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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by AECOM on behalf of the Ministry of Transportation, Ontario
(MTO) to provide foundation engineering services for the future rehabilitation of nine structures along Highway
406 from Fourth Avenue to Westchester Avenue in the City of St. Catharines, Ontario.

This report presents the geotechnical site conditions at the site of the existing Westchester Avenue underpass
structure at Highway 406. It was developed with information from a foundation investigation completed in 1961 at
the Westchester Avenue underpass site, reported as follows:

m MTO GEOCRES No. 30M3-42: Foundation Investigation for Underpass for Hwy #58, (Line ‘B’) at
Westchester Ave, near St. Catharines, W.J. 60-F-100, W.P. 47-61, District #4, dated October 3, 1961.

m MTO GEOCRES No. 30M3-42: Westchester Avenue Underpass, Hwy #58, Line ‘C’, Dist. #4, W.P. 47-61,
W.J. 60-F-100(B), dated January 8, 1962.

The Terms of Reference and Scope of Work for the foundation engineering services are outlined in MTO’s Request
for Proposal, dated September 2015 that form part of the Consultant’s Agreement (Number 2014-E-0075) for this
project. The Scope of Work for the Westchester Avenue underpass is comprised of a Desktop Study as reported
herein. The work has been carried out in accordance with Golder's Supplementary Specialty Plan for this project,
dated June 2016.

2.0 SITE DESCRIPTION

The Westchester Avenue underpass structure is located about 330 m east of the Geneva Street underpass, near
the downtown core of St. Catharines (see Key Plan on Drawing 1). The existing underpass is a four-span structure
with a total length of approximately 83 m and was constructed in about 1962.

The underpass structure is located on what was the left bank of the old second Welland Canal (now called Canal
Valley; adjacent to Twelve Mile Creek). Westchester Avenue traverse the crest of the Canal Valley and grades
gently downward to the east. The General Plan (Drawing D4565-1, dated 1961) shows topographic contour lines
adjacent to the Westchester Avenue, suggesting that local gullies bounded the east abutment of the underpass.
From interpretation of the General Plan 1961 borehole investigation results described in Section 4.2, it is inferred
that Westchester Avenue was partially constructed across an infilled gully. Prior to construction of the underpass
structure the ground surface in the vicinity of the west abutment was at approximately Elevation 104.8 m,
descending to about Elevation 101 m at the east abutment. The current grade of Highway 406 is at about Elevation
100 m; therefore, Highway 406 was constructed in a 1 m to 4 m cut. The grade of the Westchester Avenue
underpass is about Elevation 105 m suggesting an approximately 4 m high east approach embankment.

Drawing No. D4965-2 titled “Details of Abutments and Pier Footings” indicates that the west abutment is supported
on a spread footing about 2.1 m wide founded at approximate Elevation 101.6 m, on native very stiff silty clay
deposit, and the three piers are supported on 3.0 m wide spread footings founded at about Elevation 95.6 m. The
east abutment is supported on a pile cap founded on 0.3 m diameter steel tube piles filled with concrete driven to
Elevation 88.4 m in the transition between the very stiff silty clay to clay and the underlying firm to stiff clayey silt
to silty clay.
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Documents obtained from GEOCRES indicate that in 1965 it was reported that there was observed distortion of
the bearings and bending of the anchor bolts at the east abutment; however, there was no observed movement at
the west abutment. In 1966 a berm was constructed by infilling a gully adjacent to the east abutment on the north
side of the roadway.

Golder visited the site on December 2016, to perform a cursory review of the structure from a foundations
perspective. There were no obvious visual signs of foundation-related issues in terms of foundation and
embankment instability and settlement at that time.

3.0 PREVIOUS INVESTIGATION

The foundation investigations for the GEOCRES reports referenced in Section 1.0 were conducted in January and
October 1961. During those periods, a skid-mounted drill rig advanced a total of eight boreholes using wash-boring
techniques to depths between about 9 m and 32.3 m below the ground surface. Borehole 1 is located east of the
structure site and are not relevant to the present desktop study nor shown on the Borehole Locations and Soil
Strata.

The foundation investigation report indicates that soil samples were obtained at 0.75 m to 4.5 m depth intervals
using 50 mm outside diameter split-spoon samplers driven by manual hammers, in accordance with the Standard
Penetration Test (SPT) procedure. In the firm to stiff cohesive deposit thin-walled Shelby tube samples were also
taken and in situ field vane testing was conducted to measure the undrained shear strength in the cohesive
deposits, Dynamic Cone Penetration Testing (DCPT) was conducted in Borehole 5 from the bottom of the sampled
borehole at Elevation 91.2 m to refusal at Elevation 76.7 m, using a 50 mm diameter cone with an energy of 350
ft.lb (475 joules) per blow.

Observations of the water levels in the boreholes were recorded on some boreholes logs; however, piezometers
were not installed in any of the boreholes.

Selected samples obtained in from the boreholes were subjected to classification testing, strength testing and
consolidation testing and the results are shown on the borehole logs and/or on laboratory test figures attached to
the report(s).

The boreholes locations as provided on the borehole record sheets in Station and Off-set were plotted on the
General Arrangement drawing (Dwg R2-1, dated Nov. 2016) provided by AECOM on January 18, 2017 and the
borehole coordinates were interpreted from the coordinate system superimposed on the plan. The borehole
locations in MTM NAD 83 (Zone 10) coordinates, ground surface elevations referenced to Geodetic datum and
the drilled depths are as follows:

.
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Borehole No. MTM NADS83 MTM .NAD 83 | Ground Surface Borehole Depth (m)
Northing (m) Easting (m) Elevation (m) (DCPT Depth (m))
2 4,779,845.1 326,339.9 102.1 32.3
3 4,779,835.0 326,319.0 101.9 29.4
4 4,779,822.5 326,293.0 102.4 26.4
12.6 m
5 4,779,805.2 326,266.0 103.8 (126 10 27.1)
6 4,779,793.1 326,263.0 104.2 15.7
7 4,779,800.3 326,293.1 104.1 15.7
8 4,779,814.8 326,321.2 101.1 9.0

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
4.1 Regional Geology

This section of Highway 406 is located within the Iroquois Plain physiographic region, as delineated in the
Physiography of Southern Ontario (Chapman and Putnam, 1984)1. The Iroquois Plain extends around the western
shores of Lake Ontario and is comprised of the flat to undulating lakebed and beaches of the former glacial Lake
Iroquois, which occupied this area during the last glacial recession. This site is bound to the north by shoreline
beach deposits from Glacial lake Iroquois such as the Homer Bar on which downtown St Catharines is located,
and the Niagara Escarpment located some 3 km to the south.

