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SECTION

=4

INTRODUCTION

The purpose of this report is to present The results of a foundation
investigation made in connection with the proposed structure on Brookdale

Avenue - C.N.R. crossing in Cornwall, Optaric.

By

The study was authorized by Damas and Smith Limited. on behalf
of Mr. R. C. Adams, P.Eng., City Engineer for the City of Cornwali.



DISCUSSION OF PROCEDURES

A primary drilling program consis “tﬁvg of four boreholes and six :

dynamic cone probes was carried oul in the vicinity of the propused structure
during the month of November 1963. In order 'o obiain additional data at the
site, the initial program was extended to include 14 additional dynamic cene
probes. ‘ i

The borehole locations for this investigation were referenced to the‘
contreline of the existing Brookdale Avenue. The chamnage at the intersectio
with the centreline of the C.N.R. tracks was taken as 42+ 20. The chainage
increased in a southerly direction. The boreh le and dyﬁ"mw cone probe 10 a
tions are shown on the plan in the Appendix.

The elevation of each borehcle and dynamic cone probe was d&ter«- :
mmed by spirit level using the top of the northermost rail at the certrelme Qf
the road as a benchmark with an assumed elevation of 199.5. ~

The boring end sampling operaticns for this project were carried uut:"
using a Boyles screw feed, trailer -mounted drilling rig. A farm tractor was
used to expedite the moving of the drilling rig *o the off-rcad locations. The
field boring was carried out under the full-time supervision of a qudhﬁed Soil
Engineer. ' :

The soil borings were performed by standard wash boring seqdencé

- In this procedure, driil caszng is driven into the soil by a 350 1b. hammer to,
a depth of 5 feet or to a change in stratum. Comparative soil density changes '
were noted by observing the number of blows required to drive the casing. AH
the soil contained inside the casing was thoroughly washed out to the bottom o
the casing and the resultant wash water observed to further determine st“rat{um
changes. Sampling tools were then lowered to the hottom of the hole and
samples taken. Additional lengths of casing were used as required and the
procedure repeated. :

Attempts were made to cbtain samples of cohesionless soil by means S
of 2 2" O.D. standard split-spcon sampler. The standard penetration test V : e
using a 140 1b hammer falling 30 inches was recorded for each foot of sampier'{}; S
penetration. All samples were visually examined on the sxte, then placed in

~jars and forwarded to the Engineering Office.

Undisturbed samples of cohesive soil were obtamed in 2" 1.D. Shelby ;
tubes in conjunction with a piston sampling apparatus. Upon removal from the
borehole, these samples were classified, sealed with wax and forwarded to
the Engineering Office. ' '
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3.
insitu measurements of clay shear strength were made in the bore-
2" by 4" vane and a torqometer calibrated in increments of
20 inch-lbs. The accuracy of these shear strength determinations, by
estimating the readings of torque to the nearest 5 inch-lbs, was * 25 lbs
per sg. fr. A thrust bearing was used to take the weight of the drill rods
in ' most measurements of shear sirength.

Samples of bedrock were obtained by diamond drilling using an
AX size core barrel.

All soil tests were carried out in the soils laboratory of Associated
:chnical Services Limited. They primarily included moisture content,
strength and consolidation determinations. The strength tests consisted of
{ined compression and unconsolidated, undrained triaxial tests. The
consolidation testing was carried out on 2 Geonor apparatus utilizing a
sample area of 10 sq. cms.
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SECTION 3

DISCUSSION OF SITE

The proposed bridge site is located on Brookdale Avenue
in the northwest portion of the City of Cornwall, Ontario. Brookdale
Avenue is one of the major traffic arteries from Highway 401 into
the City of Cornwall. The site is located about 374 mile south of
Highway £01

%!

eclogy of the Site Area

The Pleistocene and Recent geology of the general geogra-
phic area have been described by E. B. Owen in Paper 51-12 of the
G&oiagicai Survey of Canada. The general sequence of glacial and
ostglacial events described by Owen are as follows. During the
advance and retreat of the last continental ice sheet, deposits of till
textured soil were heaped up on the bedrock to form irregular hills
and ridges. During the retreat of the ice sheet from the area, the
rugaeé topography of the hills and ridges was somewhat subdued by

he derosition of granular outwash on top of the till by the glacial
meit vaters. Further subduing of the relief was accomplished by
deposit' of flat-lying marine sediments (mostly clay capped with a
r of sand) in the immediate postglacial land submergence
%ze Champlain Sea.

”D

Limestone bedrock of the Ordovician Period was found at
the site zt a2 depth of approximately 32 feet below ground surface.
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i, 0.5 to 1.5 feet of topsoil,
2. 1.0 to 1.6 feet of brown fine sand,
3. Stiff to soft grey clay to a maximum depth of 33 feet below

(8]
round surface,

4. Medium dense grey sand, some silt and gravel,




5. Medium dense grey coarse sand {Borehole 1 only),

P

& Verv dense grey sand, some st
{Borehole 1 only),

t and gravel, 1ill texture,

s d

Black limesione bedrock.

