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FOUNDATION INVESTIGATION REPORT
For
High Mast Lighting
for
Travel Information Centre
@ Hwy 401
WP 20-87-01
District 6, Toronto

INTRODUCTION

This report summarizes the foundation investigation results for the High Mast
Lighting (MML) at the Travel Information Centre.

The field investigation was conducted between 87-10-05 and 87-10-08 utilizing a
continuous flight auger machine equipped with 83 mm 1.D. hollow stem augers and

BX rock coring techniques.

This work consisted of advancing sampled boreholes at or near all proposed HML

locations. Boreholes pertaining to this project are numbered BH 14 to 18,

corresponding to the associated HML number of 1 to 5. Borehole locations are
summarized in Table 1 and shown in plan on Dwg. No. 208701-D in the Appendix.
However, Borehole 15 was moved about 6.5 m northerly from the HML location (HML
2), since the drill rig could not be approached the proposed location.

Site Description

The site is located in the physiographic region known as the "PEEL PLAIN" as

described by the Physiography of Southern Ontario (Chapman and Putnam, 1984).

The deposit characterizing this area consists of a glacial till containing large
amounts of Palaeozoic Shale and limestone. The original ground surface in this
region can be described as level to undulating in relief. Specifically, the
site under investigation has an undulating topography.
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This area is drained by the Credit River. At the site, water drains from the

south ends of the culverts along a ditch and through a farm land. During the
investigation, the drainage channel was completely dry.

SUBSURFACE CONDITIONS

General

The subsoil consists mainly of Gravelly Sand to Sandy Gravel with varying
amounts of cobbles and boulders (Glacial till), overlying up to 0.6 m thick
silty clay topsoil layer. The full extent of the glacial till stratum was not
jnvestigated, but was found to extend to a maximum depth of 12.7 m below the
ground surface. Occasional shaly zones and cohesive zones were encountered in
the lower portion of the glacial till stratum, Weathered Shaly slab was
encountered in two locations, BH's #16 and #17, at approximate elevation of 185
m. A large size boulder was encountered in BH #18 as shown on borehole log.
Groundwater was observed in the boreholes at approximate elevations between
191.8 m and 195.2 m as shown on Borehole logs in the Appendix.

The following is a detailed description of the soils encountered at the site.

Topsotl

The site is covered by a thin 0.6 m layer of silty clay topsoil.

Atterberg Limits tests and grain size distribution test was carried out on the
sampie and the results are listed below:

B
mmmlgmw k—

Moisture Content (w) 15.5 Gravel 2
Liquid Limit (w.) 28.5 Sand 40
Plastic Limit (wp) 16.5 Silt 42

Plasticity Index (Ip) 12.0 Clay 16
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- The topsoil can be described as Silty Clay with random pockets or layers of sand

and gravel. The fines are of low plasticity (CL Group).

Gravelly Sand to sandy gravel (Glacial till)

The topsoil is underlain by a glacial till deposit. This material was
encountered in all boreholes immediately below the topsoil. Within the glacial
till stratum, occasional cohesive zones and occasional cobbles were encountered
at the lower portion of the glacial till. Large size boulders was encountered
in Borehole #18 as shown on borehole log. Shaly slabs were enountered at an
approximate elevation of 185 m in Boreholes #16 and #17. The full extent of the
glacial till was not investigated. '

Atterberg Limits tests were performed on this material as shown on Figure 1, and
the results are summarized below:

Range %
Moisture Content (w) 4.5 - 17
Liquid Limit (w.) ' 16.5 - 33.5
Plastic Limit (wp) 13 - 17.5
Plasticity Index (Ip) 3.5 - 17

Grain size distribution tests were carried out on the glacial ti1l and the
results are summarized below. Figure 2 in the Appendix shows the results in
envelope form. ' '

Range %
Gravel 1 -89
Sand 21 - 83
Silt 5 - 49
Clay 1-10

The glacial till can be described as gravelly sand to sandy gravel with some
silt, trace of clay and occasional cobbles and boulders. The matrix is composed
primarily of non-cohesive material with occasional cohesive zones that exhibit
Tow plasticity (CL Group).
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In this glacial till stratum, the 'N' values ranged from 2 to 112 blows/0.3 m,
indicating the deposit may be described as very loose to very dense.

GROUNDWATER CONDITIONS

The groundwater level was measured in open boreholes few days after the
boreholes were compieted. The groundwater elevation was found to range between
glev. 191.8 m and 195.2 m which corresponds to some 2.2 m to 6.4 m below the
existing ground surface. The observed groundwater levels for each borehole are
indicated on the Record of Borehole Sheets in the Appendix.



DISCUSSION AND RECOMMENDATIONS

A foundation investigation was carried out at the above-noted site in order to
establish soil parameters for the design of the 5 HML foundations. The
investigation consisted of advancing 1 borehole at each of the HML locations to
a depth ranging between 9.4 and 12.7 m below the ground level,

Table 1 indicates the proposed location of each of the 30 m high HML and the
appropriate locations of the boreholes. Since the proposed HML location is
situated on the mid slope and further permission to enter the private property
could not be obtained within the limited time, the borehole location for HML #2
(B.H. No. 15) was moved towards the Hwy. 401 some 6.5 m from the proposed HML
location.

Design Consideration

The High Mast Lighting foundations will be supported on a single concrete
caissons and the design should be in accordance with the method described by
Broms as per the following papers:

Broms, B.B.

Later Resistance of Piles in Cohesive Soils,

Journal of the Soil Mechanics and Foundations Division, ASCE,
Vol. 90, No. SM2

Paper 3825, March 1964

and

Lateral Resistance of Piles in Cohesionless Soils,

Journal of the Soil Mechanics and Foundation Division, ASCE,
Vol. 90, No. SM3 '

Paper 3909, May 1964
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The soil parameters provided in Table 2 are recommended for the design of the
HML foundations. The following notation has been adopted:

@ = apparent angle of friction for cohesionless soils

it

unconfined compressive strength in kPa (qu = 2 x Cu) for
cohesive so0ils

qu

Y = bulk unit weight in kN/m3
The material within the zone of frost penetration depth should not be included

in calculations of lateral resistance. At this site, the depth of frost
penetration is 1.2 m.

Construction Considerations

The investigation revealed that the subsurface conditions across the site are
generally uniform and consist of gravelly sand to sandy gravel with varying
‘amounts of cobbles and boulders (Glacial Ti11). At BH #18 boulders up to 0.5 m
in size were encountered where HML #5 is situated as shown on borehole log.

Caissons will be located below the prevailing groundwater in granular subsoil.
In view of this, the following special provision should be included in the
contract;
~ “The contractor shall install concrete footings'in earth for
~ high mast poles. At the various pole Tlocations,soil
deposits consist of mixtures of silts, sands and gravels
with occasional cobbles and boulders. Groundwater is
Tikely to be encountered from two to six metres below the
existing ground surface. The soil is highly susceptiable
to conditions of unbalanced hydrostatic head and seepage
forces and is likely to Jboilf and become unstable under
such conditions. The contractor shall maintain the
stability of the soil in the sides and bases of the holes
for the concrete footings at all times from commencement of
their construction to the placing of concrete".



MISCELLANEQUS

The fieldwork for this investigation was carried out during the period of
87-10-05 to 87-10-09, wunder the supervision of John Petruzziello (Senior
Technician). The equipment was owned and operated by Malone's Soil Samples Co.
Ltd. of Etobicoke.

This report was written by T. C. Kim and reviewed by M. Devata, Chief
Foundations Engineer (East).

\
.

Tae C. Kim, P.Eng.
Project Foundations Engineer

Murty Devata,” P.Eng.
Chief Foundation's Engineer (East)



TABLE 1 - HML AND BOREHOLE LOCATIONS

’PrOpnsed HML Locations Actual Borehole Locations

0/S Fr. Property Line

HML # STATION NO. 0/S Fr. Property Line BH No. STATION NO.
1 11 + 203.0 11.1 m Lt. 14 11 + 202.9 11.1 m Lt.
2 11 + 351.5. 3.7 m Lt. 15 11 + 352.0 10.2 m Lt.
3 11 + 558.5 58.7 m Rt. 16 11 + 560.0 55.6 m Rt.
4 11 + 808.5 6.1 m Lt. 17 11 + 808.4 6.1 m Lt.
5 11 + 959.0 11.6 m Lt. 18 11 + 959.0 11.6 m Lt.
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Pole

———

1
(BH 14)

2
(BH 15)

3
(BH 16)

4
(BH 17)

5
(BH 18)

Elev. (m)
From - to
199.4 - 198.8
198.8 ~ 197.3
187.3 ~ 196.5 |
186.5 -~ 195.0
185.0 - 191.9
191.9 - 186.7
198.2 -~ 197.6
197.6 - 19513
195.3 ~ 192.6
192|6 - 191.0
191.0 ~ 188.0
188.0 -~ 185.5
196.6 - 196.0
196.0 - 193.7
183.7 - 188.3
188.3 bl 185.6
185.6 -~ 184.3
194.5 - 183.9
193.9 - 182.3
192.3 ~ 180.1
19001 -_18806
188.6 - 186.3
186.3 ~ 185.4
185&4.' 18404
194.7 - 194.2
19402 - 185-3

TABLE 2 - Soi] Parameters
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Type of Soil
Cohesive

{Top Soil)

Non-Cohesive
Non-Cohesive
Non-Cohesive
Non-Cohesive
Non-Cohesive

Cohesive
(Top Soil)
Non-Cohesive
Non-Cohesive
Non-Cohesive
Non-Cohesive
Non-Cohesive

Cohesive
{Top Soil)
Non-Cohesive
Non-Cohesive
Non-Cohesive

Weathered Shale

Cohesive
(Top So0il)
Non-~Cohesive
Non-Cohesive
Non-Cohesive
Non-Cohesive
Non-Cohesive

Weathered Shale

Cohesive
(Top Soil)
Non-Cohesive

Denseness or

4

Consistency Degree
Compact 31
Dense 35
Very Dense 43
Dense 35
Very Dense 43
Loose 26
Dense 36
Very Dense 43
Dense 34
Very Dense 39
Loose 27
Dense 34
Very Dense 39
Hard 43
Dense 35
Compact 32
Dense 37
Very Dense 39
Dense 34
Hard 43
Very Dense 43

20.1
20.7
21.2
21.0
21.2

19.3

19.3
21.0
21.2
20.7
21.2

18.3

19.3
20.4
21.2
21.2

18.3

20.7
20.1
21.2
21.2

20.7

21.2

19.3

21.2
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EXPLANATION OF TERMS USED IN_ REPORT

N VALUE! THE STANDARD PENETRATION TEST {S$PT) N VALUE 15 THE NUMBER OF BIOWS REQUIRED TO CAUSE A& STANDARD Simm 0.0 SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, 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 {5 DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT [ Simm O.0. 60° CONE ANGLE ) DRIVEN BY 475 }
IMPACT ENERGY ON 'A'/SIZE DRILL RODS, THE REJISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND,
& B
SOILS ARE DESCRIBED a{v THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.
CONSISTENCY: COMESIVE SOUS ARE DESCRIBED ON THME BASIS OF THEIR UNDRAINED SHEAR STRENGTH [ ¢, ) AS FOLLOWS:
1 ¢, lkPa) - 12 12 - 25 25-30 | s0-100 | 100 - 200 { 2200
VERY SOFT|  SDFT FIRM STIFE | VERY STIFF HARD
DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON YTHE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
M (BLOWS/0.3m)] 0 -5 510 10 - 30 10 - 50 =50
VERY LOOSF) (OOSE | COMPACT | DENSE  |VERY DENSEF
ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OF STRENGTH.
RECOVERY: 5UM OF AlL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING HUN.
MODIFIED RECOVERY: 3SUM 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:
[ RQD (%) 0-325 25-50 | 5075 | 75-90 90 - 100
VERY POOR]  POO# FALR GOOD | EXCELLENT
JOINTING AND BEDDING :
SPACING S0 mam 50« 300rmm} 0.3m - Im im~ 3m =3m
JOINTING  |VERY CLOSE]  CIOSE | MOD CIOSE,  WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  VERY THICK
o
ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF SOIL
- 55 SPLIT SPOON TP THINWALL PISTON m, kpa™l  COEFRICIENT OF VOLUME CHANGE
W35 WASH SAMPLE 05  OSTERBERG SAMPLE € l COMPRESSION INDEX
$ T SLOTTED TUBE SAMPLE R € ROCK CORE ¢y 1 SWELLING INDEX
B S BLOCK SAMPLE BoH T W ADVANCED HYDRAULICALLY Cq i RATE OF SECONDARY CONSOLIDATION
€S CHUNK $SAMPLE P M TW ADVANCED MANUALLY <, M35 COEFEICIENT OF CONSOLIDATION
T W THINWALL OPEN F §  FOU SAMPLE H m DRAINAGE PATH
T, | TIME FACTOR
STRESS AND STRAIN U % DEGREE OF CONSOLIDATION
vy, kpo PORE WATER PRESSURE O,s kPO EFFECTIVE OVERBURDEN PRESSURE
T ! PORE PRESSURE RATIO o kpa PRECONSOLIDATION PRESSURE
o kPar TOTAL NORMAL $TRESS T, ko SHEAR STRENGTH
o’ kpa EFFECTIVE NORMAL STRESS ¢ kra EFFECTIVE CORESION INTERCEPT
T kpa SHEAR STRESS ' - EFFECTIVE ANGLE OF INTERNAL FRICTION
o, 6.0, kb PRINCIPAL STRESSES . kpa APPARENT COWESION INTERCEPT
¢ % LINEAR STRAIN Py “® APPARENT ANGLE OF INTERNAL FRICTION
€. % PRINCIPAL STRAINS 7 kPo  RESIDUAL SHEAR STRENGTH
3 kra MODULLS OF LINEAR DEFORMATION 7, kra REMOULDED SHEAR STRENGTH
G Ko MODULUS DF SHEAR DEFORMATION . s, + SENSITIVITY .:;9_
n 1 COEFFICIENT OF FRICTION r
PHYSICAL PROPERTIES OF SOIL
A kg/m“ DENSITY OF SOLID PARTICIES e L% VOID RATIO €pin 11 % VOID RATIO .IN DENSEST 5TATE
& ]
Y kN/m’ UNIT WEIGHT OF SOLID PARTICLES n 1% POROSITY i Ty -
s , I DENSITY INDEX =%-m
£, kg/m’ DENSITY OF WaTER w  1,%  WATER CONTENT ) mim  GRAIN DIAMETER
Yy kn/m® UNIT WEIGHT OF waTER 5, % BEGREE OF SATURATION By MM n PERCENT - DIAMETER
P kg/m® BENSITY OF sONL w % LouUIb LMmIT ¢, ! UNIFORMITY COEFFICIENT
T EN/AP UNIT WEIGHT OF 5011 w, % BLASTIC LiMIT h ™ HYDRAULIC HEAD OR POTENTIAL
4 kg/m® DENSITY OF DRY sONL wg % SHRINKAGE LIMIT g m%/s  RATE OF DISCHARGE
7é KN/ UNIT WEIGHT OF DRY SOIL I % PLASTICITY INDEX = W« Wy v m/s  DISCHARGE VELOTITY
Bot kg/m; DENSITY OF SATURATED SOIL | , LIGUIDITY INDEX + WI“ “p i ! HYDRAULIC GRADIENT
Yoot KN/ OUNIT WEIGHT OF SATURATED SOIL b " - w k mls  HYDRAULIC CONDULTIVITY
P’ kg/m’ DENSITY OF SUBMERGED SOIL o} CONSISTENCY INDEX: == J /e sEEPAGE FORCE
YT kN/m® UNIT WEIGHT OF SUBMERGED 501t erox 1% VOIL RATIO N LODSEST STATE ’
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0
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Ministry of
@ Transportation

Ontario

GRAVELLY SAND TO SANDY GRAVEL (Glacial Till)
WITH SOME SILT, TRACE OF CLAY, OCC COHESIVE ZONES

WP 20-87-01

(HML)
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UNIFIED SOIL CLASSIFICATION SYSTEM
SAND : GRAVEL
CLAY & SuT Fine Medium | Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
! 2 3 45 10 20 30 4050 y5,. 150pm 300um B60um LiBem  2.36mm 9.5 mm 19.0mm I75mm  63.0 mm
100 ”” “” 53 pm 1B6um 250um 425 um B50 um 2.00mm 4.75mm 13,2 mm 26.5mm 53.0mml 75.0mm
0
90 10
80 20"
70 30
o 80 409
2 2
P4 g
* %0 500:
z LEGEND ;
5 SAMPLE SYMBOL =
6 40 60 =
30 70
&y
20 6:' 80
Op,
&
10 1 90
0 I : 100
] 2z 5 45 10 20 30 40 270 200 MO 100 6080 40 30 20 16 108 4 ' 2 Wt o w2l g
MINISTRY SIEVE DESIGNATION (Imperiol)
Mirtyof GRAIN SIZE DISTRIBUTION FIG No 2
S GRAVELLY SAND TO SANDY GRAVEL (Glacial Till)|[WP 20-87-01
WITH SOME SILT, TRACE OF CLAY,OCC COHESIVE ZONES (HM L)
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RECORD OF BOREHOLE No 14 METRIC
WP 20-87-01 LOCATION Sta. 11 + 202.9; 0/5 11.1 m Lt, of Property Line ORIGINATED gy _ TCK
3
Jowsr & mwy_ 501 BOREHOLE Typg S Auger and Cone Test COMPHED By __ TCK
DATUM , Geodetic DATE 1987 10 05 . CHECKED BY
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | 2 | Risietace Cnor e NATUAL -
’ g2 MOIsTuRE LIOUD | o REMARKS
= | 56| 20 40 &0 &g gp UM cowrmwr Lt SO
(=] E % QE P 4 h i 1 i Wp W W, oW & .
ELEY DESCRIPTION Eluw 2 25| G [sHear sTRENGTH ey | T F | GRAIN SIZE
OEPTH fEl Z | 5|38 % |ounconmnes  + rieo vane ATER contenTivg| ¥ |OSTRIBUTION
:'a‘_; 2 y | &Y & | Guek TriawAL  x 1A vane |W {%) (%)
199.4 Ground Level w - u 10 20 30 GR SA 51 CL
9.01silty Clay with Sand 1} AS¥ PR 2 40 42 16
196.8 Lrae avel{Top Soil ig:
0.6 > 2 8819 N
- 4 198
" ] 2l sg 19¢ \M ° 380 14 3
Gravelly Sand to ” % 85 139 e
Sandy Gravel with |3 \\
some Silt oy l=2l.88 172 196 o 36 47 13 4
trace of clay AT
Compact to Very Derse 2
(Clacial Till) i : AIERER © 14 63 17 &
R 8] 85 142 194
Oce. Cohesive Zones | @
Oce. Cobbles o IR 2 © 28015 3
J F? 109 .
e} 10] 8§ [43 152 o 48212 2
@ | 111 55 1103 ) [ S
. 8
:" 12 58 |66 o) - 32 47 16 5
b_' 13} 88 |62 190
-
>
. |
2, "1 141 58 143
. ® 188
-'p :
186.7 = REITRED o 37.41 18 4
12.7 End of Borehole

