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FOUNDATION INVESTIGATION REPORT
"For
McKellar Creek Culvert at Highway 17
W.P., 195-87-01 (B), Site 48 E - 46
District 18, Sault Ste. Marie

INTRODUCTION

This report summarizes the results of a foundation investigation conducted near
McKellar Creek, just north of Highway 17. The investigation was carried out
upon the request of the Northwestern Region Geotechnical Section. A previous
investigation carried out for the Structural Section on the proposed McKellar
Creek culvert structure has revealed potential stability and settlement problems
on the approaches. The current investigation dntends to address these
concerns. This report should therefore be read in conjunction with the
Foundation Investigation Report W.P. 195-87-01 dated 91 04 25 on the McKellar
Creek Culvert.

SITE DESCRIPTION

The site is located along the proposed new Highway 17 alignment at the
approaches to the McKellar Creek crossing, approximately 34.5 km east of
Terrace Bay in the Township of Walsh, District of Sault Ste. Marie. The area is
undulating and heavily vegetated with trees. ‘

According to the Geological Map $S265 in Ontario Geological Survey Report GR 164,
the site consists largely of deposits of varved or massive clay and silt and

bare bedrock.

INVESTIGATION PROCEDURES

The field investigation for this project was conducted between 91 04 09 and 91
04 12 and consisted of fourteen (14) sampled boreholes generally accompanied by
dynamic cone penetration tests. BH 10 was located on exposed bedrock and no
drilling was carried out at this location. The grade elevation was noted. The
boreholes are generally staggered evenly along the centreline and 30 m offset
Tines on both sides. Due to the existing terrain, some hole locations had to be
adjusted from this pattern.
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Trailer mounted and muskeg vehicle mounted continuous flight drilling machines
equipped with hollow stem augers were used to advance the boreholes. A
buildozer was also employed to remove surficial obstructions, and to move the
trailer mounted machine around the site.

The locations of the boreholes are shown on Drawing No. 1858701(B)-A. A total
of 59 split spoon samples and 13 shelby tube samples were collected. The shelby
tube samples provided generally undisturbed samples for detajled laboratory
evaluation of the relatively soft cohesive overburden. The split spoon samples
provided material for visual classification purposes and Standard Penetration
Tests values for assessment of the strength of the subsoil. In addition, 18
field vane tests were carried out to determine the in situ shear strengths and
sensitivity values of the cohesive material. Groundwater elevations were
determined by measuring in the open boreholes.

The following laboratory tests were carried out on representative samples to
identify and determine the physical properties and strength of the overburden.

- Natural Moisture Content Determinations
- Atterberg Limits

- Consolidation Tests

- Unit Weight Tests

- Unconfined Compressive Tests

SUBSURFACE_CONDITIONS

The Record of Borehole sheets 1in the Appendix illustrates the subsurface
conditions at the borehole locations. The locations and elevations of the
boreholes, along with stratigraphical profiles based on the borehole data are
shown on Drawing No. 1958701(B)-A.

The subsurface stratigraphy typically comprises a layer (up to 3 m) of organic
material overlying silty clay to a maximum depth of 9.9 m, which is in turn
underlain by a major silty sand deposit. ’



Organics

Organic material was contacted in most of the boreholes at the ground surface.
The thickness of the material is very variable across the site. It was an
organic silty sand with rootiets or woodchips in BH 5, BH 7, BH 9, BH 12 and BH
14, and an organic siity clay in BH 1, BH 3, BH 8, BH 11 and BH 13. The
thickness of this organic layer is 0.8 to 3.0 m.

Silty Clay

This cohesive deposit was encountered at the ground surface or below the organic
layer in the boreholes between Sta. 144600 to 144750 approximately, as shown in
Drawing No. 1958701(B)-A. It is described as silty clay to clay. It extended
to a maximum depth of 9.9 m (elevation 185.3 m) in BH 7.

The results of the laboratory testing carried out on the s0il samples are as
follows:

#

Property Range
Natural Moisture Content (%) 27~54
Liquid Limit (%) 35-57
Plastic Limit (%) 16-28
Unit Weight (kN/cu.m) ' 15.9-18.5

Two consolidation tests were carried out and they indicated an average void
ratio of 1.485 and an average compression index of 0.663.

An unconfined compressive test was carried out on a siity clay sample and the
unconfined shear strength obtained was 20 kPa.

Field vane tests carried out on the material indicated undrained shear strengths
of 19 to 39 kPa, but typically between 20 and 25 kPa. Based on this
information, the consistency of the material can be described as soft to firm.



Silty Sand

This non-cohesive deposit was contacted in all boreholes underlying the organic
or silty clay stratum except in BH 10 where the overburden was absent. The
material was described as a fine to coarse sand with trace of gravel. It was
generally in a Toose to compact state, as determined by the Standard Penetration
Tests and Dynamic Cone Tests. The deposit was not penetrated at the termination
depths in BH 3, BH 6, BH 9 and BH 13.