The tops il and brown find s being of shallow
depth, were not investigated other than in the {i+ld by visual classi~
fication and penetration resistanie, oh are summarized on
he Borehole Logs.

Beneath the brown fine sand layer a deop stratum of mazrine
clay was encountered. The clay siratum was fouand to be silty and
weathered to a brown colour near ground surface. The middle third
of the clay straturm was characrerized by the presence of numerous
tiny black nodules. Qccasional red nodules were encountered in the
lower portions of the stratam. Theclay appeared to be massive at

natural moisture content, but upon drving, thin horizontal lamina- :
tipns became visible. Thin horizontal sand seams were encountered.
in Borehole 2 at 29 feet and in Borehcle3 at 8 feet. The continuity
of these sand seams has not been investigated.

The strenzth of the clay iayer was Iound to vary with depth
as shown on Figure 1 overleafi. There appeared to be a 5 {t thick stiff
upper crust beneath which the clay had a vane shear strength of about
400 to 700 p.s.i. down to 2 depth of 22 feet. Below this depth the
shear strength increased. The sensitivity of the clay was found for the
mostpartto exceed 8. Numerous unconfined compression and triaxial '
tests were carried out on the thin walled tube piston samples. The
esulis of these tests have been plotied in detsil on the stress-strain
charts in the appendix and in summary on the Borehole Logs and on
Figure 1 overleaf. In general, the laboratory tests were found to
agree reasonably well with the field vane results when the laboratory
tests gave low failure strains.

a]

.

Moisture content znd unit weight determinations were carried
out on the thin walled tube samples as indicated on the Borehole Logs.
The majority of moeisture contents in the clay varied between 70 and
80 percent, however, values below this range were found in the
desiccated crust. In addition, occasional moisture contents above
80 percent were found in the deeper clay regions. The unit weight
of the clay was found to vary from a maximum of 110 1bs/cft. in the
desiccated crust to 2 minimum of 92.5 lbs/cft. in the deeper sections.

In order to determine the settlement characterist:cs of the
clay layer under the load of an approach embankment fill, consolida-
tion tesis were carried out on samples 5 and 7 from Borehole 2.




. cuieny CITY _OF CORNwALL ASSOCIATED GEOTECHNICAL SERVICES -
' som. No. §333 Cocation DROOKDALE AT CNR. | Limited : .
SOREnOLE mmeEe SRS CLAY STRENGTH — DEPTH CHART
‘ . BAMS LT NUMAKR TDRTE ‘ ’
l UNDRAINED  SHEAR STREMGTH  (LBS/FT2) o
' 5 200 400 600 800 QOO 00 400 100 IGO0 2000 20O - f
l : TCP OF CLAY LAYER —2_ :
*
o
+
l 6 1
8 -
10 A
1 >
’ -+
1a . N
L] 2
: L2 16 + E 3
. £ g+ttt
o 3 *°] +
= I8
5 2 ty
' L 207
] -
8 22 ©
o
' G 24+
e Z 264
‘__w‘\».(_ ;:l 2
- 8 287
30 -
z MINIMUM  ENVELOPE
: O 321 FOR VANE TESTS
L3
| -
16
f I 38+
404
I +  FIELD VANE TESTS
%  UNCONFINED
l ®  TRIAXIAL
l FIGURE.




”

LI

The results of these tests indicate a preconsolidation pressure of
about 0.7 t.s.f. in excess of the existing sverburden. Plots of con-
solidation versus ioad for each sample are included in the appendix.

A number of dynamic cone probes were driven at variosus
locations in order to determine the approximate depth of clay over
the site area. The results of most of these probes are indicated
on the profile on Drawing Nol in the appendix. Liberally interpreted
contours of the bottom of the clay layer have been plotted on the plan
on Drawing No. 1. As can be seen on this plan, the maximum depth
of clay appears to be beneath the railway. The depth of clay
diminishes and disappears both north and south of the tracks.

Beneath the clay, a2 medium dense stratum of grey sand,
some silt and gravel was found in all boreholes. The penetration
resistance of this soil varied from 9 to 13 blows per foot. The thick-
ness of this stratum varied from 3 tc 5 feet and was underlain by
bedrock in Boreholes 2, 3 and 4. In Borehole 1, it was underlain by
5.5 feet of medium dense grey coarse sand and 7 feet of very dense
till-textured soil. Two split-spoon samplers taken in the till indi-
cated a penetration resistance of over 80 blows per foot for this seil. .

