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EXPLANATION OF TERMS (JSED IN REPORT

2

'H' VALUE: AN INDICATOR OF SUBSOIL QUALTTY. IT IS OBTAINED FROM THE STANDARD PENETRATION TEST (C5A STD. All9.1). SPT "N' VALUE IS THE NUMBER OF BLOWS
REQUIRED TO CAUSE A STANDARD 2 INCH O.D. SPLIT-BARREL SAMPLER TO PENETRATE 12 INCHES INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER
WEIGHING 140 POUNDS, FALLING FREELY A DISTANCE OF 30 INCHES. FOR PENETRATIONS OF LESS THAN 12 INCHES 'N' VALUES ARE INDICATED AS THE NUMBER OF BLOWS
FOR THE PENETRATION ACHIEVED. 'N' VALUES CORRECTED FOR OVERBURDEN PRESSURE ARE DENOTED THUS W.

DYNAMIC CONE PENETHATION TEST (0SA $1D. A119.3): CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (2" 0.D. 60 CONE ANGLE) DRIVEN BY 350 FI-LB IMPACTS
ON 'AT SIZE DRILL ROPS. THE RESISTANCE 1O CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR FACK 12 INCH ADVANCE GF THE CONICAL POINT INTO THE

UNDISTURBED GROUND.

SOIL QUALITY: SOILS ARE DESCRIAED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY.
CONSISTENCY: GOMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH AS FOLLOWS:

{ 54 (psp) 0 - 250 | 250 - 500 {500 - 1000 |1000 - 2000{2000 - 4000| > 4000
VERY SOFT |  SOFT BLEM STIFF  |VERY STIFF HABD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF 5PT 'N' VALUES AS FOLLOWS:

TN (BLOW/PT) 0 -3 5 = 10 10 ~ 30 30 - 50 = 50
VERY LOOSE LOUSE COMPACT LENSE VERY DENSE

ROCK, QUALITY: ROCKS ARE DESCRIBED 8Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND/OB STRENGTH .
RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH DRILLED IN THAT CORING RUN.

HODIFIED RECOVERY: SUM OF THOSE NATURALLY FRACTURED CORE PIECES, 4"+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN, THE
ROCK QUALITY DESIGFATION (RQD), FOR MODIFIED RECOVERY,1S:

[ ro 0-25 | 25-50 | 50-75 | 75-90 | 9 - 100
VERY POOR |  FOOR FAIR Co0D | EXCELLENT
JOINTING AND_BEDDING:
SPACING 2" 27 -z T -3 T - |0
JOINTING  |VERY CLOSE | CLOSE  |WOD. CLOSE | WIDE | VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK

ABBREVIATIONS & 3SYMBOLS

LABORATORY TESTING FIELD SAMPLING EARTH_PRESSURE TERMS
TRIAXIAL TESTS ARE DESCRIBED IN TERMS OF WHETHER S5  SPLIT SPOON m COEFFICIENT OF FRICTION
THEY ARE CONSOLIDATED (C) OR NOT (U) WS  WASH SAMPLE 5 ANGLE OF WALL FRICTION
ISOTROPICALLY (I) OR NOT (A) 5T SLOTTED TUBE SAMPLE
AND SHEARED DRAINED (D) OR UNDRAINED (U) B S DBLOCK SAMPLE k, COEFFICIENT OF EARTE FRESSURE AT REST
WITH PORE PRESSURE MEASUREMENTS (BAR OVER SYMBOLS) €5 CHUNK SAMPLE k, COBFFICIENT OF ACTIVE ZARTH PRESSURE
EG, CIU = COMSOLIDATED ISOTROFIC UNDRAINED T W THINWALL OPEN % COBTFICIENT OF PASEIVE EARTH PRESSURE
TRIAKYAL WITH PORE PRESSURE MPASUREMENT TP TUINWALL PISTON p
UNLESS OTHENWISE SPECIFLED TN REPORT ALL TESTS 0S  OSTERBERG SAMFLE t ANGLE OF INCLINATION OF SURGIARGE
ARE IN COMPRESSION F§ FOTL SAMPLE w $LOPE ANGLE-BACKFACE OF WALL @
R G ROCK CORE B ANGLE OF SLOPE 48
PH T.W. ADVANCED HYDRADLICALLY
PN T.V. ADVANCED MANUALLY 8NN, BEARING CAPAGLTY FAGIORS
Df DEPTH OF FOOTING
B,L FOOTING DIMENSTONS
INDEX  PROPERTIES STRENGTH PARAMETERS
Y UNIT WEIGR? OF SOIL (BULK DENSITY) o ANGLE OF SHEARING RESTSTANCE
Y  UNIT WEIGHT OF WATER T PEAK SHEAR STRENGTH
Vd UNIT DRY WEIGHT OF 5011 (DRY DEMSITY) ‘rR RESIDUAL SHEAR STRENGTH HYDRAULIC TERM§
¥'  UNIT WEIGHT OF SUEMERGED SOTL. e COMESION INTERCEPT i
Gy SPECIFIC GRAVITY OF SOLIDE Oy 7y ¥ HORMAL PRINCIPAL STRESSES h  HYDRAULIC HEAD OR POTENTIAL
GE
c  VOIDS RATIO v PORE WATER PRESSURE 5 RATE OF DISCRAR
e,  INITIAL VOIDS RATIO o, ERCESS u v VELOCITY OF FLOW
i HYDRAULIC GRADLENT
yax © TN LOOSEST STATE T PORY, PRESSURE RATI0
SEEPAGE PORCE PER UNIT VOLUME
mig © TN DENSEST STATE a, UNCONFINED COMPRESSIVE STRENGTH 3
Smae” 2 COEFFICIENT OF VISCOSITY
D, RELATIVE DENSITY = goavmyms 5 UMDRAINED SHEAR STRENGTH K
k  COEFFICIENT OF MYDRAULIC CONDUCTIVITY
n POROSITY € LINEAR STHATN
v WATER €O y g STRAIN k’h % IN HORIZONTAL DIRECTION
DIRECTION
v, LIQUID LIMIT v POISSON'S RATIO k, k IN VERTICAL DIREC
COEFFICIENT OF VOLUME CHANGE
vp PLASTIC LIMIT E HODULUS OF ELASTICITY %
COEFYICIENT OF CONSOLIDATTON
wg  SHRINKAGE LIMIT ) ¢ MODULUS OF SHEAR DEFORMATION v
T,  PLASTICITY INDEX « ¥ - Vp k, MODULUS OF SUBGRADE REACTION €, COMPRESSION INDEX
- €. RECOMPRESSION INDEX
1, LIQUIDITY INDEX = “'T..x" m,n STABILITY COEFFICIENTS £
-1
- d  DRAINAGE PATH DISTANCE
I, CONSISTENCY INDEX ﬂ..m_"'.n AB PORE PRESSURE CORFFICTENTS .
ln i T TIME PACTOR
A acTIVITY - "Ir:‘!ﬁ"s’f;rl‘ﬁ;m‘ NOTE: EFFECTIVE STRESS PABAMETERS ARE v
DENOTED BY USE OF
Om  ORCANIC MATTER CONTENT ABOVE THE STMBOL, gggfmmz U DEGREE OF CONSOLIDATION
@' = EFFECTIVE ANGLE OF % RATIO (OCR
S,  DEGHEE OF SATURATION SELARING RESISTANGE. 0, OVERCONSOLIDATIO {OCR)
[~
s SENSTHTYIry w U lvnduivbed) EFFECTIVE NORMAL STRESS

54 {remoulded }



EXTENDED CASAGRANDE SOIL CLASSIFICATION SYSTEM

HIGHLY ORSAMIL OIS

ACADEL Y PDERTSFIE0 OV COUCRR, COCuR, SPORGY FIER &
FREQUENTLY #7 FIEROUS BELTURE

FAE B OERER AIGHL Y ORLANIE 501:%

FIEL A GAF INFORMATION REQIHRED
IELD IDENTIFICATION PROCEDURES o TYPICAL NAMES LABORATORY CLASSIFICATION CRITERIA
§ SACIUMING PARICLES AARGER THAN 73 me AND GASING FEACTIONS ON SSHIMAIRD MALS} FOR DESCRIBING SOHS :
z
GRAVELS Ggi‘;’:s WIDE RANGE IN GRALN $TI€ § SUBSTANTIAL NAGURTS OF ALL § o, § WFLL GRADED GRAVELS, GRAYEL.LIAD MIZTGALS; GEVE TYPE, NAME, 1f NECESSARY; INDICATE SETEMNEME PEACENTAGES OF GRANTL ot gg CAEATEE THat &
A . u INTERMEDIATE PARTICLE $IZE LITILE 0 M2 FINES [ APPROK. ¥ OF BAMD 4 GRAWED: MAK. SilE; 4 SAKD FROM GRRAIN SI7E LuRT( gt
a e s o ANGULARLTY, SURFACE CONGHTLON, & WARD- PUKHING TN PEACEXTAGE OF FLMES | S5 B By DTWIEW OME 4nD )
3 | comt e e PREDOMINANTLY OPE S1Z£ GF A RANGE 0F SIZES WETH SOME POORL Y GRABED SRRTILS, GRAVEL-SANG NELTUSLS; KESS OF THE COARSE GRAINS; LOCAL OR CFRATTION SPRLLER ToAN 75 .m}
w g 1o 18 INTERMEDIATE S1EES AESHING G 3 ALTRE o W0 s GEDLOGIC XAME § OTHER PERTINENT DESCREP- COARSE GRAFAED STILS MRC {LESY WOT PETING ALL GRADATCON REGUIREMENTS FOR GW
VIT | st
6_ LTS CRAvEL LEVE IMFORMATION, & SYMGOL Ift #HREN- 1FIED A5 FOLLOWS: rvemten its b o8 A LEAE ot At wrn I 4
= AY W PLASTIC FINES (FOR [SEMTLFICATION PROCEDSR SELYY GRAVELS, PODRLY GRADED SRAMEL-SAMD-SHLT g Lo bt TL A-LINE WiTn A, SETMEER
23 SLE - ESLS. .
mg wits fins | L0 o | mocvanes LSS THAA 58 GM. G, SM, 5P N L SC35 TRAN 4 i T ARE BOKDERL hE CASES
al ersgcim WORE TAAN 125 T, G, S S 5L OF DAL STRAS
e WNCMT OF BUASTIC FINES {FON [DENTIFICATION PROCEQURES SEE CLAYEY GRAVELE, POORLY CRADED GRARLL-SAMD-CLAT foin BORDIRLINL (3525 { aprepatng 11n3Ts ABDVE A-c1E
z 2 FIRES} £F AL & WIATBAES RET. USE OF [ aita t,iRi“il TaHAR ¥
b33 : ST S
: o
5! SANDS Suean FI0E RUAGE HE GAADE SIZES B SUBSTANTIAL ANOIATS OF WELL GRADED SAMDS, GRAVELLY SMMRS; 1ITILE OF 66 URDISTURBED SOELS AU LNFDRRAT Il Ok S
5. iz INPERMEDIATE MARTIELE SEIES s § o FIMS STRATIFICATION, BEGREE OF [OWPRCTRESS, 1ot i
uv..")"i Ef wur ;:u wime o’ rEnE . AGISTURE CONDITIONS & o grip,, SETwEEM ONE AND)
o2 T o ot Faac @ Fes PAEDOMINANTLY DRE SIZE OR A RANGE OF 51783 WiTH POGRLE CRADE] SAMDS, GRA¥ELLY SMMOS: LITTLE OR DRATNAGE CHARKCTERISTACS é.
5 55 E:l:: e SOME INTERKEDIATE $ITES MISSING 5 b ks FiNES 3 WO WEETING Mit GAADATICN REQUEREMENTS £OR S
B R ]
Uy T SAMDS MR-PLASTIL FIRES {FOR IDERT{FICATION PROCEDURLSE SHTT SAMDS, PODMLY GRADED SAND-SILT MITTURES £ ATTERERG LTR{TS BECOW A-LINE OF | ABGWL A-LINC WETH 1 SETWEEN
Fis WITH FINES | sep m seious " i g 5, LESS Fbd & BN T ARE BORDLES ME CASES
a I— = R{GRIIRING UIL OF DR STIRRS
2
- ANGIMT OF PODRL SARD-. = ATTERILRG b EMATS ABCWL a-L M
Fi Fragst PLASTIC-FIRES (FOR 1BENTEFICATION PRDCEBARES SEE SUATEY SHNGS, POORLY GRADED SAD-TEAY KIXTURLS = -
EH & 6o @ - . T |, GREATER ThAN 3
> g .
3 IPENTEFELATION PAGCEBURES OR FIACTION SWELER Twhn 425 .m £
H F
H DAY STRENGTH GIATARCY TouGINESS (COR- g
- (Chuin e (REALTION T SISTORCY 4EhR <
2 crapcTERIsTiesy | Seing} HASTEL L3MET) i
= I+
-
S INCNGANEC SILTS & SANIT SILTS OF 5 (6T #LAS- GEFE BHM, MMRE. TF MECETSARY, IRBRCATE § :
- L3 Wi HOmE L3
. - TICETY, AXE FLNR DIGREE 4 CAAMCIER 07 PLALTICIFY, Mewmt | ¥
£ LESS Toa 363 § RARIMEE SIZE OF CORRSE GRAINS, Covouz | o
g5 TLATEY SHTS [ INGRGANIE ). GRAMILE Y CLAYS, 15 WET COMDETION, O0OUR. TF ANF, LIKL | 3
z % REDTUM 19 Ko ;f:“i T& yERe MED b | sanr CLATS, LEMK LEATS £ SE0RGGIE MANE & OTHER PLTINENT &
Wil FSRIPTIY PFORNTION 3 SPeEK 18 B
Ve -
Tgsis.
Zxl S 16HT 10 woe - o GEONEC SHE OF LN RASTICH, GMGAMC Smaat PRRENTNESES = .
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LY >
i- £
- EXl | —4 .
O ] i
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FOUNDATION INVESTIGATION REPORT
For

Thickson Road Underpass
3.0 Miles West of Oshawa
W.P. 38-77-02, Site 22-171
Hwy. 401, District 6, Toronto

INTRODUCTION

This report contains the result of a foundation investigation carried
out at the site of the above mentioned project during the period of
February 14 to 16, 1978.