GROUNDWATER CONDITIONS

Groundwater levels were measured in open boreholes after completion of the
investigation. The groundwater table was typically found to be within 2 m below
the ground surface, between elevations 190 to 194 m from Sta. 144600 to 144800
and 194 to 202 m from Sta. 144500 to 14+600. Seasonal variation is expected.




DISCUSSIONS AND RECOMMENDATIONS

1t is proposed to replace the existing timber box culvert at McKellar Creek with
a concrete box culvert. The new culvert will be located under a new alignment
of Highway 17 about 75 m maximum to the north of the existing alignment.

Recommendations for the construction of the structure were given in the
Foundation Investigation Report W.P. 195-87-01 dated 91 04 25. A layer of soft
silty clay of substantial thickness was revealed in the previous investigation.
the design height of embankment is up to about 14 m as indicated in the E-plan.
there are concerns on potential stability and settlement problems along the new
alignment of Highway 17. In response to this, the Northwestern Region
Geotechnical Section requested this office to carry out an investigation on the
approaches between Sta. 144500 to 144800 to cover the fill portion of the new
alignment. The profile of the new alignment in relation to the existing grades
is shown in the longitudinal sections of Drawing No. 1958701(B)-A.

According to the field investigation data; the silty clay deposit exists
approximately from Sta. 144600 to Sta. 144750 as indicated in Drawing No.
1958701(B)-A. It extends to depths of 3.7 to 9.9 m. A surficial layer of
organic material was found over most of the site area. Based on the laboratory
and in situ test results, the silty clay is soft to firm, highly compressible
and in a normally consolidated state. Constructing the embankment over this
material will create stability as well as settlement problems.

Excavation

A1l surficial organic material should be completely excavated. In addition, the
silty clay should be removed as far as possible in order to minimize
consolidation settiement. Excavation should be ideally carried down to the sand
stratum, and be then brought up to the design grades with rockfill material.
Considerations could be given to backfilling with free draining granular
material 1if rockfill is not available. No dewatering 1is required during
excavation and backfilling. For preliminary planning purposes, the estimated
bottom of the soft clay stratum is given in Table 1.
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Table 1
Estimated Bottom of
Highway 17 Centreline Excavation Elevation
144500 202.5
14+550 187.0
14+600 192.5
144650 187.5
144700 186.5
144750 189.0
144800 190.0
Highway 17 Left 30 m
144500 not required
144550 198.5
144600 | 191.5
144650 187.5
144700 g 186.5
144750 not required
- 144800 not required
Highway 17 Right 30 m
14+500 not required
144550 not required
144600 195.0
144650 190.0
144700 184.5
144750 - 188.0

14+800 190.0
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Excavation should be carried down to remove as much of the soft material as
possible. The geometry of the excavation should be as shown in Figure 1. It is
anticipated that the maximum depth of excavation is about 6 m to 7 m due to
Timitations in equipment. Based on the investigation results, the weak material
between Sta. 14+600 and Sta. 144710 approximately may extend beyond the
excavation depth limits of a standard excavating machine. Any remaining soft
material will have to be preloaded by the weight of the backfill and an
additional surcharge to eliminate most of the consolidation settlement.

It is recommended that a 2 m rockfill surcharge be placed on top of the new
embankment from Sta. 14+600 to 144710 during the early stage of construction and
be left there as long as possible. The surcharge should extend over the entire
width of the roadway and this may necessitate minor steepening of the top
portion of the embankment slope. The surcharge should taper off smoothly at a
gradient of 5H:1V at both ends of the loaded area to minimize differential
settliements. The preloading period should preferably be 3 months or longer. If
not enough time is allowed for the preloading, excessive settiements would take
place in the future and maintenance of the highway would be required.

Embankment Slopes

Following the removal of the soft clay and organic material to the sand stratum,
the excavation should be backfilled and the embankment be constructed with
rockfill or suitable fi11 material. If earth fill is used, the slopes should be
formed at 2H:1V gradient with a 1 to 2 m wide berm incorporated at 9 m for
embankment heights above 9 m to a maximum height of 18 m. In our opinion, 2 m
wide berms may be more practical to construct. For rockfill slopes, they should
be formed at 1.25H:1V up to 6 m and with a 2 m wide berm every 6 m up to a
maximum height of 18 m so that no uninterrupted slope is greater than 6 m.
Alternatively, rockfill slopes may be formed to 1.5H:1V gradients up to 10 m and
with a 2 m wide berm every 10 m up to a maximum height of 18 m.