43, x5 . Numbers refer 1o
Senntivity

20
15 5 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 15

METRIC

OFFICE REPORT ON SO EXPLORATION

WP LOCATION Sta. 11 + 352.0; 0/S 10.2 m Lt, of Property Line ORIGINATED BY _ TCK
DisT 5. Hwy 401 BOREMOLE TyPE HS Auger and Cone Test COMPILED 8Y ___TCK
DATUM | Geodetic DATE 1987 10 09 CHECKED B8Y
$OIL PROFILE SAMPLES 3 w DYNAMIC CONE PENETRATION -
Q &-5 & | reEsstancE rioT RASTIC oAl aup] o T REMARKS
§Q M Lemi¥ CONTENT LiMT e U0
= w | 2Q 20 40 60 80 100 zz a
9 ﬁ .s Q: z L i 1 i i Wp w W‘ _-_;3
ELEV SESCRIPTION Sl %) 2125 O [sHEAR STRENGTH (M — GRAIN 5128
DEFTH SEHERRERES: § [ounconemeo o wane| oo contentinyl 7 o»srmzunon
g1z 5 | &Y & [eouck rraxial  x 148 vane (%)
198,2 Ground Level v - w 0 20 30 GR SA 51 ¢l
189701 Silcy clay (Top soil) UV 198
) R o 16 58 17 o
Gravelly Sand fo N N
Sandy Gravel with g P S W 2 Mo
some Silt a2k 196
5 N 3] 88 3 - [ T Sa— Z1 60 15 4
trace of clay = J-@, X
e A 36 =
Compact to ‘:7 B7109 M\»\‘?
Very Dense . 3| S8 | 48 194 4
A
. 0
(Glacial Till) ‘B 6] 55 | 435 T2/ 18 cm| o 5 78 13 4
-»“‘
1218 o —— i s -....._.--:TA:.« 71 88 | 104 192 = 52 3312 3
b
6.4 Weathered Shaly $1bfei]
S ss | 39 o 1393 14 0
*e 190
Oce. Cohesive Zones -&}
' 9! $5 37
Oce. Cobbles A
ug 188
"o} l0f 85 | 50 o 58110 &
D'A
-
185 .5 A J 11 88 a7 186
12.7 End of Borehole

+3, %5, Numbers refer 1o
Sensitivity

- 10
15 -5 (%) STRAIN AT FAILURE
0
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Qntarg
, RECORD OF BOREHOLE No 16 METRIC
WP 20-87-01 LOCATION Sta. 31 + 560.0; 0/8 55.6 m Rr. of Property Line  ORIGINATED BY  TCK
DIST £ _Hwy_. . 401 BOREHOLE Typg BS Auger and Cone Test COMPILED BY _ TCK
DATUM Geodetie DATE 1987 10 05 & 06 CHMECKED BY
$01L PROFILE SAMPLES o W JOYNAMIC CONE PENETRATION -
._“_-_'uz-r g RESISTANCE PLOT mastic oy LiGuD w I REMARKS'
= $6| 4 26 40 60 80 100 |7 coNTEwr uwi | SO
O A4 = " ; h ) f i Wp W w, | 5@ -]
ELEV DESCRIPTION & ‘éﬂ w § %% & |sHEAR STRENGTH O z DGRNN SIZE
BEPFTH , =351 &332 Z |0 UNCONFINED 4 FiELD vane . y |DISTRIBUTION
é < 5 gu § ® QUICK TRIAXIAL  x 146 vane | WATER CONTENT (%) %)
196.6 Eround Level w : 1 0 2p 30 GR SA 51 €L
192‘8 Silty Clay (Tep Son)a’ly 1} as+ 106
" ol NI R < of s 1443 39 4
2‘:';“ .o 3] 88 3
Gravelly Sand to SAAT 4 g5 o 7 66 18 9
Satdy Gravel with™ "], 194 ""--...,_*\ ° 181 9 9
some Silt P, L3l 88 | 22 <.
trace of clay (201888 1 30 k ° 1273 9 6
A G TR ) 192 7
Compact to P, 87108 <
Very Dense D 8] 8§ 32
{Glacial Till) on § 91 s§ [ 31 190 & b 35 52 12 1
' 38
Oce. Cohesive Zones | P 10, ss
bt 1) ss | 4s
Qce. Cobbles . ‘
] l2) ss | 59 188 \ o 14 71 11 4
o4 131 8y [57
K
¥
185.8 2 16l 88 1120 186 =
11.0 v 12078 ¢
Weathered Shaly Slab t.:,:}* i3] 88 12520 cm O eyt 20 21 49 1D
1843 o LML, P
12.3 End of Borehole

3 %5 . Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAHLURE
0
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W P ___20-87-01

RECORD OF BOREHMOLE No 17

METRIC

LOCATION Sta. 11 + 808.4; 0/§ 6.1 m Lt. of Property Line ORIGINATED BY _ TCK
DIST . 6., HWY___501 BOREHOLE TYPE , HS Auger and Cone Test COMPILED BY . _TCK
DATUM Geodetic DATE 1987 1o o7 CHECKED BY
e w TOYNAMIC CONE PENETRATION
$OI PROFILE SAMPLES [y | Z |Resistance pLoT . NATURAL -
- z o] LASTIC  enstymy  LiOUD | REMARKS
= PRE R 20 40 60 8o ipg VM7 cowtent tmirg SO
O Y QE 2 | ] f ) \ Wp w w, | 5w &
ELEV DESCRIPTION BiE| w2 |88 O [SHEAR STRENGTH B A 2 | ceain size
DEPTH 151z 8% 2 Jo unconmneED  + FIELD vane WATER CONTENT (5 y [DISTRIBUTION
é z 5 | BV G |eouick TraxiaL x ag vane |WA ER CONTENT (%) {%}
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FOUNDATION INVESTIGATION REPORT
For
Culvert Extensions @ Hwy. 401
WP 20-87-01
District 6, Toronto

INTRODUCTION

This report summarizes the information obtained from a foundation

investigation carried out at the above mentioned site between 87-06-30 to
87-07-02 and on 87-07-10. It is proposed to extend two culverts at this
site to facilitate the entrance and exit ramps of a Roadside Rest/Travel
Information Centre., This report is applicable to the culvert extensions
at Sta. 114497.1 o/s 47.5 m RT from the centreline of Hwy. 401 and Sta.
11+824.8 o/s 37.6 m RT of the centreline of Hwy. 401, This report
contains recommendations pertaining to the foundations of the proposed

culvert extensions.

SITE DESCRIPTION AND GEOLOGY
This site is located on Hwy. 401, 2.0 km west of Mississauga Road. At

present, there are two concrete culverts located at the site. The first
culvert, 65 metres in length, is located at Sta. 114486 and has an outlet
elevation of approximately 195.8 metres. The second culvert, 61.5 metres
in length, is located at Sta., 11+822 and has an outlet elevation of
approximately 194.3 metres. The site is located in the City of
Mississauga, Regional Municipality of Peel.

The land uwse in this area is predominantly industrial and agricultural.
Highway 401 runs from east to west along the northern boundary of the
site and a farmers field is located to the south of the site. Industrial
buildings have been constructed to the east of the site and are under
construction on the north side of the 401. To the west of the site, the

land is undeveloped and is used for agricultural purposes.

The site is located in the physiographic'region known as the "Peel Plain”

as described by The Physiography of Southern Ontario (Chapman and Putnam,

1984). The deposit characterizing this area consists of a glacial till
containing large amounts of Palaeozoic shale and limestone, The surface
in this region can be described as 1level to undulating in relief.

Specifically, the site under investigation has an undulating topography.
This area is drained by the Credit River, At the site, water drains from



the south end of the culvert at Sta. 11+486 easterly along a ditch for
approximately 70 metres and then southerly through a farm field. This
drainage runs parallel to a hill, which is situated between the two
culverts, Water on the east side of the hill drains inteo a ditch which
flows easterly towards the culvert at Sta, 11+822, The runoff from the
south end of this culvert flows into the ditch, which proceeds easterly
for 30 metres before changing course and heading south,. During the
investigation, ponded water could be founded at a depth of approximately

50 mm in the ditch, at the outlet to the culvert at Sta. 11+822.
The two existing culverts are in good condition showing little or no
deterioration. Very little erosion has occurred at the culvert outlets

and along the drainage ditches,

Field Investigation

The field investigation was conducted between 87-06~30 and 87-07-02 and
on 87-07~10, Two boreholes were advanced; one near the end of each
proposed culvert extension. Borehole 1 at Sta., 114+497.,1 was advanced to
a depth of 14.2 metres, and borehole 2 at Sta, 11+824.8 was advanced to a
depth of 9.6 metres below ground level, Dynamic cone penetration tests
accompanied each of the boreholes., The borings were advanced by an 87 mm
hollow stém augering machine, Soil sampling was performed at 0.76 metre
intervals using a 50 mm OD split spoon sampler, Bedrock was not encoun—

tered in either borehole,

Groundwater elevations were measured in the boreholes and test pits were
excavated to determine 1if a dewatering scheme was necessary for the
excavations, The pits were located at Sta. 114800, 0/S 40 metres RT of
Hwy. 401 centreline and Sta., 11+525, 0/S 40 metres RT of Hwy. 401 centre-
line. The pits were 1.2 x 1.2 metres in area., At Sta. 114800, the test
pit reached a depth of 1.9 metres below ground level, and at Sta, 11+525,
the test pit reached a depth of 1.8 metres below the ground level, The
approximate elevations at the bottom of the excavations are 193.1 and

194.,0 respectively,

Lab Work
The engineering properties of the soils were determined by performing

grain size distribution and Atterberg Limits Tests on 10 of the samples



obtained, Natural moisture content and bulk density tests were also

performed on 7 samples,

The results of laboratory tests are plotted on the record of Borehole

Sheets and summarized in the Figures contained in the Appendix,

SUBSURFACE CONDITIONS

General

The stratigraphy across the site is fairly uniform and consists mainly of
a sandy glacial till with varying amounts of gravel and cobbles. Under-
lying an up to 1.0 metre thick sandy topsoil layer, the predominant
material across the site, the sandy glacial till stratum, is encountered,
The full extent of the glacial till stratum was not investigated, but was
found to extend to a maximum depth of 14.2 m below the ground level,
Occasional shaly zones, seams of grey silt and grey silty fine sand were
encountered between 6 and 14 metres below ground level, in the glacial
till stratum., These seams range in thickness from 50 to 75 mm. Bedrock

was not encountered in any of the boreholes.

The boundéries of the subsoil types, insitu and laboratory test results,
as well as groundwater levels, are shown in the Record of Borehole sheets
in the Appendix, The location of each borehole is shown in plan on Dwg.

No., 208701-A together with a stratigraphical section.

The following is a detailed description of the soils encountered at the

site,

Topsoil
The site is covered in a layer of sandy topsoil with the thickness

varying across the site. This material was encountered in BH 1 at a

depth of 1.0 metre below the ground level.

Atterberg Limits tests and a grain size distribution test were performed

on the sample and the results are listed below,

% %
Moisture Content W 9.5 Gravel 8.5
Liquid Limit Wy, 25.5 Sand 42,5
Plastic Limit WP 14.5 Silt 36.5

Plasticity Index Iy 11 Clay 12.5
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The topscil can be described as a silty sand, some clay, trace gravel,
The fines are of low plasticity (CL group). A Standard Penetration 'N'
value of 14 indicates the topsoil is in a compact state.

Glacial Till

The topsoil deposit is underlain by a sandy glacial till deposit., The
material was encountered in both boreholes; just below ground level in BH
2, and 1,5 metres below ground level in BH 1. Within the glacial till
stratum, some silt and gilty fine sand seams and occasional pink shaly
zones were encountered from 13.7 to 14,2 metres below ground level in
Borehole 1, and from 6.5 to 8,7 metres below ground level in Borehole 2.

The full extent of the glacial till deposit was not investigated.

Grain size distribution tests were carried out on the glacial till and
the results are summarized below, Figure 1 in the Appendix shows the

results in envelope form.

Range 7%
Gravel 0 =~ 49.5
Sand 34 - 68.5
Silt 8.5 - 38.5
Clay 1 =10

Atterberg Limits tests were performed on this material, and the results

are summarized below.

Avg, % % Range
Moisture Content W 10 7 =12
Liquid Limit Wy, 22,2 200 = 25.5
Plastic Limit Wy 15.2 14,5 - 16.5
Plasticity Index I, 7.0 4,5 - 11

To the west, in the vicinity of BH 1, numerous cobbles were encountered
during the excavation of the test pit., Easterly, at BH 2, the glacial

till stratum contained occasional cobbles.

The glacial till can be described as sand, trace/with gravel, some/with
silt, trace clay, with numerous cobbles in the west to occasional cobbles

in the east. The matrix is composed primarily of non—-cohesive sand with



occasional zones that exhibit low plasticity (CL-ML group or CL group).
With depth, the glacial till changed from brown to pink in color.

The silt and silty sand seams and occasional shaly zones yielded 'N'
values ranging between 70 and greater than 120 blows/0.3 m, indicating a
hard comsistency for the cohesive zones and very dense state for the non-

cohesive zones,

In the glacial till stratum, the SPT 'N' values ranged from 7 to over 120
blows/0.3 m indicating a state of compaction described as loose to very

dense,

GROUNDWATER CONDITIONS

Water levels were measured during the time of the investigation in the

open boreholes., 1In BH 1, the water level was at an elevation of 196.1,
and in BH 2, the water level wag 190.30. Water was used to advance BH 1
and it is believed the established water level is not representative of
the stabilized water level. Test pit #2 in the vicinity of BH 1, was
completed to an elevation of 194.0 and the water table was not encoun—
tered. Test pit #1, in the vicinity of BH 2, was advanced to an elevation

of 193,1 without encountering the water table.



DISCUSSION AND RECOMMENDATIONS
It is proposed to extend two culverts on the south side of the 401, 2.0

km west of Mississauga Road, to facilitate the construction of entrance
and exit ramps at a proposed Roadside Rest/Travel Information Centre,
The culvert at Sta. 114486, a 1.8 x 2.24 x 66 m (HxWxL) open culvert,
will be extended approximately 18 metres. The culvert at Sta, 11+822, a
1.6 x 2.84 x 61.5 m (HxWxL) box culvert, will be extended approximately 4
metres, The dimensions of the existing culverts have been determined in

the field since site plans were nmot available,

It is proposed to comstruct the extensions as box culverts, cast against
the existing culverts, with construction joints providing a non rigid

connection,

The soil stratigraphy at the site consists of a sandy glacial till., This
deposit extends to a depth of 14.2 m below ground level (the extent of
this investigation). Seams of silty fine sand, shaly zones and grey silt
are encountered in the till deposit at elevations 185.2 and 188,.0 metres

(in BH 1 and 2 respectively).

The glacial till is predominantly sand with numerous cobbles towards the

west end of the site and occasional cobbles towards the east,

The natural groundwater elevation is believed to be at an elevation of
190.3 metres in BH 2. A test pit in the vicinity of BH 1 indicates the
water table to be lower than the elevation measured in BH 1 after
drilling was completed. The test pit was completed to an elevation of
194.0 metres without encountering the water table, It is believed,
therefore, that the natural water table elevation is below 194 metres in

the vicinity of BH 1.
The following are our foundation recommendations for the design and
construction of the two culvert extensions located at Sta. 114497.1 and

Sta, 11+824.8 on Hwy. 401, 2.0 km east of Mississauga Road.

Culvert Foundations

The following table provides details for the design of the box culvert

extensions.



Culvert Extension Ref. Approx. Factored Bearing Bearing
Loecation BH Base Capacity at . Capacity
' Of U.L.S. @ S.L.S
Culvert kPa I
Elev, : kPa
Sta. 114497.1 0/8 47.5 m RT 1 195.7 = 490 350
Sta., 11+824.8 0/8 37.6 m RT 2 194.0 280 200

The founding material is a sandy glacial till with numerous to occasional
cobbles, It is recommended to excavate an additional 150 mm below the
approximate base of culvert elevation to facilitate a granular pad, in
order to alleviate the problem of boulders or cobbles providing an uneven

surface for the culvert foundation.

Frost Protection

Normally 1.2m of earth cover or equivalent, to the base of the foundation
is required for frost protection. However, in this case, it has been
proposed to match the culvert extensions to the existing culvert

foundations,

Settlement - A construction joint between the culverts and culvert
extensions is recommended to facilitate any differential settlement that
occurs. Due to the nature of the material, settlement problems are not

expected.

Earth Pressures

Backfill to the culverts should consist of granular material in accor-
dance with MTC Standard Special Provision #121 (83~10) and placed in
accordance with OPSD 803.02. For design purposes, the following physical
properties can be assumed for backfill.

Material = .4
Granular "A" 35° 22.0 kN/m3
Granular "B" 30° 21.2 kN/m3

Computation of earth pressures should be in accordance with Section
6-6.1.,2 of the 0.H.B.D.C.



Sliding Resistance

Sliding resistance between concrete and the granular pad should be calcu-
lated in accordance with Section 6-~7.3.3.2 of the 0,H.B.D.C. assuming and
unfactored & value of 35° for granular "A", Within the native material,

sliding should also be calculated in accordance with Section 6~7.3.3.2.

Dewataring

The groundwater levels measured in BH 1 and 2 were 196.1 metres and 190.3
metres respectively. Two test pits were excavated at Sta. 114800 0/S 40
m RT and 11+525 0/S 40 m RT. Since the water table was not encountered
at either location, no major dewatering problems are anticipated. If the
water table is low, no problems will occur. However, any minor seapage
or surface runoffs into the excavation can be handled by oversized

excavation with perimeter drainage ditches and sump pumps,

The upstream flow from the culverts should be diverted during construc~

tion to avoid runoff into the open excavation.

Stability of Slopes
For fill heights in the order of 3 metres, stability problems are not

anticipated if slopes are constructed with 2H:1V slope.

Construction

During excavation, care should be exercised to prevent undermining the
existing culvert foundatlons. Dewatering during the excavation should be
provided if required, and no excavation should be done under the existing
slab, Immediately after the excavation, backfill to the base of the
existing slab with granular "A" is required for a distance of 2 metres,



MISCELLANEQUS
The fieldwork for this investigation was carried out during the period
from 87-06~30 to 87-07-02 and also on 87-07-10, under the supervision of

Mary Lou Pauly, The equipment was owned and operated by Eastern Soil of
Scarborough,

This report was writtem by M. L. Pauly and reviewed by D. Dundas, Sr.
Foundation Engineer and M. Devata, Chief Foundation Engineer (East).

