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FOUNDATION INVESTIGATION REPORT
For
Highway 11 and Muskoka Road 37 Underpass
Highway 11, District i?ﬁ Huntsville
2

INTRODUCTION

This report summarizes the results of a foundation investigation
which was carried out for the construction of Hwy 11 and Muskoka
Road No. 37 Underpass.

The investigation was carried out at the request of Northern Region
Structural Section. The report applies to proposed bridge
structure and its approaches between Station 9+920 and 10+040,
Muskoka Road 37 chainage (Re.: Plan E~559-11-1, dated October,
1990).

SITE DESCRIPTION

Physmographmcally the site is located in the Algonguin Highlands
region. In general this region is underlain by granite and other
hard Precambrian rocks. Overall it is broadly dome shaped. There
are frequent outcrops of bare rocks. The so0ils are generally
shallow but thickness over the bedrock varies greatly over short
distances. Many of the valleys are floored with outwash sand and
gravel. Several areas have deeper till and few rock outcrops and
the surface of the till is smoothed and moulded with occasional
drumling = appearing (Reference: Chapman and Putnam, ’'The
physiography of Southern Ontario; 3rd Edition, 1984).

The site for the proposed Highway 11 and Muskoka Rd 37 interchange
(Underpass) is located about 200m north of existing intersection of
Muskoka Rd 37 and Highway 11. The proposed interchange will
replace the existing intersection of Hwy 11 and Muskoka Rd. 37

At the proposed underpass, H;ghway 11 runs north-south, The land
adjacent to Hwy 11 at the proposed site location is undeveloped.
On the east side the ground is covered with grass and at about 45m
east of Highway 11 the area is covered with woods. On the west
side, adjacent to Highway 11 there are rock outcrops which are up
to 8m high.



The exposed bedrock on the west side of Hwy 11 is covered with
grass and shrubs. In some areas the rock surface adjacent to
Highway 11 1is rough and angular. Perhaps this is due to
excavations which took place at this location during Hwy 11
construction. The rock surface elsewhere, including the location
of the proposed west abutment is smooth. The bedrock outcrop is
sound with some surficial loose pieces of rock. The exposed
bedrock surface dips towards east at 4H:1V (about 14 degrees).
Adjacent to Hwy 11 the bedrock contains few close spaced fractures
which dip towards the east at about 20 degrees).

INVESTIGATION PROCEDURES

The field investigation for this project was conducted between 91
07 10 and 91 07 17. The field work consisted of drilling five
boreholes (BH 1,2,6,15 and 17) and six dynamic cone tests (BH
3,4,5,7,14 and 16) at or near proposed footing locations. The
boreholes were advanced using track-mounted auger machines equipped
with 82mm ID hollow stem augers and BX size coring equipment.

Samples were recovered by means of a 50mm OD split spoon sampler
driven into the soil according to the specifications of the
Standard Penetration Test (ASTM D 1586). 1In general samples were
retrieved at 0.75m intervals for the first &m of boring, then every
1.5m. Once practical refusal to auguring was encountered in
Boreholes 2,6 and 15, BX-size bedrock cores were obtained from
these boreholes.

Groundwater was monitored during drilling and after completion of
the boreholes.

The Laboratory testing program for the representative samples
consisted of Grain Size Analyses. The results of the laboratory
tests are plotted on the Record of Borehole sheets (Appendix) and
summarized on Figure 1. _

Bedrock cores were logged by D.A. Williams, Petrographer in the
Soils and Aggregates Section of MTO.

The boreholes were staked out by the Northern Region Surveys and
Plans Section of the MTO. Ground surface elevations were also
provided by the Surveys and Plans Section.



SUBSURFACE CONDITIONS

The Record of Borehole Sheets in the Appendix illustrate the
subsurface conditions at the borehole locations. The locations and
elevations of the boreholes, along with stratigraphical profiles
based on the borehole data are shown on Drawing No. 618602-A.*

Following are detailed descriptions of the soil strata encountered.

Silty Sand to Sandy Silt

The overburden consisted of a non cohesive silty sand to sandy silt
material at the entire site. This non-cohesive material was
encountered in all boreholes. The upper 0.5m to 0.7m of this
stratum contained roots and organics (BH 1,2 and 6). The thickness
of this stratum increased gradually from west to east. On the west
side the thickness of this deposit was about 1.6m (BH 15) and on
the east side at a distance of about 70m from Borehole 15 the

" thickness of this stratum was more than 8m (BH 1). The 'N’ values

within this material ranged from 13 blows to more than 140
blows/0.3m which suggest that the material is in compact to very
dense state. /N’ values generally increased with increasing depth.
Average 'N’ value was in the order of 25 blows/0.3m at the pier
location (BH 6) and 38 blows/0.3m at the east abutment location.
This suggests that on average the silty sand to sandy silt material
-is compact at the pier location and dense at the proposed location

'~ of east abutment.

Bedrock

The silty sand to sandy silt material was overlying bedrock.
- Bedrock was encountered at depth ranging from 1l.6m (BH 15) to 10.4m
(BH. 2) which corresponds to elevation varying from 262.2m (BH 2) to

. 272.1m (BH 15). The bedrock surface dips towards the east at

approximately 8 degrees. The bedrock was classified as Gneiss
Bedrock with interlayered Amphibolite, Granite and Pegmatite.
Eight bedrock cores were obtained from three locations. The result
of the core analyses were as follows:

Range (%) Average (%)
Recovery 75-100 '95
RQD 48-100 80

* Dwg. No 2, (Sheet 87) of the Contract Drawings.



Based on these results, the bedrock is considered to be competent
for the proposed foundations.

Groundwater Conditions

Groundwater was encountered at depth ranging from 0.9m (BH 1) to
1.5m (BH 15). The groundwater elevation ranged from 271.2m (BH 2)
to 272.6m {(BH 6). It should be noted that the groundwater is
subject to seasonal fluctuation.



MISCELLANEQUS

The fieldwork for this investigation was carried out under the supervision
of C. Davidson, a student specialist.

The equipment used was owned and operated by Master Soil Investigation-Ltd.

The report was written by K. Ahmad, Foundation Engineer, reviewed by D.
Dundas, Senior Foundation Engineer .and approved by M. Devata, Chief
Foundation Engineer.

T(ép Kim, P. Eng.
Senior Foundation Engineer
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UNIFIED SOIL CLASSIFICATION SYSTEM
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RECORD OF BOREHOLE No 1

1 0F 1

METRIC

" Sunxlhivity
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15;{;5 (%) STRAIN AT FAILURE

W.p. _B1-86-02 LOCATION Co—ords; N 4 985 512,2. F 320 8942 ORIGINATED BY_CD ..
DIST__ =52  uwy. 1 BOREHOLE TYPE .Hollow Stem Auger COMPILED BY..£D
DATUM _Geodetic DATE 1991 07 17 CHECKED BY. KA .
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22| 8 ame woser LU | X | REMARKS
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- 0
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RECORD OF BOREHOLE No 2 1 OF 1 METRIC
W.p, _ 81-86-02 LOCATION Co—ords; N 4 985 517.4; £ 320 8044 ORIGINATED BY.LD
DIST_ 3. S2  Hwy U BOREHOLE TYPE _Hollow Stem Auger, BX Core COMPILED BY _£D
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SOIL PROFILE sampLes | & T | e o PO Y -
5 al38[ 7 | 2 o o ww [ S U325 ] s
« =)
ELEV DESCRIPTION TIE| g | 3[E5] & [SHEar sTReNGTH ke ——| = |ovetReuTion
SEBTH . % Z | = o uNcoNFNED + FIELD VANE
DEPTH HE 2 251 5 |oovox mac x s wwe WATER CONTENT (%) O )
2728 | Gréund Surface Vi _z:‘ o 20 40 60 80 100 1020 30 N/rilgr sA 51 GL
Q0 k- |4
ity Sond to Sundy St [T
5'.&' Rogu gnd grguni«:s ,.5:_.
b 14 273
118813 G 29 54 17
L' 2] ss | n
" 3] 85| 23 270
11 4] 881 22
L™\ 269
[/ 5 S5 48 0 43 51 6
18y 258
MM e ss |
Sity Sund to Sondy Silt i
Compact to Very Dense 1
' 7]ss|« 267
[|-(1 8| ss | o
|1 266
1B . 265
i ER R
Wi 264
10| ss | 140} /250m
14! 263
262.3 ¢
10.3 5
% 262
s//,'
:,{///, 11| RC | REC Josx RQD 92%
4
s
""I{I/, 261
Gneiss Bed ¥
nelss Bedrock ;fﬁ 12] R | REC |75% RAD_ 60X
4
I 4
P 13| e | ree froox | 250 RQD 48%
259.3
135.4 ] End of Borehuis

+3 8 Numbars refer to
‘ " Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




MinTstry of
Troraporiatien

Foundotivn Dasign

Ontarlo ] 2
RECORD OF BOREHOLE No 3 1oF1  METRIC
WP, _B1-86-02 LOCATION Co—ords: N 4 685 527.6: £ 370 807.0 ORIGINATED BY €D
DIST__ 52  Hwy 11 BOREHOLE TYPE _Cone Test COMPILED BY...SD
DATUM _Geodstic DATE 1991 07 10 CHECKED BY....KA
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RECORD OF BOREMOLE No 4 i OF 1 METRIC
w.p, _61-86-02 _ LOCATION Co—ords; N 4 985 536.0; E 320 808.8 ORIGINATED BY.CD
DIST__ 452  Hwy_ 1t BOREHOLE TYPE _Cone Test COMPILED BY _CD
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RECORD OF BOREHOLE No 5 1or1 METRIC
W.p, _81-86-02 LOCATION Cowords: N 4 985 545.0; E 320 776.8 ORIGINATED BY. G0
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5 o |38 7| 2 o o & w [V = U123«
” =]
ELEV DESCRIPTION ali|w! 23125 & [shear strencTh ke DI SRAIN SizE
DEPTH =12 > {B3Z] % |v unconnned + FIELD VANE v
HE S . §3 S |e cuck Turm, 1B vane  [WATER CONTENT (%) J &
272.8) Ground Surfote vl e it 20 40 &0 80 100 10 20 30 KN/ |GR SA S1 CL
0.0 Siity Stind to Sandy Silt
with Roots ond Orgonics 117 K
» * 272 \
-
Probable iy
Siity Sond to Sondy Sitt iy an
Cotnpact to Vety Dense "
I .
2701 . %70,
2.7} End of Qune Test 1204 15cm
43 3 Numbers rafer o

* Sunsliivily

20
15%‘5 (X} STRAIN AT FAILURE
1




Ministry of
Traraportation

Foundutionh Design

tintarie )
RECORD OF BOREHOLE No 6 1 0F 1 METRIC
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RECORD OF BOREHOLE No 7

1 OF 1

METRIC
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w.p, _61-88-02 LOCATION Co-ords: N 4 885 650 % F 320 781,2 ORIGINATED BY. LD
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RECORD OF BOREHOLE No 14 1or 1 METRIC
W.P. __B51-86-02 LOGATION Co-ords; N 4 985 560.0; £ 370 761.5 ORIGINATED BY.GD
DIST =+ 52  Hwy _11 BOREHOLE TYPE _Cone Test COMPILED BY .. €D
DATUM _Ceodetic DATE 1991 07 16 CHECKED BY...KA
SOIL PROFILE SAMPLES §m g A i ENETRATION [ REMARKS
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RECORD OF BOREHOLE No 15 1or1  METRIC
W.B, __B1-86-02 LOCATION Co-—ords; N 4 885 5682, £ %20 7635 ORIGINATED BY_ED_ ..
DIST__ - BZ  ywy_n BOREHOLE TYPE _Hollow Stemn Aucer, BX Core COMPILED BY _ 0
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5.0] End of Borehole
+3 45 Numbers refer to

" Sensliivity

2
15;:;5 {X) STRAIN AT FAILUKE
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RECORD OF BOREHOLE No 16 10F 1 METRIC
WP, _51~85~02 LOCATION Co—ords; N 4 985 574.2; E 320 766,1 ORIGINATED BY_CD___
DIST ¥ 52 HWY 11 BOREHOLE TYPE _Cone Tast COMPILED BY . CO
DATUM _Ceodetic DATE 1991 07 16 CHECKED BY._...KA
™ iIC_CONE PENETRATION
SOIL PROFILE SAMPLES | & | o | Sruw rums,
5 2 6 RESISTANCE PLOT ~2‘......._,___ mm"m .Zg‘scm‘ﬁ wwb ,_:% REMARKS
) i Ed-1 I 20 40 60 80 100 O} w w | B8 &
o i L
ELEV DESCRIPTION |8 w3 |25] & [snear stReEncTH AT B SRAN SIZE
DEPTH -1 -3 Il % | o unconaneD + FIELD VANE v
El217 1, 28] 2 |oouck maw e vae [VATER CONTENT (%) S @
2739 Ground Surface u =, o 40 60 80 100 10 20 30 [ kN/milcn sA Si €L
0.0 x

