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~ H. Q. GOLDER & ASSOCIATE
 CONSULTING CIVIL ENGINEERS
: e - HEAD OFFICE - TORONTO, ONTARIO
H. Q. GOLDER L : SR
V. MILLIGAN
L. G. SODERMAN : S A G UNTARID
J. L. SEYCHUK o : : L 35%9§9§;

F.J. HEFFERNAN (OTTAWA) March 17, 1967.

Department of Highways, Ontario,
Materials and Testing Division,
Hwy. 401 & Reele Street,
DOWNSVIEW, Ontario.

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

RE: SOIL INVESTIGATION, . " i
PROPOSED WATT'S CREEK CRassxxe,g i
OTTAWA, ONTARIO. v
W.P.425-64.

Dear Sirs:

We have delivered to you today, by messenger, elevenV
copies of our report presenting the soil conditions and foundatlon
recommendations at the above site. =2 Cronaflex copy of Flgure 1,f
the report was also included with the shlpment

We trust that this report coatalns sufflc1ent lnfcrmatlon
for your requirements. If you have any'questlons,,or if we can. be’ok"
any further service toc yvou on this project, please call us.

Yours very truly,

H. Q. GOLDER & ASSOCIATES LTD.,

DEW:hdg J. L. ~:Se;ychuk,’ P.Eng. :
67750 e f \




hawe pavi




slspabive

ey







H. Q. GOLDER & ASSOCIATES LTD.
CONSULTING CIVIL'ENGINEERS
HEADR OFFICE - TORONTO, ONTARIO
H. Q. GOLDER ‘
V. MILLIGAN
L. G. SODERMAN

3 L. S;Echrm{ WP L —d5 64 '12'35,-:9,69"8 i
F. J. HEFFERNAN (OTTAWA)
REPORT
7O
DEPARTMENT OF HIGHWAYS, ONTARIO
ON
SOIL CONDITIONS AND FOUNDATIONS
PROPOSED WATT'S CREEK CROSSING
HIGHWAY 17
OTTAWA ONTARIO

Distribution:

11 copies -~ Department of Highways, Ontario,
Toronto, Ontario.

2 copies ~ H Q. Golder & Associates Ltd.,
G tawa, Ontario.

March, 1967

196 BRONSON AVENUE
OTTAWA 4, ONTARIO

67750




TABLE OF CONTENTS

Page
ABSTRACT 1
INTRODUCTION 2
PROCEDURE 2
SITE AND GEOLOGY ; 3
SOTIL CONDITIONS 4
CROUNDWATER CONDITIONS 6
PROPDSED BRIDGE STRUCTURE 7
General i
Foundations 7
Approach Embankments 8
ABBREVIATIONS In Oxder
Following:
RECORDS OF BOREHOLES Page 10.
FIGURES 1 - Boring Plan and Soil Stratigraphy Section

2~3 =~ @Grain Size Distribution Curves

| GOLDER & ASSOCIATES |




ABSTRACT

The results of an investigation to determine the’Sub,_v*‘x*

soil conditions at the proposed new Watt's Creek crossing near
Ottawa, Ontaric, are reported and recommendations are made for
foundation design and construction of the proposed bridge struc-
ture and roaﬁway embankments.

It was found that below some 5 to 8 feet of clayey

£ill, the site is underlain by firm to stiff silty clay, which at

the abutment locations is about 12 feet thick. The sensitivity of
the clay as measured by the ratio of undisturbed to the remoulded
vane in situ shear strength is of the order of 10. This sensitive
silty clay is underlain by a few feet of relatively soft gla01al
till then by sandstone bedrock at a depth of about 10 to 13 feet

below creek bottom. The groundwater table as measured in the horé-',f¥

holes was at a depth of 4 to 7 feet below ex1st1ng roadway grade
or some 2 to 5 feet above creek level,

It is recommended that the abutments for this rigid
frame structure be founded on piles end bearing on the sandstone.
bedrock. Either steel H piles or large diameter pre-augered con--
crete filled pipe piles would be suitable at this site. e

Based on the shear strength profile Obtalned for the F
silty clay stratum, the raised roadway approach embankments,;thh
2 horizontal to 1 vertical side slopes and a vertical end slope,
should be stable. The settlement resulting from the raising of
the profile grade should be minor and will mainly. take place prxor
to final paving of the roadway.
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INTRODUCTION

H. Q. Golder & Associates Ltd. have been retainédﬁby’
the Department of Highways, Ontaric to carry out a‘subsurfacéfiﬁff
vestigation at the site of the proposed new bridge on Highway l7,
crossing Watt’s Creek near the western limits of Ottawa, in
Caxrleton County. The purpose of this investigation was to deté?s
mine the subsurface conditions across the site and to provide ihn
formation for the foundation design and construction of the pro-

posed structure and asscciated roadway approach embankments.

