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 February 19, 1970.

A. F. Dias, Consulting Engineer,
338 Queen Street East,
Brampton, Ontario.

Attention: Mr. A, F. Dias, P. Eng.

RE: SUBSURFACE INVESTIGATION,
PROPOSED CREDIT RIVER BRIDGE
REPLACEMENT,
25TH SIDEROAD,

CALEDON TOWNSHIP, ONTARIO.

Dear Sir:

This report presents the results of a subsurface
investigation carried out at the site of the proposed Credit
River Bridge replacement at the 25th Siéeroaé, approximately
1-1/2 miles west of Highway 10 in Caledon Township. The purpose
of the investigation was to determine the soil and groundwater
conditions at the site and to make recommendations for the
foundation design of the proposad crossing and pavement design

for the re-aligned roadway.

Four boreholes were put down during the period

Januacy 8 to 14, 1970, at the locations shown on Fig. 1, using
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2.
a trailer-mounted machine drillrig suﬁplieé and operaited'by P.V.K.
& Sons Drilling Ltd. under the full time supérvision of a member
of our engineering staff. Two of the borings at,the proposed
bridge were taken to depths of 36 ft. while the remaining borings
were put down through the existing roadway to depths of about 7
ft. Samples of the subsoil were taken at regular intervals of
depth using a 2 in. diameter split spoon sampler. The samples
were brought to our laboratory for detailed examination and test-

ing.

Following completion of sampling in BH's 1 and 2,
standpipes were installed to permit monitoring of the ground-

water level at the proposed bridge.

The =oil stratigraphy encountered in the borings
is given on the Record of Borehole sheets and an inferred
stratigraphic section along the proposed centreline is given
on Fig. 1. The results of the labcratory tests are given on

the Records of Boreholes and on Figs. 2 and 3.

The locations and ground surface elevations of the
boreheocles put down during this investigation were obtained by
our staff. The borehole elevations are referred to a bench mark
consisting of the top of a nail in a root of a 4 ft. diameter
stump at the location given on Fig. 1. The elevation of this
bench mark is understood to be 1,318.65, referred to Gecodetic

datum.

SITE AND GECLOGY

The site is located approximately 2 miles south of

Orangeville and 1-1/2 miles west of Highway 10. At this location,
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the Credit River flows in a,scuthéf;y'ditecticn in a re1ativé1y
shallow valley having a base width of about 100 ft. with banks
rising some 15 to 20 ft. above the valley floor. The river
channel is about 20 ft. wide by 4 ft. deep and the depth of water

at the time of the investigation was some 1 to 1-1/2 ft.

The site is situated aloﬁg the Niagara Escarpment
physiographic region of Ontario. The‘CraéityRivér, whiéh hasi'
its source to the north of Orangeville, flows in a spillway of
a glacial meltwater stream along the edge of the Niagara escarp-
ment. The spillway is bordered by hummocky, bouldery, morainic
ridges and deposits of sands and gravels covering the Escarpment

rock.

The detailed scil stratigraphy encountered in each of
the borings is shown on the Record of Borehole sheets and a strati-
graphy section along the centreline of the roadway is given on
Fig. 1. Following is a summarized account of the soil conditions

at the site.

The existing roadway embankment at the abutments of
the existing bridge consists of about 9 ft. of generally loocse
silty sand with some gravel. The £ill has been placed over about
11 £ft. of recent deposits consisting of soft organic silt, loose
sands and gravels containing pieces of wood, and soft to stiff
clayey silt to silty clay with thin layers of organic silt and
pieces of wood. The recent deposits are undsrlain by dense to

very dense sand and gravel.
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The ¢roundwater level measured in the standpipes
installed in the borings at the proposed bridge at the time of the

field investigation was about 1 ft. above the river water level,

DISCUSSION

We understand that the Credit River crossing was to
consist of a 40 ft. span rigid frame structure. However, follow-~
ing your review of our draft report dated February 2, 1970, we
were advised that in view of the cost of providing sheeted excava-
tions for the proposed bridge footings, two flexible multi-plate
steel culverts will be used for the crossing. The grade at the
crossing will be raised about 8 ft. above the existing grade
and the re-aligned Township roadway at the crossing will have a

gravel surface.

PROPUSED CULVERTS

We understand that the proposed culverts will require
a tcecal end area of 400 sqg.ft. and that two 16 ft. diameter circular,

flexible, multi-plate culverts are being considered.

