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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED
SAMPLER TC) PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A

10 CAUSE A STANDARD Simm O, D 5PLIT BARREL
HAMMER WITH A MASS OF 83.5kg, FALLING

FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE 18 DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL P(;.)IN.T { Simm O.D, 60° CONE ANGLE } ORIVEN BY 275 )
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE YO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSI&TENCV’ OR DENSENESS.
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ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND/OR STRENGTH.

RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100sm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK OUALITY DESIGNATION {R Q D), FOR MODIFIED RECOVERY, 15
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FIELD SAMPLING
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Tv 1
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t 1 PORE PRESSURE RATIO o kea
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o 0.5 ki PRINCIPAL STRESSES ty ka
€ % LINEAR STRAIN $y .t
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Foundatibn Investigation Report
For
Hwy. 410/CNR Overhead
W.P, 21-79-01 Site 24~145-477

District 6, Toronto

INTRODUCTION

This report contains the results of a foundation investigation carried
out at the site of the above-mentioned project by Dominion Soil
Investigation Inc., Consulting Engineers. The fieldwork was

carried out in July and August, 1982 and consisted of eight boreholes
~ to depths ranging between 4.3 and 7.3 m below the existing ground

surface.

DESCRIPTION OF THE SITE AND GEOLOGY

The site is located in the Regional Municipality of Peel, in the eastern
¥ .

section of the City of Brampton, where Heart Lake Road crosses the
C.N.R. tracks. The proposed structure site is located immediately

east of the present level crossing.

The terrain in the area is generally flat, rising gently from south to

north at a grade of approximately 10 m in 1 km.

Physiographically, the site is located within the Halton-Peel till
plain which occupies the area east of the Niagara Escarpment and north
of the Lake Iroquois shoreline. It consists mainly of a bevelled till
plain with some fluting. In places, it is overlain by thin varved clay
or silty sand. The till takes on the character of the underlying
bedrock which generally lies at a shallow depth. At the bridge site,
the bedrock is the grey Meaford-Dundas shale and the tillris generally
grey~brown silty clay with many pebbles and fragments of the shale

and silt-stone bedrock.



SUBSOIL CONDITIONS

General

Details of the subsurface conditions encountered in the boreholes are
shown on the record of boxehoie sheets (FEnclosures 1 to 8) and on the
inferrad subsoil profiles presented as Sections A to D inclusive on
Drawing 2 of the Contract Drawings. The subsurfdce conditions can be

summarized briefly as follows.

Underlying an approximately 0.15 m thick layer of topsoil, the overburden
is a hard silty clay till with some embedded gravel and shale fragments.
The shale content increases with depth and at depths ranging between

2.6 énd 4.6 m, i.e. between Elevations 206.8 and 205.3 m, the boreholes
encountered the surface of the gfey weathered shale bedrock. The

groundwater table is believed to be near the surface of the rock.

The properties of the two principal substrata will be discussed briefly

below.

Silty Clay Till

Covered by up to 0.17 m of organic topsoil, the boreholes encountered

a brown to greyish brown coloured glacial till which extends to depths

ranging between 2.6 and 4.6 m.

The till is a well graded mixture of fine gravel to clay size particles
and the grading curves of the material are shown on Figures 1 and 2.
Reference to these curves indicate that the till consists of 1 to 12%
gravel, 15 to 35% sand, 37 to 467 silt, and 16 to 38% clay size particles.

The matrix of the soil exhibits considerable cohesion and cementation,

Atterberg tests carried out on the soil fines gave the following results:

Liquid Limit 25 to 31%
Plastic Limit 13 to 18%
Plasticity Index 7 to 15%

Natural Moisture Content 10 to 14%



These test results are indicative of a clay of low plasticity and

the fact that the natural moisture content is below the plastic limit
of the soil suggests a hard consistency,. The results of Atterberg
Limit Testing on samples from the Silty Clay till are shown on the
Plasticity Chart, Figure 3.

Standard Penetration Tests in the till gave 'N'wvalues ranging from
19 to over 100 blows/0.3 m from which a very stiff to hard consistency

can be inferred.

Laboratory unconfined compression tests carried out on intact split
spoon samples recovered from the soil gave undrained shear strength
values ranging between 200 and over 500 kPa. - Based on these test
results, together with the visual examination of the samples and the
low moisture contents, it is considered that the till has a generally

hard consistency.

The unit weight of the soil was measured to range between 21.1 and
22.3 KN/mS. |

Bedrock

The boreholes encountered refusal at depths ranging between 2.6 and

4.6 m, i.e. between Elevations 206.8 and 205.3 m. It is believed that
refusal in the boreholes was encountered on the surface of the

bedrock. The rock was proven by diamond coring in Boreholes 1, 2, 4, 5,
6 and 8. At these locations, NXL cores were recovered to depths ranging
from 1.5 to 3.0 m below the surface of the rock. Core recovery was 100%,
and the examination of the recovered cores indicates that the bedrock

to the depths explored, is a weathered, very closely bedded, grey gshale
which is interlayered with grey beds of hard limestone or calcarious
sandstone up to 0,15 m thick. It is estimated that the hard layers

make up about 10 to 30% of the shale section. R.Q.D. values ranged

from O to 307 indicating a rock of poor quality.

Groundwater

Groundwater was not encountered during drilling and the boreholes were
extended dry to the surface of the rock. As water was introduced
in the hole during the coring of the rock, further groundwater

observations were obscured. To facilitate water level readings,

plezometers were installed in Boreholes 3 and 7.



The piezometer installed in Borehole 3 was left dry to observe the

rate at which water may accumulate in the tubing, whereas the piezometer
tubes in Borehole 7 was filled with water in order to observe the

rate at which water dissipates and finds its equilibrium position.

