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v ,DEPAﬁTﬁENT aFr )’Qv’IGHWAYI QNTARIO " ) EXtra copyr 4
MEMORANDUM

To: Mr, B, R, Davis, From:  ¥o.ndetion Section,

Bridge Engineer, “aterials & Testing Div,,

Bridge Division, Hoom 107, Lab, Bldg.

Attentlon: Mr, S, McCombie Dar=:  April 22, 1966
Our FiLe Rer. In mepLy ro ;?P 2 2 1965
Sugiect: FOUNDATION INVESTIGATICN RiPORT BY:

Geocon, Limited, Consulting Enginssrs -

Proposed Goldte River Bridge, Sec. Hwy. €51,

Line "F", Dalton, Ont, -~ District No. 18 -
W.P, 412-€5

Attached, please find the above mentioned report prepared
and submitted by the consultant, Gsocon, Ltd. We have reviewed the
report and have found the factual information well presented,

In the report the consultant drawe attention to the
dewatering that would have to be undertaken if work is to hLe
carried out below ground water table., Two dewatering procedures
are cutlined and discussed, In view of the hecessity for dewatering,
we would suggest that piles that could be used as plers, ue given
gerious considaration., Such a solution wruld eliminate the need of
dewatering and could, therefore, provide a rore egonomical design, |
Por such an alternative, we wou.d suggest the use of steel tube |
plles whose length can be easily and readlly adjusted,

Yet anotner type of pile that would be very sultaple for
this type of material is the cast-in-place "Pranki type" pile. A
much grester capasity per pile coula nbe Lchisved and comblin=d with
the afors mentioned proposal, could aiso provide a very economical
solution.

We trust that you will have sufficient Information to
proceed with and complets your design work, However, should you
have an; zueries, please feasl free to contact this Office,

4 4 s < g - 7
AGS/Md eF i N T . - “‘”f_i 1
Attach, A. G, Stermac,
cc: Messrs. B. H. Davis (2) PRINCIrAL FOUNDATION ENGINEER

. A. Tregaskes
W. rarren

W. Hurrell
A. Xnowles

. B. Saint

. De Visger

« Watt

Sl i = o

b g gy G

Foundations QOffice
éen. Flles




14 HAAS ROAD

. . REXDALE, TORONTO, ONT.
HEAD OFFICE

420 MICHEL JASMIN, DORVAL, QUEBEC

TEL. 244-6476

TELEPHONE 631-.9827 2985 EAST 11TH AVENUE

Rexdale, Ontario,
April 6, 1966.

Depairtment of Highways, Ontario,
Downsview, Ontario.

Attention: Mr. A. G. Stermac, P. Eng.,
Principal Foundation Engineer.

Re: Soil Conditions and Foundations
Proposed Goldie River Bridge
Sec. Highway 651, Line "p* Ljrd ~&
Dalton, Ontario.

@ Dear Sirs:

This letter accompanies our detailed report on
the above investigation.

We find that the overburden consists of at least
80 feet of very loose to very dense sard or sand and gravel
and silt. 1In general, the upper 30 to 35 feet of the de-
posit is very loose to loose. The soil conditions encountered
are described in detail in the report.

in riew otf the generally very loose to loose nature
of tha upper 30 to 35 feet of the cverburden, spread footings
are not considered a practical foundation golution for the
prcposed bridge. The most suitable foundation is believed
tc be the use of riles a3 discussed in the report. Recommen-
dations covering pile design and foundation and embankment
construction and scour protection are given in the report.

’ .-..2

ST. JOHN'S HALIFAX FREDERICTON MONTREAL TORONTO VANCOUVER

VANCOUVER 10, B.C.
TEL. 879-2620




We believe that this report presents all the
information required from this investigation. Should you
have any questions or if we can be of further assistance
otherwise, please do not hesitate to call us.

