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ABSTRACT

The results of a site investigation for Queensway
Bridge No. 44 at Tremblay Road in Ottawa are reported.

it was found that the site was covered by £i11
from 3 feet in thickness to 8 feet where the proposed
ilocaticn encroached on an existing embankment. Beneath the
£ill is a dense till containing sand, silt and clay with
some gravel. The till in the area of the proposed structure
is 3 to 4.3 feet thick and iz underlain by shale bedrock,
approximately the upper foot of the shale is weathered and
broken. below that it is sound.

In the borehole to c¢heck on the soil under the
proposed approach embankments a thin layer of silt and peat
was encountered. This may be f£ill or the original surface
deposit. The material encountered is not considered to be
critical for embankment stability.

It is recommended that the bridge structure be
founded directly on the unweathered shale or on steel piles
driven to refusal in the shale.

Groundwater levels were measured in the boreholes
and indicate some dewatering will be necessary in order to
place footings directly on the shale.
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INTRODUCTION

H. Q. Golder & Associates Ltd. were retained by
De Leuw, Cather and Company of Canada Ltd., Consulting Engineers,
to carry out a soil investigation at the site of the proposed
Bridge No. 44 at Tremblay Reoad on the Queensway in Ottawa,
Ontario. The purpose of this investigation was to determine
the subsoil conditions at the site and to provide information

relating to the foundation design.

PROCEDURE

The field work for this investigation was carried out
during the period May 5 to May 8, 1964, using a mobile power
auger and diamond drilling eguipment. A total of five boreholes
was put down at the site, four under the proposed abutments
and piers and one about 125 feet south of the structure. Bedrock
was proven in the four holes under the structure by diamond
drilling approximately 10 feet into the rock. The fifth borehole
was put down to check the soil under the embankment and to ensure
that rock was at approximately the same elevation as in the other
boreheles. Standpipes or piezometers were installed in the first

four boreholes to allow the taking of water level readings.

A detailed log for each borehole is given on the

Records of Boreholes following the text of this report. The
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location of the borings and a section of the‘inferred sdil

stratigraphy across the site are given on Figure 1.

The samples obtained during the investigatiqn were
brought to our lzboratory for examination and testing. ,Natural_
water contents, Atterberg limits and grain size analyses were
carried ocut on six selected sam?les. The results of,thé water -
content and Atterberg limit tests are given on the,Re¢drds of
Boreholes and the results of the grain size analysesa'regivéﬁ",i

on Figures 2 and 3.

The elevations for the ground surface at the borehole3~
were supplied by De Leuw, Cather and Company of Canada Limited

and are referred to Gevdetic datum,

SITE AND SOTIL. CONDITIONS

The bridge site is on the proposed ramp from Alta Viskta
to the Queensway in the southeast guadrant of the proPosed
reconstruction of the Alta Vista interchange. The area is §e§eraliy
flat with evidence of groundwater near the surface. The bridge
site is near the edge of an existing ramp leading to the Queensway
and borehcles 2 and 4 are on the side slopes of the embankment for.

the ramp.
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4.

The boreholes showed that the site is generally under-
lain by f£ill varying from 3 to 8 feet in depth, below the fill is
a brown sandy silty clay till varving in thickness from 3 to 4.8 féet
under the structure and 2 feet thick at borehole 5, 125 feet south

of the structure. Grey shale bedrock is present beneath the till.

The fill is variable but is largely silty or sandy till
like soi: with inclusions of sand and organic debris and in places
crushed stone near the surface. It exists in a loose to dense state.
A thin layer of silt and peat in borehole 5 may be fill or the

original ground surface.

The till is a mixture of sand silt and clay with some
gravel and is in a dense condition. The elevation of its top
surface varies little in the borehcles put down and in the boreholes
under the structure its thickness is guite uniform varying from

3.0 to 4.2 feet.