Surficial soil in this area of the Iroquois Plain is typically comprised of silty and clayey till of the Halton Till sheet
according to the Quaternary Geology of the Niagara-Welland Area (Ontario Geological Survey Map 2496;
Feenstra, 1984)2. The Halton Till sheet is underlain by an older, red, sandy and silty till, possibly the Wentworth
Till sheet (OGS Preliminary Map 764, Feenstra 1972)3. Shallow depressions on the surface of the clay plain
upslope of the Homer Bar are infilled with bog sediments while fill materials comprised of earth and rock fill
associated with the canal construction occur in the vicinity of the former Welland Canal (OGS Preliminary Map
764, Feenstra 1972).

4.2 Subsoil Conditions

The detailed subsurface soil and groundwater conditions encountered in the boreholes in the vicinity of and
pertinent to the Westchester Avenue underpass structure (i.e. Boreholes 2 to 8, inclusive) and the results of in situ
and geotechnical laboratory testing, where available from the 1961 and 1962 reports, are given on the borehole
records and laboratory test figures contained in Appendix A, following the text of this report. In the discussion
below, the depth below ground surface is referenced to the ground surface on the borehole logs at the time of the
investigation in 1961 and is not referenced to current ground surface.

1 Chapman, L.J. and Putnam, D. F. 1984. The Physiography of Southern Ontario, Ontario Geological Survey, Special Volume 2, Third Edition. Accompanied by Map P.2715, Scale
1:600,000.

2 Feenstra, B.H. 1984. Quaternary Geology of the Niagara-Welland Area. Ontario Geological Survey, Map 2496, Quaternary Geology Series. Scale 1:50,000

3 Feenstra, B.H. 1972. Quaternary Geology of the Niagara Area, Southern Ontario. Ontario Division of Mines, Preliminary Map P.764, Geological Survey. Scale 1:50,000

:1‘ a
September 22, 2017 Golder
Report No. 1541610-2 3 Associates



FOUNDATION REPORT
WESTCHESTER AVENUE UNDERPASS
HWY 406, ST CATHARINES, ONTARIO G.W.P. 2453-13-00

42.1 Fill

Fill was encountered in Boreholes 2, 3, 4 and 8 in the vicinity of the east abutment and approach, and east pier of
the underpass at the ground surface (in 1961) extending to depths of between about 4.6 m to 8.5 m below ground
surface, fill to between about Elevations 97.5 m and 96.5 m. Fill was also encountered in Borehole 5, advanced
between the west and central piers, to Elevation 102.3 m (a depth of 1.5 m below ground surface).

The fill material is described as consisting of silty clay to clay and containing, sand, ashes, fine gravel and organic
material.

Standard Penetration Test (SPT) “N"-values in the fill are variable, ranging between about 5 and 20 blows per
0.3 m of penetration, suggesting a firm to very stiff consistency. Undrained triaxial tests on the silty clay fill indicated
undrained shear strengths ranging between about 40 kPa and 50 kPa.

Atterberg limits tests were carried out on three (3) samples of the cohesive fill material, and measured plastic limits
between 24 per cent and 26 per cent, liquid limits between about 43 per cent and 57 per cent, and plasticity indices
between about 17 per cent and 31 per cent. These test results indicates that the fill material is classified as silty
clay of intermediate plasticity to clay of high plasticity.

The reported average bulk weight of the cohesive material(s) is about 18.5 kN/m3. The average water content of
the fill ranges between about 27 per cent and 30 per cent.

4.2.2 Silty Clay to Clay

Underlying the fill, a deposit of silty clay to clay was encountered in Boreholes 2 to 8 between about Elevations
102.3 m and 93.4 m, and extends to between about Elevations 77.1 m and 74.6 m, where fully penetrated. The
silty clay to clay contains pockets of fine sand and silt as well as traces of fine gravel. The authors of the 1961
report characterized this as a native deposit; however, comments in the “Summary of Field & Laboratory Tests”
information sheets appended to the 1961 report indicated that glass was extracted from a Shelby tube sample
obtained from Borehole 3 at a depth of about 9.1 m to 9.6 m below the ground surface (Elevation 92.8 m to 92.3 m),
suggesting that a portion of the deposit may be fill. The deposit as shown in the Records of Borehole sheets is
considered to be comprising of two layers / zones: an upper crust of higher consistency; and a lower layer of
somewhat lower consistency, as described below.

Upper Weathered Crust — Cohesive Deposit

The cohesive deposit contains an upper weathered crust that extends to between about Elevations 90.8 m and
88.5 m, suggesting that the thickness of the upper crust is 2.6 m thick at Borehole 2 and about 8.5 m thick at
Boreholes 3 and 4. The measured SPT “N"-values range from 7 to 40 blows per 0.3 m of penetration. Two in situ
field vane tests carried out within the upper crust of the cohesive deposit measured undrained shear strength of
86 kPa and greater than 95 kPa with sensitivities ranging between 2.9 and 10.0. The field vane test results together
with the SPT “N"-values indicates that the upper weathered crust of the cohesive deposit has a stiff to hard
consistency.

Atterberg limits tests were carried out on twenty-eight (28) samples of the upper crust of the cohesive deposit, and
measured plastic limits between about 20 per cent and 27 per cent, liquid limits between about 47 per cent and
63 per cent, and plasticity indices between about 25 per cent and 38 per cent. These test results indicates that
this material is silty clay of intermediate plasticity to clay of high plasticity. One Atterberg limits test was carried out
on a clayey silt portion of the deposit and measured a plastic limit of 12 percent, a liquid limit of 24 per cent and a
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plasticity index of 12 per cent, suggesting that it was a clayey silt of low plasticity. The results of the Atterberg limits
testing are presented on Figures Al and A2 in Appendix A.

Firm to Stiff Cohesive Deposit

Underlying the upper weathered crust, the cohesive deposit is less plastic and was originally classified as a clayey
silt to silty clay. In situ field vane shear tests carried out within the cohesive deposit measured undrained shear
strengths ranging from about 43 kPa to 86 kPa and the calculated sensitivity varies from about 1.9 to 5.0. Based
on the field vane tests the cohesive deposit has a firm to stiff consistency.

