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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SFT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 5imm Q. 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

EREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED A5 THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE IS DENOTED THUS N. )

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (Simm O.D. 60° CONE ANGLE) DRIVEN BY 475 4
IMPACT ENERGY ON A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND. ' '

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.
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FOUNDATION INVESTIGATION REPORT
For

W.P. 145-74-0k
Structure Site 3-356
Proposed Crossing at Steven Creek and Hwy. 16N
District of (Ottawa), Eastern Region

INTRODUCT | ON

Warnock Hersey Professional Services Limited have been retained
by the Ontario Ministry of Transportation and Communications to provide
geotechnlcal engineering services in connection with the above project.
The terms of reference were to carry out a site investigation for the
design and_construction of a new bridge at this site.

The field work carried out by the geotechnical consultants
between 81 11 23, 24 consisted of the drilling of two sampled boreholes,
one on each side of the creek, supplemented by two additional dynamic
cone penetration tests. The investigation was carried out by means of
a muskeg vehicle mounted continuous flight auger machine, equipped
with hollow stem augers.

Additional fieldwork was undertaken on 82 12 07 by this Section
and consisted of an additional sampled borehole (B.H. 101).

SITE DESCRIPTION AND GEOLOGY

The site is located in North Gower Township, some 35 kilometers
south of Ottawa. Specifically, the proposed structure site is located
1.3 km north of'Roger Steven Road (Cty Rd. L), some 300 m west of 2nd
Line Rd. At this location, Steven Creek is approximately 18 m wide
and 3 m deep. The flow is in an easterly direction towards the
Rideau River.

The area is designated physiographically as the North Gower
Drumlin Fleld. Ailr photos of the area and ground observations show



the presence of buried drumlins in the vicinity. These drumlins
are oriented more or less north~south. A mantle of marine soil is
draped over these drumlins and other similar glacial inorganic land
forms.,

The marine soll originated with the inundation of the area by
the Champlain Sea. Therefore, silts and Leda clays are common in
thls area.

Due to the undulating nature of the topography, several springs
have developed in the area. The spring waters originate in the higher
ground where the mantle of marine soil s thin. The higher ground
Is generally a glacial landform. Springs are frequently found in the
low ground between two relatively prominent glacial landforms,
particularly where erosion has removed much of the cohesive marine soil
mantle. Elsewhere, artesian groundwater conditions are generally
encountered at depth.

At this site, the south approach of the proposed crossing consists
of a cleared farmers field. The ground sits about 2 to 3 metres
higher than the north approach, where the land is bush covered.
A drainage trlbutary stream flows in from the north to join Steven
Creek near the north approach area. Within the bush covered area,
there are ox-bow shaped remnants of formef stream tributary meanders.
Both the north and south banks of the stream support swampy vegetation
such as reed grass and sedges. There are no signs of slope instability,
past or present, along the higher south bank of the creek near the
proposed crossing.

SUBSURFACE CONDITIONS

General

The soil conditions across the site are fairly consistent.
Briefly, the soil stratigrabhy consists of a surflcial organic layer
followed by a highly plastic, sensitive clay, overlying a silt deposit.



The silt stratum, which contalns clay seams and silty clay zones,
Is underlaln by a very dense and gravel glacial till of '
undetermined thickness.

Reference should be made to the Record of Borehole Sheets contained
in the Appendix of this report. These sheets contain the description
and extent of the soil types encountered, and in summarized form,

fleld and labbratory test results.

The stratigraphical profile shown on Drawing 2 is based on this
information and shows the location and elevation of the borings.

A detailed description of the various strata are given below:

Surficial Organics

Along the higher flat-lying land on either side of the stream banks,
the topsoil Is about 200 mm in thickness. Along the shores of the
river in the vicinity of the proposed crossing, the upper 1.5 metreé
conslsts of a plastic organic silt with some fine sand and clay. This
material was falrly compressible but not spongy. It's moisture content
was over 82 percent. An N value of 1| blow/0.3 m was recorded at one |
location in this deposit. It's consistency is described as soft.

Clay

Immediately below the topsoil on the flatter ground, or organic
slits along the shores, there is present a clay deposit which is
identifled as Leda clay.

The thickness of this deposit varies depending on surface relief.
At the south approach; It is approximately 7 metres thick whereas at
the north approach it is only about 4 metres thick. In elther case,
however, the deposit extends down to about elevation 80.5.



The distinpguishing characteristics are enumerated in Table 1
for the north and south approaches.

Table 1 Physical and Engineering Properties of '"Undesiccated"

Clay at Steven Creek

North Approach South Approach
Range  Mean Range Mean

Moisture Content (%) 74-85 78 56~75 65
Liquid Limit (%) 52-80 64 56~66 60
Plastic Limit (%) 28-31 30 24-29 27
Plastlclity Index (%) 23-49 34 32-37 33
Liquidity Index 0.9-2.0 1.6 1.0-1.2 1.1
Unit Weight (kN/m>)  15.2-15.6 15.3 15.5-16.8  16.2
Undrained Shear
Strength (kPa)

Field Vane ’ 22-29 25 30-39 33

UU Triaxial 20-29 25 21-28 25

lL.ab Vanes~ All values were lower than field or triaxial values

Sensitivity L.g 6 6-8 7

Preconsolidation, Pc, (kpPa) 100-105

Ce 1.15

Cr 0.07

cv(mmzfsec) 0.5



The south approach ground surface sits some 2 to 2.5 metres
higher than the north approach ground surface. Hence, at the
south approach, the upper 2.5 metres or so of the clay has been
desiccated and exhibits a natural moisture content in the range
of 36 to 46 percent, with an average of 42. In this desiccated
zbne, the undrained shear strength measured by the UU Triaxial
test ranged from 68 to 54 (kPa), decreasing rapidly with depth.
Significant strength differences were found within each thin-
walled tube near the transition zone from desiccated to undesic=
cated,

The soil in the desiccated zone has a mottled grey-brown
colouring. Below the desiccated zone, the soil exhibits a fairly
uniform grey colour with black spots and streaks repreéenting
fossil remnants now turned organic due to lack of oxygen in a
reducing environment.

An examination of the soll properties in Table ! shows some
interesting differences. The mean moisture cqnteht of the clay
below the desiccated zone Is significantly lower than that where
no desiccated crust is present. This difference is reflected
also in the other index properties, including the unit weight.

The Atterberg 1imits of the clay are plotted on Figure 1,
It can be seen that the plasticity of the soil increases with
depth, each subsequent sample plotting above the last sample
along the A-line.

There was a significant difference observed in the field
vane shear strengths between the south and north approach clays.
Where the desiccated zone is present, the field vanes indicate a
substantially higher undrained shear strength than where the
desiccated zone is absent. A simflar difference was not noticed



in the UU triaxial tests. The laboratory vane tests are not
reported since the values measured in the field on the recovered
samples were well below those measured by’the field vane and in
the triaxial test. This would indicate a significant influence
of scale on the measured shear strengths. ‘The laboratory vane
used was a 6~b1aded, commercial, pocket sized torvane.

It is reasonable to assume from the data given above that
the removal of the desiccéted zone at the north approach has
affected to a considerable extent the physical propertieé of the
clay. The removal of overburden (desiccated zone) by erosion has
resulted in vertical stress relief followed by moisture intake
and reduced shear strengths.

_ A sample of the clay from the borehole at the north approach was
tested to determine its preconsolidation value. The result is

shown on Figure 2. The e-log p curve in Figure 2 is typical of

Leda clay soils. The preconsolidation is estimated at 100 to 105 kPa.
Part of this high value is no doubt attributable to erosion of 2.5

to 3 metres of overburden. Assuming the overburden weighs

17 kN/ms, the stress relief is in the order of 50 kPa. Therefore,
only 50 kPa (100-50) represents preconsolidation due to either
chemical bonding or aging of the clay. These relatively high values
for this soll are confirmed by extensive testing carried out by the
National Research Council of Canada for the instrumentation of the
Rideau River Bridge at Kars, some 2.5 kilometers distant from this
site. The NRC consolidation testing of Leda clay from Kars gave
preconsolidation (pc) values ranging from about 90 kPa (minimum estimate)
to as high as 170 kPa (the most probable value being around 130 kPa).
Therefore, the tested value of around 100 kPa fits within the NRC

range of tested values.
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At elevation 80.5, the clay deposit transitions into a silt
deposit which extends to the glacial till stratum. The thickness
of the silt deposit is about 6 metres. The deposit is non~
homogeneous In that it contains zones of silty clay and distinct
seam or bands of clay. In a typical sequence of stratification,
the soil consists of a 100 mm layer of slightly plastic silt,
then another layer of non-cohesive silt. With depth, the silt
layers become thicker and less plastic; the frequency of occur-
rence of the thin clay bands or seams diminishes. In the last
one metre or so of the deposit, some sand and gravel is present.

The silt layers are extremely dilatant. However, the clay
seams or bands were found to be brittle and very stiff. The clay
is highly plastic and exhibits a cubic fabric structure and
fractures conchoidally. 1It's texture is smooth.

One careful separation of the two soil types was carried out
to measure their molsture contents. The molisture content of the
gilt was measured to be 32 percent whereas that of the immediately
adjoining clay seam was found to be 71 percent.

During deposition, the silt has become contaminated with
clay and therefore exhibits some plasticity characteristics. The
composite effect is a soil mixture having the plasticity charact-
eristics of a silty clay, as shown on Figure! . Vane tests were
taken in this deposit in the belief that it was a plastic soil.
However, careful examination of the extruded tube samples reveals
the soil to be a silt: therefore, the vane shear strength values
may not be an appropriate measure of the strength of the silt.



The physical properties of the silt deposit are summarized
in Table 2.

Table 2 Physical Properties of Silt Depostt.at Steven Créek

Physical Property Siltier Portion Clay Portion

Rangg; Ave, Range Ave,
Moisture Content (2) 21-32 26 32-71 b5
Liquid Limit (%) N.P. - 29-4] 35
Plastic Limit (%) N.P. - 19-21 20

Plasticity Index (%) - - 10-20 15
Undrained Shear ’
Strength (kPa)

Field Vane Range: 22-42
UU Triaxial Range: 18-35
Unit Welght (kN/mB) Range: 16.6-19.2

Based on "N values of 1 to 2 blows/0.3 m and the low
undrained shear strengths, the relative density of the silt is
described as very loose whereas its consistency is described as
soft In the more plastic zones.

Sand and Gravel (Glacial Till)

Below about elevation 75, the silt deposit is underlain by a
glacial till consisting essentially of a mixture of sand and
gravel with a trace of silt and clay. A grain size distribution
curve is shown in Figure 3. The sand and gravel particles are angular.

10



The predominant constituent is a dark grey limestone which indicates

the till to be a basal till derived largely from the local bedrock in

the area. The material at first glance looks like weathered bedrock.
However, there are also present, in the sand-sized grains, orthoclase feld-
spar, quartz and calcite components indicating the material to be of
glacial origin and not a product of in-situ weathering.

N values in this till deposit ranged from 5 to 100 blows/0.3 m,
Two dynamic cone penetration tests met refusal within this deposit.
On the basis of these tests, the relative density of the sand and
gravel (s considered to be very dense. The upper 0.3 to 1.0 metres
or so of the deposit has been influenced by contamination with the
overlying sllt as well as by the presence of artesian flow conditions.
Therefore, it exhlibits a lower relative density (N value of 5 blows).
From the results of other soil investigations in the vicinity, It is
believed that bedrock may be located not too far below the termination
of the boreholes and cone tests within this deposit.

Auger refusal on what are probable boulders in the glacial till
stratum was encountered at about 14.1 m depth (elevation 77.1 m) at

B.H. 101, and at approximately 13.0 m depth (elevation 72.8) at B.H. 1.

GROUNDWATER CONDITIONS

The groundwater at B.H. | and B.H. 102 is located at about creek
level. At the south approach (B.H. 4), the groundwater was about 1 metre
below the ground surface. Therefore, the phreatic surface is presumed
to follow the ground profile. Fluctuations of the groundwater
level in the clay are likely to be minimal when the creek floods.

From the desiccation observed in the clay deposit at the south approach,
the long-term water level Is assumed to prevall at a depth of about
2 metres.,

1
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Within the underlying glacial till, artesian flows were encountered
on both sides of Steven Creek. Estimated pressure heads were 3 m and
2 m above the prevalling creek level. A very minor artesian condition
was noted at Borehole 4. It is believed that the higher groﬁnd on the
south shore is characterized probably by sub-artesian conditions.
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Project Engineer
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Senior Foundations Engineer
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RECORD OF BOREHOLE No 1 METRIC ™
WP __145-74-04 o LOCATION STA {94 006.0 % _9.0m Rt of € Hwy I6N ORIGINATED BY _CM
ot 9 HWY 16N BOREMOLE TYPE _ Hollow  Stem  Auger COMPILED BY . BD
DATUM Geodetic DATE 1981 1 23 : CHECKED B8Y .. CM_
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9 o s = z i L A L L Wp W Wy .'.Du;"
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s £ & 10 20 30 40 50 20 40 60 kN/m3 |GR 54 51 CL
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85.8' _ Ground Surface _x_
00 ToPSOIL ond .
ORGANIC SILT with Clay “_"' 82%
84.4 ond Sand  Soft 10881 1 -
; 7
t4 / 3 TW ] PM] 04 . ol 5.2
+
CLAY, Sensitive Grey /
85% w
Soft to Firm / 3 TWI| PM o ~=h |51 |8o=2:023
with trace of black / — 8p P ' 15.4 {Cc =115
Organic inclusions / Py z 18 kPa
/ 4] TW | PM [ = [ o4 15.6
80.3 / 40
53 80
5| TW| PM R b ©
SILT, Very Loose
{or Soft where Cohesive)
with periodic seams of CLTW | PH T8 L F 5} -2
Very $tiff Clay +5
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with depth 7] TW]PH " 58 16.6
B! 88 2 76 oy
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2.8 » ., |

13.00 END OF BOREHOLE
Refusal to Augering

20
+3, x5 Numbers refer to 150 o vy sTRAIN AT FAILURE
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RECORD OF BOREHOLE No 2 METRIC  °
WP 145-74 04 L LOCATION _STA. 19+024.0 /s 6.0m Lt of € Hwy 16N ORIGINATED BY _CM |
BIST 2 HWY 16N BOREHOLE TYPE __Cone Penetration Test COMPILED BY _ _BD
DATUM Geodetic pare . VOBL M 23 CHECKED BY . CM.
DYMAMIC CONE PENETRATION
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Qe Wl - . L L L L Wp A W, Fiid &
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]
758 16 .
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RECORD OF BOREHOLE No 3 METRIC ¢
w P 145- 74~ 0% LOCATION _STA. 18+973.0 Ys 5:0m Rt € Hwy 16N ORGINATED 8Y  CM
DIST 9 ___Hwy__ 16N BOREWOLE TvPE _Cone Penetration Test o, COMPIED BY . BD
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RECORD OF BOREHOLE No 4 METRIC
* WP 145-74-04 LOCATION _STA, 18+965.0 % 50m Lt of € Hey 16N ORIGINATED BY __CM
pist .2 WY I6N BOREHOLE TYPE _Hollow Stem Auger and Cone Test COMPILED BY _ BD
i DATUM Geodetic DATE 1981 11 24 CHECKED 8Y CM
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] /3 T | Ev . e L 16-8
CLAY, Semsitive Groy (/] 84
Soft to Firm
with troce of black 4. TW L EM] 6 o | 18
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b
¢
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RECORD OF BOREHOLE No 101 METRIC
w B LA5=74-04 LOCATION Sta. 18 + 977.0; 0/5 6.0 m Lt. ¢ Hwy. 16N ORIGINATED BY _EC
DisT_ .2 . Hwy __ 168 BOREHOLE TYPE Hollow Stem Auger compiLep By _ KC
DATUM .. Ceodetic DATE 82 12 07 CHECKED BY :
MPLES | @ w  |DYNAMIC CONE PENETRATION -
SOIL PROFILE SAMPLE &“2 g RESISTANCE  PLOT nasric :"2’2;{:‘:55 woun ':;5 REMARKS
51 a 0 ﬁg ; 0 4p b & w0 Foo "W w] 3& &
ELEY DESCRIPYION HEHEE g% Q |SHEAR STRENGTH kPa R S > DSTRIBUTION
s i - = -
DEPTH = = T |0 UNCONFINED + FIELD VANE Yy e
3 2| " > gu 2 | auick TRiaxiaL  x 1ag vang |WATER CONTENT (%) (%)
w = u 10 2 30 40 50 20 40 60 GR SA S CL
”“EZ"Ar‘teaf.an Read ApproR. 2 1
Above [Crougd
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FOUNDATION INVESTIGATION REPORT
for

"W.P. 145-74~05
Structure Site 3-358
Proposed Crossing at Mud Creek and Hwy. 16N
District 9, Ottawa

INTRODUCTION

Warnock Hersey Professional Services Limited had been retained by
the Ontario Ministry of Transportation and Communications to provide

a foundation investigation in connection with the above project.

The field work carried out by the geotechnical consultants between

81 11 24, 25 .cons!stlng of the drllling of two sampled boreholes, one
on each side of the creek, supplemented by two additional dynamic

cone penetration tests and one continuous vane shear strength hole.
The investigation was carried out by means of a muskeg vehicle mounted

continuous flight auger machine, equipped with hollow stem augers.

Additional field work was carried out on 82 12 08 (B.H. 101 & 102)
by this Office, and consisted of an additional 2 sampled boreholes.

DESCRIPTION OF SITE AND GEOLOGY

The site is located in North Gower Township, some 35 kilometers south
of Ottawa. Specifically, the proposed structure site is located off
2nd Line Road between existing Hwy. 16 and Carsonby. At this location,
Mud Creek is approximately 5 to 7 m wide and about 1 m deep. The flow
is in a northerly direction.

The area is designated physiographically as the North Gower Drumlin Field.
Air photos of the area and ground observations show the presence of buried
drumlins in the vicin}ty. These drumlins are oriented more or less
north-south. A mantle of marine soil is draped over these drumlins and
other similar glacial inorganic land forms.
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The marine soil originated with the inundation of the area by the

Chaplain Sea. Therefore silts and Leda clays are common in this area.

At this site, Mud Creek meanders on a relatively flat=lying plain

bordered in places by glacial landforms such as moraine remnants.

The proposed alignment of Hwy. 16N runs parallel to and about 50 m

west of existing 2nd Line Road. This township road crosses Mud Creek

with a single span steel beam structure (structure site 3-143). At the

south approach bearing ledge, the concrete beneath the steel beam bearing
plates is cracked in a semicircular fashion, énd, at one corner, the concrete
has spalled, exposing the reinforcing. The approaches to this structure

are about 3 metres in height and show no sign of excessive or differential
settiement, nor instability.

SUBSURFACE CONDITIONS

The soil conditions across the site are fairly consistent. Briefly,

the soil stratigraphy consists of a surficial slightly organic layer
followed by a highly plastic, sensitive clay, overlying a silt deposit.
The silt stratum, which contains clay seams and silty clay zones is
underlain by a glacial ti1l stratum of undetermined thickness, comprised
elther of very dense sand and gravel or hard silty clay.

Auger refusal on what are probably boulders in the glacial till stratum
was encountered at about 13.2 metre depth (elevation 77.2) in Borehole

101, and at approximately 12.0 metre depth (elevation 78.0) in Borehole 102.

Reference should be made to the Record of Borehole Sheets contained
in the Appendix of this report. These sheets contain the description
and extent of the soil types encountered, and in summarized form, field
and laboratory test results. The stratigraphical prdfi]e shown on

Drawing 3 is based on this information and shows the location and
elevation of the borings.
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A detailed description of the various strata are given below:

Surficial Soils

Surficial soils consist mainly of topsoil and. some organically contaminated
sandy silt. The maximum depth of this material was 1.5 metres at

B.H., 101. The material is not highly compressible and exhibits a moisture
content of about 25 percent. One N value in this material was 8 blows/0.3 m

indicating it to be of loose compactness.

Clay

Underlying the topsoil, or the organically contaminated sandy silt, there
is a 2.5 to 5 metre thick deposit of clay, the upper 2.5 metres of which
is desiccated. The bottom of the clay stratum is located about elevation

85.

