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Ministry of Transportation of Ontario August 12, 1996
Pavements and foundations Section

Room 315, Central Building

1201 Wilson Avenue

Downsview, Ontario

M3M 118

Attention: Mr. Dave Dundas, P. Eng,
Senior Foundation Engineer
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CANADA ENGINEERING SERVICES INC.
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MIK 3A7
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FOUNDATION INVESTIGATION AND DESIGN REPORT
FOR
CLARE RIVER BRIDGE REHABILITATION
WP 48-94-01, SITE 17-16
HIGHWAY 41, DISTRICT 41, KINGSTON

INTRODUCTION

Canada Engineering Services Inc., has been retained by the Foundation Design Section of the
Ministry of Transportation of Ontario to carry out a foundation investigation for the Clare River
Bridge Rehabilitation located across highway 41 in the Kingston Area. The project required a
field investigation and design calculation to determine whether it is feasible to build a stronger
and heavier deck for the bridge.

SITE DESCRIPTION

The site is the Clare River Bridge across Highway 41, north of Napanee and south of McGuire
Settlement. The abutments of the bridge have been constructed on timer cribbing and rock fill.
The approach embankments were also constructed on rock fill. The elevations of both
approaches and the existing bridge are approximately the same. The side slopes of the
embankments appear to be about 1 vertical to 4 horizontal. The bridge crosses the Clare River
at a fairly narrow part of the river.

PROCEDURE

The subsurface investigation consisted of drilling 2 boreholes, one alongside each abutment, The
boreholes were advanced by wash boring techniques using a truck mounted C.M.E. 55 drill rig.
Visual inspection of the bridge abutments, its approaches, embankments and abutments were
carried out concurrent with the drilling operations which were done on June 3 and 4, 1996.

The locations and elevations of the boreholes were established by us in the field and then the
coordinates of the boreholes were established by MTO staff and provided to us. The borehole
locations were plotted from these coordinates. The boreholes were put down at the locations
shown on drawing number 309-96-1.

The bridge deck was cored through at borehole number 1 in front of the north abutment and the
hole through the boulder fill below was advanced by wash boring with NW casing. An attempt
made to obtain undisturbed shelby tube soil samples in the soft organic seam was unsuccessful
and subsequently disturbed samples were obtained by means of a split-spoon sampler, in
accordance with the requirements of the Standard Penetration Test, (CSA test specifications
A119.1). Bedrock was encountered at a depth of 8.8 m and was cored through to 11.0 m where
the borehole was terminated.



Per our original plan, borehole 2 was intended to be placed in front of the south abutment, but
after the completion of borehole number 1, it was thought prudent to locate borehole 2 behind
this abutment so as to obtain a better representation of the soils profile. This was done after
consultation with MTO’s soils engineer. Borehole 2 was advanced by auger through the first
1 m and then by NW casing through the boulder layer. Field vane tests were carried out as soon
as the organic silt was encountered and this was followed by a split spoon sampler to recover
sample penetrated by the vane. A shelby tube sample was taken immediately after but was
unfortunately found to be disturbed upon extraction. Split spoon samples were subsequently
taken to refusal. After refusal an NQ core barrel was used to core through what appeared to
be either boulders or weathered bedrock. The borehole had to be terminated at a depth of 14.7
m after the casing and bit ceased below and had to be sealed in the borehole.

The samples recovered were logged in the field and they were subsequently brought to our
laboratory where further visual examination, and classification were carried out. Moisture
content tests, grain size analyses and Atterberg Limit and unit weight tests were carried out on
selected samples. The results of these tests are shown on the borehole logs numbers 1 and 2 and
on figures 1, 2 and 3. The location and elevation of the boreholes are shown on drawing
number 96-309-1. A soil profile through borehole numbers 1 and 2 are also shown on this
drawing.

DESCRIPTION OF SUBSURFACE CONDITIONS

Borehole number 1 was advanced through the concrete deck of the bridge. This was followed
by free space down to a depth of 2.65 m, where the water level of the river was located. Below
the water level the river surface was found at 3.32 m which consisted of boulder fill. The
boulder fill was found to extend down to a depth of 4.9 m. Below the boulder fill was a layer
of soft organic silt which extended down to a depth of 6.4 m. This layer was sandy, clayey,
of high plasticity and was dark grey in colour and wet. Below this was a layer of silty sand with
some clay. It was non plastic, grey stiff and wet and extended down to a depth of 7.0 m. This
layer in turn was underlain by a layer of fine to medium sand, with occasional boulders, grey
in colour, loose to dense and wet. This sand layer extended down to a depth of 8.8 m where
a granitic gneiss bedrock was found. The bedrock was cored down to a depth of 11.0 m where
the borehole was terminated. The bedrock was sound with an RQD of 95 %.

Borehole 2 was advanced through the upper 1 m of asphalt and gravel surface by a solid stem
auger. Below this granitic gneiss boulder fill was encountered and the borehole was advanced
by means of coring and wash boring with NW casing. At a depth of 3.35 m, timber cuttings
were obtained from the wash water together with rock cuttings. This continued down to 6.86
m and thereafter only boulders were found down to a depth of 7.47 m. The timer cuttings were
very likely the result of intercepting the timber cribbing and the depths that they were found are
fairly consistent with the depths of the cribbing shown on the design drawings. The organic silt
found in borehole 1 was also found below the boulder layer but at a depth of 7.47 m. Field
vane tests were taken in this organic silt and a shear strength of 25 kPa was obtained with a
sensitivity of 1.3 to0 2.8.
3...



The organic silt extended down to a depth of 8.6 m and was underlain by a layer of sandy silt
with a trace of clay. This layer was non plastic, grey in colour, loose to compact and wet and
it extended down to a depth of 9.75 m, and appears to be a relatively young river deposit.
Below this sandy silt was a layer of fine to medium sand, with some silt and boulders and a
trace of clay. It was grey, loose to compact, wet and extended down to 13.00 m below ground
surface. Below this was a layer of boulders or possibly weathered bedrock. Recovery from
coring 1.7 m was 500 mm. The borehole was terminated at 14.7 m. Detail soil profiles are
shown on the borehole logs and grain size analyses are shown on figures 1 and 2. Plasticity
index properties for the organic silt is shown on figure number 3.

SOIL PROPERTIES

The soil of primary concern at this site is the organic silt for which the following properties
were noted:

BH# - SA# Water Content (%) Liquid Limit(%) Plastic Limit(%) Unit Weight(kN/cu. m)

1--1 103 88.0 23.5

21 94,7 90.0 23.0 14.3
2---2A 92.4 89.3 23.1 14.2
2---2B 275

Field Vane value - 25 kPa with sensitivity of 1.8 to 2.3

The soils below this organic silt are non plastic and their natural water contents are as follows:

BH#-SA# Natural Water Content(%) Unit Weight(kN/cu. m)
1---2 346 e
1---3 23.4 18.6
1---4 164 e
2---3 314 e
2---4 74 e
2---5 ‘ g9 e

The natural water content and relative density of the non cohesive soils are not reliable because
of the high water level and disturbance caused by water pressure both from the river and from
the wash boring operations. It is very likely that the non cohesive sands and silts are denser
than the SPT blow counts would indicate.

Liquid limit tests on the organic silt were carried on both oven dried and naturally dried
samples. The oven dried liquid limits were approximately 60% which is less than 0.7 times
those obtained from the naturally dried samples indicating that there is an organic content in the
silt.



GROUNDWATER

As the boulder fill is permeable the ground water in both boreholes will essentially be the same
as the river water level. The river water level was found at 2.6 m depth below the bridge deck
surface.

ASSUMPTIONS AND ANALYTICAL PROCEDURE

The soil stratum of primary concern in terms of bearing capacity and settlement for additional
loads to the bridge is the organic silt of high plasticity. This layer was found in both boreholes
but was found to be relatively thin being only 1.5 m thick. The high moisture content of this
soil would indicate its susceptibility to settlement. As we were unable to determine laboratory
values of compression index of this organic silt, we estimated it on the basis of the moisture
contents of different samples, the stress that these samples were subjected to and from estimated
settlement of the bridge over the years. While these figures are not precise, they do provide a
satisfactory indication of the settlement to expect from additional loads.

