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REPORT TO

MINISTRY OF TRANSPORTATION OF ONTARIO
FOUNDATION DESIGN SECTION

SUBSURFACE GEOTECHNICAL INVESTIGATION
PROPOSED HIGHWAY 17 AND 44, UNDERPASS

OTTAWA ONTARIO
WP 34-81-02 SITE 3-357
1.0 INTRODUCTION .

The Ministry of Transportation of Ontario, propose to upgrade the
existing Highway 17, west of Ottawa from two lanes to a four lane
expressway. In order to achieve this work, several regional roads
in the area require grade separations over the proposed expressway.
Geocon Inc. was requested to conduct a subsurface geotechnical
investigation for one of these proposed grade separations, located
at the intersection of Regional Road 44 and Highway 17,

2.0 SITE GEOLOGY

The site is 16cated adjacent to the Ottawa River on a sand plain
along the near shore area of the historical Champlain Sea (Chapman
and Putnam 1983). Expected soil conditions at site consist of a
thin veneer of cohesionless material overlying significant depths
of marine clay. These deposits are in turn underlain by glacial
till which is overlying bedrock. These general soil conditions
have been confirmed by previous subsurface investigations in the
area (Ministry of Transportation of Ontario - Geo~Cres library).

The bedrock geological mapping at the proposed site, as presented
in the Ontario Geological Survey (0.G.S.) Map P 2726, indicates
that the underlying bedrock consists of limestone of the Verulam
Formation of the Middle Ordovician Period. Typically, this
formation consists of fine grained limestone bedrock interbedded
with shale layers up to 100 mm thick. Outcrops of the formation
occur approximately 2 km west of the proposed site.



3.0 SITE AND PROJECT DESCRIPTION

The site of the proposed overpass structure is located at the
intersection of Highway 44 and 17, approximately 35 km west of
Ottawa, Ontario. The site is located on a
generally flat plain locally traversed by three low level
embankments.,

The largest of the embankments is that associated with the north-
west trending Highway 17 (Drawing T11600.1) which is approximately
2.0 m above the existing ground level. 1In the east-west direction,
two embankments intersect obliquely with the larger Highway 17
embankment. The smallest of these embankments, associated with the
previous Highway 44 alignment, is generally less than 1.0 m above
the existing ground level. The second, associated with the
diversion of Highway 44 to a location some 60 m north of the
previous location is slightly higher as it grades up
from surrounding ground level to meet Highway 17 at grade. A
drainage ditch traverses the site in a roughly north easterly
direction.

The proposed grade separation of the two highways will be achieved
using a new overpass structure located on the old alignment of
Highway 44. ‘

4.0 INVESTIGATION PROCEDURE

The field work for this investigation was conducted in two phases,
the first between December 4, 1989 and December 18, 1989 and the
second between January 22 and January 25, 1990. During that time,
a total of 9 boreholes was drilled at the locations,

In addition, one dynamic cone penetration test was conducted
from surface. Details of the drilling program are summarized in
Table 1. The borehole logs and the results of dynamic cone
penetration tests are presented in Appendix I.



The boreholes were advanced using 200 mm diameter hollow stem
augers. The drill type used for this investigation was a
Bombardier mounted CME 55, owned and operated by Johnson Drilling,
ottawa, Ontario. During advance of the boreholes, sampling of the
subsurface materials was performed at regular intervals.
Generally, in the upper 7.5 m of each borehole , sampling was
performed at 0.75 m intervals and thereafter at 1.5 m intervals.
Sampling was generally achieved using a split spoon sampler
associated with the Standard Penetration, Test. At selected
locations in the cohesive units, undisturbed thin-walled Shelby
tube samples were taken. All recovered samples were initially
examined and logged in the field and thereafter transported to our
Mississauga office for detailed visual and tactile examination.
Sample types and locations are presented on the borehole logs
(Appendix I).

In addition to sampling the subsurface materials, field insitu
undrained vane tests were performed at regular intervals throughout
the cohesive strata. Generally, the spacing of field vane
determinations was 0.75 m in the upper 7.5 m and 1.5 m there-after.
Also, as a general rule in the upper 6.0 m of the borehole, a split
spoon sample was taken for material identification purposes after
each field vane test was performed. Between 6.0 m and 15.0 m field
vane tests and insitu sampling were spaced at approxi- mately 0.75
m. At depths in excess of 15.0 m, field vane tests and sampling
were performed successively at 1.5 m intervals to depth. At
Boreholes 4A and 8, drilled to penetrate the lower units, no
sampling or insitu testing of the overburden cohesive strata was
performed. Measured field insitu undrained vane strengths are
presented on the borehole logs (Appendix I).

At Borehole 2, drilling and sampling of the underlying silty sand
till layer was achieved by advancing B-size casing whilst
washboring using a bentonite based drilling mud. This system was
used to counteract the excess hydrostatic water pressures within
the till layer which caused difficulty with material blowing up in
the augers when this layer was penetrated using hollow stem augers.



The underlying bedrock was cored using a BX size core barrel at the
locations of Borehole 2, 4A and 8 for total depths of 1.6 m, 6.2
m and 3.5 m, respectively.

In addition to monitoring the groundwater conditions during
drilling, a total of four piezometers was installed in Boreholes
2, 3, 4A and 5. The installation details of these piezometers and
the recorded water levels are presented on the borehole logs
(Appendix I) and summarized in Table 1.

The field work was supervised at all times by a member of our
engineering staff who supervised the drilling and sampling
operations, ensured proper procedures for field vane tests were
adhered to, logged the boreholes, cared for the samples obtained
and supervised the installation of the piezometers.

The locations and ground surface elevations of the boreholes were
confirmed in the field by the survey department, Ministry of
Transportation of Ontario, Ottawa, Ontario prior to the
commencement of drilling. It is understood that the elevations are
related to geodetic datum. '



5.0 LABORATORY TESTING

Laboratory testing on the recovered samples taken from within the
overburden materials consisted of routine index testing on the
disturbed split spoon samples and consolidation testing on selected
Shelby tube samples.

Index testing consisted of moisture content determinations, grain
size analysis, and Atterberg limits. The results of these tests
are presented on the borehole logs (Appendix I). The results of
5 grain size analyses are presented on Figures 1 to 3 of Appendix
IT.

_ Four consolidation tests were carried out on Shelby tube samples
taken from within the overburden materials. The locations of the
tests are indicated on the borehole logs (Appendix I) with the test
results presented on Figures 4 to 5 of Appendix II. An incremental
load ratio of 2 was used for the consolidation test performed on
Sample No. 4, Borehole 6. The remaining tests were conducted with
an incremental load factor of 1.5.

One unconfined compression test was performed on a sample of the
bedrock taken from Borehole 4A at a depth of 26.2 m (elevation 92.0
m). The test result is discussed in Section 6.0.



6.0 SUBSURFACE GROUND CONDITIONS

Based on the soil conditions encountered at the location of the
boreholes, stratigraphic conditions at the proposed site generally
consist of fill overlying a layer of sandy silt which in turn
overlies silty clay. The silty clay was found to be underlain at
depth by a silty sand till which in turn was underlain by limestone
bedrock. A summary of the borehole information is presentéd on the
stratigraphic section (Drawing No. 348102-A% ). More detailed
information on the stratigraphy at the borehole locations is
presented on the borehole logs (Appendix I). A description of
these individual units is presented below.

Fill

A layer of fill, associated with the construction of the previous
alignment of Highway 44 and the present Highway 17, was encountered
in all the boreholes. The fill generally consists of a brown,
medium sand. Standard Penetration "N" wvalues within the fill
ranged from 9 to 48 blows and the layer can generally be described
as having a compact relative density.

At the locations of Boreholes 1, 2, 3 and 7, drilled from the
surface of the previous alignment of Highway 44, the thickness of
this layer is of the order of 1.2 m. At the locations of Boreholes
4, 5 and 6, drilled through the higher Highway 17 a maximum
thickness of 2.1 m was recorded.

Silty Fine Sand - Sandy Silt

A layer of silty fine sand to sandy silt with trace clay, was
encountered in all of the boreholes. At the location of Borehole
4 the thickness of this layer was determined at 4.1 m with an
associated lower interface elevation of 111.9 m. However, at the

* DWG NO 2 OF THE CONTRACT DWG’S



remaining boreholes the thickness varied from 1.6 m to 2.4 m with
an associated range in elevation of the underside of this layer
from 113.2 m to 114.0 m. The reason for the observed increase in
thickness of this layer at the iocation of Borehole 4 is not known.

Measured Standard Penetration Test "N" values within the layer
varied from 3 to 28 indicating a very loose to compact relative
density.

Tactile investigation of disturbed samples taken from within this
layer indicate that the sand content decreases with depth while the
silt and clay contents increase. Occasional small white shells
were present within this layer. The results of two grain size
analyses from samples taken from within this layer are presented
on Figure 1 of Appendix II.

Moisture content determinations from within this layer with the
exception of a value of 35 percent at Borehole 1, Sample 3 show
values which range from 17 to 23 percent. One determination of
Atterberg limits from a sample taken from within this layer gave
plastic and liquid limit values of 17 and 19 percent respectively
with an associated plasticity index of 2. The layer can generally
be described as being non-plastic.

The results of one consolidation test performed from an undisturbed
Shelby sample taken from within this layer (Borehole 6; Sample 4)
is presented on Figure 4 of Appendix II with key parameters
summarized in Table 2. The coefficient of recompression is
estimated at 0.005. The test was not continued sufficiently far
beyond the preconsolidation pressure to permit an accurate estimate
of the coefficient of compression. The pre-consolidation pressure
of this sample is estimated at to be at least 480 kPa with an
associated over-consolidation ratio of at least 11.7.



Silty Clay

Present in all boreholes, the measured thickness of this layer was
found to reduce across the site towards the west. Measured
thickness varied from 8.0 m at Borehole 1 to 17.1 m at Borehole 6.
The associated elevations of the underside of this layer were 105.9
m at Borehole 1 and 96.5 m at Borehole 6.

Tactile inspection of split spoon samples taken from within the
~layer indicated that the layer generally consists of silty clay
material interbedded with clayey silt layers (varves). The
thickness of the clayey silt varves are of the order of 3 to 5 mm
with spacings of the order of 25 to 30 mm. Within the bottom 3 to
4 m of the layer the thickness of the varves increases with an
associated reduction in spacing.

The results of 2 grain size distribution tests on material from
this layer are presented on Figure 2 of Appendix II. The
gradations of these two samples include clay contents varying from
18 to 46 percent; This is believed to be indicative of the local

gradation variances throughout this layer as a result of its varved

nature.
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1

. Insitu Undrained Vane Shear Strength

individual measurements of the undrained shear strength

with depth as determined in the field are presented on

the borehole logs (Appendix I).The minimum observed value is of
the order of 40 kPa and occurs at an elevation of
approximately 113.0 m or 1.5 m to 2.0 m below the
underside of the upper sandy silt layer. Below the
minimum value, the measured values show a general
increase with depth, estimated to be of the order of 4

kPa per metre. The layer can be described as having a

firm to stiff consistency. |

. Sensitivity

Observed sensitivity values from within the silty clay
layer, defined as the ratio of the peak undrained shear
strength and the vane remoulded strehgth as determined
after 10 revolutions of* the vane, are presented on
the borehole 1logs (Appendix 1I). In general, the
sensitivity shows no discernible trend with depth, with
values ranging from a minimum of 3 to a maximum of 31.
However, the majority of the wvalues fall in the range
between 5 and 20 and the material can be described as
being highly sensitive and is typical of Champlain Sea
deposits of eastern Canada.




Moisture Content

Observed moisture content from within the upper sandy

silt and the silty clay are presented on the
borehole logs (Appendix I). Generally, the upper sandy

silt material has a constant moisture content of the
order of 20 percent. From the underside of the upper
layer, at approximate elevation 114.0 m, values show an
increasing trend up to maximum of the order of 50 percent
at elevation 106.0 m. Below this elevation, values are
generally constant until the bottom of the layer where
moisture content values tend to decrease.

The results of 5 Atterberg limits from within the layer
show a plastic limit range of between 15 and 34 percent
with liquid 1limit values varying from 20 to 37 percent.
The associated plasticity index varies from 5 to 13, and
based on these values, the layer can be described as
being of low to medium plasticity. The higher plasticity
index values are presumed to be associated with the more
clay rich samples. Also, it is expected that the silty

clay varves have significantly higher plasticity values

~ than those obtained from the "bulk" samples which were
tested. Insitu moisture content values throughout the
layer are generally higher than the measured liquid limit
values,

Consolidation Test Data

Four consolidation tests were performed on undisturbed
Shelby samples taken from Borehole 6 and 7 (Appendix II -
Figures 4 and 5). A summary of the test data is
presented in Table 2.,

12

The silty clay deposit is  highly overconsolidated

with Over consolidation Ratios (OCR) of the order
of 3.2 to 3.4.



However, the observed preconsolidation pressure profile
is linear with depth indicating a consistent trend within
this deposit. Mesri (1975) relates the undrained shear
strength of clay deposits to preconsolidation pressure.
Therefore, the observed linear increase  of
preconsolidation pressure with depth is in keeping with
an observed similar trend for the field insitu undrained
vane shear strength.

Compression Index values for the tests vary from 0.305
to 1.06 with re-compression index values ranging from
0.013 to 0.040. As presented in Table 2, the compression
and recompression indices of the deepest test are
significantly higher than the other two tests performed
within this layer. This indicates that the material at
depth within this layer may have a more brittle structure
than those closer to the surface. This conclusion is
supported by the higher observed natural moisture content
in this region of the layer.

Coefficient of Consolidation values (c,) . are
significantly higher in the pressure range up to the
preconsolidation pressure than thereafter. Typical C,
values up to the preconsolidation pressure are of the
order of 25 to 50 m’/yr. Within the virgin consolidation
range, typical C, values are of the order of 3 to 15

ml/yr.

13



Till

As encountered at the boreholes, the underlying till layer b&cémes
deeper from west to east across the site. The surface of

this layer was at elevation 105.9 at Borehole 1 and at elevation
95.8 m at Borehole 8.

The thickness of this layer in Boreholes 2, 4A and 8 was 4.2 m, 4.6
m and 2.0 m, respectively. At Borehole 6, auger refusal within
this layer suggests a minimum thickness of 3.1 m. Further, dynanic
penetration tests performed at the pottom of Boreholes 1 and 3
infer minimum thicknesses for this layer of 4.5 m and 7.2 m,
respectively, for these locations. Hence, it can be concluded that
the thickness of this layer is quite variable although it does
appear to increase in thickness towards the west.

Visual and tactile examination of recovered samples indicate the
till consists primarily of a mixture of silty sand with some
gravel. Boulders, up to at least 0.5 m diameter (Borehole 4) were
confirmed to exist within the deposit. A grain size analysis,
performed on a sample taken from within this layer is presented on
Figure 3 of Appendix IIﬂ

Measured "N" values within the deposit are quite variable and may
be unreliable due to the "blowing up" of sand within the hollow
stem augers while drilling within the layer. Also, as previously
discussed, the deposit contains boulders which may also influence
the measured "N" values. However, based on the measured "N" values

as well as dynamic cone penetration tests conducted at Boreholes
1 and 3 and adjacent to Borehole 6, the upper 3.0 m of this layer
appears to be generally in a loose state of relative density.
Beyond 3.0 m depth into the layer, the measured "N" values tend to
show a general increase.




Bedrock

The surface of the bedrock, as confirmed at Boreholes 2, 4A and 8,
tends to rise from east to west across the site. Specifically at
Boreholes 2, 4A and 8 the surface of the bedrock was determined to
be at elevations 97.3 m, 94.4 m and 93.8 m, respectively. At these
boreholes, the total lengths of cored bedrock was 1.5 m, 6.1 m and
3.3 m, respectively.

The bedrock consists of unweathered fresh limestone with thin (<1.0
mm) very closely spaced shale partings. Occasionally thicker
horizons of shale up to 30 mm thickness were found in the deposit.
The thin shale partings within the rock are generally tight but
have a low tensile strength and hence splitting on these features
occurs quite readily, especially during drilling. This is believed
to be a major reason for the observed low RQD values reported on
the borehole logs (Appendix I). Further, the shale partings are
primarily non linear features and in some instances within the
dimensions of the the core, the observed surfaces were quite

irregular.

The shale on the thin partings is estimated to be of very soft rock
strength. However, where the thickness of these features increases
beyond 1 to 2 mm their strength was indistinguishable from the host
limestone rock. '

One Unconfined Compression Test strength determination, on a sample
taken from Borehole 4A, gave a value of 48 MPa. The tested sample
was representative of the general observed rock formation with very
closely spaced thin shale partings as described above, present
along its entire length.

15



Groundwater

Four standpipe piezometers were installed at the proposed site to
monitor the ambient groundwater regime. One of the piezometers
(Borehole 5) was sealed within the upper silty sand while another
(Borehole 2) was sealed into the silty clay layer. The remaining
piezometers were sealed into the underlying silty sand till.

Groundwater water levels within the upper sandy silt and silty clay
appear to be hydrostatic with a groundwater elevation of
approximately 116.0 m or approximately at the level of the existing
ground surface. The piezometric head within the underlying till
is below this level as measured at 113.8 m in Borehole 3.
Unfortunately, it was not possible to obtain a reading on the
piezometer installed in Borehole 4A because of inclement weather
after its installation. However, based on, the available
information to date, it appears that a situation of vertical
drainage to the underlying silty sand till layer exists. This may
explain in part, the observed linear increase in depth of moisture

CLOSU

The fieldwork for this report was performed under the supervision
of Mr. I. Corbett, P.Eng. who also wrote this report. This report
was reviewed by Mr. R.D. Powell, P.Eng. and Mr. M.A.J. Matich,
P.Eng.

NOTE: The preceding report is a copy of the factual information

from the Foundation Investigation Report prepared by Geocon .

Inc. (consulting gemtechnlcal engineers for this project),
under the teahnlcal supervision of the MTO Foundation Design
Section.
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TAME 1 - BORENOLE SUMMARY

Location Stratigraphic Lower Elevations Grounduster
(Layer Thickness in Brackets)
Sorehole No. Generasi Chainage Offget Ground : Bedrock |piezometer | Piezometer [Groundwater Elev.
Elevation] Fill | Silty Sand] Sitty Clay] Titl [Sucfece Elevation installed |[Tip Etevation
(kmem) (m) (m) (m) {m) (m) {m) m) tm)
1 West Approach| 10+090 g.¢ 116.86 115,47 1139 105 .87 104.65% Not Confirmed No
Fiit (1.37) (1.56) (8.04) £1.22)
2 West Abutment | 104046 (8.7 Right{ 116.62 [115.40 113.72 101.53 9r.31 7.3 Yes 107.48 115.78
1.22) (1.68) 12.19) (6.22) [1.52)
3 West Abutment | 104037 5.2 Left] 115,81 {115.59 113.76 103.40 102,.64%F Mot Confirmed Yes 103.40 113.81
1.22¥ 1 ¢1.83) €10.36% {0.763
.k Central Pier | 10+000 6.0 118,17 1116.04 111.92 98.97 96.83* |  Not Confirmed No
(2.13) (6.12) €12.95) {2.14)
oA Central Pier | 104000 )1.0 Right] 118.17 [116.06 | 111.92 °8.97 94.40 94 .40 Yes 95.32 Not Measured
€2.13) {4.12) (12.95) .57 t6.141
S East Abutment | 9.963 |S5.0 Right] 117.46 [115.33 113.19 96.74 95.67 Not Confirmed ves 113.65 116.06
(2.13) (2.14) {16.45) €1.07)
[ Esst Abutment | 9+954 9.0 Left } 117,23 [115.7% 113.57 96.51 93,46 Not Confirmed No
i(1.52) €2.14) (17.06) (3.05)
7 East Approach | 9+910 6.0 116.96 H15.72 113.28 103,99 - Kot Confirmed No
Filt (1.22) (2.44) (9.29) '
8 East Abutment | 9+957 5.0 Right | 117.16 - - 95.83 93.7¢ 93.79 No
? (2.04) {3.301
Notes

1) Asterisk indicates that layer was not fully penetrated
Elevation given is lowest elevation confirmed by driliing

2} Elevations given are assumed to be Geodetic

3) Square brackets indicate depth of bedrock drilling

4) Consutt borehole logs for more detsiled information

VAR



TABLE 2

Congolidation Test Data

'Savrple Location Yest Data
. Test # |Borehole Sample Depth Elevation | &' N | 0.C.R. Ce c, e,
- o No. (m (my bey . kBay |
LI 4 3.27 13.96 41 ] s80 | 117 -1 0.005 | 0.455
] ’ '
2 7 6 4.87 112.07 s6 | w2 | 3.5 0360 0.015 | 0.934
| ! : :
31 6 ; 8 7.92 109.31 77| 259 ¢ 3.36 0.305 . 0.013 | 0.975
; ! : : ‘ :
4 | 6 i 1 12,50 104,73 12 | 383 342  1.060 0.040 i 1.442
i ; . ' '
pefinitions
sty - Existing Vertical Effective Stress
P - P. Estimated Preconsolidation Pressure
O.C.R. -~ Over Consolidation Ratio
: Cc - Compression Index
Cr + Reload Compression Index
LA - Initial void Ratio




APPENDIX I

Borehole Logs
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OFFICE REPORYT ON SOIL EXPLORATION

15.84png of penetratioft test

Nots
After completion of

the rods,

ground.

