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High Mast Lighting Freeman Interchange
W.P. 199-77-01, Site -
Hwy QEW/403, District 4 Burlington

Sign Supbort Structures
W.P. 199-77-01(A), Site -
Hwy QEW/403, District 4 Burlington

‘Culvert No. 5
W.P. 199-77-01B, Site -
Hwy QEW/403, District 4 Burlington

Ramp 403/W-QEW/E Over Ramp 403/E-QEW/S
W.P. 199-77-02, Site 10-332
Hwy QEW/403, District 4 Burlington

Ramp 403/W-QEW/E Over QEW & Ramp QEW/S-403/E
W.P. 198-77-03, Site 10-333
Hwy QEW/403, District 4 Burlington

Ramp 403/W-QEW/S Over Ramp 403/E-Fairview St.
W.P. 199-77-04, Site 10-334
Hwy QEW/403, District 4 Burlington

Ramp QEW/E-403/W Over Ramp 403/E-QEW/S

W.P. 199-77-05, Site 10-335
Hwy QEW/403, District 4 Burlington
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Stability of Slopes
W.P. 199-77-06, Site -
Hwy 403, District 4 Burlington

- High Mast Lighting & Overhead Signs
W.P. 199-77-06A, Site -
Hwy QEW/403, District 4 Burlington

Hwy 403 WBL Over Ramp QEW/E-403/W &
Ramp 403/E-QEW/S

W.P. 199-77-07, Site 10-480

Hwy QEW/403, District 4 Burlington

Hwy 403 EBL Over Ramp QEW/E-403/W &
Ramp 403/E-QEW/S

W.P. 199-77-08, Site 10-48]

Hwy QEW/403, District 4 Burlington

Note: For purposes of the contract, this report supersedes all other Foundation
Reports prepared by, or for the Ministry in connection with the above
mentioned projects.



EXPLANATION OF TERMS USED IN REPORT

N VALUE!:

THE STANDARD PENMETRATION TEST (\SPY) N VALUE 15 THE NUMBER OF BLOWS REQUIKED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL

SAMPLER TO PENETRATE 0.3m INTQ UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH & MASS OF 63.5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED - AVERAGE N VALUE 1§ DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A COMICAL STEEL POINT {Simm O.D. 60° CONE ANGLE ) DRIVEN BY 475
IMPACT ENERGY ON ‘A" SIZE DRILL RODS. THE RESISTANCE 1O CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTG THE UNDISTURBED GROUND,

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

COMESIVE SONS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHMEAR STRENGTH { <, A% FOLLOWS:

I ey tkPa)

0-12

12 25

25~ 50

50 - 100

100 - 200 >200

VERY SOFT

SOFT

FIRM

STIFF

VERY STIEF MHARD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY $PT N VALUES A% FOLLOWS :
IN(BLOWS/O.3M} 0«5 5-10 10~ 30 30 - 50 =50
VERY LOOSE] IO0SE COMPACT DENSE  |VERY DENSE

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

RECOVERY:

SUM OF AlL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT CIF THE TOTAL LENGTH DF THE CORING RUN.

SUM OF THOSE INTACT CORE PIECES, 100mm« IN LENGTH EXPRESSED A5 A PERCENT OF THE LENGTH OF THE CORING RUN,

THE ROCK QUALITY DESIGNATION (R G B}, FOR MODIFIED RECOVERY, 1§

i RQD(%) 0 =25 25-50 | 50 -75 75 - 90 90 =100
VERY POOR|  POOR FAIR G000 | EXCELLENT
ADINTING AND_BEDDING:
SPACING S0rm 50 - 300mm| 0. 3m - tm | Im- 3m >3in
JOINTING VERY CIQSE} CLOSE | MOD. CLOSE]  W/iDE' VERY WilE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK|

FIELD SAMPLING

ABBREVIATIONS AND SYMBOLS

MECHANICAL PROPERTIES OF $OIL

55 SPUT SPOON TP THMINWALL PISTON ' m, kPo™!  COEFFICIENT OF VOLUME CHANGE
W5  WASH SAMPLE O3  OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
5T SUWOTTED TUBE SAMPLE R € ROCK CORE ¢ 1 SWELLING INDEX _
B85S BOCK SAMPLE P H TW ADVANCED HYDRAULICALLY Sy 1 RATE OF SECONDARY CONSOUDATION
C 5 CHUNK SAMPLE P M TW AUVANCED MANUALLY <, m?/s  COEFFICIENT OF CONSOLIBATION
T W THINWALL OPEN F S FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN v %  DEGREE OF CONSOLIDATION
Uy ke PORE WATER PRESSURE ¥yo  kPa  EFFECTIVE OVERBURDEN PRESSURE
o 1 PORE PRESSURE RATIO o kPa  PRECONSOUIDATION PRESSURE
o kPa TOTAL NORMAL STRESS b kpo SHEAR STRENGTH
o kpa EFFECTIVE NORMAL $TRESS < ko EFFECTIVE CORESION INTERCEPT
T kpa SHEAR STRESS ¢ =® EFFECTIVE ANGLE OF INTERNAL FRICTION
o 8 . - kPa PRINCIPAL STRESSES ey kPa  APPARENT COHESION INTERCEST
€ % LINEAR STRAIN by =*  APPARENT ANGLE OF INTERNAL FRICTION
€ .8 % PRINCIPAL STRAINS 7, kPa  RESIDUAL SHEAR STRENGTH
E ke MODULUS OF LINEAR DEFORMATION 7, kPo  REMOULDED SMEAR STRENGTH
G kpa MODULUS OF SHEAR DEFORMATION Sf 1 SENSITIVITY ;r.;.ﬂ_
P 1 COEFFICIENT OF FRICTION g
PHYSICAL PROPERTIES OF $SOIL
A kg/m® DENSITY OF SOLID PARTICLES ¢ 1,%  VOIb RATIO L 1% VOID RATIO IN DENSEST STATE
A kN/m®  UNIT WEIGHT OF $OLID PARTICLES n 1% poROSITY iy ! DENSITY INDEX =%
R, kg/m' DENSITY OF warer w L% WATER CONTENY D mm  GRAIN DIAMETER
Y,  kn/ed UNIT WEIGHT OF waTER S, % DEGREE OF SATURATION ‘D, MM n PERCENT - DIAMETER
P kg/m" DENSITY Of sOiL w, % LQUID LimrT €, UNIFORMITY COEFRICIENT
Y KN/ Uit WEIGHT OF $OI1L v, % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
A kg/m® DENSITY OF DRY SOIL wg % SHRINKAGE LiMiT q /s RATE OF DISCHARGE
)cfi kNA UNIT WEIGHT OF DRY 3OIL Ip % PLASTICITY INDEX =W, ~ Wp v m/s  DISCHARGE VELOCITY
Bor kg/w® OENSITY OF SATURATED SOIL | 1 LOUIDITY INDEX & mait oo HYDRAULIC GRADIENT
Year KN/m' UNIT WEIGHT OF SATURATED SOI "’w -w k m/s  MYDRAULIC CONDUCTIVITY
P’ kg/m® DENSITY OF SUBMERGED SOIL 'c 1 CONSISTENCY mDEX: —— J kw/m® SEEPAGE FORCE
7' kn/m’ UNIT WEIGHT OF SUBMERGED SOIL Crax L% VOID RATIO IN LOOSEST STATE



FOUNDATION INVESTIGATION REPORT
\ For
" High Mast Lighting
Freeman Interchange Phase 2
QEW/Hwy. 403
W.P. 199-77-01
District 4, Burlington

- INTRODUCTION

This report contains the resuits of a soil investigation carried out at the
above-mentioned site to provide information for the design and construction
‘of the proposed high mast 1ight poles.

The field work for this project was carried out between 91 01 28 and 91 02
04, and comprised of seven sampled boreholes and Dynamic Cone Penetration
Test adjacent to these holes.

A1l the boreholes, with the exception of BH 1, were advanced at the
proposed pole 1locations. However, the drilling machine could not be
positioned at the proposed pole #1 location and the boring for this pole
was carried_out 3_m east of the original location. Boreholes were advanced
to a maximum depth of 8.8 m (elevation 97.5 m) below the existing ground
level using a continuous flight hollow stem auger.

SITE_DESCRIPTION

The site is located within the ultimate QEW/Hwy. 403 interchange between
Brant Street and King Road in the City of Burlington, Regional Municipality
of Halton.

As a part of the ultimate QEW/Hwy. 403 interchange, it is proposed to
illuminate the interchange area with high mast light poles. The height of
the poles is anticipated to be about 35 m.

This site is located within the physiographic region known as the "South
Slope". The area is characterized by a ground moraine of limited relief.
The bedrock underlying the site is a red shale with siltstone of the
Queenston Formation.



SUBSURFACE CONDITIONS

e e A SR P s A

General

The underlying subsoil at this site consists of very stiff to hard cohesive

glacial ti11 which 4is underlain by shale bedrock of the Queenston
Formation. In addition, firm to stiff silty clay to clay deposit was
encountered immediately below ground level at pole locations #1 and #6.

The extent of the area investigated covers more than a kilometre in length

and it is not practical to give detail description for the individual
strata. Reference should be made to the Record of Borehole sheets where
details of the stratification at a particular boring location are given.
However, for c1ass1f1cat1on purposes, the soils encountered at this site

can be divided into three different zones. '

a) Silty Clay to CIay
b) Heterogeneous Mixture of Clayey Silt, Sand and Gravel (G1acwa1 Ti11)
¢) Queenston Shale Bedrock.

The subsurface conditions encountered during the course of the
~investigation, together with the field and Taboratory test results are
shown on the Record of Borehole sheets contained in the Appendix of this
report. The results of the Atterberg Limit Test carried out on
representative soil samples are shown on Figures 1 and 2. In addﬁtion, the
Gradation Test results for cohesive glacial till deposit are shown on
Figure 3 in an envelope form. The location of the boreholes are shown on
the Drawing No. 1997701-A.

Groundwater Conditions

The groundwater level was encountered only in BH 4 and 6 and other
boreholes were observed to be dry during our investigation which was
carried out between 91 01 28 and 91 02 04,

BH. No. Elevation
4 101.9
6 101.8

% SHEET NO 311-1 OF THE CONTRACT DWG'S



MISCELLANEQUS

The field work for this investigation was carried out under the supervision
of M. Vasavithasan and Micheal Plant. The equipment used was owned and
operated by London Soil test. This report was prepared by M. Vasavithasan,
Foundation Engineer, reviewed by Mr. P. Payer, Senior Foundation Engineer
and approved by M. Devata, Chief Foundation Engineer.

P. Payer, P. Eng: _
Senior Foundatation Engineer

@vat& ' EXg . |

Chief Foundation Engineer
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Oct 75, FF.5-21
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CLAYEY SILT, SAND & GRAVEL (Glacial Till )

UNIFIED SOIL CLASSIFICATION SYSTEM
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ROCK CORE DESCRIPTION

WP 199-77-01

CORE RECOVERY

DEPTH

Page 1 of 1

CORE DESCRIPTION

|
|
H

DESCRIPTION

BH# |RC# (m) CR* | RQD*
7

5 3.05-4.57 87 7
4.57-6.10

ine grained; weak to very weak; unweathered to slightly weathered; fractures

SHALE, greyish red, with interbedded greenish grey SILTSTONE (18%); very

extremely close to moderately close spaced, flat 10 near vertical, planar, smooth.

i

*RQD = ROCK QUALITY DESIGNATION

*CR = CORE RECOVERY (NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Section

i
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RECORD OF BOREHOLE No 1 1oF 1 METRIC
WP, _198 - 77 - 01 LOCATION €O — ORDS. N 4 799 454.0; £ 277 7449.5 ORIGINATED BY_M V&M P
DIST.. ¢ HWY . QEW/403 BOREHOLE TYPE _CONTINUOUS FLIGHT HOLLOW STEM AUGER & CONE TEST COMPILED BY __ MV
DATUM _GEODETIC DATE 91 01 28 CHECKED B8Y__P P
SOIL PROFILE sampLEs |5 [ W | BRGSO e TRATION — .
=2 o _ Gur e wosnmr B0 T | REMARKS
b R ET-SIRE 20 40 B0 80 100 ConTENT z= ,
S|e Blac| = e Wp W W | D% «
ELEV ol w Z | Z5| & |SHEAR STRENGTH kPo ———— GRAIN SIZF
5EETH DESCRIPTION =12 = | 5| 88| T |o unconene + FIELD VANE v  |DISTRIBUTION
) E o | ES| & | ouck maxaL  x 1ap vane [WATER CONTENT {%) s (%)
108.9 | Ground Surface n : o 20 40 60 80 100 10 20 30 | kN/mijer sa sI cL
0.0 ) DRY
SILTY CLAY, Trace of Sand, * ('
Stiff
. 108
{ Fn ) 11 88| 1 \\
107.1 T orgaries . \
1.8 107
v N
/;/
SILTY CLAY to CLAY, A M 3 (5 14
Trace of Sand, /// 106
Stiff g s
,;, 418514 fromant e o7 (83)
105,2 [t
3.7 (214 105 o
’;f. 5]8s5| 23 h
- rei
Heterogeneous Mixture of b/ 1204 25¢m
CLAYEY SILT, SAND ond GRAVEL, ;
Very SEIf to Hord 1S5 58 104 0.} { 7. 15 (78)
{ Glacial Tt ) ’
a7 | 55 | 78 | /1%em
b 105
102.7 1
= ST 03] /15em
QUEENSTON SHALE BEDROCK 102
Highty Weathered
101,0 4 55 | 100} /11em
7.9 End of Borehole
3 5. Numbars refer to

+

.

" Swnsifivity

20
1545 (%) STRAIN AT FAILURE
10




* | Ministey of o : . .
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| RECORD OF BOREHOLE No 2 1or1  METRIC
WP, 198 - 77 - 01 LOCATION - ORDS. N 4 799 279.4; E 277 605.7 . ORIGINATED BY.M.P
DIST___ & HWY _GEW/403 BOREHOLE TYPE . CONTINUDUS ELIGMT HOLLOW STEM AUGER & CONE TEST COMPRLED BY. MV
DATUM _GEODETIC DATE 81 01 28 CHECKED BY...P P
" LI ] GYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ,gm 5 RESISTANCE PLOT pus Nt e =% | rewars
" = TONTENT Fo
ELEV DESCRIPTION i w3 g% & [SHEAR STRENGTH kPg LD (SRAIN SIZE
GEPTH 1 EI-A &1 & |o unconaned + FIELD VANE 7
DE ;“.’: 2| - i gg g e QUICK TRAXWL = LAD vane  [WATER CONTENT (%) s )
109.1| 403 E/QEW Ramp Shoulder 73 s o 20 40 80 B0 100 10 20 30 KN/mi'loR SA St CL
0.0 1
1% <>
t]ss| n 108 \
2]ss| & ' of i T3 (98
Heterogeneous Mixture of ; 107 \\~
CLAYEY SILT, SAND and GRAVEL, 7 ‘ N
Very SHIf to St 3|as| 23 7
{ Glociat i } 106 N
4]8s] s N\
¢ ‘ 1204 27em
Ts5|ss| 8 108
6]ss] 26
104
Vary Stiff to Hard
7|85 s pronidanna] 14 25 (1)
103
1 8 | ss | 122}/270m
101.9 4.8 | 55 | 120]/8em

7.2 End of Buorehole

3 . Numibers refer fo 20 '
+3, 813 Eay 1595 () STRAN AT FALURE
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RECORD OF BOREHOLE No 3 1oF1  METRIC
WP, _195 — 77 = 01 LOCATION €O ~ ORDS. N 4 798 192.5. E 277 497.2 ORIGINATED BHY_M_VAM P
DIST...t HwY ..QEW/403 BOREHOLE TYPE ..CONTINUOUS FUGHT HOLLOW STEM AUGER & CONE TEST COMPILED BY _ MV
DATUM _GEODETIC DATE 81 01 29 CHECKED BY__P B
SOIL PROFILE SAMPLES | £ | 5 | Do SENETRATION TR —
2| @ B wosmee  Lowo | - | REMARKS
s wl®Fg| v 0 40 60 &0 00 | gh v | 25 x
Sle -4 ) f A 1 L
ELEV DESCRIPTION =l w328 & [|SHEAR STRENGTH kP M TE CRAN Size
DEPTH Y121 &= 1> 1858 % o uncovmmm + FIELD VANE » o UTION
é g — - EU Z e ouiek TRaxa x (AD VANE WATER CONTENT (%) 3 (%)
109.1| Hwy. 403 Shoulder “ : o 20 40 B0 80 100 1020 30 [kN/mifcrsa s oL
0.0 ¥ pRY AUGb?
L]
1
1
s | 108 T e | 335 (62
Very Stiff to SHff 14 ;; 2 - 14
1] 107
i (
mAl sz ss | w0
14
e e 106
il a|ss| s \
’ \
5|55 | 23 105 .
\\\
A6 ss| 77 1204 22em
Heterogeneous Miture of 104
CLAYEY SILT, SAND ond GRAVEL, ;
Very Stiff to Hord 7185 | 86
{ Glocial Tilt )
£ J 103
8|ss| s7
102
’ .
:: 9|55 |120]/15m ol i 6 34 (46)
] 101
¢
]
100.3 "‘v‘
8.8} End of Burehola
+3 x" . Numbers refer lo

* Senattivity

20
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 4 1or1 METRIC
WP, _199 = 77 - O1 LOCATION €O - ORDS. N 4 793 0954; € 277 3964 ORIGINATED BY.M.P
DIST. .2 HWY _OEW/403 BOREHOLE TYPE _CONTINUDUS FLIGHT HOLLOW STEM AUGER & CONE TEST COMFILED BY M.V
DATUM GEQRETIC DATE 91,0} 30 : CHECKED BY....B.P
SOIL PROFILE SAMPLES T E | ] CYRANKC CONE PERETRATION —
So| 3 |FSINERT 2 nec dosue uao| oF | REMARKS
15| p|®8| 22 4 e & w0 f =0 | Z8 &
ELEV DESCRIPTION Siglw|3|85| & [SHEAR STRENGTH KPo Frornmt™ | % | GRAIN SIZE
DEPTH CIZ| E| > | 85| & |o unconmnep + FIELD VANE v |pISTRIBUTION
1K s | ES1 5 | ouick TaxaL  x 1ap vae [WATER CONTENT () ™
108.3 | Ground Surfoce v F i 20 40 60 80 100 10 20 30 kN/mi'lgr sA sI ol
0.0 4 \
1o8
1ilss | 2
17
z)ss| 19 \
I\
3| s8] 16 \
4]ss| 105 —
h M
15|85 ] o7 | 120]2semlo | 13 19 (68)
Heteregeneous Mixture of 104
CLAYEY SILT, SAND snd GRAVEL, e8| a0
Very SHEf te Hord
{ Caciol T ) sty 1iem] 103 : . B—
B | S5 | 120f3%m
/ 102
; X
TS ] f1em
p "
100.7

76| End of Borehole

E
+3, x"':"““",’;;w“"" to 1565 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 5

1

OF 1 METRIC

WP, 189 =77 - O1 LOCATION CO — ORDS N 4 798 960.0; E 277 285.7 ORIGINATED BY_MF__
DIST 4 HWY _OEW/403 BOREMOLE TYPE _CONTINUOUS FLIGHT HOLLOW STEM AUGER & CONE TEST COMPILED BY .MV
DATUM _GEODETIC DATE 81 0130 CHECKED BY...B.E ..

3 LT GYNAMIC CONE PENCTRATION
SCIL PROFILE SAMPL.ES hw“ -&' RESISTANCE PLOT MATURAL oD ™
iZ21 9 Dae womae  UMO | T | REMARKS
5 w|FE| @ 20 40 60 80 g0 |- SNET T} ZE %
S e S A p A ! )
ELEV DESCRIPTION Bl w | 2|25] & [SHEAR STRENGTH kPa oo F L raN SIZE
DEPTH CRIPTIO =12 Z | S 1BZ| 5 |ouwcowmme  « e vane o |DISTRIBUTION
-1 E: 5 | 0| 2 |eouck rw  x wag vane  [WATER CONTENT (%) 4 @
107.8| Ground Surfoce a ¢ = 20 40 60 80 100 10 20 30 kN/milcr SA 51 CL
0.0 'l
DRY
5 .
14
1
14 18| = 107 "
’
Ty
T
ket 2 | ss | 22 -
¥ 106 <]
b - \\
) Ay 3| ss | 7 M) & ] 8 26 {(686)
Heterogeneous Mixture of 4 12041 7em
CLAYEY SILT. SAND and GRAVEL, 105
Very SEff to Hard i+ ss | 70
{ Glaciol Tilt ) M
51 56 | 120]/5em | 104 ol jul 25 3¢ (41)
61 55 | 120]/5em |
103
7155 ] 130]/15cm
102.0
102
58 QUEENSTON SHALE BEDROCK, BT /1em
Highly Weothered
101

6.9] End of Borehole

43 55 . Numbers refer to
Senzliivity

20
1505 (%) STRAIN AT FAILURE
10




’ Mintatry of
Transportation Founduton Design

Onteriy ]7
RECORD OF BOREHOLE No 6 1or1  METRIC
WP, .198.=77 - O LOCATION £0 .~ ORDS. N 4 798 BIS.B: E 277 177.7 ORIGINATED HBY.M V&M P
DIST__4 HWY QEW/$03 _ _ BOREHOLE TYPE .CONTINUOUS FLIGHT MOLLOW STEM AUGER & CONE JEST . COMPILED BY.. .MV
DATUM . GEODETIC . DATE 91.01 28 & 81 01 29 , CHECKED BY...B.P
SOIL PROFILE SAMPLES | E 1 & | CYuwic CONE FERETRATION —
: 2] 3 e e Pase e 0| - | REMARKS
8o wIEZ] 9 | 2o 40 e ® wo | FT T ] 28 X
ELEY . Bl w! 3|85 | & [sHEAR STRENGTH WPa F e | T® | GRAN SIZE
BEPTH DESCRIPTION |Z| E 15|33 5 |owcowme  + mEw vane , |piSTRIBUTION
108.4 | Ground Surface (7t * o 20 40 60 BD 100 10 20 30 kN/ri ler.sa s CL
0.0 1 / - -
(A ¥
iq 108
ot :
SILTY CLAY, Troce of Sond, :/ 4 : 0l ss | 7 R :
Trage of Gravel, ,5.4 ] . .
Firm to sS4 HA 197 N .
a4
1;/ 28|12 ' o] 2 %0 (88
106.2 ‘ .
2.2 '
AN s | ss | 1 ] e < . _
7
4 \
§ e
14
§ ol Bt g 105 v,
120 22em
Hetercgeneous Mixture of 15|58 w2
CLAYEY SILT, SAND ond GRaveL, AL Lol ] oe
Vary Stiff to Hard
{ Gaciet T ) ‘
7 | 55 | 105]15em] 103 ST 18 34 (48)
8 | 88 | 130 | /8cm
102
101.2 s | 55| 120]/18:m
72| QUEENSTON SHALE BEDROCK, 101
100.5|  Fighly Weathered 30 S5 | 126 | /15¢m

7.9| End of Borehole

: 20
+3, x5 g"‘:?;v'fw""' to 1595 (%) STRAIN AT FALURE
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RECORD OF BOREHOLE No 7 ioFr1  METRIC
WP, 198 - 77 = (o} LOCATION CO « ORDS. N 4 798 627.8; E 278 280.1 ORIGINATED BY.M.F
DIST__4 __ Hw _QEW/4035  __ BOREHOLE TYPf _CONTINUOUS FLIGHT HOLLOW STEM AUGER & GCONE TEST COMPILED BY _MV
DATUM _GEQDETIC _ DATE 91 01 31 70 91 D2 04 CHECKED 8Y PP
SOIL PROFILE SAMPLES | & | 9 | G GO FEETRATON NaTURAL -
qul & PUSTC wosnee LB | | REMARKS
5 A ELI B 20 40 80 s wo [ T T} EE &
.w' m — 2 i F L L 1 k
ELEV Tl w g 25| & |SHEAR STRENGTH kPo P e TF cran sizE
GEPTH DESCRIPTION 2|2 S S 1B8] 5 [ouwcowrmed  + e vane 5 |oisTRIBUTION
ez o | EO| 2 | ouek manaL = ue vane WATER CONTENT (7} s (%)
103.5 | Ground Surface (2] : o 20 40 60 80 100 10 20 30 | kN/miigrsa S CL
oo CORGANIC SILT, Some Sond, ORY
Troce of Grovel *
102.9 103
0.7
1]ssi 28
Heterogeneous Mixture of \--.._\
CLAYEY SILT, SAND ond GRAVEL, T 150 /5em | 102 ::75 R 2 42 (56)
Vary Stiff to Mard ' e
{ Glacial T ) :
T S5 T TAT] /11em
1008 101
27 Highly Weothered 4 B8 T 17077 /14cm
100
5 | re | REC RQD 7%
Nx | 87
GUEENSTON SHALE BEDROCK | oo
Unwegthered
6 | RC | REC RQD 27%
nx | 92% 9
97.5
6.1 End of Borehoie

43 = ; Numbers refer to

" Sensitivity

20
1595 (%) STRAIN AT FAILURE
10




FOUNDATION INVESTIGATION REPORT
| For
Sign Supporf Structures
Q.E.W. and Hwy. 403 Interchange
W.P. 199-77-01 (A)
District 4, Burlington

INTRODUCTION

- The subéoi1 information contained in this repdrt was obtained from various
foundation investigations carried out for existing and proposed structures
in this area under W.P. 194-58, W.P. 199-77-01, W.P. 83-74-07, W.P.

199-77-02 and W.P. 516-80-02. No additional borings were carried out in

the area where the sign support structures are proposed to be constructed.

. SITE DESCRIPTION

The six sites for thé proposed sign support structures are Iocated within
the ultimate QEW/Hwy. 403 interchange between Brant Street and K1ng Road in
the City of Bur11ngton, Reg1ona1 Municipality of Halton.

As a part of the reconstruction of the QEW/Hwy. 403 interchange, it is
proposed to construct the sign support structures at various 1ocat1ons for
directing the traffic.

This site is 1o§éted within the physiographic region known as the "South
Slope". The area is characterized by a gruund\moraine of limited relief.
The bedrock underlying the site is a red shale with siltstone of the
Queenston Formatiaq.

19



SUBSURFACE CONDITIONS

General

The underlying subsoil in the area proposed for sign support structures
consists of very stiff to hard cohesive glacial till underlain by shale
bedrock of the Queenston Formation, and in addition, isolated pockets of
silty clay to clay and compacted fills in the area where there are approach
embankments. The extent of the area involved covers more than a kilometre
in length and it is not practical to give detail description for the
individual strata. Reference should be made to the Record of Borehole
sheets where details of the stratification at a particular boring location
are given. However, for classification purposes, the soils encountered in
the project area can be divided in to four different zones.

a) Silty Clay (BH #7, Fill Material)

b) Silty Clay to Clay

¢) Heterogeneous Mixture of Clayey Silt, Sand and Gravel (Glacial Tﬁ11)
d) Queenston Shale Bedrock

The subsurface conditions that may be expected at the proposed locations of
the sign support structures, together with the fie'~ and laboratory test
results are shown on the Record of Borehole she .3 contained in the
Appendix of this rehort. The results of the Atterberg Limit Test are shown
on Figures 1 and 2. 1In addition, the Gradation Test results for cohesive
glz :ial ti11 deposit are shown on Figure 3 in an envelope form. The
location of the boreholes are shown on the Dwg. No. 1997701(A)-1f

Groundwater Conditions

It appears that five of the boreholes were dry during‘the investigations.
However, in the re’ ning boreholes, the groundwater level is as follows:

* SHEET NO 299-1 OF THE CONTRACT DWG'S

20
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Borehole No. Elevation
2 101.8
101.9
103.3
100.7
101.3

WO o oy W

Since these boreholes were not advanced at the locations where the sign
support structures are proposed, the groundwater conditions may vary
from those given in the Record of Borehole sheets. However, for the
purposes of design, the groundwater level may be assumed at elevation 101.5
m.

MISCELLANEOUS

This report was prepared by Mr. M. Vasavithasan, Foundation Engineer, ‘
reviewed by Mr. P. Payer, Senior Foundation Engineer, and approved by Mr.
M. S. Devata, Chief Foundation Engineer.

PR

P. Payer, P. Eng. .
Senior Foundatation Engineer

I Noyo

M.S. Devata, P. Eng.
Chief Foundation Engineer
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Oct 75, FF.5-21
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UNIFIED SOIL CLASSIFICATION SYSTEM )
: SAND . : GRAVEL
CLAY & SiLY | Fine - I Mediom [ Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS ' MINISTRY SIiEVE DESIGNATION [ Metric)
¢ 2 3 45 io 20 30 4050 ysum 150 um 00um 60Cpm Llgmm  2.36mm %.5mm 19.0mm 3%5mm  63.0mm
100 N ; i“ ’HI] SIpm 106um 2503157! 425pm : 850 um 2.00 mm 4.75mm 13.2mm I:?}éjmm © 53.0mm ?5.%mm
90 10
a0 20
70 30
o ¢ 498
z z
2 - - - - 2
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50 50
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a 40 60 &
30 . . {} 70
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10 90
0 l} 100
1 2 I 48 to - 20 30 40 270 200 140 100 €080 40 30 20 I 08 4 W' Y VR 2l g
MINISTRY SIEVE DESIGNATION {imgpericl}
Tansportation GRAIN SIZE DISTRIBUTION | FIG No 3
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ntario . .
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RECORD OF BOREHOLE No 1 1 0OF 1 METRIC
WP, _198 - 77 - 01(A) LOCATION €O — ORDS. N 4 788 584.5: E 277 027.0 ORIGINATED BY. B K
DIST.._.4 HWY 403 BOREHOLE TYPE .WASH BORING & AXL ROCK CORING COMPILED BY
DATUM _GECDETC DATE 56 07 08 CHECKED BY
SOIL PROFILE SAMPLES | 5 | 3 | ot fENETRATION — "
vl & fisre waswee L | | REMARKS
S| o QIFE 7| n @ s m w0 [ TP |35 &
ELEV DESCRIPTION eyl w 2|85 S |SHEAR STRENGTH kPa F o™ | F | cRAIN SIZE
DEPTH ESCRIPTIO w12 E 1S |38 § |ouwcowrmed  + meEo vane y  [pisTRIBUTION
Z|2 L | 28] S | ook mawnn, x ue we WATER CONTENT (%) R %)
110.8 | Ground Surfage 0 s = 20 40 60 80 100 10 20 30 kN/m|GR sA Si €L
0.0 4 -
W)
1
(3
110
43
é § 1 55 54 -3 204
1%
:ﬁf 108
Fl 2 55 75 o |-.--.-.—.-.-.l
4
3
/ 108
3 55 76 Q
41
/ -
VEr
Vi
¢ 107
v
A
4 55 0 234
Heterogensous Mixture of E 4
CLAYEY SILY, SAND ond GRAVEL, 1 106
Hard -
. 4
{ Glocial Tilt ) ]
el
1 105
A
] 5 55 111 -]
C
104
1
s 103
1
Z
';/: 6| s5 | 112 102 a
101.7 1
9.1 . M
QUEENSTON SHALE BEDROCK, 101
Weothersd 7 RC | REC
AX
100.1
10.7 | End of Barehole
= Note:
Groundwoter Level Not
Extabilished
Note:
Formerly BHf 1 of
WFR — 194 — 58

+3 x3.Numbaers refer to
’ Sensltivily

20
1545 (%) STRAIN AT FAILURE
10




< (DY Nisistry ot ‘ :
: Transportetion . “ © Feundotion Dasign

_ RECORD OF BOREHOLE No 2 1 0F 1 METRIC
WP, 199 - 77 - 01(A) LOCATION.___. . CO ~ ORDS N 4 798 §19.8; E 277 1777 ’ ORIGINATED BY.M V&M P
DIST_4 __ HWy OEW/403 _ BOREHOLE TYPE _CONTINUOUS FLIGHT WOLLOW STEM & CONE COMPILED BY __ MY
DATUM .GECDETIC DATE 910128 &9 0129 CHECKED BY.. PP
SOIL PROFILE saMPLEs | 5 W | DYNAMIC CONE PEN ON -
2wl & € PLov e wosmmr 0 | | REMARKS
5. g6 7 | 2 4 s ®w w [0 e Uy
LA DESCRIPTION ElEly |2 |85] & [SHEAR STRENGTH kP B it | TF cean szt
DEFTH QiIT] =1 > 5 © UNGONFINED + FIELD VANE '
‘ El2]7 2 és S [oouck e, x e wwe. WATER CONTENT (z) 7 77 (z)
108.4 | Ground Surface a : o 20 40 60 80 100 10 20 30 | kN/riloR sA. I CL
8.0 7
1g! 108
/I
|
LYY CLAY, Troce of Sond, ’ﬁ 1 | ss| 2
Troce of Grovel, A /f
Firm to Sttt :/ : 107 N
2| s \ o] 2 10 (88
106.2 4
22 ! : ‘ '
5/ alss| g 108 <
o
/ AN
2 S
: 41 85§ 48 105 o
b 120/ 22em
Heterogeneous Mixture of : 155w
CLAYEY SILT, SAND ond GRAVEL. L coetrod j1em | 104
. Vety SUff to Hard
{ Glogiel Tl ) .
7165 | 105/ 15%em] 103 STH 18 34 (48
B | S5 | 120 /8em
X 102
1012 s | ss|120]/15em|
72| QUEENSTON SHALE BEDROCK, ' 101
10p.5|  Highly Westhered ' 40| 55 | 120 ] /15em
7.9 | End of Borehole
Kate:
Formarly BHJ € of
WA - 199 = 77 « 01

3 5. Numbers refer to 20
5, xT: 1545 (%) STRAIN AT FANLURE
Sensilivity . A
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RECORD OF BOREHOLE No 3 1or1  METRIC
W.P. _199 ~ 77 - 01(A) LOCATION €O~ ORDS. N 4 799 065.4; E 277 396.4 ORIGINATED BY_M.E___
DIST__4 HWY _QEW/403 BOREHMOLE TYPE .GONTINUOUS FUGHT HOLLOW STEM AUGER & CONE TEST COMPILED BY _M Y
DATUM _GEQDETIC DATE 81 01 30 CHECKED BY__ PP
SOIL. PROFILE SAMPLES | S | 3 | o o noN — "
2 Bis wemes LW | T | REMARKS
= R E-I R 20 40 60 80 100 Content Z5
3 = g at > 1 fi f 'y r wp w wL ::); &
ELEV : RIPTI oW W 3 Z& | © |SHEAR STRENGTH kPo . GRAIN SIZE
DEETH DESCRIPTION 12121 > ]88 & |o unconame + FIELD VANE 4  |OISTRIBUTION
- 5 | EO| 2 |equck Tuxa,  x 1 vane  [WATER CONTENT (%) 3 (=)
108.3 | Ground ‘Surfoce v = o 20 40 €60 80 100 10 20 30 kN/mlgr A 51 CL
0.0 -
108
18| 0
: 107
2 ]85 19 \
AN
3085 16 ‘\
e |ss| 108 M _
'h-._‘..
15| 55| &7 1204 25emle | 13 19 (88)
Heterogerieous Mixture of A 104
CLAYEY SILT, SAND and GRAVEL, e [ ss | w0
Very SHFf to Hard ’
( Glocial Tl ) 7=t friem] 103 =
) 8 | 85 | 1204 &fi o
G 1 85190 | Srem
101
100.7
7.6 | End of Borehole

Note:
Formerly BHE 4 of
WP - 189 =77 — O

+3 3, Numbers refer to
T T Sensitivily

20
15¢-5 (%) STRAIN AT FAILURE
190
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Mintatry of

Transporhation Foundution Dasige
[+ 20T
RECORD OF BOREHOLE No 4 - 1or1 METRIC
WP, 189 ~ 77 - O1(A) LOCATION .. €O == ORDS N 4 769 1825 ¥ 277 487.2 ORIGINATED BY_M.V&AM P
| DIST .4 HWY _GEW/403 BOREHOLE TYPE _CONTINUOUS FLIGHT MOLLOW STEM AUGER & CONF TEST COMPILED BY MY
DATUM BEQUETIC DATE 81,01 28 CHECKED BY..E.F
SOIL PROFILE SAMPLES | & | o | CIMOIC CONE FERETRATON —_—
b . Em g RESISTANCE PLOT Lm-..... Mm T LD HEE REMARKS
5l.| |0|%8] 2 | 2 © @ » w |7 07 T38| «
BEV DESCRIPTION P By 3 gg § SHEAR STRENGTH kPo P L) % s
DESTH s > © UNGCONFINED + HIELD VANE ION
g2 72 gé S |eouox Tuxa.  x ap vang [WATER CONTENT (z) 7 4 @
109.1] Hwy. 403 Shoulder 7] < o 2’0 40 60 80 100 10 20 30 KN/ ler $A 81 CL
0.0 oRY AUGHR '
1les | o b 108 , = 3 3B (82
Very Stiff to Stiff 2] ss! 1a l
107 (
: : siss | o \
e e 106
sflss|s . \ .
5185 ] 23 108 \-
N\.\\
le6iss| 7 . 1204 22em
Heterogeneous Mixture of } 104
CLAYEY SILT, SAND ond GRAVEL,
Very SHff to Hord : 7418 | 86
{ Glocial Tili ) ; \
103
As|ss|
102
¢} ss | 120]/15%m ] 0| jd 2 34 (46)
101 .
100.3
88| End of Borehole
Note:
Formery BHE 3 of
WH « 189 « 77 « O

ret 20
+3, ﬁ:::ﬂ':mw ¥ o 1595 () STRAN AT FaLURE



Ministry of
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v

Foundation Design

Ontorio 30
RECORD OF BOREHOLE No 5 1oF 1 METRIC
WP, _ 188 - 77 - 01(A) : LOCATION CO. -~ ORDS. N 4 7498 278.4; F 277 §05.7 QRIGINATED BY_M. P
DIST_..% HWY . QEW/403 BOREHOLE TYPE CONTINUOUS FLIGHT HOLLOW STEM AUGER & CONE TEST COMPILED BY . M.Y
DATUM _GEODENC BATE 91 01 29 CHECKED BY__P P
SOIL PROFILE SAMPLES | & T T BTNAMIC CONE PENETRATION
‘,3 wl 2 RESISTANCE PLOT puere NATURAL - REMARKS
= cowTENT  LMIT ZFO
=1 elFe| v 20 40 60 8 1o | w w | 3G &
ELEV Zlg|w|3|85] & [sHEAR STRENGTH wPe oM F L RN sizE
BEPTH DESCRIPTION 22 513 |38] 5 [ouwconrmer  + pew vane , |DiSTRIBUTION
E - | 83| 2 |oouck manu  x wm vane [WATER CONTENT (%) s %
109.1] 403 E/QEW Ramp Shoulder Z - = 20 40 60 B0 100 1020 30 kN/mlGr SA SI CL
0.0
DEY L
] |
2188 29 of £ T3 98)
Meterogenecus Mixture of 107 \\ ! ' ( :
CLAYEY SILT. SAND and GRAVEL, ™~
Very Stiff to Stff 3{ss| 23 7
Glagial Tilt
{ Glocial Till } 105 \
d4iss|s N
1204 27em
5|ss | 8 105
16! ss]| 26
] 104
Very Stiff to Hord .
7] 88| 51 t—d 14 25 (61)
1035
815 | 122]/27¢m
101.9 S| S8 [120f/mem | 0,
7.21 End of Borehole

Note:
Formerly BHE 2 of
WP - 188 -« 77 - Ot

+3 5 . Numbers refer to
" Sensltivity

.

