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FOUNDATION INVESTIGATION REPORT
for
Intersection of Highway 86 and Regional County Road 15
WP 208-94-01, Site No. 33-291
Hwy. 86, District 31, London

Introduction

This report contains the results of a Foundation Investigation carried out at the
above mentioned site between 94 06 13 to 94 06 17. It is proposed to widen an
existing two span concrete post-tensioned bridge to accommodate additional
traffic lanes,

Five sampled boreholes together with two cone penetration tests were advanced as
part of this project by means of 82 mm ID Hollow Stem Augers. These boreholes
extended down to depths of 13.7 m to 15.2 m below existing ground surface. A
previous foundation investigation (WP 281-66-06) was completed at this site prior
to the construction of the original Hwy 85/Regional County Rd. 15 structure
between 71 10 20 and 71 10 25 resulting in five boreholes This data is utilized
and included within this report,

Site Description and Geology

The site is located at the intersection of Hwy. 86 and Regional County Road 15
(King St. North) in the Township of Woolwich, Regional Municipality of Waterloo.
The topography of this area is flat and gently undulating. Land use in the
vicinity of the site is primarily agricultural farm land.

Physiographically, this site is located in the "Waterloo Hills", an area of
variable landforms ranging from sandy till rldges to sandy outwash (Ref.: Chapman
and Putnam, 1984).

Investigation Procedures

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



Field

The field work for the investigation was carried out between 94 06 13 and 94 06

17 and consisted of a total of five sampled boreholes which were advanced to
. depths of 13.7 m to 15.2 m., In addition two cone penetration tests were conducted
terminating at depths of approximately 5.5 metres. Two boreholes were advanced
south of the bridge structure in consideration of the 6.0 m widening and three
boreholes to the north at. the east, pier and west abutment locations in
consideration of the 5.26 m widening of the west bound lane.

The boreholes were advanced using conventional Hollow Stem Augers. One track
mounted continuous flight auger drill was employed for the operation. In general,
subsoil samples were retrieved at 0.7 m intervals for the surficial 6 m and at
1.5 m intervals thereafter. Disturbed subsoil samples were retrieved by a split
spoon sampler in accordance with the standard penetration test (ASTM D1586).

All subsoil samples were identified in the field and returned to the laboratory
for further examination and applicable testing.

Water levels were monitored throughout the duration of the investigation in open
boreholes. All boreholes were backfilled upon completion of the field work.

Survey information related to the location and elevation of boreholes were
provided by the Southwest Region, Surveys and Plans Section.

Laboratory Analysis

The following laboratory tests were carried out on select soil samples.

1. Atterberg Limit Test
2. Grain Size Distribution
3. Natural Moisture Contents

Laboratory test results are given in the following section of the report and are
illustrated on Figures and Record of Borehole Logsheets in the Appendix.

Subsurface Conditions

The subsoil conditions are generally consistent across the site with variations
near the surface depending on the borehole location. A 0.8 m - 2.1 m sand and
gravel deposit was encountered throughout the site with depths of 0.6 m - 0.8 m
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classified as a fill. To the south the two boreholes located along the east bound
lane expansion contained traces of clay and silt. The sand and gravel layer was
not encountered at one location (BH 94-3). Underlying the above deposit in one
borehole (BH 94-4) and encountered surficially in another (BH 94-3).was a 0.6 m
thick organic topsoil. The three boreholes placed to the north along the west
bound lane expansion in turn consisted of a silty sand to sandy silt, trace/some
clay, some gravel. This layer has a thickness of 2.1 m to 2.3 m. The underlying
material become more coarse with another layer of sand and gravel, some silt with
a thickness of 0.8 m - 1.0 m.

Throughout the entire site underlying all the above is a clayey silt to silty
clay, trace sand deposit which within contained a layer of silty sand to sandy
silt, trace clay. The first deposit of silty clay to clayey silt had a thickness
of 2.1m - 7.7 m, the silty sand to sandy silt had a thickness of 0.3 m - 2.6 m,
and the second deposit of silty clay to clayey silt had a thickness of 4.5 m -
6.9 m. Beyond the above layer was a more dense non-cohesive heterogeneous mixture
of silt, sand and gravel, some clay (Glacial Till) which was encountered
throughout the site and reached beyond the scope of this investigation.

In addition to the foundation investigation conducted for the current proposed
widening, the logsheets are enclosed with this report for the original structural
investigation. Five boreholes were placed at abutment and pier locations down to
depths of 9.6 m to 11.1 m, together with three cone penetration tests.
Stratigraphy encountered closely resembles those described as part of the current
investigation, however with a greater extent of organic topsoil. Due to the
shallower nature of this investigation the non-cohesive till was not encountered.

The soils encountered during the course of this investigation, together with the
field and laboratory test results are shown on the Record of Borehole Sheets
contained in the appendix of this report. Stratigraphical sections are shown on
Drawing No. 2089401-A. This drawing also shows the locations and elevations of
the borings. A detailed description of the strata encountered are given below.