Prabuable f

Sty Samd to Serdy Sit ' 273 .\i

Gompaet 5 ‘
272.3 ] B

1.5| £nd of Cone Test 1204 4cm
+3' o ; Humbers tefer to

Sanstiivity

20
1505 (%) STRAIN AT FAILURE
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W.p, ._51-86.02 LOCATION Co-ordm; N 4 885 503.7; E 320 B15.0 ORIGINATED BY._CD
DIST __o3r 5T uwy 11 BOREHOLE TYPE .Hollow Stern Auger COMPILED BY €D
DATUM _Geodetic DATE 1991 07 17 CHECKED BY KA
SOIL PROFILE SAMPLES | & | 3 | Croic CONE PERETRATION U,
M| 3 |RSSWCEROT S e Vosmom: Lo &% REMARKS
5l [a|®8| 2| 2 « o o w I, " W|38]| «
ELEV Z|&|w|2|25| & [SHEAR STRENGTH kPo P oM ¥ | crAIN SIZE
DEPTH DESCRIPTION w2 E | 5|33 & | uconme + FIELD VANE 5 |DISTRIBUTION]
3 K3 > ?:nu > e quick TRIAMIAL x LAB VANE IWATER CONTENT (%J 3 (z)
2728 | Ground Surface « = g 20 40 60 BO 100 1020 30 KN/ IR SA SI CL
0.9 Shity Sond to Sandy Sit JZL
with Roots and Orgonics
At 292
1 : 1 1185 17 .!.
1. a7
L] 4 2 o 31
Li"l] 3] 58| 13 250 1 50 46 3
[.[1 4] 55| 28
gt 266
Sty Sond to Sondy $iit L")
Compact to Very Dense i i ?
i’ 268
INEERE 0 569 6
] 71 ss g1 267
8|55 | 83
11} 266
"1 265
264,7 LTl 8 S | 109 | /26em| 0. 5146 3

79| End of Borehols

43, x5 . Numbers refer to
' Sensliivity

20 :
15-1%5 (%) STRAIN AT FAILURE
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FOUNDATION INVESTIGATION REPORT
for
Hwy 11 and Muskoka Road #37 Interchange
Connection ‘A’ and the EW-N Ramp
W.P. 61-86-00A
District 52, Huntsville

INTRODUCTION

This report summarizes the resuits of a foundation investigation carried out at the
proposed Connection ‘A’ and EW-N Ramp alignments of the Hwy 11/Muskoka Road 37
Interchange. The investigation was carried out upon the request of the Northern Region
Geotechnical Section. The main purpose of the investigation is to determine the bedrock
profile in this area which will govern the construction method and ground support scheme
for the proposed road formation,

The field work was carried out between 95 02 13 and 95 02 27. The work consisted of
ten (10) sampled boreholes and three (3) probe-holes advanced between Sta.10+530 and
10+620 of Connection ‘A’ and Sta. 11+200 and 11+320 approximately. Bedrock was
cored in eight (8) of the boreholes.

SITE DESCRIPTION

The site is located to the east of Highway 11, between the highway and Latvian Road.
It is situated just to the north of the existing Hwy 11/Muskoka Road 37 intersection in the
Township of Bracebridge, District of Muskoka.

Physiographically, the site is located in a region known as Number 11 strip, after
Chapman and Putnam (1984). It typically consists of bare rock ridges and glacial deposxts
of sand, silt and clay.

At the site location, Hwy 11 and Latvian Road are separated by an existing slope. The
height of the slope ranges from 4 +m at the south end (Sta. 11+200) to 11 +m around
Sta. 11+400. The composition of the slope material also varies. Between Sta. 114200 to
114305 approximately, the slope comprises rock fill overlying bedrock. The area at the
toe of the slope is heavily wooded. From Sta. 11+305 to Sta. 114375 approximately, it
is primarily composed of sand and silt. The slope surface is grassed. From Sta 11+375
on, massive bedrock outcrops can be found on the slope face. The slope angle varies,
but typically at 2H:1V for the soil slope and steepens up for the rock fill and bedrock
outcrops. The slope above Latvian Road comprises mainly bedrock outcrops. The existing
slopes and roadways appeared to be in good shape with no obvious sign of distress.
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The site is bounded by Hwy 11 to the west and Latvian Road to the east. There is no
major land use except a snowmobile trail runs along the toe of the slope.

INVESTIGATION PROCEDURES

Soil data and inherent properties were obtained by insitu and laboratory testing. The
procedures employed are discussed below:

Field

The field investigation work was carried out between 95 02 13 and 95 02 27 and
consisted of ten (10) sampled boreholes advanced to a depth ranging from 3.9 to 17.4
m. In addition, probing was done by augering to refusal at shallow depths (0.6-0.8 m) at
three (3) locations.

Two track mounted auger machines were mobilized to speed up the progress. The
boreholes were advanced using conventional hollow/solid stem augering techniques with
continuous flight augers. The sampling program consisted of disturbed samples taken by
split spoon sampler in accordance with Standard Penetration Test (ASTM D1586).
Standard Penetration (‘N’) values were recorded for assessment of the denseness of the
non-cohesive material encountered. Bedrock was cored at eight (8) hole locations. Wire
line rock coring techniques were employed in one of the machines to retrieve rock core
samples for rock quality determination and classification purposes. Standard N size core
barrel and casings were used. Conventional rock coring was carried out in the other
machine with B size core barrel and casings. All subsoil samples were identified in the
field and returned to the laboratory for further examination and appropriate testing.

Ground water level was monitored in the boreholes during the investigation. All boreholes
were backfilled upon completion of the field work.

Borehole locations and elevations were provided by Northern Region Planning and
Design Section. The proposed borehole locations were staked out in the field. No drilling
was carried out on the existing slope as the slope gradient is too steep for the machines.
Boreholes offset from the original stake locations were tied in by our field staff upon
completaon of the f;eld work.
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Laboratory

The laboratory testing on selected soil samples consisted of the following:

- Grain Size Distribution

- Natural Moisture Content

- Organic Content Determination

Laboratory results are given in the following section of this report and are illustrated on
Record of Borehole sheets included in the Appendix.

SUBSURFACE CONDITIONS

General

The Record of Borehole sheets in the Appendix illustrate the subsurface conditions at the
borehole locations. The locations of the boreholes are shown in Drg. No. 618600A-A.

A series of boreholes were advanced along Latvian Road with rock coring carried out on
most of them to prove bedrock (except BHs 2, 8 and 10). The bedrock surface was found
to be undulating with depths varying from 1.4 to 5.6 +m. The overburden comprises
mainly granular/rock fill or sand and gravel with boulders. Boreholes were also advanced
at the toe of the existing slope. At BH 12 location, bedrock was deeply seated at 15.4 m
depth with native silty sand and non-cohesive glacial till material overlying it. At BH 11
and 11A locations, bedrock was encountered at 5 and 6.7 +m respectively.

Following are the specific descriptions of the materials encountered in the investigation.

Eill

Granular fill is generally contacted at the ground surface for all the boreholes advanced
along the existing Latvian Road (BHs 1 to 10). This fill layer is about 0.6 to 0.8 m thick
and consists of sand and gravel. At BH 7 and BH 9, the fill layer extend to 2.6 and 2.1
m respectively and consists of boulders and rock fragments, probably pushed in during
construction of the road. Some organic inclusions were found in BH 9. Laboratory tests
carried out on a sample retrieved from BH 7 indicate moisture content of 10.5% and.
Grain Size Distribution of 47% gravel, 45% sand and 8% silt & clay. A sample retrieved
from BH 9 was also selected for testing. The results indicate moisture content of 20.5%,
organic content of 4% and Grain Size Distribution of 26% gravel, 62% sand and 12% silt
& clay.
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Sand and Gravel with Boulders

This non-cohesive soil stratum was encountered at BHs 1, 3 to 6 and 9 below the fill
layer, overlying bedrock. It consists of sand and gravel with boulders and the thickness
of this stratum varies from 0.6 to 5.0 m. Due to the bouldery nature of this deposit,
Standard Penetration Tests carried out typically encountered refusal on boulders.
Laboratory tests carried out on a sample retrieved from BH 5 indicate moisture content
of 13% and Grain Size Distribution of 27% gravel, 61% sand and 12% silt & clay. A
sample retrieved from BH 9 was also selected for testing. The results indicate a moisture
content of 13% and Grain Size Distribution of 18% gravel, 71% sand and 11% silt & clay.

Silty Sand to Sandy Silt

This is a major deposit contacted in the boreholes advanced at the bottom of the existing
slope (BHs 11, 11A and 12). The thickness of this non-cohesive layer varies from 3.8 to
12.8 m. It is described as silty sand to sandy silt with isolated sand layers, silt zones as
well as clay pockets. Standard Penetration ‘N’ values range from 9 to 63 blows/30 ¢m
indicating compact to very dense state of denseness. Three (3) samples were selected
for laboratory testing and the results indicate natural moisture contents of 7.5, 24.5 and
33.5%, and Grain Size Distribution of 0-8% gravel, 16-89% sand and 3-84% silt & clay.

Heterogeneous Mixture of Sand, Silt and Gravel (Glacial Till)

This non-cohesive layer was contacted in BH 11 and BH 12 overlying bedrock. Numerous
boulders and cobbles were encountered in BH 12. Based on the SPT ‘N’ values (60
blows/30 cm and 54 blows/28 cm), the material is very dense. Laboratory testing carried
out on two representative samples indicates natural moisture contents of 11+% and Grain
Size Distribution of 18-28% gravel, 48-55% sand, 22-25% silt and 2% clay.

- Bedrock

Bedrock was cored in BHs 1, 3to 7, 9 and 12. It is a slightly weathered to unweathered
igneous/metamorphic rock of the Grenville Province. The rock retrieved from BHs 1, 3 to
7 and 9 advanced from Latvian Road is a strong Hornblende-Biotite Gneiss. Core
Recovery (CR) obtained generally varies from 66 to 100%. The CR is exceptionally poor
in BH 6, ranging from 5 to 100% with a void between 5.41 and 5.72 m depths. Rock
Quality Designation (RQD) varies widely from 0 to 100%. The rock retrieved from BH 12
at the toe of the slope consists of a medium strong Amphibolite overlying strong Granite.
CR obtained ranges from 87 to 100% and RQD ranges from 36 to 89%.
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Rock cores from t'he‘ field were examined and classified by MTO petrographer, D.
Williams. Detailed descriptions of the rock are attached in the Appendix.

Groundwater

During the time of the investigation, the boreholes along Latvian Road (BH 1 to 10) were
dry before water was pumped in for rock coring. The holes caved in immediately when
the casings were extracted after completion of drilling and no measurements were made.
The ground water level measured in BHs 11, 11A and 12 at the toe of the slope was
generally close to the ground surface, at El. 274 +m in BHs 11 and 11A and El. 272 +m
in BH 12. Seasonal fluctuations in water levels are expected.



26
MISCELLANEQUS

The fieldwork for this investigation was carried out under the joint supervision of D. Kwok,
Project Foundation Engineer, J. Crabb, Engineering Trainee and T. Hickey, Technical
Trainee. The drilling machines and equipment were owned and operated by Dominion Soil
Investigation Inc. and Canadian Soil Drilling. Bedrock was examined and classified by
MTO petrographer D. Williams.

The report was written by D. Kwok, reviewed and approved by T. Kim, Senior Foundation
Engineer.

ool
T.C. Kim, P. Eng.
Senior Foundation Engineer
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RECORD OF 'BOREHOLE No 1

10F1

METRIC

ORIGINATED BY.DK ...

- 95 0213

w.p, . 81-86-00 LOCATION .. Sts JO+822.5 ofs 2.3 m W.CL Conn A
DIST .. B2 KWy 1) BOREHOLE TYPE _HS. Aygers, NQ Core. Borrel, COMPILED BY o TH
DATUM _Geodetic DATE §5.02 13 = §5 02 15 CHECKED BY T ..
G CONE PENE?RAT‘ON
SOl PROFILE SAMPLES | & | o |hrees - :
' o = RESISTANCE PLOT 2-——-.—-... unﬁ'nc Joviemmy uuz'm =E REMARKS
= nl| g @ 20 40 e o o |07 T T | 23 &
" ] 0 60 B0 10
eLEv ElE|w |2 |2E5] 8 [SHear STRENGTH kPo ot TF oram size
DEPTH DESCRIPTION =2 E| S |82] & |ovcomnen T+ e v y [DISTRIBUTION
. |2 2 | B0 g |o ovox i  x e vae WATER CONTENT (X} © .} (%)
283.6 | Ground Surface n F1” | @] 20 40 60 8 100 10 20 30 | kN/mijoR sa $1 CL
0.0 Sand & Grovel (Gronulor Fil) BRY
0.6 Sond and Geavel % Lo IR
282.2 with Bouldery bl o oo
1.4 by 282 %
4 100X
Bedruck >4 5 | re | rec {io0x foo Mx
280
2792 ) ] REC | 100% RQD 74%
4.4 | End of Borgholn

w:‘_ 3, Numbaers refer 13

St be

20
155 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 2

10F 1

METRIC

« 85 02 24

»» Auger refusol on probuble
boulders

w.p, ..61-86-00 LOCATION o Sto 104603 o/5. 2.0 m Lt Cl. Conn/A' ORIGINATED BY.IH
DisT___52 Hwy _11 BOREHOLE TYPE _$.5. Auger COMPILED BY DK
DATUM .Geodelic ' DATE 95 07 74 CHECKED BY K
o ST EVAMIC CONE FENETRATION
S0IL PROFILE SAMPLES %Jm -g-‘ RESISTANGE PLOT m?"c mﬁ% 33}#“ ﬁ"i REMARKS
5 K1 20 40 so 8o 1o | T 0 Z8 &
. o - i A i 1 i
ELEY DESCRIPTION ldlw| 2|28 & [SHEAR STRENGTH kPo DY B GRAM SIZE
DEPTH el EL o Z1 % ]o unconeneD + FIELD VANE Y I 1
é 21" Y gg Z | auck TR % LAB VANE WATER CONTENT (% s %)
284.2 | Ground Surface wi ’ : N 20 40 60 BO 100 10 20 30 kN/mi GRr 5A S1CL
v84.8 Gropular Fill 2] ORY 284
0.6 End of Borehole had