Yours very truly,

GEOCON LTD,,

L. B. Oates, P. Eng.
DBO/a District Engineer.

GEOCON




T.7856

REPORT
TO
DEPARTMENT OF HIGHWAYS, ONTARIO
ON
SOIL CONDITIONS AND FOUNDATIONS
PROPOSED GOLDIE RIVER BRIDGE

SEC. HIGHWAY 651 - LINE “F"

DALTON ONTARIO

Distribution:

12 copies - Department of Highways, Ontario
Downsview, Ontario

3 copies - Geocon Ltd.,
Rexdale, Ontario

GEOCON
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"' INTRODUCT ION

Geocon Ltd. has been retained by the Department of High-
ways, Ontario by letter dated February 23, 1966, Local Purchase
Order No. J. 34805 to carry out a foundation investigation for the

proposed crossing at Goldie River, approximately one mile south cf

Dalton, Ontario

The purpose of the investigation was to determine the soil
conditions at the site of the proposed crossing as required for the

design of foundations for the bProposed structure.

SUMMARIZED SOIL CONDITIONS

. The site is underlain by deposits of granular material havirg
a thickness in excess of 80 feet. The deposits consist of strata
of sand with gravel and sand and gravel becoming silt below about
58 feet depth. The upper 30 to 35 feet of the sand with gravel has
a very loose to loose relative density. The relative density of the
sand with gravel to sand and gravel below 30 to 35 feet ranges
generally from compact on the north side of the river, to dense tc

very dense with depth on the south side of the river.

At the time of the investigation, the water level in the riverxr

boreholes during the investigation was between elevations 1082 and

I was at about elevation 1083. The water level as encountered at the
I
I
|
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SUMMARIZED SOIL CONDITIONS (continued) 2

1084, that is at river level.

DISCUSSION
General

It is understood that it is proposed to construct a bridge
over the Goldie River at the site investigated. As presently
planned the bridge will consist of three spans with piers and
abutments located as shown on the attached Drawing No. T. 7856-1.
It is further understcod that the proposed elevation of the grade
at the structure will be 1109. Other design details with respect
to the proposed bridge are not available to us at time of this

writing.

Foundations

The soil conditions at the site consist of a deep granular

deposit composed of sand with gravel, becoming sand and gravel with

depth. The sand and gravel is underlain by silt. The relative
density of the deposits range generally from very loose to compact
for the sand with gravel, dense to very dense where the sand and
gravel was encounteied on the south side of the river, and compact
in the silt. The upper 30 to 35 feet of soil are generally very

loose to loose.

GEOCON




DISCUSSION (continued) | '3

Foundations (continued)

Because of the very loose to loose relative density of the
surface strata and the fact that the soil is scour susceptible,
the site is not considered suitable for the practical use of
spread footings for the foundations of the proposed structure. The
most suitable foundation solutioﬁ appears therefore té 5e the use

of piles.

In view of the increase in relative density of the sand with
gravel or sand and gravel strata at about elevation 1040, as obser-
ved from the standard and dynamic cone penetration tests, the most
suitable pile type would be a displacement type which derives its
support partly by side friction and partly by point resistance
within the granular overburden. Suitable displacement pile types
would be treated timber piles, steel pipe piles driven closed end
or pre-cast concrete piles. Irrespective of the pile type chosen,
it is recommended that pile tests be performed on a representative
pile to verify the pile design working load. Further, all pile
caps, subject to frost action, should be provided with a minimum of

6 feet of protective earth cover.

GEOCON




DISCUSSION {(continued) 4

Foundations (continued)

Preliminary calculations show that for a pile 12 inches in
diameter and 40 feet long the pile capacity will be about 20 tons.
This~value incorporates a factor of safety of 2.5. A factor of
safety cf 2.6 ﬁay bé ﬁseﬁ invconjunction with pile 1éad tests.
However in no case should the working load of the pile exceed the
safe ioad as determined from the structural properties of the pile
material. 1In view of the above preliminary pile capacity a timber
pile would appear to be most suitable because 20 tons represents a

practical working load for a timber pile.

