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FOUNDATION INVESTIGATION REPORT
For
Proposed Service Road No, 8
Ang ,
Black Creekx Crossing
Twp. of Wiiloughby - Co, of Welland
Distriot No, &4 (Hamilton)
W,J, 68-F=32 == W,P, 167-64-03

1. INTRODUCTICN:

The Poundation Section was requested to carry out a
subsurface investigation at the crossing of Black Creek by
proposed Service Road No, 8 in willoﬁghby Tup., Welland County.
The request was contained in a‘memo'fram'thg Bridge Division
(¥r, W, S, Melinyshyn, Regional Bridge Locatlon Engineer),
dated March 25, 1968, which alsc contained a requést for
foundation 1nvestigations;atktwo other sites‘in‘the vieinity.
Subsequently, a foundation inveStigation was carried out by
this Section at the above site. This report contains the
results of the investigation, together with our recommendations"
for the design of foundations for the proposed structure as well
ags the stability of the approasch embankments,

2. DESCRIPTION OF THE SITE AND GEOLOGY:

, The site is located some 12 miles south of Fort Erie
in Willoughby Twp., Welland County, The proposed crossing is
located in the immediate vicinity of an existing structure which
carries Townline Rd, {(County R4, No. 7) across Black Creek. At
this site, Black Creek is a shalliow stream, soms 110 ft. in width.
The topography consists of generally flat-lying land, Areas to
the west of the creek are marshy.

Physiographically, the arsa iz located in the "Haldimand
Clay Plain” region where lacustrine deposits overlie a glaclal till
and interbedded shales and dolomites of the Salina formstion.

cont'd, /2 ...
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3. EIELD AND LABQRATGBY WORK:

A total of 6 boreholes, eaah accompanied by a dynamle
cone penetration test, was carried out at the site by means of
a standard diamond drill rig adapted for soil sampling purposes.
Two of the boreholes were put down 1in the stream from a raft,

Samples were recovered at required depths ina: 2" 0,D.
split=spoon sampler which was hammered into the soil, or in 2" I,D,
Shelby tubes which were manually pushed into the cohessive portions

of the overburden, The method of driving the split-spoon sampler

conformed to the specifications for the Standard Penetration Test,
The same method was used to advance the dynamic cone penatration
tests, Field vane tests were carried out, where poagible,~1n the
cohesive portions of the overburden, to determine the undrained
shear strength characteristics. Bedrock was profen;at all borehole
locations by drilling in AXT core size.

The locations and elevs*ions of the boreholas are shown
on Drawing 68-F=324, together with the estimated stratigraphical
profile across the site, Surveying was performed byﬁthe;Central
Regibn;Engineering«Surveys Section. Elevations shown arek
referenced to a geodetic datum.

All samples were subjected to a careful visual examina-
tion in the field anc subsequently in the laboratory. Following
thlis examination, laboratory tests were carried out on selected
gsamples in order to determine the following physical propérties
of the overburden:

Natural Moisture Contents
Atterberg Limits

Bulk Densities -
Grain-Size Distributions
Organic Matter Contents
Undrained Shear Strengths

The resulte of these tests are plotted on the individusal

Borelog sheets as well as on the Figures in the Appendix to this
report,

contid. /3 ...
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L, SUBSOIL CONDITIONS :

B,1) ;Gcgg;a}:

The surficial stratum across the site is a 3 to 6 ft.

‘thick depogit of soft to firm organic clay. This deposit is

underlain by a glacial till stratum, some 8 to 10 ft, in
thickness, followed by interbeaded shale and dolomite bedrock
at depths of 13 to 16 ft, below ground level, ‘

4,2) Organic Clay:

A surficial depbsit of organic clay was encountered
at Boreholes 1, 2, 3, % and 6 to depths ranglng between 3 and
6.5 ft. The organic content of the deposit was found to be as
high as 1&%, with a corresponding liquid limit, plastic limit
and natural moisture content of respactively 87%, 32% and 83%.
The bulk density of one sample was 96 p.c.f. Undralned shear
strengths ranged between 300 and 65079.s.f.; indicating a soft
to firm consistency. ey

4.3) Glacjal T111 (Clayey Silt to Silty Cley with some Sand
apd Gravel, changing to a Mixture of Silt, Sand and

Gravel):

