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FOUNDATION INVESTIGATION REPORT
for
Mud Creek Bridge

W.P. 187-89-04, District 9, Ottawa
Highway 416, Str. Site: 3-358/2

1.0 INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering Ltd. to carry out a
foundation investigation for the crossing of the proposed southbound lanes of Highway 416
and Mud Creek. The terms of reference were to investigate the site by means of sampled
boreholes and dynamic cone penctration tests and to provide a full geotechnical report.

This report, which follows a letter report dated 1990 12 20, is submitted in compliance with
these terms of reference.

2.0  SITE AND GEOLOGY

The site is located within Rideau Township approximately 30 km south of Ottawa along
Highway 16. The location of the site is shown on the key plan in Drawing 1878904-A,
appended. The proposed bridge centreline is approximately 30 m to the west of centreline of
the existing structure at Highway 16.

The topography of the immediate area is flat. With the exception of a small wooded area to
the west of the site, the land use is primarily agricultural. The creek flows within a channel
some 4 m deep. The creek is approximately 10 m wide and 2 m deep in the vicinity of this
site.

The site lies in the physiographic region known as the North Gower Drumlin field. The
drumlins are oriented more or less north-south. A mantle of marine soils is draped over the
drumlins and other glacial landforms. The marine soils are the result of inundation by the
Champlain Sea. Therefore, silt and Leda clay are common in this area.

3.0  FIELD AND LABORATORY WORK

The field work, carried out from 1990 10 26 to 30, consisted of the drilling of six boreholes,
each accompanied by a dynamic cone penetration test. Four boreholes were drilled at the
corners of the proposed structure. The remaining two boreholes were drilled along centreline
away from the structure to provide information for the approach fills. The borehole
elevations, referenced to Geodetic datum, were supplied by UMA Engineering. The locations
of the boreholes are shown on Drawing 1878904-A.

Drilling was conducted with two bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the boreholes. Boreholes 1 and 6 for the approach embankments were
terminated within the highest competent stratum. Boreholes 2 and 5 were terminated at auger
refusal. Bedrock was cored in Boreholes 3 and 4.



Standard Penetration Tests were used to sample very dense materials as well as non-cohesive
deposits, the accompanying N values being noted in blows/0.3 m. In cohesive strata, relatively
undisturbed samples were obtained by pushing thin walled Shelby tubes either manually or
hydraulically into the soil.

After the recovery of each thin walled tube sample, standard MTO A size vane tests were
conducted to determine the undrained shear strength of the deposit. Remoulded shear
strengths were also measured to determine the sensitivity of the soil.

Upon completion of each borehole the water levels were measured in the uncased holes.
Boreholes 1, 2, 5 and 6 were backfilled with native soil cuttings. Bentonite sealed perforated
standpipes were installed in Boreholes 3 and 4. The water level in these instrumented holes
was monitored over a period of time. The site was restored to its original condition.

Recovered samples were transported to our Don Mills Laboratory for further visual
examination, classification and index property testing such as moisture content, grain size
distribution and Atterberg limits. Unconfined compression tests were performed on six thin
walled tube samples. The results are shown on the Record of Boreholes and on Figures 1, 2A
and 2B.

40  SUBSURFACE CONDITIONS

4.1 General

The soil stratigraphy consists of a silty clay to clay deposit overlying loose silt above a silty
sand glacial till. Fractured limestone bedrock lies 11 m to 14.2 m below prevailing ground
surface.

4.2 Surficial Organics
Topsoil (200 mm to 400 mm) was present at all borehole locations.

4.3 Silty Clay to Clay

A 4.2 m to 5.6 m thick deposit of silty clay to clay occurs below the topsoil.

The upper 1.5 m to 2.0 m of this deposit is desiccated. This upper desiccated crust is mottled
brown and fissured. The moisture content in the crust ranged from 25 to 50 per cent, and lies
between the liquid and plastic limits of the soil. One field vane test within the crust gave an
undrained shear strength value of 68 kPa.

Below the desiccated zone the silty clay to clay is grey. The moisture content ranged from 70
to 40 per cent, generally decreasing with depth. Atterberg limits (Figure 1) indicate medium
to high plasticity.

Field vane test undrained shear strength values ranged from 24 kPa to 58 kPa generally
increasing with depth and decreasing moisture content, indicating a soft to firm consistency.
The sensitivity of the soil is about 6 with extreme values of 2 and 11.



44  Silt

At about elevation 85 m to 86 m the silty clay to clay deposit is underlain by a grey silt deposit
with thin clay seams. This stratum was 2.9 m to 4.6 m in total thickness at the drilled
locations. '

Field vane tests were carried out in this deposit in the belief that the soil was cohesive.
However, when the recovered samples were examined, it was seen that the deposit was
predominantly silt. Hence, any field vane values shown for this deposit have been discounted
in stability analyses. The natural moisture content of the silt ranged from 20 to 50 per cent,
the average being about 30 per cent. N values of 0 to 10 blows/0.3 m indicate the silt is very
loose to compact.

4.5 Silty Sand (Glacial Till)

The silt stratum is underlain at a depth of about 9m below the prevailing ground surface by
a silty sand with some gravel (glacial till}. This deposit was fully penetrated in Borehole 3
where the thickness was 4.7 m and in Borehole 4 where it was 6.9 m.

Grain size curves are shown in envelope form in Figure 2A. A sandy zone is plotted on
Figure 2B. N values in this deposit were between and 2 and 114 blows/0.3 m, generally
increasing with depth. The lower N values were observed within the upper zones of the
deposit and may be due to local re-working of the till. The dynamic cone penetration tests
all terminated within this deposit. Based on these N values, the deposit is considered to be
very dense with localized loose to compact zones near its surface. Cobbles are suspected to
be present on the basis of observations in the field during drilling.

4.6  Limestone Bedrock

Limestone bedrock was proven in Boreholes 3 and 4. It is badly fractured with core recoveries
of between 37% and 90%. The maximum RQD value was 30%, most values being 0% for
each core run.

50 GROUNDWATER CONDITIONS
The phreatic level at the site corresponds more or less to the creek level. Observations are
listed below:

Borehole Ground Elev. W.UI. Elev. Date
(m) (m)

1 89.8 88.5 1990 10 30
2 90.4 88.3 1990 10 29
3 89.9 89.9 1990 10 29
4 90.7 90.3 1990 10 30
5 90.6 88.2 1990 10 30
6 90.8 88.5 1990 10 30



6.0 DISCUSSION AND RECOMMENDATIONS

6.1 General .

It is proposed to construct southbound lanes 30 m west of the existing Highway 16 which will
be upgraded to a 4 lane freeway standard between Highway 401 and Ottawa. This will entail
construction of a bridge across Mud Creek. The proposed structure is likely to be similar to
the existing single span structure. The proposed embankment fill heights will be in the order
of 3 m in height.

This investigation indicates the presence of topsoil overlying silty clay to clay above loose to
compact silt. The silt overlies very dense silty sand glacial till above fractured limestone
bedrock.

6.2  Structure Foundations
The presence of the silty clay stratum precludes the use of conventional spread footings for
the proposed structure. Hence, a deep foundation is recommended.

Sub-artesian pressures within a competent lower bearing stratum preclude the use of caissons,
due to difficulties associated with installation under such conditions. Therefore, steel H piles
are recommended as the most appropriate deep foundation alternative for this site.

A minimum earth cover of 1.8 m should be provided to the underside of pile caps to protect
against frost action.

Wing walls should be supported on end bearing piles unless they can be adequately
cantilevered from the abutments. Due to the likely presence of cobbles at depth within the
sand and gravel glacial till deposit it is recommended that the pile toes be reinforced.