Penetration Test the
rods were pulled back
0.9 m. A toral of 16 hlows
were required to re-ady

PM* » Sample was taken
from disturbed

i
i
|
i
i

of
Trirsportanon
: | 20
RECORD OF BOREHOLE No | METRIC
wp  34-81-02 LOCATION __ CH 10 + 090 (Hwy, 44) Centre Line ORIGINATED By R.K-
DIST 9 HWY &b BOREMOLE Typg _ Hollow Stem Auger & Penetratjon Test COMPILED By +C:
patym _, beedetic DATE Decenber 14, 1989 CHECKED BY
w FOYNAMIC CONE PENETRATION
$OIL PROFILE SAMPLES | 5, | 3 | ReisTance plot T B
g2 b (wer RO | S0 REMARKS
o » 3 9 vy 96 40 o0 CONTENT Y
ol £lae| z i Wp W w | 5E s
ELEV DESCRIPTION SIS @) 23|25 | D [SHEAR STRENGTH o et Qe 2 | graiv sizE
DEPTH w S 2| 3188 | % |ounconaneD  + FIEWD VANE TeR o DISTRIBUTIO!
é 2 L | &Y & |® QUCK TRIAXIAL X LAB VANE WATER CONTENT (%) (%)
116.84Cround Level & ! pr 25 50 7 126 .1 25 50 75 GR 5A 51 C
0,00Compact, brown gand. g
15 4fFill D 116
1.37 Compact to lovse, grey S8
silty sand to gandy
silt. 58 /]
llg‘ngr. Clay. 114
53 S5
S5tiff, grey silty Clay h14
dwith®3 mm thick clayey +l4
silt varves. !
Thickness and frequency| g8 12 +§ 2
of varves ircreasing 58 g
with depth. _,‘;3
4 ]
88 110 r
+6
108
58
LOS,
05.87 rr 106 -
10.976rey, silty sand. Some
64,65 gravel.Oce boulder. Till
12.19End of Borehole 104 \
01,40 1oz = -
104/200%m

+3, x5 ; Numbers refer 10
Sensitivity

20 '
150-5 {%) STRAIN AT FAILURE
10 :



OFFICE REPORT ON SOIL EXPLORATION

21

RECORD OF BOREHOLE No2

METRIC

w o 34-81-02 LOCATION LH 10 + 045.9 « 8,7 RT (Hwy, 44) ORIGINATED By R-K-
pistT .8 HWY 44 BOREHOLE TYPE _Hollow Stem Auger, Rotary Coring (B & 15.09 m, COMPILED  BY I.c.
DATUM Geodetic DAaTE December 11, 1989 CHECKED BY
SOIL PROFILE SAMPLES @ Wi JDYNAMIC CONE PENETRATION
gg 3 RESISTANCE  PLOT 2_____“_ PLASTIC m‘{g;‘:}é, LD ‘__E REMARKS
e §0 | » 20 40 s0 80 po  |UMIT O comTenr ity S
[o - ] = . g 1 f 1 W W a &
el i} S inE Z p W, Z’Jg
ELEV BESCRIPTION L B -l -t £9 O |SHEAR STRENGTH kPo AU SE— GRAIN §1Z
DEPTH ' 5 I 361 T [0 unconENED 4 FIELD vaANE WATER rentonl Y DISTRIBUTIC
1z y | EY o |e ouck rmanar x Lap vane CONTENT (%) (%)
116.64Cround Level S f b 25 50 75 100 125 25 50 7H GR SA SI ¢
v.04 Lovse, brown sand, 116
p15,40/50me silt, Fill > 1 oo o
1.22 3
Compact to loose silty [|i]2 | 55 |12 o 5. 40.53.7
fine sand. Tr clay. e
113721811t and clay. Contentpl" |13 L 881 .4 114
2.90ncrease with depth. ’ s TR 4 b1 b
Stiff, prey silty clay R L W 112
with 3 mm thick clayey 6 | S |BHE | +5, 4
silt varves at % 9
2330 mm spacings. .5
te
718t | - 110 Hie
4
4.8 lss | M - ©
[l 24 1y
108
9 {87 -
5
biig
L0 {88 PM 106 50 O
HE]
11 [ss 1P 104 =]
9
102 o
01 ") -
s
15.09% sose to compact, grey [vllioiss | 3 °
s#ilty sand. et
Tr clay, some gravel, ‘;' 100
Oce boulder. Till “:,_ CRITEET] ﬁ:;?‘:i:wiﬁh
Fresh, grey, medium _;:
grained limestone bed- ||, |
rock with dark grey, vljls (858 118 Rec |ROD Waten 2] 48
97 .31 elogsely spaced, dark i b Z . Retngdn
T 91 grey partings (belew SH15 | BG 50 165 | 100
10mm) of shale 5Omm
fractured zone at 16 | Bq 95 |80 | 100
95,79{20.2 m. G 96
20,83,
End of Borehole
Notes
Water level in srandpip
Piezometer at elevation
115.78 m on 22/12/89,
PM*% ~ Sample taken from !
disturbed ground.

+3, x% ; Numbers refer 1o
Sansitivity

20
15 -5 {%) STRAIN AT FAILURE
10
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®:
Sl Tranaporanon 27
RECORD OF BOREHOLE No 3 METRIC
WP 36-81-02 LOCATION . _CH 10 + 037,27 « 5.2 LT (Hwy. &) ORIGINATED 8Y R.X,
DIST..9 Hwy 44 BOREMOLE TYPE Hollow Stem Auger & Penetration Test compien By -G
pAtym _ Geodetic paTg December 13-14, 1989 CHECKED BY
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
ﬁ\g 5 RESISTANCE PLOT .’?.‘}fy“ §§:%$ t:m;:o ,_g REMARKS
N v ot
51 e ) Bg ‘; 20 40 6D 8D 10D Wo " W, Z: &
ELEV . S 8w | 2|(25] & [sHEAR STRENGTH kPa S SR 2 | graiN sI7
DEPTH DESCRIPTION - % ol IS g% 9 |0 UNCONFINED * FIELD VANE| e coNTENT wl 7 DISYRI?UTOO
2z 5 [BC | T |eauck tmacar  x e vang . {%)
116, 5/ Ground Level m'L N z 25 50 75 100 125 25 50 75 GR SA 51 ¢
0. 00tompact, brown sand 5
Fill \
115, 59 Nell 1.1 88 113 116
L.226ompact to loose sandy N
Silt. Tr Clay. $iit and {| ' |p2d 88 111
clay contents increase 3] 881 8 1 [+
h 13, 76With depth, I H A i
3.05 51 58 11/750km
Stiff grey silty clay
with 3 mm thick clayey 518t | - 0
wilt varves at 25«30 mm 1
epacings. 6 | 55 I[P 112 5
L.
-]
7 S8 (PM
110 {4
"'_I.ZE
f 8785 [PM
108 =
#1 + "‘!6
I}
dirmrary 106 »
'
g1 seal .}.6 I
~ 104 t
103,40 t
13. 4 o0se, grey silty sand [J¥
102, Bk gravel,Till, X0l 88 |5
14,17
Fnd of Borehole 02 g
100
S
98 o
96.16 \ }\ \..
S End of trati
nd of penetration tesy Redrive valued
after pullling
back| 0.8 m
Notes
Water level in stand-
pipe at elevation
113.81 m on 24/01/90

+3 35 . Numbers refer 1o

20
' 13 % AIN AT FAILURE
Sensitivity ‘]‘%”5 {%) STR U



Tranaportstion 23
RECORD OF BOREHOLE No 4 METRIC
W P 34w81-02 LOCATION CH 10 + 000 (Hwy, 44) ORIGINATED BY R.K.
DIsT 9 HWY 44 BOREWOLE Type _Hollow Stem Auger, Rotary Coring (BQ) @ 19.61 m COMPILED By __I.C.
DATUM _..Ceoderic DATE .. December Bl 1989 CHECKED 8Y
’ SO1L PROFILE SAMPLES | & w IDYNAMIC CONE PENETRATICN —
. Ly T [RESISTANCE POT % nasne pritte vaus | X | pemARKS
= w | EC) 9 6 40 60 B8O 100 CONTENT z= 5
9 o w - = ! 1 ; : L Wg W WL o
Elg| w2268 & [SHEAR STRENGTH kPo [ S 2 | graiN siz
ELEY a pd
BEETH DESCRIPTION SElLE ] g 3% % |0 UNCONFINED  + FIELD VANE ATER CONTENT (%1 7 DISTRIBUTIO
i 21z U LD e GUCK TRIAXIAL X 1AB VANE w c (% 1%}
18,17 Ground Level 5 z z 25 50 75 100 125 25 50 75 GR SA §1 €
5.00 " 115
cMDense to compact, brown [}
sand. Tr gravel Fill INJTT Tes 173
116,04 2 |88 24
" 116
2'13C°mpact to lovse, grey ||+ {3188 124 0
sandy silt, Tr Clay., W b teg s
5ilt and clay contents ||.
1 h . Lo
norease with depth ) 5 188 |28 114 ]
Mokl 6 185 28
1158 6 0
g hu.o . 112
E 6'35Very stiff becoming 88T - 8
= =tiff, grey silty clay + ll1é
pt with 3 mm thick clayey S
2 silt varves at 25-30mm M [|.2._{SS _ [EM 118 14 o
w spacings. /’ p
. E_.; g “+
v Lo {58 M
Z2 (W _'_‘5
o 1% 108 s
%‘ SRR 0 d
= ko
& } +iq
106
8 / L2 IS8T -
= 6
- e
5 | e
104 o
-
L3 lss I 0
162
I 1®
Yis
100
L4 188 PM
98.97 _ _
19.20grey silty sand. Some " MyTTHy
gravel. Ucc. boulder, vl 98
Till
Boulder 19.61 m-20,11 g
96,83 E]‘.’ '
21,34
End of Borehole
Auger Refusal at 19.61m
Started coring (BQ size
at this depth
F i

' 26
o3, x5 Numbers refer to 15 4 g o) TRAIN AT FAILURE
Sansihvity 10




OFFICE REPORT ON SOIL EXPLORATION

Lt o 24
RECORD OF BOREHOLE No 4A METRIC

WP 34e81a02 LOCATION CH 10 4 000 - 1,0 Rt (Huy 44) ORIGINATED BY _MK
pisT__8 HWY 44 BOREMOLE TYPE Hollow Stem Auger, Rotary Coring (BQ) 23.77 m COMPILED BY __IC
pATUM _Geodetic pate _ January 24 & 25, 1990 CHECKED BY
SOIL PROFILE SAMPLES | ™ w JDYNAMIC CONE PENETRATION -
_:t:g & RESISTANCE PLOT pasyic Namuea o] REMARK:
e 20| » 20 a0 so 8o 00 |UMT content umitd O}
o) ¥ = ; h | f i o &
el I LS -4 W W w, :sg
ELEV DESCRIPTION Elal w | 2]88| O [SHEAR STRENGTH AP GRAIN 51
DEPTH RiPTI 2|31 2] 5|38 5 [ounconmmen  + ke vane ATER content (| ¥ |PETRBUTH
iz 5 [ %O & |eouck reaxiat x ag vane |V (%) {%)
118.17Ground Level « - w GR $A 51
0. 118
Overburden material Hote: Waker levellin plezompter
not sampled {For not megsured.
stratigraphy see
Borehole No. 4) 116
114
112
110
108
106
106
102
100
98,9 Seal
19.2 .
Probahly, gray silty X
sand, some gravel. L 98
Oce. boulder, o
Ti11 A
!
i 0 96
;‘, Watex
9444 h Kec RgD Re;urn
23.74Fresh, sound, grey limek; 94
stone bedrock with very % 1 BO Rl 95 | 61 {100
c¢losely spaced thin, ;/‘ -
(¢] mm) tight shale EEa
partings, Closely ;
spaced shale bands 2| B0 - 95 | 39 | 100 92 ucs @
( 10-20 um), Shale 2 91.88-91.%
partings generally have :&;, m 48 MPa
irregular surface. oy oz 1 34 {100
3} BQ R3 50
Core breaks readily on 7 50 5 R
shale partings 2o B
B7 | 24 {100
88.25 B34 5 | Be R4
ANV

End of Borehole

+3, x5 Numbers refer 1o
S nsitivity

20
15 -5 (A} STRAIN AT FAILURE
10
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Mrsatry
e 25

RECORD OF BOREHOLE No 5 METRIC
w P 34-Bl.02 LOCATION  CH 9 + 962,8 - 5.0 RT (Hwy, 44) ORIGINATED By R.K.
DIST B WY 4 BOREMOLE TYPE __ Hollow Stem Auger : comeitep gy 1o
DATUM Geodetic paTE _December 4, 1989 CHECKED BY
SOIL PROFILE SAMPLES x W IDYNAMIC CONE PENETRATION
wxg od | RESISTANCE PLOT ‘2'“—'-% PLASTIC :g,g::é; LU ,_EE REM
- 40 u UMt cOntEny LMY | = D EMARKS
51 e " 3: 5 W 40 60 80 100 W W Wi :::’m 3
ELEV BESCRIPTION gl w 3 %é & |sHEAR STRENGTH kPa - 2 | GRAIN SIZE
DEPTH w32 5|88 g [ounconrmen  + i vane wareR content | ¥ [PETRIBUTION
|2 5 | EY § & QUICK TRIAXIAL X LAB VANE (%) {%)
117,46 Sround Level & £ v 5 50 75 100 125 25 50 78 GR SA §1 C
0.04d :
Compact to lovse brown [X 1
sand. Occ organics., (v T
. X 116
115,33 T 2 ss | 9 9
2.13 Compact, grey silc. 3188 |17
Tr.sand and ¢lay. " Seal
Otc. shells 4188 ] 16 114 0
113,19 5188 i0 !
Y . 1
Stiff vo firm, grey 688 2 0
silty clay with 3 mm ] 1 5
thick clayey silt 2 +
vatrves at 25-30 mm
spacings. 755, e 3 +3
b .7
110 +
888 PM [ +]
£ g
! B
g 188, 1LPM 108
’ _'_109
§ +
AlLo g5 | pM ¢
106 9
Iq RE2
11155 | PM
104 p
T Lle
12155 | oo 102
/| ,
¥
¥ 100 tol.e
’
13 ss | on 1
28
ge‘zéfl.aose, grey siley sand\m;ﬁ- ;
§9:69some gravel. Til1 _ [1#||14] 88 | 7 5
21.79
End of Borehole |
Note .
i
Piezometer installed a ;
ghott distantce away :
from Borehole 5. ) .
Water level in stand-
pipe at elevation
116.06 m on 22/12/89. ; !
PM* - Sample taken ;
from disturbed i
ground ., ; ]
i ;
| |

20
B ?”"‘?’".’ refer 10 1505 (%) STRAIN AT FAILURE
ansitivity 10
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RECORD OF BOREHMOLE No 6

METRIC

W 34-81-02 LOCATION __CH 9 % 954 .1 = 9.0 LT (Hwy, 44) ORIGINATED BY R.K
DIST 8. .. HWY.__ 4k BOREMOLE Type  Hollow Stem Auger COMPILED BY __L1.C.
DATUM ... Geodetde DATE December 5, 6. 1989 CHECKED BY et
3 w | DynaMmic COME PENETRATION -
SOIL PROFILE SAMPLES el 2 |ResisTance por mastic '&%ﬁ;‘?&‘k; vaon| £ REMARKS
- :?I.CZD b 30 40 60 8p 1go M7 cowmr umitp SO
Qe o = = ) ; ] ; ) Wp W w, :,g -3
ELEV OESCRIPTIO Fig) w ;,2 %g & |SHEAR STRENGTH kPo e t:s%w?u?:é
BEPTH PTION =X =) =
DEPTH w5 K 3 G | g |0 UNCONHKINED + FIELD VANE o b "
b S 180 Z | ouck TraxiaL  x 148 vane |WATER CONTENT (%) (%)
117,74 Ground Level 5 z |0 = 25 50 75 100 125 25 50 75 k/m3ler sA 51 ¢
0.0 Loose, brown sand. ¥
Tr $ilt  Fi1l T 55715
115.71 116
Compact to loose, grey
sandy silt, Tr.clay. || L7788 7 ©
Oce. shells R O
113,57 Jo [sT | - 114 * TR NTR N
3.6 rem—
§ Stiff, grey silty clay 5 | 88 0750 fem
with 3 mm thick clayey (] 7
silt varves at 25-30mm 6 | 88 ot P
spacings. g 112 ;5
W5
7 185 | pM
4
}
110 ,,,%, )
- I A +“ Hl o 18,
] L2
5 [s5 | PM 108 ;
f +
I 19
[
101 88 PM
106 &
;)
1 + A
st | - L 16.8 |5TTTRE, &
il s
{ 104 bl
1
12 | 58 PM
g
{ -
I 162
13 g7 | - o 9)
L +TS
" oMis jss | pM 100
A
¥
+4
98 +8
96,51 y
20,72 T H - 9%
: PiTs Tss 12 0
Compavt, grey silty v
sand and gravel. Tr ||=k
tlay. Oce boulder. -
4 94
93,44 Il -
23,77
End of Borehole
Auger refusal

+3, %5 ; Numbers refer to
Serisitivity

20
15 -5 (%) STRAIN AT FAILURE
10 '
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DOrtaro
RECORD OF BOREHOLE NoBA METR’C
w P 34-B1-072 LOCATION CB G + 954.1 - 2,0 LT (Hwy. 44} ORIGINATED By RK
Dist 8 Hwy _A4 BOREMOLE Type Hollow Stem Auger, Penerration Test @ 1,5 m COMPILED BY _IC*
pATUM __Ceodetic pargDecember 18 , 1989 ' CHECKED BY
3 SO PROFILE SAMPLES o« w [ DYNAMIC CONE PENETRATION '
¥ T t‘f‘é’ g RESISTANCE PLOY ‘2_.“__*___& PLaSTIC  NATURM aui ...,E REMARKS
= $6| = 20 40 0 80 1g0 |'MT coNTEMT Lmity 5O
218 1 = ST e y— W W w53 &
ELEV BESCRIPTION Sla! & 2 135 | © [SHEAR STRENGTH kPo N > 2 | GrAIN 517
. DEPTH w15 2| S[38] g |ounconmme s meouane| oo L[y [DISTRIBUTIO
; x| Z 5 5‘-’ & e Quiek tRIAXIAL X LAB VANE CON (%) {%)
. [L17.23 Ground Level n ‘ it GR SA 81 C
0.00
P Overburden materials
: not sampled, For 116
stratigraphy see
Borehole 6 z
14 ;'
112 /
Z
e
s
&
[} 110
o
ko
w
P g-m (
52 108
: f
o
Py O -
o
0 ~ e 106
W o L
o My
Y =P !
Sy
W 104
o
D-&L .
102 \
100 =
48 /
13
95,0 T
. 22.20 End of Penetration Tes 104/B0 mn
R
3, x5 ; Numbers refer to f:;es {%) STRAIN Ar FAILURE
N Sensitvity M ¢