Atterberg limits tests were carried out on fifteen (15) samples of the cohesive deposit, and measured plastic limits
between about 16 per cent and 23 per cent, liquid limits between about 31 per cent and 56 per cent, and plasticity
indices between about 6 per cent and 32 per cent. These test results indicates that this material is a clayey silt of
low plasticity to clay of high plasticity. The results of the Atterberg limits testing are presented on Figures Al and
A2 in Appendix A.

Figure A3 presents the envelope of the results of grain size distribution analysis carried out by the DHO.

Undrained triaxial tests were carried out on several samples of the cohesive material(s) from Boreholes 2 and 3;
however, it is not clear what depths they were samples obtained from - the results are presented on Figure A4 in
Appendix A and the 1961 report indicates that the shear strength varies from 47 kPa to 84 kPa. Laboratory
Consolidation tests were conducted on three samples of the silty clay to clay deposit obtained from Boreholes 2
and 3 at Elevations 93.9 m, 88.1 m and 75.6 m and the results are presented on Figure A5 in Appendix A and
pertinent parameters are summarized below.

BH/SA Elevation o, (kPa) | o, (kPa) OCR €o Cc Cr
Borehole 3/ SA5
EL 930 84 95 1.1 0.827 0.260 0.077
Borehole 2/ SA10 158 316 2.0 0.785 0.365 0.058
EL. 75 m
Borehé’llesg /15A15 229 364 1.6 0.576 0.295 0.068

Figure A6 presents a summary of the Atterberg limits and accompanying water content test results, in situ vane
shear strength test results and the calculated overburden pressure and preconsolidation pressure versus
elevation.

The reported bulk weight of the clayey silt to clay deposit ranges from about 18.2 kN/m? to 20.4 kN/m3. The water
content of the clayey silt to clay deposit ranges from about 25 per cent to 41 per cent.

4.2.3 Sandy Clayey Silt Till

A till deposit consisting of sandy clayey silt was encountered underlying the clayey silt to clay deposit in Boreholes
2, 3 and 4, between Elevations 77.1 m and 75.2 m (between a depth of 25.2 m and 26.8 m below ground surface,
at the time of the investigation). It is noted that on the borehole logs for Boreholes 2, 3 and 4 and in the “Summary
of Field and Laboratory Tests” in Appendix A this material is described as a silty sand glacial till; however, based
on the laboratory classification test results discussed below, the description of this deposit has been reinterpreted

.
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as a sandy clayey silt till. Previous foundation investigations carried out by Golder in the vicinity of the Westchester
underpass at Highway 406 indicate that a till deposit comprised of clayey silt is present at about Elevation 75 m,
which is consistent with the presently reinterpreted classification of this deposit.

The measured SPT “N"-values within the sandy clayey silt till deposit range from about 36 to 95 blows per 0.3 m
of penetration, suggesting a hard consistency. In Borehole 5 a DCPT was carried out from the bottom of the
sampled borehole at Elevation 91.2 m to Elevation 76.7 m, where the DCPT value measured was 100 blows for
0.3m of penetration. The termination elevation of the DCPT is within the elevation where the sandy clayey silt till
deposit was encountered and therefore it is likely that the DCPT terminated in the till deposit.

Grain size distribution analysis were carried out on samples of the sandy clayey silt till deposit and the envelope
of the results is presented on Figure A7 in Appendix A.

Atterberg limits tests were carried out on four (4) samples of the cohesive till deposit, and measured plastic limits
between about 12 per cent and 13 per cent, liquid limits between about 17 per cent and 20 per cent and plasticity
indices between about 5 per cent and 7 per cent. These test results indicates that this material is a (sandy) clayey
silt of low plasticity.

The reported bulk weight of four (4) samples of the sandy clayey silt till is about 22.0 kN/m?3 and the water content
of five samples of the deposit ranges between about 8 per cent and 11 per cent.

424 Groundwater

The 1961 foundation investigation indicates that groundwater was encountered in Borehole 2 and Borehole 3 at
approximate Elevations 100.2 m and 99.9 m, respectively. There was no indication that a piezometer was installed
in these boreholes. As such, the groundwater elevations noted in the 1961 reports are inferred to represent the
water level immediately after drilling and therefore do not represent stabilized levels.

As discussed in Section 2.0, Highway 406 was constructed in a cut; the water level measured in the boreholes
during the 1961 foundation investigation corresponded to an elevation at about the highway grade to about 1 m
above the highway grade. At the time of our site visit (December 2016) there was no visible evidence of seepage
at the east or west abutment slopes or at the highway level.

The groundwater level is expected to fluctuate seasonally and to be higher during wet periods of the year. The
present water level is expected to be lower than at the time of the investigation in 1961.

.
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5.0 CLOSURE

This Foundation Investigation Report was prepared by Ms. Sandra McGaghran, M.Eng., P.Eng., a senior
geotechnical engineer and Associate of Golder. Mr. Jorge M.A. Costa, P.Eng, a Designated MTO Foundations
Contact and a Senior Consuiltant of Golder, conducted an independent technical and quality control review or this

report.

GOLDER ASSOCIATES LTD.

Sandra McGaghran, M.Eng., P.Eng. Jorge M.A. Costa, P.Eng.
Senior Geotechnical Engineer, Associate Designated MTO Foundations Contact, Senior Consultant
SMM/JMAC/rb

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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APPENDIX A

GEOCRES 30M3-42 Record of Borehole Sheets and
Laboratory Data
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- brown to brown, stiff to med. sti i‘f, i

V> with organic material. i
; (Fill Material) ; i

Th -

| 15 1187

brown, very stiff, with
, §l 8ilt pockets.