Mar;?z;u Pauly

Project Foundation Engineer

DH Dn,

D. Ht Dundas, PoEngu
Senior Foundations Engineer
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST [SPT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, 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 15 DENOTED THUS WN.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm 0.0 80" CONE ANGLE ) DRIVEN BY 475 )
IMPACT ENERGY ON 'A’ SIZE DRILL RODS. THE RESISTANCE TO 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 CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE S01LS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH { €l AS FOLLOWS:

| ey, 1kPa) 0-12 12 - 25 25-50 | 50-100 | 100 -200 | =200
VERY SOFT|  SOFF FIRM srirr | verr sripe | maro
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
{N(BLows/0.3m)| o - 5 5-10 10-30 | 30-50 >350
VERY LOOSE| (OOSE | COMPACT | DENSE  |VERY DENSE

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

MODIFIED RECOVERY:

SUM OF THOSE INTACT CORE PIECES, 100mm* IN (ENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION {R Q D}, FOR MOBIFIED RECOVERY, 15:

[ RGD (%) 0 -25 25 - 50 50 ~ 75 75 - 90 90 - 100
VERY POOK| POOR FAIR coop | excecent
JOINTING AND, BEDDING :
SPACING S0mm 30 - 300mmi 0.3m ~ 1m Im - 3m >3am
JOINTING  (VERY CLOSE]  CLOSE | moD, Closel  wipr | very wine
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF SOIL

FIELD SAMPLING

5§ SPLIT SPOON TP THINWALL PISTON v kpa™!  COEFRICIENT OF VOLUME CHANGE
W5  WASH SAMPLE 085  OSTERRERG SAMPLE e 1 COMPRESSION INDEX
$ T SLOTIED TURE SAMPLE R € ROCK CORE . Cy i SWELLING INDEX
B S BLOCK SAMPLE | PH TW ADVANCED HYDRAULICALLY Cy 1 RATE OF $ECONDARY CONSOLIDATION
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY ¢y mi/s COEFFICIENT OF CONSOLIDATION
T W THINWALL OpEN F 5 FOIL SAMPLE H m DRAINAGE PATH
, T, | TIME FACTOR
STRESS AND STRAIN u %  DEGREE OF CONSOLIDATION

Vi kea PCIRE WATER PRESSURE Oys  kPa  EFFECTIVE OVERBURDEN PRESSURE
% 1 PORE PRESSURE RATIO o kpa PRECONSOLIDATION PRESSURE
o kba TOTAL NORMAL STRESS T, kpa SHEAR STRENGTH
o’ kra EFFECTIVE NORMAL STRESS ¢ kpa EFFECTIVE COMESION INTERCEPT
T kpa SHEAR STRESS / - EFFECTIVE ANGLE OF INTERNAL FRICTION
o .0,9 kPo  PRINCIPAL STRESSES <y, kPa  APPARENT COMESION INTERCEPT
& % LINEAR STRAIN by - APPARENT ANGLE OF INTERNAL FRICTION
€€, €, % PRINCIPAL STRAINS ) kpa RESIDUAL SHEAR STRENGTH
E kpa MODULUS OF LINEAR DEFORMATION 7, kra REMOULDED SHEAR STRENGTH
G ke MODULUS OF SHEAR DEFORMATION 5, 1 SENSITIVITY = ff‘.{,,
@ 1 COEFFICIENT OF FRICTION '
PHYSICAL PROPERTIES OF 5011

B kg/m® DENSHY OF SOLID PARTICLES 8 L% VOID RATIO Boin 1% VOID RATIO 1N DENSEST STATE

! -] e
% kN/m® UNIT WEIGHT OF SOLID PARTICLES n 1.%  POROSITY Iy ! DENSITY INDEX =~é~«"3~§«;ﬁ"~m-——%

, m =
A, ka/m’ DENSITY OF WATER w  1,%  WATER CONTENT D mm  GRAIN DIAMETER
b4 kn/m’ UNIT WEIGHT OF WATER 3 % DEGREE OF SATURATION [ mm  n PERCENT - DIAMETER
w 4 n
P kg/m® DENSITY OF sONL w % HQUID LimIT ¢, ! UNIFORMITY COEFFICIENT
Y kN/oP UNIT WEIGHT OF soiL Wy % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
P, kg/m:’ DENSITY OF DRY SOt W, % SHRINKAGE LimiT q m*/s  RaTE OF DISCHARGE
d 3
7, kN UNIT WEIGHT OF DRY SOIL i % PLASTICITY INDEX = W ~ W, v m/s  DISCHARGE VELOCITY
d p L 14

3 W W .

Bat kg/m3 DENSITY OF SATURATED SOIL L 1 LIGUIDITY INDEX = ~- p i [ HYDRAULIC: GRADIENT
Yogt  kN/m® UNIT WEIGHT OF SATURATED SOIL P W - w k mfs  HYDRAULIC CONDUCTIVITY
P" kg/m’ DENSITY OF SUBMERGED SOIL 'c 1 CONSISTENCY INDEX: — J kn/m® SEEPAGE FORCE

YT kN/m® UNIT WEIGHT OF SUBMERGED SO,

VOID RATIO IN LOOSEST STATE



{Glaciel Till)

v ” o ’ ‘ *
7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SiLT Fine | Medium [ Coarse Fine i Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
! 2 3 45 io 20 30 4050 g5, 150 um 300um 800um LiBmm  236mm 2.5 mm 190 mm 175mm  41.0mm
100 ] ”l ”” 53m 106 um ZSDu’m 425um 850 um 2.00mm 4.75mm 13.2mm ‘26.5mt!-\ 53 Orom 75.%mm
30 10
80 20
70 30
o 0 408
z z
2 2
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z LEGEND 5
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. 40 60 &
30 70
S,
20 & 80
Oa
&
10 80
o . u i 100
1 2 3 as 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 A TV O
MINISTRY SIEVE DESIGNATION { imperial )
@7 Mty o and GRAIN SIZE DISTRIBUTION FIG No 1
Sy, Communieations SAND, TRACE/WITH GRAVEL, SOME/WITH SILT, TRACE/SOME CLAY [W P _20-87-01
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RECORD OF BOREHOLE No 1

METRIC

+3, x5 . Numbers refer to

Sensitivity 10

15 -5 {%) STRAIN AT FAILURE

W P _20-87-01 LOCATION Sta, 11 + 497.1; 0/S &47.5 m Rt. % Hwy. 401 ORIGINATED BY __MLP
DIST__6 Hwy __401 BOREMOLE TYPE __HS Auger and Cone Test COMPILED BY _  MLP
DATUM Geadetic DATE 1987 06 30 & 1987 07 0z CHECKED BY Db
SOQIL PROFILE SAMPLES ‘rﬁ wu:: DYNAMIC CONE PENETRATION NATURAL -
Wy | 5 | RESISTANCE PLOT pastic NATURAL o] o T REMARKY
4= L LIMIT CONTENT LiMIT =0
= w | 20 @ 20 40 60 80 100 z=
Cle i = = / ) ) ! i Wp W W, | 5w &
ELEY ElE| w2125 | & [sHEAR STRENGTH oG Z | grAIN $IZE
DEFTH DESCRIPTION =31 2| 21361 § |ounconenen  + mew vane WATER CONTENT ()] 7 DISTRIBUTION
gz 5 | &Y | © |®QUCK TRIAGAL X LAB VANE (% {%)
199.0 Cround Level o “ w 10 20 30 GR SA S CL
0.0 Sand Some Clay Trace|l. +
198.1 Gravel (Topsoil) o 198 . )
™ 1] 85 | 14 8 43 36 13
Loose to Compact [f(9.21 88 | 9
s e e 120/25 em
A 3] 55 32 A © jup 26 58 11 5
Pl i 196
el 41 88 61
el 87 07 g2
J1. 51 8s 100
gand [‘ ’6 88 95/113 em 194
Trace/with Gravel F1 1771 88 1166718 em
Some/with Silt bl
Trace to Some Clay [ 1] 8185 | 88
Numercus Cobbles a 0
Dense to Very Dense | {291 88 | 50 192
(Glacial Til1) L
Occ. slightly U 101 88 | 46 D 49 37 10 4
Cohesive Zones A 111 83 T%6 R
) 190
‘] 12 | 88 67
M 13| ss | 52
@
P 1151 85 | 74 188
MIBERE
o ol
el 17 | 88 [103
{0
b, [18 | 85 [1307]18 cm| 186
- Bhaly Zon = bl
184.8 §e5ad §3°8:%e i 19|55 (1207120 cm b 18 34 38 10
14.2 End of Borehole
% WL established
immediately after
drilling with
water
Water Level
indicated may not
be stabilized
20
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OFFICE REFORT ON «SOIL EXPLORATION

Mittistry of
Transpartation and
Communeations

Ontano

W P _20-87-01

LOCATION

RECORD OF BOREHOLE No 2

Sta, 11 + 824.8: 0/8 37.6 m Rt. of <& Hwy.

401

METRIC

ORIGINATED BY _MLP

DIST_6 HWY___ 401 BOREMOLE TYPE _ HS Auger and Cone Test COMPILED BY __ MLP
DATUM Geodetic DATE 1987 06 30 CHECKED BY DD,
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION . -
Eg z RESISTANCE PLOT asric NATURAL vove | - T REMARKS
- w120 © 20 40 &0 80 100 CONTENT zZ= 2
Of = w = i | ! ! ] Wp W W, = u
ELEV DESCRIPT] Ela| w| 21258] & [sHEAR STRENGTH ey 2 | GrRAIN SiZE
CEFTH RIFTION i3] Z 1 2|36 5 |ounconmne  + FiELD vane WATER CONTENT ()] 7 DISTRIBUTION
dlz 5 | EV | & |e QUICK TRIAXIAL X LAB VANE . (%)
194.5!  Ground Level &5 : o 10 20 30 GRSA S CL
0.0 C =) .
ul 1o 194
o'l 1] 88 7 o np 13 69 14 4
Loose to Compact [jeff 2] 85 | 13 067 29 4
3088 130 192 ™. 2
Sand e 37 52 9 2
Trace/with Cravel 4 4158 | 43
Some/with Silt ME
graCE{SOmi glggl ;o, 5/ 88 139 %« 150 m“\\-.......,,_ _
cecasionag o es o 87 07 a2
Demse to Very Dense |[|of |0 85 | 57 120/8 cml o mp 29 60 10 1
(Glacial Till) P
Occ. slightly My 1188 ) 88
Cohesive Zones 28
e Ll 8] ss | 70 188
4 b
Seams of Silt and AFHL 91 88 [120/129 em
Shaly Zones  ___[1
1 LLolss | 69
| | I8 85 11207120 cm] 186 5 56327 5
184.9 1412 1ss 1120/]23 en
9.6 End of Borehole

3, %5 Numbers refer ro
Sensitivity

10

20
1505 (%) STRAIN AT FAILURE
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OFFICE REPORT ON *SOIL EXPLORATION

Ontate

Mimstry ot
Transpertation and
Commurications

RECORD OF TEST PIT No 1

METRIC

w P _20-87-01 LOCATION Sta, 11 4+ 800; 0/8 40.0 m Rt. of % Hwy. 401 ORIGINATED 8Y _MLP
DIST _6 HWY _ 401 BOREHOLE TYPE __ Test Pit (1.2m x 1.2m) COMPILED 8Y _ MLP
DATUM __Geodetic DATE 1987 07 10 CHECKED BY bD
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
gg & [ressTance pior puastic L waue | I | REMARKS
o w | 2Q | @ 20 40 40 80 100 ' contEnT L z= A
9 o i DL-: = 1 1 i ) ! Wp W W, mg
ELEV DESCRIPHION Tla| w2 |28 | § [SHEAR STRENGTH (A — GRAIN SIZE
DEPTH il eS| 2| 5|36 5 |ounconmnes o+ FiEw vane warer contentiwi| 7 DISTRIBUTION
g1z 5 | ZY | & | e GUCK TRIAXAL X LAB VANE (% (%)
195.0 Ground Level oid - L GR SA Si CL
0.0 Sand with Silt Fer
Trace to Some Gravelfl |9 %*
Trace Clay o) 194
193.1 Oce. Cobbles ',ﬁ
1.9 End of Test Pit

* Water Table not
encountared

+3, %5 Numbers refer to
Saensitivity

20
15 -4-5 {%) STRAIN AT FAILURE
10
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OFFICE REPORT ON SOIL EXPLORATION

Ministry of
Transportation and
Communicatons

Ontirio
RECORD OF TEST PIT No 2 METRIC
W P _20-87-01 LOCATION Sta. 11 + 525: 0/5 40.0 m Rr. of % Hwy, 401 ORIGINATED BY __MLP
DIsT_6 HWY 401 BOREHMOLE TYPE __Test Pit (1.2m x 1.2m) COMPILED BY __ MLP
DATUM Geodetic DATE 1987 07 10 CHECKED BY DD
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION
5‘2 g |[ResisTANCE pLOT PLASTIC  woriroRe uauo tg REMARKS
= z0| @ 20 40 60 80 100 |7 coNtenr umE o5
O] & b = ) | h L 1 W W W, o &
wd o mz pd 2] i g
ELEV ESCRIPTIO Sla| Wl 2]128| & ISHEAR STRENGTH A — GRAIN SIZE
DEFTH DESCRIPTION RS I 8% % |o UNCONFINED  + FIELD VANE WATER CONTENT(%)] 7 DISTRIBUTION
é z 5 | &V 5 |e QUICK TRIAKIAL  x LAB VANE . {%)
95,8 Cround Level o : i GR SA 51 CL
0.0 Sand with Gravel 2:;
Trace/Some §ilt/Clay| ]+ * 195
Numerous Cobbles 4°
4.0 ¥
1.8 End of Test PLE
* Water Table not
encountered
3. 45 . Numbers refer to 20

+

i)

Sensitivity

15 45 {%) STRAIN AT FAILURE
10
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FOUNDATION INVESTIGATION REPORT
For
The Pedestrian Bridge
And
Concrete Culvert
At
The Travel Information Centre
@AHwy 401
WP 20-87-01
District 6, Toronto

INTRODUCTION

This report summagizes the information obtained from a foundation
investigation carried out at the above mentioned site between 87-10-14 and
87-10~-15. This report contains factual information together with
recommendations pertaining to the foundations of the proposed pedestrian bridge
and concrete culvert at the Travel Information Centre as shown on Drawing No.
208701-E,

SITE DESCRIPTION

This site is located on Hwy 401, 2.0 km West of Mississauga Rd. in the city of
Mississauga, Regional Municipality of Peel., At present, there are no buildings
except two culverts are located north of the site immediately south of Hwy 401.

The site is located in the physiographic region known as the "PEEL PLAIN" as
described by the Physiography of Southern Ontario (Chapman and Putnam, 1984).
The deposit characterizing this area consists of a glacial till containing large
amounts of Palaeozoic shale and limestone. The original ground surface in this
region can be described as level to undulating in relief, Specifically, the
site under investigation has an undulating topography. However, it should be
noted that the existing ground surface for the proposed pedestrian bridge and
concrete culvert at the Travel Information Centre consists of various fill
material placed during the early construction of Hwy. 401,
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This area is drained by the Credit River. At the site, water drains from the
south end of the culvert at sta. 11 + 486 of Hwy. 401 easterly along a ditch for
approximately 70 metres and then southerly through a farm land. this drainage
runs parallel to the proposed building site. During the investigation, the
drainage channel was completely dry.

Field Investigation

The field investigation was conducted between 87-10-14 and 87-10-15. Three
boreholes were advanced within the foundation areas of the Pedestrian bridge and
concrete culvert ass shown on Drawing No. 208701-E. Borehole No's 19 to 21 were
advanced to a depth of 8.1 m to 11.2 m as shown on borehole logs. |

Dynamic cone penetration tests accompanied each of the boreholes. The borings
were advanced by means of 83 mm hollow stem augering machine. Soil1 sampling was
performed at 0.76 m intervals using a 50 mm OD split spoon sampler. Bedrock was
not proven in any of the borehole by coring methods except weathered shaly slabs
were encountered at a depth between 7.5 m and 10.1 m below the ground surface,
approximate elevation of 186.0 m, in two boreholes as shown on borehole logs
(Section E-E, Figure 1).

Laboratory Work

The engineering properties of the soils were determined by performing grain size
distribution and Atterberg Limits Tests. In.addition, natural moisture content
was also performed.

The results of laboratory tests are plotted on the record of Borehole Sheets and
summarized in the Figures contained in the Appendix.



SUBSURFACE CONDITIONS

General

The soil stratigraphy at the site consists of fill material which consists of a
mixture of silt, sand and gravel with random pockets or layers of silty clay,
underlain by a compact to very dense gravelly sand to sandy gravel with some
silt and trace of clay.

The filT material contains various amounts of old concrete slabs, tree trunk and
steel debris. The thickness of the fill varies from 1.4 metre at Borehole 19 up
to 3.7 metre at Borehole 20. A tree trunk of about 0.6 m in thickness was
encountered within the fill material at Borehole 20.

The glacial till is predominantly sand with various amounts of gravel and
occasional cobbles. Seams of silty fine sand, Shaly slabs and occasional
cohesive zones are encountered within this glacial till deposit. This deposit
extends to a depth of at least 10.1 m below ground level, underlain by weathered
Shaly slabs.

The boundary of the Subsoil types and laboratory tests results, as well as
groundwater levels, are shown in the Record of Borehole Sheets in the Appendix.
The Jocation of each borehole is shown in plan on Dwg. No. 208701-E. A
stratigraphical section is shown on Figure 1.

The following is a detailed description of the soils encountered at the site.

Fi1l Materials

The site is covered with fill material which also contains various amounts of
0ld concrete slabs, tree trunks and steel debris, and the overall thickness
varies across the site. This material was encountered in all boreholes ranging
in depth from 1.4 metres up to 3.7 metres as shown on Section E-E (Figure 1).
Two different types of fill material can be cateqorized as fol?ows:



-

-4 -

1) Mixture of silt, Sand and Gravel (Fill Material)

A mixture of silt, sand and gravel was encountered in Boreholes 19 and 21. This
fill material is extended to a depth of approximately 2.1 m below the existing
ground surface.

Atterberg Limits tests and grain size distribution tests were performed on the
samples and the results are shown on Figures 2 and 4 and listed below:

Range %
Moisture Content (w) 16 - 17.5
Liquid Limit (wy) 24.5 - 30.0
Plastic Limit (wp) 17 - 21.5
Plasticity Index (Ip) 7.5 - 8.5

Range %
Gravel 24 - 64.5
Sand 19 - 47
Silt 10 - 21
Clay 5-8

This material can be described as a mixture of silt, sand and gravel with random
pockets or layers of silty clay. Based on the results of Atterberg Limits
tests, these pockets can generally be considered to be CL or CI material.

Based on the interpretation of Standard penetration Test 'N' values \ranging

between  generally 6 and 11 blows/0.3 m, this fill material is generally
subjected to poor compaction.

i1) Silty clay (Fill Material)

In Borehole #20 the fi11 material is cohesive consisting of Silty clay extending

‘to a depth of approximately 3.7 m below the existing ground surface.

Atterberg Limits tests énd grain size distribution tests were carried out on the
samples and the results are shown on'Figures 2 and 4 and listed below:
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Range %
Moisture Content (w) 16,5 - 24.5
Liquid Limit (wy) 30 - 43.0
Plastic Limit (wp) 15 - 25.0
Plasticity Index (Ip) 15 - 19.5

Range %
Gravel 5-9
Sand 18 - 39
Silt 39 - 46
Clay 13 - 30

This fill material can be described as Silty clay with random pockets or layers
of sand and gravel. The plasticity is generally low or medium (CL or CI).
Standard Penetration 'N' values between 7 and 15 indicate the cohesive fill is
ina firm to stiff state.

Gravelly Sand to Sandy Gravel (Glacial Till)

The fi11 material is underlain by a glacial till deposit. This material was
encountered in all boreholes immediately below the fill material, about 1.4 m
below ground level in BH 19, and about 3.7 m below ground level in BH 20.
Within the glacial till stratum, occasional cohesive zones and occasional
tobbles were encountered at the lower portion of the glacial till. Shaly slabs
were encountered at an approximate elevation 186.0 m in Borehole Nos. 19 and 20
as shown on borehole logs. The full extent of the glacial till deposit was not
investigated.

Atterberg Limits tests were performed on this material as shown on Figure 3, and
the results are summarized below:

Range %
Moisture Content (W) 8 - 21
Liquid Limit (w_) - 19.5 ~ 31
Plastic Limit (wp) 3.5 - 17

Plasticity Index (Ip) 7 - 10
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Grain size distribution tests were carried out on the glacial till and the
results are summarized below. Figure 5 in the Appendix shows the result in
envelope form.

Range %
Gravel 3 - 84.5
Sand ' 14 - 85,5
Silt 2 - 20
Clay 1- 10

The glacial till can be described as gravelly sand to sandy gravel with some
silt, trace of clay and occasional cobbles., The matrix is composed primarily on -
non-cohesive sand with occasional cohesive zones that exhibit Tow plasticity
(CL- ML Group). With depth, the glacial till changed from brown to pink in
color. :

In the glacial till stratum, the 'N' values ranged from 3 to 51 blows/0.3 m
indicating that the deposit is loose to very dense.