The bedrock is a grey shale with nearly horizontal bedding
planes. Approximately the upper foot is weathered and broken up,
below that the shale is sound with a few well healed joints. Bore-
holes 1 to 4 under the proposed structure indicate the surface of
the shale to be nearly horizontal at approximately elevation 187 in
the area of the sitructure. The shale surface is about 6 feet

lower at borehole 5.
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CROUNDWATER CONDITIONS

Standpipes were installed in boresholes 1, 2 and 3 and
a piezometer in borehole 4 to measure the water levels. Measure-
ments taken within a few days of the installaticen indicate the
groundwater level to be between 1.3 and 8.8 feet below the
surface or from 2 to 7.5 feet above the top of the shale. It
is therefore probable that water will be encountered in any

excavation for foundations.

DISCUSSION

Because of the proximity of the shale bedrock at the
location of the bridge it is recommended that the pier footings
be founded directly on the shale bedrock. If the upper weathered
portion of the shale is removed and clean sound shale sxposed a
bearing load of 10 tons/sg.ft. may be used. It may be more
economical to support the abutments on piles to bhedrock rather
than on footings o©on the rock. In this case if 10 inch steel
H piles are used and driven to practical refusal in the shale a

1oad of 70 tons per pile may be useu.

Excavation to sound shale and proper construction of
the foundation will regquire the removal of groundwater during
the process. This can probably best be accomplished by surrounding

the footing area with a small ditch in the weathered shale leading
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to a sump in one corner from which the water can be pumped.

The till and overlving fill is suitable for supporting
the approach embankments for the structure, however, a small
amount of settlement under the weight of the additional fill is

to ke anticipated. To minimize differential settlement at the

ml
[

idge structure, which will be on an unyielding foundation, it
is recommended that the f£ill and any loose top portion of the
ill be removed for a distance from the structure equal to the
height of the £ill and that the slope of the excavation on the
end opposite to the structure be not steeper than 3 horizontal
to 1 vertical. The excavation should then be filled with good

guality £ill, eguivalent to Department of Highways, Untario

1
Jrot
1l
in
)]
ve)

granulax base course material, compacted in 6 inch lavers

to 95 percent standard (Proctor} compaction density.

4. 5‘2«7

F, A, DeLory, P.Eng.

FaD:ab
64047
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LIST OF ABBREVIATIONS

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

of the report, are as follows:

I. SAMPLE TYPES

A5 auger sample

€8 chunk sample

D& drive open

DS Denison tvpe sample
FS ol 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, #¥: The num-
ber of blows by 2 140-pound hammer dropped
30 inches required o drive a 2-inch drive open
sampler one foot.

WH sampler advanceu by static weight—

weight, hammer

PH sampler advanced bv pressure—pressure,

hydraulic

PAf sampler advanced by pressurs—pressure,

manual

NoTESs:

111, SOIL DESCRIPTION

{a} Cohesionless Soils

Relative Density N, blows i,
Very loose Gto 4
Loose 4 ro 10
Compact 10 to 30
Dense 30 to 30
Yery dense over 50

(b} Cokesive Soils

Comsistency Cu, th.75q. fE.
Very soft Less than 250
Soft 25010 500
Firm 500 to 1,000
Saff 1,000 to 2,000
Yery soff 2,000 to 4,000
Hard over 4,000

i¥. SOIL TESTS

C  consolidation test

H  hydrometer analysis

M sieve analysis

MH combined analysis, sieve and hydrometer?
¢  undrained triaxial?

£ consolidated undrained triaxinl®

S drained triaxial

&7 unconfined compression

¥ iield vane test

#Combined analyses when 5 to 85 per cent of the material passes the No. 200 sieve.
*Undrained triaxisl tests in which pore pressures are measured are shown as § or .