5 s

i

B |125.6 |

} Clay to silty clay, gray-brown,
| very stiff to soft, with small

1 p0Caels ol fine sand and/or silt :
i <trace of fine gravel, ; i

T

X
HH
.
&

; aaeak 117 | -

blow

; ; :
. i i R I L 1
/ 21&609 3 } : : ;
: Silty sand, red,dense to very - 90 i : e o 1
@ dense, with some c¢lay and trace of AR P 518
// fine gravel. f i I : j y .
oo e ' 819
1 B
" ¥ i -
e 100 ! i
T ) sji=s
i R28.9 Nmaris 520
: End’ of borehols. ; NEN N
: ek b 4B o ige - T T e i
g Penetration resistance profile ile 4 |
; shown; obtained by driv ng a 2" dia, b
B cone from groundlevel to e th noted
3 with an energy of 350 ft. lb. per 1. CE
]
o
§
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DEPARTMENT OF HIGHWAYS -ONTARIQ
MATERIALS AND RESEARCH SECTION

WB_47-61 . _ BORE HoLE No.__aj_,- - LEGEND . .
: OnTangent . 6 s azcn_a compression = = =le = :
\ O-F- T A y 2 0IA SPLIT TUBE — o i o e m o oo i henr Lo COMPRESSION {QU)
0B_60-F-100 _ ______  STATION 25483 2L Rte . Z.504 S50 1Y : B vane TesT(C) AND SERSITIVITY (S)- = #5

2 SPLIT TUBE NATURAL MOISTURE AKD {5

DATUM 334.3% .. COMPILEDBY_ __ B.K. .. 320 come CIBIDITY INDEX, ~ —eim e e X
g , 2" SHELBY . . LIGUID LIMIT & e o o
BORING DATERec. 21/60  cHECKED BY_ _ . G.G.C. - ‘casms .. e FLASTIC LIMI =~ o oo Bt |
g : Lab vane i« =~ « = =i o = s @
guEv. |oeeTr G?NENGT:EQT:T:SE:THAHQN T wt‘:owa;s*rmucv NA,TU;R'?L;
ilavmpol DESCHIPTION wegr | ReeT WS sasmeeg buNIT W,
- 500 1000 lsgg;o 200(3"_ MOTEY, CUNTENT » e DRY WY
4 Groundlevel 8343 0 25 5075 ‘ibo 9 15 30 45 6D
3 . BESRERERUES . F R AN O N DRI !
i :. Mixture of clay, ashes, fine to ‘ i - . i
. namad coarse sand and fine gravel - Loose I s IS R
oLy ‘ Wele 2 327.8 s
; . I(F111 Haterial) L coeh
AR | Y % s2
o T : ; : i
_ :319.0° it
. , % "G 53
Silty clay to clay, indxed gray & L
\wbrown to brown, med. stiff, with e
/{pockcts of gray fine sand and/or
X '8ilt with organic material.
304.3
7 Clay to . silty clay, brown, hard to
- 8LIfT, some fine gravelftracs of .
~—+ organic material) "
‘290.3 ;

Clay to silty Llav, gray-brown,
[ §LiTT, with small silt pockets, some
-.Tine' sand,trace of fin= sravel. :

B r0 1200

Tl -

245.8 | , ; : i
Silty sand, red, dense to very : AN AR D ; : R LT
dense, with some ¢lay and trace of . NI 00 0 N SO A Y B e
o fine gravsl. ) : . it ; i
¥ 237.8 Lt b b bedige \9, b ] T % Slh
End -of borehole. L ERRAN Ly SNNEEGEN ;




FORe
GFFICE REPORT ON @L EXPLORATION
)
e o e e e S
| - S

DEFARTMENT OF HIGHWAYS - ONTARIO
MATERIALS AND RESEARCH SECTHIN

WP A7-61 sm&z(
OnTangent) =~~~
JOBEO-F=100  __ _ STATION 35507 - 70" Lt
L BeKe

..B.G.C.

e OLE NO A

DATUM 336,10 COMPHED BY

BORING DATE Jan. 3/61  CHECKED BY

LEGENRD

f
LIiOUID LAMIT
DEAETHE L ReT

L Triaxial Gospr. - - - = = = =

BERLRUT R AN

[ 28 .
s AT RAL

" organiec material - Loose

) AN AN (ST SRl MEE B YANCE

BY R DEBCRIBYION rEET | REET T b e e e e < e 5 AT B L R T A
" Groundievel . B16.1 0 25 30 75 "I N 15 30 L5 60

34 .| Mixture of clay, ashes, sand & e B e B TTTITTTITTOET

FONRARRAY 1 -
) M (Fill Material) 30.1

gl

Clay, mixed gray and brown, med.
8tiff, with orgunic material.

="t (F1ll Material)

Clay, brown, very stiff to sbiff,
" witn swall pockets of fine sand

" s | andfor 8ilt and trace of fine |

D gravel. ‘
lij//
o o

g i

|

i292,1

/ © i Clay to silty clay, aray-brown,
| meds stiff to stiff, with suall
{‘seams or pockets of gray silb.

e
i

o i ]
o | ;

129,7

119.3

N
' 23
'°4/§f/f§1it' sand, red, dense,with some
} 4élay & trace of fine gravel, 20,9.5

End of borehols )

90 N




TRORMY ML 13 gt 101
P

we 47-61  BORE HOLE N
R {On Tang 22

Jog_60-F-100 STATION 2 b;l 175' I.t.
DATUM 340,6" . COMPILED BY | B.K.
BORING DATEJan. 6/bl CHECKED BY _ G.G.C.
BV R RO SRIOHIBTOIOM FemT

S J Groundlevel . .BLo.s
&A% Mixture of clay, ashes, fine to

WA wen coarse sand and fine to coarse

-5/ gravel,-dense {Fill Material) ___ [335.6
Clay, brown, hard to stiff, with
small pockets of fine sand. |
S

299.1

End of borehole.