+

3

»

5, Numbars ratst 1o
" Sensitivity

0
1505 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 3 1of 1 METRIC
W.p, ._61-86-00 LOCATION . Sto 104560 o/s 4.2 .m Lt GL. Conn. A" ORIGINATED BY_PK ...
DiST..82 Hwy _11 BOREMOLE TYPE _H.SAugers, BQ Core Barrel COMPILED BY o JC .
DATUM _Gesdelic DATE 95 07 14 - 9% 0215 CHECKED BY.... 08
SOIL PROFI AMPLES | = LT | DYNAMIC CONE PENETRATION
OFILE SAMPLE Em g RESISTANCE ‘PLOT rste Jaruen, o =% | Rewarks
k= w3l @ 20 6 60 80 oo | uet T Z8 &
« o A A ! A ;
ELEV DESCRIPTION Elulw 33 g'"g:;; & [SHEAR STRENGTH kPo LA = Dsgmua L;srazos
GEPTH  ES T | ¢ unconFmen + FIELD VANE y  [DISTRIBUTION
ElZ] 7|, gg g | ® ook TRwx - x v vane WATER CONTENT (% s =)
264.1] Ground_Surface w < o 20 40 60 B0 100 10 20 30 KN/ lGR SA S CL
y Sty Sand with Gravel N DRY :
2593 {Grenular Fill) & *
0.8 Sond ond Grovel |
282.5 with Bouiders Q
1.6 VI Re | ReC fioox | RGO 50X
Bedrock ] 2 | #c | rec forx ROU 27%
2802 3 | re | HEC 1100% HOD 90X

3.9 End of Borehole

» 95 02 14

_,_3 xs_Numbers rafer 1o
Y7 T Sensitivity

20
1548 (%) STRAIN AY FAILUIRE
1
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RECORD OF BOREHOLE No 4 vor1 METRIC
Ww.P, ..81-88:-00 LOCATION . 510, 104565 o/s 8.2 m L3 Cl. Conn, A’ ORIGINATED BY.JH.
DIST .52 HwY 11 BOREHOLE TYPE _Hd&. Augers, NQ Core Barrel COMPILED BY M ...
DATUM _Geodetic DATE 85 02 23 CHECKED BY . TK____
J S —
o L DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ,m -‘&‘ RESISTANGE PLOT ‘ AsTC MNO‘OSME voun ....5'5 BEVARKS
- ¢z b)' UMiT CONTENT uwit 45
ol nl*5 20 40 60 80 100 g w w Sw &
ELEV alw|w| 2|25 & [sHEAR STRENGTH kPo . RS S——— * 1cram size
DEPTH DESCRIPTION =3 -2 IS g BE| & o unconeinen + FIELD VANE . 5 |DISTRIBUTION
' E o | E0| & | ovck Trua  x 1as vane WATER CONTENT (2} 4 (%)
283.7 | Ground Surface © : o 20 40 80 BO 100 10 20 20 kN/mi Jor 5A 81 6L
0.0 Sond & Grovel (Granulor FI) < 92"
0.8 6"‘7
Sund and Crovel ;Q
& 2832
with Boulders ba
P
260.7 .
: 100%
30 RCHE 1% =
S o | ore Lrec f7ex | 2 ROD 79%
Bedrock e MG LR 100%
= & | rG | REC }100% RUD B3X
LB HHER 166%
2776 9 | Rc | REC Jioox | 278 RO 9X%
6.11 £nd of Borehole

85 02 23

4

3 5 Numbers refer to
b " Sensitivily

20
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 5 yor1  METRIC
W.p, ..61-86-00 LOCATION . Sto 104550 o/s 7.2 m Lt CL. Conn, ‘A" ORIGINATED BY G
DIST .52 HwY 1 BOREHOLE TYPE _H.S. Auger. BQ Core Horrel | COMPILED BY G .
DATUM _Geodetis DATE g5 02 15 - 85 Q2 17 CHECKED BY T8 .
SOIL PROFILE el R ER TR T .
Hul S s wosyRe L0 o o REMARKS
= w | =221 @ 206 40 60 BO 100 CONTENT £Q
(=) o v =] = ) A b 1 i WP w VIL :‘; &
ELEV DESCRIPTION o w g gé & |SHEAR STRENGTH kPo M S D?gé?a &lezn
DEPTH =12 =115 Y% | o unconrngn + FIELD VANE ¥ 10
HEIR E8| F | ouck Twua = B vaNE WATER CONTENT (%} .7 | (%)
283.7 | Ground Surface n i il 20 40 ©0 BO 100 10 20 30 kN/riloR 5A 51 CL
"
0.0 Sand & Gravel {Granuiar FiN) >(z:; Dg'
08 o 282
4
o
. - Q
Siity Sond und Grovel ‘é;-
He 280
with Boulders o,
w |
& 1]ws | o~ o 27 81 (12)
277.5 - g 278
56
2 | re | nee RQD 100X
Bedrock 100x] 276
: G4 > | re | rec RQD 7%
2745 97%
B.7] End of Borehole

. g% 02 15

+

‘

3 5, Numbars refer 1o
" Sensitivily

20
1565 (%) STRAIN AT FAILURE
(Xal
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W.P. 61-86=00

DIST 52

DATUM _Seodetic

LOCATION 4530 o/y 9. onn, A"
Hwy _11 BOREHOLE TYPE _H.S. Auger, NQ Core Borrsl
. DATE

RECORD OF BOREHOLE No 6

tor1  METRIC

DRIGINATED BY.JG .
coMpiLED BY _TH.
CHECKED BY ¥ ...

o () DYNAMIC CONE PENETRATION
S0IL PROFILE Em & | RESISTANCE PLOT rogtc L o | L | REMARKS
21 9 ¥ coMENT  UMT Z6
123 wl®g 0 k0 e 8 w w w, | D &
ELEV lulwl 3128 & [sHEAR STRENGTH kPa Pt b % oram size
L oA DESCRIPTION gl = =
DEPTH ! =21 2| 51881 & | unconmeo 4 FELD WANE | o CONTENT (%) LIS TRIBUTION
&lz 5 | EO T | ® OUICK TRIAGAL % LAB VANE : 3 %)
282.5 | Ground Surface % R B 20 40 60 80 10 20 30 |kN/miloR A St cCL
2698 Sand & Grovel (Gronulor FII) 1 RO [P
0.7 be
Sty Sand with Crovel P - 4
&
ond Boulders %;a 280
27191 - L —
3.4
RC »78 ROD 27%
Hedrotk
b L T L ROD MIX
276
ROb 80%
275.1 R

74| End of Borehole

v 85 02 20

3 Numbars refer to
Sensitivity

2
1565 (%) STAAIN AT FAILURE
1a
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RECORD OF BOREHOLE No 7

1 0F 1

METRIC

= 85 02 16

W.p. _61-86-00 LOCATION . Stg 114200 o/s 3.7 m RL.GL, EW=-N Romp ORIGINATED BY. IH ...
DIST 52 Hwy 1) BOREHOLE TYPE _HS..Auger. NQ Core Byrrel COMPILED BY .TH
DATUM _Seodetic DATE 95 02 16 CHECKED BY —IK_....
SOIL PROFILE SAMPLEs | B | O | Sl GO FERETRATON :
B, 5 |ReseE PLOT ‘ rusnc M oo S5 remarks
e nwixZ| @ 20 40 0 B0 100 CONTERT 282
8 o i o - } A ’ L i WP w VIL mg &
ELEV DESCRIPTION clglw| 3 gg & |SHEAR STRENGTH kPo e Gt SRAIN SIZE
DEPTH m P ZEL > L5 L SE | g | © UNCONFINED 4+ FIELD VANE v UTION
: E121 7 |, | B0 & | ouek oA x 1AB vANE WATER CONTENT (2} ° (%)
280.3 | Ground Surface n = o 20 40 60 BO 100 10 20 30  [wN/milor sA stcL
0.0 : 5 DRY 280
Sand and Gravel, Trace Siit bt T /18em
with Uobbles ond Boulders "!“‘"EIZ‘IE: J18em 5 48 (@
) 2
e D) re ey /isem| a78
?«6 4 | rc | Rec Jroox ROD 79X
' 5 | RC | REC |100% RQD 8%
Bedrock ,
6 | re |rec fioox | 27s ROD 87%
2745 4 7 | RC | REC } 100X ROD 82%
58] End of Borehole

Ei

3

'

5, Numbers refar lo
" Sensitivily

20
150 % {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 8 yor 1 METRIC
w.p, ..61-86-00 LOCATION ___.... Sto.11#221 o/y 65 m Rt CL. EW-N Romp ORIGINATED BY.JH ..
DIST 52 HwY L1 BOREHOLE TYPE _S.5. Auger COMPILED BY .8
1 DATUM Seodetlc  DATE 95 02 24 CHECKED BY.JK
OlL PROF SAMPLES | & T | DYNAMIC CONE BENETRATION
SOl PROFILE E E n| RESISTANCE PLOT s frfiope gau =% | Rewarks
slL] Tol38] %2 o w oo [0 U7 |38 e
] H51mel =2 P L = N
ELEV aful w SDlza © |SHEAR STRENGTH kPo GRAIN SILE
AR DESCRIPTION Ll I 5% = BISTRIBUTION
DEPTH -3 =3 Bl = | o unconnNed + FIELD VANE ~
21217 |, %3 & | vk T« v van: WATER CONTENT = 7 %)
280.8 | Ground Surface " ? 1 d 20 40 €0 80 100 10 20 30 |kN/nmi]gr SA S1 CL
2888 Gronuiar FIl (D) DRY
0.8 En.d ol Borehole b
« 95 02 24
w» Auger refusol on probobie |
bouiders or rock fill
+3' xS,Numbeu raler o

" Sensitivity

20
ts{»ﬁs {%) STRAIN AT FAILURE
1
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RECORD OF BOREHOLE No 8

1 OF 1

METRIC

Il

" Sensitivity

20
1545 (%) STRAIN AT FAILURE
mn

W.P. ..B1=86-00 LOCATION Sto 114240 ofs 8.5 m Rt Cl. EW=N Romp ORIGINATED BY.IHAC.
DIST .52 HWY 11 BOREHOLE TYPE .H.S. Auger. NG Core Burrel ‘ COMPILED BY TH—
DATUM . Geodetic DATE 950217 - 9502 20 CHECKED BY _JK_ ...

o T T DYNAMIC CONE PENEIRATION
SOIL PROFILE SAMPLES !'u_-lm 3 | resisTaNcE PloT pLAsTE :sm . .-I-;E REMARKS
21 o iy content w1 =8
5 A E 1B 20 4% & 8 wo |, w  ow | 3u &
o« =]
ELEV DESCRIPTION & gy 2| 25| & [svear streneri ke ) g B CRAN sizE
DEPTH L - - & ”d o UNCUNFINED + FIELD VAN y
: M EIE €5 g | o ook AL« e vane WATER CONTENT (%} (%)
2813 Ground_Suiface w F1° | @ | 20 40 60 B0 100 10 20 30 | KN/moR SA SI CL
0.0]  sity Sond with Gravel °§"
Soms Rock Fragments n 0 r;‘_&:gﬂf *ﬂ 3om -
{F) o . Boulders e
299.2 with“Topaoll Inclusion zy Ewetoniry /3em 2 ol ex]28 82 (12
278.6 Siity Sond, Some Grovel b "o T g0 /2sem ° 18 71 (1)
27 ‘ s | me | nec jerx . ROD 87X
Hedrock ] € | re | Rec |00 RGD_60X
' 7 | RC |.REC |69% RGD_ 89X
9 :
757 8 | ro | ReC {95 276 ROD 95%
56 End of Borehols
+ 95 02 17
33 8, Numbers reler to
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RECORD OF BOREHOLE No 10 yor1  METRIC

