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FOUNDATION INVESTIGATION REPORT
For
Bridge #26
Highway 403 W.B. Expressway Over
Highway 401 E.B. Collector and
Dixie Road Sub-Collector

W.P., 127-66-72, Site 24~81-466
Hwy. 403, District 6, Toronto.

INTRODUCTION:

This report summarizes the factual information obtained from a
foundation investigation program performed at the above-mentioned
structural site and provides detailed recommendations pertaining to the

structure foundations and related earthworks.

The fieldwork was carried out betweean 82 02 16 and 82 02 19 and
consisted of advancing 3 sampled boreholes using solid stem coutinuous
flight augers with bedrock being cored in two of the borings. The depth
of borings ranged from 2.6 metres to 12.3 metres terminating within the

shale bedrock.

Site Description and Geology

The structure site is located immediately east of the existing Hwy.
403 W.B. Collector structure (Bridge #27) over Hwy. 401 E.B. Collector
and Dixie Road Sub=Collector which was coustructed under Contract 75~16
as part of the Hwy. 401/403 Interchange complex. '

Land use in the area is changing from predominately farming to
industrial subdivision development, Topography across the site is
generaliy flat to gently undulating with ground surface sloping gradually

towards Lake Ontario.

The site is located in the physiographic region known as the "Peel
Plain". The characteristic deposit, in the vicinity of the area under
investigation, is composed of cohesive glacial till, whose thickness
varies from nil to 15 metres. The overburden is underlain by shale

bedrock of the Meaford-Dundas Formation, Ordivician Period.



Subsurface Conditions

Borings carried out at the structure site indicates generally
uniform subsurface conditions. The overburden consists of a shallow
deposit of cohesive glacial till underlain by shale bedrock. The upper
portion of the shale was found to be weathered. In previous highway cut

areas, exposed shale has been covered with a thin veneer of fill,

The boundaries between the various soil types, insitu and laboratory
test results are shown on the attached Record of Borehole Sheets, The
locations and elevations of the borings, along with a profile showing an
estimated soil stratigraphy based on borehole data, are shown on Drawing
No. 1276672~A.

The various soil types encountered are briefly described in the

following paragraphs.

8ilty Clay, Gravel and Sand (Glacial Till)

The surficial deposit overlying the site consists of a shallow
deposit of glacial till composed of a silty c¢lay of intermediate
plasticity with varying amounts of gravel and some sand. Typical grain
size distribution curves for representative samples from this deposit are
shown on Figure 1. An increasing frequency of fragments, and detached
slabs of weathered shale and limestone were encountered within the lower
portion of this till. A thin veneer of fill consisting of the reworked
parent till of the area was found to overly shale where previous highway

cuts had been advanced,

Results of limited water content and Atterberg Limit testing are
plotted on the Plasticity Chart (Figure 2) and summarized as follows:

Range Average
Water Content w) % 8-22 16
Liquid Limit (Wt) % 40~43 42
Plastic Limit (Wp) % 19-20 20

Plasticity Index (I,) % 19-24 22



These results indicate the cohesive matrix of the glacial till

consists of an inorganic silty clay of intermediate plasticity (CI).

Based on interpretation of Standard Penetration Test 'N' values
ranging from 27 to in excess of 100 blows per 0.3 metres, the consistency

of this deposit ranges from very stiff to hard.

Bedrock

The shale bedrock was encountered immediately beneath the glacial
till deposit across the site. The upper 0.8 to 2.1 metres of the bedrock
is in a weathered condition. The natural bedrock surface varies between
elevations 177.1 to 177.5 corresponding to depths of approximately 2.6 to
2.1 metres below original ground surface prior to cut excavations for the

existing Hwy. 401 collectors.

Bedrock surface is sloping gently in a northeasterly direction

across the site.

The rock is described as a dark grey, fine textured, soft shale
interbedded with thin layers of light grey, fine to wmedium texture,
medium hard limestonme. This formation is generally weathered in the
upper layers and frequently transitional with the overlying till layer
containing fregquent fLragments and detached slabs of shale and limestoune,
The badly weathered zone of’shale near the top of bedrock grades through -

a zone of moderate weathering into intact bedrock.