Water Conditions

At the time of this investigation, the ground water table was
found to lie with a2 few inches of the ground surface It can be
expected to remain at this level for most of the ye=s |

Artesian water conditions were encountered under the clay in
Boreholes I and 2, both north of the tracks. The maximum static
izad measured in the boreholes was 193.6 in Borehole 1 and 193.7 in
Borehole 2. The flow at ground level {about elevation 192) was esti-
mated to be about 3 gallons per minute in both horehoies.

Bedrock Conditions

Black limestone bedrock was encountered in all boreholes
at elevations varying between 156.6 in Borehole 4 to 158.0 in Bore-
hole 2. However, some of the dynamic cone probes, namely CPZ,
CPA and CPB indicate that bedrock lies at a somewhat lower eleva-
tion near the railway. The bedrock appeared to be sound and capable
of supporting high loads. The upper suriace was found to be relatively
free of weathering, Thusinour opinion, the bearing capacity of the
bedrock would be 25 t.s.f.




SECTION 4

DISCUSSION OF OVERPASS STRUCTURE

General

Prior to commencing this soils investigation, the Consulting
Engineers had prepared a preliminary layout of an overpass struc
to replace the existing Brookdale Avenue grade crossing. The bridg
was to be a 3 span continuous structure with piers at chainage 41+ 30
and 42 + 60 and abutments at chzinage 40 ¢+ 44 and 44 ¢+ 00. The top
the existing railway embankment is about 7 fee’ higher than the
surrounding ground level at emvasmn 192, thus in order to provide
the required railway clearance, the approach fiils 1o the struc ture
would be about 34 feet high at me abutments. :

When the field soils data became 2vieilabie, it was dppare‘
that both stability and settlemen: p’;ablums could be expected with
high earth fill approach embankments. In view of the comvplexity
calculations imposed by the varizbility of the strength and depth of
clay at the site, a conservative simplification of the msiw sail
strengths was made for purposes of stability calculations. As a
result, the earth fill dimensions presented in this report, while
satisfactory for determination of the most economic type of structura,
should be reviewed in detail for the final arrangement of the structure

Approach Fiils

4.2.1 Stability ‘ ’ %

In view of the substantial depth of sensitive soft
marine clay encountered at the site, it was apparent that .
the use of stabilizing berms would be required for the et;cmv
templated approach fill embankments. In as much as tyhg«z«_
berms would be necessary between tie abutments and the
railway tracks as well as perpendicular to the emhankmmnt
centreline, the length of berm required to stabilize the fill
must be considered by the bridge designer prior to 10catmg
the piers and abutments of the structure. In view of the inter~
relationship between the height of approach fill and ieng’f:h of
span, a series of embankment design calculations wer»
carried out to determine the necessary fill dimensions fmr f 4
various heights of fili. s

The approach embankment design was carried c:nu St
using the charts and other data contained in "The Designof = |
Embankments on Soft Clay' by B. Jackson. The shear =
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strength of the clay was taken as 400 p.s.i. throughout the:
layer. This was consistent with the minimum envelope of
field vane shear strengths determined in the 4 boreholes.
The increase in soil shear strength in the desiccated crast
was ignored because i’ had a smail influence on the total
shearing resistance as well as being necessary for the
simplified calculations. The shearing resistance of the
embankment fill was also ignored because the incompati-
bility of failure strain between the fill and clay foundation
would not permit shearing resistance mobilization. Frr
the purposes of these preliminary designs, the thin sand’
seams encountered in Buoreholes 2 and 3 were assumed to be
localized and discontinucus. However, these latter assump-
tions would have to be cunfirmed in the field prior to the
construction of embankmen?ts in excess of 10 feet high. In

view of the consequences of an embankment shear failure, a =

safety factor of 1.50 was used fur the embankment design.

The results of the stability analyses are indicated
on Figures 2 1o 4 gverieaf. In summary, these charts indi~
cate the following:

. Assuming embankment side slopes of 2 horizontul 1o 1
vertical, the maximum heighrt of fiil that can be buiilt
without stabilizing berms 1s 12 feet.

[

2. The length and height of stabilizing berm required varies.
with the depth of clay as shown on the charts. In ‘
general, longer berms are required for-increasing
depths of clay.

