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Mr. . McFarlane Soil Mechanics Section
Regional Structural Design Engiueer Engineering Materials Office

Structural Offica West Building, Downsview
Hest Building, Downsview 705 27 ,

Re: Townline Road Extension Underpass
W.P. A446-65-02, Site 34-220
QEW, District 4, Hamilton

A review of the final bridge drawingx submitted shows the design to ﬁﬁ??ﬁ'
acgquats from a soil mechanics viewpoint, o

P. Stuart
Project Engineer

~For:  K.6. Selby
Supervising ﬁﬁg?n&ar
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¥y, C.8. Grebaki 801l Hechanics Section
Structural Planning Engineer fectechnical Office
Structural Office West Bullding, Downaview
West Hlidg. '

o e . G
w 7t HeloWe strict
M@%m, Site #34-220

We have reviewed the finsl bridge drawings (Shest 1 and 3)
for the above structure. The desigper appears to have followed
the recommendations contained in Foundation Report #68-F-30 issued
on June 20, 1968.

c.ce Flles
Record Bervices



DEPARTMENT DF FHIGHWAYS ONTARIO

ME%‘?@QRANDUM
Qa‘: B. R. BDavis, Frowm: Foundation Section,
T Bridge Engineser, Materials & Testing Div.,
Bridge Divislon, Room 107, Lab. Bldg.
Admin. Rldg, S ,
Attentions: Mr., S, McComble Date:  June 14, 1968
Dour Fice Rsr.‘ i rEPLY TO '
SuniceT:

POUNDATION INVESTIGATION REPORT
For Crossing at Proposed
Townline Road Extension and the

Queen Elizabeth Way
Lots 19 and 20, 1lst Cross Con.
Twp, of Willoughdby, Cty. of Welland
o District flo. & (Hamilton)
W.J, 68-F-30 -~ WP, 846-65

Attached, we are rorwarding to you, our detailed
foundation investigation rerort on the subsoil cenditions
existing at the above siructure site.

‘We believe that the factual data and recommendations
contained therein, will prove adeguate for your design k
regquirenments., Should additional information be required,
pleass do not hesitate to contact our Office,.
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FOUNDATION INVESTIGATION REPORT

Por Crossing at Proposed
Townline Road Extension and the
Queen Elizsbeth Way
Lots 19 and 20, lst Cross Con.
Twp. of Hilloaghby, Cty, of Welland
District No, 4 {(Hamilton)
W.J, 68-P-30 wa wW.P, 4&6-65

1. Imaamcﬂcm

The Fau&datiom Section was requested to carry out a
subsurface investigatian for a proposed underpass structure at
the crassing of the proposed Townline %oad Extension and the
QLENWN, in ﬂillcughby Twp., Welland Cty, some 12 miles south of
Fort Erle, The request was contained in a memo from the Bridge
Division (Mr. W. S, Melinyshyn, Regional Bridge Location Engineer)
dated March 25, 1968, which also contained a request for foundation
1nvestig&tions at two other sites in the vicinity,

Snbseqaently an 1nvestigation was carried out by this
Section to determine the subsoil conditions at the above site.
This report contains the results of the investigation, together
with recommendations for the foundations of the proposed structure
and the stability of the approach embankments,

2, DESCRIPTION OF THE SITE AND GEOLOGY:

The site is located some 12 miles south of Fort Erie
on the Q.E.W, in the vicinity of the Black Creek and Q.E.W,
crossing. At this location, the Q.E.W, is a L-lane paved highway
with assoclated median and gravel shoulders, The Q.E.W., grade is
about 4 to 5 ft, above the surrounding ground level., The inverts
of the ditches located along the shoulders of the highway are
1 to 2 ft. below adjacent ground level, On either side of the
highway, the ground ls generally flat and covered with light to
dense bush growth,

cont'd., /2 ...
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2. DESCRIPTION OF THE SITE AND GEOLOGY: (cont'd.) ...