Basic assumptions made were that the bridge centre line surface was constructed at elevation
170.73 m as indicated on the design drawings of 1937 that were provided to us, and that the
organic silt is normally consolidated. From the borehole elevations and making some allowance
for a drop due to cambering we calculated a settlement of the bridge of 250 mm since 1937.

LOADS USED FOR CALCULATION

The bridge loads and abutment loads were determined from the size and material used to build
the bridge. These loads together with the ramp boulder fill, were used to compute the stress
transmitted in the organic silt below.

SETTLEMENT

Stresses at point locations were determined by the formulae by Davis & Poulos by the method
of superimposition. It was assumed that nearly all settlement were within the organic silt layer.
Stresses at the centre and top of the organic silt layer were determined at both borehole
locations. The water contents of the samples obtained at these locations were then used to
estimate the values of void ratios assuming a normally consolidated silt. The difference in void
ratios were equated to the difference in stresses between the two boreholes. From this value the
compression index of the organic silt was estimated at approximately 1. This compression
index was also determined at borehole number one from the calculated settlement of the bridge
as per the original design drawings from 1937, These two ways of determining the compression
index produced a value of close agreement indicating that their is some validity in these
estimates.



Additional settlement that would result from a 20 % increase in the abutment and bridge was
calculated as 10 mm. If there is also an increase in height of 300 mm of the approach fill, the
settlement is expected to be 15 mm, This is also the maximum differential settlement that may
occur if per chance the organic silt does not extend unto one of the abutment as would appear
from the profile drawing enclosed(No. 96-309-1).

BEARING CAPACITY

The stresses generated in the organic silt layer were calculated at both borehole locations by
stress distribution formulae by Davis and Poulos and also by assuming that the approach fill
embankments were sloping at 2H to : 1 horizontal to vertical. The vertical stresses in the
organic silt from this method were 46 kPa and 50 kPa at the front and rear walls of the abutment
respectively.

The stresses were also calculated on the basis that the load from the abutment load was
distributed by the boulder fill over a 1H : 2V slope and that the weight of the fill itself was
distributed along slopes of 2H : 1V. A uniform stress distribution of 30 kPa was obtained at
the top of the organic silt layer using this method.

The most likely failure zone would be failure of the organic silt in front of the abutment where
the stress in the clay was calculated to be 46 kPa. The bearing capacity was calculated along
the outer face of the abutment based on the vane test result of 25 kPa shear strength. The
following formula was used

t, =5x7pE0 +02D/B)1 + 0.2B/L) +°H

where r, = ultimate bearing capacity
7 = vane shear strength
u = vane factor
F, =Ontario Highway Bridge Code Factor
D= depth of foundation
B = width of foundation
L = length of foundation

5x25x0.7x 0.5 (1 + 0.2x1.5/8.5)(1 + 0.2 x8.5/16.5) + (21-10)x4.5
50 + 49.5 = 99.5

Ty

i

Using the stress determined in the organic silt at this depth the Factor of Safety for bearing
capacity is given by

r, /stress in bearing soil
99.5/46 = 272



The side slopes at this site are much flatter that the values used to calculate the stresses above.
Also the boulder fill is somewhat rigid and would likely distribute the load from the abutment
over a wider area on the organic silt. This means that the calculated factor of safety is a
conservative value.

The increase in stress on the organic silt below by increasing the load of the abutment and bridge
by 20 % is only 6 kPa resulting in a FS of 99.5/52 = 1.9,

It is obvious that the minimum FS of 3 specified by the Ontario Bridge Design Code is not
available by this method. However, the bridge has been built about 60 years ago and even
though a settlement of 250 mm is indicated if we are to assume that it was built according to the
design drawings, then it has certainly settled fairly uniformly, as there are no visual indications
of differential settlements and the face of both abutments still appear to be vertical. Probable
the true load on the organic silt in front of the abutment, is somewhere between the average
value calculated of 30 kPa and 46 kPa as the boulder fill is semi-rigid. The would mean that
FS calculated above is conservative.

SLIDING AND OVERTURNING

Failure of the abutment against sliding was calculated to be over 3 and the eccentricity of the
abutment reaction was within 1/12 of the centre of its base. This means the fill height behind
the abutment can be raised another 300 mm without fair of sliding failure or overturning.

DISCUSSION AND RECOMMENDATIONS

The existing bridge has been in place for over 60 years. No significant uneven settlement or
any lateral movement of the abutments are noticeable. The existing factor of safety of the bridge
from a bearing capacity point appears to be lower than that permitted by the Ontario Bridge
Design Code. Significant settlement (250 mm) has occurred over the years if we are to assume
that the bridge was built according to the design drawings. Settlement of the bridge and its
approaches have apparently been uniform and no damage has resulted in the bridge from such
settlement.

However, the soils found at the sides of the two abutments from the boreholes drilled indicate
that only one of the abutments sits on the soft organic silt, as shown on the profile of the
boreholes extended under the abutments. If this is the case then it is unlikely that settlement
would have been uniform. Possibly the soil profile is incorrect, or it could be that during the
placement of the boulder fill, the fill in the cribbing punctured and displaced the organic silt
layer and that both abutments are seated on the sandy silt and silty sand below or very close to
it. This would mean that the bridge was not constructed according to the design drawings. If
this is the cause, then the factors of safety given above would be much higher and settlement
would have been much smaller.
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FOUNDATION INVESTIGATION AND DESIGN REPORT
FOR
CLARE RIVER BRIDGE REHABILITATION
WP 48-94-01, SITE 17-16
HIGHWAY 41, DISTRICT 41, KINGSTON

INTRODUCTION

Canada Engineering Services Inc., has been retained by the Foundation Design Section of the
Ministry of Transportation of Ontario to carry out a foundation investigation for the Clare River
Bridge Rehabilitation located across highway 41 in the Kingston Area. The project required
conducting a geological investigation of the soils at the site and carrying out a visual survey of
the existing structure and its approach embankments to plan construction of foundation elements
and the immediate approach embankments.

SITE DESCRIPTION

The site is the Clare River Bridge across Highway 41, 32.7 km north of highway 401 and south
of McGuire Settlement. The existing structure was built in 1938, replacing a single lane
structure. At that time the existing abutments were widened on both sides to accommodate two
lanes of traffic. The original abutments were founded on timber cribbing while the extensions
were placed on rock fill. The approach embankments were also constructed on rock fill, The
elevations of both approaches and the existing bridge are approximately the same. The side
slopes of the embankments appear to be from 1:2 to 1:4 vertical to horizontal. The bridge
crosses the Clare River at a fairly narrow part of the river.

PROCEDURE

The subsurface investigation consisted of drilling 2 boreholes, one alongside each abutment. The
boreholes were advanced by wash boring techniques using a truck mounted C.M.E. 55 drill rig,
Visual inspection of the bridge abutments, its approaches, embankments and abutments were
carried out concurrent with the drilling operations which were done on June 3 and 4, 1996.

The locations and elevations of the boreholes were established by us in the field and then the
coordinates of the boreholes were established by MTO staff and provided to us. The borehole
locations were plotted from these coordinates. The boreholes were put down at the locations
shown on drawing number 309-96-1 attached.
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The bridge deck was cored through at borehole number 1 in front of the north abutment and the
borehole through the rock fill below was advanced by wash boring with NW casing. An attempt
made to obtain undisturbed shelby tube soil samples in the soft organic silt seam was
unsuccessful and subsequently disturbed samples were obtained by means of a split-spoon
sampler, in accordance with the requirements of the Standard Penetration Test, (CSA test
specifications A119.1). Split spoon samples were also taken in the Silt and Sand layers found
below. Bedrock was encountered at a depth of 8.8 m and was cored through to 11.0 m where
the borehole was terminated.