The glaclal deposit was encountered below the organic
clay at Boreholes 1, 2, 3, 4 and 6, and below stream bed level
at Borehole 5, and was found to extend to the bedrock surface.
The total thickness of the deposit ranged between 8 to 10 ft.
This stratum is essentially cochesive in the upper portions,
consisting of & mixture of clayey silt to silty clay, sand and
gravel and changing with depth to a mixture of silt, sand and
gravel below about elevation 554, It is believed that the non-

cohesive portion of the glaclial till deposit may have been derived
from the upper weathered portions of the underlying bedrock, The
range in the physical properties of the cohesive portions of the
deposit are as follecws:

sont'd. /L ...
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4, SUBSOIL CONDITIONS: (cont'd )

* e e

4,3} Glacial Til1l (Clayey Si1t to S1lty Clay with some Sand
and Gravel, gggng;gg to a M;gtgz of S;Lt, Sagd and
Gravel): ieont'd )y

Natural Moisture Content (W) = %; R, 16 - 36
Liqﬁid Limit‘ {HL)'- % R R R 8 19 - 36

Plastic Limit (Wp) - %

Q'.O.~"‘.".C'C'I\‘ 12 bl 22

Bulk DGnSity (P.O.f.) ceeseseas e e ee e s 120

Standard Penetration ‘ ; ,
Resistance 'N'(Blows/ft.) ...eevececees 23 - >100

The grain-size distribution curves are shown in the
Appendix. The Atterberg limits are plotted on the Plasticity
Chart which is also given in the Appendix. On the basis of
the 'N! values, the cohesive portion of the ddposit is con-
sidered to be of very stiff to hard consistency, and the
non=-cohesive glacial till at the base of the deposit is

considered to be very dense with 'N' values generally in excess
of 100 blows/ft.

h,4) Bedrogk:

Bedrock was encounterod at all borehole locations
between elevations 549 and 552, i.e,, some 13 to 146 ft, below
ground surface or 9 to 12 ft., below stream bottom.

Examination of the cores recovered indicates the bedrock
to be an interbedded gypsiferous shale and siliceous dolomite
with occasional seams of gypsum up to 12" in thicknessg, Core

recoveries were generally 90% or greater, indicating the bedrock
tc be sound,

conttd. /5 ...



5, GROUNDWATER com:xmons»

Observations of the groundwater 1evel in open boreholes
during the course of the investlgation indleated a groundwater
‘level close to the surface of the ground, i.e., at about elevation
%64" It is estimated that the gronndwater'level 18 related to

the stream level in the 1nmgdlata vicinity of the stream. Dﬁring
the 1nvestigatlon the depth of water 1n the stream was about 3 re,

6. g;s@uss;on AND RECOMMENDAT ‘onss
6.1} General:

It is contemplated to construct a 3-span structure
(35'-?5‘-35'} to oarry proposed Service ‘Road No, 8 across Black
Creek, The two plers will be located within the creek, :
Approach £111s will have a maximum height of about 15 ft, above
the existing ground surface,

The investigation has revealed the pvesenoe cf a
surficial organic clay deposit of soft to firm consistency, .
~gome 3 to 6,5 ft. in thickness overlylug a compatent glacial
t111 deposit. Bedrock 18 encountered at depths of 13 to 16 ft.
below the ground surface. : ' | :

6.2) Struoture Foupda gg_gg__.

Subsoil conditianﬂ at the proposed pler locations are
favourable for a spread footing design. The proposed plers may
be supported on spread footings located below elevation 555
within the cohesive glacial till deposit and designed for s safse
bearing value of 3,0 t.s.f; The actualkrouting elevation should
~satisfy the hydrological requirements. 4 temporary dewatering
scheme will be required for the construction of pler footings,

The propesed abutments can be constructed within the
approach fills supported on end-bearing piles driven to the bedrock.
Care should be taken that no bouldery fill is placed in the areas
where piles will be driven, The design load per plle will depend

cont'd, /6 ...




;%soft organic clay. %terial 1: aubaxcavated and hackrilledu_
~"au1table granulnr nnterial aa yar uurrent D‘H 0 nethods.l .