Physiographically, the srea is sgituated in the "Haldimand
Clay Plain™ region which is known for its lacustrine clay deposits.
These deposits overlle a glaclal till resting on interbedded shales
and dolomites of the Salina formation. ‘

3, FIELD AND LABORATORY WORK:

A total of 5 borsholes, sach accompanied by'a,dynémic
cone penstration test, was carried out during the course of the
field investigation., Four adéitional‘dynamic cone penetration
tests were driven to practical'refaSal,in order to substantiate
estimates of the subscil stratigraphy. The boreholes and cone
tests were carried out by a convantional diamond drill;rig adapted
for soll sampling purpeses, o ‘ ‘

ngples wefefracovered at required depths by means.of a
2" 0.D, split-spoon sampler which was hammered into the soil, or
by manually pushing 2" I,D, Shelby tubes in the cahesive,strata.
The method of driving the split-spodn,sampler‘conformed to the
specifications for the Standard Penetration Test. The same
procedure was used to advance the dynamic gone penstration tests,
Field vane tests were carried out, where possible, in the cohesive
portions of the overburden in order to determine the undrained
shear strength, Bedrock w=s core-drilled in all the washborings
in AXT size,

The iocations and elevations of the‘borings and dynamic
cone penetration tests are shown on JUrawing 68-F-304, tdgéther
with the estimated stratigraphlcal profile across the site.
Surveying was undertaken by personnel from the Central Region
Engineering Surveys Section., The slevations are referrsd to a
geodetic bench mark. |

All samples’were subjectad to a careful visual examination
in the field and subsequently in the 1ab0ratdry. Bepressntative
pamples were then selectad in order to determine the following
physical properties: '

cont'd, /3 ,,,



3. FIELD AND iABORATOBX ng§:'; ccntfd.} h.;. '”

: Natural Moisture Contents~, 
&tterberg Limits
 Bulk Densities ; S
Undrained Shear Strengths
 Gra1a-S1ze Distrlbutions

The results of these tests are plotted on the individual

;Borelog sheets ‘as wel; as on the Figuras in the 3ppendix to this,
w;report ' o ~ : ’

”“,&_1 SUBSGIL CONDITEGK&Q‘ L
: The predominant strauum across the site 19 a stiff te
- ; ‘"hard deposit of - silty clay to clay of 13 to 16 Pt.,thicxnessu
. i ‘kThis deposit overlies a -stratum: of hard clayey sllt with sand anf!

”,gravel (glacial t111) which varies in,thickﬁess between and 6 ft..
ot and 1s underlain by interbedded shale aad dolamite bsdroah

From ground surfacﬂ downwards, thﬁ following soil strata
were encounuered 1n ‘all the boreholes, and are inferred to have

~been encountered at the locaticns of the dynamlc cone’ penetration
tests:

‘&.2) Silty Clay ta “za;'~"

A deposit of silty cxay *o elay was encounterea beneath
a surficial cover of topsoil some 6 to 12 inches thick. The
thickness of the depesi%'rangeﬁ batween 13 ft, at B.H,'s #2 and
#3, and 16,5 ft, at B.H.'s #1 and #5. Visual examination of
samplés,fram this deposit revealed‘the‘presence of numerous silt
seams up to 1/8 inch in thickness as well as occasional sand
pockets and a trace of gravel, The samples also exhibited
fissuring both in the horizontal and ver*ical directions. These

.' .~ fissures contained carbcnaceeus daposits and also remnants of old
- ‘root systems. .

onnt'd' | /L;” Lo :



4, SUBSOIL CONDITIONS: (eont'd.) ...

4,2) S3lty Clay to Clay: <{cont'd.) ...

A summary of the'physical properties of the deposit, as
determined in the fiseld and laboratory, follows:

§§§§§ Average

Natural~ﬁcisture Cogtents §¥)  - % 20 - 30 26
Liquid Limit (W) - 7 s - 57 50
Plastic Limit (Wp) - % 22 - 26 24
Bulk Density - {(§) =~ p.c.f. 119 - 129 124
Undrained Shear Strength (Cy) = p.s.f.

- Field Vane > 2000 |

- Unconfined Compression ‘ 1970 - h885 3100

- Laboratory Vane T 2630 - 3530 2500
Standard Penstration Resistance (N} - : k18 - &5 30

blOWB/ft;'

The Atterberg limits shown on the Plasticity Chart
(Figure 1, Appendix I), indlcate that the deposit is an inorganic
clay of medium to high plasticity {CI - CH), The natural molisture
content of the deposit is approximately equal to the plastic limit
It is therefore inferred that the soil is highly preconsolidated
as a result of past geoidgicai events or desiccation,

The 'N' values and undralned shear strengths indicats
that the consistency of the deposit varies at random from stiff to
‘hard, being generally very stiff,

4.3) Clayey Silt with Sgnd snd Gravel iGlagia; Ti11):

Underlying the silty clay to clay deposit i3 a stratum
of reddish-brown clayey sllt with sand and gravel (giacial till),
encountered between elevations 562 and 564, The thickness of the
glacial t1ll stratum varied from 3.3 ft, at B,H, #4 to 5.5 ft. at
B.H, #5.

conttd, /5 ...
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L, SUBSOIL CONDITIONS: ({cout'd.)