Organic top soil

This deposit was only encountered in two boreholes, either surfically or directly
beneath the existing £ill. (BH 94-3, BH 94-4). Its thickness ranged from 0.6 m
to 0.7 m. One split spoon sample within this layer was recovered having 10
blows/0.3 m. Its believed this layer was removed at most locations throughout the
site,



Sand and ave gome silt

Encountered surficially as part of the existing fill and found at greater depths
primarily overlying the cohesive silty clay to clayey silt was a non-cohesive
stratum of sand and gravel, some silt. The thickness at the surface ranged from
0.8 m - 2,1 m and at greater depths of approximately 2.9 m - 3.7 m with a
thickness of 0.8 - 1.0 m.

Results of grain size distribution tests carried out on select samples indicate
that the material contains a large percentage of gravels and sands (39 - 61 % and
15 % -« 47 % respectively) with little silt and clay ( & % -~ 11 %). Figure 1
illustrates pgrain size distribution curves for this material, based on
representative samples within this layer.

Standard penetration tests conducted in this layer ranged from 22 to 33 blows/0.3
m within the surfical deposit and from 35 to 50 blows/0.3 m within the second
deposit encountered, This indicates a compact to dense state of denseness.

Silty sand to sandy silt

This stratum was encountered once beneath the sand/gravel and organic surfical
deposits and a second time sandwiched within the cohesive clayey silt to silty
clay. The thickness of the first layer was 2.1 m to 2.3 m, with the second layer
having a thickness of 0.3 m to 2.6 m,

Results of grain size distribution tests carried out on select samples indicate
0 % gravel, 54 - 68 % sand, 28 -90 % silt and 3 - 8 % clay. Figure 2 illustrates
grain size distribution curves for this material in an envelope form.

Standard penetration tests conducted in this layer ranged from 14 to 51 blows/0.3
m indicating a loose to dense state of denseness.

Clayey silt to silty clay, some sand, some gravel

Encountered throughout the site this cohesive deposit contained sandwiched
within, a layer of silty sand to sandy silt either as a seam or as a complete
layer. The clayey silt to silty clay deposit ranged in thickness between 2.3 m
to 7.9 m, either as one layer or as two separated by the silty sand to sandy silt
deposit.

Results of the grain size distribution tests carried out on select samples:
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indicate that the material contains 0 % gravel, 1 - 6 % sand, 34 - 74 % silt and
26 - 66 % clay. Figure 3 illustrates grain size distribution curves for this
material in an envelope form.

The results from the field and laboratory tests performed on this deposit are
summarized as follows:

Range No. of Tests
Natural moisture content (w) 18 - 21.5 % 8
Liquid Limit (WL) 21 - 44 % 8
Plastic Limit (Wp) . 15 - 20 % 8
Plastic Index (Ip) 6 - 24 % 8

The natural moisture contents are generally close to or slightly less than
plastic limit. Figure 4 illustrates the plotted plasticity chart for this
material, based on representative samples. It indicates that the material is of
intermediate plasticity. -

Standard penetration tests conducted in this layer gave 'N' values ranging from
24 - 86 Blows/0.3 m indicating a hard consistency.

Heterogeneous mixture of silt, sand, gravel, some clay (Glacial Till)

Underlying the cohesive layer above is a non-cohesive heterogenous mixture of
silt, sand and gravel (Glacial Till) encountered throughout the site at depths
of 11.6 - 12.2 m. The investigation was terminated in this stratum.

Results of grain size distribution tests carried out on select samples indicate
that the material contains 3 - 8 % gravel, 28 - 33 % sénd, 49 - 56 ¥ silt and
13 - 14 % clay. Figure 5 illustrates grain size distribution curves for this
material, based on representative samples within the layer in an envelope form,

The results from the field and laboratory tests performed on this deposit are
summarized as follows: ’

Range No. of Tests
Natural moisture content (w) 8.5 - 10.5 % 2
Liquid Limit (WL) 15 - 16 % 2
Plastic Limit (Wp) 11 % 2
Plastic Index (Ip) 4 - 5 % 2

Figure 6 illustrates the plotted plasticity chart for this material, based on
representative samples. '
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Standard penetration tests conducted in this layer gave 'N' values of > 120
blows/0.3 m indicating a very dense state of denseness.

Croundwater conditions

Observations of the groundwater levels was carried out by measuring the water
levels in open boreholes during the course of the investigation. The groundwater
level was found to be at an approximate elevation between 337.1 m and 338.5 m
which corresponds to depths of 2.9 m and 1.6 m below the existing ground surface.
It should be noted that the groundwater levels are subject to seasonal
fluctuations.



Discussion
General

In order to facilitate the construction of an interchange at the above site the
existing structure, a two-span concrete post tensioned bridge carrying Regional
County Road 15 (King Street North) over Highway 86 will be widened in order to
accommodate additional traffic lanes.

The existing bridge deck width is 12.44 m with the widening to the north and
south to be 5.26 m and 6.0 m respectively.

The existing structure together with its approaches appears to be performing
satisfactorily. It is understood from plans provided that the existing structure
rests on perched abutments with steel 'H’ piles driven in overburden and piers
resting on shallow spread footings placed within the native soil. The existing
- grade is at an elevation of 346.0 m, resulting in £i11 heights of about 6 m to
the west and 6.75 m to the east. The proposed structural widening is expected to
be of a similar design. '

To facilitate the design and construction of the proposed structure, the
following foundation and geotechnical recommendations are given in the scope of
this report.