RECORD OF BOREHOLE No 7

OFFICE REPORT ON SOit EXPLORATION

PM* -~ Sample taken
from disturbed

w P LOCATION CH 9 + 910_( By, 44) ORIGINATED BY _R.K.
bisy BOREMOLE TYPE _ Hollow Stem Auger
DATUM Geodetic DATE _ December 7V, 1989
SAMPLES o w DYNAMIC CONE PENETRATIONM
;;g‘g g RESISTANCE  PLOT . mashc NATURR o s
K s |20 @ 20 40 40 80 100 2
9 35 w - =z i i 1 i 1 A
ELEY el g 2 %g_ 8 |SHEAR STRENGTH Po et ik S
DEPTH w3313 T |0 UNCONRINED  + RIELD VANE
50 g
g1z} 5 [&Y | & |ecuick TRAKAL  x 148 VANE WATER CONTENT (%)
116.94Ground Level W B e 25 50 75 100 125
a.0 l.oose, browmn sand R )
115,74 Ty silt, 1 [ en 5 116
1.22 Compact, grey sandy i 2188 1 71
shells. 8ilt and clay 3185 [ 12 ]
contents increase with 114
113.2§ depth. 4185 |12
& -
3665565 o firm, grey 3.188, [emt +",
silty clay with 3 wm
thick clayey silt 68T |~ 112
varves at 25-30 wm +5
spacings. +4
7088, |PMF +3
110 +)l14
818t | -
8
108 * _g.?l
9155 | M .
+
+8
10188 | PM 106
+9
103,99
12,95 End of Borehole

+3, x5 : Numbers refer to
Sansitivity

To20
158§ (%) STRAIN AT FAILURE
10



Mintry of
Tranaportation apd
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RECORD OF BOREHOLE No 8 METRIC
WP 368102 LOCATION CH 9 + 957 - 5.0 Rt (Hwy 44) ORIGINATED BY _MK
pist_...2 Hwy __ %% . BOREHOLE typg Hollow Stem Auger, Rotary Coring (BI) @ 23.37 m compiep sy IC
DATUM Geodetic DATE _ January 22, 23 and 24, 1990 CHECKED BY
S5O PROFILE SAMPLES o u JOYNAMIC CONE PENETRATION
Bg | & [RESSTANCE PLOT pasmic MU qup] T REMARK:
= $56| & 20 40 60 80 00 |UMT conter LT SO '
Q w o Qx w | f L I i Wp W w, | 5w &
ELEY, BESCRIPTION Elo| Wl 2]28]| § |SHEAR STRENGTH AR, NE— 2 | GraiN §I
DEPTH = Ex| g 281 T |ounconmnen  + el vane warer content ol 7 DISTRIBUT
¥ 2|2 > | &Y | D |eouck rRiaxal  x Lab vane {% {*%)
L17.16 Ground Level “ : & GR S4 S
¢, 00
Overburden not gampled
to 21.33 wm. For 116
stratigraphy see
Borehole 5.
114
112
Z
O
Juaw
b
[ 110
g
[-"
o4
i
sk
o 108
oy
2
[#]
= 106
4
w
oc
{78 )
W
el 104
&
102
100
98
‘ 95. 83 _ 96
21.33 Compact to dense, grey[[s*fl 1 |SS |38
silty sand. Some o
gravel, oce. boulders.}s” [Recow-  |Water
Ti11 N [ ery |RGD {Retukn
3,74 . 2 188 |29 AR R 94
23,373 ) B
*21 Fresh, sound dark greyl:=.] 3 {Bg
limestone bedrock withiho 99 | 34 1100
very closely spaced
i thin (<1 mm) shale 2 — 92
partings, Core splitspaod 4 |BR
readily on shale 100 | 39 100
gp. 49 Partings. Parted
26,67 AL (ofot a0 2ox o B I AN
B U1 very drregular
End of Borehole
20
3, %% Numbers refer Yo 5’5 1) STRAIN AT FAILURE
' Sensitivity 10




APPENDIX II

Laboratory Test Data

30



7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SIY Fine l Medium [ Coorse Fine ] Coarse
SRAIN SIZE (N MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
t 2 3 4 3 0 2 30 4030 g5, B0um 00um 600 um 5. I8 e 2.38men ? Smm W0 mm I¥S5mm 81 0w
100 HHHHIT $Ium 1065 m 250dm 425um 830 um 2.00mm 475mm B2wm | 265mm | 530med 7S0mm
o
w0 / o
80 20
70 30
o 80 400
z z
ﬁ . e N | . W S S . RS <
< :
50 30
5 I LEGEND 2
g f| en [sameie SYMBOL <
2 a0 60 =
2 2 (o
6 4 x
30 ro
7/ {
/J l/ {! " (1]
z0
v 7
v /] "
o - |F o
o
-0 b — 14143
} z 3 45 1o 20 30 40 270 200 140 100 60 8C 40 30 20 16 w08 P LA A A ey
MINISTRY SIEVE DESIGNATION | Imperial } .
. I
Ministey of GRAIN SIZE DISTRIBUTION FIG No
Transportation WP 34-81-02 ]
, Silty Sand to Sandy Silt, Trace Clay
Ontario




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILY Fine | Medium | Coorse Fine | Coarse
GRAIN SIZE 1IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
i z 3 43 laid 20 30 4050 5. 50um 300um  $00um Li8mm 2 15mm 2. 5mm 19.0mm I7Smm 63 Omm
100 T IHF 53um 106um 1W0um 425 um 850 4m 2.00mm & 7Smm 13 2mm 76 S 33 Gmand 75 G
ﬁ—& i o
90 / / G
80 / 20
/
1A
70 / 50
o 80 sw0c
rd 4
5 ] o ] <
g =
50 50
5 vV LEGEND F
o [ ¥
x BH SAMPLE SYMAOL -«
- 40 pos / - e &
I / 11 [+
1 6
30 S 4’”, X 70
. et -
A
20 : 80
10 R 80
o I o0
1 S 3 a4 s 10 20 30 40 270 200 40 00 €60SC 40 30 20 (6 108 P M"Y W Wy 2l e
o _ ‘ MINISTRY SIEVE DESIGNATION {imperial )
Ministry of GRAIN SIZE DISTRIBUTION FIG No 2
Transportation ‘ WP 34-81-02 N
‘ . Silty Clay o
Ontario




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

W P 34-81-02

£t

SAND GRAVEL
T
CLAY & Sit Fine ] Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric}
| 2 3 4 5 10 20 30 &40 50 ISum 150 IC0um S00 118 mm I36mm 2. 5mem 120 mm 375mm B3I Cmm
00 [ “ I EE ﬂ $Tpm T3 um 250;#“ &255um 850 um 2.0Cmm & 75mm 13 2w 6. 5wm 53 Cownf 7% O
o
) » ,»‘r//; °
80 H 20
70 /}Jr/ 30
o %9 0o
Z. z
4 -+ : - - s N
4 L8
50 s0”
z v I LEGEND 5
s I & | en [sameie SYMBOL s
o« 40 80 ~
| el [ 2 | 13 o
30 e ] lf ro
’/ia'
20 : - 80
’/ ] lt
10 H n 206
o u. H 107+ 3
! z 3 a5 1o 20 30 40 210 200 140 100 6050 40 30 20 16 o8 4 R UL A D
MINISTRY SIEVE DESIGNATION { imperial}
Ministry of FIG No 3
Transportation GRAIN SIZE DISTRIBUTION

Ontario -

Silty Sand, Some Gravel and Clay - TILL




VOID RATIO -PRESSURE CURVES 34

‘ B H 6
0.59 SAMPLE 4
DEPTH 3.2 m
ELEV  114.0 m
] 0. 50 Wpr g
) W = 13
CC -4 -~
: o
= 0.49%e=l0.455
= Oy
o han ik
S }
> O p= e - A
O.AO M+ M—Od"”““ ol »-nl
0.3
] 10 100 } 000 10 000
PRESSURE kPa
1.0
& | 8 H 6
Los[0.97 " SAMPLE ¢
““*w..\ DEPTH 7.9 n
ELEV  109.3 o
0.9
W = 37
® 0.8 Cc: 031
(®
b
«
[~
o 0.7 , _
g
N
% m“mL,H
0.6 Tt

! 10 100 1000 10 000
PRESSURE kPo

Fig %o 4 WP 34-81-02



VOID RATIO - PRESSURE CURVES 35

6 H 6
SAMPLE 11

DEPTH 12.5m

1.5 | ELEV  104.7 m
Godl 440 W 37

. 1.4 _ m..,.:+ Wpe 23
8. W = 355
1.3 ‘\ Ce = 1.06

VOID RATIO e
[y
[

6"“*««
e ol |
0.9 J""‘“"- T b4 §
0.8
1 10 100 1 000 10 000
PRESSURE kPa
1.0
; 8 H 7
SAMPLE 6
A % KT DEPTH 4.9 m
0.9 : = ELEV 1_12.1 i
WL % 23
Wp= 17
W = 35
ot 0.8 Ce = 0.36
o \
[
-4
f+ 4
e 9.7
O 1
> |
“ 4 \
0.6 O | \
| O | L ,.}
! 10 100 1000 10 000

PRESSURE kPo

Fig No 5 W P 34-81-02



FOUNDATION INVESTIGATION
PROPOSED
UNDERPASS STRUCTURE
RICHARDSON ROAD OVER HIGHWAY 417
OTTAWA, ONTARIO
W.P. 34-81-04 SITE NO. 3-570

DISTRICT 9, EASTERN REGION

1. INTRODUCTION

A field investigation for this project was conducted between December 12 and 20, 1989.
Eleven boreholes were drilled to depths between 3.5 and 12.0 m below existing ground surface
at the locations shown on Drawing N‘o; 348104-A *  Five of these boreholes were
advanced at the proposed foundation locations, while the remaining six boreholes were located
along the approach embankments at the west and east ends of the Structurc. Details of the

field work program are provided in Appendix "A" to this report.
The borehole locations were mutually agreed upon and were located in the field by staff
of MTO who also provided the ground surface elevations. It is understood that the borchole

elevations are referenced to geodetic datum.

2. SITE AND GEOLOGY

The site is located west of Ottawa (near Huntley), at the intersection of existing Highway
17 and Richardson Road (formerly Cowan Road).

* DWG NO 2 OF THE CONTRACT DWG'S
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The property around the site is currently forested land. The ground surface in the area
is very flat. Both roads are asphalt paved, with two lanes, gravel shoulders, side ditches, and
right turning lanes along Highway 17.

A review of selected geologic references suggests that this site is located in an area
characterized by shallow surficial deposits of glaciolacustrine sand and gravel. The sand and
gravel is then underlain by glacial till and ultimately by limestone bedrock of the Trenton and

Black River formations.

Ministry of the Environment Well Records for the area confirm the presence of sand
and gravel overburden deposits, with limestone bedrock encountered at depths of about 6 to

8 m.

3. . SUBSURFACE CONDITIONS

Details of the subsurface conditions encountered at the site are summarized below, and

are also presented on the accompanying Borehole Logs and Sections on Dwg. No. 348104-A"

Details of the laboratory tests and field tests are summarized on the Borehole Logs

and on Figures 1 to 3 inclusive.

It should be noted that the subsurface conditions are confirmed at the borehole locations
only, and may vary at other locations. The boundaries between the various strata as shown on
the logs and sections are based on non-continuous sampling. These boundarics represent an

inferred transition between the various strata, rather than a precise plane of geologic change.

The ground surface along the proposed bridge alignment is flat, and at about elevation
131 m Geodetic.

* DWG NO 2 OF THE CONTRACT DWG’S

37



In summary, the boreholes found 0.6 to 1.2 m of granular fill at the ground surface. The
fill was underlain by the native compact to dense sand and gravel which extended to depths
of up to 3.4 m.

The sand and gravel was underlain by a dense to very dense sahdy silt till which extended

to limestone bedrock, encountered at a depth of approximately 10 m.

3.1 _Fill

The borings generally encountered a thin layer of fill at the ground surface, to depths
of about 0.6 to 1.2 m. ‘This fill material appears to be associated with the construction of the
existing Richardson Road and Highway 17, and comprised relatively clean sand, to sand and
gravel. The fill materials were generally frézcn to depths of approximately 0.3 m. The results
of limited penetration testing in the material suggest that it is generally in a compact to dense
condition. The moisture contents of the fill ranged from 4 to 19 percent, with an average of

5 percent.

3.2 Sand and Gravel

Beneath the fill, native sand to sand and gravgl was encountered to depths of 1.5 to 3.4
m, in all of the borings except Borehole 11. The sand and gravel material was absent in
Borehole 11. This strata ranged in composition from sand with a trace to some gravel and silt,
to sand and gravel with some silt and a trace of clay. Grain size distribution curves for the
sand and gravel stratum are presented on Figure 1. It was generally in a compact to dense
condition with "N" values ranging from about 8 to 62 blows per 300 mm. Standard Penetration
Resistance Values were generally greater than 20. The ﬁigher blow counts noted in the sand
and gravel materials are likely the result of coarse gravel materials encountered by the

sampling spoon.
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The moisture content of the sand and gravel ranged from 4 to 23 percent with an
average of 11 percent. It should be noted that portions of the deposit were below the water

table, and therefore the measured moisture contents may not be representative.

For design purposes, the following soil properties are estimated. These soil properties

are not factored.

- effective angle of internal friction, (Phi) - 32 degrees
- effective cohesion intercept, ¢’ - 0 kPa
- unit weight, (Gamma) - 21 kN/cu.m

3.3 _Silty Sand, Trace Clay and Gravel (Glacial Till)

Beneath the sand and gravel, a sirata of glacial till was encountered to cither the base
of the borehole, or the underlying bedrock surface at depths of 10 to 10.2 m. The glacial till
generally comprised silty sand with a trace to some clay and gravel. Grinding of the augers
was noted at various depths throughout the till deposit, suggesting the presence of occasional
cobbles and boulders. Grain size distribution curves for the glacial till are shown on the
accompanying Figure 2. The till was generally in a dense to very dense state with Penetration

Resistance Values ranging from about 32 to ovér 100 blows per 150 mm. Some of the higher

penetration resistance values may have been the result of coarse gravel or cobble materials -

encountered by the sampling spoon. There was a tendency for a decrease of "N" values with

‘depth, likely as the result of upward seepage and loosening of the material in the boring.

The moisture contents varied from 4 to 10 percent with an average of 7 percent.
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Atterburg limits were determined on four select samples and the results presented on

the Borehole Logs and as summarized below:

Borehole Sample Plastic  Liquid Plasticity
No. No. Limit Limit Index

1 3 12 20 8

4 7 11 13 2

7 10 10 16 6

10 7 12 17 5

These reflect an inorganic silt of low plasticity (unified soil classification CL, or CL-
ML). The till is slightly cohesive in nature.

For design purposes, the following soil pmperiies are estimated based on index properties

of the deposit. These properties are not factored.

- effective angle of internal friction, (Phi) - 35 degrees

- effective cohesion intercept, ¢’ - 0 kPa

- unit weight, (Gamma) - 22 kNfcu.m.
3.4 Bedrock

Boreholes 4 to 8 were carried to refusal on the underlying bedrock at depths of 10 to
10.2 m (corresponding to elevations of 1209 to 121.4 m). Based on the borchole data, the
bedrock surface appears to be relatively flat-lying. Bedrock cores were obtained from
Boreholes 4, 6 and 7 for lengths of approximately 1.5 m. The total core recovery obtained
was close to 100 percent, with RQD values of 65 to 90 percent. The bedrock was slightly
weathered to fresh.
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3.5 Groundwater

Seepage was encountered in all of the borings, near the base of the sand and gfavel
strata. The water levels were measured in the borings on December 22, 1989, about one week
following their completion. The water levels were relatively uniform at 1.3 to 1.6 m below
ground surface. Heavy seepage was noted in the borings through the sand and gravel strata

and also through isolated areas within the glacial till, particularly at depth.

The long term static levels should be anticipated to fluctuate, with higher levels expected

during wet seasons.

Water levels were measured in the piezometers instalied in the boreholes on December

22, 1989, ‘The water levels are summarized on the Borehole Logs and are as follows:

Borehole Water Depth/Elev.

1.3/129.9m
1.5/129.6m
1.4/129.6m
1.6/129.4m
1.6/129.6m
1.4/129.9m
1.5/129.8m
1.5/130.0m
1.5/129.5m
1.6/129.1m
1.5/129.1m

A~ N B - ST A S

FUC Y
- O
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APPENDIX - A

FIELD PROCEDURE

The field investigation for this project was conducted between December 12 and 20,
1989, when 11 boreholes were advanced to dcpths of 3.5 to 12.1 m below existing grades, at
the locations shown on Drawmg NO. 348104-A . The drilling was conducted using machinery
supplied and operated by Longyear Canada Inc. mobilized from Toronto, Ontario. The drilling
operations were directed and supervised by Mr. Renato Pasqualoni, B.A.Sc., P.Eng. of
Terraprobe Limited.

Five boreholes (BH 4 to 8) were put down in the vicinityh of the proposed piers and
abutments for the proposed bridge. In addition, 6 boreholes (BH 1 to 3, 9 to 11) were

advanced along the alignment of the proposed approach embankments.

The borings were put down using a crawler-mounted CME 55 power auger machine.
Split-spoon samples of the overburden materials were obtained as detailed on the Borchole
Logs and Sections. Dynamic Cone Tests were also carried out at the Borcholes locations.
(All samples obtained in this investigation were sealed in jars and transported to our laboratory

for detailed inspection and testing.)

Standpipe type piezometers were sealed into all the boreholes in order to permit
observation of groundwater levels. The standpipes comprised 12 mm LD. CPVC tubing, which
was saw-slotted near the base, and fitted with a sand filter and bentonite seal, as noted on the
Borehole Logs.

The locations of the borings were determined by measuring relative to the survey stakes
placed and marked by Ministry of Transportation representatives. The ground surface
elevations at the borehole locations were determined by our field engineer with reference to

survey points determined by MTO representatives.

A
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The water levels in the standpipes were measured prior to demobilization from the area
on December 22, 1989.

All of the soil samples obtained in this investigation were examined in detail by the

project engineer, and classified according to visual and index properties.

Water content determination was carried out for all samples obtained. In addition,
laboratory tests were carried out on selected samples, including grain-size distribution, and unit
weights where applicable. The results of the testing are presented on the Borehole Logs and
on Figures 1 to 3.