20
1545 (%) STRAIN AT FAILUKE
16



P
Minlstry of
Transporiation

o ‘ Fouridefion Design
RECORD OF BOREHOLE No 6 1ort  METRIC
WP, 198 = 77 - ONA) LOCATION CO = ORDS. N 4 759 208.0: F 277 8310 ORIGINATED BY.RI .
DIST.4 Hwy QEW/403 BOREHOLE TYBE _SOUD STEM AUGER & BX. ROCK CORING COMPILED BY
DATUM GECDENC DATE 85 0z 08 i CHECKED BY
SOIL PROFILE SAMPLES | & | o | NI CONE PENCTRATION e -
g2l & BAFC womme P e % | REMARKS
Gl B k-1 I 2 40 60 B 00 1 w w | 55 &
[ 2
ELEV DESCRiPTION ald w g gg E SHEAR STRENGTH kFo w L ES GRAIN SizE
DEFTH 2215 |88] & | uwone + FIELD VANE v |oisTRIBUTION
2lz o | ZO| Z |oouek mana  x us vae [WATER CONTENT (3) )
1046 | Ground Surtoce o : o 20 40 60 80 100 10 20 30 JkN/miler sA 31 cL
0.0 i3 ,
4
SLTY (LAY to CLAY, ¢ 104
Some Sond, Seme Grovel, : 1| s i7
Vary Shff o
g b A% B
~ 103 Lo
102.6 2| s s \ _ -
2.0 ;
A £
E 31585} « 102
L
il B q !
1 . _
g5 |ss| 81 ]/isem : ' 319 48 30
Heterogeneous Mixture of
CLAYEY SILT, SAND und GRAVEL, ¢ \ Too
Occosional Houlders, de]ssi
Hord A
¢ Glociol Tt ) 7 | ss | & I N .
8| TS8 | 100 /1cm
] o8
g97.5 8 | 55 | 100 | /23em
7.4
Weathered
o o e e e e , g7
QUEENSTON SMALE BEDROCK, ]
Unweothered 10| RC m;c o ROD 41%
Bx | 95%
5.2
9.4 | End of Borehole
Noté:
Formerly BHE 13 of
WPw BY « 74 « Q7 ' '
)

L refer ¥ 20
+8 mx, ° mﬁs (%) STRAIN AT FAILURE




Minisiry of

[y

Transporigtion Foundotion Design
Ondurio 32
RECORD OF BOREHOQOLE No 7 1or 1 METRIC
W.p. _189 - 77 - O1(A) LOCATION CO — ORDS. N 4 789 370.5; F 277 934.7 ORIGINATED BY..GOLDER
DIST__ 4 HWY_GEW/403  BOREMOLE TYPE _SOLID STEM AUGER COMPILED BY
DATUM _GEQDETIC DATE S0 08 24 CHECKED BY . .
SOIL PROFILE SAMPLES | & ] omamc gov;eo—s;euemnon —
2| 3 . e woswe LU0 | - | REMARKS
5| e gl*g| 2] » 4w e @ w [ T |3 &
= Q
ELEV escr , Tl w| 2| 25| & [SHEAR STRENGTH kPo oM T F L oraN sizE
bEPTH DESCRIPTION 2|Z|E| 5| 33] & |o weovwen  + meo wae | 5 |pisTRIBUTION
E|Z » | 0] 5 |eoukk mucaL  x e vae [WATER CONTENT (%) s @
103,4 | Ground Surface @ * o 20 40 60 80 100 1020 30 kN/riloR A 31 CL
0.0]  SILTY CLAY, Troee of Sand, ) DRY
Occosional Grovel, Troce of » 103
Orgonics, Stiff
102.3 ( Fill ) 1] 881 12 ' o
1.1 4 4
z 102
A
2 73
2 d 55 -]
, -
3
Heterogencous Mixture of 394 31 55 | 37 101 P
o
CLAYEY SILT, SAND ond GRAVEL, & 4
Hard ’ = ") b
{ Glocial Tl ) ; 100
f 51785 1756 ] /5em o
99.0 g o
98.7|  QUEENSTON SHALE BEDROCK et s10en ol
4.71 End of Barehole

Note:
Formerly BHf 22 of
WP - 199 — 77 — 2

+3 5% . Numbers refer to
' Sensifivity

20
1545 (%) STRAIN AT FARURE
10
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P : : 33
RECORD OF BOREHOLE No 8 1or1 METRIC
WP, _188 = 77 - OI(A) LOCATION £0 = ORDS. N 4 799 341.0; E 278 002.0 ORIGINATED BY.R.T
DIST ..t HWY GEW/403  BOREHOLE TYPE .SOLID STEM AUGER & B ROCK CORING COMPILED BY
DATUM CEDDETIE DATE ... 850208 CHECKED BY
SOIL PROFILE SAMPLES | & | = | CYMAMK CONE PENETRATON
M| 3 |FsswEror e gosre o b 5 | prmaks
= CONTENT &
5l w |8 % | w0 4« e w 1o | v w .| 38 x
ELEV all|w|3|85] & [sHEAr stReneTH ko F e | % | GRAIN. SIZE
S DESCRIPTION 18 & 521 £ o unconeme # FIELD VANE DISTRIBUTION
DEFTH 2131 =] > | 88]| = WATER CONTENT (%) 7
gz o | €S| 3 | ovek s x s v [WATER CONTENT (23 7 | (%)
102.2 | Ground Surface w z o 20 40 60 80 100 1020 30 |kN/milersa S cL
0.0
f 142
4
v
§ 1] 88| 24
. 17 104
Heterogenoous Mixture of v A
‘ -
CLAYEY SILT, SAND and GRAVEL, i 28 51
5
Very SHff to Hord ¥ 100
Tl s | ss | e
( Gosal T ) 4 14 22 46 18
i ,
’ (S0 /15em] gy 17 28 45 10
4 L
Silty Sand 100 | /23em | =
o i e e B, o8
100 S8em © Joden]
. e oo et o - 97
%6.6 Silty Send 100 /10em
5.8 Weatherad
96
QUEENSTON SHALE BEDROCK, :
Unwestiered REC _ , ROD 8%
| '
94.3 g5

7.5] End of Barehole

Naoke:
Formerly BHE B of
WP - 8%~ 74 - 07

bers 1l 0
+3, o8 ; Yumbers reter to 15%4 (%) STRAIN AT FAILURE
1
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RECORD OF BOREHOLE No 9 1or 1t METRIC
WP, 188 =~ 77 - OV(A) LOCATION CO -~ ORDS N & 795 687.0; E 278 37255 ORIGINATED BY..GOLIER..
DIST__4 HWY _QEW/403 BOREHOLE TYPE _HOLLOW STEM -AUGER & NO ROCK CORING COMPILED BY
DATUM _GEODETIC DATE 9008 15 CHECKED BY
SOIL PROFILE SAMPLES | i | o | oreec SORE FENETRATION NATURAL -
gl = wosee U0 | - | REMARKS
Tzl 8 W wwpr BT | S0
5 wil*g| 20 40 60 80 100 w w v | 5% X
_J m —4 z L L 1 1 L
ELEV DESCR MEITAE €5| & |SHEAR STRENGTH kPo P Y1 % | crain size
DEPTH CRIPTION == | S13Z] % |ounconane  + mEw vane 4 [piSTRiBUTION
103.7 | Ground Surface L4 = - i 26 40 60 8O 100 1020 30 kN/rifer sa 51 oL
0.0 Topsoil ]
o3 Cornpletely to Highly 103
Weothered
_______ 1]ss| 96 o
Moderotely to Slightly 102
Weathered
2 | RC | REC RQD 23%
NQ | 92% !_M«
=1 101
QUEENSTON SHALE BEDROCK
100
3| e | REC RQD 56% °
Ne | 97x
53.0 A "
4.7 | End of Borehole

Note:
Formerly BHE § of
WP - 516 - 50 - 02

20 09 14
+ GROUND WATER CONDITIONS

PIEZQ. GROUND WATER
NO. ELEVATION (Metras)

1 101.27

+3 x5 . Numbers refer to
' Sensltivity

20
1545 (%) STRAIN AT FAILURE
19
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Ornlora . 3 5
RECORD OF BOREHOLE No 10 10F 1 METRIC
WP 199 = 77 - O1(A) LOCATION. . CO ~ ORDS. N 4 789 6BB.5: £ 78 3315 ORIGINATED BY._GOLDER
DIST .4 HWY_GEW/403 __ _ BOREHOLE TYPE _CONTINUOUS FLIGKT WOLLOW STEM AUGER COMPILED BY
DATUM _GEODETIC DATE 90,08 14 CHECKED BY
SOIL PROFILE sampLes | B ] ¢ [omamc CONE F;ENE!‘&I%::N —
G| & |TUMERT 2 e ol wwof W% | Remarks
1P wlFE| 9 _® % w ® w [ P | ES &
ELEV - Zld|w| 2| 25| & [SHEAR STRENGTH WPa p oM TF | GraN sz
BEPTH DESCRIPTION 22| E| 2|88 § oo  + pEw vave »  |PISTRIBUTION
E: 5 | EO| Z |oouck e = L vane [WATER CONTENT () 7 | (%)
103.4 | Ground Surface » < g 20 40 B0 80 100 10 20 30 |kN/milor sa SicLf
0.0 ; [~ DRY
102.8 Topsoil r o | s
oS Comipletely to Highly % .
Wenthered %;f 1185 ) 6+ , °
e AT 102
S, W e PAL o
Moderotely to Slightly 97;);
Wenthered s
s s |
QUEENSTON SHALE BEDROCK X,
* e
100.3 &

-~y

oo o w AT

3.1 End of Borehole
Note:
Formerly BHE 4 of
WP « 516 « 80 -~ 02

3 . Numbers .
+3 7 oy refer to 15%5 (%) STRAIN AT FAILUKE



FOUNDATION INVESTIGATION REPORT
For
Culvert #5, W.P. 199-77-01B
Hwy. 403/Q.E.W. (Freeman) Interchange
District 4, Burlington

INTRODUCTION

This report summarizes the results of a Foundation Investigation conducted in
conjunction with the reinforced concrete box culvert (culvert #5) proposed at the

Hwy. 403/Q.E.W. {Freeman) Interchange. The culvert will carry the Q.E.W./E -
403/W ramp, Q.E.W. WBL and Q.E.W. EBL and will transmit its waters to the
constructed culvert #6 located along the same channel and immediately south of
culvert #5.

SITE DESCRIPTION AND GEOLOGY

The site of the prbposed culvert 1is Tlocated along the Q.E.W. corridor
approximately 0.5 km west of Brant St. in the City of Burlington, Regional
Municipality of Halton. The culvert is a component of the Hwy. 403/Q.E.W.
interchange and is one of many structures proposed at the interchange. At the
time of the investigation, a number of construction activities associated with
the construction of the Q.E.W./Hwy. 403 EB ramp structures were in progress
immediately west of the proposed culvert #5. The Q.E.W. ramp to Niagara and the
existing Hwy. 403 WB is also located immediately west of the site. '

The roadways present at the site are separated by grass covered medians and
drainage ditches. The roadways include the Q.E.W. Westbound and Eastbound lanes,
the Hwy. 403 WB-Q.E.W. EB ramp and the Brant St. S. - Hwy. 403 WB ramp. An
existing hydro electric corridor is located south of the site and the existing
North Service Rd. is located north of the site.

The terrain surrounding the site is generally flat and consists of grassland and
a few isolated deciduous trees in the areas beyond the construction site and
existing roadways.
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Physiographically, the site is Jocated in the region known as the "Iroquois

Plain". The Iroquois Plain is the product of the advance and retreat of the
‘Wisconsinan ice sheet which covered the area during the Pleistocene epoch (over
12,000 years ago). At the site, the lowland bordering Lake Ontario, when the
last glacier was receding, was inundated by the glacial lake called Lake

Iroquois. Conditions in the old Jake plain vary greatly from site to site. At

the site Tocation, a thin veneer of a heterogeneous mixture of clayey sw1t, sand
and gravel overlies shale bedrock of the Queenston Formation.

INVESTIGATION PROCEDURE

The field work for the investigation was carried out between 92 03 23 and 92 03
25 inclusive and consisted of three (3) sampled boreholes advanced to depths
ranging from 9.1 mto 9.4 m below the existing ground surface. A track mounted
‘Diedrich D50 drilling unit, equivalent to a CME 55, was used to advance the
boreholes. Solid stem augering techniques were used to penetrate the overburden
and the surficial weathered bedrock. Rock coring techniques employing BW casing
and a BQ core barrel were used to retrieve up to 6.1 metres of rock core.

In view of the shallow thicknesses of overburden at the site, most of the field
program consisted of rock coring. Rock core were identified in the field and
‘physical index properties were determined by visual examination and also by
measurement of rock qua1ity designations (RQD’s) and core recovery. All rock
core were p]aced in standard rock core boxes and carefu]1y transported to the
laboratory.

The few subsoil samples that were obtained were retrieved using a standard split
spoon sampjer in accordance with the Standard Penetration Test (ASTM D1586). 1In
general, subsoil samples -were retrieved at 0.7 m intervals for the surficial 3
metres. Subsoil samples were identified in the field and then placed in sealed

plastic jars to ensure the preservation of the in-situ natural moisture contents.

Samples were subsequently transported to the laboratory for further examination
and testing. ' '
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Groundwater levels were determined by monitoring the water levels in the open
boreholes throughout the duration of the field investigation. A1l boreholes were
backfilled upon completion of the field work.

“ The survey related to the location and elevation of the individual boreholes was
provided by Central Region Surveys and Plans. '

Laboratory Analvses

A1l subsoil samples were carefully visually examined in the Tlaboratory in
accordance with the procedures outlined in the Visual Method described in Chapter
2 of the MTO Soil Classification Manual. The behaviour, gradation and other
pertinent properties of the soil were determined by condicting the appropriate
laboratory tests on representative samples. These tests included:

1) Atterberg Limit Tests

2) Particle Size Analysis

3) ° Natural Meisture Contents
4) Bulk Unit Weights

Samp]e preparation and testing were conducted in accordance with the MTO
Laboratory Testing Manual.

Detailed rock core logging was conducted in the Tlaboratory by an in-house

resident geologist.
Laboratory test results have been summarized below in the subsequent section of
this report entitled "Subsurface Conditions" and are illustrated on the

corresponding boreholes and figures included in the Appendix to this report..

Subsurface Conditions

The existing ground surface elevation at the site varies between 106 m to 107.5
m reflecting the presence of the roadways and adjoining drainage ditches. The
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subsurface conditions, however, are generally uniform across the site and
consists of a natural thin veneer of a cohesive heterogeneous mixture of clayey
silt, sand and gravel with a thickness of approximately 1.2 to 1.8 metres
overlying completely to highly weathered shale ranging up to 2 metres in
thickness which in turn is underlain by more competent shale bedrock with

interbedded siltstone. Shallow thicknesses of brown sand and gravel fill
‘material up to approx1mate1y 0.8 metres are also present as encnuntered in the

boreholes advanced adjacent to the roadway.

The boundariés between the various soil types, in-Situ and Jaboratory test
results as well as groundwater levels established at the time of investigation,
are shown on the attached Record of Borehole sheets in the Appendix. A plan of
the site illustrating the Tocations and elevations of the borehoTes and a subsox]
stratigraphical section are provided on Dwg. 1997701B-A"

A detailed description of the subsurface cbnditions encountered is given below.

d Gravel (Fill Material)

1]
1o
=
=

A brown, compact sand and gravel fill material exists as a roadway base at
various locations across the site. The thickness of this fill mater1a1
encountered was approximately 0.8 metres.

Heteroaeneous Mixture of Clayey Silt, Sand and Gravel (Glacial Till)

The surficial native deposit spread across the site consists of a heterogeneous
mixture of clayey silt, sand'and'grave1 of thickness up to approximately 1.8
- metres. Boulders and cobbles, although not encountered during the investigation,
are characteristic components of the deposit and hence may exist in this dépositu
This deposit directly overlies the shale bedrock across the site and fragments
of the parent rock are often found suspended within the lower depths of the
cohesive matr1x of this till deposit of glacial origin.

* SHEET NO 153-1 OF THE CONTRACT DWG'S
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The deposit has been oxidized and therefore, is primarily brown in colour. In
the lower metre or so of the deposit however, the deposit has a red colour
characteristic of the underlying Queenston Shale.

The main component of this unsorted unstratified deposit is the clayey silt
material. This material essentially binds the coarser sands and gravels within
the deposit. Grain size distribution curves of representative samples of this
material as determined by mechanical sieve and hydrometer analyses are given in
Figure 1 in the Appendix. The curves illustrate that the fine grained portion
of the deposit exceeds 50% of the deposit and hence the deposit is defined by its
behaviour, :

Atterberg Limit tests were carried out to define the behaviour and plasticity of
the fine grained portion of the soil and the results are plotted in Figure 2.
‘The test results reveal that the fine grained portion of the deposit is of Tow
plasticity and hence is categorized as clayey silt. Liquid Timits range from 26%
to 31% and plasticity indices range from 11% to 13%. Natural moisture contents
are slightly less than the plastic 1imit of the soil.

Standard Penetration tests conducted in this deposit produced "N" values ranging
from 13 blows/0.3 m to 33 blows/0.3 m. Based on these "N" values, it can be
concluded that the deposit has a consistency ranging from stiff to hard.

Bedrock

The overburden across the site is underlain by shale bedrock with interbedded
siltstone of the Queenston Shale Formation. The depth to bedrock ranges from
approximately 1.2 m to 2.6 m, equivalent to elevations ranging from 105.5 m to
104.3 m. Based on these elevations, it appears that the bedrock surface slopes
slightly downward in a southerly direction. The surficial 1 to 2 metres of the
bedrock were severely degraded and weathered. Solid stem augering techniques was
used to penetrate this upper severely weathered zone and split spoon samples were
retrieved albeit with considerable penetration resistance {typically 100
blows/0.15 m). More competent shale exists beneath the highly weathered zone and
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below elevations ranging from 103.5 to 103,7 m, the bedrock is unweathered.

The shale bedrock is generally greyish red and has randomly interbedded greenish
grey siltstone layers ranging from approximately 25 mm to 200 mm in thickness.
The rock is horizontally bedded and is an extremely friable material with a very
low slaking durability. The rock contains close to extremely close spaced
fractures that are generally flat, planar to undulating and smooth.

Core recoveries and Rock Quality Designations (RQD’S) were determined in-situ to
~evaluate the competence'and integrity of the rock. Core recoveries ranged from
78% to 100% but, were generally close to 100%. Rock Quality Designations (RQD’s)
ranged from 0% to 98% indicating a rock quality ranging from very poor to
excellent. However, in general rock qualities were in the 50% to 90% indicating
a rock of fair to good quality. Rock quality generally improved with depth.

" Rock strength as determined by index property examination in.the laboratory is
generally weak to very weak. '

A detailed description of the characteristics and properties of the rock as
determined by the logging of the rock core in the laboratory is attached in the
- Appendix under the heading "Rock Core Descriptions".

GROUNDWATER CONDITIONS

Observation of the groundwater level was carried out by measuring the water level
in the open boreholes throughout the duration of the field investigation.
Groundwater levels determined at the time of investigation were uniform across
the site and were approximately 2.5 m to 2.7 m below the ground surface
(Elevation 104.4 m to 104.0 m). ‘

- Groundwater levels, in general, are subject to seasonal fluctuations and hence
can vary from the values given in this report.
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MISCELLANEOQUS

The fieldwork for this investigation was carried out under the supervision of T.
Sangiuliano, Foundation Engineer, utilizing equipment owned and operated by
Master Soils Investigation.

The project was carried out by T. Sangiuliano under the general supervision of
P. Payer, Senior Foundation Engineer. The report was written by T. Sangiuliano,
reviewed by P. Payer and approved by Mr. M.S. Devata, Chief Foundation Engineer.

+ G S
P. Payer, P. [1g. .
Senior Foundatation Engineer

F2R AN

;o
M.S. Devata, P. Eng.
Chief Foundation Engineer
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ROCK CORE DESCRIPTION

WP . 199-77-01B

Page1of 1

CORE DESCRIPTION

BH# |RC# (m) CR* DESCRIPTION

1 4 3.20-4.72 95 3.20-9.30 SHALE, greyish red, with inferbedded greenish grey SILTSTONE (17%); very
5 4.72-6.25 100 fine grained; weak to very weak; unweathered to slightly weathered; fractures
6 6.25-7.77 98 moderately close to exiremely close spaced, fiat to near veniéai, planar to
7 7.77-9.30 100 undulating, smooth. ‘

2 5 3.20-4.72 78 0 3.20-9.09 SHALE, greyish red, with interbedded greenish grey SILTSTONE (17%); very
6 4.72-6.25 98 70 fine grained; weak o very weak; unweathered fo slightly weathered; fractures
7 6.25-7.77 97 88 moderalely close 1o extremely close spaced, flat lo near verlical, planar to
8 7.77-9.09 100 81 undulating, smooth. _

3 5 3.28-4.80 98 0 3.28-9.37 SHALE, greyish red, with interbedded greenish grey SILTSTONE (17%); very
6 4.80-6.32 100 58 fine grained; weak to very weak; unweathered to slightly weathered; fraclures
7 6.32-7.85 100 88 moderalely close to extremely close spaced, flat to near vertical, planar to
8 7.85-9.37 100 98 undulating, smooth.

*CR = CORE RECOVERY

*RQD = ROCK QUALITY DESIGNATION

{(NOTE: D?,*pfhs are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggfegates Soction
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GEOTECHNICAL INVESTIGATION
PROPOSED BRIDGE NO. 37
' SITE 10-332
FREEMAN INTERCHANGE
| BURLINGTON, ONTARIO
W.P. 199~77=02 DISTRICT 4

1. INTRODUCTION

Golder Associlates Ltd. has been retained by the Ministry of

Transportation of Ontario (MTO) to carry out a series of site
specific subsurface investigations for - the design of
structures for the proposed reconstruction of the Freeman
Interchange in Burlington, Ontario. This repért presents the

results of a subsurface investigation carried out at the site

of the proposed Bridge No. 37. As presently proposed, Bridge
37 will carry the 403 West/QEW East Ramp traffic over the 403
East/QEW South traffic as shown on the Key Plan, Drawing
1997702*Af

The purpose of the investigation was to. determine the
subsurface conditions at the site,

2. SITE AND PROJECT DESCRIPTION

The site of the proposed Bridge 37 is situated north of the
existing 403 west bound lanes and west of the existing QEW
south bound lanes as shown on Drawing 1997702—Aﬁ The proposed
alignment of the bridge is generally in an east-west
orientation, traversing an existing drainage course t¢ the
west and the existing QEW southbound lanes to the east.

The bridge will consist of a three span structure with a
central span of 26 metres and end spans each 16 metres in

* SHEET NO 393 OF THE CONTRACT DWG'S
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length. An existing drainage course is situated between the
proposed west abutment and west pier The proposed east pier

would be situated immediately adjacent to the existing QEW

southbound lanes. The elevation of the existing QEW
southbound lanes is about 2 to 3 metres below the elevation
of the existing ground surface at the proposed abutments and
‘west pier.

.The site is situated within the physiographic region of
Southwestern Ontario known as the Iroguois Plain. Available
geologic information indicates that the ovarburden in the
“general area of the site consists of a thin veneer of sands,
"glacial till and/or residual soil derived from the weathering
of the underlying shale bedrock. The Queenston shale
formation which comprises the bedrock in the area generally
consists of thinly bedded red shale with occasional bands of
grey limestone. '

3. INVESTIGATION PROCEDURE

The field work for this investigation was carried out between

. August 16 and August 22, 1990 during which time one test pit
was excavated and four boreholes were drilled. The locations
of the boreholes (numbered 19, 20, 21 and 22) and test pit
(number 7) are shown on Drawing 1997702-A.

The initial stage of the field work consisted of excavating

a test pit north of the proposed west abutment. The test pit
was excavated using a "John Deere 690" hydraulic backhoe
supplied and operated by a local contractor. Chunk samples
were obtained from the predominant soil strata exposed in the

« SHEET NO 393 OF THE CONTRACT DWG'S
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test pit. The test pit was loosely backfilled following
sampling and logging.

The boreholes were drilled using track mounted power auger
drillrigs equipped for rotary drilling and supplied by a
specialist drilling contractor. Boreholes 20 and 21 fully
penetrated the overburden and were core drilled in NQ size
some 3 metres into the bedrock. Boreholes numbered 19 and 22
were drilled to practical auger refusal. The boreholes were
advanced within the overburden and the upper portion of the

bedrock using both nominal 150 millimetre outside diameter

“hollow stem augers and nominal 100 millimetre diameter solid

stem augers. ‘Standard penetration testing and sampling was
carried out within the -overburden encountered in the
boreholes using 35 millimetre inside diameter split spoon
sampling equipment.

Samples of the overburden and the rock core recovered from
the test pit and boreholes were taken to our Hamilton

laboratory for examination and classification testing. Water

contents were determined on samples of the overburden. Grain
size analyses and Atterberg 1limits determinations were
carried out on selected samples of the overburden.

The soil and rock stratigraphy encountered in the boreholes
and test pit are shown in detail on the Records of Boreholes
and Records of Test Pit following the text of this report and
on Drawing 1997702-Af The results of the field and
laboratory testing are also shown on the Record of Borehole
and Record of Test Pit sheets, and on Figures 1 and 2.

* SHEET NO 393 OF THE CONTRACT DWG'S
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Groundwater levels were observed in the open boreholes during
drilling and in the test pit during and after excavation. A
piezometer was installed in borehole 20 as detailed on the
Record of Borehole sheet. Notes pertaining to the
groundwater conditions encountered in the boreholes and test
pits are shown on the Records of Boreholes and Test Pit and
on Drawing 1997702-A. '

The locations and ground surface elevations at the boreholes
and test pit have been determined by Golder Associates staff
with reference to site specific points and bench marks
provided by McCormick Rankin &, Associates Limited. The
elevations provided are uriderstood to be referred to gemdetic
datum. The final locations and grauﬁd surface elevations at
the boreholes were subsequently verified by McCormick Rankin.

4. SUBSURFACE CONDITIONS

4.1 General

The subsurface conditions encountered in the boreholes and
test pit put down at the site are shown in detail on the
Records of Borehole and Record of Test Pit sheets and in
summary form on Drawing 1997702~Af The soil boundaries and
rock stratigraphy indicated, particularly for the boreholes,
are inferred from non-continuous sampling and resistance to
auger advance. These boundaries <typically represent a
transition between one soil or rock type to another and are
not intended to define an exact plane of geological change.
Conditions will vary between and beyond the borehole and test
pit locations.

* SHEET NO 393 OF THE CONTRACT DWG'S
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The subsurface conditions encountered at the site generally
consisted of £ill and topsoil and surficial sand strata,
overlying glacial till and completely to highly weathered
shale underlain by more competent shale bedrock.

The following discussion has been simplified in terms of

'majdr soil and rock strata for the purposes of geotechnical

design.

It should be noted that due to the relatively soft and
weathered nature of the Queenston shale formation,

‘particularly the upper zone, together with the effects of

glacial overriding at the bedrock surface, it can be
difficult to accurately define the bedrock surface both from
a geological and a contractual standpoint.

During the course this investigation, a 5tratigraphic unit
directly overlying the shale bedrock, which in strictly
geological terms is described as deformation till, has been
encountered. This stratigraphic unit consists of an

imbricate embedment of fragments of bedrock in a till matrix

which has been formed from glacial overriding of the parent
bedrock. This till is characterized by the presence of
rounded and sub-angular clasts of the parent rock with non
horizontal bedding. Based on the consistency, the relatively
high penetxation resistance encountered in the boreholes and
the difficulty of excavation experienced in the test pits,
this stratum could be contractually interpreted as a zone of
the bedrock and for this reason has been referred to in this
report as an upper zone of the bedrock formation.
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4.2 Topsoil

A relatively thin layer of topsoil was encountered at the
ground surface in boreholes 19 and 20, and in test pit 7.

4.3 Silty Clay, trace sand, trace to some topsoil,
\ oce. gravel (Fill)

Fill was encountered to depths of about 0.8 to 1.2 metres
below the existing ground surface in boreholes 19, 21, 22 and
test pit 7. The fill, generally consisted of silty clay with
traces of topsoil and occasional gravel. Two standard
penetration tests carried out in the silty clay fill resultéd
in "N" values of 8 and 12 blows per 0.3 metres indicatirg a
firm to stiff consistency. Samples of the silty clay £ill
recovered from the standard penetration testing had in-situ
water contents of about 32 per cent.

4.4 silty Sand

A layer of silty sand was encountered beneath the fill in
boreholes 19 and 22 and in test pit 7 and underlying the
topsoil in borehole 20. N values of 6 and 12 blows per 0.3
metres were measured in two standard ﬁenetfaticn tests
carried out in the silty sand irndicating a loose to compact
consistency. The silty sand had naturél water contents
ranging from about 9 to 28 per cent. ' |

4.5 Clavey Silt, trace to some sand,
ocec. gravel (Till)

Glacial till was encountered in all of the boreholes and in
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the test pit and is generally characterized by an upper zone
of hard brown to grey clayey silt and a lower zone of reddish
brown clayey silt which is somewhat harder and slightly
coarser than the overlying till. The upper till was not
encountered in borehole 21 drilled near the proposed east

pier location (where the ground surface elevation is some 3

metres lower than at the other borehole locations).

The N values determined in the upper till zone ranged from 18
to 91 blows per 0.3 metres. The natural water content of
samples of the upper till recovered from the boreholes and
test pit ranged from about 8 to 11 per éent.

Standard penetration testing was aiso carried out in the
lower till zone, but due to its hard consistency it was not
practical to advance ‘the sampler the entire 450 millimetres
required to establish an N value. However, N values of the
order of greater than 100 blows per 0.3 metres can generally
be inferred from the penetration testing. The natural water
content of the lower till typically ranged from about 8 to 12
per cent. ‘

The corresponding liquid and plastic limits of the lower till
as shown on the plasticity chart, Figure 2, were about 29 and
17 per cent respectively based on a single Atterberg Limit
determination. A grain size distribution curve for a sample
(obtained by a 35 millimetre I.D. sampler) of the lower till
is shown con Figure 1.

The till material as indicated by the gradation curve is fine
grained in nature and no major concentrations of coarse
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particles such as boulders were encountered during this
investigation. This does not necessarily mean that the
coarser particle sizes are not present at random or in
concentrations within the deposit since till is an inherently
variable material. ' '

4.6 Shale, completely to slightly weathered (Bedrock)

The overburden encountered in the boreholes and test pit is
underlain by shale bedrock of the Queenston Formation.
Bedrock was encountered between about elevations 98.5 and
99.0 metres or from about 2 to 6 metres below the existing
ground surface. ' ' -

The upper zone of the bedrock is generally highly weathered

and has been described as deformation till in boreholes 19
and 21.

The rock core recovered from the boreholes generally consists
of moderately to slightly weathered, thin to medium bedded
.reddish brown shale interbedded with fine g¢rained
argillaceous limestone.

The rock core recovered from the boreholes is in general,
highly fractured. The total core recovery (TCR) ranged from

about 87 to 100 per cent, while the solid core recovery (SCR) |

ranged from about 32 to 90 per cent. The. rock quality
designation (RQD) ranged from about 10 to 72 per cent.
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4.7 Groundwater Conditions

Groundwater was encountered at about elevations 102.8 and 103
metres in borehole 20 and test pit 7, respectively. Borehole
22 was dry to the depth of auger refusal. The groundwater
level was measured at about elevation 101.7 metres or at
about a depth of about 2.9 metres below the existing ground
surface, in the piezometer in borehcole 20 about 8 days after
installation.

It should be noted that the piezometric groundwater level
within the subsoil and underlying bedrock is subject to
fluctuation not only due to precipitation'conditions, but
also due to seasonal variations. The water levels given
'above may not necessarily reflect stabilized conditions.

Note: The preceding report is a copy of the factual
information from the Foundation Report
prepared by GOLDER ASSOCIATES LTD

(consulting geotechnical engineers for this project),

under the technical supervision of the M.T.O.
Foundation Design Section.

G

P Payer, Eng )
Senior Foundatat1on Engineer

/) A

M.S. Devata, P Eng
Chief Foundation Engineer
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GEOTECHNICAL INVESTIGATION
PROPOSED BRIDGE 41
SITE 10~333
FREEMAN INTERCHANGE
BURLINGTON, ONTARIO
W.P. 199-77-03 DISTRICT 4

1. INTRODUCTION

Golder Associates Ltd. has been retained by the Ministry of
Transportation Ontario (MTO) to carry out a series of site
specific subsurface investigations for the design of
structures for the proposed reconstruction of the Freeman
.Interchange in Burlington, Ontario. This report presents the
results of a subsurface investigation carried out at the site
of the proposed Bridge No. 41 to be constructed as part of
‘the 403/QEW East ramp as shown on the Key Plan, Drawing No.
1997703-A. |

‘The purpose of the investigation was to determine the
subsurface conditions at the site. -

2, SITE AND PROJECT DESCRIPTION

The site of the proposed Bridge 41 is located in a relatively
flat, grassed area, south of the east bound 403/QEW ramp,
west SF the QEW north/QEW east ramp and east of the QEW
north/403 west ramp in Burlington, oOntario. The location of
the site is shown on the Key Plan, Drawing 1997703-A.

The site is situated within the physiographic region of
Southwestern Ontario known as the Iroquois Plain. Available
geologic information indicates that the overburden in the
general area of the site consists of a thin veneer of sands,
glacial till and/or residual soil derived from the weathering
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of the underlying shale bedrock. The Queenston shale
formation which comprises the bedrock in the area generally
consists of thinly bedded red shale with occasional bands of
gray limestone.

Bridge No. 41 will carry 403 west/QEW east ramp traffic over
the QEW East bound lanes and the QEW/403 north ramp.

- The proposed bridge will consist of.a three span structure
(spans of approximately 45, 56 and 47 metres west to east
xespeativaly),“with two abutments and two piers. Approach
fills of some 11 to 13 metres in height will be required.

3. INVESTIGATION PROCEDURE

The field work for this investigation was carried out on
August 18 and August 28, 1990 at which time one test pit was
excavated and five boreholes were drilled. The locations of
the boreholes and test pits are shown on Dxawingl19977o3-ht
‘enclosed. ‘ - '

The initial stage of the field work consisted of excavating
a test pit (numbered 8) near the east limit of the proposed
bridge. The test pit was excavated to a depth of about 3.6

metres using a "John Deere 690" .hydraulic backhoe supplied -

and operated by a local contractor. Chunk samples were
obtained from the predominant soil strata exposed in the test
pit and the test pit was loosely backfilled fol;owing
sampling and logging. '

The boreholes were drilled using track mounted power auger'

drillrigs supplied and operated by a specialist drilling
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contractor. Boreholes numbered 24, 25 and 26 were advanced
to bedrock, through about 2.5 to 3.5 metres of overburden,
and the shale bedrock encountered beneath the overburden was
core drilled in NQ size for about 3 metres in these
boreholes. Boreholes numbered 23 and 27 were drilled to
practical auger refusal. The boreholes were advanced within
the overburden and the highly weathered shale using both
nominal 150 millimetre diameter hollow stem augers and
nominal 100 millimetre diameter solid stem augers. Standard
penetration testing and sampling was carried out within the
overburden encountered in the boreholes using 35 millimetre
inside diameter split spoon sampling equipment.

Samples of the overburden and the rock core recovered from
the test pit and boreholes were taken to our Hamilton
laboratory for examination and water content determinations.
Grain size analyses and Atterberg limit determinations were
carried out on selected samples of the overburden.

The soil and rock stratigraphy encountered in the boreholes
and test pit are shown in detail on the Records of Boreholes
and Record of Test Pit following the text of this report and
on Drawing 1997703-A.  The results of the field and
laboragory testing are also shown on the Record of Eorehole
and Record of Test Pit sheets and on Figures 1 and 2.

Groundwater levels were observed in the open boreholes during
drilling and in the test pits during and after excavation.
A piezometer was installed in borehole 25 as detailed on the
Record of Borehole sheet. Notes pertaining to the
groundwater conditions encountered in the boreholes and test
pit are also shown on the Record of Borehole and Test Pit
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sheets and on Drawing 1997703wAf

The locations and‘ground surface elevations at the borehole
and test pit locations have been determined by Golder
Associates staff with reference to site specific points and
temporary bench marks pfovided by McCormick Rankin &
Associates Limited. The final locations and ground surface
elevations of the boreholes were subsequently verified by
McCormick Rankin. The elevations ﬁrovided are understood to
be referred to geodetic datum. ‘ '

4. SUBSURFACE CONDITIONS

4.1 General

The subsﬁrface conditions encountered in the boreholes and
test pit put down at the site are shown in detail on the

Records of Borehole and Record of Test Pit sheets, and in
summary form on Drawing 1997703-A. The soil boundaries and

rock stratigraphy indicated, particularly for the boreholes, .

are inferred from non-continuous sampling and resistance to
drilling advance. These boundaries typically represent a
transition between one soil or rock type to another and are
not intended to define an exact plane of geological change.
Conditions will vary between and beyond the borehole and test
pit locations.

The subsurface conditions encountered at the site generally
consisted of topsoil, fill, glacial till, strata of sandy
silt to silty sand, and completely to highly weathered shale
underlain by more competent shale bedrock.

* SHEET NO 418 OFTHE CONTRACT DWG'S
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The following discussion has been simplified in terms of
major soil and rock strata for the purposes of geotechnical
design.

It should be noted that due to the relatively soft and

weathered nature of the Queenston shale formation,

particularly the upper zone, together with the effects of"

glacial overriding at the bedrock surface, it is difficult to
accurately define the bedrock surface both from a geological
and a contractual standpoint.

.During the course of this investigation, a stratigraphic unit
directly avérlying the shale bedrock, which in strictly
geoldgical terms is described as deformation till, has been
encountered. This stratigraphic unit consists of an
imbricate embedment of fragments of bedrock in a till matrix
which has been formed from glacial overriding of the parent
bedrock. This till is characterized by the presence of
rounded and sub-angqular clasts of the parent rock with non-
horizontal bedding. Based on the consistency, the relatively
‘high penetration resistance encountered in the boreholes and
the difficulty of excavation experienced in the test pits,
this stratum could be contractually interpreted as a zone of
the bedrock and for this reason has been referred to in this
report as an upper zone of the bedrock formation.

4.2 Topéoil
A relatively thin layer of topsoil was encountered at the

ground surface in all of the boreholes and in the test pit
put down at the site.
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4.3 (Clayey Silt, trace sand, trace organics .
occasional gravel (Fill)

Fill generally consisting of clayey silt was encountered

beneath the granular road base in test pit 8 and below the’

surface topsoil in boreholes 26 and 27. The thickness of the
£ill material ranged from about 1.6 metres in test pit 8 to
about 1.9 metres in borehole 27. The fill generally consists
of reddish brown to brown clayey silt to silty clay with
traces of organics, sand and occasional gravel. In borehole
27 a 0.5 metre layer of black silty sand £ill was encountered
below the clayey silt fill.

The clayey fill had an in-situ water content of about 14 per
cent. N~values of 12 and 18 .blows per 0.3 metres were
determined in standard penetration testn.ng carried out in the
£ill.

4.4 g ayey $Silt, trace to some sand,
oc:casmnal gravel (Till)

Clayey Silt till was encountered in all of the boreholes and
in the test pit and was generally characterized by a brown

upper zone and a lower zone of reddish brown clayey silt till

which was somewhat harder and slightly coarser than the
overlying till. |

The N values determined in the upper till zone ranged from 28
to 112 bldws per 0.3 metres. 'i'he natural water content of
samples of the upper till recovered from the hdreholes and
test pit ranged from about 10 to 20 per cent. |

Standard penetration testing was also carried out in the
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lower till zone, but due to its hard consistency it was not
practical to advance the sampler the entire 450 millimetres
required to establish an N value. However, N values of the
order of greater than 100 blows per 0.3 metres can generally
be inferred from the penetration testing. The natural water
content of the lower till tyﬁically ranged from about 6 to 13
per cent. ‘

The corresponding liquid and plastic limits of the lower till
were about 20 and 15 per cent, respectively, based on the
average of three Atterberg Limit determinations shown on the
plasticity chart, Figure 2. Grain size distribution curves
for samples (obtained by a 35 millimetre I.D. sampler) of the
lower till are shown on Figure 1. '

The till material as indicated by the gradation curve is fine
grained in nature and no major concentrations of coarse
particles, such as boulders, were encountered during this
investigation. This does not necessarily mean that the
coarser particle sizes are not present in concentrations or
at random within the deposit, since till is an inherently
variable material. '

4.5 Sandy S8ilt, Silty Fine Sand

Layers of sandy silt and silty fine sand were encountered
beneath the upper till in borehole 23 and below the lower
till in borehole 27. These strata were about 1 and 0.4
metres thick and were very dense with inferred N values in
the order of greater than 100 blows per 0.3 metres. The
natural water content of these strata was about 16 per cent.



Fig

4.6 Shale, Completely to slightly weathered (Bedrock)

At the bcrehcle'lccations, the overburden materials were

underlain by shale bedrock of the _Queénston Formation.