Groundwater Conditious

No stabilized water levels were obtained during augering operations
in the three borings. Upon completion of rock coring, the induced drill
water remained perched within the borings, indicating a low permeability
for both the till and shale strata. The depressed profile grades of the
existing Hwy. 401/Dixie Road Sub=-collector geometry effectively drains
the immediate structure site to an minimum elevation of approximately
173, however a perched water table within the glacial till can be
expected during periods of high rainfall,



DISCUSSION AND RECOMMENDATION

As part of the upgrading of Highways 40l and 403 to a collector/core
network, East and West Bound Collector Overpass structures are required
at the crossing of Hwy. 401 E.B. Expressway and Dixie Road Sub-collector.
The proposed W.B. structure (Bridge #26) will consist of a 3 span (34 -
41 - 25 metres) continuous post—tensioned voided concrete structure some
14.5 metres wide. A proposed Hwy. 403 profile grade ranging from 182.4
to 183.1, existing Hwy. 401 E.B. profile grade of 173.9, and average
natural ground surface elevation of roughly 180 will necessitate maximum

approach fill heights in the order of 3.0 metres.

In consideration of the proximity of competent shale bedrock to
ground surface across the site, recommendations pertaining to the
foundations of the new structure and related earthworks are summarized as

follows:

The design of shallow foundations founded on an unyielding medium
gsuch as shale bedrock will not be governed by settlement since the
bearing capacity at the S.L.S. Type II is much larger than the factored
capacity at U.L.S. Perched abutments can be supported on spread footings
founded within the weathered shale for a factored bearing capacity at the
U.L.5. of 1,000 kPa.

Pier footings can be supported on shallow spread footings located
and designed in a similar manner as the abutment footings or within the
intact shale for a factored capacity at the U.L.S. of 1500 kPa,

A minimum earth cover of 1,25 metres should be provided to the
underside of the footings, since the shale is considered susceptible to

frost actionm,

The base of all footing excavatioms should be covered immediately
upon exposure with a working slab of lean concrete to protect the exposed

shale from weathering and softening.



Earth pressures against the abutment walls should be computed as per
Subgection 6.6.1.2.2 of the 0. H., B. D. C. Manual with provisions made

from adequate drainage behind the abutment.

Provided backfill to the abutments consists of free draining
granular material and adequate provisions are made for an appropriate
drainage scheme, the following equivalent fluid pressures may be assumed

for compution of earth pressures.

a) At ultimate limit state
~ active condition 8.0 kPa/m

- at rest condition 10.0 kPa/m

b) At serviceability limit state
- active condition 6.5 kPa/m

- at rest condition 8.5 kPa/m

All organic and softened material should be stripped from within the
plan limits of the immediate approach embankments prior to placement of

any f£ill.

In addition, all new fill material should be properly benched in the

existing slopes as per current MIC standards.

A constraint on the use of heavy vibratory equipment within a
restricted distance to the back of abutment wall should be included as

per current MIC directives.

Resistance to sliding of the abutment footings can be calculated
assuming a coefficient of friction of 0.8 between the underside of the

concrete footing and the rough shale surface.

No major dewatering difficulties are anticipated for footing
excavations in consideration of the relatively low permeability of the
shale bedrock. Localized seepage into excavations can be controlled by

perimeter ditches and pumping from corner sumps,



No stability problems are anticipated for permanent embankment

slopes constructed to a 2:1 geometry.

Temporary cut slopes will stand at a 1:1 geometry or steeper,
however, these slopes will weather rapidly and show signs of surficial

distress if not protected in a reasonable length of time.

MISCELLANEOUS

The fieldwork for this investigation was carried out under the
supervision of Mr. V. Parker, Field Technician, utilizing equipment owmed
aﬁd operated by Atcost Drilling Co., Toronto. This report was written by
Mr. T. J. Kazmierowski, Foundations Engineer and reviewed by Mr. M,

Devata, Senior Foundations Engineer.

T. J. Kazmierowski, P. Eng.
Foundation Engineer

M. Devata, P. Eng.
Senior Foundations Engineer
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E z 5 | &Y G |equick rRAXIAL  x 1aB vaNE ER CO %) (%)
129 6lGround Surface n - w GR SA 51 CL
0.0| (Glaetal Ti11) Silty
Clay with Sand & Gravel]
oget. Litestone frag- 11881 50713 em
ments. 178
177, 5i6rey, brows, hard L2l 881 75/131 em
2.
Grey \\( 3L.881 70718 em
K458 70416 en | 1o
‘ weathered (51 5] 851 75/]11 om
Shale Bedrock ?? £ 1-A5LA002 om
with layers of % <
= Limestone >,</ 174
Qe SSFL [ E8] 50713 en
— b,
g 2
9 A 172
& A 81 s51 50/10 em
W ><<
8 2/>< BxL
v o 9 e | = 170
8 0
e >< 10 | B BRG: |
]
5 g\<\\‘l BXL [REC
& G | v oox] | 168
167.3 S
ko] 12.3{End of Borehole
Z .
-0 166

g
5

0
+3, x5 ; Numbers refer 1o 15 0 s 1) STRAIN AT FALURE
Sansitivity 0
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UNIFIED SOIL CLASSIFICATION SYSTEM