Penetration resistance profile
shown; obtained by Jrivinv 22" diad
cone from end of borshele to depth
noted with an energy of 350 fi. lb. .
per blow. ;

CEFICE REPORT nw@n

DEPARTMENT OF
MATERIALS AND RESEARCH SECTION

EXPLORATION

HIGHWAYS - ONTARIO

£3 R R N P3N

EEMETHE A
NCQ

’:SY‘NENPZ""' xS
r'os S

500

1000 1500 2000

UL L
'9‘ AT l!’; Toow

: R
p rﬁrlaxial compressxon .o O

SN BT EMOE

LR CLMTENT o M DY W, feers st i e

0...22,

o el

15 30 45

80

90




CFORM OB-ML26 (REV. 1959.)—59.5008 QFHCE

@

DEPARTMENT OF HIGHWAYS - ONTARIO
MATERIALS AND RESEARCH SECTION ‘
- oo b

we W6l BoRe WoLe WO 6 ___ < | LEGEND

Jop 66-F<100B  grartion_12/89 (16' Rt.) 2'Dia SPLIT TUBE _ . _ . ﬁ | I/ZUNCONFINED cmﬁvﬁr‘«afiagicd? S 0
S 2 SHELBY TUBE _ o o o . B yane YESTLG) ANG SENSITOVITY

NATURAL MOISTURL AND : T

. e o ; PLIT T it L cn e o o N
gaTum 342.0' - - commiep Y _ B.Ko §u§;,§; e oaBE - e SOUDITT N
: 2 SHELBY o LI FA L i e e e e . it
BORING DATE Oct. 26/61. OHECKED BY_ . GRSING o BUAsTIS Lt T Ty

dui e} = e e ot = T .: gt S s $T ;LNGT*‘* g ;‘ENE* - "-'-u‘_‘,_;;:;;, ;, :’;;:STR"NK “ :
; : LELEW. ICERTH RESISTANCE : PP R o
Tt DESCRIPTION | FETT | FEET i . , : }
L e T e 500 lmo 1500 20% MOTET. CONTERY - ¥ e W i T ;
‘k | | 20 40 60 !
o nngiggndlevel L L e §ﬁ9 . 4 0.
hmfﬁ? - ,t
A - 5ilty clay, stiff to v. stiff ; i
4 grey-brown, trace of fine gravel ]
5 / and occasional very small silt Lo !
|/ | 1254 |
- ! ¢ i
1 -
4 123.
// e
: 290.5 1135.3

| End of borehole. -

i | | z

Penetration resistance profile

shown; obtaired by driving a 2" dia.! {

cone from groundlevel to depth notedg

- with an energy of 350 i‘t. lo. per Lo

| blow. & B

1 . i %




FORM OB-ML.126 (REV. 19551 §9-5008  ~ t:.";r CE REPORT

e

.f""‘\

\
i
N !

QN SOIL

DEPARTMENT @r HIGHWAYS - ONTARIO

CRLTERIALS

ESEAROH SECT

,l‘ﬂ",é]t, B coRE FOLE R 7

EE YRS TRV L

32&105‘ CUINAE T ! k B.K.V :

R OCta 27/61. ‘,34’;“;' EE S

'I‘nnsfn 4

#Groundleve; ‘ : | %ﬁ;;

Silty clay hard, brown occasional
small silt pockets.

V. stiff. "

__328.5

314.0

-

Stiff oo i

_290.0

' shown; obtained by driving a 2" dia.

End of borehole.

Penetration resistance profile

cone from groundlevel to depth ‘
noted with an energy of 350 ft lb.;
per blow. f

60-F-100B CaraTion 13490 (33 Rt.)
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50

60

e s

1000 1500 2000 .
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FORM 0B-ML.126 (REV. 195%.) sy.s08 OFFICE REPORT ON SQEL i‘ZXPLGRﬁ?mN o
| ; | LN S e

*j. ‘ ~ ; - ‘xj‘ ‘ S ; ‘\,f‘ ~

DEPARTMENT OF HIGHWAYS - ONTARIC | PR g
MATERIALS AND RESEARCH SECT.ON "

CAT6L  seRe woiE RO B
60-F-1008 vamion 14495 (7' Rb.)
foow 331l.60 Sowabn D ouy BJKG o

cecw g Dats Octe 237610 st sy

3

SEE MR SR T A A T SRR TS T e . SR
BT SRR N R T R N
PO N R o b e gk 2 e

R e B

<

N

500 1000 1500 2000

¢ Groundlevel , 331.6 0. .25 50 757160 0 _ 20 4 _ 60
52

PR |
; e P .

m 5L

=3

>’</ Fill silty clay, small pockets of Sl
™~ gilt med. stiff to stiff gray brown

some root fibers.

Ut

"N

316.6
312.6 20

' 1200
m 17 122.0

o
// Silty clay med. stiff grey brown.

Tl T e
¢ J02-1 30 | Penetration ends @eley, . .f |0 H—s
- Bnd of borehole. ; ; St e e S00BT L

1 | silty clay, V. stiff grey brown.

P T

e 5 P P e LT o P P
T U T T S [E PO S as N I .
LLO e Y e R B e S VSO SER NN S
[ R Pk . . p

4 : A N RN

Penetration resistance profile shown; ROQRIE RSk S v
obtained by driving a 2" dia. cone (o IR RO SR I DR

TR TN M NNN M

| Gougomtiewl o dspthmotedwitn
an enerygy of 350 ft. 1lb. per blow. : S i e LR o L i




FORM OB—ML-—222

FEB B8 ‘
ERTVET:-B.1-Y-1 Lo
‘ . .Page 1
JoB 60-F-100
SUMMARY OF FIELD & LABORATORY TESTS W 47-61
HOLE | SAMP SAMPLE PENET'N MQIST IPLASTICE LiQinD SHFAR UNIiY
NO. NO. QERTH MATERIAL DESCRIPTION RESIST, CONT, LMt LIMIT | SYRENGTH| WEIGHT REMARKS
(FEET) | BLOWS FT % Y < p sk pod
1 181 |5'-6.5¢ loose umixture of clay, ashes, sand,
and fine to coarse gravel. 13 - - - - -
52 110'-11.0' |As above.
1tr-11.5¢ !Clay, brown, very stiff, flaky. 2, |25.6 - - - -
53 11.5'-13%* |Clay, brown, hard, flaky. 34 - - - - -
2 {81 (56,5 Very loose mixture of ashes, sand
and fine to coarse gravel, 4 o - - - -
S2 [ 10t«11.5' | Loose mixture of fine to coarse
sand and fine gravel, 9 - - - - -
83 {15%-16.5' !Silty clay, mixed gray & brown,
stiff, with trace of fine gravel. 12 [28.8 {23.6 |55.5 - -
Th 120'=21.5' {8ilty clay, brown, stiff with some
fine sand and organic material. Levered 29.7125.8 |[43.4 - -
T5 [25'«26.5% |Clay, brown, med. stiff, with seams
of silty clay and some organic TH=975
material. Levered 31.7 | 22.2)55.2 118.7
V=852
VANE| 281 As above, - - - - >2000 -~ | Sens: >10.0
T6  |30'-30.8Y [Clay, brown, very stiff, flaky. Levered
74 2L.5 R2.2148.3 - 128,9 {Fine roots present in sample.
S/lé"
S7 30-8""32.3, Aa aboveu 25 25u7 2100 206-5 had -
58 |359-36.5' |[Clay, brown, very stiff, flaky,
with small silt pockets. 20 25,7 - - - 125.6




