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The purpose of this report is to present the results of the

7]

0ils and foundation investigation carried out in connection with the
ro T

ke
3

osed Golflinks Road Underpass in the Township of Ancaster. The
ite 1

0

s locazed at the intersection of the propossd Highway HNe. 403

=]
alignment and the revised alignment ¢f Gelfliinks Road

The work wa




&)

The project consists of a 4 span, 2 lane bridge to providse
grade separation between the proposed alignment of Golflinks Road
and Highway No. 403. The two end spans are 45 feet in lengtn
and the intermediate spans are 102 and 121 feet long.

The site was underisin by twe soil strata resting on relatively
flar lying bedrock. The upper socil stratum consisted of brown to
grey necn plastic silts and the stratum was 22 to 32.5 feet thick
relative to surface elevations of 758.8 to 768.3 feet. The top

veral feet of this stratum was loose and sli htly organic. The
remsinder was of medium to dense relative density.

The soil stratum overlying bedrock was approximately 11 feet
thick, Beth till textured silt and interglacial silts and clays
were 2rncountered in this stratum. The soils were denss to very

Ground water level was determined toc be 1.9 to 9.5 feet below
und surface {elevation 756.3 to 759.5), Water le

ool vels roughly
cllowed the surface topography.
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The use of spread footings, founded in the medium to dense
silt stratum, was considered for pier and zbutment support. To
2

keep settlements thin tolerable 1limits a maximum allowable bearing
a

wit
capacity of 2 t.s.f. is recommended. Because reguired depx hs of
spread footings are as much as 7.7 feet below measured ground water

Jevel, piping {"guicksand" conditicn) could occur during excsvation.

o
ainst piping, groand water must be kept below footing

aga
ievel during excavation and ceastruciion. & vacuum well point



system should be suitable. In addition foundation soils loosened
during construction would have to be recompacted prior to footing
placement,

In view of t he dewatering difficulties associated with spread
footings an alternative piled foundation was considered. The
use of steel H piles or pipe piles driven to bedrock or whan

necessary, into the dense soil stratum overlying bedrock is
feasible, Pile loadings of up to 50 and 75 tons may be used for
BP=12

and 12 inch diameter pipe piles respectively. In actual
act pile strengths may govern pile loadings.

No stability problems are anticipated from approach fills
having side slopes of 2 horizontal to 1 vertical or flatter.



SECTION 3
DISCUSSION OF PROCEDURES

Field Procedures

The drilling program consisted of 10 Boreholes and
9 Dynamic Cone Probes located at the proposed abutment and pier
locations as shown on the accompanying drawing apended to
this report.

The locations of all boreholes and cone probes were
established in relation to the proposed Highway No. 403 centre
line. A spirit level was used to establish surface elevations
at borehnle and cone probe locations. The D.H.0. bench mark
located in the south east root of a 3.5 foot oak tree 145 feet

left of Highway No. 403 station 175+33 was used as the reference
elevation.

Two drilling rigs were used to carry out the boring
on this project. Full time supervision of field operations
was provided by a qualified soils engineer assisted by a
quaiified soils technician.

Boring and sampling operaticns were carried out with
standard diamond drilling equipment. Generally a wash boring
procedure was used whereby the casing was driven to the required
sample depth by means of a 350 pound hammer and the soil in the
casing was then washed cut to the bottom of the casing by means
of a side jet chopping bit. Special care was taken to ensure
against washing beyond the bottom of the casing and to keep
the casing full of water at all times. When the denser "till
textured" zones were encountered driving of the casing often
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was extremely slow. Accordingly the procedures were modified
to allow a partial washing ahead of the casing. Scoil samples
were taken at intervals of 5 feet or less by means of the
standard split spoon sampler. The blows of the 140 pound
nammer falling 30 inches were recorded for each 6 inches of
sampler penetration. In azddition several thin wall tube

samples were obtained. In all cases the tube samples had to
be driven.