W.p. . 61-86-00 LOCATION Slg 114261 o/s 105 m R CL. EW=N Romp DRIGINATED BY.TH ...
DIST 52 HwWY _11 BOREHOLE TYPE .S.5. Auger COMPILED BY DK
DATUM _Geodutie DATE 95 02 24 CHEGKED BY.. K .
SOIL PROFILE SAMPLES | & @ T DYNAVIC CONE PENETRATION
ém ES RESISTANCE PLOT ™o m?,c nugm mﬁ ':::m REMARKS
5 w =] © 20 40 60 80 100 | VT T ég %
_ o ] 0 40 60 B0 10
ELEV |G| w| 2 |25] & [sHEAR STRENGTH kPo g A GRAIN SIZE
DEPTH DESCRIPTION =121 5| $|32] T |ovwcowmen  + men vane y |oisTRIBUTION
A E C | &8 2 |e ouek mwon o« e v WATER CONTENT (%) s %
281.2 | Ground Surface w = o 20 40 60 BO 100 10 20 30 kN/m Jor 8A 5! CL
-2&8& Granular Fill B U&*
081 End of Borehole ™
» 85 02 2%

we Auger refusal on proboble
boulders

i3 5 _ Numbirs reler 10

20 '
X oty 18 37 % (%) STRAIN AT FAILURE
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pIST_.. 52 HwWY _11 BOREMOLE TYPE _H.S..Auger, BQ Corg Borrel COMPILED BY .. T
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o W | DYNAMIC CONE PENEIRATION ,
SOIL. PROFILE SAMPLES L._sm 5 RESISTANCE PLOT ) YR voiar SV B - REMARKE
r N EEIRZ 0 40 60 80 oo o o DN} SO
ol b o = . A A L i W w w m; &
ELEV DESCRIPTION Tl |2 E"gﬁ Z [SHEAR STRENGTH kPa L SRAIN SIZE
DEPTH - > Z | % ]e unconnined + FIELD VANE Y LTI
: 2|2 a 5 %8 S 1o ouck muxa. x i vane WATER CONTENT (%)} 7 & (%)
2760 Graund Surfoce v N o 20 40 60 B0 100 10 20 30 WN/mler sa S1 CL
0.0 . R )
v(dod plecn‘ %1 : 153 L ";“
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e 08 STROTE * 2| Ss | S0 274
Send, Trate Sit & Gravel R EREERES ° 8 89 ()
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- e i duwd 4 | 55 | 62
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y 272
S gy
271.1 Very Dense  (Glociol Til EoTenTma 1 /28eml] 2 20 4% 22 2
4.9 End of Horetole Probable Hedrack
» 95 02 23

4_3 %, Numbars refer o

b-41]
* Sensitivity tst‘,;s (%) STRAIN AT FAILURE
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DEPTH =1 ZE > | 5 | 3Z] g | o UNCONFNED + FIELD VANE ¥ 10
: 1217 |y 88| & | ouck TwnL  » Ls vaNE WATER CONTENT (2} © |} (%)
2758 | Ground Surfuce w N o 20 40 60 80 100 10 20 30 KN/m1GR SA 81 CL
0.0 T :
Y
11 = 274
siity Bond to Sandy Sit iRy
a . L 272
~ 270
269, K
6.7 -
Y
\ 268
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=4
288
Rl
265.1
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95 62 27
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tace at on ongle
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20
1545 (%) STRAIN AT FAILURE
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DATUM _Seodelie . DATE 95.02.20 - 95 02 22 ‘ CHECKED BY _IK
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ROCK CORE DESCRIPTION

WP 61-86-00 »
: : Page 1 0f 3
. CORE RECOVERY l CORE DESCRIPTION
| DEPTH | % % '
RC# (m) CR* | RQD* DESCRIPTION
2 132160 100 . 3% 1.32-1.45 OVERBURDEN (boulder tEEE};
3 1.60-1.93 85 . o 1.45-4.44 HORNBLENDE-BIOTITE GNEISS, greyish black to very light grey to moderate
4 1.93-223 100 3. reddish orange;_medium to coarse grained; strong; unweathered to slightly
5 2.23-345 100 3t weathered; !raciureé moderate to very close spaced, dipping to near vertical,
6 3.45-4.44 00| 74 _ undulating to planar, rough to smooth. » '
3 1 101122 | 100 1] 1.01-1.60 OVERBURDEN (boulder tili}.
2 1.22-160 100 K<) 1.60-3.86 HORNBLENDE-BIOTITE GNEISS, greyish black to very light grey to moderate
3 1.60-2.06 100 50 ‘ reddish orange; medium to coarse grained; strong; unweathered to slightly
4 -2.06-2.90 &5 7 weathered; fractures moderate to very close spaced, dippiag fo near vertical,
5 2.90-386 100 %2 undulating to planar, smooth to rough.
4 5 297310 100 ¢ 297-6.15 HORNBLENDE-BIOTITE GNEISS, greyish black to very light grey to moderate
86 3.10:335 100 0 reddish orange; medium to coarse grained; strong; unweathered to slightiy
7 3.35-351 100 1 O weathered; fractures moderate to very close spaced, flat to dipping, undulating o
8 351434 Fit] o planar, rough to smooth. ' )
g 4.34-442 100 0 ‘
10 | 442503 100 8
11 5.03-5.39 100 100
12 5.39-543 100 0
543615 | 100 | @

*CH = CORE RECOVERY

*RQD = ROCK QUALITY DESIGNATION

Note: Depths are approximated where core reco VEf}f is less than 100%
Logged by: DAW, Soils and Aggregates Sectlion
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ROCK CORE DESCRIPTION

WP 61-86-00
5 Page 2 of 3
| CORE RECOVERY ____CORE DESCRIPTION |
BH# |[RC#|  (m) CR* |raD*|  (m) f DESCRIPTION
5 1 561-7.14 100 100 561866 HORNBLENDE-BIOTITE GNEISS, greyish black to very light grey fo moderate
2 7.14-8.66 a7 . 97 reddish orange; medium to coarse grained; strong; unweathered to slightly
' ' weathered; fractures moderate to close spaced, dipping to flat, undulating,
‘ smooth to rough.
6 2 0.66-0.79 £ 0 0.66-3.40 OVERBURDEN (boulder till).
3 0.79-124 4 2 340742 HORNBLENDE-E{OTI?E GNEISS, greyish black to very light grey to moderate
4 1.24-1.52 63 g ’ reddish orange; medium to coarse graineé: strong; unweathered to slightly l |
5 1.52-1.93 56 0 weathered {void, 5.41-5.72 m}; fractures moderate to close spaced, dipping to ‘
6 1.93-2.69 i ¢ near vertical, undulating to planar, smooth o rough.
7 2.69-3.18 5 5] . s
8 3.18-351 ) 0 *-
9 3.51-503 3 20
10 5.03-6.40 80 41
11| 640742 100 0 ‘
7 4 2.64-330 100 9 264577 HORNBLENDE-BIOTITE GNEISS, greyish black to very light grey 1o rﬁodefate
5 3.30-3.73 100 524 ' reddish orange; medium to coarse grained; strong; unweathered to slightly
6 3.73-480 100 g weathered; fractures moderate to close spaced, dipping to near vertical, planar to
7 4.805.77 100 82 ; undulating, smooth to rough. '

*CR = CORE RECOVERY

*RQD = ROCK QUALITY DES!GNATION

Note: Depms are approximated where core recovery I8 less than 100%
Logged by: DAW, Soils and Aggregates Section
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ROCK CORE DESCRIPTION
WP 61-86-00

CORE RECOVERY

CORE DESCRIPTION

16.46-17.37

orange; medium to coarse grained; strong; unweathered to slightly weathered;
fractures close to very close spaced, dipping to near vertical, planar to undulating,

smoaoth. !

BH# |[RC#|  (m) ch | rap*| " im) | DESCRIPTION
2.74-351 87 87 274559 HORNBLENDE-BIOTITE GNEISS, grey‘ish black to very light grey to moderate
3.51-3.96 100 & reddish crange; mediuni to coarse grained; strong; unweathered to slightly
3.86-4.44 8 8 weathered; fractures moderate fo very close spaced, dipping to flat, undulating to
9 ..4.44-559 % & H planar, rough to smooth. '
13 15.37-16.46 2 ¢ &6 15.37-1646 | AMPHIBOLITE {(biotite-bearing), grgyish biackﬁ medium grained; medium strong;
14 16.46-17.37 2] K ¢ unweathered {o slightly weathefed: fractures moderate to close spaced, dipping -
to near vedical, planar to undulating, smooth.
GRANITE {biotiie-bearing and gneissic), greyish orénge pink to moderate reddish

"CH = CORE RECOVERY

*RQD = ROCK QUALITY DESIGNATION -

Note: Deprhs are approximated where core recovery is 1853 !han 100%
Logged by: DAW, Soils and Aggregates Ssctlcn
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FOQUNDATION INVESTIGATION REPORT
For
Highway 11 and Muskoka Road 37 Underpass
W.P., 61-86~02, Site: 42-191
Highway 11, District 11, Huntsville

INTRODUCTION

This report summarizes the results of a foundation investigation
which was carried out for the construction of Hwy 11 and Muskoka
Road No. 37 Underpass.

The investigation was carried out at the request of Northern Region
Structural Section. The report applies to proposed bridge
structure and its approaches between Station 94920 and 104040,
Muskoka Road 37 chainage (Re.: Plan E-559-11-~1, dated October,
1990) .

SITE DESCRIPTION

Physiographically the site is located in the Algonguin Highlands
region. In general this region is underlain by granite and other
hard Precambrian rocks., Overall it is broadly dome shaped. There
are frequent outcrops of bare rocks. The so0ils are generally
shallow but thickness over the bedrock varies greatly over short
distances. Many of the valleys are floored with outwash sand and
gravel. Several areas have deeper till and few rock outcrops and
the surface of the till is smoothed and moulded with occasional
drumlins appearing (Reference: Chapman and Putnam, 'The
physiography of Southern Ontario; 3rd Edition, 1984).

The site for the proposed Highway 11 and Muskoka Rd 37 interchange
{(Underpass) is located about 200m north of existing intersection of
Muskoka Rd 37 and Highway 11. The proposed interchange will
replace the existing intersection of Hwy 11 and Muskoka Rd. 37.

At the proposed underpass, Highway 11 runs north-south. The land
adjacent to Hwy 11 at the proposed site location is undeveloped.
On the east side the ground is covered with grass and at about 45m
east of Highway 11 the area is covered with woods. On the west
side, adjacent to Highway 11 there are rock outcrops which are up
to 8m high.
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The exposed bedrock on the west side of Hwy 11 is covered with
grass and shrubs. In some areas the rock surface adjacent to
Highway 11 is rough and angular. Perhaps this 1is due to
excavations which took place at this location during Hwy 11
construction. The rock surface elsewhere, including the location
of the proposed west abutment 1s smooth. The bedrock outcrop is
sound with some surficial loose pieces of rock. The exposed
bedrock surface dips towards east at 4H:1V (about 14 degrees).

-Adjacent to Hwy 11 the bedrock contains few close spaced fractures

which dip towards the east at about 20 degrees).

INVESTIGATION PROCEDURES

" The field investigation for this project was conducted between 91

07 10 and 91 07 17. The field work consisted of drilling five
boreholes (BH 1,2,6,15 and 17) and six dynamic cone tests (BH
3,4,5,7,14 and 16) at or near proposed footing locations. The
boreholes were advanced using track-mounted auger machines equipped
with 82Zmm ID hollow stem augers and BX size coring equipment.

Samples were recovered by means of a 50mm OD split spoon sampler
driven into the soil according to the specifications of the
Standard Penetration Test (ASTM D 1586). In general samples were
retrieved at 0.75m intervals for the first ém of boring, then every
1.5m. Once practical refusal to auguring was encountered in
Boreholes 2,6 and 15, BX-size bedrock cores were obtained from
these boreholes.

Groundwater was monitored during drilling and after completion of
the boreholes.

The Laboratory testing program for the representative samples
consisted of Grain Size Analyses. The results of the laboratory
tests are plotted on the Record of Borehole sheets (Appendix) and
summarized on Figure 1. :

Bedrock cores were logged by D.A. Williams, Petrographer in the
Soils and Aggregates Section of MTO.

The boreholes were staked out by the Northern Region Surveys and
Plans Section of the MTO, Ground surface elevations were also
provided by the Surveys and Plans Section.



SUBSURFACE CONDITIONS

The Record of Borehole Sheets in the Appendix illustrate the
subsurface conditions at the borehole locations. The locations and
elevations of the boreholes, along with stratigraphical profiles
based on the borehole data are shown on Drawing No. 618602-A.

Following are detailed descriptions of the so0il strata encountered.

Silty Sand to Sandy Silt

The overburden consisted of a non cohesive silty sand to sandy silt

material at the entire site. This non-cohesive material was
encountered in all boreholes. The upper 0.5m to 0.7m of this
stratum contained roots and organics (BH 1,2 and 6). The thickness

of this stratum increased gradually from west to east. On the west
side the thickness of this deposit was about 1.6m (BH 15) and on
the east side at a distance o¢of about 70m from Borehole 15 the
thickness of this stratum was more than 8m (BH 1). The ’'N’ values
within this material ranged from 13 Dblows to more than 140
blows/0.3m which suggest that the material is in compact to very
dense state. ‘N’ values generally increased with increasing depth.
Average 'N’ value was in the order of 25 blows/0.3m at the pier
location (BH 6) and 38 blows/0.3m at the east abutment location.
This suggests that on average the silty sand to sandy silt material
is compact at the pier location and dense at the proposed location
of east abutment.

Bedrock

The silty sand to sandy silt material was overlying bedrock.
Bedrock was encountered at depth ranging from 1.6m (BH 15) to 10.4m
(BH 2) which corresponds to elevation varying from 262.2m (BH 2) to
272.1m (BH 15). The bedrock surface dips towards the east at
approximately 8 degrees. The bedrock was classified as Gneiss
Bedrock with interlayered Amphibolite, Granite and Pegmatite.
Eight bedrock cores were obtained from three locations. The result
of the core analyses were as follows:

Range (%) Average (%)

Recovery 75-100 95

RQOD 48-100 _ 80
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Based on these results, the bedrock is considered to be competent
for the proposed foundations.