All the overburden at the site is susceptible to scour and
therefore, measures should be taken to protect bridge foundations
from undermining due to this effect. This could be done by such
means as provision of rip-rap protection, or carrying foundations
a safe distance beyond maximum scour depth. The extent of scour in
both lateral and vertical direction depends on the maximum flocod
level of the river, the hydraulics of the river channel in the
vicinity of the bridge, the orientation of the piers relative to the

direction of flow and the like. The hydraulic considerations invol-

ved are beyond the scope of this report. In this regard it is under-

GEOCON




DISCUSSION {(Continued) _ 5

Foundations {(continued)

stood that a dam is to be constructed at the south west end of Lake

Shikwamkwa. It is understood by extrapolation that this will cause
| a resultant rise in the river level of about 15 feet which will
necessitate an increase in the extent of rip-rap protection along
the embankment sections. Published data (Terzaghi and Peck, "Soil
Mechanics in Engineering Practice.”) indicates that the depth of
scour below the low water channel may be in the order of four times
the greatest known rise of river level. Therefore, if no suitable
rip-rap protection is provided to the piers, it should be assumed
that scouring to at least the depth indicated may occur. The com-
puted pile capacities may be effected by the amount or effectiveness

of the rip-rap provided.

Apprroach Embankments

It is recommended that the surface organic material be stripped
from beneath approach embankments. With a proposed grade at 1109,

thz overall height of embankment relative to adjacent ground level

will be about 22 feet. 1In view of the granular nature of the subsoil,

it is considered that the stability of the approach embankments with

side slopes of 1 vertical to 2 horizontal, assuming that the embank-

ment f£ill is granular, will be adequate.

GEOCON




DISCUSSION (coritinued) 6

Approach Embankments (continued)

The approach embankment as planned will experience settlement
caused by consolidation of the underlying very loose to loose sand
with gravel stratum. 1In view of the granular nature of the over-
burden, most of the settlement should take place during construction
0f the embankment. However, it is recommended that the embankment
be constructed in advance of pile driving to avoid negative skin
friction effects on the piles. 1In addition, it is recommended that
additional surcharge be provided by temporarily increasing the em-

bankment height during the construction phase.

It is recommended that rip-rap be provided where necessary to
above maximum high river level, that is, 15 feet above present

river level to prevent scour.

It is recommended that the backfill to abutments consist of
well compacted, free drain , non-frost susceptible, clean granular
material. With this provision, a coefficient of lateral earth pres-

sure of 0.5 is recommended for the case of pile supported abutments.

Construction

Should excavations be required below water level at th~ pier

or abutment locations, they will involve excavation within the very

GEOCON




DISCUSSION (continued; 7

Construction (continued)

loose sand with gravel and, therefore, some means will be required
to control water inflow. For ' .this purpose a"sanded-in" well point
system could be used or, alternatively, the excavation could be
sheeted and dewatered by pumping from filter equipped gumps main-
tained ahead of excaVQtion. Where excavations are required within
the river, berms built to above river level would be required if
well points only are used. Similar berms might also facilitate con-
struction if sheeting was used. Sheeting, if used, should be
carried down below excavation level a distance at least equal to the
maximum head differential likely to be encountered. Irrespective

of the method used, construction should be carried out in sections

to minimize constriction of the river flow.

CONCLUSIONS AND RECOMMENDATIONS

1) The site is covered by = depogit of sand with gravel and sand
and gravel underlain by si't. The maximum depth of overburden as
encountered was 80 feet. The relative density of the sand with
gravel and sand and gravel ranged generally from very loose to com-
pact on the north side of the river and very loose to very dense on

the south side of the river.

2) At the time of investigation the water level in the river and

GEOCONM




' CONCLUSIONS AND RECOMMENDATIONS (continued) 8

the adjacent river bank was a%t about elevation 10383.

3) e iow relative density and scour susceptibility of the sur-
ficial soil strata at the site preclude the practical use of shallow
spread footings. The most suitable foundation solution, therefore,
is considered to be the use of friction piles as indicated ir the

report.

4) Construction of piers and pile caps will probably require exca-
vaticn below water level. Recommendations ave given on possible

measures to handle unwatering of such excavations.

@ rrrsomEr

The field work for this investigation was carrxied out under
the supervision ¢S Mr. B. Coleman. This report was written by Mr.
J. N. Beckett, checked by Mr. D. B. Oates, P. Eng., and reviewed

by Mr. M. A. J. Matich, P. Eng.