1. Structure Foundation

2. Lateral Earth Pressure

3. Approach Fills

4. Construction Considerations

The structure widening and borehole locations are shown on Dwg. No. 2089401-A in
the appendix. '

Structural Foundation

East and West Abutments

Based on a review of the above data, the structure may be supported on steel 'H’
piles driven into the non-cohesive till and be perched within the embankment in
a manner similar to the existing structure.

For the purpose of the 0.H.B.D.C., the following design values are recommended:
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Pile Type : HP 310x110 HP310x79
Factored Axial Capacity at U.L.S. 1600 kN 1150 kN
Axial Capacity at S.L.S. | 1150 kN 900 kN
Pile Tip East Abutment 326.5 m (North)
Elevations (m) 328.0 m (South)
West Abutment 328.0. nm
R i - —

The driving of piles shall be carefully monitored and controlled employing the
Hiley Dynamic Pile Driving formula driven in accordance with MTO Standards $5103-
10 or S$5103-11 assuming an ultimate capacity as follows:

Pile Type Ultimate Capacity (kN)

HP310x110 3450
HP310x79 2700

The pile tips should be reinforced with steel plates as per MTO Standards (DD-
3301 latest revision).

The existing pile cap bottom elevation is about 341.1 m. Since the abutment
footing may be perched within the embankment fill to facilitate pile driving,
particle sizes in the fill immediately beneath the pile locations should not
exceed 75 mm.

Pile caps should have a minimum of 1.2 m earth cover to protect against frost
penetration.

Piers

The piers for the widened portion should be founded on spread footings
constructed within the hérd‘clayey silt to silty clay to the south and within the
compact to dense silty sand at the north side at or below the elevation of
approximately 337.5 m which is similar to the existing pier. A minimum of 1.2 m
of soil should be placed over the footing to serve as frost protection.

For the purpose of the 0.H.D.D.C., the following values are recommended:

i
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" Factored Bearing Capacity at U.L.S. 550 kPa "

ﬂ Bearing Capacity at S.L.S. 350 kPa '“

Lateral Earth Pressures

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

Granular 'A’ ‘gpggglggwié;
Angle of Internal Friction 35° 30°
Unit Weight (kN/m’) 22.8 21.2
Coefficient of Active Earth ' 0.27 0.33
Pressure (ka)
Coefficient of Earth Pressure 0.43 0.5

at Rest (ko)

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

Approach Fills

No stability problems are anticipated for the approach fills, provided they are
built with 2H:1V side slopes. The fill may consist of well compacted acceptable
material. Any spongy or soft area observed within the base width of the
embankment should be removed before placing the fill., The benching for the
approach fill shall be carried out in accordance with OPSD 208.01.

Construction Considerations

No major dewatering difficulties are anticipated for footing excavation in
consideration of lower groundwater levels on the north side and the relatively
low permeability of the clayey silt on the southside. However, localized seepage
or surface water accumulating within the excavations should be controlled by
perimeter ditches and pumping from corner sumps.

During construction, care must be taken to avoid undermining the existing -
foundation. If during excavation, the material at the footing level adjacent to
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the existing foundation appears to soften and/or be disturbed, it should be
carefully excavated and replaced with mass concrete.

A shoring scheme will be required during construction in order to protect the
existing fills of the travelled portion of King Street. The excavation may be
supported by soilder piles and timber lagging. Normal construction joints with
dowels should be used to fasten together the footings.

Miscellaneous

The fieldwork for this investigation was carried out under the supervision of

T.Kim, Sr. Foundation Engineer together with T. Cross, Trainee Engineer. The

equipment was owned and operated by Dominion Soils Investigations Ltd, London.

The report was written by M. Michalek, Jr. Foundation Engineer and reviewed by
T. Kim, Sr. Foundation Engineer.

M. Michalek, P. Eng.
Jr. Foundation Engineer

Tasdhulfcon,

. Kim, P. Eng.
Sr. Foundation Engineer
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o // ‘
i1
; 6] 55| a3 \\ ol 0 0 7426
M \
1} 7] 85| 50 334
A
f
1%
f
W 8| ss| =0
/f
|1
¢ 8
Llayey Sit to Sty Cloy // - b
trace sand
§ 332
Hard g 1] 55 | 41
%
V1
)’/
///
14
YId11] ss | es
e 330
//
iy
¢
V'l
?/,
; 12| 855 | &7 4:2' ¢ 1 38 6
A
326,0 f
e 328
L& ‘
| AT 851170 /15em
il
Het. mixture of silt, sand i
ond gravel, sorme clay ]
{Glociol 1) K
¢ 326
Very dénse FAu L E5 1957 /15em of b~ B 29 49 14
* g
I
r
324.4 b a s Ti0e /1scm
15.2 End of Borehole

