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ABSTRACT

The results of an investigation to determine the sub-
surface conditions at the site of the proposed structure to carry
the westbound connection of Highway 2S5 over the eastbound lane
of the proposed Highway 401 in the Township of Elizabethtown,
Ontario are reported and recommendations are made for the founda-
tion design of the proposed structure and approach embankments.

It was found that the overburden at the site is less
than about 4 feet thick and consists ofathin surficial deposit of
soft fibrous peat underlain by compact to dense sand. Underlying
the relatively thin overburden is fairly sound hard grey dolomitic
limestone bedrock. The groundwater level across the site is gener-
ally at or near ground surface.

The piers for the proposed structure may be founded on
spread footings placed on the surface of or in the bedrock using
an allowable bearing pressure of up to 10 tons/sq.ft. The abutment
footings may also be placed on the bedrock or alternatively within
the roadway approach embankments. For properly compacted fill a
bearing pressure of up to 2 tons/sq.ft. may be used as discussed
in the report. Settliement of the bridge structure using these
loadings should be negligible.

There should be no overall stability problem with the
proposed roadway embankments provided the thin organic surface de-
posits overlying the sand stratum are removed.
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INTRODUCTION

H, Q. Golder & Associates Ltd. have been retained by
the Department of Highways, Ontario, to carry ocut a subsurface
investigation for a proposed structure to carry the westbound con-
nection of Highway 2S over the eastbound lane of the proposed
Highway 401 at Crystal Beach in the County of Leeds, Ontaric. The
purpose of this investigation was to determine the subsurface con-
ditions at the site and to provide information for the design of

a proposed bridge structure and associated roadway approach embank-

ments.

PROCEDURE

The field work for this investigation was carried out
between June 4 and June 9, 1965. During this period 4 boreholes
with adjacent dynamic penetration tests (numbered 1 to 4,.inclusive),
ranging in depth from about 10 to 15 feet, and 4 additional dynamin
penetration tests (numbered 5 to 8, inclusive), were put down
using a skid-mounted machine drillrig supplied and operated by the
F.E. Johnston Drilling Co. Ltd. A test pit was dug manually on
June 18, 1965 at the location of dynamic penetration tests 5 to 8,
inclusive, to confirm the relatively shallow depth to bedrock surx
face as inferred from the penetration test results., The field

work was supervised throughout by a member of our engineering staff.
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3.

The locations of the borings put down during the in-

vestigation are shown on Figure 1 located in a pocket following
the Records of Boreholes. A detailed log for each boring, dynamic
penetration test and and test pit is given on the Records of Bore-
holes fcllowing the text of this report. A section of the inferred
soil stratigraphy along the centerline of the westbound connection

of Highway 2S5 is given on Figure 1.

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

of Boreholes and on Figure 2.

The elevations used in this report are referred to
Geodetic Datum. The elevations and borehole locations were sup-

plied to us by the Department of Highways, Ontario.

SITE AND GEOLOGY

The site of the proposed structure carrying the west-
bound connection of Highway 2S over the eastbound lane of Highway
401 is located some 1.3 miles west of the existing Highway 2 ang
Highway 401 interchange and about 200 to 300 yards west of the
existing Highway 401 in the Township of Elizabethtown in the

County of Leeds, Ontario.
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The site is presently unoccupied, is swampy in nature,
and is coveied by thick underbrush and trees. The ground surface
across the site undulates between about elevation 331 and 327.
Small bedrock outcrops occur at several locations in the general

vicinity of the site.

Based on,previéus site investigations carried out in
the general area and available geoclogical information, it is known
that the proposed site is located in the physiographic region known
as "Leeds Knobs and Flats" which consists primarily of scattered
rock outcrops between which lie water laid deposits of clays, sands
and gravels. The bedrock in the area consists generally of Palaeozoic
calcareous sandstones, fossiliferous limestones and dolomites of

the Potsdam series.

SUBSURFACE CONDITIONS

The detailed stratigraphy encountered in each boring
is given on the Records of Boreholes. The stratigraphy along the
centerline of Highway 2S5 has been interpolated from this data and
is presented on Figure 1, Following is a summary account of the

inferred subsurface conditions at the site.

The site, at the boring locations, is generally covered
by up to about 2 feet of dark brown fibrous peat or organic sandy

material. Based on a single labaratory determination the organic content
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of this surficial material is about 66 percent ahd the in situ
water content about 200 percent. Standard and dynamic penetration
tests carried out in the peat gave consistent values of 1 blow/ft.

indicating that the organic deposit is very soft to soft.

