBUTION
EF g |g3]& S0 40 60 80 10 20 30 40 | kNjms
E
315.93 GROUND SURFACE b B |16 |a& GR SA St +CL
11203 ASSUMED SAND & GRAVEL FILL
S, ittt -
ASSUMED SAND as
gem| L. -
1.52
314
313
ASSUMED SILT
N2

L el
L LA ]

310.83
6.00)

END OF PROBE DUE TO REFUSAL
TO AUGER ON BEDROCK OR
BOULDER

1) This auger probe forms part of
Highway 522 Underpass
Foundation Investigation,

2) Auger proba located at station
10+002.5, offset “5.0 m left of
centreline as referenced to
Highway 522,

B I e
MTO4 7524C 07/17/98
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RECORD OF BOREHOLE AP-2CF 1or1

METRIC

W.P. _774-93-00 LOCATION 5093 654.7 N, 313 835.1E ORIGINATED BY 1.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM _Geodetic DATE May 13, 1998 CHECKED BY _ 1.G.
SOIL PROFILE SAMPLES | Y SPT TEST (N-Value) ® PLASTIC OIS LRE uauo
W [& | CONEPENETRATION TEST — | W« conTevt it
= E |22 |85 b REMARKS
Sle| & |S5|28] 2 40 e 80 wp 6% jw | £ 5 A
i |lw| Elos z =
ELEV. Qlels |25 | £ ¢ | SHEAR STRENGTH: Cu, KP: Sy GRAIN SIZE
SEPTL] DESCRIPTION EEIFE |22|5E FeR b D e WATER CONTENT (%) 2 DISTRIBUTION
212 B 88 z QUICK TRIAXIAL X LAB SHEAR o 3 40
- ol 2 40 60 80 10 2 kN/m?
314,03 GROUND SUREACE & B |& |z ° GR_SA S +CL
we@l _ _ _ _ASSUMED AL [T
~ 0.3
314
ASSUMED SAND
3o o _ _ _ _____ _
= 189 313
ASSUMED SILT 312
an
0884 _ _ _ _ _ _ _ _ _______ _ 310
5.09
300-80 END OR PROBE DUE TO REFUSAL
533 © TO AUGER ON BEDROCK OR
BOULDER
1) This auger probe forms part of
Highway 522 Underpass
Foundation Investigation.
2) Borehole located at station
9 +9897.5 offset “5.0 m teft of
centreline as referenced to
Highway 522,
[+4]
@
=
~
(]
o W
i
o
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~
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RECORD OF BOREHOLE AP-3CF 1o+ METRIC

W.P. _774-93-00 LOCATION 5093 652.3 N, 313 B76.4 E ORIGINATED BY L.D.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM _Geodstic DATE May 13, 1998 CHECKED BY _ |.G.
SOIL PROFILE SAMPLES | o Y SPT TEST (N-Value) @ PLasTc MOBTIRE  Laup
- S, | & | conereneTRATION TEST — | e cotewr (it CEMARKS
a |, 15 gg 2% 20 40 60 80 we b oY vl e T o
ELEV. TlElee [s518 % I SHEAR STRENGTH: Co, KPa. Z3 GRAIN SIZE
DEFTH DESCRIPTION FEIEIFE [Z22]1%E]0 incowrmen B Fieio vane WATER CONTENT (%) E DISTRIBUTION
é g o 88 a - QUICK TRIAXIAL x LAB SHEAR o 20 10 40
- = 2 40 80 1 kN/m?2
315.16 GROUND SURFACE cn g |15 |d ° eo /m*1GR sa si+cCL
0.00{ ASPHALT, ~ 45 mm over 315
ASSUMED SAND
34
maeal _ _ o ______ -
1.5
313
ASSUMED SILT
312

J
END OF PROBE DUE TO REFUSAL
TO AUGER ON BEDROCK OR
BOULDER

Notes:

1) This auger probe forms part of

Highway 522 Underpass

Foundation Investigation.

2) Borehole located at station
0+037.0, on centreline as

referenced to Mighway 522,

N A &S N B BE AN BN A N BN =N D BN BN B B O .
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MTO4 75240 G711

RECORD OF BOREHOLE AP-4CF 1 or

METRIC

TO AUGER ON BEDROCK OR
BOULDER

h|s au er %obe forms par; of
nghway nderpass
Foundatlon Investl ation.

