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FOUNDATION INVEgTIGATIDN REPORT
: R
CROSSING AT HIGHWAY 518 AND
BEAR CREEK
DISTRICT 11 HUNTSVILLE
W.P. 89-88-01 SITE 44-139

INTRODUCTION

This report summarizes the results of a foundation investigation for the
proposed crossing of Bear Creek at Highway 518. The investigation was
carried out at the request of Foundation Design Section of the Ministry
of Transportation, Ontario.

This report applies to structure foundations, approach embankments and
related earthworks between Sta. 21 + 540 and Sta. 21 + 585.

SITE DESCRIPTION

The site is located at the crossing of Bear Creek and proposed Highway
518, about 21 meters south of the present structure on Highway 518, in
District 11, Huntsville, Ontario.

The water from the Bear Lake flows into the creek in the northerly
direction. At the time of the investigation, the water in the creek was
about 0.7 m deep. The existing creek bed is about 13 meters wide, with
a gentle slope rising out of the creek at the west and east banks. The
banks are covered by heavy bush and some trees.

The existing creek crossing is a single span concrete bridge structure.

PROCEDURE

The field investigation was carried out between the period of February 14
to 21, 1990. The fieldwork consisted of drilling six boreholes, five cone
tests and one test pit. The boreholes, on land, were advanced using a
track mounted auger machine equipped with 83 mm I.D. hollow stem augers
and B size casing. The boreholes, in water, were advanced using
drill/casing assembly mounted on a raft. Three boreholes were further
advanced in the bedrock, using BXT size core bits. Due to the presence
of boulders at the surface, borehole 6 was excavated by a back-hoe.



Samples were recovered by means of a 50 mm 0.D. split spoon sampler driven
into the soil according to the specification of the Standard penetration
fest (ASTM D 1587-8). In addition, relatively undisturbed samples were
retrieved by 50 mm thin walled shelby tubes. Field vane tests were
carried out in the stiff to soft cohesive deposits.

Laboratory testing was carried out on representative samples to identify
and determine the physical properties of the overburden including:

Natural moisture content
Grain size distribution
Atterberg Limit

Unit Weight

The elevations of the boreholes were referenced to a local geodetic
benchmark, provided by the MTQO Tocal office. {rock outcrop, north west
bank of existing bridge, at Flevation 316.677 mj.

SITE GEOLOGY AND SUBSURFACE CONDITIONS

Physiographically, the site lies in the area known as Georgian Bay Fringe,
characterized by very shallow soils and bare rock knobs and ridges. The
bare rock ridges are due partly to the fact that they were washed by the
waves when glacial Lake Algonquin inundated this area.

The subsoil conditions are variable across the site, from the west to the
east bank. The soils on the west side of the creek consist of firm to
stiff varved clayey silt to silty clay, overilying compact sand which in
turn overiies on Gheiss Bedrock. However, on the east side of the creck
a layer of loam, with boulders, overlies the Gneiss bedrock at shallow
depths.

The boundaries of the different strata, together with the field and

iaboratory test results, are presented on the Record of Borehole sheets

appended to this report. Also refer to the drawing and borehole sheets

for the Tocations and elevations of the boreholes. Stratigraphical

sections of the subsurface conditions are shown on Drawing 898801 -5.%
Detailed descriptions of the different strata are provided below.

Clavey Sandy $ilt

This deposit occurs, below the topsoil, in Borehole 5. It is mottlied in
colour, with oxidized stains and roots, and in a moist state. The
thickness of this stratum is about 1.3 m.

*Dwg No 2, { Sheet 16) of the Contract Drawings.



Clayey Silt to Silty Clay |

This deposit was encountered on the west side of the creek, in Boreholes
1, 2 and 5. The deposit occurs as a surficial deposit in Boreholes 1 and
2, but is present below the clayey sandy silt layer in Borehole 5. This
stratum is varved and ranges in thickness from 3.3 m to 5.9 m.

Undrained shear strength of the soil was determined both by in situ field
vane tests and laboratory vane tests. The results are plotted on the
Record of Borehole sheets in the Appendix and summarized as follows:

Undrained Shear Strength (kPa) Range = = Average Sensitivity
'Field Vane (8 tests) 18 - >80 51 2.5 - 11.9

Based on the above shear strength values, the consistency of this deposit
ranges from stiff to soft. The sensitivity of the strata is, however,
questionable, since very thin clay layers are prevalent within the more
dominant silt strata, due to the varved nature of the deposit.