PROCEDURE

The field work for the investigation was carried dut
between February 18 and 20, 1967. During this period 2 boréh51é$ ,7
with adjacent dynamic penetration tests and 2 additional dynaﬁié;
penetration tests were put down with a machine drillrig.suppliédf ?‘
and operated by the F.E. Johnston Drilling Co. Ltd., of Ottéwa;'J
ontario. The underlying bedrock was cored in AXT size in eachiof
the boreholes for a depth of about 10 feet. A piezometer was iﬁé
stalled in each boring for groundwater level observations. The,

field work was supervised throughout by an engineer from our staff.

The location of the borings, together with a strati-

graphic section across the site, are shown on Figure 1. A detailed
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log of each boring and additional dynamic penetration tests is
shown on the Reccrd of Borehole sheets following the text of this

report.

A1l soil samples and rocdk core were brought to our
laboratory for- detailed examination and testing. The results of

the testing are shown on the Record of Borehole sheets and on

Figure 2.

The borehole locations and ground surface elevations
at the borehcles were cbtained by the Department of Highways,

ontaric. The elevations are understood to be referred to Geodetic

datum.

SITE AND GEOLOGY

The site is located in Nepean Township of Carletgn‘ 
County on Highwav 17 about 4.4 miles west of the juﬁCtion of High%
waye 15 and 17. The road running north towards Shirleys Bay lea&és‘
Highway 17 about 100 yards east of the site. Watt's Creek (aléo‘
called Rock's Creek) is about 10 feet wide at normal water level
and flows in a northerly direction. The area immediately west of
Ottawa is in the physiographic region known as the Ottawa clay
plain and is generally flat lying farmland with occasional wooded

areasg.
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From existing geological information it is knownfthét; 
the site is over or near the contact between the March formation‘
and the underlying Nepean formation. The March formation is inter-
bedded sandstone and dolomite while the underlying Nepean formation
is sandstone, Both are of the Ordovician system laid down in the
Palaeczoic era., From the results of this present investigation it
has been concluded that the site is over the Nepean formation which
is known to vary in thickness from several feet to many hundred
feet. Underlving the Nepean formation, and “.. some places the March

formation, is older Precambrian rock.

SQIl, CONDITIONS

General

At this site there is an existing embankment crossing;
the cresk. Underlying the embankment is up to 13 feet of firm
sensitive silty clay overlying friable but gquite sound sandstone
bedrock. The detailed stratigraphy encountared in each boring is
on the Record of Borehole sheets and a section of the inferred

stratigraphy across the site is on Figure 1.

Surficial Deposits

overlying the site is betwzen 5 and 8 feet of fill from
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the existing roadway embankment. The upper 1.5 feet of this ‘1':'if“:|‘.1‘fl;'f‘~"*“"1

is brown sand and gravel roadway base course. Below this thE,gené*k
eral embankment fill is firm brown clayey silt, with some sand and
a trace of gravel. Standard penetration resistances ("N valueS)'

range betweer 5 and 8 blows/ft. A typical grain size distribution |

curve for the material is on Figure 2,

Sensitive Silty Clay

Underlying the embankment f£ill below about elevation

214 is between 11 and 13 feet of firm becoming stiff sensitive

silty clay. The clay is fissured and brownish qrey meir L th£l f: f
of the stratum becoming grey and less fissured with depth. A:t?@igi;fi
cal grain size distribution curve is on Figure 3. The liquidfliﬁiggff:
obtained on one sample is 47 with a corresponding plastic 1imit~of¥"

17. The natural moisture content of the clay ranges between 44

and 51 percent,

Five in situ vane shear tests in the stratum gave un-  ;fil
draired shear strengths for the material between 640 and 1,440
1b/sg.ft. with a general strength increase with depth. Corre5pon;’
ding remoulded in situ vane shear tests gave remoulded undrained 
sheay strengths between 40 and 280 lb/sg.ft. Based on the vane

test results the sensitivity of the clay, which is the ratio of in
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gitu to the remoulded undrained shear strengths, is between 5~aﬁd

16. Two undrained triaxial compression tests were carried out on;
relatively undisturbed samples. These gave undrained shear stfeﬁgtﬁs,
of 800 and 950 lb/sg.ft. Pailure strains for these tests were aﬁo§t~
3 percent. The triaxial tests gave lower strengths than the coﬁreé»
ponding in situ vane tests. This is probably due to loss of strength‘

because of some unavoidable sample disturbance.

