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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 5imm O.D SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING
FREELY & DISTANCE OF §.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT [ Simm O.D. 60° CONE ANGLE) DRIVEN BY 475 J
IMPACT ENERGY ON "A" SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE QF THE CONICAL POINT INTO THE UNDISTURBED GROUND

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

GONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CU) AS FOLLOWS!

¢y (kPa) 0-12 12 - 25 25 - 50 50 - 100
VERY SOFT|  SOFT FIRM STIFF

100 - 200 =200
VERY STIFF HARD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED 8Y SPT N VALUES A5 FOLLOWS:
N {BLOWS/0.3m) 0 -5 5-10 10 - 30 30 - 50 =50
VERY LOOSE| (OOSE COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH,

MODIFIED 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

RQD (%) 0-25 25-50 50 - 75 75 - 90 90 - 100
VERY POCIR POCR FAIR GO0 EXCELLENT
IOINTING AND_BEDDING :
SPACING 30mm 50 - 300mm| 0.3m - Im tm - 3m =>3m
JOINTING VERY CLOSF CIOSE MOL. CLOSE WiIDE VERY WIDE
BEDDING VERY THIN THIN MEQIUM THICK VERY THICK

ABBREVIATIONS AND SYMBROLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

S5 SPUT SPOON T P THINWALL PISTON m, kPa™!  COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE O3S OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
5T SLOTTED TUBE SAMPLE R C  ROCK CORE Cq 1 SWELLING INDEX
85 BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY Cq 1 RATE OF SECONDARY CONSOLIDATION
€5 CHUNK SAMPLE P M TW ADVANGCED MANUALLY €, m?/s  COEFFICIENT OF CONSOUDATION
T W THINWALL OPEN F 5  FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN u % DEGREE OF CONSOLIDATION
u, kpa PORE WATER PRESSURE o, kbo EFFECTIVE OVERBURDEN PRESSURE
, 1 PORE PRESSURE RATIO oy kPa PRECONSOLIDATION PRESSURE
o kPa TOTAL NORMAL 5TRESS 7, kpa SHEAR STRENGTH
o’ kra EFFECTIVE NORMAL STRESS ¢! kpo EFFECTIVE COHESION INTERCEPT
T kra SHEAR STRESS 3 -° EFFECTIVE ANGLE OF INTERNAL FRICTION
@ .q,0  kea PRINCIPAL STRESSES <, kra APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN by -* APPARENT ANGLE OF INTERNAL FRICTION
€ €, €, % PRINCIPAL STRAINS 7 kra RESIDUAL SHEAR STRENGTH
£ kpa MODULUS OF LINEAR DEFORMATION T, kPa REMOULDED SHEAR STRENGTH
G kPo MODULUS OF SHEAR DEFORMATION 5 1 SENSITIVITY = ;Um
I 1 COEFFICIENT OF FRICTION f
PHYSICAL PROPERTIES OF SOIL
A kg/o® DENSITY OF SOUID PARTICIES e L%  VOID RATIO €min 1 % VOID RATIO IN DENSEST STATE
7’5 kN/m®  UNIT WEIGHT OF SOLID PARTICLES n 1.%  POROSITY I \ DENSITY INDEX = chx:: !
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FOUNDATION INVESTIGATION REPORT
For .
Slate River
Bridge Replacement, Hwy. 61
W.P. 343-87-01, Site No. 48W-86
District 19, Thunder Bay

INTRODUCTION

This report summarizes the information obtained from a foundation investigation
carried out at the above mentioned site where a single span structure is proposed
to replace the existing single span bridge along the Hwy. 61 crossing the Slate
River. Twin Bailey Bridges are also proposed for the detour during construction.

The fieldwork was carried out between 91 06 10 and 91 06 18. Four boreholes (BH 1
to BH 4) were advanced and sampled as part of this project by means of hollow stem
augers with a conventional diamond drill (BW casing and BXL core barrel) adopted
for rock sampling purposes. These boreholes extended down to depths of 19.7 and
34.8 m below the existing ground surface.

This report contains factual information obtained from this investigation,

SITE DESCRIPTION

The bridge site is Tocated on Hwy. 61, about 1 km north of the junction with Hwy.
608, in the Blake Township, Neebing Township Municipality, District of Thunder
Bay.

The existing structure is a10m single span bridgewfounded on timber piles. The
topography in the immediate area is generally flat to gently undulating, occupied
by agricultural and dairy farming ‘with a few rural homes located along the
existing Hwy. 61. B

According to available information the overburden is essentially silty clay.
Bedrock in this area is "Shale and interbedded Sandstone" of the Rove Formation of
the Animikie Group of Middie Precambrian age.



SUBSURFACE CONDITIONS

The subsoil conditions encountered across the site are generally uniform. Sand
and clayey silt fills were encountered as much as 4.6 m at BH 3. A thin layer of
asphalt pavement (about 0.2 m) was found in the road of existing Highway 61 (BH's
1 and 2). Clayey silt topsoil was found at two borehole locations (about 0.7 m
thick) underneath the fill. These materials were found to be underlain by an
extensive brown silty clay to clay deposit with a maximum thickness of about 13.3
m at BH 1, which, 1in turn, overlies a thick deposit of black clayey siit.
Thickness of this black clayey silt layer ranges from 8.9 m at BH 1 to 11.7 m at
BH 2. Sandy silt to silt layer was encountered underneath this black clayey silt
layer with a maximum proven thickness of 3.1 m at BH 1, overlying about 3.9 m
thick non-cohesive glacial till. These overburden materials are underlain by a
Rove Formation shale bedrock.

