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FOUNDATION INVESTIGATION REPORT
WP 7814-91-01 ,
STA. 23+776 - STA. 24+320 ,
HWY 548 - 6.7 KM SOUTH OF CATHERINE ST.(Richards Landing)
St. Joseph Island District 62, Sault Ste. Marie

INTRODUCTION

This report was written in response to a request by the Northwestern Regional
Geotechnical Section concerning cut stabilization along Hwy. 548 where road
improvements necessitated the flattening of the grade. Cuts of up to 7.0 metres will be
required within the existing embankment.

The longitudinal limits that pertain to this investigation and recommendation extend from
STA. 23+950 to STA. 24+070 along highway. 548.

A foundation investigation was carried out at the above site consisting of four boreholes
of 6.6 to 14.2 metres. Three boreholes were placed along the length of the highway
approximately at the toe of the proposed cut embankments and one borehole placed at
the crest. Due to difficulties obtaining property clearance, the investigation had to be
limited to the existing right of way. ' - :

The report contains factual information obtained from this investigation pertaining to
roadway embankments along highway 548.

'SITE DESCRIPTION

The site is located approximately 5 km west of the Two Tree Creek along Highway 548
in the Township of St. Joseph County of Algoma. This region is also known as Sailors
Encampment. The existing highway roadway is an asphalt covered two lane road with
gravel shoulders. The highway curves up a steep incline over a natural embankment
which appears to be composed of sands and boulder outcrops. Along the length of the
existing highway embankment some natural erosion seems to have taken place due to
“surficial run-off. ’ \ :

The topography consist.of a 16 metre hill which is heavily forested, containing residential
homes on either side of the highway approximately 500 metres north and south. Drainage
runs down the highway into the St. Marys River located near by.

SUBSURFACE CONDITIONS

The subsoil throughout the site primarily consists of a non-cohesive Silty Sand, some
Gravel containing numerous boulders. Auger grinding was quite frequent and penetration
became difficult due to the presence of boulders. Upon reaching the water table, quick
conditions were encountered as sand blew up into the augers.
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The locations of borings are shown on Dwg. No. 78149101-A in the attached appendix
of this report. The field and laboratory test results are plotted on the Record of Borehole
Logsheets.

Specific descriptions of the material encountered is given below.

Silty Sand. Some Gravel, Numerous Boulders

As could be observed from the surface the substrata encountered throughout the site
consisted of a non-cohesive Silty Sand, some Gravel. Numerous boulders were
encountered within all boreholes throughout the investigation. This material reaches
beyond the scope of this investigation which had a maximum depth of 14.2 metres.

Results of grain size distribution tests carried out on select samples indicate that the
material contains 1-32 % Gravel, 39-89 % Sand, 7-33 % Silt and 1-8 % Clay. Figure 1
illustrate grain size distribution curves for this material based on representative samples
within this layer in an envelope form.

Standard penetration tests indicate this layer ranged from 30 Blows/0.3 m to > 120
Blows/0.3 m. Due to the presence of boulders and quick conditions these values may be
misleading. Generally the material had a very dense state.

Groundwater Conditions

Observations of the groundwater level was carried out utilizing two standpipes and by
measuring the water level in open boreholes. Groundwater levels determined at the time
of the investigation indicated it to be at a depth of 6.3 - 8.1 m. Observations at the site
indicated drainage of surfical water present through the region.

Groundwater levels are subject to seasonal fluctuations and may therefore vary
accordingly. : :

Discussion and Recommendations

General

It is proposed to flatten the existing grade of Hwy. 558, raising it (Fill) from Sta. 23+600

to 23+900 and lowering it (Cut) from Sta. 23+900 to Sta. 24+240. Maximum Fill heights
are expected to be 4.0 metres with cut slopes reaching 7.0 metres in height.

The following recommendations apply to the highway cut regions.



- Stability Considerations

Stability analysis was carried out to evaluate the overall stability of the embankment and
the internal stability of the proposed cut slopes.