Consideration might also be given *to the use of two
flexible pipe-arch multi-plate culverts; two 20 ft. span by 13 ft.
rise pipe-arch culverts would be reguired to provide the necessary
area. One advantage of pipe-3arch culverts is that the rise of a
pipe-arch is less than the diameter of a circular culvert having
the same end area, conseguently, a pipe-arch will be operating

at full capacity at a considerably lower depth of flood water

It is recommended that the culverts be placed on a

30 in. minimum thickness of Ledding material consisting of free

Golder Asscciates



5.
draining sand and gravel placed immediately follbwing reméval of
the river bed deposit. A detailed inspection of the subgrade
should be made prior to placement of the bedding pad to ensure
that there are no extensive zones of soft and compressible organic
material. The bedding pad material should be compacted in 9 in.
lifts to 100 per cent of the standard Proctor optimum drv density.
Allowing for a 4 f£t. clear space between culverts, the minimum
recommended width of bedding pad for two 16 ft. diameter culverts

is 52 ft., and 65 ft. for two 20 ft. span pipe-arch culverts.

The backfill adjacent to the culverts above the
bedding pad should be free draining and non-frost-susceptible
granular material, free of particles larger than 3 in. in diameter,
placed in lifts not exceeding 9 in. in loose thickness. Each
1ift should be compacted to 100 pesr cent of the standard Proctor
optimum dry density using hand tampers at the haunches and sides
of the culverts. The backfill should be brought up at the same
rate along the sides of the culverts and carried to a height of
at least 1 f£t. above the top of the culverts before any relaxation
in compaction control is considered or before heavy compaction

eguipment i1s allowsd over the culverts.

&

Some settlement of the culvert can be expected due to
the presence of the thin organic layers and pieces of wood in the

underlying recent deposits. We estimate that the settlement
beneath the central part of the roadway could be of the order of

3 to 4 in. and about 1 in. beneath the toe of the embankment

£
EN

h
=

differential settlement, it

L

ill. To accommodate the anticipate
is recommended that the culvert be placed with a 3 in. camber in

the middile.
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RIGID FRAME BRIDGE (ALTERNATIVE)
The recent deposits, which extend about 8 ft. below

the river bed as shown on Fig. 1, are not suitable for the
foundation support of a rigid frame structure. The underlying
dense to very dense sand and gravel deposit is a competent found-
ing stratum and the bridge structure may be placed on spread
footings founded within the upper portion of the deposit at about
elevation 1,235. An allowable bearing pressure of 4 tons/sq.ft.

may be used in design of a spread footing having a minimum width

of 4 ft. Provided that the in situ density of the gand and gravel
at and below founding elevation is not reduced during construction,

the total settlement of footings founded as discussed above should

be negligible.

in the dense sand and gravel will be taken some 10 ft. below the
river water level, some form of groundwater control will be re-
gquired to permit construction in the dry and to prevent 'boiling’
and loosening of the base of the excavation due to upward seepade
of water. This control may be achieved by means of adeguately
braced and strutted closed steel sheet piling driven to & mini-
mum depth of & ft. below the final footing excavation level

{fexcavation level assumed to be elevation 1,2953).

Backfill behind the abutments should consist of at
least 4 ft. {(measured horizontally) of free draining and non-
frost-susceptible granular material. Provision should be made
for drainage ¢f this backfill in order to prevent hydrostatic or
ice pressure build-up behind the abutments. With full effective
drainage behind the abutments, an at-rest earth pressure co-

efficient, Ko, = 0.4 and a total unit weight of 135 lb/cu.ft.
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{using submerged unit weight below the groundwater level) may

be used in design of the abutments.

ROADWAY
The roadway grade across the Credit River valley will
be raised by up to 8 ft. fince there will not be any borrow
material available from within the limits of this contract, we
recommend that the necessary imported material consist of well
graded sand and gravel. The granular embankment matefials should
be placed in $ in. thick lifts and each lift should be compacted
to 95 per cent of the standard Proctor optimum dry density. The
upper foot of the embankment £ill, which will form the subgrade
for the granular pavement materials, should he compacted to 100

per cent of the standard Proctor optimum dry density.

The natural subgrade beneath the existing roadway,
as indicated in BH's 3 and 4, consists of loose to compact silts
and sands which are moderately to highly frost-susceptible. In
order to eliminate potential frost heave in the new roadway, it
would be necessary to remove the silts and sands for the full
depth of frost penetration (about 4 to 5 ft.) and replace with
free-draining and non-frost-susceptible granular material.
However, assuming that some frost heave can be tolerated and that
provision will be made for yearly maintenance, we suggest that

the gravel surface roadway consist of 4 in. of sand cushion

u
followed by 20 in. of D.H.O. granular 'B’' with less than 5 per

granular ‘'A’', The

H
4

[
=

in. of

Y

h

i

cent silt sizes, topped wi

e

roadway materials should be compacted to at least 100 per cent of

the standard Proctor optimum dry density. The subgrade, subbase,
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ancé base course should be crowned in order to promote drainage

from the roadway into ditches.

In areas where the granular pavement materials are
placed over granular embankment f£ill, the 4 in. sand cushion can
be eliminated. Consideration can also be given to reducing or
eliminating the 20 in. thick layer of granular 'B‘' over the
embankment provided that the imported embankment material forming

the roadway subgrade meets the D.H.O. granular specifications.