Bedrock was encountered between about elevations 98.4 and 100

metres, or at depths of from about 2.4 to 4.7 metres below
the existing ground surface. '

The upper zone of the bedrock is generally highly weathered

and has been described as deformation till in boreholes 24,
26 and 27. More competent shale was encountered in boreholes

- 24, 25 and 26 between about elevations 97.5 and 99 metres, or

at depths of about 3 to 4.5 ‘metres below existing ground
surface. The bedrock core recovered from boreholes 24, 25
and 26 generally consists of moderately to slightly weathered
thinly bedded ﬁéd&ish~brown shale, interbedded with thinly
bedded light grey, fine grained argillaceous limestone up to
about 0.5 metres in thickness.

The rock core racbvgred from the boreholes generally
exhibited a relatively high degree of fracturing. However
the quality of the rock core recovered generally improﬁed
with depth. The total core recovery (TCR) ranged from about
84 to 97 per cent for the upper 1.5 metres of rock cored and
was typically 100 per cent for the lower 1.5 metres of rock.

The solid core recovery (SCR) ranged from about 37 to 76
percent for the upper 1.5 metres of rock core and from about -

85 to 97 percent for the lower 1.5 metres of rock core.
Similarly the rock gquality designation (RQD) ranged from
about 28 to 45 percent in the upper 1.5 metres of rock core

compared to 67 to 75 percent for the lower 1.5 metres of rock
core.
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4.7 Groundwater cConditions

Groundwater was not encountered during the field drilling/
digging operations in boreholes 23 and 27 which were
terminated at practical auger refusal, or in test pit 8 which
was terminated in the red (lower) clayey silt till.
Boreholes 24 and 25 were dry to the depth of practical auger
refusal, corresponding to about elevations 97.7 and 98.3
metres, respectively. Groundwater was encountered at about
elevation 100.8 metres, or at about 2.1 metres below the

existing ground surface in borehole 26. The groundwater

level was measured at about elevation 101.5, or at a depth of
about 0.3 metres below the existing ground surface,. in the
piezometer in borehole 25, about 1 week after the completion
of drilling.

It should be noted that the piezometric groundwater levels
within the subsoil and underlying bedrock is subject to
fluctuation not only due to precipitation conditions, but
also due to seasonal variations. The water levels given
above may not necessarily reflect stabilized conditions and
may very from the conditions which are encountered during
construction.

Note: The preceding report is a copy of the factual
information from the Foundation Report
prepared by GOLDER ASSOCIATES LTD -

(consulting geotechnical engineers for this project),

under the technical supervision of the M.T.O.
Foundation Design Section.

/j%? ( LM//
P. Payer, P. Eng. .
Senior Foundatatic: Engineer

Varls

M.S. Devata, P. Eng.
Chief Foundation Engineer
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RECORD OF BOREHOLE No 23 METRIC
wp_ 1997703 Locarion _ ¥4»799,406.8 £278,067.0 ORIGINATED BY _CB
DIST .4 HwY _403/QEW BOREHOLE Typg _Solid Stem Augers COMPILED BY _ T
DATUM .._Geodetic _ DATE __August 24, 1990 _ CHECKED BY 7
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | M DI SOy T
- $8| % | w0 . T [ s WP 25 | Remarks
Q o $ E e 1 P 610 310 ) Wp W Wl. %OTJ &
ELEV DESCRIPTION ElEl w2 Q% & |SHEAR STRENGTH kPo e oy % | craN s1zE
DEPTH 5|5] 7 335| § |ouwconnneo s mEovane| tenren] ¥ [PTRIBUTION
'Em z > | &Y | & |eouck TRIAXIAL  x 1B vang WATER CONTENT (%) %)
102.3] Ground Surface v = iD 0 20 30 GR 54 51 ClL
102,11 Topsoil 22
©.2( Clayey Silt trace 1:/‘ 102
sand, occasional //
gravel (1i11) T
W 1yss |33 ©
3%
WAl 2 lss |61 g
100.2] Hard Brown fv
ZT ; NEE 100
t . T
s Vary Dense’ ed Bfown | .| 3 |85 170/140mm ©
2 2.7 |Sandy 34ilt, Tr. elay” 1A
5 98.2{Very Dense Red Brown - . ) Borefole dry during )
£ | 3.1|shale Bedroek 794 8. 1SS | 50/45mm drilling o
v 4/ .
§ Highly to moderately
9 weathered > '
& s S S
& 74
o 98
o 97.7 Reddish Brown @ : :
o 4.61End of Borehole
z
z .
|
o
o
a,
w
(-3
] 96
=
o
0

20
o3, x7: Numbers refer to %00 1 crpain AT FAILURE
Sensitivity 10
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METRIC

+

1

x5« Numbers refer to
Sansitivity

1505 {%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 24
WP' 199"'77"’03 LOCATION N4,799,420.8 E278,095.4 ORIGINATED BY VCH
DIST & Hwy _403/QEw BOREHOQLE TYPE .,  Hollow Stem Augers; NQ Rock Core COMPILED BY ___MHW
ATUM __ Geodetic DATE __August 27 & 28, 1990 CHECKED By . JCM
DATU e BUEDS
i AMP s w [DYNAMIC CONE PENETRATION -
SOt FROME s B% | [FesTANcE ROt nastic wostore teud| T | pepapks
- w |20 » 20 40 60 80 100 CONTENT zZ5 a
O W = o } ] 1 i i Wp W W, oW
ELEV S8l e 2|28 | & [SHEAR STRENGTH kpo P A = | orav size
DEPTH DESCRIPTION |E1 21 E [—5’% = o unconrinep * FIELD VANE| oo o et ol 7 DISTRIBUTION
g1z 5 | &Y | & |eouck TRIaxaL  x 1aB VANE . . (%]
102.0| Ground Surface & ? o 10 20 30 GR 5 ST ¢l
ST Topsoil | "/':—'
""Flayey silt trace to 17
some sand, occ. -gravel /“’
(Ti11) 1.9
111 iss Bz/290mm ©
- .7In
1112_lss po/igoms of —H 18 7 37 8
1 & 100 Pregsuremetre
. Test 24-}-
L1
b
¥4
( T ISE T Omm Borebole Hry tpo o
. Brown to . elevition] 97.5 metges
98.3|Hard _ R&adish Brown |3 durigg 'drillirﬂg
3.7} 5hale (Deformation I ER s o
Till) completely to l“}‘.( m 98
97.8 highly weathered £
9"-}3 Shale highly weathered o
4:6{ Shale Bedrock 0\}4 ATCR= Prefsuremetre
moderately to slightly qf 97% Tesh 24-p
weathered thinly to § 5CR=
medium bedded Reddish VX4 5 | yq |76% ‘
Brown interbedded with {3/ R |RQD=
fine~grained grey /"'/ 457
argillaceous limestone )7/:-}, 96
;ﬁf TCR=
[, 100%
KN SCR=
Z2 MRt
A | RC :QD‘
A 757 Prefsuremetrd
94.3 é/‘\* Test 24~5
7.7End of Borehole
9%
* TCR: Total core recovdry
SCR: Solid core recovdry
RQD: Rock Quality
Designation
3 20
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RECORD OF BOREHOLE No 25 METRIC
w P __199-77-03 Location 4, 799,436.9 _ E278,120.8 ORIGINATED BY _CB
pisT __4 HWY _403/QEW BOREHOLE TypE _ Solid Stem Augers; NQ Rock Core COMPILED BY MW
DATUM _Geodetic — DATE _ August 24, 1990 . CHECKED 8y JGH
SOIL PROEL AMP o u OYNAMIC CONE PENETRATION ]
OFILE SAMPLES Wy | F | REssTancE PlOT masric St woww | E | remancs
= w S5 B 20 40 60 80 pp VM7 contmnr uNT | SO P
Ofe w —- 1 1 ! i 1 Wp w Wi oW
ELEY or slglwi218s] 5 SHEAR STRENGTH kPo R B | GraiN Si1ZE
DEPfH|  DESCRIPTION 25| 5| 3|38 & |ounconemen  ermovane| o o[y [DISTRIBUTION
. gz L | EV | & |eouek reaxar - x Lag vane Wi %) : (%}
101.8 | Ground Surface w - w 10 20 30 GR SA 51 CL
0.1 C;. :::SQ%J]:: trace to > "'*"‘""*'
a, i
some sand, oee. gravel g;;'s‘ }g:‘; :: res
(Ti1n) Augude 30 159 o
. 1| es |28 _
Very stiff .
to hard 2 | S8 [78/1pGm | o7 Pressucemetrd | ¢ 25 26 40 9
Browa to | Test 25«i
99.4 reddish brown
2.4 | Shale Bedrock
highly weathered
g 3.0 | $hale Bedrock ~ i
e tioderately to slightly -
= weathered thinly to & FICR= ) :
o medivt bedded S8 842 98
x Reddish Brown inter- [ZCSl 4 Ing SCR+ Prefsurepetrd
" ‘bedded with grey fine-[4 RC 37% ) Test 25-f
3 grained argillaceous /& RQD=
w limestone o v 28%
z \ 4 TCR
o & 1004
= s %0 |agx |
Q Q |89z : Predsurepetre ’
& ¥ RC | Rops 96
¥ 2 L Test 75-5
)? nz
w 195.4 X
et 6.4 | End of Borehole
L
Q
* TCR: Total Core Recovdry
SCR: Solid Core Recovery
RQD: Rock Quality
Designation _ 94,

20 .
+3, x% ; Nombers refer to o % ¢ (o yerpain AT FAILURE
Sansitivity 10
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RECORD OF BOREHOLE No 26 METRIC ‘
N 27 58.3
wp  199-77-03 LOCATION N4»799,456 £278,1 ORIGINATED gy _VCR
DIST 4 Hwy_ 403/QEW BOREHOLE Typg _ Solid Stem Augers; NQ Ruck Core comenep sy _ MY
DaTum . Geodetic .. DATE August 23, 1990 *_ CHECKED By __JGM
YMNAMI NE PENETRATION
SOIL PROFILE SAMPLES | & | j DI SO © NaTuRAL =
. =5 < PLASTIC  mensrore toum ) L REMARKS
= o timiT CONtENT LIMIT e (9
b w | 2O v 20 40 60 8O 100 Z= a
Gfe B sl - P R u Wp W w, | 5
ELEV TlEl w| =2|88] O [sHEAR STRENGTH Lbo U —— % | GrRAIN siz¢
5E5TR DESCRIPTION REIR -k 8% S 1o unconened RO VANE| o y |oisTRIBUTION
gz » | EY | & |eouck TRaKAL X 1aB VANE 0 20 30( 2 (%)
102.9 |Ground Surface v s w 2 GR SA 51 (L
oL Tepsoil i
Clayey silt (Fill)
trace sand & organics
occasional gravel & 102
asphalt 1]5% {26 9
101.0 Very Stiff Brown 2 lss Lo ©
1.9iClayey silt trace sand,[}| y Water seepage jencodnterkd
oce. gravel (Till) A" o at Elev, [100.8 metyes
f; 3tss |112 duripg driilling o] L1 29 48 12
99,9 [Haxd Red Brown | | 100
3.0 Sl}ale (Deformation 4 |55 150/ 7%mm O k4 10 27 55 B
Ti11) completelx
99,2 veathered
3.7 |5hale highly weathered 'l;te:s;;fv;etre
48_8 o . . Lo Omm e
4.1{5hale Bedrock e TCRA
moderately to slightly 97%
weathered thinly to SCRA"
medium bedded Reddish 577 98
Brown interbedded with [AY) © :g RQDA :
grey fine-grained v 4274 Prespurenetre
argillaceous limestone ) Test| 26-2
[TCR=
100% Pressurenletre
7 gg SCR= Test| 26-3
854
W ==
96.0 692 96
6.9 |[End of Borehole

* TICR: Total Core Recovery
5CR: Solid Core Recovery
RQD: Rock Quality

Designation
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RECORD OF BOREHOLE No 27 = METRIC
w P 199-77-03  Location  N4r799,669.1 E278,169.8 ORIGINATED 8y _VCH
DIST._4 Hwy _A03/QEW BOREHOLE TYPE _ Solid Stem Augers COMPILED Y _ MHW
DATUM _Seodetic .. DATE _ August 23, 1990 cHECKED BY _ JSM
DYNAMIC CONE PENETRATION i
SOIL PROFILE SAMPLES | &5 1 B |Fecievarice PLOT NaryRAL w
ko < MASTIC  wensryre  tiOub | 4 T REMARKS
- S8 B 30 a0 sp 8o o |V conre T} 50
Ole pH = At Y A W W w w | Suw &
= w =% Z P 3 2
ey SESCRIPT! 8 w| 23188 | & [SHEAR STRENGTH kPo LA - GRAIN SIZE
DEPTH DESCRIPTION S fZ31 2| 2|88 5 [ovnconame s mmovanel o ¥ [oTREUTION
212 » | §C | & |eouck rramAL  x (ap vane ¢ {%)
103.7 {Ground Surface B i ¥ i . 10 20 30 GR SA S| Cl
mg'g 1 Topsoil I L
Clayey silt (Fill) er.
sand, oce. gravel, tr.
topsoil
1185 {18 ©
102.3|Very Stiff _ _ Brown
1.4{Silty Sand (Fill) A
101.8 {compact Blacklld 2 |88 |12 102 o
1.91ayey silt tr. to a9k
some sand, oce. pravel L1
(1ill) ' Ry o
i) 388 125 Bofetolk dry
= o1 duking HBril¥ing
o WA s [ss |35
g : ' U °
4 Very stiff Y
Q to hard at Brown 01;,4 100
& about Elev. to Red f Id 5. ge 150/74mm ‘ P
w 99.41100.0 m Brown L]
c*‘-) 4.315ilty fine sand
$9.0 Reddish Brownl" °
v [«
= 4.7 |Shale Bedrock 6 188 _170/130mm . o
o (beformation Till) &
- o8, 3jcompletely weathered prtgepr s o
o 5.4 |End of Borehole
& 98
bt
« .
w
"]
e
A
Q

" 90 o
+3, x5 Numbers refer to 15 0 ¢ (o) STRAIN AT FAIURE
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RECORD OF TEST PIT No. 8 METRIC
w e _199-77-03 LocaTion N6, 799,458  E278,176 ORIGINATED BY _VCH
DIST _ 4 HwWY _403/QEW BOREHOLE TYPE __ Backhoe Dug "John Deere 690" COMPILED BY _ MHW
DATUM _Beedetic DATE August 18, 1990 CHECKED BY ___JCM
SOIL PROFILE SAMPLES | & W [DrNemIC CONE PENETRATION -
EE g |RESISTANCE PLOT ™ MASTIC morsrore Uauw | . T REMARKS
< o . LIMIT COMTENT LIMIT =0
P w | 20 20 40 60 80 100 £25 &
9 ﬁ‘, g C}h = ! ! ) ! I Wp W Wy :7'5
ELEV DESCRIPTIO Slol & | = 128 O |SHEAR STRENGTH kPo [ S GRAIN S1ZE
DEPTH ESCRIFTION 1Bl Z | $138| T |ounconmme  + FiEwD vane arer content o] 7 [PRTRBUTION
€12 > | &Y T | QUICK TRIAXIAL  x LAB VANE WATER CONTENT (%] (%)
103.8 |Ground Surface A g o 1020 30 GR SA 51 CI,
103.5 |Granular Road Base e
0.3|Clayey Silt, trace
sand, occasional gravel .
(Fill)
- 1 1€s o]
102.2 Brown
1.6|Clayey Silt, trace to [ MH-sl2 102 6]
some sand, occasional a/.
gravel, rootlets at topl . ¥ :
N it esp pit) dry
of layer (Till) ¥ following exdavation
Ho |
3]Cs ©
100.5 s e JBrown _w;;'
3.3 21q¥e¥ §1Tt Trade sind F
7111 Red Browm {2 I
3.6|End of Test Pit 100
1 20
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GEOTECENICAL INVESTIGATION
PROPOSED BRIDGE 42
BITE 10-334
FREEMAN INTERCHANGE
BURLINGTON, ONTARIO
W.P. 199-77-04 DISTRICT 4

1. INTRODUCTION

Golder Associates Ltd. has been retained by the Ministry of
Transportation Ontario (MI0) to carry out a series of site

specific subsurface investigations for the design of .

strgctures for the proposed reconstruction of the Freeman
Interchange in Bﬁrlington, Oontario. This report presents the
results of a subsurface investigation carried out at the site
of the proposed Bridge No. 42. As presently proposed, Bridge
42 will carry the 403 west/QEW south traffic over the 403
east/Fairview Street ramp as shown on the Key Plan, Drawing
1997704-A.

The pﬁr'pgse of the investigation was to determine the
subsurface conditions at the site,

2. SITE AND PROJECT DESCRIPTION

The site of the proposed Bridge 42 is located in a relatively
flat, grassed area, situated between the existing 403-QEW
south and, the 403 east-QEW south ramps of the Freeman
Interchange in Burlington, Ontario. The location of the site
is shown on the Key Plan, Drawing 1997704~A.

- The site is situated within the physiographic region of

Southwestern Ontario known as the Iroquois Plain. Available
geologic information indicates that the overburden .:‘m the

* SHEET NO 446 OF THE CONTRACT DWG'’S
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general area of the site consists of a thin veneer of sands,
glacial till and/or residual soil derived from the weathering
of the underlying shale bedrock. The Queenston shale
formation which comprises the bedrock in the area generally
consists of thinly bedded red shale with layers of grey
limestone. '

The bridge will carry 403 east/QEW south traffic over the 403

south/Fairview Street ramp.

The proposed bridge will consist of a 9.5 metre span rigid
frame, 50 metre in length. Two sections of retaining wall,
25 metres and 40 metres in length are required at the
northwest and southeast cor:nefs, of the proposed structure.

Approach fills of some 7 metres in height will also be
required. |

3. INVESTIGATION PROCEDURE

The field work for this investigation was carried out on
August 17 and 22, 1990 at which time two test pits were
excavated and four boreholes were drilled. The locations of
the boreholes and test pits are shown on Drawing 1997‘704--At

The initial stage of the field work consisted of excavating
two test pits (numbered 9 and 10) at the west and east limits

of the proposed bridge. The test pits were excavated to a

depth of about 3.8 metres below the existing ground surface
using a "John Deere 690" hydraulic backhoe supplied and
operated by a local contractor. Chunk samples were obtained
from the predominant soil strata exposed in the test pits and

* SHEET NO 446 OF THE CONTRACT DWG'S
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the test pits were loosely backfilled following sampling and
logging.

The boreholes were drilled using a track mounted power auger
equipped for rotary drilling, which was supplied and operated
by a specialist drilling contractor. Boreholes numbered 29
and 30 were advanced to bedrock, through about 5.2 to 5.8
metres of overburden, and the shale bedrock encountered
beneath the overburden was core drilled in NQ size for 3
metres in these boreholes. Boreholes numbered 28 and 31 were
drilled to practical auger refusal. The boreholes\ were
advanced in the overburden using nominal 150 millimetre
diameter hollow stem augers. Standard penetration testing
and sampling was ocarried out within  the overburden
encountered in the boreholes using 35 millimetre inside
 diameter split-spoon sampling equipment.

Samples of the overburden and the rock core, recovered from
the test pits and boreholes, were taken to our Hamilton
laboratory for examination and water content determinations.
The grain size distribution and Atterberg limits were
determined on selected samples of the overburden.

The soil and rock stratigraphy encountered in the boreholes
and test pits are shown in detail on the Records of Boreholes
and Records of Test Pits following the text of this report

and on Drawing 1997704-A. The results of the field and.

laboratory testing are also shown on the Record of Borehole
and Record of Test Pit sheets and on Figures 1 and 2.

Groundwater levels were observed in the open boreholes during

* SHEET NO 446 OF THE CONTRACT DWG'S
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drilling and in the test pits during and after excavation.
A piezometer was installed in Borehole 29 as detailed on the
Record of Borehole sheet. Notes pertaining to the

groundwater conditions observed in the boreholes and test

pits are also shown on the Records of Boreholes and Test Pits
and on Drawing 1997704-A.

The locations and ground surface elevations at the borehole
and test pit locations have been determined by Golder
Associates staff with reference to site specific points and
temporary bench marks provided by McCormick Rankin &
Associates Limited. The final locations and ground surface
elevations at the boreholes were subsequently verified by
McCormick Rankin. The elevations provided are understood to
be referred to geodetic datum.

4. SUBSURFACE CONDITIONS
4.1 General

The subsurface conditions encountered in the boreholes and
test pits put down at the site are shown in detail on the
Record of Borehole and Record of Test Pit sheets, and in
summary form on Drawing 1997704-A. The soil boundaries and
rock stratigraphy indicated, particularly for the boreholes,
are inferred from non-continuous sampling and resistance to
drilling advance. These boundaries typically represent a
transition between one scil or rock type to another and are
not intended to define an 2xact plane of geological change.
Conditions will vary between and beyond the borehole and test
pit locations.

* SHEET NO 446 OF THE CONTRACT DWG'S
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The subsurface conditions encountered at the site generally
consisted of topsoil, £ill, glacial till, and completely to

highly weathered shale underlain by more competent shale

- bedrock, at depth.

The following discussion has been simplified in terms of
major soil and rock strata for the purposes of geotechnical
design. ‘ '

It should be noted that due to the relatively soft and
weathered nature of the Queenston shale formation,
part:.cularly the upper zone, together with the effects of
glac;.al overra.dn.ng at the bedrock surface, it is difficult to
accurately define the bedrock surface both from a geological
and a contractual standpoint. '

During the course of this investigation, a stratigraphic unit
directly overlying the shale bedrock, which in strictly
geclogical terms is: described as defdmation till, has been
encountered. This stratigraphic unit consists of an
imbricate embedment of fragments of bedrock in a till matrix
which has been formed from glacial overriding of the parent
bedrock. This till is characterized by the presence of
rounded and sub-angular clasts of the parent rock with non
horizontal bedding. Based on the consistency, the relatively
high penetration resistance encountered in the boreholes and
the difficulty of excavation experienced in the test pits,
this stratum could be contractually interpreted as a zone of
" the bedrock and for this reason has been referred to in this
report as an upper zone of the bedrock formation.
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4.2 Topsoil

- Topsoil was encountered at the ground surface in the
boreholes and the test pits put down at the site. The
thickness of the topsoil layer ranged from about 0.1 to 0.2
metres at the locations investigated.

4.3 Clavey Silt, Silty Clay, Sand and Gravel (Fill)

A layer of £ill was encountered overlying the glacial till in
all of the boreholes and test pits. The thickness of the
fill material ranged from about 0.6 metres to about 1.8
metres. The fill generally 'sisted of brown clayéy silt
‘with trace sand and organic: d occasional gavel. A layer
of sand and gravel fill was encountered below the topsoil in
borehole 29.

The clayey silt £ill has in-situ water contents ranging from
about 8 to 37 per cent. The N-values determined in standard
penetration testing carried out in the clayey silt fill
ranged from 15 to 22 blows per 0.3 metres indicating a very
stiff consistency.

4.4 Clavyey Silt trace sand, occasional gravel
and cobbles (Till)

Glacial till was encountered in all of the boreholes, and in_
the test pits, and was generally characterized by an upper
zone of very stiff to hard brown to grey clayey silt and a
lower zone of reddish brown clayey silt which is somewhat
harder than the overlying till.



‘The N values determined in the upper till zone ranged from 46

to 120 blows per 0.3 metres. The natural water content of
samples of the upper till recovered from the boreholes and
 test pits ranged from about 8 to 14 per cent. The
corresponding plastia’and liguid limits of the upper till are
about 14 and 27 respectively based on a single Atterberyg
- limit determination. A grain size distribution curve for a
sample of the clayey silt till (recovered from a 35
millimetre I.D split spoon sampler) is shown on Figure 1 and
' a corresponding plasticity chart is shown on Figure 2.

Test pits 9 and 10 were terminated in the upper till deposit
" at a depth of about 3.8 metres below the existing ground
surface. The upper till deposit was fully penetrated in the
boreholes at depths of about 4 to 5 metres below the existing
ground surface, or between about elevations 96 and 98 metres.

Beneath the grey-brown clayey silt till in boreholes 28, 29

and 30, a reddish brown clayey silt t¢ill deposit was
encountered.

Standard penetration testing was carried out in the lower
till zone, but due to its hard consistency it was not
practical to advance the sampler the entire 450 millimetres
required to establish an N value. However, N values of the
order of greater than 100 blows per 0.3 metres can generally

be inferred from the penetration testing. The natural water

content of the lower till typically ranged from about 6 to 10
per cent. The lower till deposit tended to be slightly
coarser than the overlying till.
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The till deposits encountered were generally fine grained in
nature and no major concentrations coarse particles such as
boulders were encountered during this investigation. This
does not necessarily mean that the coarser particle sizes are
not present at random or in concentrations within the
deposit, since till is an inherently variable material.

4.5 Shale, Completely to Slightly weathered (Bedrock)

At the borehole locations, the overburden materials were
underlain by shale bedrock of the Queenston Formation.
Bedrock was encountered between about elevations 95.6 and
96.6 metres, or at depths of from about 5.0 to 5.8 metres
~ below the existing ground surface.

The upper zone of the bedrock is generally highly weathered
and has been described as deformation till in the boreholes.
More competent shale was encountered in boreholes 29, and 30
between about elevations 94.6 and 95.3 metres, or at depths
of about 6 metres below existing ground surface. The bedrock
core recovered from boreholes 29 and 30 generally consists of
moderately to faintly weathered thinly bedded reddish-brown
shale, interbedded with thinly bedded 1light grey, fine
grained axgillaCeous'limestone up to about 0.5 metres in
thickness.. ‘

The rock core recovered from the boreholes generally
exhibited a relatively high degree of fr+ =uring. The total
core recovery (TCR) ranged from about 9¢( ' » 100 per cent and
the solid core recovery (SCR) ranged frown about 52 to 97 per
cent. The rock quality designation (RQD) ranged from about

90



32 to 55 per cent.

\4.6 Groundwater Conditions

Groundwater was not encountered during the field drilling/
digging operations in boreholes 28 and 31 which were
terminated at auger refusal, or in test pits 9 and 10 which
were terminated in the grey brown (upper) clayey silt till.
Boreholes 29 and 30 were dry to the depth of practmcal auger

- refusal, corresponding to about elevations 95.3 and 94.6
metres respectively. The groundwater level was measured at
about elevation 101.1 metres or at a depth of about 0.3
metres below the existing ground surface, in the piezometer
in Borehole 29, about 2 weeks after the completion of
drilling and at about elevation 100.5 metres some 3 months
after drilling.

It should be noted that the piezometric groundwater lével
within the subsoil and underly:mg bedrock is subject to
fluctuation not only due to precmpltatlon conditions, but
also due to seasonal variations.

Note: ?he preceding report is a copy of the factual
information from the Foundation Report
prepared by GOLDER ASSOCIATES LTD '
(consulting geotechnical engineers for this project),
under the technical supervision of the M.T.O.
Foundation Design Section.

TR,

'P. Payer, P Eng.
Senior Foundatation Eng1neer

M. S Devatjzgg Eng.

Chief Foundation Engineer
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RECORD OF BOREHOLE No 28 METRIC
WP __199-77-04 LOCATION _ Co-ordinates N4,799,237.5 B277,943 ORIGINATED 8Y __VCR
DIST _ % HwWY _403/QEW BOREHOLE TYPE Solid Stem Augers COMPILE.D BY MHW
DATUM __ Geodetic DATE August 22, 1990 CHECKED BY QS .
o w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & 2 | Resistance eloT pasic NATURAL =z
EZ s \:AUT BONTURE LIMIT :C) REMARKS
= w | 2OV 20 40 60 80 100 CONTENT z9
O e A il - 1 Pl ! Wp w w, | Sw &
ELEV Elalw| 2|28| © |SHEAR STRENGTH kPo R % | GrRAIN SIZE
DEPTH DESCRIPTION “Ez| 8% 2 |0 unconsanep * HEWD VANEL o content ] Y DISTRIBUTION
é z 5 | &Y T |e ouck TRAXIAL  x 1aB vang | (%) (%}
101.6 |Ground Surface % : o 1020 30 GR 5A S1 CL
. Topsoil i
0} |cTayey L1t (FIT)
101.0 jocc. gravel Brown
0.6 |Clayey Silt (Till)
trace sand, 11{s% |57 ©
occasional gravel L
1
100
1 Q
H2iss |66
|~
Grey brown te red brownH
at gbout elevation 97.8 / 3 lss | 64 o
L
..° q
/ 4 |88 57
- 98
=
. . o
ﬁ 3 1S5 60/7mm Boreflole dry djiring drilling
i/' 6 155 70/1Gomm o
96,6 | Hard -]
3.0 {Shale (Deformation A
96.2|Till) comp. weathered 4% o
5.4 [Shale Bedrock fgﬁ; 7lss bs/ijomm | 96
Highly weathered 7 ;
95.5 llﬁf foiss  keass
6.1 |End of Borehole
94

+3, x% - Numbers refer 1o
Sensitivity

20
15 -5 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 29 METRIC
w P 199:77204 LOCATION __ Co-ordinares N4,799,218 E277,96) ORIGINATED BY __VCH
Joist__ 4 Hwy _403/QEW BOREHOLE TYPE__ _Solid Stem Augers: NQ Rock Core COMPILED BY . MEW
DATUM _ Geodetic . DATE " August ‘22, 1990 CHECKED BY !ic&
SO PROFILE SAMPLQS o w P DYNAMIC CONE PENETRATION -
§£ _ 5 RESISTANCE PLOT. %o nasmc MOV wowo| u % AENARKS
= 20| @ 20 4p &0 80 100 U7 cowrewr UMT 2O
Ole m bl 'l 3 ) ) 1 W W W oW &
w {w > Qm 2 44 L 3
ELEY DESCRIPTION Slol & | 2 |28 | @ [SHEAR STRENGTH iPo ———y GRAIN SIZE
DEFTH IEl 2] 8% % o unconmnes + FIELD VANEL o o ENT (% y |OISTRIBUTION
g2 5 BV | § [eQuck TRIAXIAL  x 1AB VANE co %) {%}
101,41 Ground Surface w N w 10 20 30 GR SA 51 CL
= o
01 sand and Gravel (Fill) P i Watef level aljove
A Elevation 1011 metres
100.6 Brown i+ Augupt 30, 1990 and at 100.9
0.8]Clayey Silt (Fi11) 11 ss |22 metyps Novembdr 19] 199p o]
trace sand and topsoil ' '
occ. gravel 100
99.9{Very Stiff Brown
1.5} Clayey 5ilt, trace 4 1 )
sand, occ. gravel and |lA] 2|85 | 53
rock fragments (Till) .
1SRRG °
z 1.4
© W O] frmedt
g W4 (ss |59 98 )7 2643 24
o 1A, :
et .
(-9
& 4415 | ss | 58 o
Hard brown becoming 4
g reddish browm at about ; * | ‘
pr4 lelevation 97.0 A1e 1 50um o
z g 0|
o 1L 7 185 | 60/18lomn | 96 o
9 95.6) A
o 5.8| 5h fon 11 %
& | o2-§|Ehais. (Pyfernation IERY
ﬁ 6.1{5hale Bedrock AICH=
b mwoderately to slightly g |xq 98%
& weathered thinly to ke [SCR=
medium bedded Reddish 63%
' Brown RQD=
interbedded with grey ) 32% 9%
fine grained argil-
laceous limestone TR )
31 100%
72 g | nn |SCRe
4 re {97%
'[\ RQD*
X 55%
92.3 i Yo U
9.1{End of Borehole 62
* TCR: Total Core Recovery
SCR: Sovlid Core Recovpry
ROD: Rock Quality
Designation
i

T
W3 x5 Qumbars refer to 45 o5 (%) STRAIN AT FAILURE
ansitivity 0 :
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RECORD OF BOREHOLE No 30 . METRIC
w P _ 199-77-04 LOCATION __Co-ordinates N4,799 182  E277.970 ORIGINATED BY VEH
DIsST _4 HwyY _403/QEW BOREHOLE TYPE __ Hollow Stem Augers, NQ Rock Core COMPILED By _ MEW
DATUM __Geodetic _ DATE Aggust 22, 1930 CHECKED BY m&;
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION —
EE 3 RESISTANCE  PLOT 2 lmastic NOWTOR wows! . X REMARKS
) b LiMiT CONTENT  UMIT w8
s n | 3Q 20 40 60 8O 100 zZs A
9 35 g D: = 1 1 1 1 ] Wp W w, :,3
ELEV Thol 2| 21281 8 |SHEAR STRENGTH kPe R —— GRAIN $1ZE
BEFTR DESCRIPTION IENZ 121881 5 o unconmmed  + FiEwo vane warer ConTent | 7 DISTRIBUTION
gz > [ &Y | & |eocuck TriaxiaL  x LaB vANE . %1
100.8| Ground Surface n - w 10 20 30 GR SA 51 Cl
. Topsoil e
0.1 Gravel and Silty Clay
(Fill)
99.9| Firm Brown
100 5
0.91 Clayey Sile (Till) tr.®_ M 1 lgs |46
sand, ocec. gravel
2 (s |e0 ol
"4
A} 3{ss |75 g
ot 98
1 s iss |86 o
Hard Grey brown 11
becoming red brown i
at about elevation :
%.2m rT 5 (88 [120 o
W6 Tss {60/7hmm 9
L1 96
95.6 d¥ - Borphole dry [to
5.2 Shale (Deformation ;“A El? ra.t_:ion 9446 duting o
Till) completely 71 7 [ss 17071b0mm drifling
95.0 ) weathered __ __ _ | A
5.8 Shale Bedrock y
124,61 highly weathered ... 2-: Rt Y0 Omm fs)
6.2 Shale Bedrock | *|TCR= :
moderately to slightly? 90%
weathered thin to o 9 [NQ |SCR=
; I/ 94
medium bedded, Reddish \//_: RC  {52%
Brown interbedded with [ ' RQD=
fine grained ot/ 40%
argillaceous limestone A
’ Y
é *ITCR=
) 1007
Y/ S5CR=
60% )
/ N
> RQD= 92
43T
91.5 7
9.3 End of Borehole
90

+3, x5 . Numbers refer to

20
15 45 {%)STR T FAILURE
' Sansitivity -‘%- {%)} STRAIN A
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RECORD OF BOREHOLE No 3| METRIC
w P 199’“‘?7"‘05 ) LOCATION Co~ordinates N4 ,799,158 E277,988 GRIGINATED BY CB
DIST_4 HWY _503/QEN BOREWOLE TYPE_Solid Stem Augers COMPILED BY __ MHW
DATUM _ Geodetic .. DATE August 22, 1990 CHECKED BY 3\{_&
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES | &, | 3 |Resistance Lot NATYRAL =
w21 8 PLASTIC, mosrume LiouiD |y X REMARKS
e w |28 @ 20 40 50 80 oo |UMT  coNTenr uMT | 5O
9 ﬁ w DE P i 1 ) ! L W‘, w Wt my S &
ELEV DESCRIPTION Elgiw!l2 25| § |SMEAR STRENGTH kP b | 5| GRAIN SIZE
DEFTH| - S 2| S35 & |ounconmner  + risD vane T y |DISTRIBUTION
|2 5 &Y | & |eouck TRAXIAL  x LAB VANE WAf: C%NUTE;':('“ {%)
101.7 | Ground Surface vi = i ) GR SA S1 CL
0.0 | clayey siit (Fill)
witg sand, trace
organics, oce. gravel
1] 8¢ 15 P
99.9 | Stiff Brown N2 1 85| 15 100
1.8 | Clayey $ilt (Till) |
trace sand, octasional /’
. gravel " :
T 2 ERER L °©
p-d .
] /; .
= 1 114 | ss 106/1D0mm : o
g A ' '
Q 4.0
= / o Bordholeidry
w {151 ss |13 during d#illing °
—h
8 i)
[ .
= /i.” 61 85 85 <
o Wi
. L96.3)  Raxd Grey Brown L1 s . ) i
& [754]Shate (beformation 1] S5 p30/Z5am ' D
& 95.9 1 Till) comp. weathered ¢
w 5.8 Shale Bedrock 9
95.5 | Highly weathered g
by 6.2 | End of Borehole = B
o
(T
o
94 )
3
i,

3 5. Numbers refer to 20 0
s - 3 *
' Sensitivity Sgﬁ {%] STRAIN AT FAILURE
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RECORD OF TEST PIT No. 9 METRIC
w b 199-77-04 LOCATION _Co-ordinates N4,799,213.5  E277,950 ORIGINATED By VCH -
DIST__ 4 HwY _403/QEW BOREHOLE TYPE _Bachoe Dug "John Deere 690" COMPILED &Y _ MHW
DATUM _Geodetic DATE August 17, 1990 CHECKED BY Sh m .
SOIL PROFILE SAMFLES | = s TDYNAMIC CONE PENETRATION —
= z0 | & 20 40 60 80 o |U™MT conrer wmt ] SO
0|e s b - e Wp w w, | 5w &
ELEV Gl w ! 2198 | & [SHEAR STRENGTH ko e O % | cram size
DEPTH DESCRIPTION = % z) g 8% = | o unconFrned + FIELD VANE ATER CONTENT (%) 7 DISTR!?UTION
2|z » | &Y & |eouek Traxial x tas vang W {% (%}
101.0 | Ground Surface 2 : w 1020 30 GR 5S4 S1 €L
100.8 | Topsoil = R
0.2 | Clayey S1lt (Fill)
with zones of grawel
d d
an san T G 100 o
99.8 Brown it b
1.Z | Clayey 811t (Till) 2 Test|pit gry |
tr. sand, cccasiomal . follpwing excyation
gravel and cobbles [
2] cs °©
98
=1
97.3 Grevy Brown "(J-
3.7 | Bottom of Pit
96

20
+3, x5 Numbers refer to %5 (%) STRAIN AT FAILURE
Sensﬂwﬂy 10



i _ . ' 99
RECORD OF TEST PIT No. 10 METRIC
1997704 Co-ordinates  N4,799,172.5  E277,9827 YCH
WP LOCATION ORIGINATED By VCH
DisT,. 4 HWY _403/QEN BOREHOLE TYPE Backhoe Dug “John Deere 690" comPiLED BY MW
DATUM .. Beodetic . DATE August 17, 1990 CHECKED B8y ,.B\E& :
501 PROFIL AMPLES | & w | DYNAMIC CONE PENETRATIUN .
£ 5 B {Bw| 7 |sesistance plor nasne SAVIRL e | L E REMARKS
"B L . LMt CONTENT -LIMIY -
= w | 3207 20 40 60 B0 100 -4 2
9 :._5 b g = 1 : 4 ] A Wp w W, ;mug-l
ELEV DESCRIPTIO Eld| 2| 2185 O [sHEAR STRENGTH kPo SRS — GRAIN $1ZE
DEPTH ESCRIPTION =131 2| $136] 5 Jounconmmen  + Fiew vane aTER CONTENTI%)| 7 |PETRIBUTION
é' F:4 5 SU § ® QUICK TRIAXIAL % L4B vang |/ {%) {%}
101.5] Ground Surface w = w 1o 20 30 GR SA 51 CL
101.3 | Topsoil e ‘
0.2 | Clayey S5iit (Fill)
tr. sand and organics
occasional gravel I o
99.9] - Brown z lrs : 100 o
1.6 Clayey Silt {Till) 4 - 1 Test|pit Hry
tr. sand, oc¢casional LY. folloving] excdvation -
gravel _ i ) )
W '
4
4
o .
o o
<
& ’ 98
9 97.7 Grey Brown
s 3.8 Botrom of Test Pit
x ‘
0
v
=z
[}
=
S . 96
[
w
o«
e
o4
e
B
o

20
3 5. Numbers refer to . ) )
T g nsitivity 15 :4;5 {%) STRAIN AT FAILURE
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GEOTECHNICAL INVESTIGATION
PROPOSED BRIDGE 33
SITE 10-335
FREEMAN INTERCHANGE
N BURLINGTON, ONTARIO
W.P. 199-77-05 DISTRICT 4

1. INTRODUCTION

Golder Associates Ltd. has been retained by the Ministry of

Transportation of Ontario (MTO) to carry ocut a series of site

specific subsurface investigations for the design of
structures for the proposed reconstruction of the.Freeman
Interchange in Burlington, Ontario. This report presents the
results of a subsurface investigation carried out\ai the site
of the proposed Bridge No. 33. As presently proposed, Bridge
33 will carry the QEW east/403 west ramp traffic over the 403
east/QEW south ramp traffic. The proposed high level Bridges
34 and 35 will carry the 403 westbound and eastbound traffic
over bridge 33. The location of the site is shown on the Key
Plan, Drawing 1967705-A"

The purpcose of the investigation was to determine the

subsurface conditions at the site.