The bedrock surface is slightly undulating with an elevation ranged from 191.4 m
at BH 1 to 191.6 m at BH 2 which are corresponded to 32.9 m and 32.5 m below the
existing ground surface. Bedrock 1is known to be "Shale with interbedded
Sandstone" of the Rove Formation. '

The boundaries between the various soil types, in situ and laboratory test results
are shown on the attached Record of Borehole sheets in the Appendix. The
locations and elevations of the boreholes, along with profiles showing so0i1
stratigraphy based on borehole data, are shown on Dwg. No. 3438701~A:

A detailed description of the subsurface conditions and embankment fill material
is given below.

Fill Material

This material was encountered at all borehole locations. The composition of this
fill material ranged from a brown sand and gravel to a brown reworked clayey
silt. The thickness of sand and gravel fill, which was found underneath 0.2 m
thick asphalt pavement, is about 1.2 m at BH's 1 and 2. Through a Grain Size
Distributon test and visual observation, it can be classified as a sand and gravel
as shown on Figure 1.

* DWG NO 2 OF THE CONTRACT DWG’'S



Overlying the site and encountered underneath the sand and gravel fill is a brown
reworked clayey silt fill material with trace to some sand and gravel. The
thickness of this layer varies from 1.4 m at BH 4 to 4.6 m at BH 3 as shown on
Record of Borehole sheets. This fill has been placed when building the existing
highway embankments in this area. ' \

Atterberg Limit tests were performed on these samples as shown on Figure 2. From
the plasticity chart, it is evident that the layer can be classified as an
inorganic clayey silt with a low plasticity (CL). Grain Size Distribution tests
were carried out on these materials. Figure 3 in the Appendix shows the results.

Topsoil

Topsoil was encountered underneath the clayey silt fill at two borehole
locations. The thickness of this layer is about 0.7 m at BH's 3 and 4. Through a
Grain Size Distribution test and Atterberg Limit test, (Figures 2 and 3), the
‘material can be classified as a clayey silt with trace of organics.

Silty Clay to Clay

This is the predominant stratum found in all boring locations. The proven
thickness of this deposit ranges from 11.4 m at BH 2 to 13.3 m at BH 1. This
-material is brown in colour.

Atterberg Limit tests were performed on these samples and the results are plotted
on Figure 4 and summarized as follows:

Index Properties Range {%
Natural Moisture Content (w) 37.0-68.0
Liquid Limit (w.)  42.0-76.0
Plastic Limit (wp) . 18.0-29.0
Plasticity Index (Ip) | 22.0-49.0

From the plasticity chart, it is evident that the layer can be classified as an
inorganic silty clay to clay with intermediate to high plasticity (CI or CH).



Grain Size Distribution tests were carried out on these materials. Figure 5 in
the Appendix shows the results in an envelope form.

Undrained shear strength of the soil was determined by in situ vane tests and by
laboratory tests, namely unconfined compression tests. The results are plotted on
Figure 6 and the Record of Borehole log sheets in the Appendix and summarized as
follows:

Undrained Shear Strength Cu(kPa) (Average) Sensitivity (Average)
In Situ Vane Tests 42->100 (65) 2-7 (3.2)
Unconfined Compression Tests 14-42 (29)

As shown on Figure 6, the vane strengths measured within 2 to 4 m (elevation above
216 m) varied from 55 kPa to greater than 100 kPa, indicating a stiff to very
stiff consistency. Below 4 m (elevation 216 m and above 208 m), the vane
strengths, which varied from 45 kPa to 75 kPa indicated a generally firm to stiff
consistency. This silty clay to clay deposit has a sensitivity varying from 2 to
7 based on the measured undisturbed and remoulded vane strengths. This would
indicate that the silty clay to clay is generally sensitive.

An odometer test was carried out to investigate the consolidation characteristics
of the silty clay to clay. The sample tested is considered representative of the
clay deposit was selected from a Shelby tube sample obtained at about elevation
213 m in BH 2. The results of the consolidation test are shown on Figure 7. The
preconsolidation pressure is estimated to be about 205 kPa, indicating an over-
consolidation ratio of about 1.5 relative to the existing effective overburden
stress. The compression index was determined to be about 0.71.

Clayey Silt

In BH's 1 and 2, an 8.9 m to 11.7 m thick layer of clayey silt was encountered
between the upper silty clay to clay and the underlying sandy silt to silt layer.
This material is black in colour.

Atterberg Limit tests were carried out on this material as shown on Figure 8.
Test results indicate that the Liquid Limit varies from 24 to 26 percent with



corresponding plasticity indices of 8 and 11 percent. Measured water contents
determined from samples of this layer vary from 27 to 29 percent which are higher
than the 1liquid Timit. Figure 9 shows the Grain Size Distribution of this
material.

The field vane strengths obtained in this stratum varied from 15 kPa to about 75
kPa indicating a soft to stiff consistency. The sensitivity of this deposit

varies from 1.5 to about 7 indicating this material being sensitive.

Sandy Silt to Silt

| Underlying the thick deposit of clayey silt, a thin layer of grey sandy silt to
si1t was encountered in BH's 1 and 2. The thickness of this layer ranges from 1.9
mat BH 2 to 3.1 m at BH 1., This layer is basically non-plastic. Figure 10 in
the Appendix shows the results of Grain Size Distribution tests.

In this stratum, the 'N' value is about 16 blows/0.3 m indicating a state of
compaction described as compact.