GOLDER & ASSOCIATES




LIST OF SYMBOLS

I. GENERAL

= = 3.1416

2 = base of natural logarithms 2.7183

log, @ or In @, natural logarithm of @

fogie @ or loga, logarithm of & to base 10
time

acceleration due to gravity

volume

weight

moment

factor of safety

SR Rl

Il. STRESS AND STRAIN

u pore pressiare

F normal sivess

o'  normal effective stress (¢ is also used}

T shear stress

€ linear strain

&y  shear strain

v Poisson’s ratio {p is also used)

E  modulus of linear deformaton (Young's
modulus)

& modulus of shear deformation
K modulus of compressibility
5 coefficient of viscesity

IIf. SOIL PROPERTIES
{a} Uni? weight
&Y unit weight of soil (bulk density)
ve  unit weight of solid particles
v  umt weight of water
va  unit dry weight of soil {dry density)
4 unit weight of submerged soil
&,  specific gravity of solid particles G, =v,/v»
€ void ratic
7 porosity
@ water content
S, degree of saturation

{b) Censistency

Cwy  liguid Bomit

wp plastic imit

Iy plasticity index

ws - shrinkage Hooit

I - hguidity index = (@ — wplil,
¢  consistency index = {#, — wiifs
Cwer  void ratio in loosest state

Zmie woId vatio in densest state.

D, relative density = (6uax = 2}/ (fuas — €um)

{c} Permeablity
hydraulic head or potential
rate of discharge
velocity of flow
hydraulic gradient
coefficient of permeability
seepage force per unit volume

WOy e

Sy gye o

(¢} Consolidation (one-dimensional)
m, coefficient of volume change
= —hef{l+e}Ad"
€. compression index = —Ae/4 fogi o
¢, coefficient of consolidation ,
7, time factor = ¢f/d? {d, drainage path)
U7 degree of consclidation '

{ej Shear strength

t;  shear strength

¢  effective cohesion
intercept

¢’  effectdve zogle of |
shearing resist-
ance, or {riction

¢.  apparent cobesion® :

¢  apparent angle of in terms of total stress
shearing resist- {7, = ¢, + o tangy
ance, of friction |

i coefficient of friction

& sensitivity

in terms ot effective
stress -
re="¢" 4 o’ tan &’

*For the case of a saturated cohesive soil, ¢, = U 2nd the undrained shear streagth 7, = ¢, is taken

as half the undrained compressive strength.
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e S el T : . PROVECT No. BEQ4T 0

RECORD OF BOREHOLE i
H See Figure | BORING DATE MAY B- G 1264 DATUM GEQDETIC
-1 BOREHOLE TYPE  POWER AUGER § NMAMOKND DRILLING BOREHOLE DIAMETER 48" £ BuT CORE
SAMPLER HAMMER WEIGHT 140 LB, DROP .o INCHES PEM. TEST HAMMER WEIGHT 140 LB DROP 30 INCHES
PROFILE SAMPLES] W OV NAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABLITY k, @ :
- o 5 . ) -
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1964 :
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RECORD OF BOREHOLE 2

SAMPLER HAMMER WEIGHT 140 LB DROP 30 INCHES PEN. TEST HAMMER WEIBHT {40 1B

LICATION Ses Figure ! BORING DATE MAY B -7, 1954 DATUR GESBETIC
BOREHOLE TYPE  POWER AUGER ¥ DIAMOMD LRILLING BOREHOLE DIAMETER 4.5" & BxT coRre