2. . SITE AND PROJECT DESCRIPTION

The site of the proposed Bridge 33 is located in a relatively
flat, grassed area, situated south of the existing QEW/403

west ramp and north of the existing QEW southbound lanes and |
the QEW east/403 west ramp. The location of the site is

*®
shown on the Key Plan, Drawing 1997705-A.

The site is situated within the physiographic region of
Southwestern Ontario known as the Irogquois Plain. Available
geologic information indicates that the overburden in the

* SHEET NO 465 OF THE CONTRACT DWG'S
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general area of the site consists of a thin veneer of sands,
glacial till and/or residual soil derived from the waatheringy
of the underlying shale bedrock. The Queenston sh&la
formation which comprises the bedrock in the area generally
consists of thinly bedded red shale with occasional bands of
grey limestone. |

The bridge will carry QEW east/403 west ramp traffic over the
403 east/QEW south ramp. The proposed high level bridges (34
and 35) will carry the 403 west and east bound traffic over
Bridge 33. |

The proposed bridge will consist of a 19 metre span rigid
frame, some 17 metres in length. Approach fills of some 7
metres in height will be required.

3. INVESTIGATION PROCEDURE

The field work for this investigation was carried out on

August 16_and'20, 1990 at which time one test pit (numbered

3) was excavated and two boreholes (numbered 6 and 7) were

drilled. The locations of the boreholes and test pit are
shown on Drawing 1997705-A. |

In addition, the results of borehole 16 drilled as part of
the investigation programme for Bridge No. 35 (Site 10-480 WP
199-77-07)have been included in this report.

The initial stage of the field work consisted of excavating
one test pit (numbered 3) some 20 metres west of the west
abutment of the proposéd Bridge 33. The test pit was
excavated to a depth of about 3.7 metres using a "John Deere
690" hydraulic backhoe supplied and operated by a local

* SHEET NO 465 OF THE CONTRACT DWG'S
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contractor. Chunk samples were obtained from the predominant
'so0l1l strata exposed in the test pit and the test pit was
loosely backfilled following sampling and logging.

The boreholes were drilled using track mounted power auger
drillrigs equipped for rotary drilling which was supplied and
operated by a specialist drilling contractor. The boreholes
were drilled to practical auger refusal using both nominal
150 millimetre outside diameter hollow stem augers and
nominal 100 millimetre diameter solid stem augers. Standard
penetration testing and sampling was carried out within the
overburden encountered in the boreholes using 35 millimetre

inside diameter split spoon sampling equipment.

Samples of the overburden recovered from the test pit and
boreholes, were taken to our Hamilton laboratory for

examination and water content determin=*ions.

The soil and rock stratigraphy encountered in the boreholes
:nd test pit are shown in detail on the Records of Boreholes
and Record of Test Pit following the text of this report and
on Drawing 1997705~A" The results of the field and
labofatory testing are also shown on the Record of Borehole
and Record of Test Pit sheets.

Groundwater levels were observed in the open boreholes during
drilling and in the test pit during and after excavation.
Notes pertaining to the groundwater conditions encountered in
the boreholes and test pit are shown on the Records of
Boreholes and Test Pit and on Drawing 1997705*Af

The locations and ground surface elevations at the borehole
and test pit locations have been. determined by Golder

* SHEET NO 465 OF THE CONTRACT DWG'S
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Associates staff with reference to site specific points and
temporary bench marks provided by McCormick Rankin &
Associatgs Limited. The final locations and ground surface
elevations at the boreholes were subsequently verified by
' McCormick Rankin. The elevations provided are understood to
be referred to geodetic datum.

4. - SUBSURFACE CONDITIONS

4.1 General

The subsurface conditions encountered in the boreholes and
‘test pits put down at the site.are shown in detail on the
Record of Borehole and Record of Test Pit sheets, and in
summary form on Drawing 1997705~Aﬁ  The soil boundariés and
rock stratigraphy indicated, particularly for the boreholes,
are inferred from non-continuous sampling and resistance to
drilling advance. These boundaries typically represent a
transition between one soil or rock type to another and are
not intended to define an exact plane of geological change.
Conditions will vary between and beyond the borehole .and test
plit locations.

The subsurface conditions encountered at the site generally
consisted of fill and topsoil overlying glacial till, and
completely to highly weathered shale.

The following discussion has been simplified in terms of
major soil and rock strata for the purposes of geotechnical
.design.

It should be noted that due to the relatively soft and
weathered nature of the Queenston shale formation,

* SHEET NO 465 OF THE CONTRACT DWG'S
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particularly the upper zone, together with the effects of
glacial overriding at the bedrock surface, it is difficult to
accurately define the bedrock surface both from a geclogicai
and a contractual standpoint.

During the course of this investigation, a stratigraphic unit
~directly overlying the shale bedrock, which in strictly
geological terms is described as defofmation till, has been
encountered. This stratigraphic unit consists of an
‘imbricate embedment of fragments of bedrock in a till matrix
which has been formed from glacial overriding of the parent
bedrock. This till is characterized by the presence of
" rounded and sub-angular clasts of the parent rock with non
horizontal bedding. Based on the consistency, the relatively
high penetration resistance encountered in the boreholes and
the difficulty of excavation experienced in the test pits,
this stratum could be contractually interpreted as a zone of
the bedrock and for this reason has been referred to in this
report as an upper zone of the bedrock formation.

4.2 Topsoil

Lavers of topsoil were encountered at the ground surface
depths in borehole 16 and test pit 3 and beneath the fill in
borehole 7 and test pit 3.

4.3 §ilty Clay, trace sand, trace to some topsoil,
© occasional gravel (Fill)

Layers of silty clay £ill were encountered to depths of about
1 metre in boreholes 6 and 7 and in test pit 3 and to a depth
of about 1.7 metres in borehole 16. The silt clay fill in

borehole 16 had an in-situ water content of about 20 per cent

104 -



and an N value as determined in the standard penetration test
of 16 blows per 0.3 metres.

4.4 Clayey Silt, trace to some sand,
occasional gravel (Till)

Glacial till was encountered beneath the £ill and topsoil and.

generally consisted of an upper zone of stiff to hard brown
clayey silt and a lower zone of reddish brown clayey silt
which is somewhat harder than the overlying till.

The N values determined in the upper till zone ranged from 13
to 43 blows per 0.3 metres. The natural water content of
samples of the upper till recovered from the boreholes and
test pit ranges from about 11 to 20 per cent. The upper till
deposit was fully penetrated in the boreholes and test pit at
depths of about .2 to 2.5 metres below the existing ground
surface, or -at about elevation 103.6 metres.

Standard penetration testing was carried out in the lower
till zone, but due to its hard consistency it was not
practical to advance the sampler the entire 450 millimetres
required to establish an N value. Howevef, N values of the
order of greater than 100 blows per 0.3 metres can Qenerally
‘be inferred from the penetration testing. The natural water
content of the lower till typically ranges from about 5 to 14
.per cent.

Both of the till layers encountered were generally fine

grained in nature and no major concentrations of coarse’

particles such as boulders were encountered during this
investigation. This does not necessarily mean <that the
coarser particle sizes are not present at randem or in
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concentrations within the deposit, since till is an
inherently variable material.

4.5 Shale, completely to slightly weathered (Bedrock)

At the borehole locations, the overburden materials are
underlain by shale bedrock of the Queenston Formation.
Bedrock was encountered between about elevations 102.1 and
102.8 metres, or at depths of from about 3.1 to 3.7 metres
below the existing ground surface.

The upper zone of the bedrock is generally highly weathered
and has been described as deformation till in borehole 7 and
test pit 3. More competent shale was encountered in borehole

16, at about elevation 101 metres.
4.6 Groundwater Conditions

Groundwater was not encountered during the field drilling
operations in borehecles 6 and 7 which were terminated at
auger refusal. Minor groundwater seepage into test pit 3 was
observed at about elevation 104.9 metres or at a depth of
about 1.2 metres below the existing ground surface.

It should be noted that the piezometric groundwater level
within the subsoil and underlying bedrock is subject to
fluctuation not only due to precipitation conditions, but
also due to seasonal variations. The groundwater conditions
reported above may therefore not necessarily represent
stabilized conditions or conditions which may be encountered
during construction.



Note:
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The preceding report is a copy of the factual
information from the Foundation Report

prepared by GOLDER ASSOCIATES LTD

(consulting geotechnical engineers for this project),
under the technical supervision of the M.T.O.
Foundation Design Section. :

PR

P. Payer, P. Eng.
Senior Foundatation Engineer

-

M.S. Devata, P. Eng.
Chief Foundation Engineer




OFFICE REPORY ON SOl EXPLORATION

Mhnistry

®:

Transporiation

108

‘_3' xS . Num?:f,-rs refer to
Ssnsmvil‘y

1545 (%) STRAIN AT FAILURE
Y

RECORD OF BOREHOLE No 6 METRIC
w P _ 199-77-05 LOCATION _ Co-ordinates N&,799,564.5 E277,853.4 ORIGINATED &y CB
DIST __4 ___ Hwy _QEW/403 BOREHOLE Typg _Solid Stem Auger COMPILED By _MRY
DATUM Geodetic DATE August 20, 1990 CHECKED BY ‘“ &:’
o« w | DYNAMIC CONE PENETRATION
S0IL PROFILE SAMPIES 1 5., | 2 |resistance piorT natuRaL I
22 2»—....,_,,__ FLASTIC  penstyrg UQUD | o REMARKS
g S LimT CONTENT  LIMIT =0
= wn | 20 £ 20 40 60 80 100 Z= s
Ol ozl 2 e — wp W w| 5%
ELEV DESCRIPTION 181 g 2|22 © |sHEAR STRENGTH who e et GRAIN SIZE
DEFTH = ES 361 & |o unconknsp * FIELD VANE L o CONTENT (% y |DISTRIBUTION
Z| & i % ® QUICK TRIAXIAL  x 1AB VANE |™ ENT{%} (%)
105.9|Ground Surface » £ i 10 20 GR 54 51 CL
Q.0]Fill. S5ilty Clay
Some Topsoil
105.0 Brown to Black N
0.9|Clayey $ilt (Till) 1185 |14 [
tr sand occasional
gravel o
Al 2 |ss |13 104 o
b
. Borehole ldry folloting
Stiff to Hard & i1h3
j) 3 {ss lo1/450mm drilfing )
2 |
Brown{{ 4[| &4 |55 B2/140mm g
becoming reddish brown ||
1022 lar abont_elev, 103.8 '/-
3.7|Shale Bedrock ,{§‘ T EE B 5mn 102 0
moderately to slightly [/ A
weathered thinly to
medium bedded ?4@ bogeterterd
of
Reddish  FA
Brown \\/2\2
f/ﬁ
.
99.8 N 100
6.1]End of Borehole
58
20
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RECORD OF BOREHOLE No 7 METRIC
WP 199-77-05 LOCATION - Co-ordinates  N&,799,553.2 E277,868.4 ORIGINATED &Y _VCH
BiST 4 Hwy QEW/403 BOREHOLE Typg _ Solid Stem Augexr COMPILED BY _ MHW
baATUM _Geodetic __ DATE _August 20, 1990 CHECKED 8y _NC& .
SOIL PROFILE SAMPLES | = W | DYNAMIC "CONE PENETRATION , -
Bo| g |Resisance noT nastic priters weunl T 1 REMARKS
- w [ 38] ® 20 40 60 80 100 conrent © zz 2
9 & W - z H i 1 L 1 Wp W Wl. o
Bigv | N Elal ¥ 2[{98]| & |sHEAR STRENGTH kPs AR 3 | GrAIN SIZE
BerTh DESCRIPTION w51 2| £ 88| & |ouvconnnen o« e vane water content(w)] ¥ [DSTRBUTION
21z 5 | &Y & |e ouck TRARIAL  x (4B VANE . (%)}
105.9 [Ground Surface b # ] X 19 20 30 GR SA §1 CL
0.0 [Fill « Silty clay
105.2 lReddish Brown ?
il opsnil o d
0.9 Clayey Silt (Ti11) 41} 58 {14
frace to some sand A%
o D
Jf2 | ss |4 104
Briff to Hard Brown (. ! | Bordhole|dry Folldwin
becoming reddish browm 3..}-88 163/ 7bmm b Y 1ng ©
. dri¥ling
pt about elev. 103.§ m
% 102.8 i . o
£ | 3.1|shale (Deformation Ti11IRGH |58 150/5Pmm
& completely to highly
Q weathered :
& fol.9) _ Reddish Brown 5158 170/7bom 102
w 4.0 Bhale Bedrock
- ighly to moderately o2
8‘ 101.3 weathered RN W A B5
> 4.6 End of Borehole
z .
N 4
o
g
&.a 100
wi |
[ ¥
-
e
o

3 . 5. Numbers refer to 20 e,
L s A
X0 e 1545 (%) STRAIN AT FAILURE
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RECORD OF TEST PIT No, 3 METRIC
wp  199-77-05 LOCATION  Co-ordinates  N4,799,534  E277,833 ORIGINATED gy VCH
pist__4 Hwy A03/QEW BOREHOLE Typg Backhoe Dug; John Deere 690 COMPILED BY__ "W
DATUM __ Geodetic DATE August 16, 1990 CHECKED BY WMCL.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | o |OrNAMIC CONE PE aToRAL -
=% < PLASTIC  aorsture bouin] . % REMARKS
= £5| = 20 40 60 80 go V™7 conTent umiT ] 5O
Cle 21T 2 S WO v wp W w | S &
ELEV DESCRIPTION 1R w! 2198 & {SHEAR STRENGTH kPo M — Z | cramN size
DEPTH ESCRIPTIO ~1ZE1 2] 8 8% % |o unconFiNED + FIED VANEL content w7 DISTRIESUTION
.&_‘ z > SU & e ouce triaxial x 1aB vame * (%)
106.1) Ground Surface © = o 10 20 30 GR SA 51 &),
0.0, Topsoil [~ 106
0.3} 511ty Clay (Fill)
trace sand occ. gravel
105.2 Brown
0.9 Topsoil el v
1.1} Clayey Silt (Till) ]" "1 | ¢cs = Watdr Sedpage|at ellevafion ©
trace sand, oce. gravels 5 ’ 10419 metres gduring
S excgvatign
4 L 104
Brown to Red Brown| |
= &
u/f
Ay
102.7 <)
3.4 Shale (Deformation Till )
3.7 Bottom of Pit
102

+

’
Sensi

3 5. Numbers refer to

tivity 10

20
15 45 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 16 METRIC
wp 199-77-08 , LOCATION Cowordinates' N4799554;2 E277872.3 . ORIGINATED BY veH
DSt 4 HWY 403/QEW BOREMOLE Typg Hollow Stem Auger; NQ Roek Core ~ COMPILED By MY
DATUM _Geodetic DATE Aupust 29, 1990 CHECKED BY
; o w | OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 1S | g |resstance plor VLY TR
- é(zf) 9 : it . Conrer umt | SO REMARKS
5w o O 20 40 50 80 100 22 A
wix 8 lat L We w Wy ::g
ELEV DESCRIPTION Bla) 1S z% O |SHEAR STRENGTH kPo [ S A— GRAIN SiZE
BEFTH 23| Z | 5|38 § [ounconmnes  + riewo vane - toa| v |PISTRIBUTION
gz 5 |EY E’ ® OUICK TRIAXIAL % LAB VANE WAlg Cg’:w'\; %) (%}
105.5 | Ground Surface - £ @ ' 0 - |ok 5a 81 ¢
0.0 | Topsoil e
0.2 1 &ilvy Clay trace sand,
tr topsoil oee. gravel .
{Fiil)
1 88 16 P
Stiff to 104
103.8 | Very Stiff Brown
1.7 | Clayey Silt trace to || 4]12 | 58 | 14 ©
some sand oceasional ]
gravel (Tiil) 657
. 13 | 88 ) 00ms : e/ . 7 30 43 20
- 1 Pressuremeter v
g . ) T WU T Ot . Test] 15“1 Y frmgn]
g keddish Brown¥ \
o 1101.8 | Hard ' ) 102 '
O 737 Sheie Bedrock nighly VA Borghole|dry to elev. 101.1
o weathered A5 | 85 1507 5(tm durdng dbilling °
FTE )
- f101.1 | Reddish Brown ";
O 4.4 | Shale Bedrock . YA i*TCR -
w moderately to siightly F4° =330
2z weathered thinly to ¥, P SCR
o wmedivm bedded 7 Rg =57%
= Reddish Browan A ROD iDG
o) interbedded with fine P2 = 8%
5 grained argillaceous ;}/j& ;:::s\;:f?eter
= Limestone 1%
- o TCR
¥ ' e 1007
& 7 2 7 | #Q {SCR
] &7 RC =787
el RQD
ek Prespurenfeter
98.0 E{}: =42% . Test| 16-3
= o “
7.5 ] End of Borehole i
* ITCR: Total Core Recovery
SCR: 501id Core Recovery
ROD: Rock Quality
" Degignation 96

3 5. N $ 2
W58 umbers refer to 1545 ()STRAIN AT FAILURE
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STABILITY OF SLOPES
CUT AND FILL OF HIGHWAY 403
between Freeman Interchange
and Highway 5
W.P. 199-77-06
District 4, Burlington

INTRODUCTION

Further to the meeting of 92 01 30, this office received a request from the
" Regional Geotechnical Section on February 6, 1992, with regard to the stability

of cut anf fill slopes along the proposed Hwy. 403 between Freeman Interchange

and Highway 5.

Based on the request, this Section has reviewed the subsurface conditions
obtained from the previous field investigations within the area (W.P. 199-77-
09/10/11/13/17/19/21). No additional fieldwork was carried out for these
analyses. However, the results obtained from the previous investigations are
utilized in this report.

This report contains factual information from the previous investigations.

SITE DESCRIPTION

The site is located on the proposed alignment of Hwy. 403 between Freeman
Interchange and Hwy. 5 in the City of Burlington, Regional Municipality of Halton
as shown on Figure A. The topography in the area is generally flat to gently
undulating with ground surface sloping to the south toward Lake Ontario. Land
use in the vicinity of the site is primarily residential and commercial
subdivision development and agricultural north of Hwy. 5.

SUBSURFACE _CONDITIONS

The subsoil conditions are generally uniform across the site. In general, under
a thin veneer of topsoil and occasional fill deposits, the overburden consists
of a deposit of glacial til1l underlain by shaly bedrock.

Based on the available borehole information obtained from the previous field
investigations within the area as shown on representative borehole logs in the
Appendix (W.P. 199-77-09/10/11/13/17/19/21), it is determined that the fill is

mainly clayey silt which is underlain by a cohesive glacial till consisting of

a heterogenecus mixture of clayey silt, sand and gravel. The bedrock is known
to be Queenston Shale which is underlain with cohesive glacial till. The
thickness of these deposits varies across the site. The groundwater level .is
found to be about 3 m below the original ground surface.
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- MISCELLANEQUS

No fieldwork was carried out for these analyses. The results obtained from the
previous field investigations within the area were utilized in this report (W.P.
199-77-09/10/11/13/17/19/21).

This report was written by Tae C. Kim, Sr. Foundation Engineer, reviewed by M.
.Devata, Chief Foundation Engineer -

| | /«P?@ 7

P. Payer,ﬁP; Eng. o
Senior Foundatation Engineer

Mta, P. Eng.

Chief Foundation Engineer
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RECORD OF BOREHOLE No 31-E  1or1 METRIC
w.p, 198 ~77—06(Formery 19§-77-08) [ QCATION Co—ords: N 4 798 830; E 277 g41 ORIGINATED BY_AH
pIsT__4 HWY _403 BOREHOLE TYPE ..5.5..Auger / NQ Caring COMPILED BY _J48
DATUM _Geadetic DATE Septernber 24, 1991 CHECKED BY Bt
i = 1 ] DYNAMIC CONE PENETRATION
SCIL PROFILE SAMPLES ] o
,;m 3 RESISTANCE PLOT W m %’0 R% REMARKS
5 w | F51 0 20 40 60 8 100 | | ES %
WJ m — 1 L L { 1 P o
ELEV DESCRIPTION Bl w| 2| 25| & [SHEAR STRENGTH kPo L F SRAIN sizE
= Dz} = ISTRIBUTION
DEPTH S{Z 121> | 05| < |© UNCONRNED + FIELD VANE WATER CONTENT (2] 7 5 (3)
i z | §° | ouck TRAXL = LAB VANE 3 o
117.2 Ground Surface n = I 20 40 B0 80 100 10 20 30 kN/riiGR SA 31 CL
oo 57 *
v
g;j: 11 88 20 116
J/‘, z |55 | 16
Hetarogeneous Mixture of 1
Cigyey Silt fl‘/; 2. 5% 2 °
Some Sand and Gravel ‘f " = ry 114 L=}
{Glociat Ti) LK%
v IR o
o8
_ 5 1o very suepff 6 155 [ 32 - ’
Hard ",45 Es 5 29
i1
# /, 8 | 551 a¢
"
“é; 110
LA
7 EREEN R
108.6 Greyish Brovm'p_/
B.6 Heterogere Mixture of
Sandy Sil{?gSom:usE:rav:luanu Clay ¥ 108
. (Glocial Ti)
107.0 Very Dense Hrown
10.7 Creyish Red REC
RQD O
10% 106
Wootherad . o
Sound REC
RQD 27%
80%
‘-";"""“ 106
hole
REC RQD 37%
83%
Containing Siltstone Interbeda REC 102 Rap 203
: ) I
101.0 707
16.2| End of Borehole

-

Groundwater Elevation not Extoblished

+5 7 . Mumbers refer to
Sensitivity

20
1545 () STRAIN AT FAILURE
10
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Cntoris " ‘] 7
RECORD OF BOREHOLE No 32-B  1ofr1  METRIC
W.P. 18977 --06(Formerly 198«77=10) {OCATION Comords: N 4 799 867: FE 777 948 . ORIGINATED éY At
pisT__ 4 HWY _403 BOREMOLE TYPE _S.5. suger / BX. coring COMPILED BY _ .8
DATUM Geudetic DATE Septernber 18, 1991 CHECKED BY Bl
: JIG CONE PENCIRATION
SOIL PROFILE sampLes | & Il Foioveid - — .
: Sl & |TETNERT o e Wemm el L | Rewarks
Sle| |o|38| % | 2 « » »ww [T = T2y
ELEV Tl w| 2185 & [SHEAR STRENGTH kPa Pt | % | cRAIN SIZE
DEPTH DESCRIPTION clZ2I 55|88 5 |ouncowmen e vane ‘ 5 |DISTRIBUTION
: FES o | &S| 2 | ouck maxaL  x 1 vane [WATER CONTENT () S )
1158 Ground Surfoee b E o .20 40 80 80 100 10 20 30 KN/ ler sA S CL
0 | Topsei/Cla T — -
00 Teoee of Ryeaegt F'uhr‘a; Brown} L Tl e
1144 Claye%p?&us:?ﬁ)sqm__ T Brownish Greyp 2185 { 28
L4 3155 22 N LT
Heterogeneous Mixture of f{ 15525
- Clayey Silt LA
Some Sand and Gravel A 5185 | 23 ;
{Glagial Ti) 1(? TS5 1
t./'/
Vary subva] 7 | 55 | 23 °
Hord
| B 55 39 110
g | 85 | 82 ) o} frusarnd 12 18 42 28
10B.7 Brownish Grey!| A | ‘
7.4 Greyish Redl.|
Heterogeneous Mixture of AN m 108 ol
Sandy Sit & *
Some Grovel gnd Cloy anm 2
{Glocial Tilt) U4
106.2 Very Dense )
9.5 e Wadthered " 106
' Seund ~ leec X
12| me : ROD 675
Bedrock &Y/ 83% .
Shat
SN 4 REC 104 .
Contuining Sittstone interbeds . 13§ RC 5% RQD 8%
102.8 g
13.0 | End of Borehole
1891 09 24

* GROUND WATER CONDITIONS

PIEZO. GROUND WATER
NO, ELEVATION (Metres)

1 107.2

3 5. Numbers refer to 20
R it vity 15;(35 (%) STRAIN AT FARLURE
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RECORD OF BOREHOLE No 36—A 10r1  METRIC
W.B, _1899-77-06(Formerly 189-77-11) LOCATION Co-ords: N 4 799 828; £ 277 885 ORIGINATED BY_JB
DIST. & HWY _403 BOREHOLE TYPE _S.5._Auger / NO Coring COMPILED BY .. JB
DATUM _Geodetic DATE September 17, 1991 CHECKED BY B
SOIL PROFILE saMPlEs | 5 | 5 | emace mor oo o,
- “152] & 0 0 s mTIm | A SE°| S5 | REMARKS
a - i [=] > A | | ) 1 wp w WL :’g &
o
ELEV Ty 2 | 28| € [SHEAR STRENGTH kPs —_— GRAIN SIZE
OEFTH DESCRIPTION 2121 B £ 132 5 |oucovwmer  + mEw vane 5 |pisTRiBUTION
E 2 | €8] 2 |eouck maca = s vang [WATER CONTENT (z) !
117.6 Ground Surfoce 7] < o 20 40 60 80 100 10 20 30 kN/m {eRr sA st cL
0.0 150mm Cloyey Sit Fill ’_-/
il
Cloyey Silt, Some Sand Fs
116.2 {Possible Fiil) Brown S
1.4 Brownish Grey to Grey 45/5 ST 5% 7 16
Vi
314 2 | &5 18
/z{
Heterogenecus Mixture of Al ¢ 1 55 1 28
Clayey Silt 75 114
Some Sand and Gravel #] 51 55 | 23
{Glacial Tul) gﬁ/
ved 6 | 85 | 19
AV.'
‘if 7] 55 | 24 112 —
Very Stfi(444 B | 55 | 21
Horelgd1™9 | ss | &8
f’ 0| 55 |71/2%m 1o s
Srownish Grey to Greyld *
T T TGreyish Red / %
I / 111 58 [77/19¢m
107.5 Wy ) 108
10.1 Weathered At
Sound
13]re | A RQD 7%
5= 106
Bedrock r
Shale T RAD 21%
BEX
104
Contoining Siltstone interbeds REC
15| RC ROD 107
102, 2% :
15.0{ End of Borehole
1991 09 24
» GROUND WATER CONDITIONS
PIEZO. GROUND WATER
NO. ELEVATION (Metres)
1 108.8
+5 x5 . Rumbers refer o

" Sansiivity

20
1545 (X) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No ! METRIC
W p 12277706 iformerly 199-77-13) (ocaTiON Co-ords. N 4 800 814.5; B 277 884.0 ORIGINATED. By _ PR
DIST .4 Hwy._ 403 BOREHOLE Typg  Hollow Stem Auger : compiten sy DR
daruM Ceodetic DATE pey CHECKED BY .0
} o W |DTNAMIC CONE PENETRATION -
SOIL PROFLE SAMPLES Bo | g [ressunce nor masric S8 e | E | o
= 265 = 20 40 60 80 g0 [V™T comrmw T SO
Ofa 8=z A I B s w w w | 5w &
- { s = jas =z ] (8 3
ELEY DESCRIPTIO Sla|l & 2 |Z8] O [SHEAR STRENGTH RN — GRAIN SIZE
|DEPTH N {5 2] 3|83 £ |ounconmmer  + rmo vane WaTER CONTenT()| 7 DSTRIEUTION
gl= H [EY | & |eoumek ThAxAt  x 1AB vane \ (%)
130.2]  Ground Surface » ! i , : 10 26 230 GR SA §1 ¢L
" y rypa .
88 suey cray 1 = '
Some Gravel A TT 88711
and Sand L~ o
i1l 1 d A 2] ST I8
#
2y s Stiss M et 128 , L 21 41 26 11
2.7 y — . 1_
;.../ %] SS| % . —_— o '
451551 %0 o =
Hecavogenesus Mixture [ [ S 2 12 .
of Silty Clay, pitel 81 951 70 4 ‘
Sand and Gravel P
Bard ;4 ”
Glacial 7111 £ 7188133 2
. 474
occssional cobbles }':
aad boulders A1y 49 b
“M = 124
O tmeid
12 ,
) 25 26 38 11
1ia,3}
. Bedrock 18
Weathered
116. 7 Quaensgten Shale
13,5  End of Borebols
116

+3, x5 ; Numbers refer m

20
Sentitivity 15 95 (') STRAIN AT FALURE
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RECORD OF BOREHOLE No 3 tor1  METRIC
W.P_ 18577 -06(Forrmerly 199-77-17) LOCATION Co-ord: N 4801 §77.5 F 277 888.5 ORIGINATED BY_LK.
DIST__ 4 HWY _403 BOREHOLE TYPE _Cone Test, HS Auger, NQ Core COMPILED BY L.
DATUM _Geodetic DATE Aprit 19, 1980 CHECKED BY... TK.
: ’ T BTRAWIC CORE PENETRATION
SQIL PROFILE SAMPLES = .
EV’ T | RESSTANCE PLOT PUSTC  omnor  LGUD =T | REMARKS
Zz iy CoNTENT LI %]
5 wixs] v 20 40 60 80 190 zZs X
Sla g QE - 1 L 3 L L wp w wL oy
ELEV Bl | w | 2| 25| & ([SHEAR STRENGTH kPo O GRAIN SIZE
OEBTH DESCRIPTION SIZIE 13|38 5 |ouwconamen  + mEw vane 5 [pisTRIBUTION
elz s | EO ] I | OUCK TRIAXIAL  x LAB VANE [WATER CONTENT (%) 3 (%)
142.8 GROUND SURFACE " : p = 10 15 20 2% 10 20 30 kN/milGr SA 31 CL
0.0
CLAYEY SILT ( FILL )
Stiff )
1417 Brown 1 ss | 12 s
1.3 Dork Brown r_?:
CLAYEY SILT.Stitr { Topsail l L
1411 Dork Brown ;—Z
1.7 Red [ 2485 |12 141 N % | 1 1 83 35
3|55 | 63 \'\
140 j
4| ss| 39 /
139
51 88 51 A o —t—ed ¢c 0 BO 20
MHM
d s | 55 | 102 -~ 1204 25¢m
BEDROCK /10
QUEENSTON SHALE
-
; X
Wetthered 5 £ 3 137
Sound L
8 | RC [ REC 136 RQD 30%
2=
135
g | RC | mec RGD 33%
87z 43
133.8 134
9.0 | End of Borehole
« CWL 58 m wus not
stobilized

+.3 xs . Numbers refer tu
Sensitivity

20
1505 (%) STRAIN AT FAILURE
10
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RECORD OF BOREMOLE No 6 10F 1 METR'C
WP, _189-77~06(Formery 199+77-18) LOCATION. Cozord: N 4803 407.2 £ 277 BB3S ‘ ORIGINATED BY_FilR.
DIST e HWY 203 BOREHOLE TYPE _SS. Auger ' COMPILED BY ..dd:
DATUM ,Geodetic DATE April 23, 1850 CHECKED' BY ....LK.
SOIL PROFILE ) 'SAMPLES E :J-' DYNAMIC CONE PENETRATION NATRAL - )
Ey 3 RESISTANGE PLOT 3 oae s o | o F | Rewarks
Sl wl®s| ©” 20 40 60 &0 we w w | 30 &
ELEV o w ! 3|88 & [SHEAR STRENGTH kPa - LA * | cRAIN SIZE
SEPTH DESCRIPTION 2|2 E|5|858| & |oucowwe  «rew vane | 5 [DISTRIBUTION
HE {88 S [« oucc muwoa e [WATER CONTENT () 4 @
164.9 Ground Surfoce % ? o 20 40 60 80 100 10 20 30 KN/mlGR SA $1 CL
0.0 ] Ciayey S { Topsol The' —
Cloyey Silt
Ry 162
3L Brown )
.5 . Reddish Brown ; 41| ss “
: ; 163
21 ss| %0
- 182
3| ss| 83
4| 55| 82 e
A5 85| 158 180
. 159
‘6| 85 | 150]/2%ml . L o | poe] 13 %6 42 13
158
Hitzrogendous Mixture of Cloyey .
it, Send ond Grovel
Hord /
d 7188 134 15y
{ Glociot Hlb )
/ 156
18! 53| 150]/25¢m
c 155
46l ss |52 154 - o4 } 15 28 46 11
153
10 88 94
1| .
151, Reddizh Brown TT ST faoe
13,8] End of Borehole Red Weothered
Shgle

+3‘ »5 ; Numbers refer 1o

20 .
" Sensltivity 15;%»5 (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 5 1 0F 1 METRIC
W.P. 199w77mosgvormerly 189-77-21). LOCATION Co—ord: N 4804 7243 F 277 7878 ORIGINATED BY_ LK.
DisT 4 HWY _403 BOREMOLE TYPE _H.5. Auger _COMPILED BY b
DATUM _Ceodetic DATE April 25 1990 CHECKED BY....TK.
SOIL PROFILE SaMPLES | & | D SONE PENETRATION — —
Tul 3 - wosme Lo | 2 | REMARKS
= Fz| @ 20 40 60 80 300 |°  covw W 30
(=] o & 9 Il L 1 i i wp W wL :‘)E &
] =] =
ELEV Tl w § 25| © |SHEAR STRENGTH kPo L .| crRAIN sIZE
OEFTH DESCRIPTION =121 =1 51 2Z] T |o unconrmep + FIELD VANE DISTRIBUTION
{2+ £8] ¥ WATER CONTENT (%) 7
zlz o | B9 2 | ouck TRl x 1B vang . 3 ¢4
160.4 Ground Surface nl : . o 20 40.60 80 100 1020 30 KN/rmiler A 1oL
0.0 Clayey Silt ORY]
( Fn ) 160
159.7
0.8 Byt
Z&F 1 35 s
o (1]
Heterogeneous Mixt t Ok A
© cSi‘f{.ESc:rn:! and gr‘::v:l iid 2?# 2 58 7
Firm to Horg Fl {25
P
%
{ Glogiol Til ) QV‘;, 3|55 28 158
o Brown 1
Regdish Brown //' b
93] 4 | ss | = © frdeid 4 18 59 19
‘ﬁf 157
%
4/.-
1 /i 518551 51
rar
156.0 ¥
4.4 4 156
ué & | 55 | 122
P 23em)
Heterogeneous Mixture of Sondy -
Sit. Gravel ond Ciey b 155
Very Dense ‘; %% )
{ Glecial Tt ) )3
F 74 55 {120 el | 12 27 8% 5
L7 154
15¢m
k
|47
ot 1 153
152.5 Reddish Brown [P L] B | 55 | 166 | /20cm
7.9 Red
Bedrock o 152
Queerston Shole.: st
151.2 Wedthered [t g~ TS 1" T50 /Bem
9.2 | End of Berehole Sound
» GROUND WATER CONDITIONS
FIEZO. CROUND WATER
NO. ELEVATION (Metres)
1 Dry
43 3. Numbers refer 1o

" Sensitivity

20
1595 (%) STRAIN AT FAILURE
10




FOUNDATION INVESTIGATION REPORT
FOR
HML POLES;AND OVERHEAD SIGNS
HWY 403/Q.E.W., WP 199-77-06A
DISTRICT 4, BURLINGTON

INTRODUCTION

Thié report summarizes therreéuTts of a Foundation Investigation conducted in
conjunction with High Mast Lighting Poles and Overhead Signs for the proposed
Highway 403 between Highway 5 and the new Q.E.W./Hwy. 403‘(Freéman) Interchange,
the existing Q.E.W. northbound between Highway 2 and Fairview Street and the
existing Highway 403 at King Road. The High Mast Light{ng Pole and the Overhead
Sign structures have beeﬁ strategically positioned Within the above mentioned

areas, hereafter designafed_as sub-sections 1, 2 and 3, respectively.

The three major sub-sectional areas, within which the investigation was

conducted, are located within the City of Burlington, Regional Municipality of
Halton. During the time of the investigation, construction actiVitiES\were
evident at various locations within the new Highwéy 403.. Within the Freeman
Interchanée, new bridge structures and associated approach embankment F111s’w5re
under construction énd beyond this interchange, (North of North Service Road)
excavation cuts were observed in a northér1y direction up to aﬁproximate]y Upper

Middle Road. Within sub-section 1 and north of North Sefvice Road, the area is
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located adjacent to existing residential developments. The other two sub-

sections are located within the existing respective highway right-of-way.

The terrain within the site areas in generally flat or gently sloping and a
number of meandering creeks traverse the area. Sections of the site which were

not excavated consists of grassland.

Physiographically, the site is located in the region known as the "Iroquois
Plain". The Iroquois Plain is the product of the advance and retreat of the
Wisconsinan ice sheet which covered the area during the Pleistocene epoch (over
12,000 years ago). At the site, the lowland bordering Lake Ontario, was
" inundated by the glacial lake called Lake Iroqubis. Conditions in the old lake

plain vary greatly from site to site.

At the site location two native deposits of glacial till origin were encountered.

A cohesive, unsorted, unstratified hgterogeneoUs mixture of clayey silt, sand and
gravel exists surficially, under]ain by a non-cohesive heterogeneous mixture of
silt, sand and gravel. The overburden is underlain by shale bedrock of the

Queenston Formation of the Upper Ordovician Period.
INVESTIGATION PROCEDURE
Physical and mechanical soil properties were obtained by in situ and laboratory

testing. The field and laboratory investigation and testing programs are

summarized below.



Field fnvegtigétion

The fieldwork for the investigation was carried out between 92-11-09 to 92-12-01
'and consisted of (26) sampled boreholes advanced to depths ranging from 6.5 m
to 18.9 m below the existing ground surface. A diesel powered track mounted
Central Mining Equipment (CME) 55 drilling unit was used to advance the
boreholes. Convgntiona1 éo1id stem augering techniques were used to penetrate
the overburden and the surficial weathered bedrock. Rock coring techniques
employing NW casing and a NX éore barrel were used to retrieve up to 3.0 metres

of rock core.

Four additional boreholes advanced as part of previous’investfgatinns conducted
in the area (WP 199-77-09 and WP 199-77-10) between 91 09 18-25 havé also been
included in this report. The boreholes, formerly BH 31~A, BH 32-A, BH 31-E, and
" BH 32-E have been used to provide data for the foundation design of High Mast
Lighting poles 7 and 8. These boreholes were also advanced using a diesel track
mounted CME 55 drilling unit employing conventional solid stein augéring and rock

coring techniques.

Disturbed subsoil samples were retrieved at 1.5 metre intervals employing a

standard split spoon sampler in accordance with the Standard Penetraiion Test

(ASTM D1585). ATl subsoil samples were identified in the field and then placed
" in  sealed plastic ja}s to ensure the preservation of the in situ natural
moisture contents. Samples were subsequently transported to the laboratory and

then classified employing both visual and laboratory methods as described below.
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Rock core were identified in the field and physical index properties were
determined by visual examination and also by measurement of rock quality
designations (RQD’s) and core recovery. All rock core were placed in standard

rock core boxes and carefully transported to the laboratory.
Groundwater Tevels were determined by monitoring the water Tevels in the open
boreholes throughout the duration of the field investigation. A1l boreholes were

backfilled upon completion of the fieldwork.

The survey related to the 1ocafion and elevation of the individual boreholes was

~provided by Central Region Surveys and Plans.

Laboratory Analyses

A1l subsoil samples were carefully visually examined in the laboratory in
accordance with the procedures outlined in the Visual Method described in Chapter

2 of the MT0 Soil Classification Manual. The behaviour, gradation and other

pertinent properties of the soil were determined by conducting the appropriate

laboratory test on representative samples. These tests included:

1) Atterberg Limit Tests
2) - Particle Size Analysis
3) Natural Moisture Contents

4) Bulk Unit Weights
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Sample preparation and testing were conducted in accordance with the MTO
Laboratory Testing Manual and as described in Chapter 3 of the MT0 Soil
Classification Manual. '

Detailed rock core logging was conducted in the laboratory by an in-house

resident geologist.

Laboratory test results have been summarized below in the subsequent section of
this report entitled "Subsurface Conditions" and are illustrated on the

corresponding boreholes and figures included in the Appendix to this feport.