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

Underlying the sandy silt to silt deposit at a depth ranging from 28.7 m to 32.9
m, a‘heterogenebus mixture of silt, sand and gravel with occasional boulders of
glacial origin was encountered. The thickness of this stratum ranges from about
3.8 mat BH 2 to 3.9 mat BH 1. Rock coring techniques were required to penetrate
occasional boulders within the stratum. Figure 11 shows the results of Grain Size
Distribution tests for this material.

In this stratum, the 'N' values ranged from 39 to over 100 blows/0.3 m indicating
a state of compaction described as dense to very dense. '

Bedrock

The glacial till deposit is directly underiain by bedrock of the Rove Formation of
the Animikie Group of middle Precambrian age which was proven at two borehole
locations by obtaining up to 2.3 m of rock core samples. The bedrock consists



mainly of shale with interbedded sandstone. Detailed descriptions of the rock are
attached in the Appendix entitled "Description of Rock Core".

Core Recoveries (CR) and Rock Quality Designation (RQD) were .determined in situ
and also in the laboratory to evaluate the competence and integrity of the rock.
Core Recoveries (CR) between 75 and 100 percent and Rock Quality Designation (RQD)
values ranges from 0 to 79 percent. Based on these results, the rock can be
classified as weak to medium strong rock and slighty weathered to unweathered.

~ GROUNDWATER CONDITIONS

Groundwater conditions were observed through the measurement of water level in the
open boreholes and in piezometers installed at 3 borehole locations. The
groundwater level in both open boreholes after completion and piezometers were
found to range from depth of 1.5 m to 4.8 m below the existing ground surface
which correspond to an approximate elevation of 220.4 m and 218.1 m,
respectively. However, it is 1likely that the groundwater level is subject to
seasonal fluctuations.

MISCELLANEQUS

The fieldwork for this investigation was carried out during the period of 91 06 10
to 91 06 18 under the supervision of M. Iampietro, Student Engineer. The
equipment was owned and operated by Dominion Soil Investigation Ltd., Thunder Bay.

This report was written by T. C. Kjm. Senior Foundation Engineer and reviewed by

Toe

T7.C. Kim, P. Eng.
Senior Foundation Engineer

M. Devata, P
Chief Foundation Engineer
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ROCK CORE DESCHIPTION
WP 343-87-01

DESCRIPTION

32.87-34.39

32.87-33.03

33.03-34.39

SANDSTONE, medium dark grey to medium light grey:; fine grained; medium
strong; unweathered to slightly weathered; fractures close spaced, fiat to near

vertical, planar, smooth.

SHALE, black to dark grey; fine gralned weak; unweatheredto s !ghtiy
weathered; fractures moderately close to very close spaced, flat to near vertical,
planar to undulating, smooth.

30.18-30.48
30.48-31.29
32.51-33.02
33.02-33.38 °
33.38-34.80

30.18-32.51

32.51-34.80

*CR = CORE RECOVERY .
*RQD = ROCK QUALITY DESIGNATION

{NOTE: Depths are approximated where core recovery is less than 100%) -

OVERBURDEN (boulder tilf).

SHALE, black to medium grey; fine grained; weak; unweathered to slightly
weathered; fractures extremely close to moderately close spaced, flat to near
vertical, planar to undulating, smooth.

Logged by: DAW, Soils and Aggregates Section

A



FILE COPY

~ Ministry
(ﬁk | Of
Transportation

~ Ontario

FOUNDATION DESIGN SECTION

e --«I:g n l'e'rt



ENGINEERING MATERIALS OFFICE
FOUNDATION DESIGN SECTION

CoedT D3~ 205
WP 343-87-01 DIST 19
HWY 61 STR SITE  48W-86

Slate River
Bridge Replacement, Hwy. 61 -

DISTRIBUTION

R.J. Krisciunas (3)

. Morgenroth

Ramakko

. Adams (2)

Bassi

Dunham

. Joseph

G. Norman (Cover Only)
F. Bacchus (Cover Only)
File .~

MR TOo
Ly M 0

.

GEOCRES  52A-108 DATE DEC 18 1541



FOUNDATION INVESTIGATION REPORT
~ For
Slate River
Bridge Replacement, Hwy. 61
W.P. 343-87-01, Site No. 4BW-86
District 19, Thunder Bay

" INTRODUCTION

This report summarizes the information obtained from a foundation investigation
carried out at the above mentioned site where a single span structure is proposed
to replace the existing single span bridge along the Hwy. 61 crossing the Slate
River. Twin Bailey Bridges are also proposed for the detour during construction.

The fieldwork was carried out between 91 06 10 and 91 06 18. Four boreholes (BH 1
to BH 4) were advanced and sampled as part of this project by means of hollow stem
augers with a conventional diamond drill (BW casing and BXL core barrel) adopted
for rock sampling purposes. These boreholes extended down to depths of 10.7 and
34.8 m below the existing ground surface.

This report contains factual dinformation obtained from this investigation
pertaining to structure foundations, approach embankments and related earthworks
for the bridge structures as shown on Dwg. No. 3438701-A.

SITE DESCRIPTION

The bridge site is located on Hwy. 61, about 1 km north of the junction with Hwy.
608, in the Blake Township, Neebing Township Municipality, District of Thunder
Bay.

The existing structure is a 10 m single span bridge founded on timber piles. The
topography in the immediate area is generally flat to gently undulating, occupied
by ‘agricultural and dairy farming with a few rural homes Tocated along the
existing Hwy. 61.

