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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE IS THE NUMBER OF BIOWS REQUIRED TO CAUSE & STANDARD Simm 0.0 SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A MAMMER WITH A MASS OF 63.5kg, FALLING

FREELY A DISTANCE OF 0.76f. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 1S DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT {Simtn 0.0 $0° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON "A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED A5 THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SONILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS,

CONSISTENCY: COHWESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH | ¢, AS FOLLOWS:

DENSENESS ¢

¢y (kPa) 0-12 12 - 25 25 - 50 50-100 | 100 -200} =200
VERY SOFT|  SOF7T FIRM ST1FF  \very sTier | maRD
COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
IN{BLOWS/G.3m)] 0 - 5 5-10 10-30 | 30- 50 »50
VERY {OOSE] (ODSE | COMPACT | DENSE |VERY DENSE

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

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

THE ROCK QGUALITY DESIGNATION {RQ D}, FOR MODIFIED RECOVERY, 1§

1 RQD (%) 0-25 25-50 | s0-75 75 - 90 90 - 100
VERY POCR POOR FAIR GoOL EXCELLENT
SPACING S0mm 50=300mm| 0.3m - tm | 1m - 3m =3
JOINTING VERY CLOSE ClO3E MOL, TLOSE] WiDE VERY WIDE
BEDDING VERY THIN THIN L MEDIUM | THICK  vERY THICK

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF SOIL

$ S5 SPLIT SPOON TP THINWALL PISTON m,, kpg“!
WS WASH SAMPLE OS  OSTERBERG SAMPLE Ce 1
5T SLOTTED TUBE SAMPLE R € ROCK CORE Ty 1
B S BUOCK SAMPLE PH TW ADVANCED HYDRAULICALLY Cy 3
€S CHUNK SAMPLE P M TW ADVANCED MANUALLY ¢y m#/s
T W THINWALL OPEN FS  FOIL SAMPLE H m
T, 1

STRESS AND STRAIN v ”
Uy kP PORE WATER PRESSURE o,  kPa
T 1 PORE PRESSURE RATIO o kP
o kpa TOTAL NORMAL STRESS T, kea
o’ kea EFFECTIVE NORMAL STRESS ¢ kra
T kpo SMEAR STRESS ! -
o 0.0, kPo  PRINCIPAL STRESSES ty kpe
€ % LINEAR STRAIN by "
€16 .8 % PRINCIPAL STRAINS T kro
E kPa  MODULUS OF LINEAR DEFORMATION 7, kea
G ke MODULUS OF SHEAR DEFORMATION 5, 1
i 1 COEFFICIENT OF FRICTION

PHYSICAL PROPERTIES OF 50IL

P, kg/m’ DENSITY OF SOLID PARTICLES e 1,%  VOID RATIO
Y, kN/m UNIT WEIGHT OF S0UD PARTICLES n 1% POROSITY
A, ko/m® DENSITY OF WATER W 1L,%  WATER CONTENT
Yy  kN/m UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION
P kg/m’ DENSITY OF sOIL w % Loub umiT
Y kN/o® UNIT WEIGHT OF SOl Wy % PLASTIC LiMIT
A kg/m® DENSITY OF DRY 501 we % SHRINKAGE LIMIT
)é KN/ UNIT WEIGHT OF DRY SOiL I % PLASTICITY INDEX £ W «~ Wy
th kl;;/l‘ﬂ3 DENSITY OF SATURATED SOIL i 1 VGUIDITY INDEX = Y%
Yogr KN/m UNIT WEIGHT OF SATURATED sOIL ' LI
P’ ko/m® DENSITY OF SUBMERGED SOIL fo 7 CONSISTENCY iNDEX: —L‘G“”“
Y’ KN/m® UNIT WESGHT GF SUBMERGED SOIL €rax L VOID RATIO iN (OOSEST STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOUIDATION
DRAINAGE PATH

TIME FACYOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLUIDATION PRESSURE

SHEAR STRENGTH

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

REMOULDED SHEAR STRENGTH

CU
SENSITIVITY & wmr
r

eyin 1% VOID RATIO IN DENSEST STATE
e e

i } DENSITY INDEX =gMREZ o .

D max - €min
men GRAIN DIAMETER
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h m HYDRAULIC HEAD OR POTENTIAL

q  m/s  RATE OF DISCHARGE
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FOUNDATION INVESTIGATION RERORT
For
Boundary Reoad Hwy. 115 Interchange
W.P, 74«70-11, Site No. 21-440
Distriet 7, Port Hope

INTRODUCTION

This report contains the results of a foundation investigation at the above
mentioned site carried out during the period 89 03 08 to 89 03 13. The
investigation was conducted at the request of the Central Region Structural
Section, The fieldwork consisted of five sampled boreholes and four
dynamic cone penetration tests. The borings were advanced using a Muskeg
vehicle mounted auger machine equipped with hollow stem augers., Sampling
was done to a maximum depth of 15.7 m and the dynamic cone tests to a

maximum depth of 6 m.