Clayey Silt Till

Underlying the sensitive clay in borehole 2 is a 5 foot
thick stratum of firm grey clayey silt till with some sand and

gravel. The stratum did not appear in borehole 1.

Bedrock

The bedrock underlying the site, at elevation 197 to |
200, is a sound but slightly friable sandstone with occasicnal fine :
shaly zones and fractures. In borehole 1, granitic rock underliés‘

seme 9 feet of sandstone.

GROUNDWATER CONDITIONS

Piezometers were installed in both boreholes following
completion of the borings to determine the groundwater level. De-

tails of these installations are given on the Record of Borehole
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sheets. The groundwater in the clay overburden is at aboﬁﬁ eiéﬁa£ ?“
tion 214 which is roughly creek level. This was determined ink
borehole 2 where the piezometer was sealed intc the clay stratum{ 
In borehole 1 the bedrock was not sealed off and the water 1evei

is some 3 feet higher.

PROPOSED BRIDGE STRUCTURE

General

It is understood that the existing concrete bridge
carrying Highway 17 over Watt's Creek is to be replaced by a singié‘V'
span rigid frame structure some 36 feet long and about 38 feet wi&é;,
as shown on Figure 1. During reconstruction of Highway 17, 12:1'1<=_-  j

‘grade will be raised some 5 feet at the bridge crossing.

Foundations

Due to the low shear strength of the silty clay subséilg 
together with the relatively shallow depth to bedrock, it is reédﬁme
ended that the abutments be founded on piles taken down to the sur4 
face of the bedrock. In order to minimize remoulding of the senéi;
tive silty clay during pile driving, it is recommended that a sméll
displacement pile such as a steel H section be driven to refusal on

the surface of the bedrock. An allowable loading of 70 tons pex
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of 1C blows per inch with a hammer devélopihglin eXéesé¢gf“2QjQ00{

pile may be used for 12 inch X 53 1b. steel piles dr

foot pounds per blow.

Alternatively, excavation to bedrock could be made using
a large diameter auger {greater than 30 in.) and a steel liningﬁ
prevent caving of the sensitive clay. Provided that the bedroﬁk

surface is clean (and this should be checked by inspection)'a5b§a:

ing pressure of 20 tons/sg.ft. may be used for the sandstone in the
design of concrete-filled steel-lined piles. No belling out at

base of the pile is recommended in this case because offPOSSibl

sloughing of the overburden.

Closed end abutments should be backfiil&dlf¢flaféigéa
of at least 5 feet horizontally with a well comﬁaéiéd;kfréé;éﬁé ning
and non-frost-susceptible granular material, ProVisidnsVShoﬁiQL is
be made for drainage from the backfill to prevéh£5h?d:oéta£iéf§
pressure build up behind the abutment walls. With fuliléffeééive
drainage of the backfill, a coefficient of lateral éarth pres$ﬁ?§f

at rest, Ko, = 0.4 and a total unit weight of, ¥ , = 135 1b/cu. £t

should be used for the compacted granular backfill in designfoflﬁhé *ﬁ¢

abutment walls,

Approach Embankments

It is understood that the proposed grade is tO‘be~;ai$¢df M
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5 feet above the ﬁxiSting‘grade,at thé-éreek?cfdésing ocation

Stablllty computatlons ‘have: been. carrled ‘out forkthe prépﬁséd em“
bankment. Based on the undralned shear stréﬁgths measured 1n‘the
silty clay stratum at the site, the factor of safety of the vert1
cal frontal part of the proposed embankment at the abutment; would:

be in excess of 1.5 which is considered adequate,

From the shear strength profile obtained frdmitesté §§{
the silty clay stratum, and from available local geologicai;infggé
ation {Crawford, Eden, 1965), it is considered that thé,clé§~ha§?;
been preconsolidated by about 1 ton/sq ft. in excess of the presu
ent overburden pressure. The addltlon of 5 feet of flll, or a 6 
locad of about 0.3 tons/sg.ft., should result in only some mlnor‘re
compression of the clay. The settlement resultxng from th1s 1n;
crease in embankment loading should be of the Order,of‘E*to 3'ﬁh

inches, the majority of this settlement taklng place thbzn several”

months after placing of the embankment £ill. Thls flll, adjacent
to the pile supported bridge structure, should be placed and;com—‘

pacted well in advance of final paving operations.