4

3 5, Numbers refer fo
T Senaitivity

20
ns«:;s (%) STRAIN AT FARURE
1




Mirlstry of

Tremsporisiion Faundation Daxign
Ontorie
RECORD OF BOREHOLE No 94-4 10or1  METRIC
WP, _ 2089401 LOCATION Co-ords:N_4819 396.4: F 220 187.0 ORIGINATED BY.TC.
DIST. .31 Hwy_B6 BOREHOLE TYPE _Hollow Stem Auger COMPILED BY . VB.
DATUM _Geodetic DATE 1894 08 17 CHECKED BY ... TCK. .
SOIL PROFILE SAMPLES | & S| REseraneE Bor oM Y
20l & FLASTE  wosnue Lo = REMARKS
5 B 20 <0 60 g0 o0 | Ve T} 28 &
Ot = = i A P
ELEV BESCRIFTION 818l v | 3125| & [SHEAR STRENGTH «Pa e b F L GrAN sizE
DEFTH 2121 5|88 & [o unconemen *FED VANE ko et (Y 7 |DISTRIBUTION
K 5 | &0 2 | ovek s x e vae ER €O (%) R
240.0 | Ground Surface & E o 20 40 80 B8O 100 10 20 30 | kN/milgr sA sicL
001 gund & gravel Brown
G
3392
08| Organic tapsali “Dork Brown - _] A I
3386 Loose he
1.4 Brown T| I
LM 21 58| 20
Sifty Sond to Sondy Sitt L 1 338
trove/some cloy M
some grovel IR
i1 3 ss | 20 o 0 88 28 4
Compuct to Densa ¥ ”!‘
e ss ] 2
3363 (1.1
k¥ P
Same, gy oo LHEE 38
Denwe to very denae N
3353 )
e ¢ 61 85| &
//’
WWWWWWWW 1] 7| ss | 28
Sand ] /’
______ 1A 334
A
Clayey Silt to Silty Clay e |ss| 2
troce sond 11
Oce. sand layers ¢ A
141
Very stiff to hord ,; 19! ss | 30 Ho ‘&?' 0 4 34 82
%
///
332.2 /f
1
18 Silty Sund to Sandy St . o] ss 32 332
trace clay iR
331.4] Dense . :
8.8 4 ¥
iy
:/ 1] s5| 35
L] i
A 330
1
//
Clayey Silt 1o Sitty Cloy /]
trace sand g /’
11 e
1 b =
vord o 12} s5i 40 I
1A
11
///
gt '
,; # 328
i1 1a] ss| s8
/r
Y
326.8 A
15.9 M
Het. Mixhire of SiR, Sond o
ond Grovelsome elay BRI ZE 3171 /15em J 5 37 46 12
(Glacia! Ti) i 326
F-J
Yery dense b
4
T4
2248 pr I TSI ST B ] /1o
15.2 End of Borehole .
3 5, Numbérs refer fo

+

" Sanvitivity

i
15&5 (%) STRAIN AT FAILURE




Ministry of
Tranwporiotion

Ontoris

Foundation Design

™

" Sensitivity

20
155 (%) STRAIN AT FAILURE
10

RECORD OF BOREHOLE No 94-5 10or1  METRIC
W.P, 208-94-01 LOCATION Co—ords:N 4819 4011 E 220 168.2 ORIGINATED BY.J.C.. ..
DIST .38 . HWwY 88 BOREHOLE TYPE _Holiow Stem Auger COMPILED BY. .. V8.
DATUM _Gendetic DATE 1994 06 15 CHECKED BY.. . TCXK.. .
SOIL PROFILE SAMPLES | &5 o | DENAMIC GO SENETRATION NATURAL =
wn MOISTURE [g= o
v o pLasTic foun | REMARKS
5 n 5] © 20 40 60 8 o p o OVET ) 2@ &
o] 'x — H L i i L
ELEV DESCRIPTION o B u g %% _%_ SHEAR STRENGTH kPo W L = GRAIN SIZE
DEPTH SIZE 5881 & |e uncovrmen + FIELD VANE y |oisTRIBUTION
Elz 5 | Z0| 2 |oovck . x s vane WATER CONTENT (3 S )
339.9 | Ground Surface v : o 20 40 60 BO 100 10 20 30 KN/ lGR SA S CL
\ i B
0.0 Sand and Gravel (Fill) r.bm >
3391 A
o8 Ff 1] ss | 38
snx ?\;md to I‘.Snndy Siit IRk
sofne/traee ¢lo
some gravel Y .| 2|85 | 34 338 o 0 59 3% &5
Compait to Dense M. {1
11388 25
337.0 . m.%
2.9 23:‘% ar_‘t’? Gravel ,;;67'
il 4
# "o 58] 48 42 47 N
336.2 Dense Lo
37 4 38
s |ss| ¥ fo——t—i
/]
¥
i’
Wi s | ss| =
/
11
o
Siity Sand to Sandy sitt L]" |
traze cl‘:':y @ Sandy » 1+ 334
Dense (] 7 155 35
WWWWWWW e
/
A1e | ss ] 52
Clayey Silt to Sitty Ctay,
irggeyan:-vd o >y Coy ,; V]
Very Stiff to Hard /; 9 | s 53 332
1%
A
¢
M
//’10 ss | 58 3 0 1 33 85
%
o 330
1A
y
IV
; 1] ss | 55
A
3283 (1
11.8 L
WL ] 328
Het, mixture of Silt, Sond ‘,p
and Gravel, some cloy i W12 | 53 | 180 J25em 3 33 64
{Glacial i) g;;} .
Very Dense ﬁb
ﬂ-b
A
326.2 Wi .
13.7 | €nd of Borehole
3 5, Numbers refer in




Mintatry of
Transporiotion
Ontarfo

foundation Design

WP, 2089401

LOCATION

RECORD OF BOREHOLE No 1#*

LCo-ords: N 4 #18 387.2: £ 220 199.5

1 0F 1

METRIC

ORIGINATED BY_ PK.

