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N VALUE: THE STANDARD PENETRATION TEST {SPT) N VALUE IS THE NUMBER OF BLOWS R
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS

ACHIEVED, AVERAGE N VALUE 15 DENOTED THUS HN.

EQUIRED TO CAUSE A STANDARD Simm ‘0.0, SPLIT BARREL
BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING

THE NUMBER OF BLOWS FOR THE PENETRATION

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm O.D. 60° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON ‘A’ $12E DRILL RODS, THE RESISTANCE 10 CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY : COMESIVE SOILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH(CU) AS FOLLOWS:
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ROCKS ARE DESCRIBED 8Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH,

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

THE ROCK QUALITY DESIGNATION (R Q D}, FOR MODIFIED RECOVERY, 1§ :
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FOUNDATION INVESTIGATION REPORT 3
For '
Little Garden River Crossing No. 1
W.P. 277~85-01, Bite No: 388-20
District 18, Sault Ste., Marie.

INTRODUCTION
Terraprobe Limited was authorized by the Hon. E. Fulton, Minister, on behalf

of the Ministry of Transportation and Communications (MIC), to undertake a
foundation investigation for a proposed bridge structure on Hwy. 556, near
Sault St., Marie, Ontario. '

The purpose of the investigation was to determine subsurface conditions at the
site and provide engineering recommendations for the goetechnical aspects of
design for foundations and approach embankments, including comments on the

anticipated construction conditions.

The field investigation for the project was conducted between January 25 to
February 2, 1986, when four borings (BH 1 to BH 4) were drilled to depths of
6.1 to 8.8 m below ground surface at the locations shown on Dwg. 2. the
borings were put down at the proposed bridge abutment locations. The details
of the field work procedures are fully presented in Appendix A of this report.

Subsequent to the investigation carried out by Terraprobe Ltd., the Foundation
Design Section advanced an additional boring (BH 5) at this site. The findings
from this additional borehole are discussed in an addendum on Page 7 of this

report.

SITE AND GEOLOGY
The site is located on Hwy. 556, approximately 50 km northwest of Sault St.

Marie (Ref. Dwg. 2 in the Contract Drawings - Borehole Location and Soil
Strata) at the Little Garden River. Hwy. 556 is a gravel surfaced two lane

road. A timber bridge structure currently crosses the Little Garden River.

In the vicinity of the site the Garden River is situated in a broad meandering
channel of about 4 m depth and 30 m width., At the time of our investigation
(January-February 1985) the river was not frozen, and the depth of water was
about 0,3 m. The areas surrounding the site are generally undeveloped rural
Crown Land which is covered by dense bush.



Based on a review of selected geologic references, the site is located in an
area underlain by overburden materials consisting of coarse grained glacial
outwash. The bedrock in the vicinity of the site ig described as early

Precambrian granitic material.

SUBSURFACE CONDITIONS

Detalls of the subsurface conditions encountered at the site are summarized

below, and are also presented on the accompanying Borehole Logs and strati-
graphical sections on Dwg. 2 of the Contract Drawings.

In summary, the borings indicate that the site is underlain by dense gravel,
sand and boulders. This stratum was fully penetrated by one of the borings at
a depth of 5.8 m, where granitic bedrock was encountered. The remaining

borings were terminated in the overburden at depths of 6.1 to 7.6 m.

It should be noted that the subsurface conditions are confirmed at the
borehole locations only, and may vary at other locations, The boundaries
between-thé various strata as shown on the logs and sections are based on
non-continuous sampling. These boundaries represent an inferred transition

between the various strata, rather than a precise plane of change.

The following describes the solls encountered at this site.

Topsoil
Topsoil was encountered at the ground surface in BH 2 and 3, to depths of 0,3

to 0.6 m. The topsoil was generally black in colour, and contained numerous

roots and forest litter such as leaves and wood pleces.

Fill Materials

Fill materials were encountered in BH 1 and 4, from the ground surface to

depths of 0.5 to 0.9 m respectively. The fill materials consisted of loose
native gravel, sand and boulders which were placed for construction of the
drill access road. The fill contained traces of topsoil, roots and other
organié matter as a regult of the gite dlearing operations.



Gravel, Sand and Boulders

This stratum was encountered in all of the borings from lmmediately beneath
the topsoil or fill materials, It was encountered to the bottom of BH i, 2
and 4, at depths of up to 7,6 m. It was fully penetrated in BH 3 only at a

depth of about 5.8 m, where the bedrock surface was encéuntered.

This stratum appears to consist of coarse cobbles and gravel with a matrix of
sand ﬁith a trace to some silt., Due to the coarse grained nature of the soil,
it was not possible to obtain fully representative samples using a 50 mm dia=-
meter split spoon. Therefore, the soil descriptions are based on the observed
resistance to penetration during drilling, as well as tﬁe appearance of the
spoon samples. The results of grain size distribution of the split spoon
samples are presented on Figure 1, and indicate that the samples generally
consisted of sand gravel, with trace to some silt., The range of gravel, sand

and silt and clay fraction in the samples analysed as noted below:

Gravel Sand Silty and Clay
19 to 62% 30 to 627 4 to 227

However, based on the rate of advance of the drilling, it appears that cobbles
and boulders of 150 to 800 mm diameter are present throughout the deposit, and
the split spoon samples are more representative of the matrix between the

cobbles and boulders.

It 1s also noted that the drilling technique (rotary bicone and casing) would
tend to wash some of the fines from the soil matrix, hence the spoon samples
may contain less silt and fine sand fraction than is actually present in the
soil,

At the base of BH 1 and 4, the material appeared to consist of cobbles with
very little sand or gravel matrix. The samples obtained from the base of the
borings were wash samples of the drill cuttings. It is possible that these
"boulders' may be the top of the bedrock surface, however the drill casing

could not be lowered to permit coring of the material to verify this.

The penetration resistance of the stratum ranged from 46 to aver 100 blows per
0.3 m. The extremely high penetration resistance of the soil is attributed to
the large percentage of particles in excess of 50 mm diameter., Based on the

resistance to penetration during drilling, the material is c0n51dered to be
dense.



Granitie Bedrock

The bedrock surface was encountered beneath the gravei and boulder stratum in
BH 3 only, at a depth of about 5.8 m, It was penetrated to the base of the
boring at about 8,8 m depth, As noted previously, it is possible that the
bedrock surfaée was encountered near the base of BH 1 and 4 at depths of 5.6
and 5.9 m, respectively, although the borings could not be advanced to permit
further sampling. '

The bedrock consisted of medium grained pink to brown granite-gnelss, While
the total core recoveries were generally good, the rock was broken to highly
fractured, and the Rock Quality Designation (RQD) determined for the core was
zero throughout. Total core recoveries ranged from 0 to 100%, but most runs
obtained recoveries in excess of 70 percent.

The degree of fracturing did not decrease with depth, The material was slightly

weathered on fracture surfaces,

GROUNDWATER

The borings caved at depths of 1.2 to 2 m after withdrawal of the casing, as
noted on the Borehole logs. The water levels measured in the standpipes 6n
February 2, 1985, some 1 to 6 days following their installation, are unoted

below:

Borehole No. Groundwater Depth/Elevation
(m)
2.7 / 343.3
2.7 / 343.2
4.4 [/ 343.,5

The elevation of the water in the river was approximately 345 m on February 2,
1986.

The difference in the groundwater level compared to the river water level

suggests that the soil does not have a high permeability.



"ADDENDUM (BH 7)

As mentioned in the Introduction of this report, one additional borehole (BH
5) was advanced at this site. The borehole was advanced using hollow stem
augers and washBoring techniques between 87 01 18 and 87 0l 20. The borehole
was advanced to bedrock (Elev. 339.9), approximately 5.9 m below the ground
surface, 2.1 m of rock core was also obtained. A core penetration test
accompanied the borehole. Dwg. 2 of the Contract Drawings indicates, in plan,
~the location of the borehole.

The following is a description of the subsurface conditions encountered in BH
5. The Record of Borehole sheet for this borehole is included in the Appendix.

Extending from the ground surface (Elev, 345.8) down to a depth of 0.7 m is a
surficial deposit of peat. The peat is generally black in colour and contains

numerous roots, with decaying wood and leaves.

Underlying the peat and extending to a depth of 5.9 m below the ground surface
is a cohesionless deposit consisting of sand with/and gravel, trace silt. From
the drilling, frequent cobbles and boulders may be inferred to be present
within this deposit, '

Grain size distribution tests were carried out on 4 samples of this cohesion~
less material, The following is a summary of the results.

Range
Gravel 28 -~ 57 7%
Sand 39 -« 63 %

Silt and Clay 4 -~ 7 %
Fig. 2 in the Appendix illustrates the results in envelope form.

Based on the interpretation of Standard Penetration Test 'N' wvalues, this
deposit can be considered to generally be in a dense to very dense state. It
should be noted that the upper surface of this deposit consists of a fine
silty sand. It should also be noted that this non~cohesive stratum may 'boil'
or be ‘'disturbed' when subjected to an unbalanced hydrostatic pressure.



Bedrock was proven in BH 5 by obtaining 2.1 m of BX rock core. Bedrock at this
specific location is described as a Granitic Fault Breccia slightly weathered.,
The surface of the bedrock was found at a depth of 5.9 m below the ground

surface, corresponding to Elev, 339.9.

A description of the recovered core was prepared by E. Magni, MTC Geologist,
and is included in the table attached.

The groundwater level across the site is governed by the prevailing cresk
level. At the time of the investigation the creek level was at Elev. 345,4.

The stabilized groundwater level may be expected to be at the same elevation.

MISCELLANEQUS
As previously noted, BH 1 to 4 were carried out by Terraprobe Ltd. The soil

descriptions pertalning to these 4 boreholes were also prepared by Terraprobe
Ltd.

BH 5 was carried out by the MTC Foundation Design Section subsequent to the
investigation carried out by the consultant. The summary of the fiadings of
BH 5 was prepared by L. Politano, Project Foundations Engineer, '

M, Devata, P. Eng.
Chief Foundations Engineer (East)
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RECORD OF BOREHOLE No |

METRIC

Borehole caving at 1.4
m depth as casing withd
drawn .

Water level in hole at
1.1l m depth on '
completion

wp___277-85-01 LOCATION __Sta. 10 + 606 offset 5m LT ORIGINATED By Mo
pist 18 - HWY _556 BOREHOLE TYPE _Hollow Stem Auger, NX, BX Casing & Cone Test COMPILED BY P.B.
DATUM . Gepdetic DATE 1986 0L 25 and 26 CHECKED gy _ MT.
w TDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g“g 5 RESISTANCE PLOT RLASTIC  MorTuRe LIGUD o—-% REMARKS
UMIT  poureny Lt | om
5l 0 32 '; 20 40 60 80 100 Wy W w, | B& &
ELEV alag| w| 2128 & [sHEAR STRENGTH e 2 | GRAIN 5iZE
DEPTH DESCRIPTION NEIRaE 85 d |0 uNconFingD + FIELD VANE| 0, conrent iyl 7 msmneuﬂom
=4k 5 |&Y | & |ecuck TRAxiAL  x LaB vane - %)
347.1] Ground Surface trd E b 0 40 69 GR SA{S1 €L
0.0 Pill, sand, gravel and 447 -
346.6 | cobbles, loose |
0.5 e ] y»
o X e
o ¥ 346 S
O I N L7 - oy
Gravel, sand ey
and boulders L)
B 345
ol T SIS0 en T o 40 56 (4)
Y
Dense to very g»
v: 344
Dense "? 3 |55 |76/ o 5
2R
a a °
T 22 56 (22
IR 543 {22}
.
‘Da *.ro
. cz: 5 58 65/20 om
g 342
341.5 av
"o 24 [ TO T F om
5.6 | Boulders, some sand Sy ;
matrix - WS | - 343
al
o'.
g lws |«
3401 o9
7.0 | End of Borehole

+3, x5 : Numbars refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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Ontarg
RECORD OF BOREMOLE No 2 METRIC
wp _ 277-85~01 LOCATION __Sta 10 + 579 offset 5m KT ORIGINATED By _R.M.
pist__18 HWY _556 BOREWOLE TYPE _Hollow Stem Auger, NX, BX Casing & Cone Test COMPILED BY __E.B.
DATUM Geodetic DATE 1986 01 26 to 29 CHECKED BY . M.T.
Wi DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;m % |Resistance “plot nasric NATURAL =
22| O mowstuRe LGUIGE . REMARKS
= 30 @ 20 40 60 80 g0 |V conrew wwT} SO
Q = o Q: = ) i 1 1 i Wp W w | 5% & ’
ELEV BESCRIPTION Tigl w3 25| O |SMEAR STRENGTH — 2 | GrAIN size |
DEPTH w151 2| $1238] 5 [ounconmmer  + rewp vane TER CONTENT ()] 7 |DISTRIBUTION.
£l2 » | BV | & |oouck rriaxiat  x s vane |WA (%) (%)
346.0 | Ground Surface b £ ] 20 49 6D
. Sart GR 5A {51 CL)
- OLli, S1LUY, Qaa'"*
143°5 | robta, blagk T/ ureroYR] 1|88} a 346 \*‘> 9
0.3 - <
Mot -
2 | ss | se 345 o
"‘\
Gravel, sand and T 4/tﬁcg.i ™S o 59 33 {8)
bould b
ul egs ' 144
488 fors ; 0
| Y
Dense to ver
Dense Y 5 88 a8 Piezofeter o B
o
B 85 B0 /B 342
71 s8 |60 0 43 51 {8)
. 341
= e = [4)
339.9 140

6.1} End of Borehole

Borehole caving at 2.0
m depth as casing withd
drawn

Water level in stand-
pipe at 2.7 m depth on
Feb. 2, 1986

*3' N Numbar‘s refer to
Sansitivity

0
1545 [%) STRAIN AT FAILURE
i B S
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OFFICE REPORT ON SOIL EXPLORATION

Ontari
RECORD OF BOREHOLE No 3 METRIC
WP 277-85-01 LOCATION Sta 10 + 585 of faet 4m LT ORIGINATED BY _ R«M.
DIST___18 _ Hwy_356 BOREHOLE TYPE _Hollow Stem Auger, WX, BX Casing & Cone Test COMPILED BY  P.B.
w | DYNAMIC CONE PENETRATION ' '
SOIL PROFILE SAMPLES |8y | 2 |Resistance “por . NaTURAL b
|l g LASTIC  uorbrane uoud | . REMARKS
- éO o 20 40 60 80 100 Limit CONTENT LIAIT ﬁg,
9 % w Q; = 1 f f 1 1 We W W, o &
ELEV DESCRIPHON Tla| 2| 2 |298| & [SHEAR STRENGTH i 2 | GraN SizE
BEPTH| e Elr| g 85 % lo unconmned  + piew vane ATER CONTENT (1l 7 DISTRIBUTION
£12 L | EY | & |eouck Triaxar  x 1ap vane |WATER CONTENT (%) {%)
345.9)  Ground Surface - £ bt ‘ 20 40 &0 GR SA 51 cU)
0.0! Topsoil, numerous roots }ﬁﬂ e | ps
345.3 leaves, black e tss v
0.6 | Gravel, sand and " et \ o
Boulders 20 2.1 58 0/.Bmll 345
o
. e
g:zzz to Very t:"“ Tssbonsl, M__\ o 27 58 {15}
o 384 »
.f?
sila 'ss | o8 o
;?" % 343
MNEEEAEL ' e
Dn
a
o
et 342
‘al6 | 5] 46 °
L]
171 ss] 12 o
Qo 341,
:'.a = e
340.1 . ' q
5.8] Granite bedrock, A o B ggg 340
highly fractured to Q( Rg Plezometer
broken. 5 10| pe iggg
$light weatherin \2 11| B | EeE 339
on fracture surfaces @ ae | 1009
/‘v B | ree
\&f 12[re {1004
338
(R
14ipe |38
337.1 15 A/RCIN
End of Borehole