Groundwater Conditions

Groundwater was encountered at depth ranging from 0.9m (BH 1) to
1.5m (BH 15). The groundwater elevation ranged from 271.2m {(BH 2)
to 272.6m (BH 6). It should be noted that the groundwater is
subject to seasonal fluctuation.



L.

DISCUSSION AND RECOMMENDATIONS

General

It is proposed to construct a two-span bridge at the proposed
interchange. The centreline of the proposed structure will be
located at HOC 11+113.057 Highway 11 centreline. It is understood
that consideration will be given to a concrete cast in place type
of structure. At present there are three schemes under review. In
each scheme locations and orientations of the abutments will be
different. Proposed locations of abutments may be shifted east or
wast by a few metres. In any case, the pier will be located at
centreline of Highway 11 (in the median). Suggested spans are 36m
to 38m on the east and 36m to 40m on the west side. Abutments
may be square or skewed at 20 degrees. The bridge structure will
be 1lm wide on the west side and 23.2m wide on the east side. The
proposed structure will carry two lanes of through traffic 3.5m
wide and a variable width speed change lane ramp. On the south
side lane clearance will be 2m wide and on the north side 1m wide.
Minimum design clearance requirement from soffit to roadway is
5.3m.

At present Highway 11 is 4 lanes. The width of Highway 11 will
remain unchanged. The existing grade of Hwy 11 is about 274m. The
existing grade of Hwy 1l may be raised by 100mm (10cm).

The east abutment will be perched within the approach embankment.
The west abutment will be a closed type and will be founded on

exposed bedrock.

Structure Foundations

East Abutment

The east abutment footing may be perched within the approaches and
founded on compacted Granular ‘A’ material (Granular Pad). The
granular pad should have a minimum thickness of 3.0m and should be
constructed as follows:

The so0ll above elevation 271.5m should be removed. If any organic
pockets are identified below elevation 271.5m they should be
removed as well., The granular material should be placed in small
lifts and compacted according to MTO Standard. The granular pad
will extend 1m beyond the plan limits of the abutment footing at
the footing level and will slope at 1H:1V. If desired the
remainder of the approach £ill could consist of rock f£ill.
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The recommended bearing capacities for the footings on a granular
pad, as per the OHBDC are as follow:

Factored Bearing Capacity at U.L.S. = 900 kPa
Bearing Capacity at S.L.S. Type II = 350 kPa

A friction angle of 35 degrees may be'assumed to determine sliding
resistance between the footing and compacted Granular A’ pad.

A minimum earth cover of 1.8m is required for frost protection.

It is expected that a settlement up to 25mm will occur at the east
abutment. Since the pier will be constructed on sound bedrock,
there may be differential settlement between the east abutment and
the pier. If this movement cannot be tolerated by the structural
design, contact the Foundation Design Section for recommendations.

Consideration may be given to preload the proposed Granular A’ pad
at the east abutment. If schedule permits the proposed granular
pad should be preloaded with at least 2m thick granular material
for a minimum period of one month. This will reduce post
construction settlement,

Pier

The pier can be founded on spread footing constructed on sound
bedrock. In order to construct the footing on bedrock the soil
above the bedrock should be removed. Please refer to Dewatering
Section for details regarding recommendations for constructing
below the prevailing groundwater elevation.

The recommended bearing capacities for the spread footings, on
sound bedrock as per the OHBDC, are as follows:

Factored Bearing Capacity @ U.L.S. = 10,000 kPa
Bearing Capacity at S.L.S. Type II will not govern

Wegt Abutment

The west abutment, can be founded on spread footings constructed on
sound bedrock. This implies that all loose or shattered rock under
the plan limits of the footings should be removed and replaced with
concrete. Depending on the selection of three schemes, the footing
elevation will depend on the abutment locations. At this time the
exact location of west abutment is not known. It is expected that
the west abutment footing would be constructed below elevation
278m, '
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If the footing is to be constructed at elevations above sound
bedrock elevations, then all loose rock should be removed above the
sound bedrock and mass concrete may be -used to bring the base of
the footing to the desired elevation. Depending on the west
abutment location if the abutment is founded by cutting bedrock,
then the abutment may be constructed against the bedrock without
backfill,

The recommended bearing capacities for the spread footings, on
sound bedrock, as per the OHBDC are as follows:

Factored Bearing Capacity @ U.L.5. = 10,000 kPa
Bearing Capacity at S.L.S. Type II will not govern

Roadway Protection

For roadway protection, the following parameters should be used for
the shoring design:

30 Degrees
0 kPa
20.5 kN/m?

9
o
It H

-
It

WL elevation 272.6m

Embankment Stability

It is understood that rock £ill will be used in approach fills. It
is expected that rock f£ill will be up to 9.5m high. For side
slopes of rock fill 1.25H:1V a nominal berm (1 to 2m wide) should
be provided so that no uninterrupted slope is more than 6m high.
No berm will be needed for embankment up to 10m high if a side
slope of 1.5H:1V is considered. There is no concern of any deep
seated stability.

Foundation Stability at the West Abutment

In order to ensure stability of the rock face at the west abutment
of the proposed structure, footings should be located far enough
from the face of rock cuts to be outside a plane defined as 0.5H:1V
from the toe of the cut slope or a minimum of 1lm from the crest of
the rock cut (whichever is greater).
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Lateral Earth Pregssure

It is understood that rock fill will be used for approaches.
Special care will be required to avoid damaging the abutment. It
would be preferable to place a 0.3m cushion of Granular A’ or
smaller rock fill (with diameter of less than 0.3m), between the
structure and the main mass of rock £fill. Granular material may
also be used at the approaches.

For design purposes, the following properties for backfill are
recommended:

Granular 'A7 Y = 22.8 kN/m’ g = 35°
Granular 'B’ ¥ = 21.2 kN/m® o= 30°
Rock Fill Y= 18.0 k/m* ¥ = 35°

Lateral earth pressures should be computed in accordance with
Section 6.6.1.2 of the OHBDC. At-rest condition (K,) may be
assumed to apply at the west abutment and active condition (K,)
will apply at the east abutment unless it 1s structurally
constructed to impose the at-rest condition.

Registance to Lateral Forces

Sliding resistance should be calculated in accordance with Section
6-7.3.3.2 of the OHBDC. For concrete footings on granular pads
sliding resistance should be calculated assuming unfactored angle
of frictionlﬁ'm 35°. An unfactored angle of friction & = 30° should
be used to calculate sliding resistance between concrete footing
and bedrock or between concrete surfaces.

1f the bedrock surface is roughened with chiselled groves then an
unfactored angle of friction @ = 35° can be assumed to calculate
sliding resistance between concrete footings and bedrock.

If necessary, sliding resistance can be supplemented by dowelling
into bedrock or between concrete surfaces.

For design purposes, the following OHBDC capacities may be assumed
for the bond between bedrock and grout.

Factored Bearing Capacity @ U.L.S. = 500 kPa
‘Bearing Capacity dt $.L.S. Type II will not govern
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The minimum dowel embedment should be 1m. Neither the structural
strength of the dowel, nor the compressive strength of the grout
should be exceeded. Also, the annular space around the dowel (to
be grouted) should be in the order of 2 cm wide (between the dowel
and the bedrock).

The capacity of dowels between concrete surfaces will be dependent
on the strength of the concrete and the dowel.

Settlement Consideration

Total and differential settlement of the spread footing at the east
abutment and embankment fill is expected to be less than 25mm.
Most of this will take place immediately after the completion of
the construction. No settlement is anticipated at the west
abutment and at the pier location where the footing would be
constructed on sound bedrock.

Frost Protection

At the east abutment a 1.8m frost cover 1is required.  Frost
protection is not required for footings on unweathered bedrock,
such as at pier and west abutment locations. Frost protection
requirements at the east abutment could be reduced if it could be
ensured that groundwater will always be below footing level.

Dewatering -

The proposed foundation at the pier location will be below the
groundwater table. It will be either required to lower the
groundwater below the excavation or other measures would have to be
taken to construct the footing either in dry or without creating
unbalanced hydrostatic pressure. It will be necessary to put a
special provision in the contract that footing at the pier location
is to be constructed without disturbing adjacent ground. Although
construction procedures are the responsibility of the contractor
the situation could be addressed by the following procedure.

Assuming that lanes at Highway 11 will be open during construction
and considering roadway protection will be required to maintain
traffic, a suitable scheme will be to drive sheet piles to the
bedrock and utilize sheet piling for dewatering as well as shoring.
Once the material above the bedrock is removed, the concrete will
be poured using a tremie seal to control inflow if necessary.

In any case, the contractor should submit his proposal for review
a minimum of 10 working days prior to the construction. '
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Excavation

Rock excavation will be required for the construction of west
abutment., Cut rock slopes will be stable with near vertical faces
provided that blasting is carefully controlled. If advice on
controlled blasting technigues are required, please contact this
office.

MISCELLANEQUS

The field work for this project was carried out under the
supervision of C. Davidson, a student specialist.

The equipment used was owned and operated by Master Soil
Investigation Ltd.

The report was written by K. Ahmad, Foundation Engineer, reviewed

by D. Dundas, Senior Foundation Engineer and approved by M. Devata,
Chief Foundation Engineer.

w@ Lonel

K. Ahmad, P. Eng.
Foundation Engineer

M.S. Devata, E. Qgﬂ iE
Chief Foundation Englneer



APPENDIX



EXPLANATION OF TERMS USED IN REPORT

N OVALUED THE STANDARD PENETRATION TEST ($PT] N VALUE IS THE NUMBER OF BLOWS REQUIRED 1O CAUSE A STANDARD Simm .0 $PLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREMOLE WHEN DRIVEN BY A MAMMER WITH A MASS OF &3 Sky, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3 N VALUES ARE INDICATED AS YHE MUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED AVERAGE N VALUE 15 DENOTED THUS M.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF & CONICAL STEEL POINT { 5imm O.0 607 CONE ANGLE ) DRIVEN BY 475
IMPACT ENERGY ON "A' SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

0.3m

S501L5 ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(c ) AS FOLLOWS:

[ ¢, (kpg) 12 - 25 25 - 50 100 - 200 | =200
SOFT FIRM VERY STIFF HARD

0 -12
VERY SOFT

5Q - 100
STIFF

CORESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY 5PT N VALUES AS FOLLOWS:
N {BLOWS /0. 3rm) 0 -5 5-10 30 - 50 =50
VERY LOOSE} (OOSE OENSE  |VERY DENSE

10~ 30
COMPACT

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND /DR STRENGTH,
SUM OF AlL RECOVERED ROCK CORE FIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

D RECOVERY:

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D}, FOR MODIFIED RECOVERY, 15:

| RGD (%) 0 -25 25-50 | $0 .75 75 - 90 0 - 100
VERY POOR POOK FAIR GOOD FRCELIFNT
IOINTING AND_BEDDING :
SPACING S50 mm 50 ~ 300mmi 0. 3m - Im im - 3m = 3m
JOINTING  |VERY CLOSE]  CLOSE | MOD. CLOSE,  WIDE | VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK]

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

5§ 5PLIT 5POON TP THINWALL PISTON m, kpa™!  COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE 0% OSTERBERG SAMPLE <o | COMPRESSION INDEX
§ T SLOTTED TUBE SAMPLE RC ROCK CORE Gy 1 SWELLING INDEX
B S BIOCK SAMPLE B oM T W ADVANCED HYDRAULICALLY €y 1 RATE OF SECONDARY CONSOLIDATION
C % CHUMNK SAMPLE PMTW ADVANCED MANUALLY cy m¥/s  COEFFICIENT OF CONSOLIDATION
T W THINWALL DPEN F & FOIL SAMPLE H m DRAINAGE PATH
T 1 TIME FACTOR
STRESS5 AND STRAIN ] % DEGREE OF CONSOLIDATION
Uy, kpa  PORE WATER PRESSURE U,o  KPa  EFFECTIVE OVERBURDEN PRESSURE
T ) PORE PRESSURE RATIO o kra PRECONSOLIDATION PRESSURE
o kpa TOTAL NORMAL STRESS 7, kPa  SHEAR STRENGTH
o’ kpa EFFECTIVE NORMAL STRESS o kpa EFFECTIVE COHESION INTERCEPT
t kPa  SHEAR STRESS ¢ "® EFFECTIVE ANGLE OF INTERNAL FRICTION
o, 4.0 kho PRINCIPAL STRESSES ¢y kra APPARENT COMESION INTERCEPY
€ % LINEAR $TRAIN by - APPARENT ANGLE OF INTERNAL FRICTION
A % PRINCIPAL STRAINS Ty kPg - RESIDUAL SHEAR STRENGTHM
4 kPa MODULUS OF LINEAR DEFORMATION 1, kPg REMOULDED SHEAR STRENGTH
G kea MODULUS OF SHEAR DEFORMATION s 1 SENSITIVITY = faw
P \ COEFFICIENT OF FRICTION ' T
PHYSICAL PROPERTIES OF SOIL
A, kg/m?® DENSITY OF SOLID BARNICLES & 1.%  VOID RATIO €rmin 1, %  VOID RATIO IN DENSEST STATE
ro kn/m?  UNIT WEIGHT OF SOUD PARTICLES n 1% POROSITY fy 1 DENSIHTY INDEX :-:e-%
2, kg/m® DENSITY OF waTER w L% WATER CONTENT ) mm  GRAIN DIAMETER mex= Tmin
Yy kN/MP UNIT WEIGHT OF WATER LW % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m’ pENSITY OF 501 W% LGuD UM ¢, ! UNIFORMITY COEFFICIENT
Y KN/ UNIT WEIGHT OF SOt wp % PLASTIC LIMIT h [0 HYDRAULIC HEAD OR POTENTIAL
% lcg/m3 DENSITY OF DRY SO1L W % SHRINKAGE LIMmiT q ms  RATE OF DISCHARGE
”)g kndm' UNST WEIGHT OF DRY SOIL M % PLASTICITY INDEX = W) =« Wy v m/s DISCHARGE VELOCITY
Bar  kg/m® DENSITY OF SATURATED sOIL ) | LOUIDITY INDEX - “"" i i HYDRAULIC: GRADIENT
Yot kn/m? UNIT WEIGHT OF SATURATED SOIL ”w W k m/s  HYDRAULIC CONDUCTIVITY
P’ kg/m DENSITY OF SUBMERGED SOIL 'c ] CONSISTENCY INDEX: “"“E“l“,:"“" j W/m' SEEPAGE FORCE
Y RN/ UNIT WEIGHT OF SUBMERGED SOIL e 1% VOID RATIO IN LOOSEST STATE