DIST..31 . HWY 86 . BOREHOLE TYPE Washboring, BX Cosing

COMPILED BY VB

DATUM _Geodetlc BATE 1971 10 20 & CHECKED BY . T.CK.
SolL PROFILE swries [8 T2 [P g — ”
2ol S Pasnc ugsnee  UUo | o T | REMARKS
[ w |22} @ o bl CoNTENT  LIMIT ZF O
= 5ok}l 2 L
ELEV DESCRIPTION S1El % | 2 ]Z5] & [SHEAR STRENGTH ko eyt = | eraiN size
DEPTH 2121z 88| 5 |o unconmmep + FIELD VANE y  |DISTRIBUTION
1E: 5 | 0| & |eouck mman  x uas vave [WATER CONTENT (%) |
341.1] Ground Surface % . o 20 40 60 80 100 1020 30  JKN/moR SA SI €L
0.0 Brown [~ 1
QOrgonic topsoil -
it e
o
-
el 1 [ s5 | 10 340 5
339.6 el
1.5 .
r [+
dlz2|ss| 20 ™~
Sandy st te Sity Sond ML ™~ 4 37 49 10
soma/%mm.(cluy hi 1o ' .\
some  groval .
r ] \
I ERER R -,%- 338 5
Vaty dense 'l
L]
3368 Myl a ] ss ) s o 0 25 75
43 &
Sand ond Grovel ﬂb'
some git s
Very denss z;p‘ 5185 70 136 3% 15 48
335.6 &)
5.5 b1 ]
Sondy Sit to Silty Sond, S8 § 58 | 100}/25¢cm [ 0 39 53 8
troce clgy k| 1o
Very dense 1m
. 334
1332 Brown L{ 1| 7155|118 I
7.8 Grey [V}
1
/::’
Cloyey Sit to Sty 1
!ragzyaund © y Moy < 332
8|55 | 49 )
Hord g 0 & 7H 16
#
14
1%
¢ )
330.0 Grey V{41 551 85 e O
11.1} End of Borehole
* Formerlg BH Ne 1
of WP 281-68-08

+

3

&'5 , Numbers refer lo
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




Ministry of
Trormpariation

Foundatign Daxign

Ontario
RECORD OF BOREHOLE No 2* 1or1  METRIC
w.p, . 208-84-01 LOCATION Cu—ords: N 4 B18 378.7: E 220 187.7 IORtGINATED Y P¥eo
DIST. 31 ... Hwy_ 88 BOREMOLE TYPE .Weshboring, BX Casing COMPILED BY VB,
DATUM _Geodetic 1971 10 21 CHECKED BY....LCK.
-3 LI~ | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES gm wg RESISTANCE PLOT ruase A:‘SITS‘;?JA?LE o LE REMARKS
5 w|z3]| @ 20 40 6o 8 g0 [ v T 28 &
m iy A 'l H L
ELEV BESCRIPTION Sl w | 3| 25| & [sHEAR STRENGTH «Pa M TE L oram size
BERTH =1ZEl = | 2221 T o uncowine + FIELD VANE w  |DISTRIBUTION
g2 . 3| Z o ouck TuxiaL  x as vane [WATER CONTENT (% 3 (%)
341.0| Ground Surface v N o 20 40 60 B8O 100 10 20 30 WN/milor sA st oL
0.0 I -
Urganie topsoll ]
Firm g
I 340
350,56 e LR 7 0|
1.4 N
Sond)} Sit to Sity Sond ‘1 .
some/trae | w
some’ gravel ) ] 2850 ° 17 30 45 &
Compoact to Very Dense -1
. 338
337.6 13 ss | s 4 8 64 28
a4 o |
Sand u?d Gravet ﬁ‘p
some sit Lol s | oss | o4y o 41 35 21 3
Dense o
&
Wy o
336.1 22
49 Ty5 88| 34 336
Sandy St to Sity Sond o]
trace clay n
Vary dense ': 6 | SS 74 o 37 &3
M 334
3337 ‘1
7.3
//
%
Cloyey Sitt to Sty Clay, 7 s b
trace wand
/
Harg ,/
17
/ .
) 332
1%
P e |ss |z o
9.6 End of Horehole
% Formerty BH No 2
of WP 281-B6-06