3. Assuming the potential failure surface to reach 2 maxi-
mum depth of 20 feet into the clay layer, the maximum
height of fill that can be built with one berm is 23 {eet
and the maximum height of fill with two stabilizing
berms is 34 feet. '

A plan and profile for the maximum height of fill
that can be constructed at the Brookdals site on the present .
profile grade and still satisfy the railway clearance require-
ments has been included as Drawing No. 2 in the appendix.
It shoul!d k2 noted that the geometry of the fill has been based
on the maxirmum probable depth of failure and has not been
adjusted for shallower depths of clay. : ‘

Settlement
High approach fill embankments will impcse a stress

on the soft clay subsoil that will result in settlements of the
embankments. In order to determine the amount of this
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settlement, a number of calculations were carried out by,
conventional metheds for varfgmg conditions of fill height

and clay depth. The calculatinzns were based on consolida~-
tion tests carried out on szmples 3 and 7 from Borehole 2.
The vertical stress beneath the centreiins of the embankment
was determined from Osterberg's charts. The results of the
calculations are summar:ized on Figure 3 overleaf. The
settiement to be expecred for the maximum size of approach
embankments is illustrated on profile in Drawing Neo. 2in
the appendix. ‘

In order to caloniate the settiement at any given
point on the approach i1, it was firsi necessary to defer-
mine the stress ch ange in the clay zlong & vertical line
through this point. This was done by means of Boussinesg's
theory. which assumes the clay to behave as a2 semi-infinite.
homogeneous. isotropic and elastic material. In our calcula-
tions. the method described bv J. O. Osterberg in his paper
"Influence Values for Vertica: St 255 in 2 Semi-~Infinite Mass
due to Embankment Loading' has been applied to this settle-
ment.

o

The magnitude of preconsolidation loading of the clay
was determined by the Casagrande method from the consolida-
tion curves {see appendix}. For the purposes of these settle-
ment calculations, the clay stratum was assumed to have had
a preconsolidation loading of 0.7 t.s.{. in excess of the existing
overburden pressure. '

The rate of settlement is normally computed on the
basis of time curves plotted from the different loading incre-
ments in the consolidation tests. From these curves, the
coefficient of consolidation Cy, is obtained. On'the basis of
the C . the rate of settlement is computed. On this project,
however, because of the small increments of loading neces-
sary to prevent squeeze out of the sample in the conselidation
tes*s, the C values obtained from the tests are too erratic
to permit an accurate assessment of the rate of settlement for
this approach fill. A much better guide is provided by local
experience with embankments on similar soils. In this
respect, the Department of Highways has instrumented the
Brookdale Avenue approach fills to Highway 401{about 3/4
mile north of the proposed Brockdale and C.N.R: Overpass]
where a 22 ft high embankment rests on similar clay. Settle-
ment at this site has taken place rapidly. For a fill height of
22 ft, 2.15ft of settlement has taken place within 72 weeks
after construction and is still continuing. Thus the fill at
Brookdale - C.N.R. Overpass can be similarly expected to
settle rapidly.
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Settlement of the railway track due to the stress
imposed on the clay by the approach embankments will nmt

be significant.

Spread Footings

Considering the use of spread footings for the piers of thla .
structure, it becomes immediately obvious that the low bearing capa-
city and high settlement of the clay would preclude the use of spread
footings for this structure.

Piles

The presence of a deep laver «f soft marine clay dictates the

use of pile supported fcundations for piers or abutments placed within

several hundred feet of the railway tracks. For these locations, we
recommend that low displacement end bearing piles, such as H-piles
or pipe piles placed into the very dense soil or bedr@:k be employed -
for the foundation of this structure.

Considering the use of H-piles, it is expected that the bed~
rock or very dense till textured soil will be fully c: apable cf s upporting
the maximum design loading {including negative skin friction) for
H-piles, provided that the piles are driven to refusal. Refusal may
be taken as a penetration resistance of 12 blows or more to the inch
using a D-12 Delmag hammer. Refusal can be expected at approxi-
mately the following elevations:

North abutment {40 + 40) elevation 158

North pier {41 + BO) elevation 158

i

South pier {42 + 60) - elevation 154

Scuth abutment (44 + 00) elevation 136

In view of the considerable settlements associated with high
embankment fills at this site, an allowance for negative skin friction
must be made when considering the load bearing capacity of the piles.

The negative skin friction force wili be a functicn of the
height of embankment {ill and the depth of the clay at the pile cluster
location. The negative skin friction due to the fill can be calculated
irom the following formula:




where Q

Y

11.
A
= Y H

the load acting on each pile

the area included within the boundari.s of the
pile ciuster

the number of piles
the height of the fiil

the unit weight of the fill

The negative skin friction due tv censclidation in the clay layer
can be calculated as foliows:

Q''max

where Q'"max

n

i

LHg

n

the maxirnum value of the skin friction
drag

circumierence of the pile cluster
thickness of the clay layer
the average shearing resistance of the clay

number of piles in the cluster

The totzl negative skin friction can then be computed as

Q=0Q+ Q.