Originally borehole 2 was intended to be placed in front of the south abutment, but after
reviewing the data obtained from borehole number one, it was decided to locate borehole 2
behind this abutment so as to obtain a better representation of the soils profile. Borehole 2 was
advanced by auger through the first 1 m and then by NW casing through the rock fill layer.
Field vane tests were carried out as soon as the organic silt was encountered and this was
followed by a split spoon sampler to recover the sample penetrated by the vane. A shelby tube
sample was taken immediately after but was unfortunately found to be disturbed upon extraction.
Split spoon samples were subsequently taken to refusal. After refusal an NQ core barrel was
used to core through what appeared to be either boulders or weathered bedrock. The borehole
had to be terminated at a depth of 14.7 m after the casing and bit ceased below and had to be
sealed in the borehole.

The samples recovered were logged in the field and they were subsequently brought to our
laboratory where further visual examination, and classification were carried out. Moisture
content tests, grain size analyses and Atterberg Limit and unit weight tests were carried out on
selected samples. The results of these tests are shown on the borehole logs numbers 1 and 2 and
on figures 1, 2 and 3. The location and elevation of the boreholes are shown on drawing
number 96-309-1 attached. A soil profile through borehole numbers 1 and 2 are also shown
on this drawing. .

DESCRIPTION OF SUBSURFACE CONDITIONS

Borehole number 1 was advanced through the concrete deck of the bridge. This was followed
by free space down to a depth of 2.65 m, where the water level of the river was located. Below
the water level the river surface was found at 2.5 m which consisted of rock fill. The rock fill
was found to extend down to a depth of 4.9 m. Below the rock fill was a layer of soft organic
silt which extended down to a depth of 6.4 m. This layer was sandy, clayey, of high plasticity
and was dark grey in colour and wet. Below this was a layer of silty sand with some clay. It
was non plastic, grey stiff and wet and extended down to a depth of 7.0 m. This layer in turn
was underlain by a layer of fine to medium sand, with occasional boulders, grey in colour, loose
to dense and wet. This sand layer extended down to a depth of 8.8 m where a granitic gneiss
bedrock was found. The bedrock was cored down to a depth of 11.0 m where the borehole was
terminated. The bedrock was sound with an RQD of 95 %.



Borehole 2 was advanced through the upper 1 m of asphalt and gravel surficial fill by a solid
stem auger. Below this, granitic gneiss rock fill was encountered and the borehole was advanced
by means of coring as required and wash boring with NW casing. At a depth of 3.35 m, timber
cuttings were obtained from the wash water together with wood cuttings. This continued down
to 6.86 m and thereafter only boulders were found down to a depth of 7.47 m. The timber
cuttings were very likely the result of intercepting the timber cribbing and the depths that they
were found are fairly consistent with the depths of the cribbing shown on the design drawings.
The organic silt found in borehole 1 was also found below the rock fill layer in borehole 2 but
at a depth of 7.47 m. Field vane tests were taken in this organic silt and a shear strength of 25
kPa was obtained with a sensitivity of 1.3 to 2.8.

The organic silt extended down to a depth of 8.6 m and was underlain by a layer of sandy silt
with a trace of clay. This layer was non plastic, grey in colour, loose to compact and wet and
it extended down to a depth of 9.75 m. Below this sandy silt was a layer of fine to medium
sand, with some silt and boulders and a trace of clay. It was grey, loose to compact, wet and
extended down to 13.00 m below ground surface. Below this was a layer of boulders or
possibly weathered bedrock. No recovery was obtained as the core barrel could not be
retrieved. The borehole was terminated at 14.7 m. Detailed soil profiles are shown on the
borehole logs and grain size analyses are shown on figures 1 and 2. Plasticity index properties
for the organic silt are shown on figure number 3.

Asphalt, concrete and granular road base (Fill)

At borehole 1 there was a concrete deck 250 mm thick which appeared to be in sound condition,
while at borehole 2 the surficial fill consisted of 150 mm asphalt cap over 850 mm granular base
material. The granular base was in a compact state and extended down to a depth of 1.0 m or
elevation 169.38 m in borehole number 2. The surface asphalt along both approaches were
generally in good condition except adjacent to the north abutment where some signs of distress
were observed.

Rock (Fill)

The rock fill consisted of various sizes. In borehole number 1, the rock fill was penetrated
through rather easily by wash boring from 2.5 m to 4.9 m (elevations 167.9 m to 165.5 m)
below the bridge deck surface. However in borehole 2 the rocks were of larger sizes, some
other 600 mm in diameter and had to be cored through, Coring through the rocks were difficult
and slow. The cored pieces recovered from borehole number 2 were granitic gneiss. The rock
fill in borehole 2 was found between 1.0 m and 7.47 m depth below ground surface (between
elevations 169.38 m and 162.91 m).



Organic Silt

The soil of primary concern at this site is the organic silt with a high sand content and some
clay. The natural moisture contents of this stratum exceeded its liquid limits. From the design
drawings this is the founding soil at the site. However, from the data obtained from borehole
number 1, this soil was just above the timber cribbing between 4.9 m and 6.4 m below the
bridge deck (between elevations 165.5 m and 164.0 m), while at borehole number 2 it was found
at the base of the cribbing, between depths of 7.47 m and 8.6 m from ground surface (between
elevations 162.91 m and 161.78 m). This soil was soft enough to permit the shelby tube to be
hand pushed in both boreholes. Upon retrieval the shelby tube sample was lost from borehole
number 1 and had to be retrieved by a split spoon while the sample recovered from borehole
number 2 was later found to be disturbed upon extraction.

The following properties of this organic silt were determined in the laboratory:

BH# - SA# Water Content (%) Liquid Limit(%) Plastic Limit(%) Unit Weight(kN/cu. m)

1 1 103 88.0 23.5

2 1 94,7 90.0 23.0 14.3
2 2A 92.4 89.3 23.1 14.2
2 2B 2/~ 7% U

Liquid limit tests on the organic silt were carried on both oven dried and naturally dried
samples. The oven dried liquid limits were approximately 60% lower than those obtained from
the naturally dried samples which indicates that there is an organic content in the silt.

Two vane tests were carried out in borehole number 2 between depths of 7.5 m and 8.0 m
(elevations 162.88 m and 162.38 m) and both tests gave a shear strength of 25 kPa with
sensitivities of 1.8 to 2.3.

Silty Sand

The silty sand was found to be the founding soil for borehole number 1 for the north abutment.
It was clayey, non plastic, loose and was only 600 mm thick with a natural water content of 34.6
percent, unit weight of 18.6 kN/cu. m and an “N” value of 3. It was found at a depth of 6.4
m to 7.0 m below the bridge deck surface (elevation 164.0 m to 163.4 m).

Sandy Silt
The sandy silt layer was found immediately below the organic silt in borehole number 2 at a

depth of 8.6 m (elevation 161.78 m) below ground surface and extended down to a depth of 9.75
m (elevation 160.63 m) Its moisture content was 31.4 percent and its “N” value was 9.



Sand

Sand was found in both borehole numbers 1 and 2 at depths of 7.0 m and 9.75 m respectively
(elevations 163.4 m and 160.63 m) and extended down to depths of 8.8 m and 13.0 m
(elevations 161.60 m to 157.38 m). This sand layer was fine to medium, with boulders. The
natural water contents ranged from 16.4 to 23.4 percent and the “N” values ranged from 7 to
49. However, these values were likely affected by the presence of boulders and water pressure
from sampling below the water table,

Bedrock

Bedrock was found in borehole number 1 at a depth of 8.8 m ( elevation 161.60 m) and was
cored down to a depth of 11.0 m (elevation 159.40 m). The bedrock was sound and consisted
of a granitic gneiss.

Boulders/Weathered Bedrock

What appeared to be either boulders or weathered bedrock were found in borehole number 2 at
a depth of 13.00 m (elevation 157.38 m). This was cored down to a depth of 14.7 m (elevation
155.68 m) where the borehole was terminated due to excessively high resistance to coring. No
cores were recovered as the casing and core barrel could not be retrieved from the borehole and
were eventually sealed in after several hours were spent trying to withdraw them.

GROUNDWATER

As the rock fill is permeable the ground water in both boreholes will essentially be the same as
the river water level. The river water level on June 3, 1996 was found at a depth below the
bridge deck of 2.6 m elevation 167.8 m) and on September 10, 1996 at a depth of 1.7 m
(elevation 168.7). High water level is recorded at elevation 169.01 m or a depth of 1.4 m
below the bridge deck level.