The results from the three Atterberg Limit test (Figure 1) performed on
this material are summarized as follows:

Property Range Average
Natural Moisture Content (%) 37 - 57 44 .5
Liquid Limit (%) 39 - 46 42.5
Plastic Limit (%) 20 - 30 26.5
Plasticity Index (%) 9 - 24 17.5
Unit Weight (kN/cu.m) 16.5 - 19.1 18.1

From the plasticity chart, this deposit is classified as inorganic clayey
silt to silty clay of intermediate plasticity.

Grain size distribution tests were carried out on these materials, the
results of which are plotted in Figure 2. Due to varved nature of this
deposit, the grain size distribution carried out on the samples, is not
indicative of the high clay content.

Loam and Boulders

On the east side of the creek, a thin veneer of Toam, about 40 cm thick
at Boreholes 3 and 4, increasing to 1.2 m at Borehole 6, mixed with
cobbles, boulders and rock fragments was evident, as it forms the
surficial soils.



Sand

This deposit was encountered above the bedrock in Boreholes I, 2, 5 and
7. In Borehole 7, a very loose alluvial deposit of sand, silt and clay,
mixed with organics, Ties above the sand deposit. The thickness of the
sand stratum varies from 0.5 m to 1.1 m.

The "N’ values for this material range from 3 to 20 blows, indicating a
state of compaction/density described as very loose to compact. The
moisture content of the sand varies from 12 % to 24 %.

Typical grain size curves are given In Figure 3. The sand is generally
described as fine to medium with trace of silt.

Bedrock

Bedrock was core drilled at the locations of Roreholes 2, 3 and 4. The
bedrock is identified as coarse grained gneiss of metamorphic origin. The
rock is generally strong to very strong in nature. In Borehole 2, a 60
cm long vertical fissure was filled with biotite.

Core recoveries were 100 %, and the R.Q.D. ranged from 63 % to 100 %. As
a resuit, the quality of the rock is defined as fair to excellent.

The bedrock dips down from east to west. On the east side of the creek,
the bedrock is encountered at Elevation 314.5 m, dips to Elevation 312.3
m at Borehoie 7, and further slopes to Elevations ranging from 309.0 m (BH
2), to 308.0 m (BH 1) along the west side of the bank. Cone tests were
performed to determine the probable bedrock Tlevels, in between the
boreholes. The results of the cone tests {Boreholes 8 to 12} are given
in the Appendix.

Groundwater Conditions

Observation of the groundwater Tevel was carried out by measuring the
water levels in the open boreholes. Groundwater is at creek level, i.e.
Eievation 314.8 m. It should be noted, however, that the groundwater
fevel is subject to changes with the fluctuations in the creek Tevels.



The project was carried out under the supervision of S. Bandukwala, P. Eng.,

Project Engineer. The report was prepared by S. Bandukwala, and reviewed by L.J.
Rak, P. Eng., Principal Engineer.

NOTE: The preceding report is a copy of the factual
information from the Foundatiqh Investigation and Design
" Report prepared by McClymont & Rak Engineers Inc.
(cansultihg geotechnical engineers for this project),
under the technical supervision of the M.T.0. Foundation

Design Section.

T. Kim, P. Eng.
Senjor Foundation Engineer
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OFFICE REPORT ON SOR EXPLORATION