The upper desiccated zone exhibits a characteristic mottled brown colouring
and contains root hairs. Due to the Fissured nature of the desiccated
zone, samples could not be suitably trimmed for triaxial testing., However,
field vane and undrained strength values exceeded 50 kPa, indicating this
material to be of generally stiff consistency. N values of 15 and 8 blows/

0.3 m were recorded in this zone.

Below the desiccated zone, the clay exhibits a characteristic grey colour,
with a trace of black mottling typical of Leda clays. The clay is
homogeneous in texture and sensitive to remoulding., Typical physical

properties of the clay are shown in Table 1,

Table 1 Physical Properties of Clay at Mud Creek Site

Range Average
Moisture Content (%) 82-85 83
Liquid Limit (%) 50~75 65
Plastic Limit (%) 22-31 27
Plasticity Index (%) 32-46 38

Liquidity Index 1.4

Field (Vane) Undrained .
Shear Strength (kPa)  31-57 37



The Atterberg limits are plotted on Figure 1 and show the material

to be highly plastic.

Based on the field vane tests, particularly the continuous vanes at
Borehole 3, the consistency of the clay may be described as firm to stiff,

based on an average undrained shear strength of about 37 kPa.

Some hand probings were made in this deposit at the bottom of Mud Creek.
These probings show the upper one metre of the soil to be quite soft,
(estimated shear strengths in the order of 10 kPa).

Silt

At about elevation 85+, the clay is underlain by a silt deposit which

extends for a thickness of 3.5 to 6 metres to a till stratum.

The silt is grey in colour and extremely dilatant. One gfain size
distrubution curve is shown on Figure 2. The silt has trace amounts

of fine sand and clay.

Field vane tests were carried out in this deposit in the belief that

the material was cohesive. It was believed that the predominant deposit
was c¢lay, with silt zones. In fact, the opposite was revealed when all
the recovered soil samples were examined in the laboratory and tested for

verification of classification.

At the clay=-silt strata interface, the silt exhibits slight plasticity
and in fact behaves as a silty clay of Jow plasticity would behave.

With increasing depth, however, the silt character dominates the profile.

The distinguishing characteristic of this deposit is the presence of
clay bands or seams at periodic intervals. The clay bands are typically
about 5 to 10 mm in thickness. The clay is very stiff in consistency,
smooth in fabric and cubically fractured in structure. It is extremely
brittle.
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The natural moisture content of the silt ranged from 23 to 29 percent,
with an average of 26 percent. The moisture content of a clay seam
from this silt was measured to be 74 percent.

Based on N values of 1 blow/0.3 m, the silt is considered to be in
a very loose state of density.

Glacial Til

The silt deposit is underlain by a glacial til] stratum of undetermined
thickness comprised either of sand and gravel or silty clay, sand and
gravel. From other solls investigations in this area, it is believed

»

the till deposit is fairly extensive in depth.

A typical grain size distribution of the sand and gravel portion of
this deposit is shown on Figure 3. The material is fairly coarse
but does contain trace amounts of fines. The sand and gravel sizes
are sharp and angular and consist of orthoclase feldspars, quartz,
calcite and limestone particles. Hence, the glacial till is basal,
derived from the local rock in the area.

Based on N values of 69 to 100 blows/0.3 m and results of the cone
tests, the glacial till deposit is considered to be very dense within
the sand and gravel portion with locally loose to compact zones, and
hard within the silty clay bortion of the till.

Borehole 101 encountered auger refusal on probable boulders within
the till at about 13.2 metre depth (elevation 77.2). Borehole 102
met refusal to augering at 12.0 metre depth (elevation 78).

26
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Groundwater

Groundwater levels at the site were found to correspond closely to the
water level of the adjacent Mud Creek. However, at B.H. 102, groundwater
was encountered once the borehole penetrated the sand and gravel,

and appeared to stabilize at approximately creek level. In addition,

at B.H. 1 south of Mud Creek, an artesian condition was noted upon
penetration of the sand and gravel layer, and was estimated at

approximately 2 metres above ground surface.

K.D. Chak
Project Engineer

M. Devata, P. Eng. ‘
Senior Foundations Engineer

83 03 18
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FOUNDATION INVESTIGATION REPORT (ADDENDUM)
For .
W.P. 145=74-04; Site 3-356
Hwy. 16N Steven Creek Crossing

District 9, Ottawa

INTRODUCTION:

This addendum summarizes the results of a foundation investigation

required for a pr0pbsed structure at the zbove mentioned site.

Additional fieldwork was undertaken ou 82 12 07 (BH 101). Data from
previous fieldwork (BH 1 to 4) carried out at the above mentioned loca-
tion between 81 11 23-24 has been incorporated into this addendum. Total
fieldwork consisted of 3 sampled boreholes and 2 dynamic cone penetration

tests.

\ This addendum provides additional data and recommendations required
for the design of the proposed structure. However, information contained
in the original foundation investigation and design report (dated 81 12

24) remains valid.

Subsurface Conditions

‘Refer to the appended Record of Borehole Sheets and updated Drawing
No. 1457404-A.

Extending from the ground surface downwards, subsurface conditions
consist of a surficial organic layer of 0.9 to 1.4 m in thickness, fol-
lowed by a 4.1 to 4,9 m stratum of highly plastic, sensitive c¢lay., Under-
lying the clay is a 5 to 6 m thick layer of silt, which contains clay
seams., Below the silt stratum is a very dense sand and gravel glacial
till of undetermined thickness. Auger refusal on what is probably boul-
ders in the glacial till stratum was encountered at about 14.1 m depth
(elevation 72,1 m) at the south abutment location and at approximately
13 m in depth (elevation 72.8 m) at the north abutment location.

Surficial Soils

In the vicinity of the proposed crossing, particularly along the
banks of the creek is a4 plastic organic silt with some fine sand and

clay. Natural moisture content determinations were over 82 per cent,



The maximum thickness of this material was 1.5 m at the north abut-
ment location, A Standard Penetration Test 'N' value of ] blow/0.3 m was
determined at one location, indicating the consistency of the deposit may
be described as soft, In addition, approximately 200 mm of topsoil was
revealed along the higher flat lying ground on either side of the creek
banks,

Clay

Underlying the topsoil and organic silts is a 0.9 to 1.4 m thick
clay deposit which *is identified as Leda Clay. 1In the area of the south-
ern approach, the upper 2 to 2,5 m of the clay has been dessicated and
exibits a natural moisture content in the range of 36 to 46 per cent with
mottled gray-brown colour. Below the dessicated zone, the colour of the
clay changes to a uniform gray colour, and becomes sensitive to remoul-

ding.

Physical properties of this material as determined from field and

laboratory tests are summarized below

. Range Average
Natural Moisture Content (w) % 56~85 72

Liquid Limit (w) % 52-80 62
Plastic Limit (wy) % 24=31 29
Plasticity Index (Ip) % 23~49 33
Shear Strength (kPa)

~ Field Vane 22«39 27

A plot of plasticity index vs liquid limit (Figure 2) indicates this
material is a clay of high plasticity.

The consistency of the clay deposit based on insitu field vanes and
laboratory testing indicates the clay can be described as being soft to

firm,

Underlying the clay deposit is an approximate 6 m thick silt stra-
tum. The deposit contains zones of silty clay and distinct 15 mm seams
or bands of clay. However, with depth, the frequency of clay seams or



g

bands deminish and the silt becomes much less plastic. Natural moisture
contents of the silt was measured to be 32 per cent, whereas the small

clay seams were found to be 71 per cent.

Based on 'N' values of 1 to 2 blows/0.3 m, the relative demsity of
the silt can be described as being very loose, whereas its comsistency is

described as soft to firm in the more plastic zones.

Sand and Gravel (Glacial Till)

Underlying the silt stratum is an undetermined thickness of sand and
gravel glacial till. A typical grain size distribution curve appears in
Figure 4. The till is comprised mainly of a mixture of sand and gravel,

trace of silt and clay.

Standard Penetration Test 'N' values in the till deposit ranged from
5 to 100 blows/0.3 m. Two dynamic cone penetration tests met refusal

within this deposit. On the basis of these tests, the overall denseness

of the till deposit can be assessed as being dense to very dense. The

upper 0.3 to 1l m or so of the deposit possibly have been influenced by
contamination with the overlying silt as well as by the presence of
artesian flow conditions, contributing to the relatively loose to compact
denseness in the upper portion of the glacial till.

Auger refusal on what is probably boulders in the glacial till stra-
tum was encountered at about 14.1 m depth (elevation 77.1 m) at the south
abutment location and at approximately 13.0 m depth (elevation 72.8 m) at
the north abutment location.

Groundwater Conditions

The groundwater at the north and south sbutments at the time of the
additional fieldwork was at about creek level (approximate elev. 86%).

Within the underlying glacial till, artesian flow was encountered on
both sides of Steven Creek. Estimated pressure heads were 3 m and 2 m
above the prevailing creek level at the north and south approaches

respectively.



DISCUSSION AND RECOMMENDATIONS

It is proposed to construct a 43 m x 13.5 m single span structure
over Steven Creek on the new Hwy., 16N alignment.

Abutment foundations may be supported on steel H-piles equipped with
reinforced tips and driven in accordance with MIC Standards $S103~10, 11,

The following design values are recommended:

Factored Capacity Capacity at
Pile Type at U.L.S. 5,L.8, Type 11
310HP110 1600 kN 1150 kN
310HP 79 _ 1150 kN 820 kN

For estimation purposes, it may be assumed that the recommended pile

capacities will be achieved at or below elevation 72.0 m.

Some means of dissipating the artesian flow and preventing piping
and erosion is required to the underside of the abutment pile caps., The
most practical solution is the provision of a granular filter drainage
blanket below the pile cap. The blanket thickness should be approximate-
ly 450 mm, If this drainage blanket is situated below high water level,
protection with rip rap should be provided to guard against erosion by
flooding.

Earth pressures against the abutment walls may be computed as per
Subsection 6.6.1.2.2 of the 0.H.B.D.C. Manual.

For frost protection, all pile caps should be provided with a mini~

mum of 2 metres of earth cover,

All topsoil and surficial organic material should be removed and the

site properly graded prior to the placement of the approach fills,

Long‘term settelments at the approach fill locations up to 175 mm
have been predicted, If possible, construction of the approach fills
well in advance of the structure foundations should be considered, Alter-
natively, paving operations should be delayed for as long as possible so
that additional material can be added to bring the approach fills to the

required profile grade.



Reference should be made to the original foundation investigation
and design report for this W.P. for additional discussion and recommenda-

tions,

MISCELLANEOUS

The fieldwork for the addendum portion of the project was carried
out under the supervision of Mr. K. Chak, Trainee Engineer, utilizing
equipment owned and operated by F. E. Johnston Drilling, Ottawa. The

report was written by Mr. Chak and reviewed by Mr. M. Devata, Senior

Foundations Engineer,

7

K. D. Chak
Trainee Engineer

/:7 “%f<i}»w_7wézn

M. Devata, ng.
Senior Foundations Engineer
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RECORD OF BOREHOLE No 1 METRIC
WPp__145-74-04 LOCATION STA (940060 % 9.0m Rt of € Hwy 6N ORIGINATED BY _GM
DisT 9. HWY__IBN BOREMOLE TYPE __Hollow Stem Auger COMPILED BY ___BD
DATUM Geodatic DATE 1981 1 23 CHECKED 8Y tM
3 w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES £g| 3 |wessmance pior narnie WS vove| o E | eemarks
i L2 e Limit CONTENT  LIMIT =0
i - o |29 w 20 40 6D &0 100 £z = &
: Qe o P L ; L A L Wp W w i oy
ELEV | 18! 2|25 G [sHEAR STRENGTH kPa DS = | GRAIN SIZE
BEFTR DESCRIPTION |3 = | 5|88 | & |ouvconmme o« rewvane| o content(n| ¥ |DISTRIEUTION
5 gz 5 | &9 & |equck TRaxaL x Las vane - (%)
| & : @ 10 20 30 40 50 20 40 60 1kN/mdiGR SA S €L
! Artesign Head Approx, }
‘ 3m Above |Ground |
| |
ggg Ground  Surfoce _; E
"OF TOPSOIL ond =i i
| ORGANIC SILT with Clay ﬂ"‘ 82%,
ga.4, ond Send  Soft LiSs ..t - .
- ¥
14 f, 2w PV 84 ; : o i5.2
[ *
© CLAY, Sensitive Grey / 859,
‘ i €g=2.023
. Soft to Firm / TTW! PM o iy 15§ o
. with trace of black / =1 as + ©1 5.4 |Ce=1i8
]‘ Organic inclusions / Py 218 kPg
; / 4 TW ] PM | » of (8.6
803 /] o
5.5 Z 80
} ETTW | PM] ¥ 6 ©
! SILT, Very Loose
¢ lor Soft where Cohesive) .
| with pericdic seams of 6] TW  PH T8 L ; % 7.2
! Vary Stiff Clay +5
decreasing in frequency
| with depth 7L TW [ PH . . w8 16.6
; g/ ss| 2 76 o
. S TW | PM | Artesidn Cordition o
7:2[ LI TGTSS [ 15 | sk [Encouritered
GRAVELLY SAND _I;,t 74
; {Glacial Tilf) o kTS
72.8 Compact to Very Dense j: 4 ° 40 85 (5)

13.0] END OF BOREHWOLE

Retusal to Augering

+3, x5 Numbers refer to

20
.4,
Sensitivity 15 «gs (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 2

METRIC
W B 145 -74 = 04 LOCATION _8TA, 19+024.0 %5 65.0m LY. of € Hwy 16N CRIGINATED BY _ CM
DIST 9 HWY 16N BOREMOLE TYPE _Cone Penetration Test COMPILED  BY 80
DATUM Seodetic DATE 1981 0 23 CHECKED BY M
SOIL PROFILE SAMPLES 12 | & et nor N NaTORAL -
=z I pastic woisture toul | = | RepaRKS
{ 51 w | 2Q| @ 20 40 60 80 100 m’ ‘“\’;\;‘“’ ‘w Zg A
Q= w : ) H I 1 P
ELEV. | BESCRIPTION & g w 2 %cz; 5 SHEAR STRENGTH ;.._._-_c,.quL e GRAN; ?115
BEFTH w15 2 F R85 5 [0 uncoNmnes  + FiELD VANE . DISTRIBUTION
! g1z . gu D |® QUCK TRIAKIAL  x LAB VANE WATER CONTENT (%) 7 %)
86.2 Ground Surface wn - L GR SA 81 €L
0.0 ; 86
1 /]
-’ / 84
| Probably CLAY /
Z
// az2 }
L 29T e e e 7 80
6.5 M z
' Probably SILT 8T
!
: [
T5.81 76 \....___E_
10-4] "END OF CONE TEST

I
I

|
|
|

+3, %%+ Numbers refer to

Sansitivity

20
1505 (%) STRAIN AT FAILURE
10 '
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RECORD OF BOREHOLE No 3 METRIC
W P 14574~ 04 LOCATION _STA, 18B+973.0 % 5.0m Rt € Hwy 16N QRIGINATED BY _CM
DIsY 9 . Hwy_ . IE6N BOREMOLE TYPE __Cone Penetration Test COMPILED BY __ BD
DATUM Geodetic DATE 1981 11 23 i CHECKED BY (o4}
SOI PROFILE SAMPLES | % . | ¥ DraeiC  SONE PENETRATION s NATURAL =
z b o moisTyRE LIGUID L REMARKS
! - $5| & 20 a0 60 80 jgo  |UMT conmT wmm | 5O
1 O a m oy A L H i 1 W W W, Ao &
: =W R < o P t =
ELEV | DESCRIPTION Bigy Wiz 2% O |SHEAR STRENGTH [P S—— GRAIN 51ZE
DEPTH CRIPTH w1Z51 2| 236 G |ounconmNEd  + FIELD VANE TER rentem| 7 [PSTRIBUTION
g b 5 | &Y D | QUCK TRIAXAL  x 1AB VANE WATER CONTENT (%) (%}
87.0. Ground Surfuce v : i GR 5A 51 CL
[?X+] ’//
" Probably Desiccated % 86
*Sﬁgf___mmm,mww..gé
22
? 84
- Probably CLAY % ‘
/// 82 z
.._ag‘%l_«mm“mmm—-/ﬁ 80 B
| Probobly SILT 78 {\
1
76 .
-
oo
745 — N"""M
2.5 END OF CONE TEST

E

+3, x5 : Numbers refer to
Sensihvity

0
15405 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 4 METRIC
WP 1a5-74«04 LOCATION _STA. 18+965.0 % 5.0m Lt of © Hwy I6N ORIGINATED BY _CM
oISt -] HWY 18N BOREMOLE TYPE temn Auger and Cone Test COMPILED BY 8D
DATUM Geodetic DATE 1981 1l 24 CHECKED BY __ GM
ikt DYNAMIC CONE PENETRATION
501, PROFILE SAMPLES §£ 5 |rEssTAncE pLOT Pastic  maruRAL Lum ...§ REMARKS
L Yot el
,,6 " “ éc_) P 210 aP "'P a0 100 L;:/l'l‘ co\rx!nr uar %g A
2 RS e P
gLty SESCRIPTION EIFREAETE 8 [sHEAR STRENGTH kPa ot | 3 | GRAIN SIZE
= = =) = DISTRIBUTION
DEPTH‘ | S 25 &1 & 1o unconanen + FIELD VANE . y
gz 5 %U I | GUICK TRIAXIAL X LAB VANE WATER CONTENT (%) (%)
a7. Ground Surface 5 ¢ i i 20 30 40 50 20 40 60 lun/md|GR $A SI CL
e39 toPsol e
0-6] ,// ALlss | 7IL o
" CLAY, Desiccated
"g1iff’ Mottled Brown | |2 W PH 88 & o 16.8
g 1
sas_ _ A | |
R 3 TW | PM | p—r—or 6.8
. CLAY, Sensitive Grey / 84
Soft to Firm S
with troce of black 4[TW PM e o | 164
Organie inclusions /
: / 82
, / 5/ TW | PM - X 1 Bf 155
805, *
74
| & TW | PM | 80 a
i SILT, Very Loose +
(or Sott where Cohesive)
with perigdic sesams of FTTW PM
Very SHff Clay 8 * K ° ol
becoming less fraguent
| with de
: with degth B 8% ; o
76
75.3 9) 85 ]
12.6| EN BOREHOLE ey e (Test
7.%.3 Probably SiLT Below [Augers
1351 probably SAND ond GRAV.|<,* R (
737 (e PR 74 =
14.2] END OF CONE TEST

00/15 em

+3, x5 ; Numbers refer 1o
Sensitivity

20
15405 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 101

WP Lé5-76-04 LOCATION ____Sta. 18 + 977.0; 0/8 6.0 m Lt. ¢ Hwy. 16N

oist 2 HwyY, 168 BOREHOLE TYPE Hollow Stem Auger

DATUM . Beodetic DATE 82 12 07

METRIC

ORIGINATED BY _KC
COMPILED By _ KC

CHMECKED 8y .ﬁ

o w DYNAMIC CONE PENETRATION -
SOIL PROFILE SAMPLES W i RESISTANCE PLOT nasTiE ::;ngg wouw] o F REMARKS
b VT Content LT | om0
o " §5 20 4D 60 80 100 Z= s
Olew b s ” L i N i r Wp w35 3
ELEY DESCRIPTION E1E1 £ 3|25 8 [srear sTRENGTH kP e OB TION
i =] = = -
DEPTH b - O UNCONFINED  + FIELD VANE v y
22 o {881 2 lecuck rrmmar  x tae vang | WATER CONTENT (%) t%)
5 219 1@ 1 10 20 30 40 sp 60 GR SA $I ¢l
b '-sz--mrtesi.sn Head Approd. 2 o
Above |Ground
86.2 | Ground Surface _%_
0.0 | Topsoil & Organic S41tM.|'] : 86
Soft .
33;3 17851 3
2 P o
& & 84 12
Clay, Sensitive Gray
Soft to Pilrm with //
Trace of Black /
Organie Inclusions / 82
/
™ | PM
% K
80,4 i
5.8 80
Silt, Very Loose
(or Seft to Firm where
Cohesive) with .
periodic seams of 4 |lmtlreale [} .
Very Stiff Clay 78 8-
decreasing in
frequency with depth
15.8 ) SZ %
o @
10.4 K 35 T =
A Artesflan
Sand and Cravel s . Encouhtered
{Glacisl Till) s 7%
Compact to Very Dense |, -|8.155 | 28
‘a
&
72,1 " e BEL OOME e
14.1
End of Borehole
Refusal to Auger
Probable Boulders

Sansitivity

20
%, x; Numbers cofar 1o 1 s w) stRAIN AT FAILURE
10
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N VALUE:

EXPLANATION OF TERMS USED IN REPORT

THE STANDARD PENETRATION TEST ($PT) N VALUE 1S THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 5imm O.D. SPLIT BARREL

SAMPLER TO PENETRATE 0.3mINTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN 8Y A HAMMER WITH A MASS OF 63.5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED A5 THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL $TEEL POINT { Stmm O.D. 60° CONE ANGLE} DRIVEN 8Y 475 )
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLUWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND. '

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COWESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (¢,

DE

SE

T

N

} AS FOLLOWS:

1 ¢y (kPa) - 12 12 - 25 25~ 50 50-100 | 100 ~200] »>200
VERY SOFT} SOFT FIRM STIFF VERY STIFF HARD
E55: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED 8Y SPT N VALUES AS FOLLOWS:
IN(BLOWS/0.3m)| 0 -5 5-10 10-30 | 30- 50 >50
VERY IOOSE} [O0SE COMPACT DENSE  (VERY DENSE

ROCKS ARE DESCRIBED 8Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND/ OR STRENGTH.

RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.
ODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED A5 A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROGK QUALITY DESIGNATION {R @ D), FOR MODIFIED RECOVERY, IS:
| reo (%) 0 - 75 25- 50 50 - 7% 75« 90 90 - 100
VERY POOR|  POOR FalR GOOD | EXCELLENT
OINTING AND BEDDING:
SPACING S0mm 50 - 300mmj{ 0, 3m « 1m { Im« 3Im >3m
JOINTING |VERY CLOSE| CIOSE | MOD. CLOSEl  WIDE | VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK | VERY THICK

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF SOIL

55 SPLT SPOON TP THINWALL PISTON m,  kea™
W5 WASH SAMPLE ©3%  OSTERBERG SAMPLE ¢, v
5T SIOTTED TUBE SAMPLE R C ROCK CORE Cs 1
85 BLOCK SAMPLE P H TW ADVANCED HYDRAULICAWLY Ca L
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY g, m?/s
T W THINWALL OPEN F S FOIL SAMPLE H m
1, 1
STRESS AND STRAIN u %
v, kba  PORE WATER PRESSURE Oys  kPa
n 1 PORE PRESSURE RATIO o kpa
o kPa  TOTAL NORMAL STRESS % kro
o' kPo  EFFECTIVE NORMAL STRESS ¢ kea
* kPo  SHEAR STRESS ¢ -
o, 4.0 kPa  PRINCIPAL STRESSES <y ko
€ % LINEAR STRAIN by -
€.6.€6 % PRINCIPAL STRAINS % ko
£ kPo  MODULUS OF LINEAR DEFORMATION T, kpo
G kre  MODULUS OF SHEAR DEFORMATION s, 1
M 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOIL
4 kg/m® DENSITY OF SOLID PARTICLES e 1% VOID RATIO
); kN/m?  UNIT WEIGHT OF SOLID PARTICLES n 1% POROSITY
P, ka/m DENSITY OF WaATER w L% WATER CONTENT
Y, kN/® UNIT WEIGHT OF WATER 5 % DEGREE OF SATURATION
P kg/m' DENSITY OF sONL W% uQUID LM
Y ke uNIT WEIGHT OF SO1L wy % PLASTIC LimiT
A kg/a® DENSITY OF DRY SONL wg % SHRINKAGE LIMIT
7 kn/m® UNIT WEIGHT OF DRY SOIL lp % PLASTICITY INDEX s W - W,
Bor ka/m® DENSITY OF SATURATED SOIL |1 LGUIDITY INDEX s me
Yoot KN/m® UNIY WEIGHT OF SATURATED SOIL LI
P kg/m® DENSITY OF SUBMERGED SOIL fe ! CONSISTENCY INDEX: L:,,
Y’ kn/m® UNIt WEIGHT OF SUBMERGED SOIL €rox L% VOID RATIO IN LOOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX )

RATE OF SECONDARY CONSOUIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COHESION INTERCEPT
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COHESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH
REMOULDED SHEAR STRENGTH

Sy
SENSITIVITY +
B0 1R VOID RATIO IN bﬁ‘usesr s:m
b ! DENSITY INDEX :m
+] mm GRAIN DIAMETER
D, mm  n PERCENT -~ DIAMETER
¢, ! UNIFORMITY COEFFICIENT
h m HYDRAULIC HEAD OR POTENTIAL
4 mYfs  RATE OF DISCHARGE
v mfs  DISCHARGE VELOCITY
i 1 HYDRAULIC GRADIENT
k mis  HYDRAULIC CONDUCTIVITY
§ kN/m SEEPAGE FORCE
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CONT N
METRIC |we No 145-74-04

DIMENSIONS ARE IN METRES
AND /OR MILLIMETRES UNLESS
OTHERWISE SHOWN. STEVEN CREEK SHEET
STATIONS ARE IN

KILOMETRES + METRES.

.0
42.5

BORE HOLE {OCATIONS & SO STRATA

WEF Warnock Hersey
s Professional Services Ltd.

“hm“-a

e "‘55-3

@ KEY PLAN
Tkm GSC&%E} 2 ikm
o e

LEGEND
-¢' Bors Hole
<$' Dynamic Cone P ion Tesr {Cons}

'$- Bore Hole & Cons
M Biows/0-3m (Std FanTest, 475 )/ biow]
CONE Blows /03w [50° Cona, 475 J/ blow]

880
a5
47.0
85.5
86.0

+ WL or time of investigation 1987 1T
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‘memorandum

Ontano

To:  Mr. T. C. Kingsland, Date: 82 01 08
Head, Structural Sectionm, ContT 8315
Eastern Region

From: Pavement & Foundation Design Section,
Room 315, Central Bullding

Re: Foundation Investigation and Design Report by Warnock Hersey
Professional Services Ltd., W. P. 145-74-04, Site 3~356,
Highway 16N ~ Steven Creek Crogsing, District 9, Ottawa

+The M. T, C. retained the services of geotechnical
consultants, Warnock Hersey Professional Services Ltd., for the
above-mentioned project. The final foundation repori was received by
this office and subsequently reviewed for technical content.
Our comments are as follows:

1. The field Investigation was carried out with the assumption
that a single-gpan structure was considered at this site and
consequently the investigation was carried out to this concept.
However, at a later stage prior to the submission of this report

it was understood that 8 2 span structure may be considered at this
site., As a result of this the field investigation did not fully
cover the proposed concept. If a 3 span structure is the final
alternative, a further field investigation will be necessary. This
Section will initiate the necessary additional investigation.

2. For prelinminary design purposes 1if a three span structure

is contemplated the perched abutments can be supported on end
bearing Steel 'H' piles driven through the fill material into the
underlying compact to very dense glacial till deposit. In such

a case rvock or bouldery material should not be used for the approach
£ills in the area where piles are to be driven. The £fill material
should be restricted to material with a maximum gradation of 75 mm.
The pile capacities are as follows:

Factored Capacity at U, L. 5. 1,500 kN
Capacity at 5. L. 5. Type IT 1,100 kN
3. Some means of dissipating the artesian flow and preventing

piping and ercsicon is required to the underside of the pier and
abutment foundation pile caps. The recommendation pertaining to this
are adequately covered on page 14 of the Foundation Report.

EAN 11 1982
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4, Long term settlements at the approach f£1ll locations

up to 175mm are predicted.1f scheduling permits, consideration
sheuld be given to construct the approach {ills well in advance

of the structure foundatlions. Altervatively paving operations
should be delayed to as lopg a period as possible so that additional
material can be added to bring the approach f111 to the required
profile grade.

We feel that the above comments together with the data
contained in the foundation report will be adequate for your design

requirements. Should you need further clarification or any additional
data feel free to cootact us,

i . .'
f/// 7 ) j\& 'f/Vc'”v‘f'ﬂ-"i' A

M. Devata,
Senjor Foundations Engineer

MD/bd '

C. Kingsland (2)
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W, Reid

W. 0Oddson (2)
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J. Giroux

. Hore

L. Saulnier ( cover only)
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FOUNDATION INVESTIGATION REPORT
for
W.P. 145-74-04
Structure Site 3-356
Proposed Crossing at Steven Creek and Hwy. 16N
~ District of (Ottawa), Eastern Region

1. INTRODUCTION

Warnock Hersey Professional Services Limited have been
retained by the Ontario Ministry of Transportation and Communi-
cations, under Agreement No. 4242-9081-108, to provide geotech-
nical engineering services in connection with the above project.
The terms of reference were to carry out a site investigation of
sufficient scope to provide recommendations for the design and
construction of a new bridge at this site. ‘

The reduest was received on 1981 M 12. A letter dated 1981
11 27 was submitted upon completion of the field work, with some
preliminary recommendations. This report describes the field
work and soil conditions in greater detail, Recommendations are
given for the design and construction of foundations and
embankments of the proposed structure and its approaches.

2. DESCRIPTION OF SITE AND GEOLOGY

The site is located in North Gower Township, some 35 kilo-
meters south of Ottawa. Specifically, the proposed structure
site is located 1.3 km north of Roger Steven Road (Cty Rd. %),
some 300 m west of 2nd Line Rd. At this location, Steven Creek
is approximately 18 m wide and 3 m .deep. The flow is in an
easterly direction towards the Rideau River.

The area is designated physiographically as the North Gower
Drumlin Field. Air photos of the area and ground observations
show the presence of buried drumlins in the vicinity. These
drumlins are oriented more or less north-south. A mantle of
marine soil is draped over these drumlins and other similar
glacial inorganic land forms.

Warnock Hersey Professional Services Lid.
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2. DESCRIPTION OF SITE AND GEOLOGY (Cont'd)

The marine soil originated with the inundation of the area by
the Champlain Sea. Therefore, silts and Leda clays are common in
this area.

Due to the undulating nature of the topography, several
springs have developed in the area. The spring waters originate
in the higher ground where the mantle of marine soil is thin,
The higher ground is generally a glacial landform. Springs are
frequently found in the low ground between two relatively promi-
nent glacial 1andf0rms; particularly where erosion has removed
much of the cohesive marine so0ll mantle. Elsewhere, artesian
groundwater conditions are generally encountered at depth.

At this site, the south approach of the proposed crossing
consists of a cleared farmers field. The ground sits about 2 to
3 meters higher than the north approach, where the land is bush
covered. A drainage tributary stream flows in from the north to
join Steven Creek near the north approﬁch area. Within the bush
covered area, there are ox-bow shaped remnants of former stream
tributary meanders. Both the north and south banks of the stream
support swampy vegetation such as reed grass and sedges. There
are no signs of slope instability, past Or‘present, along the
higher south bank of the creek near the proposed crossing.

3. FIELD AND LABORATORY WORK

The field work consisted of the drilling of two sampled bore-
holes, one on each side of the creek, supplemented by two addi-

 tional dynamic cone penetration tests. The investigation was

carried out by means of a muskeg vehicle mounted continuous
flight auger machine, equipped with hollow stem augers (item
5.2.1i of MTC Supply Contract No. $-80-3298). The location of the
bore and cone holes is shown on drawing 1457404-A in the
Appendix. All bore and cone holes were terminated within a very
competent glacial till deposit.

Warnock Hersey Professional Services Lid.
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3. FIELD AND LABORATORY WORK  (Cont'd)

Strong artesian flow was encountered at the north approach
porehole {(BH1) once the till was penetrated. It was thought
prudent to terminate the drilling within the till in order to
control the groundwater flow.

Standard Penetration Resistance tests were carried out in the
hard or very dense materials as well as in the non-cohesive zones
of the stratigraphy. Elsewhere, 51 mm thin-walled steel tube
samplers were pushed in manually or hydraulically to recover
relatively undisturbed samples of the cohesive soil strata. Some

 silt samples recovered by this procedufe began to "flow" and were

transferred into sealed glass jars. Where feasible, laboratory
size vane shear tests were carried out at the tip of each tube in
the field immediately upon recovery of the sample, prior to
capping and sealing of the tubes, :

After recovery of each thin-wall tube sample, standard
M.T.C. "A" size vane tests were carried out some 457 mm below the
last sample. The undrained field vane shear strengths were
noted. After initial failure, the vane was rotated six times
quickly to remould the soil, care being taken to ensure the vane
and rod asssembly did not sink into the soil when this was being
done. After a 60 second set-up period, the remoulded shear
strength was measured. The ratio of the undisturbed to remoulded
undrained shear strength was recorded as the sensitivity of the
soil, to the nearest whole number.

Upon completion of each borehole, water level readings were
taken in the uncased holes. At the location of Borehole 1, the
artesian flow was estimated by visual means and the head was
estimated by adding augers to serve as a standpipe. Due to
leakage between the auger joints, the artesian head could not be
accurately measureds hence, the reported value is a best
estimate,

Wornock Mersey Professional Services Ltd.
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3. FIELD AND LABORATORY WORK (Cont'd)

All soil samples were protected. from freezing during the
investigation. They were transported each evening to a warm room
and stored there for ultimate transportation by car to our labor-
atories in Toronto. The samples were placed inside the car both
for warmth and lessening of disturbance during transportation.

In the labofatory, the soil samples were visually examined
and assigned for further testing. The laboratory testing con-
sisted of:

Natural Moisture Contents ’
Atterberg Limits (on Undried samples)

" Grain Size Distributions
Unconsolidated Undrained Triaxial Tests
Consolidation Test ‘

The results of these tests are plotted on individual Records
of Boreholes as well as on the Figures in the Appendix.

The samples remaining after testing were transferred into
sealed glass jars and will be stored for future reference. All
thin-walled tube samples were extruded; wunused portions were
dissected longitudinally for close examination of the sedimen.
tation characteristics. The dissected specimens are stored in
sealed glass containers.

4, SUBSOIL CONDITIONS

4.1 General

The so0il conditions across the site are fairly consistent,
Briefly, the soil stratigraphy consists of a surficial organic
layer followed by a highly plastic, sensitive clay, overlying a
silt deposit. The silt stratum, which contains clay seams and
silty clay zones, is underlain by a very dense sand and gravel
glacial till of undetermined thickness. The details follow:

Warnock Hersey Professional Services Lid,



230-2778 Page Five

4.2 Surficial Organics

Along the higher flat-lying land on either side of the
stream banks, the topsoil is about 200 mm in thickness. Along
the shores of the river, particularly the north shore line in the
vicinity of the proposed crossing, the upper 1.5 metres consists
of a plastic organic silt with some fine sand and clay. This
material was fairly compressible but rnot spongy. It's moisture
content was over 82 percent. Similar material likely exists
along the flatter portions of the south shore banks of the
creek. An N value of 1 blow/0.3 m was recorded at one location
in this deposit. It's consistency is described as soft.

4.3 Clay

Immediately below the topsoil on the flatter ground, or
organic silts along the shores, there 1s present a clay deposit
which is identified as lLeda clay.

The thickness of this deposit varies depending on surface
relief. At the south approach, it is approximately 7 metres
thick whereas at the north approach it is only about 4 metres
thick. In either case, however, the deposit extends down to
about elevation 80.5.

The engineering properties of this deposit are summarized on
Figure 1 along with the properties of the underlying strata. The
disinguishing characteristics are enumerated in Table -1 for the
south and north approaches:

Warnock Hersey Professional Services Lid,
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Table 1 Physical and Engineering Properties of "Undesiccated"
Clay at Steven Creek

North Approach South Approach
Range  Mean Range Mean
Moisture Content (%) 7485 78 56-75. 65
Liquid Limit (%) 52-80 64 : 56-66 60
Plastic Limit (%) 28-31 30 2429 27
Plasticity Index (%) 2349 34 : 32-37 33
Liquidity Index 0.9-2.0 1.6 1.0-1.2 1.1
Unit Weight (kN/m3) 15.2-15.6 15.3 15.5-16.8  16.2
Undrained Shear
Strength (kPa)
Field Vane 2229 25 30-39 33
VU Triaxial 20-29 25 21-28 25
Lab Vanes- All values were lower than field or triaxial values
Sensitivity 4-9 6 6-8 7
Preconsolidation, P, (kPa) 100-105
Co 1.15
Cy - 0,07

¢, (mm2/sec) 0.5

The south approach ground surface sits some 2 to 2.5 metres
higher than the north approach ground surface. Hence, at the
south approach, the upper 2.5 metres or so of the clay has been
desiccated and exhibits a natural moisture content in the range
of 36 to 46 percent, with an average of 42, 1In this desiccated
zone, the undrained shear strength measured by the UU Triaxial
test ranged from 68 to 54 (kPa), decreasing rapidly with depth,
Significant strength differences were found within each thin-
walled tube near the transition zone from desiccated to undesic-
cated.

Warnock Hersey Professional Services Lid.
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4.3 Clay (Cont'd)

The soil in the desiccated zone has a mottled grey-brown
colouring. Below the desiccated zone, the soil exhibits a fairly
uniform grey colour with black spots and streaks representing
fossil remnants now turned organic due to lack of oxygen in a
reducing environment.

An examination of the soil properties in Table 1 shows some
interesting differences. The mean moisture content of the clay
below the desiccated zone is significantly lower than that where
no desiccated crust is present. This difference is reflected
also in the other index properties, including the unit weight,

The Atterberg limits of the c¢lay are plotted on Figure 2.
It can be seen that the plasticity of the soil increases with
depth, each subsequent sample plotting above the last sample
along the A-line.

There was a significant difference observed in the field

“vane shear strengths between the south and north approach clays,

Where the desiccated zone is present, the field vanes indicate a
substantially higher undrained shear strength than where the
desiccated zone is absent. A similar difference was not noticed
in the UU triaxial tests. The laboratory vane tests are not
reported since the values measured in the field on the recovered
samples were well below those measured by the field vane and in
the triaxial test. This would indicate a significant influence
of scale on the measured shear strengths. The laboratory vane
used was a 6-bladed, commercial, pocket sized torvane.

It is reasonable to assume from the data given above that
the removal of the desiccated zone at the north approach has
affected to a considerable extent the physical properties of the
clay. The removal of overburden (desiccated zone) by erosion has
résulted in vertical stress relief followed by moisture intake
and reduced shear strengths. ‘

A sample of the clay from the borehole at the north approach was
tested to determine its preconsolidation value. The result is
shown on Figure 3. The e-log p curve in Figure 3 is typical of
Leda clay soils. The preconsolidation is estimated at 100 to 105

Warnock Hersey Professional Services Lid.
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4.3 Clay (Cont'd)

kPa. Part of this high value is no doubt attributable to erosion

of 2.5 to 3 metres of overburden. Assuming the overburden weighs
17 kN/m3, the stress relief is in the order of 50 kPa.
Therefore, only 50 kPa (100-50) represents preconsolidation due
to either chemical bonding or aging of the clay. These
relatively high values for this soil are confirmed by extensive
testing carried out by the National Research Council of Canada
for the instrumentation of the Rideau River Bridge at Kars, some
2.5 kilometers distant from this site. The NRC consolidation
testing of Leda clay from Kars gave preconsolidation (pg)
values ranging from about 90 kPa (minimum estimate) to as high as
170 kPa (the most probable value being around 130 kPa).
Therefore, the tested value of around 100 kPa fits within the NRC
range of tested values.

4.4 Silt

At elevation 80.5, the clay deposit transitions into a silt
deposit which extends to the glacial till stratum. The thickness
of the silt deposit is about 6 metres. The deposit is non-
homogeneous in that it contains zones of silty clay and distinct
seam or bands of clay. In a typical sequence of stratification,
the soil consists of a 100 mm layer of silt, a 15 mm layer of
brittle hard clay, a 70 to 100 mm layer of slightly plastic silt,
then another layer of non-cohesive silt. With depth, the silt
layers become thicker and less plastic; the frequency of occur-
rence of the thin clay bands or seams diminishes. 1In the last
one metre or so of the deposit, some sand and gravel is present.