8.8

Borehole caving at
1.2 m depth as casing
withdrawn

Water level in stand-
pipe at 2.7 m depth on
Feb, 2, 1986

+3, x5 ; Numbars refer to
Sansitivity

20 -
159-5 (%) STRAIN AT FAILURE
10



OFFICE REPORT ON SOH EXPLORATION

Ministry st
Tran:pvmﬂmmnanu 13
v Communicanons
RECORD OF BOREHOLE No 4 METRIC
W P 277-85-01 LOCATION Sta 10 + 597 offget 4m RT ORIGINATED BY .M.
pisT_:28 HWY 556 . BOREMOLE TYPE _Bollow Stem Awger, NX, BX, Casing g Cone Test COMPILED BY _P.B,
DATUM Geodetic DATE 1986 01l 31 and B& 02 02 CHECKED By _ MT.
SOIL PROFILE SAMPLES -] w DYNAMIC CONE PENETRATION -
o | g [ResisTance plov masnic % voue | =T | pemarks
- $6| = 20 40 80 8o ige |UMT conrmr tmirg SO
0w ] = ) h f f 1 Wp . W w,| 54 &
ELEV DESCRIPTION Ll w2123 5 SHEAR STRENGTH SO — F | cran size
berTH 13| 2| 5188 & |ounconrmer  « FiEwo vane rer content (| ¥ DISTRIBUTION
glz S [EY & |eouck TRiaxiat  x (s vane | WA o] (%}
347.9 Ground  Surface 7 # i 20 40 60 GR 5A (st ¢L)
0.0[F4ill, sand, gravel, o]
| cobbles, bl s
347.0 loose
2 347 o
0.9 [Gravel, sand and 2 ff 48 \
boulders, 2 OF 3TSER07 s S o 62 30 (8)
s ? ‘l M“""‘m
Derse to very dense eta 346 e
s,
WG] 4] ss |92 ]
Ny 345
a4
o 5185 193/dey °
0 344
o8,
. ST v
343.2 . i
4.7 | sand and gravel, some | 343
: silt (TLLL Like) o 7] ss | 46 4] 19 62 (19}
342.0] Dense Brown :;"
5.9 Gravel and Boulders, l:.le 342
gome sand matrix ac{, g.lss leond o
o
)
o
- 34
a, 1
Y
340.3 Sel 91 WS | - Piezodeter
7.6 | End of Borehole

Borehole caving at 1,7
m depth as vasing withe
drawn

Wataer level in stand-
pipe at 4.4 m depth on
Feb. 2, 1986

+3, x¥ : Numbers refer to
Sansitivity

20
15 -5 (%} STRAIN AT FAILURE
190 -
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GFFICE. REPORT ON SOIL EXPLORATION

Ontarmy ]4
RECORD OF BOREHOLE No 5 METRIC
WP 277=85-01 LOCATION Sta. 10 + 567.5% @ Hwy 55(7 ORIGINATED 8y M.J.
DIST 18 Hwy_ 956 BOREMOLE Type H-S. Auger, BW Casing, Cone Pen. Tést COMPILED BY L.P.
DATUM Geodetic DATE 1987 01 _18/20 CHECKED BY
wy DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | 2 | Reance ot e M| e '
g Z bt [N EorRe ot | B %) REMARKS
= 20 20 40 60 86 100 conTenr P
O b4} = z ) o i ! 0 Wp W w, | S5® &

ELEY . . ElE| w2195 & [sHEAR STRENGTH S % | GRAIN SIZE
BEPTH DESCRIPTION {51 21 $ 136! 5 |ounconrnes  + riED vane ATER CONTENT (] 7 |DISTRIBUTION
' Sk 5 | &Y | & |eouck Teiaxial  x 1as vane |V NT {%) %)
345.8|  Ground Surface & £ i 1020 30 GR SA §I CL

0.0 e
s~
Peat v 1} 88 7
345.1 An) .
0.7 o 345
Fine silty sand Sl o288 |20 \
- ~—
Sand with/and gravel, . 3{s8s{ 30 e S &
trace silt 8 4. 34 - [ "t 28 63 ®
(Sand well-graded) |** ‘%'F‘
o] 4] ss jizs * e 57 39 (&)
. 343
Oce. cobbles and S .
boulders . 3] ss| 82 ° 42517 o
e 342
. o] 6] 85 | 38 © 3% 61 {5
Dense to Very Densel. 7188 | 28 341
o
o fee] B 0SS 170/8] em
—Eoulders 8‘@ REC 340 :
. % =47,
5,9[ Badrock % 9| re 163% RQD=477%
2715'/@ REC .
101 RC |75% B0
Granitic Fault 339
Breccia REC .
5lightly weathered 1] &e logw RQD=13%
3374 L2l B [REC % | 338 RGD: 0%
8.0

End of Borehole

* Groundwater level
measured at end
of day within
open borehole.
May not be
stabilized

*3, %% 1 Numbers refer to
Sensitivity

20
15 9-5 (%) STRAIN AT FAILURE
1



Ontario

OF SAND, TRACE TO SOME SILT

: . 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM :
SAND GRAVEL
. CLAY & ST Fine i Medium | Coarse Fine Coorie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
2 3 35 0 20 30 400 75um 150 um 300um 400um 1,18 mm 2’.3émm 9.5mm 19.0 mim I75mm 430 mm
0 ”” H” S3um 106um 250u'm 425 pm 850 um 2.00mm 4.75mm 13,2 mm 26.5mm 53.0mm 75.%mm
P rt
80 - / / 1o
7
80 A ,/ // l 20
F/
//// / /? /
o . i A//‘/ / » / r“ A0
/‘ d './ / // /1 /
o 60 // 4 M/ 7’ // g
z ) / ' & /1 7 :
2 S 4 4 LN =
a 50 / L ” S/ JV 50”‘
: iy pyan LEGEND 5
w N L z
% o // /‘/ // /|| BH |SAMPLE SYMBOL -
~/ ..J s o /‘ ! 2
d 4 rd
< W w/ |2 | 3 | —-—1
30 / rd . rd / W ——— i ot
/_ '/ )/ /// - I 2 ?
- A e A e s ==,
- oo .,‘. _,;/ 3 i 4 SR
! P2z 3 | 3 | ——-—
" --"“:':,;f"’ T 4 7 SN, %
W r L ot i o g
o — /%;’ 100
t 2z 3 4 & 10 20 30 40 270 200 140 100 8050 40 30 20 5 108 4 'V W UL grel e
MINISTRY SIEVE DESIGNATION. {Imperial} . _
P ton and GRAIN SIZE DISTRIBUTION FIG No 1
, /. Communications GRAVEL AND BOULDERS IN A MATRIX |WP277-85-01

st




¥ ¥ E § ¥
7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
: CLAY & S Fine ! Medium | Coarse Fine Coorie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
| 2 3 4 5 10 20 30 40 %0 P5um 150um 300'“” &00um 1,18 mmn 2.36mm 9.5mm 19.0 mm 37.5mm 430 mm
100 ”” ” 53um 106um ‘ZSOul 425 pm 850 un 2.00mm 4. 75mm 13,2 mm 26,5 mm 53.0miny 75.%mm
/
90 / 4,/ fo
iy
o X
80 "‘, 20
I xtT 7
// A ’./ /
70 // 1 / '// / 30
i’ .
. 4/ T /
/ e !/ 4
» 60 e // /| o
z . Z
g /] // yan4 :
a 7 ' W
50 L / 50
z ) g LEGEND 5
W w
g 4B IFdi1 A 8+ [sampie | symeol %
o 40 F / ~5 80 o
A - e 5 3
i/ 17
" | )G 5 | 4 -
2T 5 | 5 |m———===
L
20 / /7( p > 6 * | 80
A K é
-1 ’/
/
10 = ;;f’/’/ 90
_'_,,.-:’::*::,X/
¢] JA 100
] 2 3 4 5 10 20 30 40 270 ZOG 140 100 6050 40 30 20 s o8 4 M Y L gmaly g
MINISTRY SIEVE DESIGNATION { lmperial )
. Ministry of ' FIG No 2
S Communications SAND WITH/AND GRAVEL, TRACE SILT WP 277-85-01
o




BOREHOLE . 5

'DEPTH (m) % CR* % RQD* DEPTH (m) DESCRIPTION

5.49-6,25 63 47 5.49~5,92 BOULDERS

6.25-6,76 75 0 3.92-7.,95 GRANITIC FAULT BRECCIA *, glightly weathered with a moderately
weathered zone at 6.50 to 6.76 m and a highly weathered zone
from 7.80 to 7.95 m, closely spaced joints.

6.,76-7.77 90 13 Rock intersected by very closely spaced microgractures due to
brecciated (faulted) nature of rock.

7.77~7.,95 71 0

* FAULT BRECCIA - rock distrubed and microfractured by faulting
then recemented.

* CR = CORE RECOVERY;

RQD = ROCK QUALITY DESIGNATION

£l



FOUNDATION INVESTIGATION REPORT | 18
For
Little Garden River Bridge #2 - Hwy. 556
Site No: 388-21 W.p, 277-85~02
District 18, Sault Ste. Marie

INTRODUCTION

The Foundation Design Section of the Ministry of Transportation and Communica-

tions retained the services of C. Mirza Engineering Inc. to carry out a
subsoll investigation at the above~noted site. The investigation involved four
boreholes identified as BHI to BH4. This report summarizes the findings of
the investigation, The fieldwork for this project was carried out between 86
02 05 and 86 02 07.

Subsequent to the investigation carried out by C. Mirza Engineering Inc., the
Foundation Design Section advanced an additional 3 sampled borings at this
site. The borings are identified as BH 11, 12, and 13. The findings from the

additional boreholes are included as an addendum on Page?2?2 of this report.

SITE AND GEOLOGY
The site is located on the extension of Secondary Highway 556 to Ranger Lake

in Hughes Township, District of Algoma, approximately 100 km northeast of
Sault Ste. Marie, A key map of the site is shown on Dwg. No. 2778502~A (Dwg.
2) in the Contract Drawings.

 The geology of this area has been mapped by the Ontario Geological Survey
(Mineral Potential Map Series P,1513)., Near the bridge site the terrain is
shown as an ice-contact deposit area, comprising chiefly of glacio~fluvial
deposits, with very low mineral potential. There are no major bedrock outcrops
mapped for this area. The bedrocks of the area belong to the Abitibi Belt of
the Superior Province of the Precambrian Shield and consist primarily of

granite and granitic types of rock.

The terrain at the site and immediate vicinity is relatively flat. Till-ice

contact drift "hills" are visible some 500 m to the northwest and to the
southeast about 1 km away. Vegetation is mostly cedar with some pine and fir.
Many trees along the river bank at the site are 1eah1ng into the river,

indicating active erosion of the banks.
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The existing structure is a timber bridge. The river is about 10 m wide and
flows sluggishly towards the west., At the time of investigation, the water in
- the river was 250 to 400 mm deep. The central portion of the stream was

unfrozen.,
The timber structure rests on sawn "rallway tie size” lumber and is entirely

constructed of sawn lumber. The clearance between the road surface at deck

and the water at the time of investigation was Just over one metre.

SUBSURFACE CONDITIONS

General

.The soil conditions across the site are fairly uniform., Beneath a surficial
cover of peat there i1s a compact to very dense deposit of sand and gravel\
extending to the final depth of the investigation which was a maximum of Jjust
over 1l metres in a borehole and just over 20 metres in a cone hole. No
cohesive soils were encountered in either the bore or conme holes. The water

table was found to correspond to the river level,

The boundaries between the various soil types, in~situ and laboratory test
results, as well as groundwater levels are shown on the Record of Borehole
Sheets in the Appendix. The location of each borehole is shown in plan on
Dwg. 2 of the Contract Drawings.

Peat

Under a cover of snow at the time of the investigation, the soil along the
river banks at the proposed crossing location consists of a surficial cover of
dark brown peat, mixed with some sand. The peat grades into the underlying
sand and gravel deposit at a depth of 700 mm. Therefore the thickness of the
peat deposit is about 700 mm. At the time of the investigation, this organic
iayar was completely frozen. 1In the unfrozen state, the consistency of the
peat is likely to be very soft, since it is quite fibrous and shows no root

mat.,

Sand and Cravel

The surficial peat deposit is directly underlain by a 3 to 4 metre thick
deposit of sand and gravel. From the drilling, cobbles are inferred to be
‘present within this upper non-~cohesive stratum. The sand is of reddish brown
colour and the gravel is subangular to sub-rounded, indicating the origin bf
the sénd to be glacial-fluvial, and of granitic parent materials. \
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The moisture content of this stratum was found to range between 12 and 22
percent, the lower values being obtained in samples containing a larger
percentage of gravél. Typical grain size distribution curves are given in

Figure 1. The gravel content is just under 50 percent.

‘The 'N' values in this stratum ranged from lows of 13 to an isolated high of
72 blows/0,3 m, indicating the density of the stratum to be generally compdct
to dense, being occasionally very dense. The 'N' values below 20 blows/0.3 m
were measured just‘below the peat stratum, and it is suspected that both the
peat and perhaps unbalanced hydrostatic heads in the hollow stem augering may
have caused a boiling of the sand, leading to the lower 'N' values. Below the
first sample taken in this deposit, the auger stem was kept filled with water
to prevent unbalanced hydrostatic uplift, and the 'N' values were generally in
the dense range (over 30 blows/0.3 m). The field experience shows that even

such a dense deposit can boil under unbalanced hydrostatic heads.

Sand with Some Gravel

Below the upper sand and gravel deposit, at about Elev. 348, a deep deposit of
sand_with some gravel was encountered, and was found to extend to the maximum
depth of the borehole. The sand is of reddish brown colour generally, becoming
greyish below about Elev. 343, The sand partiéle sizes range from medium to
coarse, and are)generally subangular. The material 1is typical of glacial
outwash deposits. From the augering, boulders and cobbles are inferred to be
present in this deposiﬁ at random throughout its depth. At the location of BH

4, the augers began to tilt, indicating a boulder had been encountered at that
depth (8.1 m). Hence the borehole was terminated at that depth,

This sand deposit is inferred to extend below the sampled depth of 12 metres
in BH 1 on the basis of the dyhamic cone penetration tests carried out both
within BH 1 and at the location of Cone holes 2 and 3. Upon completion of the
tests, no clay was found on any of the A rods used to drive the cone tip.
However, in BH 4, a lens of fine gray silty sand was encountered between Elev.
346 and 347. Such lenses are also inferred to be present throughout the
deposit in a random fashion. The moisture content of the sand 1is about 15

percent on average.

Grain size distribution curves for the sand deposit are given in Figure 2 and -
for the silty sand lens in Figure 3, In Figure 3, the presence of occasional

gravel has distorted the curve., However, the lens consists of essentially a
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fine sand matrix, which is non-cohesive,

The 'N' values in thé sand deposit ranged between 11 and 68 blow/0.3 m,
indicating the deposit to be of compact to very dense relative density,
However, some of the higher 'N' values may represent cobbles and boulders
which have been pdshed aside in the sampling process. Thus, the overail
denseness of the deposit is more likely to be compact. However, care is
required in excavations to ensure the sand does not boil under unbalanced

hydrostatic heads.

GROUNDWATER CONDITIONS

The groundwater conditions were observed in the open boreholes and were found

to correspond to the river level prevailing at the time of the investigation,
being generally within 500 mm of the ground level or Elev, 351.0 at BH 4 and
351.1 at BH 1.

Since the sandy deposits at the site are totally cohesionlesé, the sand was
found to be.entering the hollow stem augers when a depth of 1.5 to 2 m below
grade was reached, due to unbalanced hydrostatic heads. Since the boreholes
were located only 2 to 4 m from the edge of the river, the hydraulic gradient
through the deposit is in the order of unity.
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ADDENDUM (BH 11, 12, 13)

As mentioned in the Introduction of this report, three additional boreholes
(BH 11, 12, 13) were advanced at this site. The borings were advanced using
hollow~stem augers and washboring techniques between 87 01 13 and 87 0l 17 and
were extended to depths ranging between 6.1 and 20,1 m below the ground
surface, A dynamic cone penetration test accompanied one of the boreholes.

The locations of the borings are shown on Dwg, 2778502-A (Dbwg. 2) of the
Contract Drawings, The Record of Borehole Sheets are included in\the Appendix.

 The following 1s a brief description of the subsurface conditions encountered
in these 3 borings. '

Peat

A surficial deposit of dark brown peat was encountered in each of the 3 bore~
holes. 'The_thickness of this organic deposit was found to vary between 0,7
and 0.9 m in the 3 boreholes sampled. The peat is fibrous in texture and shows
no root mat,

Sand some/and Gravel, trace silt

Underlying the organic deposit is a non-cohesive stratum of sand, some/and
gravel, trace silt. The thickness of this deposit was found to range between
3.8 and 12,5 m. From the drilling, occasional cobbles are inferred to be
present within this deposit.

Grain size distribution tests were carried out on 8 samples of this cohesiony
less material, The results are shown in envelope form on Figure 4 in the

Appendix and can be summarized as follows:

Range
Gravel 31 -~ 55 %
sand 40 ~ 66 %
811t and Clay 3~ 817

Based on the interpretation of Standard Penetration Test 'N' values ranging
between 9 and 37 blows/0.3 m, this deposit is considered to be in loose to
dense state, Generally, the deposit is in a compact to dense state, with the

loose zome encountered below Elev. 348,7 in BH 12,
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In BH 12, the sand and gravel deposit Just described was interrupted at Elev.
345.9 by a 2.2 m thick seam of fine to medium sand. Underlying the fine to
medium sand is a deposit of sand with gravel trace of silt, This lower deposit
of sand with gravel was found to extend to a minimum Elev. of 333.3, and was
found to be in a dense -state throughout, Occasional cobbles can be

anticipated.