NOTE: The preceding report is a copy of the factual information from the
Foundation Investigation Report prepared by Terraprobe Ltd. (consulting
geotechnical engineers for this project), under the technical supervision
of the MTO Foundation Design Section.
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9 Hwy._._.17 BOREHOLE TYPE _ Hollow Stem Augers, NQ Core, Core Test COMPIED BY . KJ
DATUM Geodetic bate December 13, 1989 CHRECKED BY PR
Wi TDYNAMIC CONE FPENETRATION
SO PROFILE sampies | &=, | % |REcistance pior e S8 vl % | cemanxs
& 4 Limir CONTENT LIWIT -
5 w | EC ] 2 4p 60 % w0 PO W™ W | B 2
o ud
ELEV IR 8 [SHEAR STRENGTH &P o | T3 | oRAN si2E
e DESCRIPTION ={>| 9 e E
DEPTH > 6| & |© UNCONHINED + FIELD VAN “ y
IEIN 5 gu 2 s quick TrAxAL  x 1as vane |WATER CONTEN‘;“ ! s %)
= -
131 Groutd Surface o - w 10 20 3 kN/m® IR SA $I CL
0.0 Asphalt ~ 125mm 1.1.C8 b
Fill, sand and gravel. Séuﬁ
130.3 Compact Brown ) " o
1.0 Sand and Gravel, trace 'o‘.; 2188 [ 23 7
silt and clay. '“’.‘ '-!- m}ggt Leve N 2]
v 13188 62 =|lInec.24/89 )
Very Brown |+
129.0! banse o 7. 129 4
2TYSTTEy Send, Trace ;. ] [\
gravel, some clay, *,l‘ 4185 | 88 \
oceasional cobbles. ‘ : M
' [ {slss | o5 1o
1 128
Very Grey H 688 | .58 [}
Dense H \27
L rtes—tssdomn
(Glacial Till) H
| l 126
l 8ss |93 125 0
: l 124 -
I SCRE 0
“ 123
' “ W 122 Ot 22.1 |8 50 28 14
1211 Auger Refumal K ' -
10.2] Bedtock ’éﬁf/ § 121
S 3
Limestone. 3\%; RC 1100% b
%y 11 Ko
Grey vQD g
A |
% o5l Bl o
119.6 P -
y | 11,7 End of Borehole
»

+3, & : Numbers refer to

20
1545 {%) STRAIN AT FAILURE
Swnsitivity 'l‘t-" %5
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RECORD OF BOREHOLE No 8 METRIC
w P 4Rl 04 LOCATION Sta 9 + 870 o/s 4.5m. L8, € Richacdaon R4, ORIGINATED BY _ KJ
Y pisT 9 HAwy_ .17 BOREHOLE TYPE _ Hollow Stem Auger, Cone Test COMPILED BY __KJ
;’:, DATUM Geodetic DATE December 19, 1989 CHECKED BY PR
D : DYNAMIC CONE PENETRATION
i SO PROFILE SAMPLES g“"‘ g RESISTANCE PLOT pasric BATURAL ¥
[ g2 = s | wouna | 20 REMARKS
: b 20| » 20 40 60 60 100 , CONTENT z=
; O e v = = 4 1 f I i Wp W w | 5% &
LBV DESCRIFTION Sla| @] 2|26 | & [snear STRENGTH kb e | T3 | oraN suzE
DEPTH 1Bl 2| 138 % |ounconmmer ¢ FEDVANEL L o o el Y DISTRIBUTION
é z z v é ® QUICK TRIAXIAL X LAB VANE N %) {%)
1218 Ground Surface w = o 10 20 30 KN/m? dep sa 81 ¢l
© 0.0 ]Asphale ~ 125mm : 1.)cs =
Fill, sand and gravel. ] 131
Seai o
1305 | Sompact Broval N 5 1ss |83 et SO N
1.0{5and and Gravel, some |,°, _u_ﬁ,::::
silt, trace clay. TN " '\
‘ e J..&S.“_ﬁu%.: 1130 Frd o 30 50 12 8
Yy Dec.24/89
Very Densze Brown|*
to Sola fss | 12
128.8 |compact > 9 g
2,7|5ilty Band, trace T Tt
. {gravel, trace to some }'
‘elay. - Fhys 58 173 ] 22.7
H 128
L ;16 |88 |53 o
Very Grey lr
Dense Y 127
H 7 iss |72 0
{Glacial Till)
'lj- 126
|8 iss | eo/1bomd ° o] s
125

|
|
l | 124 - .
1
|

. l 9 |55 |55
:l', | 123
. N £ ,
sand and gravel seam. "[ 1oles |28 o
H; 122
121.4 [
T TTERT6F Borehole 7

Miger Refusal
on probable Bedrock.

Sensitivity

70
+3, x5 Numbers refer 1o 150 5 (%) STRAIN AT FAILURE
10
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Tranaportaion
RECORD OF BOREHOLE No 9 METRIC
WP 348104 LOCATION __ Sts 9.+ 945 ofs fm L. ¢ Riehardson Rd, ORIGINATED BY Xt
DIST 9. HWY 17 BOREMOLE TyPE __Hollow Stem Auger, Cone Test COMPILED BY . K]
patum _ Geodetic DATE December 12, 1989 cHECKED BY TP
SOl PROFL SAMP o w | DYNAMIC CONE PENETRATION -
Il PROTIE PUES [ By | |Resistance pior nasric A uove| wE | pemars
LIMIT CONTENT LimiT — {0
re " %o w 20 40 &p 80 100 Z= &
9 o i ': z 1 L i i 1 wp W Wl :Qg
ELEV DESCRIFTION " g w g ‘z’% $ |SHEAR STRENGTH kPa AR S m%wlg ‘?Iéil
BEFTH 1Z21 215818 E o UNCONFINED  + FIELD VANE . y BuT!
g2 5 %u Z |e ok TriaxAL  x LA vane WATER CONTENT (%) {%)
121.0 Ground Surface w - w | 10 20 30 GR 5A 51 €L
0.0|Fill, sand, some 1165 I~ ¥
gravel.
Seal L.
1298 Compact Brown 2lss 19 130 S S Q
1.2 {8and and Gravel, some {-i- w1} | vater] Leve /-"/
silt, trace clay. %-"~ * Dec.zFiBQ ‘o
.;; 3 {58 [42 .
b 129 ]
lcompact Brown o2 e "]
128.3 oy 20
Z.71511ty Sand, trace kA
gravel, some clay. H 128 T 5
1|5 {ss 180
Very bDense Browm | 1e ies |ss . ®
(Glacial Ti11) H 127
H [7 [ss [s0 ¢ q
H 3 126
H _ t 125
1244 .48 les |s0 ©
5.5 End of Botehicls

+'3' «5 - Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 10

METRIC

3428108 LOCATION Gts 0 4 920 bis SM Rt..Z Richardson Rd, ORIGINATED BY _KJ
9 HWY_. .17 BOREHOLE TYPE __ Hollow Stem Auger, Come Test COMPILED BY ___KJ
DATUM . Geodetic DATE December 12, 1989 cueckED By _..PB
SOIL PROFILE SAMPLES | & W |DYNAMIC CONE PENETRATION "
%\Q 3 RESISTANCE  #LOT rus;xc ',}@,’,‘;;‘3.‘! nomyo xg REMARKS
" o~ 180 @ 20 40 60 80 oo M7 comimr LT
Cfe L17E] 2 O P OO, O Wp W W S% &
DESCRIFTION BlEl g | 2 |2G| 8 [SHEAR STRENGTH L% o | 3| GRAN siZE
> 5 o DISTRIBUTION
- O % |0 UNCONANED + FIELD VANE . Y .
glz 5 gu Z e cuck TRIAKAL  x LaB vaNE WATER CONTENT {%) , (%)
Ground Surface uld : w g 20 30 et /m”  {GR SA §1 CL
¥ill, sand and gravel. 1j¢8 |- -]
Seal
130
Compact Browr —— o
Tand and Gravel, some 2188 | 47 N
silt, trace clay. water lLeve N
: % bec,23/89 (‘/
ajsgs |17 129 \ 4
Compact Browd \*-«..&_ 4
Silty Sand, trace 4188 %2 128 Py
gravel, some clay.
. b L o
127
- o
Very Dense Browr' 6.1 55 | 73/450mn
(Glacial Till) i )
TIEE LI B 126 j Qb 21.9 |4 38 40 18
'E 125

tnd of Borehcle
Auger and Spoon Refusal

+3, x5 : Numbers refer to

20 .
Sensitivity 15 g& {%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 1l METRIC
) WP 340108 LOCATION . _Sta 9.+ B9 ofs Sm Lr., ¢ Richardson Rd. ORIGINATED BY K1
c DIST__9  HwY.._ .17 BOREHOLE TYPE .. Solid Stem Auger, Cone Test COMPILED BY __RJ
DATUM Gaodetic DATE pecember 13, 1989 CHECKED BY PEB
w | DYNAMIC CONE PENETRATION
# S0IL PROFILE SAMPLES §m = {ResistANCE PLOT nasrie NATURAL =
8] 5 ' L:msrc poisTonE 'im‘:r 'mc) REMARKS
- w |20 © 30 40 60 8D 100 CONTENT Zz
Bla A = A R, OO O wp W w| 5% &
ELEV RPT 28| w| 2|25 & [snear stReNGTH who s ot £ | GRAIN $IZE
DEFTH DESCRIPTION AELZ| S 1358 5 |ounconmme v mmovanel oo o el Y DISTRIBUTION
gz y | BV Z |® QUCK TRIAXIAL X 1B VANE A NT %) (%)
1306,  Ground Surface " : o 10 20 30 [|kN/m® JGR sA S CL
0.0{Fill, sand and gravel, 1iC8 |~
Seal
130
Dense Browi CT— 0 ‘
129,41 2 |ss )57 Hatey Leve\\
1.21811ty Sand, trace S v Dec.23/89 e
gtavel, some clay. H X "129 .
- E3 |ss |64 3 o
Very Dense Brown H & R
{Glacial Till) T :
H 4 55 |88 128 ﬂf 2.4
127.1 H 5 1ss 1113 0
3,%|End of Borehole i "

: 20 ,
; +3, 5 ; Numbers refer o 1 .5 (%) STRAIN AT FAILURE
[ Sunsitivity 1 :
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N

GEOTECHNICAL CONSULTANTS GFQCON INC,

3210 AMERICAN DRIVE, MISSISSAUGA
March 1, 1990 ONTARIO, CANADA L4V 1B3

TEL.: {416} 673-1664
Ministry of Transportation of Ontario FAX:: (416) 673-0282
Foundation Design Section
Room 315, Central Building
1201 Wilson Avenue
Downsview, Ontario

M3M 1J8

Attention: Mr. Murty Devata, P.Eng.
Chief Foundation Engineer

RE: SUBSURFACE INVESTIGATION
PROPOSED HIGHWAY 44 & 17 UNDERPASS
OTTAWA, ONTARIO

Dear Sirs:

We are pleased to forward our final report for the above noted
study as per your request.

The report documents the soil and ground water conditions observed
in boreholes drilled at the above noted site in the general areas
of abutments, approach fills and central piers. Also presented in
this report are recommendations for foundation types and
considerations for the construction at the proposed bridge.

In absence of an "E" plan for this project we have not drafted a
detailed stratigraphic section but instead we have enclosed a copy
of a preliminary "working" section prepared by us. We will forward
a properly drafted "E" plan and stratigraphic section in due
course.

We trust this is sufficient for your present requirements and would

be pleased to discuss any aspect of the study with you. Thank you
for the opportunity to be of continuing service.

Yours very truly
GEOCON INC.

R.D. Powell, P.Eng.
General Manager

RDP:bg
T11600/15000

Lavalin



AB N

1.0 INTRODUCTION

2.0 SITE GEOLOGY

3.0 SITE AND PROJECT DESCRIPTION

4.0 INVESTIGATION PROCEDURE

5.0 LABORATORY TESTING

6.0 SUBSURFACE GROUND CONDITIONS

7.0 ENGINEERING DISCUSSION AND RECOMMENDATIONS

7.1 General
7.2 Bridge Foundation Alternatlves
7.3 Highway Approach Embankments
7.3.1 Stability
7.3.2 Embankment Settlement
7.4 General
7.4.1 Pile Installation
7.4.2 Caisson Instllation
7.4.3 Depth of Frost Penetration
7.4.4 Lateral Earth Pressure
5 Temporary Excavations
.6 Embankment Construction
.7 Site Supervision

8.0 CLOSURE
REFERENCES
DRAWINGS (at rear of report)
T11600.1 Site Location Plan
T11600.2 Stratigraphic Section
T11600.3 Geotechnical Data -~ Silty Clay Layer
TABLES

Table 1 Borehole Summary
Table 2 consolidation Test Data

Appendix I - Borehole Logs
Appendix II - Laboratory Test Data
Appendix III - Embankment Stability Analysis Data



1-1

1.0 INTRODUCTION

The Ministry of Transportation of Ontario, propose to upgrade the
existing Highway 17, west of Ottawa from two lanes to a four lane
expressway. In order to achieve this work, several regional roads
in the area require grade separations over the proposed expressway.
Geocon Inc. was requested to conduct a subsurface geotechnical
investigation for one of these proposed grade separations, located
at the intersection of Regional Road 44 and Highway 17 (Drawing No.
T11600.1).

The purpose of this investigation was to determine the subsurface
conditions present at the site and, based on that information
provide geotechnical recommendations for use in the foundation
design aspects of the project. The Terms of Reference for this
investigation were outlined in our proposal letters of November 20,
1989 and January 15, 1990. This work was completed under Ministry
of Transportation Work Order No. 4238~9089-~240.



2.0 SITE GEOLOGY

The site is located adjacent to the Ottawa River on a sand plain
along the near shore area of the historical Champlain Sea (Chapman
and Putnam 1983). Expected soil conditions at site consist of a
thin veneer of cohesionless material overlying significant depths
of marine clay. These deposits are in turn underlain by glacial
till which is overlying bedrock. These general soil conditions
have been confirmed by previous subsurface investigations in the
area (Ministry of Transportation of Ontario - Geo-Cres library).

The bedrock geological mapping at the proposed site, as presented
in the Ontario Geological Survey (0.G.S5.) Map P 2726, indicates
that the underlying bedrock consists of limestone of the Verulam
Formation of the Middle Ordovician Period. Typically, this
formation consists of fine grained limestone bedrock interbedded
with shale layers up to 100 mm thick. Outcrops of the formation
occur approximately 2 km west of the proposed site.

{
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3.0 SITE AND PROJECT DESCRIPTION

The site of the proposed overpass structure is located at the
intersection of Highway 44 and 17, approximately 35 km west of
Ottawa, Ontario (Drawing No. T11600.1). The site is located on a
generally flat plain 1locally traversed by three low level
embankments.

The largest of the embankments is that associated with the north-
west trending Highway 17 (Drawing T11600.1) which is approximately
2.0 m above the existing ground level. In the east-west direction,
two embankments intersect obliquely with the larger Highway 17
embankment. The smallest of these embankments, associated with the
previous Highway 44 alignment, is generally less than 1.0 m above
the existing ground level. The second, associated with the
diversion of Highway 44 to a location some 60 m north of the
previous location (Figure 1) is slightly higher as it grades up
from surrounding ground level to meet Highway 17 at grade. A
drainage ditch traverses the site in a roughly north easterly
direction.

The proposed grade separation of the two highways will be achieved
using a new overpass structure located on the old alignment of
Highway 44. It is understood that the overpass structure will
consist of two abutments approximately 82 m apart with an
additional support located at centre span. Approach embankment
fills of the order of 8 m to 9 m high immediately adjacent to the
bridge abutments are proposed on both sides of the overpass.

it R et e



4.0 INVESTIGATION PROCEDURE

The field work for this investigation was conducted in two phases,
the first between December 4, 1989 and December 18, 1989 and the
second between January 22 and January 25, 1990. During that time,
a total of 9 boreholes was drilled at the locations shown on Figure
2. In addition, one dynamic cone penetration test was conducted
from surface. Details of the drilling program are summarized in
Table 1. The borehole logs and the results of dynamic cone
penetration tests are presented in Appendix I.

The boreholes were advanced using 200 mm diameter hollow stem
augers. The drill type used for this investigation was a
Bombardier mounted CME 55, owned and operated by Johnson Drilling,
Ottawa, Ontario. During advance of the boreholes, sampling of the
subsurface materials was performed at regular intervals.
Generally, in the upper 7.5 m of each borehole , sampling was
performed at 0.75 m intervals and thereafter at 1.5 m intervals.
Sampling was generally achieved using a split spoon sampler
associated with the Standard Penetration Test. At selected
locations in the cohesive units, undisturbed thin-walled Shelby
tube samples were taken. All recovered samples were initially
examined and logged in the field and thereafter transported to our
Mississauga office for detailed visual and tactile examination.
Sample types and locations are presented on the borehole logs
(Appendix I).

In addition to sampling the subsurface materials, field insitu
undrained vane tests were performed at regular intervals throughout
the cohesive strata. Generally, the spacing of field vane
determinations was 0.75 m in the upper 7.5 m and 1.5 m there-after.
Also, as a general rule in the upper 6.0 m of the borehole, a split
spoon sample was taken for material identification purposes after
each field vane test was performed. Between 6.0 m and 15.0 m field
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vane tests and insitu sampling were spaced at approxi- mately 0.75
m. At depths in excess of 15.0 m, field vane tests and sampling
were performed successively at 1.5 m intervals to depth. At
Boreholes 4A and 8, drilled to penetrate the lower units, no
sampling or insitu testing of the overburden cohesive strata was
performed. Measured field insitu undrained vane strengths are
presented on the borehole logs (Appendix I).

At Borehole 2, drilling and sampling of the underlying silty sand
till layer was achieved by advancing B-size casing whilst
washboring using a bentonite based drilling mud. This system was
used to counteract the excess hydrostatic water pressures within
the till layer which caused difficulty with material blowing up in
the augers when this layer was penetrated using hollow stem augers.

The underlying bedrock was cored using a BX size core barrel at the
locations of Borehole 2, 4A and 8 for total depths of 1.6 m, 6.2
m and 3.5 m, respectively.

In addition to monitoring the groundwater conditions during
drilling, a total of four piezometers was installed in Boreholes
2, 3, 4A and 5. The installation details of these piezometers and
the recorded water 1levels are presented on the borehole logs
(Appendix I) and summarized in Table 1.

The field work was supervised at all times by a member of our
engineering staff who supervised the drilling and sampling
operations, ensured proper procedures for field vane tests were
adhered to, logged the boreholes, cared for the samples obtained
and supervised the installation of the piezometers.

The locations and ground surface elevations of the boreholes were
confirmed in the field by the survey department, Ministry of
Transportation of Ontario, Ottawa, Ontario prior to the
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commencement of drilling. It is understood that the elevations are
related to geodetic datum.



5.0 LABORATORY TESTING

Laboratory testing on the recovered samples taken from within the
overburden materials consisted of routine index testing on the
disturbed split spoon samples and consoiidation‘testing on selected
Shelby tube samples.

Index testing consisted of moisture content determinations, grain
size analysis, and Atterberg limits. The results of these tests
are presented on the borehole logs (Appendix I). The results of
5 grain size analyses are presented on Figures 1 to 3 of Appendix
11.

Four consolidation tests were carried out on Shelby tube samples
taken from within the overburden materials. The locations of the
tests are indicated on the borehole logs (Appendix I) with the test
results presented on Figures 4 to 5 of Appendix II. An incremental
load ratio of 2 was used for the consolidation test performed on
Sample No. 4, Borehole 6. The remaining tests were conducted with
an incremental load factor of 1.5.

One unconfined compression test was performed on a sample of the
bedrock taken from Borehole 4A at a depth of 26.2 m (elevation 92.0
m). The test result is discussed in Section 6.0.

e e n
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6.0 SUBSURFACE GROUND CONDITIONS

Based on the soil conditions encountered at the location of the
boreholes, stratigraphic conditions at the proposed site generally
consist of fill overlying a layer of sandy silt which in turn
overlies silty clay. The silty clay was found to be underlain at
depth by a silty sand till which in turn was underlain by limestone
bedrock. A summary of the borehole information is presented on the
stratigraphic section (Drawing No. T11600-2). More detailed
information on the stratigraphy at the borehole locations is
presented on the borehole logs (Appendix I). A description of
these individual units is presented below.

Fill

A layer of fill, associated with the construction of the previous
alignment of Highway 44 and the present Highway 17, was encountered
in all the boreholes. The fill generally consists of a brown,
medium sand. Standard Penetration "N" values within the f£ill
ranged from 9 to 48 blows and the layer can generally be described
as having a compact relative density.

At the locations of Boreholes 1, 2, 3 and 7, drilled from the
surface of the previous alignment of Highway 44, the thickness of
this layer is of the order of 1.2 m. At the locations of Boreholes
4, 5 and 6, drilled through the higher Highway 17 a maximum
thickness of 2.1 m was recorded.

ilt ine Sa -

A layer of silty fine sand to sandy silt with trace clay, was
encountered in all of the boreholes. At the location of Borehole
4 the thickness of this layer was determined at 4.1 m with an
associated lower interface elevation of 111.9 m. However, at the



6-2

remaining boreholes the thickness varied from 1.6 m to 2.4 m with
an associated range in elevation of the underside of this layer
from 113.2 m to 114.0 m. The reason for the observed increase in
thickness of this layer at the location of Borehole 4 is not known.

Measured Standard Penetration Test "N" values within the layer
varied from 3 to 28 indicating a very loose to compact relative
density.

Tactile investigation of disturbed samples taken from within this
layer indicate that the sand content decreases with depth while the
silt and clay contents increase. Occasional small white shells
were present within this layer. The results of two grain size
analyses from samples taken from within this layer are presented
on Figure 1 of Appendix II.

Moisture content determinations from within this layer with the
exception of a value of 35 percent at Borehole 1, Sample 3 show
values which range from 17 to 23 percent. One determination of
Atterberg limits from a sample taken from within this layer gave
plastic and liquid limit values of 17 and 19 percent respectively
with an associated plasticity index of 2. The layer can generally
be described as being non-plastic.