CRAWFORD, C.B. and EDEN, N.J. (1965). “A compariscn of laboratory
results with in situ properties of Leda clay"”. Proc. Sixth Int.
Conf. Scil Mech. Fdn. Eng. I.31-5. o
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All surficial topsoil and foreign material shouldgbe7ﬂ"

removed beneath the full base width of the embankments prioxr to

their construction.

DEW:hdyg
67750
March 16, 1967,

D. E. Welch, P.Eng

W bog k.

4&“’ F. J. Heffernan, P.Eng.
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LIST OF ABBREVIATIONS

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

of the report, are as follows:

I. SAMPLE TYPES

AS  auger sample

CS chunk sample

D@ drive open

DS Denison type sample
ES  {oil sample

RC  rock core

ST slotted tube

TO  thin-walled, open
TP thin-walled, piston
W5 wash sample

Ii. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of blows by a 140-pound hammer dropped 30
inches required to drive a Z-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:

I1l. SOIL DESCRIPTION

{2) Cohesionless Soils
Relative Density N, blows/ft.

Very locse Qtc 4
Loose 4t010
Compact 10 to 30
Dense 30 to 50
Very dense over 50

‘b) Cokesive Soils

Comsistency cq Ib./sq. fi.
Very soft Less than 250
Seft 250t0 500
Firm 500 to 1,000
Suff 1,000 to.2,000
Very stiff 2,000 to 4,000
Hard over 4,000

IV. SOIL TESIS

consolidation test
hydrometer analysis
sieve analysis s
combined analysis, sieve and hydrometer‘ b
undrained triaxial? :
consolidated undrained triaxial?
drained triaxial

uncenfined compression

field wane test

«ﬁq’/)b’d@»’%gm(’i

iCombined 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 @ or &,

GGLDER ASSOCI&TES ,




LIST OF SYMBOLS

I. GENERAL (b) Consistency

r = 3.1418 wy  liquid limit
& = base of natural logarithms 2.7183 wp  plastic limit
log. @ or In g, natural logarithm of & Ir plasticity index

logwa or log a, logarithm of @ to base 10 wg  shrinkage limit

i time I:  lquidity index = (w — we)/Ip

g  acceleration due to gravity Ic  consistency index = (w, — w)/I»

¥V  volume emgx void ratie in loosest state

W  weight émin  void ratio in densest state

M  moment D,  relative density = (emas — €}/ (€msx ~ Gam)
F  factor of safety

(c} Permeability

IL. STRESS AND STRAIN k hydrauht:: head or potential
q rate of discharge

pore pressure v velocity of flow

¢  normal stress. £ hydraulic gradieat

" normal effective stress ( is alsc used) kB coefficient of permeabiiity

shear stress i seepage force per unit volume
linear strain
shear strain

i ) . {d) Consolidation {one-dimensionaly
Poisson's ratio {u is also used)

modulus of linear deformation {Young's s coeficxent of voluma:; change
= —Aegf (1+6)Ac
modulus) L
€. compression index = —A¢/Alogie o’
¢, coefficient of consolidation
T, time factor = ¢2/d® {d, drainage path)
U degree of consolidation

modulus of shear deformation
modulus of compressibility
coefficient of viscosity

.am(;} mwéﬁmﬂ

ill. SOIL PROPERTIES (e} Shear strength
{a) Unit weight 7y  shear strength
v unit weight of scil (bulk density) ¢ eff?‘:ﬁ"e cohesion } .
v unit weight of solid particles mtercept in terms of effective .
7' unit weight of water ¢’ effective angle of } stress
w

shearing resist- |7, = ¢ + o tan ¢'

v¥a  unit dry weight of soil {dry density) ance, orfriction |
¥ unit weight of submerged soil

¢s  apparentcohesion™

G,  specific gravity of solid particles Gy =v,/vu é: apparent angle of |in terms of total stress
e' void ratio shearing resist- {7, = ¢, + ¢ tan ¢,