SITE DESCRIPTION

The site is located on Hwy. 115 2.3 km north of the junction of Hwy. 115 &
Hwy. 35, The terrain dis hilly with mixed hardwood forest cover.
Immediately east and west of the site aggregate pits are or have been

mined,

According to Chapman & Putnam (1984), the area is in the Oak Ridges

Moraine. It is typically composed of sandy'loam, gsand or gravelly sand,

SUBSURFACE CONDITIONS

The subsoil consists of glacial and glacio-lacustrine deposits. A
surficial layer of fine sand overlies sand and gravel which is in turn

underlain by fine sand.

The boundaries of the different deposits together with the field and lab
test results are shown on the Record of Borehole sheets No's 1 to 5
contained in the appendix of this report. The stratigraphic%l sections are
shown on Drawing No. 747011-A" This drawing also shows the locations and
elevations of the borings. A description of the different strata

encountered is given below:
* DWG NQO 2 OF THE CONTRACT DWG'S



Fine Sand, trace of Silt

The surficial soil consists of very loose to very dense fine sand. The
bottom of this layer is relatively flat ranging between El. 350.3 to E1.
349.1., The thickness of this layer ranges from 1.8 to 8.8 m. The
irregularity is due to the hilly surface topography. There are some gravel
layers between the ground surface and El. 354 m. Occasional layers of
silty sand exist at lower depths. West of Hwy. 115 along the top of the
existing cut slope there is 1.2 m of silty sand overlying fine sand.

Measured in situ and laboratory properties are as follows:

Range Mean Median
Moisture Content (w) % 2.5~8 4 4
SPT Blows 'N! 1-69 19 19

The average SPT 'N' value is 19 however the range is quite large with the
'N' values increasing with depth. The low 'N' values near the surface are
not representative of the general condition of this deposit and can be
attributed to the lack of overburden pressure. The density of this deposit

increases with depth.

The moisture content also varies with depth in this deposit. The moisture
content of this deposit is slightly higher near the surface due to the
affects of surface infiltration and organics. This deposit is however dry

and would require the addition of water to assist in compaction.

The grain size distribution is uniform within this deposit as shown in the

narrow grain size envelope on Figure 1.

Sand and Gravel, occagional Cobbles

This deposit is a heterogeneous mixture of sand and gravel with traces of
silt and random layers of silty sand in some boreholes. The thickness is
in the order of 4 to 4.5 m. The lower boundary of this layer slopes
downward slightly from the north abutment at El. 345.1 m to lower than E1.
344.3 m at the south approach,



The in situ and laboratory properties are as follows:

Range Mean Median
Moisture Content (w) % 1.5-3.5 2-5 25
SPT Blows 'N! 44-180 56 81

Based on blow counts ranging from 44 to 180 blows, the material 'can be
described as dense to very dense. The blow counts varied randomly with an
average blow count of 51 indicating that most of this deposit is very

dense.

While the blow counts have a large range the moisture content is relatively
uniform ranging from 1.5 to 3.5%. Very little moisture penetrates from the

surface to this deposit.

Analysis of the grain size distribution envelope for this deposit (Figure
2) shows a wide distribution of grain sizes up to cobble size particles.

The cobbles are dispersed randomly throughout the deposit.

Fine Sand, trace of Silt

Below the sand and gravel the boreholes were terminated in a fine sand
layer. It contains occasional silty sand layers and in general silt
content increases with depth. A moist sandy silt layer was found at the

bottom of BH #3. The laboratory and in situ properties are as follows:

Range Mean Median
Moisture Content (w) % 3.5~4 3.75 -
SPT Blows 'N!' 25-62 48 47

The 'N' values indicate that this layer ranges from compact to very dense.
The blow counts vary randomly with an average 'N' value of 48 blows. The

deposit is therefore basically dense.



This deposit is dry with practically no variance in moisture content,

The grain size distribution (Figure 3) indicates a poorly graded medium to

fine sand with traces of silt.

£

Groundwater

All the boreholes were dry. According to Chapman and Putnam (1984) the
water drains vertically through the sand and gravel, moving laterally only
when it reaches less pervious beds. However, lateral drainage was not

encountered in any of the boreholes.

MISCELLANEOUS

The field work for this ﬁroject was supervised by Mr. ¥. Pinder, Enginear\
Trainee. The equipment used was owned and operated by Master Soil
Investigations Ltd. This report was prepared by Mr. S. Holmes, Foundation
Engineer, and reviewed by Mr. M. Devata, Cheif Foundation Engineer.