According to available information  the overburden is essentially silty clay.
Bedrock in this area is "Shale and interbedded Sandstone" of the Rove Formation of
the Animikie Group of Middle Precambrian age.



SUBSURFACE_CONDITIONS

The subsoil conditions encountered across the site are generally uniform., Sand
and clayey silt fills were encountered as much as 4.6 m at BH 3. A thin layer of
asphalt pavement (about 0.2 m) was found in the road of existing Highway 61 (BH's
1 and 2). Clayey silt topsoil was found at two borehole locations (about 0.7 m
thick) underneath the fill. These materials were found to be underlain by an
extensive brown silty clay to clay deposit with a maximum thickness of about 13.3
m at BH 1, which, in turn, overlies a thick deposit of black clayey silt.
Thickness of this black ¢layey silt layer ranges from 8.9 m at BH 1 to 11.7 m at
BH 2. Sandy silt to silt layer was encountered underneath this black clayey silt
layer with a maximum proven thickness of 3.1 m at BH 1, overlying about 3.9 m
thick non-cohesive glacial till. These overburden materials are underlain by a
Rove Formation shale bedrock.

The bedrock surface is slightly undulating with an elevation ranged from 191.4 m
at BH 1 to 191.6 m at BH 2 which are corresponded to 32.9 m and 32.5 m below the
existing ground surface. Bedrock s known to be "Shale with interbedded
Sandstone"” of the Rove Formation.

The boundaries between the various soil types, in situ and laboratory test results
are shown on the attached Record of Borehole sheets in the Appendix. The
locations and elevations of the boreholes, along with profiles showing so0il
stratigraphy based on borehole data, are shown on Dwg. No. 3438701-A.

A detailed description of the subsurface conditions and embankment fil11 material
is given below.

Fill Material

This material was encountered at all borehole locations. The composition of this
fill material ranged from a brown sand and gravel to a brown reworked clayey
silt. The thickness of sand and gravel fill, which was found underneath 0.2 m
thick asphalt pavement, is about 1.2 m at BH's 1 and 2. Through a Grain Size
Distributon test and visual observation, it can be classified as a sand and gravel
as shown on Figure 1. -
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Overlying the site and encountered underneath the sand and gravel fill is a brown
reworked clayey silt fill material with trace to some sand and gravel. The
thickness of this layer varies from 1.4 m at BH 4 to 4.6 m at BH 3 as shown on
Record of Borehole sheets. This fill has been placed when building the existing
‘highway embankments in this area. V

Atterberg Limit tests were performed on these samples as shown on Figure 2. From
the plasticity chart, it is evident that the layer can be classified as an
inorganic clayey silt with a low plasticity (CL). Grain Size Distribution tests
were carried out on these materials. Figure 3 in the Appendix shows the results,

"Topsoil

Topsoil was encountered underneath the c¢layey silt fill at two borehole
locations. The thickness of this layer is about 0.7 m at BH's 3 and 4. Through a
Grain Size Distribution test and Atterberg Limit test, (Figures 2 and 3), the
material can be classified as a clayey silt with trace of organics.

Silty Clay to Clay

This 1is the predominant stratum found in all boring locations. The proven
thickness of this deposit ranges from 11.4 m at BH 2 to 13.3 m at BH 1. This
material is brown in colour.

Atterberg Limit tests were performed on these samples and the results are plotted
on Figure 4 and summarized as follows:

Index Properties Range (%
Natural Moisture Content (w) 37.0-68.0
Liquid Limit (w) 42.0-76.0
Plastic Limit (wp) 18.0-29.0
Plasticity Index (Ip) 22.0-49.0

From the plasticity chart, it is evident that the layer can be classified as an
inorganic silty clay to clay with intermediate to high p}asticity (CI or CH).
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Grain Size Distribution tests were carried out on these materials. Figure 5 in
the Appendix shows the results in an envelope form.

Undrained shear strength of the soil was detetmined by in situ vane tests and by
laboratory tests, namely unconfined compression tests. The results are plotted on
Figure 6 and the Record of Borehole log sheets in the Appendix and summarized as
follows:

Undrained Shear Strength Cu(kPa) (Average) sensitivity (Average)
In Situ Vane Tests 42->100  (65) 2-7 (3.2)
Unconfined Compression Tests 14-42 (29)

-As shown on Figure 6, the vane strengths measured within 2 to 4 m (elevation above
216 m) varied from 55 kPa to greater than 100 kPa, indicating a stiff to very
stiff consistency. Below 4 m (elevation 216 m and above 208 m), the vane
strengths, which varied from 45 kPa to 75 kPa indicated a generally firm to stiff
consistency. This silty clay to clay deposit has a sensitivity varying from 2 to
7 based on the measured undisturbed and remoulded vane strengths. This would
indicate that the silty clay to clay is generally sensitive.

An odometer test was carried out to investigate the consolidation characteristics
of the silty clay to clay. The sample tested is considered representative of the
clay deposit was selected from a Shelby tube sample obtained at about elevation
213 m in BH 2. The results of the consolidation test are shown on Figure 7. The
preconsolidation pressure is estimated to be about 205 kPa, 1ndicating an over-
consolidation ratio of about 1.5 relative to the existing effective overburden
stress. The compression index was determined to be about 0.71.

Clayey Siit

In BH's 1 and 2, an 8.9 m to 11.7 m thick layer of clayey silt was encountered
between the upper silty clay to clay and the underlying sandy silt to silt layer.
This material is black in colour.