, SAND GRAVEL
CLAY & 5iL Fine | Medium | Coarse Fine Coarse
GHAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric) _
i 2 3 45 10 20 30 4030 ysum 150pum 300um 300pm Li8mm  2.36mm 9.5mm 19.0 men I175mm  63.0mm
100 1 l”l] 53 106um 250um  425um 850 um 2.00mm 4.75«.«"“/ B2mm | 265mm | 530me 750mm
. _ — e /
R L :
$0 v e / '*' 10
A 5
80 - : / 20
/ L K
”
o A LA £ o
/’ // . . '/'
o 69 4 / w e % Rt 400
z < — “sm v e e o5} T z
Iy - . 5
g‘.‘ s N +T " / ;
50 i ,’ -y 7 : i 50
z 1/ o | WITH SHALE| 8 LIMESTONE LEGEND 5
5 A Iid | ERAGMENTS BH |SAMPLE SYMBOL &
o 40 / e &0 &
4 ' ] ]
" iy G b F A E & W
30 = S 4 ! 3 70
pd , : 3 1
20 /"' 80
10 90
[+] . 100
i 2 3 4§ 10 20 30 40 270 200 140 100 6080 40 30 20 18 108 4 S T AN AR TS
MINISTRY SI1EVE DESIGNATION {Imperiol)
Q) T GRAIN SIZE DISTRIBUTION FIG No |
Communications (GLAC'AL TILL ) WP 127-66-72
Ontario SILTY CLAY SOME SAND & GRAVEL
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Oct 75, FF-5-2)
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0
50} /
CH /
20|
® ci
X
[
z
5. 30}
i
O
—
v
2 ° e LEGEND
20 ° / BH SAMPLE | SYMBOL
i 1 0
} 3 a
3 1 A
MH OH
10} //
ol v s ——"" p—————— <
o — — — kC\L\—\M\%\\\\\W
o Ml Oi
Mi 7 M oL |
% 0 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
e tion and PLASTICITY CHART FIG No 2
Communications (GLACIAL TILL MATRIX) WP 127-66-72

Ontario

SILTY CLAY OF INTERMEDIATE PLASTICITY
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE 13 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTD UNDISTURBED GROUND 1N A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING

FREELY A DISTANCE OF 0.78m, FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE IS DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUDUS PENETRATION OF A CONICAL STEéL POINT { Simm 0.0, 60° CONE ANGLE | DRIVEN 8Y 475 )
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE 7O CONE BENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANGCE (JF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED 8Y THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

I ey LkPo) 0 - 12 12 = 25 25+50 | 50-100 | 100 ~200| =200
VERY SOFT| SOFT FIRM SrieF | verr stiee | waRo
€551  COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
N (BLOWS/0.3m)| 0 - 5 5-10 10 - 30 30 - 50 =50
VERY IOOSE| LOOSE | cOMPACT | DENSE |VERY DENSE

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

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

MQDIFIED RECOVERY:

i ROD (%) 9 -25 25-50 | 5075 75 - 90 90 - 100
VERY POOR|  POOR FAIR GOOD | EXCELLENT
LDINTING AND BEDDING:
SPACING 50mm | 50-300mmi 0.3m = 1m | 1m - 3m *3m
JOINTING  |VERY CLOSE| CLOSE | MOD. CLOSE|  WIDE | VERY WIDE
BEDDING VERY THIN THIN § MEDIUM THICK  LVERY THICK

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK QUALITY DESIGNATION {R Q D), FOR MODIFIED RECOVERY, 15

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF SOIL

$5 SPUT SPOON TP THINWALL PISTON m,  kea
W5 WASH SAMPLE OS  OSTERBERG SAMPLE ¢, !
5T SLOTTED TUBE SAMPLE R € ROCK CORE < l
8§ BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY Cy !
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <y m?/s
T W THINWALL OPEN £ S FOIL SAMPLE H m
‘ Ty 1

STRESS AND STRAIN u %
U, ko PORE WATER PRESSURE Oy kP
f i PORE PRESSURE RATIO o kba
o kP TOTAL NORMAL STRESS L kpa
o’ kPa  EFFECTIVE NORMAL STRESS c kfa
v kPo  SHEAR STRESS ¢ «*
9,49 kha  PRINCIPAL STRESSES €, kro
€ % LINEAR STRAIN By -*
€ .66 % PRINCIPAL STRAINS 7 kra
g kba  MODULUS OF LINEAR DEFORMATION 1, kpa
G kPa  MODULUS OF SHEAR DEFORMATION s, 1
m 1 COBFFICIENT OF FRICTION

A kgdm®
LA T
B, kg/m'
Y, kn/m
P kgim
4 KN/
A kg/m®
7 ke
'guf kg s
Yot knfm?®

A3

kg/m®
kn/m?