; o FORM OB—Mi—222 ) k S : . T S o = : g : : SR
FEB 5§ . ’ . . . . : : : :
JIMEBR. 5868 y ) . N> . .
. | : ' ' . Page 2
, Jos 60-F-100
SUMMARY OF FIELD & LABORATORY TESTS WP 47=b1
HOLE | SAMP SAMPLE k PENET'N | MOIST [PLASTIC| LiQuio | sHEaR UNIT
NO. NO. CEPTH MATERIAL DESCRIPTION RESIST, CONT. LiMIT LIMIT ISTRENGTH{ WEIGHT REMARKS
(FEET) . BLOWS FY X A % st pet
2 |89 |[40'-41.5' |Clay, gray-brown, very stiff, ‘
with small silt pockets. 8 33.5 [23.2 [48.6 - -
VANE! 43.5¢ Clay gray-brown, very stiff, flaky. - - - - 12000 - Sens: >5,0
T10 | 45'=46.5' | Clay gray-brown, stiff, flaky with : TR=1700
seams of clay silt. [avered (33.8 [22,0 |49.6 119.9
V=1810
VANE! 48! Clay, gray-brown, stiff, - - - - Li40 - Sens: 4.0
TLL | 50'~51.5' |Clay, gray-brown, med. stiff, with
silt pockets, fovered 32,7 120.5 |39.7 | V=866 | 123.0
! VANE 53! Clay, gray-brown, stiff. - - - - 1360 - Sens: 4,0
i
T12 | 55'-56.5' | Clay, gray-brown, med. stiff, flaky, ~ ['R=770
with small silt pockets. [avered 41.0 {23.1 |48.3 118.2
VANE| 58° Clay, gray-brown, med. stiff, - - - - 960 - Sens: 3.2
T13 | 60t-61.5' | Silty clay, gray-brown, soft, with
asilt pockets. Pushed {52,2 122,0 |37.2 | TRe,#0{116.5
| VANE| 631 Clay, gray-brown, stiff, with ‘
| layers of very silty clay. - - - - 1280 - Sens: 3,8
T4 | 651=66,5! ’Silty clay, gray-brown, stiff, with
pockets of fins sand and trace of Thel230
fine gravel. Pushed { 25,2| = - 129.8 | Fragments of red shale in .
: : =1935 sample. :




FORM OB—ML-222
FEB BY

IM.E8.%5869 ‘ ‘ ‘ &ga 3

jog 60-£-100
SUMMARY OF FIELD & LABORATORY TESTS

WP 47-61
HOLE | samp SAMPLE PENET'N | MOIST. {PLASTIC; LIQUID | SHEAR UNIT
) CERTH MATERIAL DESTRIPTION RESIST, CONT, LiiY LIMIT (STRENGIH, WEIGHT REMARKS
RO N, (FEET) BLOWS FT 5 . X fut, bt
2 [VANE; 68" Silty clay, gray-brown, stiff, with
traces of fine gravel and fragments
of red shale, - - - - L40 - Sena: 2.3
i Fragments of rod shale in
| sample.
T15 {70'-71.5' | Silty-clay, gray-brown, stiff, with
trace of fine sand & fine gravel- ; Rel620 i
fragments of red shale. [avered | 25.0(17.8 |35.8 128.1 !
VANE} 73! A3 above, - - - - 1440 - Sensg: 2,2
Ti6 |751-76.51 " " [evared | 22,2115.6 130.9 $R=1230(127.8
VANE! 781 " n - - - - 1640 - Sens: 3,7
T17 |80'-81.5' v L {avered | 22,7116.5 {33.6 | V=1168] -
VANE; 83! " n - - -1 - 1440 - Sens: 3.0

318 190'-91,5' |S8ilty sand, red-brown, dense with
aome clay and trace of fine gravel. 36 10.8112.2 {17.0 - 1147.1 Glacial Till,

819 195'-96.5' |Silty sand, red-brown, very dense
with some clay and trace of fine
gravel, Th 10.2112.3 {18.9 - 46,9 Glacial Till,

820 {105'~106' |As above, 90 10.6113.1 {20.1 - - Glacial Till.




FORM. OB8--ML- 222

FEB ®p :
IM-E8-5869 . .

Page §

JoB 60-F=100

SUMMARY OF FIELD & LABORATORY TESTS Wp A7-61

HOLE | SAMP SAMPLE PENET'N MOIST PrASTIC) LigthD SHFAR UNTT
NG NG TEPTH MATERIAL DESCRIPTION RESIST, CONT, LisMiT LIMIT FSTRENGTHI WEIGHT REMARKS
o (FEET) BLUOWS FT % % ~ P vt
{ i
3 ISl [5%.6,5¢! loose mixture of clay, sand, ashes,
and some fine gravel, 11 - - - - -
(52 110'~11.5' | As above, 11 - - - - -

53 115'-15.25 |As above,

15.25-16.5"| Clay, nixed gray & brown, with fine
sand and fine gravel. (trace of
organic material) 12 25,5 - - - -

S4 |20'-21,5' |Silty clay, brown, med. stiff, with
trace of fine sand & fine gravel. 14 126.2 127.1 160.1 - - Fine roots present in sample,

T3 |R5'-26,5¢ | Clay, brown, med. stiff, with
pockets of gray fine sand & silt.,

(trace of organic waterial) Levered 33.0 126.1 | 58,0 fRe790 [118.4
T6 |301-31.25¢ Clay, brown, hard, with fine gravel.| Levered 27,2:21.3 [46.8 - 121.5 | Pieces of broken glass in
sample,
57 [35'-36.5' | Clay, brown, hard, mixed with
decayed wood fibers, 30 35y - 1 - -
58 | 401-41.5' |Silty clay, brown, stiff, 10 29.8] -~ | A - - Fine roots present in sample,
T9 [45'-L6.5" | Clay, gray-brown, stiff, with small TRu1200
: ‘ 8ilt pockets, Levered | 29,6(19.8 39,2 | Va2940 |117+2
; ‘
VANE; ,,8¢ As above, ’ y - - - - 1200 - Sens: 5,0