The results of one consolidation test performed from an undisturbed
Shelby sample taken from within this layer (Borehole 6; Sample 4)
is presented on Figure 4 of Appendix II with key parameters
summarized in Table 2. The coefficient of recompression is
estimated at 0.005. The test was not continued sufficiently far
beyond the preconsolidation pressure to permit an accurate estimate
of the coefficient of compression. The pre~consolidation pressure
of this sample is estimated at to be at least 480 kPa with an
associated over-consolidation ratio of at least 11.7.
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Silty Clay

Present in all boreholes, the measured thickness of this layer was
found to reduce across the site towards the west. Measured
thickness varied from 8.0 m at Borehole 1 to 17.1 m at Borehole 6.
The associated elevations of the underside of this layer were 105.9
m at Borehole 1 and 96.5 m at Borehole 6. The observed thinning
of this layer toward the west 1is further illustrated on the
stratigraphic section as presented in Drawing No. T11600-2.

Tactile inspection of split spoon samples taken from within the
layer indicated that the layer generally consists of silty clay
material interbedded with clayey silt layers (varves). The
thickness of the clayey silt varves are of the order of 3 to 5 mm
with spacings of the order of 25 to 30 mm. Within the bottom 3 to
4 m of the layer the thickness of the varves increases with an
associated reduction in spacing.

The results of 2 grain size distribution tests on material from
this layer are presented on Figure 2 of Appendix II. The
gradations of these two samples include clay contents varying from
18 to 46 percent. This is believed to be indicative of the local
gradation variances throughout this layer as a result of its varved
nature.

Drawing No. T11600-3 presents a compilation plot of the Kkey
geotechnical parameters obtained within this layer. Specifically,
it presents data on the measured field insitu undrained vane shear
strengths, sensitivity, moisture content and consolidation data.
These are discussed separately below.

S S RGN 1
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Insitu Undrained Vane Shear Strength

Individual measurements of the undrained shear strength
with depth as determined in the field are presented on
the borehole logs (Appendix I). The compilation plot of
Drawing No. T11600~3 shows a generally observed trend of
decreasing values with depth to a minimum value a short
distance below the underside of the generally non-plastic
sandy silt material. The minimum observed value is of
the order of 40 kPa and occurs at an elevation of
approximately 113.0 m or 1.5 m to 2.0 m below the
underside of the upper sandy silt layer. Below the
minimum wvalue, the measured values show a general
increase with depth, estimated to be of the order of 4
kPa per metre. The layer can be described as having a
firm to stiff consistency.

Sensitivity

Observed sensitivity values from within the silty clay
layer, defined as the ratio of the peak undrained shear
strength and the vane remoulded strength as determined
after 10 revolutions of the vane, are presented on
Drawing T11600-3. Individual values are presented on
the borehole logs (Appendix I). In general, the
sensitivity shows no discernible trend with depth, with
values ranging from a minimum of 3 to a maximum of 31.
However, the majority of the values fall in the range
between 5 and 20 and the material can be described as
being highly sensitive and is typical of Champlain Sea
deposits of eastern Canada.
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Moisture Content

Observed moisture content from within the upper sandy
silt and the silty clay are presented on Drawing No.
T11600~3 with individual values being presented on the
borehole logs (Appendix I). Generally, the upper sandy
silt material has a constant moisture content of the
order of 20 percent. From the underside of the upper
layer, at approximate elevation 114.0 m, values show an
increasing trend up to maximum of the order of 50 percent
at elevation 106.0 m. Below this elevation, values are
generally constant until the bottom of the layer where
moisture content values tend to decrease.

The results of 5 Atterberg limits from within the layer
show a plastic limit range of between 15 and 34 percent
with liquid limit values varying from 20 to 37 percent.
The associated plasticity index varies from 5 to 13, and
based on these values, the layer can be described as
being of low to medium plasticity. The higher plasticity
index values are presumed to be associated with the more
clay rich samples. Also, it is expected that the silty
clay varves have significantly higher plasticity values
than those obtained from the "bulk"™ samples which were
tested. Insitu moisture content values throughout the
layer are generally higher than the measured liquid limit
values.

Consolidation Test Data

Four consolidation tests were performed on undisturbed
Shelby samples taken from Borehole 6 and 7 (Appendix II =-
Figures 4 and 5). A summary of the test data is
presented in Table 2 with estimated preconsolidation
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pressures with depth presented graphically on Drawing No.
T11600.3.

As indicated on Drawing No. T11600.3 the silty clay
deposit is highly overconsolidated with Over
Consolidation Ratios (OCR) of the order of 3.2 to 3.4.
However, the observed preconsolidation pressure profile
is linear with depth indicating a consistent trend within
this deposit. Mesri (1975) relates the undrained shear
strength of clay deposits to preconsolidation pressure.
Therefore, the observed linear increase of
preconsolidation pressure with depth is in keeping with
an observed similar trend for the field insitu undrained
vane shear strength.

Compression Index values for the tests vary from 0.305
to 1.06 with re-compression index values ranging from
0.013 to 0.040. As presented in Table 2, the compression
and recompression indices of the deepest test are
significantly higher than the other two tests performed
within this layer. This indicates that the material at
depth within this layer may have a more brittle structure
than those closer to the surface., This conclusion is
supported by the higher observed natural moisture content
in this region of the layer.'

Coefficient of Consolidation values (¢, are
significantly higher in the pressure range up to the
preconsolidation pressure than thereafter. Typical C,
values up to the preconsolidation pressure are of the
order of 25 to 50 m’/yr. Within the virgin consolidation
range, typical C, values are of the order of 3 to 15

nﬁ/yr.
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Till

As encountered at the boreholes, the underlying till layer becomes
deeper from west to east across the site. This trend is
illustrated on the stratigraphic section presented on Drawing No.
T11600-2. The surface of this layer was at elevation 105.9 at
Borehole 1 and at elevation 95.8 m at Borehole 8.

The thickness of this layer in Boreholes 2, 4A and 8 was 4.2 m, 4.6
m and 2.0 m, respectively. At Borehole 6, auger refusal within
this layer suggests a minimum thickness of 3.1 m. Further, dynamic
penetration tests performed at the bottom of Boreholes 1 and 3
infer minimum thicknesses for this layer of 4.5 m and 7.2 m,
respectively, for these locations. Hence, it can be concluded that
the thickness of this layer is quite variable although it does
appear to increase in thickness towards the west.

Visual and tactile examination of recovered samples indicate the
till consists primarily of a mixture of silty sand with some
gravel. Boulders, up to at least 0.5 m diameter (Borehole 4) were
confirmed to exist within the deposit. A grain size analysis,
performed on a sample taken from within this layer is presented on
Figure 3 of Appendix II.

Measured "N" values within the deposit are quite variable and may
be unreliable due to the "blowing up" of sand within the hollow
stem augers while drilling within the layer. Also, as previously
discussed, the deposit contains boulders which may also influence
the measured "N" values. However, based on the measured "N" values
as well as dynamic cone penetration tests conducted at Boreholes
1 and 3 and adjacent to Borehole 6, the upper 3.0 m of this layer
appears to be generally in a loose state of relative density.
Beyond 3.0 m depth into the layer, the measured "N" values tend to
show a general increase.

e s kAR



Bedrock

The surface of the bedrock, as confirmed at Boreholes 2, 4A and 8,
tends to rise from east to west across the site. Specifically at
Boreholes 2, 4A and 8 the surface of the bedrock was determined to
be at elevations 97.3 m, 94.4 m and 93.8 m, respectively. At these
boreholes, the total lengths of cored bedrock was 1.5 m, 6.1 m and
3.3 m, respectively.

The bedrock consists of unweathered fresh limestone with thin (<1.0
mm) very closely spaced shale partings. Occasionally thicker
horizons of shale up to 30 mm thickness were found in the deposit.
The thin shale partings within the rock are generally tight but
have a low tensile strength and hence splitting on these features
occurs quite readily, especially during drilling. This is believed
to be a major reason for the observed low RQD values reported on
the borehole logs (Appendix I). Further, the shale partings are
primarily non linear features and in some instances within the
dimensions of the the core, the observed surfaces were quite
irregular. ’

The shale on the thin partings is estimated to be of very soft rock
strength. However, where the thickness of these features increases
beyond 1 to 2 mm their strength was indistinguishable from the host
limestone rock.

One Unconfined Compression Test strength determination, on a sample
taken from Borehole 4A, gave a value of 48 MPa. The tested sample
was representative of the general observed rock formation with very
closely spaced thin shale partings as described above, present
along its entire length. |
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Groundwater

Four standpipe piezometers were installed at the proposed site to
monitor the ambient groundwater regime. One of the piezometers
(Borehole 5) was sealed within the upper silty sand while another
(Borehole 2) was sealed into the silty clay layer. The remaining
piezometers were sealed into the underlying silty sand till.

Groundwater water levels within the upper sandy silt and silty clay
appear to be hydrostatic with a groundwater elevation of
épproximately 116.0 m or approximately at the level of the existing
ground surface. The piezometric head within the underlying till
is below this level as measured at 113.8 m in Borehole 3.
Unfortunately, it was not possible to obtain a reading on the
piezometer installed in Borehole 4A because of inclement weather
after its installation. However, based on the available
information to date, it appears that a situation of vertical
drainage to the underlying silty sand till layer exists. This may
explain in part, the observed linear increase in depth of moisture
contents within the upper silty clay material (Drawing No.
T11600.3).
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7.0

7.1 General

The main geotechnical input to design of the proposed project is
in the selection of the most suitable foundation system to support
the superstructure loads, and the establishment of details for the
highway approach embankments. These two issues are addressed
herein in Sections 7.2 and 7.3. A number of general recom-
mendations from a geotechnical engineering standpoint, are
presented in Section 7.4.

The information presented in this section of the report is intended
for use primarily by the design engineers for the project.
Contractors bidding on all or part of the work must satisfy
themselves in respect of the adequacy of the information and make
their own interpretations of how it affects their construction
equipment, methodology, scheduling, and the like, in accordance
with contractual provisions specified by the Ministry of
Transportation. ’

7.2 Bridge Foundation Alternatives

At the time of writing of this report, little information is
available to us with regard to deformation tolerances for the
proposed structure, anticipated loads and the like. However, based
on the observed soil conditions at the proposed site and experience
with similar projects, the following comments and results of
preliminary analyses are presented for use in the design process
leading to the selection of the most suitable foundation system for
the proposed overpass structure, and the earthworks forming an
integral part of it.
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The dominant soil formation encountered at the proposed site is up
to 17.1 m of sensitive silty clay (Sections 6.0). This formation
has favourable strength properties but is highly compressible at
pressures in excess of the preconsolidation pressure (Table 2).
The silty clay is underlain by a relatively thin layer of silty
sand till (<5 m) which in turn is underlain by bedrock.

Potential foundation systems for the bridge structure involve the
utilization of the sensitive clay layer as a founding medium or
alternatively, the use of pile type foundations to transfer the
loads through this layer to the more competent material at depth.
As a general comment, any foundation system which utilizes the
sensitive clay layer as a founding medium may, depending on design
details, result in significantly higher soil deformations than
systems which transfer structural loads through the clay to the
underlying till or bedrock.

Potentially suitable foundation alternatives which utilize the
upper sensitive clay layer include either conventional spread
footings or friction piles. However, for the probable loads and
configuration of the structure, the use of conventional spread
footings does not appear to be a viable alternative, although the
measured undrained shear strength and compressibility
characteristics of the clay layer are sufficiently favourable to
warrant examination of the possibility of using friction piles.

Potentially suitable pile foundation alternatives which are based
on transfer of structural loads through the clay include piles
deriving their support in the silty sand till or driven to bedrock.
The use of the silty sand till for founding end bearing driven
piles is not recommended because of its variable and generally low
relative density and the known presence of large boulders which
affect the reliability of any pre-determined set criterion. The
effects of variable relative density and the presence of cobbles



and boulders would not preclude the use of expanded base concrete
(Franki type) piles. However, the observed thickness of this layer
at the proposed abutments and central pier location (typically
limited to 3.0 to 4.5 m) together with the depths involved, may not
be sufficient to merit the use of this pile type over piles end
bearing on bedrock. Hence, expanded base concrete piles are not
considered further herein, although they are not eliminated as a
potential contender.

Finally, in the process of selection of the most suitable
foundation system, the use of drilled concrete caissons socketed
into bedrock, may be considered.

For purposes of this report, the following foundation systems have
been selected for discussion in respect to the main geotechnical
factors which will be applicable. As the design of the project
progresses, and the structural loads and deformation tolerances of
the superstructure are defined, a more detailed analysis of the
proposed foundation alternatives can be performed in accordance
with the Ultimate and Serviceability Limit State criteria as
detailed in the Ontario Bridge Design Code (1983).

1) Driven Piles End Bearing on Bedrock
2) Drilled Concrete Caissons Socketed into Bedrock
3) Friction Piles in the Silty Clay :

1) Driven Piles End Bearing on Bedrock

A variety of driven piles such as closed-end steel tube piles,
steel H~Piles or precast concrete piles could be used for this
alternative. Provided this pile is driven with a hammer
generating at least 30 kNm per blow to a final set criterion
of at least 10 blows per centimetre, the design of the pile
can be calculated based on the structural capacity of the pile
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up to a maximum allowable end bearing pressure at the ultimate

;%ﬁigmﬁggggmgf_7.suﬂg§& The allowable end bearing pressure

“for piles of this type, has been reduced to limit potential

settlement of the pile tip which may occur as a result of
compression of the very closely spaced shale partings, present
in the bedrock. However, this allowable end bearing pressure
may be increased, based on the results of field load tests or
local engineering experience with similar pile types founded
in this bedrock formation. Specifically, providing other
structural criteria are adhered to, a steel 310 x 110 H-pile
(or similar) can be designed for an ultimate load of 720 kN.

Provided the "set" criteria for the piles are achieved at,
within, or c¢lose to the bedrock surface, settlements
associated with this foundation type could reasonably be
expected to be in the order of the elastic compression of the
pile for the range of working loads which will probably be
involved.

Installation of piles of this variety will have to contend
with the presence of boulders within the silty sand till.
Therefore, driving depths should be closely monitored to
detect piles which may encounter refusal at an unacceptable
distance above bedrock. Provisions, such as pre-augering or
pre-boring in advance of pile driving operations to clear the
path to the bedrock surface, and the use of special pile tips,
and careful driving procedures, warrant consideration to
minimize possible damage to piles during installation.

Design of this pile foundation system should incorporate the
loads generated by negative skin friction forces where
applicable. These will be of relevance particularly at the
abutment locations as a result of consolidation of the silty
clay layer under the imposed load of the highway approach

[ .
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embankments., The possible effects of bending induced forces
in the piles by embankment=-induced loads and deformations,
should also be taken into account in design, as discussed
later.

Drilled Concrete Caissons Socketed into Bedrock

Drilled concrete caissons suitably socketed into the bedrock
offer a positive method of transferring the bridge loading
into the bedrock and may represent a cost effective foundation
solution.

The caissons should (on the basis of bearing capacity
considerations), be socketed a minimum of 1.0 m into the
underlying bedrock to ensure the caisson base is located in
rock of acceptable guality. An allowable end bearing pressure

at the ultimate 1imit state of 5 MPa can be assumed at this

level for design purposes. If a minimum socket depth of 2.0 m
is used an allowable bearing pressure at the ultimate limit
state of 10 MPa can similarly be assumed for design purposes.
From end bearing considerations only, these allowable bearing
pressures represent maximum ultimate limit state loads of 1800
kKN and 3600 kN at socket depths of 1.0 m and 2.0 m
respectively, for a 0.6 m diameter caisson. However, the
structural capacity of the caisson in respect of bending,
buckling, etc. may preclude the use of this magnitude of
loading.

Socketing operations will most likely result in significant.

disturbance on the walls of the rock excavation as a result
of splitting along the shale partings which are common in the
upper 5.0 m of the bedrock. Hence, it is recommended that the

frictional resistance along the shaft of the caisson located
within the bedrock not be relied upon in the calculation of
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the ultimate capacity of the caisson. Expected settlements
for this pile type would reasonably be expected to be in the
order of the elastic compression of the caisson shaft.

As with option (1), the caissons should be designed for the
additional loads arising from negative skin friction forces
and bending, where applicable.

Effective installation of this type of foundation unit
conventionally requires provision for careful inspection and
monitoring, and use of various practical techniques, which are
beyond the scope of this report to enumerate in detail. Only
a few of the latter are therefore discussed herein by way of
illustrating this point. Firstly, it will be necessary to
install caissons through the till layer which is known to be
of variable density and contain boulders up to at least 0.5
m in size. Secondly, the till is sandy and thus permeable.
This in conjunction with the high hydrostatic conditions
within the till and the generally fractured nature of the
upper approximately 0.5 m of the bedrock will have to be
contended with in sealing the caisson casing at the bedrock
contact, and dewatering of the socket. This may make it
impossible (in a practical sense) to effectively dewater the
base of the caisson socket for inspection purposes and placing
of concrete in the dry. t,

For the specified design bearing pressures, it is important
that all loose and disturbed material be removed from the base
of the caisson excavation prior to placing the concrete. This
important item is of particular significance if the caisson
socket cannot be adequately dewatered in advance of placement
of concrete.
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Friction Piles in the Silty Clay

The relatively deep deposit of the silty clay stratum, and its
engineering characteristics may warrant consideration of this
pile type. Its main advantage is that it will permit the use
of shorter pile lengths than for the other foundation
alternatives. Piles of this variety can be of wvarious
material types including timber piles.

The factored shaft resistance at the ultimate limit state of
a single pile terminating within the silty clay 1layer
(ignoring tip resistance) can be estimated for preliminary
design purposes, using the relationship (Ontario Bridge Design
Code, 1983b),

Q¢ = C/msrA,
where Q¢ = Total Factored Shaft Resistance
A, = Surface Area of Pile within

’ the silty clay layer

C; = Undrained Shear Strength (factored)
m = Adhesion Coefficient

s = Shape Factor

r = Regeneration Coefficient

For the generally stiff clays present at the proposed site,
a value of 0.7 can be assumed for the regeneration
coefficient. For timber and concrete piles, an ‘adhesion
coefficient value of 1.0 can be assumed with a value of 0.7
if steel piles are used. A shape factor of 1.0 can be assumed
for cylindrical or prismatic piles with a value of 1.2 if the
piles are tapered. The factored undrained shear strength can
be taken as 0.5 times the characteristic undrained strength.

Based on the above values, the estimated Ultimate Limit State
load for a 0.3 m diameter timber pile installed 10 m into the
silty clay layer (to at least elevation 103.5 m) is estimated




at 235 kN. However, the allowable loads for the pile groups
which will likely be required for this project, should this
system be adopted, will have to be calculated taking the group

effect into consideration. Also, allowable loads may be
controlled by consideration of tolerable settlements for the
structure at the serviceability 1limit state. It is

recommended that at least two pile load tests be conducted on
site in accordance with accepted good practice, should this
foundation system be adopted.

Expected settlements for a single timber friction pile 0.3 m
in diameter and installed 10 m into the silty clay layer,
estimated using the method proposed by Bengtsson and Sallfors
(1983), should be of the order of 10 mm at the total factored
shaft resistance load. However, this figure is subject to
review based on the results of the pile load tests and other
factors such as group effects, negative skin friction,
settlements due to dissipation of excess pore pressures
generated by pile driving, and the like. Also, as the design
proceeds and more information becomes available, settlements
can be calculated for the serviceability 1limit state
condition. An unfactored characteristic shear strength can
be used in the calculation of settlements at the service-
ability condition.

In the design of a foundation system based on use of friction
piles, consideration will have to be given to the way negative
skin friction develops along the piles or pile groups
particularly at the abutment locations. The estimation of
skin friction loads, pile group settlements, and soil~
structure interaction, are not amenable to precise theoretical
methods.



All of the above pile foundation alternatives must be designed to
accommodate rotation induced forces which may occur at the abutment
locations as a result of the settlement of the approach embankments
adjacent to the abutment.

Three technically feasible foundation alternatives for the proposed
overpass structure have been presented in the preceding paragraphs.
The three have differing degrees of geotechnical input to design,
and differing performance characteristics and installation details.
A final decision on the most suitable foundation system must be
based on concurrent consideration of factors beyond the scope of
this report, such as structural design requirements for the bridge
deformation tolerances, the overall interaction between the
foundation system, bridge superstructure and approach embankments,
and comparative economics.

