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ABETRACT

The results of an investigation to determine the sub-
soil conditions at the site of a damaged culvert on Highway 11,
2 miles west of Beardmore, Ontario, are reported and - acommenda-

tions are made for the design and construction of the proposed
culvert replacement.

It was found that the creek bed is underlain by some
4 feet of locse to compact sand and gravel, followed by an ex-
tensive depos.t of compact silt.

It is recommended that the proposed culvert be founded
on spread footings within the silt stratum at a depth sufficient
to provide scour protection,

Ir excavating for the footings in the silt below the
water level, adeguate control will be necessary to avoid loosen-
ing the subsoil at and below foundation grade. Construction

methods to avoid "boiling” of the excavation bottom are discussed
in ths report.
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INTRODUCTION

H. Q. Golder & Assoéiates Ltd., have been retained
by the Department of Highways, Ontario, to carry out a soil in-
vestigation for a proposed concrete culvert to replace an existing
culvert near Beardmore, Ontario which was damaged by a washout in
July, 1964. The purpose of this investigation was to determine
the subsoil conditions at the site and to provide informatiomn for

the foundation design of the proposed culvert.

PROCEDURE

The field work for this investigation was carried out
du&ing the period March 10 to 15, 1965, Two boreholes with ac-
companying dynamic penetration tests were put doﬁn at the site
using a machine drillrig supplied and operated by Canadién Longyear
Limited. Borehole 1, put down through the!roadway approach fill
adjacent to the culvert was taken down to casing refuéal at a
depth of 40 feet below ground surface. Borehole 2, put down in
the creek bed from the ice surface, was taken down to a depth of
22 feet. The holes were advanced by the wash boring method and
both undisturbed and disturbed samples of the subsoil were obtained.

The field work was supervised throughout by an engineer from our

staff.
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A detailed log for each boring'is giVen on theuReéérds
of Boreholes following the text of this report. The locations of
the borings together with a secticn of inferred soil stratigraphy
across the site are shown on Figure 1 located in a pocket follow-

ing the Records of Boreholes.

The samples obtained during the investigation were
shipped to our laboratory for detailed examination and testing.
The results of the tests carried out are shown on the Records

of Boreholes and on Figures 2 to 5, inclusive.

The elevations given in this report were obtained by
reference to Profile No. C-905-9, dated April, 1964 and prepared
by the Engineering Surveys Division, Department of Highways, On-

tario. These elevations are referred to Geodetic datum.

SITE AND GEOLOGY

The site of the proposed culvert replacement is ap-
proximately 2 miles west of Beardmore, Ontario on Highway 11 in
the District of Thunder Bay. The creek bed at the crossing is
some 5 to 10 feet below the general flood plain level which ex-
tends about % mile on either side of the narrow creek chénnel.

-The flood plain level which forms the floor of a valley some %
mile wide is about 90 feet below the surrounding area. The topo-

graphy of the general area is hilly.
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From available geological information it is known
that during the retreat of thé glaciers, Lake Nipigon existed at
a higher elevation and covered a much larger area than it does
presently. The meltwater from the glaciers deposited sands and

silts in the Nipigon Lake basin, including the site under inves-

tigation.

SUBSURFACE CONDITIONS

The detailed stratigraphy encountered in each boring
is given on the Records of Boreholes. Following is a summary ac-

count of the inferred soil conditions at the site.

Borehole 1, put down'adjacent to the existing culvert
through a berm to the existing roadway embankment placed following
a washout in 1964, encounterea 9 feet of brown sand and gravel
fill. The upper 5 feet of the fill is essentially a silty sand.
The lower portion of this granular fill contains a large propor-
tion of cobbles and boulders of up to about 2 foot in size. It
is believed that this lower coarse fill was dumped to stem the
washout that took place. A grain size curve for a sample of the
npper portion of the fill is shown on Figure 2. Based on the

standard penetrationrtests, which gave "N" values of 4, 13 and 16

blows/ft., the relative density of the fill is considered to be

loose to compact.
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5.
Borehole 2; put down in the creek bed, encountered‘
. a 1 foot surface layer cof cobblés and boulders, then 3 feet of
loose to compact brown, well graded, sand and gravel, with a
trace of silt. A grain size curve for the sand and gravel de-

posit is shown on Figure 3.

The main soil stratum at the site underlying the gran-
ular fill and creek bed deposits is a grey uniform silt about 25
feet thick. Typical grainsize curves for the silt are shown on
Figure 4 and 5. As can be seen from these figures, the stratum
consists mainly of coarse silt sizes with 10 to 40 percent fine
sand sizes and a trace of clay. Layérs of silty clay up to about
. 2 inches in thickness were encountered at infregquent intervals

throughout the silt in the borings.

Standard penetration tests carried out in the silt
gave "N" values ranging from 10 to 28 blows/ft. with an average
of about 17 blows/ft. Based on these values and on the results
of the dynamic penetration tests, the relative density of the silt

is considered to be compact.

