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The results of an investigation carried out at two
bridge sites on the Mississippi River in the Town of Almonte,
Ontaric; are reporied.

It was found that the banks of the north and south
channel crossings are covered by a thin layer of granular
approach fill to the exisiing bridges. Iimestone bedrock
underlies the shallow fill cover on the river banks, is ex-
posed on the near vertical sides of the south channel crossing
and forms the creek bed at both crossings. The upper few feet
of the bedrock on the river banks and where it is exposed on
the south chamnel face is weathered and jointed. Below the
upper weathered zone, the bedded limestone bedrock is fairly
sound but contains fractures.

Recvmmendations are made for founding the piers
and abuimenis for each bridge in the sund portion of the bed-
rock using =2n allowable design bearing pressure of up to 20
tons per sguare foot.

Possible construction problems due to seepage of
water into bedrock excavations through fractures are discussed
in the Teport.
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H. Q. Golder & Associates Ltd. have been retained by
Proctor & Redfern to carry out a site investigation at two bridge
sites on the Mississippi River in the Town of Almonte, Ontario.
The purpose of this work was to determine the soil and bedrock
conditions at each of the sites and to provide information for
foundation design and construction of the new bridges vhich are

to replace the existing struciures.
PROCEDURE

The field work for this investigation was carried out
during the period QOc*ober 31 to November 7, 1962. A total of
eight borsholes were put down in BX casing size using a trailer-
mounted machine drillrig. ZXack borehole was taken down tc bedrock
and bedrock was cored in AXT size for depths ranging between 10 to
20 feet, Water pressure packer tests were carried out in the lower
peorticon of each borehole following completion tc assess the permea-

bility or soundness of the bedrock.

The ioccations of the boreholss put down in this investi-
gation are shown on Figure 1. A detailed log for each borshole is
given on %the Records of Boreholes at the end of this repori. 4
schematic section along the centreline of Highway 44 showing the

inferred soil and bedrock stratigraphy is given on Pigure 2.

The elevations given in this report are referred to

Geodetic datum and were supplied by Proctor & Redfern.
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SITE AND GEOLOGY

The two bridge sites under investigation are located
in the Town of Almonte, Ontaric. where Highway 44 crosses the
north and south channels of the Mississippi River, as shown on
Figure 1. The main flow of the river follows the south channel
while the north channel, which joins the south channel several
hundred feet downstream and to the west of the site, serves as an
overflow. The river bed at the north channel crossing is about 10
feet below the river bank level. At the south or main channel
crossing; the river bed is some 30 feet below the top of the banks
and is about 30 feet lower in elevation than the north channel river
bed. This difference in elevation is caused by an abrupt drop in
the river bed resulting in falls located upstream of the south

channel crossing in the vicinity of the Almonte Elsciric Plant.

The river bottom at both crossings and at the falls is
directly underlain by bedrock. Bedrock alsc forms the near vertical

sides of the south channel crossing.

The Town of Almonte is situated about 10 to 12 miles
south and a few miles east of the Precambrian Carnadisn Shield.
Three major faults, running in =2 northwest to southeast direciion,
bave been defined in an area 4 to 12 miles north of Almonte. XNo

major faults are known fo exist in the immediate area of the site.

The Almonte area is underlsin by a complex series of
sandstones and limestones of the Nepe. . Beekmantown and Ottawa

Formations from the Ordovician Periocd. The upper porticn of the
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bedrock at the site, however, belongs to the Black River - Trentcﬁ
memher of limestone and is generally exposed at ground surface along
the river banks and in cuts. The limestone bedrock is comprised of
relatively flat lying beds or layers and is weathered and jointed

where it is exposed.

SOIL AND BEDROCK CONDITIOHRS

The detailed soil and bedrock stratigraphy encountered
in each borehole put down in this investigation is given on the
Records of Boreholes. The stratigraphy along the centreline of
Highway 44 has been inferred from this data and is presented on
Figure 2. Following is an account of the soil and bedrock en-

countersl at the gite.