The silt layers are extremely dilatant. However, the clay
seams or bands were found to be brittle and very stiff, The clay
is highly plastic and exhibits a cubic fabric structure and
fractures conchoidally. It's texture is smooth.

One careful separation of the two soil types was carried out
to measure their moisture contents. The moisture content of the
silt was measured to be 32 percent whereas that .of the immedi-
ately adjoining clay seam was found to be 71 percent,

¥
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L4 Silt (Cont'd)

During deposition, the silt has become contaminated with
clay and therefore exhibits some plasticity characteristics. The
composite effect is a soil mixture having the plasticity charact-
eristics of a silty clay, as shown on Figure 2. Vane tests were
taken in this deposit in the belief that it was a plastic soil.
However, careful examination of the extruded tube samples reveals
the soil to be a silt; therefore, the vane shear strength values
may not be an appropriate measure of the strength of the silt.

The physical properties of the silt deposit are summarized
in Table 2. .

Table 2 Physical Properties of Silt Deposit at Steven Creek

Physical Property Siltier Portion Clay Portion

Range Ave. Range Ave,
Moisture Content (%)  21-32 26 32.71 45
Liquid Limit (%) N.P. - - 29-41 35
Plastic Limit (%) N.P. - 19-21 20

Plasticity Index (%) - - 10-20 15
Undrained Shear :
Strength (kPa)

Field Vane . Range: 22-42
YU Triaxial Range: 18-35 \ .
Unit Weight (kn/m3) Range: 16.6-19.2

Based on "N" values of 1 to 2 blows/0.3m and the low
undrained shear strengths, the relative density of the silt is
described as very loose whereas its consistency 1is described as
soft in the more plastic zones.

‘Warnock Hersey Professional Services Lid.
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4.5 Sand and Gravel (Glacial Till)

Below about elevation 75, the silt deposit is underlain by a
glacial till consisting-essentially of a mixture of sand and
gravel with a trace of silt and clay. A grain size distribution
curve 1s shown in Figure 4. The sand and gravel particles are
angular. The predominant constituent is a dark grey limestone
which indicates the till to be a basal till derived largely from
the local bedrock in the area, The material at first glance
looks like weathered bedrock. However, there are also present,
in the sand-sized grains, orthoclase feldspar, guartz and calcite
components indicating the material to be of glacial origin and
not a product of in-situ weathering.

N values in this till deposit ranged from 15 to 74
blows/0.3m. Two dynamic cone penetration tests met refusal within
this deposit. On the basis of these tests, the relative density
of the sand and gravel is considered to be very dense. The upper
0.3 metres or so of the deposit has been influenced by contamin.
ation with the overlying silt. Therefore, it exhibits a lower
relative density (N value of 15 blows). From the results of
other soil investigations in the vicinity, it is believed that
bedrock may be located not to far below the termination of the
boreholes and cone tests within this deposit.

5. GROUNDWATER CONDITIONS

The groundwater at the north approach is located at about
creek level., At the south approach, the groundwater was about 1
metre below the ground surface. Therefore, the phreatic surface
is presumed to follow the ground profile. Fluctuations of the
groundwater level in the clay are likely to be mimimal when the
c¢reek floods., From the dessication observed in the clay deposit
at the south approach, the long-term water level is assumed to
prevail at a depth of about 2 metres.

Within the wunderlying glacial till, artesian flow was
encountered. The estimated pressure head at the norih approach
is 3 metres above prevailing creek level. A very minor artesian
condition was noted at Borehole 4 at the south approach. It is

Warnock Mersey Professional Services Lid.
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5. GROUNDWATER CONDITIONS  {(Cont'd)

believed that th'e, higher ground on the south shore is character-
ized probably by sub-artesian conditions.

The farmer-property owner on the east side of the north
approach stated that springs are present on his property about
halfway between the proposed crossing and 2nd Line Road. He
claims such springs are quite common in the area.

Warnock Hersey Professional Services Ltid.
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6. DISCUSSION AND RECOMMENDATIONS

6.1 General

At the time of authorization to proceed with the field
investigation, E-plans of the site were not available. It was

~understood a single span bridge or culvert was being contem-

plated.  The field investigation was accordingly conducted.
However, it is now understood from the E-plan provided that a
three span bridge is proposed at this site. The two piers will
be within the creek channel, Due to hydraulic considerations,
the north abutment has been located in such a position as to not
interfere with the flow into the creek from the small tributary
stream or ditch entering the site from the north west.

The proposed spans are 8, 14 and 8 metres respectively. The
deck width will be 12.5 metres and the bridge will be placed at a
30 degree skew to the creek., The profile grade at the crossing
is horizontal and located at about elevation 89.5. Hence, the
maximum height - of approach fills will be in the order of 3.5
metres.

The soil investigation has revealed the presence of a firm
clay overlying loose or soft silt above a very dense glacial till
deposit. Locally, the surficial soils are organic and on higher
ground, the clay is dessicated in the upper two metres. The clay
reveals a fairly significant amount of preconsolidation,

6.2 Foundation Design

The presence of relatively compressible and weak soils at
this site preclude the use of conventional spread footing type
foundations for the structure., Therefore, a deep foundation is
recommended. )

Deep foundations must contend with artesian and sub-artesian
conditions within the bearing stratum, which is a sand and gravel
till. Caissons are not practical. Therefore, piles driven to
end bearing on or within the till are recommended.

Warnock Hersey Professional Services Lid,



230.2778 _ Page Thirteen

6.2 Foundation Design (Cont'd) -

Due to the artesian condition, two types of piles should be
costed out. These are &imber and steel H piles. If steel H
piles are used, certain additional site modification costs shold
be included in the economic analysis for comparative purposes.

The details are as follows:

6.2.1 Timber Piles

Timber piles are tapered and form a natural seal as they are
driven tip first into the soil. The soils at this site will not
prevent the driving of timber piles to the glacial till stratum,
However, once the piles reach the sand and gravel till stratum,
further penetration will be difficult without damage to the pile
heads.

For the proposed heights of fill, the loading on the clay
will be below the preconsolidation pressure of the - clay.
Therefore, settlements of the fills will be negligible. Hence,
negative skin friction will not be a factor in the design of the
timber pile., Therefore, the factored capacity at ultimate limit
state should be based on the pile material and cross-section
used.,

For 330 mm diameter, red pine or equivalent pressure
creosoted piles, driven to or below elevation 74 into the
glacial till, the following design values are recommended:

Saf'e capacity | 300 kN
Factor capacity at U.L.S. 790 kN
Capacity at S.L.S. Type II 300 kN

Warnock Mersey Professional Services Lid.
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6.2.2 Steel H-Piles

Steel H piles, by virtue of carrying larger axial loads than
timber piles, may prove more economical depending on the magni-
tude of total loads to be carried. Such piles can be driven into
the glacial till. Their capacities may be assumed to be propor-
tional to the cross-sectional area. For 310 HP @ 110 steel
piles, driven with a minimum energy of 50 kJ per blow to or below
tip elevation 73.0, the following design parameters may be used

Safe capacity 1,100 kN
Factor capacity at U.L.S. 1,500 kN
Capacity at S.L.S. Type 11 1,100 kN

The H piles may or may not form a natural plug as they are
driven through the cohesive overburden. Therefore, the possibil-
ity exists of artesian leakage along these piles. Such leakage
could result in piping and erosion of the subsoil with consequent
loss of ground. Therefore, some means of dissipating the
artesian flow pressures and 'preventing piping and erosion is
required. The most practical solution, which has been tried by
the MTC with success in the past, is the provision of a granular
filter-drainage blanket below the pile cap., After site clearings

‘and all necessary sub-excavations, the granular blanket should be

laid to a thickness of at least 450 mm, If this blanket is
situated below design high water, it should be protected with
rip-rap against erosion by flooding.

6.3 Apnproach Embankments

The proposed profile grade at elevation 89.5 results in
maximum heights of approdch fills of in the order of 3.5 metres.

6.3.1 Stability

From the summary plot of engineering properties shown on
Figure 1, it can be seen that the average undrained shear
strength of the clay is about 25 kPa. Therefore the proposed
approach fills will be stable against deep-seated rotational type
failure through the clay deposit. Care shold be taken to ensure

Warnock Hersey Professionol Services Lid,
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6.3.1 Stability {Cont'd)

that the approach fills are built with side slopes no steeper
than 2:1 and with material whose compacted in-place density does

not exceed 21kN/m3.

The very loose silt deposit occurs at about elevation 80,
some & metres below the ground surface. Assuming/€'y = 0 and
A 180 for this material, sliding wedge analyses indicates
adequate resistance against ultimate failure through the clay and
at the clay-silt interface.

6.3.72 Settlement

The most probable preconsolidation of the clay below the
approach fills is about 100 kPa. Assuming a unit weight of fill
material of 21kN/m3, the height of fill reguired to exceed this
preconsolidation pressure is about &4.8m. The proposed approach
£i1ls are about 3.5 m in height. Therefore, the net stress
change on the clay will be below the established most probable
preconsolidation pressure of the clay. Hence, settlements are
likely to be of a recompression type and minor in magnitude.

At the abutments, where the approach fill heights are a
maximum of about 3.5 metres, the estimated total settlement of
the clay and silt deposits is in the order of 175 mm over the
long term. It is expected that 50 percent of this magnitude of
settlement will occur within the first three years after
construction. If time is available, consideration should be
given to pre-loading of the site. Surcharging is not recommended
due to stability considerations. '

6.3.3 Earth Pressure

The proposed design calls for closed type abutments, Earth
pressures against ahutment walls may be computed as per
Subsection 6.6.1.2.2 of the 0.H.B.D.C.

Warnock Hersey Professiono! Services Lid,
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6.4 Other Design Considerations

All pile caps should be provided with a minimum of 2 métras :

~of earth cover for protection against frost heaving.

The sliding résistance. of the fbase of pile caps, between
concrete and the clay, may be assumed to be 4 kPa, since the clay

1s sensitive and excavation will disturb the surface.

If wing walls are contemplated, the ends of such walls

vshbuld' be supported on end bearing piles, unless they can be

adequately cantilevered out from the main abutment. The settle-
ment of the approach fills behind the abutments is expected to be

“minor and therefore "tilting" of the abutments 1is not antici-

pated. However, provision of piling support at the wing wall

‘tips would be a desirable design feature.

6.5 Construction Considefations

6.5.1 General

The recommendations provided in this report are based on

‘data collected at and interpreted from a limited site investi-

gation. If soil, rock or groundwater conditions different from

‘those described or assumed in this report are uncovered during

construction, we should be consulted at once to determine and
advise if modifications from a geotechnical viewpnint are

. .necessary to the design or construction aspects of the project

and, so to ensure its continued economy and safety.

6.5.2 Footing Excavations and Dewatering

" Excavations in the clay may be made at témporary 1:1 side

slopes.  Even though the groundwater table is fairly high,

infiltration through the clay is expected to be minimal. Hence,

_groundwater seepage may be _handled by pumping from sumps.

Excavations in the dessicated crust on the south approach may

‘experience some seepage of groundwater through fissures in the

deposit.

. .. .

Warnock Hersey Professional Services Ltid.
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6.5.2 Footing Excavations and Dewatering

Because of the sensitive nature of the clay and the

‘difficulty which might be experienced by workmen in excavations
~in such clays, it would be advisable to provide for a 150 mm

cushion of sand at the bottom of the excavation as a working

‘base. The sump level should be below the sand cushion.

The pier footings will be situated wiﬁhin the stream. The
pile caps could be constructed in the dry by bullding earth

cofferdams around these locations. However, care should be taken

to ensure the cofferdam does not fall into the excavation, by
maintaining a maximum distance between base of excavation and top
of cofferdam of 3 metres at an average slope no steeper than
1-1/2:1, for an unsupported excavation. Alternatively, the pile

‘caps may be precast as concrete box caissons with templates to

guide the plles for driving, after which the box can be filled up

‘with concrete.

6.5.3 Approach Fills

The shore line contains organic deposits of nominal thick-
ness. These should be excavated from below the plan limits of

the approach fills. In Drawing 1457404-A, the south approach
‘shows clay. Since no borings were done at the south shore line,
it has not been feasible to show organics at this location on the

drawing. 'Howgver, from the general site characteristics, such

‘organics are suspected at both the north and south shore lines.

Therefore, provisions should be made for removal of such organic
soils down to the native clay stratum.

. Backfilling of subexbavafedl.aréas .should ‘be with a, clean
non-cohesive free draining material such as Granular "B" or "C",

The base of the approach fill should be rip-rapped to flodd

‘level of the stream, based on its hydrological design criteria.

BN NN IR N EE BN N BN OB AN NN NN U BN I B A e Ea
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230-2778 Page Eighteen

7.  CONCLUSIONS

The site conditions are not feasible for the use of spread

footings. Due to artesian conditions at depth, deep foundations

should consist of timber piles or steel piles with a granular
blanket below the pile cap to dissipate any upward seepage flow
along the pile sides. Settlement of fills are expected to be
minor due to prevailing preconsolidatioh of the natural clay. No
stability problems are anticipated.

Respectfully submitted,

Warnock Hersey Professional Services Ltd.

pROrEsSig GJZK/Q

] V"-ﬁ

C. Mirza, P. Eng.
Manager, ‘
Geotechnical Services

. B - -
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APPENDIX '

Office Record of Boreholes 1 to 4
Figures 1 to 4
brawing 1457404-A
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OFFICE REPORT ON SOOI EXPLORATION

rams HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS QFFICE - 501 MECHANICS SECTION

RECORD OF BOREHOLE No 1 METRIC
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20
o3, x5 : Numbers refor to 15 & 5 (w)STRAIN AT PAILURE
Sansitivity \o
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Onfars HIGHWAY ENGINEERING DIVISION ~ENGINEERING MATERIALS OFFICE -501L MECHANICS SECTION
RECORD OF BOREHOLE No 2 METRIC
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HIGHWAY - ENGINEERING  DIVISION ~ENGINEERING MATERIALS OFRICE -$OIL MECHANICS SECTION

WP

85 ~T4~ 04
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HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION
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Foundation Investigation Report
for

GWP 203-86-02
Highway 417/Maitland Avenue Bridge Rehabilitation
District 42, Ottawa

INTRODUCTION

This Foundation Investigation Report was prepared as part of the Highway 417/Maitland Avenue Bridge
Rehabilitation project (GWP 203-86-02, Agreement No. 9740-7411-4256). The report presents the result.
of the Foundation Investigation for:

1) Earth retaining structures beneath the Maitland Avenue Bridge; and
2) Foundations for overhead signs.

ITE RIPTION GEQLOGY

GWP 203-86-02 is located along a 1.3 km long section of Highway 417 centered around the Maitland
Avenue interchange, within the City of Ottawa, Regional Municipality of Ottawa-Carleton (RMOC). The
site location is shown on the Key Plan (Drawing No. 11099-1).

This section of Highway 417 is 4-lanes wide in each direction directly beneath the bridge structure with the
EBLs and WBLs separated by a concrete barrier.

The existing Maitland Avenue Bridge is a two span continuous steel girder bridge with composite concrete
deck. The spans are each approximately 35 m in length. The height of the existing embankments is
approximately 4.75 m. The existing bridge abutments are supported on piles, end bearing on bedrock. The
front row of piles are battered toward Hwy 417. The foreslopes of both the north and south abutments are
at a 2H:1V grade, are protected by stone paving, and extend down to the roadway shoulders.

Drainage along the sections of Hwy 417 immediately east and west of the Maitland Avenue Bridge is

provided by highway ditches. Small corrugated steel pipe (CSP) culverts currently link the ditches within
the section beneath the bridge structure.

----- GWP 203-86-02 » Maitland Ave. Bridge Rehabilitation » December 8, 1998 Page |



Cont. 99-29 ;

This project lies within the physiographic region known as the Ottawa Valley Clay Plains which is
interrupted by ridges of rock and sand. -

The native surficial materials in the vicinity of the Maitland Avenue Bridge are Champlain Sea deposits,
consisting of silt and clay underlying erosional terraces. Bedrock within this area generally consists of
limestone of the Ottawa Formation.

INVESTIGATION PROCEDURE

Field Investigation

The subsurface conditions were investigated through a borehole drilling investigation and laboratory
testing.

Prior to drilling the boreholes, their locations were laid out by Jacques Whitford staff and the appropriate
utility agencies were contacted to ensure that the site was clear of buried utilities.

Due to the high traffic volumes on Highway 417, the drilling investigation was carried out at night within
full lane and ramp closures. The boreholes along the eastbound and westbound lanes were drilled on the
nights of August 26" and 27%, respectively. The lane and ramp closures were carried out by Beacon Lite
Ltd., in accordance with a traffic control plan submitted to and approved by Mr. John Blaikie of MTO.

Portable light stands were used to provide adequate lighting for the drill crews.

The subsurface conditions along the retaining wall alignment and at the proposed location for the overhead
sign foundations were investigated by a total of four (4) boreholes, designated as 98-1 through 98-4. Due
to site access restrictions(concrete barriers, ditches and steep slopes), one borehole was put down along both
the north and south sides of Hwy 417, between the overhead signs and retaining wall alignments, using
portable electrically powered equipment. The remaining two boreholes were put down at the base of the
slopes in front of the retaining wall alignments using a truck mounted CME 55 drill rig. The borehole
locations are shown on Drawing No. 11099-2, attached.

The boreholes were advanced to refusal on inferred bedrock. Split spoon samples were collected at regular
0.76 m intervals while carrying out Standard Penetration Testing (SPT) (ASTM D1586) and the recovered !
soil samples were identified in the field by our personnel. The SPT carried out in the boreholes put down
with the portable equipment utilized a 20.4 kg hammer with a 0.76 m drop as opposed to a standard 63.5 .
kg hammer with a 0.76 m drop. The N-values presented on these Borehole Records have been corrected |
by reducing the field N-value by a factor of 3 to reflect the difference in energy delivered by the hammer

kl L&
et
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during the testing. In-situ shear vane testing was attempted at several locations within the cohesive soil
deposits, however, at all locations tested, the undrained shear strength of the soil exceeded the field vane
capacity of 150 kPa.

The subsurface conditions are described in detail in the Borehole Records presented in Appendix 1.
Geotechnical cross sections are shown on Drawing No 11099-2.

All soil samples recovered during the SPT were stored in moisture proof containers and were returned to
our laboratory for detailed classification and testing.

Standpipes were installed within three of the boreholes prior to backfilling. The boreholes were backfilled
by replacing (and tamping in layers) the augered material.

The field information is supplemented by soil and bedrock information contained on the Borehole Records
from the foundation investigation carried out for the Maitland Avenue Bridge construction (1958). The:
Borehole Records include stratigraphic descriptions of the overburden soils as well as bedrock.

The borehole locations and elevations were surveyed by McCormick Rankin Corporation’s (MRC) survey
crew, using a geodetic datum.

Laboratory Testing

All samples returned to the laboratory were subjected to detailed visual classification by a geotechnical
engineer. Selected samples were tested for moisture content, grain size distributionand Atterberg Limits.
One representative soil sample from each of the retaining wall locations was submitted for pH, sulphate
and chloride testing to assess the potential for corrosion of buried steel and the potential for sulphate
attack on buried concrete. All soil samples will be stored for a period of one year after issuance of the final
report. Unless otherwise directed, the stored samples will be disposed of after this period.

EC ITI

Subsurface Profile

The subsurface conditions observed in the boreholes are presented in detail on the Borehole Records
provided in Appendix 2. The Borehole Records from DWG. No. D 4158-3, produced for the Maitland
Avenue Bridge construction (W.P. 930-58) have been reproduced and are also included in Appendix 2.
An explanation of the symbols and terms used to describe the Borehole Records is also provided.

GWP 203-86-02 » Maitland Ave. Bridge Rehabilitation * December 8, 1998 Page 3
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Cond. 1727
Stratigraphic profiles are provided in Drawing No 11099-2. The subsurface conditions observed at the

site are generally consistent from borehole to borehole and are described in the following sections.