Dvae~
ORI o e

Dr. B. Iyer, P. Eng.
Sr. Foundation Engineer

M. Devata, P Q )
Chief Foundat1on Eng1neer
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UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
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UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
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Triropportation o
Ontaro _ 1
RECORD OF BOREHOLE No 1 METRIC
wFP 74=70+11 LOCATION __ Go~ords: N 882 292.9: E 376 605.8 ORIGINATED BY __FP
DIST 7 HWY 115 BOREHOLE TYPE _ Hollow Stem Aupers COMPILED BY e
DATUM ___Geodetic DATE 89 03 08 CHECKED BY 1)
SO PROFILE SAMPLES o w DYNAMIC CONE PENETRATION -
H2 | F [RSTNCE ROT R essrc MO ou =% | REMARKS
$ e w186 4 20 40 &0 8O 100 |U™T comnent zz 4
y 9 a @O = » i i i 1 1 Wp w W, :;g
ELEV ’ ElE| ¥ | 21281 & [SHEAR STRENGTH kPo e O GRAIN SIZE
DEPTH DESCRIPTION 31 2| 2188 & louconane  + riewo vane WATER CONTENT (%)] 7 DISTRIBUTION
. gz 5 &Y | @ |eauck TRaxial  x LaB vant . {%)
356.9 Cround Surface hd = d 10 20 30 GR SA S1 CL
0.0 R *
L
Oce. Gravel Layers|'s . 1! 8§ | 20 356
Wl2lss |13
Fine Sand ' o
Trace of Silt ., 385 |13 1854 092 (&)
Loose to Very Dense . 4188 | 16
5188 | 16
vee. sitty M1 6L8s |15 352
Sand Layere | BETRES
Z J
.,Q.. 81 8S 8
o 350
Q Y349,2
P 7.7 91ss | a4
w -]
= 4 48
o »
v Sand and Gravel ;,: 10,85 | 67
g Oce. Cobbles ‘.
Dense to Very Dense e,
& “»411]88 |56 346
o ' .
w  |34s.3 5|12 | 55 175
¥ F12.6] End of Borehole
e
[+

*Borehole bry

20
+3, x5 ; Nombars refer to 5 (' o) STRAIN AT FAILURE
Sensitivity . 0
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RECORD OF BOREHOLE No 2 METRIC
; WP 74-70-11 LOCATION __Co~ords: N 4 887 302.1: F 376 580.9 ORIGINATED BY _ FP
DIsT 7 HWY 115 BOREMOLE TYPE _ Hollow Stem Augers & Dvnamic Cone Penetration COMPILED BY FP
: DATUM __Geoderic DATE __89 03 08 CHECKED BY ___Db
: SOIL PROFILE sampies [& | w [DYNAMIC ‘CONE PENETRATION =
SISTAN PLOT NATURAL
; 5218 G R e Nl el S E | pemares
A - w | 20| » 20 40 w0 4D 00 ' z= s
; v 9‘ ﬁ g ﬁ)’: o i 1 ! i i Wp w w, :)l-;
ELEV DESCRIPTI alm :_.t' o Z0O Q SHEAR STRENGTH kPo ' [ o TE— GRAIN SIZE
BEFTH {PTION 31 2| 2138 5 lounconmmer  + Fiew vane ATER CONTENT (2| 7 |PSTBUTION
gz 5> | &Y & [eouck rmaxial x as vane W ") {%]
¥ 58.7 Ground Surface A : i 10 20 30 GR 3A 51 CL
0.0 o * 1
. 458 Augered
i 8s |1 j o 19 (9
S 288 11 )
Oce. Gravel Layersie ¢] 31 s§ | 69 356 (<] © iz B2 (8
- CalEs e
.. + ] L‘"‘"ﬂ-—-_
Fine Sand L 5058 | 2 354
Trace of Silt tot
= Very Loose to . &1 88 | 18 -] 097 (3)
o Very Dense .
b 72188 121
5 352
(-4
& chglss 19
% 1.9iss | 11 o 096 (4)
[1T)
o 13499 350
(o] 8.8 N
b 110] 55 | 94
z ..
o . o .
= Sand and Gravel #7F11) 58 (60 10 cm] 348 el : 45 49 (5)
O Occ. Cobbles L
.
wi Very Dense v,
o -
‘t",g " 12) 88 | 77 346
w Lu
O |344.9 .
X 1131 55 | 60
13.8 Fine Sand v,
Trace of $ilt T 344
Very Dense L
343.0 sali4 188 |60 0 090 (10)