SUBSURFACE_CONDITIONS

General

The subsurface conditions across the three sub-sections are generally uniform and
in many_areas consists of an extensive surficiai natural deposit, comprised of
a cohesive heterogeneous mixture of clayey silt, sand and gravel. This deposit
is d glacial till which extends to depths ranging from 3.5 m to 12.2 m, and as
is characteristic of these deposits, boulders and cobbles inferred dﬁring

augering, are present within this deposit{

The cohesive heterogeneous mixture of clayey si1t; sand and gravel is generally,
a]thougﬁ not always, underlain by a second glacial ti11.deposit consisting of a
cohesionless heterogeneous mixture of silt, sand and gravel. This lower deposit
hés'a thickness ranging up to 6.1 m. Both glacial till deposits are extremely
competent and strongly over-consolidated materials. Refusal of the SPT was

frequently encountered in both deposits indicating a hard cohesive heterogeneous
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mixture of clayey silt, sand and gravel and a vefy dense heterogeneous mixture

of silt, sand and gravel.

The lower cohesionless heterogeneous mixture of silt, sand and gravel when
present 1is underlain by weathered shale ranging up to approximately 1.5 m in
thickness at some Tocations. The weathered shale is underlain by more competent

unweathered shale bedrock with interbedded siltstone.

At some Tlocations across the site, the native material is overlain by fill
material. The most prominent placement of fill material explored during the
investigation exists at the north approach to the N/B and S/B Q.E.W. Underpass
at ramp Q.E.W.-S to Highway 403 (WP 83-74-28 and 83-74-29), which is the location
of the proposed Overhead Sign #8. At this location, an irregular mixture of a
cohesive clayey silt, sand and gravel material has been placed up to a thickness
of 10.8 metres. Some of this cohesive fill material was also encountered at the
proposed high mast Tighting pole #6, located at the west toe of the above-
mentioned approach embankment. At this location, approximately 2.1 metres of

this fi11 material was encountered.

At various other locations, cohesionless fill comprised oflnateria1s ranging from
an irregular mixture of silt, sand and gravel to silt also exists. These
materials were primarfiy us~d as roadbase fill materials or backfill to pipe

culverts. Thicknesses of tni.se materials were within 2 metres.
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The boundaries between the various soil types, in situ and laboratory test |

resﬁ]ts as well as groundwater levels eStabTﬁshed at the time of investigation
are shown on the attached Record of Borehole sheets in\the Appendix. A plan of
the site illustrating the locations and elevations of the boreholes are provided
on Dwg. No. 1997706AwAi ; ’ A detailed description of the

subsurface conditions encountered at the site is given below.

Cohesionless Fill Material

Cohesionless fi11 materials were encountered at various locations across the
entire site area and the fill composition varies from location to location.
Generally the matéria]rvaries from an irregular mixture of silt, sand and gravel
“to a silt with some clay and traces of sand and extends surficially for depths
up to approximately 2 metres. The material is brown, moist and in a Toose to

compact state of densenéss.

Cohesive Irregular Mixture of Clayey Silt to Silty Clay, Sand and Gravel
(Fill Material) '

The north approach embankment to the N/B and S/B Q.E.W. Underpass at ramp
Q.E.W-S to Highway 403 (WP 83-74-28 and 83-74-29), the location of the proposed

Overhead Sign #8, is composed of an irregular mixture of clayey silt, sand and

gravel' fill material. The material, which is brown in colour appears to be

borrow material excavated from a native heterogeneous mixture of clayey silt,
sand and gravel (Glacial Ti11) perhaps within the general area. The material
exhibits a cohesive behaviour attributable to the clayey silt compositions which

essentially binds the coarser sands and gravels. The thickness of this fill

* SHEET NO 311-2 OF THE CONTRACT DWG'S
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material extends up to 10.8 metres at the top of the embankment. At the proposed
High Mast Lighting Pole #6 (see BH H6), approximately 2.1 metres of this fill
material was encountered at the toe of the above mentioned embankment, and the

binder consisted of silty clay.

Grain size distribution curves determined by mechanical sieve and hydrometer
analyses on samples of this fill material are illustrated in Figure 1 in the
Appendix. The curves exhibit a broad range of material sizes with the fine
grained portion (<75 micrometres) exceeding 50 percent of the materiai
composition. The material is therefore categorized according to its behaviour
and hénce Atterberg Limit Teﬁts were conducted oﬁ samples to determine the
plasticity of the finer material (<425 micrometres). The test results shown in
Figure 2 illustrate that the fine grained portion of the deposit has a low to
intermediate plasticity and hence can be classified as a clayey silt to silty
clay. Natural moisture contents are in the order of 14 to 17 percent, presumably

close to the optimum compaction moisture contents.

The results of the Standard Penetration Test (SPT) conducted within this material
revealed "N" values ranging from 13 blows/0.3 m to 27 blows/0.3 m indicating a

stiff to very stiff consistency.
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Heterogeneous Mixture of Clayey Silt. Sand and Gravel (Glacial Till)

The'pfedominant native material within the 3 sub-sections consists of a deposit
comprised of a cohesive heterogeneous mixture of clayey silt, sand and gravel.
This deposit of glacial till origin also contains boulders and cobbles as
inferred by auger grinding during the boreﬁo]e advancement and sampler boqncing

during sample retrieval.

In the areas where this material has not been excavated, the upper 3 metres or
so of the debosit has been oxidized and hence is brown in colour. Beneath the
oxidized depth, the material is grey in colour. The colour at the interface with

the underlying material varies from reddish brown to greyish red.

‘The main component of this unsorted, unstratified deposit is the clayey silt
material. This material matrix essentially binds the coarser sands and gravels
within the deposit. A grain size distribution envelope for the deposit as

determined by mechanical sieve and hydrometer analyses is given in Figure 3 in
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the Appendix. The envelope includes particle sizes up to 75 mm (coarse gravel) -

and hence excludes the boulder and cobble sizes. The envelope reveals that the.

fine grained portions (Tess than 75 micrometre) .contribute from approximately.

. 48 percent to as much as 93 percent of this depos%t,

Atterberg Limit Tests were carried out to define the behaviour and plasticity of
the fine grained position of the soil and the results are plotted in Figuré 4,
A summary of the indices is provided in Table 1. Bulk unit weights and natural

moisture contents are also included in the table.
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EOUS- MIXTURE OF

T (GLACTAL TILL) .

Tatural Noisture Content () | 4 - 20 T a
Liquid Limit (W.%) 20 - 35 21
Plastic Limit (w) 13 - 19 21
Plasticity Index (Iﬁ%) 7-16 | 21
Unit Weight (KN/m’), y 20.1 - 24.8 21

The test results reveal that the fine grained portion of the deposit is of low
plasticity and hence is classified as clayey silt. Natural moisture contents are
generally close to and less than the plastic 1imit of the soil indicating that

the soil is in a plastic to semi-solid state.

Standard Penetration Tests (SPT) carried out in this deposit revealed N values
ranging from 5 blows/0.3 m to 100 blows/0.08 m. The lower "N" values were
encountered at shallower depths and penetration resistance increased with depth.
SPT refusal was encountered fréquent1y within this deposit particularly at Tower
depths. These "N" values are representative of an overconsolidated material of
hard consistency. The consistency of the material in the upper portions of the

deposit ranges generally from stiff to very stiff.



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

The cohesive heterogeneous mixture of clayey silt, sand and gravel is underlain
at many locations by a greyish red cohesionless heterogenous mixture of silt,
sand and gravel. Boulders and cobbles, as inferred by auger grinding and sampler
bouncing are also present within this deposit. The thickness of this depoéit

ranges up to 6.1 metres.

A grain size distribution envelope determined by mechanica1 sieve and hydrometer
analyses is given in Figure 5 in the Appendix. Boulder and cobble sizes are not

illustrated on the figure.

" Standard Penetration Tests carried out in this deposit generally encountered
refusal which is indicative of the very dense state of denseness inherent of this

deposit.

Bedrock |

The overburden across the site is underlain by shale bedrock with intgrbedded
siltstone of the Queenston Shale Formation. The depth to bedrock varied from
approximately 3.1 metres to 15.2 metres but generally varied between 7.5m to
10.5 m. Ground surface elevations and hence bedrock surface elevations vary

considerably across the site as identified on the individual borehole logs.

The surficial 0.5 to 1.5 metres of the bedrock is severely weathered and
deteriorated at various locations across the site. Solid stem augering methods

easily penetrated this zone and sample retrieval was possible, although with
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considerable penetration resistance (typically 100 blows/0.08 m).

Rock core ranging from 1.5m to 4.1m was retrieved using an NX core barrel. In

general, three (3) metres of rock core was retrieved. The rock core confirms a
surficial weathered zone underlain by more competent unweathered bedrock.
Occasional clay seams approximately 50 mm to 100 mm in thickness exist within the

weathered zone.

The shale bedrock is generally greyish red and has randomly interbedded greenish
grey siltstone layers ranging from approximately 25 mm 200 mm in thickness. The
rock is horizontally bedded and is an extreme1y friable material with a very low
slaking durability. The rock contains close to extremely close spaced fractures

that are generally flat, planar.to undulating and smooth.

Core recoveries and Rock Quality Designations (RQD’s) were determined in-situ to
evaluate the competence and integrity of the rock. Core recoveries ranged from
78% to 100% but were generally close to 100%. Rock Quality Designations (RQD’s)
ranged from 0% to 82% indicating a rock quality ranging from very podr to good.
However, in general rock qualities were in the 30% to 70% indicating a rock of

pobr to fair quality. Rock quality generally impfoved with depth._

Rock strength as determined by index proper*”'examination in the laboratory is

generally weak to very weak.
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A detailed description of-thé characteristics and properties of the rock as
determined by the logging of the rock core in the laboratory is attached in the

Appendix under the heading "Rock Core Descriptions”.

Observation of the groundwater level was carried out by measuring the water level
in the open boreholes throughout the duration of the field investigation. The
groundwater regime varies from location to Tocation and groundwater levels are

illustrated on the individual borehole logs.

Groundwater levels, in general, are subject to seasonal fluctuations and hence

can vary from the values given in this report.

‘The fieldwork for this investigation was carried out under the supervision of T.
Sangiuliano, Foundation Engineer and D. Walters, Engineering attachment utilizing

equipment owned and operated by Malone’s Soil Samples.

The project was carried out by T. Sangiuliano under the general supervision of .

P. Payer, Senior Foundation Engineer. The report was written by T. Sangiuliano,

reviewed by P. Payer and gpproved by Mr. M.S. Devata, Chief Foundation Engineer.

Qj?%w/

P. Payer, P. Eng.
Senior. Foundatation Engineer

M.S. Devat&{<;j;é%g[ E l

Chief Foundation Engineer
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RECORD OF BOREHOLE No H1 tort  METRIC
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.
H 3185 | 16
- H
L
1]
213 4| ss | a7
L
787
: 15| ss | 78 10 AL 1
s
/ -
¥4 6 | 55 | 120
1082 7|ss | 78
5.8 108
B85 T190 /15cm o 26 34 30 10
Heterogeneous Mixture of
Sit, Send and Grovel
(Glociol Til)
Greyish Red, Very Dunse ¥ 55 TE0 /sem
106
105.6
a4 .
Shale Bedrock
soug|  With interbedded Sitstone ,
" o (VI A~ o LT
9.2 | End of Borehole
* GW.L not established

+3 xs Nurmnbers refer o

Sensitivity

20
‘S%S (%) STRAIN AT FAILURE
1




@

Min: of
@‘rm"gmﬂm : . ' Foundeiton Deslgn
tntoris .

_ 149
RECORD oF BOREHOLE No H7A 1o0r1  METRIC
{Formerly BH 32-A, WP 199~77-10)
w.p. . 199-77-06A : LOCATION Co-ords: N 4 796 8230.0; F 277 852.0 ORIGINATED BY..MM
pIST.. 4 HwY _403 BOREHOLE TYPE .55 Auger - COMPILED BY .
DATUM _Gegdetic DATE ....91.0018 CHECKED BY .. Bl
oIl PROFI up & u DYNAMIC GONE PENETRATION
SO LE SAMPLES &m R | RESSTANCE PLOT NAURA mﬁ REMARKS
[ $z| & T conrenr  WMT L =S
_ =1 nil*Fg 20 40 60 BO 100 wp w w | S L
ELEV. w|8|w|3]25] & [SHEAR STRENGTH kPe LA CRAIN SIZE
DEPTH DESCRIPTION 2|2 E|S135] 5 |oucowmm  + Amb vaee 5, |pisTRiBuTION]
, £|2 2 | S| 2 |eouocmmw o« uswwe [WATER CONTENT (Y 7 I (%)
113,1] Ground Surfoce n = = 40 60 80 100 1020 30 kN/ril6R SA 1 CL
0.0 1 .
Heterogeneous Mixture of 1188 22 112
Claysy Siit, Sond ond Grovel A
{Glocial 1iMt) 2| et 16
31851 14 [
Very Stiff
Hard 110
afse ] 3
5185 ). 78 "]
6|ss| =
‘i ) 108
7 | 85 | 130 ] /28cm
S
Greyish Red -
1066 B ]85 |175] /23cm ) -

6.5 | End of Burehole

= G.W.L not estobitshed,
= Soipler Bouncing {Probeble Hedrock)

3 5, Numbers refer o 0
+, % m%s %) STRAIN AT FAILURE
© Sunsitivity o (=)



Miniatry of

N

Traraportation Foundotion Dwsigr
Ontorio ]50
RECORD OF BOREHOLE No H8 1 OF 1 METRIC
(Formerly BH 32-E, WP 199-77-10)
WP, __199..77-06A LOCATION Co—ords: N 4 788 $37.0; £ 277 961.0 ORIGINATED BY_AH
DIST.__ 4 HWY _403 BOREHOLE TYPE _S5 Auger, NW Cesing, NG Core COMPILED BY
DATUM _Gegodetic DATE 81 09 25 CHECKED BY
SOl PROFILE SAMPLES | &5 | W |DTNAMIC CONE PENEIRATION NATURAL
S 5 RESISTANCE PLOT }w-_...___ W Poelespand lugf"rn =E REMARKS
5 m?%‘" 20406080100"“’2""“%% x
..J m — k' L 1 I 'l
ELEV " o A g %E 6 SHEAR STRENGTH kPa nF-'-m---o—-—-.L = GRAIN SIZE
DEPTH DESCRIPTION 221 = | > | 85| T |o unconmme + FIELD VANE -~ |DISTRIBUTION
glz 5 | EO| 2 | quck TRaxa,  x uam vane  [WATER CONTENT (3) s )
1174 | Ground Surface v : @ 20 40 60 80 100 1020 30 JkN/mi|gr SA S oL
0.0 H -
e}
£§, 117
4
= 1881 17 o
’
Heterogensous Mixture of
Cloyey Silt, Sand and Growet : 21 58 14 -]
{Glociol Til)) 7\
i
icf: 3| ss | 1‘15 =
1
Grey |4
L
g 4| ss | v °
L
4
Al s ss ] s
L
i 113
»
v 6] 85 | 2
b4 24
Stiff to Very Stiff
______ wors WY ETES g0 /80m o
¢ 111
= /m:, o 10 32 35 23
' A
4 109
= T8y /13em
106.8 107
0.6 TSR /3em
: 12| RC | kEC RQD = 45%
Shule Bedrock 100%
With interbedded Siltstone
105
Weook to Very Weak, Unweathered
Greyish Red with interbedded 13| re | Rec ROD = 33%
Groenish Gray 9%
103.5 Y
13.91 End of Borehoie
- 91 09 26

43 x> : Numbaers refer to

Slﬂ:mvlly

20
1595 (%) STRAIN AT FAILURE
10




Tramspertation ) ) o Foundition Design
%4 ‘ 151
RECORD OF BOREHOLE No HB8A 1orz METRIC
: ’ (Formedy BH 3t—f, WP 199.77.08) :
WP, 18977068 LOCATION Comords: N & 799 9300; F 977 841.0 ORIGINATED BY.AH
DIST . HWY 403 BOREHOLE TYPE Auger, NW_Cosing, NQ Core : .. COMPILED BY ...
DATUM . Gendetic DATE 91 09 24 , ' CHECKED BY . BL ..
SOIL PROFILE SAMP B | & | DYNAMC CONE FENETRATON ‘ o
LES gw 2 RESISTANCE PLOT g oS oo &% REMARKS
Sl (B8] 7L 2 0 o ®» w [ 7 L |5E| «
= Slar-l = ES
ELEV Llwiw | Z125] & |SHEAR STRENGTH kPe N S—— GRAIN SIZE
DEPTH| DESCRIPTION 2| E|5|88] 5 [oucowme  cmmowwe] oo @ 7 [PSTREUTION
B o | O] & |o ouck e, x uas vane : | &
117.2| Ground Surface % < o 20 40 60 BO 100 10 20 30 |kN/miler sA @1 cL
0.0 »
" Heterogerieous Mixture of
Clayey Silt, Sond ond Grovel 11es | 20
{Glocial T 116
2|ss| e
Gray 3
3] &8s 17 -y
4 f8s 8 114 )
I5{ss| 7 @
SHff to Vary Stiff 6] ¢ | a2 “t o
Herd iz
7lss| 20
8| ss | 9
110
9| ss | 103
108.6
8.6
Hetervgenecus Mixture of
Sit, Send and Grovel s Vol T
{Gocial Ti)
197.0 Brown | Very Dense
102
n| re | rec ROD = OX
10% 106
Weotherad
Y Unweatherss |
Shole Sedrock
with interbedded Sitstone 12} RC | REC RQD = 27%
go% \
04
Weak to Very Weok,
Crayish Red with interbedcied
Greerish 13| Re | REC dnap = 7% -
e | Gmy. asx '
\ REC
102.0 ﬂ 14} RC o - RGD = 24%
152 Continued

Continued

3 .5 Numbery refer to 20
+7, A 1595 (%) SYRAIN AT FAILURE
Sernltivity o %)



Miniwtry of
Transportation

»

Foundofion Dusign

Ontarie 'I 52
RECORD OF BOREHOLE No HB8A 2or2  METRIC
w.P, .199-77-06A LOCATION Co—ords: N 4 798 830.0: F 277 9410 ORIGINATED BY_AH
pDIST__ & HWY _403 BOREHOLE TYPE .55 Auger NW Cosing, NO Core COMPILED BY .48 ...
DATUM _Geodetic DATE 91.09 24 CHECKED BY....Bl
SOIL PROF SAMP o Ij OYNAMIC CONE PENETRATION
Ol OFILE LES EW g RESISTANCE PLOT s NATURAL w |—':‘l_: REMARKS
= FZ| » 20 40 B0 BC 100 i 2
Of e 0 Q S ] ) L : wp w w | Si &
ELEV ali| w | S| 25| & [SHEAR STRENGTH kPo —— = | cran size
HEPTR DESCRIPTION wl2 = 15182 £ |ouconmme  + pEw vane y |PISTRIBUTION
. 2lz 5 | EO] 2 |o ouck maxa  x v vane [WATER CONTENT (%} s (%)
w20/ 4 Continued v z o 20 40 60 80 100 10 20 30 |kN/mGRsA S cL
IEETIN A
14 { RC | REC RQD = 24% °
101.0 70%
16.2 | End of Berehole

» GW.I not extoblished

+3 %

5 . Nurabers refer to
Saritivity

20
1505 (%) STRAIN AT FAILURE
10



on ‘ ‘ Feumdetion Dusign
Untarts ] 53
_ RECORD OF BOREHOLE No H9 1 0F 1 METRIC
WP, ..188x77-06A . LOCATION Cowords: N 4 800 094.8; £ 277 9376 ORIGINATED BY_TS
if,’ DIST_ 4 HWY . 403 BOREMOLE TYPE _55 Auger, NW, _Cusing, NX Core COMPILED BY .18
: DATUM _Geodetic DATE 82,3118 CHECKED 8Y. . FP
SOIl. PROFILE SAMPLES | & | U | UM CONE PENETRATION I
Bu| & |TSWERT psme dtwe bwol % | REMARKS
5 w{*81 @ | 0 « e ® o [ TP |5 &
¢ — 1 L Fl
ELEV o alElw| 3| 25| & [SHEAR STRENGTH kPo P M TF L oRAN S1zE
OEPTH DESCRIPTION w21 5| 3| BE] 5 |ouconnsd  + new v y |piSTRIBUTION]
_ £12 S 1 88] 5 |oquck s x s vme MWATER CONTENT () 4@
118.8| Ground Surfoce 7 : o 50 80 100 10 20 30 |WN/micrsa @1 L
0.0 7
-
Heterogeneous Midure of k4
Clayey Sit, Sond ond Gravel : 18
{Glacial i) )
b1
VA 1 | s
Grey i 13
g
‘i
‘
Vi
oS 116
-
idz2iss | n
Lt
3188|117 1 ) L] e | 21 |7 15 50 28
¢ L
SHIf to Vary St L !_
Mord 181 4 | 55 | 60 |/13¢m
112
11,3 : :
7.6 LSS 13em ' © , 13 28 55 6
Heterogensous Mixture of
Silt, Sond ond Grovel
(Giacicl Til) 10
' SS | 80 §/10cm
W‘Sﬂ Red | Very Dense
18,2 e 1o et [P0
10.7 ‘o8
Shole Bedrock \,,/‘ ‘
4 . -
with interbedded Sitstons QN,\ 8| RCRECT ; R0 - 70%
K//, 100%
IR
74
Weok to Very Weok, %
Unweathered | ‘@/\/‘
T
. Greyivh Red with interbedded ;“4\@ 8| RC fécz 106 _ RAD = 62%
| Greenish Grey ;/’4,
1082 %
13.7]| End of Borehole
x 92 11 19

bers ref 20
T o 1555 (%) STRAN AT FAILURE



Miniwiry of
Transporiation

"

Foundation Dwsign

Ondario
. 154
RECORD OF BOREHOLE No H10 1oF1  METRIC
WP, _.189-77-06A LOCATION Co—ords: N 4 SO0 2398 £ 277 8342 ORIGINATED BY_TS
DIST__4 HWY _403 BOREHOLE TYPE _SS_Auger, NW Casing, NX Core COMPILED BY _TS
DATUM _Geadetic DATE 92 11 16 CHECKED BY___FF
SOIL PROFILE sampLes |5 | W [ SAMiC CONE FENETRATION NATURAL "
Tv] & PUSTC wosnwe LD | LT | REMARKS
= w | X5 @ 20 40 60 80 100 CONTENT z2
Q o Lai o ) . f L 1 w, w wL oW &
wd o =
ELEV DESCRIPTION “lg|w| 3| 25| & |SHEAR STRENGTH kPe o, = | cran size
DEPTH s 212 5| B 5 | e unconmen +FIELY VANE L ONTENT o 7 |DISTRIBUTION
x|z 5 | 5O & | v ouck RAxiL = LB aNE ) &)
120.1| Ground Surface Z S i 20 40 60 80 00 10 20 30 kN/mi'lgr sA s1 ¢
0.0
1| 55| 18
| 118
Huterogareous Mixture of
Clayey Sit. Sang ond Grove!
(Gaciel 1) 2lss | 7 o ft—i 220 |8 15 50 27
L 16
A3|ss| =
Very Stiff
e s Y2 194
Hard 44| 55|04
1 -
X
______ Grey
Greyith Red ,E 5} ss| a2 .
v 11
(7 2
~;
]
6| ss| 70]|/5m
%
p:
pe 110
2
o
109.1 7] 88| 65 |/15m ° b 22.6 §34 15 42 11
1.0
Shole Bedrock
with interbedded Sitstone * i Il oo RQD = &5%
108
Weok to Very Weak .
Unweothered
Grryish Red with interbedded s | Re | reEC ROD = E2%
Graenish Crey 9%
106.1 2
14.0 | End of Borehole
- 92 11 18
+3 5, Numbers refer to

+

" Sanslilvity

20
1545 (%) STRAIN AT FAILURE
10




T i X
Ministry of ,
. @fm",';ﬂmm : Foundation Design
g Outioria

_ _ , 155
| RECORD OF BOREHOLE No H11 iorz  METRIC
WP, . 189-77-08A  LOCATION Co-ords: N 4 500 389.2; F 277 930.8 4 ORIGINATED BY.IS .
DIST HWY 403 BOREHOLE TYPE S8 Auger, NW Casing, NX Core COMPILED BY IS
DATUM Geodetic DATE i 821118 CHECKED BY Bl
‘= | OYNAMIC CONE P TGN
f P o ,
SOl PROFILE SAMPLES EW = RESISTANCE PLOT s WATURAL e !::% REMARKS
S| e ] 5| v 20 40 50 &0 100 1 w w | 5% &
ELEV DESCRIPTION HEIRRE 25 3 [SHEAR STRENGTH kPo R = | F |SRAN size
BEFTH ] > Z1 %= o uUNCONPINED + FIELD VANE
PP HEIR E8| F |ocuck maa  x us e [WATER CONTENT (%) ’ i @
124.5| Ground Surface @ £ b= 2 60 80 100 10 20 30 |kN/milgrsa sicL
6.0
124
1]ss|
Haterogerwous Mixture of
" Clayey Sit, Sond ond Grovel 122
{Sleciot 171 '
2{ss]12
120
3 oot 14
41585 20 R o] 212 |11 15 472 27
; 118 :
d5]ss| x
: 116
Grey '; .
SUff to Very SHIf 18 ¥ ;_ ,
Greyish Red Hord ; el{ssiso] o b—H 212 J12 2¢ 48 18]
114
7] 55| 6 }/13em
112.3
122 8 | 53 | 60 |/8em 3 11 35 49 5
' "2 :
Heterogerwous Mintyre of
Sit, Sond end Gravel
(Glociol T} ST T8 /sem
Greyish Red Very Derse 110
108.3 ’4 prestioyuend
w2 Continued +3 5, Numbers refer to Continued -

20 i
* Sansitivtly 15-1%-5 (%) STRAIN AT FAILURE




Miniatry of
Teansportation

X

Foundotion Design

Ontorio .I 5 6
RECORD OF BOREHOLE No H11 zorz METRIC
w.P, 198-77-0BA LOCATION Co—ordy: N 4 800 389.2; F 277 930.8 ORIGINATED BY_TS
DIST__4 HWY _403 BOREHOLE TYPE S5 Auger. NW Cosing, NX Core COMPILED BY _TS
DATUM . Geadetic DATE 82 11 18 CHECKED 8Y._...PP
SOIL PROFILE SAMPLES | 5 | W | CMC CONE PENETRATION — -
vl weree U0 | T | REMARKS
gz & - s toNTENT LM =
5 wlEg| v 20 40 60 8 100 | Ny w | Z5 %
m — L L 1 i 1]
ELEV Zle|w| 2 125| & [sHEAR STRENGTH Keo P e ] TF |eran sz
OEPTH DESCRIPTION 2218 $|3E] & |° unconmme + rEw wane | 5 |pisTRIBUTION
. x|z o | EO| 2 |oauek sl x 1ap vang [WATER CONTENT (%) 3 =
109.3{ A Continued @ : o | 20 40 60 80 100 10 20 30 | WN/miler sa i cL
1.2 J7 ;’(/_,,’
Weuthured ~/I/,
Uriweothered Q‘;
=4
Shole Bedrock B 108
with interbedded Siitstone 217\;..-‘ 11| RC | REC RQD = 23%
X% 100%
Weak lo very Weak
Grayish Red with interbedded re | mee RQD = 35%
Greenish Grey 100% 1606
105.%
18.9 | End of Borehoie
= 92 11 20
i
+.'i- x5, Nurnibers rafer fo

" Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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@I’Wm&ﬂm Foundotion Dusign

N4 | 157
RECORD OF BOREHOLE No H12 1or2 - METRIC
W.P. _199-77-06 LOCATION Cozords: N ¢ 800 5467 E 277 827.1 ORIGINATED BY.IS.
DIST..__% HWY 403 BOREHOLE TYPE .35 Auger, NW Casing, NX Core \ COMPILED BY . IS
DATUM _Geodetic DATE .. 92 1120 , CHECKED BY....BR
SOIL PROFILE SAMPLES | & | = | DRAMC CORE FENETRATON —
Kl & |FWERT 2 [ o pof oE | ReMARKS
Slel (838] 2 2 © & » w [ =0 1328 &
ELEV Tlg|w ! 2 |25] & [SHEAR STRENGTH kPo o] T ® | orAN SiZE
DEPTH DESCRIPTION =fZ| | FIBZ] & |oucowme 4 e vawe y |DISTRIBUTION
126.3 | Ground Surfoce n Gl o 20 40 60 80 100 10 20 30 |kN/milersa s cL
0.0 1 . |
125
Heterogeneous Mixture of
Cloyey Sit, Sond ond Grovel 1
{Gloeiol Tit) §
. Brown, Hord ]88 ] 32
Gray, Very Stff 123
2| ss 20
121
3 88 18
; 4l ss | on 118
T T T e BT 5 55 | B0 [ /13em ' 0 | freabd 225 Jeo 34 33 13
] Ty
61 88| 60 {/13m
115
114.5 7] 55| 65 |/18em o] H 18 16 8 1
108 3
Heterogermous Midure of
Sitt, Sond and Grovel
(Giocial TH)
113.1 Greyish Red, Very Demse
12.2 4 113
’ Weuthered
Urtweathored
Shole Hedrock 91 re | mEC . _ : RAD = 1A%
with interbedded Slbrtone 100%
Wook to Vary Weok |
Greyish Red with insterbedded 111
Greenish Grey 10| RC | REC ' ] RaD = s0%
1060%
1101 ﬂ |
152 Continued Continued

29
+3, 8"”2:,‘";,",;&'”"—"" to 1545 (%) STRAN AT FALURE




Ministry of

1

Transportaton Foundation Design
Cutorio
158
RECORD OF BOREHOLE No H12 2 0F2 METRIC
W.p. _199-77-0BA LOCATION Cowords: N 4 800 546.7; E 277 $27.1 ORIGINATED BY_IS
DIST_.. 4 HWY _403 BOREHOLE TYPE ..SS Auger, NW .Casing, NX Core COMPILED BY _TS
DATUM _Geodetic DATE 92 11 20 CHECKED BY.._ PP |
SOIL PROFILE SAMPLES | 5 | U | O N TRATION _— i
221 g GAC wene U | o F | REMARKS
= w | FE| © 20 40 60 80 100 |0 BT T EE &
~ z -— 1 e X "
ELEV DESCRIPTION 2l w |2 125| § [SHEAR STRENGTH ko ? “1 ¥ |cran size
DEPTH w12 > 1> |88 % o unconmne + FIELD VANE » |DISTRIBUTION
10,1 . =iz 5 | E0] 2 |eouck maxaL  x us vane  [WATER CONTENT (%) s %
1100 Continued vif E o 20 40 60 80 100 10 20 30 | kN/rmilgr sA s cL

15.3 | Enl of Borehole

= GW.L not estoblished

.3 xs:ﬁumbcra refer to
) Sensltivity

. 20
1505 (%) STRAIN AT FAILLRE
10




¥
@ Ministry of i ‘
Tronsporiation

ovterto 159
| | RECORD OF BOREHOLE No H13 1or1 METRIC
WP, __198-77-06A ' LOCATION Corords: N & H00 688.6; £ 277 8238 ORIGINATED BY.IS
DIST. .4 HWY 403 BOREHOLE TYPE _SS Auger, NW Cosing, NX Core COMPILED BY ..IS
DATUM _Geodetic DATE 82,1123 CHECKED BY._ . EP
. MW
SOIL. PROFILE SAMPLES | B | & | et pig o AN N 1
: w 3 L wm”m MASTURE tﬁ"r‘ mm ﬂEMARKS
, S B ES I 20 40 0 80 oo | T T ZE x
m — 1 i1 1
ELEV gl w|3]|2E5| & [SHEAR STRENGTH wPe Pt | = | GRAIN SIZE
DEPTH DESCRIPTION 2| F 5|85 & |ouwcowmsn  + mew vae » |DISTRIBUTION
126.2 ] Ground Surfoce « S o 20 40 B0 80 100 10 20 30 |kN/riforsa 1oL
o0 126
Hetertgereous Mixture of
Clayey Sit, Sand and Grovel
{Glocial Tit) ¢
Gray )
18! 28
124
2)ss| 2
122
3| 88 17
-
o Yoy s
Hord /84 4 | 55| 42 120 $ fedai] 221 {5 15 55 25
451 55| 673/15m
' 18
' : *
147.4 %— :
6.1 :E:“W J15em © 6 26 5 9
Heterogeneous Mixture of
Sit, Send end Grovel .
(Glociat T 18
155 Greyish Red, Very Dense .
10.7 Wed e =
Unwaathered
Shale Bedrock
with interbedded Sitatone 8| ko | REC RAO = 82%
Weok to ‘Very Wesk 100%
1140
12.2] Erd of Borehole
. 9211 2%
* »  Sompler bouncing

3 5, Numbers mfer to 20
X Cansiivity 1945 (%) STRAIN AT FAiLURE



@

Minktry oY

\

Tronsportation Foundation Dusign
aroria 160
RECORD OF BOREHOLE No H14 10F 1 METRIC
W.p, _ 199-77-06A LOCATION Co—ords: N & 8300 878.1; € 277 920.7 ' ORICINATED BY_TS
DIST ...t HWY _403 BOREHOLE TYPE _SS5 Auger, NW Cosing, NX Core COMPILED BY ...IS
DATUM . Geadetic DATE 92 11 24/25 CHECKED BY ... PP ...
[ Ll | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & 2 | Reetace o — .
; 2ul X S E Pl " - PUSC  wosmr  Loum =Z | REMARKS
= i EX 1 I 20 40 60 80 100 - e v | 23 &
9 o h—4 = 1 f L f 1
ELEV. BESCRIPTION TIE|w |3 |25] & [SHEAR STRENGTH ko P o RAN izt
DEFTH 12 2| > |88 % [ UNCONAIND + FIELD VANE y {DIS N
HElRs 2 | S| 2 |o ovex maxa x s e [WATER CONTENT (%) 5 6]
128.3 | Ground Surface w = o 20 40 60 80 100 10 20 3o KN/t lGR SA S CL
0.0 : H M
MR 128
| Silt, some Sand Ay
| -
| Brown, Compact I . i
|
| 1263 S q 0 15 74 11
*
2.0 j
5 EE 126
b ]
Meterogeneous Mixture of 1 %]
Cigyey Silt, Sond gnd Grove! :
{Glocial i) (21l 2 | ss | 26
$%¢
ic;
k214
Gray §
¢ 124
f ]
Wil 3| ss | 28 oprtd 220 |2 16 58 24
Very SUH |4 ]
Hord 4| 55| 48 122
,J"
]
15 ss{ 60|/ 13m
1 120
119.2
9.1 61 55| 65 [/15cem o 0 2 B9 9
Heterogencous Mixture of
Siit, Sond ond Gravel
{Glacial Tin)
ish Red, Very D 118
1176 Greyish ery Dense
10.7 Wegthered T T SETT00] /15em
Unweathersd
Shale Bedrock
with interbedded Siltstone 8 | RC | REC RQD = 37%
100%
Weak to Very Wegk, 116
Greymh Red with interbedded
Greenish Grey 9| re | mec ROD = E5%
100%}
114.5
13.7 | End of Borehoie
.92 11 25
+3 x.':_Numbou refer fo

7 Senaltivity

20
1545 (%) STRAIN AT FAILURE
10




@lﬁﬂmy uf

L - Foundution Dusign
RECORD OF BOREHOLE No S7 1or1 METRIC
w.p, _198-77-08A 'LOCATION Cowords: N 4 765 800; K 377 870 ORIGINATED BY..Bu
DIST .4 HWY 403 BOREHOLE TYPE .55 Auger .. COMPILED BY __.TS
DATUM _Geodetic DATE g2 1108 CHECKED BY.....EE.
SOIL PROFILE SAMPLES | & | 5 | CTMAMIC CONE PERETRATON —
So| 3 TSNP 2 |mee doewe wwol JE | REMARKS
_ 1 p|F8] 2| 20 40 e s wo [ =0T T E3 &
ELEV DESCRIPTION I 2 g% & [SHEAR STRENGTH kPo P e ] TE chfAé?B us'r'zog
DEFPTH HlE - | = Z 1 4% |o unconened + FIELD VANE I 1ON
12|71 2 | 88| £ [oouck maxa, = um v [WATER CONTENT (%) 7@
117.7| Ground Surface n : o 20 40 60 8O 100 1020 30 kN/ri lGr sA $1 QL
0.0 ',“
Heterogerious Mixture of ' 117
Cleyey Sitt, Sond ond Srove)
{Clocial Ti}
Grey 1{ss.] 28
15
2% 88 17
o s | 20 113
L
418528
111
Very Stf A
Hord [l 5 | 55 | 90
A 109
d6|ss]| 72
107.0
" 107
10,7
Hemmgenepus Mixture of 71551 70 |/38em
Sit, Sund and Grovat
(Glociol T}
. #*
Greyisn Red, Very Dense -%—
=x I T om WAL TN )
12,3 tnd of HSorahole
=82 11 10
» »  Shale Bedrock
(Severely Weathered)

5, Numbuers 20
sy 1595 (%) STRAIN AT FARURE




@ Ministry of
Tromaportation

v

Foundation: Design

Ontario 16’2
RECCORD OF BOREHOLE No S7A 1 OF 1 METRIC
W.P. _199-77-06A LOCATION Comprds: N 4 799 796; £ 277 886 ORIGINATED BY.JS._ .
DIST___¢ MWY _403 BOREHOLE TYPE .55 Auger, NW Cosing, NX Core COMPILED BY...IS
DATUM _Gegdetic : DATE 92 11 10 CHECKED BY PP
SOIL PROFILE saMPLES | 5 3 | Reserance ot o TN NATURAL -
£21 8 Mene wosnme Lol x| REMARKS
5 w I EZ] W 20 40 60 8 100 Conmen zZ=2 %
=18 2loc] 2 e — Y v "ol Px
ELEV DESCRIPT AN Z | Z5| S |SHEAR STRENGTH kPa - — GRAIN SIZE
OEPTH ESCRIFTION sIZ 5| 2|32 § |ounconmed mew vane R 5 |oisTRIBUTION
ez 5 | EC| 2 | ouck maxm  x 1ap vane [WATER CONTENT (%) 3 (%)
116.4 | Ground Surfoce 7 & o 20 45 60 80 100 10 20 30 kN/m'|GR sA SI CL
0.0 V1]
1
“/"‘; 116
Heterogenous Mixture of :i/-
Clayey Sit, Sond gnd Grove! :;}5
{Glaciol Till) ‘57
2]
Grey A(f
#1155 | 18
{3
1 ’5.
L&A
4’49: 114
2]
&
"/,: 2] 88 18 0 frrfrd 254 |13 22 39 26
i 4
‘%
W
2
7 / 112
,;/ 3|88 | 18
P
Z
Very Stiff ]
mmmmmmmm b
Roré /‘; 4185 T 110
o
-/ N
he
/:f *
e Y
%,{ siss|ef| b o] 208 |6 22 a2 30
b<
Er/- 108
’;”:
m;
107.3 7 A
1 :
® Heterogenous Mixture of prfl 81 58 | &2 /3Beem ° 30 26 37 7
Sitt, Sond ond Gravel
{Glacial T}
Greyish Red, Very Dense 108
105.7 7RSO /1 3em
0.7
R
Shole Bedrock L]
with interbedded Siitstone 5 RC 1':5‘; RQD = 28%
Unwegthered, Weok to Very Weak Y 104
Greyish Red with interbedded i
Greenish Grey 9 | RC | REC ROD = 27X
@ 100%
1026
138 | End of Borehole
« 92 11 10
w3 x , Numbers refer to

" Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




Ministry of .
Transportation . Foundation Desigi

onterio ‘ ]63
RECORD OF BOREHOLE No S8 1or2.  METRIC
W.P, . 18977-08A LOCATION Co—ords: N 4 798 780 E 278 055 . ORIGINATED BY.JS
DIST et HWY 503 BOREMOLE TYPE .35 Auger, NW Gasing, NX Core COMPILED BY..JS
DATUM Geodetic DATE 82 3133 . CHECKED BY__ PP
SOIL PROFILE SAMPLES 3 [ DYNAMIC CONE DENCIRATION —
Ea| X |RSSWCEROTTS 0 e wuo | o | REMARKS
5 o | 8| @ 20 0 s ®0 0 {0 vET T 28 P
o« i 1 f f " 1
FLEV 2|8 w | 2|85]| & [snear stReNcTH kPo o T F | oran size
DEPTH 211 &> |88 < UNCONFINED | FIELD VANE WATER CONTENT (% b 4
=l > | B D 1% QUK TRISXAL  x LAB VANE ATER CONTENT (% 5 (%)
116.2] Ground Surfote o g o 20 40 60 BO 100 1020 30 [uN/milen sa siCL
0.0 ) 118 ‘
irreguior Mixture of
Clayey- Silt, Sond and Gravel
{Fill Muterial} 4] es | s
Brown, Very Stir ’ Ti4
zlss ) 17 ) o} d 207 15 15 47 53
4
112
3| s8] 18
4| 88 { 17 110 pr o } { 215 16 17 43 34
5188 | 27
108
615 | 27
106
105.4 ) /
4 7| 85 | 96 - -] et 245
ad BB Heterogeneaus Mixture of ¢ Yy
Cloyey Sit, Sond ond Grovel N
(Qla:im i)
‘:104‘0 Greyish Red, Hord
2.2 o WEsTReTE TS5 TO0] /15em] 104
B Urwegthered .
Shale Bedrock
with interbedded Sitstone 5 | ne | mec , . ROD »= 42%
*@' 100%
Creyish Red with interbedded 4.
Greenish Grey, T
Weok to Very Weok 101 RC | HEC RQD = 27%
100%
1010 14 ) .A
[ L 4 -
53 Continued o3 5 Nambers refer fo I Continued

20
* Sunsitivity 1535 (%) STRAIN AT FAILURE




Ministry of
Transportation

!