Foundation

Detailed recommendations for foundation construction are given in the Foundation
Investigation Report W.P. 195-87-01 dated 91 04 25. As requested by the
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Structural Section, deep foundation recommendations were also given in the
report as an alternative to shallow foo%ings. The current investigation has
concluded that excavation for removal of soft clay is required in the approaches
to the structure. It is therefore not recommended to employ deep foundations at
this site due to concerns about possible differential settlements between the
structure and the approaches.

MISCELLANEOUS

The field work for this investigation was carried out by D. Kwok, Project
Foundation Engineer, and G. Dare, Engineering Student. The drilling equipment
was owned and operated by Dominion Soil Investigation Ltd. The report was
prepared by D. Kwok. It was reviewed by Mr. D. Dundas, Senior Foundation
Engineer, and approved by Mr. M, Devata, Chief Foundation Engineer.

J ) Rorverdm

M. Devata, P.Eng.
Chief Foundation Engineer
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DIST.. 18 HWY _LL BOREHOLE TYPE _Huollow Stem Auger, Cone COMPILED BY _OK .

DATUM _Ceodetic DATE 1994 Q4 11 CHECKED BY...D0 .

5 T OYNAMIC GONE PENETRATION
SOIL PROFILE SAMPLES Qm T | REsTawcE PLOT R Y R
Fy @ - e o | 55

'éw ul*Fg| ¥V 20 43 60 B0 100 } w w%g &
Q Q

ELEV Elig|w| 3|25 & [SHEAR STReNGTH WP Pt GRAIN_ SIZE
2|2 ¥ | 59 § ® QUICK TRIWGAL  x (AB vaNg [WATER CONTENT (%) 3 (%)

197.8| Ground Surface n s = 10 20 30 40 50 20 40 60 kN/milcR sA S CL

A S o ond Baek ’ A A

Y Sond ond Gk T i st w
m -3 ,‘ L
195.8 Compact to Very Dense L2 ] 55 | 45 }/26em} g0
2.3} End of Borehole Probiable Badrock,
+3, 33 Numbers reter to



Minlvtry of

Tra Foundetion Design
Ontarte
RECORD OF BOREHOLE No 12 1oFr1  METRIC
w.P. ,m:.ﬁz:‘mmmumm LOCATION ... McKellgr Crevk, Stg 14600 Lt 30 m ORIGINATED BY. GO
pIsT 18 HWY 12 HOREHOLE TYPE _Moliew Stem Auqur, Cone COMPILED BY 0%
DATUM _Geodetic, DATE 1991 04 12 CHECKED BY...DD ..
SOl PROFILE SAMPLES | & W [ GTRAIC CORE PERETRATION
, p| X |FESSTCE AT pusne o (a0 | o E | peMaRKs
5], |28 @ | = e @ @ wo [ OO0 3G &
ELEV 2l w|3|25| & [sHEAR STRENGTH kPa P ] ¥ | craN size
oEPTH DESCRIPTION 9k ?_-: 138 & |o unconemeo + FIELD VANE y |DISTRIBUTION
@lz o | O & | ouok .  x s vane [WATER CONTENT (%) RN
198,0 | Ground Surface » b s| o 10 26 30 40 50 20 40 60 KN/milor SA SiCL
0.0 - -!
1874 Orgonic Sand ,‘#:...; - - =
08 /
o Brown | { 196
” ey T2 Tss | 2
f 8
Sty Cloy ’ 194
¥
Soft to Firm a3l ™w] PH } $ 18,1
{ 192
& 55 7
i91.0
e LS TR
190.4 Sondy St with Grovel, Grey %
7.81 End of Barahol Proboble Bed 1204 2%cm
3, o3 Numbers reter to A0y oy ar pALURE
M Somllivity 10




‘ My of
@t

Foundafion Design

Gmarie
RECORD OF BOREHOLE No 13 1oF1  METRIC
WP, _185=B7-018 .. LOCATION. . . McKelior Cregk, Sto 1448658 Lt 30 m ORIGINATED BY.G0.__
pist .18 HWY 12 BOREHOLE TYPE .Holiuw Stem Auger, Cone COMPILED BY __OK
DATUM _Gugdetic DATE 199104 02 . _ CHECKED BY..DD. ...
3 EVRAMIC CONE PENETRATION
SOIL PROFILE SAMPLES guz, g RESISTANGE PLOT M e NATURAL w"-” m% REMARKS
o Lt - 1 i ) ) Y W, w W
ELEV BESCRIPTION z u 'éﬂ 3125| & [sHEar stRENGTH WPa P e | T F CRAIN SIZE
= 3 FIN] 3! ANE
DEPTH HE > gé S 1o ook mara. > Lo v MATER coNtent (1) 7 ()
195.7| Ground Surface & x - 10 20 30 40 50 20 40 60 |kN/mlersa @ oL
0.0 ¥
‘ﬂl
Silty Clay with Organies MR- .
1
Grey to Dark Grey, Soft At 2851 4 -;- 194 ’ 4
N
¢ [
192.7 af' 3,155
5.0 1 4 58 1
»‘; 192
A ’/ L5
Sity oy to Cioy j;:
4 F
SoRt to Firmh ,;'r 190
AT s | w | opu o 16.7
Gray ’/’
Ly &
//’
L/ 188
r / L
186,68 Cluyey Silt, Troce Sond :/ 6 ] 58 19 j
g;' -
2 - ‘“
Fine to Course Sond .
184,8 Loawa to Compact B lss | 13
11,11 End of Borehole 1N
Proboble Sand -:' i ’
u'o /i
- )
x® e -
1765 o
19.2{ End of Cone Text