15.7 End of Borehole

*Borehole Dry

20
+3, %% Numbers refer to <5 {%) STRAIN AT FAILURE
Sensitivity 10
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Trardywwimtion
RECORD OF BOREHOLE No 3 METRIC
w P Th=70-11 LOCATION __Co~ords: N 4 882' 290.6; E 376 537.9 ORIGINATED 8Y __FP
DI5ST 7 HWY 115 BOREHOLE TYPE __Hollow Stem Aupers & Dynamic Cone Penetration COMPILED BY PP
patuMm Geodetic bate _ BY 03 09 CHECKED BY j231]
SO PROFILE SAMPLES o w fDYNAMIC CONE PENETRATION —
Eg g RESISTANCE PLOT BASTE Mo loup] I REMARKS
Limit CONTENT LIMIT =0
b w | 20 w 20 40 60 BO 100 Z = &
Ofe 81251 2 AR O O Wp W wo} S5y
ELEV DESCRIPT Fla| w | 2|98 & [sHEAR STRENGTH kPo OATRD VE——— GRAIN SiZE
DEFTH ESCRIPTION 2B Z | $188| T [ounconrmer  + riewo vane ATER CONTENT ()] 7 |PTRIBUTION
é Z 5 | &V & |e ouck TriAXIAL © x (AB vang | W {%) {%)
353.8 Ground Surface A : i , 10 20 30 GR SA St CL
0.0 -t N }An red
Fine Sand . .
Trace of §ilt 188 !9 o [ 094 (6)
c v
ompact L2185 s 352
_—— e — e e 3188 24 [ 095 (5)
Oce. Silty Sand||
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3.8 151 ss [ 33 4
Oce. Silty Sand|] ; I
_Layers {1765 |52 ray ) 3 55 (11)
N \
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o
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12,7 End of Borehole
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Ontaric K ]4
RECORD OF BOREHOLE No 4 METRIC
WP 74=70-11 LOCATION _ Co-ords: N 4-882 307.1; £ 376 514.1 ORIGINATED BY __FP
DIsT 7 HWY 115 BOREMOLE TYPE,_ Hollow Stem Aupers & Dynamic Cone Penetration COMPILED 8Y FP
DATUM .__Geodetic DATE 89 03 09 CHECKED BY 1))
SOl PROFILE SAMPLES o W _DVNAMIC TONE PENETRATION -
‘gg g RESISTANCE PLOT — nasTic NaTuRA au m@ REMARKS
é e w 20 v 20 a0 0 50 100 1 CONTENT & P 3
e = L ) h L i Wy W w, mg
ELEV DESCRIPTION Elm| w2198 § |SHEAR STRENGTH kPo AU, —— GRAIN SIZE
DEPTH AR 8% q |0 UNCONFINED & FIELD VANE ATER CONTENT(%1] 7 DISTRIBUTION
. gz 5 |&Y 1 & |eauek traxial x Lap vane |V . (%)
355.8 Ground Surface o : i@ 10 20 30 GR 5A 51 C)
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- Oce. Gravel Layersif| ™ es s 0 12 68 (20)
Fine Sand o
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"'"*-M,
. e e el T4 B8 | 39 450 — o 095 (5)
s . -
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RECORD OF BOREHOLE No 5 METRIC
we 74=70-11 LOCATION  Coords: N4 887 302.3: E 37 479.7 ORIGINATED BY P
DIsST 7 HWY 115 BOREHOLE TYPE _Hollow Stem Augers & Dynamic Cone Penetration COMPILED BY FP
DATUM ..__Geodetic parg . 89 03 13 CHECKED BY DD
SOiL PROFIL AMPL o w DYNAMIC CONE PENETRATION
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FOUNDATION INVESTIGATION REPORT
. For |
Boundary Road Hwy. 115 Interchange
W.P. 74-70-11, Site No. 21-440
District 7, Port Hope

INTRODUCTION

This report contains the results of a foundation investigation at the above
mentioned site carried out during the period 89 03 08 to 89 03 13. The
investigation was conducted at the request of the Central Region Structural
Section. The fieldwork consisted of five sampled boreholes and four
dynamic cone penetration tests. The borings were advanced using a Muskeg
vehicle mounted auger machine equipped with hollow stem augers., Sampling
wag done to a maximum depth of 15.7 m and the dynamic cone tests to a

maximum depth of 6 m.

SITE DESCRIPTION

The site is located on Hwy. 115 2.3 km north of the Junction of Hwy. 115 &
Hwy. 135, The terrain is hilly with mixed hardwood forest cover.
Immediately east and west of the site aggregate pits are or have been

mined.

According to Chapman & Putnam (1984), the area is in the Oak Ridges

Moraine. It is typically composed of sandy loam, sand or gravelly sand.

SUBSURFACE CONDITIONS

The subsoil consists of glacial and glacio-lacustrine deposits, A
surficial layer of fine sand overlies sand and gravel which is in turn

underlain by fine sand,

The boundaries of the different deposits together with the field and lab
test results are shown on the Record of Borehole sheets No's 1 to 5
contained in the appendix of this report. The stratigraphical sections are
shown on Drawing No. 7470l1-A. This drawing also shows the locations and
elevations of the borings. A description of the different strata

encountered is given below:



Fine Sand, trace of Silt

The surficial soil consists of very loose to very dense fine sand. The
bottom of this layer is relatively flat ranging between El. 350.3 to El.
349.1. The thickness of this layer ranges from 1.8 to 8.8 m. The
irregularity is due to the hilly surface topography. There are some gravel
layers between the ground surface and Ei. 354 m. Occagional layers of
silty sand exist at lower depths. West of Hwy. 115 along the top of the
existing cut slope there is 1.2 m of silty sand overlying fine sand.

Measured in situ and laboratory properties are as follows:

Range Mean Median
Moisture Content (w) % 2.5-8 4 4
SPT Blows 'N! 1-69 19 19

The average SPT 'N' value is 19 however the range is quite large with the
'N' values increasing with depth. The low 'N' values near the surface are
not representative of the general condition of this deposit and can be
attributed to the lack of overburden pressure. The density of this deposit

increases with depth.

The moisture content also varies with depth in this deposit. The moisture
content of this deposit is slightly higher near the surface due to the
affects of surface infiltration and organics. This deposit is however dry

and would require the addition of water to assist in compaction.

The grain size distribution is uniform within this deposit as shown in the

narrow grain size envelope on Figure 1.

Sand and Gravel, occasional Cobbles

This deposit is a heterogeneous mixture of sand and gravel with traces of
silt and random layers of silty sand in some boreholes. The thickness is
in the order of 4 to 4.5 m. The lower 5oundary ¢f this layer slopes
downward slightly from the north abutment at El. 345.1 m to lower than El.
344.3 m at the south approach.
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The in situ and laboratory properties are as follows:

Range Mean Median
Moisture Content (w) % 1.5-3.5 2~5 2-5
SPT Blows 'N! 44-180 56 81

Based on blow counts ranging from 44 to 180 blows, the material can be
described as dense to very dense. The blow counts varied randomly with an
average blow count of 51 indicating that most of this deposit is very

dense.