The piles should be driven to bedrock. However if refusal is encountered above bedrock, the
Hiley Dynamic Pile Driving formula should be used to determine the final founding elevation.

Steel H piles such as HP 310x110 are normally designed for the following axial load capacities:

Factored Axial Capacity in ULS 1600 kN
Axial Capacity at SLS Type II 1150 kN

However, the clay deposit which these piles will penetrate is sensitive and therefore subject
to loss of strength after pile driving. The disturbed and softened clay surrounding the pile
shafts will reconsolidate with time, causing negative skin friction loading on the piles.
Therefore, it is recommended that the HP 310x110 steel H Piles be designed for the following
axial capacities, to allow for downdrag loading:

Factored Axial Capacity in ULS 1400 kN
Axial Capacity at SLS Type II 950 kN

The piles should be driven with an energy not less than 50 kJ to achieve the intended
capacities.



For pile length estimation, assume the pile toes to reach bedrock at about elevation 76.5 m.
Some piles may go deeper where the bedrock is slightly below this elevation and some piles
may hang up above this level within the very dense glacial till deposit. However, on average,
a pile toe elevation of 76.5 m is adequate for pile length estimation. Should piles hang up in
the glacial till, they can be easily cut off, after confirmation of their axial capacities by using
the Hiley formula in accordance with MTO policy and practice.

6.3 Earth Pressures

Earth pressures should be computed as per sub-section 6-6.1.2.2 of the OHBD Code. A
yielding foundation condition may be assumed. The granular A or B backfill should be in
accordance with MTO Special Provision No. 109F03 (latest revision). The following
parameters are recommended for granular backfill:

Granular A Granular B
Angle of Internal Friction, ¢’ 35.0° 30.0
Unit Weight (kN/m®), y 22.8 21.2

Surcharge effects, if any, should be computed as per Clause 6-6.1.2.4 of the OHBD Code.

6.4 Approach Embankments
The proposed profile grade at elev. 92.5 m results in a maximum fill height of 2.5 m. For fills
of no more than 4 m, built with 2:1 slopes, no deep seated stability problems are anticipated.

All organic materials should be stripped before the placement of fill for the approaches. Total
short and long term settlements under such embankment loading are estimated to be in the
order of 25 mm - 30 mm.

6.5 Construction Considerations

The steel H piles may constitute a travel path for artesian flow. To prevent uncontrolled flow
and consequent erosion and undermining, it is recommended that a 600 mm thick granular
"A" filter-drainage blanket be provided below the pile cap, prior to pile driving, with suitable
rip-rap cover to protect against surface erosion by high water.

Temporary excavations with side slopes of 1:1 may be made by open cut methods to maximum
depths of 3 m within the silty clay stratum. Such side slopes will remain stable if (1) they are
not surcharged with excavation spoil and (2) they are left open no longer than 24 hours. For
longer exposure than 24 hours, the side slopes should be flattened to 1.5H : 1.0V,

Seepage into excavations made within the silty clay is expected to be minimal, and capable of
being handled by pumping from sumps located within the excavation.



70  CLOSURE
The drilling was supervised by A. C. Abel. Drill rigs were rented from F. E. Johnston and
Marathon Drilling companies, Ottawa.

Respectfully submitted:
STRATA ENGINEERING CORP.

Aeold

A. C. Abel, M. Sc.
Project Engineer

C. Mirza, P. Eng.
Senior Principal

ACA/lr

Report Distribution:

M.T.O.Foundations 13 copies
UMA Engineering 2 copies
McCormick Rankin 1 copy
Strata File E-90-037B 1 copy
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Records of Boreholes 1 to 6
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Drawing 1878904-A



EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PEMETRATION TEST (SPT) M VALUE 15 THE NUMBER OF BLOWS REGUIRED 1O CAUSE A STANDARD Stmm O, D 5PLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A mass OF 63“5&19, FALLING

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

DYNAMIC CONE PENETRATION TEST: CONTINUQUS PENETRATION OF A CONICAL STEEL POINT (Simwm O.D. 60° CONE ANGLE ) DRIVEN BY 475 J

IMPACT ENERGY ON ‘A" SIZE DRILL RODS.

ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SCILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

THE RESISTANCE YO CONE PENETRATION 1S MEASURED AS THE NUMBER OF BLOWS FOR EACH  0,3m

CONSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE 8ASIS OF THEIR UNDRAINED SHEAR STRENGTH (¢} AS FOLLOWS:
¢y LkPa) 012 12 - 25 25-50 50300 | 100 -200] »200
VERY SOFr SOFr FIRM STIFF VERY STIFF HARD
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:

lN [BLOWS /0.3 m)

0«5

5«10

10+ 30

30 - 50

=30

VERY {OQOSF

LOOUSE

COMPALT

DENSE

VERY DENSE

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

SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED A3 A PERCENT OF THE LENGTH Of THE CORING RUN.

THE ROCK QUALITY DESIGNATION {R G D), FOR MODIFIED RECOVERY, 1§:

1 RQD (%) 0 -25 25 - 50 50 - 75 75 - 90 50 - 100
VERY POORY  POOR FAIR GUOO | EXCELLENY
JOINYING AND BEDDING :
SPACING 50mm 50 = 300mm} 0.3m ~Im | Im - 3m »3m
JOINTING VERY CIOSE ClOSE MOD. LIGSE wipEg VERY WILE
BEDDING VERY THIN THIN MEQIIM THICK VERY THICK

FIELD SAMPLING

§ 5 SPLIT SPOON e
W5 WASH SAMPLE Qs
5T SLOTTED TUBE SAMPLE R
B 5 BLOCK SAMPLE P H
C5 CHUNK SAMPLE P M
T W THINWALL OPEN F 8

STRESS AND STRAIN
kea PORE WATER PRESSURE

=4

ABBREVIATIONS AND SYMBOLS

THINWALL FISTON
OSTERBERG SAMPLE
ROCK CORE

TW ADVANCED HYDRAULICALLY
TW ADVANCED MANUALLY
FOIL SAMPLE

w

% i PORE PRESSURE RATIO

[ kpa TOTAL NORMAL STRESS

o’ kb EFFECTIVE NORMAL 5TRESS

v kea SHEAR STRESS

¢ 0.0 kro PRINCIPAL STRESSES

€ % LINEAR STRAIN

€ .6 8 % PRINCIPAL STRAINS

3 kPa MODULUS OF LINEAR DEFORMATION
G ko MODULUS OF SHEAR DEFORMATION
I 1 COEFFICIENT OF FRICTION

A kg/m’ DENSITY OF SOL10 PARTICLES
Y, kN/m UNIT WEIGHT OF SOLID PARTICLES
A, kg/m’ DENSITY OF WATER

%  kN/m' UNIT WEIGHT OF WATER

P kg/m' DENSITY OF sOIL

Y kN/e' UNIT WEIGHT OF son

A ka/m' DENSITY OF DRY $OIL

% KN/ UNIT WEIGHT OF DRY SOIL
Boi  kg/m® DENSITY OF SATURATED SOM
Yogr kN/mM® UNIT WEIGHT OF SATURATED SOIL
P kg/m? DENSITY OF SUBMERGED SOI

7' KN/ UNIT WEIGHT DF SUBMERGED SOIL

MECHANICAL PROPERTIES OF SOIL

kpa™!
1
i
1
mt/s

PHYSICAL PROPERTIES OF SQI1L

1%
n 1%
w L%
5. %

@

£
o
e a2 22 e

VOID RATIO

POROSITY

WATER CONTENTY
DEGREE OF SATURATION
UQUID LimiT

PLASTIC LIMIT
SHRINKAGE LimiY
PLASTICITY INDEX = W, - Wy

W Wo
LIGUIDITY INDEX ¢ —usin

COMSISTENCY INDEX =

'