The fieldwork consisted of six sampled boreholes, each accompanied
by a dynamic cone penetration test advanced by means of a continuous
flight auger machine equipped with a 3 % inch I.D. hollow stem and

solid stem augers.

The boreholes ranged in depth from 30 to 46 feet below the ground

surface,

SITE DESCRIPTION AND GEOLOGY

The site is located about 3.0 miles west of the City of Oshawa in the
Regional Municipality of Durham.

The area is located in the physiographical region known a2s Iroquois
Plain. In this area the subsoil is a mosaie of till plains, drumlins

and areas of silty lacustrine deposits.

SUBSURFACE CONDITIONS

Subsurface conditions at the site were found to be generally uniform.

The original ground, under a 1 ft. layer of topsoil, is a glacial till,
composed of a hard heterogeneous mixture of silty clay, sand and gravel
changing with depth to a very dense heterogeneous mixture of silt, sand

and gravel.



The lower boundary of the glacial till stratum was not proven at any

of the boring locations but was explored to a maximum depth of 31.5

feet below the existing ground surface., The existing Thickson Road
embankment is composed of fill material which is borrowed parent material

composed of cohesive glacial till.

A detailed description of the s0il encountered in each borehole is given
in the Record of Borehole Sheets. The estimated stratigraphical profile
and sections shown on Drawing No. 2 are based upon this information.

From ground level downwards, the subsurface conditions are as follows:

¥Fill Material

Two boreholes (B.H. 1 and 5) were carried out through the embankment
of the existing Thickson Road at the north and south side of the site.
The thickness of the fill material was found to be about 15 feet. The
£fill material is comprised of a cohesive glacial till (heterogeneous
mixture of silty clay, sand and gravel). The upper 6 to 8 feet of the

fill material contains traces of organics.

Standard Penetration Tests gave "N" values in the range of 5 to 22
blows per foot, indicating that the fill material has a firm to
very stiff consistency.

Glacial Till: (Heterogenous Mixture of Silty Clay, Sand and

Gravel Changing to a Heterogeneous Mixture of
S$ilt, Sand and Gravel).

Under a 1 foot thick layer of topsoil or immediately under the fill
material is a deposit of glacial till., The deposit is composed of .

a cohesive heterogeneous mixture of silty clay, sand and gravel

changing with depth to a granular heterogenecus mixture of silt, sand
and gravel. The boundaries between the upper slightly cohesive portions
and lower noncohesive portions of this deposit are difficult to define
exactly.



The physical properties of the upper slightly cohesive glacial till as

determined from laboratory testing are summarized below:

Range Average
Liquid Limit (wL)z 12-15 14
Plastic Limit (Wp)% 9-13 11
Plasticity Index (Ip)% 1-5 3

Moisture Content ) % - 5-9

The results of the Atterberg Limit Tests are shown on the Plasticity
Chart on Figure 1. These results indicate that the matrix is inorganic
and of low plasticity. (CL-ML to ML zone)

The result of grain size distribution testing performed on representative
samples from the overall glacial till deposit are shown in an envelope

form on Figure 2 of the Appendix.

The Standard Penetration Tests gave "N" values in the range of 31 to over
100 blows per foot, generally increasing with depth. Based on these "N
values the consistency of this slightly cohesive stratum is estimated to
be hard, whereas the relative density of the lower noncohesive portion

of the glacial till has a dense to very dense relative demsity, generally

in the very dense range.

The lower boundary of this glacial till deposit was not established,

but was proven to a maximum of 32 feet.



Groundwater

The groundwater level conditions were observed by measuring in the open
boreholes during and after the completion of the foundation investigation.
The groundwater level was found to vary between elevation 282.0 (B.H. 3)
and 310.0 (B.H. 2) which corresponds to 12 to 45 ft. below the existing
ground surface. The groundwater levels are shown on the Record of

Borehole Sheets, as well as on Drawing No. 2.
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Tom Kazmierowski, P. Eng.
Foundations Engineer

7 ) / ' // ‘ |
; / / vy oy I .
M. Devata, P. Eng.
Senior Foundations Engineer
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Omstang

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE -50IL MECHANICS SECTION

OFFICE RepoRT ON SOR EXPLORATION

RECORD OF BOREHOLE No 1 9
WP 38.77+02 LOCATION _ Co~ords. N. 15,940,906; E 1,56,759 ORIGINATED BY V.R.
DIST 5 HWY..... 401 BOREHOLE TYPE  Solid Stem Auger compiLed sy _ VoK.
DATUM Geodetig DATE February 14, 1978 CHECKED BY
p” & JOYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &, | % |Resistance pLot T O -
g8 | ¥ 20 40 60 80 100 |UMT cowrer LM 5O
§ o 2 zE = / h I h i Wp W w, :,g &
ELEV DESCRIPTION Zlg £ 2125 § |sHear sTRENGTH DB ION
DEPTH E| = | {25 5 |ouNCONFNED  + FIELD VANE N ¥ B
A 3 %U @ | QUICK TRIAKIAL  x LAB VANE WATER CONTENT (%) {%)
329, 0] Ground Level 5 : \“ 10 20, 30 GR SA 51 CL
0.0
Fill
Clayey Silt with sand T"gs 10 d 4 44 36 16
and traces of gravel :
and organic 2...88 5 320
Flrm to Stiff a1 88,111 f—t 3 31 36 30
\
313.0
16.0 e 58 13T S~ |
Glacial Ti1l Pl 310
Het. Mix. Claya'y{‘; 5. Lss.l1004/5" LI L
$11t Sand and ||}
G 1 Hard / AT ca 140 /10" L= ] 21 39 27 13
Broun TAVE, o A 4
Grey Changing to a. > Tes | en 300 piu e
Her, Mix., Silt |d.|
Sand and Gravel ' ’ B g8 195 /9" .=
V. Dense 1 .
7-_.‘9 551179 290 W 8 43 43 &
1
283.2 1A:et-s5-—-196] /9l
45.8|End of Borehole
RECORD OF BOREHOLE No 2
WP 38-77-02 ATION Co-ords. N. 15,940,935; E 1,156,861 ORIGINATED BY VK.
LOC ATED B
Dist [ Hwy_ 401 BOREMOLE TYPE Salid Stem Auger COMPILED BY V.K.
pATUM Cepdatic DATE February 14, 1978 CHECKED BY Sﬁ.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | % | U olotiance pLot NATURAL =
= =< PLASTIC  moystupe Lloun | o T REMAR
a e [ LT CONTENT LIMIT = MARKS
51 g | 32| 2 20 40 60 80 100 W W w | £ )
- - = P
ELEV DESCRIPTION iyl w3128 & |SHEAR STRENGTH o ' 2 | GRAIN SIZE
DEPTH ElZ 1 E 85 2 1o UNCONFINED * FIELD VANE| oo TENT (% y |DISTRIBUTION
g1z 5 | &Y © | QUICK TRIAXIAL X LAB VANE ER CONTENT (%) (%)
322,2 %Eoﬁd Level i - W 1 2 30 GR 5A 81 CL
0.0 o
., ‘N.,‘h-
Glacial T111 9T 155 [5d 320 ‘“M,\
Het. Mix. Claye Silt T TEE TS ) ”
Sand and Gravel /,J}'r 10b/6" e 6 42 42 10
Rard 1A s A olx
Changing to Het. Mix. [‘spto—t10 + | s Bl 7 35 43 15
Silt, Sand and Gravel | I 5185 1158
V. Dense M t LT 7 o | o
Nl 300
rosm 14l 17T]/9" b— L 25 57 14
293.0 b IS O Y
29,7 {End of Borehole

+3, x5 ; Numbars refer to
Sansitivity

20
1505 {%) STRAIN AT FAILURE
10




OFFICE gpqr ON SON EXPLORATION

Mimstry of
@ Transportation ang
Commumecanans

OFFICE -501L MECHANICS SECTION

Ortrio HIGHWAY ENGINEERING DiVlS\ON-ENGlNEERING MATERIALS
10
RECORD OF BOREHOLE No 3
w P 3877202 LOCATION _Co=ords. Na 15 940,779 Eu.d.156.291 ORIGINATED 8Y VoK
V.K.
DIST & HWY _401 BOREHOLE TYPE _ Solid Stem Auger COMPILED BY
pATUM _Geodetic pATE . February 16, 1978 CHECKED BY
e OYNAMIC CONE PENETRATION
SN PROFILE SAMPLES :“‘i‘g 3 |ResisTANCE PLOT T2 PASTIC OISTURE  LIGUD »-% REMARKS
= LimiT coMTENT L -
2“‘"
51 o o 32 2 20 A0 60 80 100 Wop W w, | 53 &
ELEV 2|8l w| 2|28 | & [SHEAR STRENGTH AP 3 D%z&ggu%i
B DESCRIPTION AR - -F-R FIELD VANE
DEPTH = Sl = i° UNCONFINED + K “, y c
212" 5 %U Z le Quick TRIAXIAL X LAB VANE WATER CONTENT (%) (%}
[t -
400 71 Gr wel held - w 30 2 30 GR 5A 51 CL
0.0 18 =
Aa am—
Glacial Till ALY 88 1323 z
Het. Mix. Clayey Silt, |, P SO - 44 44 8
Sand and Gravel o{fi 4S8 171 poo/ap
A IR 300 o[+
Hard 4N
s R L o 10 42 38 10
si5 188 156 6w
O A 12 45 37 6
e S5 hea g/ | 290 ON.F.
Changing to Het. Mix. "
silt sand and gravel. >
NP T T X3 /10"
Very Dense ah
278.7 Lz i 1 e v 1AV 280
30.5 {End of Borehole
RECORD OF BOREHOLE No 4
WP 3827702 LOCATION Comgrda, M. 15,940,833: 1,156,888 ORIGINATED BY V.X
IS $
DIST HWY___40% BOREHOLE TYPE _Solid Stem Auger COMPILED BY _V:Ks
DATUM Gepdetic Feb
ATy — pare February 16, 1779 CHECKED B8Y \
501l PROFILE o W ] DYNAMIC CONE PENETRATION
SAMPLES 52 3 RESISTANCE PLOT PaSTIC mr'g:“ R E
uRg —
oo o 20 w 20 40 60 80 100 LMIT  CONTENT  LIMT EQ REMARKS
ELEV. 2|8 w|2|95| 8 [snear strencr Wep W WSy &
DEPTH DESCRIPTION 2| 21281 & NGTH S —— GRAIN SIZE
213 5| %388 5 |° UNCONFINED + FIELD VANE . y DISTRIBUTION
x| < 5 | &Y | @ | QUCK TRIAKAL X LAB VANE WATER CONTENT (%) %]
312.5 (Ground Lavel n E o
BB TR = 10..29 30 GR SA SI CL
Glacial Ti1l 5| SR 310 |
Ret, Mixture of ] M
Clayey Silt, Sand JoAl2 21 " o=
Grayey Sttty Sand and |yt Ss /10 9 38 38 15
Hard Joll3 188, 76 0 |m
Changing to Het. Mix. 1{"
Silt, Sand and Gravel ||.fi—S5—{0C fsmi 30
Y. Demse q ” FERIT- 30 Vv L5 L o b b1 40 23 6
R EmEcm com Uy
7 290
ot
R one 4 59 29 8
1]
fof - 8
31.5 [End of Boreshole is 23

“43, 5 Numbers refer to
Sansitivity

20
15 %5 (") STRAIN AT FAILURE




Miniatry of
Transportation and
Comtunications

Ontanc HIGHWAY ENGINEERING DIVISION « ENGINEERING MATERIA'LS OFFICE -50IL MECHANICS SECTION
1"
RECORD OF BOREHOLE No 5§
WP __38-77-02 LOCATION Cowords. N, 15,940.677: B, 1,156,833 ORIGINATED BY Y.Ra.
DIST .6 HWY__ 401 BOREHOLE TYPE _ Solid Stem Auger compiin By _V-K.
DATUM . Geodetde DATE February 15, 1978 CHECKED BY
ETRATION
SOIL PROFILE SAMPLES | & Y et ot~ NATURAL =
22| P I RS NP £ | REMARKS
e w | EQ W 20 40 60 80 100 ZZ 2
O u |, - o H i i i ] Wp W W'. 33
ELEY DESCRIPTIO S12 8 289 | 2 |srear sTRencTH ORI ION
IPTION =l =1 g135 =
DEPTH I - > S 1 & 19 UNCONFINED + FIELD VANE o, Y c
g2 : %U 2 e quick TRAKAL  x LaB vang | WATER CONTENT{%) (%)
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FOUNDATION INVESTIGATION REPORT

For

West Corbett Creek Culvert Replacement,
Hwy. 401 and Thickson Road Interchange
w.P., 38-77-01, District 6, Toronto

INTRODUCTION

This report summarizes the results of a foundation investigation
program carried out at the above mentioned site and presents
recommendations pertaining to the design and construction of

the proposed culvert extensions and embankment fills. The
fieldwork was performed from 1979-12-17 to 18 and consisted

of 2 sampled boreholes advanced by continuous flight hollow
stem augers to depths of 36.0 and 47.0 feet.

In addition, information from one boring and dynamic cone
penetration test carried out on 1976-10-29 to a depth of 51.7
feet and detailed under W.P. 44-71-20 are included in this
report.

SITE DESCRIPTION

The site is located approximately 1000 feet west of the
existing Hwy. 401 and Thickson Road Interchange, where Hwy. 401
crosses over the West Corbett Creek. This location is in

the Town of Whitby, Regional Municipality of Durham.

In general, the West Corbett Creek drains the surrounding
fields and joins with the East Corbett Creek before they empty
into Lake Ontario about a mile and a half southeast of the site.

Presently the West Corbett Creek is carried beneath Hwy. 401
and the North and South Service Roads via 3 separate 10' x 6'
open concrete box culverts. The existing Hwy. 401 culvert
shows significant settlements with a prominent sag in the
longitudinal profile resulting in excessive silting within
the culvert section.
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Topographically, the area is flat to gently undulating,
generally sloping down to the creek from the east and the
west.

Physiographically, the site is located in the region referred
to as the "Iroquois Plain". This is the lowland bordering
Lake Ontario which was inundated in the Pleistocene time

by Lake Iroquois. Subsoils in this area generally consist

of lacustrine deposits overlying glacial till.