It should be noted that when this cohesionless material is subjected to a

'unbalanced hydrostatic pressure, 'boiling' or basal disturbance will result.

Fine to Medium Sand

A deposgit of fine to medium sand was encountered in each borehole at depths
ranging between 3.8 and 12,5 m below the ground surface. In BH 11, the
minimum thickness of this deposit was found to be 2.3 m. However, the full
thickness was not established since the boring was terminated at a depth of
6.1 m below the ground surface. In BH 12, the thickness of this deposit was

found to be a minimum of 5.2 m.

A grain size distribution test was carried out on a sample (BH 11, #8) of this
cohesionless material. The test indicates that this typical sample consists
of.ZZ gravel, 95% sand, and 3% silt and clay. The results are graphically
shown on Figure 5 in the Appendix.

Based on the interpretation of Standard Penetration Test 'N' values, thisg
deposit is considered to be in a compact to dense state.

From_thé drilling, it is inferred that occasional cobbles are present within
this deposit,

It should be noted that this material will experience 'boiling' when subjected

to an unbalanced hydrostatic pressure,

GROUNDWATER CONDITIONS
The groundwater conditions were observed in the open boreholes and the levels

were found to correspond to the creek level prevailing at the time. At the
time of the investigation (Jan. 1987), the groundwater level was measured at
Elev, 351.,3%,
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MISCELLANEOUS
As previously noted, BH 1 to 4 were carried out by C. Mirza Engineering. The

soil descriptions pertaining to these 4 boreholes were also prepared by C,.

Mirza Engineering.

BH 11, 12, 13 were carried out by the MTC Foundation Design Section subsequent
to the investigation carried out by the Consultant, The summary of these 3
borings was prepared by L. Politano, Project Foundations Engineer,

v*pFESS'ONWZ .
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» Politano, P, Eng.

1 0]
L. R POLTAN Project Foundations Engineer

M. Devata’ P. Engb
Chief Foundations Engineer (East)
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RECORD OF BOREHOLE No 1

METRIC
WP 2778602 Location _ Statton 12+ 163 o/s 4.6 Rt. § Hwy 556, Line *C ORIGINATED By _BP
oISt _18 Hwy __556 BOREHOLE TyPE . Hollow Stem Auger and Dynamic Cone Penetration  comeiep sy_ BP
DATUM . Beadetic DATE 1986 02 13 CHECKED BY ._.CM .
SO PROFIL AMPLES | & uw JOYNAMIC CONE PENETRATION
E $ Wy | F |RESSTANCE PLOT pastic Naroea ool L E REMARKS
= 36| 4 20 40 60 a0 Jpg VM7 comrewr uMr g SO
9 o | w oy = = . L ' . 4 WP w W =3 &
Eley DESCRIPTIO |8 w| 2195 & [Shear strenoTh ——teey | Z | GRAIN SIZE
BEPTH IPTION LIE R E 8% % 1o UNCONEINED  + FIELD vANE ) y |DISTRIBUTION
. 21z 5 | E9 | & [eauck rriaxia  x as vane |WATER CONTENT (%) (%)
351,86 a v * i 1020 30 GR SA S1 CL
0,07 pgat =, 2
DK. Brown — 55 . 2 Wl
350. ey — sa6 0
91 Trace of Sand e — | 351 1986 0216
0.7 e (o)
0., 2 55 13
o,
wi,
SAND & GRAVEL N 350 -
Brown .D&' Pl ? 5.
Compact to V. Dense ‘.‘; '
14| ss | 46
occ. Cobbles o™ ¥
0 5| ss | 27 o 143 85 {2)
AA7.9 ] 348 .
3.7
o':: 61 ssi 19 ol 2177 (2)
S 7 s | 1 a7
SAND with some Gravel o 346
Brown ‘
Medium to Coarse
. . o -i8 | 55| 13
:v .. 345
Compact L
oce. NG, 344 a1 1oy
Cobbles & Boulders |-5|9 | s | 20 791 (2)
343.0 -
e T e e 343
o
Grey o110 ss | a0 © b7 58 (5)
Dese 342 )
TR KX
occ. lens of fine |::)
Sand 2
AN 341
me s |25 9
1.4 End of Borehole.
Start of Dynamic \>
Cone Penetration 340
Test i
339 {
338 3
337
. / p
e 3 5. Nuibers ref 2 4
Continued %, %7 Numbers refer to 14 (0 5 1oy crpain AT FAILURE
A¥al

Sansitivity
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WP _277-85-02

RECORD OF BOREHOLE No 1 Contd.
Station 124163 o/s 4.6 Rt. § Hwy 556, Line 'C!

LOCATION

METRIC

ORIGINATED BY _BP

Penetration Test

o

DisT 18 Hwy__556 BOREHOLE TYPE Hollow Stem Auger and Dynamic Cone Penetration cOMmpiLEp gy BP
DATUM _Geadetic DATE 1986 02 13 CHECKED BY...CM.
w OYNAMIC CONE PENETRATION :
SOIL PROFILE SAMPLES | &, | & | Ribietancs OhGy pasnc NATURAL =
2 g MOISYURE  MoUm |, REMARKS
- iG5| % 20 40 ep 80 100 (VM7 cowrenr umir | SO
O« g DO A G AL W W ow | Su s
ELEV DESCRIPTION =lgi ¢ 2|85 & [sHear sTReNcTH WD S — 2 | cram size
DEPTH ! 21212 | $138| & |ounconmnes  + riEd vane rentia| 7 [PISTRIBUTION
£z 5 | V| & |eouck Triaxiat  x Lap vang | WATER CONTENT (%) (%)
Mg P & E o Y, GR SA S1 CL
15.0 ¥ ) 14
336 fet
335
334 \
333.3
18.3 | End of Dynamic Cone =

+3, x5 ; Numbers refer to
Sensitivity

20
15.9-5 (%) STRAIN AT FAILURE
)
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Ontares
RECORD OF BOREHOLE No 2 METRIC
w b __277-85-02 LOCATION __Station 12+163 o/s 4.4 Lt. ¢ Hwy 556, Line 'C' ORIGINATED By _ BP
DIST... 18 Hwy 556 BOREHOLE TYPE Dynamic Cone Penetration Resistance Test COMPILED BY SQA
DATUM Geodetic DATE 1986 02 14 CHECKED BY o
5QIL PROFILE SAMPLES | = wi [DYNAMIC CONE PENETRATION
Z g2 | & |femnee not e heee vevo| = E | pemans
e 26| @ 20 40 &0 80 00 |UMT cowTenr Lmt i SO
Ole gl 4 U VA AU Wp W w, | Suw &
ELEY ‘ Tla| 2| 2128 & [shear strencTH A 2 | GraiN Size
DEPTH DESCRIPTION I 8% % 1o UNCONFINED + FIELD vang | ) y |DISTRIBUTION
12 5 P EY | & |ecuck TrAxAL  x Lap vang | WATER CONTENT (%) {%)
351.6| Ground Surface & £z @ R SA SI CL
0.0]
Probable PEAT -
3609 . e 351
0.7 \
350
Probable ;?
SAND & GRAVEL 1
349 (:::
Lotk U 348 o ’>
3.7 ‘/
347
346 (\\
345 \\\\
344
Probable SAND
with some Gravel
343 //
342
344
340 (\
339 g/
338 \
337
‘ / y
V 4 5 § 20 v
Continued o3, % Numbers refer to 1 0 o (o) sTRAIN AT FAILURE
10

Sensitivity
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277-85-02

RECORD OF BOREHOLE No 2 Contd.

METRIC

Practical Refusal

Cone Penatration Test

WP LOCATION Station 12+163 o/s 4.4 Lt. € Hwy 556, Line 'C! ORIGINATED By BP
DIsT 18 mwy 556 BOREHOLE Type  Dynamic Cone Penetration Resistance Test compiiep gy S0A
DATUM Geodetic - BATE . 1986 02 14 CHECKED BY _ T oM
5QIL PROFILE SAMPLES [ w DYNAMIC CONE PENETRATION " )
gvzv 3 RES(STAN.CE PLOT 'bfrm m’zgme Lmu;o mm REMARKS
e w |20 » 040 60 8v 100 U7 conTenr LAT L SO
Ol i = - ) h h ) i Wp W w| 5w &
ELEV DESCRIPTION & § R %g & [sHEAR STRENGTH RS 2 DGF‘E‘%IN SIZE
BEFTH . i %13 T {0 unconrned + FieLD vane ' ISTRIBUTION
' 2z " 5 gg £ e cuick thianAL  x 1aB vane |WATER CONTENT (%) 7 (%)
336.8 y: & £ & . or sa s ey
15.0 ¥ \ v
336 <
335
334 \
333 iL
332 / e
; s Sy .
331.1 M. | Hanher Bbuncing
20.5
End of

+3, x5 Numbers refer to
Sansitivity

0
15-0-5 (%) STRAIN AT FAILURE
0
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Numbers refer to
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20
15405 {%) STRAIN AT FAHURE
10
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\ RECORD OF BOREHOLE No 3 METRIC
W P 277 mBE (2 LOCATION Station 12+139 0/s 6.8 Rt. § Hwy 556 , Line '¢! ORIGINATED BY BP :
oIST__18 HWY___ 556 BOREMOLE Type _Dynamic Cone Penefration Resistance Test COMPILED gy _BP
DATUM ... Leodetic DATE 1986 02 14 CHECKED BY . LM
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION
gg & RESISTANCE PLOT m.n;'lc ':,QT.‘Q':G;E ugunvo 25:'5 REMARKS
- w120 @ 20 40 80 8o 100 |UMT  contenr wmiv S0
O« 8 £l = IO O wl A Wp w w, | 5 &
ELEV Elal w2125 & [sHEAR STRENGTH e G 2 | GRAIN SizE
BEBTTI DESCRIPTION B 2| 5138 5 |ouwcontmnen  + miew vane reR el ¥ [PSTRIBUTION.
- g1z 5 [EY | & [eouck rranian  x wap vane | WATER CONTENT (%) (%)
351.6  Ground Surface n - u GR SA S1 CL
0.0 )
Probable PEAT
 350.9 351
L N
I
350 AN
Probable
SAND & GRAVEL
349 v,
308.2 /,/
3.4 38
347 )
346 \
345 (
' 344
Probable SAND
with some Gravel
343
342
N>
341
340 (,
339 \
338 <>
337 AN
.1 336.6
50 end of
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RECORD OF BOREHOLE No 4 METRIC
WP 277-85-02" LOCATION . Station 124141 ofs 4.4 Lt, § Huy 556, Line (! ORIGINATED By  BP
pisT._ 18  ywy_ 556 BOREMOLE typg Hollow Stem Auger COMPILED BY Bp
DATUM _Geodetir DATE 1986 02 14 CHECKED BY ___ M
SO PROFILE SAMPLES ?:;'w g Egggxlﬁcgom%:mﬂmnow - .
€5 Y G’ € mossure voub | B | pEmaRKs
= w | ZQ | @ 0 40 60 8y 100 Conrenr LT oo U
Q| w w = 4 i N 1 1 w w W, 5w &
i D o= Z P L
DEFTH w5121 $1236| & |ounconmnes  + rien vane |y [PsTRIBUTION
: g2 5 |V | & |eouck rranal  x 1ag vang |WATER CONTENT (%) (%)
35(1).8 Ground Surface n - b ' 10 20 30 GR SA SI C1
" PEAT ol 1ss (2 |y Lo
Dk, Brown -~ =] 351 L, 0
50,6 Trace of Sand St 1986 02 16
0.7 T ‘o'.'a )
2l ss | 17 o
SAND & GRAVEL [N .
e 350
Brown [234
Compact to Dense  frg| 3755 | 45
occ. Cobbles Q; 349
2% 41 ss | 42
: 0 o}
348, XN
3.4 o
i 5] ss |19 348 18 81 (1)
SAND with some  |.| 6 ss | 15 \
Gravel o 347
Fine 5Sand lens I 7]ss | 68 o 18 65 07 10
Brown O
1 346
Medium to Coarse a
Compact to V. Dense |-~ :
g ST Bl ss | 38 345
0Ce. 0 ;N
Cobbles & Boulders |4
- 0 344
" ol ss | 63
343,72 o}
8.1 End of Borehole

+3, x5 Numbers refer to
Sensitivity

20
154-5 {%) STRAIN AT FAILURE
0
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RECORD OF BOREHOLE No N METRIC
WP 277-85-02 LOCATION Sta. 12 + 143 0/8 4.5 RT § Hwy 556 Line 'C’ ORIGINATED gy LP/MJ ’
DIST 18 pwy 356 BOREHOLE Type Hollow stem Auger COMPILED BY
DATUM _Geodetie DATE 1987 01 13 CHECKED BYI
SOl PROFILE SAMP o w DYNAMIC CONE PENETRATION o
OF 1L LES Lo | g |RESISTANCE PLOT rastic NATURAL oue] . E REMARKS
g€, prd Limty CONTENT  LIMY -
o o | 2R 20 40 60 80 100 zg5 &
9 aﬁ w Qm z i i ] ] 1 Wp W WI. ;33
ELEV " Bl W | 2128 & [SHEAR STRENGTH A — GRAIN 51Z€
DEPTH DESCRIPTION |5 21 $ |25 5 |ounconemer 4 e vane are contentea)l 7 DISTRIBUTION
2z 5 |EV | & |eouck Triaxial  x 1as vane |W : (% {%)
351.4 Ground Surface. 5] : - s 0 20 30 GR SA 51 CL
0.0 G ‘
Peat el ss 351
330.6] Trace, sand, gravel [
0.8 Z#
Sand, some gravel, oo 2188 |11
trace silt L 350}
. '
:"‘; 3|88 |35 ° 3839 (3)
Ovcasional cobbles. | * b P 4
i hss 22 349 4 5 (4
& :
Colslss [a7 f, o 31 66 (3)
: e :
Compact to Dense :;f 6lss |16 348
347.6 ‘b, %2
3.8 [
Fine to medium Sand, :.” 71ss |17
trace silt . *3 347
:;T 8lss |12 o 295 {3)]
= 346
Compact o 1
345.3 -y LA
6.1} End of Borehole
345

Notes

*1 After augering to
Elev, 348.4, sand
came up augers to
Elev, 349.2%, Hole
washed back down to
Elev, 348.4. 'N'
value may not be
representative.

*2 After augering to
Elev. 347.6, sand
came up augers to
Elev. 248.7%. Hole
wished back dowm to
Elev. 347.6. 'N'

- value may not be
representative.

*3 After augering to
Elev. 3465.8% sand
came up augers to
Elev. 347.8%. Hole
washed back down to
Elev. 346.8, 'N'
value may not be
representative.