DISCUSSION AND RECOMMENDATIONS

The existing bridge has been in place for over 60 years. Per the available drawings the bridge
was founded on timber cribbings and rock fill. The width of the concrete bridge abutments is
3 m while the length is 12 m. The length of the bridge between the outer faces of the concrete
abutments is 18.7 m. The bridge consists of two traffic lanes and a pedestrian side walk. The
deck of the bridge consists of asphalted concrete over a concrete base supported by steel beams.

The current cribbing and rock fill are presumed to be founded on the organic silt at 163.2 m.
Construction of a larger heavier deck and abutments for the existing bridge are being
contemplated and it is required to be known whether the existing foundations are capable of
supporting additional loads. The proposed new design loads are at this time unknown.

Structure Foundations

Based on the subsoil conditions found at the boreholes drilled, additional foundation loads are
feasible at this site. The major concern is the performance of the organic silt layer found in both
boreholes close to the base of the rock fill and timber cribbing, between elevations 165.5 m and
164.0 m at borehole number 1 and between elevations 162.91 m and 161.78 m at borehole
number 2. However, this layer is only 1.1 m to 1.5 m thick and settlement is not necessarily
the most critical factor. To substantiate this we noted that the bridge deck is currently 250 mm
lower than its design elevation of 170.73 m as per the design drawings provided.

Settlement

Stresses at point locations were determined by the formulae by Davis & Poulos by the method
of superimposition. It was assumed that nearly all settlement were within the organic silt layer.
Stresses at the centre and top of the organic silt layer were determined at both borehole
locations. The water contents of the samples obtained at these locations were then used to
estimate the values of void ratios assuming a normally consolidated silt. The difference in void
ratios were equated to the difference in stresses between the two boreholes. From this value the
compression index of the organic silt was estimated at approximately 1. This compression
index was also determined at borehole number one from the calculated settlement of the bridge
as per the original design drawings from 1937. These two ways of determining the compression
index produced a value of close agreement and since no samples were available for consolidation
testing this value of compression index above was used to estimate settlements for an increase
in load of 10 percent in the abutments and bridge deck. From these calculations bearing
capacities were then determined for the serviceability limit states Type II condition.



Bearing Capacities

The stresses generated in the organic silt layer were calculated at both borehole locations by
stress distribution formulae by Davis and Poulos and also by assuming that the approach fill
embankments were sloping at 2 : 1 horizontal to vertical.

The stresses were also calculated on the basis that the load from the abutment load was
distributed by the rock fill over a 1H : 2V slope and that the weight of the fill itself was
distributed along slopes of 2H ; 1V.

The stabilities of the slopes in front of the abutments together with the abutments were also
checked for sliding failure. Based on these calculations and the performance of the structure
over the last 60 years bearing capacity values were determined.

In accordance with Ontario Highway Bridge Design Code the following design values are
recommended for the footings at the base of the timber cribbing and rock fill for both abutments:

Bearing Capacity at Servicibility Factored Bearing Capacity Elevation
Limit States Type I (Kpa) At Ultimate Limit States (Kpa) (m)
60 100 163.5 - 162.0

For the rock fill where the concrete abutments are founded the recommended design values for
purposes of the O.H.B.D.C., the following design values are recommended assuming that the
bases will be the same sizes and at the same locations:

Bearing Capacity at Serviceability Factored Bearing Capacity Elevation
Limit States Type II  (Kpa) At Ultimate Limit States (Kpa) (m)
140 900 168 - 167.5

It is important to note that changing the locations or sizes of the existing abutment footings will
alter the design values given above as different locations and sizes of the footings will have
different bearing capacities which may be controlled by the organic silt layer .

Settlement caused by additional loads to the existing foundations will be time dependent because
of the compressible organic silt. Total and differential settlements based on the above values
are expected to be within the tolerable limits of construction of 25 mm and 19 mm respectively,
provided the organic silt is not disturbed by any activities associated with construction.



From our calculations the values provided above represents a 10 percent increase of the loads
of the bridge, i.e. abutments and deck. Therefore we recommend that the existing structure be
rehabilitated providing that the additional loads be kept to a maximum increase of 10 % of the
current loads from the existing bridge.

Lateral Resistance

Resistance to sliding of the abutments along the base of the rock fill can be calculated based on
an angle of friction of 35° while resistance to sliding or slope failure within the organic silt may
be calculated based on a shear strength of 11.4 kPa in accordance with the O.H.B.D.C. at
U.L.S.

Lateral Earth Pressures

Lateral earth pressures for the rock fill should be computed in accordance the O.H.B.D.C.,
Section 6.6.1.2. The design parameters are as follows:

Angle of internal friction (degrees) 35
Unit Weight (KN/cu, m.) 22

For a yielding structure, the active condition (Ka) may be assumed to apply while for rigid and
unyielding structures, the at rest condition (Ko) should apply.

Approach Embankments

Per the original design drawings the existing approach embankments are about 7 m high but only
about 4 m above the original river bed surface. The current side slopes of the embankments
vary from 1:2 to 1:3 being steepest closest to the abutment. The slopes in front of the
abutments, though are only 1:4 vertical to horizontal. Neither abutments show any signs of
rotational failure or of uneven settlement.

The approaches at their current elevations appeared to have settled about an inch with respect
to the abutments and there is some signs of distress (longitudinal cracks) along the centre line
of the approaches. Some alligator cracking were found just to the north of the north abutment
indicating some type of subgrade failure. Possibly there is some lateral displacement of the
organic silt occurring from the weight of the fill along the steeper 1:2 side slopes. It is
recommended that these side slopes be flattened to 1.3 if heavier loads are used for the modified
bridge and particularly if the approach height is raised. In any event it is not recommended that
the approach height be raised higher than 300 mm above its current height at any point. Further
if the approach heights are raised they should be preloaded for a period of three months prior
to new construction.



MISCELLANEOUS

The field work for this investigation was carried out under the supervision of R. Jagdat. The
equipment used was owned and operated by Marathon Drilling (1994).

The laboratory work and report for this project was performed by Mahendran Raja and it was
supervised and reviewed by R. Jagdat, Principal Engineer.

Submitted by
CANADA ENGINEERING SERVICES INC.
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Rajeg,,Nfé’h/éndran, P.Eng.

@M’

dat, P. Eng.
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FOUNDATION INVESTIGATION AND DESIGN REPORT
FOR
CLARE RIVER BRIDGE REHABILITATION
WP 48-94-01, SITE 17-16
HIGHWAY 41, DISTRICT 41, KINGSTON

INTRODUCTION

Canada Engineering Services Inc., has been retained by the Foundation Design Section of the
Ministry of Transportation of Ontario to carry out a foundation investigation for the Clare River
Bridge Rehabilitation located across highway 41 in the Kingston Area. The project required
conducting a geological investigation of the soils at the site and carrying out a visual survey of
the existing structure and its approach embankments to plan construction of foundation elements
and the immediate approach embankments.

SITE DESCRIPTION

The site is the Clare River Bridge across Highway 41, 32.7 km north of highway 401 and south
of McGuire Settlement. The existing structure was built in 1938, replacing a single lane
structure. At that time the existing abutments were widened on both sides to accommodate two
lanes of traffic. The original abutments were founded on timber cribbing while the extensions
were placed on rock fill. The approach embankments were also constructed on rock fill. The
elevations of both approaches and the existing bridge are approximately the same.  The side
slopes of the embankments appear to be from 1:2 to 1:4 vertical to horizontal. The bridge
crosses the Clare River at a fairly narrow part of the river,

PROCEDURE

The subsurface investigation consisted of drilling 2 boreholes, one alongside each abutment. The
boreholes were advanced by wash boring techniques using a truck mounted C.M.E. 55 drill rig.
Visual inspection of the bridge abutments, its approaches, embankments and abutments were
carried out concurrent with the drilling operations which were done on June 3 and 4, 1996.