The silt grades into a grey sand with depth. No samples
were recovered from this sand deposit, though from observation of
the wash water in borehole 1 the sand is believed to consist of

medium to coarse sizes. The sand was penetrated for 4 feet in bore-
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hole 1. From the results of the dynamic penetration tests and
one standard penetration test, the relative density of the sand

is estimated to be dense to very dense.

At the time'of the investigation the creek was frozen
with the ice level at elevation 982 or some 0.7 feet ahove cree.
bed. The water level observed in the piezometer in borehole 1 was
at elevation 985 on March 15,71965, that is, about 3 feet above

creek ice level.

DISCUSSION

General

It is understood thaf the existing reinforced concrete
culvert of the rigid frame open type at the site under investi-
gation was undermined during é washout in 1964, As a result of
undermining, the south end of the culvert settled by about 1 foot
relative to the north end and the structure cracked. The roadway
fill alongside the south culvert wall was washed out and coarse
granular fill was dumped at that time to stem the erosion of the

approach fill.

It is understood that the existing culvert will be re-
" placed by a similar rigid frame culvert in excess of 16 feet wide
and 10 feet high which is the size of the existing culvert. It is

assumed that the roadway grade will remain essentially the same at
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about 20 feet above creek bed.

Foundation Design

It is recommended that the abutments of the proposed
culvert be founded on spread footings placed in the silt stratum
which underlies the site below about elevation 980 cr a few feet
below the creek bed. To provide full frost protection, in the
event that the creek bed runs dry during the winter, the footings
would have to be taken down at least 6 feet below the creek bed.

This depth would also provide some scour protection for the foot-

ings.

The "N" values obtained within the silt stratum range
from 10 to 28 blows/ft. with an average of about 17 blows/ft.
Based on these results,. an allowable bearing pressure of up to
4,000 1b/sqg.ft. may be used in design of footings founded in the
silt. With this bearing pressure, the resulting settlement of
the footings should be less than 1 inch, provided precautions are
taken during construction to prevent loosening or a decrease in

the relative density of the silt at and below foundation grade.

In the computation of sliding resistance between a
- rough concrete footing base and the undisturbed silt subsoil, a
coefficient of friction of 0.35, which is a limiting value, may

be used in design.
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It is.recommended that free draining and noh—frost
susceptible granular backfill be provided behind the culvert
walls. The granular backfill should extend at least 6 feet hori-
zontally behind the walls and provision for drainage from this
material should be made to ensure that no hydrostatic or ice
pressures build up behind the walls. With full effective drain-
age of the backfill and assuming the culvert to be a rigid struc-
ture, it is recommended that a coefficient of earth pressure at
rest, Ko, of 0.4 and a total unit weight, § , of 135 1b/cu.ft.

be used for the compacted granular fill in design of the walls.,

Rip-~rap should be placed in the bottom of the creek
channel and on the embankment side slopes in the vicinity of the

culvert to prevent scour.

Construction Procedures

Depending on the water level in the creek at the time
of construction and on the proposed footing depth, excavation of
the order of 5 to 10 feet below creek water level will be required
for the culvert foundations. Due to the susceptibility of the silt
to loosening or becoming in a "quick" condition in excavations
carried down below the water level, control of groundwater will be
required in footing excavations to prevent a reduction in the in

situ density of the silt at and below foundation level. This con-
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trol may be achieved by either the :onstruction of a cofferdam or

by dewatering of the silt subsoil prior to excavation.

The granular fill material which contains a large pro
portion of boulders should be removed prior to the installation
of a dewatering system or the driving of a steel sheet pile cof-
ferdam. If a cofferdam is employed the sheeting should be driven
to a penetration below final excavation level equal to the depth
of the excavation below the water level. Further, the sheeting
should be of sufficient height to prevent flooding of the excava-

tion during a flash run-off period.

Alternatively, the subsoil may be dewatered by the
. use of a properly instélled vacuum wellpoint system with each
wellpoint surrounded with sand filter material. 1In this case,

the excavation area would have to be dyked and the creek flow

Ei %ﬂ%w

. J, Heffernan, P.Enyg.

"FJH:HJB J. L. Seychuk, P.Eng.

65024
April, 1965

diverted.
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LIST OF ABBREVIATIONS

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

of the report, are as follows:

1. SAMPLE TYPES

A4S auger sample

CS chunk sample

DG drive open

DS  Denison type sample
FS  foil sample

RC rock core

ST slotted tube

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

II. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of blows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drill rods and casing is not
used.

Standard Penetration Resistance, N: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foot.

WH sampler advanced by static weight—
weight, hammer

PH sampler advanced by pressure—pressure,
hydraulic

PM sampler advanced by pressure—pressure,
manual

NoTEs:

I1I. SOIL. DESCRIPTION

(a) Crhesionicrv Soils
Relative Density N, blows/ft.