A five foot long double tube AXt core barrel was
used to obtain continuous samplies of bedrock. 411 samples
were retained and forwarded teo the testing laboratory for

detailed classification and testing.

The dynamic cone probe test consisted of driving a
< inch diameter cone into the soil by means of a 140 pound
hammer falling 30 inches. The blows for each foot of pene-
tration were recorded.

Water level observations were taken in the open
boreholes. Measurements were taken during and on completion
cf the exploratory works. A further check of water levels
was made 11 days subsequent to drilling operations.

Laboratory Procedures

Unit weight, moisture content, maximum and minimum
density and grain size distribution characteristics of the
overburden were investigated by laboratory tests.

The unit weight determinations were made by the
mercury immersion method and grain size distributions were
investigated by standard hydrometer methods.



Meximum and minimum density was determined generally
following the procedures outlined in the ASTM "Procedures for
Soil Testing!. The Harvard Miniature mold (1.4 inch ¢ and
2.8 inches long) was used for this determination. For
comparative purposes a Harvard Miniature test using 50 blows
per layer for 5 layers was carried out.



SECTION &4
SITE CONDITIONS

The site area consisted of undulating cultivated farmland
with surface elevations varying from approximately 758 to 770. Two
separate soils strata were encountered over flat iying bedrock at
elevation 725. Information on soils and the assumed soils prefile
are shown on the borehole logs and drawing appended to this report.

The uppermost soil stratum was found to vary in thickness
from 22 to 32.5 feet, It consisted predominately of lenses of
uniformly graded silty soil varying in composition from silt to silt
containing a minor percentage of sand or clay. Typical gradation
curves for these soils are ccntained in the Appendix. Occasionally
thin lenses or seams of sandy and red-brown clayey soils were
encountered. Almost all the soils in this stratum were non plastic.
Traces of organic matter were observed in the first several feet
below ground surface.

The colour of this upper soil stratum varied from brown
e greye. The change from brown to grey occurred at depths varying
from 0.3 to 12.4 feet (Elevations varied from 748.9 to 756.1). The
elevation of colour change was not uniform nor did it consistently
follow the topography. Consequently it has been assumed that the
depth of colour change w~ depended on factors other than previcusly
existing minimum water levels.

The upper soil deposit has a variable density. Cone probe
penetration resistvances showed a marked increase from approximately
> to more than 20 blows per foot at depths varying from 3 to 8 feet
below ground surface. Accordingly the soils above this point of



rapid change have been assumed to be loose. Below this point
standard penetration values varied from 15 to 4& blows per foot
indicative of medium to dense relative density. Most of these
penetration resistances came within the 18 to 30 range suggesting
that the deposit is predominately of medium relative density.
Generall: the blows were higher at the east end of the site. Dry
unit weights of soil samples from boreholes 5, 7 and 9 varied from
102 to 113 p.c.f. relative to moisture contents of 24.3 to 17.6
respectively. Unit weights tended to be lower in boreholes 5 and
7 than in borehole 9. The maximum and minimum dry soil densities
were determined to be 120 and 78.5 p.c.f. respectively. These
values are in close agreement with the 118 and 80 p-C.f. suggested
by Hough (Basic Soils Engineering) for similar soils.

The lower soil stratum was generally about 11 feet thick
but varied from 8.7 to 13.7 feet in thickness. This deposit was
found to contain two distinct soil types which have been grouped on
the basis of apparent relative density. Both of these soils were
found to be considerably denser than the soils above. At boreholes
1, 2, 3, 4 and 8, the lower soil consisted of grey and brown inter-
glacial lacustrine sediments of silt and silt some clav. The scils
were found t o be layesred in some locations and lensed in others.

In the remainder of the boreholes, the lower soil was com-
posed of grey till-textured silt containing variable amounts of clay
and gravel. It should be noted that on the centreline soil profile
and sections on the d rawing included in this report, the sumbol

r

soils.