DRGP . BO INCHES

SO PROFILE SAMPLES ‘jf OYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABHITY. &, .
e - g WSS FT. 4./ SEC. o Z ;
; - 18 BLOWS/FT e Ci. /7 SEC 4 % riEzomeETER
) v f2e) 40 (3¢ B0 [Eeie) 5w OR
4§ % 5 4 3 £, 3. 3 F) i, A Pl P14
Pl Bt &i ~ < N B b STANDPIPE
CESCRIPTION Dy g P SHEAR STRENGTH C,, LB/SQFT WATER CONTENT, PERCENT b e
i1 1B E W w Wi & x| NSTALLATION.
RS A S < :
n - - . i
u E el 1 £
zan N SR ek e ——
IS8, 3 GROUND LEVEL
s D MED
LAnTE T CoMPACT \\,
SAMDY CLAYVEY .
il , TEACE SR 4 PERFORATED
C}C(AS!QH&L SatD 195 _1\ . - SR e PP
POCRETE, GUOATIOMAL ~
FraLl DEERS ~
N,
'>
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DESANDY SIUTY TILL 130 i ¥ S DRI T
(SOME TLAY, SomME ’ ERl OF FEW. T @ E
[ GRAVEL fodd Browd FoR (ST 9 INCRES :
SN FILL
e 6
2 BENTONITE
186.8] ENTONITE
ie.d
.
! 95‘ é e i i - pE—
&
o heo
2
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THALE  BEDROCK .
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Lre o Ge : :\;’*""
180 4 § - : S
w
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w
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o
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RECORD OF BOREHOLE 3
LOCATION Ses Figure | BORING DATE MAY 5~ 7 (964 DAT UM GEODE T -
BOREHOLE TYPE POWEE AUGER § DIAMOND DRILLING BOREHOLE DIAMETER A" & BRT LORE
SAMPLER MAMMER WEIGHT 140 LB DROP 30 INCHES PEN. TEST HAMMER WEIGHT 140 LB, OROF 3¢ INCHES
01, PROFILE SAMPLES] DYNAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEABILITY X, - :
WS/ FT e e e CH. / SEC, o
. o3 Bt - CHL/BEC % I mEzomeTER
o wi ua 40 GO a0 100 £ R
£LEUN & i il o 5 A i E & 3 e H A 3 =l ; .
i . = N . § g
o DESCRIPTION plgrsigl v SHEAR STRENGTH Gy, LB /SQ.FT WATER COMTENT, PERCENT | STANDEIPE T
DEPTH SRR SROR B I Wp w Wy B DINSTALLATION
&l—? z o b FM— SN, KPS < qx -
w a] 1 fa] -
94.5] GROUND LEVEL 195 +
O G oo Srons AP
1
h} }
" i Er? (6 e ‘;‘ I S T AR A I {,..;3,.;_.:‘;;:.’:‘;’,@ 3
I I E8D QF PEm ITES i
2] WEATHERED  SHALE PO ELOWT FORL : 4
j’“ e B BEM T N(TY
b . TE B, ’«.‘
Sy ; '
o ] ITBE o 09 e - - - -
Souml GRS gf
THALE BEDROUK !
Baniais PLARES L -
REALLY HORIZONTAL Lor
¢ W
331 180 7 E_;j A A R S .
A3 o e E 53
IE% ) ' # el
SRERL w
i ‘"
17 G iy v
SR . S e s
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(RS B e B e B A0, Mk L
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G
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o
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RECORD OF BOREHOLE 4
LOCATION See Figure | BORING DATE MAT S 6 VTG DATUM GEGBEYIC
BOREHOLE TYPE POWER. AUGER § DIAMOND DRILLING SORENOLE DIAMETER 4.5" £ BT Come
SAMPLER HAMMERS WEIGHT 140 LB, DROP 30 INUHES PEN, TEST HAMMER WEIGHT 140LB  DROP 35 INCHES.
SQH. PROFHLE SAMPLES w DYRAMIC PENETRATION RESISTANCE COEFFICIENT OF PERMEARILITY ¥k, o
g i n § BLOWE/FT v in e Ch. 7 SEC. é ;_!: SIEZOMETER
P9 ::. o~ Fgss Ao [e A oo g oy oR ;
ELEVN 3. uml RN a5 b % i A i 2 8 5 s 2 @ STanmPIPE
ity DESORIPTION PEE- SRR I SHEAR STRENGTH Gy, LB /SQ.FT WATER CONTENT, PERCENT 5 ’ ;
DEPTH = LR S - wp w Wy B o | INSTALLATION
miE a1 04 e & "
? & < ] ) e0
200 T S B e M - RO
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i RECORD OF BOREHOLE S8
LOTATION See Figurs 1 BORING DATE  ®™Ma&Y S- & 1na4 DATUM GEODETIC
BOREMOLE TYPE POWER AUGER RoRNG HOREHMOLE ODIAMETER 4, 8"
SAMPLER MAMMER WEIGHT (40 LE.  DROP 30 INCHES PEN. TEST HAMMER WEIGHT (40 L8 DROP 30 INCHES:
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