The locations and elevations of the boreholes were established by us in the field and then the
coordinates of the boreholes were established by MTO staff and provided to us. The borehole
locations were plotted from these coordinates. The boreholes were put down at the locations
shown on drawing number 309-96-1 attached.



The bridge deck was cored through at borehole number 1 in front of the north abutment and the
borehole through the rock fill below was advanced by wash boring with NW casing. An attempt
made to obtain undisturbed shelby tube soil samples in the soft organic silt seam was
unsuccessful and subsequently disturbed samples were obtained by means of a split-spoon
sampler, in accordance with the requirements of the Standard Penetration Test, (CSA test
specifications A119.1). Split spoon samples were also taken in the Silt and Sand layers found
below. Bedrock was encountered at a depth of 8.8 m and was cored through to 11.0 m where
the borehole was terminated.

Originally borehole 2 was intended to be placed in front of the south abutment, but after
reviewing the data obtained from borehole number one, it was decided to locate borehole 2
behind this abutment so as to obtain a better representation of the soils profile. Borehole 2 was
advanced by auger through the first 1 m and then by NW casing through the rock fill layer.
Field vane tests were carried out as soon as the organic silt was encountered and this was
followed by a split spoon sampler to recover the sample penetrated by the vane. A shelby tube
sample was taken immediately after but was unfortunately found to be disturbed upon extraction.
Split spoon samples were subsequently taken to refusal. After refusal an NQ core barrel was
used to core through what appeared to be either boulders or weathered bedrock. The borehole
had to be terminated at a depth of 14.7 m after the casing and bit ceased below and had to be
sealed in the borehole.

The samples recovered were logged in the field and they were subsequently brought to our
laboratory where further visual examination, and classification were carried out. Moisture
content tests, grain size analyses and Atterberg Limit and unit weight tests were carried out on
selected samples. The results of these tests are shown on the borehole logs numbers 1 and 2 and
on figures 1, 2 and 3. The location and elevation of the boreholes are shown on drawing
number 96-309-1 attached. A soil profile through borehole numbers 1 and 2 are also shown
on this drawing,

DESCRIPTION OF SUBSURFACE CONDITIONS

Borehole number 1 was advanced through the concrete deck of the bridge. This was followed
by free space down to a depth of 2,65 m, where the water level of the river was located. Below
the water level the river surface was found at 2.5 m which consisted of rock fill. The rock fill
was found to extend down to a depth of 4.9 m. Below the rock fill was a layer of soft organic
silt which extended down to a depth of 6.4 m. This layer was sandy, clayey, of high plasticity
and was dark grey in colour and wet. Below this was a layer of silty sand with some clay, It
was non plastic, grey stiff and wet and extended down to a depth of 7.0 m. This layer in turn
was underlain by a layer of fine to medium sand, with occasional boulders, grey in colour, loose
to dense and wet. This sand layer extended down to a depth of 8.8 m where a granitic gneiss
bedrock was found. The bedrock was cored down to a depth of 11.0 m where the borehole was
terminated. The bedrock was sound with an RQD of 95 %.



Borehole 2 was advanced through the upper 1 m of asphalt and gravel surficial fill by a solid
stem auger. Below this, granitic gneiss rock fill was encountered and the borehole was advanced
by means of coring as required and wash boring with NW casing. At a depth of 3.35 m, timber
cuttings were obtained from the wash water together with wood cuttings. This continued down
to 6.86 m and thereafter only boulders were found down to a depth of 7.47 m. The timber
cuttings were very likely the result of intercepting the timber cribbing and the depths that they
were found are fairly consistent with the depths of the cribbing shown on the design drawings.
The organic silt found in borehole 1 was also found below the rock fill layer in borehole 2 but
at a depth of 7.47 m. Field vane tests were taken in this organic silt and a shear strength of 25
kPa was obtained with a sensitivity of 1.3 to 2.8.

The organic silt extended down to a depth of 8.6 m and was underlain by a layer of sandy silt
with a trace of clay. This layer was non plastic, grey in colour, loose to compact and wet and
it extended down to a depth of 9.75 m. Below this sandy silt was a layer of fine to medium
sand, with some silt and boulders and a trace of clay. It was grey, loose to compact, wet and
extended down to 13.00 m below ground surface. Below this was a layer of boulders or
possibly weathered bedrock. No recovery was obtained as the core barrel could not be
retrieved. The borehole was terminated at 14,7 m. Detailed soil profiles are shown on the
borehole logs and grain size analyses are shown on figures 1 and 2. Plasticity index properties
for the organic silt are shown on figure number 3.

Asphalt, concrete and granular road base (Fill)

At borehole 1 there was a concrete deck 250 mm thick which appeared to be in sound condition,
while at borehole 2 the surficial fill consisted of 150 mm asphalt cap over 850 mm granular base
material. The granular base was in a compact state and extended down to a depth of 1.0 m or
elevation 169.38 m in borehole number 2. The surface asphalt along both approaches were
generally in good condition except adjacent to the north abutment where some signs of distress
were observed.

Rock (Fill)

The rock fill consisted of various sizes. In borehole number 1, the rock fill was penetrated
through rather easily by wash boring from 2.5 m to 4.9 m (elevations 167.9 m to 165.5 m)
below the bridge deck surface. However in borehole 2 the rocks were of larger sizes, some
other 600 mm in diameter and had to be cored through. Coring through the rocks were difficult
and slow. The cored pieces recovered from borehole number 2 were granitic gneiss. The rock
fill in borehole 2 was found between 1.0 m and 7.47 m depth below ground surface (between
elevations 169.38 m and 162.91 m). '



Organic Silt

The soil of primary concern at this site is the organic silt with a high sand content and some
clay. The natural moisture contents of this stratum exceeded its liquid limits. From the design
drawings this is the founding soil at the site. However, from the data obtained from borehole
number 1, this soil was just above the timber cribbing between 4.9 m and 6.4 m below the
bridge deck (between elevations 165.5 m and 164.0 m), while at borehole number 2 it was found
at the base of the cribbing, between depths of 7.47 m and 8.6 m from ground surface (between
elevations 162.91 m and 161.78 m). This soil was soft enough to permit the shelby tube to be
hand pushed in both boreholes. Upon retrieval the shelby tube sample was lost from borehole
number 1 and had to be retrieved by a split spoon while the sample recovered from borehole
number 2 was later found to be disturbed upon extraction.

The following properties of this organic silt were determined in the laboratory:

BH# - SA# Water Content (%) Liquid Limit(%) Plastic Limit(%) Unit Weight(kN/cu. m)

1 1 103 88.0 23.5 -
2 1 94.7 90.0 23.0 14.3
2 2A 92.4 89.3 23.1 14.2
2 2B 751 e e e

Liquid limit tests on the organic silt were carried on both oven dried and naturally dried
samples. The oven dried liquid limits were approximately 60% lower than those obtained from
the naturally dried samples which indicates that there is an organic content in the silt.

Two vane tests were carried out in borehole number 2 between depths of 7.5 m and 8.0 m
(elevations 162.88 m and 162.38 m) and both tests gave a shear strength of 25 kPa with
sensitivities of 1.8 to 2.3.

Silty Sand

The silty sand was found to be the founding soil for borehole number 1 for the north abutment.
It was clayey, non plastic, loose and was only 600 mm thick with a natural water content of 34.6
percent, unit weight of 18.6 kN/cu. m and an “N” value of 3. It was found at a depth of 6.4
m to 7.0 m below the bridge deck surface (elevation 164.0 m to 163.4 m).

Sandy Silt
The sandy silt layer was found immediately below the organic silt in borehole number 2 at a

depth of 8.6 m (elevation 161.78 m) below ground surface and extended down to a depth of 9.75
m (elevation 160.63 m) Its moisture content was 31.4 percent and its “N” value was 9.



Sand

Sand was found in both borehole numbers 1 and 2 at depths of 7.0 m and 9.75 m respectively
(elevations 163.4 m and 160.63 m) and extended down to depths of 8.8 m and 13.0 m
{elevations 161.60 m to 157.38 m). This sand layer was fine to medium, with boulders. The
natural water contents ranged from 16.4 to 23.4 percent and the “N” values ranged from 7 to
49. However, these values were likely affected by the presence of boulders and water pressure
from sampling below the water table.