&, Numbers rafar io
" Sensitivily

20
184-5 (%) STRAIN AT FAILURE
10




Minlotry of
Transporiotion

Ontaric

Foundalion Design

RECORD OF BOREHOLE No 3* 1or1 -METRIC
W.P, __208-94-01 LOCATION Co—prds: N # 819 3898 E 270 1682 CRIGINATED BY_BK.
DIST HWY B8 . BOREHOLE TYPE _Washboering, BX ngi,nq COMPILED BY _VB. .
DATUM _Seodetic . DATE. 1971.10.23 & 22 CHECKED BY._..TCK.
=4 Lt DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Em 2‘ RESISTANCE PLOT . NATURAL Loud o
zol & fase wostuee LGP | x| REMARKS
51, w |5 @ 20 40 e 8o o0 f o O w | 55 &
o] — z L i L Il
ELEV. DESCRIPTION Efulw Q 251 & [SHEAR STRENGTH kPa L * | cram size
DEFTH =12z | 1881 & |o unconemen * FIELD VANE »  JDISTRIBUTION
&lz 5 | EO| Z o ouck trmxa  x uap vane  WATER CONTENT & 5 (%)
340.5 | Ground Surfoce n - o 20 40 80 BO 100 10 20 30 JkN/milgr SA SiCL
0.0 Orgonic topaolf Brown 1]
Firm .
gt 340
330.7 v [ I
1.2 ] °
Sandy Silt to Silty Sond T 2SS " °
sumc/tmce‘ clay .
some grave M. -
Fl 1M q% 338
Campoct to very dense b L 2455 120 ™ °
. </
L] 4] 55 | 54 \ ]
336.5 Brown }| | ™
44 Grey ;/ \
s |ss | w 336 A
7
4%
- ’//
%
Cloyey Silt to snlty Clay, 6 | S5 | 34 © V27 42 30
some/troce sand ¢
Edpy
~ Hord gt 34
//
/
vid 7l ss | s |
11
4
9y
V1
igr 332
1
grey WM 8 | ss | so
331,3 rey 3
9.6 | End of Borehole
* Formerly 8H No 3
of WP 281~66-06

+3. x5:Numbor‘s refer to
Sensitivity

20
154-5 (%) STRAIN AT FAILURE
0



S

i

-

Ministry of
Tronsporiction

Foundation Dexign

ontariy
RECORD OF BOREHOLE No 4* 1or1 METRIC
W.P, . 208-84-03 LOCATION Cowords: N 4 819 399.0; £ 220 147.0 ORIGINATED BY_PKe ..
DIST...3L . . . . HWY_BE BOREHOLE TYPE _Woshboring, BX Cesing COMPILED BY...V.B.
DATUM _Geodetic DATE 187110 22 & 75 CHECKED BY. ... T&K. .
T ] BN CONE EENE TRRTION ‘
SOIL PROFILE SAMPLES b E' RESISTANCE PLOT pmé‘uc MATURAL . &

-‘IQ 5] i ‘égﬁ;é’:f LiMIT ot REMARKS
| Slo| |G]38] 2|2 % ® w w [0 0 U128 «
ELEV DESCRIPTION o 3|85 Z [sHear STRENGTH kPa E M TF L oram suz
BERTH {21 2| 5|38 % |° unconemen + FIELD VANE y  |DISTRIBUTION

’% 2| " Y 38 & | * ouck TRIAxAL  x LAR VANE WATER CONTENT (% 3 &
341.1] Ground Surface % : o 20 40 60 80 100 10 20 30 . | &N/eilgr SA I GL
0.0 b ]
Organic Topsoil “4:»
340.0 = ‘
13 T 1 ] ss | 1 340 3
Sandy St to Sty Send L
somefirace tlay .
some gravel N
*if 2158 4+ -]
Loose to compact R
ol 5 | ss | 25 338
557.6 L
331  Sond and Grovel p
gome =it Ly o
336.8 Detrwe ,5%”’ 4158 37 9
4.3 Grey U ¥l
//’
M 5iss| 2 %‘ o
v 336
%
A
///
}/
V1
4 e | ss | 8 °
1
g% 334
Cloyey Sit to Sty Clay, f
truce sond g
Hard 7 58 57 o
A
o
1%
//
1] a3z
U |ss| so b
A
/
%
,/
%
11
330.0 Grey 9§ s8] &b e
11.1] End of Borehole
* Formerly BH No 4
of WP 281-66--06
43 5, Numbers refer o

.

" Sensitivily

20
15-¢-5 (%) STRAIN AT FAILURE
10




Minlatry of

Transpericiion ' Fourdation Design
Qatorio *
RECORD OF BOREHOLE No 5*+  1or1  METRIC
W.Pp. . 208-34-01 LOCATION Comords; N 4 B19 303.1: £ 220 1356 DRIGINATED BY_ P&
DIST .31 HWY B8 . BOREHOLE TYPE _Washboring, 8X Cosing COMPILED 8Y .. ¥B. ..
DATUM _Geodetic DATE 197110 25 CHECKED BY .. TG ..
[+ tat DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES W 5 RESISTANCGE PLOT pagne SAURAL e
vl & PUSTC  wowsture  LOUD | . 1 REMARKS
=1 nw | 221 & 20 40 60 B0 10D CONTENT £8
9 pv g ab - 1 1 f i i wP w wL :Dlg &
ELEV £SC N o) w 2 | ZS| © |SHEAR STRENGTH kPa [P —— GRAIN SIZE
DEPTH DESCRIPTIO 12 x| 5 | 38| = o unconsmen + FIELD VANE 5 DISTRIBUTION
' xlz 5 | EO| & [ ouck TR % Las VAN WATER CONTENT (% s (%)
341.1[ Ground Surface W g = 40 60 BO 100 10 20 30 kN/ri lGR SA SI CL
0.0 - ]
Orgenic  topucit :’: \
338.8 T ss | s 340 ~
121 Sandy St to Sty Sand gl :
some/trace iy -
some gravel BT
R 1] 2]ss | w \-«.\_ o 0 39 44 17
4 f )
2 ﬂ'ﬁ. “""*-4...
3
Sond ond Gravel * & i
some Bt o ° 9] 5| ss | a5 338 d
Dense ,5},
W
kP
336.8 14l ss | 28 o
4.3 Gray fvp:‘
A h A
e = L I
) 585 | 49 36 ]
//
1%
//’
Y
A
U e ss | s °
v
v
’/ 334
Cigyay Sit o Sitty Clay, of
traze song o) S
Hard //
i ,; 47 1ss]| 7 o
//’
Fa 'y
11
/j 8| ss | m 332 s
LA
/:;/
1%
%
9| ss | e
330.0 Grey |
. L30 e
T1] End of Borehole
¥ Formerly 84 No 5
of WP 281-66-06