- Atotal stress analysis was applied for calculations of slope stability of the embankment

cuts using the limit equilibrium method of stability developed by Sarma (1973, Stability
Analysis of Embankment and Slopes, Geotechnique, Vol. 23, No. 3). A minimum factor
of safety of 1.3 was incorporated for the analysis. It should be noted that all stability
calculations were made for the static condition only.

The design parameters, subgrade geometry and groundwater level used in the analysis
are as follows: '

Soil Type Cu (kPa) Phi (deg.) Gamma (kN/m*
Silty Sand 0 32 18.9 '

Water level at the existing ground surface at the toe of the embankment.

As shown on Figures 2,3 the analysis of generalized embankment conditions indicate that
stability of embankments with a maximum height of 7 m may be controlled by providing
of 2H:1V slopes.

As surfical run-off may be a problem, it is additi‘ona!ly recommended to provide granular
sheeting, shown on the attached drawing along the length of the slopes to provide

protection against sloughing. This condition has already been observed at various

locations on the Island already.

Miscellaneous

The fieldwork for this investigation was carried out under the supervision of M. Michalek,
Jr. Foundation Engineer. The equipment was owned and operated by Master Soils
Investigations, Toronto. - ‘

The report was written by M. Michalek and reviewed by T.C. Kim, Sr. Foundation

M. Michalek, P. Eng.
Jr. Foundation Engineer

s - g 2
7/

T. C. Kim, P. Eng.
Sr. Foundation Engineer
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DRAINAGE INTERCEPTOR
DITCH

TOTAL THICKNESS EARTH MATERIAL 0. 250m

1.0m

(MIN TOPSOIL 50mm)

GRANULAR

‘A BLANKET
MIN 0.5m

CRUSHED STONE
MIN 0.250m

GRANULAR BLANKET




ELEVATION (m)

Sta. 23+980 WP 7814-91-01
Minimum factor of safety 1.39 at Xc = 19.8 Yc = 198.7 tangent at 186.1
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ELEVATION (m)
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM - .
SAND GRAVEL
A T - :
Cl. Y & S“. Flne ] Med“’m ] Course F!ne l Codrsa
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
{ 2 3 45 _ 10 20 30 4050 gy, 150um 300um $00um Libmm  2.36mm 9.5 mm 19.0mm 37.5mm 3.0 mm
100 L - 53um 1084m 250um 425 um 850 um 2,00 mm 4.75mm 13.2mm | 265mm | 530mm 75.0mm
I o)
80 10
80 IL 20
70 36
o §0 400
2 z
- WU N W T 1 0 5 N O IO 1 N S AN 3
< o
50 50
z LEGEND 5
= BH  [SAMPLE SYMBOL &
& 40 60 &
30 & 70
L.
&
20 © .
0
&
10 90
e l . 100
i 2 3 4 5 io 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 W W ¢ R el s
. MINISTRY SIEVE DESIGNATION {lImperial)
Ministry of : FIG No 1
o GRAIN SIZE DISTRIBUTION

Ontario

SILTY SAND

WP 7814 -91-01

TRACE/WITH GRAVEL,NUMEROUS BOULDERS
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RECORD OF BOREHOLE No 1

1 OF 1

METRIC

w.p. ..7814-91-01 LOCATION Sto. 2440614 - 17.2 m Rt of CL Hwy 548 CRIGINATED BY_MM. .
DIST £2 HWY 548 BOREHOLE TYPE _Hollow/Solid Stem Aygers COMPILED BY _ M.M
DATUM _Segdetic DATE 09 08 95 CHECKED BY . TK.
= DYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES | w é RESISTANCE PLOT PUSTE  pomrom LU t
=21 g DWSTC woisTURE  LOUD | W T | REMARKS
= w eS| @ 20 40 60 80 100 CONTENT z8
Sle wilg]l = N A i ) : wp w w | B &
ELEY DESCRIPTION Sl | 3| ZES]| 2 |SHEAR STRENGTH kPa . GRAIN SIZE
DEPTH : wiZi o | 5| 351 & ] unconemen + FIELD VANE 5 |DISTRIBUTION
: xlz 5 | O 2 feouck TRAL  » 1AB VANE WATER CONTENT (% 3 (2)
196.5 | Ground Surface tn - o 20 40 80 B0 100 20 40 B0 [kN/milgR sA SiGL
0.0 T TH - ,
Pl i * 196
1] ss] -
L[ 195
Tl 2 55 | 6
) 3] ss | roe 154
Sitty Sand LT
X W iyt
Vary Denge 1 [[+[] + | 58 | 120 o 144533 8
. 153
151 ss | 90 {/2%m
L 192
Ry 8] 585 | 5 }/18em
i 191
r *
189.9 LTl 7| 55 |0
190 ek
6.6 End of Borehole =

Augger Refusal
Probable Boulder

.