Standard penetration values in this lower stratum varied
from 33 to more than 100 with values in excess of

.
)

clows per foot
most common,



Bedrock consisted of flat laying light grey dolomite with
top elevations from 725.1 to 725.7. The upper several feet of bed-
rock contained a moderate number of small voids {less than 3/8 inch
diameter) most of which were coated or filled with calcarsous deposits.
The voids became smaller and less frequent with increasing depth.

In two borings, evidence of thin clayey scams were observed.
These locations are indicated on the borehole logs.

Water return, during bedrock drilling, varied from 50 to
100 percent but several times complete water losses occurred.
Connections were observed between boreholes 3 and 4, and 5 and 6
during drilling of the upper 2 to 4 feet.

Ground water levels determined by measurement in open bore-
holes varied from elevation 756.3 to 759.5. These elevations were
found to follow .he general topography of the ground surface. Water
levels determined shortly after completion of drilling were not
appreciably different from those recorded 11 days after completion.
The high water table is consistent with the wet and somewhat swampy
depression approximately 150 yards north east of the site.
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SECTION 5
DISCUSSION OF PROPOSED STRUCTURE

Genersl

The propesed structure will provide the grade
separation av the intersection of the proposed alignments
of Highway 403 and Golflinks Road., The Golflinks Road
structure will consist of & 4 span, 2 lane bridge supported
cn two abutments and three intermediate piers. Two end
spans of 45 feet and two middle spans of 102 and 121 feet

are contemplated for the structure. Approach 1ills will

Spread footings and piled foundations have been
considered for the structu e. Fach is discussed separately
as follows:

Spread Footings

Considering the use of spread footings for ths
new structure; the presence of loose soil and small amounts
of organic material in the first several feet below ground
surface requires that spread foctings be founded on the
medium dense to dense silt stratum as shown on the following
table:
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icn of settlement with
load. They can also be used to represent a maximum possible

The "Hough' procedure is obviously conservative but
the calculations do illustrate the variat

settlement. The determinations from the Terzaghi and Peck

3

charts are believed to be more representative.

Considering the silty nature of the soil a substantial
pertion of the settlement should occur due the abutment and
pier loading pricr to deck placement. i.e. For a 2 t.s.f,
loading more than one half the settlement would occur under a
lcad of L t.5.f. {as might be assumed for the load prior to
deck placement. ) This is of significance where deck total
and differential settlements are of major importance,

From the previous calculations it can be seen that,
even for the "Hough"” method of settlement calculation,; ths
total deck settlements i.e. settlement from 1 to 2 t.s.f,
would be in the order of 1.4 inches. For the more realisti

¥

Terzaghi and Peck calculations the corresponding total
settlements would be less than 1 inch for a medium dense soil
and about 0,6 inches for a dense scil, Onn the basis of the
previous discussion of relative density it would be reascnable
to assume an intermediate density tc be applicable. Accord-
ingly total and differential deck sattlements under a 2 t.s.f.
loading should be within tolerable limits. A maximum &llowable

o

earing value of 2 t.s.f. could therefore be used for design

o

UrpoSes.
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upport. For this site, end bearing

or pipe piles driven to bedrock or, w

the very dense soil overlying bedrock are recomm
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Considering the use of steel H piles for this struc=
ture, it is expected that BY 12 piles will be capable of
supporting loads in excess of 50 tons each if driven to
bedrock. It is, however, conceivable that it may not be
possible to drive some piles completely through the dense soil
overlying bedrock as some sections of this stratum are extreme
dense. In order %o reduce the possible effects of load trans
from piles founded in soil to those founded on bedrock it is

ecommended that every reasonable effort be made to drive all
piles to bedrock. Provisiocns shouid be made for reinforcing
the lower end of the piles to withstand high driving resistanc

without pile damage where required, Such reinforcing s
not generally be necessary but could be used if consider
difficulty is encountered in driving piles in any partic
area. Under these circumstances pile loadings of up to
tons sach may be used. The refusal criteria sheuld not
less than 15 blows per inca using a DU-12 Delnieg hammer.
Closed end or open end pipe piles may alsoc be
for foundsticn suppert subject to the qualifications inc