*4 After augering to
Elev. 345.3, sand
came up augers to
Elev. 346.8%

Borehole was
terminated,

+3, &5 ;. Numbers refer 1o
Sensitivity

20 .
15 4-5 {%) STRAIN AT FAILURE
10
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WP 277-B5-02 LOCATION

RECORD OF BOREHOLE No 12

Sta, 12 + 143 45 LT § Hwy. 556 Line '¢’

METRIC

oiIsT___ 18 wy_ 556

BOREHOLE TYPE N-Casing, Washboring, Cone Penetration Test

ORIGINATED By _LE/MJ

compiLep gy _ LP
CHECKED BY o

DATUM _Geodetic . DATE 1987 01 13 to 16
OYNAMIC CONE FENETRATION )
SO1 PROF“.E SAMpLES :ﬁm 'ﬁ RESISTANCE PLOT NATURAL oot
= < PLASTIC  moserype iU | o X REMARKS
= $6| » 20 40 60 80 100 |7 conrswr umr | =0
Ofa 217 5 e W W ow | 5T &
ELEV DESCRIPTION Elal v | 2]2a8]| & [sHEAR STRENGTH AP 2 | crain size
DEPTH ESCRi w3 2] $ 136 5 [ouvconrne  + FiE vane WATER CONTENT ()] ¥  |DSTRIBUTION
glz » | %Y | & |equck rriaxia x as vane |WATER CONTENT (%) 1%}
351.4 Ground Surface " - it 1 20..3 GR 5A 51 CL
0.0 = .5 -
Ias
Peat (probable)  [ur 351
350.5 At
0.9 -h
Sand and Gravel * o )
trace gilt ‘;;?,_ 350 \
Siilss | n \
Oce. cobbles R
5 2|88 |37 34y N
Dense ® ) Gone "Younclhng’ ] 48 45 7 0
__.,m......_._»miﬁ sleverdl times
Looze "\ /
"» 3]ss | 9 /
g - 348
A ™Y
e
N
Wl alss 9
A .
| Iy 347
L
[
M s iss | a8 ° 36 56 (8)
L]
345.9 2y 346
5.8 .
Fine to Med. Sand |*.
trace sile o
] 6]ss |34 345 <
Compact to Dense 71ws |~
3441 e
7.3 " 344
Sand with gravel, 2.] 888 |35
trace sile L
Oo‘
343
a
Ll elss |39 (
[ 342 \
Oce. cobbles’ e
“n
1 f
Poloalss |33
-‘ -‘
: 340
1) 1 /]
1
338
coB[101 85 | 31
Dense '-,' g
» .
332.8 D 337 “ /
%6 ; V4
CONTINUED ON SHEET | 2

3, %5, Nuribers refer to
Sansitivity

20
18 -5 (%) STRAIN AT FAILURE
0
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RECORD OF BOREHOLE No 12 Cont

METRIC

Refusal to casing
advancement and
tricone

* Spoon bouncing, probable
cobble or boulder

WP 277-85-02 LOCATION Sta, 12 =~ 143 0/8 4.5 Lt G Hwy. 556 Line '¢' ORIGINATED By _LE/MJ
DIsT 18 .HWY 556 BOREHOLE TYPE _N-Casing, Washboring, Cone Pensrtation Test COMPILED BY  LP
. 4
DATUM __Geodetic DATE 1987 01 13/16 CHECKED BY 0
S0OH PROFILE SAMPLES o w FOYNAMIC CONE PENETRATION w
. Eg g RESISTANCE PLOT :}:‘srnc y:‘gy;g:&‘ tm‘ﬂ” tg REMARKS
e w | 2Q ] @ 20 .40 60 8D 100 CONTENT z2 A
9 A W 0: 2 I el 1 5 L Wp w WL m;
ELEV DESCRIPTION Tla| w2 25 | O [SHEAR STRENGTH A GSR;"NN SIZE
DEFTH w131 2| $138| 5 |ounconeme  + miEo vane y |DSTRIBUTION
&1z 3 %U @& e QuICK TRIAXIAL  x (AB vane | WATER CONTENT (%) %)
336.8 Continued % E = R A 1 cl
1.6l gana with gravel n
: : 11188 | »
Trace silt . 136
'y
" Qce. cobbles A 335
Ctlizss |30
- 334
o’. L
491 4 Dense ; Lo |
18.1 FErugal
. End of Borehole 333

+3, x5 Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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+3, %5 . Numbers refar to
Sensitivity

10

1540-5 (%) STRAIN AT FARLURE
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RECORD OF BOREHOLE No 13 METRIC
WP 277-85-02 LOCATION Sta. 12 + 159 at § Hwy. 556 ORIGINATED BY _MJ
DIST 18 Hwy 556 BOREMOLE type _Hollow stem Augers, N & B Casing, Washbarmg,;oni COMPILED BY LP
-3-] o
DATUM _genderin Dave 1987 01 16 and 17 CHECKED BY _ e
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES &y 2 |resistance pror pasrie NATURRL =
gz L LIMIT noTRE L|M‘!’T° mw REMARKS
= w [E0 ] @9 20 40 6D 80 100 CONTENT z= 4
9 e ¥ E = i ! A 1 i \Np w WL o e
1 ELEY DESCRIPTION Sla| w2 %cza 5 |SHEAR STRENGTH e e} 2 | GrRAIN SIZE
DEPTH 1o =31 2| 538! 5 |ounconmames  + e vane WATER ¢ reml ¥ |PSTRIBUTION
‘ g1z 5 | &Y | & |eouck rraxal  x LaB vane ATER CONTENT {%) %4
351.3 Ground Surface n iy H 1020  3p GR 5A SI CL
0.0 Peat with sand IV 0 =
ey, 1|58 4 351
350.6 iAs AS
0.7 S
Sand and gravel, -8 12|ss 19 °
trace ailt s " 50 45 (5)
o, 350
a | 3]ss | 35 o 53 43 . (4)
. DIA
Oce. cobbles o 349
5
"‘;’ 4 188 36
2, o 55 40 (5
»,
“a
> 348
K
slsfss |10
5
NG 347
-.n.
-
..§ 6 |ss 15 348
W
o
“b.
h 345
A
@),
'3. 344
e
T
b
“l7 |ss | 23 343
;P;
R 342
be
.5
0,
o 341
Compact to Dense b
K
v
s 18 ss| v 340
e
.0‘?
338.8 ) 399
125 : =
Fine to Med. sand
Some silt, trace T
gravel- ;: 118
Oce. cobbles T elss | s | 337
336.2 4 Vi
151 4 20 7
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RECORD OF BOREHOLE No 13 Cont METRIC
W P 3778502 LOCATION Sta. 12 + 159 at ¢ Hwy. 556 Line ‘¢’ ORIGINATED &Y MJ
pisT__ 18 hwy_ 336 BOREHOLE Typg Mollow Stem Augers, N & b Casing, Washboring, Come .opu e py 1o
DATUM Geodetic DATE 1987 0L 16 and 17 CHECKED BY .x‘;‘)
us | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |8 | & | s Ony nasre M
qae U : UMt Conrent vt | S 09 REMARKS
CONTENT
k= w 120 | @ 20 40 60 BO 100 F W
Q= Sigsl 2 b Wp W W | B Y &
ELEV DESCRIPTION sl8| w2198 & [sHEAR sTRENGTH O = | craN SizE
DEPTH ‘ - § | g 85 % | © UNCONFINED + FIELD VANE ATER CONTENT (% y Dts’rRl?UTION
g z 5 [EVY | & |eauick TRiaxaL  x Lap vang |WATE NTENT (%) {*)
336,2 CONTINUED v - w GR SA 51 Gl
5.1 : .
Fine to Med. Sand . 336
Some silt, trace . ©
gravel S
335
Oee. cobbles R
. 334
336.6 | Dense 10| ss {38
17.7 | End of Borehole
333 ey
332 '
\
%
‘--w
331.2 Refudal | N
20.1

Etid of Cone Test
Refusal to Cone

* Spoon bouncing
probable cobble

*% Sample probably
disturbed due to
unbalanced hydro-
static pressure.

+3, &5 Numbers refer to

20

Sansitivity '8

15 45 (%) STRAHN AT PAILURE
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: 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM _
- _ ‘ SAND GRAVEL
CLAY & SuUT > I Med: £
ine edium | Coarse ine | Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
t 2 3 405 10 .20 30 4050  ys5,n 150y 300um 600 um LiBmm  2.36mm 9.5mm 1.0 men I7.5mm  63.0mm
100 : LT 53 um 106um 250um 425 um 850 um 2.00 mm 2. 75mm 13.2mm 26,5 mm 53 Gmim 75-%'“"'

90 # 'O

80 /% 20

70 / / 30
€0 / a0 o
2 P4 <
2 7 =
e y :
50 50 .
5 v/ LEGEND z
¥ 74 BH |SAMPLE SYMBOL &
o 40 Gl =

/ 1 3 |——a—
vy ®

30 ﬁa/ L 5 70

20 80

10 80

o 100

i z 3 4 8 10 20 30 40 270 200 140 100 6050 40 30 20 18 108 4 ' v W m 1 g2l s

MINISTRY SIEVE DESIGNATION {Imperial)

Ministry of
@' Transportation and
\ Communigations

Ontario

GRAIN

SIZE DISTRIBUTION
SAND & GRAVEL

FIG No 1

‘WP 277-85-02

AXN




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
. SAND _ GRAVEL
CLAY & ST Fine | Medium | Coarse Fine ] Coorse
GRAIN SIZE IN MICROMETERS _ MINISTRY SIEVE DESIGNATION { Metric)
t F] 3 4 5 10 20 30 40 50 TSum Boum 300um &00um 1. 18 thm 2 3bmm 9. 5mm 19.0 mm I7E5mm  43.0mm
100 I s3um 106um 250,m  425um 850 um 2.00mm 4.75mm 13.2mm | 265mm | 53.0mm 75.0mm
0
50 // 1o
_ //
20 » d 20
palat
70 yd d&/ 30
&) 0 I// 40D
Lt e}
* 50 / 50
z LEGEND :
v o
= w0 Q( BH |SAMPLE SYMBOL -
/ 1 6 o
20 v/( 1 9 ko]
A%/ 10 | —a—
/f
20 Q// 4 5 80
10 80
0 "'!-eﬁ-“"/ 100
1 2 3 4 & 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 S Ve M W g2l
"MINISTRY SIEVE DESIGNATION | Imperial.)
@ T tution and GRAIN SIZE DISTRIBUTION AG No 2
\ Communications - : Medium SAND - WP 277-85-02 .
Ontario . %
with Gravel oo




Ontario

with Gravel, and a trace of Silt & Clay

' : ' 7812 M
UNIFIED SOIL CLASSIFICATION * SYSTEM
' o " SAND GRAVEL
CLAY & Sut Fine ] Medium [ Coarse Fine | Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE ODESIGNATION ([ Metric)
1 2 34 5. 10 20 30 4050  y5.m 150um 300um 600 um Ligmm o 2.36mm : 9.5 mm WOmm  375mm  63.0mm
160 [THTHT S3um 106um 250um  425um B50 um 2.00mm 4.75mm 13,20 | 255mm | 530mm 75.0mm
7 0
/
90 "/ 10
M/
=l
80 ,—,,—..--y-/ 20
M“
70 / // 30
&0 / 800
o] i
z z
“ / ] :
g / S
50 , 50
5 / LEGEND 5
v - v
& / BH  |SAMPLE SYMBOL &
o 40 60 =
/ 4 7
30 // 70
//
20 j21e]
Ve
o
10 1" o
s 9
..--""w”f
M-ﬂ"'
0 : . 00
| z 3 as 10 20 30 40 270 200 40 100 6050 40 30 20 I8 108 4 N A A R S
MINISTRY SIEVE DESIGNATION {imperial)
; Ministry of FIG No 3
D) Foravson s GRAIN SIZE DISTRIBUTION \
\ Communications Flne SAND . W p 277“85*02

6t




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
- : SAND GRAVEL
CLAY & SiLT Fine | Medium | Coorse Fine Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
! 2z 3 45 10 20 30 4050 g5, B0um  300um 600um LiBmm  2.36mm 9.5 mm 19.0 mem 375mm  63.0mm

100 ' ! I ' l l ” 53um. 06um | 250;4' 425 um B50 um 2.00mm 4.75mm 13.2mm ) 26.5mm i 53.0mmy 75.%mm

90 / \0

o lg o

10 20
g 60 40%
b =
g u

50 50
z ﬂ LEGEND z
& I SAMPLE SYMBOL g
o 40 “ $0 o

30 ' " " 70

(A
” Ny E\.O
ev

20 80

10 50

[o) \ u ol " 100

[ 2 3 4 & ) 20 30 40 270 200 140 100 6050 40 30 20 i 08 4 E7N S 7S LI VAPV

MINISTRY SIEVE DESIGNATION (imperial)

\ Ministyof GRAIN SIZE DISTRIBUTION FIG No 4
Transportation and W P 277-85-02

Communications SAND SOME/AND GRAVEL, TRACE SILT

" Ontario I
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"UNIFIED SOIL CLASSIFICATION SYSTEM
' SAND GRAVEL
CLAY & SIiLT Fine ] Medium | Coarse " Fine Coorse
GRAIN SIZE (N MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)

! 2 3 " s 10 20 30 40 %0 75um 1501m 300um 600 pum 1.18 mm 2.3 mm 9‘5.mm 1920 mm 37.5mm  83.0mm

100 ”” ”” 53um 106 wm 250;.:':#\ 4254m . B5O um 2.00mm 4.75mm " 13.2 mm 26.5mm 53.0mm{ 75.0mm

e 0

= ‘”M
/"'
90 : / 10
/
§0 // 20
- i
70 /’ 30
o €0 % ' B0 o
2 E
g
F ! &
50 50
2 LEGEND 5
(W) K [
s | BH  [SAMPLE SYMBOL g
o 40 : 60 o
1 | n |8
30 / 4 7O
T/
20 / 80
H /
10 h— 90
o |
1 2 3 4 s 10 20 30 40 270 200 140 100 8050 40 30 20 I8 108 4 O ER 7TT TPy

MINISTRY SIEVE DESIGNATION {Imperial )

@ Traneooaation and | GRAIN SIZE DISTRIBUTION FIG No 5
| WP 277-85-02

Communications - Fine - Med SAND o
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FOUNDATION INVESTIGATION REPORT
For
W.P., 278-85~01, Kinnihan Creek
Hwy. 556, Site 388-22
District 18, Sault Ste. Marie

INTRODUCTION
Peto MacCallum Ltd. was retained by the Ministry of Transportation and

Communications (MTC), to carry out a foundation investigation for the proposed
Kinanithan Creek Structure on Hwy. 556 in the District of Sault St. Marie,

Ontario.

The purpose of the investigation was to determine detailed subsurface soil and

groundwater conditions at the site.

The fieldwork involved 9 boreholes (BH 1 to BH 9) ranging in depths from 0.6
to- 8 m below the ground surface. Three of the boreholes were accompanied by

dynamic cone penetration tests.

Dwge 2 in the Contract Drawings indicates in plan the location of each bope-
hole, together with 2 stratigraphical sections.

The fieldwork for this project was carried out between 86 02 03 and 86 02 05
utilizing a CME-55 Bombadier-mounted drill rig equipped with continuous flight

hollow stem augers.

Subsequent to the investigation carried out by Peto MacCallum Ltd., the
Foundation Design Section advanced an additional 3 sampled boreholes (BH 10,
11, 12) and 2 independent cone penetration tests (BH 13, 14) at this site.
The findings from this additional fieldwork are discussed in an addendum on
Page 43 of this report,

SITE DESCRIPTION

The Kinnihan Creek is approximately 5 m wide in the viecinity of the proposed
structure and the water was flowing at about 0.5 m depth at the time of the
fieldwork, '

The qreek channel is about 1.0 m deep and flows through a flood plain which is
approximately 50 to 60 m wide. The flood plain is vegetated with small bushes
whereas the ground to the east and west of the flood plain is vegetated with

mature deciduous and coniferous trees.
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SUBSURFACE CONDITIONS
We refer to the appended Record of Borehole sheets in the Appendix, for

details of the fieldwork including soil classifications inferred stratigraphy,
standard penetration 'N' values, dynamic cone penetration tests, groundwater
observations in the open boreholes during and upon completion of drilling and

laboratory moisture content determination test results.

The summarized subsurface conditions are presented on sections and profiles

included on the appended plan.

The stratigraphy at the creek crossing generally comprises either topsoil or
peat overlying major fluvial deposits of gravelly sand and sandy gravel,

Topsoil/Peat

Boreholes 2, 4 and 8 put down on the east and west sides of the flood plain
encountered 150 to 300 mm of dark brown sandy silt topsoil,

Elsewhere boreholes 1, 3, 5, 6, 7 and 9 drilled within the flood plain
environment encountered shallow peat deposits extending to depths between 1.0
and 2.1 m. The peat deposits were thickest to the north of the proposed road

centreline,

‘Gravelly Sand/Sandy Gravel

Underlying the surficial peat and topsoil, the boreholes encountered ma jor
deposits of gravelly sand and sandy gravel to the termination depths. Grain
slze distribution analyses carried out on split spoon samples are illustrated
on Figures 1, 2 and 3, It should be noted that the sampling procedures exclude
particles larger than about 40 mm and consequently the gravel contents in the
field are higher than indicated by the laboratory tests. The deposits typical~

ly contain numerous cobbles and boulders.

The granular soils aré generally loose to very dense with depth based on
standard penetration 'N' values and dynamic cone penetration tests ranging
from 3 to in excess of 100 blows per 0.3 m. The native soils are generally
'saturated below depths of about 1,0 m and may boil when subjected to an
unbalanced hydrostatic head.
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GROUNDWATER

The groundwater observations carried out in the open boreholes during and upon
completion of drilling indicate that the stabilized groundwater level at the
site ‘presently matches the water level in the creek which is at about eleva~
tion 351.9. The groundwater levels would be expected to fluctuate seasonaliy
with the creek level,

Two (2) chemical analysis conducted on samples of the groundwater are summar-—
ized on Table 1 and indicate pH values of 7.4 and 7.5 with sulphate contents
as 80,4 of 58 and 96 ppm.
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ADDENDUM (BH 10, 11, 12, 13, 14)

As mentioned in the Introduction of this report 3 additional sampled boreholes
and 2 indapeﬁdent dynamic cone penetration tests were carried out at this
site. The location of the additional borings are shown on Dwg. 2 of the
Contract Drawings. The Record of Borehole Sheets for these borings are
included in the Appendix. |

The fieldwork for this additional work was carried out on 87 0l 20. The
sampled boreholes (BH 10, 11, 12) were advanced to a depth of 4.4 m below the

ground surface.
The following is a brief description of the subsurface conditions encountered

in BH 10, 11 and 12.