WL—W

e

VOID RATIO IN LOOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDE X

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COMESION INTERCEPT
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COHESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH
REMOULOED SHEAR STRENGTH

SENSITIVITY « 2
r

S 1+%  VOID RATIO IN DENSEST STATE
€ e

I ¥ DENSHTY INDEX »glOXt o,

<) max ~ Fmin

D mm GRAIN DIAMETER

c:>n mm n PERCENT - DIAMETER

¢, ! UNIEQRMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL

a4 mfs  RATE OF DISCHARGE

v m/s  DISCHARGE VELOUITY

i 1 HYDRAULICY GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

j  kw/m' SEEPAGE FORCE



OFFICE REPORY ON SOIL EXPLORATION

Trarmgiortaion
Cittio

RECORD OF BOREHOLE Nol

METRIC

Sansitivity

w p _187-89-04 LOCATION _ N3 5 005 065 ; K: 366 407.5 QRIGINATED BY _ALA.
pisT 9 HWY 416 BOREHOLE TYPE _Hollow Stem Auger , Dynamic Cone Penetration Test  COMPILED BY AK,
DATUM Geodetic DATE 1990 10 26 CHECKED 8Y CoMan
o w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | % | Ritistance por o oA
g2 L2 Lisiy EONTENT  LIMIT e 4D REMARKS
b w |20 © 20 40 80 BO 100 zZ= &
9 ‘T‘ et = P 1 L i 1 1 Wp W W, :-3;
LLEV. DESCRIPTIO Ela g | 2|20 | O [SHEAR STRENGTH kbo ARSI GRAIN S1ZE
DEPTH PTION B2 ${358] & |ounconmmes  + rewo vane WATER CONTENT %) 7 DISTRIBUTION
212 5 |V & |eouck TRAKAL  x 1ap vaNe o (%) {%]
£9.8 | Ground Surface " ! s 20 40 60 80 100 20 40 60 ka/m® |GR SA 51 CL
0.0 200mm Topsoil
Silty Clay to Clay
Stiff A #9.0
Pesiceatod 1|88 {10 &
Mottled Brown Y.
~~~~~~~~ 4 = W.L. on
o) 1
2188 ) 88.0 990 10 30
Fim to stiff || 4
% +
Grey 87.0
3w oM o
86.0 .2
11 +
i
Ly e | v e 8501ty o 18.9
3
8h.2 +
50 84.0
silt s | lou X b
Oce. Clay Seams 83.0 He
*
Loose
o | ™ | om 82.0 3
3
Grey !
81.0
80.6 L
9.2] 5ilty Sand A7 1 ss |z °
trace Gravel e 80.0 B
(Glacial Till) : : |
f ]
. |
Compact to Very Dense] *\
R 79.0
78.7 Grey L8 | ss [ o 192 (D)
11.% End of Borehole
3 5. Numbers refer to 20
3, % 15405 {%) STRAIN AT FAILURE
10




187-89-04

DSt

9 HWY

DATUM _Geodetic

LOCATION _N: 5 005 086

RECORD OF BOREHOLE No?2

2 Bi 366 398

METRIC

ORIGINATED BY Ay,

BOREHOLE Type lHlollow Stem Auger , Dynamic Cone Penetration Test
DATE 19901029

COMPILED BY A.K.

CHECKRED 8y CuMy

OFFICE REPCRT ON SOH EXPLORATION

501U PROFILE SAMPLES o w DYNAMIC COME PENETRATION
E %g 2 RESISTANCE PFLOT pase DAl REMARKS
- - £0 & 20 40 60 80 100 LiMEY CONFENE LMY Eg
Qe o C)': = 1 A f i Wp W w, S &
ELEV. DESCRIPTIO @l¥|l w| 32|25 & [sHEAR STRENGTH Pa O S 2 Gram size
DEPTH N 1512 % 8% § O UNCONRINED  + FIELD VANE( .. ol 7 DISTRIBUTION
-3k 5 | &Y ] & | ouck rranal  x uas vane WATER CONTENT (%) {%)
90.4 | Ground Surface n - w 2040 60 8O 100 20 40 60 kp/m* 1GR SA 51 €L
0.0 . .
250 mm Topsoil 1 90.0
Silty Clay to Clay
v 1185 |19 [
ery Stiff to Stiff
£y Skt temi 89.0
Desiccated sles |11
- WL, oo
totvled Browe _ . X 1990 10 29
88.0
3085 | 4 )
Grey 4 ITW |PM 87.0 1| ¢ 6.415.1
] 11
+
86.0
5 |TW | eM {
85‘0 N
84,6 ¥
5.8
0
silt 615s 4 84.0
Occ.Clay Seams 9
i
Loose 83.0
NH
785 | 4 °
82.0 4
81,5 Grey \
\
with Gravel \M
M"“‘M
{Glacial Ti11)
80.0
9 iss |23 o
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L0185 100/ Tem A78 0 ")
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el 11188 LOG/ L 7em o
N 76.0
5.
14,7 {End of Borehole

+3, %5 ; Numbers refer to
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EXPLORATION
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Page 1
RECORD OF BOREHOLE No3 METRIC
w p_187-89-04 LOCATION _ N 5.005 061 3 E: 366 393 ORIGINATED BY Ashs
pist .9 Hwy ___ 416 BOREHOLE TYPE Hollow Stem Auger, Dynamic Cone Penstrarion Test . = COMPLED 8Y A.K,
DATUM __ Geodetic DATE 1990 10 26 CHECKED BY C.M.
o wi DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & ) | 2 | Resisvance pLoT SR - REMARKS
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= w | 2@V 20 40 s0 80 100 Zz 2
9 & W Q"._". 2 ) ) i 1 1 Wp W W‘ :33
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1z o 1 ®9 ] 3 e auek Transr  x 1as vane | VATE {% %)
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0.0 1 250mn Topsoil il - tigad
11
Siley Clay to Clay L
Stiff to Firm 1 188 |10 89.0 o
Desiccated % \
L W. L.
4 2 S8 4 n‘!““ 88.0 o on
Mottled Brown 1990 10 29
o5
_______ -1
Soft to Firm ¥ 87.0
Grey 3 ™ | PM \j o s e BRI 7 15.1
{ 86.0 5t
85,4
4.5
4§ Tw |pd 85.0
Silt 8
Oce. Clay Seams
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Lovse to Compact HEVE: ) o
83.0 +3
Grey } NP
6 1851 10 82.0 \\ 4
Seal ' N
8‘9 REK 81.0 \
“ o
Silty Sand 1788 | 5!
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o
b 0.
Vety Dense T SE-0BH0cn | 1790 o 14 45 (41)
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d-i19 |88 1100/}0cd o
Grey -
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Sl
15.6 | . 2110 | BX [Rec ROD = 30%
Lm:sto:e Bedrock @ RC |75% . 76.0
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74.9 iCont. on page 2 b L e luoz 75.0 e! RGD = 227
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Page 2
RECORD OF BOREHOLE No3cont'd METRIC
wp__ 187-89-04 LOCATION N: 5 005 Dol E: 366 393 ORIGINATED BY _ALA,
pist. 9 Hwy_ 416 BOREHOLE TYPE _tiollow Stem Auger. ,Dvnamic. Cone Penebration Test. .. COMPILED BY _A.K.
DATUM . Geodetic DATE 1990 10 26 CHECKED By C+M.
o it} DYNAMIC COME PENETRATION
SO PROFILE SAMPLES | & | 3 |ResisTaNcE PLoT s AU el L E REMARKS
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Qo i} = ) 1 { 1 i W w W, So
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HE - z gg 2 e cuick Traxiat  x 148 vane |WATER CONTENT (%) 4 (%)
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OFFICE REPORT ON SOIL EXPLORATION

15.8 | €nd of Borehole

20
+3, x5 Numbers refer to 15 0 5 1y sTRAIN AT FAILURE
Sansitivity 10
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RECORD OF BOREHOLE No4 METRIC