16,

in the discussion on H piles. The allowable bearing
capacity of 12 inch diame%her pipe piles would ve in the
order of 75 tons per pile if taken to bedreck although the
actual bearing capacity would be determined by the struc-
tural strength of the pile. '

Approach Fills

No s tability problems are anticipated for approach
fills with side slopes of 2 horizontal to 1 vertical or flatter,

If the spread footing alternative for foundation
support is used some abutment settlement due to soil loading
may occur. Such settlements should be relatively small.
However, in order to remove this settlement influence from
the deck it is advisable to place the approach fills prior
to deck placement, Also in connection with the spread
focting alternative it should be noted that soils from the
excavations would be too wet for direct use as fill.
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SOIL CLASSIFICATION SYSTEM

The following system was used to describe the various
30ils encountered at the site as deteruined by visual field
examination and test. it was also used to classifv those soils

upen which a laboratory grain size determination hac been made.

Soil Components Particle Sigze
Clay ; L002 mm
$ilt ™S L0062 mm < .06 mm

~
Sand > .06 mm <2,o mm
Gravel :}-2;0 mm <1 2 in.
Cobbles :;2 in. {6 in.
Boulders T).é in.

Jescrintive Terms Range of Proportions
and greater than 40%
with 25% to LO%
some 10% to 25%
trace less than 10%

Example

Silt (predominant type) with {25% - 4L0%) sand, some

{10% - 25%) gravel, trace ({10%) clay.



STANDARD PENETRATION CLASSIFICATION

Relative Density of Sands

as determined by Standard Penetration Tests

No. of Blows/foot Relative Density Designation on
N Dg Borehole Log
G - L 9] - 0.2 Very Loose
i - 10 0,2 = Ouky Loose
10 - 30 Qo = 3 Medium Denss
30 - 50 G.6 - 0.8 Dense
Over 50 0.8 = 1.0 Very dense

Shear Strengths of Clays

as determined by Standard Penetration Tests

No. of Blows/foot

Shear Strength

Designation on

s Borehole Log

N psf
2 250 Very soft

2 - L 250 - 500 Soft

4 - g 500 - 1000 Medium

g - 15 1000 - 2000 Stiff

i5 - 30 2000 - LOCO Very Stiff

30 L0000 Hard




] DEFARTMEMT OF HIGHWAYES ONTARID

MEMORANDLUM
Ta:  Mr, &, Stermac, From:  Bridge Division,
Prineipal Poundation Eng, Dovwnsview, Ontarioc
Room 107, Lab, Bldg.
Dave: Mareh 5, 1965,
Tur Fing Rer. in mrEPLY TO
SBussect:

Golflinks Rozd Underpass,
Hwy, #403, W.P, 200-58
District #4

find one {1} print of our

Enclosed plea
D 2 for the proposed structure,

se
preliminary plan 557
The design utilizes 12 BP steel "H" piles and is
based on the recommendation found in the Foundation
Report done by Assocliated Geotechnical Services
Limited,

Would you please inform us 1f you have any
comments or let us have your approval 1f the plan is
satisfactory.