Bedrock

Bedrock was found in borehole number 1 at a depth of 8.8 m ( elevation 161.60 m) and was
cored down to a depth of 11.0 m (elevation 159.40 m). The bedrock was sound and consisted
of a granitic gneiss.

Boulders/Weathered Bedrock

What appeared to be either boulders or weathered bedrock were found in borehole number 2 at
a depth of 13.00 m (elevation 157.38 m). This was cored down to a depth of 14.7 m (elevation
155.68 m) where the borehole was terminated due to excessively high resistance to coring. No
cores were recovered as the casing and core barrel could not be retrieved from the borehole and
were eventually sealed in after several hours were spent trying to withdraw them.

GROUNDWATER

As the rock fill is permeable the ground water in both boreholes will essentially be the same as
the river water level. The river water level on June 3, 1996 was found at a depth below the
bridge deck of 2.6 m elevation 167.8 m) and on September 10, 1996 at a depth of 1.7 m
(elevation 168.7). High water level is recorded at elevation 169.01 m or a depth of 1.4 m
below the bridge deck level.



DISCUSSION AND RECOMMENDATIONS

The existing bridge has been in place for over 60 years. Per the available drawings the bridge
was founded on timber cribbings and rock fill. The width of the concrete bridge abutments is
3 m while the length is 12 m. The length of the bridge between the outer faces of the concrete
abutments is 18.7 m. The bridge consists of two traffic lanes and a pedestrian side walk. The
deck of the bridge consists of asphalted concrete over a concrete base supported by steel beams.

The current cribbing and rock fill are presumed to be founded on the organic silt at 163.2 m.
Construction of a larger heavier deck and abutments for the existing bridge are being
contemplated and it is required to be known whether the existing foundations are capable of
supporting additional loads. The proposed new design loads are at this time unknown.

Structure Foundations

Based on the subsoil conditions found at the boreholes drilled, additional foundation loads are
feasible at this site. The major concern is the performance of the organic silt layer found in both
boreholes close to the base of the rock fill and timber cribbing, between elevations 165.5 m and
164.0 m at borehole number 1 and between elevations 162.91 m and 161.78 m at borehole
number 2. However, this layer is only 1.1 m to 1.5 m thick and settlement is not necessarily
the most critical factor. To substantiate this we noted that the bridge deck is currently 250 mm
lower than its design elevation of 170.73 m as per the design drawings provided.

Settlement

Stresses at point locations were determined by the formulae by Davis & Poulos by the method
of superimposition. It was assumed that nearly all settlement were within the organic silt layer.
Stresses at the centre and top of the organic silt layer were determined at both borehole
locations. The water contents of the samples obtained at these locations were then used to
estimate the values of void ratios assuming a normally consolidated silt. The difference in void
ratios were equated to the difference in stresses between the two boreholes. From this value the
compression index of the organic silt was estimated at approximately 1. This compression
index was also determined at borehole number one from the calculated settlement of the bridge
as per the original design drawings from 1937. These two ways of determining the compression
index produced a value of close agreement and since no samples were available for consolidation
testing this value of compression index above was used to estimate settlements for an increase
in load of 10 percent in the abutments and bridge deck. From these calculations bearing
capacities were then determined for the serviceability limit states Type II condition.



Bearing Capacities

The stresses generated in the organic silt layer were calculated at both borehole locations by
stress distribution formulae by Davis and Poulos and also by assuming that the approach fill
embankments were sloping at 2 : 1 horizontal to vertical.

The stresses were also calculated on the basis that the load from the abutment load was
distributed by the rock fill over a 1H : 2V slope and that the weight of the fill itself was
distributed along slopes of 2H : 1V.

The stabilities of the slopes in front of the abutments together with the abutments were also
checked for sliding failure. Based on these calculations and the performance of the structure
over the last 60 years bearing capacity values were determined.

In accordance with Ontario Highway Bridge Design Code the following design values are
recommended for the footings at the base of the timber cribbing and rock fill for both abutments:

Bearing Capacity at Servicibility Factored Bearing Capacity Elevation
Limit States Type I (Kpa) At Ultimate Limit States (Kpa) (m)
60 100 163.5 - 162.0

For the rock fill where the concrete abutments are founded the recommended design values for
purposes of the O.H.B.D.C., the following design values are recommended assuming that the
bases will be the same sizes and at the same locations:

Bearing Capacity at Serviceability Factored Bearing Capacity Elevation
Limit States Type II  (Kpa) At Ultimate Limit States (Kpa) (m)
140 900 168 - 167.5

It is important to note that changing the locations or sizes of the existing abutment footings will
alter the design values given above as different locations and sizes of the footings will have
different bearing capacities which may be controlled by the organic silt layer .

Settlement caused by additional loads to the existing foundations will be time dependent because
of the compressible organic silt. Total and differential settlements based on the above values
are expected to be within the tolerable limits of construction of 25 mm and 19 mm respectively,
provided the organic silt is not disturbed by any activities associated with construction.



From our calculations the values provided above represents a 10 percent increase of the loads
of the bridge, i.e. abutments and deck. Therefore we recommend that the existing structure be
rehabilitated providing that the additional loads be kept to a maximum increase of 10 % of the
current loads from the existing bridge.

Lateral Resistance

Resistance to sliding of the abutments along the base of the rock fill can be calculated based on
an angle of friction of 35° while resistance to sliding or slope failure within the organic silt may
be calculated based on a shear strength of 11.4 kPa in accordance with the O.H.B.D.C. at
U.L.S.

Lateral Earth Pressures

Lateral earth pressures for the rock fill should be computed in accordance the O.H.B.D.C.,
Section 6.6.1.2. The design parameters are as follows:

Angle of internal friction (degrees) 35
Unit Weight (KN/cu. m.) 22

For a yielding structure, the active condition (Ka) may be assumed to apply while for rigid and
unyielding structures, the at rest condition (Ko) should apply.

Approach Embankments

Per the original design drawings the existing approach embankments are about 7 m high but only
about 4 m above the original river bed surface. The current side slopes of the embankments
vary from 1:2 to 1:3 being steepest closest to the abutment. The slopes in front of the
abutments, though are only 1:4 vertical to horizontal, Neither abutments show any signs of
rotational failure or of uneven settlement.

The approaches at their current elevations appeared to have settled about an inch with respect
to the abutments and there is some signs of distress (longitudinal cracks) along the centre line
of the approaches. Some alligator cracking were found just to the north of the north abutment
indicating some type of subgrade failure. Possibly there is some lateral displacement of the
organic silt occurring from the weight of the fill along the steeper 1:2 side slopes. It is
recommended that these side slopes be flattened to 1.3 if heavier loads are used for the modified
bridge and particularly if the approach height is raised. In any event it is not recommended that
the approach height be raised higher than 300 mm above its current height at any point. Further
if the approach heights are raised they should be preloaded for a period of three months prior
to new construction.



MISCELLANEOUS

The field work for this investigation was carried out under the supervision of R. Jagdat. The
equipment used was owned and operated by Marathon Drilling (1994).

The laboratory work and report for this project was performed by Mahendran Raja and it was
supervised and reviewed by R. Jagdat, Principal Engineer.

Submitted by
CANADA ENGINEERING SERVICES INC.

LR L

Raja Mah ndran, P.Eng.
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at, P. Eng.
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MEMO®RANDUM ®

Ontario

To: Q.M. Islam, P. Eng.. May 12, 1997

Sr. Structural Engineer

Eastern Region
Attn: D, Kerr, P Eng.

Structural Engineer
From: Pavements and Foundations Section Tel: (416) 235-5267

Room 315, Central Bldg. Fax:  (416)235-5240

Re: Foundation Investigation Report
Clare River Bridge Rehabilitation
District 41, Kingston

In response to your memoranda dated May 6, 1997 and May 9, 1997, our office has undertaken a
technical review of the foundation design at the above mentioned site. Applied loads and bearing
pressures submitted by McNeely Engineering Consultants have been reviewed and our comments are
contained in this memorandum.