Underlying the surficial organic deposit the borings

encountered up to about 3 feet of light brown silty sand to sand

fwith some silt and a trace to some gravel and cobbles throughout.

Grading curves for typical samples of t“e sand are shown on FPigure
2. Five laboratory determinations indicate that the sand has an

average in situ water content of about 25 percent.

Sfandard and dynamic penetration tests carried out in
the sand stratum gave penetration resistance value: ranging from
about 5 to 50 blows/ft. with an average of about 16 blows/ft.,
indicating that the stratum is loose to dense but is generally

coripact.

Underlying the sand stratum, generally at a depth.of
about 3 feet, the dynamic penetration tests met practical refusal
and the borings encountered bedrock. The bedrock was cored in AXT
size for about 8 to 12 feet in all boreholes. Bedrock was found
to be a fairly sound hard grey dolomitic limestone which has oc-
casionally been weathered light brown in the upper 2 to 4 feet,

as in bocrehole 4. Some near horizontal fractures were observed
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throughout the bedrock. The bedrock also contains occasional open

. seams or joints, as in borehole 4, where complete water loss was

observed during drilling.

Following completion of boreholes 1, 2 and 4 a piezo-
meter was installed in the bedrock for groundwater level observa-
tion. Readings were taken in these installations and in the open
borehole (number 3) following completion of the work. The instal-
“ation details together with the latest readings obtained on June

18, 1965 are shown on the Records of Boreholes and on Figure 1.

Observations made in open boreholes during the boring
operations (June 4 to 9, 1965) showed t};at the groundwater level
. within the overburden was at about ground surface. The swampy
vnature of the site confirmed this high water level condition, . On
June 18, 1965 when the test pits were put down at the location of
dynamic penetration tests 5 to 8, inclusive, it was found that the
overburden was essentially dry with the groundwater level at about

or below bedrock surface.

Readings taken in the piezometer installations placed
in the bedrock indicate that, with the exception of borehole 4,
the groundwater level in the bedrock is within about one foot of
ground surface. In borehole 4 the piezometer was found to be dry

to a 13 foot depth 14 days after installation. The dry nature of
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7.
this boring is probally due to the presence of open seams oi frac-
tures within the bedrock. It was observed during drilling owverations
in ‘borehole 4 that there was a complete water loss in a few zones
within the bedrock. In the remainder of the borings good water

return was obtained during bedrock core drilling.

DISCUSSION

General

It is understood that the proposed under: .ass is to be
a 3 span structure with a 125 foot long central span and 6% foot
long end spans. It is further understood that the proposed grade
of the westbound connection of Highway 28 is to be at about elevé—
tion 347 and the proposed grade of the eastbound lane of EHighway
401 is to be slightly below the existing ground surface which is
at about elevation 330. The height of the roadway approach em-
bankments for Highway 2S5 will be some 18 feet above existing ground
surface. Spill-through type abutments are to be used for the bridge

structure,.

Roadway Approcach Embankments

The approach embankments to both bridge abutments will
be some 18 feet in height above existing ground surface and will
have side and end slopes not steeper than 2 horizontal to 1 ver-

tical. To prevent erosion scour and gullying of the slopes, provision .
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should be made for sodding or seeding and mulching as soon as

possible following completion of the embankments.

There should be no overall stability problem with the
proposed approach embankments if constructed of suitable material
properly compacted in place, provided all of the soft organic
surface deposits overlying the thin sand deposit are removed be-
neath the full width of the embankments. Care should, however,
be taken to prevent loosening of the sand overlying the bedrock

due to water and construction operations.

As the groundwater level at the site could be at or
very close to ground surface, some control of groundwater may be
necessary during removal of the surficial organic material to en-
sure that the in situ density of the sand deposit is maintained.
It is suggested that this control consist of ditches leading to
an area of lower elevation to draw the water table down %to the
lower portion of the sand stratum prior to general stripping across

the site.

As spill through abutments are to be used for the
structure it may be economical to found the abutments on spread
footings placed in the roadway approach fill. If this is done
the embankments in the abutment zones should be constructed of

well graded granular material placed in 9 to 12 inch 1lifts and
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compacted to at least 100 percent standard Proctor dry density.
Outside the abutment zones the embankments need not be constructed

of granular material.