"7; HIaCELLANEOES.:7

The fleld uork, perforl&d during the period May‘16’§‘22,_
‘ '1968 was carr;ed,out by Hr Per B. Schnabel and Hr V Ko - ‘
- Pro;ect Fanndattoa Engineers_'f oa
f;‘undertaken by Hr C. H1rza. Pr

Equipn@nt used was‘ounad and operated by Doninion Soil
,Investigltion Ltd., : e : : ; :

The project was under tha general supervision of
‘Mr. M, Devata, Supervising Poundation Ensinee : who revieued
this repart :

July, 1968;  ;
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ABBREVIATIONS USED iIN THIS REPORT

PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCE "N’ - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A STANDARD SPLiT SPOON SAMPLER
i2 INTHES sNTQ THE SUBSOIL, DRIVEN BY MEANS OF A 180 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INTHES.

DYRAMIC PENETRATION RESISTANCE i - THE NUMBER OF BLOWS REQUIRED TO ADVANCE 2 2 INCH. 60 DEGREE CONE FITTED
TC THE END OF ORILL RODS, 12 INCHES INTQ THE SUBSOIL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW,

DESCRIPTION OF SOIL

THE CONSISTENCY GF COMESIWE SCILS AND THE RELATIVE DENSITY Of DENSEMESS OF COMESIONLESS S01LS ARE DESCRIBE
N THE FOLLOWING TERMS : -

CONSISTENCY ‘N BLOWS/ FT. c LB /i5C FT DENSENESS N BLOWS / FT.
VERY SOFT o - 2 C - 250 VERY LOOSE S -4
SOFY 2 - a4 250 - 30C LOOSE 4 - C
FIRM 4 - 8 800 - 1000 COMPALT i0 - 3
STIFF 8 -~ i3 1C00 ZOCT DENSE 30 - 82
VERY STIFF 5 - 30 2000 - 43000 YVERY DEMSE ¢
HARD > 30 4000

TYPE OF SAMPLE

5.8 SPLIT SPOON T W THINWALL OPEWN
w3 WASHED SAMPLE TP THINWALL PISTON
58 SCRAPER BUCKET SAMBLE 0.8  OESTERBERG SAMPLE
AL AUGER SAMPLE £ FOHL SAMPLE
Ts CHUNK SAMPLE RC ROC® CORE
ST SLOYTTED TUBEL SAMPLE

PR SAWPLE ADVANCED WYDRAULICALLY

P SAMPLE ADVANCED MANUALLY

SOiL TESTS

Qu UNCONFINED COMPRESSION L LABORATCRY WANE
< UNDRAINED THRiaXIAL Fy FIELD VANE
247 CONSOLIDATED UNDRAINED TRIAXIAL o CORSOLIGATION

@d DRAINED TRIAXIAL s SEMBITIVITY
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ABBREVIATIONS USED

IN THIS REPORT

SOiL. PROPERTIES

UNIT WEIGHT OF $O0IL {BULR DENSITY}
UNIT WEIBHT OF S0LID PARTICLES

UNIT WEIGHT OF WATER

UNIT DRY WEIGKT OF SOIL (DRY DENSITY}
UNIT WEIGHT OF SUSMERIED SOIL

7.
SPECIFIC GRAVITY OF SOLID PARTICLES G = —1—?—

YOID RATIO

PORQSITY

WATER CONTENT
DEGREE OF SATURATION
LIGRID LIMET

PLASTIC LIMIT
PLASTICITY INDEX
SHRINKAGE LiMIT

. W wp
LIQUIDITY INDEX » —
tp
w, —w
CONSISTENCY INDEX = .._%_
P

VOID RATIO. iN LOOSEST STATE

VGID RATIC IN DENSEST STATE

DENSITY DEX » Moz &
€mazx " min

RELATIVE DENSITY D, 1S ALSO USED

HYDRAULIC MEAD DR POTENTIAL

RATE OF DISCHARGE

VELOCITY OF FLOW

HYDRAULIC GRADIENT

COEFFICIENT OF PERMEABILITY

SEEPAGE FORCE PER UNIT YOLUME

COEFFICIENT OF YOLUME CHARGE = .,_‘_é.?___.r
(l (-3 Ao

COEFFICIENT OF CONSOLIDATION

COMPRESSION HDEX = —— 0%
Alogs v

TIME FACTOR » -‘-':‘—;:}- { d, DRAINAGE PATH }

DEGREE OF COMSOLIDATION
BHEAR STRENGTH

EFFECTIVE COWESION )