RECORD OF BOREHOLE Nol "METRIC
wp 89-88-01 LOCATION Sta. 214588.1 m, 5.0 m Lt of § of Pro. Huy 518  ocwiares gy 5B
pisT 11 HWY 518 BOREHOLE TYPE Rollow Stem Auger COMPILED BY oM
DATUM .. Geodetic BATE February 16, 1990 ‘ CHECKED gy __ 5B
SOIL PROFILE SAMPLES @ w JOYNAMIC CONE PENETRATION .
E‘Z’!’ 5 RES'STA.NCE pLOY M PLASTIC :gug:::z ikl g REMARKS
5 w |20 @ 20 49 60 80 10D ":;” cowcm u\lxv 52 A
o w funt ’ 1 L ) i 1 p ) =
ELEV, DESCRIPTION gl w2 o8 6 SHEAR STRENGTH kPo e ' 2 GRAIN SIZE
JDEPTH cRiF =231 2| 51861 5 lounconmnes  + e vane ATer content (| 7 [PISTREUTION
gz 5 [ &Y & |eouick TRIAKIAL  x Lag vang |V (%) {%}
315.0] Ground Surface @ £ o 50 100 15 30 45 KN/m? [GR SA I cL
0.0} Topsoil: 300 mm it | "
{frozen) == ) 1| 85 )18
SILTY GLAY TO »
CLAYEY SILT //
A
v
Al 2] 85|12 314 o 19.2
//
brown-grey &
~wy U of+
/ 4
varved A
stiff to soft //, 313
//
/ 4
/] 18,7
5 } 31IW | PM xi.
e fiws. 1 _ protemd
4 a2 .
i \ _
9 RERE ' =y 15.1 [o 3 88 9
//, -
1
’
// 311
// 5w |en
//,
]
/ 4 A
1l ess |2 b
-1 310
< $2,5
// .
/
1
309.1 ”/ B RLE R x ' o |16.7
5.9 SAND , - 300
fine to wedium, L
trace silt, ",
compact {8 ss 20 o 091 (9)
308.0| Probable bedrock & 7 mf .+ 9 | 88 | 50 so8 | o
7.0| End of Borehole “

3. 45 . Numbers refer to N
+Vy w7 %
' Sanxiﬁvi'y 15 ‘;%-5 {%) STRAIN AT FAILURE



OFFICE REPORT ON SOiL EXPLORATION

Minigiry '
§ .
:rumpomlioﬂ ’ . . .‘ 3

INtiric
RECORD OF BOREHOLE No 2 METRIC
WP 86-88-0) LOCATION Sta, 21+556.8 m, 5.0 m Rt of §& of Pro. Hwy 518 . ORIGINATED By _ SB
DISY 11 HWY © 518 BOREMOLE TYPE Hollow Stem Auger and BXT Rock Cone COMPILED BY M
DATUM ,_Geodetic DATE February 14 and 15, 1990 CHECKED BY i3]
SO PROFILE SAMPLES o w | DYNAMIC CONE PENETRATION -
%xg T O|RESSTANCE PLOT _ luasnc DAV Loup = Z REMARKS
o] % 20 40 60 8O g0 Y™ conrnr w7 5O
.6 P b4 B; o i ) f L i Wp W w,{ 34 | &
ELEV BESCRIPTION g ow 2 5’?% & [SHEAR STRENGTH kPo U 2 GRAIN ?:éE
BEPTH 1B 212138 5 |ounconmmen  + P VANE y [DISTRIBUTION
g2 z gu D |e ouck TRiaxiAL  x 1Ab vang | WATER CONTENT (%) {%)
314,6] Ground Surface i E * | 50 100 15 30 45 KN/m® {GR SA S| CL
’ 0,0} Topsoil: 200 mm “‘m
=:F
CLAYEY SILT 10 s
SILTY GLAY A 114
varved, A
Brey, f/, . (o]
firm 51 88 3 18,5
1%
q °313
U siss| 2 ©t16.7 [0 2 77 21
// ’
) & 87,5
] 16.
g 3|85 3 312 ; ol 16.3
11
] + 58,9
L/
Al 488 | & ° 18.8
5
12 311
8
’/ 50851 2 ° 18.%
1%
p + SpB. 3
310.0 ( P 110
4.6 SAND .
fine to medium, "~ 16 ]ss | 16 o
grey, : X
conpact -
309,0 ' rLl7 188 175 300 . 0
5.6 | GNEISS BEDROCK
grey with pink NS
feldepar, strong, REC .
coarse grainad, \/ 8 ]g?,r 100% ) RQD 63%
vertical fissure
filled with biotite, [/ S
fair quality v/ 308
3077 28
6.9! End of Borehole
*Creek level, Z0cm abope grouhd level,
at elevation 314.8 m

20 )
3, %% Numbers refer to 5 % o (o) cypalN AT FAILURE
Sansitivity 0
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- Tranapoitition