If the embankments are constructed as discussed above,

settlement of the approach fills should be negligible.

Bridge Structure

Due to the extremely shallow depth of the overburden
at the site, the north and south piers may be founded on spread
footings placed on the surface of or in the bedrock using an
allowable bearing pressure of up to 10 tons/sq.ft. For this bear-
ing pressure settlement of the piers will be negligible., If the
footings are placed on bedrock surface dowels should be installed
into the rock to prevent possible footing movement, particularly
if a sufficient earth cover is not provided for frost protection

purposes.

The bridge abutments may be founded directly .on the
bedrock using an allowable bearing pressure of 10 tons/sq.ft.,
as discussed for the piers. This would however limit the use of
large construction equipment for placing and compacting the ap-
proach fill on both sides of the abutment. It may therefore be

more economical to found the abutments on spread footings placed
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If this is done and the approach fills are constructed of well
compacted material, an allowable bearing pressure of up to 2‘tons/
sg.tt. may be used in design of the abutment footings. Settlement #

of the footings within the approach fill should be negligible,

For abutments founded in the approach fills a minimum ,;
of 4 feet of earth cover should be provided for frost protection Y

purposes.

BD S B |

. B. Davis

JHes

JBD:JLS:HJB J. L. Seychuk, P.Eng.
65058

June, 1965
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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:

I. SAMPLE TYPES

AS  auger sample

CS chunk sample

DO  drive open

DS  Denison type sample
ES foil sample

RC  rock core

ST slotted tube

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

1I. PENETRATION RESISTANCES

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

Standard Penetration Resistance, V: 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

Nortsgs:

s QRO

ill. SOIL DESCRIPTION

(a) Cohesionless Soils
Relative Densiiy N, blows/ft.

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

(b) Cohesive Soils

Consistency Cu, 1b./59. ft.
Very soft Less than 250
Soft 250to 500
Firm 500 to 1,000
Stiff 1,000 to 2,000
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 hydremeter!

undrained triaxial?

drained triaxial
unconfined compression
field vane test

iCerabined analyses when 5 to 95 per . 2n~ of the material passes the No. 200 sieve.
2Undrained triaxial tests in which pore pressures are measured sre shown as @ or E.
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LIST OF SYMBOLS

I. GENERAL

= 3.1416
= base of natural logarithms 2.7183
log, @ or In g, natural logarithm of ¢
loga or log a, logarithm of a to base 10

TR T

time

acceleration due to gravity
voiume

weight

moment

factor of safety

II. STRESS AND STRAI™:

a N g o g

A

W@

pore pressure

normal stress

norm: 1 effective stress (¢ is also used)
shear stress

linear strain

shear strain

Poisson’s ratio (g is also used)

modulus of linear deformation (Young’s
modulus)

modulus of shear deformation
modulus of compressibility
coefficient of viscosity

1i1. SOIL PROPERTIES

(a) Unit weight

unit weight of soil (bulk density)

unit weight of solid particles

unit weight of water

unit dry weight of soil (dry density)

unit weight of submerged soil

specific gravity of solid particles G, =v,/v,
void ratio

porosity

water content

degree of saturation

(b) Consistency

W
Wp
I
Ws
I
I
Cmaz

€min
D,

liquid limit

plastic limit

plasticity index

shrinkage limit

liguidity index = (w — wp)/Ip
consistency index = (w; — w)/Ip

void ratio in loosest state

void ratio in densest state

relative density = (emgs — )/ (€max — €mim)

(c) Permeability

Car v ®. @ &

hydraulic head or potential
rate of discharge

velocity of flow

hydraulic gradient

coefficient of permeability
seepage force per unit volume

(d) Consolidation (one-dimensional)

n,

coefficient of volume change

= —Aef{i+e)As’
compression index = —Ae/ A log;q o’
coefficient of consolidation
time factor = ¢¢/d?
degree of consolidation

(d, drainage path)

(e) Shear strength

Si

shear strength
effective cohesion
intercept in terms of effective
effective angle of ; stress
shearing resist- |7, = ¢ + o' tan ¢’
ance, or friction |
apparent cohesion™®
apparent angle of (in terms of total stress
shearing resist- |7, = ¢, + o tan ¢,
ance, orfriction |
coefhicient of friction

sensitivity

*For the case of a saturated cohesive soil, ¢, = 0 and the undrained shear strength 7, = 2, is taken
as half the undrained compressive strength.
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Mr, S, lMcConbie, Foundation Section
Bridge Planning Engineer, Materials & Testing Div.,
Bridge Division. Foeom 107, Lab. Bldg.
Attn: Mr. AL, P, Watt, fugust 16, 19€%

Feg. Bridge Location Zngr.