3 U5 Numbars refer to 20 )
+7, % "Sen:ﬁivi'y 15:‘%'5 (%) STRAIN AT FAILURE



Al

N VALUE:

DYNAMIT CONE PENETRATION TEST:
IMPACT ENERGY ON ‘A' $I1ZE DRILL RODS.

EXPLANATION OF TERMS USED IN REPORT

THE STANDARD PENETRATION TEST [SP*) N VALUE 15 THE NUMBER OF BLOWS REQUIRED O CAUSE A STANDARD Simm © 0 SPULIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHMOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63 Sky, FALLING
FREELY, A DISTANCE OF 0 76m. FOR PENETRATIONS OF LESS THAN ©.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR TME PENETRATION
ACHIEVED AVERAGE N VALUE 15 DENOTED THUS R, .

ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

DENSENESS :

CONTINUDUS PENETRATION OF A CONICAL STEEL POINT [ Simm O.D. 60 CONE ANGLE ) DRIVEN BY 475 3
THE RESISTANCE TO CONE PENETRATION 1S MEASURED A5 THE NUMBER OF BLOWS FOR EACH 0.dm

CONSISTENCY: COMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (C ) AS FOLLOWS:
| ¢, (kPa) 0 - 17 12 - 25 25~ 50 50-100 | 100 -200] »200
VERY SOFT| SOFT FiRM STIFF | VERY STIFE |  HARD
ESS 1 COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
NBLOWS/0.3mil] 0 -5 1 s-10 0. 30 | 30- 50 > 50
VERY 1OOSE| (OOSE | COMPACT | DENSE  |VERY DENSE

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

| RQD{%) 0-25 25-50 | 50 -75 75 - 90 90 - 100
VERY PGOR POOR FAIR GOOD EXCELLENT
IOINTING AND BEDDING :
SPACING S0mm 50 - 300mmi 0.3m - i tm - 3am = 3m
JOINTING VERY CLOSE CLOSE MOD, CLOSE] wipE VERY WIDE
BEDDING VERY THIN THIN MEDILIM THICK VERY THICK

£cove

ODIFIED RECOVERY:

FOR MODIFIED RECOVERY, 1§:

RY: SUM OF ALl RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN..

SUM OF THOSE INTACT CORE PLECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN,
THE ROCK QUALITY DESIGNATION {RQ D),

ABBREVIATIONS AND SYMBOLS

FIELD "SAMPLING

MECHA

NICAL PROPERTIES OF S0iL

55 SPLIT SPOON TP THINWALL PISTON v kpy"?
WS WASH SAMPLE ©5 OSTERBERG SAMPLE e 1
5 T SIOTTED TUBE SAMPLE R C  ROCK CORE s |
B 5 BLOCK SAMPLE P H T W ADVANCED HYDRAULICALLY Cq 1
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <, m?/s
T W THINWALL OPEN F S EONL SAMPLE H m
T, 1

_ STRESS AND STRAIN u “
u,, kP PORE WATER PRESSURE Oys  kPo
" ] PORE PRESSURE RATIO o ko
o kPa - TOTAL NORMAL STRESS T, kfg
o' kpa EFFECTIVE NORMAL STRESS ¢! “kea
T kpa SHEAR STRESS ! -
o .. kP PRINCIPAL STRESSES €y kpa
€ % LINEAR STRAIN by -
€ (€, € % PRINCIPAL STRAING 7 Lo
3 kb MODULUS OF LINEAR DEFORMATION T, kPa
G kPa  MODULUS OF SHEAR DEFORMATION 5, 1
e } COEFFICIENT OF FRICTION

PHYSICAL PROPERTIES OF SOIL
P, kg/m' DENSITY OF SOLID PARTICLES e 1% voID RATIO
Y, kn/n UNIT WEIGHT OF SOLID PARTICLES n 1% POROSITY
R, ka/m DENSITY OF wATER w L% WATER CONTENT
L kn/m® UNIT WEIGHT OF WATER Se % DEGREE OF SATURATION
P kg/m® pENSITY Of son wo % LOUID LIMIT
Y in/ed UNIT WEIGHT OF son W, % PLASTIC LimiT
A kg/m® DENSITY OF bRY SOIL wg. % SHRINKAGE LIMIT
7 kn/md UNIT WEIGHT OF DRY SOIL % PLASTICITY INDEX = W, - Wp
Bar ka/m® DENSITY OF SATURATED sONL ) | LGUIDITY INDEX * eoet?
Yigr kN/m® UNIT WEIGHT OF SATURATED SOIL P - w
P kg/m® DENSITY OF SUBMERGED SO lc ) CONSISTENCY INDEX: —-
Y KN/ UNIT WEIGHT OF SUBMERGED SOIL 1% VOID RATIO IN LODSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOQUIDATION
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

cl.l
SENSITIVITY = —te
. Tf

€nin 1o % VOID RATIO IN DENSEST STATE
n e e

o1 DENSITY INDEX # gt e

D max = Ymin

el mim GRAIN DIAMETER

D mm n PERCENT - DIAMETER

ey ! UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL

q m/s  RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i 1 HYDRAULIC: GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