SUBSURFACE CONDITIONS

Reasonably uniform subsoils were encountered in borings at

the culvert extension locations. Overlying the locations

is a shallow surficial deposit of silty clay with some sand
and organics extending for depths of 4.5 to 9.0 feet. The
predominant soil strata underlying the site is a highly
compressible banded silty clay to clay deposit explored

for approximately 36.0 feet. Underlying this cohesive deposit
and explored'to a maximum depth of 13 feet is a silty sand
deposit.

The boundaries between the various subsoil types, as well as
location, elevations, and test results are shown on the
attached Record of Borehole Sheets.

A brief description of the various subsoils encountered
follows.

Silty Clay

A shallow surficial deposit consisting of silty clay of low
plasticity with some sand and organics was found to extend
for depths ranging from 4.5 to 9.0 feet. Occasional silt
inclusion throughout plus organics and root structures were
encountered in this deposit. Standard Penetration Test 'N’
values ranging from 4 to 7 blows/ft. in addition to visual
identification indicate this surficial deposit to have a
consistency ranging from soft to stiff, but generally firm
throughout. -
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Silty Clay to Clay

The predominant subsoil type encountered in the borings is
a glacioclacustrine deposit consisting of banded silty clays
and clays. Random mottling with irregular silt inclusions
were found throughout this deposit. This cohesive stratum
was found to extend for depths ranging from 30 to 36.5 feet.

Laboratory and in-situ testing performed on representative
samples from this deposit gave the following results:

Index Properties (8 Tests) Range Average
Natural Moisture Content (w) % 25-55 40
Ligquid Limit (wL)% 36~55 43
Plastic Limit ' (wp) % 14-18 16
Plasticity Index (Ip)% 21-37 27

Consolidation Testing (2 Tests)

Degree of Preconsolidation

(c'p - U'Vo) t.s.f. 0.56, 0.6l
Initial Void Ratio (eo)% 1.5, 1.6
Coefficient of Consolidation (CC) 1.2, 1.4

The results of the Atterberg Limit Testing are shown on the
Plasticity Chart, Figure 2 and indicate the deposit to be an
inorganic silty clay to clay of medium to high plasticity,
generally varying due to the highly banded structure of the
deposit. The stratum is moderately sensitive to remoulding
as confirmed by sensitivity values ranging from 4 to 7 and
generally 4 to 9, as measured by the lab vane and field vane
testing respectively.

Two consolidation tests were performed on samples from this
deposit and are summarized on Figure 3. This testing indicates
that the banded clay deposit has been preconsolidated by a
pressure of 0.56 to 0.61 t.s.f. in excess of the existing
effective overburden pressure. Based on the results of e,

and Cc' the banded clay deposit can be described as lightly
consolidated and highly compressible. Upon loading in excess
of the preconsolidation pressure, this stratum will undergo
significant consolidation resulting in excessive settlements.



In-situ vane testing and laboratory vane, unconfined
compression, and quick triaxiél testing (refer to appended
Record of Borehole Sheets) resulted in undrained shear
strength values ranging from 100 to in excess of 1500 p.s.f.,
but averaging in the range of 100 to 500 p.s.f. below the
weathered or desiccated upper portion of the stratum. These
results indicate the deposit to have a very soft to soft
consistency.

Silty Sand

Underlying the glaciolacustrine clay deposit and penetrated
for a maximum depth of 13.5 feet is a deposit of silty sand
with a trace of clay and gravel. 'N' values ranging from 3
to 5 blows/ft. indicate this deposit has a very loose
denseness.

Groundwater Conditions

Generally, groundwater levels over the gite can be assumed to
reflect creek water levels. Water levels in the West Corbett
Creek at the time of the field investigation were found to be
at elevation 272.

Two water samples were taken from the West Corbett Creek

and submitted for testing to determine their aggressiveness

to concrete. The results are appended in memo form and indicate
that the present creek water will not affect the quality of con-
crete.



DISCUSSION AND RECOMMENDATIONS

As part of the Hwy. 401/Thickson Road Interchange improvement
plan it is proposed to upgrade the existing culvert config-
uration carrying the West Corbett Creek beneath Hwy. 401 and
replace the existing Service Roads with two interchange

ramps. Two schemes are proposed for the culvert reconstruction:

Scheme #1 - Maintain the existing 6' x 10' concrete box
culvert and replace the existing 6' x 10' culvert
beneath the north and south Service Roads with
either a 10' x 16' concrete box culvert or
equivalent twin C.S.P. connected to the Hwy. 401
culvert.

Scheme #2 - Replace all the existing box culverts under the
Service Roads and Hwy. 401 with twin corrugated
steel pipes.

Proposed profile grades for the ramps will require f£ill heights
in the order of 25 feet for Ramp W-NS and 15 feet for Ramp
N“W -

In view of the very soft and highly compressible nature of

the underlying subsoils at the culvert locations, the stability
of the embankment fills as well as settlements caused by the
additional surcharging of the subsoils by the proposed height
of ramp fills will be discussed first.

Stability of Ramp Embankment

In order to ensure the stability of the southern portion of
the Ramp N-W,S embankment and the northern portion of the
Ramp N-W embankment against a deep seated rotational-type of
failure, the following recommendations based on stability
analysis in terms of total stress are presented.

For embankments constructed using lightweight £ill, i.e. air-
dried slag or bottom ash, with a maximum compacted unit weight
of 90 p.c.f. and minimum angle of internal friction of g = 35°,
embankment slopes of a minimum 2H:1V for both ramp geometries
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were found to have an adequate factor of safety against a
rotational type of failure. Use of the lightweight fill
should extend for a minimum distance of 100 feet on either
side of the creek for the full sectional geometry of both
ramp embankments. Refer to the attached memo from the
Geotechnical Section, Central Region for availability of
lightweight fill material.

Although ramp embankments composed of normal fill material

can be constructed, they will require extensive berms resulting
in additional property acquisition which we understand to

be impractical at the present time. In addition, excessive
differential settlements are anticipated within the culvert
sections with the use of the heavier normal £ill material.

The recommendations with regards to ramp £ill material and
slope geometry pertain only to the immediate culvert extension
area where the field investigation has to be carried out by
this Section.

Consolidation Settlement of Culverts

Analyses of vertical stress increase and anticipated con-
solidation settlements were carried out to assess differential
vertical movements between various culvert elements resulting
from nonuniform surcharging of the highly compressible sub-
soils beneath the proposed geometries of the ramp embankments.
Results indicated that embankments constructed of normal
weight £ill material would cause excessive settlements beneath
the culvert extension segments. In addition, embankments
constructed of acceptable lightweight £ill material would still
result in settlements ranging from 0.6 feet to 1.8 feet within
the individual culvert segment.

In order to prevent these excessive differential settlements
within the culvert extension sections it is recommended to
remove the existing service road fills and preload the site
to the full ramp geometry using lightweight f£ill a minimum

of 6 months prior to construction of the culvert extensions.
This will insure that 50% of the total consolidation settle-
ment will occur prior to culvert placement. Provided culvert



sites are preloaded as recommenaed, anticipated consolidation
settlements between the various culvert segments are shown
on Figure 1. These settlements.can be accommodated by
allowing sufficient camber in the grade of the culvert.
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Culvert Foundations

In consideration of the very soft and highly compressible
subsoils underlying the site, our recommendations pertaining
to culvert foundations for the two schemes are as follows:

Scheme #1

The proposed concrete box culvert should be founded on a

3 foot thick well compacted Granular 'A' pad extending for

a minimum 5 feet on either side of the culvert. This will
insure a uniform stress distribution beneath the culvert and
prevent overstressing of the underlying subsoils. For the
proposed twin C.$.P,, this Granular 'A' pad should be shaped
to provide adeguate support beneath the pipe sections.
Lightweight granular cover and backfill material must be
properly compacted at the pipe hunches and around the pipe
as per M.T.C. Standards DD-813-A.

Joints between the transition culvert sections and the existing
and extended culvert sections should be designed to allow
for vertical movements between the individual culvert sections.

Cut slopes within the lightweight ramp fills required for
culvert placement after preloading must be maintained at a
minimum of 2H:1V.

Scheme #2

Complete removal of the existing culvert geometry and replace-
ment with two 11' & metal pipe utilizing open cut technigues

is not practical due to anticipated instability of the

existing Hwy. 401 embankment. For preliminary design estimating
purposes, the twin pipes can be installed in a sheeted and
braced excavation. Sheet piling will have to be driven through
the existing Hwy. 401 £ill for a minimum of 40 feet below

the base of the excavation and properly braced to resist lateral
forces. Alternatively the two pipes can be installed utilizing
tunnelling techniques and by hydraulically pushing the pipes
through the Hwy. 401 fills. 1In order to ascertain the exact
depth of sheeting penetration and design parameters for the
existing Hwy. 401 fill material, additional borings will be
required through the Hwy. 401 embankment for detailed design
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purposes. This section will carryout this investigation
provided Scheme #2 is approved.

Construction Considerations

Excavation of the existing service road fills prior to
preloading the site using lightweight £ill should be carried
out in transverse sections with a minimum base width not
greater than 25 feet. Each section should be backfilled
with lightweight fill before excavation of the next section
commences. This staged excavation should be carried out

for the full 200 feet of treatment on both ramps.

All organic and deleterious material should be excavated
from beneath the pipe and backfilled with a well compacted
free-draining granular material within the limits of the
proposed compacted Granular ‘'A' pad.

MISCELLANEOUS

The fieldwork for this report was carried out under the
supervision of Mr. T.J. Kazmierowski, Project Foundations
Engineer, using equipment rented from Dominion Soil Investigation
Inc¢., Toronto.

This report was prepared by Mr. T.J. Kazmierowski and reviewed
by Mr. M. Devata, Senior Foundations Engineer.

W Moo —

fﬁ T.J. Kazmierowski
Project Foundations Engineer

M. Devata
Senior Foundations Engineer
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memorandum |

Ontario

To: Mr. T. Kazmierowski, Date: 80 01 10
Project Foundation Engineer, . .
Pavement & Foundation Design Section, File No: 3162-2-2-314
Central Building, Room 313.

From: Engineering Materials Office,
Chemicals Section,
Central Building, Room 105,

Conerete Mix and Foundations

[T ——————————E T G i

Attached are the test results of two water samples of which you
requested to determine their aggressiveness to concrete.

The test results show that:

- The pH values indicate slightly alkaline waters considered non-
aggressive to concrete.

- The chloride contents are somewhat elevated. This indicates that
the samples are salt contaminated. In my opinion, the chlorides
are not sufficiently high to cause any harm to concrete. However,
it should be realized that the chlorides will slowly penetrate the
concrete (depending on porosity) and will initiate corrosion of
the re-inforcement if this is present.

~ The iron contents are harmless.
-~ The Concrete Manual rates a concentration of 0-150 ppm SO4" as

having a negligible degree of sulphate attack. The sulphate con-
centrations determined in the samples are, therefore, harmless.

R. A. Sterk, / .
Head, e gfffi
Chemicals Section. kxﬁa S

RAS :ma e e T

7540-1318 (10/78)



Test Results of Water Samples

e e R W mh e e WAL L g e mAe AL e e W

Chem, lLab, Number | 79~13010 79-13011
Soils Lab. Number 32934 32935
pH | 8.6 8.4
Chloride (ppm C1') 138 148
Iron (ppm Fe) 0.2 0.2

Sulphate (ppm SO,]) 62 66



EXPLANATION OF TERMS USED IN REPORT

'H' VALUE: AN INDICATOR OF SUBSOIL QUALILY. IT 1S OBTAINED FROM THE STANDARD PENETRATION TEST (CSA SID. A119.1).
REQUIRED TO CAUSE A STANDARD ¥ INCH 0.D. SPLIT“BARREL SAMPLER T0 PENETEATE 12 INCHES INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER

WELIGHING 140 POUNDS, FALLING FREELY A DISTANCE OF 30 INCHES.

FOR THE PENETRATION ACHIEVED. °‘N' YALUES CORRECTED FOR OVERBURDEN PRESSURE ARE DENOTED tuUS V.

yzmzc CONE FENETRATION TEST (CSA STD, A119.3): CONTINUOUS PENFTRATION OF A CONICAL STEEL POINT (2" 0.D. 60 CONE ANGLE) DRIVEN BY 350 ET«LB IMPACTS
ON 'A" SIZE DRILL RODS, THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMBER OF BLOWS FOR EACH 12 INCH ADVANCE OF THE CONICAL POINT INIO THE

UNDLSTURBED GROUND.