GROUNDWATER CONDITIONS

The groundwater 1level was measured in open boreholes few days after the
boreho?eg were completed. The groundwater elevation was found to range between
Elev. 192.0 m and 192.5 m, which corresponds to some 1.4 to 4.4 m below the
existing'ground surface. The observed groundwater levels are indicated on the
Record of Borehole Sheets in the Appendix and are shown on the stratigraphical
section (Figure 1).



DISCUSSION AND RECOMMENDATIONS

As mentioned above, the soil stratigraphy at the site consists of a mixture of
fi1l material, underlain by a sandy glacial till. The fill material contains
various amounts of old concrete slabs, tree trunks and steel debris. The
thickness of this fi11 varies from 1.4 m at Borehole 19 up to 3.7 m at Borehole
20. The glacial till is predominantly sand with various amounts of gravel and
occasional cobbles. Occasional cohesive zones encountered within this glacial
tinl deposit; This deposit extends to a depth of about 10 m below ground level,
underlain by Weathered Shaly slab at an approximate elevation of 186.0 m.

The groundwater elevation is believed to be at an elevation of approximately
192.0 m at the location of the bridge, which is slightly higher than that of
pond water of 191. 2 m. The groundwater elevation at the proposed culvert
Tocation is approximately 192.5 m.

Our foundation recommendations for the design and construction of the Pedestrian
Bridge and Concrete Culvert at the Travel Information Centre as follows:

1. Foundations for Pedestrian Bridge

Spread Footings

It s recommended that the new pedestrain bridge structure be supported on
spread footing type of foundations placed within the natural subsoil of
compact to very dense granular natural soil or on well compacted Granular
'A' material. The founding elevations and the parameters for the footing
design are as follows:

~Location Footing Factored U.L.S. S.L.S. Type II
Elev. (m) (kPa) (kPa)
East and West 191.5 700 300
Abutments or below

The ‘abutments can alternatively be perched within a well-compacted core of
Granular 'A' provided that the existing fill material is removed. The
details of this engineered fill are shown on Figure 6. If this scheme is
adopted, loadings of 900 kPa at U.L.S. and 350 kPa S.L.S. Type II can be
used in the design. |
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Resistance to sliding of the footings can be calculated assuming a
coefficient of friction of 0.6 between the underside of the concrete footing
and granular type material and that of 0.7 between the underside of the
concrete footing and the Granular 'A' core.

Piles
Alternatively, the bridge structure can be supported on end bearing steel

'H' piles (310 HP 110) driven into the weathered shaly slab using the
following design values and tip elevations:

Location Footing Factored U.L.S. S.L.S. Type II
Tip Elev. (kPa) (kPa)

— (m)

East and West 185.0 1600 980

Abutments

Foundation for Concrete Culvert

it

Based on the site investigation, the proposed concrete culvert may be
constructed on a Granular 'A' pad and the following table provides details
for the design of the concrete culvert.

Ref. Approx. Base Factored U.L.S. S.L.S. Type II

BH of Culvert (kPa) (kPa)
Elev. m

21 193.3 600 250

A1l i1l material should be removed to its full depth within the foundation
area to approximate Elev. 192.0 m.

The excavated area should be backfilled with well. compacted Granular ‘'A'
material to the base of the culvert as shown on Figure 7.



Earth Pressures

The Granular 'A' or 'B' backfill to the abutments of the bridge as well as
the culvert should be in accordance with Special Provision No., 121 (dated
October, 1983).

The following parameters are recommended for the granular backfill:

Granular ‘A’ Granular 'B!
Angle of Internal Friction ® = 35° 30°
Unit Weight (kN/m3) roo=22.8 21.2
Coefficient of Active Earth .
Pressure (Ka) 0.27 0.33
Coefficient of Earth Pressure
at Rest (Kg) 0.43 0.5

Computation of earth pressure should be in accordance with Section 6.6.1.2.
of the 0.H.B.D.C.

Frost Protection

The footings should be placed so as to have a minimum earth cover of 1.2 m
to allow for frost protection.

Construction

During excavation, care shall be exercised by not leaving any old fill
material underneath the proposed footings. Dewatering for the footing
excavations may be a problem, since excavations will be carried out below
the water level in granular subsoil. One method of achieving this is
carrying out excavations by means of oversize perimeter ditches and
constantly pumping out water from the ditches as shown on Figure 7.
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Slope Stability

For fill heights in the order of 4 metres, stability problems are not
anticipated if slopes are constructed at 2H:1V. However, erosion protection
for the toe of the slope would be required along the relocated channel.
Armor stones or Gabion stones would be appropriate for this purposes.

MISCELLANEOUS

The fieldwork for this investigation was carried out during the period of
87-10-14 to 87-10-15, under the supervision of Mike Shenarr (Student Engineer).
The equipment was owned and operated by Master Soil Investigation Ltd. of
Toronto.

This reﬁort was written by T.C. Kim and reviewed by M. Devata, Chief Foundation
Engineer (East).

Tae C. Kim, P.Eng. _
Project Foundations Engineer

AWN‘%\

Murty Devata, P.Eng.
Chief Foundations Engineer (East)
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE IS THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTC UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING
FREELY A DISTANCE OF 0,76m. FOR PENETRATIONS OF LESS TMAN 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: CONTINUOQUS PENETRATION OF A CONICAL STEEL POINT (51mm ©.D. 60° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON ‘A’ SIZE DRILL RODS. THE RESISTANCE 1O CONE PENETRATION 1% 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 CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE 50iL$ ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CUJ AS FOLLOWS:

| ey {kpa) 012 12 - 25 25-50 | 50-100 ] 100 - 200 =200
VERY SOFT SQFT FIRM STIFFE VERY STIFF HARD

[N(amwsmamy 0«5 5-10 10 - 30 30 - 50 »50
VERY LODSE] (00SE | compacT DENSE  VVERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND /QOR STRENGTH.

RECOVERY:

Sl:JM OF ALL RECOVﬁéED 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, 100mme IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (& G D), FOR MODIFIED RECOVERY, 1$:

IEEEES) 0-25 25-50 | s0-75 | 7590 90 ~ 100
VERY POOR POGR T OFAIR GO EXCELLENT

JOINTING AND BEDDING ¢

i S o T s M i e e

SPACING 50 mm 50 = 300mmf 0, 3m = Tm Im = 3m =3m

JOINTING  [VERY CLOSE]  CLOSE | MOD. CLOSE  wipE VERY WIDE

BEDDING VERY THIN THIN MEDIIM THICK  {VERY THICK,

ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF SOIL
5% SPLUIT SPOON TP THINWALL PISTON my kPa™l  COEFFICIENT OF VOLUME CHANGE
WS WASH SAMPLE . OS5 OSTERBERG SAMPLE €, 1 COMPRESSION INDEX
ST SLOTYED TUBE SAMPLE R C  ROLK CORE Cy 1 SWELLING INDEX
B 5 BLOCK SAMPLE P H TW ADVANCED HYDRAULICALLY o } RATE OF SECONDARY CONSOLIDATION
€S CHUNK SAMPLE PM TW ADVANCED MANUALLY <y mifs  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F § FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN u %  DEGREE OF CONSOLIDATION

uy, kP PORE WATER PRESSURE o kra EFFECTIVE OVERBURDEN PRESSURE
Ty 1 PORE PRESSURE RATIO o kea PRECONSOLIDATION PRESSURE
o kpe TOTAL NORMAL STRESS L kpa SHEAR STRENGTH
o’ kpes EFFECTIVE NORMAL STRESS ¢’ kpa EFFECTIVE COWESION INTERCEPT
T kPa  SHEAR STRESS P’ -* EFFECTIVE ANGLE OF INTERNAL FRICTION
o .. kra PRINCIPAL STRESSES » kra APPARENT COMESION INTERCEPT
€ % LINEAR STRAIN by ~®  APPARENT ANGLE OF INTERNAL FRICTION
€ .¢€, €, % PRINCIPAL STRAINS T, kpa RESIDUAL SHEAR STRENGTH
£ kra MODULUS OF LINEAR DEFORMATION T, kra REMOULDED SHEAR STRENGTH
G kpa MODULYUS OF SHEAR DEFORMATION 5 1 SENSITIVITY = ;a,,,
“ 1 COEFFICIENT OF FRICTION r

PHYSICAL PROPERTIES OF SOIL

A kg/m’ DENSITY OF SOLID PARTICLES e 1,%  VOID RATIO Cnmin 1% VOID RATIO IN DENSEST STATE
A kN/M® UNIT WEIGHT OF SOLID PARTICLES n 1,%  POROSITY Iy ! DENSITY {NDEX =§%§~f§e§;‘—i;‘
B, kg/m® DENSITY OF waTER W  1,%  WATER CONTENT D mm  GRAIN DIAMETER
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RECORD OF BOREHOLE No 8

METRIC

* AS: Auger Sample

W P 20+87-01 LOCATION NS Baseline Sta. 0 + 053.0; 0/§ 16.8 m Re. ORIGINATED BY _"°K
DIST .6 Mwy___ 401 BOREHOLE TYPE _ HS Auger and Cone Test compiLep sy TOK
DATUM Geodetic DATE 1987 09 10 CHECKED 8Y
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | ¥ IS etanics pior NATURAL =
™ PLASTIC  mostope VOV | e REMARKS
§ 5 9 LT conrent UMIT | =D
= » Q 20 40 40 80 100 z=x 4
9 ﬁ g Q: % i i i 1 i Wp W WI. :gg
ELEV BESCRIPT Clm| ¥ | 2|28 3 [SHEAR STRENGTH T — GRAIN SIZE
DEPTH SCRIPTION EIRAE 3“8 T |0 UNCONFINED  + HIELD VANE WATER CONTENT (%l 7 DISTRIBUTION
glz 5> | EY ] & |eauck rraxiac x as vane | WA N (%) (%)
196.2 Ground Level A £ s 10 20 30 GR SA §i CL
0.0 Silty Clay with e 196 b
ranion peckecs ot | > ° EEE
am(iFf;?‘)ml 2185 1 & ( L F A 5 31 49 15
193.6 TR 194 o 2 54 24 20
2.6| Gravelly Sand to L
]
Sandy Gravel with | a? o A o v731z 6
some 5{lt -
‘trace of clay < 2125 20 192 \\
Compact to Dense B R MR 79 14 ‘)
(Glacial Till) e
Ik =R ] 252 14 2
Oce. Cohesive Zones .Q} I.&8 29 k 3
189.6 Oce. Cobbles el 8158 | 31 1%0
5.6 Bnd of BorehoTd S
188
187.1 , )
9.1 End of Cone Test

+3,

x% : Numbers refer to
Sansitivity

20
15 -5 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 19 METRIC
WP 20~87-01 LOCATION N§ Baseline Sta. 0 + 057.0; 0/5 46,8 m R, ORIGINATED BY _TCR.
pisT__ 6 Mwy 401 BOREHOLE TYPE _HS Augeér and Cone Test COMPILED BY _ TCK
DATUM Geodetic DATE 1987 10 13 CHECKED BY
4 JOYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;.f:m 2 |resistance sior R N
HEZ1 U L= MolTURE UGUD | ) T REMARKS
= w [ 2Q ] @ 20 4D &0 80 100 z Y <
Qfw [ 3 g~ i I ) L i Wp w w, | Sw
ELEV Tim| w2 25| O [SHEAR STRENGTH LSS S % | GraiN 5ize
DEPTH DESCRIPTION o § I 80 % |o unconpNED + FIELD VANE WATER CONTENT (% y Dlsm!_aunow
g z > | EY | & |eouck reaxial  x 1B VANE (%) (%)
93.5 Ground Level v - i 0 20 30 GR SA 51 CL
0.0 Mixture Silt, Sand and ' .
hoa,1| Covels frace ofclay A s 0 ‘ P 2 47 21 8
1.4 49.‘ .4' 195 .
' s 2088 125 lav o e
Gravelly Sand to s
Sandy Gravel with +bp 3] 88 1 29 > 50 34 11 5
some Silt FAY
trage of clay .; 4158 [ 31 19
Compact to Dense ;“; A IR ) 5 et
{Glacial Till) . ( _
.- 1.B] 88 | 40
Occ. Cohesive Zones | 9 184~—
o *
Dee. Cobbles bD 71 A8 ) ¥ 813 2 1
; “ 855 147 " b 12 72 14 2
‘o
we.0| & "
7.5 Veath . ] 1007110 em 61‘ 100428 en
185.0 eatherved Shaly Slab %g ig* 1008 8 cm o 013 &7 10
8.5| f£nd of Borehole = d

* AS: Sample taken
from the Tip
of Auger

0

o3, x5 Numbars refer to o 4 s (w) crRaIN AT PAILURE
Sensitivity 0
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RECORD OF BOREHOLE No 20 METRIC
WP 20-87-01 LOCATION NS Bageline Sta. O + 053.5; 0/8 32.7 m Rt. ORIGINATED By ICK
Dist 6 HWY 401 BOREMOLE type H5 Auger and Cone Test COMPILED BY TCK
DATUM Genderie DATE 1987 10 15 CHECKED BY
501L PROFILE SAMPLES o w DYNAMIC CONE PENETRATION
uu-'-"g ] RESISTANCE PLOT PLASTIC  wororks  LIGUID ,_&w REMARKS
Lt CONTENT LIMIT =
e o | 26| @ 20 40 60 8D 100 z= P
9 E ?5 = z " L ) Fl i Wp w Wl 3;
ELEV DESCRIPHION Sl w3 %g @ |SHEAR STRENGTH s — GRAIN SI1ZE
DEFTH e 1E1 21 S 1381 % founconmne  + FiE vane WATER CONTENT (1] 7 |PISTRIBUTION
g1z 5 &Y | & |eQuick TRIAXIAL  x LAB VANE (%) {%)
196.3 Ground Level o N L 0 20 30 GR SA Si CL
OO1 sitey clay with ¢ 196
random pockets or
layers of Sand AT A 53735 19
am(:i Gz]:ain)ml 21 8§ | L5 o . 7 18 46 29
Fi e e INA
Tree Trank 5SS 20 om| 194
192.6 TS - 9 39 39 13
3.7 na.
wfo&se“ o o 5.88 2 *L 192 \m [ o Ta— 14 57 20 9
Gravelly Sand to [ P 6] S§| 35 Jys 1p Ing ‘\
Sandy Gravel with |-
some Silt [y T R Y ‘l b e 2 56 15 5
trace of clay b. J B 88 1% 190
Dense to Very Dense iy \\)
{Glacial Till) N
Oce. Cohesive Zones _.a 2,58 49 (
T 148
Oce. Cobbles L
K F IR o 34 48 14 4
“138'% ———— — 186 e,
185.1 Weathered Shaly Siab 11] 88 | 100410 em © bt 0 7 76 17
11,2 End of Borehole
+3, x5 Numbers refer to

Sensitivity

20
15 45 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 21

METRIC

w P 20=87-01 LOCATION NS Baseline Sta. 0 + 020.3: 0O/% 50.% m Re. ORIGINATED BY TCK
DIsST 5 Hwy, 401 BOREMOLE TYPE _ HS Auger and Cone Test COMPILED gy _ TCK
DATUM Geodetic DATE 1987 10 14 CHECKED 8Y
MP u us [TDYNAMIC CONE PENETRATION
. SOIL PROFILE SAMPLES [, | % |Binemic gONE I .
. - 55 ¥ 20 40 60 40 o ™7 conTewr umT | oSO
9 o i — i L i i 1 Wp W WI. e d &
ELEV 18| w| 2198 & [shear strencTh i | "% | GrAIN siZE
BEPTH DESCRIPTION 1B 2 2 138] 5 [ounconeme  + miewn vane WATER CONTENT (v)] 7 |DSTRIBUTION
g2 » | E9 1 & [ QucK TRIAXAL  x LAB VANE ») {%)
196.21  Ground Level @ : w 1020 30 GR SA St CL
0.0 Mixture Silt, Sand | 194
and Gravel with random{X,
potkets or layers of [ 1| 88110 . [V—— 62 19 13 6
Siity Clay : . . ‘
192.1 (Fil1) 2185164 F 1 o 64 21 10 5
e 71026 14,
2.1 w31 85 |35 A S 3 56 31 10 3
Sandy Gravel to e ;
SRR EN
Gravelly Sand with ['& = L85 10 1
' o 3
some Silt " 3 3 190 < 8.
trace of clay o [ 6] S8 44 4 o 376 17 4
Dense (Glacial Till) ‘ﬁb: 7 | 8514k 7
Occ. Cohesive Zones 543. 8 | 55 |4 188 5 22 63 13 2
Oce. Cobbles v
P}
1861 w2 KRR
8.1 End of Borehole 186 >
184 5 N“'\xog@ 5 cm
9.7 End of Cone Test

+3’ x5+ Numbers refer to
Sensitivity

20 )
1545 (%} STRAIN Al FALURE
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FOUNDATION INVESTIGATION REPORT
For
Building Foundations
for
Travel Information Centre
@ Hwy 401
WP 20-87-01
District 6, Toronto

INTRODUCT ION

This report summarizes the information obtained from a foundation
investigation carried out at the above mentioned site between 87-09-02 and
87-10-02. This report contains factual information together with
recommendations pertaining to the foundations of the proposed Travel Information
Centre shown on Drawing No. 208701-B. ﬂ

SITE DESCRIPTION AND GEOLOGY

This site is located on Hwy 401, 2.0 km West of Mississauga Rd. in the city of
Mississauga, Regional Municipality of Peel. At present, there are no buildings
except two culverts are located north of the site immediately south of Hwy 401.

The land use in this area is predominantly industrial and agricultural. Hwy 401
runs from east to west along the north boundary of the site and a farmland is
located to the west of the site. A pond and wooded area are located to the
south of the site. Industrial buildings have been constructed to the east of
the site and several are under construction on the northeast side of the Hwy
401,

The site is located in the physiographic region known as the “PEEL PLAIN" as
described by the Physiography of Southern Ontario (Chapman and Putnam, 1984),

The deposit characterizing this area consists of a glacial till containing large
amounts of Palaeozoic shale and limestone. The original ground surface in this
region can be described as level to undulating in relief. Specifically, the
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site under investigation has an undulating topography. However, it should be
noted that the existing ground surface for the proposed Travel Information
Centre consists of various fill material placed during the early construction of
Hwy. 401.

This area is drained by the Credit River. At the site, water drains from the
south end of the culvert at sta. 11 + 486 of Hwy. 401 easterly along a ditch for
approximately 70 metres and then southerly through a farm field. This drainage
runs parallel to the proposed building site. During the investigation, the

-drainage channel was completely dry.

FIELD INVESTIGATION

The field investigation was conducted between 87-09-02 and 87-10-02. Seven
boreholes were advanced within the initial building envelope between 87-09-02
and 87-09-10 as shown on Drawing B. Boreholes No's 3 to 9 were advanced to a
depth of 3.5 m to 10.4 m as shown in borehole logs.

It should be noted that there was some discrepancy with the regards to borehole
locations and the initial staking out of the building in the field by R.E.
Winters and Associates. These problems were finally resolved and the pertinent
information was provided to this office by R.W. Winters and Associates in memo
dated 87-10-01.

In addition to the survey errors, the information centre building was relocated
and the revised one is rotated by about 90 degrees parallel to east property
line as shown on Drawing B. Consequently, only one borehole (Borehole 6) is
located within the newly revised building boundary. As a result of this
additional investigation consisting of four more boreholes were advanced within
the boundary of new building between 87-10-01 and 87-10-02 as shown on Drawing
B. Boreholes #10 to #13 were advance to a depth of 9.6m below the ground
surface,

Dynamic cone penetration tests accompanied each of the boreholes. The
borings were advanced by means of a 83mm hollow stem augering machine. Soi]
sampling was performed at 0.76 metre intervals using a 50mm OD split spoon
sampler. Shelby tube samples were taken from two boreholes (BH's #4a and #7a).
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In-situ vane tests were performed at Boreholes #4b and #7a in order to obtain
undrained shear strength of soils. Bedrock was not proven in any of the
borehole by coring methods except weathered shaly slab was encountered at a
depth between 7.8m and 10.2m below the ground surface in eight boreholes as
shown on borehole logs.