) W.9. Melinyshyn,
WEMm Feglional Bridge Location Engineer



Ad 0y

oL o

i 4 i
B s e e




Fe s

E

ity

6 ¢

e

i

5

T
£

i e




a9
g g
&3
g6 7
a oo b wor
RS o
- 0 m,m v
- . i
0 = m MW Wt O mm
i Q, W v il & O
- & @ © _\l .WL ® S U G ]
Yoo * AV
. [ mmmw = 0,0 b w..M m - ﬂw: 0
- . S - 0
C + -y o 0
m .!M 3 w ...F. Bado @ D
& +J ot S 3
& opd L Sy 42
ok @ - hnu Muu u; W;i FelRo) o 2
~F PR - e g 33
- i " S
n 0 o & 0P ns G
& W B R U E QB D
[ (E a3 e
s - o @0 RS-
(] O B % m @ 23 oy
—— ” ¢, o hbe 5 - i e
4+ ® D e R B S I
> o w0
w P P S0
o o © O W O L~ R e 00
< o o P on wd O 4D Sy BB G
woo . Sodl 554 0P g E
e o El @ N b P o
I w b L2473 Lt e p @ a0
%] 6] ft o QD WG O
z o of @ n O LGozhogoo
w2 ez 0} S om o Uﬂmw O aQ WO =R
< 9 @ £ B0 e SE 5.8 5o foe
58 % g T By Joa b
- ) L v O . © o
n oo} ,o ﬂm!. el ST I
<z il = ORI
- 5 s = @ @ L
Iy =1 R e a5 T
i 3] ¢ L £ o ftﬁori -
L = o 0y O ww..u oy e a8 (25 " MM
[A%] W [am mw =g " mw a3 mw _n.w £ f @ >
¢ S Eairh o R -
m o o T 3 @0 - PRSI _%_mwmwum
a ~ Y 3 - 4 1
A [SA IR ] @ ¢
by Ry e " 1} SR
Ll Mm. It mm o3 s &3 b Q 0D . J% L ﬂa ma R
» AEE S 4o .
3 = o = 4 s W @GN OO0 ek
QI ST I ~ 1 4
& ) S0 o Peey e
D & i m“ Gog 3 @ et m...u " :‘.ow - mv ;W\w o s
E Loy = [T @ O W..A ﬁw & ud w( i)
MR o 5 o4 d g / 1 @t
= Y Bp @& Omogar g
PEM it i O
A t © G O OO D O e 00 ﬁcu. -
5 iy  geg8ERe s
Ut =Y 1 - +rd ¢
(] 5" = St 0 v
ooy A
0 R - N
- 2 - . QoM O D
n oGS - : O
¢ mv » 5 “ R R - B
< £ e o - $ as e e
g o i - (O Do OO
P et Lr §y Pord O @t C
e o [¥3] 4 yord A (G et O
P 3 Ly [ ST R ) 3 v}
W C o 2,0 oo
e iy ¥ v onL o
2 B 42 o . o
THRRCAR N, i @ A0 Bl ® <
®d O ) p N . W
. “ P s B @ 4D by Sy T2 b
oo & i SO @A L3Ol
s = @M oW O
el [ .4
2] e}
£ 5
N



R
s éimg

P
e

i g

S i G5
S S R

4
e m
el

LA
ik e b

5 g

G

s ®
i

o




DEFPARTMENT OF HIGHWAYS ONTARIU

MEMORANDLIM

To: Mr, A, Stermac, Frow:  Bridge Division,
Principal Foundation Engineer, Downsview, Ontario,
Room 107, Lab, Bldg,

DATE: september 28, 1964,

Our FiLe Rer. In mEPLY TO

SussecT: Golflinks Road Underpass
Highway 403, W,P, 200-53
District #4

Enclosed please find a print of Plan & 3894-1 with the

Probable locations of the revised structure footings marked
in red,

The bridge previously designed was supported on 12 BP 53

piles driven tc bedrock with a design load capacity of 50 tons
per pile.

Would you kindly advise us if the recommendations of the
original report W,J, 60-F-56 are applicable to the new design,
If this report is satlsfactory would you please give us the
probable bedmack elevations at the new footings locations in
order to determine the vile lengths reguired,

If it 1s felt that additionsl holes are necessary, these
can be possibly done in early November, At this time new site
Plans will be available for the Mohawk Intercnange (in the
immediate area of Golfiinks Road) where a foundation invest.
igation will be required,

N ~
[&’: - x/ %,c;a/m f»@a ,
WS/ es W. S. Melinyshyn,
Regional Bridge Location Engineer,

¢e, R, Fitzgibbon
ce, N, D, Smith
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