VANE! 51,51 As above, - - - - 1280 - Sens: 4.0




FORM O8~ML~222

FEB B9
CIM58.8869 .
' Page 5
Jog 60-F~100
SUMMARY OF FIELD & LABORATORY TESTS
W.p, 47-6L
HOLE] samp SAMPLE PENET'N | MOIST [PLASTIC) LIOUID [  SHEAR uNIT
NO. NO. DEPTH MATERIAL DESCRIPTION RESIST, CONT, LiMY LIMIT JSTRENGTH] WEIGHT REMARKS
{FEET) BLOWS FT. b3 “ L3 psd. po.f.
3 |T10 |55%-5¢(.5' | cClay, gray-brown, stiff, with asmall |
silt pockets., Pushed| 41.1|24.5 | 55.82 = 1320.0
VANE| 58! As above, - - - - 960 - Sens: 3,2
VANE| 61.5°! As above. - - - - 1280 - Sens: 3.6
Tll |65'-66,5' |Clay, gray-brown, stiff, with some
8ilt and fine sand. - trace of
fine gravel. Javersd - - - - -
VANE 68+ As above. - - - - U0 - Sens: 2.3
VANE] 71,51 As above. - - - - 1600 - Sens: 3.1
:
Tl2 | 80'-81.5¢ | Silty clay, gray-brown, stiff, with
some fine sand, {overed! 22,2(16.2 |32.1 [TR«995 {128.5
VANE| 831 48 abovs. - - - - 1760 - Sens: A4
S13 | 88'~89.5' | Silty sand, red-brown, dense, with
some clay. 37 9.6 =~ - - - Glacial Till. |
Slh | 95'=96.5' | Silty sand, red-brown, very dense, !
with some clay. 25 8,6112.1 [ 15.6 ~ 1145.2 | Olacial Till.




FORM QB—ML—222
FEB B89

iM-58-8869 o

Page &

SUMMARY OF FIELD &

iLABORATORY TESTS

Jop 60-F=100

wp A7-61
)
HOLE! samp SAMPLE PENET'N MOIST, s PLASTIC] LIQUID SHEAR UNIT
DEPTH MATERIAL DESCRIPTION RESIST, CONT. [RETNS LIMIT (STRENGYH! WEIGHTY REMARKS
N2} mo. (FEET) BLOWSFT| % “ % pst. Bt
L | 81 |5t-6.5¢? Loose mixture of clay, sand, ashes
& organic material, 10 274t - - - -
52 110'=-11.5' | Clay, mixec gray & brown, med. stiff
containing organic material. 2 30,0} 25.9]56.8 - -
83 [15'-16.5' [As above, B¥A - - - - -
84 120'-21.5' |Clay, brown, very stiff, flaky,
with small pockets of sand & ailt. 29 25,01 23.1{50.3 | U=2210] 128.1
55 125'-26.5' |{Clay, brown, very stiff, flaky, with
small pocksts of fine sand, 20 25,0 - - - -
86 [30'-31.5' |Clay, brown, very stiff, flaky,
with trace of fine sand & fine '
gl"avel. 23 2600 21-6 &7*3 el -
57 (351-36.5¢ 20 - - - - - Sample Lost.
58 |40'-41.5' |Clay, brown, stiff, flaky. 15 25,0122.4 (50,5 - 129,7
T9 |45'-46.5" !Clay, gray-brown, med. stiff, FRe9C0
flaky. levered 33,3121.0 145.3 119.3
V=906
VANE| L8' Clay, gray-brown, stiff, flaky. - - - - 1200 -~ | Sens: 3.8




FORM OB~—M{~222
FEB Mg

tM-26.5869 ’

. Page 7

JOB £0=F=1

SUMMARY OF FIELD & LABORATORY TESTS WP, b1=61
HOLE | SAMP SAMPLE PENET'N MOIST, [PLASTICT LIQUID SHEAR UNIT
MO, NO. DEPTH MATERIAL DESCRIPTION RﬁS!?T. CONT, LIMCT LIMIT | STRENGTH | WEIGHT REMARKS
(FEET) BLOWS FY % w % [P pat,
| 4 | T10[55'=56.5" |Clay, gray-brown, stiff, with small 6 J
silt pockets, Ievered L0O. TRel
F 3.0 | 2+ | 1981\ Teld? 1157
VANE {581 As above, - - - - 1600 - Sens: 3.8
T11(65'-66.5t |Silty clay, gray-brown, stiff, with '
seams of clay silt. ILeverad 30.7 | 20.6| 26.2 - 11200
VANE |68¢ As above, - - - - 1520 - Sens: 2,1
112{75'-76.5' l8ilty clay, gray-brown, stiff, with
some fine sand. Ievered 24.8 | 16,6} 34.5|Val020 | 124.0
VANE |78t As above, - - - - 1840 - Sens: 1.9
513 (85'~86.5' |[Sandy silt, red-brown, dense, with
sowe clay and trace of fine gravel. Lh 10.4 - - - | 145,5 | Glacial Til1,
5 181 [ht-5,5¢ Dsnse mixturs of clay, asheus, fine td
coarsa sand and fina to coarse
5.5'=6.5' |gravel. 38 2.6 - - - -
Clay,; brown, hard, flaky.
S2 110'-11.5% {Clay, brown, very stiff, flaky. 21 25,0 21| 53.5 - -
83 {15'-16.5' |[Clay, brown, very stiff, flaky,
with trace of fine sand. 28 423.2 - - 1U=2680 | 129.1
84 120'-21.5' |Clay, brown, very stiff, {laky, with
pocket of fine sand & trace of fine
gravel, 2l 26.0 22,4 48,1 - -




FORM OB—ML—222

FEB B8

1M-58.5889 0

‘Page 8

]

SUMMARY OF FIELD & LABORATORY TESTS

JoB 60- F-100

WP 47-61
HOLE} SAMP SAMPLE PENET'N | MOIST, {PLASTIC] LIQUID | SHEAR uNIT )
LEPTH MATERIAL DESCRIPTION RESIST, | CONT. | LisT | wisiT [STRENGTH! WEIGHT REMARKS
NO. T NG, (FEET) BLOWS FT.| = % % ast, o
5 |85 |25'-26,5% |Clsy, brow:, stiff, flaky. 17 28,8 - - |U=sl?55; 123,1
56 |30'-31.5' |{Clay, brown, stiff, flaky, with
small pockets of red fine sand, 21 12740 21,27 48,9 - -
57 135'-36.5' |Clay, brown, stiff, flaky, with
trace of fine sand, 17 26.8 - - 1U=1760 | 124.1
38 140%=41.5' |Clay, brown, stiff, flaky, with
small pockets of fine gray sand, 13 13844 25,01 63.0] = -