Laboratory Work

The engineering properties of the soils were determined by performing grain size
distribution and Atterberg Limits Tests. In addition natural moisture content
was also performed. Two unconfined Compression Tests were performed on organic
silty clay taken from Borehole 4a.

The results of laboratory tests are plotted on the record of Borehole Sheets and
summarized in the Figures contained in the Appendix. )

'SUBSURFACE CONDITIONS

General

The soil stratigraphy at the site consists of fill material which consists of a
mixture of silt, sand and gravel with random pockets or layers of silty clay,
underiain by a compact to very dense gravelly sand to sandy gravel with some
silt and trace of clay.

The f111 material contains various amounts of old concrete slabs, tree trunk and
steel debris. The thickness of this fill varies from 1.1 metre easterly at
Borehole 6 up to 4 metre westerly towards the creek at Borehole 11.

The glacial till 1is predominantly sand with various amounts of gravel and
occasional cobbles. Seams of silty fine sand, Shaly slabs and occasional
cohesive zones are encountered within this glacial till deposit. This deposit
extends to a depth of at least 10.2m be]ow ground level, underlain by weathered
Shaly slab.
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The boundary of the Subsoil types, insitu and laboratory test results, as well
as groundwater levels, are shown in the Record of Borehole Sheets in the
Appendix. The location of each borehole is shown in plan on Dwg. No. 208701-B.

Four stratigraphical sections are shown on Dwg. 208701-C.

The following is a detailed description of the soils encountered at the site.

Fill Materials-

The site is covered with fil]l material which aiso contains various amounts of
old concrete slabs, tree trunks and steel debris, and the overall thickness
varies across the site. This material was encountered in all boreholes ranging
in depth from 1 metre easterly up to 4 metres westerly toward the Creek as shown
on Section A-A (Drawing 208701-C). The various types of fill material can be
categorized as follows:

i) Mixture silt, Sand and Gravel (Fill Material)

A mixture of silt, sand and gravel was encountered in Boreholes 3, 4, 5, 6, 9,
10 and 12. This fill material is extended to a depth of approximately 3.7m
below the existing ground surface.

Atterberg Limits tests and grain size distribution tests were performed on the
samples and the results are shown on Figures 1 and 5 and listed below:

Range %
Moisture Content (W) 6.5 - 16.5
Liquid Limit (W) 25 - 38.5
Plastic Limit (Wp) 15.5 - 22
Plasticity Index (Ip) 9.5 - 17.5

Range %
Gravel 3 - 41
Sand 18 - 57
Silt 18 - 51

Clay 7 - 26
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i11) Organic silty clay (Surficial Fill Material)

A Tocalized surficial deposit of grey organic silty clay was encountered in
Boreholes 4, 4A, 7, 7A, 10, 11 with the thickness varying from 0.7m to 1.8m
overlying the original ground surface.

Atterberg Limits and grain size distribution tests Qere performed on the samples
as shown on Figures 3 and 7.

The results are listed as follows:

Range %
Moisture Content (W) 15 - 30.5
Liquid Limit (W) 28.5 - 42.0
Plastic Limit (Wp) 15.5 - 29.0
Ptasticity Index (Ip) 11.0 - 21.5

Range %
Gravel 1 - 14
Sand 16 - 50
Silt ' 24 - 55
Clay 11 - 29

Organic. content tests were also carried out on two samples from Boreholes 4A
and 7A. The results shows that the organic content ranges between 2.2 and 6.4%
by weight. '

This fill material can be described as an organic silty clay with random pockets
or layers of sand and gravel. The organic silty clay can be considered to be
low or medium plasticity (CL or CI Group). Standard penetration 'N' values
between 2 and 13 indicated that the organic silty clay is in a soft to stiff
state,
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Glacial Ti1l (Gravelly Sand to Sandy Gravel)

The fi11 material is underlain by a glacial till deposit. This material was
encountered in all boreholes immediately below the fi11 material, about 1m below
ground level in BH5, and about 4m below ground level in BH1l. Within the
glacial till stratum, occasional cohesive zones and occasional cobbles were
encountered at the 1lower portion of the glacial till. Shaly slabs were
encountered between elevation 188.5 and 187.7 in BH12, and below the elevations
between 187.1 and 185.6m in the other boreholes as shown on boreholes Togs. It
appears that these shaly slabs have been disturbed by glacial action. Sand and
gravel were forced between these slabs and its bedrock. The full extent of the
glacial till deposit was not investigated. |

Atterberg Limits tests were performed on this material as shown on Figure 4, and
the results are summarized below:

: Range %
Moisture Content (W) 3.5 - 18.5
Liquid Limit (W) 15.5 - 34.5
Plastic Limit (Wp) 13.0 ~ 18.5
Plasticity Index (Ip) 1.5 - 16.0

Grain size distribution tests were carried out on the glacial till and the
results are summarized below. Figure 8 in the Appendix shows the result in
envelope form.

Range %
Gravel 2 - 47
Sand 22 - 87
Silt 3~ 18
Clay 1-9

The glacial till can be described as gravelly sand to sandy gravel with some
silt, trace of clay and occasional cobbles. The matrix is composed primarily on
non-cohesive sand with occasional zones that exhibit low plasticity (CL- ML
Group). With depth, the glacial till changed from brown to pink in color.
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Occasional weathered shaly slabs yielded 'N' values ranging from 36 and 220
blows/0.3m, indicating a hard consistency.

In the glacial till stratum, the 'N' values ranged from 4 to 100 blows/0.lm
indicating a state of compaction described as loose to very dense.

GROUNDWATER CONDITIONS

The groundwater 1level was measured in open boreholes few days after the
boreholes were completed. The groundwater elevation was found to range between
Elev. 191.5 and 192.0m, which corresponds to some 4 to 5m below the existing
ground surface. The observed groundwater levels are indicated on the Record of
Borehole Sheets in the Appendix and are shown on the stratigraphical sections
(Dwg. No. 208701-C).



DISCUSSION AND RECOMMENDATIONS

As mentioned above, the soil stratigraphy at the site consists of a mixture of
fi11 material, underlain by a sandy glacial till. The fill material contains
various amounts of old concrete slabs, tree trunks and steel debris. The
thickness of this fill varies from 1 metre easterly up to 4 metres westerly
towards the creek. The glacial till is predominantly sand with various amounts
of gravel and occasional cobbles. Seams of silty fine sand, shaly slabs and
occasional cohesive zones are also present within this glacial till deposit.
This deposit extends to a depth of at least 10.2m below ground level, underiain
by weathered shale.

The groundwater elevation js believed to be at an elevation of approximately
181.5 metres in most boreholes, which is slightly higher than that of pond water
of 191.2 m.

It is proposed to construct a new building for the Travel Information Centre.The
following are our foundation recommendations for the design and construction of
the new building and the related patio roof columns.

Foundation for Building

It is recommended that the new building structure be supported on a spread
footing type of foundations placed on well compacted granular 'A' material or
within natural subsoil of compact to very dense natural foundation soil. It is
necessary that all the fill material be removed at the building location prior
to the construction of new foundations.

The bearing capacity requirements for these foundation soils using working
stress method are as follows:
Allowable bearing pressure up to 250 kPa may be used for building
foundations at or below the proposed footing elevation on the granular
subsoil provided the sub-excavation of the existing loose fill being
removed and replaced with well compacted Granular ‘'A' at certain
tocations. The proposed footing elevation with the basement to about
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elev. 193.5 m, while that without basement is proposed to be at
elev. 196.0 m.The pertinent details including the 1limits of
sub-excavation are shown on the enclosed figures 10 and 11. The above
bearing capacity was based on the assumption that the footing width of
the wall be 0.61 m (2 ft.) and the differential settlement will not
exceed 25 mm.

For sliding resistance between the footing and granular subsoil, a coeffitiant
of friction of 0.6 may be used. The footing should have a minimum of earth
cover of 1.2 m to the underside of the footing to provide adequate frost
protection.

In the event that the structure is designed as per O.H.B.D.C., the following
parameters shall be used for the footing design:

Factored Capacity Allowable Capacity at
_at U.L.S. (kPa) S.L.S. Type IT (kPa)

Spread
Footings 600 250

Resistance to sliding of the footings can be calculated assuming a coefficient
of friction of 0.6 between the underside of the concrete footing and the

granular type material.

In designing the basement walls, the following parameters should be used in
computing the lateral earth pressures for the granular type of backfili:

Granular Type of Material

Angle of Internal Friction (§) 30°
Unit Weight (KN/m3) 0y 19.0
Coefficient of Earth Pressure

at Rest (Kq) 0.5

ﬁggndatfon for Patio Columns

Columns for the patio outside of the building can be also designed on square or
rectanuglar units using the above-mentioned design bearing capacities with
appropriate dimensions to satisfy the design.
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Sub-Excavation Details

As discussed above, all mixed fi11 material should be sub-excavated and replaced
with well compacted granular 'A' material.
Two options can be considered as follows:

With Basement

If a basement is included in building scheme, the fill material in the vicinity
of Boreholes 10 and 11 should be excavated down to elevation of 191.5m. The
excavation boundary should be back sloping towards Boreholes 12, and then
extending to the basement floor elevation of 194.5m near Boreholes 6 and 13 as
shown on Section A-A (Figure 9).

Immediately after the excavation in deep excavated area, backfill to the base of

the proposed footing elevation 193.5m, with well compacted Granular 'A' s
required for the foundations.

In the Shallow excavated areas near Boreholes 6 and 13, the footings for the
wall may be placed on the natural subsoil (granular material) after the trench
for the footing is excavated to elevation 193.5 m as shown on the attached
sketch (Figure 10). |

Without Basement

If the basement is eliminated for the proposed buildings, the fill material into
area near Boreholes 10 and 11 should be excavated down to elevation of 192.0 m
along the boundary between fi11 material and original ground surface. The
excavation boundary should be back sloping along the boundary between the fill
material and original ground toward Borehole 12 with 3 (H) to 1 (V) slope, and
then extending to the boundary elevation of 195.0 m near Borehole 6 and 13 as
shown on Section A-A. '

In the excavated areas, granular 'A' material should be backfilled to elevation
196.0 m as shown on Figure 11.

It should be emphasized that all fill material be excavated within the base
width of the foundations prior to the construction of the footings.
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Stability of slopes

Excavation depth is in the order of 4.5 m and consequently stability problems
are not anticipated provided slopes are maintained with 2H:1V.

Construction

During excavation, care shall be exercised by not leaving any old fil] material
underneath the proposed footings. Dewatering during the excavation should not

be a major problem since excavation will be carried above the prevailing water

level. However, any minor seepage or surface run-off into the excavations for
foundations could be readily handled by pumping sumps.

Miscellaneous

The fieldwork for this investigation was carried out during the period of
87-09-02 to 87-10-02, under the supervision of Tae C. Kim and Mike Shenarr
(Studenﬁ Engineer). The equipment was owned and operated by Malone's Soil
Samples Co. Ltd. of Etobicoke.

This report was written by T7.C. Kim and reviewed by M. Devata, Chief Foundations
Engineer (East).

»

ae C. Kim, P.Eng.
Projects Foundations Engineer

(§7P:;)m) ' c:zzQCAﬁFVQLTR
Murty Devata, P.Eng.
Chief Foundations Engineer (East)



APPENDIX




EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {$PT) N VALUE i5 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN 8Y A HAMMER WITH A MASS OF 63.5kg, 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 PEMETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS WN.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { 5imm O.D. 60° CONE ANGLE ) DRIVEN 8Y 473 )
IMPACT ENERGY ON "A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED A5 THE NUMBER OF BLOWS EOR EACH 0.3m
i ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY :

COMESIVE SONS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR 5TRENGTH(CUJ AS FOLLOWS:

L ey (kPa) 012 12+ 25 25-50 | 50-100 | 100 -200{ =200
VERY SOFT{ SOFT FIRM STIFF VERY STIFF HARD

IN {(Btows/0.3m) o0 - 5

VERY (QDOSE

5«10
LOOSE

» 50
VERY DENSE

10 - 30
COMPALT

30 - 50
DENSE

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, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R G D}, FOR MODIFIED RECOVERY, 1§:

{ RGQD{%] 0 -25 25-50 | 50 -75 75 - 90 90 ~ 100
VERY POOR| POOR FAIR GOOD | EXCELLENT
JOINTING AND BEDDING :
SPACING 50mm 50 - 300mm] 0.3m = Im | Im - 3m >3m N
JOINTING  [VERY CLOSE]  CIOSE | MOD. CLtOSE, WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  |VERY THICK
: ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF S0IL
. 55 SPLIT SPOON TP THINWALL PISTON m, kpa™t  COEFFICIENT OF VOLUME CHANGE
. WS WASH Sample 05  OSTERBERG SAMPLE ¢ } COMPRESSION INDEX
ST SLOTTED TUBE SAMPLE R € ROCK CORE ol 1 SWELLING INDEX
B S BLOCK SAMPLE B H T W ADVANCED HYDRAULICALLY Cy ) RATE OF SECONDARY CONSOLIDATION
C 5 CHUNK SAMBELE M TW ADVANCED MANUALLY gy m2/s  COBFFICIENT OF CONSOUIDATION
T W THINWALL OPEN F 5 FOIL SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN U % DEGREE OF CONSOLIDATION
Uy kra PORE WATER PRESSURE e kPg EFFECTIVE OVERBURDEN PRESSURE
A 1 PORE PRESSURE RATIO o kpa PRECONSOLIDATION PRESSURE
o ko TOTAL NORMAL STRESS T kP SHEAR STRENGTH
o’ kra EFFECTIVE NORMAL STRESS ¢’ kpa EFFECTIVE COHESION INTERCEPT
3 kra SHEAR STRESS ¢’ - EEFECTIVE ANGLE OF INTERNAL FRICTION
9, %0, kpa PRINCIPAL STRESSES ¢y kP APPARENT COHESION INTERCEPY
€ % LINEAR STRAIN b, wt APPARENT ANGLE OF INTERNAL FRICTION
€ € &, % PRINCIPAL STRAINS T kra RESIDUAL SHEAR STRENGTH
E kPry MODULUS OF LINEAR DEFORMATION 7, kra REMOULDED SHEAR STRENGTH
G kpgy MODULUS OF SHEAR DEFORMATION s, 1 SENSITIVITY = Su
" } COEFFICIENT OF FRICTION :
PHYSICAL PROPERTIES OF S0OIL
/’s kg/m3 DENSITY OF 50LtD PARTICLES e 1,%  vDID RATIO Brin 1ok VOID RATIO IN DENSEST STATE
Y. kN/m® UNIT WEIGHT OF SOLID PARTICLES A L,%  POROSITY y DENSITY INDEX =2—’"—93-f~;~.~
A, kg/m® pensivy OF WATER w 1.%  WATER CONTENT o] mm GRAIN DIAMETER mox = “min
Y,  kNAW UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION Dy mm  n PERCENT - DIAMETER
. P ko/m® DENSITY OF sOIL " % LIGUID LIMIT ST UNIFORMITY COEFFICIENT
P Y KN/o? UNIT WEIGHT OF sON w, % PLASTIC Limit h o m’ HYDRAULIC HEAD OR POTENTIAL
fé kg /ni® DENSITY OF DRY SOIL W % SHRINKAGE LiMiT q m/s  RATE OF DISCHARGE
73 ki unit WEIGHT OF DRY 501 I % PLASTICITY INDEX = W) — Wp v m/s  DISCHARGE VELOCITY
v Rat  *g/m® DENSITY OF SATURATED SO ) 1 LIOUIDITY INDEX = smP i HYDRAULIC- GRADIENT
Yeat KN/ UNIT WEIGHT OF SATURATED SOIL ) W, - W k /s HYDRAULIC CONDUCTIVITY
P kg/m’ DENSITY OF SUBMERGED SOIL lo 1 CONSISTENCY iNDEX: —- j kN/m® SEEPAGE FORCE
Y kn/m ounir WEIGHT OF SUBMERGED SCI1L e 1,% VOID RATIO IN LOOSEST STATE



v
¥

Qct 75, FF-5-21

60
50} /’
CH /
40 /
* Ci
=
o
z
5 30
5
5 A
2‘ “t LEGEND
/ BH SAMPLE | SYMBOL
’ 2 o
A 3
¥ '/ 4 | 183 o
. a
/ 4A ] o
OH
10 . / MH 5 | 2a | =
x / 6 1A A
rin s SR < ’ Y "
s s o ——— RC\L\*\I‘QN\\\W
" M ol 10 284 X
0 " J/ mt o 12 ] +
0 10 20 30 40 50 60 70 80 90 00
' LIQUID LIMIT %
Q",‘;‘:,z‘;z,::;,m,, PLASTICITY CHART FIG No |
MIXTURE OF SILT, SAND & GRAVEL (FILL) WP 20-87-01

Ontario

WITH RANDOM POCKETS & LAYERS OF SILTY CLAY




*

* *
L} o

Qct 75, FF.5-21

60
sol pd
CH /
40| /
52 ]
5
[
pr
5. 30|
o
b
é L a LEGEND
20 . / BH SAMPLE | SYMBOL
-
/ 7_1384] o
"
Ao. 7A 1,2 &3 ®
% / 8 [1,283a] @
MH OH -
ol _ p 11 2
vl 13 1 A
s s ca—— —“" f————rr w
L REEERIRRAN
P M ol
ML 7 ML oL
0 |k
0 10 20 30 40 50 60 70 80 90 100
LIQUID  LIMIT %
Ministry of PLASTICITY CHART FIG No 2

Transportation

Ontario

SILTY CLAY (FILL)

WITH RANDOM POCKETS OR LAYERS OF SAND & GRAVEL

WP 20-87-01




w
‘

Oct 75, FF-5§-2)
30
50 ]
CH /
40 /
2 ci
=
[n)
r
30}
e
o
e
b ct LEGEND
o BH | SAMPLE | SYMBOL
20 &; yd
- 4 |485] o
o ]
o 4A | 2&3 .
S 5A.58,7A
a / 7 léa"ed o
o A e m on 7A | 2 -
Vv 1 4 A
ra ——— — p——
e QL\&N\\\\\F’
/' Mi o]
ML o]l
% 10 E‘o/ 30 40 50 60 70 80 90 00
LIQUID  LIMIT %
Ministry of PLAST'C'TY CHART FIG No 3

Transportation

Ontario

ORGANIC SILTY CLAY

(FILL)

WP 20-87-01




Oct 75,

'( *\1

FF-5-21

Transportation

Ontario

GRAVELLY SAND TO SANDY GRAVEL (Glacial Till)
WITH SOME SILT, TRACE OF CLAY, OCC. COHESIVE ZONES

60
50 pd
CH /
40 /
® Ci
o
O
Z
5. 30
Y]
2 ct LEGEND
"0 / BH SAMPLE | SYMBOL
. 3 8 o
5 9 &12 ®
/ 6 12 a
10} ° mH OH 7 14 a
. R \ 9 5 & 7 A
IR NN I I
”
Mf // ML o]}
% 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
vinistry o PLASTICITY CHART FIG No 4

WP 20-87-01




WITH RANDOM POCKETS & LAYERS OF SILTY CLAY

. 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SuT Fine i Medium | Coarse Fine Coorse
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WITH SOME SILT, TRACE OF CLAY, OCC. COHESIVE ZONES
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Dist 6 MWY.__ 401 BOREHOLE TYPE _ H8 Auger and Cone Test COMPILED 8y _ TCK
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RECORD OF BOREHOLE No 4 & 48