® W

4.3) Clayey Silt with Sand and Grave Glacial Tiil): (cont’d.)

The natural moisture content of the stratum averaged
about 7%, The liquid and plastic limits averaged respectively
21% and 12%, and are shown on the Plasticity Chart in Figure 2,
Appendix I, which indicates the matrix of the glacial till;tb be
an inorganic clayey silt of low plastieity (CL), Typical :
grain-size d%stributian curves for samples from thils deposit
~are shown on Pigure 3 in the Appendix, ‘

The 'Nf walues ranged between 26‘and in excess of
100 blows/ft. generally lncreaSing with depth,. T&e consistency
of the deposit is therefore considered to be hard, based on the
Standard Penetration Test, ‘ k

4.4) Bedrogk: |

| Bedroek was preven in all the washborings by obtaining
g,& ft. to J.S ft, of rock core in AXT size, At the locatlons of
the dynamic cone panetration tests, it is assumed that the c&ne
met practical refusal either at or slightly above the bedrock
surface, The bedrock was encountered bétween elevations 558.0
and 560.1 - i.e., at depths of 20 to 22 ft. below existing ground
surface, '

Examination of the recovered core samples indicates the

bedrock to be a siliceous dolomite interbedded with shale.
Gypsum incluslons were cbserved in the rock cores obtalned from
B.H.'s #3 and #4. The surface of the rock cores was generally
"pitted" indicating solutioning. The upper 2 to 3 ft, of the
rock yielded cores generally of 1/2 inch length, indicating close
Jointing down to about elevation 557. Core rscoveries ranged

between 80% and 100%, indicating the bedroek to be generally sound,

5. GHOUNDWATER CONDITIONS:

Observations in the open boreholes immediately upon
completion of the fileld work indlicated a water level at about

elevation 557 - l.e,, some 2 to 3 ft, below existing ground surface.

cont'd, /& .,
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~1f5;f GROUNDWATEH CONDIT;QNS“ (cant'd )

During the drilling operations, a loss of was
 fwas observed ov e the bcreheles peﬁetrateﬁ 1nto the gl

‘~,stratum* Upon caring bedrock, however, n04further loss

fobserved and the water 1eve1 rose. up in the casing 1ndir
k~tha closely Jointsd bedrock ta be a source of water. L

6.‘ DISCUSSION AND BmCGMkuDATIONS:
6 1)

, It 1s yroposed to construet an 1nterchange at the ey
, eross1ng of the Q E, ﬁ and the revised Tcwnline Road Extension.qf,‘kr

‘,across tne site is a 13 to 16 ft *hicku :

silty clay to clay. This deposit is un ‘rlain by a 3;t

thiek glacial till stratum of hard cons&stency cverlying
bedrock soms 20 to. 22 ft. below the existing grcund surfac:;;i;v

 8;:ggtg;§ Fo ggdatiog P
In view of the competent snbsoi oonditions, the“

structure foundations may be supported on spread footings at
or below elevation 575 with a safe bearlng pressure of 2 S t S, £,

6.2)

The abutments may be supported on spread footings placedf ‘
-~ within the appro&ch fills. The fill material helow the fcotings
kshould consist of well compacted G B.V. Class 1A material and
should extend to a horizontal distance of at lgast_le,ft.,from the
footing edges in the plane of the footing tops, This portion of
the f1ll should be constructed with side slopes no'stéeper‘tnan*
231, The remainder of the £iil should be completed to about
profile grade for at least a distance of 50 feet behind the
fabutments before re-axcavating for the footings A design 1oad
of 2,0 t, s.f. may be used for the abufment footing founﬂations.:

'contia;  /.. ‘ ;§
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6. DISCUSSION AND RECOMMENDATIONS: (cont'd.) ...

6.2) Structure Foupdations: (cont'd.)

411 organic topsoil sheuld be subexcavated from within the plén‘
limits of the granular fill prior to construction of the
embankment in this area. Differential settlements'shﬁuld be
within tolerable limits,

4s an alternative, the abutments may be supported on
end-bearing piles driﬁen to bedrock, The load carrying capacity
of such piles will depend on the seation chosen, For examplp,
14 BP 73 steel H-pile sections could be designed to carry
S0 tons/pile,' Care should be taken. that no boul dery riil is
placed in *he areas where piles have to be driven.'