w p _ 187-89-04 Location _N: 5 005 104 ; E: 366 380 ORIGINATED 8Y AsA.
pist __9 Hwy 416 BOREROLE TYPE Hollow Stem Auper , Dynamic Cone Penetration Test  compied 8y A. K.
DATUM Geoderic DATE 1990 10,30 CHECKED By Gy
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FOUNDATION INVESTIGATION REPORT
for
Mud Creek Bridge

W.P. 187-89-04, District 9, Ottawa
Highway 416, Str. Site: 3-358/2

1.0 INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering Ltd. to carry out a
foundation investigation for the crossing of the proposed southbound lanes of Highway 416
and Mud Creek. The terms of reference were to investigate the site by means of sampled
boreholes and dynamic cone penetration tests and to provide a full geotechnical report.

This report, which follows a letter report dated 1990 12 20, is submitted in compliance with
these terms of reference.

2.0  SITE AND GEOLOGY

The site is located within Rideau Township approximately 30 km south of Ottawa along
Highway 16. The location of the site is shown on the key plan in Drawing 1878904-A,
appended. The proposed bridge centreline is approximately 30 m to the west of centreline of
the existing structure at Highway 16.

The topography of the immediate area is flat. With the exception of a small wooded area to
the west of the site, the land use is primarily agricultural. The creek flows within a channel
some 4 m deep. The creek is approximately 10 m wide and 2 m deep in the vicinity of this
site.

The site lies in the physiographic region known as the North Gower Drumlin field. The
drumlins are oriented more or less north-south. A mantle of marine soils is draped over the
drumlins and other glacial landforms. The marine soils are the result of inundation by the
Champlain Sea. Therefore, silt and Leda clay are common in this area.

3.0 FIELD AND LABORATORY WORK

The field work, carried out from 1990 10 26 to 30, consisted of the drilling of six boreholes,
each accompanied by a dynamic cone penetration test. Four boreholes were drilled at the
corners of the proposed structure. The remaining two boreholes were drilled along centreline
away from the structure to provide information for the approach fills. The borehole
elevations, referenced to Geodetic datum, were supplied by UMA Engineering. The locations
of the boreholes are shown on Drawing 1878904-A.

Drilling was conducted with two bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the boreholes. Boreholes 1 and 6 for the approach embankments were
terminated within the highest competent stratum. Boreholes 2 and 5 were terminated at auger
refusal. Bedrock was cored in Boreholes 3 and 4.



Standard Penetration Tests were used to sample very dense materials as well as non-cohesive
deposits, the accompanying N values being noted in blows/0.3 m. In cohesive strata, relatively
undisturbed samples were obtained by pushing thin walled Shelby tubes either manually or
hydraulically into the soil.

After the recovery of each thin walled tube sample, standard MTO A size vane tests were
conducted to determine the undrained shear strength of the deposit. Remoulded shear
strengths were also measured to determine the sensitivity of the soil.

Upon completion of each borehole the water levels were measured in the uncased holes.
Boreholes 1, 2, 5 and 6 were backfilled with native soil cuttings. Bentonite sealed perforated
standpipes were installed in Boreholes 3 and 4. The water level in these instrumented holes
was monitored over a period of time. The site was restored to its original condition.

Recovered samples were transported to our Don Mills Laboratory for further visual
examination, classification and index property testing such as moisture content, grain size
distribution and Atterberg limits. Unconfined compression tests were performed on six thin
walled tube samples. The results are shown on the Record of Boreholes and on Figures 1, 2A
and 2B.

40  SUBSURFACE CONDITIONS

41  General

The soil stratigraphy consists of a silty clay to clay deposit overlying loose silt above a silty
sand glacial till. Fractured limestone bedrock lies 11 m to 14.2 m below prevailing ground
surface.

4.2 Surficial Organics
Topsoil (200 mm to 400 mm) was present at all borehole locations.

43 Silty Clay to Clay

A 4.2 m to 5.6 m thick deposit of silty clay to clay occurs below the topsoil.

The upper 1.5 m to 2.0 m of this deposit is desiccated. This upper desiccated crust is mottled
brown and fissured. The moisture content in the crust ranged from 25 to 50 per cent, and lies
between the liquid and plastic limits of the soil. One field vane test within the crust gave an
undrained shear strength value of 68 kPa.

Below the desiccated zone the silty clay to clay is grey. The moisture content ranged from 70
to 40 per cent, generally decreasing with depth. Atterberg limits (Figure 1) indicate medium
to high plasticity.

Field vane test undrained shear strength values ranged from 24 kPa to 58 kPa generally
increasing with depth and decreasing moisture content, indicating a soft to firm consistency.
The sensitivity of the soil is about 6 with extreme values of 2 and 11.



44 Silt

At about elevation 85 m to 86 m the silty clay to clay deposit is underlain by a grey silt deposit
with thin clay seams. This stratum was 2.9 m to 4.6 m in total thickness at the drilled
locations. '

Field vane tests were carried out in this deposit in the belief that the soil was cohesive.
However, when the recovered samples were examined, it was seen that the deposit was
predominantly silt. Hence, any field vane values shown for this deposit have been discounted
in stability analyses. The natural moisture content of the silt ranged from 20 to 50 per cent,
the average being about 30 per cent. N values of 0 to 10 blows/0.3 m indicate the silt is very