2) Borehole located at station
9+963.0, on centreline as
referenced to Highway 522,

W.P. 774-93-00 LOCATION 5093 647.2N, 313 800.8 E ORIGINATED BY ID.
DIST 54 HWY 11 BOREHOLE TYPE Standard Augers / CME-55 COMPILED BY _M.D.
DATUM Geodetic DATE May 13, 1998 CHECKED BY _1.G.
SOIL PROFILE SAMPLES | 4 SPT TEST (N-Value) 2 PLASTHG MoaTURE )
= g g CONE PENETRATION TEST — Lt GONTENT e REMARKS
£ {Z [ g -
TN L e U -
ELEV. 0 = ={=a i GRAIN SIZE
< a o SHEAR STHENGTH Cu, KPa 5
DEPTH DESCRIPTION ERE|zE [22 |55 [g unconmmen ' 8 "o vane WATER CONTENT (%) z DISTRIBUTION
z |= ) 08 a OUICKTRIAXIAL LABSHESR o 20 o 0
bd 3
315.74 GROUND SURFACE & B |57 1d 20 40 6 8 ! 3 KN/mI| GR SA 81+ CL
0.00] ASPHALT, - 45 mm over
315
314
ASSUMED SAND
33
312
T N -
457 an
ASSUMED SILT
310
309.49] L o o e e e e e e e oo -
6,25
| 30503 ASSUMED COBBLES
-~ 6.71] END OF PROBE DUE TO REFUSAL




Core Recovery Core Description
BH# .
Core # Depth (m) % % Depth Description
CR* RQD** (m)
HIGHWAY 522 BRIDGE FOUNDATION

1-CF 3 3.72t0 4.72 100 98 3.72 to 6.89 | Bioitite Horneblende Gneiss - light

4 4.72t0 5.88 100 100 grey to pinkish white, fine to medium

5 5.88 to 6.89 100 100 grained, strong, unweathered, fractures

very widely spaced, dipped at 80 to 90°
from vertical, planar, smooth

2-CF 6 5.18 to 5.94 100 66 5.18t0 9.63 | Biotite Hornblende Gneiss - light grey

7 59410 6.71 100 75 to pinkish white, with pegmatitic quartz

8 6.71 to 7.47 100 93 inclusions, medium to coarse grained,

9 7.47 10 9.63 100 82 strong, unweathered, fractures
moderate to very close spread, dipping
at 45° from vertical planar, smooth

3-CF 8 8.14t09.05 100 75 8.14 to 11.40 | Biotite Hornblende Gneiss

9 9.05 to 10.52 100 76 (Garnetigerous), pinkish white to light

10 10.52t0 11.40 100 94 grey, medium grained, strong
unweathered, fractures moderately
spaced, dipping at 0 to 10° and 80 to
90° from vertical, planar, smooth

*CR Core Recovery %
**RQD Rock Quality Designation %
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APPENDIX B




UNIFIED_SOIL_CLASSIFICATION
CLAY AND SILT SAND GRAVEL
FINE MEDIUM  |COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
108um 250pm  425m 850m 2.36mm £3.2mm 26.5mm 53.0mm
N:rn?!tln . 15?.rn 130(»!11 . S00um \ 1.311'!11 Z.Nu'nl 4.75lrn'n 9.5il'nm , 19.2!?"1 . Fimm ?3.?!!!!:75%
100 > o :
l’
r —.—-——‘—"—" 1
90
80 ’I
[]
70 J
/1
7 /
9 - /
“ 50 [ 1
= / l :
& / '
3 H LEGEND
o 40 [ B.H. |SAMPLE |EL(m}| sYmBOL
30 / 2CF| 1 [314.0
! 3cF| 5 [310.5] — ==
20 £ J'
/
10 /
0
0.001 0.010 0.100 1.000 10.000 100.000
GRAIN SIZE (mm)
FIGURE 1
Yranepariation GRAIN SIZE DISTRIBUTION
ALL SAMPLES FINE SAND W.P. 774-93-00
METRIC ?f PROJ. No. SO7524GCF
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CLAY AND SILT SAND GRAVEL
FINE MEDIUM  |COARSE FINE COARSE
MINISTRY SIEVE DESIGNATION (Metric)
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FIGURE 2
Tranegoriation GRAIN SIZE DISTRIBUTION
ALL SAMPLES FINE/MEDIUM SAND, with gravel W.P. 774-93-00
METRIC K PROJ. No. S07524GCF
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UNIFIED_SOIL_CLASSIFICATION
SAND GRAVEL
CLAY AND SILT
FINE | MEDIUM  |COARSE|  FINE COARSE
NINISTRY SIEVE DESIGNATION (Metric)
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FIGURE 3
Ty chation GRAIN SIZE DISTRIBUTION
BH-5, SAMPLE 4: SILT, some sand, trace of clay W.P. 774-93-00
METRIC ' proJ. No. S075246CF
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