SOTIL GUALITY: SOILS ARE DESCRIEED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY,
CONSISTENCY: DOHESIVE SOILS ARE DESCKIBED ON THE PASTS OF THEYR UNDRAINED SHEAR STRENGTH AS POLLOMS:

SPT "N’ VALUE IS THE NUMBER OF BLOWS

YOR PENETRATIONS OF LESS THAN 12 INCMES 'N* VALUES ARE INDICATED AS THE NUMBER OF BLOWS

DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON

| By test) 0 - 250 | 250 ~ 500 [500 - 1000 j1000 - 2000}2000 - 4000] > 4000
VERY SOFT | S0FT FIRHM STIFP  {VERY STIFF | HARD
THE BASIS OF SPT 'N' VALUES AS POLLOWS:
[t twowren) o~ 5 - 10 we30 | .50 150
VERY LOOSE LOOSE COMPACT DENSE VERY LENSE

ROCK QUALITY: ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCIURAL FEATURES AND/OR $TRENGTH.
RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FRUM A CORING RUN EXPHESSED AS A PERCENY OF THE TOTAL LENGTH DRILLED IN THAT CORING RUN,

R

MODIFIED RECOVERY: SUM UF THOSE NATURALLY ¥RACTURED CORE PIECES, 4"+ IN LENGIH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN. THE

SR, D

ROCK QUALITY DESIGNATION (RQD), FPOR MODIFIED RECOVERY, ISt

s ot .iﬁil
ACTIVITY = % Zpim o0il Frochion

HOTE: EPFECTIVE STRESS PARAMETERS ARE

DENOTED BY USE UF APOSTROPHE

D 0~ 25 25 ~ 50 50 - 75 75 - 90 | %0 - 100
VERY POCR | FPOOR FALR GooD EXCELLENT
JOINTING AND BEDDING:
SPACING 2 2" - 12v 1 -3 3 - 10 = 10
JOINTING  [VERY CLosE | czost oo, crose | wiop VERY HIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK
ABBREVIATIONS & SYMBOLS
LABORATORY TESTING FIELD SAMPLING
TRIAXIAL TESTS ARE DESCRISED IR TERMS OF WHETHER §§  SPLIT SPOON W
THEY ARE CONSOLIDATED (C) OR NOT (U) WS WASH SAMPLE s
ISOTHOFICALLY (1) OR NOT {A) ST SLOTTED TUBE SAMPLE
AND SHEARED DRAINED (D) OR UNDRAINED (V) B S BLOCK SAMPLE k,
WITH PORE PRESSURE MEALUREMENTS [BAR OVER SYMBOLS) €5 CHUNK SAMPLE kA
E5, CIU w CONSOLIDATED ISOTROPIC UNDRALNED TW  THINMVALL OPEN %
TRIAXIAL WITH PORE PRESSURE MPASUREMENT TP THINWALL PISTON ?
UNLESS OTHERWISE SPECIFIED IN REPORT ALL TESTS 0§ OSTEREERG SAMPLE L
ARE IR COMPRESSION F 8 FOIL SAMPLE w
RE  ROCK CORE B
PH T.V. ADVANCED HYDRAULICALLY
PM T4, ADVANCED MANUALLY Sy Nge¥e
Dy
B,L
INDEX PROPERTIES STRENGTH PARAMETERS
Y UNIT WEIGHT OF SOIL (BULK LENSITY) o ANGLE OF SHEARING RESTSTANCE
Yu  UNLT WEIGHT OF WATER 1 PEAK SHEAR STRENCTH
)fd UNIT DRY WEICHT OF S0IL {(DRY DENSITY) ‘l"R RESIDUAL SHEAR STRENGTH
¥'  UNIT WEICHT OF SUBMERGED SOIL ¢ . COHESTON INTERCEPT
Gy SPECIFIC GRAVITY OF SOLIDS Oy 03 O3 NORMAL PRINCIPAL STRESSES b
’ L]
e VOIS RATIO u PORE WATER PRESSURE N
e,  INITIAL VOIDS RATIO u, EXCESS © v
*,,, * ¥ LOOSEST Starr ' POKE PRESSURE RATIO t
in *® TN DENSESY STATE UNCONYINED COMPHESSIVE STRENGTH 3
P
B,  RELATIVE DENSITY w jorgmees . UNDRAINED SHEAR STRENGTH "
W PORGSITY € LINEAR STRAIN k
W WATER CONTENT b4 SHEAR STRATN k
%,  LIQuIo LDarr v POLSSON'S BATIO h
w,  PLASTIC LDMIT £ MODULUS OF ELASTIEXTY "
v, SHRINKAGE LDMIT G MODULUS OF SHEAR DEFORMATION i
1,  PLASTICITY DNDEX » ¥~ %p X, MODULDS OF SUBGRADE REACTION %
L, LIGUIDITY INDEX w %1’2.. m,8 STABILITY COENFICIENTS %
- d
I,  CONSISTENCY INDEX » ..!LT;.!. A PORE PRESSURE COEFFICIENTS
N T
[
on

ORGANIC MATTER CONTENT
DEGREE OF EATURATION

Su {undistwrbed }
SENSITIVITY = 5, (removided )

ABOVE THE SYMBOL, THUS:

@ = EFPECTIVE ANGLE OF
SHEARING RESISTANCE;

&' = EFFECTIVE NORMAL STHESS

[~ -4

EARTH PRESSURE TERMS

CORFFICIENT OF FRICTION
ASGLE OF WALL FRICTLON

COEFFICIENT OF EARTH PRESSURE AT REST
COEFFICIENT OF ACTIVE EARTH PRESSURE
COEFFICIENT OF PASSIVE EARTH PRESSURE
ANGLE OF INCLINATION UF SURCIARGE
SLOVE ANGLE-BACKFACE OF mmeg_'{-‘;r
ANGLE OF SLOPE A‘_’:ﬂ—‘

BEARING CARACITY FACTORS

DEPTH OF FOOTING

FOOTING DIMENSIONS

HYDRAULIC TERMS

HYDRAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE

VELOCITY OF FiOW

HYDRAULIC GRADIENT

SEEFAGE FORCE PER UNIT VOLUME
COEFFICIENT OF VISCOSITY
COEFFICIENT OF HYDRAULIC CONDUCTIVITY
k IN HORIZONTAL DIRECTION

k IN VERTICAL DIRECTION
COEFFICLENT OF VOLUME CRANGE
COEFYICIENT OF CONSOLIDATION
COMPRESSION INDEX )
KECOMPRESETION INDEX

DRAIRACE PATH DISTANCE

TIME FACTOR

DEGREE OF CORSOLIDATION
OVERCONSOLIDATION RATIO {OCR)



g Ae 20

6 -
; R Mw
_. 3 4
35 - | gﬂr
z8 tj S
Uy SIF c{% "
, o) T

@ /’2/ﬁ
%}ymﬂwu/@‘v’m '44 !
pasd



GEOCRES

ENGINEERING MATERIALS OFFICE
SOIL MECHANICS SECTION

WP 38-77-01 DIST &
HWY 401 STR SITE 22-171
South Service Road
Over East Corbett Creek
DISTRIBUTION
G.C.E. Burkhardt (3) . e
R.D. Gunter T epraptE DISPOSITION W
M.R. Ernesaks s SRS R
D.E. Thrasher (2) . TYPE DISCARD AFTER ‘ RECOMM. ©
C. Grebski ; RS 75 08 8 fﬂ) A
G.A. Wrong o = —
B.Ju Giroux % %Uggs | s :T;.mmmw»ww"“"
R.S. Pillar | ROTK _ - i
i coiss . '
R. Hore e
R. Fitzgibbon )
J. Anderson ) cover only
G. Sloan )
Files ¢/
30M15-46 DATE UL 14 1978



FOUNDATION INVESTIGATION REPORT
For

South Service Road
Over East Corbett Creek
Hwy. 401, District 6, Toronto
W.P, 38-77-01, Site 22-171

INTRODUCTION

This report summarizes the results of a foundation investigation
carried out for the project at the above mentioned site. Previous
work performed by this Section under the same Work Project con-
sisted of an investigation at the crossing of the South Service
Road over the Corbett Creek with the report issued on September 8,
1977. The fieldwork for the above mentioned site was carried out
on June 21, 1978. Two sampled boreholes, one accompanied by a
 dynamic cone penetration test, were advanced by means of continuous
flight 3%" hollow stem augers to depths ranging from 31.5 feet to
35.5 feet below the existing ground surface.

SITE DESCRIPTION AND GEOLOGY

The site is situated at the crossing of the proposed South Service
Road at the East Corbett Creek, about 2,500 feet east of Thickson
Road and 700 feet south of the existinq Hwy. 401 centerline. This
location is in the eastern boundary of the Town of Whitby, Regional
Municipality of Durham,

The East Corbett Creek originates about half a mile north of the
crossing and flows into the Corbett Creek about 1 mile south of the
crossing. The depth of water, at the time of investigation, varied
from 4 to 12 inches. The creek has eroded the surficial deposits
to a depth of 3 to 4 feet with steep channel banks and a flat bed
of approximately 6 feet in width.

The topography in the immediate area is slightly undulating and
generally slopes gently towards the south. The land is presently
used for grazing purposes, with neighbouring properties sodded for
feed purposes.



2.

Physiographically, the area ig situated in the region known as the
Iroquois Plain which consists of lowlands that were inundated by
the glacial Lake Iroquois in the late Pleistocene period. This
plain has a fairly constant pattern characterized by till plains,
drumlins and areas of silty lacustrine deposits.

SUBSURFACE CONDITIONS

The subsoil encountered at this site can be divided into two -
deposits; a lacustrine silty sand ranging in depths from 19.0 to

23 feet below ground surface, and an underlying glacial till deposit
consisting of clayey silt with sand and trace of gravel explored

to a maximum thickness of 16.5 feet.

The boundaries between the various soil types are shown on the
attached Record of Borehole Sheets. The locations and elevations
of the borings, along with an estimated stratigraphical profile
based on the borehole data, is shown on Drawing 3877-0l1.

The various subsoil types encountered are briefly described in
the following paragraphs.

8ilty Sand

A surficial deposit of silty sand some gravel, trace of clay was
found to cover the site. Overlying this deposit was a 1.6 to 3.0’
veneer of topsoil. The thickness of the granular deposit

ranged from 19.0 feet to 23,0 feet. The 'N' values range

from 7 blows/foot to 24 blows/foot, indicating a relative density
for this deposit which ranges from loose to compact but in general
compact throughout. A plot of grain size distribution is shown in
envelope form on Figure 1.

Clayey Silt (Glacial Till)

Underlying the silty sand deposit is a competent glacial till
deposit consisting of clayey silt with sand and trace of gravel.
This deposit was found to be generally unsorted and well graded,
but cobbles and boulders were encountered in increasing frequency
below a depth of 28 feet. This till deposit was explored for a
maximum thickness of 16.5 feet, corresponding to a depth of 35.5
feet below ground surface.



Laboratory testing consisting of Atterberg Limits, moisture
contents and grain size analysis performed on representative
samples of this deposit gave the following results:

Range
NMatural Moisture Content W)y % 8«13
Plastic Limit (Wp)'% 10-12
Liguid Limit (WL) % 17.0-21
Plasticity Index (Ip) % 6-9

In general, testing indicated the clayey silt matrix of the glacial

till is inorganic in nature of low plasticity. The 'N' values from

the Standard Penetration Test for this deposit ranged from 18 blows/
foot to 149 blows for 6 inches, indicating the glacial till is very

stiff to hard in consistency, increasing with depth.

Typical grain size distribution curves obtained from samples of
this deposit are plotted on Figure 1.

A summary of the Atterberg Limit Tests are shown an the Plasticity
Chart on Figure 2.

Groundwater

The water table in the immediate area was found to approximate the
East Corbett Creek water level. The groundwater may exhibit
considerable seasonal fluctuation as a result of being perched on
top of a relatively impermeable till deposit in a shallow free-
draining lacustrine deposit.



DISCUSSION AND RECOMMENDATIONS

As part of the reconstruction of the Hwy. 401 and Thickson Road
interchange, it is proposed to relocate the South Service Road
south of the existing alignment. A proposed 10' x 16' concrete
box culvert will carry the relocated South Service Road over the
East Corbett Creek, some 2,500 feet east of Thickson Road. Fill
heights of up to 11 feet will be required at the approaches to the
culvert.

In view of the uniform subsoil conditions at this location, recom-
mendations pertaining to the creek crossing are as follows.

Box Culvert

The concrete box culvert can be supported on a mat foundation founded
within the silty sand stratum provided all topsoil material is
removed entirely below the base of the culvert foundation. In order
to provide a compacted and uniform foundation bedding, a 12 inch
thick compacted granular 'A' pad should be placed to 6 inches in
excess of the full base width of the culvert. Consideration may

be given to articulate the performance of the box culvert below the
embankment so as to compensate for differential settlement. Pro-
visions for construction joints to accommodate a 2 inch camber
beneath the service road centerline should prove to be sufficient.
In order to construct the box culvert in the dry, a temporary

earth dyke or stream diversion will be required. '

For excavations beneath the water table a positive dewatering
system such as the oversize trench excavation illustrated below

will be required.

10'x 16" CONC
BOX CULVERT

L

o)
..Lfll R AR L A T

12" GRAN. A PAD

Cross-section of Oversize Trench
Excavation for Dewatering Purposes
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Assuming a rigid box culvert, which allows no movement at the top
of the wall, a coefficient of earth pressure at rest, Ko, of 0.5
may be used to estimate the earth pressure acting against the wall.
To estimate the horizontal resistance against sliding between the
rough concrete and the granular 'A' pad, a value of 0.6 for the
coefficient of friction may be used for deéign purposes.

Alternative Culvert Types

The site is also suitable for the construction of a structural
steel plate arch or pipe culvert provided bedding and backfilling
operations are carried out as per current M.T.C. practice.
Particular attention should be given to the compaction of the
bedding material beneath the haunches of the pipe to ensure that
the desired degree of compaction is achieved. To allow for flexi-
bility and deflection of the pipe, the granular 'A’ pad'should be
carefully shaped and levelled for the width of the area under the
bottom radius of the pipe. Again, a positive dewatering scheme
asvmantioned previously, will be required for the placement of the
granular mat and bedding.

Embankments

No stability problems are anticipated for the fills approaching
the East Corbett Creek if the slopes are constructed not steeper
than 2:1. For protection against embankment erosion, standard
seeding/sodding operations should be carried out with limited rip-
rap utilization at the creek banks for slope protection as per

f “

T. Razmierowski
Project Engineer

m ‘ p(DWwd—q

M. Devata, P. Eng.
Supervising Engineer

hydraulical requirements.