While the blow counts have a large range the moisture content is relatively
uniform ranging from 1.5 to 3.5%. Very little moisture penetrates from the

surface to this deposit,
Analysis of the grain size distribution envelope for this deposit (Figure
2) shows a wide distribution of grain sizes up to cobble size particles,

The cobbles are dispersed randomly throughout the deposit.

Fine Sand, trace of 8ilt

Below the sand and gravel the boreholes were terminated in a fine sand
layer. It contains occasional silty sand layers and in general silt
content increases with depth. A moist sandy silt layer was found at the

bottom of BH #3. The laboratory and in situ properties are as follows:

Range Mean Median
Moisture Content (w) % 3.5-4 3.78 -
SPT Blows 'N! 25~62 48 47

The 'N' values indicate that this layer ranges from compact to very dense.
The blow counts vary randomly with an average 'N' value of 48 blows. The

deposit is therefore basically dense.




ey
This deposit is dry with practically no variance in moisture content.

The grain size distribution (Figure 3) indicateg a poorly graded medium to

fine sand with traces of silt.

Groundwater

All the boreholes were dry. According to Chapman and Putnam (1984) the
water drains vertically through the sand and gravel, moving laterally only
when it reaches less pervious beds. However, lateral drainage was not

encountered in any of the boreholes.
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DISCUSSION AND RECOMMENDATIONS

It is proposed to construct a two lane, twa'span structure over Hwy. 115 at
Boundary Road. The span lengths will be 33.5 m each. The south approach
will consist of up to 4.5 m of £fill and the north approach of up to 9.0 m
of £ill. In view of the encountered subsoil conditions the following

recommendations are being made:

Abutment Foundations

Foundations for the abutments can be founded on spread footings placed 2.5
m below the existing ground surface. The base of the excavation should be
well compacted with 100% maximum dry density achieved. Provided that the
base of the excavations are well compacted the following O.H.B.D.C.

parameters for both abutments may be used for design purposes:

Factored Bearing Capacity at U.L.S. = 900 kPa
Bearing Capacity at S5.L.S. Type II = 350 kPa

The grade raise at the north and south abutments is approximately 6.7 and
1.0 m respectively,. In order to elevate the founding elevation of the
abutment footings and decrease the height of the abutments, spread footings
can be perched on a well compacted Granular 'A' core constructed as
illustrated in Figure 4. Excavation for the base of the granular core
should extend 1.5 m below the top of existing ground. The base of the
excavation should then be compacted with 100% maximum dry density achieved

before constructing the granular pad.

For spread footings founded on a Granular 'A' core the following

0.H.B.D.C. parameters for both abutments may be used for design.

Factored Bearing Capacity of U.L.S. = 900 kPa
Bearing Capacity at S.L.S. Type If = 350 kPa



Pier Foundations

The pier can be founded on a shallow spread footing a minimum depth of 2.0
m below the existing ground surface, provided there is adequate frost
protection. The base of excavation should be compacted and 100% maximum
dry density achieved. The following O.H.B.D.C. parameters are applicable:

Factored Bearing Capacity at U.L.S5. = 900 kPa
Bearing Capacity at S.L.S. Type II = 350 kPa

Approach Embankments (Boundary Road)

The approaches should be built with 2:1 forward and side slopes and should
congist of well compacted acceptable embankment material. The maximum
unbroken height of fill should be 8 m. A 2 m wide berm is required for
fills higher than 8 m. Since the abutments are being placed on an existing
slope, the toe of slope for the fill can be assumed to be at a point where
the existing slope is steeper that 4:1.

Approach Cuts (Hwy. 115)

The approach slopes on Hwy. 115 should be cut at 2:1.

Settlement

It is anticipated that the settlement of the approach f£ill at this site
will be instantaneous or elastic and therefore insignificant.

Dewatering

Dewatering will not be a problem as the groundwater is below the base of
the required elevations.

Other Considerations

Earth pressures should be computed as per subsection 6.6.1.2.1 of the
code. The active condition will apply.
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The Granular 'A' or 'B' backfill should be in accordance with Special
Provision No. 109F03 (Latest Revision). The following parameters are

recommended for the granular backfill.

Granular 'A' Granular 'B'
Angle of Internal Frietion ¢ - 35 30°
Unit Weight (kN/m3) 3 = 228 21.2

The spread footings should have a minimum of 1.5 m earth cover for frost

protection.

For sliding resistance, an unfactored friction angle of 30° can be assumed
to apply between footings and native overburden or granular pads and native
overburden. An unfactored friction angle of 35° can be assumed between the

base of footings and compacted Granular 'A' pads.