Foetiﬁgs and pile caps should be provide& with a
minimum soil cover of h~ft to satisfy the frost~proteution
requirements in the area,

No major éewatering problems are anticlgated fcr the
construction of the footings in view of the relatively lmpermeSble
nature of the subsoil, Any seepage could be handled by ordinary
pumplng methods. In order to prevent softenlng of the subsoil
at footing ievel as a result of seepage or surface runoff into
the excavatibas, it i1s recommended that the base of the excavat ions

be provided with a 12-inch granuler pad or a thin mat of lean
concrete, | ‘

6.3) Approach Embankments:

No major stability problems are anticipated for approach
fills constructed with standard 2:1 slopes,

7. SUMMARY:

A foundation investigation for the proposed crossing
of the Q.E,W, by the revised Townline Road Extensian,7some 12
miles south of Fort Erie, is reported,

eont'd, /g ..
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?‘ SUMMABY: {Cont ‘d‘a } © ® @

Subsoil at the site consists of a stiff to hard deposit
of silty clay to clay some 13 to 16 ft, in thickness overlying
& relatively thin, hard, glacial till deposit, Bedroék is
encountered at derths of 20 to 22 ft. below existing ground
surface. |

The structure foundations may be supported on spread
footings éesigned for a safe baaring pressure of 2, S t.s.f. The
abutments may be s&pporteé ori- spraad footings lccated within the
approach fill on compacted granular material {G B C, Class !A'?
or on end aearing piles driven to bedrack

ﬁo major éewatering problems are anticipated

No magor stablility problems are anticipated for the
approach fills nicn standard 2:1 slopes.~'

‘8. MISCELLANEQUS :

The field work, performed during the pericd April
23 - 30, 1968, was carried out by Mr.~V Korlu, Project
Foundation Engineer, ‘

The preparation of this report was undertaken by
Mr., C, Mirza, Project Foundation Engineer, under the general
supervision of ¥r, M, Devata, Supervising Foundation Enginesr,

Equipment used was owned and opersted by Dominion
Soil Investigation Ltd,

June, 1968,
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ABBREVIATIONS USED IN THIS REPORT

- PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCE 'N': - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 3TANDARD SPLIT SPOOH. SAMPLER
;7 12 IHCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF 2 140 POUND HAMMBER FALLING FREELY A4 DISTANCE OF 30 INMCHES.

DYNAMIC PENETRATION RESISTANCE : - THE NUMBER OF BLOWS REQUIRED TO ADVANGCE A 2 HOK, 80 DEGRLE- CONE, FIiTTED

- TO THE END OF DRILL RODS, i2 INCHES IRTS THE SUBSOIL, THE DRIVING ENERGY. BEING 350 FOOT POUNDS PER BLOW.

DESCRIPTION OF SOIL

THE CONSISTENCY OF COHESIVE SCILS AND THE RELATIVE DENSITY OR DENSENESS OF COMESIONLESS SOILS ARE DESCRIBED
INTHE  FOLLOWING TERMS @ -

COMSISTENCY ‘N BLOWS/FT. ¢ LB./SEFT DEMSENESS ‘N BLOWS / FT.
VERY SOFT o -2 2 - 250 VERY LUOSE o~ 4
SOFT 2 - 4 250 - 800 LO0SE 4 - 0
FIRM < - 8 500 - 1000 COMPACT 0 - 30
STIFF & - i 100 - 2000 D USE 30 - 50
VERY STIFF 15 - 30 2000 - 4000 VERY DENSE > 50

. HARD > 30 > 4000

— TYPE OF SAMPLE

3.3 SPLIT EPOCN T W THINWALL QPEN

WS WASMED SANPLE TR THINWALL PISTON

S o SCRAPER BUCKET SamPLE oS QESTERBERG SAMPLE
7 A5 AUGER SAMPLE FS FOH. SAMPLE

< LHUNK SAMFPLE RC ROCK CORE

ST SLOTTED TUBE SAMPLE

Pr SAMPLE ADVANCED HYDRAULICALLY

P M SAMPLYT ADVANCED MANUALLY

SOIL TESTS

Qu UNCONFINED COMPRESSION ¥ LABORATORY VANE
Q UNDRAINED TRIAXIAL Fi FIELD VANE

i~

Reu CONSOLIDATED UNCRAINED TRIAXMAL CONSCLIDATION
Gd DRAINED TRIAXIAL 3 SENSITIVITY

Yy
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Cu

$

IN_THIS REPORT

ABBREVIATIONS USED

SOH. PROPERTIES

UKIT WEIGHT OF S0i. {BULX DENSITY)
UNIT WEIGHT OF SOLID PARTICLES

UNIT WEIGHT OF WATER

UBIT DRY WEIGHT OF $0u. {DRY DER3ITY}
UNIT WEIGHT OF SUBKERGED SOIL

rd
SPECIFIC GRAVITY OF SOLID BARTICLES 5 » -fL-

YOID RATIO

POROSITY

WATER CORTERT
DEGREE OF SATURATION
LIQUID LisiT

PLASTIC LiMsT
PLASTICITY NDEX
SHAINKAGE LiMIT

W
LIQUIDITY INDER . b

L
COMSISTENCY (NDEX = 51-{:-‘3-
»