July, 1978
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OFFICE REPORT ON SOIL EXPLORATION

5
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®

Qntare

Mimatry of
Transponation snd
Commumeationy

HIGHWAY ENGINEERING DIVISION ~ENGINEERING MATERIALS OFFICE -501L MECHANICS SECTION

RECORD OF BOREHOLE No 1

* Open hole water
level reading taken
4 hours after
completion on
borehole

S 387701 LOCATION __Coords. N 15,940,960; B 1,159,448 ORIGINATED BY T.K.
pist 6 HWY 401, BOREHOLE TYPE Continuous Flight 3%" Holleow Stem Augery COMPILED 8Y
DATUM Geodetic DATE June 21, 1978 CHECKED BY ﬁu
o wi ] DYNAMIC CONE PENETRATION -
S501L PROFILE SAMPLES o 5 RESISTANCE PLOT nasric NATURAL :3; REMARKS
b $6| » 20 40 60 80 g0 |UWT covteNt wWT) S o &
(o3 N ] = = ) i | ) i Wp W W, w—“’g
ELEV DESCRIPTION Sle| 8] 2 25| O [SHEAR STRENGTH DSRIBUTION
Lho i £l >1al35 = {
EPTH 1S Z |3 51 5 o unconnnes + FIELD VANE N y B
glz 5 gu 2 le quick rriaxiaL  x tas vang | WATER CONTENT (%) (%)
269.3 | Ground Surface » * & 0 20 39 GR 5A 5 Cl
Q.01 . Topsoil e 27
1.6 Silty Sand 'ﬁ T Tss T4 * o 9 5330 8
Soma Gravel e T 88T 15 L o S 46 32 7
TR
Trace Clay SUEETeE Ty 260 z .
) s i o 5 5238 5
AN SRR \
Compact . .
B I I 2 <> ° D2 42 30 ¢
250.3 .. 250
19.0 ! Clayey Silt Wit 5 32 45 18
With Sand A R ™~
and Gravel MMM
. P
(Glacial Til1) Bl.5s.l a2
Cobbles from 28,0' el 240
Firm to Hard P @ 4 Ty 0 frmmdd L2 30 34 24
9/
243.8 Sl tugmdoagnd LN
35.5} End of Borehole

+3, %% ; Numbars refer to
Sensitivity

20
15 &5 (%) STRAIN AT FALURE
10



Mimstry of
Transportation and
Commumcations

OFFICE REPORT ON SGH EXPLORATION

Ortarky HIGHWAY ENGINEERING DIVISION~ENGINEERING MATERIALS OFFICE 501 MECHANICS SECTION
RECORD OF BOREHOLE No 2
WP __38-77-01 LOCATION Coords, N 15,940,868 ¥ 1,159,486 ORIGINATED BY T.K.
DisT__6 HWY___ 401 BOREHOLE Typg__ Continucus Flight 3%" Hollow Stem Augers COMPILED BY
DATUM __ Ceodetie DATE ___ Jume 21, 1978 cHeckep oy &G
SOl PROFILE SAMPLES @ w | DYNAMIC CONE FENETRATION :
&%’ T |ResisTancE pLOT 2.,.,_“____. pastic  NATURSL  Liouin ,_’:E REMARKS
do ‘\}: LT CONTENT LHMIT =0
5w o 3: v 20 40 b0 80 W00 W W " %m 3
ELEV OESCRIPTIO Elgl wl 3198 & [sHEAR STRENGTH — ey 2 | GRAIN SizE
DEPTH N |31 215138 & |ounconmnen  + FiELD vane water content | 7 DISTRIBUTION
=1z » | EY o 1® GUICK TRIAXIAL X LAB VANE (% {%)
269,61 Ground Surface ey ki i 400 800 1200 1600 2000 10 20 30 GR SA S} CL
0.0} Topsoil o
266.6 ~
3.0 Silty Sand S T ‘
Some Gravel “lal2l ss!13 o 853232 ¢
T cl ol 3
race Clay 2 D8 L b 260
lelEissTIe) |
ol |5 | 881171 : d 13 45 31 11
Loose to Compact ‘o[ T 357 ‘
it
s 250
5 - y
246.8 ofoll.58 ] 8 13 32 45 10
23,01 Clayey Silt With //
Sand, Trace Gravel 1 A8 88 140
Cobbles from 28,0’ 711 240
e T M,
238, | SEpstel TUD o 8 55 1131 ] e 7 33 36 24

31.5} End of Borehole

Note: Borehole
water level not
establighed.

3 5. Numbary rafer to 20 .
4y %7 Sensitivity 15 .g-s {*) STRAIN AT FAILURE
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Qct 75, FF-5-22
UNIFIED SOIL CLASSIFICATION SYSTEM
. SAND GRAVEL
CLAY & ST Fine | Medium | Coarse | Fine { Coarse
100 MINISTRY SIEVE DESIGNATION 270200 140 100 8050 40 3020 16 10 8 Yo Wty 2“2'/2"3;
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GRAIN SIZE IN MILLIMETERS
FIG No 1

Ministry of
@ Transportation and
Communications

Ontario

ENGINEERING SERVICES BRANCH

GRAIN SIZE DISTRIBUTION

SILTY SAND
SOME GRAVEL TRACE OF CLAY

WP 38~77-01




Qct 75, FF-5-22

UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine ™ Mediom [ Coarse Fine | Coarse
oo MINISTRY SIEVE DESIGNATION 170 200 140 100 6050 40 30 20 16 . ) //%-. PR VORI 2..2‘12"33
//
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M/“" -M.»’/ L~
rpt e i s
80 e s Lt 20
I
P
70 a // - <] 30
} // /" ./'
O 80 / / ] @
2 /f/ ‘-" . z
2 A= 2
g /.":ﬁ. 5o W
5 ¥ Pz LEGEND 5
& Vi BH |sAmPe|  svmsoL | ¥
i ) WA ™
-9 / ' ] 7 *
/]
/;. / 1 9 [
30 ‘;ﬁ’ 70
7z 2 Q9
20 80
10 90
100
° TTITI 1 1 l [11 [T ITT T I T1
§ § § é “g’ = o 2 3= 0. 0.5 1.0 2 4 5 10 10 30 40 506070
' T T GRAIN SIZE IN MILLIMETERS
@ T o ion and GRAIN SIZE DISTRIBUTION FIG No 2
, Communications CLAYEY SIT WP 38~77-01
Ontario WITH SAND TRACE OF GRAVEL
ENGINEERING SERVICES BRANCH (GLACIAL TiLL)




Oct 75, FF.521 * .

Ontario

ENGINEERING SERVICES BRANCH
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'R'_YALUE:

AR INDICATOR OF SUBSOLL QUALITY.

EXPLANATION OF TERMS USED IN REPORT

IT I5 UBTATNED FPHOM THR STANDARD PENETRATION TEST (CSA S1D. AL1V.Y).

REQUIRED TO CAUSE A STANDARD 2 INCH ©,D. SPLIT-BARREL SAMPLER 'TO PENETRATE 12 INCHES INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER

WEIGHING 140 POUNDS,
FOR THE PENETRATION ACHIEVED,

PALLING FREELY A DISTANCE OF 30 INCHES,

DYNAMIC CUNE PENETRATION TEST (CSA STD, AJ19.33:

[N

S1ZE DRILL RODS.

UNDISTURBED GROUND.

BO1L QUALITY:

ROCK QUALITY:

SOLLS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY.

FOR PENETRATIONS OF LESS THAN 12 INCHES 'N' VALUES ARE INDICATED AS THE NUMBER OF BLUWS
'N' VALUES COKRECTED FOR OVERBURDEN PRESSURE ARE DENOTED THUS W.

CONTINUOYS PENSTRATION OF A CONICAL STEEL FOINT (2" 0.D. 60 CONE ANGLE) DRIVEN BY 350 FT-L8 IMPACTS
PHE RESISTANCE TO CONE PERETRATION 1S MEASURED AS IME NUMBER OF BLOWS FOR EACH 12

INCH ADVANGE OF THE CONICAL POINT INTO THE

CONSISTENCY: COMESIVE SOYLS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAK STRENCTH AS FOLLOWS:
5y (PSF) 0 -~ 250 | 250 - 500 {500 ~ 1000 {1800 - 2000|2000 - 4000{ > 4000
VERY SOFT SOFT FIRM STIFF  |VERY STIFF HAAD
DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF SPT 'N' VALUES AS FOLLOWS:
'N' (BLOW/FT)| 0=~ 5 5 - 10 Lo - o 0 - 50 | > 50
VERY LOOSE LEOSE COMPACT DENSE  |VERY DENSE

HOCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND/OR STRENCTH.

RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIEUES FROM A GORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENCTH DRILLED IN THAT CORING RUN,

MODLPIED RECOVERY:

ROCK QUALITY DESIGNATION (RQD), FOR MODIFIED RECOVERY,IS:

SUM OF THOSE NATURALLY FRACTURED CORE PIECES, 4"+ IN LENGTH EXPRESSED AS & PERCENT OF THE LENGTH OF THE CORING RUN,

THE

RQD (%) 0 « I5 25 ~ 50 50 - 75 75 - 90 90 ~ 100
VERY PUOK FOOR Fale GOOD EXCELLENT
JOINIING AND_BEDDING:
SPACING an 2% . 1t -3 3"« 10" = 10
JOINTING VERY CLOSE CLOSE MOD. CLOSE WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM PEICK VERY THICK

LABORATORY TESTING

TRIAXIAL TESTS ARE DESCRIBED IN TERMS OF WHETHER

THEY ARE CORSOLIDATED  (C) OR NoT {U1)
ISOTROPICALLY {I) OR 20T (A)
AND SHEARED DRAINED (D) OR UNDRAINED (W)

WITH PORE PRESSURE NEASUREMENTS (BAR OVER SYMBOLS)

EG.

Cilf = CONSOLIDATED TSOTROPIC UNDRAINED

TRIAXIAL WITH PORE PRESSURE MPASUREMENT
USNLESS OTHERWISE SPECIFIED IN REPORT ALL TESTS
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FOUNDATION INVESTIGATION REPORT
For

South Service Road

over Corbett Creek
Hwy. 401 District 6, Toronto
W.P. 38-77-01, Site No. 22-171

INTRODUCTION

This report contains the results of a foundation investigation carried out
at the site of the above mentioned project. The fieldwork was carried out
during the period of June 29th. to July 5th., 1977. It consisted of three
sampled boreholes, two accompanied by a dynamic cone penetration test,
advanced by means of 3%" hollow stem flight augers to depths ranging from
21 feet to 51 feet below the existing ground surface.

SITE DESCRIPTION AND GEOLOGY

The site is located at the crossing of the proposed South Service Rd. of
Hwy. 401 at Corbett Creek, about 350 ft. west of Thickson Road in the
Town of Whitby, Regional Municipality of Durham. Corbett Creek originates
about one mile north of the site, flowing south about 1% miles into Lake
Ontario. At the time of the field investigation, the depth of the water
in the Creek was about 2 to 3 inches. The creek bed is approximately 10
feet wide and 2 to 3 feet below the average ground surface with almost
vertical banks.

Hilly terrain is prevalent throughout the surrounding area, whereas in the
immediate vicinity of the site, the terrain is sloping gently towards the

creek. Land to the east of the creek is utilized for pasture and an apple
orchard is located immediately west of the creek. '

The area is situated in the region physiographically known as the Iroquois
Plain. This Towland bordering Lake Ontario was inundated in the late Pleis-
tocene period by the glacial Lake Iroquois. It is characterized by some
till plains, drumlins and silty lacustrine deposits.
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SUBSURFACE CONDITIONS

General

Except for a 4 foot thick layer of topsoil found immediately below the
ground surface east of the creek, generally uniform conditions prevail
over the area. The site is underlain by a 16 to 24 foot thick deposit of
soft to firm clayey silt with occassional layers or seams of sandy silt
and clay, which overlies a glacial till. This compact to very dense
glacial till (a heterogeneous mixture of silt, sand and some gravel with
trace of clay) is at least 25 feet in thickness.

Detailed description of the various soil strata encountered 1is shown in
the Record of Borehole Sheets. The stratigraphical section shown on
Drawing No. 387701-A is inferred from the borehole data.

Following is the detailed description of the soil types encountered:

Topsoil

East of the creek, a 4 foot layer of topsoil was found just beneath the
ground surface. Based on the laboratory results, the organic content

of this layer was found to be 9 percent by weight. The 'N' values as per
the Standard Penetration test indicate the topsoil is soft.

Clayey Silt

This cohesive deposit of clayey silt was encountered just below the topsoil
to the east and immediately below the ground surface to the west of the
creek. This stratum is composed of clayey silt with occasional layers or
seams of sandy silt and clay. It extends to a depth ranging from 16 to 24
feet below the ground surface.

The results of laboratory and field tests performed on the representative
samples from this area gave the following results:

Identity Indices Range Average
Natural Moisture Content (W ) % 11-31 21

Liquid Limit (HL) % 20-35 24
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Identity Indices _ Range Average

- Plastic Limit (wp) % 10-21 13
Plasticity Index (IP) % 7-14 11
Liquidity Index (1) % 0-1.8 0.9
Bulk Density (y) psf 109-136 123
Undrained Shear Strength {cu) psf Range Sensitivity
Field Vane tests 320-(>2400) 2-6
Laboratory Vane tests 1560~6150 3-8

Consolidation Characteristics (One Test)

Initial Void Ratio (e,) | 0.66
Compression Index (c.) 0.17

Degree of Preconsolidation P'c - P'o (PSF) 10,000

The Atterberg Limit tests summarized above, are also plotted on the plasti-
city chart Fig. 1.

These results indicate that the clayey silt stratum is of low to medium
plasticity. The liquid 1imit is slightly greater than the natural moisture
content and both generally decrease with depth. However, within the

clayey silt stratum at a depth of about 12 feet, the Atterberg Limits in-
dicate the presence of a layer of silty clay to clay of medium to high
plasticity. Based on the average liquidity index which is slightly less
than one, the clayey silt deposit is inferred to be generally insensitive
to remoulding. This is confirmed by the sensitivities as measured by the
field vane tests.

The undrained shear strength as measured by the field vane tests, decreases
with depth from being greater than 2400 psf to 320 psf. Undrained shear
strength values obtained in the laboratory differ from those obtained in

the field. This can be attributed to sample disturbance caused by field and
laboratory handling and subsequent testing of the samples. The consistency
of the clayey silt stratum decreases with depth from stiff to soft.

Glacial Till

A glacial till deposit was found immediately below the cohesive clayey




silt stratum. The thickness of this strata was not fully explored but ex-

“tends to a depth of approximately 25 feet. The glacial till is composed

of a heterogeneous mixture of silt, sand, gravel and trace of clay. The
Standard Penetration Test 'N' values range from 13 blows per foot to 126
blows per foot, indicating the glacial till deposit has a relative density
ranging from compact to very dense. The grain size distribution curve and
the plasticity chart are shown in Figures 2 and 3 respectively.

GROUNDWATER CONDITIONS

The groundwater level was observed during the course of the investigation.
Artesian conditions were encountered in two of the borings, consequently
the groundwater level was observed in one borehole only. The water level
was found to be about 1 foot below the existing ground surface which cor-
responds to elevation 270. The water in the creek at the time of the field
investigation was found to be at elevation 269.

Artesian conditions were observed in the borehole east of the creek only
upon completion of the borehole. About 24 hours after completing the
boring, water was observed flowing from the borehole. The boring remained
open to a depth of 35 feet.

Two GEONOR piezometers were installed west of the creek and approximately
100 feet north of the proposed centreline of the South Service Road. One
piezometer was located in the clayey silt stratum and one was located in
the glacial ti11 stratum. The artesian head from both these piezometers
was found to be about 4 feet above existing ground surface. The piezometer
data is shown on the Record of Borehole Sheet #3.
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DISCUSSION AND RECOMMENDATIONS

It is proposed to relocate the South Service Road of Hwy. 401 at Thickson
Road. The proposed crossing of the relocated South Service Road at
Corbett Creek, some 350 feet west of Thickson Road, is to be accomplished
by means of 10' x 16' concrete box culvert. Fill heights of up to 20 feet
would be required in this area. The presence of the soft clayey silt
stratum is the governing factor from a foundation point of view, since it
will be necessary to ensure that this stratum is not overstressed by the
embankment loading. The relevance of this is discussed in the following
subsections.