Foundotion Dasign

Ontorio ]6&
RECORD OF BOREHOLE No S8 zor2 METRIC
W.P. _199-77-06a LOCATION Cowords: N 4 799 760: E 278 055 ORIGINATED BY
DIST__¢ HWY _403 BOREMOLE TYPE _SS_Auger, NW Casing, NX Core COMPILED BY _TS..__
DATUM _Geodetic DATE $2 1113 CHECKED BY__PP
SOIL PROFILE SAMPLES | B | 3 | Bl e ENETRATION NATURA -
=z o LIt NOISTLRE Emmr"rEJ ’:g REMARKS
5 R E- 1 20 40 60 8 100 [ o W | ES &
‘x — L 1 L l i
ELEV escaPToN 218w 3 g5 & |SHEAR STRENGTH kPo L B GRAN SIZE
DEPTH bl B Z£1 % | o unconFiNgD + FIELD VANE -  |OISTRIBUTION
. § 5 = “z g S1 3 |eouck ruaxa = 1 wang  [WATER CONTENT (%) s (%3
ool f Continued - ? T | 20 40 60 80 100 1020 30 |kN/milgrsa Si cL
T vy ¢
15.¢ | Enlf of Borehole
« 892 11 16
+$. x3 ; Numbers rafer to

" Sensitivity

20
1505 (%) STRAIN AT FAILURE
10




Niplitey of
Trarsportation Fourdation Desigrn

Ontorie . ' ]65
RECORD OF BOREHOLE No S8 10F 1 METRIC
f, WP, . 189-77.06A LOCATION . Comords: N_& 800 172; E 277 91§ ORIGINATED BY.TS. ..
- DIST....4 HWY _403 BOREMOLE TYPE _SS Auger COMPILED BY ...
: ) DATUM _Ceodetic DATE g2 11 17 : CHECKED BY....FP
» SOIL PROFILE SAMPLES | & | 3 | o e b e NETRATION —
Eu| 2 RESISTANCE PLOT BATC o U r:% REMARKS
3 « m ;Q v 2~° ‘;0 5'0 8'0 1‘90 W, w w %L‘:I &
ELEV] " S | w | 2]|25] & [SHEAR STRENGTH WPe ot | TF | RN iZE
DEPTH DESCRIPTION 221 E 15188 5 [owcowme  smEp | y |pisTRIBUTION
E|2 o | E3] 2 |oquck manas = 1am vane [WATER CONTENT () 7 |7 (%
120.2| Greund Surface i < o 20 40 60 80 100 10 20 30 . | kN/miigr sA st CLf
00 . : 120
Heterogeneous Mixture of %)
Cloyey Sit, Sond and Grevel 1%}
{Giaciol T /
. 1
VA 1| ss | e
’
1A
| 118
/
1
i
P4 2 | ss | 19
r
. 116
: Y
Asjss (6] F
Grey, Very Stiff
Crgieh Ngd, Horg 4 | 55| 97 |/10emf 114
1555 8 |/15em
. 112
1119
9.1 6 | 55 i b0 |/10em
Heterogenedus Mixture of
Siit, Sond ond Grave)
(Glocit TIN) e
Greywh Red, Vary Dense S TEE ] f15em
. 108.8! (Auger Gending — Proboble Bedrock)
. 11.5] End of Barehole st
: .92 1117

bers ret 20
it it 1505 (%) STRAIN AT FALURE



Minlwtry of
Tronsportation

Onterko

1

Foundation Design

Sensitivity

20
154-5 (%) STRAIN AT FAILURE
0

| _ 166
RECORD OF BOREHOLE No SSA 1or1  METRIC
W.P. 198-77-06A LOCATION Co—ords: N & BOO 173 & 277 935 ORIGINATED BY_IE
DIST 4 HWY _403 BOREHOLE TYPE .33 Auger, NW Casing NX Core COMPILED BY __TS
DATUM _Geodetic DATE 9z 1117 CHECKED BY PP
SOIL PROFILE SAMPLES | & | 5 | Rrerce i g NETRATION NATURAL —
=7 = PLASTIC  yorsmumy,  UOUID | . T REMARKS
=] & T gy BT | S
"o" 7] BO vi 20 40 60 80 100 %ﬁ &
Sle L:g o o 1 f ! " I wP w wL ¥
ELEV o la:l Sl z5 G | SHEAR STRENGTH kPa - ST} GRAIN SIZE
OEPTH DESCRIPTION 12 E | S| 3E| & |oweommed e ane | 5 |oisTRIBUTION
£z o | EO| 2 |eouck RAxAL L vane  [WATER CONTENT (%) s %
118.5 | Ground Surface « : o 20 40 60 80 100 1020 30 KN/ |GR $A SI CL
0.0 Yl
zg *
Hotarogeneous Mixture of GV‘# 118
Clayey Silt, Sond ang Grovel :y‘
(Glaciat TN} éﬁi’
x—
1 55 13
117
2| S8 12
115
3| 8% 1 ——-q 225 |2 15 s6 2v
Gray, Stiff
ish Red, Harg 4 85 {103
Grayish Red, Har 113
51 88 | 108
m
110.4
8.1 Heterogeneous Mixture of LI 6] 55 | 60 |/Bem o H 19.0 {35 22 36 3
Sitt, Send and Grovel ’s ’
.(Glaciul ke s
1091 Greyish Red, Very Dense L
109
10.4 - egthered 7| re | Rec RQD = 0%
Unweathered
2, 735%
Shole Bedrock
with interbedded Siltstone A
Weok to Vary Weak _ 75
Greyish Red with interbedded 8 | re | REC RQD = 80%
Greenish Grey 1007 Wy
106.5 ‘\.:
13.0| End of Borehole
* CGWL not esioblished
+3. %= ; Numberz refer to




@mmm o o
Transportation Foundetion Design
Ontarks

, , 167
RECORD OF BOREHOLE No S10 101 METRIC
. _ :
WP, 18877088 LOCATION ... Comorde: N 4 800 848 £.277.600 ORIGINATED BY.IS. .
DIST __4 o HWY_403 . BOREHOLE TYPE SS. Auger, NW Cosing NX Core COMPILED BY_. IS
DATUM _Geodetic DATE 92. 125 . CHECKED BY...PP
SOIL PROFILE SAMPLES & W T GYNANIC CONE PENETRATION
‘ Sgl & RS o dosmm bl % | REMARKS
5 e |5 v Lz « s & w F 7 |35 &
m i v
ELEV 2lulw |3 125| & [SHEAR STRENGTH kPo o | T F | GraN size
DEPTH DESCRIFTION L2 E | S| 3E] & [ouwcowmen  + rEw vane 5 |pisTRiBUTION
z|2 o | 851 2 | ouck raaL  x up vae - [WATER CONTENT () | (%)
1285 | Ground Surfoce i : o | 20 40 60 80 100 10 20 30 | kN/mfGR SA SI CL
0.0
Hetervgeneous Mixture of 4 i
Cloyey Sit, Sond ond Grovel ; . 198
(Clocial TH)
1]ss | 2
o - *
h 4
Brown 198
\ Grey 2] ss| 25
3lss| o s28
Very St
Herd 4 | 85 | 1101 /25cm
122
35 ss | 60 ]/ r5em
o 120
115.8
) €TSS 86 /1tiem
- Weusthered
Unweothered
7| re | Rec RD = 47%
Shale Bedrock : 100%
with Interbedded Sitstore ne
Weck to Very Weok ’
Greyish Red with interbedded B RC ":g‘; ' ROD w 58%
Grvetiigh  Grey
116.3
i 12.6| End of Borehole
“92 1126

pers 20
+3, xf':;:":‘ﬂm“’" to 1545 (%) STRAN AT FALURE



Ministry of
Transpertation

i

Foundottor: Dasigm

Ontorio ]68
RECORD OF BOREHOLE No S10A 1 0F 1 METRIC
W.p, _ 189-77-06A LOCATION Cowords: N 4 800 846; £ 777 912 ORIGINATED BY._TS
DIST .4 HWY 403 BOREHOLE TYPE _SS Auger COMPILED BY.. 15
DATUM _Geodetic DATE 82 11 25 CHECKED BY....PP.... .
SOIL PROFILE SAMPLES | & | W | CrNAMic CONE PENETRATION e —
gul § Jare woswee Lo | o | REMARKS
e w | 5] » 20 40 60 100 CONTENT z=
9 o |5( ae o 3 fy i L L wP w wL m; &
ELEV ClE| 8| 2| Z8] S |SHEAR STRENGTH kPa GRAIN SIZE
SEFTH DESCRIPTION 2|21 E 5135 & o unconmm + FIELD VANE » |pISTRIBUTION
: gz 5 | EO] & |eouek e x e vane  [WATER CONTENT (%) S @&
128.3 | Ground Surface v - o 2C 40 BO 80 100 10 20 30 | &N/mijcr sA Si L
R
oe Sitt, troce Clay 128
(Fill Material)
Brown, Compact
126.3 118N b o 4 8214
20 7 ‘)f .
bes Y
//‘?: = 126
v )
Heterogeneoun Mixture of ‘{:b;
Clayey Silt. Sand and Grovel 2/-":
. 4 2 | S8 16
{Glaciot Tilty %
rEy
V4
Grey j
/] 124
4
o
Wil 31551 16 ° i 3 15 54 28
stiff
Hord 4! 851 41 122
151 ss| 60 {/15em
120
1182
51 Meterogereous Mixture of 6 | 55| 6 |/8cm
Silt,, Sand and Grovel
{Glaciol Titl)
_ . 118
’6 Greyish Red, Very Dense .
1 s
10.7 | End of Borehole i
= 92 11 26
« & Sumpler Bouncing
(Probeble Shale Bedrock)

43 x% . Numbers reter to
SersiHvily

.

20
1505 (X) STRAIN AT FALURE
10




Miniwtry of , )
Transportation. Foundetion esign

Onturle . ’ : ]69
RECORD OF BOREHOLE No S11A  .1or1  METRIC
W.P, ..188-77-08A LOCATION Cowoprds: N 4 BO1 378 E 277 BEG ORIGINATED BY.IS
DIST % HWY 403 BOREHOLE TYPE .55 Aucer . COMPILED BY I3
DATUM _Geodetic DATE 92.11.24 CHECKED BY....BE
: , 3 L T DYNANIC CONE FENETRATION .
SOIL PROFILE ’ SAMPLES E‘w = | RESISTANCE BLOT L...._..___ ik SN B REMARKS
b z!| & VNI e UM | 03
sl.| 12|28 20 s s e w |30 = ST EE T,
ELEV DESCRIPTION HEIEE 2 § |SHEAR STRENGTH 6o . i ONTRIBUTION
OEPTH =1 FE O | o %2 | o UNCONFINED + FIELD VANE '
El1Z2|7 |, E38| 5 |oouck Taxa x ue vane  WATER CONTENT (%) 7@
134.1] Ground Surfoce L& M o 20 40 60 80 100 10 20 30 PkN/milcr SA 81 CL
0.0 4!
v
Heterogeneous Mixture of ¥
Clayey Siit, Sond ond Grovel : 4
{Glaciat T} - na
Grey, Very Stitf : 4,
118 17
: 5
: 132
A
1
4
A
74l 2] 58| 26
w ]
5 4
Vot 130
129.8 i A
a5 LB S SS T80 ) /15em
Heterogenedus Mixture of v"
Silt, Sord ong Gravel ) =
{Glagiol T |
o e TS5 | 66 J/sem | 2
Grayigh Red, Very Dense ’
126.5 "
T
7.6 | End of Borehcle i
» 92 11 25
» « Sampler bounging
Powdered Shale in spoon
{Probuble Betrowk)

3 _%_ Numbers refer to 20
FXT  asitivity 1895 (%) STRAIN AT FaLURE



Ministry of

2

Transportatien Foundotion Design
Ontario ]70
RECORD OF BOREHOLE No S11A-A 1ort  METRIC
W.P., __189-77-08A LOCATION Co—ords: N 4 801 378, £ 277 8§10 ORIGINATED BY_TS
DIST 4 HMWY 403 BOREHOLE TYPE _S35 Auger, NW Cosing, NX Core COMPILED BY TS
DATUM . Geodetic DATE 92 11 23/24 CHECKED BY._ PP
SQIL PROFILE sampLes | £ S| REssTANGE mion o RATION NATURAL -
<P}l O JRe uosnee  LER | X REMARKS
= v | F8] @ 20 40 0 8 oo [0 PN T4 ZE &
- = —_ ) P
ELEV alglw | 3| 85| & |sHEAR STRENGTH kPe e M F | raN size
DEPTA DESCRIPTION w215 | 2 132] & |ouwconrmen  + pE vane y |pisTriBUTION
E = | ES| 3 | aouck maL  x uas vane IWATER CONTENT (% s (% _
134.0 { Ground Surfoce g = o 20 40 &0 80 100 0 20 30 kN/miicr sA S cL
.0
A?;/'
Heterogeneous Mixture of 43/‘;
Cloyey Silt, Sond and Growel ‘f_,"
Vo
]
Grey, Hord |4 .{ ’
LVad 1SS 30 & 23.0 5 16 51 28]
¥4
] 132
g '7‘
('
4/ g
b
1294 2 55| 48
b2
b
Y./ 4
‘/'4: 130
%
129.4 'a?%
46 Al 3 T eE TR /15em ) 10 25 58 9
Heterogenecus Mixture of 2 |]
Silt, Sond and Grovel {7 *
; . A J .
{Gladial Til) i s
Greyish Red, Very Dense +
________ 4 128
iU 4 S5 | 60 | /Sem
Siltstone frogments gl
126.4 | ———
7.6
126
Shale Bedrock
with interbedded Siltstone 6 | RC | REC Rap = 71%
100%
Weok tc Very Weok. Unweathéreg
7} RC | REC 194 RGD = §7%
Creyish Red with interbedded 1002
123.3 Greenish Gray .
10.7 | End of Sorehole
= 92 11 25
* ¢+ Sompler bouncing
+3. xs_ﬂumbem refer to

" Sensitivity

20
1565 (%) STRAIN AT FAILURE
190




¥ . ¥

Minfatry of ' ' ‘ '
Tramsportution ’ . Founduation Design

e 171
RECORD OF BOREMOLE No S13 1or1  METRIC
WP, 18877064 LOCATION Corords: N 4 803 856 E 277 820 ORIGINATED BY_IS
DIST._4 HWY _403 HOREHOLE TYPE .85 Auger, NW Casing, NX Core COMPILED BY . TS
DATUM _Geodetic DATE . 92 12 0% CHECKED BY _PB_
SOl PROFILE SAMPLES | & | = | CVUBC CONE PERETRATION -
g,| 2 |ressmacerory Pusne NI Laun m% REMARKS
5 w|EG| Pl 2, 40 s w w0 FoOT 1| &
ELEV. DESCRIPTION WL 3 %g & [SHEar STRENGTH kP - | aTRBUTION
DEPTH| b L oo Z 1 = | o UNCONFINED + FIELD VANE !
' gl2]7 |5 Z8| 3 |oouck raxm,  x m v [WATER CONTENT (%) 4 4 G
159,6 | Ground Surface v : o 20 40 B0 80 100 10 20 30 | kN/milcr sA st cL
0.0 . ' \
. Heterogeneous Mixture of f 159
Clayey Silt, Send and Gravel 4
{Glocial T} i
Brown i . .
. 1]85] 18 o J 225 J0. 8 66 26
157
Very SHff
vore f}‘;‘ﬁ T /15em
L3S TET ] /15em] 155
4| 85! 80 |/10em . ¢ poeeed 12 20 48 20
153
1520 . [T
7.6 Weothered —
Unweothered .
6 | RC | REC ) ROGD = B2%
100% 151
Shole Bedrock
with interbedded Sitstone
7 | re | rec | RGD = e8%
Weok to Very Weok, 1o0%
| 1489 Greyist, Red to Greenish Grey 148
10.7 | End of Barehole N
» GMW.L not estoblished
== Sompler Bouncing

5 . Numiibe 20
+5, 18 s‘.'mm‘:'”""" to 1585 (%) STRAIN AT FALURE



Minislry of
Trensportation

{Ontorie

Foyndetion Deslgn

172

" Sansilivity

20
1545 (%) STRAIN AT FAILURE
AL

RECORD OF BOREHOLE No S13A 1ot METRIC
W.P. 199»~77»~06A LOCATION Co—ords: N 4 803 857, £ 277 840 ORIGINATED BY_TS
DIST 4 HWY _403 BOREHOLE TYPE 35 Auger COMPILED BY _¥S5
DATUM _Crodetic DATE 92 12 0 CHECKED BY___ PP
' B FF ,
SOIL PROFILE SAMPLES §m S | ReSsrncE Aot oy BN e N -
= [ %] NOTSTURE ot
5 Er I 20 40 60 8 100 “\:” e ”:" zZ &
o o : L 1 1 L L P
ELEV DESCRIPTION =18y 3|25 & [SHEAR STRENGTH kPo P e M TF | cran sz
DEPTH ‘ w121 2| = | 881 S |© UNCONFINED + FIELD VANE + |DISTRIBUTION
. % S F o | 2] 2 |oouck e« am vane  WATER CONTENT (%) s (%)
159,3 | Ground Surfoce 7] ¥ o 20 40 80 80 100 10 20 30 kN/m Icr sA 51 CL
0.0 M2
bs U BT
Heterogeneous Mixture of ‘:'f;'
Clayey Sit. Sand ond Grove! :f{
(Glacial T} é/éf
/"-f
LA
vl 1] ss | as
Hard AV.’
A
7 157
fu '{
]
%7
ﬁ/ 2{ss| &7
4 ;’_
47
Brown :A?‘/‘ 185
______ 427 4
Grey ‘5-0 3 SE B0 | /8Bcm
A?a
.
4
i
el
. A
““““““““ WH T TS5 1 65 | /15em).
Greyish Red L& 153
2
17 b
1%
‘?2;
151.7 oL
546 s P B OSSN /5em
7.7 | Ena ot . L]
« + Sree udreck
(See iy Weothered)
e xﬁ,Numbem refer to




Winistry of

Transportation ) ] Foundction Design
RECORD OF BOREHOLE No S14 10r1  METRIC
WP, ..188=77=06A LOCATION Eorords: N 4 BO4 285 F 277 795 ORIGINATED BY.JS. .
DIST ..t HWY 403 ' BOREHOLE TYPE S5 Auger, NW Cosing, NX Core COMPILED BY .05
DATLIM _Geodetic DATE 82 3127 CHECKED BY....PR
SOIL PROFILE SAMPLES | & | 3 | CouMC CONE PENETRATION NATURAL .
= 2 Z RESISTANCE PLOT e sn| =% | rewarcs
. Bm =gl ¥ 20 40 €0 g0 W0 w w | 5& &
ELEV. DESCRIPTION dEIFRE %g § [SHEMR STRENGTH keo sl DrorBU N
DEFTH , I I &1 % [e unconaned + FIELD VANE | ”y
E 35| F _z gs S le ouek maxw, = g vane [VATER CONTENT (%) s %)
189.2 | Ground Surfoce @ - = 20 40 60 80 100 10 20 30 kN/ri' [6R SA SI.€L
0.0 .
Hetervgemeous Midire of 4
Clayey Sit, Sand amd Gravel 3
{Gloeial T . § : 158
1] ss| 60 ' , 0 fudunnd 232 |1 11 o859 29
Brown, Hord 4
2| ss | wo]/15em] 156
154.5 .
45 ‘ 3155 | B0 |/Bem
Heterogeneous Mixture of . . 154
Silt, Sand ond Grove!
(Glociol T} ‘ _ \
ST /15em) : \ b 13 2068 5
Grayish Rud, Viry Doersa '
152
1516
78] 1759 5 | 55 | 60 |/15em
Shole Bedrock
With interbadded Sittstone
. e T /15em] 150
Weok fo Very Week , /18em
Greyish Red with interbedded .
Greenish Grey 7 | "c | REC . : . RQD = 37%
/ 100%
Weathered
Unweathered
148
8| re | rec ‘ RQD = S5%
1 Jioom
1468
12.3| Enc of Horehole
« CWL mot estebished

20
SR i 1595 (%) STRAIN AT FALURE




Ministry of
Transpertation

+

Foundailen Design

tntarlo 174
RECORD OF BOREHOLE No S14A 10F 1 METRIC
W.P. _189-77.064 LOCATION Co-ords: N 4 804 283 € 277 823 ORIGINATED BY.IS. .
DIST 4 HwY _403 BOREHOLE TYPE _35 Auger COMPILED BY _TS
DATUM _Geodetic DATE 92 11 27 CHECKED BY....PP .
SOIL PROFILE SaMPLES | £ | I | RIS SO ENETRATION VR
TS S =z REMARKS
e w | FE| @ 20 40 60 80 100 ‘:" il L:" z2 x
ol o A ) ; ! i
ELEV Tlulw § 25| & [SHEAR STRENGTH kP A * | crain size
GEPTH DESCRIPTION 2|21 5 F 32| § |o unconnen + FIELD VANE 5 [|DISTRIBUTION
K s, | EO| 2 | ouick TRMAL  x LAB vane WATER CONTENT (27) 3 ()
158.4 | Ground Surfoce n . = 20 40 60 80 100 10 20 30 kN/ri|GR sA S CL
0.0 4
5 158
Heterogensous Mixture of )
Cloyey Silt, Sond ond Grove! 4;: lj
(Glogial Ti) 264 -
751
fs
Brown, Hard Lreq 1 55 41
= 4F
%
1
oo 156
A'_-
i
4'_'; 21 55| 60 }/15cm
,/..
% ¥4
L]
4/":
4
155.8 {,/“’: 154
4.6 CHl | s 1 B0/ 5am
5L
Heterogeneous Mixture of "a
Sit, Send ond Grove! ‘f a:
Fel
(Glociat TiH) Lb Al
rey , &
Yoy Dense e Res T e TS TR f15em
vl 152
.
>
an
FCAl
. 4]
150.8 <z
7.6 @\1 5| %5 | 80
Shole Bedrock
with interbedded Siltstone @ 150
Greyiah Red, Weothered
Weak to Very Weok s
149,0 6| 55 | &0
9.4 End of Borahole
.92 12 0

23 45, Numbers refer to
" Sensitivity

20
1545 (%) STRAIN AT FAILURE
10




Mietytey of

Trorsportation s : ‘ Foundation Design
Ovdorls ) ‘,75
RECORD OF BOREHOLE No S15 1or1  METRIC
WP, _188-77-08A LOCATION Co-ords: N 4 798 666 E 279 202 ORIGINATED BY.TS.__
DIST.. % HWY _403 BOREHOLE TYPE .S Auer, NW Cosing, NX Core COMPILED BY TS
DATUM _Geodetic DATE 82 11 30 CHECKED BY... PP
SOIL PROFILE SAMPLES T & 1 9 [ DYuaic CoRE PENETRATION - —
Gul 3 |TNCRT 2 nee dewe el oE | reMarks
=1 w| 8] v | 20 w s s w0 | U EF &
ELEV SESCRIPTION zldlw |2 §§ 3 [SHEAR STRENGTH WPa LY Bt cran sz
DEPTH I EIR- % | o unconrneD + FIELD VANE v |
_ 12|17 |5 | 80| & |ocvex mua  x ve wwe [WATER CONTENT (3) 4 @
9,5 | Asphallic Surfoce v : o 20 40 60 B8O 100 1020 30 | kN/nijer sa st CL
00 Sond and Grawe! a4 DS\'
(Pl Material) ay
Brown, Compact
S8 1| ss| v
1.8 Heterogeneous Mixture of . 5 P
, Cloyey Silt, Sond ond Srovel 4
{Glociot Tih) g a7
g6.5|  Brown :
30F | eroe . [ 2 | 85 | 80 |/15cm
eterogenescus Mixture of ) 1
‘Sit, Send ond Grovel 2 '
(Gloeial Till) ol
P
Very Dense h Red M
SIS | 95
Grey lob] 3| 85 100 of fepd 240 |6 20 53 2
r
5
4
Sit, Very Dense, Grey “ 41858 70
SR A .
Groyish' Hed £
L
5
il s | ss | v00 _ b 7 8 7 9
2
L&
'? 81
90.5 P
o . FORETITTO /5em
Shole Bedrock
" with interbedded Sittstore
7 RC | REC s . RGD = BY
Unwaathered, . .
. Weak ts Very Weok .
ass 89
0.7 | End of Barehole : ’

' : 20
43, 5 ; Numbors rotér to 1595 (%) STRAIN AT FALURE



ROCK CORE DESCRIPTION
WP 199-77-06A

[ CORE RECOVERY | B CORE DESCRIPTION

DEPTH | % % DEPTH
BH# |RC# (m)- CR* | RQD* (m) DESCRIPTION

Page 1of 5

H1 8 10.69-12.22 100 57 10.69-12.22 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (3%); very
line grained; weak to very weak; unweathered to slightly weathered; fractures
moderate to extremely close spaced, fiat to near venibaf, planar to undulating,
smooth. '

9.20-10.72 SHALE, greyish red, with interbedded greenish grey SILTSTONE (7%); very
fine grained; weak to very weak; unweathered to slightly weathered; fractures
close to extremely close spaced, flat to near vertical, planar to undulating, smooth. |

H2 7 9.20-10.72 100 37

H3 7 9.30-10.82 100 50 9.30-10.82 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (15%); very

tine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 9.30-9.91 m); fractures moderate to extremely close spaced, flat to
near vertical, planar o undulating, smooth. '

3.66-7.92 SHALE, greyish red, with interbedded greenish grey SILTSTONE (11%); very
fine grained; weak to very weak; unweathered to slightly weathered (moderately

H4 3 3.66-5.18 88 0
5.18-6.40 100 13

6.40-7.92 100 42 weathered, 3.66-3.96 m); fractures moderate to extremely close spaced, flat to

near vertical, planar to undulating, smooth.

H5 8 7.01-8.53 10¢ 34 7.01-10.06 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (19%); very
8.53-10.06 100 55 fine grained; weak to very weak; unweathered to slightly weathered:; fractures
moderate to extremely close spaced, flat to near vertical, planar to undulating,
_ smooth.
*CR = CORE RECOVERY (NOTE: Depths are approximated where core recovery is less than 100%)

*RQD = ROCK QUALITY DESIGNATION
Logged by: DAW, Scils and Aggregates Section
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ROCK CORE DESCRIPTION , | .
wP 1&9-77—06A

Page 20f &

| CORE RECOVERY | ~ CORE DESCRIPTION

DEPTH | % % ~DEPTH~ ,
| BH# |RC# (m) CR* aoo* (m) . DESCRIPTION

H6 4 | 4.72-6.25 100 37 4.72-7.77 SHALE, greyish red, with interbedded greenish grey SILTSTONE (18%j; very ‘
5 6.25-7.77 100 78 '

fine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 5.49-5.61 m}; fractures moderate to extremely close spaced, flat to
near vertical, planar to undulating, smooth. '

10.90-?3,8? SHALE, greyish red, with interbedded greenish grey SILTSTONE (13%); very

H8 12 10.90-12.34 100 45

i
-
|
13 12.34-13.87 g2 33 fine grained; weak to very weak; unweathered to slightly weathered; fracturss
close to extremely close spaced, flat to near vertical, planar to undulating, smooth.
HBA | 11 10.16-11.68 10 0 10.16-16.21 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (20%); very [
f
13 13.21-14.68 83 37 wea&hered 10.16-11.76 m); fractures moderate to extremely close spaced flatto E
14 14.68-16.21 70 24 near vertical, planar to unduiating, smooth.

- TP reraimms eV AT p—

10.69-13.74 | SHALE, greyfsh red, with mterbedded greenish grey SILTSTONE (14%); very
fine grained; weak to very weak; unweathered to slightly weathered; tractures

H9 8 10.69-12.22 100 70
g 12.22-13.74 100 62

moderate to exiremely close spaced, flat to near vertical, planar to undulating, .
gmooth.

H10 | 8 | 10.97-1250 | 100 65
g 12.50-14.02 g7 62 fine grained; weak to very weak; unweathered to slightly weathered; fractures

|
|
|
;
f
12 11.68-13.21 80 27 | tine grained; weak to very weak; unweathered to slightly weathered (moderately
’ |
I
|
|
|
I
i moderate to extremely close spaced, flat fo near vertical, planar to undulating,

10.97-14.02 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (18%}); very l

L 77777777777777777 smooth.

*CR= GOHE RECOVERY (NOTE: erms are appmx:mated where core recove:y is fess than 100%)
*RQD = ROCK QUALITY DESIGNATION _
T Logged by: DAW, Soils and Aggregates Section
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ROCK CORE DESCRIPTION
WP 199-77-06A

|

CORE RECOVERY

Page Jdof b

CORE DESCRIPTION

SILTSTONE (17%); very fine grained; weak to very weak; unweathered to

DEPTH DEPTH :
BH# |RC# (m) CR* | RQD* (m) DESCRIPTION
H11 11 15.85-17.37 100 23 15.85-18.90 SHALE, greyish red, with interbedded greenish grey SILTSTONE (11%); very |
i2 17.37-18.90 100 35 fine grained; weak to very weak; unweathered to slightly weathered; fractures
moderate to extremely close spaced, flat to near vertical, planar to undulating,
smooth.
H12 9 12.27-13.79 100 14 12.27-16.32 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (21%); very
10 13.78-15.32 100 60 fine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 12.27-12.60 m); fractures moderate 1o extremely close spaced, flat to
near vertical, planar to undulating, smooth.
H13 8 10.72-12.24 | 100 82 10.72-12.24 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (20%); very
fine grained; weak to very weak; unweathered to slightly weathered; fractures
i moderate 1o very close spaced, flat to near vertical, planar to undulating, smooth.
H14 10.82-12.34 100 37 | 10.82-13.87 | SHALE (with gypsum veinlets sub-paraliel to bedding up to 0.2 cm thick, and
9 12.34-13.87 100 65 | gypsum-filled vugs, 13.26-13.80 m}, greyish red, with interbedded greenish grey
|
i
E

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

slightly weathered; fractures moderate to extremely close spaced, flat to near

vertical, planar to undulating, smooth.,

(NOTE: Depths are approximated where core recovery is less than 100%)}

Logged by: DAW, Soils and Aggregates Section
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ROCK CORE DESCRIPTION
WP 199-77~m

DESCRIPTION

10.72-12.24
12.24-13.77

SHALE, greyish red, with interbedded greenish grey SILTSTONE (8%); very
fine grained; weak to very weak; unweathered to slightly weathered; fractures
close to extremely close spaced, fiat to near vertical, planar to undulating, smooth. §

-12.34-13.87
13.87-15.39

SHALE, greyish red, with interbedded greenish grey SILTSTONE (13%); very
fine grained; weak to very weak; unweathered to slightly weathered (moderately

weathered, 13.41-13.74 m}, fractures close to extremely close spaced, flat to near |
vertical, planar to undulating, smooth. | |

9.91-11.43
11.43-12.95

9.91-10.42
- 10.42-12.95

OVERBURDEN (till). |

SHALE, Qreyish red, with interbedded greenish grey SILTSTONE (18%); very
fine grained; weak to very weak; unweathered to slightly weathered (moderately
weathered, 10.42-10.80 m}; fractures moderate to extremely ¢lose spaced, flatto |

9.60-11.13
11.13-12.65

*RQD = ROCK QUALITY DESIGNATION

9.60-12.65

*CR = CORE RECOVERY (NOTE Depths are approximated where core recovery is less than 100%)

near vertical, planar to undulating, smooth.

SHALE, greyish red, with interbedded greenish grey SILTSTONE (18%); very
fine grained; weak 10 very weak; unweathered to slightly weathered; fractures
moderate to extremely close spaced, fiat to near vertical, planar to undulating,

smooth. ' ‘

Logged by DAW, Soils and Aggfega!es Section
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ROCK CORE DF<CRIPTION
WP 1.8/ 6A

_—
—

CORE RECOVERY |

Page 5 of 5
CORE DESCRIPTION '

F — | DEPTH | % % DEPTH
BH# |RC# (m) CR* |RQD* (m) DESCRIPTION
S11A- 6 7.62-9.14 100 71 I 7.62-10.67 | SHALE (with gypsum veinlets sub-parallel to bedding up to 0.5 cm thick, and
A 7 9.14-10.67 100 67 l gypsum-filled vugs, 9.85-10.36 m}, greyish red, with interbedded greenish grey
| SILTSTONE (7%); very fine grained; weak to very weak; unweathered to slightly
! weathered; fractures moderate to extremely close spaced, flat to near vertical,
_ planar to undulating, smooth,
S13 6 7.64-9.17 100 62 7.64-10.69 | SHALE (with gypsum veinlets sub-paralel to bedding up 10 0.2 cm thick, and
7 9.17-10.69 100 68 gypsum-filled vugs, 7.85-9.10 m), greyish red, with interbedded greenish grey
SILTSTONE (3%]); very fine grained; weak to very weak; unweathered to slightly
weathered {moderately weathered, 7.64-7.85 my); fractures moderate to extremely
| close spaced, flat to dipping, planar to undulating, smooth.
S14 7 9.30-10.82 100 37 9.30-12.34 | SHALE (ﬁith gypsum veinlets sub-paraliel to bedding up {o 0.2 cm thick, and
8 10.82-12.34 100 55 gypsum-filled vugs, 11.21-11.28 m), greyish red, with interbedded greenish grey
SILTSTONE (11%); very fine grained; weak to very weak; unweathered {0 |
slightly weathered (moderately weathered, 9.30-10.82 m}; fraciures moderate to
extremely close spaced, flat to near vertical, planar to undulating, smooth.
S15 7 9.20-10.72 100 8 9.20-10.72 | SHALE, greyish red, with interbedded greenish grey SILTSTONE (19%); very

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

fine grained; weak to very weak; unweathered to slightly weathered; fractures

close to extremely close spaced, flat o near vertical, planar {o undulating, smooth.

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

Logged by: DAW, Soils and Aggregates Section
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GEOTECHNICAL INVESTIGATION
PROPOSED BRIDGE 34
SITE 10-480
FREEMAN. INTERCHANGE
“ BURLINGTON, ONTARIO
W.P. 199-77-07 DISTRICT 4

1.  INTRODUCTION

Golder. Associatés Ltd. has been retained by the Ministry of
Transportation Ontario (MTO) to carry out a series of site
specific subsurface investigations for the design of
structures for the propésed reconstruction of the Freeman
Interchange in Burlington, Ontario. This report presents the
results of a subsurface im}estigation carried out at the site
of the proposed Bridge No. 34 to be constructed as part of
the westbound Highway 403 lanes as shown on the Key Plan,
- Drawing 1997707-A".

The purpose of the investigation was to determine the
subsurface conditions at the site,

2. SITE AND PROJECT DESCRIPTION

The proposed Bridge No. 34 will be situated between the
existing QEW north - 403 west ramp and the existing North
Service Road. The proposed Bridge 35 (Site 10-481, W.P. 199~
77-08) will be situated parallel to and immediately to the
south of Bridge 34. The existing ground surface elevation
along the centreline of the proposed structure varies from
about 106.5 to 109.0 metres. The location of the site is
shown on the Key Plan, Drawing 1997707-A%

The site is situated within the 'physiographic region of

s SHEET NO 484 OF THE CONTRACT DWG'S
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Southwestern Ontario known as the Iroquois Plain. Available
geologic information indicates that the overburden in the
general area of the site consists of a thin veneer of sands,
glacial till and/or residgal soil derived from the weathering
of the underlying shale bedrock. The Queenston shale
formation which comprises the bedrock in the area generally
consists of thinly bedded red shale with occasional bands of
grey limestone.

Bridge No. 34 will carry Highway 403 westbound traffic over
Bridge No. 33, (Site 10~335, W.P. 199-77-05) the QEW east -
403 west ramp and the 403 east -QEW south ramp.

The proposed high level bridge will consist’of a five span
structure (spans of approximately 45, 60,60, 45 and 35 metres
south to north respectively) with two abutments and 4 piers.
Approach fills of some 8.5 to 9.5 metres in height will be
required.

3. INVESTIGATION PROCEDURE

The field work for this investigation was carried out between

August 16 and September 25, 1990 at which time one test pit
was excavated and seven bofeholes were drilled. The

locations of the boreholes and test pit are shown on Drawing
1997707-A.

In addition the results of test pit 3, excavated as part of

the field investigation programme for Bridge No. 33 (Site 10-
335, W.P. 199~77~05) have been included in this report.

« SHEET NO 484 OF THE CONTRACT DWG'S
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The initial stage of the field work consisted of excavating
a test pit (numbered 4) near the proposed east abutment. The
test pit was excavated to a depth of about 3.4 metres below
the existing ground surface using a "John Deere 690"
hydraulic backhoe supplied and operated by a 1local

contractor. Chunk samples were obtained from the predominant.

soil strata exposed in the test pit and the test pit was
loosely backfilled following sampling and logging.

The boreholes were drilled using track maunﬁed power auger
drillrigs equipped for rotary drilling supplied and operated

by a'speqialist drilling contractor. Boreholes numbered 9,

10, 11, and 12 were advanced to bedrock, through about 2.5 to

5.2 metres of overburdén, and the shale bedrock encountered

beneath the overburden was core drilled in NQ size for about
3 metres in these boreholes. Borehole 9B was cored in KQ
size from about 2 metres above the bedrock surface to about
3 metres below the rock surface to verify the rock/soil
interface and to investigate the quality of the upper portion

of the bedrock. Boreholes numbered 8 and 13 were drilled to

practical auger refusal. The boreholes were advanced in the
overburden and the upper portion of the bedrock using hominal
150 millimetre outside diameter hollow stem augers and
nominal 100 millimetre diameter solid stem augets. Standard
penetration testing and sampling was carried out within the
overburden encountered in the boreholes using 35 millimetre
inside diameter split spoon sampling eqﬁipment.

Samples of the overburden and the rock core recovered from
the test pits and boreholes were taken to our Hamilton
laboratory for examination and water content determinations.
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Grain size analyses and Atterberg limit determinations were
determined on selected samples of the overburden.

The soil and rock stratigraphy encountered in the boreholes
and test pits are shown in detail on the Records of Boreholes
and Records of Test Pits following the text of this report
and on Drawing 1997707-A.  The results of the field and
laboratory testing are also shown on the Record of Borehole
and Record of Test Pit sheets and on Figures 1 and 2.

Groundwater levels were observed in the open boreholes during
drilling and in the test pits during and after excavation.
Piezometers were installed in boreholes 9 and 12 as detailed
on the Record of Borehole sheets. Notes pertaining to the
groundwater conditions observed in the boreholes and test
pits are also shown on the Record of Borehole and Test Pit
sheets and on Drawing 1997707-A%

The locations and ground surface elevations at the borehole
and test pit locations have been determined by Golder
Associates staff with reference to site specific points and
temporary bench marks provided by McCormick Rankin &
Associates Limited. The final locations and ground surface
elevations of the boreholes were subsequently verified by
McCormick Rankin. The elevations provided are understood to
be referred to geodetic datum.