Due to the low permeability of the subsoil, however, water level
readings carried out to date do not show a conclusive picture. From

the visual and tactile examination of the soil éamples, the generally
brown colour of the soil, and the presence of oxidized seams:even

in goil samples taken near the surface of the rock, it is believed

that the permanent groundwater table lies at or below the surface of

the rock.

"y

L. Politano
Trainee Engineer-

;

A
L.

M. Devata, P. Eng.
Sr. Foundations Engineer
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OFFICE #FPORT ON SOIL EXPLORATION

%
Mimstey 1t Ref, No, B2-7-2 Enclosure No, 1
TrRngg . 3 .
S T LIGHWAY ENGINEERING DIVISION ~ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE No. | METRIC &
WP 21+79-01 LoCATiON __Co-ords 4.839.212 N.: 288,707 F ORIGINATED BY R.M. .
DIST 8 Hwy__ 410 BOREHOLE Type _ Hollow Stem Auger, NXL Rock Core COMPILED BY _ R.M,
pATUM __Geodetic DATE 1982 07 15 CHECKED py L.P.L,
: ' = wr TOYNAMIC CONE FENETRATION
SON PROFILE SAMPLES | By | 3 |Resisance piof masrie S vound W E | pemanks
$6| @ 20 4 0 0o MW7 content M} S0
'6 o o — z A 10 6!0 B| i Wp w Wy :3‘: &
ELEY DESCRIPTION & 2% 2|25 O [sHEAR STRENGTH kP e % | GRAIN SIZE
DEPTH " L E 281 5 |o UNCONFINED  + FIELD VANE . y [PISTRIBUTION
g z|” z %u ‘i » GUICK TRIAKIAL  x 1A yang | WATER CONTENT (%) (%}
208.1] _GROUND_SURFACE - i ? > 100 300 500 10020 30 | ymd |oR sa s CL
0.0 | 0.16 m 1opsod] = o
0 .
L
Brown d
SILTY CLAY
some sand and U 1
embedded vock i ol ossing o o . 253
fragments.
206
{Glacial TilT) 115 39 35
§ 5 39 35
pos 1 3| ss|s0/[2 om. et
2.6
. Diamond
v RC {100 illin
4 | XL 205 During drile
Grey roni o Ting steady
weathered fQ pressure and
water return
SHALE R,
vary ¢losely % RC 1100
beddec.i, with /< 5| el 204
hard limestone /&
layers. % RQD Y ©
RC [100%
% 6§ NXL
§< Rab | 36%
>
202.0 e
6.1 END OF BOREHOLE

&3, % Numbers refer to
Snnsmv-w

20
1595 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOH EXPLORATION

Ontary

Miniztry of
@ Transpotiation and
Communtaions .

Ref, No. B2-7.2

Enclosure No, 2

Ht(l‘;HWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION

RECORD OF BOREHOLE No 2

METRIC ¢

WP 21-79-01 LOCATION Coxords 4,839,230 N, ; 286,703.F ORIGINATED #Y R.M,
DIST .. HWY_ $10 BOREHOLE TYPE _Hollow Stem Auger, Rock Core coOMPiLED BY R.M.
DATUM Geodetic DATE 1982 0812 CHECKED BY _ L1
DYNAMIC CONE PENETRATION
501 PROFILE SAMPLES ;u‘:? g BESISTANCE  PLOT wpsric NATUBR Lk REMARKS
= MECIR: 20 40 60 80 100 |UWT cowtenr umT i SO L
oo ] 1 » L ) ! : i Wp w W, ::g
ELEV ESCRIPTIO Sl8| w| 2|88 | § [sHEaR STRENGTH KPa . 5 o size
RERTH D i N 2l > | 2 {22 = [
DEPTH b . = O by O UNCONFINED + FIELD VANE . 'f .
: 2121 71 1901 2 e cuick rriaxar  x a8 vane |WATER CONTENT (%) {%)
208.5 _ GROUND SUREACE % 219 T 100 300 500 1020 30 Ju/md [or sa 81 ct
0.0 W W.L. at
205.5 m
1 after corin
be 208 9
Brown
hard ]
A1) 11588 | 42
SILTY CLAY 144
A
by
some embedded |
¥ 207
rock fragments. M
b 2155 | 43
(Glacial Til1) X
¥
%
% 3185 140 206
,/
A
2i5.3 | Augering
3.2 /,4
Grey 2\ 205
weathered // Diamornd
SHALE § RC | 92% Drilling
with hard % ™
Timestone layers. /
RQD | 26%
% ' 208
203,8 2
4.7 END OF BOREWOLE