The banks of the river are covered by a layer of road-
way approach fill tc the existing bridges. The thickness of the |
£i1l at the boring locations ranges generally between about 1 and
4 feet, except on the west side of the north channel crossing where
it reaches a maximum of about 9 feet. The fill is essentially con-
prised of dark brown to grey brown silty sand and gravel with a
trace to some organic matter. The fill contains angular limestone
fragments or slabs dispersed throughout together with some cobbles

and boulders at depth on the west side of the north channel.

Based on the results of standard penetration tests,
which gave ‘N’ values ranging between 1 and 35 blows per foot, the

£ill is very loose io compact.
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Bedrock underlies the shallow fill cover on the river
banks, is exposed on the near vertical sides of the south channel
crossing and forms the creek bed at both crossings. The bedrock
is a layered or bedded limestone, fine grained in size and light
grey in colour. In boreholes 1, 3 and 4 at the north channel
crossing the limestone, in localized zones, is interbedded with
dark green shale. The shale occurs as thin partings or bands which
are generally horizontally bedded. Scattered throughout the lime-

stone bedrock are small pockets of calcite crystals.

In general the layered bedrock at the two crossings is
fairly sound; however, the upper few feet of the limestone on the':
river banks and where it is exposed, as on the sides of the south
channel; are weathered and jointed. The weathered nature and jointed
structure of the bedrock generally resulis in poor rock core recovery
during driliing. In addition to the surface jointing, vertical and
inclined fractures are present in the drill cores obtained. These
fractures seidom exist for more than a few feet in any one core. In

some insitances the fractures are healed with calcite, in others only

partly hegled and in some they are open.

Occasional thin clay or sand seams were encountered in
the bedrock during drilling. These seams represent solution channels
which result when percolating water dissclves out the relagtively
soluble limestone. The solution chamnels are probably not persistant
for more than a few feet along any one bed; in general the water tends
to move on top of a bed then drop down a few inches slong a joint or

fracture to the next lower bed.
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The results of the water preséure packeritésts,given
on the Records of Boreholes generally confirm ﬁ;ét the bedrbck‘at |
deptk is fairly sound, with the jointing becoming more pronoun¢ed;.

near the surface as would be expected due to weathering.

Site photographs showing bedrock expoced on the banks
of the south channel crossing and at the falls are given on Figures

3‘ and 49

WATER CONDITIONS

Readings taken in the north channel crossing boreholes
after completion showed that the water level within the bedrock was
at river level. The river water level at this location was at.

elevation 375.4 during the time of the investigation.

®

The boreholes at the south channel crossing, which were
terminated above the river water level at elevation 343.3, were ary

after completion of drilling.

It is probable that the water level in the bedrock is in
cozmunication with the river water level through cracks and fractures

in the bedrock.
DISCUSSION

General
It is understocod that it is proposed to replace the
existing north and south channel bridges over the Migsisgsippi

River on Highway 44 in the Town of Almonte, Ontario. For
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convenience the foundation conditions at esach of the proposed

bridge sites are discussed separately below,

North Channel Crossing

The proposed structure at this crossing is to be a three~
span contiauous pre-siressed reinforced concrete bridge. The
bridge piers and abutmenis are to be founded on spread footings
imposing a maximum loading of 4 tons per square foot. It is

proposed to place the footings on bedrock.

The results of the field investigation indicate that
the limestone bedrock underlying the site, although containing
fissures and fractures, is fairly sound throughout at this
crossing. Because of the bedded or layered structure of the
limestone, it is recommended that the footings be carried down
and keyed into the bedrock for a depth of at least 2 feet below
the surface of the rock. Thias in particular should be done for
the bridge pler foundations in the river, where the bedrock
forms the river bottom. With the generally shallow depth of
water in the river, freezing and thawing of the river bed over
the years could loosen and bresk up the upper porticn of the
bedrock to tabular slabs. It is for this reason that the foot-
ings for the piers should be placed below existing bedrock sur-
face toc ensure that the base of the footing is not eventually

undermined by possible river erosion and scour of the slabs.

Footings imposing a loading of about 4 itcons per sguare

foot and founded in the bedrock as discussed asbove should not
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experience any settlement detrimental to the proposed con-

tinuocus structure.