loose to compact.

4.5 Silty Sand (Glacial Till)

The silt stratum is underlain at a depth of about 9m below the prevailing ground surface by
a silty sand with some gravel (glacial till). This deposit was fully penetrated in Borehole 3
where the thickness was 4.7 m and in Borehole 4 where it was 6.9 m.

Grain size curves are shown in envelope form in Figure 2A. A sandy zone is plotted on
Figure 2B. N values in this deposit were between and 2 and 114 blows/0.3 m, generally
increasing with depth. The lower N values were observed within the upper zones of the
deposit and may be due to local re-working of the till. The dynamic cone penetration tests
all terminated within this deposit. Based on these N values, the deposit is considered to be
very dense with localized loose to compact zones near its surface. Cobbles are suspected to
be present on the basis of observations in the field during drilling.

4.6 Limestone Bedrock

Limestone bedrock was proven in Boreholes 3 and 4. It is badly fractured with core recoveries
of between 37% and 90%. The maximum RQD value was 30%, most values being 0% for
each core run.

50 GROUNDWATER CONDITIONS
The phreatic level at the site corresponds more or less to the creek level. Observations are
listed below:

Borehole Ground Elev. W.L. Elev. Date
(m) (m)

1 89.8 88.5 1990 10 30
2 90.4 88.3 1990 10 29
3 89.9 89.9 1990 10 29
4 90.7 90.3 1990 10 30
5 90.6 88.2 1990 10 30
6 90.8 88.5 1990 10 30



6.0 DISCUSSION AND RECOMMENDATIONS

6.1 General

It is proposed to construct southbound lanes 30 m west of the existing Highway 16 which will
be upgraded to a 4 lane freeway standard between Highway 401 and Ottawa. This will entail
construction of a bridge across Mud Creek. The proposed structure is likely to be similar to
the existing single span structure. The proposed embankment fill heights will be in the order
of 3 m in height.

This investigation indicates the presence of topsoil overlying silty clay to clay above loose to
compact silt. The silt overlies very dense silty sand glacial till above fractured limestone
bedrock.

6.2  Structure Foundations
The presence of the silty clay stratum precludes the use of conventional spread footings for
the proposed structure. Hence, a deep foundation is recommended.

Sub-artesian pressures within a competent lower bearing stratum preclude the use of caissons,
due to difficulties associated with installation under such conditions. Therefore, steel H piles
are recommended as the most appropriate deep foundation alternative for this site.

A minimum earth cover of 1.8 m should be provided to the underside of pile caps to protect
against frost action.

Wing walls should be supported on end bearing piles unless they can be adequately
cantilevered from the abutments. Due to the likely presence of cobbles at depth within the
sand and gravel glacial till deposit it is recommended that the pile toes be reinforced.

The piles should be driven to bedrock. However if refusal is encountered above bedrock, the
Hiley Dynamic Pile Driving formula should be used to determine the final founding elevation.

Steel H piles such as HP 310x110 are normally designed for the following axial load capacities:

Factored Axial Capacity in ULS 1600 kN
Axial Capacity at SLS Type II 1150 kN

However, the clay deposit which these piles will penetrate is sensitive and therefore subject
to loss of strength after pile driving. The disturbed and softened clay surrounding the pile
shafts will reconsolidate with time, causing negative skin friction loading on the piles.
Therefore, it is recommended that the HP 310x110 steel H Piles be designed for the following
axial capacities, to allow for downdrag loading:

Factored Axial Capacity in ULS 1400 kN
Axial Capacity at SIS Type II 950 kN

The piles should be driven with an energy not less than 50 kJ to achieve the intended
capacities.



For pile length estimation, assume the pile toes to reach bedrock at about elevation 76.5 m.
Some piles may go deeper where the bedrock is slightly below this elevation and some piles
may hang up above this level within the very dense glacial till deposit. However, on average,
a pile toe elevation of 76.5 m is adequate for pile length estimation. Should piles hang up in
the glacial till, they can be easily cut off, after confirmation of their axial capacities by using
the Hiley formula in accordance with MTO policy and practice.

6.3 Earth Pressures

Earth pressures should be computed as per sub-section 6-6.1.2.2 of the OHBD Code. A
yielding foundation condition may be assumed. The granular A or B backfill should be in
accordance with MTO Special Provision No. 109F03 (latest revision). The following
parameters are recommended for granular backfill:

Granular A Granular B
Angle of Internal Friction, ¢’ 35.0° 30.0
Unit Weight (kN/m®), y 22.8 21.2

Surcharge effects, if any, should be computed as per Clause 6-6.1.2.4 of the OHBD Code.

64  Approach Embankments
The proposed profile grade at elev. 92.5 m results in a maximum fill height of 2.5 m. For fills
of no more than 4 m, built with 2:1 slopes, no deep seated stability problems are anticipated.

All organic materials should be stripped before the placement of fill for the approaches. Total
short and long term settlements under such embankment loading are estimated to be in the
order of 25 mm - 30 mm.

6.5 Construction Considerations

The steel H piles may constitute a travel path for artesian flow. To prevent uncontrolled flow
and consequent erosion and undermining, it is recommended that a 600 mm thick granular
"A" filter-drainage blanket be provided below the pile cap, prior to pile driving, with suitable
rip-rap cover to protect against surface erosion by high water.