* SHEET NO 484 OF THE CONTRACT DWG'S
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4. SUBSURFACE CONDITIONS

4.1 General

The subsurface conditions encountered in the boreholes and
test pits put down at the site are shown in detail on the
Records of Borehole and Record of Test Pit sheets, and in
summary form on Drawing 1997707-A. The soil boundaries and
rock stratigraphy indicated, particularly for the boreholes,
‘are inferred from non-continuous sampling and resistance to
driiling advance. These boundaries typically represent a
transition between one soil or rock type to another and are
not intended to define an exact plane of geological change.
Conditions will vary between and beyond the borehole and test
‘ pit locations.

The subsurface conditions encountered at the site generally
consisted of £ill, topsoil and glacial till, overlying
" completely to highly weathered shale and by more competent
shale bedrock at depth. | |

The following discussion has been simplified in terms. of

major soil and rock strata for the purposes of geotechnical
design. ' '

It should be noted that due to the relatively soft and
weathered nature of the Queenston shale formation,

particularly the upper zone, together with the effects of

glacial overriding at the bedrock sﬁrface, it is difficult to
accurately define the bedrock surface both from a geological
and a contractual standpoint.

 SHEET NO 484 OF THE CONTRACT DWG'S
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During the course of this investigation, a stratigraphic unit
directly overlying the shale bedrock, which in strictly
geological terms is described as deformation till, has been
encountered. This stratigraphic unit consists of an

imbricate embedment of fragments of bedrock in a till matrix

which has been formed from glacial overriding of the parent
bedrock. This till is characterized by the presence of
rounded and sub-~angular clasts of the parent rock with non
horizontal bedding. Based on the consistency, the relatively
high penetration resistance encountered in the boreholes and
the difficulty of excavation experienced in the test pits,
. this stratum could be contractually interpreted as a zone of

the bedrock and for this reason has been referred to in this’

report as an upper zone of the bedrock formation.

4.2 Topseil

A layer of topsbil was encountered at the ground surface in
borehole 8 and in test pits 3 and 4. A layer of topsoil was
also encountered underlying the fill in borehole 10 and test
pit 3.

4.3 Clayey Silt, Silty Clay, occ. gravel (Fill)

Fill generally consisting of clayey silt and silty clay, was
encountered in all of the boreholes and in the test pits.
The fill and topsoil layers were fully penetrated in the
boreholes and test pits at elevat’ons varying between about
104.5 and 105.8 metres or at depths of about 1 to 4.4 metres
below the existing ground surface. The greatest depth of
fill was encountered in borehole 8. The £ill at this
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location probably consists of embankment f£ill placed in
conjunction with the construction of the existing adjacent
QEW south -~ 403 west ramp. Layers of granular fill

associated with existing pavements were encountered at the

ground surface in boreholes 9, 10 and 11.

The clayey f£ill has in-situ water contents ranging from about
14 to 31 per cent with an average'in-situ water content of
about 19 per cent. N-values ranging from 10 to 27 blows per
0.3 metres, were,determined in standard penetration testing
carried out in the clayey fill indicating a generally stiff
to very stiff consistency. |

4.4 clayey 8ilt, trace to some sand, occ. gravel,
\ occ. shale fragments (Till)

Glacial till was generally encountered beneath the f£ill and

topsoil in all of the boreholes. 1In general, the till is

characterized by an upper zone of very stiff to hard brown
clayey silt and a lower zone of reddish brown clayey silt
which is somewhat harder than the overlying till.

The N values determined in the upper till zone ranged from 19
to 54 blows per 0.3 metres. The natural water content of
sanples of the upper till recovered from the boreholes and
test pit ranged from about 12 to 18 per cent.

Standard penetration testing was also carried out in the
lower till zone, but due to its hard consistency, in most

instances it was not practical to advance the sampler the

entire 450 millimetres required to establish an N value.
However, N values of the order of greater than 100 blows per
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0.3 metres can generally be inferred from the penetration
testing.  The natural water content of the lower till
typically ranged from about 6 to 14 per cent.

The corresponding liquid and plastic limits determined on a
sample of the lower till were about 21 and 15 per cent,
respectively. A grain size distribution curve for a sample
(obtained by a 35 millimetre I.D. sampler) of the lower till
is shown on Figure 1.

The till material as indicated by the gradation curve is
relatively fine grained in nature and no major concentrations
of coarse particles, such as boulders, were encountered
during this investigation. This does not necessarily mean
that the coarser particle sizes are not present at random or
in concentrations within the deposit, since till is an
inherently variable material.

‘4.5 Shale, Completely to slightly weathered (Bedrock)

At the borehole and test pit locations, the overburden
materials are underlain by shale bedrock of the Queenston
Formation. Bedrock was encountered between about elevations
100.2 and 105.8 metres, or at depths of from about 2.5 to 8.7
metres below the existing ground surface.

The upper zone of the bedrock is'genérally'highly weathered
and has been described as deformation till in boreholes 8, 9,
9B, 10, 12 and 13 and in test pits 3 and 4. More competent
shale was encountered in boreholes 9, 9B, 10, 11, and 12
between about elevations 100 and 104 metres, or at depths of
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about 3.1 to 6.5 metres below existing ground surface. The
bedrock core recovered from boreholes 9, 9B, 10, 11, and 12
generally consists of moderately to faintly weathered thinly
bedded reddish-brown shale, interbedded with thinly bedded
light grey, fine grained argillaceous limestone up to about
0.5 metres in thickness. ‘

The rock core recovered from the boreholes generally

exhibited a relatively high degree of fracturing. However

. the quality of the rock core recovered generally improved
with depth. The total core recovery (TCR) ranged from about
92 to 95 per cent for the upper 1.5 metres of rock cored and
94 to 100 per cent for the 16wér_1.5 metres of rock. The
solid core recovery (SCR) ranged from about 33 to 59 percent
for the upper 1.5 metres of rock core and from about 61 to 79

percent for the lower 1.5 metres of rock core. Similarly the

rock quality designation (RQD) ranged from about 12 to 43
percent in the upper 1.5 metres of rock core compared to
about 34 to 75 percent for the lower 1.5 metres of rock core.

4.6 Groundwat Conditions

Groundwater was not encountered during the field drilling/
digging operations in borehole 13 which was terminated at
auger refusal, or in test pit 4 which was terminated in the
red (lower) clayey silt till. Borehole 10 was dry to the
depth of practical auger refusal, corresponding to about
elevation 102.3 metres. Groundwater was encountered between
about elevations 103.8 and 105.3 metres, or from about 1.5 to

5.2 metres below the existing ground surface in boreholes 11

and 8 respectively. The groundwater levels were measured at
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about elevations 103.1 and 105.0 metres in the piezometers
installed in boreholes 9 and 12 respectively. These water
levels, recorded about 1 week after the completion of
drilling, correspond to depths of about 3.5 and 2.2 metres
below the existing ground surface. Water levels at
elevations 102.9 and 104.6 metres were measured in the
piezometers in boreholes 9 and 12 respectively about 1 month
after installation.

It should be noted that the piezometric groundwater level
within the subsoil and underlying bedrock is subject to
fluctuation not only due to precipitation conditions, but
also due to seasonal variations. The water levels given
above may not necessarily reflect stabilized conditions and
may vary from the conditions which are encountered during
construction. -

Note: The preceding report is a copy of the factua.l
information from the Foundation Report
prepared by GOLDER ASSOCIATES LTD .
(consulting geotechnical engineers for this project),
under the technical supervision of the M.T.O.
Foundation Design Section.

PR -

pP. Payer, P! Eng.
Senior Foundatation Engineer

Chief Foundation Engineer
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OFFICE REPORY ON SOIL EXPLORATION
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RECORD OF BOREHOLE No 8 METRIC
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GFFICE REPORT ON SOIL EXPLORATION
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RECORD OF BOREHOLE No 9 METRIC
w P _199-77-07 LOCATION __ Co~ordinates N§4,799,511.3  E277,814 ORIGINATED BY _CB
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gsome sand occ., gravel - i 2085 |19 o
and shale fragments. 1
(Til1) vl
A 118/
c/ o.
14 3 {88 .
1 250m] 104
. '/%
‘TLA {55 |50/ 7%m o}
‘0. . L 4 Wqter levellat eflevation
; - 143.1 nmetres
5155 Pifitosm | Aygust |30, {990 o
142.9 netreg
$dpt. 13, 1990
Very stiff e 103.2 metrek
to Rard : b1 6 | 55 |70/5 102 fov—ire—1eeo <
Jro1.4 Reddish Brown [1.]
5.2{Shale (Deformation A '
Till) Completely to ~,§ 7,188 197/125¢m °
highly weathered ;}g
\éf
i 8] S5 1105/12Hmn ©
100.1 Reddish Brown ﬁ\%
6.5 Probably highly to %l_\ 100
moderately weathered W\ :
shale nﬁ l'
29.01 . _ Reddish Brown {7
7.6{5hale Bedrock >/ TICR=
moderately to slightly 94%
weathered thinly to ‘91 NQ |SCR=
medium bedded Reddish RC (447
Brown interbedded with RQD= 98
fine-grained 297
argillaceous limestone <
5 TCR=
100%
f R=
10} Nq :gz
- RC RQD=
i 38%
95.9 rd N 9%
10.7 |End of Borehole
* ICR = Total Core Recdver
SCR = Solid Core Recqverp
RQD = Rock Quality
Designation
94

20

5.
+3, x5 Numbers refer 1o (s S o (v crpan AT FAILURE
10

Sensitivity
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Wb 199-77-07

RECORD OF BOREHOLE No 9B

N4,799,511.7 E277.817.2

LOCATION __Coordinates

METRIC

ORIGINATED BY VEH

DIST.. 4 HWY__DEW/503  BOREHOLE TYPE . Hollow Stem Augers, NQ. Rork Cove COMPILED BY _ MEW
DATUM . Geodetic DATE . September 25, 1990 CHECKED 8Y H(‘&
DYNAMIC CONT PENETRATION
SOl _PROFILE SAMPLES ;j,m g RESISTANCE ~PLOT rasre MATURRL &
ez S . tbws?“‘-' MOLSTURE t’;-‘m" =5 REMARKS
e 0| @ 0 40 60 B0 100 ONTENT Z=
Ole b4 =z z ) h h h f Wp W w, | 5% &
ELEY DESCRIPTION lE| & | 2|25 | & [SHEAR STRENGTH ik oy | F | crAN 128
pepTH w151 2| 3138| 5 |ouvconmned  » riEwD vane ATER arial ¥ [PPTRIBUTION
iz 5 |EY | @ |oouck TriaxAL  x Las vane WATER CONTENT (%) (%)
106.5 Cround Supface ) N " W ' 10 20 30 GR SA 51 CL
0.0 sand (¥i11) g ' '
105.9 Brown K- X 106 .
0.6 |Clayey silt (Fill) tr.
sand, oece, pebbles,
105.3 Very stiff Browm .
1.2 |c1ayey silt (Till) tr. 1
sand oce. pebbles : i
V1
Wy 104
L] .
1| Borghole{dry to Elevatjon
+ / . .
;,_».., " P 10341 me.rles Huring drilling.
.14 4%
1 NG | SCRe
T ac | 2%
A RQD<
ra 0%
1 W
:/ - 102
: Brown to 1.0 TR+
101.3 i # Ko 232_
2 e o
'r::.ll) completely to RQD
~ fhighly weathered. 0%
g
99.8 : — s | 15 100
6.7 {Shale bedrock, ggg'
moderately weathered
thinly bedded TCR= .
Reddish Browi . 932
interbedded with grey 4 Q | scrd
jargillaceous limestone. RC 632
RQD=
oz .
98.0 A% o
8.5 gud of Borehole
*TCR: Total Core
Recovery
SCR:  Solid Corze
Recovery
RQD: Rock Quality
Designation

+3, %% ; Numbers refer to
Sansitivity

20
15 45 (%) STRAIN AT FAHLURE
10
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RECORD OF BOREHOLE No 10 METRIC
WP 199-77-07 LOCATION _Co—ordinates  NL,799,574 277,841 ORIGINATED BY _CP
DIST 4 Hwy 203/QEW BOREMOLE TYPE Hollow Stem Augers, NQ Rock Core COMPILED BY MHW
1 Al 7
parum _ Geodetic parp  August 17, 1990 CHECKED BY _NCA-
SOIL PROFILE SAMPLES 35 w ngAM»C CO;JE PENETRATION NAFURAL —
bo | g [RESISTANCE PLOT pastic SATRAL el T REMARKS
=y b LimIT CONTENT LIMIT =0
s w | ZQ1 v 20 40 60 8D 100 zZ
Ofe C12E! 2 2 P : f Wp w w, | 59 4
ELEV DESCRIPTION Tl w | 2|28| & |SHEAR STRENGTH kPo S % | GraiN sizE
DEPTH ' =131 21 5|36 5 lounconmmnen o+ FEWD vane WATER CONTENT ()] 7 DISTRIBUTION
£l2 5 | &0 & |e quick TRaxial X LAB VANE | xg Czo 30( ) (%)
107.21 Ground Surface > - w GR 5A 51 CL
0.0 Granular road base v -
(Fill}
106.5 Grey
0.7 Clayey 8ilt (Fill) o
trace sand, occ. gravell 1|55 15
106
105.5 | Very Stiff Brown
1.7} silty Topsoil = z2|ss |30 ©
2.0{ Clayey silt trace j )
sand, occasional "t
gravel and shale /‘ 3185 |95/290mn 2
fragments. (Till) P
‘M
VL TSRO T0mm o
. Bl 104
Y
1%
Reddish Brown [| Pl 5| ss 160/7bmm Borehole jdry f0 Elpv. 102.3 o
102.9 | Hard kA metres dyring(drilling.
4.3 Shale (beformation 745
Fill) completely po. .. )
102.3 highly veathered ﬁggg‘:}gh:/\ ©1-55 1O/ Ly Sam °
4.9| Probably Shale Bedrock
highly to moderately i 102
weathered b
I
Reddish.ﬂrmm./(
LY R -/
6.1} Shale Bedrock #TCR=
moderately to slightly A ¥ |95
weathered thinly to R4 RC |SCR=
medium bedded Reddish [ 52%
brown interbedded with [/ RQD=
fine grained 4 427 100
argillaceous Limestone {3
7
,/;Q AICR=
S 97%
£q 8 gg SCR=
PR 61%
] RQD=
’ 34%
97.9 o 98 -
9.3 End of Borehole
*ITCRﬂ'rotal Core Recovery
ECRHSolid Core Recovery
QD=Rock Quality Designitioh
96

*3‘ KS: Numbers refer to
Seasitivity

20
159§ {") STRAIN AT FAILURE
0




RECORD' OF BOREHOLE No | METRIC
WP 199-77-«_07 LOCATION  Co-ordinates N4,799,623.5 £277,872.7 ORIGINATED BY _CB
DIsT 4 Mwy _403/0EW BOREROLE Typg _Hollow Stem Augers, RQ Roek Core COMPILED By _ MHER
DATUM Geodetic DATE _Abpust 16, 1990 CHECKED BY _VCM- .
SOiL PROFILE SAmPLES | & w [DYNAMIC CONE PENETRATION
Lo g RESISTANCE PLOT sasic ATV Lum o REMARKS
" g6 = 20 40 60 80 1gp |U™T  cowrewr umitl SO
9 o m C,); > ] H i 1 1 Wp W Wl. oW &
ELEV RIPTIO |8 w2128 & [sHEAR STRENGTR kPo JUSS—— 3 | orain size
DEFTH DESCRIPTION = 51 2| 38| & |ouconmne  « R vane wate content )| 7 |OSTREUTION
: £z » | EY | & |eouck Taxal  x Las vang | g (%)
106.8 fround Surface i - w 10 20 30 GR SA 51 CL
0.0 {Granular Road Bise
(Fill)
106.2 Gray
0.6 jsand (Fill), medium te .
. h 106
lcosrse grained, trace 1 lss [10 e
silt, occ. gravel - X v Watdr segpage|encounreded a
i 511 = Elevi. 103.3 metres| during
104.9{Compact Brown 1% (88 19 drilling o
1.9 [Clayey silt (Till) Aql ’ ' .
trace to some sand P
veeasional gravel - i3 _i8s, 150/ 7bmm © 8 3528 9
‘ ‘ 4
5 -‘ i ,
= & 50/1b
) Reddish Brown}f.|- = O
g 103, 1{used
o 3.7 {Shale Bedrock, sxtwerh S
> noderately to highly
. meathered
o l10z.2 ' .
g %.§ [Shale Bedrock moderatel TCR= 102
z to slightly weathered 952
© thinly to medium bedded 6 5“”.
= eddish Brown inter- [ NQ |59%
Q edded with fine graine RC :gbg
w argillaceous Limestone 7 %
w 4
v J TCR=
b 7 | NQ [94%
5 RC gck* 100
5%
;,é RQD
752
99,0
7.8 [End of Borehole
#rCR=Total Core Recavery
CR=50lid Core Recovery 98
DO=Roek Quality Designdtioh

+3, x5 . Numbers refer 1o

20
2 5 4
Sansitivity 15 ;d;s (%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 12 METRIC
W P _199-77-07 LOCATION Cowordinates N4,799,660.9 E277,690 ORIGINATED BY _CB
DisT 4 HWY__QEW/403 BOREHOLE TYPE __Hollow Stem Augers: NO Rock Core COMPILED  BY _MHW
DATUM _Geoderis DATE __Aupust 23, 1990 CHECKED BY __ M
- o w  FDYNAMIC CONE PENETRATION
SOIL PROFILE sampier [ | w [DINAMIC CONE R Y .
- '5% » 20 40 60 8o 00 |7 contewr umrg SO
9 o W 0;‘_" = : 1 i ) 1 Wp w W, Sw &
ELEV Elo| w| 2128 & |SHEAR STRENGTH kPo —— 2 | cram size
DEFTH DESCRIPTION N 38| T [o unconmmed  + FIELD vane ATER CONTENT (%1 7 OISTRIBUTION
é Z 5 | &Y & | ouck rraxial x 1ag vang | W . (%)
1072 Ground Surface hald T w 10 20 30 GR 54 5t (L
9-Q sand (Fill) N4
106.4 Brown -
0.6 silty clay (Fill)
trace sand and organic 1 S5 15 [o]
occasional gravel 106
2 88| 10 9
105.1 stiff Dark_Brown
2.1 Clayey silt (Till) }}H y. Water lével ht Ellev. 105.0
106.7 fome Reddish Brenid] 3 | 55 |85/15mn medres, bt 30, 1990 Qb
2.5 Sl:lale (Deformation ﬁf&«( 104.6 md Sept], 13, 199
104.1 Till) completely wethrd % Degtroyd
T o0 | 164 L Nowl. 19
3.4 shale bedrock Y *| TCRA) .
modexately to slightly [ 92%
weathered thinly to o SCR
medium bedded 5 | NQ |33
Reddish Brown A RC | RQDS
Interbedded with fine 12%
grained grey
argillaceous limestone Y2 TCR
- 1007
6 | N Iscre 102
/, RC |687
7 RQGD=
47%
101.0
©-3 End of Borehole
10
* TCR: Total Core 0
Recovery
SCR: Solid Core
Recovery
RQD: Rock Quality
Designation
20

+

‘Sansitivity

3' «% : Numbers refer to

1595 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 13

METRIC

Wb 199-77-07 LOCATION _ Covordinates N4,799,687.6  E277,921.4 ORIGINATED By _CB
DIST L4 Hwy _403/QEN BOREHOLE Typg Solid Stem Augers compiEp By _ MY
BATUM. Geodetic DATE August 15, 1990 CHECKED BY !Lcu: e
SOIL PROFILE SAMPLES -3 ut DYNAMIC CONE PENETRATION
fo | g |RESISTANCE fLOT pasnic NATVRAL L ew] o T REMAR
g o » UMIT  canNTENT LRt ] = O KS
e w | ZO | » 20 40 60 B0 100 zZz &
Q o 0y ﬂ= > 1 L b ) i Wp w W‘ ow
ELEV DESCRIPTION Elg| 2| 288 § {sHEAR STRENGTH kPs e et 2 | GrAIN SIZE
DEPTH 5] 2] $ |38 | % |ounconeme 4 iew vane ATE rentiml Y DISTRIBUTION
é < » | &Y § ® QUICK TRIAXIAL X LAB VANE WATER CONTENT (%) {%)
107.2 lGround Surface @ £ @ 1020 30 GR SA S1 CL
0.0 [Clayey Silt (Fill)
trace sand and organics
oeeasional gravel
1158 113 o
106.
Brown to > les 114 o
105.2 lstifs Reddzs%run - :
2.0 [Clayey silt trace te /] '
some sand, occasional BT O Bordhole|dry Huring 9
gravel. (Till) drilling
104.2 | Hard Red Brown
3.0 {Shale (Deformation Till 120 104 -
Completely to moderatel)
103.6 weathered Reddish Brown]
3.6 jBhale Bedrock
oderately to highly St
eathered
102.7 Reddizh Brown
4.5 {End of Borehule
102

+3, 5 ; Numbers refer 1o
Sensitivity

20
15 -5 (%) STRAIN AT FARLURE
10
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METRIC

*

Sensitivily

15 4-5 {%)} STRAIN AT FAILURE
10

RECORD OF TEST PIT No. 4
w p_ 199-77-07 LOCATION Co-crdinates N4,799,691  E277,898.5 ORIGINATED gy VCH
DIST . 4 Hwy 403/QEW BOREMOLE Type Backhoe Dug; John Desre 690 COMPILED BY MHW
DATUM __Geodetic DATE August 16, 1990 cHECKED By _ Voib
w  {DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | & | eanict hior e NATURAL =
=5 3 WASTIC  pOISTURE  LIGUID | REMARKS
= 20| = 20 40 60 8o go VM7 conTenr wmT i SO
9 S‘J & 0"'_" = I L ! 1 1 Wp W W, o Bl &
ELEV DESCRIPTION wigl w2 25| § SHEAR STRENGTH kP A Z | cramn sizs
BEPTH w151 2| 5368 5 |ounconrmed  + fieio vane WATER CONTENT ()] ¥ |DSTRIBUTION
gz 5 | &Y | & |eouck TRIAXAL X 1AB VANE ER C NT (%) {%]
109.1 |Ground Surface v = e 1020 30 GR S5A 51 CL
0.0 |Topsoil oyt
1088 Pe° - =
0.3}5i1ty Clay (Fill)
trace sand, occasional
gravel and shale
fragments with concrete 108
and brick fragments 1 les |- g
above Elevation 106.1
metres - .
Test|Pit Kry folloving
excayation
105.8 |Brown to Reddish Brown 2.4C8 |-~ 106 e
daa mBATe (Netormaficn T 11
3.4 {Bottom of Pit
104
+3, x5 . Numbers refer 1o N




GEOTECENICAL INVESTIGATION
'PROPOSED BRIDGE 35
SITE 10-481
FREEMAN INTERCHANGE
BURLINGTON, ONTARIO
W.P. 199-77-08 " DIBTRICT 4

1. INTRODUCTION

Golder Associates Ltd. has been retained by the Ministry of
Transportation Ontario (MTO) to cat:f:y out a series of site
specific subsurface investigations for the design of
structures for the proposed reconstruéticn of the Freeman
Interchange in Burlington, Ontario.  This report presents the
results of a subsurface investigation carried out at the site
of the proposed Bridge No. 35 to be constructed as part of
the eastbound Highway 403 lanes as shown on the Key Plan,
Drawing 19977085-Af |

The purpose of the investigation was to determine the
subsurface conditions at the site,

2. S8ITE AND PROJECT DESCRIPTI ON -

The proposed Bridge No. 35 will be situated between the west
edge of the existing QEW north 403 west ramp and the former
North Service Road. The proposed Bridge 34 (Site 10-480,
W.P. 199-77-07) will be situated parallel to and immediately
north of Bridge 35. The existing ground surface to be
traversed by the structure consists-. of the existing west
bound QEW/403 ramp and grass covered medians. The existing
ground surface elevation along the centreline of the proposed
structure varies from about 105.5 to 108.7 metres. The
location of the site is shown on the Key Plan, Drawing
1997708-A" |

* SHEET NO 519 OF THE CONTRACT DWG’S
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The site is situated within the physiographic region of
Southwestern Ontario known as the Iroquois Plain. Available
geologic information indicates that the overburden in the
general area of the site consists of a thin veneer of sands,
glacial till anu/or residual soil derived from the weathering
of the underlying shale bedrock. The Queenston shale
formation which comprises the bedrock in the area generally
consists of thinly bedded red shale with occasional bands of
grey limestone.

Bridge No. 35 will carry Highway 403 eastbound traffic over
the QEW north - 403 west ramp, Bridge 33 (site 10-335, W.P.
199-77~05) and the 403 east - QEW south ramp.

The proposed high level bridge will consist of a five span
structure (spans of approximately 35, 45, 60, 45, and 30
metres south to north respectively) with two abutments and
four piers. Approach fills of some 10 to 16 metres in height
will be required.

3. INVESTIGATION PROCEDURE

The field work for this investigation was carried out between
August 15 and 29, 1990 at which time two test pits were
excavated and six boreholes were drilled. The locations of
the boreholes and test pits are shown on Drawing 1997708*A:

The initial stage of the field work consisted of excavating
two test pits (numbered 5 and 6) near the proposed south and
north bridge abutments. Test pits 5 and 6 were excavated to
depths of about 2.5 and 3.9 metres, respectively, using a
"John Deere 690" hydraulic backhoe supplied and operated by

* SHEET NO 519 OF THE CONTRACT DWG’S
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a local contractor. Chunk samples were obtained from the
predominant soil strata exposed in the test pits and the test
pits were loosely backfilled following sampling and logging.

The boreholes were drilled using track mounted power auger
drillrigs equipped for rotary drilling, supplied and operated
by a specialist drilling contractor. Boreholes numbered 15,

16 and 17 were advanced to bedrock, through about 3 to 6.7
metres of overburden. The bedrock encountered beneath the-
overburden in boreholes 15, 16 and 17 was core drilled in NQ

size for about 3 metres. Boreholes numbered 13, 14 and 18
‘were drilled to pradtical augerArefusai. The boreholes were

advanced in the overburden and the upper portion of the.

bedrock using nominal 150 millimetre outside diameter hollow
stem augers and nominal 100 millimetre diameter solid stem
augers. Standard - penetration testing and sampling was
carried out within the overburden encountered in the
boreholes using 35 millimetre inside diameter split spoon
sampling equipment.

Samples of the overburden and the rock core recovered from
-the test pits and boreholes were taken to our Hamilton
laborakory for examination and water content determinations.
Grain size analyses and Atterberg limit determinations were
carried out on selected samples of the overburden. '

The soil and rock stratigraphy encountered in the boreholes
and test pits are shown in detail on the Records of Boreholes
' and Records of Test Pits following the text of this report
and on Drawing 1997708-A. The results of the field and
laboratory testing are also shown on the Record of Borehole

* SHEET NO 519 OF THE CONTRACT DWG'S

203



and Record of Test Pit sheets and on Figures 1 and 2.

Groundwater levels were observed in the open boreholes during
drilling and in the test pits during and after excavation.
Notes pertaining to the groundwater conditions observed in
the boreholes and test pits are also shown on the Record of
Borehole and Test Pit sheets and on‘Drawing 1997708-A"

The locations and ground surface elevations at the borehole
and test pit locations have been determined by Golder
Associates staff with reference to site specific points and
temporary bench marks provided by McCormick Rankin &
Associates Lihited. The final locations and ground surface
elevations of the boreholes were subsequently verified by
McCormick Rankin. The elevations provided are understood to
be referred to geodetic datum. |

4. SUBSURFACE CONDITIONS

4.1 General

The subsurface conditions encountered in the boreholes and
test pits put down at the site are shown in detail on the
Records of Borehole and Record of Test Pit sheets, and in
summary form on Drawing 1997708-A. The soil boundaries and
rock stratigraphy indicated, particularly for the boreholes,
are inferred from non-continuous sampling and resistance to
drilling advance. These boundaries typically represent a
transition between one soil or rock type to another and are
not intended to define an exact plane of geological change.
Conditions will vary between and beyond the borehole and test
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pit locations.

. The Subsurface conditions encountered at the site generally
consisted of topsoil, fill, glacial till and completely to
highly weathered shale underlain by more competent shale
bedrock at depth. '

The following discussion has been simplified in terms of
major soil and rock strata for the purposes of geotechnical
design.

It should be noted that due to the relatively soft and
weathered nature of the Queenston shale formation,
particularly the upper zone, together with the effects of
glacial overriding at the bedrock surface;'it is difficult to
hccurately define the bedrock surface both from a geological
and a contractual standpoint.

During the course of this investigation, a stratigraphic unit
directly overlying the shale bedrock, which in\strictly
geological terms is described as deformation till, has been
encountered. This stratigraphic unit consists of an
imbricate embedment of fragments of bedrock in a till matrix

which has been formed from glacial overriding of the parent

bedrock. This till is characterized by the presence of
rounded and sub-angular clasts of the parent rock with non
horizontal bedding. Based on the consistency, the relatively
"high penetration resistance encountered in the boreholes and
the difficulty of excavation experienced in the test pits,
this stratum could be contractually interpreted as a zone of
- the bedrock and for this reason has been referred to in this
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report as an upper zone of the bedrock formation.

4.2 ‘Topsoil

A relatively thin layer of topsoil was encountered at the
ground surface in boreholes 14, 15, 16, and 18 and in test
pits 5 and 6.

4.3 Silty Clay, Clayey Silt, trace topsoil

trace sand, (Fill)

Fill was encountered beneath the surficial topsoil layer in
all of the boreholes and test pits and at the ground surface
in borehocle 13. The fill and topsoil layers were fully
penetrated in the boreholes and test pits at elevations
varying between about 103.8 and 105.2 metres or at depths of
about 1.2 to 4.3 metres below the existing ground surface.
Some 4.3 metres of fill was encountered in borehole 14
drilled immediately adjacent to the existing west bound
QEW/403 ramp where the ground surface elevation is some 2 to
3 metres higher then at the other borehole locations.

The fill generally consisted of clayey silt to silty clay
with traces of topsoil. A surface layer of sand and gravel
£ill was encountered in borehole 17 drilled adjacent to the
existing 403 westbound lanes.

The clayey fill has in-situ water contents ranging from about
15 to 25 per cent with an average water content of about 20
per cent. N-values ranging from 7 to 22 blows per 0.3
metres, were determined in the standard penetration testing
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carried out in the fill, indicating a generally firm to very
stiff consistency.

4.4 Clayex,silt, trace to some sand, occ. Gravel (Till)

Glacial till was encountered beneath the f£ill in all of the

boreholes and test . pits. In general, the till was
characterized by an upper zone of very stiff to hard brown
clayey silt and a lower zone of reddish brown clayey silt
which was somewhat harder and slightly coarser than the
overlying till.

The N values determined in the upper till zone ranged from 27

to greater than 100 blows per 0.3 metres. The natural water

contents of samples of the uppér till recovered from the
boreholes and test pits ranged from about 12 to 17 per cent.

Standard penetration testing was also carried out in the
lower till zone, but due to its hard consistency, in most
instances it was not practical to advance the sampler the
entire 450 millimetres required to establish an N value.
However, N values of the order of greater than 100 blows per
0.3 metres can generally be inferred from the results of the
penetration testing. The natural water content of the lower
till typically ranged from about 7 to 14 per cent.

The corresponding liquid and plastic limits of the .lower
clayey silt till were about 22 and 14 based on the average of
two Atterberg 1limit determinations. The results of the
Atterberg limit determinations for two samples of the clayey
silt till are presented on the plasticity chart, Figure 2.
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Grain size distribution curves for samples of the lower till
(obtained by a 35 millimetre I.D. sampler) are shown on
Figure 1.

The till material as indicated by the gradation curves is
relatively fine grained in nature and no major concentrations
of coarse particles, such as boulders, were encountered
during this investigation. This does not necessarily mean
that the coarser particle sizes are not present at random or
in concentrations within the deposit, since till is an
inherently variable material.

4.5 Shale, completely to slightly weathered (Bedrock)

At the borehole locations, the overburden materials were
underlain by shale bedrock of the . Queenston Formation.
Bedrock was encountered between about elevations 101.7 and
103 metres, or at depths of from about 3 to 6.7 metres below
the existing ground surface.

The upper zone of the bedrock was generally highly to
completely weathered. More competent shale was encountered
in boreholes 15, 16 and 17 between about elevations 100 and
102 metres. The bedrock core recovered ftom boreholes 15, 16
and 17 generally consists of moderately to faintly weathered
thinly bedded reddish-brown shale, interbedded with thinly
bedded light grey, fine grained argillaceous limestone up to
about 0.5 metres in thickness.

The rock core recovered from the boreholes generally
exhibited a relatively high degree of fracturing. The total
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core recovery (TCR) ranged from about 93 to 100 per cent.
The solid core recovery (SCR) ranged from about 57 to 85 per
cent and the rock quality dasmqnatlon (RQD) ranged from about
8 to 75 percent.

4.6 gGroundwater Conditions

Groundwater was not encountered during the field drillinq/
digging operations in boreholes 13, 14 and 18 which were
terminated at practical auger refusal, or in test pits 5 and

' 6 which were terminated in the till. Boreholes 15, 16 and 17

were dry to the depth of practical auger refusal,
corresponding to about elevations 99.5 to 102 metres.

The groundwater level was measured at about elevations 102.9

. and 104.6 metres in the piezometers installed in boreholes

drilled at the site of the adjacent structure Bridge 34 (Site

.10-480, WP 199-77-07). These water levels, recorded about 1

month after the completion of drilling, correspond to depths
of about 3.7 and 2.6 metres below the existing ground
surface.

It should be noted that the piezometric grournidwater level
within the subsoil and underlying bedrock is subject to
fluctuation not only due to precipitation conditions, but
élso due to seasonal variations. The water levels glven
above may not necessarily reflect stablllzed conditions and
may vary from the conditions Whlch are encountered during
construction.
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Note:
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The preceding report is a copy of the factual
information from the Foundation Report

prepared by GOLDER ASSOCIATES LTD :
(consulting geotechnical engineers for this project),
under the technical supervision of the M.T.O.
Foundation Design Section.

P. Payer, P.' Eng. ‘
Senior Foundatation Engineer

Chief Foundation Engineer
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; RECORD OF BOREHOLE No 13 METRIC
’ WP 199-77-07 LOCATION Ne,799,687.6 E£277,821.4 ORIGINATED 8y _C2
‘ DIST L4 _Mwy LO3/OEW - poremoLE TYPE, Solid Stem Augers compien sy MW
paTum _Geodetic DATE August 15, 1990 CHECKED 8y  NCM .
- "
- DYNAMIC CONE PENETRATIO
SOIL PROFILE SAMPLES §,£ 2 |sEsistance mor . - om0 %
i - - |36 % 20 40 0 20 g M7 coutmi wer | S8 | REMARKS
; Ole Slasi Z ' ' . . Wp w Wi 23 &
ELEY ¢ DESCRIPTION Slo! g = z% o SHEAR STRENGTH &Pe i e b = GRAIN SIZE
pEFTRI - 1E]Z 8 RE | & |ounconemes  + riED vane . y  |DISTRIBUTION
oo gz » | &Y | & |ecuck Thaxal  x a8 vane WATER CONTENT (%) %)
107,2 iGround Surface v - ud " : 1020 3|° GR SA %1 CL
0.0 Clayey Silt (Fill) 3 y
itrace sand and organics
joccasional gravel
1 {85 |13 o
106
' Brovm o 2 |ss |14 ! o
105.2lsey¢s Reddisy own .
‘ 2.0 [Clayey silt trace to  H/AL. '
some sand, sccasional SRR O Bordhole | dry Huring o
freavel,  (Till) . drilling
104.21 Hazd Red Brown [J71
3.0 Shale (Deformation TillS 104 =
Complataly to moderately.d
103.6 iveazhered Reddish Brownl:
3.6 |Shale Bedrock
podaruely te highly
‘weathered
102,71 Reddish Brown
4.5 ¥nd of Borehole
102

OFFICE REFORT ON SOIL EXFLORATION

-



OFFICE REPORY ON SOIL EXPLORATION

@
Tranaportation
214
RECORD OF BOREHOLE No i4 METRIC
wp  199-77-08 LOCATION _ N6,799,481.2  E277,828.2 ORIGINATED 8y _'CR .
DIST __ 4 pwy QEW/403 BOREHOLE Typg _ Hollow Stem Auger Hw

DATUM Geodetic

pATE _August 20, 1990

compiLEp BY M
CHECKED BY __JGM

P w  |DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | 2 | REea O NATURAL —
25| 4 fiaspe woistuge Liouo | b L | REMARKS
= o | Q] P 20 40 60 80 100 coNTENT =
9 ﬁ w = z i L ! i I Wp w W, oW &
ELEV DESCRIPTION Elol w2 25| © [sHEar STRENGTH kb A = | craiN SI1ZE
DEPTH 2|31 5| 5136 § [ouwonmmed 4 reovane| oo | oy [psTRIBUTION
iz 5 |9 | & |eouck Traxial  x tag vane |WATE ONTENT (%) (%)
108.7 Ground Surface - w : w 10 20 30 GR SA SI €l
. _Topsozil Ay
0.1 Bilty Clay, trace sand
pccasional gravel trace
topsoil (Fill) 108
Reddish Brown 1pssy ©
107.3 Very Stiff
1.4 Clayey $ilt trace sand
trace organics occ. 2 iss ! 7 o
lgravel (Fill)
3 55 10 [=]
106
4 55 | 22 Borgholeidry Following s
drilling
5 | ss | 20 o
104.4 Firm to very stiff Brow
4.3 Clayey $ilt trace to
some  sand oce. gravel 104
occ. shale fragments 6 | 85 | 53 Q
AT 7T 88 15077 dom d
Jn
=
Brown to reddishj) fXl S8 2Z07I00mn P
brown at about /
10z.0 jHard Elevation 103.5m|t 102
6.7 {Frobably shale Bedrock lﬁ 2 S5 (50/23nm
Highly to moderately 4 j
weathered /-/,J
(A1 10| 85 |50/24mn
Reddish Brown 1’2
1%
&
A
24 -100
99.6 YA
9.1 |End of Borehole
98

*3' x5 : Numbers refer to
Sensitivity .