Embankment Fill

The embankment fill in the vicinity of the proposed retaining walls consists primarily of brown, sand, some
silt, trace organics (rootlings) and occasional clayey pockets. Some areas of fill consisting of silty sand and
clay, some gravel were also encountered. Typical “N” values obtained during Standard Penetration Testing
ranged from 3 to 6, indicating a loose material. The thickness of the embankment fill varies significantly
due to the 2H:1V foreslopes. The base of the embankment fill varies from elevation 80.8 m to 82.1 m

Clay

The fill is underlain by a deposit of high plasticity clay. The thickness of the clay deposit varies from in
Boreholes 98-1 through 98-4 varied from 1.1 m to 3.0 m. The elevationat the based of the clay varied from
78.5 m to 80.1 m. The clay was brown to greyish brown in colour. The moisture contents of seven samples
tested ranged from 29 % to 60 %. Atterberg Limit testing carried out on one representative sample of the
clay indicated a Liquid Limit of 60 % and a Plastic Limit of 22 %, indicating an inorganic clay of high
plasticity (CH). A hydrometer analysis indicated that 42 9% of the clay had a grain size between 5 and 75
microns, indicating a moderate susceptibility to frost heaving (MSFH).

Standard Penetration Test “N” values within the clay varied from 9 to 3, and generally decreased with depth.
In-situ shear vane testing was attempted at several locations within the clay deposit, however, at all locations
tested, the undrained shear strength of the soil exceeded the field vane capacity of 150 kPa, indicating that
the consistency of the clay was very stiff to hard. A thin layer of soft silty clay was identified in one
borehole (Borehole No. 5 - located at the eastern centre pier) during the 1958 foundation investigation for
the original bridge structure.

er ous Mixture and. Silt and Gravel (Glacial Till

A glacial till deposit consisting of a heterogeneous mixture of sand, silt and gravel was encountered beneath
the clay deposit in each of the boreholes. The deeper portion of the till deposit in Borehole 98-4 was clayey.
At all borehole locations, the glacial till extended to bedrock. Standard Penetration Test “N” values varied
from 4 to 23. Refusal to penetration of the split spoon sampler was encountered within the Till deposit in
Borehole No. 1. The results of the Standard Penectration Tests indicate that the glacial till is generally in
a loose to compact state with some areas of dense till. A grain size distribution analysis carried out on a
sample of the till indicated that it contained 25 % gravel, 42 % sand and 33 % silt and clay particles. The
moisture contents of five samples tested ranged from 10 % to 29 %

GWP 203-86-02 » Maitland Ave. Bridge Rehabilitation ¢ December 8, 1998 Page 4
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Bedrock Cont. 949-29

Auger refusal on inferred bedrock was encountered in Boreholes 98-1 through 98-4. Bedrock coring was
not carried out during the current investigation. Bedrock coring was carried out for the 1958 geotechnical
investigation for the Maitland Avenue Bridge structure. The bedrock elevation at these ten borehole
locations varied from 77.1 m to 79.3 m.

The records for Borehole Nos 1 through 6 indicate that bedrock consists of limestone with typical beddirg
thicknesses ranging from 2 to 3 inches (50 mm to 75 mm). No record of Rock Qaulity Designation
(RQD) or unconfined compressive strength was available.

Groundwater

Groundwater levels were measured in the standpipes on September 17,1998, approximately three weeks
after the boreholes were drilled. The groundwater levels measured in the standpipes varied from elevation
79.2 m to 80.0 m, (approximately 2 m below the finished grade of Hwy 417). Fluctuations in the
groundwater level due to seasonal variations or in response to a particular precipitation event should be
anticipated.

GWP 203-86-02 » Maitland Ave. Bridge Rehabilitation » December 8, 1998 Page 5



CLOSURE Cont. 49-29 '

A soil investigationis a limited sampling of a site. The conclusions given herein are based on information
gathered at the specific borehole locations and can only be extrapolated to an undefined limited area
around these locations. The extent of the limited area depends on the soil and groundwater conditions,
as well as the history of the site reflecting natural, construction, and other activities. Should any
conditions at the site be encountered which differ from those at the borehole locations, we request that
we be notified immediately in order to assess the additional information.

The drilling equipment used was owned and operated by Marathon Drilling Company Ltd.

We trust the information presented herein meets your present requirements. Should you have any
questions or require additional information, please do not hesitate to contact us.

Yours very truly,

JACQUES, WHITFORD LIMITED

_—

oL

7" Paul Carnaffan, M.Eng., P.Eng.

WL C\‘O"" N L_\ml i @\’CQ‘D ’

J.G.A. Raymond Haché, M.Sc., P.Eng.

\%s ot

P:\1998\10000\1 1099\foundation\foundTRY .rep.mar29, wpd

GWP 203-86-02 » Maitland Ave. Bridge Rehabilitation « December 8, 1998 Page 6

i,
r'“ "=
E %
%, ¥
"« - ,,_\"‘\



ConT. qq'zq

e crood f Hils—
KEY PLAN
1:25 000

E

DRAWING No. 110991



SY3HLO A8 A3 TIHA ToH3HOoR Q

MM A8 GITIHA TIOHIRIOE B

QNFOT

¥ 'ON IIOH3HOE \ \ \ £ ON JOHIHOH
- — - -t - 7. nV'l\\
T R TN

g
~=— NOIS QvIHY3IAO

{~—— 3NV aNnoB1sSY3

b ! . OCIVINO ‘YMVLLO
sty | ool "M% SNY1d NOLLOIS-SSOEO ANV NOLLYOOT JTOHIHOE
PJOIUM NOLLYLMTMEVHIH IDaKg INNIAY ONY IHYN/ZiP KvMHOIH
sanbazf Z2-660IL . AHIAAQ0E: L 20-98-€0C dMD O
roN Bupmeag| ZHOH 0001 g e0g NOLLYHOJHOD NDINYY JOINHOOON -
a g-8 NOILO3S-SS0OHO -V NOLLD3IS-SSOHO
W v 9 ‘ON[] 4 "ON v
L 1043408 [ ] J1oHS4OE 310H3HO8 ] 310Hauo8
+ o6 ] 8L N - Z-86 HE 9
| & HE8 o0Ed AR LN K )
ﬂw X008 2060 X%c £-86 HA 8/ TIL ,.‘_“.“,_...ﬂ..“.,w L ”..W.JH.FWIEK.”.,. Lorscond | 8z
e Il 8 M ARG B e ey m “\\ f PO B S B SRR m
|\ \ \ > /] 11 H >
409247 94 % > / m% >
< AU 717187 g A 5
08401 . G os TOSHOL o 8
z ONIAVd - | / |3 RRXXX Z|\[ onavd z
L\ S /] / OIS N
a8 98
30V-HNS HALONHLS
mmmzm._wm_ﬂ_tm_.m AONNOHD 3 NGQ_"M_.
88 88
0001 : |
M3IA NV 1Id

8 /
/4
e ) &
S 'ON FOH3HC8 A T 'oN J10HIHOH
N7 /A

F i a—
i
o

¥  AVMHOIH

NOIS
3NV ONNOBLSIM ——— QYIHY3A0 ™™

__ — . -

L &

£ N T

1 ! @n\v 9 ‘ON 4
4 &7 goH3dog
L

| ‘'ON 3TOH3HOR




Co[\'{‘. QQ"ZQ
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 51mm O.0D 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 A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED A5 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.0. 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 OF THE CONICAL POINT INTO THE UNDISTURBED GROUND

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS

<y {kPa) 0-12 12 -25 25-50 50 - 100 100 - 200 =200
VERY SOFT SOFT FIRM STIFF VERY STIFF HARD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES A5 FOLLOWS:
[N(BLOWS/O.Jm) 0 -3 5-10 10 - 30 30 - 50 > 50
VERY LOQSE LOOSE COMPACT DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND/ OR STRENGTH.
RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN

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 -2% 25- 50 50 - 75 75 - 90 90 - 100
VERY POOR POOR FAIR GOOO EXCELLENT
JOINTING AND BEDDING :
SPACING 50mm 50 - 300mm| 0.3m - im { im - 3m *3m
JOINTING VERY CLOSE CLOSE | MOD. ClosEy  wiDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  {VERY THICK
ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF SOIL
$ 5 SPLIT SPOON TP THINWALL PISTON m, kpg™!  COEFFICIENT OF VOLUME CHANGE
W5 WASH SAMPLE 05 OSTERBERG SAMPLE <, ! COMPRESSION INDE X
S T SLOTTED TUBE SAMPLE R € ROCK CORE C ! SWELLING INDEX
B 5 BLOCK SAMPLE PH TW ADVANCED HYDRAULICALLY ¢q 1 RATE OF SECONDARY CONSOLIDATION
C5 CHUNK SAMPLE P M Tw ADVANCED MANUALLY cV mz/s COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN FS FOIL SAMPLE H m DRAINAGE PATH
T, i TIME FACTOR
STRESS AND STRAIN u % DEGREE OF CONSOLIDATION
Uy kra PORE WATER PRESSURE o kPa EFFECTIVE OVERBURDEN PRESSURE
" 1 PORE PRESSURE RATIO o kPa PRECONSOLIDATION PRESSURE
o kPa TOTAL NORMAL STRESS T, kPa SHEAR STRENGTH
o’ kra EFFECTIVE NORMAL STRESS < kpa EFFECTIVE COHESION INTERCEPT
T kea SHEAR STRESS ¢ -° EFFECTIVE ANGLE OF INTERNAL FRICTION
0, 7.0, kbo PRINCIPAL STRESSES <, kpPo APPARENT COHESION INTERCEPT
€ % LINEAR STRAIN by - APPARENT ANGLE OF INTERNAL FRICTION
€ ., €, % PRINCIPAL STRAINS T, kpPa RESIDUAL SHEAR STRENGTH
E kra MODULUS OF LINEAR DEFORMATION T, kpPa REMOULDED SHEAR STRENGTH
G kPa  MODULUS OF SHEAR DEFORMATION 5 . SENSITIVITY < i_u
n 1 COEFFICIENT OF FRICTION ’
PHYSICAL PROPERTIES OF 501L
A kg/m3 DENSITY OF 50L1D PARTICLES e 1,% VOID RATIO €min 1, % VOID RATIO IN DENSEST STATE
Y kN/m®  UNIT WEIGHT OF SOLID PARTICLES n 1,%  PORQSITY I | DENSITY INDEX gmox-
$ 3 D €max - €min
£, kg/m”’ DENSITY OF WATER w 1, %  WATER CONTENT D mm  GRAIN DIAMETER
Tw kN/m' UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION Cn mm n PERCENT - DIAMETER
P kg/m3 DENSITY OF 50I1L w, % LIQUID LtMIT <, ! UNIFQRMITY COEFFICIENT
Y kN/m’ UNIT WEIGHT OF 501U wp % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
% kg/m’ DENSITY OF DRY SOtL W % SHRINKAGE LIMIT q m>/s  RATE OF DISCHARGE
)é kN/m® UNIT WEIGHT OF DRY 50IL Ip % PLASTICITY INDEX =W - W v m/s  DISCHARGE VELOCITY
Lo ka/m’ DENSITY OF SATURATED SOIL | . LIQUIDITY INDEX = "I' hud i 1 HYDRAULIC GRADIENT
Yot kn/m? UNIT WEIGHT OF SATURATED SOIL e —w k m/s  HYDRAULIC CONDUCTIVITY
P ka/m® DENSITY OF SUBMERGED SOIL ' I CONSISTENCY INDEX: llp j  kn/m® SEEPAGE FORCE
Y kN/m’ UNIT WEIGHT OF SUBMERGED SOIL e 1% vOID RATIO IN LOOSEST STATE



Ministry of
Transportation

Foundation Design

Ontario cConT. qq_zq
RECORD OF BOREHOLE No 98-1 10F1 METRIC
wW.P, 203-86-02 LOCATION Hwy 417 WBL at Maitland Avenue ORIGINATED BY LP
DIST 429 HWY 417 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY _ PC
DATUM _Geodetic DATE 98.08.27 & 98.08.28 CHECKED BY
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | Y |RESISTANCE PLOT
ol _— e ML e | REMARKS
o] 2156} @ 20 40 60 80 100 [|™  coww 7 28 &
= z . L - L L = GRAIN 51ZE
2|%|w | 2la5| © [SHEAR STRENGTH kPa e v "t -
ELEV DESCRIPTION s 2|28 £ — ——a DISTRIBUTION
DEPTH 2121 21 > |5&| S |0 UNCONFINED 3 FIELD VANE y (%)
El= 2z |20] & |e ouckTRIAXIAL x LAB VANE WATER CONTENT (%)
82.3 © ] 20 40 60 BO 100 10 20 30 wm3 lor sa 81 oL
0.0 Brown, silty sand, trace
organics: FILL 1188 5 82
B1.6] o o e - .
0.8 Brown, silty clay, some gravel, !
trace organics: FILL 2| ss 8
81
80.8
1.5 1
Very stiff, brown, SILTY CLAY,
occasional sand seams 3| S8 Y
4
80
4 | 88 4 510 )
793 e _ ~ ’
30 suitt q ¥
1/
5|ss| 3 79
1
78.5
3.8 Loose to compact, grey, silty
sand with gravel, trace clay: 55 7
TiLL 78
35 16
77.1
8.2 End of Borehole
Auger Refusal on Inferred
Bedrock
- standpipe installed
- standard penetration tests
carried out using 45 Ib hammer
and 30 inch freefall ;
|
max. field vane capacity was !
150 kPa which was exceeded by 1
soil resistance.
3 .. 3. Numbers refer to ,520
LSO ®5 (%) STRAIN AT FAILURE

Sensitivity

12

]
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Ministry of -
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Foundation Design

Ontario comn7. 99-29
RECORD OF BOREHOLE No 98-2 10F 1 METRIC
W.P. 203-86-02 LOCATION Hwy 417 WBL at Maitland Avenue ORIGINATED BY LP
DIST 429 HWY 417 BOREHOLE TYPE _ Hollow Stem Augers COMPILED PC
DATUM _Geodatic DATE 98.08.27 & 98.08.28 CHECKED BY
DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPLES [ W |RESISTANCE PLO‘I’E wATIRAL REMARKS
oo bt FLasrc MO TURE vam | ;
5 0 g Z| o 20 40 60 80 100 |™  coms M| 50 &
o - 1 1 Il Il i o
28| w | 2)|a5| & [SHEARSTRENGTH kPa v v Ol I iyt
ELEV DESCRIPTION |2 =lz2| & o DISTRIBUTION
DEFTH 213 & L = % « |O UNCONFINED % FIELD VANE Y %)
E1Z z go § ® QUICK TRIAXIAL x LAB VANE | WATER CONTENT (%)
81.8 e w 20 40 60 80 100 10 20 30 «N/m3 |GR 54 81 CL
0.0 Dark brown, silty sand: FILL %2
81.2 1ss | 3
0.3 Very stiff, brown, SILTY CLAY
1
81
A 2 (58S 9 o
A1
11
(1] a|ss | 7 80 .
%
79.5 1 g
2.3 Compact, brown, silty sand,
some gravel, trace clay: TILL 4| ss *REF o
79.0 2q
2.8 End of Borehole
Auger Refusal on Inferred
Bedrock '
- max. field vana capacity was
150 kPa which was exceeded by
soil resistance.
*REF = split spoon refusal
3 3. Numbers refer to Py 5
X0 gensitivity 1545 (%) STRAIN AT FAILURE 13



Ministry of
Transportation
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Grari conT._99-29
RECORD OF BOREHOLE No 98-3 10F1 METRIC
W.P. 203-86-02 LOCATION Hwy 417 EBL at Maitland Avenue ORIGINATED BY LP
DIST 429 HWY 417 BOREHOLE TYPE _Hollow Stem Augers COMPILED BY PC
DATUM Geodetic DATE 98.08.26 & 98.08.27 CHECKED BY ﬁ' E
D NETRA
SOIL PROFILE SAMPLES ' u Rggg'?AAﬁggng?rE ETRATION MATURAL EMARKS
[=R"] L FLASTIC Ao vavo | ':-: Rl K
E 2158 & 20 40 60 80 100 |7 s ™| 3O &
« [= =z . L L L L o8 GRAIN SIZE
2|8 w | 3 |25| & [SHEAR STRENGTH kPa e v "L E
ELEV DESCRIPTION g - < |z21 & -—O—— DISTRIBUTION
DEBTH |3 st > |5 Z| a |© UNCONFINED % FIELD VANE ¥ (%)
== L |20 é ® QUICK TRIAXIAL X LABVANE | WATER CONTENT (%)
844 © o 20 40 60 B8O 100 10 20 30 km? IGR SA 81 CL
0.0 Brown, sand, some silt, trace
organics, clayey pockets: FILL 1 55 6
B4
2|88 3 Q
83
a|ss| 6 o
82.1
2.3 Very stiff, brown, SILTY CLAY, 82
occasional sand seams 41 ss 8 o
5| 88 6 a1
806| o _ . ______
3.8 stift
6 | 55 3 a2
80
7| 88 5 9.9
79.2
5.3 Loose, brown, clayey sand, 79
some silt, trace gravel: TiLL s ss 7 d
78.5
5.9 End of Borehole
Auger Refusal on Inferred
Bedrock
- max. field vane capacity was
150 &Pa which was exceeded by
soil resistance,
i
:
3 .3, Numb far t Y
x¥x iy 55 (%) STRAIN AT FAILURE 14

Sensitivity



Ministry of -
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comt. 99-29
RECORD OF BOREHOLE No 98-4 10F1 METRIC
W.P. 203-86-02 LOCATION Hwy 417 EBL at Maitland Avenue ORIGINATED BY _Lp
DIST 429 HWY 417 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY PC
DATUM _Geodetic DATE 98.08.26 & 98.08.27 CHECKED BY E“a
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES =4 Y JRESISTANCE PLOT P REMARKS
.u_-l " & .a__ PLASTIC MOHTURE LowD - ':E
= o l23l & 20 40 60 80 100 ™ s M| O &
2|5 wizel - A G e ) wo| 5% | cramsize
m| W Jjaegs © |SHEAR STRENGTH kPa
ELEY DESCRIPTION .| = = |z2]| & — o = DISTRIBUTION
D 215 r =12 g o« | © UNCONFINED % FIELD VANE T (%)
El= 2 |2C| & |® QUICK TRIAXIAL x LAB VANE | WATER CONTENT (%)
82.0 @ W 20 40 60 80 100 10 20 30 kN/m3 |GR SA st CL
0.0 Brown, silty sand: FILL b
1| 88 16
81
80.8 2| 88 5
1.2 Very stitf to stiff, brown, SILTY [}
CLAY
60.1
ss | 4 [
AVA 80
79.7
2.3 Loose, brown-grey, silty sand
with gravel, trace clay: TILL SS 8
790, o ___ 79
3.1 Grey, silty clay,som gravel: TILL
85 4 ]
83 *REF 78
77.8
4.2 End of Borehole
Auger Refusal on inferred
Bedrock
- standpipe installed
- standard penetartion tests
carried out using 45 Ib hammer
and 30 inch freefall
*REF =split spoon refusal
3 3, Numbers refer to oy
®Tx 155 (%) STRAIN AT FALURE 15

Sensitivity



@ Ministry of - Foundation Design

Transportation
Ontario COUT QQ'ZQ
RECORD OF BOREHOLE No 1 10F1 METRIC
W.P. 930-58 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MYO
DIST _ 9 HWY 417 BOREHOLE TYPE COMPILED BY _MTO
DATUM _Geodetic DATE 58.05.09 & 58.05.12 CHECKED BY
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |« Y |RESISTANCE PLOT e - REMARKS
Ew g ":2—-—-. FLASTIC  poisTune s |, T
= w|z2| @ 20 40 60 80 100 ™7 cwwa 7| 20 &
&|e Slz91 2 ) . ! A : we " wi 1 S8 | GRAIN SIZE
zi%| w | 2 |ak| & [SHEARSTRENGTH kPa L z
ELEV DESCRIPTION gl e z|2a]| & —o—a DISTRIBUTION
DEPTH G212 | >|33] & |o UNCONFINED  x FIELD VANE y (%)
E = z go § ® QUICK TRIAXIAL % LAB VANE | WATER CONTENT (%}
82,6 @ b 20 40 60 BO 100 10 20 30 wNim3 lGR sA 51 CL
6.0 ToP SOIL
82.3
0.3]  HARD, FISSURED, SILTY,
BROWNISH GREY CLAY 82
H hvi
] M. ‘
1] 88 | 23
§
11
8
80.8
1.9 M
VERY STIFF, FISSURED, SILTY, 2| es | 1a
BROWNISH GREY CLAY
3| 8s |10 80
A
418813
791 4
3.5  DENSE SANDY TILL " 79
- [
i ss | 150/p25 mq
77.9 -4 5 J75mn| 78
4.7 LIMESTONE (drilled) =i
E 7| RC REC =71%
773 o ___ r—
5.3]  LIMESTONE (drilled)
bedding thickness 2.5
8| RC & REC = 89%
7868 o ___._ r
6.0  LIMESTONE (drilled) J-x:[
bedding thickness 3"
:[, REC = 96%
9| RC 78
|
40 ____ ‘
7.2]  LIMESTONE (drilted) HEl ‘
bedding thickness 2" 10| RC REC=87%
75
74.8
7.8 BOTTOM OF HOLE
Record of Borehale reproduced
from Dwg No. D 4158-3 |
|
1
1