Temporary excavations with side slopes of 1:1 may be made by open cut methods to maximum
depths of 3 m within the silty clay stratum. Such side slopes will remain stable if (1) they are
not surcharged with excavation spoil and (2) they are left open no longer than 24 hours. For
longer exposure than 24 hours, the side slopes should be flattened to 1.5H : 1.0V.

Seepage into excavations made within the silty clay is expected to be minimal, and capable of
being handled by pumping from sumps located within the excavation.
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The drilling was supervised by A. C. Abel. Drill rigs were rented from F. E. Johnston and
Marathon Drilling companies, Ottawa.

Respectfully submitted:
STRATA ENGINEERING CORP. Jp—
gAIFESTI,
C. MiRza Tt .
A. C. Abel, M. Sc. - e C. Mirza, P. Eng.
Project Engineer Senior Principal

ACA/r

Report Distribution:

M.T.O.Foundations 13 copies
UMA Engineering 2 copies
McCormick Rankin 1 copy
Strata File E-90-037B 1 copy
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANBARD Simm O, . SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREMOLE WHEN DRIVEN 8Y A HAMMER WITH A MASS OF bJ.Skg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE IS DENOTED THUS N, i

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (Simm O D, 60° CONE ANGLE ) DRIVEN BY 47§ J
IMPACT ENERGY ON 'A' SIZE DRILL RODS. THE RESISTANCE 10 CONE PENETRATION 15 MEASURED A5 THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

COMSISTENCY: COHESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH (C ) AS FOLLOWS:
e, (kpa) 0-12 12 - 25 25-50 1 so-100 [ 100 -200[ »2060
VERY SOFT SOFT FIRM STiFF VERY STIFF HARD

ENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED 8Y SPT N VALUES AS EOLLOWS:
’N(BLOWS/OJM) 0-5 310 10« 30 30 - 50 =50
VERY 1OOSE| tOOSE | COMPACT | DENSE  |vERy DENSE

ROCKS ARE DESCRIBED 8Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND/ OR STRENGTH,

RECOVERY: 5UM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOIAL LENGTH OF THE CORING RUN.
MODIFIED RECOVERY: 5UM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED A% A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION {R Q D), FOR MODIFIED RECOVERY, 15
| ROD (%) 0 -25 25+ 50 50 ~ 75 75 = 90 50 100
VERY PQOR POOR FAIR GOO0 EXCELLENT

JOINTING AND BEDDING !

SPACING S0mm 50« 300mmi 0.3m - im | Im -~ 3m =3m

JOINTING VERY LLOSE CLOSE | MOD. CLOSE]  WIDE VERY WIDE

BEDDING VERY THIN THIN MEDIUM THICK | VERY THICK

ABBREVIATIONS AND SYMBOLS
MECHANICAL PROPERTIES OF $OIL

FIELD SAMPLING

$5 SPUT $POON TP THINWALL PISTON m,, kpPa*?  COEFFICIENT OF VOLUME CHANGE
W5  WASH SAMPLE 0%  OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
§ T SLOTTED TUBE SAMPLE RC ROCK CORE Cq ! SWELLING INDEX
85 BUOCK SAMPLE #H TW ADVANCED HYDRAULICALLY Cy } RATE OF SECONDARY CONSOUIDATION
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <, mifs  COEFFICIENT OF CONSOLIDATION
T W THINWALL OPEN F S FOIL SAMPLE H m DRAINAGE PATH
1, ! TIME FACTOR
STRESS AND STRAIN u % DEGREE OF CONSOLIDATION
Uy kea PORE WATER PRESSURE @go  kPa  EFFECTIVE OVERBURDEN PRESSURE
t ! PORE PRESSURE RATIO o kpo PRECONSOUDATION PRESSURE
o kPa TOTAL NORMAL STRESS 1, ke SHEAR STRENGTH
s’ kea EFFECTIVE NORMAL STRESS ¢’ kpa EFFECTIVE COHESION INTERCEPT
T kpa  sHEAR STRESS ¢ = EFFECTIVE ANGLE OF INTERNAL FRICTION
EAC AT A PRINCIPAL STRESSES €y kbg APPARENT COMESION INYERCEPT
€ % LINEAR STRAIN by .t APPARENT ANGLE OF INTERNAL FRICTION
AL A % PRINCIPAL STRAINS i kpu RESIDUAL SHEAR STRENGTH
£ kP MODULUS OF LINEAR DEFORMATION T, kPy REMOULDED SHEAR STRENGTH
G kpa MODULUS OF SHEAR DEFORMATION 5, 1 SENSITIVITY = f;eu
i 1 COEFFICIENT OF FRICTION i
PHYSICAL PROPERTIES OF SOIL
A kg/m® DENSITY OF SOLID PARTICLES & 1%  vOID RATIO Cuin 1¢%  VOID RATIO IN DENSEST 5TATE
%, kN/m:: UNIT WEIGHT OF SOLID PARTICLES no 1% POROSITY iy ! DENSITY INDEX =~;~"~:’;§f~:—;—;ﬂ—i—a
B, kg/mT DENSITY OF WaTER w L% WATER CONTENT o mm  GRAIN DIAMETER
Y o kN/mT UNIT WEIGHT OF WATER Sy % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m® DENSITY OF sOIL w % LQUID LT gy ! UNIFORMITY COEFFICIENT
4 KN/ UNIT WEIGHT OF s0IL Wy % PLASTIC LiMIT h m HYDRAULIC HEAD OR POTENTIAL
A kg/m® DENSITY OF DRY $OIL we % SHRINKAGE LMIT a  m/s  RATE OF BISCHARGE
‘Q kn/m® UNIT WEIGHT OF BRY SON tp % PLASTICITY INDEX = W « Wp v m/s  DISCHARGE VELOCITY
Bar  ka/m' DENSITY OF SATURATED 50M L1 LQUIDITY INDER < — |' i i HYDRAULIC: GRADIENT
Yigr kN/m UNIT WEIGHT OF SATURATED SOIL P —w k m/s  HYDRAULIC CONDUCTIVITY
P' kg/m® DENSITY OF SUBMERGED SOIL e} CONSISTENCY INDEX: Ln, j ke’ seerace forcE
YT kN/m® UNIT WEIGHT OF SUBMERGED SOIL Coax L% VOID RATICH IN LOOSEST STATE



OFFICE REPORT ON SOt EXPLORATION

M
Tratmportation
Ormiina

RECORD OF BOREHOLE Nol METRIC
w P _ 187-89-04 tocanion N 5 005 065 :  Er 366 407.5 ORIGINATED BY _ALA
pist .9 AWy __416 BOREHOLE Typg Mollow Stem Auger , Dynamic Cone Penetrabion Test — COMPILED BY ALK,
DATUM Gepdetic DATE 1990 10 26 CHECKED BY C.M.
SO PROEI o w DYNAMIC CONE PENETRATION
OFILE SAMPLES §£ g [ResisTANCE pior pastie MATRAL !:2 REMARKS
= ZQ | # 20 40 60 80 00 (UM cowew uminy 2O
Ofe ° o - 1 ) h : i Wp W w, | Buw &
ELEV al%| w! 2125 5§ [SHEAR STRENGTH kPo e G 3 | GRAIN SizE
DEPTH DESCRIPTION 222 8% % lo unconkNED + FIELD VANE " y [DISTRIBUTION
1z » | BY Z | quick tRAxIAL  x LA vane | WATER CONTENT (%) %)
89.8 | Ground Sucface % 1w i 20 60 80 100 W40 0 fkp/m? lor A 51 cL
0.0 200mm Topsoil
8ilty Clay to Clay
Stiff ' 89.0
Desiceated 1188 |10 0
Mottind Brown X
R il : W.L. on
2lss | s 88,0 4 1990 10 30
Fimn to Stiff ] S K
3iW |eM ﬁ o
86.0 2
\ .
il | 1w 85.0 e’ ° 18.9
3
84,2 *
175 8.0
Silt 5 1w ieM X NP
Oce. Clay Seams 83.0 _..M_"l
Loose
o | | ow 82.0 3
3
Grey \ !
81.0
80.6 \\
: ©
9,21 Silty Sand JH 7185112
Lrace Gravel 1 80.0 M“‘*‘*y
{Glacial Tiil) 1, . e
. [ e
. Pt |