+3 %5 . Numbers refer 1o
Sangitivity

20
1505 (%) STRAIN AT FAILURE
HJ




OFfFICE REPORT ON SO EXPLORATION

Rhirustry of
Transporanon sndg

Cormmumeationy

Ref. No. 82-7-2

e
a

Enclogure No. 3

ORtany HIGHWAY ENGINEERING DIVISION -ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION
RECORD OF BOREHOLE No 3 METRIC 10
'w p__21-79-01 LOCATION . Lo-ards 4,839,255 M. 286 680 F ORIGINATED BY , _R.M.
pIST __& HWY 410 BOREHOLE TYPE __Hollow Stem Auger cOMPLED BY _ R.M.
DATUM Geodetic pare ._.1982 07 14 CHECKED By L.P.L.
o wh DYNAMIC CONE PENETRATION
$OIL PROFILE SAMPLES o | g fResisance eior sasnc NAUML oup| T REMARKS
- ‘ “ gg e 20 40 60 80 100 LMY CONTENT WIMIT -29 s
9 o pri} o A ‘ L L ) I Wp w W, oW
ELEV |l 2| 2198 & [sHEAR STRENGTH  kPa AP SR 2 | GRAIN SIZE
REBT DESCRIPTION =l = | g2 152 = . GISTRIBUTION
DEPTH w51 - | & |80 = | o unconkingD FIELD VANE WATER CONTENT (%) y "
: g1z y |E9 1 & | Quck TRIaxAL X 1AB VANE . (%]
210,11 GROUND SURFACE A : @ | 100 300 500 1020 30 li/md for sA 81 cL
0.0| 0.15m Topsoil “-”-:, 210
, , W
] yr//j Bentonite |Seal
U 4 pate W.L.
il 0714 Ni1
Brown ! 07-15 206.3
hard ]| 1155 1 36 209 P 08-24 206.9
SILTY CLAY
#
{Glacial Ti11) 21 55 134 ~ o) :
’f
11 208
s
14
o
3185 26 //;/ Bentopite Seal| % o 22.2 1129 46 24
f’/ :
i
\ _ 207
Wil oalss | o
f .
Pipzometkr
206 Shale fragment 5[ SS | So/j10 em °
4.1 END OF BOREHQLE
REFUSAL

PROBABLY ON BEDROCK

43, x5 . Numbers refer to
Sensitivity

20
15 45 {%) STRAIN AT FAILURE
10 .



OFFICE REPORT ON SOIL EXPLORATION

Murtistry of
f1ansportatian and
Communeatons

Ref. No. 82-7-2 )
HIGHWAY ENGINEERING DIVISION~ENGINEERING MATERIALS C)_FHCE~SOiL MECHANICS SECTION

e

-
Enclosure No. 4

/

Ontare
RECORD OF BOREHOLE No 4 METRIC T
WP 27.79-01 LocaTion _ bo-ords 4,839,268 N.; 286,653 E. . ORIGINATED BY _RLM,
pisT._ 8 Hwy 418 BOREHOLE TYPE Hollow Stem Augers NXL Rock Core COMPILED BY __ R.M.
parum . Beodetic DATE 1982 07 13 CHECKED BY _L.P.L.
o s JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES By | % |t rlor T Cemaics
- N ELRR 20 a0 60 80 100 |UMT content LWT 29 N
[ 38 -4 w - 1 1 i H i W W W, w
ELEV DESCRIPTION SEIR- S %§ & [Shear STRENGTH KPa o | T3 | oRAIN SiZE
DEPTH - Z1EB = 10 UNCONFINED  + FIELD VANE . DISTRIBUTION
' gz " > %8 % o QUICK TRIAXIAL  x Lag vane | WATER CONTENT (%) 4 1%)
210,31 GROUND SURFACE 5 ’ o | 100 300 500 1020 30§ /w3 |GR SA S1Ct
Q.0 0,15 m Topsoil =
f v Hole dry
E) 210 before
coring.
Brawn . W.l. at
. hard (' 209.2 m
k \ after coring
SILTY ELAY J] 788 22 N o 217 [and 24 hrs.
4 14 later,
some sand . 209
’ embedded
rock fragments. s1ss | a1 o 4 27 43 2%
}
(Glacial Ti11) )
: 208
Wil 3188 | 26 o o 21.3
| ¥,
)
hygeri
alss | 64 207 a 2.4 gering
2068 )
3.5 ’/6
Diamond
?\ RC |100% Drilling
Grey 5 | NXL During
weathered 206 drilling
ROD} © steady presd
SHALE sure and
water return
very closely
bedded
with hard b
Timestone layers. /é re 00w 205
& 5 NXL N
/<' RQD| 18%
b\ 204
RC {100%
% 71 WL
é RQD| 28% _
203.0 2N i
7.3 END OF BOREMOLE

+3, x5 . Numbers refer to
Sansitivity

20
1545 {%) STRAIN AT FALURE
10 .

y



OFFICE REPORT ON SOOIt EXPLORATION

Moty owe Rl No. 82-7°2 Enclosure No, 5
Sn CommnOns L ENGINEERING DIVISION - ENGINEERING MATERIALS. OFFICE ~SOIL MECHANICS SBCTION
RECORD OF BOREHOLE No § METRIC 2
WP 21-79-03 LocaATiON . Co~ords 4,839,232 N, 5 286,778 € ORIGINATED BY _R.M.
pIST .6 HWY 310 BOREHOLE TYPE _ Hollow Stem Auger, NXL Rock Core comeited By _R.M.
DATUM . Geadetic DATE 1982..07. 15 : —~ CHECKED BY _LuPabirin
PROFIL AMPLES o w  JOYNAMIC CONE PENETRATION
SOIL PROFILE 5 By S RESISTANCE PFLOT sasmic NATURML o ME REMARKS
- 'éo S P1 40 40 80 100 LT CONTENT  LIMIY E(__’_Z
Qe & - P i X ) i 1 Wp W W, 5w &
B8 2| 2128 | 5 |SHEAR STRENGTH kPa ST 2 | GRAIN Si2E
ELEY DESCRIPTION (52| 8
DEPTH ~1El 215 26| g |o uncONFINED + FIELD VANE » y |DISTRIBUTION
g12 o |20 | & | quck rrmaL x uas vane WATER CONTENT {%) (%)
207.9] _ GROUND SURFACE m : o | 100 300 500 10 20 30 | kn/m3lor sa S L
0.0 0.17 m 10psot s *
‘B Hole dry
o before
coring,
A1 W.L. 206.7m
Brown I after coring
hard ¥ 207
Wi 1iss |19 Q ° 21.1
SILTY CLAY
some sand . I *e
trace gravel
21588 |37 @ e
1 206 12 35 37 16
{Glacial TilY)
¥ Augering
] -
2053 " 31ss | 50/{10 cm
2.6 ;Q ‘
\ 205 DY amond
Grey Dritling
weathered / ne 1100%
? During
SHALE 4§ NXL drilling
,i};\ steady gres~
with hard ROD | 23% sure an
Jimestone layers. /</ 204 water: return
> RC {100% 203
< 5§ NXL
\>\ RQD| 30%
202,1 /<<
5.8 END OF BOREMOLE
»

+3, x5 ; Numbers refer to
Sansitivity

20
15 0-5 (%} STRAIN AT FAILURE
10 .