In the computation of sliding resistance between a
rough concrete footing base and the limestone bedrouck, taking
into consideration the presence of interbedded shale, a co-
efficient of friction of 0.3 may be used. Because of the
bedded nature of the bedrock, it is suggested that the passive
resistance of the bedrock to pier foundations not be included

in the design computations of sliding resistance.

It is recommended that free draining granular backfill,
compacted in 9 inch 1ifts, be placed behind the abutments of
the structure. The granular backfill should extend horizont-
ally from the back face of the sbutment walls for z minimum

distance of § feet.

Excavation for foundations in bedrock below the river
water level could be made inside a relatively impermeable earth
dyke consiructed around the perimeter of the proposed excavation
area. However, once foundation grade is reached water seepage
from the base of the rock excavation may take place due to the
presence of fractures in the bedrock. The pouring of mass
foundation concrete Girectly on bedrock, where this base con-
dition exists, could result in a poor guality concreie due to

upward seepage of water washing out the fine cemen® sizes.

If water seepage is observed at the base of a foundation

excavation, i1t is suggested that the forms for the footing be
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placed and the waler level inside the excavation be allowed to
‘lb rise to river level., A tremie seal could then be placed over
the base and after it has set up the water could be pumped out
from inside the cofferdammed excavation. The remainder of the
concrete for the footing and pier may then be poured in the

dry thus eliminating vertical seepsgs effects on the concrete.
£ rag

Scuth Chnanrel (Grossing

A reinforced concrete zrch bridge is proposed for this
cressing. The arch face is to be in concrete throughout and
the inside of the arch is to be filled with compacted gravels
The footiags supporting the arch or the arch support blocks
are to be founded between aboul elewation 355 and 350 back of

9 the channel face some 10 feet above creek bed level.

The results of the field investigation indicate that
the upper portion of the bedrock above zbout slevation 365 is
weathered and Jjointed. Based on visual examination the bed-
rock expossd on the steep sides of the channel at the crossing
is similarly weathered and jointed. The lower portion of the
channel sides above the creek bed is covered by limestone slzn

debris which has fallen down from the bedrock face above.

It is recommended that the arch support blocks bte founded
in sound bedrock back of the weathered end jointed portion along
the cnannel face., It is estimated that the horizontal zone of
weathering may exiend for a distance of as much as 10 feet froem

the bvedrock face. The front portion of the arch support footing

GOLDER & ASSOCIATES




9.
should therefore be placed 10 feet back of the existing bed-
rock face, This distance will provide an allowance for some
further unavoidable weathering and spalling at the bedrock
face arcund the sides of the arch without affecting the bedrock
supporting the arch footings. To minimize spalling and to
prevent erosion undermining the bedrock below footing level,
the limestone slab debris could be replacced as a protective

cover to the bedrock face following completion of the arch

foundations.

With the arch support blocks founded in the bedrock as
discussed zabove, an allowable vertical pressure of 20 tons per
square foot may be used in design. Considering the layered
structure of the limestone bedrock., the lateral pressures should
similarly be limited to 20 tons per sguare foot. Settlement of
the arch structure designed using the allowable foundation
loading given above would be negligible, mrovided erosion under-
mining of the footings does ot take place. It is recommended
that periodic inspections be made after the structure is com-
pleted to check that adequate bedrock support for +the arch

footings is maintained.

No major construction problems are envisaged at this
crossing, as the water level is below the proposed footing grade,
It should be noted that if blasting is used care should be tzken
to prevent shattering of the layered anéd jointed rock beyond the

excavation limits and %o prevent damage to adjacent structures,
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- 10,

particularly the electric plant vo the northeast of the

existing bridge. DPossible procedures to minimize detrimental

effects from blasting could be discussed with yecu prisr o

construction.