The approach fill settlement studies indicate that a settlement
»f over 5 ft can be expected with a fill height of 32 feet. In order to
reduce the maintenance associated with such settlements, it is con-
ceivable that the Consulting Engineers may wish to lengthen the
bridge. Thus, in order to estimate the length of piles required-for
additional piers, we have prepared the foilowing table:




Chainage

37+ 20
37T + 70
38 + 20
37T+ 70
39+ 20
39+ 70
40 + 20
40 + 70
I
43 +
43 +
44 +
44 +
45 +
46 + 20
46 + 70
47 + 20

[ I SR I P o
OO0 QOO

:]

<,

Estimated Pile Tip Elevation
For H-piles Driven 1o Refusal

igo
igo
175
170
164
158
158
158
158
155
i55
i55
162
163
165
155
166

165




SECTION 5

DISCUSSION OF SUBWAY STRUCTURE

In view of the stability and settlement problems associated with '
high approach fill embankments, the Cunsulting Engineers requested an:
outline of the problems associated with a subway structure.

A profile of the -nad underpassing the railway is shown on

Drawing No. 3 in the appe «ix. As can be seen on the profile, the excava-,,“ k

tion for the road would reach a maximum depth of 26 feet Lilow the track
elevation or 18 feet below ground level.

A stability analysis based on Taylor's curves and using a clay
shear strength of 400 p.s.f. indiates that 4 : 1 side slopes would be
required for short term stability of the roadway excavation. In the event
that the subway structure is given more than a cursory consideration, a
detailed stability analysis in terms of effective stress would have to be
carried out prior to finalizing the excavation side slopes.

One of the major problems associated with a subway structar:>
would be artesian water control. The low submerged unit weight of the
clay, 35 lbs/cft and the high artesian head (elevation 194) would result.in
a hydrostatic pressure of 600 1bs/ft2 {at elevation 157) in excess of the
weight of the overburden for the deepest excavation. Thus, in order to
prevent uplift of the bottom of the excavation during construction, it will
be necessary to iower the artesian water pressure to less than the weight
of the overburden with an adequate margin of safety. In our opinion, this
could only be done effectively through a deep well purnping system. Con-
sidering the excavation to be backfilled up to pavement grade, (elevation
178 beneath the tracks) the hydrostatic pressure will be reduced to about
350 1bs/ft% in excess of the weight of overburden. As a result, in order to
prevent upheaval of the roadway, full-time artesian water pressure
control will have to be maintained during the life of the structure. We are
of the opinion that this could only be accomplished by continuous pumping
from deep wells.
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SOIL CLASSIFICATION SYSTEM

The following system was used to describe the various soils
encountered at the site as determined by visual field examination and
test. It was also used to classify those socils upon which a laboratory

grain size determination had been made.

Scil Components Particle Size

002 mm < .06 mm

Sand > 06 mm <{2.0 mm
Gravel >2.0 mm <2 in.
Cobbles >e2 in. &6 in.
Boulders >6 in.

Descriptive Terms Range of Proporiions
and greater than 40%
with 25% to 40%
some 10% to  259%
trace less than 10%

Examvple

1. Silt {predominant type) with (25% - 40%) sand.

2. Sand and silt {predominant types}, some (10% - 25%)

gravel, trace {£ 10%) clay.




STANDARD PENETRATION CLASSIFICATICY

Relzti-re Density of Sands

x5 determined by Standard Peneiration Tests

Designation on
N By Borshoie Log
6 - 4 9 - 6.2 Vervy Loose
4 - i0 6.2 - 0.4 Loose
0 - 30 G.4 - 0.6 Medium Deasek
36 - 30 0.6 - 0.8 Dense
Over 530 v.8 - 1.0 Verv dense

FOR—

Shear Strengths of Clays

as determined by Stardard Penetration Tests
7

g Designation on
N pst Borehole Log
2 250 Very Soft

2 - 4 250 - 500 Soit

4 - 8 566 - 1000 Medium

§ - 1B 1600 - 2000 | Stiif

13 - 3% 2060 - 4000 Very Stiff

3G 4000 Hard
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DAMAS AND SMITH LIMITED
CONMNSULTING ENGINEERS
“HINNIPEG OFRCE ) L
S AVEIS HIAC OF°ZE
e, DATO 209 DAVENICH " ROAD
453-8759 TORONTO 5, OidTARIO
$24-9671 ;
LONDON' OFFICE
35 WELLINGTOM 2O
LONDON, ONTARIOAD tigad Qifice, ,
434.053) Janvary 24, 1964.

Wy, B. O, adeoas, = Dag.,
City Fogineer,
ity Ball,

C@f}mﬁﬁ}ﬂ %kﬁ%&fags é{:fi"’”"f:’r 2(?2_ M ’

Usar Mr. Adeoms:

Re: Fropessd Urade Separstion at
Brookdale Avenus

e wish to bring to your attention ths followiny poinis in
coanection with the above project which will probably raguire further
evalustion and defisitien prise to {lnal design.

i. Subject to the approval of the Rallway Company, provision
for the two addittonal tracks may be arranged to be lecated under
the side spans and the cenive span iength correspondingly reduced.