14

RECORD OF BOREHOLE No 3

m Lt of € of Pro. Hwy 518

METRIC

WP 89-88-01 {OCATION Sta. 21+573.6 m, 5.0 ORIGINATED 8y __ SB
pISt __1} Hwy 518 BOREHOLE TYPE _ BXT Rock Core COMPILED By SM
DATUM Geodetic DATE February 19, 1990. CHECKED BY SB
. @ JOVNAMIC CONE PENETRATION
SQIL PROFILE SAMPLES éuz, I | REMISTANCE PLOT PLASTIC ',:ﬁ';‘,’x}, Loy ._E REMARKS
- $§6| « 20 40 40 @G 0o VW7 CONTENT mir | S O
S| ol g P A O A Wo w  w|S¥ &
ELEV , Ela| ¥ | 2|28 | § |sHEAR STRENGTH kPo B GRAIN $1ZE
BEPTH PESCRIPTION 1317|538 & [ounconrmer  + riewp ane warer content ) ¥ [P N
gl=z 5 | &Y | & |eouck rraxar  x LaB vane . %)
314.9] Ground Surface b L @ GR 54 §1 ClL
0.0] Topsoilr 150 mm P X
loam with fragments [ w
314.51 and boulders i~
0.4] GNEISS BEDROCK 2
biotite, coarse I
crystalline gneissic
layering, & 314
grey with pink 1| RC | REC RQD 100%
feldspdx, BXT [100%
soMme trangparent
quartz,
styong to very -
strong, .
excellent quality 27 313
7 .
| Reiwree 5%
% 1 sxr|100% RqP 96.
\\\
¥ 1z
RC | REC '
S 3 | sxr |100% RQD 95.4%
7
\\
311
310,8 !
4.1 ] End of Borehole

43, x5 ; Numbers refer to

Sensitivity

20
15 45 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 4

Sta, 21+572.0 m, 5.0 i Rt of & of Pro, Hwy 518

METRIC

w P 89-88-01 LOCATION ORIGINATED BY __SB
Dist LAl Wwy . 518 BOREHOLE Typg _ BAT Rock Core COMPILED BY __ SH
DATUM _ Geodetic BATE February 20, 1990 CHECKED BY 5B
w | DYNAMIC CONE PENETRATION '
SOIL PROFILE SAMPLES | & | B | Reoisrance hior _ Tosme maromm 4w
a2 L4 LimiT o Limir Zo REMARKS
b w | ZQ @ 20 40 60 B0 100 CONTENT z =
9 o w D: z L ‘ 4 L i Wp w W, S &
ELEV Bl w| 3195 | 5 [SHEAR STRENGTH «Po b e 2 | GRAIN S1ZE
DEBTH DESCRIPTION REEEE Bcza 5 o UnconEngs  + FIELD vaNE AteR content ol 7 DISTRIBUTION
é z 5 | &Y g ® QUICK TRIAXIAL  x 148 vant |W (%) Y
314.91 Ground Surface ) - w GR 5A 51 CL
0.0} Topsoil: 150 mm . %u-
314.5 loam, boulders
0.4| GNEISS BEDROCK
ELTONg to very
strong,
fair gualicy . RG. | REG 314
BXT J100% ROD 65%
313.0 413
1.9 End of Borehole