Background

The existing foundations at the site are supported by timber cribbing and rock fill that was placed on
the native soil. The elevation at the interface of the base of the concrete abutment and the rock fill
is approximately 167.5. The elevation at the interface of the organic silt and base of the crib wall is
approximately 162.5 m.

The native soil is comprised of a surficial thickness of organic silt of thickness up to approximately
1.5 metres, underlain by a silty sand to sandy silt stratum approximately 0.6 mto 1.15 m thickness.
This stratum is in turn underlain by a loose to compact sand deposit of thickness ranging from 1.8 m
to 3.25m.

The overburden at the site is underlain by granite gneiss bedrock.

Calculation of Additional Bearing Pressure on Native Soil

In their letter dated May 6, 1997, McNeely Engineering Consultants Ltd enclosed a summary of
calculated stresses at the underside of the existing abutment. The calculations reveal an increase of
bearing stress at the footing - rock fill crib interface equivalent to 12 kPa and 13 kPa at the SLS and
ULS respectively incorporating applicable OHBDC loading factors. Based on a Boussinesq stress
distribution solution, it is estimated that the additional stress imposed on the native soil will be in the
order of 5 kPa.




® ? ®

Foundation Bearing Resistance

For purposes of the OHBDC, the following bearing resistances are provided at the concrete
abutment/rock fill interface

Factored Bearing Resistance at ULS 300 kPa
Bearing Resistance at SLS 200 kPa

For the above mentioned bearing pressures, it is predicted that the additional stress imposed on the
native soil will induce a total settlement of up to 25 to 30 mm. Differential settlements up to 20 mm
could be expected.

We trust that the above comments are sufficient for your purposes. If you have any questions
please do not hesitate to contact this office.

T. Sangiuliario, P. Eng.
Foundation Engineer

for

D. Dundas, P. Eng.
Senior Foundation Engineer
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Ontario
To: H. Kleywegt, P. Eng.. May 1, 1997
Senior Structural Engineer, Structural Section '
Eastern Region
Attn;  D. Kerr, P. Eng.
Structural Engineer
From: Pavements and Foundations Section Tel: (416) 235-5267
Room 315, Central Bldg. Fax:  (416) 235-5240
Re: Foundation Dési’gn Report - Bearing Resistance at Existing Timber Crib

Clare River Bridge Rehabilitation
District 41, Kingston

As requested in your memorandum dated April 7, 1997, our office has coordinated the review of
McNeely Engineering Consultant’s comments regarding the calculated bearing pressures at the crib-
native soil interface. Attached please find Canada Engineering Services Inc. addendum letter dated
May 1, 1997 that clarifies the load distribution through the rockfill. Canada Engineering Services
have revised their bearing capacities accordingly.

We trust the information contained in Canada Engineering’s letter is sufficient for your purposes. If
you have any questions, please do not hesitate to contact this office.

J

T. Sangiuliano, P. Eng.
Foundation Engineer

for

D. Dundas, P. Eng.
Senior Foundation Engineer
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CANADA ENGINEERING SERVICES INC.
CONSULTING ENGINEERS

28 ‘Road, Scarborough, Ontarlo M1K 3A7
Tol: 418 757 2211 Fax: 416 750 3928 E-mail: ces@intertog.com

May 1, 1997 ; Report No. 309-6
Ministry of Transportation of Putario
Pavements and foundations Seeti
Room 315, Central Building ||
1201 Wilson Avenue
Downsview, Ontario
M3M U8
Attention: Mr. Dave Dund gl’.Eng.
ADDENBUM
FOUNDATIQN INVESTIGATION AND DESIGN REPORT
FOR CLARE RIVER BRIDGE REHABILITATION
. WP 48-94-01, SITE 17-16
S I IEW A : [N I EE . ] 4 R INNESLE N
Dear Mr. Dundas:
We have reviewed the lettsf you forwarded us from the structural consultants, McNeely

Engineering Consultants damaApml,xsm, their calculated bearing values required for
the proposed new deck for the gbove captioned bridge and the accompanying memorandum from
the Eastern Region Structural{Bection dated April 7, 1997.

The structural consultants did not indicate in their letter what cribbing area the load was
distributed over . In our calculations we used a significantly larger area (scaled off drawing no.
96-309-1 submitted with our briginal report) than the footprint of the abutment to distribute the
load from the abutment. Thig)may account for the discrepancy in the figures obtained. In any
event, as we discussed on the phone, the load distribution on a 1H:2V slope is conservative and
a 1H:1.4V is probably closer tf reality. The required bearing values calculated by the structural
consultants for a 1H:1.5V sippe are only about 4 percent higher than the values that were
provided in our previous repdft. For the foregoing reasons and assuming that the load increase
of the bridge deck will remain|the same as previously stipulated, we have adjusted the allowable
bearing pressures to reflex thig: slightly higher valse.

- i 4 e et i et s+ w1 b o



In accordance with the On
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Page2 . ! Report No. 309-6

taffo Highway Bridge Design Code the following modified design

bearing values are recom for the footings of the abutments:
Bearing Capacity at ility Factored Bearing Capacity Elevation
Limit States (kP3) At Ultisnate Limit States (kPa) {m)
8s 104 163.5 - 162.0
At the interface of the
organic silt and base
of crib wall
178 250 168 - 167.5
At the interface of
crib wall and base
of concrete abutment
Total and differential settlements based on the above values are expected to be within the limits
of 25 mm and 19 mm y, provided the organic silt is not disturbed by any activities

associated with coastruction.

We trust that these modified
call the undersigned if there

Yours very truly,
CANADA ENGINEERING

f{(
ing values will be adequate for the proposed new deck. Please
any questions.

F-ERVICES INC.

MAY BL ’S7  12:25AM
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McNEELY
- ENGINEERING
CONSULTANTS LT,
File No. S6721
HAND DELIVERED
April 1, 1997
) T OF TANNCEGATATION - EASTERN REGION
imistry of Transportation e STRLCTLIAL SZCTION
355 Counter St., Postal Bag 4000 ARTENTIEH
' i e :.‘?._:;;‘».‘-z._‘i.;&. ;'-;:.g:;a.'.':?ﬁ”
Attention:  Mr. David Kerr, Structural Engineer e
Structural Section, Eastern Region I [T
e TR = e

Reference:  Structure Rehabilitation of Clare River Bridge
and Improvements to the Roadway Alignment
on Highway 41, District 41 - Kingston
WP 48-94-00 - MTO Site No. 17-16

Dear Sir,

Further to our meeting on March 21, 1997, I have revised the calculations for foundation bearing
pressures as we discussed. [ attach the calculations (pages A1-AS) for your reference when you.
are discussing this matter with the Foundation Design Section or with the Geotechnical
Consultant. :

The bearing pressures at the underside of the abutment for the proposed deck loads (and
including effects of the new approach slabs) are calculated to be 169 kPa and 239 kPa at the SLS
and ULS respectively. This is slightly less than the allowable values of 175 kPa and 250 kPa
respectively. '

The calculated bearing pressures at the silt layer are 88 kPa and 111 kPa at the SLS and ULS
respectively. This is based on a distribution of vertical abutment loads on a 1H:2V slope. These

- pressures are calculated based on a rock fill depth of 5.5 m with a submerged weight density of
12 kN/m3 and based on neglecting the fill weight behind the abutment. As we agreed at our
meeting, the calculations at the silt layer include the vertical effect of the abutment loads acting
concentrically on the silt layer below, but neglect the effect of the unbalanced lateral pressure at
the back face of the abutment.

815 Princess Strest, Kingston, Ontarie K7L 168 a3
{613) 549-0500 Fax {613) 542-5082 pd
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MeNgELY
ENGINEERIING
CONSIUILYANTS Lo,

Apnl 1, 1997 Page 2

If the distribution is taken at a slope of 1H:1.5V, then the bearing pressures are reduced to 83 kPa.
and 104 kPa for the SLS and ULS respectively.

Please review these results with your Geotechnical Consultant or the Foundation Design Section
and confirm that the assumptions made in the calculations (ie. use of submerged weight of fill
and neglecting vertical and lateral effects of abutment backfill at silt layer) are correct and that
the calculated bearing pressures are acceptable.