MISCELLANEOUS

The field work for this project was supervised by Mr. F. Pinder, Engineer
Trainee. The equipment used was owned and operated by Master Soil
Investigations Ltd. This report was prepared by Mr., S. Holmes, Foundation

Engineer, and reviewed by Mr. M. Devata, Cheif Foundation Engineer.

j )')/mﬁ,

5. Holmes, P.Eng.

Foundation Engineer

/!?'7 F OISV

M. Devata, P.Eng.
Chief Foundation Engineer
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* 1-REMOVE TOPSOIL &/ LOOSE SUBSOIL UNDER AREA OF COMPACTED GRANULAR ‘A’ & EARTH FILL.
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CURRENT M TO STANDARDS.
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o o ABUTMENT ON COMPACTED FILL FIG No 4
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EXPLANATION OF TERMS USED IN REPORT

NOVALUED THE STANDARD PENETRATION YEST (SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A 5TANDARD Simm Q.0 $SPuiT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREMOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63 5kg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { 5imm Q.0 60° CONE ANGLE ] DRIVEN BY 475 §
IMPACT ENERGY ON "A’ SIZE DRILL RODS, THE RESISTANCE TO CONE PENETRATION 15 MEASURED A5 THE NUMBER OF BLOWS FOR EACH 0.3
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED 8Y THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COHESIVE SONS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SMEAR STﬁENGTH(CU) AS FOLLOWS:

|7 e, (kpa) 012 12 - 25 25-50 | 50-100 | 100 -200] >200
VERY SOFF SOFT FIRM STIFF VERY STIFF HARD

DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY 5PT N VALUES AS FOLLOWS:
[N(atows/oam) 05 5-10 10 - 30 30 - 50 =50
VERY (OOSE} [0OSE | COMPACT | DENSE |VERY DENSE

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

RECOVERY: SUM OF AL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN,
MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION [RQ D), FOR MODIFIED RECOVERY, 15
| rapiw) 0 - 25 25-50 | 50-75 | 75-90 90 - 100
VERY POOR POOR FAIR Goop EXCELLENT

SPACING 50 mm 50 ~ 300mm} 0.3m = Im im - 3m *3m
JOINTING  |VERY CLOSE]  CLOSE | MOD. CLOSE]  wiD# VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  VERY THICK
ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF S0QiL
S5 SPLIT SPOON TP THINWALL PISTON m, kba™!  COEFFICIENT OF VOLUME CHANGE
R W5  WASH SAMPLE G5  OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
ST SLOTTED TUBE SAMPLE R C ROCK CORE €y H SWELLING INDEX
B 5 BLOCK SAMPLE P H T W ADVANCED HYDRAULICALLY Cq ) RATE OF SECONDARY CONSOLIDATION
e €S CHUNK SAMPLE P M TW ADVANCED MANUALLY ¢, m?/s  COEFFICIENT OF CONSOLIDATION
‘ T W THINWALL OFEN F S FOI SAMPLE H m DRAINAGE PATH
T, 1 TIME FACTOR
STRESS AND STRAIN v % DEGREE OF CONSOLIDATION
Uy kro PORE WATER PRESSURE Ty kPa EFFECTIVE OVERBURDEN PRESSURE
3 ! PORE PRESSURE RATIO o kpa PRECONSOLIDATION PRESSURE
o ko TOTAL NORMAL STRESS 7 ke SHEAR STRENGTH
o kra EFFECTIVE NORMAL STRESS ¢’ kPa  EFFECTIVE COHESION INTERCEPTY
t kPo SHEAR STRESS ¢ -* EFFECTIVE ANGLE OF INTERMAL FRICTION
o, 0.0 ko PRINCIPAL STRESSES ¢y kra APPARENT COMESION INTERCEPT
€ * LINEAR STRAIN by =% APPARENT ANGLE OF INTERNAL FRICTION
€ .6, € % PRINCIPAL STRAINS % kpa RESIDUAL SHEAR STRENGTH
£ kpa MODULUS OF LINEAR DEFORMATION T, kPa REMOULDED SHEAR STRENGTH
G kPa MODULUS OF SHEAR DEFORMATION 5' 3 SENSITIVITY & *;_9..#
© ) COEFFICIENT OF FRICTION ’
PHYSICAL PROPERTIES OF 5014
Ps kgfm3 DENSITY OF SOLID PARTICLES 3 1%  VOID RATIO Cin % VOID RANIO IN DENSEbT STATE
%, kN/m® UNIT WEIGHT OF SOUD PARTICLES n 1,%  POROSITY gy 1 DENSITY INDEX ’—emm = ;mm
A, kg/m® DENSITY OF WATER w 1% WATER CONTENT D mm  GRAIN DIAMETER
Yy KN/’ UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kg/m® DENSITY OF SO w % LIQUID LIMIT ¢y ! UNIFORMITY COEFFICIENT
Y KN/ UNIT WEIGHT OF 501 Wy % PLASTIC LimiT h ™m HYDRAULIC HEAD OR POTENTIAL
¥ A kg/m® DENSITY OF DRY 301 we % SHRINKAGE LiMIT 4 m%s  RATE OF DISCHARGE
§ kn/m® UNIT WEIGHT OF DRY 5QIL I % PLASTICITY INDEX = W, = Wp v m/s  DISCHARGE VELOCITY
. Par kg/m’ DENSITY OF SATURATED sSON ) . LIGUIDHTY INDEX * —er Wp H ' HYDRAULIC- GRADIENT
Vgt KN/m® UNIT WEIGHT OF SATURATED sOn P w k  m/s  HYDRAULIC CONDUCTIVITY
P' kg/m® DENSITY OF SUBMERGED SOIL 'e 1 CONSISTENCY INDEX: ~=- j W/’ SEEPAGE FORCE
Y kN/m® UNIT WEIGHT OF SUBMERGED SOIL Orax % VOID RATICWIN LOQSEST STATE
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Onbanics ¥
RECORD OF BOREHMOLE No 1 METRIC
WP J4+70~1]1 LOCATION _ Co-ords: N 4 882 292.9: ¥ 376 605.8 ORIGINATED BY _ FP
DIsT 7 HWY 115 BOREHOLE TYPE _ Hollow Stem Augers COMPILED 8Y Fp
DATUM __Geodetic DATE ___B9 03 08 . CHECKED B8Y DD
SON PROFILE SAMPLES | & w  JOYNAMIC CONE PENETRATION -
e g RESISTANCE PLOT 3 nastie Lo wouef w X | pemaRks
- ” 55 % 20 40 40 B0 100 conrent z= 2
, Qe wy - i i N L i We W W, :,;1
ELEV DESCRIPTION SEIERE %% - & [SHEAR STRENGTH kPo —— GRAIN 512
ELEV R g = DISTRIBUTION
DEPTH =S5 8] 5 g | © UNCONFINED + FIELD VANE N Y :
§ z P gu § ® QUICK TRIAXIAL % LAB VANE WATER CONTENT (%) {%}
356.9 Ground Sutface " - & 10 20 30 GR $4 SI CL
0.0 PR *
o 356
Oce. Gravel Layersba .} 11 88 | 20
2] 88 13
Fine Sand o
Trace of Sile K 3L.58 |15 354 092 (8)
Loose to Very Dense 4] 858 1 16
. 5188 1 16
Oce. siley [l 6185 |13 352
Sand Layers TR
8188 8
350
349.2
7.7 9185 | 44
r -
L 348
»
Sand and Gravel ,, 10855 |67
Oce. Cobbles .
Dense to Very Dense v,
X FRETRE 346
o ‘i
3443 DY ITEFTMET