BH 10

Extending from the ground surface down to a depth of 2.1 m is a deposit of

peat. The peat is generally black in colour and contains numerous roots, with
decaying wood and leaves. '

Underlying the surficial organic deposit is a deposit of fine sand with silt.
A grain size distribution test carried out on a sample of this material (BH
10, #5) indicates that the sample consisted of 1% gravel, 60% sand and 39%
silt and clay. - The results are shown on Fig, 4 in the Appendix. Based on the
interpretation of Standard Penetration Test 'N' values of 6 blows/0.3 m, this

deposit is considered to be in a loose state within the zone investigated. The

full depth of this cohesionless deposit was not established as the borehole -

was terminated at 4.4 m below the ground surface.

It should be noted that 'boiling' will result when this deposit is subjected
to an unbalanced hydrostatic pressure, '

BH 11

A surficial cover of peat was found for a depth of 0.8 m below the ground

surface, The peat is generally black in colour and contains numerous roots,
with decaying wood and leaves.
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Undetlying the orgénic deposit is a cohesionless deposit consisting of medium
to coarse sand, trace/some gravel, trace silt. This deposit has a thickness
of 2.2 m+ Two grain size distribution tests were carried out on samples of

this material. The following are the results:

3 e
Gravel 6 26
Sand | 90 71
Silt and Clay 4 3

The results of these two tests are shown on Fig. 4 in the Appendix.

Based on the interpretation of Standard Penetration Test 'N' values of 5 blow/
0.3 m, this deposit is considered to be in a loose state.

It should be noted that when subjected to an unbalanced hydrostatic pressure,
the base of an excavation will be disturbed and the fines may experience
'boiling . \

Underlying the medium to coarse sand deposit, is a non-cohesive stratum of
fine sand with silt, The full extent of this loose deposit was not established

as the borehole was terminated at a depth of 4.4 m below the ground surface.

BH 13, l4
These two boreholes consisted only of dynamic cone penetration tests. The
‘results of these tests are shown on the Record of Borehole Sheets for these

two holes,

GROUNDWATER CONDITIONS (BH 10 to 14)

At the time of the investigation, (Jan, 1987) the groundwater level was found
to be at Elev, 351.8%,

MISCELLANEOUS
As'previOusly noted, BH 1 to 9 were carried out by Peto McCallum Ltd. The soil

descriptions pertaining to the boreholes were also pr&pared by Peto McCallum
Ltd.,
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BH 10 to 14 were carried out by the MTC Foundation Desigh Section subsequent
to the investigation carried out by the consultant, The summary of the soil
conditions in these boreholes were prepared by L. Politano, Project Foundation

Engineer.

. Politano, P. Eng.
Project Foundations Engineer

M. Devata, P. Eng.
Chief Foundations Engineer (East)



APPEND I X

48



Mimatry of
@ Transportaton ang
Commyniatong

Onvars 49
RECORD OF BOREHOLE No 1 METRIC
Uﬂ", : 3 fevt
W 278-85-01 LOCATION _Sta+ 12 + 420 o/s 13m Bt. £ Line *C ORIGINATED By ¥€
pisT 18 hwy 3%® BOREHOLE TYPE _Hollow Stem Auger, Wash Soring & Cone Test COMPIED BY G
DATUM _Secdetic DATE .___1986 02 04 CHECKED BY .%___Z
' . BYNAMIC CONE PENETRATION vg
SO PROFILE SAMPLES |, g RESISTANCE PLOT naspie Nt REMARKS
£ Limit CONTENT  LIMIT - {0
51w o gé ; 20 40 60 80 100 We w! " zo .
ELEV DESCRIFTION Sla| w| 2 |28] O |[SHEAR STRENGTH P O g z c;sn%tg ;;ée
! 2l =1 4 :J% = . DISTRIBUTION
DEPTH g O UNCONFINED + FIELD VANE |, . \
L ‘ 2" 5 gu g ® QUICK TRIAKAL  x Las vane |WATER CONTENT (%) 7 %)
52. 39 Ground Level & * " i 20 40 &0 . GR SA 51 CL
0.00] Peat ~ ol | S8 | 14 et aes prid ereozen
Very Soft park Brown |~
bsy. 19l oY b 11 P ss | 2 e
1. ravelly fing to P
medium sand, trace 3 lss i i0 ©
silt, numerous cobbles v 350 . 888 (1)
Loose to Compact an R - \ °
Brown 2 ss | 10 . p
B4g. 3 .
. N anay gravel, trace 348 e
ailt, numersuy cobbles o
and boulders £9.] .25
Compact to Very Dansa ) /
Brown /
56 46 > P
4! \
44, 34 w4 e T o9 e

8.05! End of Borehole : . i

" OFFICE REPORT ON SOIL EXPLORATION

20
3,8 g‘“"‘?’P'? refor 16 5 s (%) STRAIN AT FARURE
ansitivity 10
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&) s
g bmmumcanuns 50 -
RECORD OF BOREHOLE No 2 METRIC

W P _278-85-01 LOCATION _Sta, Ja. £ 417 ¢ Line ‘& ORIGINATED BY __FC
pIsT a8 HWY 536 BOREMOLE TYPE Hollow Stem Auger, Cone JTest COMPILED 8Y
DATUM Geodatic paTE _ 1986 02 04 CHECKED BY %
) DYNAMIC CONE PENETRATION =~
SOIL PROFILE SAMPLES | &, | % |Resisrance mior , NATRAL sV
z b MS:!C MOISTURE  LIGUID [ REMARKS
- w |30 % 20 40 40 g0 igp |M™T conrmr umir ] SO :
o] ﬁ W = = i I ) i 1 Wp w W, ow &
ELEV DESCRIPTION 8w g% & [SHEAR STRENGTH R So— E | craiN SIZE
DEPTH 1B Z | 238 § |ounconanen  + Fiewo vane fENT 10 y |DISTRIBUTION
g2 5 | E9 | & |oouck rmaxiaL  x Lap vane |WATER CONTENT (%) (%]
25254 Ground Level 2 : i 0 4 e GR SA S1 CL
“3.:-‘;} l'ropsm.l glark browrlx =2 88 | 19 453 b
gandy gravel, trace \
£ilt, numerous cobbies S5 -p3d. M
and boulders sg | sz b o 51 4L &)
Compact to Very Dense o5 | 1% 350 ; o
S5 |68 r’ °
Brown §
348
a5 | an o
s8.l.22 e L
}345.19 88 | 13
7.3% End of Borshole

+3, %5 : Numbers refer to
Sensitivity

20
15 -5 {%) STRAIN AT FARURE
10
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WP 278~85-01

RECORD OF BOREHOLE No 3

LOCATION _Sta. 12 + 434 o/s 7m Lt. ¢ Line 'C'

METRIC

ORIGINATED 8y PC

EXPLORATHON.

B0
Bnd of Borehole

Di5T__18 HWY 556 BOREMOLE TYPE Hollow Stem Auger, Wash Boring & Cone Test COMPILED BY  GM
DATUM _Geandetin DATE 1986 02 04 CHECKED BY ; %
DYNAMIC CONE PENETRATION v
SO PROFILE SAMPLES | & E RESISTANCE PLOT NATURAL =
= S PLASTIC  moisryme  LIOUB | 4. & REMARKS
- 36| W 20 4p 60 80 pg M7 conTenr umT SO
Slel .8 log] 2z bt L dwe w w35 s
ELEV ESCRIPT) Elal w2128 & [$HEAR STRENGTH VS N— GRAIN SIZE
DEPTH PESCRIPTION w3 & | 2138| & |ounconrmen  + miew vane WATER CONTEnT (| 7 |PSTRIBUTION
sz 3 | EY | & [eouck rriaxial  x Lab vane %) {%)
5.5 Ground, Level n N w 20 4o GR SA 51 CL
0.0( Peat ~ =1 | 55 4 Q. Ll
-~ 3 | 32 > o3
Very Soft Dark Brown|u . 8824 45{’"‘”‘
350,33 " hal ss [2/45hmm \ R %
2.13 Gravelly fine to o 4| s 5 250
coarge =sand, trace v
silt, mercus cobbles:. »
zg%_,%; and boulders o = N \ o
-0 seB%%mpact l- [, ]
Sandy gravel, trace 348 —
silt, numerous cobblea[v#L6 | W8 100/050 mm| ©
and boulders
- 114642 Compact By |-
&14.
Gravelly fine to sl 1 346 9 iz 73 19
coarse sand, trace
silt, numerous ccabblesl
344, 44 Compact Brown gy 45 23 =4

+3, x5 . Numbars refer to
Sangitivity

20
1545 {%) STRAIN AT FAILURE
0 :
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RECORD OF BOREHOLE No 4 METRIC
WP 278-85-01 LOCATION _Sta, 12+ 408 ¢ Line 'C’ gmc;mm'go By PC
DIST. 18 Wwy__ 556 BOREHOLE TYPE _ Hollow Stem Auger COMPILED BY . GM
DATUM Goodatic Date 1986 02 D4 CHECKED BY
W FDYNAMIC CONE PENETRATION T
SOIL PROFILE sampes | & | & |oYMAMIC CONE | e e =
g2 U Gt © Moistuke oko | = E | ReMARKS
= Q| @ 20 40 60 B0 100 conteNr Zz
E e 0 = ) f h ) . W W w &
P Bvr o Qb p P WL =2 A
ELEV DESCRIPTION Elal w1 2195 | & |[sHEAR STRENGTH SN ® | GraiN size
DEPTH 13| 2] 3|38 | % |ounconmned  « miewo vane req |y [osTiEUTION
®j2 » &Y | & |equick Traxiat  x Lap vang | WATER CONTENT {%) {%)
Baz.cz 5 - : n W 4o o GR 5A St CL
O gt Ok Gark Drown s | 11 1| = °
Sandy gravel, trace
silt}: gumercus c:gblea q S5 | .26 o 42 52 16)
and boulderg I P
Compact to Dense B 49 350 o
Brown wo e imm a

3.25 End of Borehole

*Note: High *N* value
dug to presenve of

boulders and cobbled,

+¥, x5, Numbers refer 1o
Sansitivity

20
1545 (%) STRAIN AT FAILURE
'




OFFICE REPORT ON SCIL EXPLORATION

Minsstry ot '
@ Transgortaton ang
Commumeanons

Cinrarnty 53
RECORD OF BOREHOLE No 5 METRIC
WP __ 278-85-01 LOCATION _ Sta. 12 + 448 o/s im Lt. ¢ fine 'C’ ORIGINATED BY PC
DIST LB HWY__ 556 BOREHOLE TYPE _Hollow Stem Auger comMPILED By _ O
DATUM _ Geodetic DATE 1988 02 03 CHECKED B8Y
OYNAMIC CONE PENETRATION v
SOIL PROFUE SAMPLES | & . ; RESISTANCE PLET NATORAL b
52| 8 e e vwel =% | pemans
= w | 2O @ 20 40 60 80 100 | CONTENT 4 z:

) 9 E W Q'— z 1 ) 1 1 1 Wp w WI. oyt A
ELEV Tla|w| 2|28 & |sHEAR STRENGTH et 2 | crav size
DEPTH DESCRIPTION IR 85 Y o unconfmep ¥ HEDVANEL o content il Y DISTRIBUTION

é Zz y | &Y T |® GUCK TRIAXIAL X LAB VANE WATE N {%) (%}
{452.58 Ground Level n - w 20 40 &0 GR $A St CL
Peat wo] 1188 | a7490mm - s

Sand layers below 0.60m

'E
4«
i
o
P

251 apVery Sott  Dark Brown! =~ | o | «g 15 o
1.2 ta
Sandy gravel, trace e
7511&.. nummx'm cobblas \_"_‘ 3158 1o @
and boulders oy 150
349,83 Compact to Looge Grevie .1 4 |sg 8 bl

3.08End of Borehole

SR

3 5. Numbers refer to N
7, =7 1 A
' Sansitiuity 5 ‘:(};5 {*%) STRAIN AT FAILURE



Maristry of
@ Transplrtaton and
Commumcanons

Ontang

54

- RECORD OF BOREHOLE No 6

METRIC

OFFICE REPORT ON SOIL EXPLORATION

WP 278-B8520) AOCATION _Bta. 12 + 432.5 ¢ Line 'C’ ORIGINATED BY _BC
DIST 18 HwY___ 336 BOREMOLE TYPE  Hollow Stem Auger COMPILED 8Y _ e
DATUM Candatie DATE 1986 02 0S5 CHECKED BY :
DYNAMIC CONE PENETRATION \ % '
SOIL PROFILE SAMPLES :ﬁm o RESISTANCE  PLOT NATURAL =
x| 3 ‘ MASTIC  moisture MOUD | W T REMARKS
o w 36| % 20 40 ¢0 80 lop VM7 conmt LmT ] 2O
9 = u::; QE % ) f h f 1 4 Wp w W m'; &
ELEY DESCRIPTION Sla & 2 28| Q |SHEAR STRENGTH — ey GRAIN SIZE
DEPTH ' B 2| 2138 G |ounconrmen  + Fiewo vane rER . y |DISTRIBUTION
g1z 5 [E9 | & |eouck TraxiaL  x Las vane |WATER CONTENT{%) (%)
92.51 . Greund Level @ : o 2 40 60 GR $A S1 CL
0.00| Peat -] .;. 153
k1 nql VLY Boft  Dark Brown| ".1 | 83 |2/60Dmm o
1.5 N sin
o 2?22{ gﬁgggéustggﬁgles 2?) 2.1.88 3 °

. and boulders
Vary Loose

End of Borehole

Brown /

+3, %5 ; Numbers refer to
Sansitivity

20
1505 (%) STRAIN AT FAILURE
1 ¥ )



OFFICE REPORT ON SOH EXPLORATION

Mimistry of J
Tranyportanon and

ool Lommunirahon . 5 5
RECORD OF BOREHOLE No 7 METRIC
WP 278-85-0] LOCATION Sra, 12 + 455 ¢ Line ‘C° ORIGINATED BY _p¢
DIST .18 . HWY_ 886 . . BOREHOLE TYPE ‘Hollow Stem Auger COMPILED By _ ©M
, w | DYNAMIC CONE PENETRATION ' s
SOIL PROFILE SAMPLES | &y | 3 |Resistance ot R P =Y
34 '™ ASTIC  mosTuRe LKW | REMARKS
= 20| & 20 40 ey 80 0o |7 coNTenr umT | 2O
[ b - 1 L ! | H W w W, o & R
W ow =0 - g P h | 2 4
ELEV, DESCRIPTION 2 a| 2|28 2 [SHEAR STRENGTH U GRAIN SIZE
DEPTH 5|3 7| $138| & [ouwconame + rmo vane| |y [osTiBUTION
: 2|2z » | EY | @ [oouck TRaxiat  x tap vane |WATER CONTENT (%) {%)
52,69 Ground tevel i o = 20 4p__ 60 GR $A 51 CL
0.00] Peat -
Very Soft. Dark Brown* ] .;_ 352
Sandy gravel, trace  Lga]l | S5 {4/45pmm g

35;,:40 silt, numerous cobble:
ard boulders
Vary Lovge - B

End of Borehole

wa, %5« Numbers rafer 1o

20
Sansitivity 5 ;%-5 {%} STRAIN Al FAILURE




B Mibiztry of
Transpondtion and
. Commuticationg

ntaries 56
. RECORD OF BOREHOLE No 8 METRIC
w P 278-85-01 LOCATION _Sta. 12 + 456 ¢ Line 'C’ \ ORIGINATED By BC
: DIsT 18... HWY_ 556 BOREHOLE TYPE ___ Hollow Stem Auger COMPILED BY __GM
. DATUM .__Gaodetic DATE __ 1986 02 05 CHECKED 8y
SOIL PROFILE SAMPLES | | & [DINAMIC CONE PENETRATION — v _
- =2 = PLASTIC  worstune Lo | L T REMARKS
= $6| » 0 40 60 80 10p '™ cowmenr wmry Z O .
O f o m - » ) i i ) 3 Wp W W, =X .3
413 DESCRIPTION & § g2 %‘z—s O |SHEAR STRENGTH AU F | GRAIN $IZE
DEFTH =31 2| 51388 § {ounconmne  + rieo vane .| » [DisTRIBUTION
21z o | 291 £ o quex rriaxiaL  x 1B vane |WATER CONTENT (%) %)
s 21° = 20 40 6o GR 5A SI CL
- 1| as 3852

0.68}s8ilt, numerous cobble
and boulders

Dark Brown to Brown
End of Borehole

{Refuzal to auger on
boulder)

Hoter No water
encotuntered, during
dfilling.