3 5, Numbare refar fo
’ Sensitivity

20
1546 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 2 1or1  METRIC
W.P, _7814-91-01 LOCATION Sta, 2440675 ~ at CL Hwy 548 DRIGINATED BY_MM. ...
DIST ... 82 HWY _548 BOREHOLE TYPE _Hollow/Solid_Stem Augers COMPILED 8Y MM
DATUM _Gevdetic DATE 09 08 9% CHECKED BY.......J_;K.',.MM
o4 [ DYNAMIC CONE PEMETRATION
SOIL PROFILE SAMPLES | &S pu
Bl & |RESSTARCE Lot st i woo | % | remarks
e w | =51 0 20 40 60 80 100 | °°";‘”' w | Z2 &
ar s i \ 4 i ri
ELEV 15| w| 2| 2E| & [srear strReNGTH kPa o] T | oram size
BEPTH DESCRIPTION w122 | 2 13Z] 2 |o unconrmen + FIELD VANE 5 |osTRiBuTION
Elz] ", | EO| & |oouek maxia, o« ue vane  [VATER CONTENT (%) ] @
193.9 | Ground Surfoce — Hwy, 548 v N i 20 40 60 BO 100 20 40 80 kN/rmi'|oR sA §1 CL
0.0 H i
HH 1] ss | 3 193
ity Sand L' 2| ss | sa ° w2 e
some Grovel . 182
Numerous Boulders iR
Vary Davise Li® .
Li'id 31 58 | 50 §/54m
r : N 181
efla|ss| 45 °
L %% 190
o s | ss | oo [/atm| o
L ‘ R 188
8 |ss| w
y ) L 187
M7 s 60 /3| 185 2 15 48 31§
Lt 185
Li"i} 8] ss| e2
184
Mt el ss| ssfrdm | 183
N 182
LTIl s | 50 [/13em
13 181
bl \ 180
B . T ss | s0 fs
14,2 End of Borehols "
* Ground Water Conditions
3:00 pm Aug, 8/9% ~ 1814 m
§:00 am Aug, 10/95 ~ 1857 m
430 pm Aug, 10/85 — 1847 m

+3 5  Nurbers refer fo
t T Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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RECORD 'OF BOREHOLE No 3 1or1  METRIC
WP, _.7814-91-01 LOCATION Stg. 2440215 = 2.3 m R of ClL Hwy 548 ORIGINATED BY_MM.
DIST .62 Hwy 548 BOREHOLE TYPE . Holiow Stem Auger, Tri-Cone COMPILED BY . MM, .
DATUM _Geodetic DATE 10 08 95 CHECKED BY . TK,
SOIL PROFILE SAMPLES | G | L ] RYMAMIC CONE PENETRATION _— -
wnl & TASIC wosuRe  Loub | . x REMARKS
5 nwlz35] 9 2 4 & 8 100 [N cowmn Lw z2 &
Slu el . S A ; .
ELEV cRip SlElw | 2| 25] & [sHear STRENGTH kPa Pt TF L Gram size
OEPTH DESCRIPTION =122 | S| 321 % Jounconmmen  + mEo vane 5 |DISTRIBUTION
x|z 5 | EO] & |ecuck TrmxiaL  x e vane  [VATER CONTENT (%) 5 (%)
1935.5| Ground Surfoce — Hwy, 548 wn i o 20 40 60 BO 100 20 40 60 KN/m'lor sA sicL
0.0 ’ ]
Lt 193
M ss | oss
"l 192
H'M 2| 55| 67 ° 20 47 25 ®
L 141
'y 3| ss| 7
]+ |ss| & 190
.1 184
4 . 4 5 | S5 | 94 ]/28cm
Lt 188 '
Sitty Sand M. [
some Grovel SR .
Numsrous Boulders . _%_
Yery Denss S
el] 6| 55 | 78 {/dGem] 187
1% 186
7] ss | 60 |/sdm o 5 B2 12 1
L 188
*id 8 ss| 30 ]/%em| B¢
oA 183
L 182
' 181
1807 '] 9] 88 60 | /8gm
12.6] End of Borehole L4l
* Griound Water Conditions
12:00 pm Aug. 10/95 ~ 186.7 m
6:00 prm Aug. 10/85 — 187.2 m
13 5, Numbars raisr to