5 denotes split spoon sample

? " sheloy tube &
U " uncenfirmed cGupression
v 1 1ab vane

TR " triaxial coypression




FORM QB ML—222 ‘ . ’
3 M-60-4645 o . ‘
' Page 1
JoB _60~F-100B
SUMMARY OF FIELD & LABORATORY TESTS WP _L7-b1
HOLE | SAMP SAMPLE PENET'N MOIST. § PLASTIC | LIQUID SHEAR UNIT
oL ' DEPTH MATERIAL DESCRIPTION RESIST. | CONT. | UMIT | LIMIT | STRENGTH { WEIGHT REMARKS
MO, NO. (FEET) BLOWS/FT.| % % % psf. pecd.
6 51 110'-11.5% | Silty eclay, v. stiff grey-brown. 24, 25.2 1 23.4 {49.3 - -
T2 [ 201.27 1 " Ievered| 27.2| 20.6147.2 . - -
53 |251-26,5" o 20 27.1] - - - -
T4 | 301311 " Levered| 26.9 | 23 .41 K7.7] 2665 | 125.4
5| 3536 " Levered 28.0| = - - -
T6 | KO'-41.5' | Silty clay, stiff grey-hrown, levered 29.0| 20.9 42.7| 1535 | 123.4
TT L5t -46.50 " Lavered 35.9 - - - -
T8 | 507=-51. 57 n Levered 17.7] 13.8] 23.9} 1930 | 135.3
7 S15'-6.5" Silty clay, hard brown occasional '
small silt pockets, 4y 1 17.4 - - - -
32 .}.O "‘ll4 5!’ " 39 22'3 21.2 ‘ l&gol{ - 1-27t6
83 115'-16.5' | Silty clay with traces of fine
gravel and occasional silt B
pockets - v, stiff-grey brown. 28 | 26.1 - - - -
S4 | 201-21.5? 27 | 24.8] 23.4) 51.1 - 123.1
851 231-24.,5" " 25 | 2.7 - - - -
86 | 261.27,5! " 2, | 26.8] 23.0} 50,1 - -
571 30'-31.5" | Silty clay, stiff, grey-brown. 15 [-26.5 - - - -
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SUMMARY OF FIELD & LABORATORY TESTS ; 5
; . , i W.P. _47-61
HOLE | samp SAMPLE PENET'N | MOIST. | PLASTIC| LIQUID | SHEAR | UNIT SR
: ~ . DEPTH MATERIAL DESCRIPTION RESIST.. | CONT. LIMIT, | LIMIT | STRENGTH | WEIGHT REMARKS
NO. | NO. (FEET) BlOWS/ET.l % | % % psf. p.e. :
7  |VANE|33! | - - - - 2000 - | Sens: >2.3
78 |35'-36.5' | Silty clay, stiff, grey-brown. Levered| 24.7 20.7 3.6 | 1330 | 121.0
VANE| 38" - | - - -liswo | - | sens: 29
T9 |40'-41.5" n Levered| 27.4 21.5|38.71 1520 |121.1
510|457 =46.5" " 11 [29.6) - -1 - -
T11| 50t=51.5" n llevered|34.7 | 21.4 | 50.0] 685 112.9
8 81 |3'=4.5¢" | Silty clay, small pocketa of silt, :
some root fibers, med. st.iff to : 3 L
stiff. (fill) 18 |19.2| - - - -
52 6:,7'51 yx 5 21“4““’; k ;f‘i - =
83 |91-10.5¢ L 10 |27.0|22.0| 49.5| - -
S 1121-13.5¢ u 7 126,0 , 28~‘1 , 51_;.{)‘ - -
S5 |151=16.5' | Silty clay, med. stiff, grey-»brown ; b b
| with some topsoil. 6 130.6|24.6]63.4; = -
| 76 | 18'-19.5° Silty clay, med. stiff, grey-brown. Levgrea 26.9 | 23.4 50.3 640 | 120.0 | |
e 24 | P e e e
T7 |231-24" silty clay, Stiff, grey brown. Lévere;d‘z&.oyi ,'2‘5;31“51.‘.9‘ '151;0-‘: 122.0 |
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'FIELD & LABORATORY TESTS

JOB _60-F=1008

8 |S8 | 28'-29,5¢

Silty clay, v. stiff.

S denotes split spoon sample.

T shelby ;tube’ "

; | . WP 47-61
otk | same SAMPLE PENET'N | MOIST. | PLasTiC| LiQuiD | SHEAR UNIT '
o T DEPTH MATERIAL DESCRIPTION RESIST. | CONT. | LUMIT | LIMIT | STRENGTH | WEIGHT REMARKS
0. | NO. (FEET) | sows/er ) % % % | paf | pet :
21 K 28. 6 2}+ . 2 1‘9 v6 ) ”~ -
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WESTCHESTER AVENUE UNDERPASS
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APPENDIX B

GEOCRES 30M3-42 - Letter Dated November 29, 1965 and
Drawing D-4965-1 General Plan, dated December 1961 and
Drawing D-4965-2 Details of Abutment and Pier Footings
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As a global, employee-owned organisation with over 50 years of experience,
Golder Associates is driven by our purpose to engineer earth’s development while
preserving earth’s integrity. We deliver solutions that help our clients achieve
their sustainable development goals by providing a wide range of independent

consulting, design and construction services in our specialist areas of earth,
environment and energy.

For more information, visit golder.com

Golder Associates Ltd.

110 Hannover Drive, Building A, Suite 203
St. Catharines, Ontario, L2W 1A4

Canada

T: +1 (905) 688 8217

= b Golder
Associates

Africa + 27 11 254 4800
Asia + 86 21 6258 5522
Australasia + 61 3 8862 3500
Europe + 44 1628 851851
North America + 1 800 275 3281
South America + 56 2 2616 2000

solutions@golder.com
www.golder.com
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