OFFICE REPORT ON SOH EXPLORATION

20 )
+3, x5 5 Numbers refer to 1 (o (w1 crRa AT FAIURE
Sansnmry i py



OFFICE REPORY ON SOIL EXPIORATION

Mimistry of
Tranaportaton ang

Comincanang
Crarny

57

RECORD OF BOREHOLE

Neo @

METRIC

wp__ 278-85-01 LOCATION __$ta, 12 + 445 o/u 8m Lt. ¢ Line 'C’ ORIGINATED 8Y P
oist __18 Hwy 556 BOREMOLE TYPE _Hollow Stem Auger COMPILED BY_ G
DATUM ... Geodetic DATE __ 1986 02,05 CHECKED BY ..7/%__‘1
\ W JDYNAMIC CONE PENETRATION vy
SOIL PROFILE SAMPLES |5y | % [resistance ot NATORAL M
=% < PASTIC  mogerpre LIGUID | 4 I
€ L LHAIT LMY e REMARKS
- 35| @ 20 40 40 80 100 CONTENT 9
Ol A = - ) 1 1 ) 1 Wp W w,| Sd &
ELEV DESCRIPTIO Slalw| 2|23 & |sHEAR STRENGTH [ — 2 | cran size
DEPTH ¢ N B 2] 2138 T |ounconemer  + o vane WATER ¢ foml ¥ |PISTRIBUTION
g2 y | &Y & |e ouick TraxAL  x tap vang | WATER CONTENT (%) (%}
352, 51 Ground Level n * s 20 40 6D GR SA §) €L
0.00] Peat - [
" 352
very Soft Dark Brown' - @
sy od oY ~of L. S8 12/60pmy,
1.50] sandy gravel, trace ! @
#ilt, numerous cobbles Lol 4 28 5

M and boulders

Louse

Brown

End of Borehole

+3

*

%5 Numbars refer to
Sensitivity

20
15 <5 (%) STRAIN AT FAILURE
10




Ministryul
Transportation and .
Pt cammum.cmions 58
RECORD OF BOREHOLE No 10 METRIC
WP 278-85-01 LOCATION Sta. 12 + 446 0/8 12.5 Lt & Hwy 556 ORIGINATED By _MJ
DIST . 18  Hwy__ 556 BOREHOLE Typg Hollow Stem Auger, Conme Test compitep By _ P
DATUM Geodetic DATE 1987 01 20 CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | § RESISTANCE _PLOT NATURAL "
52| § Gir < BSUTRE UWP| S5 | REMARKS
oy w201 w 20 40 60  BO 100 CONTERT LM 59
Ole lag| z oUWy, W w | BE| 8
ELEV DESCRIPTION 12l g |2]2g| § [sHear strencTw ey | F | GRAIN S1ZE
DEPTH b S1 2152138 & |ounconemen  + miew vane . o ¥y |PISTRIBUTION
gz 3 [ B9 ] & |equck Traxiat  x tas vang |WATER CONTENT (%) %)
357.3 Ground Surface v - Lt 10 20 30 GR SA 51 €L
0.0 “al 1] ss] 1 '
g _,!‘_ 352
Peat ~m| 2[ 55| o] 7
[ At
i 3] 8BS 0
350.2 a4
4 &{ 88 2
2.1 _ some gravel f'} 0 L
Fine sand with silt |-~
sand becoming finer *Ml_5] 88 6 ]
with depth T
347.9 lLooge <] 6l 83 6 348 k
A End of Borehole
MMM
Mm
345.9 346 -
6.4

OFFICE® REPORT ON SOIL EXPLORATION

. End of Cone Test

R

x5 ; Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10



Ministry of
@ Trangponation and
Communmicatans

OFFICE™ REPORT -GN SOIL EXPLORATION

Ortari 59
RECORD OF BOREHOLE No 11 METRIC ‘
WP 278-85-01 LOCATION Sta, 12 + 445 at § Hwy. 556 ORIGINATED By MJ
DIST 18  Hwy__ 556 BOREHOLE Type Hollow Stem Auger, Cone Test COMPILED BY __LP
DATUM Geodetic DATE 1987 01 20 CHECKED BY 2
L PROEILE AMPL o w DYNAMIC CONE PENETRATION
SOWL PROF $ ES %“é’ T |RESISTANCE pLO7 pasric NATRRL o] o T REMARKS
P 30| @ 20 40 60 80 190 |UMT contenr i) SO
Of e o — ) h i ) i W W w, | Swu &
pv] ok Z p L z
ELEV DESCRIPTION Elm) w2 25| O [sHEAR STRENGTH U GR;:.;I; size
DEPTH LIS 2] 21358 5 lounconmner  + FiEw vane oyl ¥ |DISTRIBUTION
21z . %U L [® GUICK TRIAKIAL X LAB VANE WATER CONTENT (%) {%)
352.5 Ground Surface ] £ I 10 20 30 GR SA 51 CL
0.0 . Peat “elilss oo ” \
351.7 i~ 3 352
0.8 E s 1 6
Med. Coarse oo
Sand, trace/some S
8!"3‘,';1, trace silc |« -L31.88 3 2 e 6 90 (&)
3495  Loose LA SS LD ° 2 71 (D)
3.0 Fine sand with silt|"’ :. 5| 8% 4
348.1  Loose i 6lss| 6 azal ~ ) 061 (39
4.4 End of Borehole T — |
|t o
346. (’
6.4 End of Cone Test 346

+3, x5 ; Numbars refer to

Sensiti

vity

20
T 1545 {%) STRAIN AT FALURE
10




Mimistey o
@ Transportation ang
Commufucations

Ontaric ) . ' 60
RECORD OF BOREHOLE No 12 METRIC
w B 278-85-01 LOCATION Sta. 12 + 444 0/8 11.5 RT G Hwy. 556 ORIGINATED gy M

OFFICE REPORT "ON SOIL EXPLORATION

DIST 18wy 336 BOREHOLE Typg _ Hollow Stem Auger and Come Test _ compiLep By T
DATUM _Geodetic . DATE 1987 01 20 : : CHECKED BY £
DYNAMIC CONE PENETRATION ;
SOIL PROFILE SAMPLES 15 | 2 |Resistance pior pastic MNATURAL E
S22 ) MOISTURE  LIGUID £ ). REMARKS
- w | 20| & 20 40 60 80 100 |'MT  cowrenr umt] SO
9 o rid E z i H ) i i Wp W WL oW &
ELEV DESCRIPTION =l w2 %% G |SHEAR STRENGTH oGt | % | GRAIN $IZE
BEPTH IPTION =131 2 3136] % [ounconeines  + rieo vane WATER CONTENT (1] 7 {PISTRIBUTION
152, Gtound Surface £lz 5 Y| @ |eauck rriaxal  x 1ap vang | WATER CONTENT (%) 1%)
. 5 £ e} 19 20 30 GR SA 51 CL
0.0 i .
351.6 Peat () R LI RS PR 2 T
" Trlzlss [u
Sand, trace/some silty ;-
gravel solagss 17 i © 33 63 (4) .
(well-graded) < 350
colalss | oo
Loose to Compact ril3ss |9 © 18 1
348.1 fine gand i) 6155 |11 348
4.4 End of Borehole ‘\N~

End of Cone Test 344

+31 x5 ; Numbers refer to

20
Sensitivity 15 ;4{;;5 (/?)STRAIN AT FAILURE



OFFICE REPORT BN SOIL EXPLORATION

Mitnstey of
Transportation ang
Commurieations

Ontang

- 6]

RECORD OF BOREHOLE No 13

METRIC

W P __ 278-85-01 LOCATION Sta. 12 + 445 0/5 6 RY G Hwy. 556 ORIGINATED BY _ MY
DIST___ 18 wwy__356 BOREHOLE Typg Cone Test COMPILED BY __Lp
DATUM .Geodetic DATE 1987 01 20 CHECKED BY @
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | &5 | o | ONE o NATURRL =
2 g ASTIC moisTurg  HOUio | REMARKS
ke 6| % 20 40 60 80 oo |"MT  covtenr umr| SO
Qfe ST 2 L el e Wp w ow | SE &
ELEV OESCRIPTION & § g2 %g & |SHEAR STRENGTH LD 2 | crav s12e
BEPTH S Z | 3186 % |ounconmned  + FiELD vane y JDISTRIBUTION
E: e %u % | quck TRaxiaL  x Las vang |WATER CONTENT (%) (%]
352.5 Ground Surface » ® 1 GR SA SI CL
3.0 :
352 \“.
350 <
348 4
MH}
346.1 (f

6.4 End of Gone Test

i s i

+3, x% : Numbers refer to
Sansitivity

20 .
1545 (%) STRAIN AT FAILURE
10



OFFICE” REPORT BN SOIL EXPLORATION

Mhrstry ot
@ Fransportation ang
Commumeations

Ontang
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RECORD OF BOREHOLE No }4

Sta. 12 + 445 0/S 6 LT & Hwy. 556

3

METRIC ;

ORIGINATED BY __ MY

w P 278-85-01 LOCATION
DIST 18 pwy__ 336 BOREHOLE TYPE __Cone Test COMPILED BY___LP
DATUM ___Geodetic DATE 1987 01 20 CHECKED BY
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES |, | % |ResisTANCE “pLor NATURAL =
= < MASTIC  poirge UQuo | o I REMARKS
o bt : LT content tmir 1 =
[ w | 2Q 20 40 6D 80 W00 z=
Gle 2122 2 i W Wp W w | 5 &
ELEV DESCRIPTION Gla| | 2|95 ] & [SHEAR STRENGTH O — % | GRAIN $izE
BEPTH 1312 | $138| T lounconmmes  + riewo vane rr content (o] ¥ |PSTRIBUTION
gz 5 | FY | @ |eouck TrAxiaL  x Las vang | WATER CONTENT (%) (%)
352.5 N “ i GR SA S1 €L
o0
352
350
348 L
e S
346.1

6.4 End of Cone Test

*3' x* . Numbers refer to
Sensitivity

20
15 -5 {%} STRAIN AT FAILURE
0



E i
. 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
. CLAY & S“.T Fiﬂe l Medium l Cgarse F\ﬂ& CoorSe
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
| 2 3 4 5 10 20 30 4050  y5um 150.m 300um 600um 118 mm 2.36mm 9.5mm 19.0 mm 375mm 63,0 mm
100 ! l l l l ] ” S3am 106m ZSOylm A5 um 850 um 2.00mm 4.75mm 13.2mm 26. 5 mm 53.0mm| 75.0 mm
0
]
90 /I‘ 10
80O 20
70 30
4 l/
® 60 / 40 8
Z 2
3 I
:
50 Y]
z LEGEND >
= / BH [SAMPLE SYMBOL &
a 40 60 &
/ | a4
30 70
/
20 / 80
o // o
M,
0 100
! 2 3 4 8 10 20 30 40 270 200 40 00 050 40 30 20 16 08 4 " 2 W R gnalgav
MINISTRY SIEVE DESIGNATION | Iimperiol ) '
Mty o ang GRAIN SIZE DISTRIBUTION FIG No |
\L/ - Communicatons GRAVELLY FINE TO MEDIUM SAND WP 278- 85 -0l

tY

TRACE SILT, NUMEROUS COBBLES



" \ s ke ]
7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
: SAND GRAVEL
CLAY & SILT “Fine , Meodiom I Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
| 2 3 4 & 10 20 30 40 50 75um 150 jum 300um S00pm 1. 18 mm 2,36mm. 9.5 mem 19.0 mm 375mm  63,0mm
100 l ] l ' ” ” 53um 106 5m ZSOu’m 425 am 850 pm 2.00mm 4.75mm 13.2mm 26.5 mm 53.0 75.0mm
-~ [+]
M
90 / o
80 /'/ 20
o // 0
,/
) €0 40 8
2 2
g // E
h 50 H W 50 @
z d LEGEND z
v L
o BMH SAMPLE SYMBOL &«
x 40 /’/ SO&
P 3 | 7
30 JA /,/ 10
o / w0
10 90
0 \ 100
! 2 ¥ a3 10 20 30 40 270 200 140 100 8080 40 30 20 16 08 4 ' VY e W grel e
_ MINISTRY SIEVE DESIGNATION {Imperial)
T o o an GRAIN SIZE DISTRIBUTION FIG No 2
ey —Cammunicatons -GRAVELLY FINE TO COARSE SAND |wp 278 -85-01
ntario T
TRACE SILT, NUMEROUS COBBLES

Ve -




- TRACE SILT, NUMEROUS COBBLES & BOULDERS

k] R i § W
. 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
‘ ‘ SAND GRAVEL
, CLAY & Sur Fine | Medium | Coarse Fine . ] Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
| 2 3 45 10 20 30 8050 g5, 150um 300um 500 um Li8mm  2.36mm 9.5 mm 15.0 mm I75mm  63.0 mm
100 ”” ”” 53 um 106 m 250u'm 4ﬁ5um 850 um 2.00mm 4.75mm 13,7 mm 2&.5% 53.0mm 750mm
0
. ‘
oo / / o
/ /
80 20
_ / ,/
o / / o
/ Vv i
o 80 7 v 408
.
« [*7)
o /L
s a4 LEGEND_ 5
= AN 7 BH [SAMPLE SYMBOL g
o 40 60 o
v v 2 3 —— e
30 . 70
f e
ap%
20 //jr,/ 80
: s
10 — ajl 90
o 100
] 2 3 4 5 10 20 30 40 270 200 140 100 6080 40 30 20 16 108 4 "V % W 2l e
MINISTRY SIEVE DESIGNATION (lrﬁperiol)
@) Tranemni GRAIN SIZE DISTRIBUTION FIG No 3
: portation and :
~Cammunications SANBYWGRAVEL WP 278-85-0} -~
Ontario

69



'y . M ¢
78 12 M
UNIFIED SOIL CLASSIFICATION SYSTEM
o SAND GRAVEL
CLAY & SILT Fine ! Medium | Coarse Fine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric) :
] 2 3 a5 o 20 30 4050  ysum  150um 300um  600um Vigmm  2.36mm 9.5mm  190mm 375mm  £3.0mm
100 IEA 53um 106um 250um  4250m 850 um 2.0Gmm 4.75mm 13.2 mm 26.5 mm 53.0mm 75.0mm
- —) 0
s /_" = — ’/
90 / yd i // /] '// \
_ 4 y rd . ¢ é '
_ I , . ..,/ 7 // |
. 7/

- AL/ .

\Q
N\
t\‘
5

-3
(=]

\. x‘.
T
My
Y
-

PASSING
i
1

=
"

3

=]

(4.3
o
e
K
"\
™,
\
S
~
=%
PERCENT RETAINED

z LEGEND
& | - ; ’ / BH |SAMPLE SYMBOL
= 40 ' 7 A 60
/ ' /U 10 5 -
r
i / // L/ 11| 3 .
/ x
20 / // // n 6 80
/ A YA 2 | 3
% 12 | 5 -
10 A/ P 90
. o |
v"’
- Lend -
) 100
] ] 3 4 5 10 20 30 40 270 200 40 100 6050 40 30 20 I8 08 4 ' W WS v WA g 2l g

MINISTRY SIEVE DESIGNATION (Imperial)

(@) Tanwiaenans | GRAIN SIZE DISTRIBUTION e Ne 4 |

Sommunications

Ontario

Q9




BOREHOLE

JOB NO. 86 F 11
Feb. 26, 1986

| | ~ TABLE I .
pH VALUE AND SULPHATE CONTENT OF WATER SAMPLES

KINNIHAN CREEK STRUCTURE
HIGHWAY 556
DISTRICT OF SAULT STE. MARIE

SULPHATE RELATIVE DBEGREE SULPHATE

DEPTH pH VALUE ppEm as S0, ATTACK ON CONCRETE
{m) ~ ‘

1.0 7.5 96 Negligible
1.0 7.4 58 Negligible

PETO MacCALLUM LTD.

L9
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| memorandum

_\

Ontario

To:  Mr. 0. E. Ramakko Date: 1986 03 21
; Head, Structural Section
L Northwestern Region=Thunder Bay

From: Engineering Materials O0ffice
Foundation Design Section
Central Building, Room 315

Re: Foundation lInvestigation Report
W.P. 277-85-01, Site No. 385-20
Hwy 556, Little Garden River Crossing No. 1

Terraprobe Limited was retained by this section to carry out a foundation
investigation at the above-noted site and provide recommendations for

the design and construction of the proposed structure and the associated
fills.