Compact to Very Densej [ '-\
' 79.0
78,7 Grey L 8 | ss 101 o 1 92 (7)
11.1 End of Borehole

10
o3, x5 Numbers refer to 1 %0 5 1) STRAIN AT FAILURE
Sensitivity 10



OFFICE REPORT ON 50IL EXFLORATION

@
Travisportation
Ontario

RECORD OF BOREHOLE No2 METRIC
wp . 187-89-04 WOcAtiON __N: 5 005 086 ; E: 366 398 ORIGINATED BY AsA.
oist _ 9 Hwy 416 BOREWOLE type Uollow Stem Auper , Dynamic Cone Penetration Test  compiteo gy AK.
DATUM _Geodetic DATE 1990 10.29 CHECKED BY CuM.
5OHL PRGHL AMPL o ﬂ DYNAMIC CONE PENETRATION
£ 5 £ ’-u.'.'“z’ T | RESISTANCE PLOY FLASTIC %’.‘émg LG ,,,,?E REMARKS
= ig| = 20 40 60 80 100 |M™T coNTenr UMt} SO
Ofe ] - 2 L L ! L J Wp w w,} o% &
ELEV - alm|lw| 2]98| & [sHEAR STRENGTH kPo G | 3 | GRAIN SIZE
BEPTH DESCRIPTION w1E] 2| 2138 G |ounconane  + FiEw vane 1er content il ¥ |DSTRIBUTION
gz 5 | &0 | & |eouck rmaniaL x Las vane WATER CONTENT (%) {%)
490.4 | Ground Surface b - wh 20 4 60 {0 1p0 20 40 o) ke/m® {GR . SA S1 CL
0.0 .
250 mm Topsoil 90.0
Silty Clay to Clay
1188 |19 [
Very Stiff if
y Sti o Stiff 9.0
Desiceated A
Mottled Brown Bl - WL, on
d Brown 1] X 1990 10 29
88.0
Firm 31458 | 4 ?
Grey 4 {TW PM 87.0 4 o }15.1
] 1]
A ¥
' 86.0
¢ 4]
S {IW | PM
85,0 A
84,6 i
5.8
6] 85| 4 0.
Silt 84.0
Oce.Clay Seams 2
Lovse 83.0
H
7188 4 o
82.0 —-m{ &
81.5 Grey
8&9 | * K] K
Silty Sand ‘;.ﬁ 8 s {32 81.0 \\\ o 22 46 (32)
with Gravel RN e
' M""‘"M.
(Glacial Till)
80.0
Tilo [ss |23 0
R 79.0
Gompact. to Very Densq
ol
1t 10.[ 58 1100/}t Tem 8.0 o
Grey ;
q 77.0
o 11]58 100/ i 7em o
. 76.0
5.7 al
14.7 {End of Borehole

+J' «% ; Numbers refer to
Sensitivity

20 .
15 95 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

"
Fraisspontation Page 1

RECORD OF BOREHOLE No3 METRIC
w p _187-89-04 LOCATION _N;_5.005 061 3 E: 366 393 ORIGINATED BY Ah,
oist 2 Hwy . 416 BOREWOLE TYPE Hollow Stew Auper. Dynamic Cone Penetration Test. . COMPILED BY AK. .
DATUM _Geodetic . DATE . 1990 10 26 CHECKED By L.M.
pm w  |OYNAMIC CONE PENETRATION
S50IL PROFILE SAMPLES &,2 5 RESISTANCE FLOT — m;";;mt — .._E REMARKS
— go & 20 40 60 an 00 ikt CONTENT LT El__')
0w a = 2 4 B ) L i Wp W w | Sw &
ELEY R' iRl w2128 & [SHEAR STRENGTH kPo RSP N 3 | orain size
DEPTH DESCRIPTION CJEL R E 8% § Jounconmmner v rmDVANEL e ey DISTRIBUTION
12 5 | &Y 1 & |eouok TRAKAL  x 18 vanE WATER CONTENT {%) {%)
89,9 | Ground Surface 5 7 & 20 40 60 80 100 20 & &0 ke Jw? |GR SA St CL
0-0 | 250mm Topsoil ad
Silty Clay to Clay {
Stiff to Firm 1 1ss |10 89.0 5
Desiccated \
11 2 514 »,,!m‘gw 8.0 o W, L. on
Mottled Brown ¥ 1990 10 29
W5
RPN 8 X
Soft to Firm 87.0
Grey 30 TW {PM 5 cerd | 3} 1341
g 86,0 -
85.4
4.5
4§ TW [ PH 85.0 Q
Siit 8
Oce,. Clay Seams
84.0
Loose to Compact s | w len J o
83.0 -3
Grey } NP
6 185410 82.0 \
Seal ' N
81.0 ﬁ z e
8.9 vio|s 81.0 "
L °
Silty Sand 158 1 5t
some Gravel g 80.0
(Glacial Till) KRk
+lol
H
Very Dense LT 5 “1 79.0 o 14 45 (41)
- 78,0
o119 | 58 {100/p0cn o
Gray 2Ra =
I 77,0
o
76,3 4R
13.6 | .. -2110 | BX {Rec RQD = 30%
Limestone Bedrock Q w1752 .| 176+0
Fractured o 3
Q BX |Rec [Sull Bft. Endountqred .
74.9 {Cont. on pape 2 ;:b 1 RC {07 1175.0 ROD = 27%

15.0

20
o3, x5 ; Numbers rafer to 44 s 1o STRAIN AT FAILURE
Sansitivity 10



OFFICE REPORT ON 50H EXPLORATION

Mirtiniry
@)

Trarmpirintion
vty "

- Page 2
RECORD OF BOREHOLE No3 cont'd METRIC
W e __187=89-04 LOCATION N: 5.005 061 E: 366 393 ORIGINATED BY AsA,
pist .9 Hwy 416 BOREHOLE TYPE _Hollow Stem Auger Dynamic Core Pepetration Test  COMPILED BY AK.
pATUM _Geodetic paTE 199010 26 cHeckep By S
SO PROFILE AMPLES o w DYNAMIC CONE PENETRATION
5 LE g‘g a RESISTANCE PLOT r:_a?:\c ::::;g:&:t t:l;b‘l'l:,h = % REMARKS
b w |20 @ 20 40 60 80 100 coNtant U z=
g o W oo = i i i i i Wp W w, = &
ELEY STION W w|2{85 | & [SHEAR STRENGTH kPo P A— ® | crAN SIZE
DEFTH DESCRI e lB1 2| 2136 5 |ouvconmme 4 riEw vane rer content | ¥ [PSTRIBUTION
g1z y | &Y ] & |eovick TRAxiaL  x LaB vaNg WA %) (%)
74,9 | Cont. from pape 1 © : i GR SA 51 CL
' n |
1301 inestone Bedrock N X lree | © o
Fractured @ 12 "| Plezome jer -
74,1 Sy | RepoE
15.8 1 End of Borehole

20
+3, x5 Numbers refer to o s 1u) STRAIN AT FAILURE
Sansitivity 10
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o
o Tranaportiation Page i
RECORD OF BOREHOLE No4 METRIC
wp_ 187-80-04 LOCATION _N: 5 005 106 5 E: 366 380 ORIGINATED BY AJA.
oisT 9 Hwy 416 soreHOLE Type Hollow Stem Auper , Dynamic Cone Penetration Test  sOMPHED BY A. K.
DATUM Geadetic pate 1990 10 30 CHECKED By Cals
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ?—"ﬁ g RESISTANCE ~PLOT T »«-E REMARKS
- » 56| W 20 40 60 80 vgo [T contew UMT | SO &
9' m ¥ QE =z 1 L | i ] Wp W Wy o B
ELEV ESCRIPTION alalw| 21258 ] & [sHEAR STRENGTH kPo USSP S Z | GRAIN SIZE
DEPTH DESCRIPTIO A3 Z 1 3 138] & lounconmmen  + piew vane WATER CONTENT (%)] 7 DISTRIBUTION
£z y | &Y @ | QUCK TRAKAL  x 1AB VANE {% (%)
90.7 | Ground Surface e w 20 4D & 80 100 20 4 & GR SA 5t CL
0.0 200mm Topsoil ‘Mﬂ
q Suly Add. Hdad Wb, om
Silty ‘Clay to Clay L W9 L0 50
Firm 80.0 —
Desiceated o
1 |58
Mottled Brown 4 >
89,0 b Lo - .
Soft to Firm 1.2188 | 6 T
] X
385 12 88.0 o
Grey
41w | M o 15.4
A 87.0 }—
el F4
86.3 ) K
4.4 86.0 b—
S {TW | PM [
S5ilt 4
Occ. Clay Seams 85.0 5
Very Loose NP
6188 | 1 o
Grey oal o0
83.4 @)%
7:3 BN
Silty Sand 1 83.0 22 41 (37)
ilty San 1S )
with Gravel 4. 1188 1.2
(Glacial Till) e
. 82.0 p—\~
‘ A N
V. louse to V.Dense 118 |ss {36 S| 0
b 81.0 1
VLTS TTTE ey | 8040 6
Gray .
*o:
N 79,0
T ] Bx Boulder
ol 78.0
o
o111 ]88 |s8/2pemi | |77.0 >
76.5 1
o
14.2] Limestone Bedrock N 12 BX | Rec
i Fractured re | 3721 J0.76.0 R = 0%
75.7 [Continued on pape 2 [ Sup At Enchuntebed
15.0 ”

43, x5 ; Numbers refer to
Sansitivity

20
15 05 [%) STRAIN AT FAILURE
10
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Ministry
@i

Page 2

RECORD OF BOREHOLE No4 cont'd

METRIC