OFFICE REPORT ON SOiL EXPLORATION

T o and Ref. No. B2-7-2 . Enclosure No. 6
Commumcaion , .
o ™ HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION
RECORD OF BOREHOLE No & - METRIC
w e 21-79-01 LOCATION ___Co-ords . 4,830,243 N, 286,750 F, ORIGINATED BY _R.M.
DIST 6 wwy__ 410 BOREHOLE type _ Hollow Stem Auger, NXL Rock Core COMBILED BY _ R.M,
DATUM Gendetic DATE 1982 08 12 CHECKED BY 1.P.L.
o' wr DYNAMIC CONE PENETRATION .
SOIL PROFILE SAMPLES | &5, | 5 | RsisTANCE ploT e - REMARKS
a2 L . LImiT CONTENY LIMT =0 K
= w | 2O @ 200 40 50 80 100 z= A
9‘ o ad = = b L H ! i Wp w W, e e
ELEV 18| w| 2198 | & [SHEAR STRENGTH kPa A S 2 | GRAIN SIZE
DEPTH DESCRIPTION PEE S g% % |0 UNCONRINED  + FIELD VANE WaTER conTent ] 7 DISTRIBUTION
2|z 5 [ &Y ] & | QUCK TRIAKIAL  x LAB VANE {%) (%)
208,5| GROUND SURFACE s : © ] 100 800 500 ] 10 20 30 | iymd IR sa st gl
0.0 ": . W.L. 205.5m
W hfter coring
208
;/f' '
Brown 11 55146
hard
N ",
STLTY CLAY ! 207
2185 41 ‘
L ’!
{6lacial Ti11) ke
¥ §
HERESREL 206
‘I'
________ o
205.4 shale fragments ﬁ
30 7
Grey
weathered é RC 11007
SHALE A Nl
with hard % RQD | 19
1imestone Tayers. < 204
203.6 NN
4.9 END OF BOREHOLE

23, %% Numbers refer 1o
Sansitivity

20
15905 {%) STRAIN AT FAILURE
10




OFFICE REpORT ON SOIL EXPLORATION

Mimstry of

Transportation aM
Communications

tar

Ref, No. 82-7-2

*

Enclosure No. 7

HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION

RECORD OF BOREHOLE No 7

METRIC ™

REFUSAL, PROBABLY
BEDROCK

w b __21-79-01 LOCATION __Co-ords 4,839,768 N.; 286,726 F, ORIGINATED 8Y _ R.M.
oist .. 6 nwy_ . H10 GOREHOLE Type . Hollow Stem Auger compiLed By RM.
DATUM Geodetic DATE 1982 07 14 CHECKED ay _1.P.L.
o [TPR DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |, | % | RdsTANCE pLoT S LT R B REMARKS.
e %g 5 20 60 60 80 100 |UM. cowtewr umT 5O s
O e I = PR Y A RN w w w | 5%
ELEV DESCRIPTION g w g %§ & [SAEAR STRENGTH kpa AT Bt D%%lugu?%ix
BEPTH i E1 12125 5 |ounconmnep  + FiEwD vANE . y Buti
Z12] 7| 2|88 ] £ |oouce raacay  « tas yane |WATER CONTENT (%) %)
210.1] _ GROUND SURFACE 5 z = | 100 S0 500 10 20 30 | ymdloksa s ci
0.0 0.15 m Topsoil ?"3’ 210 Filled
he piezometer
tk Y L tubing with
44 Bentohite Beal water.
bl Date  W.L.
Hard 4 07-14 209.5
b roun Lt 1]88 |36 209 ° 07-15 208.6
08-24 208.0
14 .
SILTY CLAY by
some sand .
and embedded ',/ 21ss |38 o ° 21.4
gravel, rock 1
208
fragments,
/i o
2nlogiie héa
3188 |3 //a togite Heal O pofod 5 19 38 38
(6Yacial Ti11) fa'da
41 f‘
LA
1
5 207
4158 |79 H
H
,u" 5155 |50/ )12 bm
t 206
4 3
205.5 M1 > Piezometer
4.6 END OF BOREHOLE

W3

¥

x5 ; Numbers refer to

Sensi

tivity

20
15.6-5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SO EXPLORATION

Mrrustty ot
@ Transnortaton and
Conmurutations

Ref, No, 82-7-2

*

Enclosure No. 8

Ontans . HIGHWAY ENGINEERING OIVISION - ENGINEERING MATERIALS OFFICE -SOIL MECHANICS SECTION
15
: RECORD OF BOREHOLE No8 METRIC
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INTRODUCTION

This report describes the results of a subsurface investigation carried
out at the site of a proposed twin bridge structure over the C.N.R.
tracks in Brampton, Ontario. The structures will carry the future

Highway 410.

Authorization to carry out the investigation was received from the
Pavement and Foundation Design Section of the Ministry of Transportation
and Communications, and was confirmed by Engineering Agreement No.

4242-9082-67 dated July 8, 1982.

The purpose of the investigation was to determine the subsoil and ground-
water conditions at the proposed structure site; to establish the
engineering properties of the substrata; and to make recommendations for

the geotechnical aspects of the design of foundations of the proposed

bridge.