78 12 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND ‘ GRAVEL
CLAY & SHT Fine [ Medium | Coorse Fine [ Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE ODESIGNATION { Metric)
i 2 3 45 i 20 30 4050  y5um BOum 308um 600m T.18 mm 2.36mm 2.5mm 190 mm 375mm  61.0mm
§ H E l“P SIpm 06 um 250,}«; 425 um B50 um Z.Oéﬂm 4.75mm 13.2 mm 6. 5mm 53 0mmd 7S Omm
160 PAERLY SERL S SAKIATA _ﬁ_f,—s—' o
90 1o
- X .
8O 20
70 30
o 59 408
z z
2 N - N S N R (S — <
< =
50 50
F I LEGEND F
& F BH [SAMPLE sYMBOL s
& 40 60 =
10 70
] -1
. A%
20 . N
g““ 80
10 9q
o i G0
i 2 I 4 5 10 26 30 40 270 200 {40 00 €050 40 30 20 16 108 4 M 2 T o s peel s
MINISTRY SIEVE DESIGNATION { imgperial
inistry of
@ Ministyol GRAIN SIZE DISTRIBUTION FIG No 1
ansportation
WP 61-86-02

Ontario

SILTY SAND TO SANDY SILT




Mirilstry of
Tramiportation

Tnturie

Feundetfon Design

RECORD OF BOREMOLE No 1 1ot METRIC
w.p. _51-86-02 LOCATION Co—ords; N 4 985 5129 £ 320 824.2 ORIGINATED BY €0
113 R A Hwy i1 BOREHOLE TYPE _Hollow Stem Auger COMPILED BY _ €0
DATUM . Geodetic DATE 1993 07 17 CHECKED BY ... KA
Ll DYNAMIC CONE PENETRATION
SOIL PROFILE sampLes |8 | 3 | Risstance ot ey T
ail oy LT wr | £5 REMARKS
5 Q|28 2% 4 s s w0 jO0 e NN 28 &
@ o
ELEV. DESCRIPTION NI E g5 G [SHEAR STRENGTH kP : | OIS TRIBUTION
DEPTH -3 - > Z1 % e unconrinen + FIELD VANE v 1
HE = 5 28| 2 |equok maxa,  x us vane WATER CONTENT (% s &
272.8| Ground' Surfoce u g i 20 40 60 BO 100 10 20 30 [kN/rmilgrsa s cL
0.0 - : i
Sily Sand to Sondy St b
with Roots ard Orgonics yhe 272
T 1] ss| os| X
" 271
b z|ss| 2 0 3956 5
L : ] 3| 55| 58 270
BRECAE
g 268
Silty Sund to Sondy Silt Lie L
Compoact to Vary Dense dj s oss g W 0 3283 5
Greyish Brown to Grey A : : 268
INERERE
i 7)1 ss | 26 257
] .: 81 ss | 4g 0 47 58 5
el 266
¥ 265
2645 e fss| n
8.1] End of Burehole
+3. xﬁzﬂumbnn refer to

Lenalivily

9
u%s (%) STRAIN AT FAILURE
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Minfustry of

Transportation Foundaltion Design
Gnterly
RECORD OF BOREHOLE No 2 tor1  METRIC
W _51-86-02 LOCATION Comordw, N & 985 5174, F 330 BO44 ORIGINATED 8Y._ €0
DIST ___11 HWY 11 BOREHOLE TYPE _Mollow Sterm Auger, 8X Gore COMPILED BY .__CD
DATUM . Ceodetic DATE 189} 07 19.11 CHECKED BY...KA
SOIL PROFILE SAMPLES | & | 3 | QOUMC CONE PENETRATION AL -
b o< MOSHME 0
=9 o Lkt il = REMARKS
i w | 25| @ 2 40 80 100 | o, zZ %
Sl d i i f y i
ELEV e w| 3|85 Z |SHEAR STRENGTH kPa P M TE | ran izt
DEPTH DESCRIPTION 2 B 5|32 5 [ouncowmen  + ;eo vane »  IDISTRIBUTION
213 2| 88] 5 |« ovex man v e WATER CONTENT (%) s (%)
272.8| Ground Surfoce 1z £ = 20 40 60 80 100 10 20 30 J&N/mlgr sA S CL
0.0 el .
it 1t !
T Reot gy e L
. 272
MUl V88 13 0 29 54 17
U 21 ss ] o1 m
s | 270
] 4] ss| m
KRN 268
IR R B 48 0 43 51 ¢
14 268
U 6] ss | 4
Sty Sand to Sondy Siit L7
Comnpact to Vary Denge L1
R 287
ilslss| e
gl 268
'L _ 255
T EFERRT
264
0] 5 | 140} /236m
{1 263
262.3 .
0.3
: 262
)
%
?,,%4 re | rec Joax RaD 92%
4
'4'//, 261
Gneiss Bedrock S
2 RC | REC | 75% RGD 50X
“y
,// {4
P 13| re | rec Jroox | 20 RAD 48%
2593
1541 End of Borehole

- +.!' x5 Numbers refer 1o

* Sensliivity

0
m:‘,;s (X) STRAIN AT FALURE
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At

Mintstey of
Transporiation

Foundotion Design

Orhirbs
RECORD OF BOREHOLE No 3 1 OF 1 METRIC
W.p. ..B1-88-02 LOCATION Co—ords; N & 985 527.6 F 320 807.0 ORIGINATED BY_ S0 . .
DisT___11 HWY _11 BOREHOLE TYPE _Cons Test COMPILED 8Y .50
DATUM _Geadetic DATE 1991 47 10 CHECKED BY ...KA
SOIL PROFILE sawpies | & g RESSTANGE BLaT O e | = | cevanks
- =
5 PETI 20 40 s s o [N cwmr U 29 %
- 5] 0
ELEV. DESCRIPTION S EIAE %"‘m_’ & [SHEAR STRENGTH kPo Pt oA szt
SEPTH =1 X 5 | ZE] T |0 UNCONeINED + FIELD VANE 5  |DISTRIBUTION
1217 |2 | 88] 5 | ook muxa x ue v [WATER CONTENT (%) s @
272,7] Ground Surfoce 0 ¢ o 20 40 60 80 100 1020 30 KN/ R $A St CL
0.0 el
o
3‘:&? ggg& t:m;.Sa ngofjc': T
_________ LT 2re w
Probuble 4 : ¥ k
Sitty $und to Saondy Sht Sl 7
Campatt to Very Uense i
270 \
269.7 AN W——
3.0 End of Cune Test 120 42 30m
+5_ o3, Humbers refer to

* Sunsfiivity

20
15;%—5 (X} STRAIN AT FAILURE
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Mintatry of
Transportation

Foundution Design

Unfarte
RECORD OF BOREHOLE No 4 1 OF 1 METRIC
WP, _.51-86-02 . LOCATION Coordm. N 4 985 $36.0; € 320 BORS ORIGINATED BY.CD__
DIST ..l HWY _L! BOREHOLE TYPE .Cone Jest COMPILED BY .. .S0 ...
DATUM _Geodetic DATE 1991 07 10 CHECKED BY__KA
SOIL PROFILE sawpLes [ | 3 | RERTGE For g B e | = | pewarks
3 =
= w|3] @ 20 40 s0 g0 o |7 comr O 28 %
o el ol i i i
ELEV ElElw | 2{25] & [SHEAR STRENGTH kPo P M F | oran size
GEPTH DESCRIPTION S[3| 2| 3|83 5 |oumowme enewwe o ey 7 [PSTRENTION
Z|2 o | EO| 2 e ouck AL x 1B vane i @
2721} Ground Surfoce v : & 40 60 80 100 10 20 30 | kN/milor sA S1cL
0.0 IR &
Silty Sand to Sendy Sit |17} ] \
with Routs ond Orgunicsi,]
________ ¥ - 272 \
i \\
R 70 >
Probabie Li*
Silty Sond to Sondy Silt Lt 1
Compatt to Very Dense v N
i 269 -...,.>
Ll - \\
2675 L N\
4521 Emd of Cone Test 1204 28cm:

+3, X

3, Numbers refer to
Surinitivity

(4]
us?ﬂ; (X) STRAIN AT FAILURE



;!‘

Ninistry of
Transportatisn

Fourdation Design

[T .
RECORD OF BOREHMOLE No 5 1 0F 1 METRIC
w.p, _51-86-02 LOCATION Co—ords; N 4% 885 5450; F 320 7768 ORIGINATED BY_ED..__
DIST ..t HWY .11 HOREHOLE TYPE _Cons Tast COMPILED BY .80 .
DATUM _Geodetic DATE 1991 07 12 CHECKED BY.. BA
Wi ] OYNAMIC GONE PENETRATION
SOiL. PROFILE SAMPLES ﬁm 2 | resisrance ':vwr " ‘ NANME v | 5 REMARKS
5 0 $z| & 20 40 60 g0 oo | comr U 29 &
,_J m w m ’,x: z L 1 L H P L g
v g bl w #o5] © |SHEAR STRENGTH kPa Pt Gy GRAIN SIZE
et DESCRIPTION 2|3 S E|52] 2 [omconme  + e e y |oisTRIBUTION
|2 5 | EC| 2 | v ouck RaA, LA vANE [WATER CONTENT (% 3 (%)
272,8) Ground Surface v : e 20 40 60 80 100 1020 30 KN/milGR sa S1CL
0.0 Sty Sond to Sandy Sit F L
with Roots and Orgonics |17 K
1l 272 3
Probuble L
Sity Sond W Sandy Sit L ~
Cormnpatt to Very Danse . 27
2700 ] . ’ P
2.7 End of Cone Taest 1204 5o
+3* o3 Numbers reter to

" Sunutivily

9
15%5 {X) STRAIN AT FAILURE
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Mintatey of '
franssortation Foundubion Design
Gutorle

s

RECORD OF BOREHOLE No 6 1oF1 METRIC
w.p, . B1-86-02 LOCATION Co-ordy, N 4 885 552.0; € 320 778.0 ORIGINATED BY.CO.
DIST 11 Hwy 11 BOREMOLE TYPE .Holiow Stemn Auqer, BX Cors COMPILED BY _._CD
DATUM . Geodetic DATE 1991 07 11 CHECKED BY._..KA
- Wl | UYNAMIC CONE PENETRATION
SOIL PROFILE sawpes | B | 2 | Ressnce mor dowme vo | <% | REMARKS
sl.] [e]|38]| % L2 o » ww |0 0 UEG] s
ELEV DESCRIPTION Tl w|3|25] & [sHEaR STRENGTH kPa [ han size
DEFTH =i X > | N B % | unconeneD + FIELD VANE v HON
gl2]7 | 2 E3| 2 |oouck mau = e vane [WATER CONTENT (%) d ™)
272.5] Cround Surface « * ] 60 80 100 10 20 3C kN/m lor sA 81 cL
09y . ?u'ttﬁv 3335. t:"g"a "3%53& :" %«
¢ : 1] ss ] 2 272
Sitty Sond to Sundy St e
Compact M.
o'o 2 55 23 271 O 47 55 4
270.2 55| 25
37 270
Jr
’i’,,,' re | rec |00 Rab 86%
Y
<0 289
%
Grivind Bedrock :}\,/4
/;,”
Vg
% re | rec froox | 268 ROD 84X

~
Y

<y
S5k

2871
58] End of Borehole

SRR
W\‘
-

3, x5 . Numbers refer to

g
* Senwitivity '5%5 (%) STRAIN AT FAILURE
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Mintwiry of
Traragortation