W.P. €7-€5 Site #16-178,

Westbound Connection Underpass,

1.3 Miles West of Hwy. #2 and
existing Hwy., #40l1 at Crystal Beach,
Highway #401, District #8 (Xingstcn)

We have reviewed the Bridge Dwg. D-5773-F,
showing the general arrangements of the above-menticned
Job, and submit the following comments:

1) 411 soft organiec material at the approach Till
locations should be sub-excavated and back-filled with
suitable earth materiael prior toc placing the approach fills,
This work should be carried out as per current D.H.G.
Standards DD LOE,

£

s JQ\
Jlog S|
VUl Noeavadn
MD /Mo eF . Tevata,
SENICH FOUNDATICH INGE,
cc: Foundatlions Uffice For: .
Cen. Flles 4. G. Steraac,

FRINCIPAL FOUNDATION ENGE.




¥r, 3. HcComble,
Bridge Plenning Engineer,
Bridge Divisioen.

T e e f ‘é
cer Fourdstions Office (Rm, 1:0)

Foundation Section,
Haterlals & Testing Div.,
Foom 107, Lab, Bldg.

iugust 1€, 1965

W.P, €7-6% sSite #16-173,

Westbound Connection Underpass,

1.3 Miles West of Hwy. #2 and
existing Pwy. #401 at Crystal Beach,
Highway #401, Distriet #8 (Xingston)

We have reviewed the Bridge Dwg. D~6773-%,
showing the general srrangements of the above-menticned
iob, and subait the foliowing comments.

-5

J £11 soft organic material =t the approach Fill
locations should be sub-excavated and back-filled with
suitable earth material prior te placing the approach fills,
This work should be carried out as per current D.H.C.
Standards DD LQE,

‘-w-d

¢

AN - B ;
A Cvado

el In+ i e o
co: Foundaticns ffice o

Cen. Files 4. G, Sternmac,

T Tl TN SETRTY AR B EIAD
PRINCIFAL PUOUHDATIUE BEGE.




. Tar Eﬁr A G. S’cermac, : 'qu Brldge Divisiﬁm,
- e o Principal Foundation Eﬁginee SR Dawnsv1ew, Gntario.
.Roeom 107, , , - S ,
Lab. Bulilding. - ST , [ N

: Daver  August 10, 1965.

Our Fie Rer. ' IN mEPLY TO :

Smw- W.P. 67-65 Site #16-178
Westbound cernec ion Underpass
1.3 Miles West of Hwy. #2 and - o
existing Hwy. #401 at Cr stal. Beach S I e e e
 Highway #ﬁﬁl District #g . e s e DT e T L

Enclosed please find one copy of the m&limmary plan
D-5T7T3-P for the abave strncture.

Would you kindly review the brxdge

eundatiovs prcpaseﬁ 
and inform us- if they are satifactorg, RE

APW/im A. P. Watt, '
, ' Reglonal Br id ge Losation nngi::eer.‘
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D Hr. s. i, Toye, Foundatiun seetion,
Brides Ungineer, Meterials < Tssting Uiv.,
Bridge Divislon. Loos 107, Lab. Bldg.

2 A 4 i‘dj‘z‘ im J}MMﬁ JW 253* [ 1?&5

TR T, BTy 31 IRVESTIOATILE L o wy BY:
PG AN AT R AR A VL L MM A L SWE BS e d 333k

He . Golder and sasoclates, Limited,

Pruposed Westbound Connection Undarpass,

Highway 401 ard Highway &§, Township of

“llssbethitown, county of Leeds, Ulst. ib,
oeia €765

Ltaehed, plasss Tind the sbove-ssntionsd rsport
submitted by ithe Jonsultant, kL, .. Celder « .sscelates, Lid,
<& have reviewad the report end found the factual deta builh
stequate and well presentad, The conclusiop: and recomsends-
tions are stralghtforvward and <o not require any commsnis .
Bowever, should there be mpy tcuerles in cobnection with

this revort, nleass fsel free Lo contget cur uffice,
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FlLesza %mzmiﬁaf this youy suthorlty tu cerry vutl & fusndéstion
invastigetics el the abuve 3ite. wwe g»pi%a ol the prelininary plarv
wure givon Lo yuur regresenvative op ey &3, 1965, in ”gi%ﬁ,“gﬂ
probable losatlons of the ?u&ﬁirgg Ere shoW. Sadyack say be pear

e swrisce in ihe ajurity of ibe boles.