Atterberg Limit tests were carried out on this material as shown on Figure 8.
Test results indicate that the Liquid Limit varies from 24 to 26 percent with



w5

corresponding plasticity indices of 8 and 11 percent. Measured water contents
determined from samples of this layer vary from 27 to 29 percent which are higher
than the 1liquid Tlimit. Figure 9 shows the Grain Size Distribution of this
material. '

The field vane strengths obtained in this stratum varied from 15 kPa to about 75
kPa indicating a soft to stiff consistency. The sensitivity of this deposit

varies from 1.5 to about 7 indicating this material being sensitive.

Sandy Silt to Silt

Underlying the thick deposit of clayey silt, a thin layer of grey sandy silt to
silt was encountered in BH's 1 and 2. The thickness of this layer ranges from 1.9
mat BH 2 to 3.1 m at BH 1. This layer is basically non-plastic. Figure 10 in
the Appendix shows the results of Grain Size Distribution tests.

In this stratum, the 'N' value is about 16 blows/0.3 m indicating a state of
compaction described as compact.

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

Underlying the sandy silt to silt deposit at a depth ranging from 28.7 m to 32.9
m, a heterogeneous mixture of silt, sand and gra&el with occasional boulders of
glacial origin was encountered. The thickness of this stratum ranges from about
3.8 mat BH 2 to 3.9 m at BH 1. Rock coring techniques were required to penetrate
occasional boulders within the stratum. Figure 11 shows the results of Grain Size
Distribution tests for this material.

In this stratum, the 'N' values ranged from 39 to over 100 blows/0.3 m indicating
a state of compaction described as dense to very dense.

Bedrock
The glacial till deposit is diregtly underlain by bedrock of the Rove Formation of

the Animikie Group of middle Precambrian age which was proven at two borehole
Tocations by cbtaining'up to 2.3 m of rock core samples. The bedrock consists
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mainly of shale with interbedded sandstone. Detailed descriptions of the rock are
~ attached in the Appendix entitled "Description of Rock Core".

Core Recoveries (CR) and Rock Quality Designation (RQD) were determined in situ
and also in the laboratory to evaluate the competence and integrity of the rock.
Core Recoveries (CR) between 75 and 100 percent and Rock Quality Designation (RQD)
“va1ues ranges from 0 to 79 percent. Based on these results, the rock can be
classified as weak to medium strong rock and slighty weathered to unweathered.

GROUNDWATER CONDITIONS

Groundwater conditions were observed through the measurement of water level in the
open boreholes and in piezometers installed at 3 borehole locations. The
groundwater level in both open boreholes after completion and piezometers were
found to range from depth of 1.5 m to 4.8 m below the existing ground surface
which correspond to an approximate elevation of 220.4 m and 219.1 m,

respectively. However, it is likely that the groundwater level is subject to
seasonal fluctuations.



DISCUSSION AND RECOMMENDATIONS

The recommendations in this report apply to the bridge structures and related
approaches. '

It is proposed to construct a single span bridge structure about 25 m in length
- which will replace the existing 10 m single span bridge along the Highway 61
crossing'the Slate River. Twin Bailey bridges are also proposed for the detour
during construction of the pérmanent structure (about 40 m long, 20 m east of the
centreline of Highway 61). It is understood that an increase in grade for the
approach embankment will be required. This would involve the additional placement
and compaction of up to 2.0 m fil1 for the permanent approach and about 4.0 m fi11
for the Bailey Bridge approach at North abutment location.

Recommendations pertaining to the foundations of the new bridge and Bailey
Bridges, and related earth works are summarized as follows:

Proposed Replacement Bridge Founggtians’

In view of the low shear strength and compressibility of the extensive silty c¢lay
to clay and clayey silt layers, conventional spread footing shallow foundations
are not applicable at this site. It is recommended that the abutments may be
supported on end-bearing steel 'H' piles, equipped with reinforced tips in order
to facilitate pile penetration through the basal glacial till stratum and driven
to bedrock. '

In consideration of the negative skin friction forces (additional downdrag
forces), which will be induced as a result of the consolidation of the underlying
cohesive deposit due to the imposed load of embankment at the abutment locations,
the following design parameters are suggested for the purpose of the 0.H.B.D.C..

Factored Axial Axial Capacity Bedrock
Pile Type  Capacity at U.L.S. at S.L.S. Type II Elevations
HP310x79 910 kN 740 kN S.Abutment
191.4 m
HP310x110 1360 kN 990 kN N.Abutment

191.6 m
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Battered piles should be installed, where required, to resist lateral loads on the
abutments. '

During pile driving, the Steel 'H' pile should be set to a termination of 8 blows
for the last 12 millimetres of penetration using a hammer transferring about 60
kilojoules of energy per blow/to the pile.

Provision should be made to restrike all piles to confirm the set after adjacent
piles have been driven. Piles that do not meet the design set criteria on the
first restrike would require additional restriking. A minimum of 48 hours should
be allowed before restriking a pile. o

In order to enhance pile driving, the fill material immediately below pile caps,
if perched within the embankment fill, should not contain particle sizes greater
than 75 mm. '

Proposed Bailey Bridge Structure

In consideration of the existence of organic topsoil at this location, existing
fi11l material and organic topsoil should be excavated to an elevation of about
218.0 m and the excavation can be backfilled with compacted Granular 'A' core or
compacted clayey silt as high as possible (Figure 12).