The field work was carried out in July and August, 1982, and consisted
of drilling eight boreholes to depths ranging between 4.3 and 7.3 m, |
The locations of the boreholes are shown on Drawing No. 217901-A and
the subsurface conditions encountered are presented on the record of

borehole sheets.

h‘./‘.‘
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DESCRIPTION OF THE SITE AND GEOLOGY

The site is located in the Regional Municipality of Peel, in the eastern
section of the City of Brampton, where Heart Lake Road crosses fhe C.N.R.
tracks. The proposed structure site is located immediately east of the

present level crossing.

The terrain in the area is generally flat, rising gently from south to

north at a grade of approximately 10 m in 1 km.

Physiographically, the site is located within the Halton-Peel till plain
which occupies the area east of the Niagara Escarpment and north of the
Lake Iroquois shoreline. It consists mainly of a beQeT]ed ti1l plain
with some fluting. In places, it is overlain by thin varved clay or
silty sand. The till takes on the character of the underlying bedrock
which generally lies at a sﬁa110w depth. | At the bridge site, the bed-
rock is the grey Meaford-Dundas shale and the till is generally grey-
brown silty clay with many pebbles and fragments of the shale and silt-

stone bedrock.

DOMINION SQIL INVESTIGATION INC,
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SUMMARIZED SUBSURFACE CONDITIONS

Details of the subsurface conditions encountered in the boreholes are
shown on the record of borehole sheets (Enclosures 1 to 8) and on the
inferred subsoil profiles presented as Sections A to D inclusive on
Drawing -217901-A.  The subsurface conditions can be sunmarized briefly

as follows.

Underlying an approximately 0.15 m thick layer of topsoil, the overburden

is a hard silty clay till with some émbedded gravel and shale fragments.

The shale content increases with depth and at depths ranging between
2.6 and 4.6 m, i.e. between Elevations 206.8 and 205.3 m, the boreholes

encountered the surface of the grey weathered shale bedrock. The

groundwater table is believed to be near the surface of the rock.

The properties of the two principal substrata will be discussed briefly

below.

Silty Clay Till

Covered by up to 0.17 m of organic topsoil, the boreholes encountered
a brown to greyish brown coloured glacial til11 which extends to depths

ranging between 2.6 and 4.6 m.

The till is a well graded mixture of fine gravel to clay size particles
and the grading curves of the material are shown on Figures 1 and 2.
Reference to these curves indicate that the ti11 consists of 1 to 12%

gravel, 15 to 35% sand, 37 to 46% silt, and 16 to 38% clay size particles.

N A DOMINION SOIL INVESTIGATION INC.



Ref, No. 82-7-2 _ -4 -

The matrix of the soil exhibits considerable cohesion and cementation.

Atterberg tests carried out on the soil fines gave the following results:

Liquid Limit 25 to 31%
Plastic Limit 13 to 18%
Plasticity Index 7 to 15%

Natural Moisture Content 10 to 14%

These test results are indicative of a clay of low plasticity
and the fact that the natural moisture content is below the plastic limit

of the soil suggests a hard consistency.

Standard Penetration Tests in the till gave penetration indices, 'N'-values,
ranging from 19 to over 100 blows/0.3 m from which a very stiff to hard

consistency can be inferred.

Laboratory unconfined compression tests carried out on intact split

spoon samples recovered from the soil gave Qndrained shear strength values
ranging between 200 and over 500 kPa. Based on these test results,
together with the visual examination of the samples and the low moisture

contents, it is considered that the till has a generally hard consistency.

The unit weight of the soil was measured to range between 21.1 and

22.3 kN/m3.

.- '/ .
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Bedrock

The boreholes encountered refusal at depths ranging between 2.6 and
4.6 m i.e. between Elevations 206.8 and 205.3 m. It is believed that
refusal in the boreholes was encountered on the surface of the bedrock.
The rock was proven by diamond coring in Boreholes 1, 2, 4, 5, 6 and 8.
At these locations, NXL cores were recovered to depths ranging from

1.5 to 3.0 m below the surface of the rock. Core recovery was 100%,
and the examination of the recovered cores indicates that the bedrock
to the depths explored, is a weathered, very closely bedded, grey

shale which is interlayered with grey beds of hard limestone or
calcarious sandstone up to 0.15 m thick. It is estimated that the
hard layers make up about 10 to 30% of the shale section. R.Q.D.

values ranged from 0 to 30% indicating a rock of poor quality.

Groundwater

Groundwater was not encountered during drilling and the boreholes were
extended dry to the surface of the rock. As water was introduced in
the hole during the coring of the rock, further groundwater observations
were obscured. To facilitate water level readings, piezometers were
installed in Boreholes 3 and 7. The piezometer installed in Borehole 3
was left dry to observe the rate at which water may accumulate in the
tubing, whereas the piezometer tube in Borehole 7 was filled with water
in order to observe the rate at which water dissipates and finds its

equilibrium position. Due to the low permeability of the subsoil,

nyn/'»-
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however, water level readings carried out to date do not show a conclusive
picture. From the visual and tactile examination of the soii samples,
the generally brown colour of the soil, and the presence of oxidized

seams even in so0il samples taken near the surface of the rock, it is
believed that the permanent groundwater table Ties at or.below the surface
of the rock. Water level readings will be, however, monitored and will

be reported to you under separate cover.

DOMINION SOIL INVESTIGATION INC,
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DISCUSSION OF THE RESULTS

We understand that the construction of a three-span structure is
contemplated at the site to carry the proposed Highway 410 over the
CNR tracks. The present three tracks will be increased in the
future to a total of six tracks and the proposed structure will make
a11owénce both for the present and future tracks. The total length
of the structure will be about 76 m with two 21.5 m exterior and one
33.5 m long interior span. The finished grade of the structure and
the approach fills will be approximately 9 m above the existing track
level, i.e. at about Elevation 218.5% m. Preliminary drawings made

available to us suggest that nrobably perched abutments will be used,

The eight exploratory boreholes drilled at the pier and abutment
locations indicate that the bridge site is underlain by hard silty
c¢lay till and that at the borehole locations the surface of the
weathered shale bedrock 1ies between Elevations 206.8 and 205.3 m.
The silty clay till overburden at the site exhibits high undrained
shear strengths and is considered to be a competent deposit to
carry the proposed structure on normal shallow spread footing

foundations.