20
15 -5 %) STRAIN AT FAJLURE
10
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| RECORD OF BOREMOLE No I5 METRIC
we 199-77-08 o Location  N6,799,510.4 E277,849.7]1 ORIGINATED 8Y _VCH
DIST % HwWyYA03/QEW BOREHGLE TYPE  Hollow Stem Auger; KO, Rock Core COMPILED BY __MHW
BATUM Geocdetie DATE _August 20-21, 1990 CHECKED By __J0H
SOIL PROFILE AMPLES o w DYNAMIC CONE PENETRATION )
. SAMPL Bu | @ |wessance pior pastic NAOML o] L E REMARKS
. €= v |- LMY CONTENT LtMIT =
= w | 2Q] @ 20 40 60 8O 100 29 4
9 o ud = = L ! L } L Wp w Wl. oW
ELEV DESCRIPT Sla| w1295 | & |sHEAR STRENGTH kPo DA 2 | Grain size
DEPTH CRIPTION i3] 21 S 1351 5 founconmmnes o riewd vane ATER ConTenT (il ¥ |PISTRIBUTION
gz > &Y | & | ouck TRIAXIAL  x 148 vane | W NTENT (%)) {%)
106.1!Ground Surface v = = H 2 30 GR SA 51 CL
Topsoil [ = 106 .
0.1 Clayey Silt trace sand,
tr topsoil oce. gravel
(Fill)
1185 {20 o
104.61Very Sriff Brown [
L.5Clayey Silt trace te Al 2 iss |27 o]
some sand, ctcasional |
gravel, oce, shale 104
fragmenes (Till) , 5 TS5 07 5 o
g f Pressutemetér
15«1
z Very stiff gt ) Tept 13- .
g o hared A58 B0 /T imm ‘ o+ 18 31°42 9
o= 1
g Grey becoming [ . : i
- reddish brown |['M 5 |ss is2/1d0mm 102 O 18 34 37 11
[FE)
= |17 $5,300ut Elev, W< Hole|dry ko i :
o] 4.4 Shale Bedrock Highly to . elevation 99.5 metfes
w moderately weathered w1 6 | 85 178/140mm durifg deilliny o
Fd 4 = 78
&) ooy
E
o o
g 'h,
& 21 7 |ss wos
100
wy &
2 |95 Reddish Bro
] 6.6/ Shale Bedrock , % A
. moderately to slightly hvs [TCR=
veathered thin to 74 ¢ | wo. [LOOZ
medium bedded A |rc [SCR=
Reddish Brown - [B5%
Interbedded with fine K 5 RQD=
grained argillaceous 4 75% 98
limestone 3 (ICR=
4
,§~ 100%
CR
,7 s fmo. O
4 I*C hops
2% 162
96. 4 . )
9.7| End of Borehole
96
¥ TCR: Total Core Recovery
SCR: Solid Core Recovéry
RQD: Rock Quality
Designation

3, %5 . Numbers refer to 20
+ %< 1 “
y Scnsitiviry ’ s -‘%5 {*) STRAIN AT FAILURE
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RECORD OF BOREHOLE No I6 METRIC
w e _199-77-08 LOCATION N47995L4.2  E277872.3 ORIGINATED By VCE
DIST 3 HWY 403/QEW BOREHOLE Type Hollow Stem Auger; RO Rock Core COMPILED By  MHW
pDATUM _Geodetic DATE ___August 29, 1990 CHECKED BY __JGM
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 1 & | 2 |iésisrance pLoT NATURAL -
2= \3 PLASTIC  morstyrg L1GUID | T REMARKS
= w |30} @ 20 40 60 g0 00 |7 cowTEnr mimg S
9’ 33 - g DE z ! H 1 4 i Wp W W, Dg &
ELEV DESCRIPTION la i o ) z% o SHEAR STREMNGTH kPo [ — GRAIN S1ZE
DEPTH |15l Z1% 361 g |ounconrnen  + RiELD vane O ——— DISTRIBUTION
é z > | EVY | & |[eouck Triaxiar x 1B vane WAI% cz)gl E";E( 4] (%)
105.5 | Ground Surface i * ut GR 5A 51 CL
0.0 | Topsoil Ry
0.2 | 8iley Clay trace sand,
tr topsoil occ. gravel .
(Fill)
1 58 16 ]
Stiff to 104
103.8 | Very Stiff Brown
L.7 1 ¢layey Silt trace to || A|2 | 55 | 14 °
some sand occasional
gravel (Till)
o 65/ 4
3 1SS | Com o 7 30 43 20
’. Presgureneter
% 3T RU T Onm Test) 16-1 b fobmt
101.8 Hard Reddish Brown}. 102 _
3.7 | Shale Bedrock highly X Bordhole dry tto elev, 101.1
weathered “{g 5 55 150/ 50mn during drillipg o
7
101.1 Reddish Brown ;é’
4.4 { Shale Bedrock LA *TCR
| moderately to slightly P4 =93%
weathered thinly to b 6 | ng SCR
medium bedded el RC =577%
Reddish Brown 7 RQD 100
J.nt?rbedded'WLth fine YA = B% Preskureneter
grained argillaceous ,7\/‘4 Test! 16~2
Limestone ,;/;:/ eR
7 =100
‘G’ 7 { BQ |SCR
‘zﬂ( RC =787
E/{\i RQD Presfuremeter
98.0 2 =427 Test| 16-3
oy Lh
7.5| End of Borehole -
* ITCR: Total Core Recovery
SCR: 50lid Core Recovery
RQD: Rock Quality
Designation 96

20

5. ]
+3, %% Numbers refer 1o |, 45 [%)STRAIN AT FAILURE
10 .

" Sensitivity
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RECORD OF BOREHOLE No |7

METRIC

Sensitivity

10

FAILURE

WP 199"‘77."08 LOCATION  N4,799,608,7 £277,901.4 : ORIGINATED 8Y CB
DIST 4 Hwy _403/QEW BOREHOLE Typg _Hollow Stem Auper, NQ Rock Core COMPILED BY _MHW
DATUM _ Geodetic DATE August 16, 1990 CHECRED 8y . JGM
W JOYNAMIC CONE PENETRATION
SO PROFILE SAMPLES | & | W fOHNe SONE ) . -
e 2 | e B vme) 28 | remans
5lg| 8|22 5 ke o ww [0 SN ER | T
ELEV DESCRIPTION 18| v 2 (25| & [suear strencTh W R SRaN size
DEFTH =] = ] b= PBTRIBUTION
DEPTH w B - > o o O UNCONFINED + FIELD VANE N bd v
iz 5 %V Z |eouck Traxial  x ap vang |WATER CONTENT {%) {%)
106.6 | Ground Surface » i w 10 20 30 GR SA 51 €L
0.0 | 5and and gravel; v
granular road base .
106.0 | (Fill) Grey b X .
0.6 | Clayey Silit, trace 106
sand, oce. gravel 1185 |18 e
(riil)
: Stiff Brown
104, 8 o
1.7 [Clayey silt, trace to V]| 2 | 55 [18
some sand, oce, gravel [i:f
13 ) 85 |93 106 o
Very stiff
te Hard f ,
4 | 88 150/1pCmm
102.9 | Reddish Brown|| Al | 55 |50/2bnm
3.7 | shale Bedrock 7 Borghole| dry fto Elevation
probably highly to 102)0 metres Huridg drilling.
completely weathered
102.0 Reddish Bro
4.6 | Shale Bedrock, * | rCRe 102
moderately to slightly - 1100%
weathered thin to med. § | NQ | oar.d
bedded, Reddish Brown, RC fg1n
interbedded with finew .ﬁb RGD=
grained argillaceous hit:v 4
Limestons. £
7 TCR=|
7 100% 160
. CR
77| ng |2o0]
S| R |rap
Y 16%
98.9
7.7 | End of Borehole
4 ICR= Total Core Recovery |
SCR= Solid Core Recovety
RGD= Rock Quality 98
Designation
.20 .
+%, % Numbers eefer to "y oo o) crpaiy AT
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WP 199-77-08

DIsT.. 4 Hwy _403/QEW

LOCATION
BOREHOLE Type _Solid Stem Augers

RECORD OF BOREHOLE No I8.

N&,799,642.5

E277,916.7

METRIC

ORIGINATED BY _CB
COMPILED BY MHW

DATUM _Geodetic DATE __August 15, 1990 CHECKED BY Jer
w JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |5, | % [Resistance pLot NaTuRa H
= <L PASHC  poperpge tioue | 0 X REMARKS
— ~» 281 3 20 40 60 80 100 |'MT  conrenr ury SO &
Ol b = z 3 L ! : 2 Wp W w, o )
ELEY or Ela|l w| 2188 | & [SHEAR STRENGTH kPo D A 2 | crain size
BEPTH DESCRIPTION |8l z| ¢ 36| & |ounconmnep  + rEwD vane WATER contenT ol ¥ |PSTRIBUTION
sz » | &Y [ & [eouck TRIAKAL  x 1ap VANE {%) (%)
106.0 [Ground Surface i - w 10 20 30 GR SA 51 (1L
105.7 |Black Silty Topsoil [
0.3 |Clayey Silt, tr sand
and organics, occ.
ravel : .
g (Fill) 1 |ss 8 =
1011"2 fll:;ney sil?e:g:csz Brown Borg¢hole| dry follgwing _
sand (Till) occasional 2 {85 [00/450mm driiling, g
sravel . 1/‘ 104
AL3.1ss fo/1domm 0
Reddish )
103.0 [ard eddish Brown|p P D SN
3.0 |Highly weathered Shale %
3.4 {End of Borehole
102

+3. ;5. Numbers refer 1y
! Sensitivity

20 '
1595 (%) STRAIN AT FAILURE
10
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RECORD OF TEST PIT No. 5 METRIC
wp___ 199-77-08 Location | _N4,799,491 - 277,829 ORIGINATED BY _VCH
oISt 4 HWY 403/0Ew . BOREMOLE TYPE _ Juhn Deere 690 Backhoe-Dug COMPILED BY ___MHW
bATUM , Geodetic DATE August 16, 1990 CHECKED BY . J6M
" w | OYNAMIC CONE PENETRATION
SO PROFILE SAMPLES e a RESISTANCE PLOT nastic :azgmi - M‘i
< Z L LT CONTENT L¥MIT eV REMARKS
- w1 =0 n 20 4D 60 BO 0 2 - &
‘ Ote i — z . ) ) i il Wp w Wy m;
ELEV e w2 ‘zf'g O |SHEAR STRENGTH kPa A GRAIN SIZE
DEPTH| DESCRIPTION MEIREE BE | § [0 UNCONRNED  + FIELD vaNE WATER CONTENT (. y DISTRII.BUNON
. é Fad 5 1 gY Lu:: ® GUICK TRIAXIAL X LAB VANE (%) {%)
107.0 icround ce v : w 10 20 30 GR SA §1 CL
« Topsoil e
0.1 Silty Clay, tr sand,
oce. gravel and
rootlets (Fill)
1 i cs o
- 106
1055 Red—Brown '
1.2 [Topsoil oot 2 1 CS o
1.7 |8ilty Clay, tr sand, .
otcasional gravel TT¢s o
(Fill)
104.3 Reddish Brown
2.7 Clayey S$ilt, tr sand, o 0 o}
oce, gravel and ,/ 104
Rt O
bouiders (Till) ya
1L
1031 Grey~Brown [{ M
3.9 {End of Test PIt Test [Pit drfy following expavatiion
102

23, %% : Numbers refer to
S | . Ko e
Sensitivity

20
154-5 [A}STRAIN AT FALURE
10
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RECORD OF TEST PIT No. 6

METRIC

W P 199-77-08 LOCATION N4 ,799,642 5277,925.5 ORIGINATED BY VCH
pisT__ 4 Hwy _403/QEHW BOREHOLE Typg  John Deere 690 - Backhoe Dug COMPILED BY _MHW
pDATyMm _Beodetic __ DATE __August 16, 1990 CHECKED By _JCM
W |DYNAMI. CONE PENETRATION
SO PROFILE SAMPLES g_,m 2 |resistance rior oasmic NATURAL <
= S MOISTURE  LIOUID |y REMARKS
- $6| » 20 40 60 B0 100 |'™T  content umt| 2O
o brid = | h N L 1 w &
e E g o ja Z Wp i Wl‘ = 3 -
ELEV SCRIPT Slal & | = | 28| O |SHEAR STRENGTH kPo e GRAIN SIZE
BEPTH DESCRIPTION =151 Z | 3138 5 |ounconmme  + Fiewd vane warer Content (gl ¥ |OSTRIBUTION
g1z 5 |EY| & [ecuck TRAnal  x LaB vane ) {%)
106.2 Ground Surface ] : W 1020 o GR S5A 51 L
105.9 Clayey Topsoil & Fill 106 e}
0.3 [granular Fill KXt | cs ©
0.5 Llayey Topsoil occ. .
rocks and rootlets
105.0 I(Fill) Brown 2 | ¢cs 9
1.2 Clayey silt, trace %
sand (Till) occasiomal P
pravel.
d F
. 104
103.7 P2l 8 °
2.5 [End of Test Pit Test Pit drfy folllowing extavatjion
102

+3, x5 : Numbers refer to
Sansitivity

20
15-9-5 {°%4) STRAIN AT FAILURE
0
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memdrandum **

To: K. Bassi . Date: 1992 05 26

Head, Structural Section
7th Floor, Atrium Tower

Attn: G. Al-Bazi
Desian_Engineer
From: Foundation Design Section

Room 315, Central Bildg.

Re: Highway 403 Advance Structures
- Bridge No. 37
W.P. 199-77-02, Site 10-332

The revised drawing illustrating the roadway protection scheme for the above
mentioned project has been reviewed by this office. The drawing correctly
illustrates the anchor bond zone within the native material and beyond the fill
material. However, the nomenclature "soil anchors" is still being used to
identify these anchors, although it appears that the bond length also exists
within the shale bedrock. In such a case, the anchor type shall reflect both the
soil and rock bond zone and hence the anchors should be identified as "soil/rock"
anchors. Any NSSP shall be revised accordingly.

If you have any questions regarding the above comments, please do not hesitate

to contact this office. {iif
&;7%V , A

T. Sangidliano, P. Eng.
Foundation Engineer

for

M. Devata, P. Eng.
Chief Foundation Engineer

MD/TS/ jb

7540-1478 (Hev. 10/89)
'y




To:

Attn:

From:

Re:

men®randum Y

Ontario

K. Bassi | Date: April 22, 1992
Head, Structural Office
7th Floor, Atrium Tower

G. Al Bazi
Design Engineer

Foundation Design Section
Room 315, Central Building

Final Design Revised Drawings Review
W.P. 199-77-02, Site 10-332
- Ramp 403/W-QEW/E over Ramp 403/E-QEW/S
W.P., 199-77-03, Site 10-333
- Ramp 403/W - QEW/E over QEW and
Ramp QEW/S - 403/E

The revised final design drawings and NSSP for the above mentioned projects have
been reviewed by this office and the following responses are provided.

I -

W.P. 199-77-02 - BRIDGE 37

Section 1 on drawing 3 continues to illustrate anchor bond zones located
within the £i11 material. As discussed in previous correspondence, anchor
bond zones shall NOT be located within the fill material of the existing
road embankment. Bond zones of the anchors, rather, shall be within the
competent clayey silt till material and/or shale bedrock. Anchor
nomenclature, in turn, shall reflect the composition of the material
within which the bond zones are installed (soil or rock anchors). The

' NSSP shall be modified if necessary to accurately identify the anchor

type.

Specificatiéns regarding the type of secondary grout shall also be
included in the NSSP.

A forward excavation slope at approximately 1H:1V is shown on the
elevation drawing of the shoring scheme on drawing 3. A forward slope of
this steepness, as discussed in previous correspondence, will reduce the
internal stability of the existing approach embankment. To ensure the
internal stability of the approach embankment in the Jongitudinal
direction, it is recommended that the forward slope be excavated at 2H:1V.

II - W.P. 199-77-03, BRIDGE 41

7540-1478 (Rav. 10/ 89}

Structure Foundations

Subexcavation to an elevation of 101.7 m and not 107.7 m is recommended at
the east abutment structure location.



Roadway Protection

The conventional cantilever timber lagging-soldier pile shoring schemes
proposed at the east and west abutments are acceptable. It is reminded
that lateral earth pressures at the east pier shall ref1ect the sloping
surface behind the temporary shoring wa11

If you have any questions regarding the above review comments, please do not
hesitate to contact this office. . ¥

T. Sangiulig
Foundation Engineer

for

M. Devata, P. Eng.
Chief Foundation Engineer

MD/TS/3b

cc: M. Bendayan



menbrandum *®

'

Ortario

K. Bassi | Date: March 27, 1992

Head, Structural Office
7th Floor, Atrium Tower

To:

Attn: G. Al Bazi
Design Engineer

From: Foundation Design Section
Room 315, Central Building

Re: Hwy. 403 Advance Structures, District 4
wi.P. 199-77-02, Site 10-332
- Ramp 403/W-QEW/E over Ramp 403/E-QEW/S
W.P. 199-77-03, Site 10-333
- Ramp 403/W - QEW/E over QEW and
Ramp QFEW/S - 403/E

The comments and solutions proposed by the consultant Gregg and Edens concerning
the foundation and roadway protection design at the above named projects have
been reviewed and the following responses are provided.

I - W.P. 199-77-02 - BRIDGE 37

1.1 Roadway Protection

The earth pressure coefficients given are valid for the fill material. The
designer may want to consider applying an unfactored angle of internal friction
of 35° for the cohesive clayey silt ti11 material because the resulting earth
pressure coefficients may lead to a more economical design. A saturated unit
weight of 20 kN/m’ is deemed acceptable for the clayey silt till material, but
buoyant unit weights must be used in the earth pressure computation beneath the
groundwater table.

A11 other design parameters are considered acceptable.

It is recommended that the bond zones of all anchors be located within the
competent clayey silt till material and/or shale bedrock. Anchor bond zones
shall NOT be Tocated within the fi1l material of the existing road embankment as
revealed in the consultant letter. :

Anchor inclination has not been discussed. As indicated in my letter dated
February 2, 1992, an anchor installation at 45° should be considered provided of
course, that interference with the adjacent structure is avoided. '

A forward excavation slope at 1H:1V is shown on the elevation drawing of the
shoring scheme. A forward slope of this steepness, as discussed in previous
correspondence, will reduce the internal stability of the existing approach
embankment. To ensure the internal stability of the approach embankment in the

75401478 (Rov. 10£89)
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longitudinal direction, it s recommended that the forward slope be excavated at
2H: 1V, '

IT - W.P. 199-77-03, BRIDGE 41

2.3 _Roadway Protection

The comments given above for bridge 37 addressing shoring design parameters and
anchor design are also applicable for the roadway protection for the piers at
bridge 41.

If you have any questions regarding the above review comments or require further
information, please do not hesitate to contact this office.’

)
T. SangiuWano, P. Eng.
| Foundation Engineer
- for
P. Payer, P. Eng.
Senior Foundation Engineer

cc. M. Bendayan
PP/TS/ts




e ’ € ON S ULTI NG E NG I!NTETETGR S AN D P L ANNTEH® S

Gre
ékgﬂg
Edens

Limited MAK 1 8 1952

March 16, 1992

McCormick, Rankin & Assoc. Ltd.
Consulting Engineers

2655 North Sheridan Way
Mississauga, Ontario

L5K 2P8

Attention: Dr. Roy Skelton
Gentlemen:
Re: Highway 403 Structures, Freeman Interchange

Structure No. 41, W.P. 199-77-03
Structure No. 37, W.P. 199-77-02

Further to our recent discussion concerning the design of foundations and
road protection for the above two structures we wish to report as follows:

1. Bridge No. 37

1.1 Road Protection

We suggest that the design of the east abutment be retained as is,
rather than revise using more expensive caissons for support. We
further suggest that the roadway protection be revised, still using
a soldier pile/ground anchor arrangement as indicated on the
accompanying sketch., The MTO Geotechnical section may wish to
review our assumed design criteria for the anchors which is:

Active Earth Pressure Coeff. Ka = 0.33 at SLS v 0
(Ka)¢ = 0.41 at ULS o
Passive Earth Pressure Coeff. Kp = 3.0 at SLS Mww
" (Kb)f = 2.44 at ULS +
Soil Unit Weight = 20 kN/m3 v

Live Load surcharge = 600 mm of Earth
Anchor Allowable Bond Stress = 100 kPa

Anchor Grout Strength = 35 MPa

65 THE EAST MALL, TORONTO, ONTARIO CANADA MBZ 5W3 TELEPHONE (416} 259-4276 FAX (416) 280.7181



2.

The previously 2m wide strip excavation at 1:1 1/2 slope is now
eliminated. The soldier piles would be installed in pre-augered
holes with the tips encased in 20 MPa concrete. The suggested
redesign ensures that all anchors are embedded in original soil or
in the well compacted fill of the existing road embankment. We
believe the suggested design parameters to be reasonably
conservative

Pier Footings

A soil bearing capacity of 1000 kPa at ULS and 500 kPa at SLS will
reduce the footing sizes for the two piers. The west pier footing
would reduce from 9 x 5 x 1.5 m to 7 x 4.5 x 1.5 m, saving 25.5 m
of concrete. In all, approximately 45.75 m3 of concrete would

be saved. Assuming a unit price of $200/per m3» the total

saving in concrete alone is estimated at $9,150.00, plus excavation
savings.

We recommend that these footings be revised using the new design
bearing capacities for the soil.

BRIDGE NO. 41

2.1

2.2

2.3

West Abutment

The elevation of sub-excavation for Granular 'A' at the west
abutment has been raised to 102.000. This in effect reduces the
extent of Granular 'A' material and eliminates the need for roadway
protection at this location.

Pier Footings

The pier footing sizes must remain as they are despite the higher
calculated soil capacity of ULS. The east and west footings are the
same size because different limit state conditions govern. The west
pier footing size is controlled by ULS, whereas the east pier '
footing size is controlled by SLS and the effect of horizontal
forces on the pier. No change in footing design is recommended.

Roadway Protection

A revised roadway protection scheme at the excavation for the pier
footings is suggested using soldier piles and.lagging. The design
would be based on parameters similar to those for Bridge #37
described above.



® o

Any comments you have will be appreciated and we are proceeding to revise the
drawings as discussed during our meeting of Thursday, February 27, 1992. It
is planned that these revisions will be completed by Monday, March 23, 1992.

Yours truly,

GREGG AND EDENS LIMITED

Vet

J T. Gregg, P.Eng.
President
/im

File No. 9017 & 9025
c¢: M. Bendayen, P.Eng.
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memorandum

Ontario

To: . :
K.G. Bassi Date

Head, Design Section
7th Floor, Atrium Tower

1992 02 20

en: . ~Bazi

From: Foundation Design Office
Roem 315, Central Bldg.

Re: Bearing Capacity Values
: Freeman Interchange
W.P. 199-77-02
W.P. 199-77-03
W.P. 199=77-04
W.P., 199~77-05
W.P. 199=~77=07
Ww.P. ;99-77~08

District #4 (Burlinaton)

As per our discussion on 92 02 11 the spread footings may be

- placed on the undisturbed hard lower glacial till or on the
underlying bedrock, using a factored bearing capacity of 1000 kpPa
at ultimate limit states and 500 kPa at serviceability 1limit
states.

A
’t;?‘:;géxﬁélf’/
Pi‘ P&Y&r, Pl Engo
Sr. Foundation Engineer

for

M. Devata, P. Eng.
Chief Foundation Engineer

MD/PP/mmj

SEAR 4 e




~ mehdtandum ® * )

Ontario

To: K. Bassi Date: February 2, 1992
Head, Structural Office
7th Floor, Atrium Tower

Attn: G. Al Bazi
Design Engineer

From: Foundation Design Section
Room 315, Central Building

Re: Final Design Drawing Review
Hwy. 403 Advance Structures, District 4
W.P. 199-77-02, Site 10-332
- Ramp 403/W-QEW/E over Ramp 403/E-QEW/S
W.P. 199-77-03, Site 10-333
- Ramp 403/W - QEW/E over QEW and

Ramp QEW/S - 403/E

As requested, the Final Design Drawings and documents for the above mentioned
projects have been reviewed and relevant foundation and geotechnical comments are
provided. In addition, revised bearing capacities to facilitate the design of
shallow foundations on the bedrock are also included. \

I - FOUNDATION DESIGN

Spread footings on shale bedrock or competent cohesive glacial till at either
site can be designed using a revised factored capacity at U.L.S. of 1000 kPa and
the original capacity at S.L.S Type II of 500 kPa.

Il - W.P. 199-77-02

STRUCTURE FOUNDATIONS

Shallow Foundation Alternative

A detailed drawing of the compacted Granular "A" pad applicable at the abutment
structure foundations, shall be included in the Final Design Drawings. A note
Bresent]y shown on Drawing 1 indicates that this drawing is to be shown on

rawing 20, Drawing 20, however, does not include the detailed drawing of the
Granular "A" pad foundation. ~ ‘

Dee undation Alternativ

Major consideration should be given to supporting the east abutment on deep
foundation concrete caissons socketed into the bedrock as described on page 13
of the original foundation report. This option may eliminate the requirement for
roadway protection and hence a cost effectiveness comparison is warranted.

75401478 (Rev. 10/789)



Design parameters for the axial capacity of the caisson are given in the original
foundation report, The lateral capacity of the caisson shall be computed in
accordance with Section 6.8.3.8 of the OHBDC.

Pertinent unfactored soil/rock parameters to facilitate the design of the lateral
pile capacity of vertical piles are given in Table 1 below.

Table 1 - Desipgn Parameters

A. Soil #
Type Elevation Unconfined Compressive Unit Weight
(m) Strength ( )3
(kPa) —(EN/mD)
Clayey Silt (Till) 102.3 - 100.3 ' 500 20
Clayey Silt (Till) 100.3 - 99 1000 20
B. Rock
Type Elevation ~ Unconfined Compressive Unit Weight
: - : (m) © Strength ' o (3)
(kPa) (kN/m )
Weathered Shale 99-96 , 1000 20
Unweathered Shale » <96 10,000 22

Alternatively, lateral capacities can be obtained by battered units. However,
construction limitations restrict these batters to 1:4.

Caissons shall be socketed at least 1 metre into the bedrock.

Driven steel H-piles are not considered tachnlcally feasible at the site because
of restriated embedment lengths :

ROADWAY PROTECTION

A number of concerns regarding the temporary shoring desmgn.have been identified.
- and are summarized below,

(a) Design Parameters

In view of the fact that to the reviewer's awareness, shoring design parameters
 were never recommended from our office, there exists an uncertainty regarding
pertinent shoring design parameter selection. Bond stresses, earth pressure
coefficients and soil unit weights selected should be forwarded for review.
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(b) Anchor Bond Zone and Inclination

. Section 10 on Drawing 3 presently illustrates a nine (9) metre bond length, most
of which is located within the existing structure’s approach embankment fill
material, a material which is of insufficient strength to provide any reasonable
bond stress. The bond zone should be located in the competent clayey silt till
deposit and the bedrock. A bond stress of 100 kPa can be used to facilitate the
design of the anchor bond length.

An anchor inclination of 30° is presently glso indicated on Section 10, The -
efficiency of anchor installation at a 45 inclination should be evaluated.
Avoidance of a potential conflict between the anchors and the existing bridge
substructure or superstructure should be confirmed.

(¢) Existing Embankment Slope Excavation

The proposed scheme illustrates that the' forward slope geometry is to be,
steepened to approximately 1H:1V and that a'2 m wide minimum strip excavation at

1-1/2H:1V is to precede the soldier pile installation.. These two proposals will . .

definitely reduce the internal stability of the existing approach embankment and
this concern should be addressed. " ‘ ' S . . S

(d) Sﬁecificatioms

The following specifications shall be included in the Contract Drawings and/or
Special Provisions. :

Soldier Piles

Soldier piles are to be installed in preaugered holes of a given diameter and
soldier pile toes shall consist of concrete, typically of 20 MPa compressive
strength. Furthermore, the annular space between the soldier pile HP 310 X' ? (a
unit weight should be specified) should be filled with 4 lean mix concrete (say
0.7 mPa) to facilitate timber lagging installation. : : :

Anchors

Anchor bond zones shall consist of 35 MPa grout and free stressing zones shall
consist of bentonite concrete mix or equivalent.

Shoring ;nstallat;on Procedure

* .
A general step by step procedure for soldier pile installation, timber lagging
installation, anchor installation and excavation can be considered to be included
on the drawings. . '



e o

Anchor Testing

- Any full scale testing or proof load testing procedures should be included in the
Special Provisions of the contract documents. ' .

111 - W.P. 199-77-03

STRU Q ON

Subexcavation to an elevation of 100.0 m is presently illustrated prior to the
placement of the Granular "A" pads at both proposed abutment locations. Based
on the competence and quality of the subsoil as determined during the foundation
field investigation at these locations and as previously indicated in the
foundation investigation report, subexcavation need only extend to 102 metres at
the west abutment and 101.7 metres at the east abutment. The progress of MTO
Contract 91-22 should be immediately investigated to determine if the east
abutment granular pad has been constructed so that unnecessary subexcavatlon is
avoided

OADW () 10N
(a) Design Parameters

As previously mentioned for project W.P. 199-77-03, shoring design parameters
should have been issued from this office and since there has not been any record
of such recommendation, there is uncertainty regarding the validity of shoring
parameters applied in the desxgn

(b Sheet Piling Impenetrability

The roadway protection schemes identified at the west abutment, west pier and
east pier locatioms illustrate an "Arbed" BZ32 sheet piling or equivalent
installed to elevations of 96.3 m, 97.2 m and 97.2 m respectively. = These
elevations reflect penetrations of the piling up to 2.2 metres into bedrock,

which in our opinion is totally unrealistic. Furthermore, the overlying clayey
silt till deposit is of such a hard consistency, it is improbable and unlikely
that any sheet piling will be able to penetrate this material. In view of this,
it is recommended that the steel sheet piling system be replaced by a
conventional soldier pile timber lagging system.

G ION SEQU

Provided that the Granular "A" pad has not yet been constructed at the east
abutment location, shoring requirements can be eliminated at the east pier by
constructing this pier prior to the east abutment and hence prior to relocating
-the existing QEW/S - Hwy 403/E ramp. Hence, this construction sequencing should

.



be considered.

BOX CULVERT DES D_CONSTRUCTION AT WEST ABUTMENT LOCATION

The mutual influences of the concrete box culvert and west abutment foundation
on the design and construction of either structure shall be considered. It is
recommended that the box culvert be constructed prior to the Granular "A" pad and
any additional loads on the culvert imposed by the abutment foundation be
appropriately incorporated in the design of the culvert.

1f you have any questions regarding the above review comments, please do not
hesitate to contact this office.

T. Sangiuliano, P. Eng.
- Foundation Engineer

for

M. Devata, P. Eng.

Chief Foundation Engineer
ce. V. Boehnke

MD/TS/ib




Ministry .istére .
of des -
Transportation Transports

Ontario
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Tel: (416) 235-3731
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McCormick Rankin
Consulting Engineers

2655 North Sheridan Way
Mississauga, Ontario
L5K 2P8

Attn: Mr. K. Woon-Fat, P. Eng.

Re:

on

1)

2)

3)

cel

Review of Preliminary Drawing

Hwy. 403 Advance Structures

Bridge 37, W.P. 199-77-02, Site 10-332
Your File: W.0. 2204-90

District 4, Burlington

Further to your letter dated July 16, 1991, the Generalrhrrangement Drawing Pl
for the aforementioned structure has been reviewed by this foice. '

Based on our review, it is concluded that the design confirms to our
recommendations. However, the following corrections and comments should be made

the details shown on the above mentioned drawing.

Unsuitable materials underneath the proposed embankment fill should be
excavated before fill.placement. , A

Slope surface should be protected from erosion of fill material as per M.T.O.
standard.

Due to the existence of permeable layer within the fill adequate control of
groundwater during construction is essential to minimize the deterioration of
the founding soil.

We have no further comments.- If you have any questions, please contact this
office. .
ae €. Kim,  P. Eng.
Sr. Foundation Engineer
TCK/me

M. Bendayan
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To: V.F. Boehnke {3) | Date: 1991 05 02
Head, Structural Section
4th Floor, Atrium Tower

From: Foundation Design Section
Room 315, Central Building

Re: Foundation Investigation Report for
Proposed Bridge 37
Freeman Interchange
Hwy. 403 & Q.E.W,
W.P. 199-77-02, Site 10-332

District 4 (Burlington )

The Foundation Design Section retained Golder Associates Limited, to carry out
- a foundation investigation for the above-noted project. The Foundation
Investigation Report is forwarded under cover of this memo. :

After preparing the consultant agreement, this office provided terms of reference
and careful review of the consultant’s proposals and progress at all stages of
the project. Several meetings were held with the Consultant during which our

comments were incorporated into his report. The Foundation Investigation -

(factual) portion of the report, drawings, record of borehole sheets and figures

were reviewed only for format, and {its accuracy and completeness are the
responsibility of the Consultant. The Foundation Design (recommendation) portion
of the report has been carefully reviewed by this office based on the subsurface
information provided by the consultant. ' S

We find the recommendations to be satisfactory.

If there are any questions during the detailed design pﬁlsa, please contact our

office.

Sr. Foundation Engineer
for

M. Devata; P. Eng.
Chief Foundation Engineer

MD/PP/jb

cc: G, Cautillo
J. Cullen (2)
A. Wittenberg
K.G. Bassi
$.J. Dunham
E.A. Joseph
File

75401478 (Rev. 10/89)
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January 31, 1991 Our ref: 901-6039-5

Ministry of Transportation Ontario
1201 Wilson Avenue

central Building, Room 315
Foundation Design Section
DOWNSVIEW, Ontario

M3M 1iJ8

Attention: Mr. P. Pavyer, P. Eng.
senior Foundation Engineer

RE: W.P. 199=77~02, SITE 10-332
BRIDGE 37, PREEMAN INTERCHANGE
DISTRICT 4, BURLINGTON

Il

Dear Sir:

Further to your facsimile transmittal of January 30, 1991,
thig letter provides our comments on the perched abutnent
alternative suggested for the above site by Mr. M.D. Bendayan
in his memorandum of January 25, 1881.

Based on a review of the results of the geotechnical
investigation carried out at the above site, we concur that
the perched abutment alternative as shown schematically in
the MTO scematic provided to us, would be feasible. '

However in preparation for constructing the engineered £ill

wnich would support the abutments it would be necessary Lo

ewcavate all existing £ill, topsoil and any loose material.

Based on the results of boreholes 19 and 22 drilled at the

west and east abutments respectively, some 1.1 to 1.9 metres

of axwcavation may be reguired to expose a suitable subgrade
to support the engineered £ill.

We would suggest that for engineered fills constructed as
outlined on the MTO schematic, design bearing pressures of
250 KPa SLS and 400 KPa ULS be considered.

Abutment footings placed on engineered f£ill resting on the
native subscil at the site will experience settlement with

l'-'z

GOLDER ASSOGCIATES L0, » 40 KEEFER COURY, SUITE 101, HaliLTRN, ONTARID. DANADA LEE v * TEL, (416 A730400 » FAK (418) 67300401
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‘ _ time. The magnitude of the settlement will depend on the
thickness of the embankment and engineered fills, the
thickness of subsoil and the degree of compaction of the
engineered fill. For preliminary design purposes total
settlement of the order of several centimetres can be
anticipated. This should be taken into consideration in the
context of differential movements with yespect to the
adjoining pier foundations and the flexibillty of the bridge
span to accommodate these movements.

We trust that this letter is adeguate for your present
requirements. We will incorporate a discussion pertaining to
the use of perched abutments for Bridge 37 in the final
report. In the interim should your require additional
information, please contact our office.

Yours truly,

GOLDER ASSQCIATES LTD.

A

, Mu¢kle, P. Eng.

JeM/apf

Goldar Associates
JEAW 31 9t 1239 416 573 B4@)  PRAGE. 803
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Octobey 29, 1990

Minigtry of pransportation ontario
1201 Wilgon Avenue

central Building, Roon 318
Foundation Design Section
DOWNSVIEW, ontario

MaM 138

pbtentions. Mr. p, pPayer, P. End.

RE: GEQTRECHNICAL INVEATIGATION
SGITE 10-332 BRIDGE 27
FREEMBN INTERCHANGE
WP 1997708 O
BURLINGTON, ONTARIO

Dear Sir:

rurther to our meating of October 24, 19%0, this letter
provides preliminary geotechnical design information for the
above site. We anticipate that the ganbamhnicalArapart will
be issued in draft format within a few weeks. The intent of
thic letter is Lo provide the dasign engineex with a brief
summary of the subsurface conditions encountered together
with preliminary geotechnjcal design recommendations in ordet
t+hat the design of the gtructure can proceed i1y the interim.

1. BITE DESCRIFPTION

As presently proposed, Bridge 37 will carry the 403 wast/QLW
gast 'Ramp traffic over the 403 Fast/QEW South traffic. The
proposed alignment of the bridge is generally in an east west
divection traversing an axisting drainage course and the
evisting QEW south bound ramp. The bridge will consist of a
three span structure with two abutments and two piers. The
exiszting drainage coursea {g situated between the proposed
west abutment and west pier. The proposed east pier would be
situated immediately adjacent to axisting ramp. The existing
ramp is understood to have been constructed in cut and is
come 2 to 3 metres below the elevation of the existing ground
surface at the proposed abutments and west pier.
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2.  PROGEDURE

Four borsholes and one tast pit were put down at the site of
Bridge 37. Bedrock was cored to a nominal depth of 3 metres
in two of the boreholes while the remaining two boreholes
were drilied to practical auger refusal. The test pit was
terminated in glacial €ill.

3, BUBBURFPACE GONDITIONS

The subsurface conditions encountered at the site generally
concisted of fill and topsoil, and surficial sand sbrata
overlying glacial till ond completely to highly weathered
ghale underlain by more competent shale bedrock.

The glacial till encountered in the boprcholed drilled at the
west abutment, west pier and east abutment is characterized
by an upper zone of hard brown to grey clayey silt and a
lower zone of red brown eclayey to sandy silt which was
somewhat harder than the overlying till. The upper till was
not encountered in the borehole drilled near the proposed
east pier locaktlon.

The bedrock was characterlzed by a surficial highly weathered
zone with more competent shale bedrock at depth in the two
boreholes in whicli bedrock was cored.

Groundwater was generally encountered within the surficial
eand strata overlying the less permeable clayey silt till.

The groundwater level measured 1n a piezoneter sealed into

one of the boreholes was at about elevation 101.7 metres,
within the upper till stratum. :

4. DIBCUBBION

Tt is understood that the propused finished deck grade will
vary, from about elevation 107.9 metres at the wesh abutmont

tes about elevation 109.5 netres at the east abutment. The

finished pavement elevation beneath the bridge will vary from
about 100.2 and 101,0 metres.

4:1 Youndations
pased on the above, it ls anticipated that the foundations

for the proposed piers would be founded at or below about

elevation 99 and 100 metres to provide the minlmum frost
protection required, while the abutments could he founded
somewhat higher in slevation.

Based on the results of the boreholes snd test pit, it is
considered that the abutments and piers could be founded on
conventional spread footings pearing in the glacial Lill

imB
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petween about elevatlons 100 and 102 metres. Alternatively
the Ffootings could be constructed on pedrock at the pier
locations which exists at about elevation 87 mobras.
Recommended founding elevations and corresponding bearing
pressures recommended for the design of the respoctive
abutments and piers are provided in the attached Table T.
Three bearing strata have peen considered tnelnding, the
upper till zone, the jower till zone and the moderately
weathered bedrock. Due to the variable nature of the upper
weathered zone of the pedrock and the difficulty of
definitively distinguishing the lower till from the upper
pedrock, the design parameters of the lower till are also
racommended for the upper weathered bhedrock at this site.

The shale bedrock is very susceptible to rapid deterioration
on exposure to alr and water necessitating that special
precautions be taken during construction of the foundations.
Bffective control of groundwater seepage is essential to
preserving the integrity of the bearing strata. In addition

the use of concrete mud slabs to protect exposed podrock is

recommended.

1t is considered that the use of deep foundationg conaisting
of caissons socketed into the bedrock, may be considered as
an alternative to spread footings. This alternative may be
particularly advantageous for this bridge structure given the

close proximity te the existing ramp which we anderstand will |

remain in service during construction. tor preliminary
consideration, caissons socketod at least 1 diameter into the
moderately weathered shale may be designed using an and
bearing pressure of 2800 kilopascals. 'Ihe caissons should
nave a minimum diameter of 900 millimetres for inspection

purposes.

4.2 Embankments.

Approach Tills of about 3 to 5 molyes will be required at tﬁd'

abutment locatlons. The subgrade at the abutment locations
consists of about 0.2 metres of topsouil vverlying about o
metre of silty clay £ill. The in-situ water content of the
exigting fill is relatively high (30 percent) 1t is
considered that some remedial work may thercfore be required
prior to placing the embankment £ill. The remedial work will
probably consiet of stripping the topsoil, proofrolling the
axigting fill subgrade and potentlially some subexcavation.
The actual scope of the remedial work can besl be debermined

during construction.

provided that suitable subgrade preparation is carried out no
deep seated stability problems are anticipated with the

¥

embankment heights proposed. gide slope inclinations of 2

horizontal to 1 vertical or flatter would be appropriate for
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the embankments provided that the £ill iz howogenous in
nature and congtructed as an angineered £ill.

We #+rugt that this letter is sufficient for your prgsgnb
reguirements. If additional information would pe beneficial
af this time or if any point requires clarification, please

sontact our office.

Yours truly,

CIATES LTD.

GOLDER AS

,xW’CIL’\u—-

la, P. Eng.

s
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CPTABLET

SUMMARY OF RECOMMENDED FOUNDATION DESIGN PARAMETERS

Bridge 37 Freeman laterchange
WP 195-77-01
Burlington, Ontario

901-6039-3

(21 BE. &

CASEI ! CASE 11 CASE I
" {Foundatioss o {Foundations on Lower {Foundations oo
Upper Till} Till/Weathered Rock} Bedrack)
g e -
Foundatian Uit Elsvation | Design Bearing Plevation | Design Bearing | Elsvaticn Diesign Bearing
Prassures (Kpa) Pressures {Kpal Prr&s {Kpa) |
(m) uLs | sts + m | wuis | sis m) uLs
East Abucmeat 191.9 or 450 300 100.0 or 750 500 a7 or 1400
- lower lovwer Lower
Plerl 1 eeeee crmem | e 100.0 or | 750 500 97 or 1400
i lower : lower
i Pier 2 102 or 450 360 100.0 or 50 500 98 or 1400
lower lower lower
Fest Aburment I0230r , 450 1 340 1000 or 775G 300 97 or 1400
lower | ' lower lower I

e

Note: Table to be read in conjunction with
aczompanying letter dated Octover 20, 1994,
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