5 .5, Numbers refer to '
338 AT EAILURE
Sttty m:w:a-:s {X) STRAIN AT F3




Minishy of

Transportatien Feundoltan Ousign
Ontars
RECORD OF BOREHOLE No 14 1or1 METRIC
w.p, _195-87-018 LOCATION . McKeligr Creeic, Sto 14477818 Rt 5.4 m ORIGINATED BY. DK
pisT__..18 HWY 12 HOREHOLE TYPE . Hollow Stem Au COMBILED BY...DK
DATUM . Cegdetic DATE 1991 04 12 CHECKED BY 0D ..
.
SOIL PROFILE SaMPLES |8 | DYNAHIC CORE PENETRATION orwe,
£21 9 AT wowim L0 | T | REMARKS
5| alZEl 2| 2 « w w w [, % .| 5 &
ELEV Elg|w| 3| 25| & [SHEAR STRENGTH kPo P M TF L oran iz
SERTH DESCRIPTION =13 DE| = o UNCONFINED + FIELD VANE DISTRIBUTION
DEPTH SIFE|>185] £ water content (z§ 7
. E z v |52 ?j ® QUICK TRIAXAL % LAB VANE s (%)
191,61 Ground Surfoce vi = ! [ 20 30 40 50 20 40 60 kN/m |Gr SA SI CL
0.0 -+ -
Organic Sond with Grovel "
end Numerous Woodchips “::.'- 1155 1 &
Dork Brown Fo 2 S5 | 38 190 b
189.4 T y
&
2.4 ] . - 31585 | 14 <
aurse Sand ond Grovel .
" Brown ond Grey 2. 1.4 ss s 188 k
L
181 Compoct ta Danse %
4.4] End of Berehole Probable Bedrock 1004 28cm
W
3 *S.Numbm refor fo

* Senultivity

9
1&%& {X) STRAIN AT FAILURE




B
' Ministry of .
Tranuportoiten ) Foundelion Design
e .

RECORD OF BOREHOLE No 15 1or1  METRIC
pisT___18 HWY 17 BOREHOLE TYPE _Hollow Stem Auger COMPILED 8y . DX
. DATUM _Cagdetic DATE 1991 04 12 ' CHECKED BY._.D0
SOIL PROFIE SAMPLES | & mﬁmﬁ CONE PE“‘:EWW NATURAL
b N §'§ g mmciomso s o | cowor e %5 REMARKS
ar tid -. i i f 3 i W w w, 5@ &
ELEV 2 Wiw Q‘ 25| & [SHEAR STRENGTH kPe e TF | RN SizE
DEPTH DESCRIPTION w21 E| S| 38| 5 |owcowmen  + e vane y  |DISTRIBUTION}
194.5 | Ground Surfoce “ & o 10 20 30 40 50 20 40 &0 kN/mi'ler sA S GL
T [
My [ ss1 7
Sity ¢ ’;’ »
ay ’ // _;. ‘l-
Gray § /: ; 192
Firm ’/
ioa ) 1% ™ | Pd '
1502 Medium to Courss Sond i N - 3 &5 [