From preliminary cross-sections supplied to us it is understood
that the proposed crest elevation of the approach embankment fills,
adjacent to the bridge abutments, is approximately elevation 124.5
m. The average elevation of the natural ground below the surficial
£ill is of the order of 116.0 m (Table 1) translating to a maximum
£fill height in the order of 8.5 m. Based on this height, and an
embankment side slope of 2.5 horizontal to 1 vertical, a total
stress analysis on the stability of the embankment was performed
using the PC-SLOPE modified Bishop progranm. The minimum
calculated Factor of Safety against rotational and translational
shear failure were 1.48 and 1.65, respectively. The location of
the critical surfaces and other key computer print-out data is
presented in Appendix III. The embankment side slope of 2.5
horizontal to 1 vertical used in the stability analyses was



7-10

required to obtain acceptable factors of safety. If preferred, the
designers of the project may use a combination of berms with side
slopes of 2 horizontal to 1 vertical as long as the overall slope,
as measured from the crest of the slope through the centre line of
the berm(s), is not greater than the design side slope used in the
analyses.

The idealized soil and strength profile used in the stability
analyses is presented on Figure 1 pf Appendix III. Also presented
on Figure 1 is a compilation plot of all measured field insitu
undrained vane shear strengths from the boreholes. The design
strength profile with depth is seen to envelope all of the measured
values on the conservative side.

Also indicated on Figure 1 are the estimated shear strength values
at the location of the consolidation tests based on the
relationship proposed by Mesri (1975) that the undrained shear
strength (C,) = 0.22 P, where P, is the preconsolidation pressure.
Several authors (Trak et al, 1980; Chapuis, 1982) have concluded
that this relationship quite accurately predicts the mobilized
shear strength in clay deposits underneath embankments in eastern
Canada. Again, the strength profile with depth used in the
stability analyses is on the conservative side of this value.

7.3.2

The estimated total elastic and consolidation settlements, (at the
centreline of the embankments adjacent to the bridge abutments,
based on an 8.5 m fill height) is of the order of 100 mm. This
value is based on consolidation test data as presented in Table 2.
The majority of this settlement is associated with loading in the
pressure range below the preconsolidation pressure and will
therefore occur quite quickly. The magnitude of expected
settlements at the centreline of the proposed embankment at
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distances away from the abutment will be roughly proportional to
the height of fill at that location relative to the maximum of 8.5
m assumed in the calculation.

In the design of the abutment foundations, due regard must be given
to the additional forces that may be induced on the foundation as
a result of the vertical rotational movement generated by the
settlement of the approach embankments.

7.4 General

The following general comments are made to illustrate some of the
many geotechnical engineering and practical construction factors
involved.

7.4.1 Pile Installation
. Friction pPiles

During installation of this pile type careful records of
the pile driving must be maintained for all piles.
Specifically, the installed tip elevation of each pile
must be in accordance with the design elevation., Also,
once installed the pile top elevation must be closely
monitored and the pile re-driven should heave be
determined to have occurred as a result of the
installation of adjacent piles.

The installation procedure of this pile type within the
silty clay layer will generate significant excess pore
water pressures immediately adjacent to the pile. It is
important that these pore water pressures be allowed to
dissipate before loading of the pile occurs. Therefore,
it is recommended that a minimum period of 14 days, and
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more preferably 30 days, be allowed to pass prior to pile
loading.

. Piles End Bearing on Bedrock

Careful installation records should be maintained for
each pile of this type. 1In addition to maintaining
records of the pile "set" prior to the designated design
"zero set" criterion, the tip elevations of adjacent
piles must be recorded in an attempt to detect pile
refusal depths which may have occurred on boulders within
the silty sand till. As mentioned previously, special
provisions will probably be required to facilitate pile
installation to bedrock. Once installed, the pile top
elevation should be closely monitored and the piles re-
driven should heave of the pile be determined to have
occurred as a result of the installation of adjacent
piles.

7.4.2 aiss

If this solution is adopted, the base of each caisson socket should
be inspected to ensure that the recommended minimum depths into
bedrock are achieved and that the bedrock at founding depth is of
acceptable quality. Checking of bedrock quality below®base of
socket, should also be made by probing or core drilling, in
accordance with accepted good practice. Also, any loose debris in
the base of the socket should be cleared out prior to pouring
concrete.

7.4.3 Depth of Frost Penetratio

The estimated depth of frost penetration at the proposed site
location is 1.8 m (Canadian Foundation Engineering Manual).
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Therefore, the base elevation for foundation pile caps should be
located at least this distance below the final adjacent proposed
grade. If this mninimum distance cannot be guaranteed, an
equivalent thickness of insulation such as Styrofoam SM should be
provided.

7.4.4 tera s

Providing free draining material is placed within 3.0 m from the
abutments, lateral earth pressures acting against the back of the
abutment may be estimated for preliminary design purposes using the
relationship,

p = K?¥H
where p = Pressure acting at Depth H
4 = Unit weight of embankment f£ill Material
H = Depth below the final grade of the embankment
K = Earth Pressure Coefficient

Providing large vibratory compactors are not used within 3.0 m from
the back of the abutment, an at rest soil condition can be assumed
to exist behind the abutment and a K value of 0.5 can be used.
Alternatively, if movement of the abutment will be permitted, an
active soil condition can be assumed to exist and a value of 0.33
used for K in the analysis.

Lateral earth pressures against the abutments should also be
reviewed during design, with due cognisance of effects of
embankment settlement and resulting rotation of the abutments in
a vertical plane.

7.4.5 Temporary Excavations

Temporary excavations at the site will most likely be within the
upper sandy silt material. Excavations in this material, to a
minimum base elevation of 114.0 m should be stable in the short
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term if excavated no steeper than 1 horizontal to 1 vertical.
However, the governing requirements of support for temporary
excavation may be as stipulated in health and safety regulations
for the area.

Proposed excavations below a base elevation of 114.0 m will recquire
analysis in light of the underlying weak silty clay. This analysis
is beyond the scope of work for this report.

The water elevation at the site is at an approximate elevation
116.0 m. Excavations below this level can expect some seepage to

“occur. However, the expected magnitude of water flow through the

fine grained sandy silt material should be low and accommodated by
procedures using a filtered sump and pump arrangement. In
excavations below elevation 115.0 m problems may be experienced
with boiling sand conditions due to the cohesionless nature of the
sandy silt material, unless suitable advance dewatering is carried
out.

The bases of excavations should be kept dry and not allowed to
deteriorate prior to the placing of concrete. This can best be
achieved if the last 0.15 m of material is excavated a short time
(hours) before placing of the concrete. If this cannot be
achieved, a 50 mm thick mudmat of weak concrete should be placed
in the base of all excavations upon the completion of all
excavation activities. Also, during low temperatures, -adequate
precautions should be taken to prevent freezing of the ground below
the excavated base.

7.4.6 Embankment Construction

Prior to the placement of any fill material for the proposed
approach embankments, all organic material located within the base
of the proposed fill should be removed. In addition, any soft or
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organic zones detected during site stripping operations should be
subexcavated and backfilled with suitable material.

The scope of work of this project did not include the evaluation
of potential construction materials or potential borrow sources.
However, as a general rule the embankment material should be of
acceptable quality and compacted to a minimum of 95 percent of its
Standard Proctor Optimum dry density as determined in the
laboratory for it to afford adequate subgrade support to the
highway.

The portions of the embankments with final elevations less than
118.0 m should be constructed entirely of non frost susceptible
material. At other locations, the upper 2.0 m of the embankments
should be constructed using non frost susceptible material.
Material meeting the gradation levels of MTO Granular "B" or better
will suffice.

Design of the pavement should incorporate the effects of potential
frost heave if any frost susceptible material is located within 2.0
m of the final grade.

7.4.7 Site Supervision

Various assumptions and recommendations pertinent to the effective
implementation of the geotechnical design aspects of this project
have been presented in the preceding sections of this report.
During construction, it is important that these items of work be
performed under suitably qualified geotechnical engineering
supervision.
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8.0 CLOSURE

The fieldwork for this report was performed under the supervision
of Mr. I. Corbett, P.Eng. who also wrote this report. This report
was reviewed by Mr. R.D. Powell, P.Eng. and Mr. M.A.J. Matich,
P.Eng.

The contents of this report are subject to the General Conditions
and Linmitations to be found following the text of this report.

Yours very truly
GEOCON INC,

Foes A

4L7/I. Corbett, P.Eng.

Geotechnical Engineer

R.D. Poweii, P.Eng.
General Manager
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USE OF THE REPORT

The factusl date, interpretations and recommendations contained in this report pertain to s specific
project a8 described in the report and are not spplicable to sny other project or site location. If
the project is modified in concept, location or elevation or if the project {& not initiated within
sighteen months of the date of the report Geocon should be given sn opportunity to confirm that the
recommendations are still velid.

The comments given in this report are intended only for the guidance of the design engineer. The number
of test holes to determine all the relevant underground conditions which may affect construction costs,
techniques and equipment chofce, scheduling and sequence of operations would normally be greater than
has been carried out for design purposes. Contractors bidding on, or undertaking the work, should rely
on their own investigations, as well as their own Interpretations of the factual test hole data, as
to how subsurface conditions may affsct their work,

FoLLon-Up

ALl detsils of the design and proposed construction may not be known at the time of submission of
Geocon’s report. It {s reconmended that Geocon be retained during the finsl design stage to review
the desfgn drawings and specifications related to foundations, earthworks, retaining systems and
drainage, to determine that they sre consistent with the intent of Geocon’s report.

Retention of Geocon during construction is recommended to confirm snd document that the subeurface.
conditions throughout the site do not meterislly differ from those given in Geocon’s report and to
contirm and document that construction sctivities did not adversely affect the design intent of Geocon's
recommerdations, '

SOIL AND ROCK CONDITIONS

Soils end rock descriptions in this report are besed on commonly accepted methods of claseification
and fdentification weployed in professional peotechnical practice. Classificetion snd fdentification
of soil and rock involves judgement snd Geocon does not gusrantee descriptions as exsct, but infers
sceuracy only to the sxtent that is common in current geotechnical practice.

The sofls snd rock conditions described in this report are those cbeerved at the time of the study.
Unless otherwise noted, those conditions form the besis of the recommsndstiors in the report. The
condition of the soil snd rock may be signiticantly sitered by construction activities (traffie,
sxcavation, pile driving, blasting, etc.) on the site or on sdjacent sites. Excavation mey expose the
soils to changes due to wetting, drying or frost. Unless otherwise indicated the soil and rock must
be protected from these changes or disturbances during corstruction.

F_TEST FA NIERP {f

Soil and rock formstions are varisble to & greater or lesser sxtent. The test hole loge indicate the
spproximate subsurface conditions only at the tocstions of the test holes. Boundaries between z0nes
on the logs are often not distinct, but rather are tramsitional and have been interpreted. The
precision with which subsurface conditions are Indicated depends on the method of boring, the frequency
of sempling, the method of sampling and the uniformity of subsurface conditions. The spacing of test
holes, frequency of sampling amd type of boring also reflect budget and schedule considerstions.

Subsurface conditions betueen test holes are inferred and may vary significantly from conditions
encountered at the test holes.
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Groundwater conditions describad in this report refer only to those observed at the place and time of
observation noted in the report. Thess conditions may vary seasonslly or as & consequence of
construction sctivities on the site or adjacent sites.

RAN

Where conditions encountered st the site differ significantly from those snticipated in this report,
sither due to natursl varisbility of subsurface conditions or construction activities, ft is a condition
of the use or reliance by the client of this report that Geocon is notified of the changes and provided
with an opportunity to review the recommendation of this report. Recognition of changed sofl snd rock
conditions requires experience and it s recommended thet an experienced geotechnical enginesr be
snployed to visit the site uith sufficient frequency to detect {f conditions have changed significantly,

DRAINAGE

brainage of subsurface water 1s comonly required either for temporsry or permanent installstions for
the project. Improper design or construction of drainage can have serious consequences, Geocon can
take no responsibility for the effects of drainege unless Geocon is specifically involved in the
detailed design and follow-up site services during comstruction of the system,



TABLE 1 - BORENOLE SUMMARY

tocation stratigraphic Lower Elevations Groundwater
(Layer Thickness in 8rackets)
Sorehole ¥o. Genersl Chainage Offset Sround ' Bedrock [piezometer | Piezometer |Groundwater Elev.
Elevation] Fill | Sflty Send| Silty Clay| Till [Surfece Elevetion]instelled Tip Elevation
(kmem) {m} (m) (m) (m) m). (m) (m) {(m)
1 West Approach| 10+090 6.0 116.84 11547 113.9 105.87 104.65% Not Confirmed No
Fill €1.37) (1.58) (8.04) (1.22) :
2 wWest Abutment | 104046 (8.7 Right| 116.62 [1115.40 13.72 101.53 7.3 9.3 Yes 107.48 115.78
€1.22) (1.68) €12.19) 4.22) 11.521
3 West Abutment | 104037 5.2 Left| 116.81 [15.59 13.76 103.40 102.64%F Not Confirmmed Yes 103.40 _ 113.81

1.22) (1.8%) €10.36> | (0.76)

4 Central Pier | 16+000 0.0 18.17  [16.04 192 98.97 96.83* Not Confirmed No
.15 &.12) (12.9%) 2.16)

& Central Pier | 104000 [1.0 Right| 118.17 [116.04 111,92 98.97 9% .40 94.40 Yes 95.32 Mot Measured
[¢2.13) (4.12) 12.95) .57 [6.141
5 East Abutment | 9.963 (5.0 Right| 117.46 [115.33 13.19 9.7 95.67 Not Confirmed yes 113.65 116.06

K2.1% (2.14) (16.45) (1.07)

é East Abutment | 94054 | 9.0 Left | 117.23 1571 113.57 96.51 93.46* Not Confirmed No
1.523 (2.14) (17.06) (3.05)

7 East Approach | 9+910 0.0 116.9% j115.72 115.28 103.99* - Kot Confirmed No
Filt jer.22) (2.64) 9.29) *
8 Eest Abutment | $+957 15.0 Right | 117.16 - - 95.83 %3 3.7 No
) 4 (2.04) 3.307
Hotes

1) Asterisk indicates that layer was not fully penetrated
Elevetion given is lowest elevation confirmed by drilling

2) Elevations given are assumed to be Geodetic

3) Square brackets indicate depth of bedrock drilling

4) Consult borehole logs for more detailed Information



TABLE 2

Consol {dation Test Dsta

Sample Location Test Dats
Test # | Borehole Sample  Depth Elevation | &' 3 O.C.RTC, <, .
No. No. » " pa) | (kFay

1 é & 3.27 113.96 A »480 s11.7 - 0.005 | 0.455
2 7 é 4.87 112.07 56 182 3.251 0.360 | 0.015 | 0.934
3 é ] 7.92 109.31 77 259 3,36 0.305 | 0.013 | 0.97%
& 6 11 12.50 104.73 112 383 3.42 | 1.060 | 0.040 | 1,442

Definitions

'y - Existing vertical Effective Stress

Pe - P Estimated Preconsolidation Pressure

0.C.k. = Over Consolidation Ratioe

¢, « Compression Index

¢, + Relosd Compression Index

L = Initisl void Ratio
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N OVALUE: THE STANDARD PENETREATION TEST (SPY] N VALUE 1S THE NUMBLR OF SOWS
SAMMER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOL

EXPLANATION OF TERMS USED IN REPORT

REQUIRED TO CAUSE A STANDARD St O D SPLIT BARREL
E OWHEN DRIVEN Y A NAMMER WITH A MASS OF 41.5kg, FALLING

IREELY A DISTANCE OF 0.70m FOR SENETRATIONS OF LESS THAN 0.0m M VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE FENETRATION

ACMIEVED, AVE

RAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST! CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Sinen 0.0 80" CONE ANGLE | DRIVEN BY 475 }
JMPACT ENERGY ON ‘A’ SiIZE 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 CENSENESS.

CONSISTENCY: COHESIVE SOUS ARE DESCRIBED ON THE SASIS OF THEIR UNDRAINED SHEAR STRENGTH{C ') AS FOLLOWS:

I'oe, thrad 0- 12

1225 23« 50 50 - O

100 - 00§ >200

VENY SOF

SOFT FitM STIFF

VErY STIFF NARD

DENSENESS: COHESIONLESS SONY ARE DESCRIBED ON THE BASIS OF BENSENESS AS INDICATED 8Y SPT N VALUES AS FOLLOWS:

[n IBLOWS/0.3m)| © ~ 3

310 10+ 30 0 - 50

» 350

VERY JOQ3E

H1O0FE COMPACT DENSE

VERY DENSE

ROCKS ARE DESCRIBED BY THMEIR COMPOSITION AND STRUCTURAL FEATURES AND 7 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:

I ropi(y) 0 - 2% 25-30 | s0-7% 75 - %0 90 + 100
VERY POOR]  POOR ramn OO0 | FXCEULENY
JOINTING AND BEDDING
SPACING 50mm 50 - 300mm] 0.3m <« Im | Im - 3m =3
JOINTING VERY CLOSF Crose | moD. ClosEy  wiDE VERY WIDE
SEDDING VERY THIN THIN MEDIVM TRICX VERY THICK,

SUM OF THOSE INTACT CORE HECES, 100mm» IN LENGTH EXMRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK GUALITY DESIGNATION {R G D), FOR MODIFIED RECOVERY, 15:

ABBREVIATIONS AND SYMBOLS

FLELD SAMPLING

MECHANICAL PROPERTIES OF S0I1L

$5 SPUT SPOON TP THINWALL PISTON L

W5 WASH SAMPLE 0%  OSTERBERG SAMPLE ¢, 1

51 SIOTIED TUBE SAMMLE ¢ ROCK CORE s 1

5 ROCK SAMME P H 1T W ADVANCED HYDRAVLICALLY Cq 1

€% CHUNK SAMPLE P M TW ADVANCED MANUALLY £, mi/s

1w THINWALL OFEN F S FOIL SAMME m

1, 1

STRESS AND STRAIN v »

v, bho  PORD WATER PRESSURE o,, ko

1, ! PORE PRESSURE RATIC 4

4 ko TOTAL NDEMAL STRESS Y ko

' kro  EFFECTIVE NORMAL STRESS ¢ kro

Tt kro  SHEAR STRESS ¢ -

0,44 ko PINCIPAL STRESSES <y kro

€ 1 LINEAK STHAIN #, -

LN x PRINCIPAL STRAINS % [

4 kro MODULS OF LINEAR DEFORMATION T, kpa

G o MODULUS OF SHEAR DEFORMATION s \

N 1 COETFICIENT OF FRICTION !

PHYSICAL PROPERTIES OF 501U

£, hg/m’ DENSITY OF SOLID PARTICIES e L% VOID RATIO

Y, kN/m' UNIT WEIGHT OF SOLUID PARTICLES n LY soROMITY

k, bo/m® DENSITY OF WATER w 1LY WATER CONTENT

Y,  kn/ad UNIT WEIGHT OF WATER $, %  DEGKEE OF SATURATION

P kg/m® DENSITY OF SO1L w % uouid umr

Y kW/ed uNIT WEIGHT OF SOR w, 3 PLASTIC Ui

A kg/m® DENSITY OF DRy SOW we % SHRINKAGE LimiT

Y, A’ UNIT WEIGHT OF DRY SOU % PLASTICITY INDEX + % - )

Bar  bu/m® DENSITY OF SATURATED SOIL 1 UOUIDITY INDEKs '; b

Vgt KN/ UNIT WEIGHT OF SATURATED SOIL - w

P kg/w® DENSITY OF SUBMERGED SOR ¢ 1 CONSISTENCY INDEX: “”“&’i‘;“"

Y EN/md UNIT WEIGHT OF SUBMERGED 501 ®ax 1,% VOID RATICY 1IN LOOSEST STATE

COEFRCIENT OF VOLUME CRANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSDUDATION
COEFFICIENT OF CONSOLIDATION
PRAINAGE PATH

THAE FACTOR

DEGREE OF CONSOLIDATION

EFFECYTIVE OVERBURDEN PRESSURE
PRECONSOUIDATION FRESSURE

SHEAR STRENGTH

EFFECTIVE COHESION INTERCEPY
EFFECHIVE ANGLE OF INTERNAL FRICTION
APFARENT COMESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAX STRENGTH
REMOULDED SHEAR STRENGTH
SENSITIVITY » -;"L-

. 1,4 vVOID RATIO IN DENSEST STATE
ty DENSITY INDEX -;%;L:'m
GRAIN DIAMETER

B OBERCENY - DIAMETER

[ i UNIFORMITY COEFFICIENY

h ™ HYDRAULIC HEAD OR POTENTIAL
a  mls  RATE OF DISCHARGE

v mis  DISCHARGE VELOCITY

i | HYDRAULIC- GRADIENT

k mis  HYDRAULIC CONDUCTIVITY

j kN/m' SEEPAGE rORCE



OFFICE REPORT ON SOIL EXPLORATION

RECORD. OF BOREHOLE No |

METRIC

End of penetration test

Note
After completion of

Penetration Test the
rods were pulled back
0.9 m.

the rods.