Z. Additional 2oil borings « i1l be necessary at tha proposed
iocation of the abutments in order to coufirs: the thickness of come
pressible cisy ae determined by probes.

3. Supplementary probes and borings are nssded to confirm
that the soil conditions on a satisiactory re-alignment of Brookdsle
Avenue are not significantly betier thaa thosc found ob the existing
alipmineat, '

2. in the courss of our Fre-EZugineering SHudy, & structural
system atilizing precast concrete unita was iavestigated as aa
aliernativs to the cast in place concrate deck proposed. In the

final dasign, further considesation will be given to this type of con-
struction.

&. Drojectes futurs traffic ou Brookdals Avense will bs in
sxcess of the estimated volumes referred to in the Report dated

OF THE ASSLCIATIGN O! CONSULTING ENGINEERS OF CANADA

DEFECTS IN HEGATIYE DUZ TO ~
~ CONDITION OF ORIGINAL DOCUMENT




)

Mr. H. 0, Adame, F.log., o Page 2

Januvary 24, 1984.

danuary 15, 1964 ahich are based on the sxterasl traific pattsra,
Fiual projections will by available in mia-February.

Bobige

L

Mr. . W . Ramp,
Beoard of Transport Connmissionsrs,

My, 0. O Boyd,
wanadina MNational Balleays,

Mr. a. 1. Raob,
wistyict Munlctoa! lagiseer,
Dgpariment of Mighways of Tutario,

¥ir. &, Stermac,
Materinle and Beaearch ssction,
Department ol Highways of Oatarie,

Bir. K. Kieinsielber,
Departmoent of Highways of Unlarie.

Yours very truly,

DAMAS ARD SMITH LIMITID

o

F. %, dmith




DAMAS AND SMITH LIMITED
CONSULTING ENGINEERS

. WRPLPEG OFFICE HEAD. QFFICE
345 Gexmmuos Avaur 209 DAVENPORT ROAD
4538759 TORONTO 5, ONTARIO
9249671

LONDON QOFRCE
A3 WEUNGTON ROAD
LOMDON, ONTARIO
+34-053} Head Office,

January 14, 1964,

Dear Mr. Stermac:

Re: Proposed Crade Separation

Brockdale Avenue and C.N.R.
Tracks, City of Cornwall, Ont.

We enclose herewith for your information, a copy of the
O report on the foundation investigation at the above site. As you
may know, Brookdale Avenue is desiganted a Connecting Link
ghway 401 and the Central Business District in Cornwall.
We are taking this step of submitting the above foundation
Teport 1o you prior to any formal submission by the City of
Cornwall for approval of the propesed grade separation project. We
would appreciate your review of this report and we will ezl you for
a discussion of the project that we propose later this week.,

Yours very truly,

DAMAS AND SMITH . MITED

RWS:gc R. W. 3mith

MEMBER orF ITHE ASSOCIATION Qr CONSULTING ENGINEERS ©Ff Ci~NADA



MEMBER

DAMAS AND SMITH LlMlTED
CONSULTING ENGINEERS

Head Office,
March 2, 1964.

Mr. A. Rutka,

Materials and Kesearch Section,
Department of Highways of Ontario,
Downsview, Ontario.

Dear Mr. Rutka:

Re: Brookdale Avenue C.N.R.
Grade Separation

Enclosed herewith aretwo {2) copies of a supple-
mentary soils report for the above site. Will you kindly
include this suppiement with the foundation investigation
report previously submitted.

Yours very truly,

DAMAS AND SMITH LIMITED

. o ;%
| R ﬂ\f <<<<<
RWS:gc R. W. Smith

Encls.

M{ éff}\w{ e é @qu" ‘C&«m %& L«in éﬁ{{ﬂ,
/iez{w el Gy

224,

OF THE ASSOCIATION  OF CONSUlTiNG‘ ENGINEERS OF



ASS50CIATED GEOTECHNICAL SERVICES LIMITED

CONSULTING EMNGINEERS

YRR REE, Rt GAVENPORT ROAD

TORTNTD B, ONTARID

ISR REF.

Whe WA

March 2. 1964,

Re: Brookdale - CN.R. Crossing
Cornwalil. Ontario.

sse z e results of field exploratery work at the
ut in the period from February 3, to February 13, 1964,
was reque»‘sted by Damas ard Smith Limited to supplement

conditions as contained in our original repcrt submitted on
January %, 1964, This leiter should be considered an addendum to that report,

This letter discu
<

This addivional drilling was done by ¥, E. Johnson & Co. Lz:d.. under the
supervis.on of Associated Geotechnical Services. The work tonsisted of three
con= probes and ‘our Loreholes. Logs of these probes and boreholes accompany
this letter,

T~ 4 L) “

The main intention of these explorations was {a) to determine if ﬂﬂe'
cepi“ of ciay or the width of the clay filled vailey decreased substantially to
E he proposed cenireline as was suggested by the originai explorations
ine more delinitely the soil condition and depth to bedrock

,
i
.
e
:
4]
L]
ot
C)
Bty

the basis of these additional explorations we have revised our
1 the botiom of the sensitive clay stratam., This
letter. alsu shows soil profiles along the proposed
zet west of and parallel to this proposed centre
wing that the decrease in width and depth of clay
1 within 250 feet west of the proposed centreline.