" Benaltivity

20 i
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 4 1or1  METRIC
W.p, _.7814-91-01 LOCATION .. Stg. 23+880 - B.7 m |} of Cl. Hwy 548 ORIGINATED BY . MM. ..
DIST_.82.__ HWY. 548 BOREHOLE TYPE _Hollow Stem Auger, Tri—Cons COMPILED -BY . MM,
DATUM _Sendstic DATE 10 08 95 CHECKED BY _ TK.
i
o OYNAMIC CONE PENETRATION
SOIL PROFILE saples | & | o | R Wor e NATURAL "
21 & s oisTuRe  LOUO 1 . REMARKS
5 nizZl o 20 4 60 80 100 CONTENT F
9 E gfsp C:!E = N L 3 L i wp W wL ::;)t;l &
ELEV DESCRIPTION el IR Z2]1zZc] g SHEAR STRENGTH kP [ GRAIN SIZE
DEPTH 2121z 15 |188] T e uncovnen # FIELD VANE v JoisTRIBUTION
1E 5 O 2 [oouck TRaa,  x g vane  [VATER CONTENT (%) | @
189.8 | Ground Surfoce - Hwy. 548 n g i 20 40 &0 B0 100 20 40 &0 kN/milGR sa 51 CL
0.0 N ' \ -
181 189
M1 lss ) oas
-:- 2 55 61 1 /1%em 158 (+]
'l 3] s8] 81 ] /28em
LT 187
el 4 | 85 | 104 ] 20em
18y 186
rl. %1 85 | 50 |/1%em] 188
Silty Send M,
aore Grovel b |
Numsrous Boulders N
Very Dense RAES .
L * " 1684
'] & {ss| =9 /15em
1y __!_ 183
L 71 oss | 100)/20em] 182 189 7 03
» : M A 181
il 8| s3] 70 |/15em
M1 180
.M s | ss | v0]/23em) 0
3 ) “
. 178
] o
1772 Li'ld10] s& | 100} /8Bem
12,6 End of Borehole
20
+3, x"g:mm refar fo 1555 (%) STRAIN AT FAILURE
1
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EXPLANATION OF TERMS USED IN REPORT

N VALJE: THE STANDARD PENETRATION TEST [SFT) N VALUE 15 THE NUMBER OF BLOWS REGUIRED TO CAUSE A STANDARD 5imm O.D SPUIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOKEHOLE WHENM 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 I$ DENOTED THUS W, ’

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT | Simm 0.0 60° CONE ANGLE } DRIVEN BY 475

IMPALT ENERGY ON ‘A’ SIZE DRILL RODS.

ADVANCE OFf THE CONICAL POINT INTO THE UNDISTURBED GROURND

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY QR DENSENESS,

THE RESISTANCE TO COME PENETRATION |5 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m

CONSISTENCY: COMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CU) AS FOLLOWS:

[ e, thra) 012

12 -25 25~ 50 50 - 100

100 - 200 =200

VERY SOFY

SOFT FIRM STIFF

VERY STIFF HARD

§: COHESIONLESS SOILS ARE DESCRIBED ON

THE BASIS OF DENSENESS AS INDICATED BY 5PT N VALUES AS FOLLOWS:

IN (BLOWS/D.3mi[ 0 - 5

5-10 10« 30 30 - 50

50

VERY (QOSF

LOOSE COMPALT DENSE

VERY [DENSE

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

X

F

| RGD (%) 0 -25 25~ 50 50 - 7% 75 - 90 90 - 100
VERY POCR| POOR Fa1R GOOD | EXCELLENT
IDINTING AND_BEDDING : ,
SPACING 50mm 50+ 300rmm] 0 3m ~ Im Im - 3m »3rm
JIOINTING  {VERY CLOSE| CI1OSF | mMOD Ciose|  wibe | veky wine
BEDDING VERY THIN THIN MEDIUM | THICK  |VERY THICK

ECOVERY :

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

5UM OF THOSE INTACT CORE PIECES, 100mm» IN LENGTH EXPRESSED A5 A PERCENT OF THE LENGTH OF THE CORING RUN

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

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF 501L

55 SPUT SPOON TP THINWALL PISTON m, kpg™!

W5  WASH SAMPLE 05 OSTERBERG SAMPLE CC‘ )

ST SLOTTED TUBE SAMPLE R C  ROCK CORE o )

B S BLOCK SAMPLE FH T W ADVANCED HYDRAULICALLY Cy }

C 3 CHUNK SAMPLE PM TW ADVANCED MANUALLY <, m?/s

T W THINWALL OPEN F S FOIL SAMPLE M m

1, |

SIRESS AND STRAIN u Y,

u,, kPa  PORE WATER PRESSURE o),  kPa

' ! PORE PRESSURE RATIO 7 kpa

o kpa TOTAL NORMAL 3TRESS 1 kpg

o' kPo  EFFECTIVE NORMAL STRESS ¢ keo

v kpa SHEAR $TRESS @' -

o .0 .0, kP PRINCIPAL STRESSES ey kea

¢ % LINEAR STRAIN ¢, -*

€€, % PRINCIPAL STRAINS % o

E kPa MOBULUS OF LINEAR DEFORMATION T, kpa

G kpa MODULUS OF SHEAR DEFORMATION 5 "

K | COEFFICIENT OF FRICTION '

PHYSICAL PROPERTIES OF 5011

£ kg/md DENSITY OF SOLID PARTICLES e L% VOID RaTIO

Y, kN/n' UNIT WEIGHT OF S0UD PARTICLES n % POROSITY

A kg/m® BENSITY OF WATER w L% OWATER CONTENT

Ky kN OUNIT WEIGHT OF waTeR S, % DEGREE OF SATURATION

P karm® pENSITY OF SOt woo % UoUID LM

Y kne? uniT WEIGHT OF 5o W, % PLASTIC timy

A kg/m' DENSITY OF DRY 501 we % SHRINKAGE 1LIMIT

)é kn/d UNIT WEIGHT OF DRY SOIL " % PLASTICHTY INDEX - W - Wy

Bar kg/m® DENSITY OF SATURATED 501 | L LIGUIDITY INDEX - el

Vgt KN/MEUNIT WEIGHT OF SATURATED SOIL , L

P' kg/m® DENSITY OF SUBMERGED SOIL e T CONSISTENCY iNDEX: “L”T;””““

Y kn/m® UNIT WEIGHT OF SUBMERGED SOIL o i VOID RATIC IM LD DSFAT STATE

COEFEICIENT OF VOLUME CHANGE
CCOMPRESSION HNDE X

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME EACTCR

DEGREE OF CONSOLIDATION

EFFECTIVE QVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

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

4
¢ . 4
SENSITIVITY & -~—-~rr

Errin 1, % VIR RATIO N DEeNSEST STATE
p ! DENSITY INDEX =@ﬁm
2] men GRAIN DIAMETER

D,  mm o PERCENT - DIAMETER
ST UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENT AL
G m s RATE OF DISCHARGE

v m/s DISCHARGE VELOUITY

f 1 HYDRAULIC CRADIEM

k m/s  HYDRAULIC CONDUCTIVITY

j kn/m® SEEPAGE FORCE
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MIG DRAWING MAME:

UMITS OF WORK PROJECT

CONT No
WP No 7814~91~0

LEGEND
-@- BOREHOLE
NOTE
FOR PROFILE REFER TO
DWG No 78149101-8

WP 7814 -91-01
Dist 62, Hwy 548
Geocres No 41K-49
Dwg No 78149101-A
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