12.6 End of Borghole

*Borehole Dry

20
+3, x5 Numbers refer to 15 0 s (o) STRAIN AT FAILURE
Sensitivity - 10



OFFICE REPORT ON SOIEL EXPLORATION

Minastry

of
Traraporttion
RECORD OF BOREHOLE No 2 METRIC
WP 74-70=11 LOCATION =ords: N 4 882 302.1; E 376 580.9 ORIGINATED BY __pp
DIST 7 HWY 115 BOREHOLE TYPE __Hollow Stem Augers & Dynamic Cone Penetration COMPIED BY __ PP
DATUM . Ceodetic DATE .89 03 08 CHECKED BY b
& w  {DYNAMIC CONE PENETRATION -
SOIL PROFILE SAMPLES Bo ) 3 [resstance rior masTIC MoiStore vaue | I | periaRks
; b
5 o & §Q > 10 _4p ep 80 o I‘Wp Wx!m W, %G &
w -
ELEY DESCRIPTION SRR & [SHEAR STRENGTH iPo b | 3 SRAN size
DEPTH =131 2| 3138 5 |ouvconmnen  + riew vane wil ¥
gz N gu & |®ouick TRIAXIAL  x LAB vane | WATER CONTENT (%) {%)
358.7 Ground Surface n N wi 1020 30 GR 5A St CL
0.0 s
L * 358 ‘Auﬂered
L 1].88 1 -] 190 (9)
S [ 2lss [T
Oeec. Gravel Lavers |w 31 85 | 69 [+) 12 82 (8)
Lavesr Layers s 356
LAl ss | 36 e
M"‘W
Fine Sand s1ss |2 354
Trave of 5ilt
Very Loose to ) 6,85 1 18 o 097 (3
Very Dense . 71758 21
. 352
8 8188 | 19
colelss 1 J 096 (4)
349 .9 = 350
8.8 =
+ 110 88 | 694
Sand and Gravel +°F11188 160 10 oml 348 » 45 49 {6)
Oce. Cobbles .
Very Densze L
. 121 8% 77 146
344 .9 o - —
. Lt 55
13.8 Fine Sand .
Trace of Silt 344
Very Dense L
343.0 1455 | 60 o 8,90 (10)
15.7 End of Borehole

*Borehole Dry

*3, %%+ Numbers refer to
Sensihvity

20
15 45 {*%) STRAIN AT FAILURE
]
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Cneano
: RECORD OF BOREHOLE No 3 METRIC
WP 7he70-11 LOCATION __Co-ords: N & 882 290.6; E 376 537.9 ORIGINATED BY __FP
. LisST 7 HWY 115 BOREMOLE TYPE __Hollow Stem Augers & Dynamic Cone Penefration COMPILED By P
DATUM __Geodetic DATE _.89 03 09 : CHECKED By __ DD____
% o w  TDYNAMIC CONE PENETRATION
S$OIL PROFILE SAMPLES B | F [Resisrance pror s Saom e REMARKS
gz Y LMIT  CONTENF LWIT ] = (O A
= " Q] # W0 40 60 B 100 - A
9 o i o f 1 1 ! i Wp W W, :_"g
ELEV b Elml w2185 5 SHMEAR STRENGTH kPp o G GRAIN $1ZE
T DESCRIPTION w1Z1 2| 2138 5 |ounconemer v riewo vane warer content (] 7 |PSTRIEUTION
g1z 5 | &Y & |eouck TRAXAL  x LaB vane . {%)
353.8 Ground Surface i = i , 020 30 GR 5A 51 CL
0.0 L R ;A\l red
¥ine Sand ' [
Trace of Silt bt 88 19 o 0 9% (&)
Compact 20 [ 19 352
— o e o o 3188 24 [*] 095 (5)
Occ.L:;::§ Sand 258 15
350.0
n 50
3.8 1l 5188 | 33 {
Occ. §ilty Sand| | T ——
Layers_ AT €T ss [ 52 2. ° 3% 55 (11)
.8 ‘\“
g Sand and Gravel v, L8188 160 /115 om
g Oee. Cobbles -
O Denge to Very Demse [,
s ‘el 8158 |8 348 o 39 52 (9)
bl “
- 0
o 344, 7 vy
it 9.1 Fine $and - jioss | 54 244
Z Trace of Silt K
c Dense to Very Dense N
- T
& Silty Sand ||| LEL1SS | 47 ° 090 {10)
-9
w Layery W2
w o ara Sandy Siltld |12 | 85 | 54 5 0.20_(80)
. :_..-.’ 12.7 End of Borehole
o