4.3} End of Borehole

P

[

W

3 5. Numbers refer fo
Ll
Senatiivily wgs {%) STRAIN AT FARLRE




Transporiatisn Foumdutton Dasign

Pywr
RECORD OF BOREHOLE No 1A 1 OF 1 METRIC _
wp. _195-87-01 o LOCATION .. Sto, 14 + 7380, 284 LT Une § ORIGINATED BY.BL__.
DIST__.18 HWY 11 BOREHOLE TYPE _Cona Test, Wollow-Sterm Auger, N Cosing COMPILED BY B . '
' DATUM _Gungetic DATE 90 08 21 CHECKED BY .00 ..
PROFILE SAWPLES | & BYRAIC CONE PENETRATION
soi ¥, 3 RESSMMCE PLOT 2 leee wowme o) % | REMARKS
sl ] lg|33] % = o o ww I0 =0 U125 &
ELEV | . DESCRIPTION 2 g g 3| 25| & [sHEAR STRENGTH kPe . 1 orarmBUTON]
DEPTH -2 = E L | o UNCONFINED + FIELD VANE
P g2 > ?53 § . Uk TAXAL  « LB v [WATER CONTENT (%) 7 4 =
193.0| Ground Surfoce n : & 20 40 50 80 100 20 40 60 [wN/migr 5A SI CL
4.0 Fr:agcr:’t Cig:;rb.m. ﬁ o L )
-1t prasiingimin]
Very Derse P [ .;- 192 Prons]
At 4 K2 0 4
i RIEEE 2
bi I 190
"l siss) 2 ( PR TIRL %
. o HNELS f
Silty Sond i
13 A 188 o 88 % 2
Vary Looys b : 4 81 53 2
Trace Gloy *Louu 'F; -&—u;m“&*' RIKRES 13 \
RIEERE 186 )
e . o ‘
:- BN -
T2 S5 1 4 o 92 W
: ‘. . 182 \ Y
mmmmmmmm RS ' \
Geo, Grovel
Compact To Dense ¥ 4 180

177.8 15] §8 | 38 128 4

15,1} End of Borehole ’ o
176.8 wo
18,2 End of Cane Test 120450¢m|

v Grob sampie taken by buckhos "

LR
i)

3 5, Numbers refer ie¢
R g analiivtly mzb-:: {%) STRAIN AT FAILLRE




' @mmu
. Foundeten Dasign
orkarle

RECORD OF BOREHOLE No 2A 1ot METRIC
f ‘WP, . ASN-8T-g1 LOCATION ... Sto. 14 & 7380, C/i, Line & . DRIGINATED BY.BL .
\f DIST. 18 HWY _12 BOREHOLE TYPE _Cons Test, Hollow-Stem Auger, N Cosing COMPILED BY 8L
» DATUM Gagdetic DATE $0.08 20 CHECKED BY. . 00,
SOIL PROFILE SamPLEs 1 & T 9 O CONE PERETRATION
G| X |RETCEROT TS e e byt wo | 5 | REMARKS
§le 15| 2 2 o w o w I, 0V |5 &
ELEV BESCRIPTION g § g § ghﬁ' é " SHEAR STRENGTH kPg g—-—-—~—-o----—-_4l' b??’]%?ﬁ (?I!F()ENI
OEPTH o > % | o unconrmen + FIELD VANE v
é g Y 5§ g » QUICK TRAXAL  x LAS vane  [VATER CONTENT (%) o %
192.7| Ground Surfoce n s o 20 40 60 B0 100 20 40 60 kN/riloR SA S1 CL
0.0 Gee, Coblv T LS Y
o LAY Boulders 14 N 192
»;,w 215 ] % _;
Sty Cloy g’ ’ ’
is! 5 | 4 e 0 2 3+ 64
Troce Sond 1%t 3
/ *
Soft To Firm 4] 190
¢ v 4] 88 2
188.8 " S 1a
44 .
IR 188 0 a8 8
Sity Sond s ,
Trocs Clay s T=1T ¢ 8t 15 4
+ ;- " o 1“
Loose To Compuct 11, \"
L4815 | 17 4
we—)
5 Oce. Grovel L) (
183.2 Very Derne 9 155 [T83 1/21emi
9.5] End of Borehole
1819
* 10.8] €nd of Cone Test  Probuoble Sedrock ’ 1204 8em
& Grab sariphe token by bockhos
; 4

3 3, Numbers refer to
X ganaiiivly . N:#:s {%) STRAIN AT FAILUNE



M i’ f
() tn Feunteten Ovin
Ontorle

RECORD OF BOREHOLE No 3A 1or1  METRIC

wp, ..195-87-0) LOCATION ... Sto. 14 & 7200, 47,0 RT, Ling 8 ORIGINATED BY.BL
DIST_.. 18 HWY _12 BOREHOLE TYPE . Cone Test, Holiow=Stem Auger COMPILED BY _.B.
DATUN _Gugdetic DATE 90.08.22..... CHECKED BY_..0D.. .
3 TYNANIC CONE PENETRATION
SOIL PROFILE SAMPLES |4 g RESSTANCE PLOT o ool 5 | ceuaks
3z faar e e | 25
8la B Eak-1 I 0 40 60 e 0 {, v w | 3@ &
ELEV Zldlw | 3|88 & |'SHEAR STRENGTH kPo oM ¥ craN sizE
DEPTH DESCRIPTION =121 =1 > 188 & |9 unconrmen + PIELD VANE y |DISTRIBUTION]
El2 2 188] 3 | avec maw  « s e [VATER CONTENT (%) 7 IPP(z)
190.7 | Ground Surface v : o 20 40 60 80 100 20 40 B0 JuN/mlgm sa SiCL
0.0 ity Song I i ;
! b
OGce. Orgonics —f".- 21384 12 150
Compoct '_r'
e e i o i e Tt
figf o o
4, s W PH 188 of 6 o 72 28
1Q
Sity Cloy : ALS [ Tw | Pu 2+
/ o
Trace Sond ’/: s} 5512 e 0 1 50 48
iq! 126 X
Saft Te Firm "::" 7] 88 9
5
,; Bl | 3
5 /' 184 b
& /’
1829 _f,: sTs1% o g 85 85 3
78 ,
- R b ‘“ \
Silty Sand Li"ipie] ss | 1o
Trace Cloy .1
. 180
Compact ! 11111 8% &
178.1 i 12 ] 5% 10 , : b, 0. T - 0.
12,8 End of Borehole
\_m