WP 187-89-04 LOCATION _ N: 5 005 104« E: 366 380 ORIGINATED BY _ALAL
oisT Qe WY 4106 BOREHOLE TVYPE _Hollow Stem Auger, Dynamic Cone Penetration Test... COMPILED BYAK.
paTUM __Geodetic pate 1990 10 30 CHECKRED gy _C.M,
wh DYNAMK, CONE PENETRATION
SON PROFILE SAMPLES g,vz.' :'f: RESISTANCE  PLOT PLASHIE xﬁg;&:! LouD ME REMARKS
5l o [20] % 20 40 sp 80 oo |'H CowE U gg i
2 2 lak : ! ° :
ELEV Timl w2258 rf; SHEAR STRENGTH Po RS B | GRAIN SIZE
DEFTH DESCRIPTION WAELZ 1S IB81 5 Jounconaned 4 FELD vANE DISTRIBUTION
2 89| g WATER CONTENT (%)} 7 ’
g1z 5 | &9 @ |eoucx rRaxal  x Las vane 1%) (%)
75.7 Lont, from page 1 v s i GR SA 51 CL
15.0 -
Limestone Bedrock %12 % fgt;% 75.0 RGD = U%
Fractured ZI\Q
gy | |70
Q B Ree
1 ke bex | ) RQD = 0%
7 ) C2 S I e
% "
BX Rec | |
s re |sozl | 172.0. ROD = O %
Q C Ll Standpibe QD
71.3 Y
19.4] End of Borehole

+3, x° : Numbers refer to
Sensitivity

20 .
1505 (%) STRAIN AT FAILURE
10
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Tramporation

RECORD OF BOREHOLE No 5 METRIC
wp . 187-89-04 LOCATION _N: 5 0050%4.5:  E: 366 374 ORIGINATED BY Auhy
pisr .9 T ..) 1) BOREHOLE TypE _Hollow Stem Auger, Dynamic Cone Penetrarion Test  COMPHED BY A.K,
pATUM _Geodetic pATE _1990 10 30 CHECKED BY Call
" w | DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES | & | 7 |Resistance pior masmie O ol | e
g =2 [} VMt conret UMt ] = O EMARKS
= w {ZQ ) w 20 40 60 BO 100 zH A
Qe Wy = 2 1 i i i H Wp W W, S
ELEV cRipr & 8| w2125 & [SHEAR STRENGTH kPo USSR 2 | cramn $1ZE
DEPTH DESCRIPTION w|Z1Z 1 21368 5 |ounconmmen  + e vane WaTER conTent (] ¥ |PTRIBUTION
g1z s | &Y & | e GUICK TRIAXIAL  x LAB VANE E (%) (%)
90.6 |Ground Surface o = s 20 40 60 80 100 20 4p 60 ikp/m* IGR 5A SI CL
0.0 35Ckm Topsoil
Silty Clay to Clay § 90.0 byt L L b
Firm Desiceated 11 ss 6 o
Mottled Brown
wm e e owm owm e we i ; 89.0 [V [
vl 2iss | 6 e
Soft to
Fiem )
X. L. on
3iss | 2= les.0 a o 1o 30
Gray
47 TW| PM L4 g 15.5
87.0
§ + B
1
86.2 g +3
4.4 86.0
l 51 W] eM o
silt ‘
b
oee. Clay Seams 4.0 +
o i
Very Loose
6|85 2 o
84.0
Grey
83,0 =
7188 | * )
62.0
81.6 k
9.0 Silty Sand ’
Y Tids | ss 12 o 15 &5 (40)
some Gravel Ex BL.0 \
(Glacial Till) kN >
o
Compact 80,0
79.4 Grey ol
11.2 | End of Borehole ﬁ
Probable Bedrock
* Penelrated by weight
of Hanwer and Rods

+3, x5 ; Numbers refer to
Sansitivity

20
1545 (%) STRAIN AT FARLURE
10
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@i,
O
RECORD OF BOREHMOLE Noo6 METRIC
wp _ 187-89-04 LOCATION _N: 5 005 111 : E: 366 366 ORIGINATED BY A-A
pist 9 Hwy 416 BOREHOLE TYPE _Hollow Stem Auser, Dvnamic Gone Penetration Test  COMPILED 8Y AJK.
DATUM _. Geodetic pare ___1990 10 26 CHECKED BY C.M,
SOIL PROFILE SAMPLES o wi [DYNAMIC CONE PENETRATION
E'ﬁ’ g RESISTANCE PLOT masric VATURAL e ...’3_1 REMARKS
— " 30 e 20 40 50 B0 100 it CONTENT  LIMIY %9
Q= I & > ) h i i i Wp W w | Sw &
ELEV DESCRIPTION g1@l w3 %é G |SHEAR STRENGTH KPa Yoo e 2 | crain size
DEPTH w151 &1 € 861 T o unconnnen + PIELD VANE . y [|DISTRIBUTION
&1z » | &Y | & |eoucx TrianaL  x Las vang WATER CONTENT {%] {%]
90.8 | Ground Surface s E by 0 40 6 80 100 20 40 o GR %A 51 CL
0.0 | 300mm Topsvil
Silty Clay to Clay
Figm A 90.0
Desiceated “‘# 55 16 o
Mottied Brown \
21816 89.0 b
T 1
¥ A Wl on
Fiem // 318 1|4 - o 1990 10 30
) 88.0
AUle | ™| m o { 15.8
Gray
87.6
-5
5
15 | ss | & 86.0
85.6
5.2 +6
l‘ R
gile 85.0
Oce. Clay Seams J
6 { W | M o
Loose
85.0
Grey
718815 83.0 o
2
81,9 82.0 3
8.9 bl
silty Sand 118 | ss 18 o 10 53 (37)
some Gravel - 81.0 4.
(Glacial Till) ol
Compact R
. 80.0 -
2 .
Grey R \
i
79.0 o |
78.6 Jnl
12.2 | End of Borehole

0
3, «%; Numbers refer to 15 0 s () sTRAIN AT FARURE
Sansitivity 10
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6Q
pd
50
CH
40
2 Ct
o
=
a
F4
5. 30 ol
P
U A
P
< ct * LEGEND
- " /. 5 BH SAMPLE | SYMBOL
20 ) ) -
2 2 ]
3 Z *
MH QOH 4 2 A
10 //
5 Z ol
e s —m—— RRXRNTY & W‘ 6 5 o
s e s . [ C\Lx—\ﬁﬂN\ v i o 3 3 A
Vs
Mi {/ ML Ot
ee 10 20 30 40 50 &0 70 80 90 100
LIQUID LIMIT %
Miistry of PLASTICITY CHART FIG No 1
Transportation . ool
~ ’ Silty Clay to Clay W P 187-89-04
Ontario Mud Creek Bridge




7BYZ M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SiLT Fine | Medium | Coarse Fine ] Coarse
GRAMN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric]
f F3 3 45 o 26 30 4050  75um 150 um 300um S0 um Ligmm 2. 36mem 9.5 mm 190 mm I75mm  43.0mm
HH T sjum | 108um 250um_ 425um 850 um 2.00mm 4.75mm 13.2mm | 265mm | s30mm 750mm
100 S o
.,/
90 to
a0 20
I
70 30
o 69 [l 408
z <
b ; 2
g '. :
s0 so
z N AR LEGEND z
< | BH  [SAMPLE SYMBOL =
s 40 v g0 &
1; i h 2 8
30 %% i ? Qf;», 70
S
5 8
20 & 80
1 6 8
0 ¢
1
[+ u 100
i z 3 408 to 20 30 40 270 200 140 10C 60 S0 40 30 20 16 108 s ' v W ¢ E ey
MINISTRY SIEVE DESIGNATION {Imperial}
Minisiry ot GRAIN SIZE DISTRIBUTION FIG No 24
ransportation
i ) . w p 187-89-04
Ontario Silty Sand with some Gravel
(Glacial Till) Mud Creek Bridge




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SHT Fina [ Medium | Coorse Fine | Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
b [ 3 4 5 10 20 30 4Cs0 75um 1504m 300um H500m 518 mm 2.316mm 9.5mm 9.0mm 37.5mm 630 mm
100 T sigm | 108am 25Gum 425pm 850um 2.00mm £.75mm zam | 263mn | s30md 750mm
.-———"_'-—_—;—-
e
80 ,/ 1o
89 f/ 20
]

o
b
o

o &0 o
H / g
ot e
s &
L1v] -12]

N | d

5 | LEGEND 5
[ 03 Y]
LY L ¥
-3 (-4
® g0 =

/ v
o / w

/' ‘
19 ﬂ / 90
/
|

30

BH |SAMPLE SYMBOL
4G {
1 8

14

) 100
I 2z 3 4 s 1o 20 30 40 270 200 140 100 6050 40 30 20 16 08 4 v W% & v ey
MINISTRY SIEVE OESIGNATION (imperial}

Ministry of : FIG No 2B
ransporaton GRAIN SIZE DISTRIBUTION _ |
Silty Sand trace Gravel W P 187-89-04
(Glacial Till) Mud Creek Bridge

Ontario




PH-D« 207 S8 10

MINISTRY OF THANSPORTATION , ONTARIO

| CONT No
METRIC \wp Nois7-89-04

PIMENSIONS ARE N METRES

i s s,
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