Stability Considerations

Analysis in terms of total stress have been carried out to determine the
stability of fills immediately after construction. In this method of
analysis, stability is governed by undrained shear strength properties of
the foundation and fill materials. The following data and values were
used in carrying out the stability analysis:

Fill Material

(pef) p° Cu (psf

Granular material 1400 350 0

Subsoil Foundation Material

Elevation (ft.) (pcf) (pcf) _p° Cu(psf)
272~261 122 60 0 1700
261-254 122 60 0 600
254-243 122 60 0 - 400

Below 243 132 70 35 0

Based on the stability analysis fills up to 20 feet would be stable with
side slopes of 2 horizontal to 1 vertical. If fill heights exceed 20 feet
counterbalancing berms would be required to ensure stability.

For example, fill heights of 24 feet with side slopes of 2:1 would require
25 foot long counterbalancing berms at mid-height on both sides of the em-
bankment to prevent deep seated rotational failure.

e+« s O ek



Settlement of Embankment

The weight of the embankment will induce stresses within the soil strata,
resulting in the settlement of the compressible clayey silt stratum.

The distribution of these induced stresses was computed using the 'Purdue
Method'. For the settlement determination, the soil parameters employed
were based on one laboratory consolidation test.

Settlement analysis indicates that the maximum settlement due to a 20 foot
embankment will be about 4 inches. Of this, approximately 90 percent will
occur within the first 2 months upon completion of the fill.

Box Culvert

The concrete box culvert can be supported on a mat foundation founded
within the stratum of clayey silt. The upper 2 to 3 feet of this stratum
contain a trace of organic material. This upper organic zone and the top-
soil should be removed entirely below the base of the culvert foundation.
A 1 foot thick compacted granular 'A' pad should be placed to the full
base width of the embankment for bedding purposes. In order to articulate
the performance of the box culvert below the embankment, provisions should
be made for construction joints to accommodate differential settlements and
the culvert should be provided with a 3 inch camber beneath the highway
centerline. A coefficient of subgrade reaction of 100 tsf/ft. may be used
for design purposés. In order to construct the box culvert in the dry, a
temporary earth dyke of stream diversion will be required.

To estimate the earth pressure on the box culvert a coefficient of active
earth pressure, Ko, of 0.5 may be used provided no movement at the top of
the wall is allowed. To estimate the horizontal resistance to sliding
between the rough concrete and the granular 'A’ pad a coefficient of
friction of 0.6 may be used for design purposes.

MISCELLANEQUS

The fieldwork for this investigation was supervised by Mr.J. White,
Student Engineer, using equipment rented from Site Investigation Services



Ltd., Peterborough.

This report was written by Mr. M. MacLean, Project Engineer, with the
assistance of Miss. Y. Jamani, Student Engineer. Mr. B. Ly, Senior
Engineer reviewed this report.
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M. MacLean, P. Eng.
‘Project Engineer
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Senior Engineer
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EXPLANATION OF TERMS USED IN REPORT

'N' VALUE: AN INDICATOR OF SUBSOIL QUALITY.

IT IS OBTAINED FROM THE STANDARD PENETRATION TEST (CSA STD, A119.1).

SPT 'N' VALUE IS THE NIMBER OF BLOWS

REQUIRED TO CAUSE A STANDARD I INCH O.h. SFLIT-BARREL SAMFLER TO PENETRATE 12 INCHES INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER

WELGHING 140 POUNDS,
FOR THE PENETRATION ACHIEVED.

DYNAMIC CONE PENETRATION TEST {CSA STD. Al19.3):
ON 'A' SIZE DRILL RODS.
UNDISTURBED GROUND,

S0IL QUALITY:

FALLING FREELY A DISTANCE OF 30 INCHES.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY.

FOR PENETRATIONS OF LESS THAN 12 INCHES 'N' VALUES ARE INDICATED AS THE NUMBER OF BLOWS
'N' VALUES CORRECTED FOR OVERBURDEN PRESSURE ARE DENOTED THUS H.

CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (2" 0.D. 60 CONE ANGLE) DRIVEN BY 350 FT-LB IHPACTS
THE RESISTANCE TO CONE PENETRATION 1S MEASURED AS THE NUMBER OF BLOWS FOR EACH 12 INCH ADVANCE OF THE CONICAL POINT INTO THE

CONSISTENCY: COMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH AS FOLLOWS:
By (PSF) 0 - 250 | 250 ~ 500 [500 ~ 1000 {1000 - 200012000 = 4000} 4000
VERY SQFT |  SOFT FIRM SPIFF  |VERY STIFF | BARD
DENSENESS: COHESIONLESS SOILS ARK DESCRIBED ON THE BASIS OF SPT 'N' VALUES AS FOLLOWS:

NY (BLOW/FT)

Q-5 5 -~ 10 10 - 30 30 - 50

= 50

ROCK QUALLTY:
RECOVERY:

MODIFIED RECOVERY:

VERY LOOSE LOOSE COMPACT DENSE

VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND/OR STRENGIH.
SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH DRILLED IN THAT CORING RUN.

ROCK QUALLTY DESTIGNATION (RQD), FOR MODIFIED RECOVERY,1S:

RS 0~ 25 25 - 50 50 - 75 75 - 90 | 90 - 100
VERY FOOR POCR FAIR GOOD EACELLENT
JOIRTING AND BEDDING:
SPACING &n 2" - 12" 1o~ 3t 3 - 10° > 10!
JOINTING VERY CLOSE CLOSE \MOD, CLOSE WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK VERY THICK
ABBREVIATIONS & SYMBOLS
LABORATORY TESTING EIELD
TRIAXTAL TESTS ARE DESCRIBED IN TERMS OF WHETHER $ 8  SPLIT SPOON m
THEY ARE CONSOLIDATED (C) OR NOT (U) WS WASH SAMPLE s
ISOTROPICALLY {I) OR NOT (A) 5T SLOTTED TUBE SAMPLE
AND SHEARED DRAINED (D) OR UNDRAINED (U} B S BLOCK SAMPLE ¥
WITH PORE PRESSURE MEASUREMENTS (BAR OVER $YMBOLS) € § CHUNK SAMPLE X,
BG. I « CONSOLYDATED ISOTROPIC UNDRAINED T W THINWALL OPEN «
TRIAXIAL WITH PORE PRESSURE MEASUREMENT TP THINWALL PISTON |3
UNLESS OTHERWISE SPECIFIED IN REPORT ALL TESTS 0§ OSTERBERG SAMPLE 1
ARE IN COMPRESSION F s ¥OII, SAMPLE W
RC ROCK CORE /3
PH TN, ADVANCED HYDRAULICALLY
P M T.W. ADVANCED MANUALLY NY’Nq’“
Dy
B,L
INDEX PROPERTIES STRENGTH PARAMETERS
Y UNIT WEICHT OF $OTIL (BULK DENSITY) o ANGLE OF SHEARING RESISTANCE
Tw UNIT WEIGHT OF WATER T PEAK SHEAR STREKCTH
A UNIT DRY WESCHT OF $0IL (DRY DENSITY) L RESIDUAL SHEAR STRENGTH
Y' UNIT WEIGHT OF SUBMERGED SOIL & COHESION INTERCEPT
Gy,  SPECIFIC CRAVITY OF SOLIDS o) Oy O3 NORMAL PRINGTPAL STRESSES b
e VOIDS RATIO u PORE WATER PRESSURE a
®,  INITIAL VOIDS RATIO u, EXCESS u v
1
.y © TN LODSEST STATE *y PORE PRESSURE RATIO
2,4, © IN DENSEST STATE - UNCONFINED COMPRESSIVE STRENGTH 3
P
D, RELATIVE DENSITY = ,:m_,m 2, UNDRAINED SHEAR STRENGTH K
n POROSITY LINEAR STRAIN *
W WATER CONTENT r SHEAR STRAIK “n
k
¥ LIQUID LIMIT v POISHON'S RATIO v
m
wy  PLASTIC LIMIT £ MODULUS OF ELASTICITY v
€
wg  SHRINKAGE LDMIT G MODULUS OF SHEAR DEFORMATION v
: ¢
Xp PLASTICITY INDEX = W - Wp ky MODULYUS OF SUBCRADE REACTION ¢
- C
L, LIQUIDETY INDER = M‘."m];‘.".?m myn STABILITY COEFFICLENTS ¥
N : a
I,  CONSISTENCY INDEX = :J..r;L AB PORE PRESSURE CORFFICIENTS
o of s0il T
A, ACTIVITY = Wﬁﬁfﬁ?m; NOTE: EFFECTIVE STRESS PARAMETERS ARE v
DENOTED BY USE OF APOSTROPHE U
Om  ORGANIC MATTER CONTENT ABOVE THE SYMBOL, THUS:
@' = EFFECTIVE ANGLE OF 0
§,  DECREE OF SATURATION SHEARING RESISTANCE;
Su {ondisturbied } ©' « EFFECTIVE NORMAL STRESS
g SENSITIVITY w0 s

5y {ramoulded }

SUM OF 'THOSE NATURALLY FRACTURED CORE PIECES, 4"+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF tHE CORING RUN, THE

EART‘H PRESSURE TERMS

COEFFICIENT OF FRICTION

ANGLE OF WALL FRICTION

COEFFICYENT OF EARTH PRESSURE AT REST
COEFFICIENT OF ACTIVE EARTH PRESSURE
COEFFICIENT OF PASSIVE FARTH PRESSURE .
ANGLE OF INCLINATION OF SURCHARGE ﬁﬁ
SLOPE ANGLE-BACKFACE OF WALL m

LE

BEARING CAPACITY FACTORS

ANGLE OF SLOPE

DEPTH OF FOOTING

POOTING DIMENSIONS

HYDRAULIC TERMS

HYDRAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE

VELOCITY OF FLOW

HYDRAULIC GRADIENT

SEEPAGE FORCE PER UNIT VOLUME
COEFFICIENT OF VISCOSITY
COEFFICIENT OF HYDRAULIC CONDUCTIVITY
k 1N HORIZONTAL DIRECTION

k IN VERTICAL DIRECTION
COEFFICIENT OF VOLUME CHANCE
COEFFICIENT OF CONSOLIDATION
COMPRESSION INDEX ’
RECOMPRESSION INDEX

DRAINAGE DATH DISTANCE

TIME FACTOR

DEGREE OF CONSOLIDATION

OVERCONSOLIDATION RATIO (OCR)
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FOUNDATION INVESTIGATION REPORT
For

Thickson Road Underpass
3.0 Miles West of Oshawa
W.P. 38-77-01, Site 22-171
Hwy. 401, District 6, Toronto

INTRODUCTION

This report contains the result of a foundation investigation
carried out at the site of the above mentioned project during
the period of February 14 to 16, 1978.

The fieldwork consisted of six sampled boreholes, each accompanied
by a dynamic cone penetration test advanced by means of a
continuous flight auger machine equipped with 3 1/4 inch I.D.
hollow stem and solid stem augers.

The boreholes ranged in depth from 30 to 46 feet below the ground

surface.

STITE DESCRIPTION AND GEOLOGY

The site is located about 3.0 miles west of the City of Oshawa
in the Regional Municipality of Durham,

The area is located in the physiographical region known as
Iroquois Plain. 1In this area the subsoil is a mosaic of till

plains, drumlins and areas of silty lacustrine deposits.

SUBSURFACE CONDITIONS

Subsurface conditions as the site were found to be generally
uniform. The original ground, under & I ft. layer of topsoil,
is a glacial till, composed of a hard heterogeneous mixture

of clavey silt, sand and gravel changing with depth to a very
dense heterogeneous mixture of silt, sand and gravel.

The lower boundary of the glacial till stratum was not proven
at any of the boring locations but was explored to a maximum
depth of 31.5 feet below the existing ground surface. The
.existinq Thickson Road embankment is composed of fill material
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which is borrowed parent material composed of cohesive glacial
till.

A detailed description of the soil encountered in each borehole

is given in the Record of Borehole Sheets. The estimated
stratigraphical profile and sections shown on Drawing No.387701-A
are based upon thig information. From gound level downwards,

the subsurface conditions are as follows:

Fill Material

Two boreholes{(B.H. 1 and 5) were carried out through the
embankment of the existing Thickson Road at the north and south
side of the site. The thickness of the fill material was found
to be about 15 feet. The fill material is comprised of a
cohesive glacial till (heterogeneous mixture of clayey silt, sand
and gravel). The upper 6 to 8 feet of the fill material contains

traces of organics.

Standard Penetration Tests gave "N" values in the range of 5 to 22
blows per foot, indicating that the f£ill material has a firm to

very stiff consistency

Glacial Till: (Heterogeneous Mixture of Clayey Silt, Sand and
: Gravel .Changing to a Heterogeneous Mixture of
Silt, Sand and uravel).

Under a 1 foot thick layer of topsoil or immediately under the
fill material is a deposit of glacial till. The deposit is
composed of a cohesive heterogeneous mixture of clayey silt,
sand and gravel changing with depth to a granular heterogeneous
mixture of silt, sand and gravel. The boundaries between the
upper slightly cohesive portions and lower noncohesive portions

of this deposit are difficult to define exactly.

The physical properties of the upper slightly cohesive glacial
till as determined from laboratory testing are summerized

below:
Range Average
- Liquid Limit (WL)% 12-15 14
Plastic Limit (Wp) % 9-13 11
Plasticity Index (Ip)% 1-5
Moisture Content (W) % 5-9 7



The results of the Atterberg Limit Tests are shown on the
Plasticity Chart on Figure 1. These results indicate that the
matrix is inorganic and of low plasticity. (CL-ML to ML zone)

The result of grain size distribution testing performed on
representative samples from the overall glacial till deposit
are shown in an envelope form on Figure 2 of the Appendix.

The Standard Penetration Tests gave "N" values in the range

of 31 to over 100 blows per foot, generally increasing with

depth. Based on these "N" values the consistency of this

slightly cohesive stratum is estimated to be hard, whereas

the relative density of the lower noncohesive portion of the
glacial till has a dense to very dense relative density, generally
in the very dense range.