METRIC
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Ofe 2 =g - — WA M Wp W w, | 5% &
ELEV S18| & | 2158 § [sHearR sTRENGTHKPa AT 2 | craIN size |
BEFTE DESCRIPTION NHERE: 3% £ o uncontine RO ANE [ | Y Dlsmgunom
gz 5 | &Y | & | Quck TRIAKIAL 148 vane {%) {%)
96. 2 Ground Level & £ w 0 40 60 80 100 1020 30 GR 5A 51 CL
0.01 Mixture Silt, Sand §. M. LlAS* 196 -
atd Gravel with random p L 88 JLIOM5 om a ZO 20 29 11
pockets or layers of 2| 8§81 21 o 03218 10
19¢.3 _Siley clay (P11 R / s o s 20 46 25 9
’ , XT3 194 ] 2 Pt 12353 23
Organic Silty Clay -~ R
192,8 s L & «2.7 o 14 44 24 18]
3.4 -5
2 + -
5 = 192 \
Gravelly Sand te  |pn 187 69 f6
, 6| ss| 70
Sandy Gravel wich [ &
some Silt el 7] 851 27 o 40 48 9 3
trace of eclay ?; B S8 1 1% 190 -
Compact to Very Denmsels. . X
(Glacial Til1) |op'| 2L SS[ 35 :
L TOSE T o 19 63 15 3
Oce. Cohesive Zones [ *
a’ 188
Occ. Cobbles 8t o )
AT 8ETITNS en <\L :
186 1| p e 0y S
oI Heathered Shaly §lab" 2] 551759 186 m— ) 55 15 25 5
End of, Borehole
185.8) |
10.%

+3, x5 Numbers refer to
Sensitivity

20
1505 (%) STRAIN AT FAIURE
10



Y

OFFICE REPORT ON SOH EXPLORATION

Miristey of
Transportation and

Communitations
Dntara

RECORD OF BOREHOLE No 4A

METRIC

WP 20-87-01 LOCATION NS Baseline Sta.0 + 045.4; 0/5 27.2m Rt ORIGINATED By ICK
oist_._ 8 mwy__ 401 BOREHOLE TYPE  HS Auger compiLep By _ TCK
DATUM Geodetic DATE 1387 09 10 CHECKED BY
DYNAMIC CONE PENETRATION
501t PROFILE SAMPLES gm t‘&.‘ RESISTANCE PLOT pasric NATURAL =
21 9 aerlC woisTuRe LGUR | REMARKS |
- go o 20 40 80 30 100 LimiT CONTENT LIMIT 2(2
S| o = AN ORI WO P Wp w w, | 5@ &
LEV DESCRIPTION Elal w2 %g & [SHEAR STRENGTH xPa Qg 2 | GRAIN SIZE
DEPTH EscRIFTIO w151 Z | 13581 3 [ounconmmen  + Freu vane TER ConTEnT (il ¥ |PISTRIBUTION
iz 5 | &Y 1 & |eouck rraxiaL  x tas vang |WATER CONTENT (%) s (%)
196.3 Ground Level @ ? o 20 40 60 80 100 10 20 30 KN/m' lepoga 5 ¢
0.0 Mixture of Silt, Sand} R 196
and Gravel, with randomex .
puckets or layers of '
194.5] 8iley Clay (¥ill)
1.8 - = A 11 TWiPH L 8 22 49 21
Organic Silty Clay [nSq 2| TWIPR [ ** | 19 3 418.5| 0 23 53 24
192.9 Mot 3] TW| PH & o} 18.9] 5736 48 11
3.4 Sand with Gravel &3l 4! twiPH o 3255 8 5
192.5
3.8 Efid of Borehole

* Note: Borehole Dry

** Drganic Content
by Weight &.4%

+3, x5 Numbers refer 1o
Sensitivity

20
1545 [%) STRAIN AT FAILURE
10



w

OFFICE REPORT ON SOil EXPLORATION

Onrate

Murustry o
Transparaton and
Communicanang

* AS: Auger Sample

RECORD OF BOREHOLE No 5 METRIC
WP 20-87-01 LOCATION N$ Baseline Sta., 0 + 051.9; 0/5 5.9 m Rr. ORIGINATED By _ ICK
DIST 6 HWY 401 BOREMOLE TYPE _HS Auger and Cone Test COMPILED BY __TCK
DATUM Geodetic DATE 1987 09 04 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | 2 | pisistance mlot NATURAL =
=2 < PLASTIC  geyerpre vQuib | o T REMARKS
- w [38] @ 20 40 60 80 1go |'MT  cowrewr uMT | 0O
o I b - 1 i f i 1 Wp w Wl. o W &
ELev BESCRIPTION 18| el 298| 8 [sHear strenon e | T % | GRAN SIZE
BEPTH . E x| % 8% % lounconenes  + e vans TeR conTenT | ¥ |PISTRIBUTION
L 5 [ BV | & |eouck TriaxiaL  x Las vang |WATER CONTENT (%) (%)
196, 2 Ground Level 7 ¢ o 020 30 GR SA 51 CL
V.U Mixture Silt, Sand  Amekd A 196 e
195.2 and Gravel with randos k.1 S8 28 \\ 3 28 44 25
1'0 \pockets and layers of[_ A 2 8825 f o ° 67615 3
Silty Clay (Fill) ?ﬂ:a T ET] (
e 19{‘-
{4 S8 117 )
Gravelly Sand to i e TR
Sandy Gravel - (
with some Sile vl 76| S5 22 .%. 102 e ° 21 64 13 2
trace of clay ‘I 7] ssz6 PB7U9%0 \
P >
Compact to Dense T
(Glacial Ta11) [T p2 98 1% ;
- ¥ g 190
Ouc, Cohesive Zones |es 38,20 @ W as L3
Oce. Cobbles ;n 0] ss 21
- S| 11 55 (29 )
2. 188
5. ~— 2 1607203
s st i s e i s i e | /A3 cm -
183‘2 /edthered Shaly Slab 12] s817% L. 0 (o 41 25 27 7
) End of Borehole
186.6
7.8

+3, 45 Numbars refer to
Sensitivity

20

15 5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SO EXPLORATION

Vunigtey of
TAAnSROraton dnt
Communcatong

Sintario
RECORD OF BOREHOLE No 6 METRIC
W P 20-87-01 LOCATION NS Bageline Sta, O + 051.9; 0/S 18.8 m Lt. ORIGINATED BY  TCK
DIST_._ 6 wwy__ 401 BOREHOLE TYPE _HS Auger and Cone Test COMPILED BY _ TCK
DATUM Geodetic DATE 1987 09 04 and 09 CHECKED 8y
SOIL PROFILE CAMPLES | & w | DYNAMIC CONE PENETRATION
Y [ F |RESISTANCE plOY nastic WU woue | T REMARKS
45 ] LT contENT LMt ] = (3
- w | 2Q v 20 40 60 BO 100 Z= &
9l 5 lak e s Wg W w | 3%
ELEV BESCRIPTIO T w2 23 8 [SHEAR sTRENGTH N ——— = | oRaN size
DEPTH N 2151 2| $ 1381 % [ounconmnes  + Fiewd vane WATER CONTENT (| 7 [PISTRIBUTION
é z 5 [EY | & |eouck TRaxiAL  x LAB vane (%) (%)
196.4 Ground Level o . o 10 20 30 GR SA 51 CL
G.0| Mixture SILt, Sand g<\ 196
and Gravel with randomp” 1 As* N\
195.3} pockets and layers of 5y 1| 55 | 36 ° = 419 51 28
Lo siiey clay ritny  fI9° >
el 2] 55 |41
2 N
Gravelly Sand to Yool 3] 88 31 194 \ h 57615 4
Sdndy Gravel with st # homn, | '
gsome Silt il 58 132 .
. o ——
trace of clay ¢ | 5i 85 133 120/25 cm
e ' 192
Compact to Dense ¢ s 6,55 23
(Glacial Till) I A onp 30 54 13 3
Gcc.owhesiva Zores n;; B| 85 | 34 190
. e L
e, Cobbles o IR
D0 s§733
-, 188
187.3 L2 11/ §5 |26
B e i e o — T 112 30 47 11
186.4 | Weathered Shaly $lab 12| 55 162 [ ]
1070 " Sand "and Crivel — ~ "l 13| 58 |40
End of Borehole
10.4
* AS: Auger: Sample
20

+3, *5 . Numbaers refer to
Sansitivity

15 48 (%) STRAIN AT FAILURE
10 .




DOrtano

Mirtiatry gt
Transporigton and
Commumganang

RECORD OF BOREHOLE No 7

METRIC

OFFICE REPCRT ON 501t EXPLORATION

* A%: Auger Sample

WP 20-87-01 LOCATION NS Baseline Sta. O + 066.7; 0O/8% 18.1 m Rer. ORIGINATED By  TCK
DIST 6. Wwy_ 401 BOREHOLE TYPE __ HS Auger and Cone Test COMPILED BY __TCK
DATUM Geodetic DATE 1987 09 09 CHECKED BY
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | % | EINAMC CONE, e o e
Z W Limit MOISTURE it -5 REMARKS
- 30| & 20 40 40 80 100 CONTENT zx
Q= 44 - H L N L i Wp W W, 54 &
ELEY RIpT Elai w2193 5 SHMEAR STRENGTH kPa e Gy 2 | GrRAIN $1ZE
DEPTH DESCRIPTION E S 8% % lo unconemnep * FIELD VANE e content (u)] Y D'SW‘?UT'ON
2|2 5 | EY | @ |eQuCK TRIAXAL X LAB VANE o {*)
195.8 Ground Level w i w 20 40 60 80 100 10 20 39 GR SA 51 GL
v.g Silty Clay with ¢ ; _‘;‘g* 77
random pockets or
layers of Sand 3| 88 {12 o 14 31 41 14
and Gravel :
193.7 (Fiil) § 4 88 1 8 194 - o 218 57 23
2T I + > 2 18 56 24
o ic $ilty C1 y o Ot 116 54 29
rganic Silty Clay AN mrIacTeET 4.8 P Al :.17 gg g; %g
191.9 4 193 5 530 46 21
3.9 Loase | @ LANE N N (1 o 17 55 18 10
TR 709 16 \
Gravelly Sand to ;- B..58 126 b
Sandy Gravel with Ay 9] 85 {27 f
sote Silt A 190
trace of clay "5‘ 101 85 121 g
Compact to Dense ,JS' L1l 885 1725 o 479 14 3
{Gldcial Till) p 8
W' T 12| 85 |31 188 -
Oct. Cohegive Zones |, o° <
‘Oee. Cobbles N 4 .
&
o] 13] 88 | 74
1856 | o o oo o oo e e L 186 <  puomn
‘moyf Weathered Shaly Slab la) 88 |40 o O 22 33 38 7
10.2 Entd of Borehole
185 .4
10.4

+3, %5« Numbars refer to
Sensitivity

20
1545 [%) STRAIN AT FAHLURE
10



OFFICE REPORT ON SOIt EXPLORATION

Mirugtry st
Traneporghon ang
Lommuritansns

Driang
RECORD OF BOREHOLE No 7A METRIC
w P 20-87-01 LOCATION NS Baseline Sta. 0 + 065.8; 0/§ 19.5 m Re. ORIGINATED By  TCK
pist 6 ___ MWy, 401 BOREHOLE TYPE _HS Auger COMPHED BY ___ TCK
DATUM Geodetic DATE 1987 09 09 CHECKED BY
) DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES Bu | 5 |Restance o raspic NAML
\J MOISTURE Pl REMARKS
= §g A 20 40 60 80 g |UMT cownrenr umT ] o0
9 5 % QE > 1 i L H 1 Wp w WI. :,g &
ELEV Llel B D 138 | O |SHEAR STRENGTHkpa [T, V— GRAIN 51ZE
DEPTH DESCRIPTION 1351 21 £|38] % lounconaneo  + riewo vane warer content (ng| 7 |PSTRIBUTION
g1z 5 | &V | & |eGuck rRaxiaL  x LaB VANE . o {%)
195.9 Ground Level o f w 20 40 &0 80 100 10 20 30 kN/m* {GR 54 §1 CL
YU siity clay with -
random pockets or w
layers of Sand
and Gravel
1 1IW PH B g 2 18 55 25
193 5 (F111) 194 o 5 15 51 2%
. e e e v s o 6 118 54 27
10578 Organic Silty Clay ° * . o T° 19.5 114 56 17 13
3.1 3 ITW PH 4.8 o # 5 41 39 1%
End of Borehole
192-? at Sand Layer
3.

* Note: Borehole Dry

** Organic Content
by Weight 2.2%

+3, x5 Numbers refer 1o
Sensitivity

20
15-¢r5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOH EXPLORATION

Mgy ot
ansa

ot g

Porerv Tomm: = =annmy
RECORD OF BOREHOLE No 8 METRIC
W 20-87-01 LOCATION NS Baseline Sta. O + 053.05 0/5 16.8 m R, ORIGINATED BY TCK
DIST __ 6 Wwy___401 BOREHOLE TYPE __ HS Auger and Cone Test COMPILED By __ TCK
DATUM Geodetic DATE 1987 09 10 CHECKED BY
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;:;m 3 [resistance sror rastic NATURM =
$8| & Gmir - Moprere NPl =5 | remarks
ol “ Qi & 20 40 40 BO 10D e 3
Ol= glae | 2 Lottt Wp w Wil 3y
ny DESCRIPTION |21 &3 {25] O [srear stRenoTH LA E | GRAIN SiZE
DEPTH = 21zl g A5 5 |o uNcONFNED * FIED VANES YENT (% y  [DISTRIBUTION
&l2 > | &Y D | quck TriaxiaL  x 1A vane | WATER CONTENT (%) (%}
196, 2 Ground Level ] : ] 020 30 GR SA 51 CL
0.0 Silry Clay with T 196 p=Sw
raundom pockers or ) .
layers of Sand L]ss (i ° 8 25 52 15
am(iFfialn)rel 7158 ( o ©5 31 48 13
193.6 o 3T T B 194 o 2 56 24 20
2.8]  gravelly Sand to I -
Sandy Gravel with L 5 4188 |17 o 27312 6
sote Silt s’
trace of clay ahl[$8 12 192 \\
Compact to Dense 5 Y 6]S8 2 -+ y
(Glacial Till) e i § o 3252 14 3
Qce, Cohesive Zones |, °& 7,88 2 K 2521
189.6 Oce. Cobbles ae] 8] 88 | 31 190
6.6 End of Borehole S
188
187.1 ) .
9.1 End of Cone Test

* AS: Auger Sample

‘3' x5 . Numbers refer to
Sansitivity

20
1505 {%) STRAIN AT FAILURE
10



OFFICE REPORT ON SOIL EXPLORATION

Mrrostioy
Trarsnoranon seg
Commmrotationg

Ontare
RECORD OF BOREHOLE No ¢ METRIC
w P 20-87+01 LOCATION NS Bageline Sta. 0 + 041.3: 0/S 18.7 m Re. ORIGINATED 8y  TCK
DIST b Hwy__ %01 BOREHOLE TvPE PS5 Auger COMPILED gy __ TOK
DATUM Geodetic DATE 1987 09 10 CHECKED BY
o w  TDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & g [redstanet rlor v - B
§% A 20 40 60 80 00 U™ coNtawr LM} SO
8 o m ;: i 1 L 1 i W W W, Dw &
b L 2 ] i g
ELEY DESCRIPTION e g2 25| O [sHEAR STRENGTH et Gsw‘r; ;szée
i =] = 15 ot Ot UTION
DEPTH IS e = o g |9 UNCONFINED + FIELD VANE o y :
gz 5 gv @ |e Quick TRIaxAL  x La8 vang |WATER CONTENT (%) {%)
196.6 Ground Level & f b 1020 30 GR SA §I €L
9.0 Mixture Silt, Sand N
and Gravel with L 196 PR 16 26 45 13
random pockats or : 85 1 3¢ o
layers of $ilty Clayl’Q
(Pill) 42l S8 1.8
193.4 . . > 3l 8§ 7 194 ke XN 11 %6 17 26
3.2 Gravelly Saund to - 4 $8.18
Sandy Gravel with o I ECERT) ol H 992 14 5
gome silt o
trace of clay ol 6 85127 + 192
Compact to Dense Ny
(Glacisl T111) ﬁ. 7] 58 130 187914 @ 4 45 44 8 3
190.0] O¢c- Cohesive Zones | bt
6.6 End of Borehole

* AS: Auger Sample

’3‘ %? : Numbers refer to

Sensitivity

20
15.0-5 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON S0if EXPLORATION

Mgty of
Fearsborator sag
Carmrmume ahong

Srang
RECORD OF BOREHOLE No 10 METRIC
WP 20-87-01 LOCATION NS Baseline Sta, O + 071.4; 0/5 9.8 m Rt. ORIGINATED gy _ TCK
oisT [} HWY 401 BOREMOLE Typg HS Auger and Cone Test COMPILED BY TCK
DATUM Geodetic DATE 1987 10 02 CHECKED BY
SO PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
Lo | g |REssTaNce pioT rasrie S0 oo | = E | pemaks
- N go 3 20 40 60 80 100 LiMIT CONTENT LIMIT EQ .
9 o b = = ( f | L i Wp W W, B
ELEV DESCRIPTION Elgi w2 %g § |SHEAR STRENGTH TP AR % { GRAIN SIZE
DEPTH CRIPTIO ~{E|l Z | %]3 % |o unconpneo + FIELD VANE DISTRIBUTION
2 0| « WATER CONTENT (%) 7 y
g1z » | &Y | & |eauck Traxat  x a8 vane g {%)
195.71  Ground Level o - i 1020 30 GR SA 51 L
0.0} Mixture 5ilt, Sand 5
and Gravel with random A
pockets or layers ofl° 1} 88 112
Silty Clay
193.6 _— -.(-Ei‘...].‘..l.').-_..m...._ ‘ 2] §8 114 194 & Somr 7 19 51 23
210 gegantc Silty Clay A BN o
192.0 o4 4l 88 |11 192 R - 1257 21 10
3.7 g
<1 5] sST17 1L =
Gravelly Sand 4 AR A 103 > 29 54 12 3
with some silt 4 ( o
" trace of clay ) -‘ 7] 88131 190 l
Compact to Dense < of B 85 T9G o 278 7 3
{Glacial Till) o
Oec. Cohesive Zonesg .‘9
Oct. Gobbles *-1 5l 55 133 188
‘H:
186.1 85.110] 55 {36 R o T 116 64 15 5
9.6 End of Borehole 1757215 em

+3’ x5 ; Numbers refer to
Sensitivity

20
15415 (%] STRAIN AT FAILURE
10



OFFICE REPORT ON SONL EXPLORATION

Win-stey o
@ Teansgartation ang
Tamthr ationg

Dreann

RECORD OF BOREHOLE No 11

End of Borehole

f
[red
W WO
Lo LE VY

WP 20-87-01 LOCATION NS Baseline Sta. 0 + 071.2; 0/ 1.4 m Le. ORIGINATED @y  TCK
DIsT 8. Hwy_ 401 BOREHOLE TYPE HS Auger and Come Test COMPILED BY TCR
DATUM Geodatic 1987 10 01 CHECKED BY
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
g | g [Resstance eior PASTIC Nimewe LGUID | . L REMARKS
Q Py Limit CONTENT  LIMiY - Q
= w | 39 20 40 80 89 100 z: s
9 & e g z i f i L i Wp W ;;3
ELEV ! r Elal & 2198 | § |sHEAR STRENGTH RS- GRAIN SIZE
DEFTH|  DESCRIPTION 151 2| $ 138 2 |ounconmnes  « riEo vane WATER CONTENT (%] DISTRIEUTION
2 > | &Y | & [ecuck TRAXAL  x 1AB VANE - (%)
95.8 Ground Level o : i 020 GR SA S1 Cl
0.01  siley Clay with
random pockets or o
layers of sand and AREL
Gravel (¥ill) 2] 58 9 194 321 59 17
192.6 3881 3 a
3-2 T e e A -
o s Organic Silty Clay ) 4188 1 2 o2 —— 023 47 30
0 ren IR g 10 66 17 7
Gravelly Sand to | **|— 7518710 Is
Sandy Gravel . g5 2 M\\>
with some silt . 55 | 43 / b 44 47 12 2
trace of clay 190
Compact to Dense 85 L 34 ©
(Glacial TL11)
Ot¢, Cohesive Zones o, q
Oce, Cobbles 851,36 188 [3/23 cm t 44 41 12 3
186.3 1 Westhered Shaly Slab 88 1106 a