Pier Foundations

The footings supporting the piers, or possibly elosed end abutments and

wing walls, can be placed within the overburden at a depth at least 0.9m

ﬂ«o/bb.
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below the existing ground surface, At this depth the factored bearing

capacity of the hard silty clay till at Ultimate Limit State is
570 kPa. The bearing capacity at Servicibility Limit States Type
IT is 380 kPa., At a depth of 1.5 m below existing ground surface
the factored bearing capacity at Ultimate Limit State is 850 kPa;
and at Servicibility Limit States Type II is 500 kPa.

Provided that the subsoil is not unduly disturbed during the
construction the total and differential settlements corresponding
to the Servicibility Limit State are expected to be less than 25
and 15 mm, respectivg1y. Under inclined loading conditions, the
bearing capacity at Ultimate Limit State should be reduced in
accordance with Clause 6.7.3.3.5 of the Ontario Highway Bridge
Design Code, 1979-(0HBDC). For the evaluation of the sliding
resistance of the foundation, the ultimate angle of friction bew
tween the underside of the foundations and the hard si1£y clay till

can be taken as 26 degrees.

A11 footings should have at least 1.2 m earth cover for frost

protection.

" 'Perched Abutments

Perched abutments could be supported either on shallow spread footings

established within the compacted approach embankments or on piles;

DOMINION SOIL INVESTIGATION INC.
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In the case that the footings are placed on engineered fill, all top-
soil, organic and other unsuitable méteria]s~shou1d be removed to the
surface of the inorganic hard silty clay till. The material used for
embankment construction under the footings should be well graded, clean
granular earth fi11 (Granular 'A' quality) the width of which at the
footing level should be at least twice the width of the footing and
should increase in width below this level at an angle of 1.5 horizontal .
in 1 vertical or flatter. The i1l should be placed in 150 mm thick
lifts and each 1ift should be uniformly compacted to at least 1004 of its
Standard Proctor maximum dry density. The horizontal distance measured
from the edge of the footing to the face of the embankment slope should
not be less than 1.5 times the width of the footing, and the footing

should also have a minimum earth cover of 1.2 m.

For footings meeting the above requirements, the Factored Bearing
Capacity at Ultimate Limit States (qf) is 600 kPa, The Bearing Capacity
at Servicibility Limit States Type II is 250 kPa. With this value, the

maximum total settlement should be limited to 25 mm.

Alternatively, end bearing steel H or tube piles could be used to sup-

port the perched abutments.

It is estimated that the piles will encounter refusal at or near the
surface of the bedrock, i.e. at about E1.205 m at the south abutment
and E1.206.5 m at the north abutment. The piles should be fitted

with hardened rock points to get a good seating on the bedrock and to

u--/aou
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avoid damage during driving through the dense fill and the hard over-

burden,

The estimated pile capacities for some common sizes of steel piles
driven to a final set of about 1 blow/1 mm penetration with a hammer
capable to deliver an energy of 40 to 70 thousand Joules/blow are
tabulated below: |

ESTIMATED PILE CAPACITY (kN)

Pile Size Factored Capacity at Capacity at Servicibility
Type ‘ Ultimate Limit-States‘(Q;) fLimit'StatéS-TyDE'II'(QSZ
Steel H  HP 310 x 110 1400 980
HP 310 x 79 1000 690
HP 250 x 62 750 530
HP 200 x 54 680 445
Steel Pipe 323 X 9.5 900 650
273 x 9.3 750 530

It is recommended that the driving of the piles in the field be controlled
by a recognized pile driving formula such as the Hiley formula. Unbalanced
horizontal forces should be resisted by battered piles and for frost
protection, the underside of the pile caps should be established at least

2.1 m below finished grade.

“Lateral Earth Preéssures

Assuming that free-draining granular material and adequate drainage

is provided behind the abutments and the wing walls (Figure 6.9.6.1

on-/-uo
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OHBDC), the lateral earth pressure can be calculated by assuming
active earth pressure conditions and using the following equivalent

fluid pressures:

-~ At Ultimate Limit State: 8 kPa/m
- At Servicibility Limit State Type II: 6.5 kPa/m

The rigid walls of the abutments, however, should be designed to
withstand the at-rest earth pressures which can be evaluated using

‘the following equiva1eﬁt fluid pressures:

- At Ultimate Limit State: 10 kPa/m
~ At Servicibility Limit States Type II: 8.5 kPa/m

When using the above values, it is assumed that the slope of the

backfill behind the retaining structure is approximately level,

Care should be given to avoid the overcompaction of the backfill and
the use of heavy compaction equipment behind the retaining walls and
abutments. The contractor shall not be permitted to use other than
hand operated vibratory type compaction equipment for the compaction
of the fill material behind the wing walls and the abutments in an
area within a plane extending from the base of the back face of the

wall upwards at a slope of 1.5 vertical to 1 horizontal and an area

within 1.5 m from the back face of the wall,

o.a/a-m
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Water accumulation in the backfill behind the retaining structures

should be prevented by the use of perforated pipes and weep holes,

Approach Fills

The design of the approach fills will not be limited by the strength
of the foundation materials underlying the site and there are no
stability problems foreseean. In the case that the approach fills
are constructed from ioca11y available clean earth fills, 2 horizontal
in 1 vertical side slopes can be used. The slopes of the embankment

should be adequately protected against surface erosion.