" 4+3, «%: Numbers refer to”
Sensitivity

20
150-5 {%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

End of Borehole

16
RECORD OF BOREHOLE No 5 METRIC
WP 89-88- 01 LOCATION Sta. 214547.8 m, ¢ of Proposed Hwy 518 ORIGINATED By _ SE
DIST 1L HWY 518 BOREMOLE TYPE Hollow Stem Auger and BXT Rock Core COMPILED BY ___SM
DATUM . Geodetic DATE February 19, 1990 CHECKED B8Y ___SE..._._
SO PROFILE SAMPLES o w | DYNAMIC CONE PENETRATION . -
L PRO LE 'u:,é, S RESISTANCE PLOT PLASYIE ::;,?y.::g woup ., L REMARKS
! . w56 ¥ 20 40 40 gp go UMWY cowrenr oMt ig .
28| e | S |o5| 8 e W w3y &
ELEV SCRIPTION 2| &) 2|85 O [SHEAR STRENGTH W g GRAIN
DEPTH bE <13 Z [ 2|38 5 [ouNcONmNED  + FiEwD vane waTer content ()| ¥ |PSTRIBUTION
g Z > | BY & [ QUICK TRIAXIAL X LAB VANE . (%)
315.2 | Ground Surface wn H w 0 100 15 30 45 GR SA S CL
0.0 Topsoil (Silt with Py X.
organics): 310 mm ‘/ ¥ o as
CLAVEY sanpy siur - .
roots, oxidized, ,/.‘
yellow-grey, '/'
compact 1.
P 1| ss | 16 N o
k 4
313.8 ,(/
l.4 | CLAYEY SILT TO ¥
SILTY CLAY A
varved, 4 2158 4
grey, A
Stiff vo firm, M 0
|1 313
1 'l
Py
A
+
//’ -
//
/]
H3 s | nz
A ] o
//,
//,
|/
,/ 4|1V | B - _
A
310.5 4 11
4.7 | SAND . " .
fine to medium, Lt
310.0 | grey, compact RN ERL 210 o
5.2 | Probable bedrock ¢ 5.2

+3, x5 : Numbers refer.to
Sensitivity

20 ’
1505 (%) STRAIN AT FAILURE
0




OFFICE REPORT ON SOIL EXPLORATION

@ Ministry
of
Ot Trarsportation ]7
RECORD OF TEST-PIT No 6 METRIC
WP B89-88~01 LOCATION Sta, 21+581.6 m, § of Proposed Hwy 518 ORIGINATED By  SB
bist _ L1 HWY 518 BOREHOLE TYPE __ Test Pit by Backhoe COMPILED BY SN
BATUM _Geodetic DATE February 14, 1990 CHECKED BY 8B
B Fi MP o ot DYNAMIC CONE PENETRATION .
50“- RO tE 4 LES ._u;lg wf RESISTANCE PLOT PLASTIC ﬁ?,’,gm&e LiGAD ,.._E REMARKS
r w56 & 20 40 80 80 100 |MMT content amit g D O 3
O] e o = | | f f s Wp w W, Sw
ELEV RipT Ela) w2 %% 5 SHEAR STRENGTH .kPs AT Z | GRAIN $IZE
DEFTH DESCRIPTION 21312 | $1368] 5 |ounconmmem FiEw vane water contentg] ¥ |PSTRIBUTION
g|2 y | EV % |® QUICK TRIAKIAL X LAB VANE 4 {%)
15.6 | Ground Surface v = [ 15 3 45 GR SA %1 CL
0.0 Topgoil: 250 mm .
SANDY LOAM e
cobbles, boulders, ““:
rock fragments .é: 318
.v'g 11 c8 9
} ot
314.4 | Probable Bedrock @ 1.2{® .
1.2 § End of Test Pit
3«5 . Numbers refer to

*

1

Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 7

METRIC

*Greek level, 70 cm ab
at elevation 314.8 m

jgrojind lpvel

w P 898801 LOCATION Sta. 21+566.2 m, § of Proposed Hwy 518 ORIGINATED BY _, SB
pisT__L1i  wWwy__ 518 BOREHOLE TYPE _ Wash Boring from Raft compiED BY . SN
DATUM __Geodetic "DATE February 21, 1990 CHECKED BY SB
W JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES & | % | RIeNCs Orlor e S
gz I LMY Ao | B0 REMARKS
o w | 20 w 20 40 &0 8D 100 CONTENY g .
9 ar wh aE z f 1 I i 1 Wp W W, —mw & )
ELEY DESCRIPTION Bl w| 2|23 & |SHEAR STRENGTH kPe — 2 | GRAIN SIZE
BEPTH ~1E1 231|368 5 [ounconnnen  + mEDVANEL o o Ly [DISTRIBUTION
g2 5 |E%] © |»auck rraxial  x 1as vane |V ONTENT (%) {%)
414.1:| Creek Bottom ¥ £ . o} 50 100 15 30 a8 GR SA 51 CL
0.0 ALLUVIAL SAND, SILT |71 3l ‘
AND CLAY Lo o
wood pieces, Wt
organics, e
black-grey, —
313.2 | very loose [T
0.9 SAND g 85 3 ’
some silt, grey, 313 &
very loose .
312.3 | Probable bedrock @ 1.8]' .} 2 | 85 |50 ©
1.8] End of Borehole