PN I
&&3@5%4w?

,vkm &ki‘&fw ﬁw @-ﬁ;b‘d
T wz&ﬁi i&ﬁktif" :

Sheule you, G4
sugiv of copditicns ket inm
alightly, sors Javediable <o
yiew var be resllzed
i%’*am. w’%i% gnah ‘

F
FE& wwe




Ve i Golder & Apstw, LYd. ‘
At Ar, Jo capebul - g . day 31, 1%E%

Boesuse the fravirg: agedonjpanying the Toundetion repurts,
shwwing the loestiun ol borings, the infaerred subioll wnditionz,
plite, BFC L0 baouse contreset drawings, you ere regusited o pr
thas e socurdancs with the LLH,L, standisus. 1o wnable you ;
this, we ars supplyiog yus with senple dlavings with sl the neo-
prsBry sxplenaticeps, sogetber with ilnen sheets Tor yew drawlrgs.
¥ou sre slzo reguested te provides gr wilth Cromallier soples wf tae

fravisngs.

Charges fur the work performed will b~ in segordeascs with
your sehedule of Vatos, dated veptesber 10, 9, ard lnveice te be
pidrensed To the attention of the anfdarsignes.,

b

We mre attaching Furchese wxder § 4708, gevering the
purchase of any new sateriel regoired for this work, ln ordsy
that yus »ay asee thisg as o2 basls four exespgtion frea the Federsl
ez foy sueh porehsses, The Zxesption Jertifigets is printsc

L husr gE

Tours vary traly,
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H. Q. GOLDER & ASSOCIATES LTD.
CONSULTING CIVIL ENGINEERS

H. Q. GOLDER 2444 BLOOR STREET WEST
. MILLIGAN TORONTO 9, ONTARIO
L. G. SODERMAN 763-4103

J. L. SEYCHUK 767-9201

June 23, 1965

Department of Highways, Ontario,
Materials & Testing Bivision,
¥Fry. 401 & Keele Street,

Downsview, Ontario. K?lifg
Attention: Mr. ,Jwﬁigj’P.Eng.

A,
—

RE: W.P, 67-65,
SUBSURFACE INVESTIGATION,
PROPOSED UNDERPASS,
HWY. 401 & HWY. 28,
COUNTY OF LEEDS,

Deaf Sirs:

We have forwarded to you today, by messenger, ten copies
of our report covering the above work. A Cronaflex copy of Figure
1 which is the site and boring plan was included with this shipment.

We trust that our report contains the information that you

require. If we can be of any further service to you, please call
us,

Yours truly,

H. Q. GOLDER & ASSOCIATES LTD,

L

JLS:HJIB J. L. Seychuk, P.Eng.
65058




- DEPARTMENT OF HIGMWAYS ONTARID

MEMORANDUM
To: Mr. K. Y. Lo, From: Bridge Division,
Supervising Foundation Engineer, Downsview, Ontario.

Room 107, Lab. Bldg.

Dare: May 26, 1965,
Qua Fiuz Rer.

In ReEPLY TO

SusdecT:

W.P, 67-65, Westbound Connection
Underpass, 1.3 miles west of Hwy. 2
and existing Hwy. 71 at Crystal Beach,
Hwy. 401, District 8.

Would you kindly arrange to have a foundation investigation
conducted at the above location. I have enclosed two copies
of the site plan E 460L4-1 with the probable footing locations
marked in red. Would you also check the approach stability.
Bedrock may be near the surface in a majority of the holes.

The site is accessi.le from Hwy. 2§ (Old Kings Highway 401).
The exact location can be obtained from Mr. A. G. Boucher,
Regional Superintendent of Engineering Surveys, 1085 A Princess
Street, Kingston, Ontario.

The location of the nearest accommodation is Long Beach
Motel, Brockville, Ontario.

As there is drilling equipment in the area at W.P. 178-61
Jones Creek West Branch and W.P. 179-61 Jones Creek East Branch
there maybe an advantage in utilizing the same equipment for
the above work project.

u@m%/

APW/ag A. P. Vatt,
c.¢cs N. B. Smith Regional Bridge Location Engineer.
R. Fitzgibbon
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