PM* - Sample was taken
from distutbed
ground .

A total of 16 llom
were required to re-advan

we__ 34-81-02 L LOCATION ___CH 10 + 090 {Huwy. 44) Centre Line ORIGINATED 8Y R.K.
iy 9 HWY 44 BOREROLE TYPE ‘Hollow Stem Auger & Penetration Test COMPILED BY I+C-
patum . Seodetic DATE Decomber 14, 1989 CHECKED BY
SO PROFILE SAMPLES o w o JDYNAMIC CONE PENETRATION
\;32 RESISTANCE PLOT nastic NATUMAL o H’x“
= -3} 20 40 sp s ee [T Eounily twr| S0 | REMARKS
21z £1gE o dteeed W W W | 58 &
ELEV DESCRIPTION =g ¢ 2128 § [shear strenoTn v et | % | GRAN SI12E
DEPTH 31 2| %386 5 [ounconene  + FEo vane - y |DiSTRIBUTION
g1z 3 | &YV | & | uck TRIAKIAL  x 1aB vANE WATER CONTENT (%) %)
115 ,846round Level 173 ¥ o 25 S50 75 | 125 | 25 80 7% GR SA S1 CL
0.00Compact, brown sand, N
15, 4AF 1L X1 [ss |18 116
1.37Compact to loose, grey
silty sand to sandy ‘|p288 110 v
113, 912 0e 0 | REM L 114 .
2,530 Ay o v 10
stiff, grey silty Clay ¢ ! 4 [PMY ] "',-1“
vith 3 mm thick clayey || H4 +
silt varves. (I #6
T .
Thickness and frequencya/ 555 M M2 +'§ »
of varves increaging r
with depth. V| KR ;"_}g .
I’g| ERETIR T o L + 9 o
('
e +6 r
(' 4
g 108
g 85 | PM |
A
05,87 LA Tss T 106 .
10.97{Grey, silty sand. Some Hot
04 . 65fETaveL.Oce boulder, T11 v
12.19Fnd of Borehole 106 [\
01 40) 1oz = -
15,44 104/200%m

+3, x5 ; Numbers refer to
Sansitivity

20
15 45 (%) STRAIN AT FAILURE
10

et Pyt o



@ e
; | Tranagioriation
RECORD OF BOREHOLE No 2 METRIC
' wp _ 34-81-02 mcnnou“ 10 + 045,9 - 8.7 KT (ﬂw.ﬁ") ’z ORIGINATED 8y R:K
: DIST .9 HWY 44 BOREHOLE TVPEMMMnry Coring (B) € 15.09 m...  COMPILED BY
' I DATUM Geodetic DATE __Decamber 11, 1989 CHECKED BY
: PENETR
, SOIL PROFILE SAMPLES | & | i [DIMANIC CONE PENETRATION I "
= o MASHIC gomrome voup | . X REMARKS
- $6| % 20 40 6 80 g0 ™7 content Mt o
, ofw ] = P L h i Wp W w | Sw &
ELEV @l w| 2|95 | & [SHEAR STRENGTH &Po et | % | GRAIN S12E
DEFTH DESCRIPTION HEIZ | 2138 G [0 UNCONHNED FIELOVANEL oo e y |DISTRIBUTION
g z b L&Y | & |eQuCK TRIAXIAL - x 1AB VANE ONTENT {%] {%)
116.62Ground Level » ¥ ™ 25 S0 75 100 125 25 50 15 GR 5A S1 CL
O‘wwose. brown sand. % 4‘ i16
115, 40/50me silt, Fill ARSI
1.22 " Y
Compact to loose siity |[*]]2 | SS }12 9 0, 40,53,7
fine sand. Tr clay.
113, 721641t and clay. Content 3| S5 .4 114
2.90}ncrease with depth. / PR T + b1 b
Stiff, grey silty clay ’/ 5151 - 112
with 3 s thick clayey [] H6 | 55 5w : T4
" silt varves at ,/ 9
25~30 mm spacings, H
% pacing ’/
s /* 7 IS8T - 110, 0
= H £
! ¥
9 % +
a [}
» W8 158 | EM Pore
w 1% V7] Seal 424 |y
, z ! M | 108
l n a/ 957 | -
4 5
o} 1 U ',t'f
o 160 155 | ¥ 106 ©
S 1 20
I V1 12
11 155 | MM . [
§ 1% ‘
e o
e
, I 5 e o
“ }o
§ 102
1.5 2 -
[w
15.09 Loose to tompact, grey [fejii2 1355 b °
silty sand. 1y
: Tr elay, some gravel. ;;” 100 ]
Ocec boulder. Till ‘.;«_ 13 Tss 126 12, 44, 20,19
- ’
reeh, grey, medium ke
graived limestone bed- yi i o
rock with dark grey, vif14 {ss |18 Rec [ROD Hatey 98
97,31jclosely spaced, dark ; 4 ¥ _ Retud
19 3T grey partings (below 15 { B 90 {65 | 100
10mm) of shale 50mm
l fractured fone at - 16 130 95 180 | 100 a6
’ 95,79120.2 o.
[R
20.83 End of Borehole
' . Notes
Water level in standpipp
Piezomster at slevation
’ l 115,78 w on 22/12/89.
PM* ~ Sample taken frow
disturbed ground.
. 3 x5 Numbers refer 1o »
I . umbars refs 15 45 (") STRAIN AT FAILURE
” " Sensitivity
Ity



. o
K Travuporiion
\ . RECORD OF BOREHOLE No 3 METRIC
; WP J4-81-02 LOCATION __CH 10 # 0372 - 5.2 LT (Hwy. 44) ORIGINATED BY R.K.
j DIST_ 9 mwy_4b BOREWOLE Type____ Hollow Stem Auger & Penetration Test compiep ey 1€
' patym _ Geodetic DATE December 13-14, 1989 CHECKED BY
SOIL PROFILE SAMPLES | & w | DYNAMIC CONE PENETRATION
W | g [RESISTANCE PLOT pasrie AL o M‘i REMAR
o w356 4 20 40 80 g0 1gp |7 cowtmnr LT 3 ARKS
9 ” b D; P i { f i i Wp w w, | Sw &
FLEV 181 4| 2 (25| O [sHEAR STRENGTH ik g | F | GRAIN Si26
, DEFTH DESCRIPTION 22121331 % o unconrne ; DISTRIBUTION
23]~ QO | [ UNCONPNED -+ FIELD VANE |\ arer cONTENT ()] 7
|2 B | EY L & | QUICK TRIAXIAL X LAB VANE (%) {%)
116,81 Oround Level e f = 25 100 125 25 50 75 GR SA 51 ¢t
l 9.0 Compact, brown sand S
r111
115,5 Ny s5.113 116
1.2%Compact to loose sandy |]
tlt. Tr Clay, Sile and ||*{}2-4-88.001
' lay contents increase ] 31851 & [
h 13, 76With depth. ) d 3 114
3.05 4 %3]
' Btiff grey silty clay ,/ S8 U5 .
, with 3 wm thick clayey || Hs | sr | - P
l Bilt varves at 25-30 mm " e 1 ss o 112 i
' kpacings. { LW 0
z ’;ﬂ ‘%
@ M A7 | 85 ipM d
- Y2 ] 110 i3
= ! 122
e % ¥
o 1 |8 |85 |u
5 %
ot ‘/ﬁ lOB
S i S
H-
5 'q
. { 106
v V19 s lem »
. 2 /’
. ¥ !
&
: ! &
g v b Al
l % hos.4d { '
. | O i3 30wcse, grey silty sand L%
j 1025 : " ¥Hiolss |5
, 14,17
. l End of Borehole 102 ‘ -
100
l I ———
! I 96.14 \ }\ \ -
, 0%
’ End of penetration test
; Redriive vislued
. after pullling
¥ backi 0.9
Notes
. Water level ip stand-
, pipe ar elevation
: 113.81 m on 24/01/90
. 20
',, R ’;‘”'"P_",‘ refar to 5 s () STRAIN AT FAILURE
ansihivity 10




OFFICE REPORT ON 50iL EXPLORATION

I

®

RECORD OF BOREHOLE No 4

CH 10 + 000 (Hwy. 44)

METRIC

RS b .

we 34-81-02 LOCATION N ORIGINATED 8Y R.K.
oisT 9wy 4 BOREHOLE 1ypg Hollow Stem Aiiger, Rorary Corins (BQ) @ 19.61m _ cOMPILED BY _L.C.
DATUM . Ceodetdc. . DATE __ JNecsmber S-l1, 1989 CHECKED 8Y
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g,m g RESISTANCE PLOT rasric NATURAL &
F-4 MofstuRe LIGUID ] . REMARKS
‘;‘o 8 0 40 80 80 100 Limet CONTENY LiWT EO
e b = z 2 ) h f 1 Wp W W, S &
ELEV DESCRIPTION dla| w2 %é § [SHEAR STRENGTH kPo SR 2 | crav size
DEPTH B2 3 BE | § |ounconmnNed  « FIELD VANEL L rent ol Y DISYRIBUTION
gz 5 [EO | & |e ouck Teaxar  x as yane [WATER CON ENT (%) %)
118,17 Ground Level @ ! e 25 50 75 100 125 25 50 75 GR 54 51 CL
. 1id
D'Oonense to compact, brown X
mwand. Tr gravel Fill 4 1188 148
116,04 42 |88 124
. il6
Z'lav:ompact to loose, grey {|«]}3.188. 124 °
sandy silt. Tr Clay. U 4tey )
5ilt and clay contents
{ocrease with depth, U4
e ap ] 5 i858 28 114 -]
M M6 {85 28
H 7188 [ ]
111.9& * 112 i
6.2%ery stiff becoming ‘/‘ 8810z
stiff, grey silty clay U + 114
with 3 mm thick clayey /’ 4
silt varves at 25-30mm M [19 |85 [PM 14
spacings. /‘ 1o
, +ib
%2 TREIRE
(! 15
| 108
14
/ 1 isS PM
'
! 420
1% . 4
10
ARz jst |-
1
% e
1 4
i 104 HE Lo
9
-
}/ L3 IBS PH
}
'q 102
)
1
' 16
g Fie
’
100
,/ B4 {85 IPM
98.97 _ )
19.20icrey silty sand, Some R P .
gravel. Occ. boulder. Iwif T 98
T111 .
Boulder 19,61 m~20.11
96,83 *
21,34
End of forehele
Auger Refugal at 19.61m
Started coring (BQ size
at this depth

+3, x5 ; Numbers rafer 1o
Sensitivity

20
1505 (%) STRAIN AT FAILURE
10



OFFICE REPORT ON SOIL EXPLORATION

Mstusiry of
Trankporiatun dnd
Coitmurig ity

Ot

WP 348102

oisT .8 HWY 44

wcmaﬁmum__z.,uxmmm “w

RECORD OF BOREHOLE No 4A

BOREHOLE rvpe Hollow Stm Auger, xotu-y Coring (3Q) 23.77 m

METRIC

ORIGINATED 8Y MK
COMPILED BY __IC |

paTum _Geodetic paTE _ January 24 & 25, 1990 CHECKED BY |
- |
W JOYNAMIC CONE PENETRATION |
SCHL PROFILE SAMPLES i RESISTANCE  PLOT NATURAL = |
¥4 Dan'C Mowtae weul | o F | REMARKS
e w30 20 40 80 80 100 M7 cowtew wmr | 30
Q= 8 = i L i i i Wp w w, | Sw &
ELEV DESCRIPTION Zlul w| 2]|95| & [SHEAR STRENGTH et | ® | GRAIN SIZE
DEPTH MEIRAE 8% g [0 unconmned v piewD vANE r y |DISTRIBUTION
é 2 > SU § ® QUICK TRIAXIAL  x LAB vang | WATER CONTENT (%) {%)
118.13Ground Level hbd - ul GR SA S CL
5-3& 18 "
Overburden material Hotg: Waper Jovel|in plezompter
not sampled (For not megsured.
stratigraphy yes
Borehole No. 4) 114
14
112
110
108
106
104
102
100
98.93 A sesr
lg'zcl’robably, grey silty
sand, some gravel, 98
Occ. boulder, -
Ti1l hd
o
| 01 e
Water]
9. 4¢ 3 R;c RSD Re;um
23.74Fresh, sound, grey lime 94
stone bedrock with veryi®d 1 | 80 3 95 | 61 {100
c¢losely spaced thin, ¢
(<1 mm) tight shale
partings, Closely
spaced shale bands 2| B 2 95 | 39 {100 82 ves @
( 10-20 em). Shale 91.88-91.96
partings generally havelS = 48 MPa
irregular surface, A, - " 92 | 34 | 100
Core breaks readily on a1 90 2 BT 30
shale partings 4
a7 4
88,25 3 5 | B Ré 26 1100
MRV ?

End of Borehole

+3, % ; Numbers refer to
" Swnsitivity

20
1545 (%) STRAIN AT FAILURE
0



OFFICE REPORT ON SOIL EXPLORATION

O

pisT .2 HwY __44
DATUM Geodetic

“RECORD OF BOREHOLE No 5 METRIC

ORIGINATED By R.K.

BOREMOLE TYPE _ Hollow Stem Auger
batg _ December 4, 1989

WP 34-B1-02 LOCATION __CH 9 + 962.8 - 5.0 RT (Hwy, &)

compiLen ay -G

CHECKED 8y

L PROF; SAMPLES “r a DYNAMIC CONE PENETRATION
SOIL PROFILE t Fo | @ [RESSTANCE PLOT 5 lwasmic wodroke vous - I REMARKS
= $5| 4 20 40 60 80 100 |U™T conret umty S0
g o m - ! ) 3 4 L Wp W w‘ oW .3
ELEV DESCRIPIION & § w g gc;:) 5 SHEAR STRENGTH kPo L - = %‘?&W SIZE
DEPTR w 1212312851 % |ounconemed  + FiEWD vane . y [DISTRIBUTION
- o g‘-‘ 2 e ouick rraxiaL  x 1aB vane |WATER CONTENT (%) {%}
117 .44 Oround Level & E o 25 50 7 o0 125 25 50 75 GR SA SI CL
.04
Compact to loose brown
sand. Occ organics. 1.i88 113
116
115,39 THL 20880 9 L
2.13 Compact, grey silt. 3188 {17
Tx. sand and clay. Saal o
Oce. shells 4188 116 114
113,19 T EETI0
4,27 ) °
Stiff to ffrm, grey 4 6188 2
silty clay with 3 mm ‘/ 112 k... 15
thick elayey silt : H
varves at 25«30 mm ‘/‘ 7158 T 3
spacings. 3 +
] Rl N
4 110 +
4R e
A [1:4
+
q be:|
q/ 9185 1 PM 108 e
M 3
1 +
L0 L 88 M) 0
N i 106 )
% #
il |58 | PM
ﬁ/‘
iq 104 S
’ ¥
e +
1 g
L/
M ol|12]ss | ¥M | 102 q
ig
H
i +
1 100 48
M/’
;/ 1355 | oM
‘/, 48
e
!
96'? ILoaose, grey silty smd‘-:;;dn
‘g:(, Some gravel, Till g 14 | 8% 7
21.79
End of Borehole
Note
Piezometer installed a
short distance away
from Borehole 5.
Water level in stand-
pipe at elevation
116.06 m on 22/12/89.
PM* - Sample taken
from disturbed
ground.

+3, x5 Numbers refer 1o
Sensitivity

20
1535 {%) STRAIN AT FAILURE
10

|
|




20
o3, x®  Numbers refer to 15 ¢ (v) STRAIN AT FAILURE
Sansitivity 10

K ' Oviaric
, RECORD OF BOREHOLE No 6 METRIC
l w P 348102 LOCATION  CH 9 4 954,1 ~ 9.0 LT (Hwy, 44) ORIGINATED BY R.K, g
DIST __a___ HWY__ ik BOREHOLE Type _ Hollow Stem Auger COMPILED BY _L.C,
' patuM . Seedetde . . . DAYE December 5. 6, 1989 CHECKED BY
P W | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Wo | g |sesstance plor A S B REMARKS
$61 ¥ 10 60 80 g0 |'MT cowrewr tmiri 5O
6 ar m h‘: z 210 10 1 4 i WD W wt :,W & .
l o DESCRIPTION HHEE 9| D [sHEAR STRENGTH tho e | 3 DTRIBUT N |
DEFTH = Z 1 2|28 % |o UNCONFINED 4 FIELD VANE . y |DISTRIBUTIONG
2 27 gu 2 1w ouick TRANAL  x 1B vane | WATER CONTENT (%) {%) 1
117,23 Ground Level e Z i 25 30 75 100 125 25 50 75 KN/m3loRr sa $1 L
0.0¢ Lovse, brown sand, (\ * |
bTr Silt Fi1) 11 | 88 1 10
115,78 . 116
1,52 noT
Compact to loose, greyli, R A e
" sandy silt. Tr.clay, || 3158 7 °
Gcc, shells . .
l 113,57 YERER 8T | - 114 B 2.1 0, 54, 45,1
3.6 r
$tiff, grey silty clay|| {3 | 88 J/>0jem
with 3 =m thick clayey|]
silt varves at 25-30mm}/{|e—-58 ) "‘7 P
spac ings. 1 ' i12 _".5
. % L ﬂ/ .....5
- (¥
5 g 4
9 /1 -r%
& 2 8 " " o 13.4
w +
b '/ 4.9
l 2 g ERE N 108 .
4
2 +
(] l/ ""9
[ 1% R 106 o
4
| g 1% i
ws AT 5T | - b |0 16.8 7,2, 52, 46
¥ i# 1l
e
/ l ° '/' 12185 | PM . '
/ //‘
L4
-
u/ 102 i
/’ 13 | 8T -
, s
¢ +
g
14155 | PM | 100
1%
, l id ﬂa
! ) &
, i 98
:
' 96.51
20.72 96 5
85 {12
Compact, grey silty
sand and gravel, Tr
¢lay., Oec¢ boulder. o4
) 93.4¢ Till.
23,77
End of Borghole
Auger refusal




OFFICE REPORT ON SOIL EXPLORATION

@
Oviwrie
RECORD OF BOREHOLE No 6A METRIC
w b __34-B1-02 LOCATION. cu 9 +954.1 < 2.0 11 mwy. at.) ORIGINATED BY BK
DIST 9 HWY 44 BOREMOLE rype Holluw Stem Augw, I’enettatimn Test @ 1.5 m COMPILED 8Y
pATUm . Geodetic patg December 18 , 1989 CHECKED BY
SO PROFILE SAMPLES o w DYNAMIC CONE PENETRATION
Lol g RESISTANCE PLOT masrie WA ] L E REMARKS
5 o 9 gé o 210 ‘uo 510 ![O )?D o conteny Lt Eg -]
il S ink % Wp w W :w;
ELEV DESCRIPTION L lo 2:' = g L SHEAR STRENGTIH ko [ & GRAIN SIZE
DEPTH : ~1E1z 8 8% % o unconsine + FIELD VANE . y [DISTRIBUTION
12 y | BV | & |eouck TRiaxiaL  x 1aB vaNE WATER CONTENT {%] %)
117.23 Ground Level w s [ GR 5A S ¢l
0.00 .
Uverburden materials
not sampled. For 116
stratigraphy see -
Horehole 6 1
114 3
112 /
110 >
108 (
106 {
104
102 N
100 [,
)
% 4
96
95.01 s S
22,24 End of Penetration Tes 104/B0 wm

+3, x5 : Numbers reter 1o
" Sensitivity

20
15 -8 (%) STRA
Hel

IN AT FARURE




OFFICE REPORY ON SO EXPLORATION

®

I

RECORD OF BOREHOLE No 7

METRIC

PM* - Sample taken
from disturbed
ground.