J,, ,J}.,A._\ P o

JNB/md J. N. Beckett
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APPENDIX 1

PROCEDURE

SITE AND GEQLOGY
SOIL CONDITIONS
WATER CONDITIONS

OFFICE REPORTS ON SOIL EXPLORATION
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PROCEDURE

The field work was carried out between March 25th, 1966 and
April lst, 1966. A total of 4 boreholes in BX size each with an
accompanying dynamic uncased cone penetration test were put down.
One hole extended to 80 feet depth. The remaining three holes were

taken to 50 feet depth. For the work, a skid mounted diamond drill rig

was used.

The soil strata were sampled at intervals of 5 feet in the
upper 50 feet and at 10 feet intervals between 50 and 80 feet depth.
Two inch split spoon samples, adapted with a foct valve to facilitate
recovery, were taken in the overburden. Because of the generally
loose relative density of the strata recovery was not always achieved
with the split spoon. As a result,; slotted tube samples were generally

obtained after the first attempt at recovery with the split spoon.

Detailed logs of the 4 boreholes and accompanying dynamic un-
cased cone penetration tests are presented on the Office Reports on
Soil Exploration in this Appendix. The locations of the boreholes
and dynamic cone penetration tests, together with the inferred strati-

graphy are shown on Drawing No. 7856-1 at the rear of this report.

The laboratory testing of selected soil samples was carried out

in the Soil Mechanics Laboratory of Geocon ILtd. in Toronto. The

GEOCCN




PROCEDURE (continued) 2
results are plotted on the Figures in Appendix 11. The soil samples
remaining after testing will be stored until April 1967 at which

time you will be contacted for instructions regarding their disposal.

Ail elevations given in this report are referred to Geodetic
datum. The hench mark referred to is a nail and washer in the top
of a 4 inch diameter Balsam stump. The stump is located 82 feet
east of station 871436, along proposed Secondary Highway No. 651,

Line "L". The Geodetic elevation of the bench mark is given as

1092.53.

SITE AND GEOLOGY

The proposed D.H.O. bridge site is to be located on the pro-
posed Secondary Highway No. 651, Line "L" over the Goldie River,
approximately 1 mile south of Dalton, Ontario. The site is located
in Township No. 43, District of Algoma, Ontario. At the time of the
investigation the Goldie River, which flows in an easterly direction,
was about 45 feet wide and about 2 feet deep at its deepest point;
indications are that at high water level the depth of water is about
7 feet. Ground level at the site varies between elevations 1083 and
1090, with the maximum variation occurring close to the edge of the
creek. The site area is covered by dark brown peat and other related

organic soils to a maximum observed depth of about 1 foot.

GEOCON




SITE AND GEOLOGY (continued) ' 3

From available geological information and previous work in the
area, it is known that the overburden cover is composed of sands and
silts of post glacial fluvial origin. Tne bedrock types in the area

include granite, syenite and gabbro.

SOIL CONDITIONS

The principal soil strata encountered in the boreholes are des-
cribed below. Because of the difficulty of obtaining relatively
undisturbed samples of the overburden and also its variable composi-
tion, the boundaries and descriptions of the various strata are pro-
bably idealized. Because of the method of deposition, a more detailed
definition of continuous layers was not possible and in any event
would probably not be realistic. It is believed, however, that the
inferred strata described below and on Drawing T7856-1 are for all

practical purposes representative of the stratigraphy.

Dark Brown Sandy Organic Topsoil

The surficial stratum across the site is a dark brown sandy
organic topsocil containing roots and other decayed organics. The
ground surface elevation at the borehole locations across the site,
which corresponds to the surface elevation of this stratum, varies
from elevation 1088 to 1090. The thickness of the topsoil is about

0.7 feet.

GEOCON




SOIL CONDITIONS (continued) - 4

Very Loose to Compact Brown to Grey Sand with Gravel.