172,1 o ;
18,61 End of Cone Test
« Grob somple token by bockhos

Numbers 20
+, #:MM""" to 1595 (%) STRAW AT FaURE



Mintulvy of

Tronsportaion Foundotan Design
Omarie
RECORD OF BOREHOLE No 4A 1or1 METRIC
WP, .. 195-87-01 LOCATION . Sto. 14 3+ 727.8, 23.8 L. Une B ORIGINATED BY. 8L
DIST.....18 HWY 17 BOREHOLE TYPE _Cone Test COMPILED BY ..BL .
DATUM Geodelic DATE £0.08 22 CHECKED BY_.00
SOIL PROFI SAM 3 TVNAMIC CONE PENETRATION
= ERERER Ll e om0 | % | REMARKS
Sle| |@]28] 7 L2 & % ® w I, 7 |3g &
ELEV 2y 3125| & [sHEAR STRENGTH kP | S GRAIN SIZE
DEPTH DESCRIPTION -2 - = | BE] % |o unconrned + FIELD VANE 9  [DISTRIBUTION]
. g 2 L | B8] & | ovox maa,  x e wne IWATER CONTENT (%) 4 ™
1913 Ground Surfoce v : o 20 40 60 80 100 20 40 60 | kN/milop sa 81 cL
2.0 v
A" M
a/f
ig 190
Proboble Silty Cloy ;jf
1 /:
Solt Te Firm 1
A 188
A/“
g
L /’
146.4 1 4]
‘19 o o '“ <
" * o} 184 —*
Probolie Sity Sond -] '
. 4
1 )
Lovss To Compoct 171, {
i RS
: ‘ b 178
176.4 [l.1° \
14.9] tnd of Cone Test 1204 10em

3 3, Numbers refir to
+7, xVe 19405 (%) STRAIN AT FARLNE
Sensitivity %U, :



e | |
Onhsrte

| ~ RECORD OF BOREHOLE No 5A . 10F1 METRIC
WP, 1998701 LOCATION ... Sy, 14 & 7400, 140 LT Line 8 ORIGINATED BY. B .
- pisT. 8 HWY .12 BOREMOLE TYPE _Cone Tast COMPILED BY Bt .
DATUM _Ssodetic. DATE 90 08 22 CHECKED BY__.D0
SAMPLES B | A N} " N M
SOIL PROFILE MPLE: ol 2 RESISTANCE PLOT ’ NATURAL !::% REMARKS
e " T oy MM} S Q
- |8]%8 20 0 % ® W 4, Cw ow|3gl| &
ELEV DESCRIPTION 2|§ '§ 3| 28] & [sHear sTRENGTH kPa s | R TN
H -3 > k= 1o UNCONFINED + FIELD VANE ¥
OEPT | 3|2 : §§ 3 1% e mmon, o e barew content (1 7 I (%)
193.3] Ground Surfocs v : & 2 60 80 100 20 40 60 | kN/mlcr sA S| CL
0.0 Protuable Ocr. Cobbles
Mg Boulders |4 r‘_:;u ]
: W 192
Probable Sty Clay ,:: )
Soft To Firm 1%
v /’
1 A 190
189.2 A
‘.1 3 * L
. 58 |
Proboble Sity Sond RN L
LI 186 \
. Looss To Compact : * : \
4 . L ‘“
¥ o R - \
182.3 of N
11.0] End of Cone Test Proboble Bedrock ) 1204 25¢m !

"
e

o,

B3

s 5 Nembars refer fe ’ g
oy ugs (X) STRAIN AT 7. |



N VALUE:

EXPLANATION OF TERMS USED IN REPORT

THE STANDARD PENETRATION TEST {SPT) N VALUE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 3lmm O, 0 SPLIY BARREL

SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63. Skg, FALLING
FREELY A DISTANCE OF 0.76m. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE 15 DENOTED THUS N,

DYNAMIL CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT (Simm O.D. 60° CONE ANGLE ] DRIVEN BY 475 }
TMPACT ENERGY ON A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m
ADVANCE OF THE CONICAL POINT INTG THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

DENSENESS:

COHESIVE SDILS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED S$HEAR STRENGTH(CJ) AS FOLLOWS:

L ¢y tkea) 0 -2

12,28 25~ 50 50 - 100

100 - 200 »200

VERY SOFT

SOFT FIRM STIFF

VERY STIFF HARLD

COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY S$BT N VALUES AS FOLLOWS:

LN (BLOWS /0. 3m}] 0 - 5

510 10- 30 30 - 50

=50

VERY {OOSF

LOOSE COMPACT DENSE

VERY DENSE

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

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

THE ROCK QUALITY DESIGNATION {R Q D), FOR MODIFIED RECOVERY, 15!
| Rrao(%) 025 25-80 | so-75 | 75-%0 [ 90-100
VERY POOR| POOR FAIR GOOD | EXCEILENT
JOINTING AND BEDDING @
SPACING 50mm 50 « 300mm] 0.3m - 1m | Tm~ Im >3m
JOINTING  {vekr CtoSE|  ciose | Mobp. closel  wroE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK  [VERY THICK

ABBREVIATIONS AND SYMBOLS

FIELD SAMPUNG

MECHANICAL PROPERTIES OF S01L

55 SPUT SPOON TP THINWALL PISTON m, kg
WS WASH SAMPLE OS5  OSTERBERG SAMPLE Ce [
5 T  SLOYTED TUBE SAMPLE RC ROCK CORE Cg 1
B S CBLOCK SAMPLE FH TW ADVANCED HMYDRAULICALLY Cq ¥
€5 CHUNK SAMPLE P M TW ADVANCED MANUALLY <y m#/s
T W THINWALL OPEN F S FOIL SAMPLE H m
Tv 1
STRESS AND STRAIN u k'
u,, kba  PORE WATER PRESSURE 7, kpo
f | PORE PRESSURE RATIO ; o kba
o kPa TOTAL NORMAL STRESS L kea
o’ kba EFFECTIVE NORMAL STRESS [ kP
T kPa  SHEAR STRESS ¢ -
o . kPa PRINCIPAL STRESSES €y kfa
€ % LINEAR STRAIN by -*
€8 8 % PRINCIPAL STRAINS (A kera
£ kPa  MODULUS OF LINEAR DEFORMATION 7, kpa
& ke MODULUS OF SHEAR DEFORMATION 5 1
n [ COEFEICIENT OF FRICTION
PHYSICAL PROPERTIES OF SOIL
A kg/m® DENSITY OF SOLID PARTICIES € 1,%  VOIb RATIO
Y, KN/ UNIT WEIGHT OF SOLID PARTICLES n 1,%  POROSITY
R, kg/m® DENSITY OF waATER w 1,4 WATER CONTEN!
% KN/ UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION
P kg/m’ DENSITY OF SON wo % ueuib umir
Y kN/Y UNIT WEIGHT OF soIU wa % PLASTIC LiMiT
g kg/m' DENSITY OF DRY 501 ws % SHRINKAGE LIMIT
?é kNAT® UNIT WEIGHT OF DRY SOIL 1 % PLASTICITY INDEX = W - Wy
Ror  kg/m® DENSITY OF SATURATED SON I U UQUIDITY INDEX s ——P
Yigr  KN/M® UNIT WEIGHT OF SATURATED 5OIL w - w
£ kg/m® DENSITY OF SUBMERGED SOML 'e } CONSISTENCY INDEK: L1,,
Y kN/md UNIT WEIGHT OF SUBMERGED SON Crax LR VOID RATIO IN LOOSEST $STATE

COEFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOUIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

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

SENSITIVITY « o

g 1% VOID RATIO IN Densesr sm’a
I ! DENSITY INDEX = 35‘19&:-5-;;;
o mm  GRAIN DIAMETER

D, mm  n PERCENT - DIAMETER

¢ 1 UNIFORMITY COEFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
qa  m's RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

j 1 HYDRAULIC- GRADIENT

k ml/s  HYDRAULIC CONDUCTIVITY

j  l/md SEEPAGE FORCE
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210
203

200

190
Aﬁm

175

170

= [

14+680

PROPOSED EMBANKMENT

J#Dmc;wm GROUND

e ib—— it mw&w%mmh\—\
"'“-..._M
i
' CLAY ——

EXCAVATION j

Figt-~

SAND

EXCAVATION GEOMETRY

OR .‘S“I’EEPEI!X

210

200




P-D 107 4810

MINISTRY OF TRANSMORTATION , ONTAKIO

i TR

342600
. W+ 700

METRIC

CONT No
WP  No 195-87-01(8)