WP Heclin0s LOCATION .G 9 ¥ 910 ( Bwy.44) ORIGINATED Y _R.K.
DIST g HWY 4k BOREHOLE TYPE __Hollow Stem Auger coMPED By _ I.C.
BATUM Geodetic DATE _ Decembaer 7, 1989 CHECKED BY
u ]DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 1@ | 2 |Resstance pior NATURAL -
= G PLASHIE  aojergry Liouw | L X REMARKS
b |30 % 30 40 60 80 100 [T comrant wmi | 30
olelw | 8les| 2 oYW w[5% 1 28
LLEY. DESCRIPTION TlE| ¥ | 2|25 | G [SHEAR STRENGTH kP ot | % | oRAIN SI2E
DEPTH e £z |8 B85 | & |o unconmneo * FIELD VANE| 0o ENT (9 y |DISTRIBUTION
=1z L | &Y .z, ® QUICK TRIANAL  x (AB vaNE | CONTENT (%) (%}
116.94Cround Level » £ o 25 50 75 100 125 25 50 75 kN3 cr SA 51 CL
0.0 Loose, brown sand e
115.74 7% siit, Fill R 9 116
1.22 Compact, grey sandy 42185 | o1
silt Tr clay. Ocg R
ghells., 54)t and clay {|.|] 31ss | 12 ¢
contents Increase with } M 114
113,28 depth, Jdl4lss |12
H . $ -
388 g04ff to firm, grey ¥ ENECIR TR % +" s
silty ¢lay with 3 mm L - "
thick clayey silt 4 6 15T | - 112 ° 185 15716, 57, 19
varves at 25-30 mm 4 L5
spacings., ’ 44
[ 2]ss [P0 +8 0
/r 110 314
1
)
f/ 81T | ~
'q 108 M 2
s 9.185. 1M 7 »
14l %8
A110 'ss | em 106
¢ S
A +
]
}
103,99 ]
12.99 #nd of Borehole

+3, x5 . Numbaers refer to
Sensitivity

20
1545 {*) STRAIN AT FARURE
10




Marugtry of

o Teatagorigtion smg . S .
l RO ' e oo B ).3
\ RECORD OF BOREHOLE No 8 METRIC
; ' WP _ 348102 LOCMION?\Q’( 3+ 9’5’7\ «-HS.O Rt (Hwy Ma) ORIGINATED 8Y MK
! pisT___ 2 HWy 44 BOREHOLE TY llow Stem Auger, Rotary Coring (BQ) @ 23.37 n comeitp sy 1€
l DATUM Leaderic pATE _ Jenuary 22, 23 and 24, 1990 CHECKED BY
OYNAM
: SOIL PROFILE SAMPLES | & | & s OME, T ENETRATION watuea e
/ L § HASTIC  mensroay ] o T REMARKS
; - - §O 20 45 &0 80 100 VMY conTens LT ] = O
M Ot Wt - 1} i i ) i 5w &
; o 4 . s Wp w W, SW
: ELEV slglw| 2125 SHEAR STRENGTH AT 2 | GrAIN $1ZE
) BEPTH DESCRIPTION =i xlajsZzi £
. i3S » | > 50| g |© UNCONFINED + FIELD VANE WATER €O y DISTRIBUTION
- . 212 5 | &9 | & |souck TranaL  x Las vanE NTENT (%) (%)
, 117.18 Ground Level “” 4 st GR 5A 51 CL
[t
Overburden not sampled
to 21.33 m. For 116
: stratigraphy see
) Borehole 5.
; l 114
| \
) B IR
: g r4
Q #
. : -]
l g 110
g
L9
b3
¥
b4
2 108
' F4
[#]
T
§ 106
l g
[
R ]
. b4
i 104
' S
102
100
98
l !
95,8] 96
21.3% Compact to demse, grey{|»* 1 |55 |38
silty sand. Some o
gravel, occ. boulders.}{y: Recoy~  |Watef
' Ti11 e ety JRQD | Retupn
, 93,79 W2 ss |29 IMEE 9%
23.3 Fresh, sound dark grey BQ
) limestone bedrock withpf 99 | 54 |100
: very closely apaced
thin (<1 mm) shale [:73
‘ partings, Core splitsfSeN 4 IB( ‘
: readily on shale 100 | 59 1100
. 90, 44 partings. Parted
26.6]
: very irregular
: End of Borehole
[, +3, x5 Numbers refer to ¢ ﬁs {%) STRAIN AT FAILURE |
Sensitivity b *
i




Laboratory Test Data



T - N ~ ~ ~ e e . - s SomLemES L s a B T e s LR

Silty Sand to Sandy Silt, Trace Clay

WP 34-81-02

7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine I_ Medium { Coarse Fine I Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SiEVE DESIGNATION | Metric)
t z 3 &5 i} 20 30 W0 . BO0um 10Cum H0Cum Ll  236mm 9. Smm 19.0mm Smm  $30mm
100 LT sum | 106um 250un _423um Oum 2,00 men 475 mm Bime | 26smm | 530md 750me
20 10
50 / [ 20
10 l 30
o 80 - 00
/ :
: :
80 —4f~ 50
z LEGEND E
s )} BH  |SAMPLE SYMBOL s
- 40 0 %
2 2 [,
/. 6 4 X
30 10
i / L
! /’ {1
o
o I /./ H :
o )“/ §~ %0
-
1"
0 100
i 2z 3 &8 10 ‘20 1+ 30 40 270 200 140 00 6080 40 30 20 I8 0e P WV Y o WA r2h
MINISTRY SIEVE DESIGNATION {Imperiol }
Ministry of FIG No 1
A GRAIN SIZE DISTRIBUTION




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SitT Fine i Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric]
E 2 3 4 & (4] 20 30 4030 ?S5um 50um I00um 800um 1.18 e 2.36mm 2.5mm 19.0 mm 3I75mm 510 mm
100 Pl HIH $Tum 106um 130um  425um 8S0um 2.00me 4 75mm 32mm | 265mm | S3Omd 750mm
o
90 / o
4
0o / / 20
/
70 ’A‘ 30
A
/
o 80 @
z z
g N
< [
o |l
E y LEGEND “E‘
Wi (¥
x BH SAMPLE SYMBOL o
E ol L wt
/ 6 11 o
4/ 7 6 X
30 10
| jac
”
20 0
0 s
o * » L] - - loo
2 3 &5 0 20 M 40 210 200 140 100 6050 40 30 20 6 108 4 3 2 Ya Ve o 2lr s
MINISTRY SIEVE DESIGNATION {imperial]
Ministryol GRAIN SIZE DISTRIBUTION FIG No 2
ransportation -
. WP 34-81-02

Ontario

Silty Clay




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SiT Fine | Medium | Coarse Fine | Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
! 2 3 4 s 10 20 30 4050 gyom Blum 300 um S00um L 18 men 2.36mm #5mm 0 mm I75mm 463 0mm
100 il;; i” SIum 106 pm zsau’m &2 5 e 850 um 2.0Cmm &£.75mm 13.2mm 25.5mm 53 0med 750 men
o
30 / 10
* / / 20
70 / 30
v A
60 40
beid <
g yd =
50 50
5 ) LEGEND 5
< |94 BH [SAMPLE |  SYMBOL =
o 40 80 o
2 i3 (s
.
30 o 10
/e/ H(3
,)Q‘
20 80
A
10 90
o [l ]
1 2 3 & s 10 20 30 40 27C 200 140 100 €050 40 30 20 6 08 4 MVE Ve o W4 i s
MEINISTRY SIEVE DESIGNATION [ imperici}
Ministry of FIG No 3
Miisyol GRAIN SIZE DISTRIBUTION

Ontario

Silty Sand, Some Gravel and Clay - TILL

W p 34-81-02




VOID RATIO e

VOID RATIO e

VOID RATIO -PRESSURE CURVES

B H 6
0.54 SAMPLE 4
DEPTH 3.2 m
ELEV 114,00 m
W s 19
O'SC WP 2 17
w = 18
Cc = -
0.44¥e=0.455h
..-h."'n.,‘
x
0.44 Huk ~0+ I
0.3
] 10 100 1 000 10 000
PRESSURE kPao
1.0
4 | B H 6
Lo={0.973 SAMPLE &
""’"*m\ DEPTH 7.9 m
ELEV 109.3 m
0.9
\ wl z 22
w’ ] 17
W 2 37
0.8 ct ¥ 0.31
0.7 \
N
0.6 T —1° -
1 10 100 10600
PRESSURE kPa
Fig No 4 WP 34-81-02

10 000



RATIO e

vOID

VOID RATIO e

VOID RATIO -PRESSURE CURVES

B H 6
SAMPLE 11
DEPTH 12.5 m
1.5 ELEV 104.7 m
el 447 W 37
1.4 . Wp = 23_
e W s 55
1.3 \\, Cc=  1.06
1.2
1.1
1.0 I
] X
0.9 1P--+ .@W&
0.8
] 10 100 1 000 10 000
PRESSURE kPa
1.0 = >
SAMPLE 6
Pt VIR KT DEPIH 4.9 m
0.9 B ELEV 112.1 m
Wl 3 23
Wps 17
, W 35
008 cc T 0.36
0.7 \\
0.6 ol | N
Ly
1 10 100 1000 10 000

PRESSURE kPa

Fig No 5 W P 34-81-02

e e e eSS



Embankment Stability Analysis Data



EMBANKMENT STABILITY ANALYS|g| APPENDIX
DESIGM SHEAR STRENGTH DATA

FIGURE
PROJECT

III

T 110l

MEASULURED FIELD VAME SHEAR STREMGTHS

O poreolLE. 1

O poreNolLE &4

O poREdoLE 2 B 2oreliolE &

A pOREMOLE 3

¢ ROREMOLE @

& Boredole 7

|20
* -ch=0-22/F
118 _
Lo L P SROUND SURFACE
| Lgmcw ~ |C's <>,¢u$o” PSED IN STABIWTY AnlALdeie
v“4‘/‘l‘x“‘3u° O
112 / 1 c‘*v. © .
E / ¥
) oL 4
IR = 1 Ly
| / A i
] loe /’ A -
0 (. &szuﬁ
U e / ClAY
b '
; !04,/
W e
) ioeH
| | SoRhieD sHed
ul lo®:<J E AR A
SOl PROFILE USE
oY= M STABILTY AMNALY S1e ®
9%
94 i
) 20 40 0O A0 100 120
SHEAR, STREMGEGTH = nFPa.
NOTE.

Pe = PRECONSOLDATION
PRESSULRE.

GEOCON




Y-COORDINATE

CROSS—-SECTION OF GEOMETRY

HIGHWAY 44 AND 17 OVERPASS
NO. 2 Feb. 7, 1890
Slope stability anelynis
SERIAL HO. 871268 le Nosneed to; GEOCON NG,

I i i { i i I . { 1
Critical_Center
X= 57.50
173 L Y= 12950
R= 19.30
Fg= 1,475
Bishep's Simplifled
160, L
147, L
134, L.
o+
e
e
181, L -~
o / &
-‘i 4 \\‘__ /'/ 4 x
108. - ~” — o
* 9 & ®
i | i i | i } i ]
~2. 11, 24, ay. 50. a3, 8. 80. 102,
X—~COORDINATE
UNIT WEIGHT COHESION PHI DESCRIPTION
20.00 00 20.00 Granular fill
20.00 .00 30.00 granular
1800 40.00 Nala) clay
18.10 50.00 .00 clay
18.00 76.00 gnls] clay
o} Q0D 00 A0 hard bottom
Fila nome '@ AHMIGHWZ . SET




Y-COORDINATE

184,

133.

132,

131.

130'

129.

128.

127,

126.

126

124.

128.

GRID OF FACTORS OF SAFETY

HIGHWAY 44 AND 17 OVERPASS
NO. 2 Feb, 7, 1980

Slope stability analysis

SERIAL HO, 87128 is licenased to; GEOCON ING,

! | ! ! l | | I l

1.92& 1.631 1.481 1.528 1.709
e T .+ 1 + - —
286(00 26.Q0 E‘l\ﬂ{) 21.80 1.80

1.9 1.742
w +
23, 19,30

2,00

210

i

16.00 16.00 16.00 11.80 16.00
I I | ] | I I l |

487 61.7 63.8 B5.6 B7. b BS.b 61 4 63.4 6583

X—COORDINATE

BISHOP'S SIMPLIFIED METHOD
No. Above (+) is Factor of Safety
No. Below (+) iz Slip Surtace Radius
File name @ AHIGHWR.FAC



Y—-CQORDINATE

CROSS-SECTION OF GEOMETRY

HIGHWAY 44 AND 17 OVERPASS

NO,

4

Feb, 7, 1890

SLOPE STABILITY ANALYSIS - COMPOSITE SLIP
SERIAL N0, B7128 W flosneed to: GEOQCON NG,

SURFACE

I i i 1 i i i i 1

174, STABTILITY ANALYSIS SUMMARY
Failure Surface Factor of Salety
161. 1,5,6,7 1.70
2,5,6,7 1.65
148, L 3,5,6,7 1.74
4,5,6,7 1.98
135, {.
2 34
188, L. — -
,.—""”M“ ™ \\\ e,
.

@ = \\\ M‘““‘“ ’,,#? 8
108, L - 5 0” o)

| | { i | i | i ]

-2, 11, 24, av. 50. 83.  TA. B8O, 102,
X—COORDINATE

UNIT WEIGHT  CORESION PHI DESCRIPTION
20.00 00 30.00 Granulor fill
20.00 Do 30.00 qgranular
18.00 40.00 Ruls clay
18.00 50.00 00 clay
18.00 76.00 oo clay
-1, 00 00 20 hord bottom

File nome

rARIGHWA SET
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OVERSIZE

DRAWING



PU-D- 207 A8 10

MINISTRY OF TRANSPORTATION , ONN‘:RIQ

MET. f?fC o
DIMENSICONS ARE 1N METRES w p NQ 34 8§ 02
é!;&ﬂe-;eislgﬁétigETﬂESS{g?TL%SS oo
HERW!. HOWN . O 7t
N KHOMETRES * METRES HWYS I7& 44 UNDERPASS| SHEET
- BORE HOLE (OCATIONS & SOIt STRATA
GEOCON iNC.
(\
s
CARF
BOREHOLE! cHAINAGE | OFFSET \
[ 10+ 0900 {
z 10+ 0459 87 RY SITE
3 10+037-2 52LF o
4 10+ 000G [ REG MUNOF OTTAWA -
44 10f 000-C 1-0 RY CARLTON 7
5 9+ 9628 §-GRT
3 9+ 954+ $-0LT GEO TWP HUNTLEY
6a 549541 20LT ' 3
7 3+ 910-0 € KEYscAF;:AN
g S+ 9570 5 ORT i g 2 Km
I ———k
LEGEND
“’ Bore Hole
-@1 Dynamic Cone Peretrotion Test {Cone}
$~ Bofe Hole & Cone
P L A N N Blows/0.3m (Srd PenTest, 475 I/ blow}
L S CONE Blows/0.3m [60° Cone, 475 J/blow]
'%—‘ W E at tsme of investigotion 1989 &
| - PiEzoMETER
HWY 17 MEDIAN 8 wi NOT ESTABLISHED
| Wi NOT ESTABLISHED 2 - 4, 44 g Wi N PIEZOMETER 6A 7 wL NOT 6A, 5 3 2 CO-ORONATES
%' : —1-3 . N e e 5+ 09 O N siep  wLnoT “' 3.;‘. & * No |ELEVATION| worTH EAST .
ESTABLISHED I
0 i 4 [ 130 f 116-84 [5019039-86) 339 460-97
PROPOSED GRADE | ANDY SILY, TRACE CLAY | -SﬁNDYSELT‘ERACECLAY 2 {1662 501907630} 339 487 29
L ; Compact fo Loose : Compact fo Loose
f-sE_ AND ,;——S,QNDX SILT, TRACE CLAY - SANDY SILT, TRacd cLay odcSHELLS | : o : Fite 3 116 -8t 501907206 339503 14
120 8/0-3mCONE ACE LLAY 1 e £ Fiot A Am LN T 120 4 | (1817 |5019101-24] 339 526-80
of : so N 00SE g 2, =1 .
= - o: . X . e . 4A D 1fB-+7 {5013101-97]338526 11
by o] S BRI AR : ol e ey L af 5 11746 [SO19130-27[339 550-59
1o ] SHTY CURY ! 4 ’ $4ulatdiidl Ay | : € | ti7-23% [501925-96/339 56650
T SR " - 19512955 ey 54 1 6A| 117-23 [5019130-08/339 5673
Aoy %s‘{"l':m g j;, ,j;ff;/ A7 5L10a3015505%! 5 s 7 | 11694 5019162 62/ 339 592-62
“ s R AR R coitin ool g A : B | i17-16 |5019 136-22 339 554.83
100 SHEYE-SAND T b —— S i i R e 128 wikd LR
SOME GRAVEL OCC BOBLDERS 7 - P 8 p i L v o Lo 01 ; 4] ¢ : : iy i did kg
Compact to Lodse : : Sound - s SILFY 4 B TE T ‘ TR H
C LIMESTONE E ¢ BOULDE] £ _ “SILTY SAND TILL ers )
80 BED - — - ’ SILTY SARD TILL
8 g o o Eg o o o Compect toLdose SOME GRAVEL OCC BOULDERS
= =] & % i 8 § § Compact 0 Loose
3 S g & £ g : 80
80 = S
i SECTIONS _
¢ PROFILE HWY 44 REVN A-A ' B-B TNoTEs
’ . : * The boundaries between soif strafa hove been sstoblished
! om . w5 g ?m only af Bore Hole locotions. Between Bore Holes the
% boundories ore assumed from geolegical evidence.
: NOTE: The complete Foundotion Enves!igor;an and design repor! for
. this praject ond cther reloted doc may be ingd ot the
' Enginsering Materiols OFfice, Downsview. Informotion contoined in
this report ond relofed documents is specificafly excluded in
occordance with the conditions of Section o2-2 of Form WO
. 3[0:&?5 Tar | DESCRIPTION. -
Geocras No 3iF-{0
HWY No 17544 UNDERPASS B15T 9
[SUBM'D [C_TCHECKED _ [DATE i880 It 14 [SITE 03-357
REF Ne E-85-~17-1 1990 Of ERAW N MZ (CHECKERIC [MHoVe ppp DWG 348102-A
Y i




OVERSIZE

DRAWING



.
LEGEND
: STRATIGRAPHY LIMIT® MOISTURE. CONTEMT FIELD INSITU UNDRAKED  SHEAR STRENGTH COMBOLIDATION —_
“ VALLES VAME SHEAR STIRENGTH SENSITIVITY VALUED DATA . O BOREHOLE |
: 189y "‘*’"T T [T [ R T e O BoREHoLE 2
Bl ; —— - P o ' i s N\ pomreMOLE 3
N o . I | GROUNE [, fode e — 4
i | flLL _. Jeumrsace ’ | | © BOREHOLE 4
Vo A— i . [ |- B BOREHOLE B
. : ) . $ i @ POREMHOLE &
Hdimee =L PETI NS ; . %7 - ¢ POREHALE T
" 2| - ql i J i }(_*1_* . . - ATTERBERS LIMITS
A a ! 1 | | ‘ ! H v“' Pe  PRECOMSOLIDATION PRESSURL]
i ¢ e Le bt "% aVER consoLIbATaN RATIS
1o ; d
1 o o i Tg| P | 5
& 3 . | )
%o e | | 5
i Y i
4 Leal- e P : 1 -
5 ? SILTY LAY [Ty Y : s
i P o4 - [y M : 9
\ 4 P l N ‘ .
4 7 o2 -t - . | >
' u } i | | W
4 4 oo SILTY SAND 1 4 !,, | - 5
: @ (. [ | ! M )
1 98 b R T — “ i e Geo—con
i
g 7% i < # ’ | i
. P ! L ‘ ] GEOTECHNICAL DATA
B -l . - - L, . [ —y L I [RR— R
k K 5 o e 6 s 6 o 25 30 40 5 200 KT DILTY CLAY LAYER,
. MOISTURE. ComTamT SwE SEMSITIVITY PRESSURE
i (€} C [
i Fee 2000 As suown
Mo, | 0P | B0e
i (TERR Illeoo-2
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