Diréctly underlying the topsoil at the borehole locations is a
stratum of brown to grey sand which contains in places a small percen-
tage of gravel and some silt traces. The surface elevation of the
stratum ranged from 1087 to 1089. The thickness of the stratum,
where penetrated fully, was found to range from 34 feet in borehole
1 to 44 feet in borehole 2. 1In boreholes 3 and 4 the stratum was not
fully penetrated and was found to be at least 51 feet in thickness.
The colour change from brown to grey was noted at a depth of about 25
feet in the boreholes. However grey and brown zones occur above or
below this depth. The material consists mainly of fine to coarse sand
with some silt and a small percentage of subrounded gravel; both the
silt and gravel content is present only at localized areas within the

stratum. Some wood fragments are present within the stratum.

Mechanical analysis tests were carried out on four typical samples
from this stratum and the results are shown as grain size distribution
curves on Figure 1 of Appendix 1l. The grain size curves indicate that
the samples contained up to 4 per cent silt sizes, 88 to 96 per cent

sand sizes and up to 12 per cent gravel sizes.

Standard penetration tests were carried out in this stratum and

gave "N" values ranging from 2 to 19 blows per foot. The standard

GEOCON




SOIL CONDITIONS (continued) R g

Very Loose to Compact Brown to Grey Sand with Gravel tcont'd)

penetration resistances indicate that the relative density of the
stratum is generally very loose to loose but becomes compact with

depth particularly on the north side of the river.

For design purposes the following parameters may be used, where
appropriate:

Wet unit weight, 115 pounds per cubic foot

Angle of shearing

resistance, 32 degrees j

Dark Brown Organic Silt

The sand with gravel is underlain in boreholes 1 and 2 by a thin
stratum of organic silt. The thickness of this stratum was found to
be 1.1 to 0.8 feet in boreholes 1 and 2 respectively. The elevation
of the surface of this stratum is 1052.6 and 1043.8 in boreholes 1
and 2 respectively. The silt is horizontally stratified and its dark
brown colour is imparted by its organic content. It is estimated that

the relative density of this stratum is compact.

Dense to Very Dense Grey Sand and Gravel

The dark brown organic silt in boreholes 1 and 2 is underlain
by a stratum of sand and gravel. The surface of this stratum was

encountered at elevations 1051.5 and 1043.0 in boreholes 1 and 2

GEOCON




SOIL CONDITIONS (contirued)

Dense to Very Dense Grey Sand and Gravel ‘écontinﬁed)

respectively. The stratum was fully penetrated ir borehole 2 only
where it was found to be 12.2 feet in thickness. The sand and gravel
is generally grey in colour although some brown sections were noted.
The stratum is essentially similar in composition to the overlying
sand with gravel. However it is being described separately in view

of its slightly higher gravel and, in places, silt content and high

relative density.

Mechanical analyses were carried out on 2 typical samples from
this stratum and the results are shown on Figure 2 in Appendix 11.
The results indicate that the stratum contains up to 25 per cent
silt, about 53 per cent sand and between 23 and 46 per cent gravel

sized particles.

Standard penetration tests carried out in the stratum gave
"N* values ranging from 30 to 75 blows per foot with an average value
of 50 blows per foot. The relative density is estimated to range

from dense to very dense.

For design purposes the following parameters may be used where
appropriate:
Wet unit weight 130 pounds per cukic foot

Angle of shearing resistance 40 degrees

GEOCON




SOIL CONDITIONS (continued) 7

Compact Grey Silt with Some Sand

Underlying the sand and gravel stratum as encountered at eleva-
tion 1030.8 in borehole 2 only is a stratum of grey silt which con-
tains sand sizes. This st;atum was not fully penetrated. The
investigated thickness was about 23 feet. The silt is horizontally

stratified and contains some silty sand layers.

A mechanical analysis was carried out on a typical sample from
this stratum and the results plotted on Figure 3 in Appendix 11.

The results indicate that the stratum contains 30 per cent fine sand

sizes and 70 per cent silt sizes.

Standard penetration tests carried out in the stratum gave
"N" values ranging from 19 to 28 blows per foot with an average
value of 24 blows per foot. The relative density is therefore

generally compact.

For design purposes the following parameters may be used where
appropriate:
Wet Unit weight 125 pounds per cubic foot

Angle of shearing
resistance 35 degrees

GEOCON




SOIL AND WATER CONDITIONS (continued)

WATER CONDITIONS

At the time of the investigation the water level in the Goldie
River was at about elevation 1083. Observations cf the ground water

level in boreholes 1 and 4 confirm this elevation.