3 porosity ance, or friction

%  water content i@ coefficient of friction

S.  degree of saturation S;  sensitivity

*For the case of a saturated cohesive soil, ¢z = 0 and the undrained shear strength 7, = ¢, is taken
as hali the undrained compressive strength.
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RECORD OF BOREHOLE |
LOCATION See Figure | BORING DATE FEB. {7, 1967 DATUM GECUETIC
BOREHOLE TYPE WASH BORING ‘ HBOREHOLE DIAMETER N CASING
SAMPLER HAMMER WEIGHT 140 LB DROP 2K INCHES PEN. TEST HAMMER WEIGHT 14O LB, - DROP 3O INCHES
SOIL. PROFILE SAMPLES | ¥ DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY. Kk, ] 0 T
< SFET RPN > i
- & BLOWS/FT oo e CM./ SEC. 2 é { GIETOMETER
! S I R Lo 2O 3o 4o 5p . , g @ 6
: & wist 8 . * = FANGEIPE
RN escripTION R IR 2 = SHEAR STRENGTH Cy, LB./5Q FT WATER CONTENT, PERCENT L& STANDRIPE
~JDEPTH 121003 g4 @ W w Wy & | INSTALLATON
xi2 Rl W O [VANE - HNAT GREM. B - @ Lo . SN < g : ,
@ @ 500 Leto 1500 0eh ESDo o o 30 4o =+
Tes4 - o
GRoukD:
12208 GROUND LEVEL
OO BRIWN SAND AKD PEO
> (o 5 CRAVEL (=1L [sg )Imza\“ PN
18 -
Fiim BROWN CLAYEY N T
SILT, SOME SN AMED 1 .
ATRACE OF GRAVEL r
VTR O T ARIGNAL, 5 g |
PIECES 0F CHCRETE
AFiD WHEE 1 ELCE Sun s B S I - S S . -
f
2132 i
THe] {
I !
210 ‘E‘" . - e
H 4
. 1
{ ;
e LAY N :
o GF SANC BECGMIBG > i
GREY AFID LEIE 6?(, : +
FISSLRED wit LEFTH
Tait A TEACE. OF 1 PR P0G 4 b - F L N S A o) Shin R
GERdEL BELo v 13 b
% +
'Tz;:'} s ‘\'\' : i
...... g ERNRD
- T By
g
sl B
SooND GREY SLIGHTLY & ¥
JERARLE SANDSTONE | u
BEDRGCK W ITH wn 8L e N -
BCCAT 1ohRL FRACT HES) - B :
=
- Z 1z ;
: V]
2 &
HETI g
1o S - - T
u6.51 EMND . OR HGLE Rl . - -~ - - WL INTPIEZCMETER
SGOMD. Pk e TEL TR O
GRANITIC “BEDROCK,
g - b e -
i<
WLHS  Percent axial strain et failure
1x:d
1
i

| VERTICAL ScALE
TENCH TO 5RO
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cEHUGELT

LOCATICON

BOREMOLE

SAMPLER HAMMER WEIGHT 140 LB

RECORD

See Figure

WASH BORIMNG

BORING DATE FEE, EO) {967

PEN, TEST HAMMER WEIGHT J4DLB

BOREHOLE DIAMETER

OF BOREHOLE ‘2

DATUM CEOGLETIC

MYCCASING

DROP 20 INCHES

COEFFICIENT OF PERMEABILITY

GILT, SOME ZANMD
AND A TRACE OF
JING N

(FiL)

o

SOIL  PROFILE w DYNAMIC PENETRATION RESISTANCE g .
= BLOWS/FT _ oo CM. 7 SEC. szt
- I Bt £
: =3 L 3¢ xTa) & Z v
0 ﬁf [ N By é Ty i "'? i " 4 L 9 w
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i
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¥
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: &

i

i
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PEN.TEST
RECORD OF RBEREHOEE 3
LOCATION See Figure | BORING DATE FEB. 18| 1967 DATUM SEODETIC
BOREAOLE TYPE PENETRATION TEST BOREMOLE DIAMETER — : :
SAMPLER HAMMER WEIGHT —— LB, OROP —— INCHES PEN. TEST HAMMER WEIGHT 1408 . DROP 30 INCHES
SOiL  PROFILE SAMPLES | 4 DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY &, 2 )
< LOWS/FT. M./ SEC. S :
" o R BLOWS/FT. e - , oM. /SEC 4 21 PiEZOMETER
9l , (TR . S0 . , ) & LGR
15w~ s} = - i
ELEVN  sescripTION clelsiel = SHEAR STRENGTH Cy, LB./SG.FT WATER CONTENT, PERCENT L STANDRIRE
DEPTH “yzi713D % We W Wi 2 51 INSTALLATION
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/
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1 BCE g - - e
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g ;
A e
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i
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|
I
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!
i
|
!
i
1
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e
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