+3, x5 . Numbers refer 1o
Sensitivity

20 :
15.49-5 {%) STRAIN AT FAILURE
10




OFFICE REPORT ON 50IL EXPLORATION

M’imsi'y
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RECORD OF BOREHOLE No 8 METRIC
WP 89-58-01 LOCATION Sta. 21+557.2 m, £ of Proposed Hwy 518 ORIGINATED By _ 8B
oI5t 11 HWY 518 BOREHOLE TYPE GCone Test : CO’MP!LEf) By . 8M
DATUM _Ceodetie DATE February 19, 1990 CHECKED BY. SB
SO PR o W FDYNAMIC CONE PENETRATION
Ol PROFILE SAMPLES Lo | g |RESISTANCE PLOT B frasne A e] L X
'- w | $6| % 20 4p 60 80 g V™7 contewt umity 2O REMARKS
Q18| wlBlcE| 2 st dwe  w w358 8
ELEY Ejm| #3125 ] & |$HEAR STRENGTH kPa AT 2 | GRAIN SIZE
DESCRIPTION =| | « 4
DEPTH = = :
; {21 -] |90 | £ |© UNCONFINED + FIELD VANE . y DISTRIBUTION
s10.5] Ground Sust gz > &V & | ouitk TriaxiAL  x LAB vang WATER CONTENT {%) (%)
.5 urface h £ =
GR $A 51 CL
0.0] Probable varved
clayey gilt to
silty clay
’/ 314
! (
//
o
/ 1
// 313
11
//’
//,
1/
312
//,
//, .
L]
L )
//
// 311
1
L
1
V
A
5
// 310
309.6 4
4.9 ] Probable sand .
308.8 | Probable bedrock O 309 \‘\-...
5.7} End of Cone Tast w ) \ (Rod bounking)

3 5. Numbers refer to b
* X7 0 o
' Sensitivity 15 «gs {%)} STRAIN AT FANURE



Tranaponsicn 20
RECORD OF BOREHOLE No 9 METRIC
WP 89-88-01 LOCATION Sta, 21+566,2 m, 7.0 m Lt of ¢ of Pro. Hwy 518 ORIGINATED BY _SB
DIST 1l WWY____ 518 BOREHOLE TYPE ___Cone Test COMPILED BY __SM
DATUM _Geodetic DATE February 21, 1990 CHECKED 8Y SB
; o w  [DYNAMIC CONE PENETRATION —
SOIL PROFILE SAMPLES _&,2 2 | REsisTancE ProT I T B REMARKS .
g b4 [§ 4 CONTENT LMY =
- w | 2O © 20 40 &0 80 100 125 4
Qo w frund =z i A 1 A 1 Wo w Wy :’3
ELEV DESCRIPTION By w g f-,fg' O [SHEAR STRENGTH kPo O o%w;';uﬂéfu
DEPTH w51 2| $128] 5 lounconmnes + FiEwD vane T B
&1z 5 gu & | ouick Triaxiat  x Lap vane |WATER CONTENT (%) %)
314,72 | Creek Bottom i ¢ o GR 5A 51 CL
0.0 Probable alluvial -
deposit ’ T 314
(sandy, silt and clay)[" |
very loose to loose  j-- |
- 313 F
) Wy L-—......__‘_
312.2 | Probable bedrock =~ I T

OFFICE REPORY ON SOIL EXPLORATION

2.0 End of Cone Test

(Rod jbounting)