Fourduotion Deslge

Oniturio
RECORD OF BOREHOLE No 7 tor1  METRIC
W.p, __Bi-86-02 LOCATION Cowords: N 4 985 556.% £ 390 781.2 e ORIGINATED BY . CO
DIST _..11 Hwy 1 BOREHOLE TYPE _Cone Test ' COMPILED BY .S .
DATUM . Geodetic DATE 1991 Q7 12 CHECKED BY. ... KA
73 TYNAWIC GONE PENETRATION
50iL PROFILE SAMPLES l’::"“ﬂ %’ RESISTANCE PLOT s AT, youo = HEMARKS
= B -1 20 40 60 @0 o | ST T 28 %
" =) :
ELEV DESCRIPTION Tl | 2 125] & [SHEAR STRENGTH kPa LA 7% | oran size
GEFTH 3 5 | 83] % |0 unconenen + FIELD VANE o {DISTRIBUTION
1 = o | 801 5 |eouek maca  x upvane [WATER CONTENT (2) s %)
272.8 | Ground_Surface vi : o 0 0 9 9 o 0 0 0 TkN/miigR sA si L
0.0 Sily Sond to Sondy Sitt
with Ruots ond Urganics X

Prabable 272 N

Sitty Sond to Sondy Sl

Cornpact to Very Dense
271 291 e

1.8 Engd of Cone Test 1204 1 3em

+3 xS f Numbers refar to
X genstiivity

0
15?,:5 {X) STRAIN AT FAILURE
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Miniwtry of

Transportation Foundotlon Design
Gntarie
RECORD OF BOREHOLE No 14 1or 1t METRIC
WP, ..51-86-02 LOCATION Co—ords; N 4 985 560.0; F 370 761.5 —— ORIGINATED BY.EO
DisT__ 11 HWY .1} BOREHOLE TYPE _Cone Test COMPILED BY ...ED
DATUM _Secdetie DATE 1981 07 16 CHECKED BY .. .KA .
= W] DYNAMIC GONE PENETRATION
SO PROFILE SAMPLES E"’ 5 RESISTANCE PLOT s Jatural, uoun w—Z | rEnmaRKS
= ul|*g| @ 20 40 60 so 1o [0 vt TR 2@ «
« <] 0
fLEv N =18 | 3|25 8 [sHear stReneTH Ko LA B SRAI sizE
DEPTH P2 o= o Z 1 = o UNCONFINED + FIELD VANE ISTRIBUTION
21217, £8] 2 |eouck mmxa x ag vane [WATER CONTENT (%) P
273.8] Ground Surface i g o @ 0 0 0 0 9 o ¢ KN/ lGRr SA St oL
6.0 L K X !
Probable I : ¥ 273
Silty Sond to Sendy it L —]
Compuact to Very Denss . e
b . o] —-‘_‘.,
2733 : e IR
1.5] End of Cone Test 1204 8em
+3. o3 . Numbers refar fo

" Senliivity

Fio
1535 {%) STRAIN AT FARLURE
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Ministry of

B ”Mrmmw’unm Foundation Design
!
RECORD OF BOREHOLE No 15 1or1 METRIC
w.p, _61-86-02 LOCATION Comords: N 4 985 566.2: £ 320 7635 ORIGINATED BY.GD
pisT .11 HWY _1 BOREHOLE TYPE _Hollow Stem Auger, BX Core COMPILED BY GO
DATUM . Begdatic DATE 1491 07 18 CHECKED BY .o B
SOIL PROFILE R ER ER st s T e wme |
mal & M wosmr U0 | p T | REMARKS
5 wl|*3] v 20 40 s0 s 10 U0 ST T 28 %
@ = 4 :
ELEV il w| 3| 25| & [SHEAR STRENGTH kPo P M TF RN iz
DEPTH DESCRIPTION clZ| & | S8 T |oucowme  + mm vane y  |pisTRIBUTION
HE 5 | §O| & | e ouek AL x e VANE [VATER CONTENT (2) 3 (%)
273.7| Ground Surface @ : o 20 40 60 80 100 10 20 30 | kN/miicR sA St CL
0.0 Ry
Silty Sond to Sendy Silt i : ¥ 273
Compuact diE BB 4 23
272.1 LM ~¥-
6 S R I 272
31 RC | HEC J1DOX RO €8%
o 2
Gneisa Hedrock Y
4 | RC | REC 98X 276 RGQD 93X
26‘87 5 1 RG | REC J100% 269 RGO 100%
5.0 ] End of Horehole
3 ,@,Numbon refer 1o

" Sunstiivity

20
mxs (X} STRAIN AT FAILURE
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Mintelry of
Trariporidtion

Foundotion Dewign

Ontario
RECORD OF BOREHOLE No 16 1or1  METRIC
W.P. 518602 LOGATION Cowordw: N 4 985 574.2; € 320 7661 ORIGINATED BY..CO...
DIsT 1t HWY 1t BOREWOLE TYPE .Cone Test COMPILED BY .80 ..
DATUM . Geodetic DATE 1891 07 16 CHECKED BY. KA
SOIL PROFILE SAMPLES | 5 | o | Riserance mor g o e
- g ¥} o] :‘&‘W e | 5 REMARKS
& " wil*Es| v L 0 6o & a0 | w w | Bi &
ur} Slam F P L =
ELEV Elelw ! 31 8E] & |SHEAR STRENGTH kPa T GRAIN SIZE
SEBTH DESCRIPTION - ;ﬁt: A2 EHER * FIELD VANE y |oiSTRIBUTION
|2 o | EO| 2 |oovok e, x e vane WATER CONTENT (%) 4 &
2739 Ground Surfoce n : o 40 60 80 100 10 20 30 kN/miten sa sl
2.0 "
Proboble '
Shty Sond to Sandy St [ 273 \
Compaet L ‘
272.3 Tt
1.5 End of Cone Test . 120 4cm
*3’ xs_ﬂu#nbon rafer to

" Sunslivity

O
15&5 {%) STRAIN AT FALLURE
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Ministey of
Transportation Foundetion Dasign
Onturie
RECORD OF BOREHOLE No 17 1oF1  METRIC
WP, _81-86-02 LOCATION Co-ords N 4 985 503.2; £ 320 8150 ORIGINATED BY. SO
DIST 11 MWy _i1 BOREHOLE TYPE .Hollow Stem Augsr COMPILED BY _ .80 . ..
DATUM _Geodstic DATE 1991 07 17 CHECKED BY .. KA
SOIL PROFILE sampLes | B | 9 1RSSR or S o
<@ o unar voske e | B35 REMARKS
e RELS K. 0 40 B0 80 100 CONTENT 2
9w wi2f e Wp v o «
ELEV DESCRIPTION 3] g 3| 25| & [sHear STRENGTH ko SRAN size
DEPTH -2 - > Z 1 = ] o uNCONFINED + FIELD VANE ISTRIBUTION
2] |2 23 3 | quck miaxaL x up vane  [WATER CONTENT (%) 7 s %)
272.8| Ground Surface " ? o 20 40 60 80 100 10 20 30 | &N/mlgR SA St CL
0.0 Sity Sond to Sondy it M _L
with Roots omd Organies |1
" gt 272
i1 ]ss |7 _¥‘
. 271
o N 2 ss 31
LTl 3 S8} 13 2908 1 %0 46 3
] alss| s
i) 269
Silty Sond to Sondy Siit L'
Cormpoct to Vary Dense i Sisi &
iR 288 ‘
(e |ss| «w 0 25 &9 &
i 7 ) oss g1 287
8]ss| 93
] 266
o . | 265 .
264.7 i 4 9 55 | 109 ] /26em g 59 48 3
791 End of Borehole
4,3,' 53 ; Numbary refer to

' Sensttivity

2
153;5 {X) SYRAIN AT FAILURE
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T
LA

MINISTRY: OF TRANSIOMATION,, ONTARIG  Pr-Dr 707 AR 10

P+960

HOT 12+000,000 MiySK D 37 Y
HOCH it

.4

METRIC

MILUMETRES UNLESS
THERWISE SHOWN, STATIONS
IN KHOMETRES + METRES .

Z
@
- ( *
\\.\ﬁ) 3
2
s ° = s - e o & 9 3 wao a2
PLAN
SCALE NOTE : BORE MOLE 17 NOT SHOWN ON
sm 2 O im PLAN SEE RECORD OF BORE HOLE FOR
SUBSCIL INFORMATION
} 2 3 4 S a6 47 U gl5 416
4 ¢ $ & < ¢ 9 ¢ -9~ &
pi-L 4 284
282 - [y o vy 1 287
PROPOSED _GRADE
280 -~ — ; 280
——
278 1 278
278 . 276
-3 -
274 z conE 0.3 ;‘! 273
ARIEE . == [P 00 L TR
272 e RERRRE f C e ot PROBABLE 272
™ T N T N g el TR R T T
20 S e goge L.} 1" v 2 b 27¢
268 (R R NES AR ’ GNEISS BEDROCK 1] 268
Bl : 1 =
6 |-
266 . E 264
64 -} K A 264
262 . - 282
260 . - . N : 260 b
258 253
256 J 256
254 3 o E | 254
* ¥ 3
252 3 . b= 252

@ PROFILE PROP MUSKOKA RD 3

am

2

SCALE
0

&m

REF MO E-559-11-1

CONT No
WP No 61-86-02

M KA A 24 SHEET

BORE HOLE {OCATIONS & SOIL STRATA

REG MUN OF MUS

KEY PLAN
SCALE

. G5 O L

LEGEND

-" Bore Huole
-@P Dynamic Cone P 4

-4 Bore Hole & Cone

Tesr [Cone)

N Blows/0.3m {513 PenTuss, 475 J/blow]}
CONE  Blows/0.3m. (60" Cone, 475 §/blow)
% Wi o time of investigation 199107

No | ELEVATION Ncigemmffsr

1 272.6 4985512.2} 3208242
2 27¢. 6 £F85517 41 320804.4
3 |272.7 |avess27.4| 3208070
4 2.7 498553601 320808.8
5 |272.8 javsssas.of3z077s.s
&6 1277.9 14985552.0|320779.0
7 |272.9 |assssse.3]dzo7sne
14 [ 273. 8 4985560.01 320761.5
15 [273.7 |avessesz)3z07635
t6 | 273.9 [4985574.2] 320 766.%
17 | 2726 |4985503.2] 320815.0

-=NOTE=
The boundariss between soil strofa have been established
oaly at Bore Hole focotions. Between Bore Holes the

bound ore d from g gicat
NOTE: The tete foundoti igotion ond design report for
this projsct ond other related d moy be ined af the
Engineering Moteriols Office, O e > ined in
this report ond redoted documents is specificolly

excluded in
occordonce with the conditions. of Section 102-2 of Form 100.
_>;E P 1
HES AT
Geoerer No JIE-106

PESCRIPTION

WY Ns T z ) omr__ 1L
SUBMD KA ICHECK DATE 199110 SITE £7-191
DRAWN SO [CHECKED  [Arieowes owG SI8602-A




° . e
memorandum

Ontario

To: Mr. Per Furst, Head, Date:  May 4 1993
Structural Section, ‘
2nd Floor, . (705) 497-5463

NORTHERN REGION.
ATTENTION: C. Verhulst

FROM: Engineering and Right-of-Way Office,
o Planning and Design Section,
NORTHERN REGION.

RE: W.P. 61-86-00, Muskoka Road 37 Interchange,'
Highway 11, 1.9 km North of Highway 118, Site 42 191,
District 11, Huntsville.

‘Structure Cross-Section’

To clarify any misunderstanding in my memo of 93-05-03, the lane clearance
on the through lane opposite the ramp tapers on the south side should be 2.5m.

. The lane clearance on the ramp tapers should be 1.0m and 2.0m for the
through lane on the north side.

J.E.D. Chretien,
Senior Project Manager.

JEDC/T1
cc Farago
Devata
Armatage
Authier

Wilson
ngers

7540-1478 (Rev 10/89) -



MEMORANDUM

(416) 235~3731

To: P. Furst, P. Eng. 1991 09 12
Head, Structural Section . :
Northern Region
North Bay, Ontario P1B 8L2

Attn: C. Verhulst
Structural Officer

From: Foundation Design Section
Room 315, Central Building, Downsview, Ontario
Central Region, MTO

Re: Foundation Recommendations
Highway 11 and Muskoka Road No. 37 Underpass
W.P. 61-86-02, Site: 42-191 '
District 11, Huntsville

The field investigation for the above-mentioned project has been
completed. The fieldwork was carried out for the propcsed bridge
structure and approach embankments.

This memorandum outlines the preliminary foundation recommendations
that should provide sufficient information for you to carry out
your structural design. Although we do not anticipate any changes,
.the recommendations may be slightly modified in the final report -
due to further analyses. The final report will be provided as soon
as the so0il test results are available and the drawing is prepared.

Introduction

This report summarizes the results of a field investigation which
was carried out for the construction of Hwy 11 and Muskoka Road No.
37 Underpass.

The investigation was carried out at the request of Northern Region
Structural Section. These recommendations apply to proposed bridge
structure and its approaches between Station 9+920 and 10+040,
Muskoka Road 37 chainage (Re.: Plan E-~559-11-1, dated October,
1990) .



Site Description

Physiographically the site is located in the Algonquin Highlands
region. In general this region is underlain by granite and other
hard Precambrian rocks. Overall it is broadly dome shaped. There
are frequent outcrops of bare rocks. The soils are generally
shallow but thickness over the bedrock varies greatly over short
distances. Many of the valleys are floored with outwash sand and
gravel. Several areas have deeper till and few rock outcrops and
the surface of the till is smoothed and moulded with occasional
drumling appearing (Reference: Chapman and Putnam, 'The
physiography of Southern Ontario; 3rd Edition, 1984).