Spread footing founded on compacted Granular 'A' core or clayey silt may be used
to support the temporary bridge abutment. For a footing embedment depth of 2.2 m,
a factored bearing capacity of 200 kPa at U.L.S. may be used for design. Where
the resultant load is inclined, this factored capacity should be reduced by an
appropriate inclination factor as defined by Figure 6-7.3.3.5 in the 0.H.B.D.C.
As a guideline, a spread footing 3 m wide subjected to a vertical bearing pressure
of 200 kPa could result in settlement in the order of 200 mm. A bearing capacity
of 130 kPa would correspond to a S.L.S. Type II.

For the temporary bridge abutments, it is considered that a higher amount of
settiement can be tolerated than normally would be the case for permanent
foundations. Further, because the soil conditions on both sides of the river are
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similar, the amount of differential settlement should be modest during the life of
the temporary structure.

Should the capacity of a conventional spread footing not be sufficient to support
the temporary Bailey Bridge abutments, timber friction piles driven into the silty
clay to clay stratum could be used. For preliminary design using an effective
stress approach, the skin friction may be calculated as described in the
Commentary to the O0.H.B.D.C., Section 6-8.3.3.2. As a design example, the
factored axial capacity at U.L.S. of a nominal 0.3 m diameter and 10 m long timber
pile is 240 kN. Again, because expected differential settlements between the two
temporary bridge abutments are considered to be modest, a S.L.S. design capacity
is not provided at this time.

The sliding resistance may be computed by assuming the coefficent of friction 0.7
between the underside of footings and compacted Granular 'A' and 0.53 between the

underside of footings and compacted clayey silt.

Other Considerations

Lateral Earth Pressures

Free draining material such as Granular ‘'A' or Granular 'B' is recommended as an
appropriate backfill material to prevent hydrostatic pressure build-up on the
abutment walls. Design parameters of the soil are given below for the purpose of
the 0.H.B.D.C. |

Granular Granular
OAI I.Bl
Angle of Internal Friction () 35° 30°
Unit Weight (kN/m3), Y 22.8 21.2
Coefficient of Active Earth Pressure (Ka) 0.27 0.33
Coefficient of Earth Pressure at Rest (Ko) 0.43 0.5

The earth pressure coefficient at rest is to be used when the design of abutment
walls are rigid and unyielding. | '
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The earth pressure coefficient at rest is to be used when the design of abutment
walls are rigid and unyielding.

Frost Protection

The spread footings on the Granular 'A’ core or pile caps should be placed so as
to have a minimum earth cover of 2.2 m to allow for frost protection.

Settlement of Approach Embankments

Based on currently available information, it is our understanding that the
proposed grade of the roadway at the approach embankments will be raised by up to
2.0 m. Consequently, the additional fill will act as a surcharge and induce
settlement within the underiying silty clay to clay and clayey silt strata.

To minimize settlement, total embankment loading should not exceed the
preconsolidation pressure, o'p, of the si1£y clay to clay. Based on the results
of the consolidation test and our previous experience with similar cohesive
deposits, it is estimated that o'p, is about 205 kPa. Since the field vane shear
strengths were found to be reasonably constant with depth, it is anticipated that
o'ps would not vary significantly with depth. Accordingly, the silty clay at
mid-level of the stratum is considered to be preconsolidated by about 65 kPa in
excess of the existing effective overburden stress. Assuming that the unit weight
of compacted granular fi11 is about 21 kN/m3, 2.0 m of such i1l would correspond
_ to a surcharge of 42 kPa. As such, the proposed additional embankment loading
will not result in stresses higher than o'p. ‘Based on the recompression index,
Cr, obtained from the consolidation test, the magnitude of settlement of the
approach embankment will be modest, being in the order of 80 mm. Consideration
shnuld be given to placing and compacting the additional fill well in advance of
bridge construction to allow some settlement to take place prior to final road
grading as shown on Figure 13.

Stability of Approach Embankment

The stability analyses were carried out based on a minimum design undrained shear
strength of 60 kPa for the silty clay to clay, as established by field vane
tests. For additional earth fill of 2.0 m, the results of the 'total stress’



analyses indicate that the approach embankments, with side slopes not steeper than
2H:1V, should be stable.

However, it should be noted that there is no sufficient space to build 2H:1V slope
at the west side of the north approach toward Slate River with the existing
centreline of Highway 61. It s therefore recommended that the existing
‘centreline be shifted about 4 m easterly or more steep slope of less than 1.3H:1V
be considered using rockfill material or reinforced earth slope.

Construction Consideration

Prior to embankment construction, topsoil, organics and’other foreign materia?s
should be removed from the fill placement area. Such Tlocations should be
excavated and bag¢kfilled with an approved, compacted free-draining, granular
material., Clean earth fill at suitable water content should be used as embankment
fill. '

The fi11 should be placed in thin layers and compacted as per MTO standards. The
fill should be keyed into the pre-existing slope in accordance with current MTO
standards and practice.