J k/m SEEPAGE FORCE
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207 M9

MINIZTRY OF TRANSPORTATION, OMIARIOQ PH-0-

94-1 € REG RD 15 94-4 3 f = s & sgos CONT No
4 | PE 2 5 E A%z METRIC |we No208-94-01
348 L 348 %,. DIMENSIONS ARE IN METRES
L——-—— E mmmsfﬁfm
Ise S ENSTING BHIDGE o 346 e RPN TREe s METRES REGIONAL ROAD 18 SHEET
344 344
SAND & GRAVEL BORE HOLE LOCATIONS X SOIL STRATA
342 &g imcorg {FILL] 2
50 53 N h
340 bl 4 S — 340 94-2
PP A R ORGANIC TOPSOIL
m# ; PROPOSED
e o LT toore AATY \ FOOTINGS
336 TR 336 - A
Ay 72:00 | )
334 BT s HOT 104000000 REG 80 IS H
332 et] Vi 332 WOT 72:032.195 G MED WY 86 & |
as ‘i'}'},-i-,L- N 4 % W0, 096, E 220 165, 955 3
330 z 330 ~ REG RD 15 Y T
s0r /'/ vy T - ¥
328 7 328 3
P! T
178 o QU217 iem L To 376 )
W B S i* E.
324 324
i
|
; 1
| L=
L 94-2 § REG RD 15 g 74-3 e KEY PLAN
i H SCALE
-’— "‘ i i lim 3 Hom
148 : . 348 d } i e pee——
: i i d \
346 . = 345 \ 7/
STING BRIDGE =
EXT5 11 [FIE— d i \ w / \ LEGEND
SAND & GRAVEL 340.3 N o % o €  Bore Hois
342 FItL 342 PR N, . oo T
- 3 Dynomic Cone Penerrotion Test {Cone}
140 =X 140 NOTE i
338 ey 138 For Subsail information of B.H's 1,2,3 &5 § Bare Hole & Cone
336 SOME Sans: Ghane. 116 rwber *o Record of Borehois Sheets. N Blows/0.3m (Std Pen Test, 475 I/ blow}
334 s ,{'/1. 334 :! g MED COMNE Blows/0.dm 160" Cone, 475 )/ blowj
AN f'/{ HWY 86 .
332 'y Y/ 12 350 . ' 150 3 Wi at time of mvestigation 1904 &
; = ! i ; and 1971 10
338 330 fexistnG GRADE N
378 328 345 — EX$ST BRIDGE ! ses
|
326 326 : ? A [ -
324 324 340 s ; — 340 i CO-ORDINATES
BR-8 st =~ Ogst Ne |ELEVATON| | oo st
csP 941 . 340.2 |[4819373.3| 220 1834
11 | 335 94-21 3401 |4819375.0] 220 165.6
% REG RD 15 94-3{ 339.6 |4819407.0| 2201489
f 4 94-3 94-41 340.0 [4319396.4] 220 1870
} —‘—i -é— 330 = = 3 = S 330 94-51 339.9 4819 401.1] 220 168.2
148 ! : 348 3 3 S 2 2 b0 34n [4819387.2) 2201995
I 5 i} o o < o =
346 m/ 148 378 = 2L 525 e 281-56-08 2 341.0 [4819378.7] 2201877
s — » & PROFILE REG RD 15 wia 4| 2 | ae0n fasroasa| 2201602
i SCALE : 3411 [ 481939901 720 147.0
142 - [ 10PsOIL 7 342 Sm L@ "
- S CONE 5 3401 [48193933] 22011356
& g
340 —=Te e 340
338 Ll LSA N 338
T ST oy et hal ol
o o F e iR e SOIL_STRATIGRAPHY LEGEND
= 3 -3 i
334 2isd (| ¥ Bl 334 {
AN ALY TSI SAND & GRAVEL | CYPLT,] CLAYEY SILT TO SILTY CLAY
332 %V ’I /,/ 337 L7.<.7.2. > 2] TRACE CLAY, TRACE/SOME SILT ////// TRACE SAND “=NQTE=
// L= o e <ol Ccompact to Very Dense / 7% Ve . The boundaries between soil strors have been sstoblished
130 v 130 olaa el pa i A4 ry Stitf to Hard owy ot Sors Hols loxotions. Between Bore Holes the
. "3 i 3 £ H 5 aed
3zs / . ary 38 i d from Q .
- NOTE: The éate found i G and design report for:
126 - 376 this prowct ond lated d moy be d of the
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