3 _, 3 Numbers refer to 2
XX Gensitivity 155 (%) STRAIN AT FAILURE 16



Ministry of -
Transportation

Foundation Design

QOntario COmnT. qq_zq
RECORD OF BOREHOLE No 2 10F1 METRIC
W.P. __ 93058 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST __ HWY 417 BOREHOLE TYPE COMPILED BY _ MTO
DATUM _Geodetic DATE 58.05.15 & 58.05.15 CHECKED BY
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |« 4  |ResISTANCE PLOT
0 g 5 _:_:_._w - ::m voo | E REMARKS
e N EEAR: 20 40 60 80 100 ™7 s 7| S0 &
= 5132]| = L1 wp w w | 3% | oransee
2|%|w | S1oE| © [SHEARSTRENGTH kPa
ELEV £ (28| 8 ———o — o DISTRIBUTION
DESCRIFTION 5 Z1E | 153 5 |o UNCONFINED  x FIELD VANE y %]
£l= L |26 & le auick TRIAXIAL % LAB VANE | WATER CONTENT (%)
8.0 o e il 20 40 60 80 100 10 20 30 wwm3 {GR 54 $1 L
0.0 Top soIL fed
82.7 b
0.3 KARD, HISSURED, SILTY, 4
BROWNISH GREY CLAY
1] ss 82
s1.6 /]
141 VERY STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 1 5 | ss
81
808 . __
2.2 sTIFF. FISSURED, SILTY,
BROWNISH GREY CLAY 3| ss
80.1
0
2.8 oosETIL 8
a{ss| s
79.3
3.7 LIMESTONE (drilled)
bedding thickness 2.5" 79
s | RC
REC = 93%
[T
g ;
77.8 ]
52| | IMESTONE (drilled) t[
bedding thickness 3" 1
1]
.‘:I REC = 100%
% 6 | RC 77
76.3 :
6.7 BOTTOM OF HOLE
3 3 Numbers refer 1o 20 l7
x ‘5'$'5 (%} STRAIN AT FAILURE

Sensitivity
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Ministry of *
Transportation

Foundation Design

Sriario Con. 99-29
RECORD OF BOREHOLE No 3 10F1 METRIC
W.P. __ 93058 LOCATION _Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST_ 9 HWY 417 BOREHOLE TYPE COMPILED BY __MTO
DATUM _Geodetic DATE 58.06.13 & 58.05.13 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o 4 |RESISTANCE PLOT NATURAL REMARKS
E 7 o ..:E_‘__ PLASTIC ORTUN [rrry - E
- n |22 8 20 40 60 BO 100 | cowe M| 5D &
Slg |- 52E] = P wp w w.| 2% | Graw sizE
Tlw | ow 2 |la5| © [SHEAR STRENGTH kPa =
ELEV DESCRIPTION -S| 2] 2lz8) B ~—  —o—» DISTRIBUTION
DEPTH 5|3 £ ] >|538] = |o UNCONFINED % FIELD vANE y %)
£1Z 2 go E ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%) :
82.9 o o 20 40 60 80 100 W0 20 30 kN/m3 |GR sA st du
0.0 ToP sow 5 ;
82.6 et ,
03] HARD, FISSURED, SILTY, 1
BROWNISH GREY CLAY A
‘M 1| ss 82
6| ¢
14 VERY STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 2 55
81
o8 :
2.2{  gTIFF, FISSURED, SILTY, f
BROWNISH GREY CLAY ] 3| ss
80.0
80
4| ss
2.9(  1oosE TILL
79.3
371 LIMESTONE (drilled) 5
bedding thickness 2" : 8
g s | Re REC = 83%
I |
7
B _ E
4.8  LMESTONE (driled) 78
bedding thickness 2" to 3"
6 | RC
REC = 100%
9 77
6.0]  LIMESTONE (drilled)
bedding thickness 3"
7 | RC
REC = 86%
76.1 E
6.8 BOTTOM OF HOLE
3 3. Numbers refaer to Y
x7.x 1545 (%) STRAIN AT FAILURE I8

Sensitivity
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Ministry of -

Foundation Design

Transportation
Ontario COUT- qq—zq
RECORD OF BOREHOLE No 4 10F1 METRIC
W.P. __ 930-58 LOCATION Bridge No. 3 at Maitiand Avenue ORIGINATED BY MYO _
DIST __ 9 HWY 417 BOREHOLE TYPE COMPILED BY __ MTO
DATUM Geodetic DATE 58.05.12 & 58.05.12 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |« ﬁ RESISTANCE PLOT — e M— - | Remarks
L4 ‘3 5] umrr omTUnE wr| & &
gle g1s8]| 2 2 40 & 8 10 . 23 | cran size
z 1 1 L
Zlé| w | 2)2E| & [GHEAR STRENGTH kPa e - i
ELEV DESCRIPTION rl2l el T |z2] & — o DISTRIBUTION
OEFTH 121 &£ | > |53] % lo UNCONFINED = FIELD VANE y (%)
E z » |80 @l ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%}
625 N (o] 20 40 60 80 100 10 20 30 kN/m3 |GR SA SI CL
0.0 TOP SOIL
82.6
0.3|  HARD, FISSURED, SILTY, A
BROWNISH GREY CLAY
11 | ss g 82
8.8 o _____
V4 VERY STiFF, FISSURED, SILTY, %
%
BROWNISH GREY CLAY 2 | ss
81
go7| o _____
2.2l STIFF, FISSURED, SILTY, 1A
BROWNISH GREY CLAY 3| ss
§ 80
] 4 | ss
79.4
3.5]  L00SE TILL
79
5|85 7
X
4.6]  DENSE THL
7ot 78
48| LIMESTONE (drilled)
bedding thickness 2"
some vertical seams b
6 | RC REC=81%
77
7868 o _____
6.3  LIMESTONE (drilled) ﬁ ]
bedding thickness 2" E 2 | Re REC =60%
7600 o ____. 76
6.9] ~ LIMESTONE (drilled) tf
bedding thickness 2" H—r ]
—1{ 8 | RC
— REC = 80%
75
74.8
8.1 BOTTOM OF HOLE
3 _ 3. Numbers refer to 20 | q
x7. 155 (%) STRAIN AT FAILURE

Sensitivity



Ministry of ~
Transportation

()

Foundation Design

Ontario CownT. 949-24
RECORD OF BOREHOLE No b 10F1 METRIC
W.P, 930-68 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST _ 9 HWY 417 BOREHOLE TYPE COMPILED BY _ MT0O
DATUM Geodetic DATE 58.05.14 & 58.05.14 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | o ; RESISTANCE PLOT = e . REMARKS
P 9 o b MORTURE | EZ Py
= ARG 20 40 60 80 100 conTmeT z9
9 o« g = g = 1 f N N 1 wp w wi oW GRAIN SIZE
ELEV 2|8 | ¥ | Z|og| @ [|SHEARSTRENGTH kPa 3 | DISTRIBUTION
CRIPTION == 212z | E ——
BEPTH DES 121 2| >|53Z| % [o UNCONFINED  x FIELD VANE y (%)
El= 5 |20 & |e ouick TRIAXIAL x LAB VANE | WATER CONTENT (%)
82.7 @ i o 20 40 60 80 100 10 20 30 wm3 lor sa s
0.0]  voP sOIL
82.4
03] HARD, FISSURED, SILTY, q
BROWNISH GREY CLAY g2
1| ss AV
;a3
1.4 vERY STIFF, FISSURED, SILTY, %
BROWNISH GREY CLAY 2| ss 81
’ :
1 j
1 H
1] ;
2| ss !
BO
798
2.8 _ "M |
STIFF, FISSURED, SILTY, 1] !
BROWNISH GREY CLAY 4| ss
90
3.7| ~ SOFT, VERY SILTY, GREY CLAY 79
8 85 1 50mn]
78.4
4.3  DENSE TILL
6|ss |23
78.0 EBS 1 6T ¥75mm| 78 i
4.7 .
LIMESTONE (drilled) s | re REC=60% |
77.5 K 1
5.2[  LIMESTONE (drilled) H
bedding thickness 3"
9 | RC 77 REC = 33%
68| o ____
6.1 UMESTONE (drilled)
bedding thicknass 3*
one 80 degree joint in core break 1
76 ,
REC=87% |
10| RC ;
80 75
7.72]  LIMESTONE (drilled) ]
s . ~11] RC
bedding thickness 3 e REC = 100%
74.5 T
8.2 BOTTOM OF HOLE
|
1
|
i
|
3 3. Numbers refer to 20 (&)
xT.x" 1585 (9) STRAIN AT FAILURE 2

Sensitivity
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Ministry of
Transportation

Foundation Desgign

Ontario cownt. 99-249
RECORD OF BOREHOLE No 6 10F1 METRIC
W.P. 930-58 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST _ 9 HWY _ a17 BOREHOLE TYPE COMPILED BY __ MTO
DATUM _Geodetic DATE 58.05.13 & 58.05.14 CHECKED BY
DYNAMIC CONE FENETRATION
SOIL PROFILE SAMPLES | e g RESISTANCE PLOT — M ~ | REMARKS
(=] s ] o MOISTURE wr | £ E &
- wl<Z| o 20 40 60 8 100 ™ couron z9
&le £1z8 2 A A \ ) ; e - w | 5% | cRansze
gl w ] 2 |oE| & [SHEAR STRENGTH kPa
ELEY DESCRIPTION |5l e 2(z8] F o DISTRIBUTION
DEPTH S18| £ 1 > |5&| 4 |o UNCONFINED % FIELD VANE y (%)
El= 2 |2O| & |® QUICK TRIAXIAL X LAB VANE WATER CONTENT (%}
82.3 @ . @ 20 40 60 80 100 10 20 30 wm? |GR SA 81 CL
0.5 rop sOIL ]
82.0 e 82
0.3]  HARD, FISSURED, SILTY,
BROWNISH GREY CLAY
¥ 1| ss g
¢ 2
A /] 81
1.4 VERY STIFF, FISSURED, SILTY, f
BROWNISH GREY CLAY 2 | ss
1
82| o ___._ s
2.2} STIFF, FISSURED, SILTY, 80
BROWNISH GREY CLAY 31 ss
¢
4 | 88 79
78.8
3.5 L00SE TILL T
w2 88| 7
4.1 S5 | 33 hi50mn
DENSE TILL 78
- 1 I ¥75mm|
-ll;".
77.4 il
5.0/  |IMESTONE (drillet)
bedding thickness 2° 77
8 | RC
REG = 93%
783} o ___ g
6.0l | IMESTONE (drilled)
bedding thickness 3" 76
9{ R
% ¢ REC =94%
2 K] L 75
7.4]  LIMESTONE (driiled)
bedding thickness 3" 10 RC
REC = 95%
74.3
8.0 BOTTOM OF HOLE
20
3 3. Numbers refer to
XX Sensitivity 155 (%) STRAIN AT FAILURE 21
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FOUNDATION INVESTIGATION REPORT
for

GWP 203-86-02
Highway 417/Maitland Avenue Bridge Rehabilitation
District 42, Ottawa

1.0 INTRODUCTION

This report presents the results of a geotechnical foundation investigation carried out as part of the Highway
417/Maitland Avenue Bridge Rehabilitation project (GWP 203-86-02, Agreement No. 9740-7411-4256).
This bridge rehabilitation project includes the bridge rehabilitation work as well as pavement widenings of
the Highway 417 lanes, construction of earth retaining structures beneath the bridge and relocation of two
overhead sign foundations, as well as intersection improvements at the Ramp E-N/S and Maitland Avenue
intersection.

This Foundation Investigation Report presents geotechnical recommendations for the design and
construction of:

1) Earth retaining structures beneath the Maitland Avenue Bridge; and
2) Foundations for overhead signs.

A separate Pavement Design Report (PDR) has been prepared for the pavement widenings and the Ramp
E-N/S intersection works.

The work was carried out in general accordance with Schedule 6 of the TPM proposal submission.

This report has been prepared specifically and solely for the project described herein. It contains factual
information obtained from this investigation pertaining to the subsurface conditions.
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2.0 SITE DESCRIPTION AND GEOLOGY

GWP 203-86-02 is located along a 1.3 km long section of Highway 417 centered around the Maitland
Avenue interchange. The site location is shown on the Key Plan provided in Appendix 1 (Drawing No.
11099-1). '

This section of Highway 417 is 4-lanes wide in each direction directly beneath the bridge structure with the
EBLs and WBLs separated by a concrete barrier,

The existing bridge abutments are supported on piles, end bearing on bedrock. The front row of piles are
battered toward Hwy 417. The foreslopes of both the north and south abutments are at a 2H:1V grade, are
protected by stone paving, and extend down to the roadway shoulders.

Drainage along the sections of Hwy 417 immediately east and west of the Maitland Avenue Bridge is
provided by highway ditches. Small corrugated steel pipe (CSP) culverts currently link the ditches within

the section beneath the bridge structure.

This project lies within the physiographic region known as the Ottawa Valley Clay Plains which is
interrupted by ridges of rock and sand.

The native surficial materials in the vicinity of the Maitland Avenue Bridge are Champlain Sea deposits,
consisting of silt and clay underlying erosional terraces. Bedrock within this area generally consists of
limestone of the Ottawa Formation.