*Borehole Dry

20
+3, x5 Numbers refer to ¢ 45 (%) STRAIN AT FAILURE
Sensitivity ' 10
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RECORD OF BOREHOLE No 4 METRIC
Wb 74=70-11 LOCATION __Co-erds: N 4 882 307.13 E 376 514.1 ORIGINATED BY _ FP
DisT 7 HWY 115 BOREROLE TYPE __Hollow Stem Augers & Dynamic Cone Penetration COMPILED BY FP
DATUM ___Geodetic DATE 89 03 09 CHECKED BY oo
5GIL PROBILE SAMPLES o w  JOYNAMIC CONE PENETRATION
o | g |RESSTANCE PLOT S lene SV uews | ::x; REMARKS
= o |86 % 20 40 80 80 100 | CONTENT MW Z Y
Sla| 18128 z 2000 00 Hw, w w| 32| &
ELEV SESCRIPTION EiE!l w| 2125 | 6 [SHEAR STRENGTH kPa LA AU 2 1 GraIN SiZE
DEPTH 21512 538 & |ounconemeo 4 ke van 2 conTent (| Y |DSTRIBUTION
?g < L | &Y § ® QUICK TRIAXIAL  x (a6 vane |WATER CO {%) (%}
355.8 Ground Surface @ § o o 20 30 GR 5A 51 CL
6.0 Silty Sand L . Augered
Occlﬁéiftfj ff?fff‘-‘ 11 ss 5 o 12 68 (20)
Fine Sand L
Trace of $ilt L 2,88 | 13 354 ]
Lovse to Dense 5788 | 16 o 39 (3
T T T A s [
Oce. Silt:y Sand 352
Layers 51.85 | 18
6185 | 15
M
M
S, | 71 ss | 39 350 ™ e 095 (%)
349.1 8l ss |38
6.7 o 4
.o 9188 60 N0 em
Sand and Gravel .'j 348
Qce. Cobbles ..
Very Dense .""
°-Jio| 88 | 115 o 32 60 (8)
k' 346
345.1 r
16.7 -t1iloss | oe2
Fine Sand Lt 344
Trace of 8ilt ‘o
Dense to Very Dense - 12,88 | 49
1.6 o li3lss [ aa 342

14.2 End of Borehole

*Borehole Dry

20
»3, x5 Numbers refer 1o 15 (0 5 (o) STRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No §

METRIC

*Borehole Dry

WP 746-70=-11 LOCATION _Covords: N & 882 302.3: E 376 479.7 ORIGINATED BY P
DisT 7 HWY 115 BOREWOLE TYPE _ Hollow Stem Augers & Dynamie Cone Penetration COMPILED aY FP
DATUM __Geodetie DATE .89 03 13 CHECKED BY DD
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;ﬁ_m g RESISTANCE ~BLOT pasric NATURAL HE
5| 9 O doutue WP =3 | Remarks
b " §0 n 20 A0 60 8O 100 - .
O] wi - z H ' L A e Wp w W, ow
ELEV 12 82|25 G [svear strencTr who AT 3 | GraiN $IZE
P DESCRIPTION S|E] 2 S B2] E |o ncontmen v o vane WATER ConTent(wy| 7 |PSTRIBUTION
g F4 L &Y é ® QUICK TRIAXIAL X [AB VANE . (%)
3521 Ground Surface N - w i s A . GR 5A 51 CL
0.0 Fine Sand ¢ N 352 fAugéred
Trace of Silt L
Very Loose L pelaSS 0 3063 (1)
230.3 -t 27ss 129 150
‘ Sand and Gravel o’
Occ. Cobbles ot 3188 | 56 -__...-'7 o 56 39 (5)
Vetry Dense <
y Y e g
Oec. Silty'.f 518§ 102 348 >
d ’ S_
Sand Leyerey LT 182
® . 7185 | 55
s s
346
. o 5185 | 62
[ 3
344.8 s &
7.3 iR
o 9158 | 43 144
Fine Sand ,‘:
Trace of Silt - T10] 85 | 32
Compact to Dense L
' 342
ha]ss | 25
§ilty Sand || T
R 340
339.5 Leyers 11012 ss 1ac
12.6 End of Borehole

*3’ w3 . Numibars refer to -
Sansitivity

20
15-0-5 {A) STRAIN AT FAILURE
10
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