During the progress of the project, this section reviewed a draft of the
report for technical content, Attached, please find a copy of the final
report.

If you have any questions, please contact the undersigned.

L. Politano
Project Foundations Engineer

for M. Devata
Chief foundations Engineer
(East)

LP:gp

./ccy FILE

7540-1318 (10/78)



~ memorandum V

Tel: 7101 Ontaro

To: . 0. Ramakko Date: 1987 02 20
Head, Structural Section
Northwestern Region

From: Foundation Design Section
Room 315, Central Building

RE: Additional Boring at
Little Garden River Crossing #1
W.P. 277-85-01, Site 385-20, Hwy. 55
District 18 -~ Sault Ste. Marie

As discussed in our memorandum dated 86 11 07, this Section has

advanced an additional borehole at the above-noted site. The additional
boring was necessary because the proposed single span structure was
relocated some 15 m west subsequent to the original foundation
investigation.

The additional borehole (B.H. 5) was advanced using hollow stem
augers and washboring techniques between 87 01 18 and 87 01 20.

The borehole was advanced to bedrock (Elev. 339.9), approximately

5.9 m below the ground surface. 2.1 m of rock core was also obtained.
A cone penetration test also accompanied the borehole. The attached
plan indicates the location of all the borings carried out at this
site including the four boreholes (B.H. 1 to B.H. 4) advanced for

the original investigation in February, 1986.

The following is a brief description of the subsurface conditions
encountered in B.H. 5. A draft version of the Record of Borehole Sweeks
is attached for your information.

South Abutment (B.H. 5)

Extending from the ground surface (Elev. 345.8) down to a depth of
0.7 m is a deposit of peat. The peat was generally black in colour
and contained numerous roots and decaying wood and leaves.

Underlying the peat and extending to a depth of 5.2 m below the ground
surface is cohesionless deposit consisting of sand, some silt, some
gravel. From the drilling, frequent cobbles and boulders may be
inferred to be present within this deposit. Based on the interpretation
of Standard Penetration Test 'N' values, this deposit can be considered
to generally be 1in a dense to very dense state. It should be noted
that the upper surface of this deposit consists of a fine silty sand.
It should be noted that this non-cohesive stratum may 'boil’ or be
"disturbed' when subjected to an unbalanced hydrostatic pressure.

No laboratory test results of samples of this material are available

at this time.

Underlying the sand previously described is a mixture of very deunse
sand and gravel. The thickness of this stratum was found to 0.7.m.
It is anticipated that cobbles and boulders may be encountered within
this cohesionless deposit.

75401318 (10/78)



Bedrock was proven in B.H. 5 by obtaining 2.1 m of BX rock core.
Bedrock at this specific location is described as a Granitic Fault
Breccia, slightly weathered. The surface of the bedrock was found
at a depth of 5.2 m below the ground surface, corresponding to
Elev. 339.9.

The groundwater level across the site is governed by the prevailing
creek level. At the time of the investigation the creek level was
at Elev. 345.4. The stabilized groundwater level may be expected
to be at the same elevation.

Recommendations

Recommendations pertaining to the design and construction of the
foundations for this project were presented in the 1986 report prepared
for this Section by Terraprobe Limited. Generally, the recommendations
in this report are still valid. However, in view of the findings

of B.H. 5, the south abutment, if founded at Elev. 342.9 can be
designed for 1000 kPa U.L.S., and 400 kPa, S.L.S. Type IL.

I would request that you append this memorandum to your copy of the
foundation report for future reference. If you have any questions
or require clarification, please do not hesitate to contact the

undersigned.

L. Politano
Project Foundations Engineer

for
M. Devata
Chief Foundations Engineer
LP/MD/mm j (East)
Attachs.
c.c. - MacMaster

J.B.

G.D. Newell
C.E. Pritechard
K. Bassi

J.H. Peer
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ABSTRACT

Terraprobe Limited was authorized by the Hon. E.  Fulton,
Minister, on behalf of the Ministry of Transportation and
Communications {MTC), to undertake a foundation investigation for a
proposed bridge structure on Highway 556, near Sault Ste. Marie,
Ontario.

The field investigation for the project was conducted between
January 25 and February 2, 1986 when 4 boreholes were advanced to
depths of about 6.1 to 8.8 m below ground surface at the proposed
bridge abutment locations.

The borings indicate that the site is wunderlain by dense
GRAVEL, SAND AND BOULDERS. This stratum was fully penetrated by one
of the borings at a depth of 5.8 m, where GRANITE BEDROCK was
encountered. The remaining borings were terminated in the overburden
at depths of 6.1 to 7.6 m, ‘

In summary, it is considered that the bridge could be founded
on spread footings placed on the dense gravel and boulder stratum.
Deep foundations carried to the bedrock are not considered feasible
due to the difficulty in penetrating the gravel and boulder
materials. It is expected that foundation excavations will require
the use of heavy equipment. Groundwater control will be required for
excavations below the water table.
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I INTRODUCTION

Terraprobe Limited was authorized by the Hon. E. Fulton,
Minister, on behalf of the Ministry of Transportation and
Communications (MTC), to undertake a foundation investigation for a
proposed bridge structure on Highway 556, near Sault Ste. Marle,

Ontario.
b

The details of the project were provided in our proposal letter
of December 13, 1986, addressed to Mr. L. Politano, P.Eng. of MTC,
and in Consultant’s eement No. #238-9085-135.

The purpose of the investigation was to determine subsurface
conditions at the site and provide engineering recommendations for
the geotechnical aspects of design for foundations and approach
embankments, including comments on the anticipated construction
conditions. ’

The field investigation for the project was conducted between
January 25 to February 2, 1986, when four borings were drilled to
depths of 6.1 to 8.8 m below ground surface at the locations shown
on Sheet 1. The borings were put down at the proposed bridge
abutment locations. The details of the field work procedures are
fully presented in Appendix A of this report.

2 SITE AND GEOLOGY

- The site is located on Highway 556, approximately 50 km north
west of Sault Ste. Marie (ref. Sheet | - Borehole Location and Soil
Strata) at the Little Garden River. Highway 556 is a gravel suriaced
two lane road. A timber bridge structure currently crosses the
Little Garden River.

In the vicinity of the site, the Garden River is situated in a
broad meandering channel of about 4 m depth and 30 m width. At the
time of our investigation (January-February) the river was not
frozen, and the depth of water was about 0.3 m. The areas
surrounding the site are generally undeveloped rural Crown Land
which is covered by dense bush.

Based on a review of selected geologic references, the site is
located in an area underlain by overburden materials consisting of
coarse grained glacial outwash. The bedrock in the the vicinity of
the site is described as early Precambrian granitic material.

3 SUBSURFACE CONDITIONS

Details of the subsurface conditions encountered at the site
are summarized below, and are also presented on the accompanying
Borehole Logs and and cross sections on Sheet 1.



March 1986 2 85293

In surnmary, the borings indicate that the site is underlain by
dense GRAVEL, SAND AND BOULDERS. This stratum was fully penetrated
by one of the borings at a depth of 5.8 m, where GRANITIC BEDROCK
was encountered. The remaining borings were terminated in the
overburden at depths of 6.1 to 7.6 m.

It should be noted that the subsurface conditions are confirmed
at the the borehole locations only, and may vary at other locations.
The boundaries between the various strata as shown on the logs and
sections are based on non-continuous sampling. These boundaries
represent an inferred transition between the various strata, rather
than a precise plane of change.

The following describes the soils encountered at this site:
Topsoil

Topsoil was encountered at the ground surface in Boreholes 2
and 3, to depths of 0.3 to 0.6 m. The topsoil was generally black
in colour, and contained numerous roots and forest litter such as
leaves and wood pieces.

Fill Materials

Fill materials were encountered in Boreholes | and &4, from the
ground surface to depths of 0.5 to 0.9 m respectively. The fill
materials consisted of loose native gravel, sand and boulders which
were placed for construction of the drill access road. The fill
contained traces of topsoil, roots, and other organic matter as a
result .of the site clearing operations. -

Gravel, Sand and Boulders

This stratum was encountered in all of the borings from
immediately beneath the topsoil or {ill materials. It was
encountered to the bottom of Boreholes 1, 2, and 4, at depths of up
to 7.6 m. It was fully penetrated in Borehole 3 only at a depth of
about 5.8 m, where the bedrock surface was encountered.

This stratum appears to consist of coarse cobbles and gravel
with a matrix of sand with a trace to some silt, Due to the coarse
grained nature of the soil, it was not possible to obtain fully
representative samples using a 50 mm diameter  split  spoon.
Therefore, the soil descriptions are based on the observed
resistance to penetration during drilling, as well as the appearance
of the spoon samples. The results of grain size distribution of the
split spoon samples are presented on Figure 1, and indicate that the
samples generally consisted of sandy gravel, with trace to
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some silt. The range of gravel, sand, and silt and clay fraction
in.the samples analysed is noted below :

Gravel Sand "~ Silt and Clay

19 to 62 % 30 to 62 % 4 to 22 %

However, based on the rate of advance of the drilling, it
appears that cobbles and boulders of 150 to 800 mm diameter are
present throughout the deposit, and the split spoon samples are more
representative of the matrix between the cobbles and boulders.

It is also noted that the drilling technique (rotary bicone and
casing) would tend to wash some of the fines from the soil matrix,
hence the spoon samples may contain less silt and fine sand fraction
than is actually present in the soil.

At the base of Boreholes 1 and 4, the material appeared 1o
consist of cobbles with very little sand or gravel matrix. The
samples obtained from the base of the borings were wash samples of
the drill cuttings. It is possible that these ‘boulders’ may be the
top of the bedrock surface, however the drill casing could not be
lowered to permit coring of the material to verify this.

The penetration resistance of the stratum " ranged from 46 to
over 100 blows per 0.3 m. The extremely high penetration resistance
of the soil is attributed to the large percentage of particles in
excess of 50 mm diameter. Based on the resistance to penetration
during drilling, the material is considered to be dense.

Granitic Bedrock

The bedrock surface was encountered beneath the gravel and
boulder stratum in in Borehole 3 only, at a depth of about 5.8 m.
It was penetrated to the base of the boring at about 8.8 m depth. As
noted previously, it is possible that the bedrock surface was
encountered near the base of Boreholes 1 and 4 at depths of 5.6 and

5.9 m, respectively although the borings could not be advanced to
permit further sampling.

The  bedrock consisted of medium grained pink to brown
granite-gneiss. While the total core recoveries were generally good,

_the rock was broken to highly fractured, and the Rock Quality

Designation (RQD) determined for the core was zero throughout. Total

core recoveries ranged from 0 to 100 %, but most runs obtained
recoveries in excess of 70 per cent.

The degree of fracturing did not decrease with depth.  The
material was slightly weathered on fracture surfaces.

Groundwater

The borings caved at depths of 1.2 to 2 m after withdrawal of
the casing, as noted on the Borehole logs. The water levels measured
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in the standpipes on February 2, some 1 to 6 days following their
installation, are noted below:;

Borehole No. Groundwater Depth/Elevation
(m)
2 2.7 [ 343.3
3 2.7 [ 343.2
4 b4 [ 343.5

The elevation of the water in the river was approximately 345 m
on February 2, 1986.

The difference in the groundwater level compared to the river
water level suggests that the soil does not have a  high
permeability. '
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4  DISCUSSION AND RECOMMENDATIONS

The following discussions and recommendations are based on the
factual data obtained from the boreholes, and are presented for the
guidance of the design engineer only. Contractors bidding on or
conducting work associated with this project should review the
factual information to assess their effect on proposed construction
methods and scheduling. ' 7

o "

It is our understanding that it is proposed to -Teplace the
existing timber bridge with a 22 m single span Cohgrete structure.
The proposed structure would be located about {15 /m west of the
existing bridge, and the roadway would be reahgnad as required. The
approach fills for the roadway would be up to 4 m in height at the
bridge location. The channel of the Garden River would be realigned
about 10 m to the east of its present locanon, to flow beneath the

proposed bridge.

4.1 Bridge Foundations

Based on the ground conditions encountered in the borings, it
is considered that the proposed bridge could be founded on spread
footings placed on the dense gravel and boulder stratum; ot on end
bearing piles carried down to the bedrock surface. However due to
the large boulder content of the overburden materials, it would be
necessary to install the piles in pre-augered holes in order to
reach the bedrock surface. This would be a difficult and costly
procedure, hence the use of spread footings is recommended.

It is recommended that spread footings for the bridge be placed
on the dense to very dense gravel and boulder stratum, at 0.5 m or
more below the top of the stratum. This corresponds to the following
maximum founding elevations at the borehole locations:

Borehole Maximum Founding Elevation (m)
1 346.1
2 345.8
3 344.8
4 346.5

All foundations should be provided with a minimum soil cover of
1.8 m or equivalent insulation for frost protection purposes.

Since the bearing capacity of coarse gravel and boulder soils
cannot be predicted by classical bearing capacity methods, the
design foundation bearing pressures were estimated by assuming that
the soil behaves as a dense sand. The following assumptions were
made in the calculations:

H

average penetration resistance of soil - 40 blows/0.3 m
minimum footing width - 2 m

minimum footing depth below final grade - 1.8 m
water table at base of footing

]

t
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Using these assumptions, the recommended bearing capacities at
the Serviceability Limit States (SLS) and Ultimate Limit States
(ULS) based on the Ontario Highway Bridge Code (OHBC) are as noted
below: '

Factored bearing capacity at ULS {qf) = 700 kPa
Bearing capacity at SLS Type II (gs) = 400 kPa

The estimated maximum total and differential settlements at the
SLS Type Il are 25 mm and 10 mm respectively.

In all cases, foundations should be placed on undisturbed
native soil, which has been cleaned of topsoil, loosened material,
and debris. The base of all footings should be inspected by a
qualified geotechnical engineer prior to pouring concrete, to ensure
that the exposed soil conditions are in accordance with the design
assumptions.

4.2 Excavations

Foundation excavations at the site are expected to encounter a
thin layer of fill or topsoil, followed by dense native gravel and
boulder soils. Temporary unbraced excavations through these soils
are expected to remain stable at inclinations of about I to I.
Excavations carried below the groundwater table may slough 1o
slightly flatter angles if seepage results in loss of fines or
matrix material.

Temporary shoring or a trench box could be used in lieu of the
above side slopes, if required to minimize the extent of the
excavation.

Where workmen must enter excavations carried deeper than 1.2 m,
the trench excavations should be suitably sloped and/or braced.

it is expected that the base of the foundation excavations will
generally be carried to about elevation 342 to 343 m, in order to
provide sufficient frost cover to the footings and scour protection
in the river channel. At this elevation, the base of the excavations
will be less than about 1 m below the measured groundwater table. In
this case, it is likely that groundwater control can be accomplished
by pumping from an open sump in the base of the excavation, without
creating excessive heave or loosening of the soil.

In the event that excavations are carried more than about | m
below the groundwater level (ie, below elevation 342 m), it may be
necessary to permit flooding of the base of the . excavation.  This
would prevent an unbalanced head and minimize loosening of the soil
by upward seepage. Concrete could then be placed below the water by
tremie methods. The use of well points, sheet piling or similiar
groundwater control methods are not considered feasible due to the
difficulty in advancing through the cobbles and boulders.
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It is expected that the base of the excavations will be
somewhat uneven as the result of protruding boulders and cobbles. In
order to provide a level working base, and more uniform contact
pressure with the footings, it is recommended that a thin pad of
Granular A" material be placed in the base of the excavation. The
granular material should be compacted in thin lifts to a minimimum
100 per cent of the Standard Proctor Maximum Dry Density (SPMDD). If
water in the base of the excavation precludes the placement and
compaction of fill, then a level base may be provided with mass
concrete.

Heavy machinery will be required to excavate the dense gravel
and boulder soils. The presence of large boulders may necessitate
splitting or blasting to permit their excavation.

It will be necessary to divert the creek flow away from the
foundation excavations so that construction operations may proceed
in the dry. This may be accomplished by means of a cofferdam or
other temporary diversion scheme.

4.3 Back{fill

The native gravel and boulder soils encountered in the borings
will be suitable for use as general fill for the approach
embankments. Care should be exercised to minimize segregation of the
materials during placement, and ‘nesting” of cobbles and boulders.