INTERCEPT IN TERMS OF
EFFECTIVE AMGLE OF EFFECTIVE STRESS
SHEARING RESISTAMCE, | T¢=¢C' + O tan ¢
OR FRICTION

APPARENT COWESIOM

¢ TERMS OF
APPRRENT AMGLE ' OF TeTaL sTRESS
SMEARING RES STANCE,
O FRICTION Te=Cy+ O ton g

COEFFICIENT OF FRICTION
SEMSITIVIPY

SR O MeNy oW g«

(o8

s

[ve)

Z o

GENERAL

=3 148

BASE OF WATURAL LOGARITHHS 2 7:83

ok ing MATURAL LOGARITHM OF

oR 10g ¢ LOGARITHM OF & TO BASE 10
TIME

ACCELERATION DUE TO SRAVITY

VOLUME

WEISHT

BOMENY

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSU™T

NORMAL STr<s$

WORMAL EFFECTIVE STRESS (1S 480 USED)
SHEAR STRESS

CINEAR STRAIN

SHEAR STRAIN

POISSON'S RaTIC (U !5 ALSC USED}

MODULUS OF LINEAR UEFCRMATION | YOUNGS RODULUS ]

BODULUS OF SHEAR DEFORMATION
MODULUS OF COMPRESSIBILITY
COEFFICIENT OF viISCOSITY

EARTH PRESSURE

DISTAKCE FROM TOP OF WALL YO POINT OF AFPLICATION

CF PRESSURE
ANHGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT YO BE USED WITK vaRiQus

SUFFIXES 1M EXPRESSIONS REFERRING TO HORMAL

OM WALLS

COEFFICIERT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREADTH OF FOUMDATION
LENGTYH OF FOUMDATION
DEPTH OF FOUMDATION BENEATH SROUKD

DIMEMSIONLESS COEFFICIENT USED wWiTw & SUFFIX
To SPECIFIC GRAVITY. BEPTH AND COHESHIN ETC
FORMULA FOR BTARING CAPACITY

WODULUS OF SUBGRADE REACTIONM

SLOPES

VERTICAL MEIGHT OF S1OPE
DEPTH BELOW TOE OF SLOPE YO HARG STRATUM
ANGLE OF SLOPE YO HORIZONTAL

APPLY NG

i THE

STRESS
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DEPARTMENT OF HIGHWAYS ONTARIG

MEMORANDUM
To: From: .
&. Stermac, : , Structural Office,
Principal Foundation Engineer, West Bidg. ., Downsview.
‘Room 107, Central Bldg.
ATTENTION: Dare:
DOur Fite Rer.

May 5, 1972.

In REPLY TO
SusuecT:

Re: Black Creek Bridge,

(Service Rd. #8), L
W.P. #167-64-3, Site #34-209, el
Bwy.-Serv.Rd. #B, District #4, 7

Attached heyewith we are submitting the final

bridge drawings which show the foundation design for
this structure.

XKindly give us your comments at vour earliest
convenience,

e

C.8. Grebski,

Structural Design Engineer.

A

C8Grsr
Attach.

c.c. Foundation Qffice



FOQUNDATIC

NS OFFICE

OF DESIGN DRAWLNGS:

Pound %tion Report By:

Heview of Design Drawings By:

Design Drawing No,'s:

If answer to 1L,

Has suffici field

ent
Are estimated pile '

If not, make a2 new list,

gn comply w

1.7

L
<o

*

W,

EE R

*e & 2 &

L R

v

th

is No, is present design acceptable?

our report

——
Pl T e
e

® O & & S B SO K AN N

p—

- -

\/ e

o 88 ey’

s -

EREIE S IR A A

* -

CEEIE 2 W
> 4w

s e oW

or
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lengths shown on Drawings correct?
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5. If excavation of unsiitable soil is recommended,
is this shown on Drawings?

6. Are sppreaches designed in sccordance with our
report? ChecX slopes and berm lengths,

7. Do you anticipsts any construction problems?
l.e.; dewatering, stability of temporary slopes

or excavations,

Summarize your comments; on separate sheet if necessary.
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Q Bore Hole
@- Cone Penetration Hote

-Q— Bore & Cone Penelration Hale

< Water Levefs estoblished af time
of field investigotion. May 1968
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The boundaries between soil sirata hove been established anly- ot
Hore Hale locations, Between Bore'Holes the boundaries ore assumed
from geolegical evidence ond may be subject to considuruble error.
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