The lower boundary of this glacial till deposit was not
established, but was proven to a maximum thickness of 32 feet.

Groundwater

The groundwater ievel conditions were observed by measuring in
the open boreholes during and after the completion of the
foundation investigation. The qroundwiter level was foqu

to vary between elevation 282.0 (B.H. 3) and 310.0 (B.H. 2) which
correspondstothodéft;,below the existing ground surface. The
groundwater levels are shown on the Record of Boreholes Sheets,
as well as on Drawing No. 387701-A.



DISCUSSIONS AND RECOMMENDATIONS

It is proposed to construct a new six lane two span structure
carrying Thickson Road over Highway 401. The new alignment

of Thickson Road at this crossing will be some 35 feet east

of the existing; whereas the alignment of Hwy 401 will remain
approximately the same. Current construction proposals utilize
the existing two lane structure for traffic while the eastern
portion of the new structure is constructed. Upon completion

of this eastern portion traffic will be detoured on it while the
existing structure is removed and the western portion constructed.

The proposed grade of Thickson Road will be at about elevation
337.0 and the grade: of Hwy. 401 will be at about 312.0. The
existing ground in the vicinity of the proposed structure site
varies from elevation 322.0 to elevation 323.5. This indicates
that the widening of the existing Hwy. 401 will be constructed
in a cut section about 10.0 ft. on the north and about 11.5 ft,
on the. south side below ground level, while the Thickson Road
will be constructed on an embankment up to 10.5 ft. high at the
north and 12.5 ft. high at the south side of the sturcture.

Structure Foundations.

The present proposals are for a two span structure. 'The
following recommendations pertain to the design and construction

of the structure.

North and South Abutments (Ref. BH 1l&2, 5&6)

The glacial till deposit composed of heterogeneocus mixture of
clayey silt, sand and gravel is competent to support a spread
footing design. If a closed type of abutment is contemplated
the footing may founded within the glacial till deposit. The
footing founding levels for the abutments are given in the
table below.
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5.
Footing Founding Elevation Ft,.

North & South Abutments
West Side \ 313

North & South Abutments
East Side 319

The abutment footing founding level should be stepped up from
west to east side. Footihgs founded as described dbove can be
designed for a safe allowable locad of 5 t.s.f.

Alternatively, if sgillwth:u abutments are contemplated the
abutment can be founded on a compacted granular "AY pad.

It would be necessary to excavate the existing fill down to

an elevation varying from 313 (west side) to 319 (east side),
and replace with well compacted granular "A®. Footings
constructed in such a manner can be design for an allowable load
of 2 1/2 t.s.f.

In either case it will be necessary to provide a minimum earth cove:
of 4 feet above the base of the footing for frost protection
purposes. For extimating the earth pressure on the abutment

wall a coefficient of active earth pressure of KA=O.33 may

be used if some movement at the top of the wall is anticipated;

whereas if no movement of the top of the wall is expected

a coefficient if earth pressure at rest of KOmO.S may be used
for design purposes.

Center Pier (ref. BH 3 & 4)

The existing Hwy. 401 grade will be at approximate elevation
312. It is believed that the reconstruction of Hwy. 401 in this
area will be maintained at the same grade. 1In order to provide
adequate frost protection the footing should be located at or
below elevation 308. At this elevation an allowable bearing
capacity of 5 t.s.f. may be used for design of foundation.



Miscellaneous (Structure)

To estimate the horizontal resistance to sliding the following
values should be used:

A¥ Between rough concrete and the slightly cohesive
glacial +ill.A sliding resistance of 2000 P.S.F.

B) Between rough concrete and the non cohesive glacial
till or the granular A pad,A coefficient of friction
of 0.6

No dewatering problems are anticipated for the construction
of the foundations. Any minor seepage or surface runoff into

the excavations can be handled by pumping.

Approaches

The approaches will reQuira f£ills up to 12.5 ft. in height and
cuts up to depth of 11.5 ft. No stability problems are
anticipated for the proposed approach fills and cuts constructed .
with standard 2:1 slopes, providing the following procedures

are carried out.

A) Remove all topsoil within the plan limits of the fill.

B) The additional fill to be keved to existing according
to the current M.T.C. "Benching of Earth Slopes
Standard" (DD-414)

There will be some differential settlements between that portion

of the newly constructed embankment over parent subsoil and

that portion constructed over the existing Thickson Road
embankment. If possible scheduling should be such that paving
should be delayed as long as possible to minimize this differential

settlement.

Miscellaneous

The fieldwork was carried out during Febtuary 14 to 16, 1978
under the supervision of Mr. V. Korlu, Project Engineer, who

also prepared this report.
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The drilling equipment was owned and operated by Masters Soil Co.
of Toronto. The report was reviewed by M. Devata, Supervising
Engineer.

YY\ TY\GW'xQﬂWMMM

»%o«f

V. Rorlu
Project Engineer

5B L

7
/" M. Devata
Supervising Engineer

MD/VK/ig
April, 1978
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EXPLANATION OF TEEMS USED IN REPCRT

i 'H' VALUE: AN INDIGATOR OF SUBSOLL QUALTTY, IT IS5 OBTAINES FROM THE STANDARD PENETRATION TEST (CSA STD. ALL9.1). SPT 'N' VALUE IS THE NUMBER OF BLOWS
REQUIRED TO CAUSE & STANDARD 2 INCH O.D. SPLIT-BARREL SAMPLER 1O PENETRATE 12 IMCHED INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER
WEICHING 140 POUNDS, FALLING FREELY A DISTANCE OF 30 INCHEE. FOR PENETRATIONS OF LESS THAN 12 INCHES 'N' VALUES ARE INDLCATED AS THE NUMBER OF BLOWS
FOR THE PENETRATION ACHIEVED. 'N' VALUES CORRECTED FOR OVERBURDEN PRESSURE ARE DENOTED THUS W.

< DYNAMIC CONE PENETRATION TEST (CS5A 51D, AJ19.3): CONTINUOUS PENETRATION OF A COMICAL S$TEEL POINT (2" C.D. 60 CONE ANGLE) DRIVEN BY 350 Pr-LB IMPACYS
A4 ON 'A' SIZE DPRILL RODS. THE RESISTANCE TO CONE PENETRATION IS MEASURED AS THE NUMHER OF BLOWS POR EACH 12 INCH ADVANCE OF THE CONICAL POINT INTG THE

UNDISTURBED GROUND.

S01L QUALITY: SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSITY.
CONSISTENCY: COMESIVE SOILS ARE DESCRIBED ON THE PASIS OF THETR UNDRAINED SHEAR STRENGTH AS FOLLOWS:

Su {F3F) 0~ 250 250 - 500 500 - 3000 {1000 - 2006{2000 ~ 4000] = 4000
VERY SOFY SOPT FIRM STIFP VERY STIFFP HARD

DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF SET 'N' VALUES AS FOLLOWS:

..... ety Yo Ak -l o

'N' (BLOW/FT) 0 =5 5~ 10 10 - 30 30 - 30 > 50
VEHY LOUSE LOOSE COMPACT LENSE VERY DENSE

ROCE QUALITY: ROCKS ARE DESCRIBED BY THEIR COMPOSITION AN STRUCTURAL FRATURES AND/OR STRENGTH.
RECOVERY: SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EMPRESSED AS A PERCENT OF THE TOTAL LENGTH DRILLED IN THAT CORING RUN.

MODIFIED, RECOVERY: SUM OF THOSE NATURALLY FRAUTURED CORE PYECES, 4"+ IN LENGTH ESPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN., THE
ROCK QUALITY DESICNATION (RQD), FOR MODIFIED RECOVERY,IS:

wp (%) 0 - 25 25 - 50 50 - 75 75 - 90 90 ~ 100
VERY POOR FOOR FAIR GOoD EXCELLENT
JOINTING AND BEDDING:
SPACING ki 2% - g2 1t -3t 3" - 10" = 10*
JOINTIRG VERY CLOSE CLOSE MDD, (LOSE WIDE VERY WIDE
BEDDING VERY THIN TR MEDIUM THIGK VERY THICK

ABBREVIATIONS & SYMBOLS

LABORATORY TESTING FIELD SAMPLING EARTH PRESSLRE TERMS
'-: TRIAXIAL TESTS ARE DESCRIBED IN TERMS 00F WHETHER 55 SPLIT SPOON I COEFFICIENT OF FRICTION
THEY ARE CONSOLIDATED (C) OR NOT (¥) WS WASH SAMPLE 5 ANCLE OF WALL FRICTION
ISOTROPICALLY (I} OR MOT (A) 5T SLOTTED TUBE SAMPLE
- AND SHEARED DRATNED (D) OF UNDRAINED () B8 BLOCK SAMPLE k, COEFFLCIENT OF EARTR PRESSURE AT REST
. WITH PORE PRESSURE MEASUREMENTS (BAR OVER SYMBOLS) £%  CHUNK SAMPLE £ COEFFICIENT OF ACTIVE EARTH PRESSURE
EG. GI0 = GONSOLIDATED ISOTROPIC UNDRATNED T THINWALL OPEN . COBFFICTENT OF PASSIVE PARTH PRESSURE
TRIAKIAL WITH PORE PRESSURE MTASUREMENT TP THINWALL PISTON ®
UNLESS OTHERWISE SPECIFIED IN REPORT ALL TESTS D5 DSTERBERG SAMPLE * ANGLE OF INCLINATION OF SURCHARGE
ARE IN COMPRESZION F B FOIL SAMPLE ur SLOPE. AWGLE~BACKFACE OF WALLE;F
RC  ROCK CORE g . ANGLE OF SLOPE B
rTH T.W. ADVANCED HYORAULICALLY
PH LW, ADVANGED MANVALLY HyrNg N, BEARING CAPACITY FACTORS
Df DEPTH OF FOOTING
B,L FOOTING DIMENSIONS
INDEX_PROPERTIES STRENGTH _PARAMETERS
Y UNIT WEIORT OF SOIL (BULK DENSITY) o ANGLE OF SHEARING RESISTANCE
¥y  UNIT WEIGHT OF WATER - PEAX SHEAR STRENGTH
Yy  UNIT DRY WEIGHT OF SOIL (DRY DENSITY) % RESTDUAL SHEAR STRENCTH HYDRAULIC TERMS
Y. UNIT WEIGHT OF SUBMERGED S0IL < COHESION INTERCEFT
I¢ HEAD OR POTENTIAL
fg  SPECIFIC GRAVITY OF SOLIDS ) 0, @3 NORMAL PRINCIPAL STRESSES h INDRATL
RATE OF DISCHARGE
@ VOIDS RATIO [t PORE WATER PRESSURE 4
VELOOITY OF FLOW
Eo INITIAL VOIDS RATIO u? EXCESE u v E
i {  HYDRAULIC CRADIENT
o © 1Y LOOSEST STATE T EORE PHESSURE RATIO
3 SEEPAGE FORCE PER UNIT VOLUME
e, ¢ IN DERSEST STATE a UNCONFINED COMPRESSIVE STRENGTH
) Emay = ® m  CORFFICIENT OF VISCOSITY
B, RELATIVE DENSITY w giitrp—re e, UNDRATNED SHFEAR STRENGTH
%  COEFFICLENT OF HYDRAULIC CONDUCTIVITY
a  POROSITY ¢ LINEAR STEATN
K, [N HORIZONTAL DIRECTION
w WATER CONTENT Y SHEAR STRALN
: k. k IN VERTICAL DIRECTION
W, LIQUID LIMIT v POTSSON'S RATIO v
. m ~ COEFFICIENT OF VOLUME CHANGE
UP .F‘LJ\S'I'TC LIMIT E HODULLUS OF ELASTICITY v
. ¢, COEFFICIENT OF GONSOLIDATION
WS SHRINKAGE LimyT & MODULUS OF SHEAR DEFORMATLION v
¢ COMPRESSION TNDEX
. xp PLASTICITY INDEX = Wj- wp k, MODULUS OF SUBGRADE REACTION &
. . € RECOMPRESSION INDEX
t,  LIQUIDITY TapEK w» NP 1 STABILITY COEFFICIENTS r
s .
\ ) . 4 DRAINAGE PATH DISTANCE
T, CONSISTENCY TNDEX 4 Mo AB ORE FRESSURE COEFFICIENTS
s of sgil " . T TIME FAUTO
A, ACTIVITY = wrpiletile o NOTE: EEFECTIVE STRLSS PARMMETERS ARE v *
A USE OF APOSTROPH X
Om  ORGANIC MATTER CONTENT ABove THE Sysmo, Tager T U DECREE OF CONSOLIDATION
@ w EFFECTIVE ANGLE OF ;s
sr DEGREE OF SATURATION SHEARING RESISTANCH: nr OVERCONSOLIDATTON RATIO (OCR)
Sy {undisturbed ) T w EFFECTIVE NORMAL STRESS

g SENSITIVITY = T remmooided
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Mumstry of
Tramspattahon and
Cétenmumeatigng