JIS/3b J.
6257

December, 1862 V., Milligan, P. Eng.
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LIST OF STANDARD ABBREVIATIONS

o The standard abbreviations commonly employed on each “Record of Borehole™, on the figures, and in the text of the report are
as follows:

SAMPLE TYPES

A5, - Auger Semple R.C. « Rock Core

C.5. ~ Chunk Samplse 5.7. ~ Siotted Tubs

D.0.~ Drive Open T.0. = Thinewalled, Open
2.5, ~ Denison Type Sample T.P. = Thinwwalled, Pisten
F.S. ~ Foil Somple W.S. — Wosh Somple

PENETRATION RESISTANCES

Dynamic Penetrotion Resiztonce — The energy required to drive o 2 inch diameter, 60 degree cone attached to the and of the
drilling rods intc the ground: expressed in blows per foot, where sach blow represents 4,200 inch-pounds of energy.

Stondard Penetration Resistonce, N ~ The number of blows by s 140 pound hammer dropped 30 inches required to d&rive o 2 inch
drive open sompler one fgot into the ground.

Sompler advanced by static weight — weight, hammer - Wh

Sampler odvonced by pressure -~ pressurs hydroulic -~ Ph
Sompier advanced by pressure ~ pressure,monual - Pm

SCilL. DESCRIPTION

The standard terminology for the descriptions of the relative Junsity of cohesionless =oils and the consistency of cohesive soils
iz as follows:

‘ Relotive Density N, Blows/ft. Consistency c, b/sq. f1.
Very Loose Ote 4 Yery Soft Less thon 250
Loose 4 to 10 Soft 250 t0 500
Compact 10 o 30 Firm 500 0 1,000
Dense 30 to 50 Stiff 1,000 10 2,000
Yery Dense over 30 Very Stiff 2,000 10 4,000

Hard over 4,000
SO TESTS
C  ~ Consclidstion Test Q@ -~ Undroined Trioxiai
H ~ Hydrometer Anclysis Qe ~ Censclidated Undrained Trioxial
M~ Sieve Analysis $ ~ Drained Triaxial
MH ~ Combined Analysis, Sieve U =~ Unconfined Compression
end Hydrometer V  — Field Yane Test

Note: Undroined trioxial tests in which pore pressures are measured are shown as Q° or Q'2,

SOIL PROPERTIES

& ~ Total Unit Weight K = Coefficient of Permeability
¥4 ~ Dry Unit Weight ¢ =~ Undroined Shear Strength
b — Submerged Unit Weight {%: Compressive Strength)
L, - Liguid Limit 5t —~ Sensitivity
P,_ ~ Plastic Limit @’ - Effective Angle of Shearing
W  ~ Naturel Water Content Resistance
G -~ Specific Gravity c? = Effective Cohesion Intercept
e ~ Yoid Ratis Cc « Compression Index
@ Cv = Coefficient of Consclidotion
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PROJECT No‘_‘gg .......

RECORD OF BOREHOLE ¢

LOCATION SEE FiGURE BORING DATE NOoY. S 128 DATUM GEabETIC
BOREHOLE TYPE WASH BORING BOREHOLE DIAMETER Bx  CTAIING
SAMPLER HAMMER WEIGHT -~ LB. DROP -  INCHES PEN. TEST HAMMER WEIGHT ~ LB DROP —  INCHES
SOIL PROFILE SAMPLES | W DYNAMIC PENETRATION RESISTANCE LiQuiD LimiT 1,
q PLoW oL
£ el g BLOWS /Fo0T PLASTIC LimiT P, b % Nt
Sin b ; : WATER CONTENT w R4 3
ELEVM  pescripTioN o HEM & i l ‘ ‘ FRtnRe
DEPTH 5 17121 & |coRFFICIENT OF PERMEABILITY (CMS./SEC.)]  WATZR CONTEWT , PER CENT
z - - - - -
= B g Wl we? P gt S
38O — - r TJwels o BoRENCLE
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o5 WATER A i S B N A - -
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Re £ ;,'
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"~ v
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-
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3% T - - ‘ ]
- w
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PROJECT No._ ,_“"—51 ik