Project No. 11099 « Foundation Investigation Report » November 6, 1998 Page 2

i
W+
~~~~~~~~~~



3.0 PROCEDURE
3.1 Field Investigation

The site soil conditions were investigated through a borehole drilling investigation and laboratory testing.

Prior to drilling the boreholes, their locations were laid out by Jacques Whitford staff and the appropriate
utility agencies were contacted to ensure that the site was clear of buried utilities.

Due to the high traffic volumes on Highway 417, the drilling investigation was carried out at night within
full lane and ramp closures. The boreholes along the eastbound and westbound lanes were drilled on the
nights of August 26" and 27%, respectively. The lane and ramp closures were carried out by Beacon Lite
Ltd., in accordance with a traffic control plan submitted to and approved by Mr. John Blaikie of MTO.

Portable light stands were used to provide adequate lighting for the drill crews.

The soil conditions along the retaining wall alignment and at the proposed location for the overhead sign
foundations were investigated by a total of four (4) boreholes, designated as 98-1 through 98-4. Due to site
access restrictions (concrete barriers, ditches and steep slopes), one borehole was put down along both the
north and south sides of Hwy 417, between the overhead signs and retaining wall alignments, using portable
electrically powered equipment. The remaining two boreholes were put down at the base of the slopes in
front of the retaining wall alignments using a truck mounted CME 55 drill rig. The borehole locations are
shown on Drawing No. 11099-2, attached.

The boreholes were advanced to refusal on inferred bedrock. Split spoon samples were collected at regular
2; foot intervals while carrying out Standard Penetration Testing (SPT) (ASTM D1586) and the recovered
soil samples were identified in the field by our personnel. The SPT carried out in the boreholes put down
with the portable equipment utilized a 45 pound hammer with a 30 inch drop as opposed to a standard 140
1b hammer with a 30 inch drop. The N-values presented on these Borehole Records have been corrected by
reducing the field N-value by a factor of 3 to reflect the difference in energy delivered by the hammer during
the testing. In-situ shear vane testing was attempted at several locations within the cohesive soil deposits,
however, at all locations tested, the undrained shear strength of the soil exceeded the field vane capacity of
150 kPa.

The subsurface conditions are described in detail in the Borehole Records presented in Appendix 1.
Geotechnical cross sections are shown on Drawing No 11099-2.
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All soil samples recovered during the SPT were stored in moisture proof containers and were returned to

- our laboratory for detailed classification and testing.

Standpipes were installed within three of the boreholes prior to backfilling. The boreholes were backfilled
by replacing (and tamping in layers) the augered material.

The field information is supplemented by soil and bedrock information contained on the Borehole Records
from the foundation investigation carried out for the Maitland Avenue Bridge construction (1958). These
Borehole Records include stratigraphic descriptions of the overburden soils as well as bedrock.

3.2 Survey

The borehole locations and elevations were surveyed by McCormick Rankin Corporation’s (MRC) survey
crew, using a geodetic datum.

3.3 Laboratory Testing

All samples returned to the laboratory were subjected to detailed visual classification by a geotechnical
engineer. Selected samples were tested for moisture content, grain size distribution and Atterberg Limits,
One representative soil sample from each of the retaining wall locations was submitted for pH, sulphate
and chloride testing to assess the potential for corrosion of buried steel and the potential for sulphate
attack on buried concrete. All soil samples will be stored for a period of one year after issuance of the final
report. Unless otherwise directed, the stored samples will be disposed of after this period.
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4.0 RESULTS OF THE INVESTIGATION
4.1 Subsurface Profile

The subsurface conditions observed in the boreholes are presented in detail on the Borehole Records
provided in Appendix 2. The Borehole Records from DWG. No. D 4158-3, produced for the Maitland
Avenue Bridge construction (W.P. 930-58) have been reproduced and are also included in Appendix 2.
An explanation of the symbols and terms used to describe the Borehole Records is also provided.
Stratigraphic profiles are provided in Drawing No 11099-2. The subsurface conditions observed at the
site are generally consistent from borehole to borehole and are described in the following sections.

4.1.1 Embankment Fill

The embankment fill within the slopes beside the slope paving consists of silty sand with varying amounts
of gravel, occasional rootlings and clayey pockets.

4.1.2 Silty Clay

The fill is underlain by a silty clay deposit which extends to elevation 78.5 m to 80.1 m. The silty clay
generally has a hard to stiff consistency and is brown to greyish-brown in colour. A thin layer of soft silty
clay was identified in Borehole No. 5, located at the eastern centre pier. The moisture contents of seven
samples tested ranged from 29 % to 60 %. Atterberg Limit testing carried out on one representative sample
of the silty clay indicated a Liquid Limit of 60 % and a Plastic Limit of 22 %. A hydrometer analysis
indicated that 42 % of the silty clay had a grain size between 5 and 75 microns, indicating a moderate
susceptibility to frost heaving (MSFH).

4.1.3 Glacial Till
A glacial till deposit was encountered in each. of the boreholes below the silty clay. The glacial till extended
to bedrock and was in a loose to dense state. A grain size distribution analysis carried out on a sample of

the till indicated that it contained 25 % gravel, 42 % sand and 33 % silt and clay particles. The moisture
contents of five samples tested ranged from 10 % to 29 %

Project No. 11099 « Foundation Investigation Report » November 6, 1998 © Page)

RO
i ,
) &
e

Munnnt

o e



4.2 Groundwater

Groundwater levels were measured in the standpipes on September 17,1998. The measured groundwater
levels varied from elevation 79.2 m to 80.0 m, (approximately 2 m below the finished grade of Hwy 417).
Fluctuations in the groundwater level due to seasonal variations or in response to a particular precipitation
event should be anticipated.

4.3 Bedrock

Refusal on inferred bedrock was encountered in Boreholes 98-1 through 98-4. Bedrock coring was
carried out for the 1958 geotechnical investigation for the Maitland Avenue Bridge structure. The
bedrock elevation at these ten borehole locations varied from 77.1 m to 79.3 m. The records for Borehole
Nos 1 through 6 indicate that bedrock consists of limestone with typical bedding thicknesses ranging from
2 to 3 inches (50 mm to 75 mm).
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5.0 DISCUSSION AND RECOMMENDATIONS

5.1 Proposed Development

Pavement widenings will be carried out beneath the Maitland Avenue Bridge to accommodate temporary
construction detours as well as future widening of the Highway. It is understood that Highway 417 near
Maitland Avenue will be widened by one lane in each direction, likely within the next 5 to 7 years.

To create space for the proposed pavement widenings, the existing slope paving and approach fill in front
of both the north and south bridge abutments will be cut back and retained. The exact limits of the proposed
retaining structures were not known at the time of the investigation. In addition, the existing overhead signs
located just before the Maitland Avenue bridge in both the EBL and WBL will be widened. This will
require moving the outside leg of each sign to a new foundation located approximately 4 m further out.

It is understood that a tieback retaining wall system, incorporating H-piles and rock anchors, is the preferred
design alternative to hold back the approach fill in front of the bridge abutments. In addition, new
foundations are to be constructed for support of the outside legs of the overhead signs near the Maitland
Avenue Bridge.

Based on information provided by others, the existing bridge abutments are supported on end bearing piles,
and the proposed work discussed herein is not to impact on these foundations.

5.2 Geotechnical Assessment

A tie-back retaining wall system is compatible with the geotechnical conditions at the site. The final design
of the soldier pile and rock anchor locations will need to consider the location of the piles supporting the
existing abutments.

The overhead signs may be founded on spread footings founded within the native silty clay or on bored
piles.

The frost penetration depth to be used in all design work at this site is 1.8 m. The proposed retaining wall
location will result in a reduction in frost protection to the underside of the existing abutments - as little as
0.85 m cover will be provided to the south abutment. Therefore, frost protection of the existing abutments
will be required.
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5.3 Geotechnical Recommendations for Earth Retaining Structures
53.1 Lateral Earth Pressures

Computation of earth pressures should be in accordance with Section 6-7 of the OHBDC 3" Edition. For
rigidly tied structures, where the wall is allowed to rotate less than 0.1 % of the wall height, the at-rest earth
pressure should be used for design. Typically, for a tie-back retaining wall system, minimum excavation
and backfilling is carried out behind the retaining wall, therefore lateral earth pressures acting on the walls
should be based on soil parameters for the existing embankment fill. The following unfactored soil
parameters may be used for design.

Existing Fill
Soil Parameter 1.5H:1V 2H:1V
Backslope Backslope
Bulk Unit Weight, vy (kN/m?) 20.5 20.5
Effective Friction Angle, ¢ 30° 30°
Rankine Coefficient of Active Earth Pressure (K,) 0.59 0.54
Coefficient of Earth Pressure at Rest (K,) 0.90 0.85

Slope paving should be placed to protect the steep (1.5H:1V) backslope. Backslopes with a vegetated cover
should be made no steeper than 2:1. In addition, due to the steep backslope beneath the bridge structure,

it is recommended that the upper 600 mm (minimum) of the backslope material consist of OPSS Granular
A. This detail is shown in Drawing No. 11099-5, in Appendix 3.-

5.3.2 Lateral Resistance of Vertical Piles

The lateral resistance of vertical piles should be determined in accordance with Section 6-9.8 of the Ontario
Highway Bridge Design Code (OHBDC) 3" Edition. The resistance provided by the soil may be determined
in accordance with the methods described by B.B. Broms in the following papers, or by other appropriate
methods: \

Broms, B.B., 1964. “Lateral Resistance of Piles in Cohesive Soils”. J. of Soil Mech. and Found .Div.,
ACSE, vol. 90, SM2: 27-63

Broms, B.B., 1964. “Design of Laterally Loaded Piles in Cohesionless Soils”. J. of Soil Mech. an
Found .Div., ACSE, vol. 90, SM3: 123-156 '
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Broms, B.B., 1965. “Design of Laterally Loz_ided Piles”. I. of Soil Mech. and Found .Div., ACSE,
vol. 91, SM3: 79-99 '

The following unfactored design parameters may be used for the design of laterally loaded piles:

Material Unit Weight | Effective Friction | Rankine Passive Undrained Shear
(kN/m’) Angle, ¢ Earth Pressure, K_ | Strength, C, (kPa)
Very Stiff Silty Clay 17.0 n/a n/a 125
Stiff Silty Clay 17.0 n/a n/a 75
Till 20.5 30° 3.0 n/a
Pavement Structure 22.0 35° 3.7 n/a

Where the upper material along the passive face consists of a drained pavement structure abutting the tie-
back retaining wall, at least 800 mm thick, the passive pressure within the full frost penetration depth may
be used, but should be reduced by a factor of 0.5, as depicted in Drawing No. 11099-6 in Appendix 3.
Where the surficial soils along the passive face of the piles consist of native material or random fill, the
passive pressure within the frost penetration depth of 1.8 m should be neglected when determining the lateral
resistance,

5.3.3 Vertical Resistance of Piles
Tip elevations for end-bearing steel soldier piles are expected to range from 77 to 79 m.

No downdrag forces are expected at the proposed retaining wall locations since no additional fill placement
is expected.

Due to limited clear height beneath the existing bridge deck, it is anticipated that pile driving will not be
possible. Rather, it is anticipated that the piles will be installed using a vibratory hammer. Prior to
installation of piles, it will be necessary to locate existing batter piles. It is anticipated that the clearance
between existing piles and the new piles will be in the order of 375 mm. It is therefore recommended that
the exposed portions of the existing piles be at least 600 mm in length so that the plumb direction may be
determined using an electronic level such as a “Smart Level” or “Smart Tool” in order to project an
approximate tip location prior to installing the new piles.
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The following design parameters are recommended for steel piles installed using a vibratory hammer at this
site:

Pile Type  Factored Resistance Resistance
at ULS (kN) at SLS (kN)
W250x49 380 270
W310x60 450 320
W360x64 490 350

Pile installation should be monitored by a qualified and experienced inspector. Attempts should be made
in all cases to install the piles to a dense stratum. '

5.3.4 Tieback (rock) Anchors

Grouted rock anchors should be used to tie back the wall. The following recommendations are provided for
the design of grouted rock anchors:

. A rock to grout bond stress of 500 kPa (ULS) may be used for holes grouted with non-shrink grout
having a minimum compressive strength of 30 Mpa.

. The minimum fixed anchor length (i.e. the length over which the rock to grout bond stress is
developed) should be no less than 3 m. '

. The minimum anchor spacing should be 900 mm centre to centre.

. To ensure against the possibility of a rock mass failure, the following design parameters may be
used:

- submerged unit weight = 15.2 kN/m’
- a 60° (appex angle) failure cone with the appex located at
the midpoint of the bonded length

. The interaction between cones must be included in the overall stability analysis

All rock anchors should be proof loaded to 150 % of the design load. The minimum free anchor length
normally required for stressing of the anchor is 1 to 2 m. This length may vary depending on the type
of anchor and stressing equipment. The anchor designer/installer should be consulted to verify this
requirement.
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The free anchor length may be grouted, after the proof load test to provide corrosion protection to the anchor
tendon.

5.3.5 Frost Protection

Proposed retaining structures will need to be protected against frost action. For the proposed concrete
wall facing, this can be achieved by one of the following three methods:

1. Extending the base of the concrete facing to a depth of 1.8 m below grade.

2. Constructing a drained granular pad beneath the concrete panels. The granular pad should consist
of free draining material which extends to 1.8 m below ground surface. If this option is selected,
the details will be provided.

3. The use of extruded polystyrene insulation to provide the equivalent of 1.8 m of soil cover as
protection. For design purposes at this site, 25 mm of insulation will provide frost protection
equivalent to 500 mm of soil cover. Design details will need to be reviewed by the geotechnical

consultant.

Existing foundations which will lose their soil protection will also need to be reviewed by the geotechnical
consultant once the insulation details are developed. .

5.4 Foundation Recommendations - Overhead Signs

The following design parameters may be used for footings as wide as 3 m:

Factored Bearing Resistance at ULS 300 kPa
Bearing Resistance at SLS 200 kPa

The bearing resistance at SLS is based on a maximum allowable settlement of 25 mm.

The effect of inclined loads on the bearing resistance should be accounted for as per Section 6-8.4.2 of
the OHBDC, 3 Edition.

All spread footings should be protected from frost action by a minimum soil cover of 1.8 m or equivalent
insulation.
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The foundations for the overhead signs may also be founded on bored piles. Laterally loaded bored piles
may be designed using the methods and design parameters provided in Section 5.3.2 of this report.

5.5 General Construction Recommendations

Site Grading and Preparation

All organic soils, and other deleterious materials must be removed from beneath spread footings. Where
deleterious materials are encountered, the material should be excavated, wasted and replaced with earth
fill. The lateral extent of such excavation should include all deleterious material within an imaginary line
drawn at an angle of 1 horizontal to 1 vertical, downward and away from the vertical edges of the culvert,
to the competent native soil.

Stripping of deleterious materials should be inspected by geotechnical personnel to ensure that all
unsuitable materials are removed prior to placement of concrete or Select Subgrade Material (SSM).

If required for grading purposes, earth fill should consist of Select Subgrade Material (SSM), placed in
lifts no greater than 300 mm and compacted to at least 95 % Standard Proctor Maximum Dry Density
(SPMDD).

Excavation and Backfill
Side slopes for open cut excavations should conform to Occupational Health and Safety Act (OHSA)
- regulations. Excavation side slopes should be inspected regularly for signs of instability and flattened as

required. Alternatively excavation side slopes may be supported.

The existing granular fill is considered a Type 3 soil, in accordance with the OHSA, and excavations
should therefore be carried out using side slopes no steeper than 1H:1V from the base of the excavation.

The very stiff silty clay would be considered a Type 2 soil, in accordance with the OHSA, and
excavations should therefore be carried out using side slopes no steeper than 1H:1V from 1.2 m above

the base of the excavation.

Where backfill material is required behind the retaining wall lagging, it is recommended that a clean
material such as silica sand or pea gravel be used. This material should be tamped in place.
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Dewatering

Excavations carried out above the water table are expected to receive minor groundwater inflow due to
surface run-off and precipitation. Dewatering may be carried out using conventional sump and pump
methods. Auger holes for bored piles will likely extend beneath the water table. Significant groundwater
inflow may be expected if the auger hole penetrates the silty clay into the underlying glacial till or if sand
seams within the silty clay are penetrated. Tremie techniques may be required for placement of concrete
under these conditions.

Cement Type and Corrosion Protection

Two representative soil sample were submitted to Accutest Laboratories in Nepean, Ontario, for analysis
of pH and water soluble sulphate and chloride, in order to determine cement type and reinforcing steel
protection requirements.

The water soluble sulphate results were both 0.03 %. Results below 0.10 % are considered to represent a
low degree of exposure to sulphate attack and therefore a normal Type 10 Portland cement should be
suitable for use in concrete mixtures for this site.

The pH test results were 7.5 and 7.6. Test results between 5.5 and 9.0 are not considered to represent an
environment overly conducive to corrosion of steel in contact with the site soils or groundwater. Water
soluble chloride levels greater than 0.25 % are also an indication of an environment conducive to corrosion.
The test results were between 0.149 % and 0.216 %, however, it should be noted that deicing carried out
along this section of Highway 417 consists of a 100 % salt spread and therefore elevated chloride levels
should be expected immediately adjacent to the future edge of roadway, possibly creating an environment
favourable for corrosion of steel members such as piles and reinforcing steel.
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6.0 CLOSURE

The recommendations made in this report are in accordance with our present understanding of the project.
We request that we be permitted to review our recommendations when the drawings and specifications
are complete.

A soil investigation is a limited sampling of a site. The conclusions given herein are based on information
gathered at the specific borehole locations and can only be extrapolated to an undefined limited area
around these locations. The extent of the limited area depends on the soil and groundwater conditions,