-

Damas and Smith Limited - page 2 Maxrch 2, 1964.

The four horeholes in the abutment areas indicate that the abutments
will be founded over a soils profile which has a negligible depth of clay overlying
" sotl.  This "till” soil is variable in composition ranging from silt
with sand some gravel to sand and gravel containing boulders. None of the
boulders encountered exceeded § inches in size. Bedrock is approximately at
elevation 155 under the south abutment and 159 under the north zbutment.

We trust that this information is sufficiently detailed for your
reguiremaents,

Yours very truly

ASSOCIATED GEOTECHNICAL SERVICES LIMITED

© 7Nl

REM:ed R. E. Marttila
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Mro &, L. Klainstelber, Foundation Section, L
Puniclpal Bridge Liaison Ingr., Materials & Testing Div.,
Bridge Division, &dein, 3ldg. doom 107, Lab., Bldg.

Janusry 25, 15854
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DAMAS AND SMITH LIMITED
CONSULTING ENGINEERS

WINNIPEG OFHCE
345 GERTAY

538789
447-2137 B o ‘,
LONDON OFfICE © 1
136 WELUNSTON ROAD
LONDON, DNTARIO
YOUR BEF, 4340331

DGR REF

t *
MEMBER OF THE ASSOCYTATION OF CCNSULTING ENGINEERS L E. G

Hewod Office

File: 765 December 31, 1965,
Mr., C.F. Adams, P.Eng.,
City Engineer

City of Cornwall

City Hall

Corawall, Ontario.

Desr Sir:

Re: Cverhead Structure at C.N.R. Tracks

Brookdale Avenue, City of Cornwall

In view of the soil corditions at the above site and the possibility
of settlement of the embankme 1t at the abutments of the bridge, we have
set up permansnt measuremen: points on the structure. Fast experience
has indicated that although the 2butments are constructed on: piled N
foundations, the consolidation >f the foundation soil and sattlement of the
embankment causes a rotation il movement of the abutments away from
the structure.

In order to use the structure as a reference, all expansion gaps
have to be measured, since we have found that at the small temperature
variations the expansion is not distributed to each gap in proportion t« ;
span length. In addition to thermal changes, shrinkage must be considered. .
With these factors in mind we have establizhed the procedure for measure-
ment of the structure which will give suitakle readings for subsequent
analysis and evaluation of structural performance. ;

The enclosed memorandum covers the findings to date, Should
any further information be required please let us know, :

Yours very truly, ) ;
DAMAS AND SMITH LIMITED
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c.c. Mr. ¥. Kleinsteiber
Municipal Bridge boineer.,
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Fii DATE November 1965,

REF. NO, 165

Report on Abutment Movements - Brookdale Avenue
C.N.R, Overhead = City of Cornwall, Ontarie

The overhcad structure at the C. N, R. main tracks . r :sing Brookdale
of Cornwall, was constructed between Scptember 1964 and
September 1{365. The length of the struciure was selected with respect
to the soil conditions. Site soil conditions are described in a Report
by Associated G«:‘:(:e‘ltechmcai Services Limited deted January 9, 1964,

A stratum of soft clay underlies the surficial soil stratum of sand. The
greatest *hxck\nes of the soft clay is located at the railway and reduces
in thickness in both directions along the road, Location for the piled
abuiments was determined by the estimates o settlement of the earth
ermbankment approaches.

Aburments were locatea ai stations where the vertical settlement was
estimated at 6" by the Soil Consultants. Experience on similar
structures has indicated that the rotational movement of the abutment

these conditions is acceptable, This Report describes the pro=
visions made for measurement vf movements and records measure -
s made to date,

vement will appear at the expansion gaps of the

if not wotally, at the azbutment expansion gaps.
bserve ithis movement, periodic measurement of
movements must be made.