RECORD OF BOREHOLE >
LOCATICN SEE FIGURE | BORING DATE NOV. & | 15S2 DATUM  GRODETIC
BOREMOLE TYPE W ASH BORIMNG BOREHOLE DIAMETER BEX CASING
SAMPLER HAMMER WEIGHT — LB. DROP - INCHES PEN. TEST HAMMER WEIGHT ~— LB. DROP ——  INCHES
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. vl o8 BLOWS /FOOT PLasTic LimiT P, b W L
g .
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e 2 a T R A i
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ELOED LIMESTONE 2 Rl W
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(THIN HORIZONTAL [
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ELEY. 3655 £ 304.5. 1k o
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p 'S
1362.9) e i
I T2E|END OF HOLE
360 -
{
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RECORD OF BOREHOLE 4

LOCATION SEE FIGURE 1 BORING DATE NOV. L 1D%n DATUM GETDETIC
BOREHOLE TYPE WASH EBCRING BOREHMOLE DIAMETER BX TASING
SAMPLER HAMMER WEIGHT 14C LB. OROP 2C  INCKES PEN. TEST HAMMER WEIGHT -~ LB. DROP — INCMES
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A o SRR G BN N AT RIVER LEYEL -
TRACE CF CREANIC MATTERY | ] ELEV RTE A
OCCAEIT ik wBBLES . X 2 SRR
AND BOULDERS >\ ‘ !
(FiLL) e !
X 275
3722 B
o %
2.3 e
- »HCC
; x
3= 4l _ :
FAIRLY SOUND GREY R 58
EEDDED LIMESTONE O
SEOROIK BECOMING — wi7ow
INTERBEDDED SREY L S T
- ILIMESTONE § ELACK i
4 SHALE BETWEEN ul 7
£V 3688 £ 363.9 A x -z 4S ;
{SMALL INCUNED rel ™ (365 1Yis0
FRACTURES ATABOU +
ELEV. 268.5¢ 3€40) Z
A
&
[
Xt Lele!
RE AGD S SR 1
586 i
24-61 END ©OF HOLE
«
i i !

DRAWN N OW

CHECKED oy

VERTICAL SCALE

| INCH TO 5'-o [ GOLDER 8 ASSOCIATES |




PROJECT No.__éi }.‘::;?’.~__;.
RECORD OF BOREHOLE =
LOCATION SEE FIGURE BORING DATE NOV. B 1daz DATUM GECLETIC
BOREHOLE TYPE WASH  BOEIND BOREHOLE DIAMETER BX CASING
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HECORD OF BOREHOLE &
LOCATION SE . FISURE BORING DATE  now. 5 - 5 194E DATUM
BORENOLE TYPE WALH  BORING BOREHOLE DIAMETER
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RECORD OF BOREMOLE 7

LOCATION SEE FIGURE ! BORING DATE NOVY. &

e

Ya T DATUM GEOPDETIC

|
i

BOREMOLE TYPE WALH BORING SOREHOLE DIAMETER BEX CASING

" SAMPLER HAMMER WEIGHT 140 LB. DROP 3O INCHES PEN. TEST HAMMER WEIGHT - L8 DROP - INCMES
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COEFFICIENT OF PERMEABILITY (CMS./[SEC]  WATER CONTENT , PER CENT
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PROJECT No._ B ST . _ ..

RECORD OF BOREHOLE 8
LOCATION SEE FiIGUeE | BORING DATE NO V. T, i2aR DAT U GEODETIO
BOREHOLE TYRE W AS BORING BOREHOLE DIAMETER BY CASING
SAMPLER HAMMER WEIGHT 140 LE. DROP 3O INCHES PEN. TEST HAMMER WEIGHT - (8 DROP — INCHES
S0IL PROFILE SAMPLES | OYNAMIC PENETRATION RESISTANGCE LIQUID LT L,
. . =4
5 - § BLOWS /FOOT PLASTIC LIMIT ¥, A
ELEVN, 2 Ew & z . : ) : b .| WATER CONTENT w REMARKS
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DEPTH 13 o g 5 COEFFICIENT OF PERMEABILITY (CMS./SEC) WATER CONTENT | PER CENT
iz - - - - -
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Q.ALoo. To COMPP\C" { ‘O 1o 370 —
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% .l_..o..(_- [N SR S S = SO oF DRILL!NE
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13584 i i
I2.0] END OF HOLE
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