It is recommended that select fill materials be used adjacent to the
bridge abutments, since the native soils contain large boulders and
cobbles. o

Select, free-draining granular fill, such as MTC Granular “A’
or ‘B’, should be used as backfill behind the bridge abutments. The
select fill should be placed in a wedge shaped zone extending from
1.2 m behind the base of the wall and up at a 45 degree angle, as
per the OHBC. Heavy compaction equipment should not be used behind
the wall within a lateral distance equal to the current height of
fill above the wall footing, in order to minimize deflection or
possible damage of the wall.

Provided the above backfill criteria are satisfied, the
following parameters may be wused in calculation lateral earth
pressures, in accordance with the OHBC: '

Unfactored Angle of  Unit weight

Friction (kN/cu.m.)
Granular ‘A° 35 22.0
Granular B’ 30 21.2
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It should be noted that the mobilization of the active earth
pressure behind the wall will require an outward deflection of up to
0.5 per cent of the wall height, as measured at the top of the wall.
If the bridge is a rigid frame structure, and the abutments are
constrained so that this deflection cannot occur, then the at-rest
earth pressure should be used in design.

The angle of friction between the foundation of the abutment
and the native gravel and boulder soil may be assumed as 30 degrees,
hence the coefficients of friction at the ultimate and
serviceability limits may be taken as 0.46 and 0.57 respectively.

The effect of possible loss of soil at the toe of the abutment
as the result of scour or erosion should be considered when
calculating the passive earth resistance in this area.

A series of weep holes or other drainage system should be
provided at the base of the abutments, to permit drainage of water
from the backfill.

i

All new or additional fill materials placed beneath the roadway
area, and in the footing trenches should should be compacted to a
minimum 95 per cent of the SPMDD in lifts not exceeding 200 mm. It
is important to achieve adequate compaction to minimize future
settlement behind the abutments, and to prevent erosion or scour of
the backfill in the river channel.

4.4 Embankment Stability

The dense gravel and boulder soils are considered suitable for
support of the proposed approach embankment fills. No embankment
foundation stability problems are forseen. '

The area beneath the embankments should be prepared by
stripping all topsoil or loose surficial materials. The embankment
fill should consist of a clean, non-organic earth fill which can be
readily compacted to 95 per cent of the SPMDD.
Respectfully Submitted,
TERRAPROBE LIMITED
Paul W. Bowen, P.Eng.

4
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APPENDIX A
FIELD WORK

The field investigation for the project was conducted between
January 25 to February 2, 1986 when 4 boreholes were advanced to
depths of about 6.1 to 8.8 m below existing grades, at the locations
shown on Sheet l.

The drilling was conducted with machinery operated by Master
Soil Investigation Limited of Weston, Ontario, The  drilling
operations were directed and supervised by Mr. R. Moore, CET,from
Terraprobe Limited.

The boreholes were put down in the vicinity of the abutments
for the proposed bridge.

In order to permit access to the borehole locations, a local
contractor was retained to clear brush and provide an access road
for the drilling equipment.

The borings were put down using a bombarier mounted CME 55

power auger. Difficult drilling conditions were encountered due to

the presence of cobble and boulder size materials.. The borings were
advanced to practical refusal with hollow stem augers, and were then
continued by coring and /or rotary triconing through the boulders

with 'N° and ‘B casing and equipment. Boreholes 1, 2, and 4 were
advanced in this fashion until wear or damage of the casing shoe
prevented further penetration.

Split spoon samples of the overburden materials were obtained
at regular intervals using a conventional 50 mm diameter split
barrel sampler. All samples obtained in the investigation were
sealed into glass jars, and transported to our laboratory for
detailed inspection and testing.

In Borehole 3, the boring was advanced to the bedrock surface.
The bedrock was cored for approximately 3 m in B’ size with a
diamond core barrel.

Standpipe type piezometers were sealed into 3 selected borings,
in order to permit observation of groundwater levels. The standpipes
comprised 12 mm LD. CPVC tubing, which was saw-slotted near the
base, and fitted with a sand filter and bentonite seal as shown on
the accompanying borehole logs.

The field was supervised throughout by Mr. R. Moore, CET from
Terraprobe  Limited, who directed the drilling and sampling
operations, and transported the samples to our laboratory.

The locations of the borings were determined by relative to a
survey Dbaseline which had been established in the field by MTC
personnel.

The elevations of the borings were determined relative to a local
geodetic benchmark by MTC personnel.
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LABORATORY WORK

All  of the soil and bedrock samples obtained in the
investigation were examined in detail by the project engineer, and
classified by visual and tactile methods.

Since all of the samples were non-cohesive, the laboratory
testing was limited to determination of water content and grain size
distribution of selected samples. The results of the testing are
presented on Figure | and the Borehole logs.
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ABBREVIATIONS, TERMINOLOGY, AND GENERAL INFORMATION

SAMPL ING METHOD PENETRATION RESISTANCE

§% ~ split spoon Standard Penetration Resistance ('N" values) is
ST =+ Shelby tube defined as the number of blows by a hamrmer of 63.5
AS - auger sample kg. mass (140 Ibs.) falling freely for a distance
RC - rock core of U0.76 m {30 inches) required to advance a

standard 50 mm (2 inch) diameter split spoon
sampler for a distance of 0.3 m {12 inches).

Dynamic Cone Penetration Resistance is deflined as
the number of blows by a hawmer of 63.5 kg. mass
(140 Ibs.) falling freely for a distance of 0.76 m
(30 inches)required to advance a conical steel
point of 50 mm diameter and with 60 degree sides on
"A° size drill rods for a distance of 0.3 m (12

inches).
SOIL DESCRIPTION
Cohesionless Soils Cohesive Soils
Relative Density ‘N” value Consistency  Undrained Shear NT
Strength (kPa)

very loose <u very sof1 < 12 < 2
loose 4 - 10 soft 12 - 23 2 - 4
compact 10 - 30 firm 25 - 50 4 - 3
dense 30 - 30 stiff = - 50 - 100 8 - 16
very dense > 50 very stiff - 100 - 200 16 - 32

hard > 200 > 32
SOIL COMPOSITION © % by weight
“trace’ {eg. trace silt) < 10
‘some’ (eg. some gravel) 10 - 20
adjective (eg. sandy) 20 - 35
“and’ {eg. sand and gravel) 35 - 50

GENERAL INFORMATION

The recommendations provided in this report are based on the factual
information obtained {rom the boreholes and on the general information

provided for the proposed project.

Site investigation by means of boreholes and/er test pits identifies
subsurface conditions at the location and time of sampling only. Ground
conditions at locations away from the boreholes and test pits may vary.

Reconmendations are made by interpretation of this factual data for specific
conditions such as size, configuration and iocation of the proposed project.
Changes- in project conditions should be reviewed by the geotechnical
consultant as they may affect the recommendations provided.

in order to identify possible changes in ground conditions between the sample
jocations and their effect on the project, it is recormended that site
inspections be carried out during construction by qualified geotechnical

personnel.
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Ontario
Tel: 3731

To: 0. Ramakko - Date: 1987 02 25
Head, Structural Section
Northwestern Region

Atten: R. Krisciunas

RE: W.P. 277-85-01, Hwy. 556
Little Garden River Crossing No. 27
District 18 = Sault Ste. Marie

We have reviewed the final Drawing 1 and Drawing 3 (dated September/86)
for the gbove-noted structure. We have the following comments:

1. In areas where fill is required, peat and other surficial
organic material should be completely subexcavated to at
least 1 m beyond the plan limits of the embankment. All fill
placed below 0.3 m above the prevailing groundwater level should
consist of granular material.

2. In view of the generally well graded natural granular
material across the site, geotextile is not required under
the rock protection.

3. The contractor should be informed through a Special Provision
of the occasional to frequent cobbles and boulders which exist
across the site and that a dewatering scheme will be necessary
for the construction of the structure footings. The contractor
should be required to submit a dewatering scheme for M.T.C.
approval. In addition, the S8.P. should include a provision
indicating that if sheet piles are to be used, they are to be
left permanently in place.

If you have any questions or require additionmal details, please do
not hesitate to contact this Section.

L. Politano
Project Foundations Engineer

for

M, Devata
Chief Foundations Engineer
LP/MD/mmj (East)

c.c. -~ K. Bassi
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Ontario
Tel: 7101

To: . 0. Ramakko o Date: 1987 02 20
Head, Structural Section
Northwestern Region

From: Foundation Design Section
Room 315, Central Building

RE: Additional Boring at
Little Garden River Crossing #1
W.P. 277-85-01, Site 388~-20, Hwy. 55
District 18 - Sault Ste. Marie

As digscussed in our memorandum dated 86 11 07, this Section has

advanced an additional borehole at the above-noted site. The additiomal
boring was necessary because the proposed single span structure was
relocated some 15 m west subsequent to the original foundation
investigation.

The additional borehole (B.H. 5) was advanced using hollow stem
augers and washboring techniques between 87 01 18 and 87 01 20.

The borehole was advanced to bedrock (Elev. 339.9), approximately

5.9 m below the ground surface. 2.1 m of rock core was also obtained.
A cone penetration test also accompanied the borehole. The attached
plan indicates the location of all the borings carried out at this
site including the four boreholes (B.H. 1 to B.H. 4) advanced for

the original investigation in February, 1986.

The following is a brief description of the subsurface conditions

encountered in B.H. 5. A draft version of the Record of Borehole Sweeks
is attached for your information.

South Abutment (B.H. 5)

Extending from the ground surface (Elev. 345.8) down to a depth of
0.7 m is a deposit of peat. The peat was generally black in colour
and contained numerous roots and decaying wood and leaves.

Underlying the peat and extending to a depth of 5.2 m below the ground
surface is cohesionless deposit consisting of sand, some silt, some
gravel. From the drilling, frequent cobbles and boulders may be
inferred to be present within this deposit. Based on the interpretation
of Standard Penetration Test 'N' values, this deposit can be considered
to generally be 1in a dense to very dense state. It should be noted
that the upper surface of this deposit consists of a fine silty sand.
It should be noted that this non-cohesive stratum may 'boil' or be
‘disturbed' when subjected to an unbalanced hydrostatic pressure.

No laboratory test results of samples of this material are available

at this time.

Underlying the sand previously described is a mixture of very dense .
sand and gravel. The thickness of this stratum was found to 0.7.m.
It is anticipated that cobbles and boulders may be encountered within
this cohesionless deposit,

75401318 {1/718)
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Bedrock was proven in B.H. 5 by obtaining 2.1 m of BX rock core.
Bedrock at this specific location is described as a Granitic Fault
Breccia, slightly weathered. The surface of the bedrock was found
at a depth of 5.9 m below the ground surface, corresponding to
Elev., 339.9.

The groundwater level across the site is governed by the prevailing
creek level. At the time of the investigation the creek level was
at Elev. 345.4., The stabilized groundwater level may be expected
to be at the same elevation.

Recommendations

Recommendations pertaining to the design and comstruction of the
foundations for this project were presented in the 1986 report prepared
for this Section by Terraprobe Limited. Generally, the recommendations
in this report are still valid. However, in view of the findings

of B.H. 5, the south abutment, if founded at Elev. 342.9 can be
designed for 1000 kPa U.L.S., and 400 kPa, S5.L.8. Type II.

I would request that you append this memorandum to your copy of the
foundation report for future reference. If you have any questions
or require clarification, please do not hesitate to contact the

undersigned,
L. Politano
Project Foundations Engineer
for
M. Devata
Chief Foundations Engineer
LP/MD/rm j (East)
Attachs.
c.c. = MacMaster

J.B.

G.D. Newell
C.E. Pritchard
K. Bassi

J.H. Peer
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meforandum®

To: 0.E. Ramakko Date: 1986 11 07
Head, Structural Section
Northwestern Region

Tel: 248-3282 Ontario

ATTEN: R.J. Krisciunas
Senior Structural Engineer

From: Foundation Design Section
Room 315, Central Building
Downsview

RE: W.P. 277-85-01
Little Garden River Crossing No. 1
Hwy 556, Site 38,5-20
Dist. 18, Sault Ste Marie

Further to your memorandum of 86-10-16, we have reviewed the
Preliminary General Arrangement drawing (dated September '86)
for the above-noted project.

We note that subsequent to the issue of the Foundation
Investigation and Design Report, the location of the structure
has been changed. When we were requested to carry out a
foundation investigation for this project, we were informed that
the structure would be located along the new alignment of

Hwy. 556 at the crossing of the existing Little Garden River.
However, as shown on the preliminary drawing, the structure has
been shifted approximately 15 m to the west. Consequently, we
have no subsurface information available for the west abutment
on the west river bank.

In view of the relocation of the structure, we feel that
additional borings will be reqired at this site in order to obtain
the required subsurface information,

Upon completion of the fieldwork, we will once again review the
preliminary dwg., and provide you with our comments.

L. Politano :
Project Foundations Engineer

for

M. Devata
Chief Foundations Engineer (East)
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To: 0.E. Ramakko Date: 1986 09 17
Head, Structural Section '
Thunder Bay

From: Foundation Design Section
Room 315, Central Building

2

an

Highway 556
District 18 - Sault Ste. Marie

Further to your memo of 86 09 12 and recent telephone conversations,
we understand that consideration is being given to the construction
of twin cell(2 - 6 x 3 m) concrete box culverts with retaining walls
at the above-noted sites. The proposed elevation of the underside
of the culvert at crossing No. 1 is Elev. 344. At crossing No. 2,
the proposed founding elevation is Elev.350.

Your concern with this alternative is the potential dewatering
problems. The following are our comments with regards to dewatering.

Little Garden River Crossing No. 1

If the excavation is to be advanced to Elev. 344, a dewatering
scheme will be required since the predominant deposit consists
of gravel, sand and boulders. Since the material is dense

to very dense and includes boulders and cobbles, the use

of well points or sheet piling is not considered feasible.

An alternative which could be utilized at this site after

the creek has been diverted involves advancing the excavation
down to Elev. 344 and providing perimeter ditches 0.3 to

0.4 m below the base of the excavation. Water seeping into
the excavation would have to be sumped from a number of
pumps. The denseness of the material may permit such a
scheme to functionm.

It should be noted, however, that considering the nature

of the soil and the water elevation, is is difficult to
predict the amount of water which will seep into the
excavation. Since a very large excavation is required for

the construction of the twin-box culverts, it may be difficult
to control the volumes of water seeping into the excavation
particularly if there are localized 'less dense' zones or
seams in the immediate area.

75401318 110/78)



Little Garden River Crossing No. 2

It is proposed to found the twin-box culverts at Elev. 350
The material across the site is non-cohesive in nature and
subsequently is very permeable.

In order to dewater the excavation, a sheet pile coffer
dam could be installed around the perimeter of the
excavation. The sheet piling would have to penetrate
the minimum of 2~3 m below the base of the excavation in
order to adequately depress the groundwater level

in the area of the proposed excavation.

Pumping from sumps would also be required in order to
control the expected nominal amounts of seepage into the
excavation.

If you have any questions or require additional information,
please do not hesitate to contact me.

L. Politano
Project Foundations Engineer
for

M. Devata
Chief Foundations Engineer
MD/LP /mmj (East)



MEMORANDUM

TO: M. S. Devata DATE: 1986 09 12

Chief Foundations Engineer

Engineering Materials Office FROM: Structural Section
Foundation Design Section Northwestern Region
Central Building - 807/577-6541 Ext. 247

Downsview, Ontario

ATTENTION: L. Politano
Project Foundations Engineer

Re: Little Garden River Bridge No. 1 and No. 2
Sites 388-20 and 385-21
Hwy. 556, Sault Ste. Marie

This serves to confirm our recent telephone cornwversation and my request for
additional information about these two sites.

Northland Engineering of Sudbury have recently begun the structural design
for these bridges. Part of their assigmment requires the assessment of
various structure alternatives, and one type in particular shows advantages
which have caused me to consider it more closely. That alternative is a
twin cell (6 m. x 3 m.) concrete box culvert with retaining walls.

The major concern I have for this type of structure relates to dewatering
for the fourdations. The Foundation Report notes that the underlying
material is dense granular which is quite porous. Mention is also made of
the need for a well point system for dewatering. Considering the large area
beneath a twin cell culvert to be unmwatered, and the need for a stream
diversion as well, this alternative may become very expensive.

Please review the Foundation Reports for these two structures and advise as
to the method of dewatering required, bedding requirements, etc. for the

twin cell culvert option. The proposed elevation at the underside of each
culvert is as follows:

Little Garden No. 1: Elev. 344.0
Little Garden No. 2: Elev. 350.0

C(/Je: (u; L’ééx

.04 E- Ramakko
Head, Structural Section

OER/eu




on right side of photo, in heavily treed arca.

Survey line looking north-east, up to gravel Highway 556.
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Survey line looking south-west across Little Carden River.
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Heavily forested area looking north from ¢, of proposed bridge.
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