Sincerely,

Pfendt, P.Eng.
Senjor Structural Engineer
- FP/dp

encl.
clare.br/kerr.d04

*x TOTAL PRGE.QB3 *x
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memorandum

Tel. (613) 5454832
Fax. (613) 5454821

TO: Dave Dundas, P.Eng. (FAX) | . DATE: January 24 1997
Sr. Foundation Engineer :
Pavements and Foundarions Section

- FROM: Structural Section
' Eastern Region

RE: Clare River Bridge, Sxtc 17-016, Foundanon Dcs1gn Reporc

. As per your E-mail and our conversations regarding the above mentioned report I bave
reviewed the situation with Ted and have the following submission to offer. The present and
anticipated future loading applied to the existing foundations have been reviewed and the following
bearing pressures have been calculated at the elevation of 168-167.5m for SLS and ULS1 for the

following options :

1) A 225 mm thick Normal density reinforced concrete deck the anticipated bearing pressure
at SLS is 190 kPa and at ULS1 is 260 kPa. This option however will increase the
unfactored dead load by approximately 30 %. '

if) A 225 mm thick Light Weight reinforced concrete deck the anticipated bearing pressure
at SLS is 170 kPa and at ULSI is 245 kPa. This option will increase the unfactored dead
load by approximately 7% but will increase the concrete cost by approximately $7500 and
introduces a concrete durability problem.

Will you please review the above information and provide us with a recommended course
of action or allowable values for this structure, As I have indicated previously the RFQ has been
issued and therefore a quick response to this issue is critical. If you need any further information

please feel free 1o call.
Submitted By , Reviewed By
 David Kerr, P. Eng. .~ E.C.Lane, Head

Structural Engineer _ Structural Section:

c.c. E.C. Lane (E-mail)
H. Kleywegt (E-mail)

%% TOTAL PRGE.DB1 *x
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memorandum

"Tel. (613) 545-4832
Fax. (613) 545-4821

TO: Dave Dundas, PEng. (E-mail) DATE: January 21, 1997
Sr. Foundation Engineer
Pavements and Foundations Section

FROM: Structural Section
Eastern Region

RE: Clare River Bridge, Site 17-016, Foundation and Design Report - Addendums
Highway 41, District 41 - Eastern Region

T
o

As I discussed with yourself and Tony Sangiuliano today we have reviewed the second letter
(referenced as Report 309-2) from Canada Engineering Services Inc. the Foundation Consultant for
the above noted structure and are not satisfied with its recommendations.

To summarize the initial report (report 309-1) and subsequent letter from the consultant,
dated January 6th, 1997, provided recommended design bearing capacities as well as a recommended
allowable 10% increase in dead loads. The addendum, report 309-2, still supported a 10% increase
in dead loads but modified the bearing pressure recommendations : SLS has been changed to allow
an allowance above the existing loadings, and ULS bearing pressures have remained the same at the
elevation 163.5-162.0m but has been reduced from 900 kPa to 200 kPa at the elevation 168-167.5m.

The latest revisions puts me in a very similar situation as I indicated in my letter of December
19, 1996 in such that the rehabilitation design, using light weight concrete, can accommodate the
10% increase in dead load but will still exceed the recommended design bearing pressures. As |
indicated in my E-mail of January 8th I have calculated a SLS bearing pressure of 171 kPa at the 168-
167.5 elevation for the existing structure. Now if I include the reports recommended allowance (+10
kPa at elev 168-162.5) the maximum applied bearing pressure at SLS for the rehabilitated structure
would be 181 kPa which is almost the allowable loading, from the report, at ULS.

Therefore, please accept this letter as a request to have the report and its associated letters/
addendums be revisited and that a report be issued which provides appropriate recommendations for
the existing foundations for this structure. Furthermore, the RFQ has been sent out to a group of
consultants for the rehabilitation and roadway design employing a tight design time frame and therfore
I am requesting that the appropriate speed and attention be given to this situation.

/71 <t
o L

Y RVE

-

David Kerr, P. Eng.
Structural Engineer

cc. E.C.Lane (E-mail)
H. Kleywegt (E-mail)



‘Tel, (513) 5454832

Fax (613) 545.4821
TO: Dave Dundas, P.Eng. DATE: December 19 1996
Sr. Foundation Engineer
Pavements and Foundations Section
FROM: Structural Section
Eastern Region
RE: Foundation and Design Report for Clare River Bridge on Highway 41, Site 17-016

District 41 - Eastern Region

As I discussed with you previously we have received the above mentioned report and are
comparing our preliminary calculations for a new bridge deck on the existing foundation with the
recommended values in the report. To summarize the report provides recommended design
bearing capacities as well as a recommended maximum increase of 10% above existing loads.

The situation that we have encountered is that we are able to not increase the current
loading above the 10% limit but the applied bearing pressures exceed the recommended design
values. As well a review of the bearing pressures for the existing deck arrangement also exceeds
the recommended design values.

You reminded me on December 17th that this foundation report was done in a2 hands off
approach (the report was only reviewed by your office for format and not accuracy or
completeness) and that your office would assist us in any of our concerns but that they would
ultimately be the responsibility of the consultant. I therefore spoke to Ram Jagdat, co-author of
the report, yesterday regarding our concerns and we discussed the recommendations and how
they correlate to our calculations. Ram ultimately indicated that he could not see a problem with
a 10% increase in existing loading and would be willing to issue a supplemental report or an
addendum to the report to reflect this statement.

Therefore, as we discussed today, please accept this letter as a request to have the
consultant provide further specific details on the recommendations. Specifically, if a 10%
increase in existing loading will be allowable. With regards to time frame, I am currently
preparing a consultant assignment for the rehabilitation design and plan to issue it January 10th
and therefore will need a firm commitment regarding this matter prior to this date in order to
avoid possible cancellation or change of the terms of reference for the assignment.

David Kerr, P, Eng.



Structural Engineer
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MEMORANDUM

Ontario
To: D. Dundas, P. Eng. September 17, 1996
Senior Foundation Engineer
From: T. Sangiuliano, P. Eng, Tel: (416)235-3731

Foundation Engineer Fax:  (416)235-5240

Re: Review of Consultant Report
Hwy 41 & Clare River
WP 48-94-01, Site 17-16
District 41, Kingston

The Foundation Investigation Report for the above mentioned project prepared by Canada
Engineering Services Inc. has been reviewed. Although most of the comments that I previously
submitted in my memorandum dated August 19, 1996 have not been addressed, it is understood that
with the recent MTO business initiatives, the Consultant shall be responsible for the report. I
question, however, that we have accepted incomplete borehole logs.

Canada Engineering Services have made changes to the “Discussion and Recommendations” which
will certainly allow the Structural Engineer to determine whether or not the existing foundations are
suitable to support additional loadings. Additional comments regarding the recommendations are
summarized below,

Structure Foundations

Bearing Capacities

In my opinion, the bearing capacities are generally marginally on the liberal side. In particular, the
factored capacity at ULS at the rock fill/native soil interface given is 100 kPa. At the concrete
abutment/rock fill interface, the factored capacity at ULS is 900 kPa. I expect a punching shear
failure at the ULS in the Organic Silt will be realized at lower pressures.

It is not understood why the Geotechnical Engineer would comment on the magnitude of permissible
structural loads as the report does at the top of page 8. We should only provide the bearing
capacities and allow the Structural Engineer to determine the magnitude of additional loads allowable.

Lateral Resistance

An angle of internal friction of 35° is very high for a sliding failure at the Organic Silt/Rock Fill
interface.

For sliding failures occuring in the soil, we normally provide an angle of internal friction rather than
a shear strength value, although the OHBDC does include an apparent cohesion as a parameter in



o 2 ®

calculating the sliding resistance of a spread footing.

Approach Embankments

I do not understand the recommendation to flatten the existing slopes from 2H:1V to 3H:1V. I do
-not think this is necessary.

.
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T. Sangiuliano, g}’ Eng.

Foundation Endineer
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