+3, x5 Numbers refer to
Sensitivity

20
1595 [%) STRAIN AT FAILURE
10




:shty ot

Mg
@ Transsoraton ang
Commune atang

OFFICE REPORT ON S0l EXPLORATION

Ltar
RECORD OF BOREHOLE No 12 METRIC
WP 20«87-01 LOCATION NS Baseline Sta. 0 + 058.3; 0/8 4.7 m Lt. ORIGINATED gy  TCK
DIST 6 MWy 401 BOREHOLE TYPE HS Auger and Cone Tests COMPILED BY TCK
DATUM _ Geodecic DATE 1987 10 02 CHECKED gy
w  [OYNAMIC CONE PENETRATION
SO PROFILE SAMPLES 1w | 3 |Resistance pior pasrie NaTRAL |
et Limit worsTuR UM‘I’T =0 REMARKS
b w 55 n 20 40 60 80 100 CONTENT =z
[w] E g C}E z L J L 1 i Wp W Wi bg &
ELEV BESCRIPTION g w2 23| O [SHEAR STRENGTH e GRAIN SIZE
BEPTH 151 213|138 5 [ounconmnes  + Fie vane ATER CONTENT ()] ¥ [PSTRIBUTION
£z > [ EY ] & [eouick Traxal  x 1ab vang | WATER CONTENT (%) (%)
196.3 Ground Level A i o i0 20 30 GR SA 51 CL
0.0 Mixture Silt, Sand L 19%
and Gravel with randon
pockets and layers of K A 1/ 55 |18 ] s
194,7¢ silty Clay {(Fill) v
hul ty.Clay 1 O I b o 15 66 11 8
, .
Gravelly Sand to .4 3188 194 e [} 287 6 5
Sandy Gravel with |..° — B
some Silt AN A N >
t 4 °,
race of clay NN N NTRET A o 58311 1
Compact to Dense - A 192
(¢lacial Ti11) |- -] 6[755 |30 ( R 127210 6
e 7109
Oce, Cohesive Zomes :ﬂl 7 S8 127 “\1 o
Oce. Cobbles v .+ 8] 58140 196
‘e )/
e = — —— — 55 N ° 39 44 14 3
'y| Weathered Shaly Slab
18774 o T 188 /
8.8! Gravelly Sand with "ot y -
trace of cla _-‘;erlo 85 | * b
9.6 End of Borehole

Note: * Blow Counts
were not
attainable

+3, x5 Numbers refer to

Sensitivity

20
150-5 {%) STRAIN AT FAILURE
10



=

OFFICE REPORT ON SOOIl EXPLORATION

Minstry ot
Franspirangm any
Ty ating

DRrany

RECORD " OF BOREMOLE No 13 METRIC
WP ____20+87-0} LOCATION NS Bageline Sta. 0 + 040.1; 0/ 20.7 m Lt, ORIGINATED BY __TCK
DIST__ 6 . Hwy__ 401 BOREHOLE Type M5 Auger and Cone Tests compitep By __ TCK
DATUM Geodetic DATE 1987 10 01 CHECKED BY
w  [DYNAMIC CONE PENETRATION :
SOIL PROFILE SaMPLEs | & | & TDINAWC CONE | arona. =
-l ) PLASHIC  ploicripe  LIGUID | o & REMARKS
e n | 25| A 20 4p &0 80 00 [T cowrew kT 2O
9 ﬁ i QE i i f i 1 Wp W W, g &
ELEV Elami w2 2 % SHEAR STRENGTH P o i 2 | GRAIN 51ZE
DESCRIPTION £ &) 5(%2] 2
DEPTH w S| S 13138 5 Jounconmned  + riep vane WATER CONTENT (1] ¥ |DISTRIBUTION
g1z > | &Y | & |eouck TRl x 1aB vANE NTENT (%) {*)
1966 Ground Level n : w 0 320 30 GR 34 $1 CL
0.0 Silty Clay with Sand 196
trace of gravel 1l g8 | 21 ™ ) 6 32 41 21
195,0 (¥Fill) <> °
1.6 Co R NG ) o 20 63 12 5
Gravelly Sand to .’,“‘ 3] 8§ 35 194 ]
&M:gmgr;:i}: wieh " G FETI00A0 en 105]25¢m] o 4538 15 2
trace of clay “1 5] 58| 42
(-3
Compact te Very Dense| 19
(Glactal T111) [, -84 88, 211 ¢ 2 ° B
Oe¢, Cohesive Zones '?: 7188 [ 49 87 7105
Occ. Cobbles f“‘ 8] 88| 38 b 315113 5
24 190
-0
188.7 SRS A RRRUURRRI " JLT B AT e
7.9 Weﬁ:hered Shaly Siab
i e i ey |2 -
187.10) Feathered Shaly S155" 10{ ss| 55 o) 59 22 15 4
9.5 End of Borehole
187.0
9.6

+3, x5 Numbers vefer to
Sensitivity

20
15 %5 (%) STRAIN AT FAILURE
0




Mirstry of
Teansonrtshan and

Comiwnicatong
Drratn

RECORD OF BOREHOLE No 20

WP 20-87-01 LOCATION NS Baseline Sta. 0 + 053.5; 0/$32.7 m Re. - ORIGINATED BY TCK
DisT # HWY 401 HOREHOLE TYPE HS Auger and Cone Test ay T¢K
DATUM _. Geodetic 1987 10 15 BY
a w DYNAMIC CONE PENETRATION
501 PRDHLE SAMPLES [Ty aa RESISTANCE PLOT NATURAL E
g2 & T MOiSTURE LIOUD | REMARKS
o } %O et 20 46 s0 8O 100 Limit CONTENT LIMIT %» (_D
O 0 = ( h h ; i Wp W :)g &
ELEV Pt aig| w2 %g 5 SHEAR STRENGTH —_— GRAIN $1ZE
Bertn DESCRIPTION - % =14 80 % o UNCONFINED + FIELD VANE WATER CONTENT (% DtSTRn.suﬂON
2|2 > | &Y | & |equck rraxial x A8 vaNE (%) (%)
196, 3 Ground Lavel o - ud 10 20 GR SA 5t L
0-01 Siley Clay with ¢ 196
random pockets or 37 39 19
layers of Sand 58 1o 5
an?Fg;?\)rel 38 do 7 18 46 29
ORI AN
Tree Trunk 85 194 ‘
152.6 88 O 9 39 39 13
3.7 Loose | 5§ 192 o — 1457 20 9
Gravelly Sand to . 38 26 \"'*\
Sandy Gravel with
some Sile S8 1 O etd 24 56 15 5
trace of clay 58 190
Denge to Very Dense \\'
(Glacial Ti11)
48
Oce, Cohesive Zones
188
Occ. Cobbles
58 [ I 34 48 14 &
186.2
10,1 T e 186 e
185, 1 Weathered Shaly Slab 38 & iy 0 7 76 17

OFFICE REPCRT ON SOl EXPLORATION

11.2 End of Borehole

+3, &5 ; Numbars rafer to

Sensitivity

20
1595 (%) STRAIN AT FAILURE
10
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L orreH

METRIC

OMS ARE I METRES

FENCE

{INE

AND/OR MILLIMETRES UNLESS
OTHERWISE SHOWN . STATIONS

195.5 P KLOMETRES + METRES.

i Q+000-00

w0+ 020
z
-l
[ 153
wy
<{t
SURVEYED BUNDING el
ENVELOPE 1987 08
v
B /{\ Z
- . 3 ",

#

!
o
+*
fa!
o

f
]
|

.,

St it o iy

L

935

< & M7 T SURVEYED _ BASELINE 150m S H_OF & Hwy 401 |
s, ? ? \\%\?—’\‘\% ts . Y
o 0 Ye o » FOND 552 T2 2,
NOTE: PLAN wie NOTE: °
For Borehole No ¢ refer fo ; - - - -
Record of Borehole Sheet, Smm 2 3m For Sections A-A, B-B,C-C and D-D
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‘%"_r' Wi at time of investigetion

No |ElevaroN| sradiSy °fGreser
3 ] 196.7 [ 0+039.5 | 13.5m &
4248} 196.2 | 0+044.5 | 28.8m R
4a [ 196.3 | 0+045.4 | 27.2m Rt
5 |we.2 {0+051.9 | s.omem
6 | 196.4 | 0+051.9 | 18.8mUr
7 1195.8 | 0¢086.7 | 18-1m R
7a 0 195.9 | 0+065.8 | 19.5m Rt
8 [ 196-2 | 0+053.0 | 16.8m &
9 | 196.6 | 0+041.3 ] 18.2m R
10 [ 1957 [ 0+071-4 ] 7.8mRt
1t li9s.s [ 0+071.2 | tdmur
12 | 196.3 | 0+058.3 | 4.7mur
13 | 196.6 | 0+040.1 | 20.7m 1
19 | 193.5 [ 0+057.0 | 46.8mRr
20 | 196.3 |0+053.5 | 32.7mu
21 | 194.2 | 0¢020:3 | 50.5m R
-=NOTE=

The boundarias between soit strota have besn estoblished
only ot Bore Hole lcations. Hetwwern Bore Holes the
boundarier ore d from geological evidence.

MNOTE: The late foundotion invests and design report for
this projact ond other reloted d 1S mey be ined ot the
Enginsering Materiols Office, Downsyiew. Information confsined 1
this report ond reloted documents is specifically excluded in
aecordance with the conditions of Section 102~ 7 of Form 100,
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orandum »

Ontanio
Tel: 235-3731

me

To:  A. Wittenberg Date: 1988 02 16
. Head, Planning and
Design Section
5000 Yonge Street

Atten: W.K. Lankinen

From: Foundation Design Section
Room 315, Central Building

RE: Culvert at Travel Information Centre
Hwy. 401, 2.0 km West of Mississauga Road
W.P. 20-87-01
Distriet 6, Toronto

We have reviewed the letter from R.E. Winter & Associates Limited
on February 10, 1988, regarding the culvert foundation at the
Travel Information Centre, Highway 401, 2 km West of Mississauga Road.

We agree that OPSS Specification 902.10.02 Unwatering Structure
Foundations should be applied. It should be noted that a method guggested
in our Foundation report is only one method which can be utilized.
However, other methods can be used for unwatering.

We are not in agreement with any other recommendations contained
in R.E. Winter Associate's letter. Our original recommendations remain
unchanged.

If yoﬁ wish further discussion, we will be happy to answer any questions
you may have,

-

T.C. Rim, P. Eng.
TCK/mmj - _ Project Foundation Engineer

c.c. = G.C.E. Burkhardt
R. Kawaguchi (Winter Assoc.)



Win;er
Associates

Consulting Engineers, Architects, .
Planners & Landscape Archirects

February 10, 1988

The Ministry of Transportation
Engincering Materials Office
Foundation Design Section
Room 315 Central Building
1201 Wilson Avenue
Downsview, Ontario

M3M 118
Attention: Mr. T.C. Kim

Project Foundation Engineer
Dear Sir:

W.P. 20-87-01 HIGHWAY 401
PROVINCIAL ROADSIDE REST AND
TRAVEL INFORMATION CENTRE
TREATMENT CONCRETE CULVERT

REWAL PROJECT 8109X4

Significant recommendations for the method of installing the concrete
culvert on the internal access roadway will require modifications to your
recommendations,

Proposed treatment was prepared utilizing your recommendations containcd
in the foundation investigation and design report dated December 1, 1988.

However, the recommendations and methodology of installation was reviewed
during the project review meeting held at Central Region on February 4,
1988. Representatives of Regional Geotechnical and Construction provided
input suggesting adjustment to the method of construction utilizing proven
empirical procedures.

T0535/1trs.14
R.E. Winter & Associates Limited

4255 Shetwoodtowne Boulevard, Mississauga, Ontario L47 1Y5 » Tel. (416) 270-0110 « Telex 06 986766 TOR




Recommendations:

") - subexcavation of existing fill material to elevation 192.0 should be ’
excavated to a vertical face 0.3m outside of the culvert walls e { Aot

- excavation for the wingwall should be to a vertical face 0.3m from No | #
the outside edge of the wingwall footing '

- the excavation should be sloped 1 1/4:1 from above the top of
concrete culvert or top of wingwall

- required dewatering during construction should be by utilizing OPSS
specification 902.10.02 Unwatering Structure Foundations, instead of
illustrating requirements on the contract drawings

- when backfilling excavated area to the bottom of concrete culvert or
NJ footing of wingwall, utilize crushed stone, Class 2 Aggregate instead
:  of Granular A. Regional Construction have expressed their concern
with compacting the fines in the gradation of Granular A where
scepages of water is probably a likelihood, although the excavation

is to be dewatered

- under the base of the wingwall footing provide a minimum of 150mm (6 v
inches) of granular
Necessary adjustments to the treatment will be incorporated into the final X
design, if you are in concurrence with those adjustments recommended by 0
Regional Representatives. Y yﬁﬁ, ‘‘‘‘‘‘ T e D -y
ot
Yours very truly, 3 %%
y y . Jo W g
R.E. WINTER & ASSOCIATES LTD. D J
l o 1ot
o v
M e &\D O, o 6{‘ “\Jl - i::"
I AL J)A‘b '
Per: R. K. Kawaguchi ,:Jﬂéw . e
Project Manager . ,ﬁwf v
",&i_--" 2
ﬁﬂr"ﬁ | A
/ 9 ,
fod Vi
kZ s
S s ,w‘{“‘} \ ot R/ v

T0535/1trs.14
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memorandum

Ontano

To: G.C.E. Burkhardt Date: 1988 01 22
Head, Structural Section
Central Region

Atten: M.D. Bendavan

From: Foundation Design Section
Room 315, Central Building

RE: Culvert at Travel Information Centre
Hwy. 401, 2.0 km West of Mississauga Road
W.P. 20-87-01
District 6, Toronto

Further to your memorandum on 1988 01 14, this letter present our
review for the above culvert.

Based on our review, it is concluded that the preliminary

design drawing has generally complied with our recommendations.
However, it should be noted that all fill material be removed to its
full depth within the foundation area to approximate Elev. 192.0 m
as discussed in our report. We have no further comments.

If you have any questions, please contact us.

g .‘.'-'f/{*“ :
- /ﬂﬁgaé44@~42f1j~*@
T.C. Kim, P. Eng.
Project Foundation Engineer

for

M. Devata, P. Eng.
Chief Foundations Engineer
TCK/mm j (East)

c.c. = K. Bassi

B. Steeves
W. Lankinen

7540 1217 110/78)
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Tel: 3731

Ontano

‘memorandum

To:  G.C.E. Burkhardt Date: 19487 12 01

Head, Structural Section
5000 Yonge Street ' ,

Atten: M.D. Bendavan

From: Foundation Design Section
* Room 315, Central Building

RE: Revised Location of
High Mast Lighting #3
at Travel Information Centre
W.P, 20-87-01
District 6, Toronto

Further to the telephone conversation between your M.D. Bendayan
and our T.C. Kim, on 1987 11 30, this memorandum presents our review
for the revised H.M.L. #3 location.

It is understood that the H.M.L. #3 will be moved to a new location
gince the raised island location will be re-located as discussed
in 2 memorandum by R.E. Winter & Associates dated 1987 11 20.

Our T.C. Kim inspected the new location of H.M.L. #3 in the field
and concluded that the existing terrain slopes upwards to the
west. In view of this, we are satisfied that there will be no
detrimental impact by relocating the H.M.L. #3 to a new location
by 3.44 m south westerly from the borehole location.

Original H.M.L. #3 Location:

Sta. 11 + 558.0 Highway 401
54.60 m Rt. of Hwy. 401 R.O.W.
and 27.3 m west of R.0.W. monument 170

Actual Borehole Location (B.H. #16):

Sta. 11 + 560 Highway 401
55.60 m Rt. of Hwy. 401 R.0.W. and
25.3 m west of R.0.W. monument 170

New H.M.L. #3 Location:

Sta. 11 + 538.5 Highway 401
58.7 m Rt. of Hwy. 401 R.O0.W. and
27.7 m west of R.0.W. monument 170

We believe that this memorandum meets with your present requirements.
If you have any questions, please contact us.

\ ]

;.C. Kim, P.gEng.

Project Foundations Engineer
for
M. Devata, P. Eng.
, Chief Foundations Engineer
¢.c. - W.R. Lankinen (East)
M. 0'Sullivan

R.K. Kawaguchi
7640 12318 (10/78;}
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Winter
Associates

Clommdting Engineers, Aschitects,
Plunners & Leradsoape Archiects

MEMORANDUM

To: File

From: R.K. Kawaguchi
Date: November 20, 1987

W.P. 20-87-01 HIGHWAY 401
TRAVEL INFORMATION CENTRE
HIGH MAST POLE

REWAL PROJECT 8109

Resulting from changes to the CV parking lot, the raised island where HML
pole 3 is located will require adjustment.

Mr., T.C. Kim, Head Office Foundations inspected the new pole location in
the field.

" The existing terrain slopes gently to the cast and Mr. Kim is satisficd
that there will be no detrimental impact by relocating the HML pole to a
ncw location by 3.44m south westerly from the borchole location.

Original HML pole location:

Sta. 11+558.0 Highway 401

54.60m RT. of Highway 401 R.O.W.
and 27.3m west of

R.O.W. monument 170

Actual borchole location

Sta. 114560 Highway 40}

55.60m RT. of Highway 401 R.O.W.
and 25.3m west of ROW.
monument 170

T0324/1trs.8

R.E. Winter & Associates Limited
4255 Sherwoodtowne Bowdevird, Mississanga, Ontario LAZ1YS « Tel () 2730110 « Telex 06 986700 TOR



New Location

Sta. 11+4558.5 Highway 401
38.7m RT. of existing
Highway 401 R.Q.W. and
27.7m west of R.OW.
monument 170

Approximate original ground elevation at new location is 196.8.

Mr. Kim will confirm in writing concurrence to relocate HML pole 3 to the
new location, '

RKK/rs

c.C. T.C. Kim ,
W.R. Lankinen l/ -
M. Bendayan . + W‘”‘ A {p%ww-»g )
M. O’Sullivan ¥ Py
RI Weir (™ ¢
R.W.A. Jamieson{ """ |

TO0324/1trs.8
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® ®
memorandum ¢

Ontano

To: G.C.E., Burkhardt Date: 1987 11 13
Head, Structural Section
5000 Yonge Street
Central Region

Atten: M.D. Bendayan

From: Foundation Design Section
Room 315, Central Building

RE: Foundation Recommendations
for the Pedestrian Bridge
and Concrete Culvert at
Travel Information Centre
W.P. 20-87-01
District 6, Toronto

We have completed the Field Investigation for the Pedestrian Bridge
and concrete culvert at the crossing of the relocated chanmnel and

the internal access roadway for the proposed Travel Information
Centre (Figure 1). The subsoil consists of fill material which
consists of a mixture of silt, sand and gravel with random pockets

or layers of silty clay, underlain by a compact to very dense gravelly
sand to sandy gravel with some silt and trace of clay (sandy glacial
£ill) as shown on Figure 2. A tree trunk of about 0.6 m in thickness
was encountered within the fill material at Borehole 20. Groundwater
was observed to be at approximate elevation of 192.0 m as shown on
Borehole Logs attached.