In the case of pile supported perched abutments, rockfill should not

be used in that part of the embankment through which piles are driven.

“Construction

There are no soil related construction problems foreseen.

Excavations in the hard ti11 will stand unsupported with nearly vertical
faces to a depth of 1.2 m. Where deeper excavations are required, the
face of the excavation should be flattened to 45 degrees to comply with

the provincial safety regulations.

Water should not be allowed to accumulate in the excavations and surface

water should be removed by pumping from temporary sumps. Any material

u.u/-»-

DOMINION SOIL INVESTIGATION INC.



Ref, No, 82-7-2 - 13 - 6'

that might be softened by water ponding in the excavation should be

removed by hand before pouring the footings.

5.0 'STATEMENT OF LIMITATION

The Statement of Limitation, as quoted in Appendix 'B', is an integral

part of this report.

DOMINION SOIL INVESTIGATION INC.
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST [SPT) N VALUE 1S THE NUMBER OF BLIOWS REQUIRED TO CAUSE A STANDARD 5imm O.D, SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5ky, FALLING

FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { St O.D. 60° CONE ANGLE ) DRIVEN 8Y 475 §

IMPACT ENERGY ON A’ SIZE DRILL RODS. THE RESISTANCE

ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOIS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m

CONSISTENCY.: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH{C,) AS FOLLOWS:

DENSENESS:

| ey tkPa) 0-12 12 -25 25~ 50 50-100 | 100 -200] =200
VERY SOFT}  SOFT FIRM STIFF | VERY STIFF HARD
COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:®
lN {BLOWS /0.3 m) 0 -5 5-10 - 30 a0 - 50 =50
VERY LOOSEY 100SF | COMPACT DENSE |VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND 7 OR STRENGTH.

RECOV

I orap (%) 0-25 25 - 50 50 - 75 75 - 90 90 - 100
VERY POOR rFOOR FAIR GO EXCELLENT
JOINTING AND BEDDING :
SPACING S0mm 50 - 300mm| 0.3m=~tm | Im- Im >3m
JOINTING  |VERY CLOSE]  CLOSE | MOD. CLOSEl  WiDE | VERY WIDE
BEDDING VERY THIN THIN MEDIVM THICK VERY THICK]

RY:

SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.

THE ROCK QUALITY DESIGNATION {R G D), FOR MODIFIED RECOVERY, 15:

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF 5011

55 S$PLIT SPOON TP THINWALL FISTON m,  kro!
WS WASH SAMPLE O35  OSTERBERG SAMPLE Ce .
5T SLOTIED TUBE SAMPLE RC ROCK CORE T [
85 BLOCK SAMPLE #H TW ADVANCED HYDRAULICALLY Ca 1
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY t, m/s
T W THINWALL OPEN F S FOIL SAMPLE H m
1, X
STRESS AND STRAIN u %
vy kPa  PORE WATER PRESSURE oy kPo
% t PORE PRESSURE RATIO o kea
o kPo  TOTAL NORMAL STRESS 7 kpo
o’ kPo . EFFECTIVE NORMAL STRESS ¢ kra
T kpa  SMEAR STRESS ¢ -*
o, 0,0 ko PRINCIPAL STRESSES t, kpa
€ % LINEAR STRAIN by -
g6 % PRINCIPAL STRAINS 7, kpa
£ kPo  MODULUS OF LINEAR DEFORMATION 1, kka
G kPa  MODULUS OF SHEAR DEFORMATION 5, 1
n 1 COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF S501L
£ kg/m’ DENSITY OF SOLID PARTICLES e 1. VOID RATIO
Y, kn/m® UNIT WEIGHT OF SOUD PARTICLES f 1,% . POROSITY
B, ko/m’ DENSITY OF WaTER w  1,%  WATER CONTENT
%,  knfe® UNIT WEIGHT OF WATER S¢ %  DEGREE OF SATURATION
P kg/m® DENSITY OF SOIL W % LIQUID LimiT
Y KN/’ UNIT WEIGHT OF 501 we % PLASTIC LiMIT
A kg/m® DENSITY OF DRY SO wg % SHRINKAGE LIMIT
7& kN UNIT WEIGHT OF DRY SOIL lp * PLASTICITY INDEX + Wy ~ Wp
3 ' Zw
gﬂ' ‘(D/mz DENSITY OF SATURATED SOIL lL I LICHHDITY INDEX = i 4
Yogr kN/m® UNIT WEIGHT OF SATURATED SOIL P = w
P’ kg/m® DENSITY OF SUBMERGED SOIL e 1 CONSISTENCY INDEX: —5
Y NAT UNIT WEIGHT OF SUBMERGED SOIL B 1% YOID RATIO IN LOOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
ORAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
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APPENDIX 'B’
STATEMENT OF LIMITATION

The conclusions and recommendations in this report are based on in-

formation determined at the testhole locations. Subsurface and groundwater
conditions between and beyond the testholes may differ from those encountered
at the testhole locations, and conditions may become apparent during
construction which could not be detected or anticipated at the time of the
site investigation.

We recommend that we be retained during construction to confirm that the
subsurface conditions throughout the site do not deviate materially from
those encountered in the testholes.

The design recommendations given in this report are applicable only to the
project described in the text and then only if constructed substantially i
accordance with details of alignment and elevations stated in the report.
Since all details of the design may not be known, in our analysis certain
assumptions had to be made. The actual conditions may, however, vary from
those assumed, in which case changes and modifications may be required to
our recommendations.

b~

-

We recommend, therefore, that we be retained during‘the final design stage
to review the design drawings and to verify that they are consistent with our
recommendations or the assumptions made in our analysis.

In cases where these recommendations are not followed, the company's
responsibility is limited to report accurately the information encountered
in the testholes.