YOID RATIC 1M LOOSEST STATE
YOID RATIC IN DENSEST STATE
DEMSITY NDEX » STEE TR

mox " 8 min
RELATIVE DEWSITY D, i85 ALSO USED
HYDRAULIC MEAD OR POTENTIAL
RATE OF DISCHARGE
VELOCITY OF FLOW
HYDRAULIC GRADIENT
COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER URNIT YOLUME

COEFFICIENT. OF VOLUME CHANGE {§;AﬁA
&) Ao
COEFFICIENT OF CONSOLIGATION

be
Blogi O

£
TIME FACTOR = Ea*{« { o, DRAINAGE PATH )

COMPRESSION 1MDEX =

DEGREE OF CONSOUIDATEON

SHEAR STRENGTH

EFFECTIVE conzs:ox]

INTERCEPT i TERWS OF
EFFECTIVE STHRESS

Ty &~ 7 tan ¢
t

EFFECTIVE ANGLE OF
SHEARING RESISTARCE, |
OR FRICTION _)

APPARENT COWESION
W TERMS OF
TOTAL STRESS

Tes Cu+ o ton 6

APPARENT AMNGLE OF
SHEARING RESISTARCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

w

SR G M ey ol Qe

Z2 0o

je)

GENERAL

= 31418
BASE OF NATURAL LOGARITHMS 2-7/83

oR ing NATURAL LOGARITHM OF O

or log o LOGARITHM OF g TO BASE (0
TIRE

ACCELERATION DUE TO GRAVITY

VOLUME

WEIGHT

WOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE

NORMAL STRESS

HORMAL EFFECTIVE STRESS (& 1S5 4150 USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO [ 4 !S ALSO USED}

MODULUS OF LINEAR DEFORMATION { YOUMGS MODULUS)
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOSITY

EARTH PRESSURE

CISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF WALL FRICTION

0. EHSIONLESS COEFFICIENT TD BE USED WiTH VARIOUS

SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS
OR WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

FOUKDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION
DEFTH OF FOURDATION BENEATH GROUND

UIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY. DEPTH AND COHESION ETC. iN THE
FORMULA FOR BEARING CAPACITY

MODULUS OF SUBGRADE REACTION

SLOPES

VERTICAL HEIGHY OF SLOPE
DEPTH BELOW TOE OF SLOPE TO HARD STRATUM
ANGLF OF SLOPE TO HORIZOMTAL
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MINISTRY OF TRANSPORTATION AND COMMUNICATIONS
PROGRESS MEETING NO, 18

MINUTES OF MEETING

/! 77 )
/¢ 7 :
Subject: Queen Elizabeth Way - Fort Erie i (:j/-l"’“ f” - ? gi?
W. P, No. 446-65 i B
Time and Place: M., T,C, Central Region, Tuesday,
June 19, 197% at 9:30 a,.m.
Present: W. Roters Regional Systems Design
N. Sen .~ . " Regional Systems Deasign
D. Hogg . Materials and Testing
R. Lewis ‘ C. C. Parker and Associates
E. Wilson . C, C, Parker and Associates
1. O.M.B, Hearing . Action By:
The hearing is to be held on June 28, 1973, N. Sen
Two objecicrs have been heard from:
a) Motel - objects mainly to interchange location - motel
is hidden by bush;
b} Property Owner in Douglastown - appears to be confused
as to his access to Q. E. W.
Both objectors will be contacted by M, T.C,
2, Completion Date
A revised completion date will be establigshed upon re- W. Roters
ceipt of the O, M. B. order,
3. Next Meeting

The next progress meeting will be held on Tuesday, July 17, 1973
at 9:30 a.m.,

FE B =

F. E. Wilson, P, Eng,,
C. C. Parker and Assocliates Limited.
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NO. !ELEVATION ‘STAYKDN QFFSET.
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VAL | 57875 [daads [ a2 RYE e

2 s79-4 | 28v347 (| 3oki

28 | 5701 | daesz | 35'LT. i
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A 577-0 3102 36°LT.
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H 581-8 | 30100 2'RT.

— ROTE -

The boundaries batween sail strota have been established oniy a1
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