Based on the site investigation, we present the following discussion
and recommendatioms for the foundations of the Pedestrian Bridge
and Concrete Culvert at the Travel Information Centre.

DISCUSSION AND RECOMMENDATIONS

As mentioned above, the soil stratigraphy at the site consists of

a mixture of fill material, underlain by a sandy glacial till. The
fill material contains various amounts of old concrete slabs, tree
trunks and steel debris. The thickness of this fill varies from

1.4 m at Borehole 19 up to 3.7 m at Borehole 20. The glacial till

is predominantly sand with various amounts of gravel and occasional
cobbles. Occasional cohesive zones are encountered within this glacial
ti1l deposit. This deposit extends to a depth of about 10 m below
ground level, underlain by Weathered Shale at an approximate elevation
of 186.0 m.

The groundwater elevation is believed to be at an elevation of
approximately 192.0 m at the location of the bridge, which is slightly
higher than that of pond water of 191.2 m. The groundwater elevation
at the proposed culvert location is approximately 192.5 m.
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Our foundation recommendations for the design and construction of
the Pedestrian Bridge and Concrete Culvert at the Travel Information
Centre are as follows:

1. TFoundations for Pedestrian Bridge

Spread Footings

It is recommended that the new pedestrain bridge structure

be supported on spread footing type of foundations placed

within the natural subsoil of compact to very dense

granular natural soil or on well compacted Granular 'A' material.
The founding elevations and the parameters for the footing
design are as follows:

Location Footing Factored U.L.S. 5.L.S. Type II
Elev. (m) (kPa) (kPa)
East and West 191.5 700 300
Abutments or below

The abutments can alternatively be perched within a well-compacted
core of Granular 'A' provided that the existing fill material

is removed. The details of this engineered fill are shown on
Figure 3. If this scheme is adopted, loadings of 900 kPa at
U.L.S. and 350 kPa $.L.S. Type I1I can be used in the design.

Resistance to sliding of the footings can be calculated

assuming a coefficient of friction of 0.6 between the underside

of the concrete footing and granular type material and that of

0.7 between the underside of the comcrete footing and the Granular
'A' core.

Piles

Alternatively, the bridge structure can be supported on end
bearing steel 'H' piles (310 HP 110) driven into the weathered
shale using the following design values and tip elevations.

Location Estimated Factored U.L.S. §.L.5. Type I1
Tip Elev.. (kPa) (kPa)
m
East and West 185.0 1600 980
Abutments

2. Foundation for Concrete Culvert

Based on the site investigation the proposed concrete culvert
may be constructed on a Granular 'A' pad and the following table
provides details for the design of the concrete culvert.
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Ref. Approx. Base Factored U.L.S. S.L.S. Type 11
BH of Culvert (kPa) (kPa)
Elev. m
21 193.3 600 250

All £ill material should be removed to its full depth within

the foundation area to approximate Elev, 192.0 m.

The excavated area should be backfilled with well compacted Granular
'A' material to the base of the culvert as shown on Figure 4.

Earth Pressures

The Granular 'A' or 'B' backfill to the abutments of the bridge
as well as the culvert should be in accordance with Special
Provision No. 121 (dated October, 1983).

The following parameters are recommended for the granular backfill:

Granular 'A' Granular 'B'
Angle of Internal Friction ¢ = 35° 30°
Unit Weight (kN/m*) rr =22.8 21.2
Coefficient of Active Earth
Pressure (Kp) _ 0.27 0.33
Coefficient of Earth
Pressure at Rest (Ko) 0.43 0.5

Computation of earth pressure should be in accordance with Section
6.6.1.2 of the O.H.B.D.C.

Frost Protection

The footings should be placed so as to have a minimum earth cover
of 1.2 m to allow for frost protection.

Construction

During excavation, care shall be exercised by not leaving any
old fill material undermeath the proposed footings. Dewatering
for the footing excavations may be a problem, since excavations
will be carried out below the water level in granular subsoil.
One method of achieving this is carrying out excavations by means
of oversize perimeter ditches and constantly pumping out water
from the ditches.



I .v,

For f£ill heights in the order of 4 metres, stability problems are
not anticipated if slopes are constructed at 2H:1V.

Our complete foundation investigation and design report will be submitted
after the laboratory and drafting work is completed.

We believe that this memorandum meets with your present requirements.
If you have any questions, please contact us.

L}
W
f(C. Kim, P. Eng.
Project Foundations Engineer

for

M. Devata, P. Eng.

Chief Foundations Engineer
TCK/mm j (East)

Encl.

¢.¢c. = W. Lankinen
R.D. Gunter
J. Cullen
R. Rawaguchi
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memorandum

Ontario
Tel: 3731

To: G.C.E. Burkhardt Date: 1987 11 06
Head, Structural Section
5000 Yonge Street
Central Region

Atten: M.D. Bendayan

From:  Foundation Design Section
Room 315, Central Building

RE: Foundation Recommendations .
For High Mast Lighting
For Travel Information Centre
W.P. 20-87-01
Digtrict 6, Toronto

We have completed the Field Investigation for High Mast Lighting

at the above site. The subsoil consists mainly of Gravelly Sand

to Sandy Gravel with varying amounts of cobbles and boulders (Glacial
Till) overlying up to 0.6 m thick silty clay topsoil layer. The

full extent of the glacial till stratum was not investigated, but

was found to extend to a maximum depth of 12.7 m below the ground
surface. Occasional shaly zones and cohesive zones were encountered
in the lower portions of glacial till stratum. Weathered shale was
encountered in two locations, BH's 16 and 17, at approximate elevation
of 185 m. Groundwater was observed in the boreholes at approximate
elevations between 191.8m and 195.2 m as shown on Borehole logs attached.

Based on the gite investigation, we present the following discussion
and recommendations for the High Mast Lighting at the Travel Information
Centre.

Discusgion and Recommendations

A foundation investigation was carried out at the above-noted site

in order to establish soil parameters for the design of the 5 HML
foundations. The investigation consisted of advancing 1 borehole

at each of the HML locations to a depth ranging between 9.4 and 12.7m
below the ground level.

Table 1 indicates the proposed location of each of the 30 m high

HML and the appropriate locations of the boreholes. As shown on

Table 1, since the proposed HML location is situated on the middle

of the slope and further permission to enter the private property

could not be obtained within the limited time, actual borehole location
for HML #2 (B.H. No. 15) moved towards Hwy. 401 about 6.5 m from

the proposed HML location.

7540-1318 (10/78)
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Design Consideration

The High Mast Lighting foundations will be supported on a single
concrete caissons and the design should be in accordance with the
method described by Broms as per the following papers.

Broms, B.B.

Lateral Resistance of Piles in Cohesive Soils,

Journal of the Soil Mechanics and Foundations Division, ASCE,
Vol. 90, No. sM2

Paper 3825, March 1964

and

Lateral Resistance of Piles in Cohesionless Soils,

Journal of the Soil Mechanics and Foundation Division, ASCE,
Vol. 90, No. SM3 '
Paper 3909, May 1964

The soil parameters provided inm Table 2 are recommended for the design
of the HML foundations. The following notation has been adopted:

Qb = apparent angle of friction for cohesionless soils

qu = unconfined compressive strength in kPa (qu = 2 x Cu) for
cohesive soils

r

The material within the zone of frost penetration depth should not
be included in calculations of lateral resistance. At this site,
the depth of frost penetration is 1.2 m.

bulk unit weight in kN/m?>

Construction Considerations

The investigation revealed that the subsurface conditions across

the site are generally uniform and consist of gravelly sand to sandy
gravel with varying amounts of cobbles and boulders (Glacial Till).
At BH #18 boulders up to 0.5 m in size were encountered where HML
#5 location as shown on borehole log.

Caissons will be located below the prevailing groundwater in granular
subsoil. In view of this, the following special provision should
be included in the contract.

" The contractor shall install concrete footings
in earth for high mast poles. At the various pole
locations, soil deposits consist of mixtures of silts,
sands and gravels with occasional cobbles and boulders.
Groundwater is likely to be encountered from two to
8ix metres below the existing ground surface.
The soil is highly susceptible to conditions of
unbalanced hydrostatic head and seepage forces and
is likely to 'boil' and become unstable under
such conditions. The contractor shall maintain
the stability of the soil in the sides and bases
of the holes for the concrete footings at all times
from commencement of their construction to the
placing of concrete.,"
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Our complete foundation investigation and design report will be submitted
after the laboratory and drafting work is completed.

We believe that this memorandum meets with your present requirements.
If you have any questions, please contact us.

T.C. Kim, P. Eng.
Project Foundations Engineer

for

M. Devata, P. Eng.

Chief Foundations Engineer
TCK/mm j (East)

Encl.

¢.c. = W. Lankinen
R.D. Gunter
J. Cullen
‘R. KRawaguchi




HML #

TABLE 1 - HMIL and Borehole Locations

. Proposed HMI, Locations

STATION NO.

11 + 203.0

11 + 351.5

11 + 558.0

11 + 808.5

11 + 959.0

0/S Fr. Property Line

11.1 m Lt,

3.7 m Lt.

54.6 m Rt.

6.1 m Lt.

11.6 m Lt.

BH No.

14

15

16

17

18

Actual Borehole Locations

STATION NO.

0/8 Fr. Property Line

11 + 202.9

11 + 352.0

11 + 560.0

11 + 808.4

11 + 595.0

11.1

10.2

55.6

6.1

11.6

m Lt.

m Lt.



ote Elev: @
1 199.4 - 198.8
(BH 14)
198.8 - 197.3
197.3 - 196.5
196.5 - 195.0
195.0 - 191.9
191.9 - 186.7
2 198.2 - 197.6
(BH 15)
197.6 - 195.3
195.3 - 192.6
192.6 - 191.0
191.0 ~ 188.0
188.0 - 185.5
3 196.6 - 196.0
(BH 16)
196.0 - 193.7
193.7 - 188.3
188.3 - 185.6
185.6 - 184.3
4 194.5 - 193.9
(BH 17)
193.9 - 192.3
192.3 - 190.1
190.1 - 188.6
188.6 - 186.3
186.3 - 185.4
185.4 - 184.4
5 194.7 - 194.2
(BH 18)
 194.2 - 185.3

TABLE 2 -~ Soil Parameters

Type of Soil

Denseness or

Consistency
Cohesive -
(Top Soil)
Non~Cohesgive Compact
Nou-Cohesive Dense

Non-Cohesive
Non-Cohesive

Non-Cohesive

Cohesive
(Top Soil)

Non~Cohesgive
Non-Cohesive
Non~Cohesive
Non-Cohesive

Non«Cohesive

Cohesive
(Top Soil)

Non-Cohesive
Non-Cohesive

Non-Cohesgive

Weathered Shale

Cohegive
(Top So0il)

Non-Cohesive
Non-Cohesive
Non=Cohesive
Non-Cohesive

Non~Cohesive

Weathered Shale

Cohesive
(Top Soil)

Non-Cohesive

Very Dense
Dense

Very Dense

Loose
Dense
Very Dense
Dense

Very Dense

Loose
Dense
Very Dense

Very Hard

Dense
Compact
Dense
Very Dense
Dense

Very Hard

Very Dense

31
35
43
35
43

26
36
43
34
39

27
34
39
43

35
32
37
39
34
43

43

qu
kPa

¥

kN/m3

19.3

20.1
20.7
21.2
21.0
21.2

19.3

19.3
21.0
21.2
20.7
21.2

19.3

19.3
20.4
21.2
21.2

19.3

20.7
20.1
21.2
21.2
20.7
21.2

19.3

21.2

e
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To:  A. Wittemberg ' - Date: 1937 10 30
Head, Planning and
Design Section
5000 Yonge Street

Ontario

memdrandum

Atten: W.K. Lankinen

From: Foundation Design Section
Room 315, Central Building

RE: Foundation Recommendations
For Travel Information Centre
W.P. 20-87-01
Distriect 6, Toronto

We have completed the Field Investigation for the above site.

The subsoil consists of £ill material which consists of a mixture
of silt, sand and gravel with random pockets or layers of silty
clay, underlain by a compact to very dense gravelly sand to sandy
gravel with some silt and trace of clay stratum. Groundwater was
observed in the boreholes at approximate elevation of 191.5 m as
shown on Borehole logs attached.

Based on the site investigation, we present the following discussion
and recommendations for the foundations of the Travel Information
Centre. : :

Discussion and Recommendations

As mentioned above, the soil stratigraphy at the site consists
of a mixture of fill material, underlain by a sandy glacial till.
The fill material contains various amounts of old concrete slabs,
tree trunks and steel debris. The thickness of this fill varies
from 1 metre easterly up to 4 metres westerly towards the creek.
_The glacial till is predominantly sand with various amounts of
gravel and occasional cobbles. Seams of silty fine sand, shaly
zones and occasional cohesive zones are encountered within this
glacial till deposit. This deposit extends to a depth of at least
10.2 m below ground level, underlain by weathered shale.

The natural groundwater elevation is believed to be at an elevation
of approximately 191.5 metres in most boreholes, which is slightly
higher than that of pond water of 191.2 m.

The following are our foundation recommendatioms for the design

and construction of the Travel Information Centre building and
the related patio roof columns. :

7540-1318 {10/78)
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Foundation for Building

It is recommended that the new building structure be supported
on spread footing type of foundations placed on well compacted
granular 'A' material or within natural subsoil of compact to very
dense natural foundation soil. It 1is necessary that all the f£fill
material should be removed at the building location prior to the
construction of new foundations.

The bearing capacity requirements for these foundation soils using
working stress method are as follows:

Allowable bearing pressure up to 250 kPa may be used for
building foundations at or below elev. 193.5 m on the
granular subsoil provided the sub-excavation of the existing
loose £fill being removed and replaced with well compacted
Granular 'A' at certain locations. The pertinent details
including the limits of sub~excavation are shown on the
enclosed Figure 1. The above bearing capacity was based

on the assumption that the footing width of the wall be

0.6l m (2 ft.) and the differential settlement will not
exceed 25 mm.

For sliding resistance between the footing and granular subsoil, b
a value of 0.6 may be used. The footing should have a minimum

of earth cover of 1.2 m to the underside of the footing to provide
adequate frost protection:”

In the event that the structure is designed as per 0.H.B.D.C.,
the following parameters shall be used for the footing design:

Factored Capacity Allowable Capacity
at U.L.S. (kPa) at S.L.S. Type Il (kPa)
Spread
Footings 600 250

Resistance to sliding of the footings can be calculated assuming
a coefficient of friction of 0.6 between the underside of the concrete i
footing and the granular type material. 4

In designing the basement walls, the following parameters should
be used in computing the lateral earth pressures for the granular
type of backfill:

Granular Type of Material

Angle of Internal Friction 30° %
Unit Weight (KN/m?®) 19.0 .
Coefficient of Earth Pressure ?
at Rest 0.5 t
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Foundation for Patio Columms

~loads.

Columns for the patio outside of the bwilding can be also desigred
on square or rectangular units using the above-mentioned design
bearing capacities with appropriate dimensions to satisfy the design

Sub-Excavation Details

As discussed above, all mixed fill material should be sub-excavated
and replaced with well compacted granular 'A' material. The details
are as shown on Section A-A, and the fill material near Boreholes

10 and 11 should be excavated down to elevationm of 191.5 m. The
excavation boundary should be back sloping towards Borehole 12,

and then extending to the basement floor elevation of 194.5 m near
Boreholes 6 and 13 as shown on the figure.

In the shallow excavation areas near Boreholes 6 and 13, the footings
for the wall may be placed on the natural subsoil (granular material)
after the trench for the footing is excavated to elevation 193.5m

as shown on the attached gketch.

It should be emphasized that all fill material be excavated within
the base width of the foundations prior to the construction of
the wall footings.

Construction

During excavation, care shall be exercised by not leaving any old
fill material underneath the proposed footings. Dewatering during
the excavation should not be a major problem, however, any minor
seepage or surface run-off into the excavations for foundations
could be readily handled by pumping sumps.

Immediately after the excavation in deep excavation area, backfill
to the base of the proposed footing elevation of 193.53, with
Granular 'A' is required for the building foundations.

Our complete foundation investigation and design report will be
submitted after the laboratory and drafting work is completed.

We believe that this memorandum meets with you present requirements.
If you have any questions, please contact us.

”7‘@4&%’
T.C. Kim, P. Eng.

Project Foundations Engineer

for
M. Devata, P. Eng.
Chief Foundations Engineer
TCK/MD /mm j (East)
¢c.c. = G.C.E. Burkhardt
R.D. Gunter
J. Cullen
R. Kawaguchi

Attach.
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memorandum

Ontario

To: File Date; 1987 08 12
From: D, Dundas
RE: Roadgide Rest/Picnic/Information Centre

W.p. 20~87-01, Site N/A
Hwy. 401, District 6, Toronto

On 1987 07 29, Mary Lou Pauly of this Section attended a meeting at
which R.E. Winter Associates Ltd. (REWAL) identified a need for a
hydrogdological study for the above~noted project. Ms. Pauly advised
that if the Foundation Design Section was to be requested to carry
out the study, the request, with a well-defined problem statement,
should be submitted through the Central Region Planning and Design
Section.

On 1987 08 05, I returned a call to Ron Kawaguchi of REWAL. During

our conversation Mr. Kawaguchi advised me that a hdrogeological study

for the above-noted project was required as an extremely high priority,
and that he had arranged for a hydrogeological study proposal to be
presented at a meeting scheduled for 1987 08 06. 1 advised Mr. Kawaguchi
that we would consult Central Region Planning and Design for direction.

At this time both Bill Lankinen and Len Dutchak of P & D were away.
However, I had a discussion with Margot Sheppard who invited us to
the meeting on behalf of P & D.

At the meeting Mr. Kawaguchi stated that Mr. Dutchak had authorized
him to proceed with obtaining a proposal for a hydrogeological study,
a copy of which was provided to me.

After the meeting we immediately attempted to contact P & D, which
subsequently led to my telephone conversation of 1987 08 10 with

Bill Lankinen in which Murty Devata of this office participated.
During ‘the conversation we advised Mr. Lankinen that geotechnical
investigations of this nature are normally carried out through this
office. We also agreed that any further requests for our involvement
in this project would be from the P & D Section, as we are not aware
of REWAL's authority to request our services.

However, on 1987 08 11 we were invited to another meeting by Mr.
Kawaguchi. When I contacted Mr. Lankinen for clarification he advised
me that REWAL was acting as project manager for this project and was
calling on his behalf. He also advised that the purpose of the meeting
was to discuss a proposal for a hydrogeological study prepared by
REWAL's geotechnical consultant.

I responded that we could not contribute to a meeting involving a

review of the REWAL geotechnical consultant's proposal for a
hydrogeological study.

7540-1318 {10/78)
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In order to avoid further inconsistencies, I again clarified ocur position
as follows.

A hydrogeological study is a geotechnical investigation.
Normal MTC policy is to arrange such studies through this
office. The study would either be conducted in house or
assigned to a geotechnical consultant under our technical
supervision. In this way we can ensure both the technical
integrity and cost effectiveness of the study.

If we can be of assistance with any aspect of this project

related to geotechnical engineering, P & D should contact thisg
office. ’

<éz>‘£/. AZluwzemhss'

D.H. Dundas, P. Eng.

DHD/pb S5r. Foundations Engineer

¢.c.: M., Devata
D.R. Brohm
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