I.ocal information indicates that the maximum river level is at
about elevation 1088 during spring runoff. 1In this regard it is
understood that a conservation dam is to be constructed at the south
west end of Lake Shikwamkwa. By extrapolation it is believed that

there will be a rise in water level at the bridge site to about

elevation 1097.

GEOCON
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EXPLANATION OF THE FO2RM
“"OFFICE REPORT ON SOIL EXPLORATION"

The object of this form is to ensble a comprehensive study of the soif 1o be mede by combining cn one sheet ull of the
information cbtained from the boring. An explanation of the variou; columns of the report follows.

ELEVATION AND DE. 'H

This column gives the elevation and decth of boundaries brtvezer vhe various soil strota. The elevation is referred to the
datum shown in ths genersi heading.

WATER CONDITIONS )

In this column the water lsvel in the casing at *he fime of boring G¢ the water table in the ground, determined by & series
of observations in & piezometer or standpipe, is indicated to seale by & horizonial line with the symhol W.L. or W.T. above
the line. A notation of any complicated groundwater conditions will be made in this column.

DESCRIPTION

A description of the soil, using standard terminology, Is contained in this column, The consistency of cohesive soifs and
the relative demsity of non-cohesive soils sre described by the foliowing terms:

Consistency U-Strength Relative Density Standard Penetration
Jons/ag. ft. Resistance. Blows/ft.

Very soft 0.03 to 0.25 Very loose 0 1o 4

Soft 0.25 to 0.5 Loose 4 1010

Firm 05 to 1.0 Compact 10 to 30

Stiff 1.0 to 20 Dense 30 10 50

Very stiff 20 to 40 Very deme over 50

Hard over 4.0

STRATIGRAPHIC PLOT

The stratigraphic plot foliows the standard symbols of the National Ressarch Council, Canada,

ELEVATION SCALE

The informaticn in all columns is plotted 10 a true elevetion scale which is sh in this col

GRAPHS

The main body of the report forms a graph which is used to plot to correct elevation the important soil properties which are
obtained through field and laboratory tests. The scales snd symbols for the plotting are shown at the head of the column.

OTHER TESTS

In this column are shown, by symbol, the other field or laboratory tests which have been performed on the soil and for
which the results have not been plotted on the above graph.

SAMPLES

The first three colurns describe the condition, type ~ad number of each sample obtained from the boring. The location and
extcat of each sample is plotted to scale.

In the last column is shown the penetration resistance in blows of 4200 inch-pounds required to drive one foot of the sampler
into the ground. When a 2 inch Drive Sampler is used the result obtsined is termed the “Standard Penetration Resistancs”.

GEOCON




OFFICE REPORT ON SOIL EXPLORATION

CONTRACT__. T 7 8 S .BORINGw® ... . l e e DATUM ..q‘E.QD ETAC o casiNG LB,
BORING DATE MAR. 28:29/G .. RLPORT DATE ARR. S, 13 @% ..compiED BY. . A E L.

e CHECKED BY i
SAKPLER HAMMER WT. J&Q LBS. DRQP,ﬁQ,_IN‘CHES {PENETRATION RESCSTANCES CONVERTED TO BLOWS OF 4200 1N - LBS, ENERGY)
SAMPLE CONDITION SAMPLE TYFCS ' ABBREVIATIONS
AS. -AUGER SAMPLE t .., -FOIL. SAMPL.E ¥ - IN-SITU VANE TESY : T+ WET UNIT WEIGHT
S DISTURBED ST. -SLOTTED TUSBE S$.0. -SLEEVE.-OPEN M - MECRANICAL ANALYSIS K- PERMEABILITY
4 R W.S. - WASHED SAMPLE S.F. -SLEEVE-FOOT VALVE U < UNCONFINED COMPRESSION L - CONSOLIDATION
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SOIL PROFILE SAMPLES
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~OFFICE REPORT ON SOIL EXPLORATION
—T78BS% . _sornG# . &
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