We trust that this report provides sufficient
information for your design purposes. If you have any questions
regarding this report or if we can be of any further assistance
to you on this proiject, please call us.

Yours very truly,

H. Q. GOLDER & ASSOCIATES LTD.

g L. R. Lahti, P. Eng.
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each “Record of Borehole,” on the figures and in the text

SA

ad
‘

¢

A RALETT AL N2

of the report, are as follows:

I. SAMPLE TYPES

AS  auger sample

CS  chunk sample

DO drive open

DS  Denison type sample
FS  f{oil sample

R rock core

ST slotied rabe

T0 thin-walled, open
TP thin-walled, piston
WS wash sample

1. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The numb.
nE h}ame i—wm a 2%&\.« nd haem

und hammerdropy’ (.
inches required to drive a 2-inch diameter,
80 degree cone one foot, where the cone is
attached to ‘A’ size drill rods and casing is not
used.

sampier one foot.
WH sampler advanced by static weight—
Weig;a R .50.1"3"(181‘
PH sampler advanced by pressure—pressure,
hyvdraulic

PAM sampler advanced bv pressure—pressure,

NOTES:

III. SOIL DESCRIPTION

{a) Cohkesionless Soils
Relative Density N, blows/fi.

Very loose Oto 4
Loosge 4 to 10
Compact : 10 to 30
Dense 30 to 50
Very dense over 30

(bt Cohesive Seils

Consistency Cu, 1./ 5G. flL.
Very soft Less than 250

o = N NG
:3!)1‘{ 203 G 50\1

Firm 300 to 1,000
Suf 1,000 to 2,000
Very siiff 2,000 to 4,000
Hard over 4,000

T T

. SGIL TESTS

Mt
-t

consplidation test

o,

hydrometer analysis

b
b

sieve analysts

"
y

il

o
b,

combined analvsis, sieve and hydrometer?
undrained triaxial?

consolidated undrained triaxial®

drained triaxial

unconfined compression

field vane test

1

o e b 6D

‘Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.

*Undrained friaxial tests in which pore pressures are measured are shown as  or E.
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LIST OF SYMBOLS

i. GENERAL (b} Lomsistency

r = 3.1416 wy liquid limit

e = base of natural logarithms 2.7183 wp  plastic limit

log, a or In a, natural logarithm of o Ip  plasticity index

logre s or log &, logarithm of ¢ to base 10 ws shrinkage limit

¢ time I, liquidity index = {w ~ wp)/Ip

g  acceleration due to gravity Ie  consistency index = (wy — w)/Ip
V  volume eusx  vOId ratio in loogest state :
W weight fmyn  vOid ratio in densest state

M moment D, relative density = (¢mar ~ €)/(¢max — €a)
F  factor of safety

(¢} Permeability

i1 STRESS AND STRAIN k  hydraulic head or potential
g rate of discharg
¥ pore pressure ] velocity of flow
o normal stress % hydraulic gradient
&  normal effective stress (3 is also used) z coefficient of permeability
7 shear stress i seepage force per unit volume
€ linear & sty yain

¢z  shear strain (d) Consolidation {one-dimensional)

¥ Poisson’s ratioc {u is alse used; .
. ) L , m, coefficient of volume change
E modulus of linear deformation {Young's e — AL/ (14 eiA
1 N = =i gi’ \1 €1k
modulus) o , ,
L. . C. compression index = —Aej Alogie o
& modulus of shear deformation . . e
L < . Cs coefficient of consolidation
K modulus of compressibility .  7a . .
. . . 7, time factor = ¢ 2/ (d, drainage path}
n coefficient of viscosity e . s
U degree of consoclidation
H1. SOfl. PROPERTIES {ey Sheer sirength
{a} Umnit weight r;  shear strength
v unit weight of soil {bulk density} £ Fective cohesion
. . intercept in te ~Hve
v, unit weight of sciid particies , i P _pin terms of effective
¢ weizht of wate % effactive angle of » stress
T uni ght or ‘. .
~ PTEE . shearing resist- |7, = ¢ 4 ¢’ tan ¢
T4 unit dry weight of soil {dry deasity) ance, ot friction
v unit weight of submerged soil ¢c.  apparent cohesion®
b N “Firiea — . . - .
G:  specific gravity of solic particles &, =7v./v, 3, apparent angle of lin terms of total! strese
e’ void ratio shearing resist- |7, = £, + o tan ¢,
n L‘-Gmaity ance, or{riction ]
w  water content = coefiicient of friction
5,  degree ef saturation S,  sensitivity

*Faor the case of a saturated cohesive soil, ¢ = 0 and the undrained shear strength r, = ¢, is taken
as half the undrained compressive strength.
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