In order :o determine the actual aburment movements irom the recorded
expansion gap movements, the eifect of concrete thermal and shrinkage
iength changes and the way in which these movements are distributed to
the seven expansion gaps of the bridge, has to be allowed for,

{a) Distribution of Expansion

Theoretically the movement of expansion gaps should be made
up of a symmetrical distribution of adjacent spans as follows:
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N. Abut, #3 #7 #10 #13 #le S.- Abut,

Theoretical }
number of spans)
contriputing to ) 1-1/2  3-1/2 3-1/2 3 3 3 1-1/2

movement at }

movement at

expan&uon g

aps )

The foliowing approximate distribution of expansion appears to be taking

place in the field with smali (= 20°F,) temperature variations, about
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The apex of the bridge is approximately over Pier #9 and it appears
that the movements are occurring more on the downhill ends of the

bridge spans.
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Using a coefficient of . 000006 /OF
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Re:ers on Abutmeoent Movements - Brookdale Avenue

o

Lo NG R Qvernead - City of Corpwall, Ontario - Page 3
{c)
- e - in .
Using a coeilicient »f , 0002 fm. and assuming 90% has taken
piace before the first set of reading {September 3, 1965),
following shrinkage may occur :
M. Abutment .01
Pier #3 . 039
Pier £7 . 039
Pier #10 L 034
Pier #13 . 034
Pier #10 . 034
S. Abutment D17
. 2140
if the mean temperature of the concretis is estimated, then the
expansion estimates may be computed. Comparing this esti-
mate with the measured movement will give the abutment move=
ment without shrinkage allowances
~f abutment movement should be inspected care-
ninst the actual movements uCClll'l"lIlg at each expansion
i rljr the abutment expansion gaps, aud due allowance
rinkage,
{d} Method of Measuring
On the east and west sides of each of the 7 expansion joints on
the bridge, a pair of ramset nails have been driven and a cross
iiled on the top of each one, The measurement between the field
cresses is recorded to 0,017,
3. VEHRTICAL MOVEMENRNTS
Tilting or settling of the abutments will be obtained irom the tilting or
seitling of tne wingwall, Consequently, ramset nails have been located
at either end of each wingwall and these points should be levelled
periodically, using benchmarks at the site.
4, RESULTS

A survey form is appended, Records of readings for the period to
November [965% arve also o } pended. Results to date indicate that negii-
gible miovernnnis have occocurred at the abutments. Since the historical

record s ol extensive al ithis time, no conclusions can be drawsn from

the apparent performance of the structure to date



BROOKDALE AVENUE C.N,R. OVERPASS

BRIDGE MOVEMENTS

Hiorizontal

Measure between filed crosses
either side of expansion joints,

Party __________....l

Date cevecermmmcioas

Temp

on nail and washers set in concrete on
Record to 0, 01",

Norin Abutnent
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TIV
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-
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SNTS AT BROOKDALER :&VE‘@'E’Z OVERHEAD - C.N.R, TRACKS

Sept. 3 Sept. 7T Oct. 8 loct. 21 Nov. 2
759F 80°F 50°F 80°F 259F |
gap in change oop in change lgap in i‘:i-aamge cap in change jgap in change
N.oAbut E 1,36 L9386 9.43} 07| 9.42] .06} 9.52 | 0.lo
W, 8.48 E 8. 43 8.37] .09! 8.36] .08] 8.67 | O.
= 3 E. 10,07 2,06 1-,01 10,35 .28} 10.24] .17/10.38 ! 0.5!
W, 3.60 2.64 {-,02 9,92 .26 9,80, .14710.12 | 0.4%
7 E. 10,11 10,11 10,307 .19 10,18 ,07{10.30 | 0.39
W 1ul33 10,32 {-.0!1 10,50} .17} 10.39; .,06/10.70 | 0,37
".:E ! :':: 8:36 8;85’ "'001 8.9? .11 8-90 iO’} 9016 QQZO
z“i" ?-68 C}:é? ‘-01 9.?4 »06 9.6‘{} :01 goqz 0074
=13 E. 10,45 10,44 -, 01 10,66! .21 10,54 ,09{10.88 | 0.33
W 3.80 3.78 |-.02 9.281 .18 9.88] .08110.20 | 0.40
£19 £, 10,30 10,30 10,51 .21 10.42] ,12]10.68 | 0.38
W 11,12 11,11 §-.01 11,304 .18 11,21} ,09]11,47 | 0.35
S. Abur E. 11,25 11,25 11.34] .02 ] 11.31] .06{11l.44 1 0,19
W, T.64] 7064 7.691 .03 7.7 .06{ 7,80 | 0.16
Total: -.10 2.15 | 1.13 4.33
N.Abur, NE 218,45 . 218,457 - {218.45] - 218,44 -0.01
SE | 218.92 . 218.93(+0.01}218,92] - [218,92 -
NW 217,54 . 217.,54] - |217.54] - [217.54] -
SW | 213,00 218,00 - (218,00 - (218,00 -
S. Abut,  NE | 214,92 - 214.92) - [|214,92] - 214,92 -
SE | 214.37 - 214,38 140,02 1214,38{+0.011214.37 e
NW | 216,01 - 216,01 - 1216,01] - 216,00 {-C.01
SW | 215,43 - 215,431 - 1215.42/-0.011215,42 |-0.,n1
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