Excavations for abutments, pile-caps and footing construction may be carried out
in temporary open cuts with side slopes maintained at gradients not steeper than
1.54:1V through the silty clay to clay. Some groundwater seepage into the
excavations should be expected at elevations below the groundwater table. The
seepage can be controlled by pumping from properly filtered sumps located at the
base of the excavations. Sumps should be located outside the.load-bearing and
foundation areas. A1l excavations should be carried out according to the
guidelines contained in the latest edition of the Ontario 0ccupationa1\Hea1th and
Safety Act. To prevent softening of the exposed silty clay to clay, it is
recommended that Granular 'A' material be placed on the excavation base to provide
protection to the founding stratum as sabn as the base of the excavation has been
inspected. ‘

For erosion protection purposes, the embankment side slopes should be covered with
a layer of topsoil and proper seeded in order to enhance adequate vegetation
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cover. Suitable protection measures should also be provided to the river banks
adjacent to the abutments. Such measures may include appropriata?y'sized rip-rap
underlain by suitable granular filter. \

MISCELLANEQUS

The fieldwork for this investigation was carried out ddring the period of 91 06 10
to 91 06 18 under the supervision of M. lampietro, Student Engineer. The
~equipment was owned and operated by Dominion Soil Investigation Ltd., Thunder Bay.

This report was written by T. C. Kim, Senior Foundation Engineer and reviewed by
M. Devata, Chief Foundation Engineer.

%
7k§3¢q
Tae C. Kim, P.Eng.
Senior Foundation Engineer

.M_,

é7i%/g£€i2a, P.Eng.
Chief Foundation Engineer
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Onteria
RECORD OF BOREHOLE No 1 2 0F2 METRIC
WP, ..343-87-0) LOCATION 448.5; Adm Rt from @ of HWY 61 ORIGINATED BY_M!
DIST __.18 HWY 52 BOREMOLE TYPE _HS Auger, BXL Rock Core COMPILED BY 2D ..
DATUM Geodectic DATE 91 06 15 to 91 06 14 CHECKED BY ..JCX ..
o DYNAMIC CONE PENETRATION ;
OiL PROFILE saMpLes | B o
S 3 Enl % RESISTANCE PLOT 2——%.... ey frtigmd oo ﬁ'i REMARKS
= gl @ 20 40 60 80 100 voNzg EQ :
=k bt g - ) . 8 i ; wp w w :Jii' &
ELEV OESCRIPTION Tl w | 2| 258] S |SHEAR STRENGTH kPo ‘ SRAIN SIZE
DEPTH w|ZL 2| > | B8] T |0 unconmned + FIELD VANE 5 b
) é @ [ g ?38 S | quex i X LAB VANE WATER CONTENT (%) s (%)
w38 [ Continued (4 - & 40 60 80 100 20 40 80 | WN/mlor sA sioCL
305] [ ier, wixture of Sit, Sond 1855 | 3 oH 1236 44 8
and Grovel oce. boulders
Dense to Very Dense
{Glaeiot i)
192
1914
32.8 Bedrock
T Rave Firmatay, Sanastone 19| Re | REC fosx RaD 79%
1898 . a0

3441 End of Borehoie

June 13,1991
« GROUND WATER CONDITIONS

PIEZO. GROUND WATER
NG. ELEVATION {Metres)
1 218.5

3 5 Numbers refer to e
X it vity 15;;85 (%) STRAIN .AT FAILURE




Minislry af

Transportation Foundaficn Design
Cntaria
RECORD OF BOREHOLE No 2 1 0F 2 METRIC
WP, 3458701 LOCAT]&N S0 2244745 ofs S5.3m Lb from § of HWWY 61 ORIGINATED By M
nIsT 19 HWwY 61 BOREHOLE TYPE _HS Auger, BXL Rock Cors, Cone Test COMPILED BY .. AR
DATUM _Geodegtic DATE g1 08 10 to 91 08 13 CHECKED BY...JCK
® Wi ] DYNAMIC CONE PENETRATION
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/}/ *3
/// <
//
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1
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Compoct L iJ17] s8] 18 Mo a4 192 7
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195.4 .
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2D C . , r
ontinued 0 Continued
+3, x’:'s‘mm‘"""' o 15%35 (%) STRAIN AT FAIURE




Winlstry of
Transportaiion

Foundotion Design

Onfore
RECORD OF BOREHOLE No 2 2zorz METRIC
WP, 3438701 LOCATION Stg 2244745 o/s 5.2m Lt from L of HWY 61 ORIGINATED BY_M
pisT.... 19 HwY 6] BOREHOLE TYPE _HS Auger, BXL Rock Core, Cons Test COMPILED 8Y __AD
DATUM _Geodectic DATE $1 06 10 to 91 06 13 CHECKED BY...JCK
: = W ] OVRAMIC CONE PENETRATION
SOIL PROFILE SAMPLES i wd TURAL
E% 3 RESISTANCE PLOT 3~ i “E‘éﬁ'&’:ﬁ uauo 0::% REMARKS
5 wFEg| v 20 40 60 80 100 w w w zZ5 %
m Py o 1 kA .
ELEV. BESCRIPTION Zlylw| 3125] & [sHear STRENGTH ko Ll B SRAIN SiZE
GERTH wlZEy = X 1 ZE| T ]|o unconene + FIELD VANE 5 JoisTR
) 1 EI R %8 5 | aquick muaxaL L vane  [WATER CONTENT (% S &)
193.5 .,[ Continued @ Z pr 20 40 B0 B8O 100 20 40 60 KN/ far SA SI CL
I AN IO R Y2 P P P e
{Jense to Very Dense i
(Glocigl Ti1) W vk P
191.5 : 192
32.5 Hedrock 22] RC | REC | 75% ROD SO0%
Shate with interbedded Sondstone [ 231 RC | REC 1100% RGH 0%
of the Rove Formation
24| RC | REC |96% 190 RQD 39%
189.3 R
3481 €nd of Borehote
Jure 18, 1991
* GROUND WATER CONDITIONS
PIEZO. GROUND WATER
NO. ELEVATION (Metres)
1 218.3
+3, 3 ; Numbars reter to m?gs (X} STRAIN AT FAILURE