,,,,,, 22, 212 DIMENSIONS A4 IN METRES A
AND # MAILLLA UNLESS
\\———-—Exrsno OF ClaY DEPOSIT ¥ SHOWN, STATIONS -
o 110 A . 1 e TRE S gy NS _MSKELLAR  CREEK SHEET
w w b ¢t AN &2 L
100 o .\ BORE HOLE LOCATIONS & SOIL STRATA
204 LN S PROBARLE o
N AT TH AR S B3~ CONE BEDROEIK 1 3 \ 5 7
203 1 g‘ SCEAY Compact\ 100 SO ¢ 202 & - HWY 'E7 _¢ Mg [NE LY 1 -
7| s R d - - T4
RS CRAVEL A N §/0.3m CONE ! 200 t n : . ‘é‘
PROBABLE NRER R \m 2 ! - 3
198 BEDROCK LR RN oRG sann SN 198 ‘Q’
O I PR B 3m CONE s:}néc_g's;g T [ B
w6 Voavs F Y /)7\ n W0 80F &9 ot 196 4 .
7 P I .
194 ANV g;énsz/// ST Tl w50 4 ’ 194 As
£ b !
A A i K i .
192 ///‘// ////- v 1 2 d Sl A 192
A 7 4 4 ; “FR T VDerss
190 SANDY SILT gl i p B % WA AKE AN 190
WiTH GRAVEL PROMAGELE Y A ¥ 1} Z1, . SITY SAND
188 BEGHOCK - ?‘R“EEQS'LT‘Q5( )/ // 7 2 T OCLAY 188
a4 s o4 A ] 2V Tosse
186 i = 18T 12 | “ioate i Compast 184 EXTEND OF CLAY
ET 4 i & L DEPOSIT
184 - 2 A 184 o
K F - - 71 . s
182 L . } faf.. 152 C s NOTE: FOR SUBSOIL INFORMATION FOR
RSBABE } ” - BH'S 34, 3A, 10& )5 SEE RECORD OF :
180 AERESE A Bl L 150 BOREHOLE. KEY PLAN
S - L . .. - PPlocc oraver  Compoct o oS
78 SR . . 5 2hasl- s . o Dense 178 2A 14 = -
L R I $ &
176 - s K 76 210
TR GRAVEL
174 N - ot .- % 174 © 208 LEGEND
“ N
12 e 172 OF e, . g 206 " Bore Hole
= . o A
179 3 2 3120 3 204 - Oynomic Cone Penetration Tast {Cone)
148 s hd = 168 3 27 *Q— Sore Hole & Cone
QT COBBIES
A-A s soulDers 200 N Blows/0.3m {Std PenTasr, 475 1/ blow)
SOME WQOD FIBERS
& GRAVE] 198 COME Blows/0-3m [(50* Cone, 475 i/ blow)
11 4 8 4A 9 _ SOME ORG S
é é‘ 'é‘ ‘$" -¢- A as 3 GRAVEL 194 X WL ot time of invastigotion 1991 04
A » —— - 0¢ 50 ‘ 1990 08
112 212 T e X il rT el TI"\ | \\ ] 194
RS ) X5 TP
210 28 92 S 'm*émﬁzisg“& (Eed /| (49 AT Y [ 192
- Y 94 4 L IRACE Fokgl/Sof ;1% L [Sod
208N = 08 190 \< ] R / / 1 ./ | SAND 7 ' i Tie i ‘E 'f‘,'a' 190
\s.mus.cme smE STt g ™ 1] AU 1 A LA TET e koasains
208 e 206 g ™ cravilels O 1) ul WAk A e slel Pola lotavei| 138
s 8745’ PEAEEEAY K i e Ne |Elevarion) stanows OFFSET
204 204 184 -'—-—%. ﬂm<( ///Jr/ RN ) ; - . 186 ]
V4 o s L 7 - T B L ETTI™) 703.6 14+500 g
LE - A PO e
202 - SR 202 184 seorock N L4 LY R L o] R aay SEDROCK  !1a4 A e B 30’%‘ t
p - -~ LS |5 FNE_GRAINED - 1. 8T P o OCL GRAVEL . +
200 DA 00 "sa" g AR 182 j AR NL e N ¥ Dense 182 & | 1985 1456365 |  30m &
VA ¥ & f/ : 2 , - 5 1 1953 L4+ 4375 q
198 ’/: WA ALY . 8 1a0 [ N PROBABLE 180 & | 1945 1447067 | 30m L1
, B skt A28 [ 1 BIjSC s Pl ey
28 = e st // > ] 178 - 178 8 | 1906 | tas700 | 3omRr
; : FROBABLE ¢ 1916 147706 | 30m Re
124 F‘fﬁa—“sgme&”{c{i? Y Perse fv\j N P E ot T RETTS 94 176 2 BEOROCK 3 8 i 0] 2081 | 144800 | 30mir
192 BEOROCK - _(} N7 /; \\fﬁ D ¥ 20 CONE ) N?/a. 92 174 s P A7 I R
S A ] L I~ . . - * m Lx
9 <. py - Y] bt .
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