, Ontang HIGHWAY ENGINEERING DIVISION-ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE No 1
. :' WP 38-77-01 LOCATION __Co~ords, N. 15,940,906y E 1,56,759 ORIGINATED 8y _V.X.
DIST_...6__ Hwy___ 401 BOREHOLE typg Solid Stem Auger compitep sy VoK
DATUM Ceodetic DATE February 14, 1978 CHECKED B8Y
SO PROFILE SAMPLES o w DYNAMIC CONE PENETRATION. —
guﬁ g RESISTANCE PLOT > nastic NATURAL uoup ::g REMARKS
51w o Bg ; 20 40 60 80 100 We coxem " :Z,a: .
ELEV Tlm| w288 | & [SHEAR STRENGTH oo} 2 | GRAIN SIZE
DEPTH DESCRIPTION 131213 8% Y | UNCONFRINED + FIELD VANE | oo o ONTENT (% y DlSTRI?UTION
é Z H | BV Q ® QUICK TRIAXIAL % LAB VANE (%) (%)
329,0| Ground Level e - s 1020, 130 GR SA S1 CL
a.
0 Fill
Clayey 811t with sand NI ) d 4 44 16 16
and traces of gravel
and organic A 5815 320
Firm to Stiff 1 |85 13 X Yok 3 31 36 30
313.0 ' [
16.0 DR RS T~
Glacial Ti11 o, 310
Het. Mix. Clayeyn.' 5.185 |.100f/5" o
z- v g -
8ilt Sand and
2 ' ; 21 39 27 13
= 121 § 6 g 110 " (eI ]
3 Gravel Hard 114 58-- /10
3 E .
= L8Y  Changing to u.‘”.;‘“ an | = 300 ~a T
- Het. Mix. Silt ld.|
L—é . Sand and Gravel ||| I5 135 155 /9" olm
s V. Dense 1
z 4.
& 419 188 129 290 C 8 43 43 6
" 1.
5 1
2 283.2 irorss—tiae] 1oL
e 45.8{End of Borehole
[F*]
L
fred
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RECORD OF BOREHOLE No 2
w.P 38-77-01 LOCATION Co-ords. N. 15,940,935; % 1,156,861 orcinaTep By UK.
pisT__ 5 Mwy 401 BOREHOLE TYPE $011d Stem Auger comenen gy _ 7oK«
DATUM ___Geodetic DATE February 14, 1978 CHECKED av__@_
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- w 120 @ 20 40 &0 80 100 couresy zZ= 2
[oR E-" w - = L ! ! H J Wp W W, | Sw
ELEV SESCRIP ' Elg] w| 2|28 | © {sHEAR STRENGTH S S— 3 GRTA;N 15_11!3
RIPTION 2|l -1 21532 = DISTRIBUTION
DEPTH =15 - | > Ol =T |° UNCONFINED + FIELD VANE - Y "
g1z 5 gu Z |e ouck rmanial  x s vane |WATER CONTENT (%) (%)
322.2|Cround Level 5 * & 19 20 3 GR SA 51 CL
0.0 L0 ] P
g L z0—1)
Glacial Till v IR TN
Het. Mix, Claye 5ilt °7 7 188 1.1531/11" M;(;D,’B" R 6 42 42 10
d G 1 o
Sand : . rave s T . olu
fiar A :
R AT AT88 TS - 310 Y 7 35 43 15
Changing to Het. Mix. [|af
g Si1t, Sand and Gravel [¥i1.3.195 (136
. V. Dense .0-.‘& 6 | Se 57 o] —
«. -1 300
rawn .. k2 T 1sE T IIT}/e" - 25 57 14
rey RERP
293.0 Atgtenlyand/ar
34,2 End of Borehole
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RECORD OF BORE=OLE No 3
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BOREHOLE TYpPE
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compiLed gy _V:K.
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e < PLASTIC  mpojsroge wOuD | 4. X REMARKS
- w | 56| & 20 4z 60 80 190 | conrew umi 5O
Qe S22 L SFOUhe R - Wp W w, | 59 &
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BEPTH 15 21 21361 & [ounconrusd  » ke vane rer ety ¥ |PISTRIBUTION
21z » |EY | @ |eouck Traoar x as vane |WATER CONTENT (%) %)
09,2 (fgg;md Lavel id - b . ¢ 10 20 30 GR 5A 51 CL
0.0 Dk ey "
= ]
f Y Pt
Glacial Ti11 | /1 58133 Z
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Sand and Gravel -e 2 53 17 L00/4 t o 44 44 8
_ ol 300
Hard A 3185 |61 ol
AP AN N U ofu 10 42 38 10
ot
. e1ds 185 hse o |
.Ez:um Rig)
ferey L
' Flelf6 188 8e J/1am | 290 SR 12 45 37 6
Changing to Het., Mix, "
gilt sand and gravel. o
M-147 185 181 {/1io"
bl 4
Very Dense "ol %
278.7. " A da T T 280
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RECORD OF BOREHOLE No 4
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o £5| % 20 4> 60 80 100 [T contenr uMT | SO
Of e o = ; e h 1 / Wp W w,. | 5% &
ELgy BESCHIPTION & § w g %g 5 SHEAR STFENGTH e ey ES D%%r%’lgui:éia
DEFTH ' IS E 13|86 5 Jounconrmen + FIELD VANE . y
gz > %u S |o auok 7racar  x 1as vane |WATER CONTENT (%) (%)
312.5 |Ground Laveal w = W . 10 20 130 GR SA 51 €L
U.0Lkopsols S !
Glacial Ti11 T T ks 310 T 1=
Het. Mixture of { ] T e % P
Clayey 5ilt, Sand and |-J{}.2.ls88..3221 1/10" 9 38 38 15
- M
g::;ﬂ ?:;‘, 3 185 76 o |
Changing to Het. Mix. LI 30
S1lt, Sand and Gravel ||, 4rt-SE 100 ]5"‘;'
1T s lge . nas /11 [ 31 40 23 6
V. Denge 74’ Il
g {46188 153 Y1om
] 290
= R ETER T oNp 4 59 29 8
"3 -
i<l
281,0 pi-bl B fag h4s
31.5 Fud of Borehole ,
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RECORD OF BOREHOLE No 5

w P 38-77-01 LOCATION Co-ords, N, 15,940,677: F, 1.156 833 ORIGINATED 8Y V.K.
DIST._.6 HWY __401 BOREHOLE TYPE __Solid Stem Auger COMPILED 8Y  V.K.
DATUM _ Geodetie DATE February 15, 1978 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES :“.:“;Q § RESISTANCE PLOT pasric NATRAL ...53 REMARKS
P n S8 @ 20 40 60 80 o UM conmewr umri SO
) O ] £l = N P w B SO Wp W w, | 5w &
ELEV BESCRIPTION &8 w3 %% & |SHEAR STRENGTH LS —— F | craN 512
| = g5 Pt DISTRIBUTION
DEPTH =i{SI =1 S 51 T [v unconmneD + FIELD VANE . y B
.&_‘ Z % %U @ ® GUICK TRIAXIAL  x 1AB vang | WATER CONTENT (%) {%])
29,04 Ground Level n : b 0 20 30 GR SA S5t CL
0.0 Fi11
Clayey silt with 1158 122 e
sand and some gravel .
and traces of organicg X F2-t35—iLa ( P .6 37 32 15
3 lgs bl 320 \
4 158 9 st
8140 | Flrm to V. Sriff \\__\ 1o 043 39 18
15.0 ' 9 H s lse laz -
& Mg:];ax.:ial ;I?':Lll .}; - e
et ture of Clayey |l
$1lt, Sand and Gravel | [L6|55 _ |L33 310 o k= 26 35 29 10
Hard Ly tes—trss
| brown 1A o |
grey j/' .%,.
Changing to IR Sé 145 300 p 10 37 43 10
Het., Mixture of Silt { . .
' Sand and gravel A
b : 12
V. Dense § 1 24158 &
ot 29
[+ § ’
4.
283,75 L AT,
46.5|End of Borehole
RECORD OF BOREHOLE No 6 _
WP 387701 LOCATION _Co-ords, N, 15, 840,706; E 1,156,934 CRIGINATED va
DIST _& HwY _401 BOREMOLE TYPE, Solid Stem Auger COMPILED BY VK.
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- w | E6] 3 20 40 60 80 oo |MMWT cowrenr uwr | SO &
9 o w — = Il 4 H 1 i Wp W WL o W
ELEV DESCRIPTION =18 | 2]25| & [sHear strencrH MRS — 3 GRAIN SIZE
{ =1 - L2153 fiot DISTRIBUTION
DEFTH R B -3 =i -4 51 % 1o unconmmen + FIELD VANE . ¥
&2 5 %U & |eauck TraxiaL x 1ap vang | VATER CONTENT (%) {%) -
321.0, Ground Level akd - L 16 20 3D GR SA &1 CL
0.0 -gopsoil e 320
iy \
Glacial T111 5 45 B
Het. Mixture Clayey Silp|, T
Sand and Gravel Vield. 2 ig8 Moo 111" OH— 13 36 31 20
Hard 2
Changing to 2 BT 110 o |
Het. Mixture of Silt R P T /1 0 e '8 34 29 9
Sand and Gravel oy
oy ENECINT )
V. Densa 44
| s T ofn
- 300
o
141,21 55 92 .1/9" o) 7 43 4% 9
a1,
pe] o« 1 ed
290.5 IEEAESEE]
30.5{End of Borehole
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FILL MATERIAL o : No 38-77-01
CLAYEY SiF WITH SAND, SOME GRAVEL .
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z Firm to Very Sriff
340 2 340 - S )
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g — } 330 o i
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ELEVATION ( Feet)
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INTERCHANGE IMPROVEMENT

LONGITUDINAL CROSS SECTION - NORTH CULVERT EXTENSION HOR.SCALE: 17210" WP 38-77-01




It should be noted that the fille will impose additional un~-
symmetrical loadings on the existing culvert footings,
Farther, it is inferred from the findings of our previous in-
vestigations done in the general area that large differential
settlements induced by the proposed fills can be anticipated.
Because of a lack of pertinent information regarding the
consolidation characteristics of the subsoil at this site and
the design details of the existing culvert footings, specific
comments with respect to the probable amount of consolidation
settlements and the ultimate bearing capacity of the footings
under the unsymmetrical loadings cannot be made at this stage.
Perhaps as a precaution it may be advisable to use a flexible
type of culvert instead of a rigid one which will acconmodate
the large possible differential settlements and also the
unsymmetrical loading conditions that might prevail.

B. Ly
Senior Engineer

For: M., Devata
Supervising Engineer

BL/MD/gs
 Attach,

cor MUR. Ernesaks
CG.CLE,. Burkhmxﬂt
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Soil

Type C, 4, 7 7'
1 0 30 130 68
2 1500 0 110 48
3 300 0 100 38
4

0 35 130 68

# 4

Figure 1 Stability Analysis For the Fills
of the Realigned N, S-W Ramp at Sta. 302+76+

Note: Subsoil stratigraphy based on B.H. #9



Figure 2 Stability Analysis for the Fills of
the Realigned W-N, S Ramp at Sta. 302+76+

!
"IN

#3

#4
#5

#6

Note: Assumed subsoll stratigraphy based on data supplied by the Region.

Soil

Type Cy Qu Y y'
1 0 30 130 68
2 2000 0 110 48
3 850 0 105 43
4 450 0 100 38
5 700 0 105 43
6 0 35 130 68
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Ontagic Memorandum
To: Mr. W.C . Friedmann " rom:  Regional Geotechnical Office
Supervisor Central Region

Planning Unit
Central Region

Attention: Date: 77 06 23
Mr, L. Dutchak

Our File Ref. ' in Reply to

Subject: W.P. 38-77-01, Site 22-171

Proposed Relocation of South Service Road
South-West Quadrant of Thickson Road / Hwy. 401
-Toronto District

Following your request for a soils investigation to be carried out
ot the above mentioned site, a total of 20 boreholes were drilled to a depth
ranging from 4.0' fo 13.0'. Some of these holes, primarily those within the
vicinity of the proposed 20 foot embankment fi I, were progressed even further
with the use of a field vane.

" This area is located within the physiographic region known os
the Iroquois Plain. This lowland area borders Lake Onfario and was previously
inundated in the late Pleistocene times by Lake Iroquois. Within this immediate
area, it is characterized primarily by Darlington loam with some areas of till
plains, drumlins, and silty locustrine deposits.

The existing Thickson Road, at the point of intersection with the
proposed reloc ated South Service Road, consists of 3" of asphalt followed by
7% of brown sand and gravel and 20" of fine sand all overlying a stratum of
brown fine sandy loam. The existing South Service Road, ot the point of
intersec tion with the proposed relocated South Service Road, consists of 5" of
asphalt followed by 6" of brown sand and gravel and 12" of brown fine sand
all overlying brown very fine sandy loam to sandy clay loam,

‘In general, throughout the area of the investigation, the upper
&" to 16" consists of a dark brown clay loam topsoil. In the area from
Thickson Road to Corbett Creek, this topsoil layer is followed by 6' to 7' of
brown light clay underlain by a zone of grey wet light fo mediumc lay till,
Vane tests carried out indicated that the majority of the deposit was stiff
with a soft to firm layer from 15 feet to 25 feet below ground level. Shear
strengths as low as 200 ~ 450 p.s.f. were rec orded within a layer 16 feet to
18 feet below ground level, :

In the area from the existing South Service Road to Corbett
Creek the topsoil layer is followed by a layer 2 feet to 4 feet thick of
brown light to medium clay underlain by a zone of greyish brown wet
medium clay till,

e JUN . 18H
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In all boreholes where vane tests were carried out, the vane
enc ountered numerous cobbles and boulders within the clay till zone at depths
ranging from 14 feet to 25 feet, At these depths, no further penetration with
the vane was possible,

Vane test results indicated shear strengths in excess of 1,000 p.s.f.
within the upper 15 feet. Shear strengths as low s 400 p.s.f. were encountered
within the zone from 15 feet to 20 feet below ground level with an average value
at about 600 p.s.f. Below this soft to firm zone, however, the shear strength
again increases to a value above 800 p.s.f. with an average value of about

1,000 p.s.f.

Contrary to an earlier soils investigation carried out on the north
side of Highway 401, no swamp area was encountered within the vicinity or
adjecent to the proposed relocated South Service Road. On the basis of previous
investigations, it is apporent that the subsurface conditions improve as one approac hes
the lake shore,

Water level readings taken within the open boreholes indicated the
prevailing groundwater to exist from 3'+ B.G. L. odjxent to Corbett Creek to 7'
B.G.L. at Station 97+00, The downward drainage within this area varies from
moderately good to imperfect.

REC OMMENDATIONS

1.) Gronular Material

Throughout the extent of this project the following granular depths
are recommended,

Granular "A" -~ 6"
Granulor "C* - 15"

2.) Hot Mix

| a.) A.A.D.T. smaller than 2000
13" H.L.4 Surface Course
1" H.L.2
75 TOTAL

continved .... 3.
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" b)) ALAD.T. 2000 - 6000

13" H,L.4
13" H.L.4
1" H,L,2
33/4" TOTAL

c.) A.A.D.T. greater than 6000

13" H.L.1  Surface Course

13" H.L.4  Upper Binder Course
13" H.L.4  Lower Binder Course
1" H.L.2

55" TOTAL

3.) Embankment Fill

Due fo the existance of a soft moderately sensitive clay layer
extending from a level 15 feet to 20 feet below ground level, it is
-recommended not to exceed the proposed 20 feet embankment fill of
Profile 'A" in order to ensure its stability,

RVV/RDG:saw R. Van Veen
c.c, W.W. Kul.mnﬁc kasV For: R.D. Gunter
R. Fitzgibbon " Head, Geotechnical Section

J. Anderson
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