as well as the history of the site reflecting natural, construction, and other activities. Should any
conditions at the site be encountered which differ from those at the borehole locations, we request that
we be notified immediately in order to assess the additional information and its effects on the above
conclusions.

We trust the information presented herein meets your present requirements. Should you have any
questions or require additional information, please do not hesitate to contact us.

Yours very truly,

JACQUES, WHITFORD LIMITED

ol o5

Paul Carnaffan, M.Eng., P.Eng.
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SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS

SOIL DESCRIPTION

Terminology describing common soil genesis:

Topsoil - mixture of soil and humus capable of supporting good vegetative growth

Peat - fibrous aggregate of visible and invisible fragments of decayed organic
matter :

il - unstratified glacial deposit which may range from clay to boulders

Fill - any materals below the surface identified as placed by humans

{excluding buried services)

Terminology describing soil structure:

Desiccared - having visible signs of weathering by oxidization of clay minerals,
shrinkage cracks, etc. , ‘

Fissured - having cracks, and hence a blocky structure

Varved - composed of regular alternating layers of silt and clay

Stratified - composed of alternating successions of different soil types, e.g. silt and
sand

Layer - >75 mm

Seam - 2 mm to 75 mm

Parting - < 2 mm :

. Well Graded - having wide range in grain sizes and substantial amounts of all

intermediate particle sizes

Uniformly Graded - predominantly of one grain size

Terminology describing soils on the basis of grain size and plasticity is based on the Unified Soil
Classification System (USCS) (ASTM D-2488). The classification excludes particles larger than 76 mm (3
inches). This system provides a group symbol (e.g. SM) and group name (e.g. silty sand) for identification.

Terminology describing materials outside the USCS, (e.g. particles larger than 76 mm, visible organic
matter, construction debris) is based upon the proportion of these materials present:

Trace, or occasional : Less than 10%
Some _ 10-20%

" The standard terminology to describe cohesionless soils includes the compactness (formerly "relative

density"), as determined by laboratory test or by. the Standard Penetration Test 'N* - value.

Relative Density 'N* Value Compactness %
Very Loose <4 <15
Loose 4-10 15-35
Compact 10-30 _ : 35-65
Dense 30-50 65-85
Very Dense >50 >85

The standard terminology to describe cohesive soils includes the cousistency, which is based on undrained

shear strength as measured by insitu vane tests, penetrometer tests, unconfined compression tests, or
occasionally by standard penetration tests.
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Consistency Undrained Shear Strength N’ Value
-kips/sq.ft. kPa |
Very Soft <0.25 <12.5 <2
Soft 0.25-0.5 12.5-25 24
Firm 0.5-1.0 25-50 ~ 4-8
Stiff 1.0-2.0 50-100 8-15
Very Stiff 2.0-4.0 100-200 15-30
Hard >4.0 >200 _ >30
ROCK DESCRIPTION

Rock Quality Designation (RQD) -

The classification is based on a modified core recovery percentage in which all pieces of sound core over

100 mm long are counted as recovery. The smaller pieces are considered to be due to close shearing,
Jjointing, faulting, or weathering in the rock mass and are not counted. RQD was originally intended to be
dooe on NW core; however, it can be used oa different core sizes if the bulk of the fractures caused by
drilling stresses are easily distinguishable from in siru fractures.

RQD

£0-100
75-90
50-75
25-50
0-25

ROCK QUALITY

Excellent, intact, very sound
" Good, massive, moderately jointed or sound
Fair, blocky and seamy, fractured
Poor, shattered and very seamy or blocky, severely fractured
Very poor, crushed, very severely fractured

Terminology describing rock mass:

Spacing (mm) Bedding, Laminations, Bands Discontinuities
2000-6000 Very Thick Very Wide
600-2000 Thick Wide
200-600 Medium Moderate
60-200 Thin Close
20-60 Very Thin Very Close
<20 Laminated Extremely Close
<6 Thinly Laminated

Strength Classification Uniaxial Compressive

Strength (MPa)

Very Low \ 1-25

Low 25-50
Medium 50-100
High 100-200

Very High >200

Terminology describing weathering:

Slight

- Weathering limited to the surface of major discontinuities. Typically
stained. 3

i1
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-Moderate -
High -

STRATA PLOT

Weathering extends throughout rock mass. Rock is not friable.
Weathering extends throughout rock mass. Rock is friable.

Strata plots symbolize the soil or bedrock description. They are combinations of the following basic

/) P

symbols:

Boulders Sand Sile Organics
Cobbles :
Gravel

WATER LEVEL MEASUREMENT

Borehole or
Standpipe

SAMPLE TYPE

§s Split spoon sarple (obtained
by performing the Standard
Penetration Test)

ST Shelby tube or thin wall tube

PS Piston sample

N - VALUE

Asphalt

s

-
IR, I e
S
eyt eTesatetate ettty
asasausenatetatetatetels!
R xS
o S

‘Meta- Sedi-
morphic mentary
Bedrock Bedrock

BS Bulk sample

WS Wash sample

HQ, NQ, BQ, etc. Rock core
samples obtained with the use
of standard size diamond
drilling bits.

Numbers in this column are the results of the Standard Penetration Test: the number of blows of a 140 pound
(64 kg) hammer falling 30 inches (760 mm), required to drive a 2 inch (50.8 mm) O.D. split spoon sampler
one foot (305 mm) into the soil. For split spoon samples where insufficient penetration was achieved and

208 {1

"N values cannot be presented, the number of blows are reported over sampler penetration in millimetres

(e.g. 50/75).

OTHER TESTS

Sieve analysis

Specific gravity of soil particles
Permeability (cm/sec)

Single packer permeability test;
test interval from depth shown
to bottom of borehole

~av

Double packer permeability test;
test interval as indicated

Falling head permeability test
using casing

Falling head permeability test'
using well point
or plezometer

!
[
i
I

H Hydrometer analysis

Y Unit weight

C Coansolidation

cD Consolidated drained triaxial

CU Cousolidated undrained
triaxial with pore
pressure measurements

uu Unconsolidated undrained

triaxial
Ds Direct shear
Q, Unconfined compression
L Point Load Index (I, on

Borehole Record equals
IP(SO); the indgx
corrected to a reference
diameter of 50 mm)

il



'IMr:'ri;:Xrgﬁun Foundation Design
Ontario
RECORD OF BOREHOLE No 98-1 10F1 METRIC
W.P. 203-86-02 LOCATION Hwy 417 WBL at Maitland Avenue ORIGINATED BY LP
DIST 429 HWY 417 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY PC
DATUM _Geodetic DATE 98.08.27 & 98.08.28 CHECKED BY é <
DY
SOIL PROFILE SAMPLES | w Rﬁg%{ﬁggnﬂ%ﬁr ETN - i AR
2 . wonrwe R L &
'6 « @ g o w0 20 4P GP 80 100 CONTENT % 8
e rd 1 L L GRAIN SIZE
2|8 | w | 2|ak| & [sHEARSTRENGTH kPa e " S
ELEV DESCRIPTION 2]l & 2]E2]| & o 4 DISTRIBUTION
DEPTH <|3 - > 125 « | O UNCONFINED 3 FIELD VANE ¥ (%)
g2 z |20 & |e QUK TRIAXIAL > LAB VANE | WATER CONTENT (%)
82.3 © o 20 40 60 80 100 10 20 320 w2 lor sa s cL
0.0 Brown, silty sand, trace
organics: FILL 1 55 5 a2
816 _ _ _ _ ___
0.8 Brown, silty clay, some gravel,
trace organics: FILL 2| s8 8
. 81
" 80.8
1.5
Vary stiff, brown, SILTY CLAY,
occasional sand seams 3| ss 7
4 80
4 | 88 4 61.64
93
301 giier 4
5s{s8s{ 3 7
78.5
3.8 Loose to compact, grey, silty
sand with gravel, trace clay: 6 | ss 7
TILL 78
7 58 16
771
5.2 End of Borehole
Auger Refusal on Infarred
Bedrock
- standpipe installed
- standard penetration tests
carried out using 45 Ib hammer
and 30 inch freefall
max. field vane capacity was
150 kPa which was exceeded by
s0il resistance.
3 Numbers refer 1o 18 X 5
x7x #S (%) STRAIN AT FAILURE

Sensitivity




Ministry of X .
Transportation Foundation Design

Qntario
RECORD OF BOREHOQLE No 98-2 10F1 METRIC
W.P. __ 203-86-02 LOCATION Hwy 417 WBL at Maitland Avenue ORIGINATED BY LP
DIST 429 HWY 417 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY __pC
DATUM Geodstic DATE 98.08.27 & 98.08.28 CHECKED BY __ A€
= .
SOIL PROFILE SAMPLES [o | 9 [PreaM SO NGRENETRATION o HEMARKS
= w < —R__ PLASTIC uomm:e vawo 1 ':_: RK
= wlz2] & 20 40 60 80 100 |"™  cwmr ] SO &
9l S122| = h 1 L L 1 52 | GrAIN sIzE
gl w | 2|ak| & [SHEAR STRENGTH kra we v wi 2
ELEV DESCRIPTION -ls] & <z & o DISTRIBUTION
DEPTH 4k £ | *]5Z| % [o UNCONFINED s FIELD VANE T (%)
ElZ Z |29 & [® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%)
a1.8 @ @ 20 40 60 B0 100 10 20 30 wym3 lor sa s oL
001" Dark brown, sitty sand: FILL g?
B1.5
1185 3
0.3 Vary stiff, brown, SILTY CLAY .
1A
V/
f 81
41
2|ss| 9 o
r
A 3 |ss | 7 80 3
A
#
79.5 1% Av4
2.3 Compact, brown, silty sand,
somae gravel, trace clay: TILL ol 4 55 “REF o
79.0 79

2.8 End of Borehole

Auger Refusal on Inferred
Bedrock

- max. field vane capacity was
150 kPa which was exceeded by

soil resistance.

*REF =split spoon refusal

20
3 3. Numbers refer to
XX sensitivity 1595 (o) STRAIN AT FAILURE



Ministry of N .
Transportation Foundation Design
Ontario
RECORD OF BOREHOLE No 98-3 10F1 METRIC
W.P. 203-86-02 LOCATION Hwy 417 EBL at Maitland Avenue ORIGINATED BY p
DIST 429 HwWY 417 BOREHOLE TYPE _ Hollow Stem Augers COMPILED BY  pC
DATUM Geodatic DATE 98.08.26 & 98.08.27 CHECKED BY A<
SOIL PROFILE SAMPLES o b [R)é{slg'wncs gfoq' TRATION
« . NATURAL = REMARKS
=N PRI womTuRg vawo § -, T
5le g8 @ 20 40 60 80 100 (™" comwr ™) 5D &
=l = . . 1 . 1 = AIN SiZ
e &8 | w ]| 2|oE| & [SHEAR STRENGTH cPa -e " "L z | GR E
ELEV DESCRIFTION -1= 21z8 | & >~y DISTRIBUTION
DEPTH S|S| F | > [28] § |0 UNCONFINED 3¢ FIELD VANE y (%)
1= 2 [20) & |® QUICK TRIAXIAL x LABVANE | WATER CONTENT (%)
84.4 @ b 20 40 60 80 100 10 20 a0 k/m3 [GR SA S oL
0.0 Brown, sand, some silt, trace
organics, clayey pockets: FILL 1 ] 6
84
2| 88 3 [}
83
3 558 6 o
82.1
2.3 Very stiff, brown, SILTY CLAY, 82
occasional sand seams 4 | 85 8 0
11
]
5| 85 6 81
BO6| _ o _____._
38 sint oy
6 | 88 3 at
80
7 85 5 59.84]
79.2
5.3 Loose, brown, clayey sand, 79
some silt, trace gravel: TILL
b33 7 q
78.5
5.9 End of Borehole
Auger Refusal on Inferred
Bedrock
- max, field vane capacity was
150 kPa which was exceeded by
soil resistance.

W
3 .32 Numbers refer to
XX sensitivity ‘5“%’5 (%) STRAIN AT FAILURE



Ministry of . .
@ Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No 98-4 10F 1 METRIC
W.P. 203-86-02 LOCATION Hwy 417 EBL at Maitland Avenue ORIGINATED BY Lp
DIST 429 HWY 417 BOREHOLE TYPE _Hollow Stem Augers COMPILED BY __ pC
DATUM _Geodetic DATE 98.08.26 & 98.08.27 CHECKED BY A%<
DYNA NE PEN| N
S0IL PROFILE SAMPLES | b RESIS"I\'/XSgEO PLOF"TE ETRATIO naTWAL REMARKS
"-j-j 17 < PLASTIC OIETURE [T ] - E
51 R EE b 20 40 60 80 100 [ s | 58 & ]
cE = . . L L L o GRAIN S1Z
El8| w| Z|ok]| & [SHEAR STRENGTH kPa e v vt s
ELEV DESCRIPTION <1z 2|z8| F L — DISTRIBUTION
DEPTH iS5 F | > |35 < |o unconFnED  x FIELD vaNE b (%)
El= z |20 & | QUICKTRIAXIAL x LABVANE | WATER CONTENT (%)
82.0 @ Wl 20 40 0 & 100 10 20 30 k/m3 lGR sA s cL
0.9 Brown, silty sand: FILL
1 88 16
81
80.8 2 | 88 5
1.2 Very stitf to stiff, brown, SILTY
CLAY
60.1
3] 88 4 b‘*"—“‘*
¥ 80
79.7
2.3 Loose, brown-grey, silty sand 1
with gravel, trace clay: TILL . 88 8 h
%0 o ___.__ 79
3 Grey, silty clay,som gravel: TILL
S8 4 <]
55 *REF 78
77.8
4.2 End of Borehole
Auger Refusal on Inferred
Bedrock
- standpipe installed
- standard penetartion tests
carried out using 45 Ib hammer
and 30 inch freefall
*REF = split spoon refusal
3 3. Numbers refer to 5 o
X gensitivity S5 (%) STRAIN AT FAILURE
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Ministry of : .
Transportation Foundation Design
Ontario
RECORD OF BOREHOLE No 1 10F 1 METRIC
W.P. 930-58 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST _ 9 HWY 417 BOREHOLE TYPE COMPILED BY _ MTO
DATUM Geodetic DATE 58.05.09 & 58.05.12 CHECKED BY
MIC CONE PER
SOIL PROFILE SAMPLES e | 4 |Rrclarance Bene: IRATION
[T - raame MR | b | REMARKS
& o 28] 3 20 40 60 80 100 "™ cuma M| SO &
ols SIFE] = S WS MUY W we w we | 38 | GRAIN SIZE
ELEV B|w | 2|ek| © [SHEARSTRENGTH kPa L TF
DESCRIPTION ol B = |80l & — o« DISTRIBUTION
DEFTH 25| F | > 28| £ [0 UNCONFINED s FIELD VANE ¥ (%)
== 2 {29 § ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%)
82.6 © @ 20 40 60 80 100 10 20 30 kN/m3 |GR SA SI CL
0.0 "toP soIL
82.3
03 HARD, FISSURED, SILTY,
ROWNISH GREY CLAY
B c f v, 82
1]|ss| 23
1]
81
80.8 v
1.9 VERY STIFF, FISSURED, SILTY, 21 ss | 14
BROWNISH GREY CLAY p
A
A3 |ss| 0 80
//‘
] 4| 55 | 13
79.1
3.5 DENSE SANDY TILL 79
5 | 8 | 150 25 mq
77.9 B [ S5 65 175 mnj 78
471 UMESTONE (drilled)
7 | RC
REC=71%
7.8
5.3]  LIMESTONE (drilled)
bedding thickness 2.5"
8 | RC 7 REC = 89%
76.6
6.0 LIMESTONE (drilled)
bedding thickness 3"
REC =96%
9 | RC 78
L
7.2 LIMESTONE (dritled) 'L““r
bedding thickness 2" 10| RC REC =87%
75
74.8
7.8]  BOTTOM OF HOLE
Record of Borehole reproduced
from Dwg No. D 4158-3
3 3 Numbers refer to 15205
XX #* (%) STRAIN AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 2 10F1 METRIC
W.P. 930-58 LOCATION Bridge No. 3 at Maitland Avenue QRIGINATED BY MTO
DIST __ 9 HWY 417 BOREHOLE TYPE COMPILED BY _ MTO
DATUM _Geodetic DATE 58.05.15 & 58.05.15 CHECKED BY
BYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
Ew 5‘ RESISTANCE PLOT = e S | e | REMARKS
51 @ ;g @ 20 40 60 80 100 [*7  comr T 2D GRAlzsz
am— 1 1 Il A 1 w w w I E
{8 w| 2 |oE| & [6FEAR STRENGTH kPa P L S
ELEV DESCRIPTION sls| &1 2128 £ L — DISTRIBUTION
GEFTH| 2|51 £} >|5&] T |0 UNCONFINED % FIELD VANE ¥ (%)
g 2 L |Ro § ® QUICK TRIAXIAL » LAB VANE | WATER CONTENT (%}
83.0 T qe o 20 40 60 80 100 10 20 30 xN/m2 |GR SA 81 cL
0.0 Tor sowL
82.7
031 HARD, FISSURED, SILTY,
BROWNISH GREY CLAY
L
1] ss 82
&8 __ ____
141 VERY STIFF, FISSURED, SILTY,
A
BROWNISH GREY CLAY 2] ss
{ 81
808 _ ______________
22| $TIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 2l ss
80.1
28 |00SE TILL 80
4a|ss | s
79.3
371 UMESTONE (drilled) :
bedding thickness 2.5 78
[T
g 5 | RC
. REC =93%
78
778
52 | |MESTONE (drilled)
bedding thickness 3*
REC = 100%
1] 6 | RC 77
76.3 g
6.7 BOTTOM OF HOLE
3 3. Numbers refer to 2
S SES (%) STRAIN AT FAILURE

Sensitivity




Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 3 10F 1 METRIC
W.P. __ 930-58 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST__ o HWY 417 BOREHOLE TYPE COMPILED 8Y _ MTO
DATUM _Geodetic DATE 58.05.13 & 68.05.13 CHECKED BY
YNAMIC CONE FENETRATION
SO PROFILE SAMPLES o« Y RES|STANCE PLOT HATURAL REMARKS
=] g roaame MorsTUNE bavo 1 ':E
= A EE AR 20 40 60 80 100 "7 comer 7| SO &
= 5|12E]| = L we w we| SE | craNsize
ld| w ]| 2 |aE| & [SHEAR STRENGTH kPa
ELEV DESCRIPTION cl2ie1 2{8g] 8 — DISTRIBUTION
DEFTH Ti2| | »|5Z] & |o UNCONFINED % FIELD VANE y (%)
= ] 2 {29 & | QuICK TRIAXIAL X LAB VANE | WATER CONTENT (%)
82.9 w R i 20 40 60 80 100 10 20 30 w/m? JaR SA S cL
0.0  ToPSOIL
82.8
0.3} HARD. FISSURED, SILTY,
BROWNISH GREY CLAY ge
1] ss 82
818 __ _____
14]  VERY STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 2| ss
81
so8 __ ____________
2.2)  STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 3l ss
80.0
80
s
29[ |oose TILL
79.3 Her
37 LIMESTONE (drilled)
bedding thickness 2" &
!ﬁ 5 | re REC=83%
]
b2 1 g
4.8 (IMESTONE (drilled) 78
bedding thickness 2" to 3"
] 6 | RC
] REC = 100%
8 __ 77
6.0]  LIMESTONE {drilled) —
bedding thickness 3" :
7| R
: REC = 86%
1]
76.1 Fr1
6.8 BOTTOM OF HOLE
3 3. Numbers refer to ,5205
TR Gensitivity $5 (%) STRAIN AT FAILURE



Ministry of . i
a Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No 4 10F1 METRIC
W.P. 830-58 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED 8Y MTO
DIST 9 HWY 417 BOREHOLE TYPE COMPILED BY _ MTO
DATUM Geodetic DATE §8.05.12 & 58.05.12 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | W |RESISTANCE PLOT . - REMARKS
w g LASTS - voun Lo
51w gggu: 20 40 60 80 100 [T ocwmr ™) FO &
= = i I 1 o |
|8 w | 2 |aE| & [SREARSTRENGTH kPa e w wo | 2% | GRAIN SIZE
ELEV DESCRIPTION -] = =]|z2] & o & DISTRIBUTION
DEPTH 2|31 F | |52 & |o UNCONFINED % FIELD VANE y (%)
£l= L [2S | & | QuICK TRIAXIAL x LABVANE | WATER CONTENT (%)
F
82.9 e w 20 40 60 BO 100 10 20 30 kN/m3 |GR SA S oL
C.0[  ToP soIL e
82.6 e
0.3]  HARD, FISSURED, SILTY,
BROWNISH GREY CLAY I
1] ss 82
VA
/1
1| A
14 VERY STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 21 ss
81
so.7| _ _ _ . _____ 1
2.2{  STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY 3| ss
80
4| ss
79.4
351 1oosETIL
79
ss | 7
78.3
4.6  DENSE TILL aal
784 u 78
48] UMESTONE (drilled)
bedding thickness 2"
[ 1]
some vertical seams
6 | RC REC=81%
— 77
T‘“L
76.6] 1
6.3 LIMESTONE (drilied)
bedding thickness 2° 7 | re REC =60%
76.0 3:;
——————————————— 76
6.9]  LIMESTONE (drilled)
bedding thickness 27
Pt
4 8 | RC
REC = 80%
75
74.8
8.1]  BOTTOM OF HOLE
3 3. Numbers refer to ‘5205
X% $° (%) STRAIN AT FAILURE

Sensitivity




- _ 'g -

Ministry of i i
@ Trg'r'lss;zr‘t’ation Foundation Design
Ontario
RECORD OF BOREHOLE No 5 10F1 METRIC
W.P. 93058 LOCATION Bridge No. 3 at Maitland Avenue ORIGINATED BY MTO
DIST__ 9 HWY 417 BOREHOLE TYPE COMPILED BY __MTO
DATUM Geodetic DATE 58.06.14 & 58.05.14 CHECKED BY
YNAMIC CONE PENE
SOIL PROFILE SAMPLES | | @ [RreiavaNcEpng e RATION
3 I name M | | REMARKS
&le o|28| @ 20 40 60 80 100 ™ omn M| 53 &
2l = 1 1 L h L =] GRAIN SIZE
i8] w | 3 |oE5| & [SHEAR STRENGTH kPa i i "L =
ELEV DESCRIPTION cleie| 2|88 B —— g DISTRIBUTION
DEPTH <{S1 £ | *]52] % |0 UNCONFINED ¢ FIELD VANE y (%)
g z 2 1201 2 | quick TRIAXIAL X LABVANE | WATER CONTENT (%)
82.7 R it 20 40 60 80 100 10 20 30 kN/m3 lGR SA St oL
0.0 top s0IL CE¥
82.4
03] WARD, FISSURED, SILTY, e
BROWNISH GREY CLAY [ 82
fIRRES 4
[
g3
14 VERY STIFF, FISSURED, SILTY, 0%
BROWNISH GREY CLAY 1 2 55 81
14
,j/
1A
/
%
3| ss
80
w8 _ _ L
2.9 ¢
STIFF, FISSURED, SILTY,
BROWNISH GREY CLAY ; 4] 88
ol
37| SOFT, VERY SILTY, GREY CLAY 79
‘M5 |ss| 1 hsomd
78.4 11
4.3]  DENSE TILL s
l$-f{ 6 | ss | 23
78.0 A tes—trrJ75mm 78
4.7 }
LIMEST
ESTONE {drilied) s | re REC = 60%
77.5 o ;
5.2]  LIMESTONE (drilled) t—-
bedding thickness 3" E‘;
g’ 9| RC 77 REC =33%
.8 _ -
8.1|  LIMESTONE (drilled! i
bedding thickness 3" L—
one BO degree joint in core break
76
E REC = 87%
[~ 10] RC
]
wo| i 75
7.7]  LIMESTONE (drilied) -
bedding thickness 3" - W RC REC =100%
74.5 [ ]
8.2| BOTTOM OF HOLE
2 3 Numbers refer to |5205
XX sensitivity $ (%) STRAIN AT FAILURE



Ministry of
Transportation

Foundation Design

Ontario
RECORD OF BOREHOLE No 6 10F1 METRIC
W.P. _ 930-58 LOCATION Bridge No. 3 at Maitiand Avenue ORIGINATED BY MTO
DIST g HWY 417 BOREHOLE TYPE COMPILED BY __ MTO
DATUM _Geodetic DATE 58.05.13 & 55.05.14 CHECKED BY
Y ATION
SOIL PROFILE SAMPLES
B 3 |RESISTANCE PLOT ame ST e | & | REMARKS
51 2|38] 2 20 40 60 80 100 [ o 7| 30 &
= - 1 1 1 1 1 o} R,
ELEV E 2| 3 95| & [SHEAR STRENGTH kPa — % = D?STAI:IEUSTI‘IZ:N
BERT DESCRIPTION g S1 e | >|3Z] & [o uNconFNED  x FIELD VANE ¥ %)
El= z g0 § ® QUICK TRIAXIAL X LAB VANE | WATER CONTENT (%)
82.3 9 @ 20 40 60 80 100 10 20 30 N/m3 lGR 5A s1 CL
0.0 ToP SO
82,0
82
03| HARD, FISSURED, SILTY,
BROWNISH GREY CLAY
‘M1 | ss V4
/] L
g0 81
141 VERY STIFF. FISSURED, SILTY,
BROWNISH GREY CLAY W 2| ss
9%
802 o ___
221 STIFF, FISSURED, SILTY, 80
BROWNISH GREY CLAY YERES
///
A
4 | 85 79
78.8
35| LoosETILL
wmal 85 | 7
) — 55 | 33 hisomn)
oa 43 ¥75mm
774
50 |IMESTONE (dritled)
bedding thickness 2" 77
RC
REC=93%
%3
6.0l {IMESTONE (driled)
bedding thickness 3" 76
RC
REC = 94%
X1 75
7.4]  LIMESTONE (dritled)
bedding thickness 3" RC
REC = 95%
74.3
8.0 BOTTOM OF HOLE
xa 3. Numbers refer to 15205
' 5 (%) STRAIN AT FAILURE

Sensitivity
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TIOR0-c

MAX. WALL HEIGHT

WALL
APPROX. 28 m BACKFILL

ASPHALT SURFACE

TR R R TR )
/

DRANED PAVEMENT  /

800 mm MIN.
FROST PENETRATION
v DEPTH = 18 m
l NATIVE SOILS
/1
j/i e
&
@
j/
q
kp7H
Scale Drawing No.
GWP 203-86-02 NTS. 1099-6
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PASSIVE EARTH PRESSURE DISTRIBUTION 08/11/06 cBB A




ELEV WATER CONTENT % BULK DENSITY y kN/mS3 | STAND PEN RESIST 'N° BLOWS/03m] SHEAR STKENGTH kPa EFFECTIVE PRESSURE kP, 3
metres SOl STRATIGRAPHY 20 40 60 60 100 15 16 17 1 1020 30 40 S0 W0 20 30 40 50 60 20 40 80 100 120 140 160 180 200 220 240 mE;n!s
Steven Creek
2 90— o T T T - T -+90
N 2
& T
=
88 = -t T T T K 188
< ~] TOPSOIL ]
7— T i ° a N
i CLAY © N
86—7/ DESICCATED -+ o, -+ ® + -+ 4 ys
stift TOPSOIL & ° * N +
. 74- ORGANIC SILT o la [
7 1 ' : FoT "
84— T — o T ° T T o T \ ——84
£ * \
5 £ N
: & CLAY, SENSITIVE ke L 3l
2 82—7/ Soft to Firm 4 ° 4 4 . 4 \ s
o ° ® o
] ° of * A
. 4 Sbuth | Apptoack
? H 4
z
2 e SILT, Very Loose Fe M [+ \
E w for Soft whare cohesive) o wa o
- w 78— FREQUENT CLAY SEAMS — o -+ 4 -+ t +4 -4-78
4 o @ 0]
i 5 R R + \
S {20 ° B
! 76~ o T T + + <76
5 N North Aplproagh
z
z : °
2 R a4
o 74—~ SAND & GRAVEL + + + ES 474
{Glacial Titl) 7]
Compact to Very Dense
72— 4 1 1 4 4 =72
70—~ + -+ C o+ + =+ 170
4
wp w W ©-QUICK TRIAXIAL S . %% STRAIN SUMMARY PLOT OF ENGINEERING PROPERTIE ~74-04
—_— " whs WP 145-74
PLASTIC LQuIp ?’:::ng;T:: 1% AT FALURE
LT LIMIT x-LAB VANE FIG No 1
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