" Sensliivily




Mintetry of

Transportation . Foundotioh Design
Onteriy
RECORD OF BOREHOLE No 3 1or 1 METRIC
w.B, 3433701 LOCATION Sty 22+440.0: o/ 18m Ri from @ of HWY &) GRIGINATED BY. M
pisT .18 HwY .81 BOREHOLE TYPE _HS5 Auger . COMPILED BY...AD .
DATUM . Segdectic DATE 91,06 18 CHECKED BY___TGK
3 1" DVNAMIC CONE PENETRATION
SOiL. PROFILE SAMPLES gm gg‘ RESISTANCE PLOT YU iy SR B REMARKS
5 a |BE] ¥ | 20 w0 s s oo W wwwr U028 &
o tad — A 1 1 3
ELEV SESCRIPTION e w 2 95| & |sHEAR STRENGTH kPo P et | TF fg?é” ds‘g‘zOEN
3 S 1221 T {0 uNCONFINED + FAELD VANE ISTRIB
PEFIH HE = g3 S |o ovex s, s vane [WATER CONTENT (z) 7 177 ()
223.1{ Ground Surfoce A 215 1 & 20 40 60 80 100 20 40 60 | uN/eilor sA S CL
0.0 Hrawn
1 58 12 Fre)
Cicgeg Siit, troce to some Sand 21 8% 4
Ster z&"?}ﬂry Stiff 8
(Fi) 3 55 8 >1*
LTETTTe 22 0 4 7128
2 ,
5 | 55 2 $ orqggcs
2185 .4
o T e 0 T L
21%:3 (Topsoit) Very SUff ﬁ L) 2 218 .
5.3 //// +
/ 7 55 3
, 7 216
Sitty clay te Clay /
stift / 81 55 | 3 off 6 0 59 a1
4'3 3
/ M 214
% 9] 55| #
2134 /,; 2 15
10.7 { End of Borahoie 4

June 19, 1991
* GROUND WATER CONDITIONS

PIEZO. | GROUND WATER
NO. | ELEVATION (Metres)
1 220.3

+3 w7 Nuribars tefar to

" Sunliivity

w
15'%-3 {X) STRAIN AT FAILURE
1
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Ontorta
RECORD OF BOREHOLE No 4 10e1 METRIC
w.p, ..3a3.87-01 LOCATION Ste 2244833 o/y 22.4m Rt from § of HWY 61 ORIGINATED BY_M!
pisT...18 HwY 51 BOREHOLE TYPE .HS Auger COMPILED BY ..AD ..
DATUM _Geodsctic DATE g1 06 18 CHECKED BY . JCK ...
T i T DYNAMIC CONE PENETRATION
S0IL PROF SAMPLES Wi o A,
L LE LE Eal 2 RESISTANCE PLOT P Jarura o mE REMARKS
5 al38] 7 |2 % % ® w0 | | EE &
" o
ELEV alulw| 2 |85] & [sHear sTRENGTH wo F S| TF | oram size
DEPTH DESCRIPTION =121 2| 5|35 & |o unconrmen + FIELD VANE 5 |DISTRIGUTION
& S 5 | EO] 2 | ouck TRAKAL  x LAB VANE [WATER CONTENT (%) 3 {%)
220.6 | Ground Surfoce w : o 2 60 80 100 20 40 B0 kN/milGR sA s1 CL
0.0 Brown LY
Cl?ez Silt, troce to sorme Sond 220
218.2 ravel iy Soft 17Tss | 2
2188 [Cloysy Silt, trace organica (Topsell) Soft 2|ss] 217 poed B2 9 34
2 '//// 3,881 2 218
/ 41551 4 s } ol
7 5 | W | PH #
216 5
/ REEREE
. Siity Clay ta € ]
Ht A % ¥
/ 71 W | PR . b of 0 1 57 a2
/‘ 21 "
7 &
;// 8|ss | 3
/ 2 3
/ ¥
% g1 Tw ] Pd
3
"
209.8 /,/’ 240 2
10.7 | End of Berahole
3 4 Numbers refer to g
R g altivily 15"’5 {%) STRAIN AT FAILURE



ROCK CORE DESCRIPTION
WP_343-87-01

=3 HEOVEHY T e
Sh# (RC#|  (m) ch* |nap- (m) DESCRIPTION

1 19 32.87-34.39 95 79 32.87-33.03 | SANDSTONE, medium dark grey to medium light grey; fine grained; medium

strong; unweathered to slightly weathered; fractures close spaced, flat to near
vertical, planar, smooth. '
33.03-34.39 | SHALE, black to dark grey; fine grained; weak; unweathered to slightly

weathered; fractures moderately close to very close spaced, flat to near vertical,
planar to undulating, smooth.

2 19 30.18-30.48 58 38 30.18-32.51 | OVERBURDEN (boulder till).
20 30.48-31.29 56 16
22 32.51-33.02 75 50 32.51-34.80 | SHALE, black to medium grey; fine grained; weak; unweathered to slightly’
23 33.02-33.38 100 0 . weathered; fractures extremely close to moderately close spaced, flat to near
24 | 33383480 | 96 35 | vettical, planar to undulating, smooth,
N S SN SN W W S ' -
*CR = CORE RECOVERY _ (NOTE: Depths are approximated where core recovery is less than 100%) \

*RQAD = ROCK QUALITY DESIGNATION ,
' Logged by: DAW, Soils and Aggregates Section
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