Very loose Oto 4
Loose 4to 10
Compact 10 to 30
Dense 30 to 50
Very dense aver 50

(b) Cokesive Soils

Consistency Cuy £0./5g. L.
Very soft Less than 250
Soft 250 to 500
Firm 500 to 1,000
Stiff 1,000 to 2,060
Very stiff 2,000 to 4,000
Hard over 4,000

IV. SOIL TESTS

C  consolidation test
H  hydrometer analysis
M sieve analysis

MH combined analysis, sieve and hydrometer?

undrained triaxial?

drained triaxial
unconfined compression
field vane test

<O

tCombined analyses when 5 to 95 per cent of the material passes the No. 200 sieve.
*Undrained triaxial tests in which pore pressures are measured are shown as Q or R.
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LIST OF SYMBOLS

I. GENERAL

x = 3.1416

e = base of natural logarithms 2.7i83

log, @ or In @, naturai logarithm of a

logiw a or loga, logarithm of a to base 10
time

acceleration due to gravity

volume

weight

moment

factor of safety

TRESTT

II. STRESS AND STRAIN

u pore pressure

4 normal stress

s’ normal effective s.ress (¢ is also used)
T shear stress

€ linear strain

€zy  shear strain
Poisson’s ratio (x is also used)

E  modulus of linear deformation {Young’s
modulus)

modulus of shear deformation
modulus of compressibility
7 coefficient of viscosity

= IR P]

I11. SOIL PROPERTIES
(a) Unit weight

unit weight of soil (bulk density)
s  unit weight of solid particles
vw  unit weight of water
Ya  unit dry weight of soil {(dry density)
¥ unit weight of submerged soil
G,  spific gravity of solid particles G, = v,/v,
e void ratio
n porosity
w water content
S, degree of saturation

(b) Consistency

Wy
wp
Iy
Ws
I
I¢e
Cmaz
€min

2

liquid limit

plastic limit

plasticity index

shrinkage limit

liquidity index = (w — ws)/Ip
consistency index = (w, — w)/I,

void ratio in loosest state

void ratio in densest state

relative density = (Guar — €}/ (Cusx ~ €wi)

(c) Permeobility

T T N -

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

(d) Consolidation (one-dimensional)

1y

coefficient of volume change

= —Ae/(1+e)Ad’
compression index = —Ae/ A logis ¢’
coefficient of consolidation
time factor = c¢t/d? (d, drainage path)
degree of consolidation

(e) Shear strength

Si

shear strength
effective cohesion )
intercept in terms of effective
effective angle of } stress
shearing resist- | r, = ¢’ + ¢’ tan ¢’
ance, or friction |
apparent cohesion*
apparent angle of >in terms of total stress
shearing resist- {7, = ¢, - ¢ tan ¢,
ance, orfriction |
coefficient of friction
sensitivity

*For the case of a saturated cohesive soil, ¢, = 0 and the undrained shear strength 7, = ¢, is taken

as half the undrained compressive strength.
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H, ¢. Golder & issoc. Lid. - 2 -
Atta: Hr, V, Milligan Mareh 8, 1965

We are attaching Purchase Order J 34779, covering the
purchase of any new material required for this preojeect, in order
that you may use this as a basis for exempblon from the Federal
Tax for such purchases. The Exemption Certifieate is printed
thereon.

Yours very truly,

Qe
DS /Ha el 4. Hatka,

sttach. HATERIALS & THSTING EHGE,

ce: Messrs, McCombie

De Visser

Hurrell

A. Snell

Norman

Konings

.« D. Smith (2) e
Foundations COffice
Gen., Files (2)
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DEPARTMENT OF HIGHWAYS ONTARIO

MEMORANDUM
Ta: Wr, A&, Stermac, From: Mr. ¥, DeVisser,
Principal Foundation Engineer, Regional Yridge Location
Downsview, Engineer,
Fort Wiiliam,
Darz: Farch 1, 1965.
Qur Fie Rer. In REPLY TO
Sueuee:

Work Project 16 = 63 Culvert south of Beardmore
at Statien 287 - Highway 11 - District _//9’

The subject 16t x 10! open fGOu‘ng type culvert will have to be
replaced under Work Project 16 3.

Would you please have a foundation investigation carried ocut.

It seems to me that two holes will be sufficient, to be drilled
at opposite corners, unless the soils conditions are so variable
that more detailed information is necessarye.

I vnderstand that Golder and Associates are now drilling at Rat
Rapids. Would it be possible to have them do the drilling at
the culvert after they complete work at Rat Rapids? The repert
should be available as soon as possible.

e P LV

H. Horrell F. DEVISSER,

F. Norman REGICONAL BRIDGE LOCATION ENGINEER.
S. HcCombie

NeS. Smith
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