X

PHYSICAL PROPERTIES OF SOIL

DENSITY OF SOLID PARTICLES # 1,%  VOID RATIO

UNIT WEIGHT OF SOLID PARTICLES n 1,%  POROSITY

DENSITY OF WATER w 1, % WATER CONTENT

UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION
DENSITY OF 501, w % GO Limey

UNIT WEIGHT OF SGIL "y % PLASTIC LimiT

DENSITY. OF DRY 3011 wg % SHRINKAGE LIMIT

UNIT WEIGHT OF DRY 501 " % PLASTICITY INDEX = W = Wy
DENSITY OF SATURATED SORL W1 uouUDITY INGEX s m
UNIT WEIGHT OF SATURATED SOK P -w
DENSITY OF SUBMERGED SOHL lg 1 CONSISTENCY INDER: =i

UNIT WEIGHT OF SUBMERGED S0O1L L 1%

VOID RATIO IN LOOSEST STATE

COEFFCIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COBEFICIENT OF CONSOLIDATION
DRAINAGE PATH

TImE FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

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

REMOULDED SHEAR STRENGTH

SENSITIVITY = -?‘L
L4

VOID RATIO IN DENSEST STATE

e, . . @
iy 1 BENSITY INDEX 2008w
max = “min

o mim GRAIN DIAMETER

b, mm n PERCENT « DIAMETER

¢, ! UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
4 m’/s  RATE OF DISCHARGE

v m/s  DISCHARGE VELOGITY

i 1 HYORAULIC GRADIENT

k mis  HYDRAULIC CONDUCTIVITY

i knw/m? SEEPAGE FORCE
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METRIC

NOTE. DIMENSIONS ARE IN METRES ANDACR MILLIMETRES
UNLESS OTHERWISE SHOWN. STATIONS iN
KILOMETRES « METRES

179
1o
75
X!
175
7
irad

179
357 200
Sehl- 084 HWY 403 W B EXFR,
& (PwY 401 E B COLL.
FOOTINGS
POC 4+167-77F HWY 403 WE
HOT 67+ 058- 452 RAMP WEST DIXIE 5
T 191 ¥

PLAN

SCALE
‘B s © Wm
= ]

&

186 184

184 -SILTY CLAY (oradatTiey i —FROP. GRADE SILTY CLAY (Gtaclat Tittly  1a4
T WATH - SAND & GRAVEL ICCATONAL —HIMESTONE - FRAGHENTS rl SOME SAND & GRAVEL

187 I 182

FRAGWENTS & SLABS OF LIMESTONE Very SHT /’6 fiard

1 | .

159

128 BAMP] WEST HWY?&}I //li/ /,gg{ %’ 178
A AL cm A A
w6, DIMIE . E.B. cotrscmk FILL — / 20 i

PROBABLE BEDROCK

E \ / 174

3 i : FATHERED
| SO e el "‘ 172

i — i WEATHERED S

: S0 :n et som
‘Ho 5 BEDROCK smate 170
> BE K SHALE )
168 8 ?}?ﬁfmw CAVERS OF LIMESTONE WITH THIN LAYERS OF LWESTONE | 168
186 2 2 g P! = S 166
164 ﬁ " 5 s 3 s S s
@ PROFILE HWY 403 W B. EXPRESSWAY
SCALE :
s 25 & Sm
=]

CONT No
WP Nol127-66-72

HWY 403 W B, EXPRESSWAY OVER
HWY 401 E.8. COLLECTOR & DIXIE RD
SUB COLLECTOR

BORE HOLE LOCATIONS & 500t STRATA

SHEET

BRIDGE Ne 6

2=

/

F, ool
ke, OF &7 MISSISSAUG

KEY PLAN
3 SCALE
Sg 1!5_ g 500 m

LEGEND

*” Bore Hole

Q Bore Hole & Cone

-*- C WL ot time of invstigation

-$ Dynomic Cona Peneirotion Test {Consj

N Blows/0.3m {Std PenTest, 475 j/blow}
CONE  flows/0-3m {60 Cone, 475 J/ blow]

No | ELEvATION | O- ORDINATES

NORTH EAST
i -7 4 B33 145 292 261
2 1730 4 B33 155 292 252
3 V-5 4 833 078 219% 248
~=NOTE=
The boundories betwewn 10if stroto hove been sntobiinhed

only of Hore Hole locations. Betwesn Bore Holes the
¥, dari

are d from geological evid
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BATE |3 DESCRIETION
Guocres Mo JOMIZ-IS7
WHY_Na 401 & 403 DSt &
SUSKD T, K ICHECKED 2, (DATE B2 O3 34 [ SHE Ji-8i- 466
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