The comments given in this report on potential construction problems and
possible methods are intended only for the guidance of the designer. The
number of boreholes may not be sufficient to determine all the factors thay
may affect construction methods and costs. The contractors bidding on this
project or undertaking the construction should, therefore, make their own

“jinterpretation of the factual information presented and draw their own

conclusions as to how the subsurface conditions may affect their work.”

DOMINION SOIL INVESTIGATION INC,
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OFFICE REPCRT ON SOIL EXPLORATION

Ref. No, 8 Enciosure No. 1

' T HUHWAY LNUINLLKING DIVISION - ENGINEEKING  MATEKIALS OFFICE - SOIL MECHANICS SECTION
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OFFICE REPORT ON SOIL EXPLORATION

. @ LCoammuiie disons
22Ty

Ref. Nn. 82.7-2

Enclosure No, 2

HIGHWAY ENGINEERING DIVISION -ENGINEERING MATERIALS OFFICE «SOIL MECHANICS SECTION
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8 o & gz z 2& 1 ) 1 i Wp W w‘ Dw &
IEY DESCRIPTION = § g3 %% G [SHEAR STRENGTH KPa > o%?;u;:ésu
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OFFICE REPORT ON 501 EXPLORATION
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Ref. No. B2-7.2
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Ker, N, Oo-/ - Enclosure No, o

HEGHWAY LMUGINLLRING  DIVILION - ENGINEERING  MATERIALD OFHLE “5UH MECHANICS 5B NION

QFFICE REPORT ON SOIL EXPLORATION

RECORD OF BOREHOLE No 5 METRIC
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HIGHWAY ENGINEERING DIVISION=-ENGINEERING MATERIALS OFFICE ~SOH MECHANICS SECTION

RECORD OF BOREHOLE No 6

METRIC

WP 21-79-01 LOCATION Co-ords 4,839,243 N.3 ¢B6,750 F. ORIGINATED BY _R.M.
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DATUM Geodetic DATE . 1982 0B 12 CHECKED By LP.L.
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Ref. No. BP-7-9

Fpelosure Ra,

7

No 7

HIGHWAY ENGINEERING DIVISION~ENGINEERING MATERIALS OFACE -S0IL MECHANICS SECTION

RECORD OF BOREHOLE

METRIC

REFUSAL, PROBABLY
BEDROCK

wp_21-79-01 1ocanon __to-ords 4,839,268 N.; 286,726 F. ORGINATED 8Y __RM.
pisy 6. nwy, A0 BOREMOLE Type _ Hollow Stem Auger COMPILED BY __ R.M.
patuM __ Geodetic pare 1982 07 14 CHECKED BY _L.P.b.
W JDYNAMIC CONE PENETRATION
SO0 PROFILE SAMPLES ;u‘:‘g § RESISTANCE #LOT nastit z‘ggm‘ v t:x‘“’: REMARKS
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4.6 END OF BOREHOLE
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Ref, No, BP.7-2

Enclosure No. 8

HIGHWAY ENGINEERING DIVISION~ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE No8 METRIC
WP 21-79401 LOCATION __Lonords 4,839,287 N.: 286,724 F, ORIGINATED BY ..M,
pisT._ 8 Wwy,_ 410 BOREHOLE Tvpe __Hollow Stem Auger, NXL Rock Core compiep gy __ RN,
DATUM Geodetic DATE 1982 07 13 CHECKED BY . LaPadu
P W JOYNAMIL COME PENETRATION
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5.9 END OF BOREHOLE .
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UNIFIED SOIL CLASSIFICATION SYSTEM
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To: Mr. W. L. Lin Date: 83 04 22

From:

suan. v %R TR,

Design Engineer (Central)
Structural Office
3501 Dufferin St.

Pavement & Foundation Design Section
Room 3153, Central Building
Downsview

RE: Hwy 410/CNR Overhead
W.P, 21-79~01, Site 24-145-477
Hwy 410, District 6

We have reviewed the final bridge drawings for the
above-mentioned site and provide the following comments:

1. The note regarding the driving of piles should be
changed to read "Piles to be driven to bedrock™. The use
of the above note will require the removal of standard
drawing $8103-11 from the contract package.

2. The pile lengths given should be rounded to the
nearest 0.3 m.

3. As stated in our memo of 82 11 22, a note should be
added necessitating the removal of all topsoil, organic
and other unsuitable material prlar to placement of the
approach f£ill material.
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BRIAN RUCK
Trainee Engineer
for

M. DEVATA, P.Eng.
Senior Poundations Engineer
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To!  Mr, W.L. Lin | | - Datet gy 17 59
Design Engineer (Central) '
Design Section
Structural Office
3501 Dufferin St., 4th Floor

From: Pavement & Foundation Design Section
Room 315, Central Rldg.
Downsview

Re: Hwy. 410/CNR Overpass |
W.P. No. 21-79-01 ‘ : -
Site No. 24-145-477
District No. 6

We have reviewed the general arrangement drawing 24-145-477-P1
for the above-mentioned structure and provide the following
comments: : '

1) Please refer to our comments as of 82 08 30, as we still
feel perched abutments'founded on a well compacted Granular 'A'
core without the need of piles will be satisfactory when
designed to a Factored Capacity at U.L.S. of 850 kPa and :
a Capacity at £.1.S8.-Type Il of 300 kPa. _ - ?

2) A1l topsoil, organic and other unsuitable materials should
be removed and the site properly graded prior to placement
and compaction of Granular 'A' earth fill.

3) Kotice should alsc be given to elevations at the bases of
both bridge abutrent footings as there appears to be some —
discrepancy with other elevations of the structure foundations.
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K.D. Chak -
Treinee Engineer

for: M. Devata, P. Eng.
KDC:syc Senior Foundations Engineer :

T540-1318 (10/78)
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