The site for the proposed Highway 11 and Muskoka Rd 37 interchange
{Underpass) is located about 200m north of existing intersection of
Muskoka Rd 37 and Highway 11. The proposed interchange will
replace the existing at-grade crossing of Hwy 11 and Muskoka Rd.
37. (

At the proposed underpass, Highway 11 runs north-south. The land
adjacent to Hwy 11 at the proposed site location is undeveloped.
On the east side the ground is covered with grass and at about 45m
eagst of Highway 11 the area is covered with woods. On the west
side, adjacent to Highway 11 there are rock outcrops which are up
to 8m high.

The exposed bedrock on the west side of Hwy 11 is covered with
grass and shrubs. In some areas the rock surface adjacent to
Highway 11 is rough and angular. Perhaps this was the result of
excavation during Hwy 11 construction. The rock surface elsewhere,
including at locations of proposed west abutment is smooth. The
bedrock ocutcrep is sound with some surficial loose pieces of rock.
The exposed bedrock surface dip towards east at 4H:1V (about 14
degrees) . Adjacent to Hwy 11 the bedrock contains few close spaced
fractures which dip towards the east at about 20 degrees).

Investigation Procedure

The field investigation for this project was conducted between 91
07 10 and 91 07 17. The field work consisted of drilling five
boreholes (BH 1,2,6,15 and 17) and six dynamic cone tests (CT
3,4,5,7,14 and 16) at or near proposed footing locations, The
boreholes were advanced using track-mounted auger machines equipped
with 82mm ID hollow stem augers and BX size coring equipment.



Samples were recovered by means of a 50mm OD split spoon sampler
driven into the so0il according to the specifications of the
Standard Penetration Test (ASTM D 1586). In general samples were
retrieved at 0.75m intervals for the first 6m of boring, then every
1.5m, Once practical refusal to auguring was encountered in
Boreholes 2,6 and 15, bedrock cores were obtained from these
boreholes. ' '

Groundwater was monitored during drilling and after completion of
the boreholes. _

The Laboratory testing program for the representative samples
consisted of Grain Size Analyses. The results of the laboratory
tests will be plotted on the Record of Borehole sheets and figures
which will be provided in the final report.

Bedrock cores were logged by D.A. Williams, Petrographer in the
Soils and Aggregates Section of MTO.

The boreholes were staked out by the Northern Region Surveys and
Plans Section of the MTO. Ground surface elevations were also
provided by the Surveys and Plans Sectlon.

Subsurface Conditions

The overburden consists of a non cohesive silty sand to sandy silt
material at the entire site. This non-cohesive material was
encountered in all boreholes and was the only deposit overlying the
bedrock. The thickness of this stratum increased gradually from
west to east. On the west side the thickness of this deposit was
about 1.5m (BH 15) and on the east side at a distance of about 70m
from Borehole 15 the thickness of this stratum was more than 10m
(BH 1). The 'N’ wvalues within this material ranged from 13 blows
to more than 140 blows/0.3m which suggest that the material is in
compact to very dense state. ‘N’ values generally increased with
increasing depth. Average 'N’ wvalue was in the order of 25
blows/0.3m at the pier location (BH 6) and 38 blows/0.3m at the
east abutment location. This suggests that on average the silty
sand to sandy silt material is compact at the pier location and
dense at the east abutment location.

The silty sand to sandy silt material was overlying bedrock.
Bedrock was encountered at depth ranging from l.6m (BH 15) to 10.4m
(BH 2) which corresponds to elevation varying from 262.2m (BH 2) to
272.1lm (BH 15). The bedrock surface dips towards east at
approximately 8 degrees. The bedrock was c¢lassified as Gneiss
Bedrock with interlayered Amphibolite, Granite and Pegmatite.
Eight bedrock cores were obtained from three locations., The result
of the core analyses were as follows:
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Ran % Average (%)
Recovery 75=100 95
RQD 48-100 80

Based on these results, the bedrock is considered to be competent
for the proposed foundations,

Groundwater Condition

Groundwater was encountered at depth ranging from 0.9m (BH 1) to
1.5m (BH 15). The groundwater elevation ranged from 271.2m (BH 2)
to 272.6m (BH 6). It should be noted that the groundwater is
subject to seasonal fluctuation.



DISCUSSION AND RECOMMENDATIONS
General |

It is proposed to construct a two-span bridge at the proposed
interchange. The centreline of the proposed structure will be
located at HOC 11+113.057 Highway 11 centreline. It is understood
that consideration will be given to a concrete cast in place type
of structure, At present there are three schemes under review. In
each scheme locations and orientations of the abutments will be
different. Proposed locations of abutments may be shifted east or
west by a few metres. In any case, the pier will be located at
centreline of Highway 11 (in the median). Suggested spans are 36m
to 38m on the east and 36m to 40m on the west side. Abutments
may be square or skewed at 20 degrees. The bridge structure will
be 1lm wide on the west side and 23.2m wide on the east side. The
proposed structure will carry two lanes of through traffic 3.5m
wide and a variable width speed change lane ramp. On the south
side lane clearance will be 2m wide and on the north side 1m wide.
Minimum design clearance requirement from soffit to roadway is
5.3m,

At present Highway 11 is 4 lanes. ‘The width of Highway 11 will
remain unchanged. The existing grade of Hwy 11 is about 274m. The
existing grade of Hwy 11 may be raised by 100mm (10cm).

The east abutment will be perched within the approach embankment

The west abutment will be a closed type and will be founded on
exposed bedrock.

Structure Foundations

East Abutment

The east abutment footing may be perched within the approaches and
founded on compacted Granular ‘A’ material (Granular Pad),  The
granular pad should have a minimum thlckness of 3.0m and should be
constructed as follows:

The soill above elevation 271.5m should be removed. If any organic
pockets are identified below elevation 271.5m they should be
removed as well. The granular material should be placed in small
lifts and compacted according to MTO Standard. The granular pad
will extend 1m beyond the plan limits of the abutment footing at
the footing level and will slope at 1H:1V. If desired the
remainder of the approach £ill could consist of rock fill.
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The recommended bearing capacities for the fbotings on a granular
pad, as per the OHBDC are as follow:

900 kPa
350 kPa

Factored Bearing Capacity at U.L.S.
Bearing Capacity at S.L.S. Type II

i@

A friction angle of 35 degrees may be assumed to determine sliding
resistance between the footing and compacted Granular ’'A’ pad.

A minimum earth cover of 1.8m is required for frost protection.

It is expected that a settlement up to 25mm will take place at the
east abutment. Since the pier will be constructed on sound
bedrock, there may be differential settlement between the east
abutment and the pier. If this movement cannot be tolerated by the
structural design, c¢ontact the Foundation Design Section for
recommendations.

Consideration may be given to preload the proposed Granular A’ pad
at the east abutment. If schedule permits the proposed granular
pad should be preloaded with at least 2m thick granular material
for a minimum period of one month. This will reduce post
construction settlement.

Pier

The pier can be founded on spread footing constructed on sound
bedrock. 1In order to construct the footing on bedrock the soil
above the bedrock should be removed. Please refer to Dewatering
Section for details regarding recommendations for constructing
below the prevailing groundwater elevation.

The recommended bearing capacities for the spread footings, on
sound bedrock as per the OHBDC, are as follows:

Factored Bearing Capacity @ U.L.S. = 10,000 kPa
Bearing Capacity at S5.L.S. Type II will not govern

West Abutment

The west abutment, can be founded on spread footings constructed on
sound bedrock. This implies that all loose or shattered rock under
the plan limits of the footings should be removed and replaced with
concrete. Depending on the selection of three schemes, the footing
elevation will depend on the abutment locations. At this time the
exact location of west abutment is not known., It is expected that
the west abutment footing would be constructed below elevation
278m.
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If the footing is to be constructed at elevations above sound.
bedrock elevations, then all loose rock should be removed above the
sound bedrock and mass concrete may be used to bring the base of
the footing to the desired elevation. Depending on the west
abutment location if the abutment is founded by cutting bedrock,
then the abutment may be constructed against the bedrock without
backfill.

The recommended bearing capacities for the spread footings, on
sound bedrock, as per the OHBDC are as follows:

Factored Bearing Capacity @ U.L.S. = 10,000 kPa
Bearing Capacity at S.L.S. Type II will not govern

Roadway Protection

For roadway protection, the following parametérs should be used for
the shoring design:

# = 30 Degrees
Cu = 0 kPa
¥ = 20.5 kN/nm®

WL elevation 272.6m

Embankment Stability

It is understood that rock £ill will be used in approach fills. It
is expected that rock fill will be up to 9.5m high. For side

"slopes of rock £ill 1.25H:1V a nominal berm (1 to 2m wide) should

be provided so that no uninterrupted slope is more than 6m high.
No berm will be needed for embankment up to 10m high if a side
slope of 1.5H:1V is considered. There is no concern of any deep
seated stability.

Foundation Stability at the West Abutment

In order to ensure stability of the rock face at the west abutment
of the proposed structure, footings should be located far enough
from the face of rock cuts to be outside a plane defined as 0.5H:1V
from the toe of the cut slope or a minimum of 1m from the crest of
the rock cut (whichever is greater).
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It is understood that rock fill will be used for approaches.
Special care will be required to avoid damaging the abutment. It
would be preferable to place a 0.3m cushion of Granular 'A’ or
smaller rock fill (with diameter of less than 0.3m), between the
structure and the main mass of rock fill. Granular material may
also be used at the approaches,

For design purposes, the following properties for backfill are
recommended:

Granular ’A’ | = 22.8 kN/m’ # = 35°
Granular B’ Y = 21.2 kN/m® ¥ = 30°
Rock Fill =18.0 kN/m* @ = 35°

Lateral earth pressures should be computed in accordance with
Section 6.6.1.2 of the OHBDC. At-rest condition (K, may be
assumed to apply at the west abutment and active condition (K,)
will apply at the east abutment unless it is structurally

constructed to impose the at-rest condition.

Registance to Lateral Forces

Sliding resistance should be calculated in accordance with Section
6-7.3.3.2 of the QHBDC. For concrete footings on granular pads
sliding resistance should be calculated assuming unfactored angle
of friction @ = 35°. An unfactored angle of friction,ﬁ== 30° should
be used to calculate sliding resistance between concrete footing
and bedrock or between concrete surfaces.

If the bedrock surface is roughened with chiselled groves then an
unfactored angle of friction & = 35° can be assumed to calculate
sliding resistance between concrete footings and bedrock.

If necessary, sliding resistance can be supplemented by dowelling
into bedrock or between concrete surfaces.

For design purposes, the following OHBDC capacities may be assumed
for the bond between bedrock and grout.

Factored Bearing Capacity @ U.L.S. = 500 kPa
Bearing Capacity at S.L.S5. Type II will not govern



The minimum dowel embedment should be 1m. Neither the structural
strength of the dowel, nor the compressive strength of the grout
should be exceeded. Also, the annular space around the dowel (to
be grouted) should be in the order of 2 cm wide (between the dowel
and the bedrock).

The capacity of dowels between concrete surfaces will be dependent
on the strength of the concrete and the dowel.

Settlement Consideration

Total and differential settlement of the spread footing at the east
abutment and embankment fill is expected to be less than 25mm.
Most of this will take place immediately after the completion of
the construction. No settlement is anticipated at the west
abutment and at the pier location where the footing would be
constructed on sound bedrock.

Frost Protection

At the east abutment a 1.8m frost cover is required.. Frost
protection is not required for footings on unweathered bedrock,
such as at pier and west abutment locations. Frost protection
requirements at the east abutment could be reduced if it could be
ensured that groundwater will always be below footing level.

Dewatering

The proposed foundation at the pier location will be below the
groundwater table. It will be either required to lower the

- groundwater below the excavation or other measures would have to be

taken to construct the footing either in dry or without creating
unbalanced hydrostatic pressure. It will be necessary to put a
special provision in the contract that footing at the pier location
is to be constructed without disturbing adjacent ground. Although
construction procedures are the responsibility of the contractor
the situation could be addressed by the following procedure.

Assuming that lanes at Highway 11 will be open during construction
and considering roadway protection will be required to maintain
traffic, a suitable scheme will be to drive sheet piles to the
bedrock and utilize sheet piling for dewatering as well as shoring.
Once the overburden material is removed above the bedrock, the
concrete will be poured using a tremie seal to control inflow if
necessary.
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In any case, the contractor should submit his proposal for review
a minimum of 10 working days prior to the construction.

Excavation

Rock excavation will be required for the construction of west
abutment. Cut rock slopes will be stable with near vertical faces
provided that blasting is carefully controlled. If advice on
controlled blasting techniques are required, please contact this
“office.

Miscellaneous

The field work for this project was carried out under the
supervision of C. Davidson, a student specialist.

The equipment used was owned and operated by Master Soil
Investigation Ltd.

If there are any questions, or any explanétions are required
regarding this memo, please contact this office.

C ot

R

K. Ahmad, P. Eng.
Foundation Engineer

For

D. Dundas, P. Eng.
Senior Foundation Engineer
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