43, %5 . Numbaers refer 10
Sensitivity

20
1505 {"%) STRAIN
0

AT FAILURE
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89-88-01

RECORD OF BOREHOLE No 0O

Sta, 21+566.2 m, 7.0 m Rt of ¢ of Pro. Hwy 518

METRIC

OFFICE REFORT ON SOIL EXPLORATION

w P LOCATION ORIGINATED By _5B
DIST Ll Hwy 518 BOREHOLE TYPE __ Gone Test COMPLED BY __SM
DATUM .. Geodetic CDATE Fepruary 21, 1990 CHECKED BY SB
x us  [DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES oy 2 | RESISTANCE pLoT © s Naa =
gz L LimiT Moos;ukt Owr | =0 REMARKS
= w | 20| © 20 4D 40 80 100 CONTENY 2=
9 oy W _- =z 4 i H L ] Wp W Wl S w &
ELEY DESCRIPTI Slgl w | 2]28| & [sHEAR STRENGTH wPo P 2 | cram size
DEPTH ESCRIPTION B X 131261 5 [ounconmmen  + FiEwD vane WATER ConTent ()| ¥ |PETRIBUTION
2|z » [&Y ] & [eouck TRANAL  x Lab vane . %)
314.1] Creek Bottom % £ o GR 5A 51 CL
0.0} Probable alluvial - 314
deposit -~
(aand, silv and clay) L~ .
very loose to loose |\
e
o
o~ 313
-
312.0| Probable bedrock ¢ 312 TR e,
2.1} End of Cone Test (Rod] bounging )

+3, x5 : Numbers refer to
Sensitivity

20 :
1565 {%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE Noll METRIC
we 89-68-01 LOCATION Sta, 21+562.2 m, § of Proposed Hwy 518 ORIGINATED 8y _ SB
pisT 11 HwY 518 BOREHOLE TYPE __ Cone Test COMPILED BY __ SM
DATUM .. Gsodetic DATE February 21, 1990 CHECKED BY __ 5B
S50IL PROFILE SAMPLES o ui ] DYNAMIC CONE PENERATION -
£ By § RESISTANCE HLOT nasme SV wouo| I | pemarks
= n | £5 20 40 60 80 oo [WT cownar LT SO
ol Slas| 2 bbb Wp W W | 5% &
BV RIPT Tlal W] 2|55 ] © |SHEAR STRENGTH ko D ——— GRAIN S1ZE
[oerTA DESCRIPTION IR §% 5 |o UNCONMNED & FIEWD VANE[ Lo coneenn |y [PISTRIBUTION
£l2 5 | &0 & |oouck reaxial  x ab vane y (%)
314.3| Creek Bottom n * ) : ’ GR SA 51 Cl
0.0} Probable alluvial - .
deposit "-; 314
(gand, silt and clay) .~
. Pt
* v
[
L~ +
-
o
. el
el
- 313
Wit
Probable varved
clayey to silty clay
32
a1t
210.93
4.0} Probable sand .
conpact ‘:. 116 \
309.4| Probabla badrock
4.9] End of Cone Test (Rod jbounfing))

0
3 5. Numbers refer t ’
7y %7 & N A
y X7 Sensitivity h s ‘05 {%) STRAIN AT FAILURE
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Ministry

Transptitatorn
RECORD OF BOREHOLE No |2 METRIC
w P 89-88-0) LOTATION Sta, 21+564.4 m, § of Proposed Hwy 518  ORIGINATED BY _ 8B
DIST__ 1L Hwy. . 518 BOREMOLE TYPE __Cone Test COMPILED BY __SM
DATUM ., Beodetic .. DATE February 21, 1990 CHECKED 8y . SB
o DYNAMIC CONE PENETRATION
SOI, PROFILE SAMPLES £y "S: RESSTANCE PO 0 e AT o =
5 0 £§5| = 20 40 60 8o 00 [T comret wmr | S REM:RKS
‘ gre = oz ot g w w w,{ 54
LBV pescripmion Z1E g | 2| 25| & [sHear sTRENGTH who o | T3 | oRAN SIZE
DEPTH & 2z BE| & o unconmnep + FIELD VANE . y |DISTRIBUTION
|4 L [ EY. g ® QUICK TRIAXIAL  x LaB vanEg | WATER CONTENT (%) {%)
j316.3 ] Greek Bottom n # w GR 54 51 Cl
0.0 Probable alluvial - )
dapoait - ER T
(sand, silt and tlay) L 7] : )
-
= 313
312.8 o 4 }
1.5} Probable varved M
clayey silt to ,/’
siity clay - 1
'}
//’ 1z
//’ |
A
g
g \
’/ 31t
{4 \
310.6 ’d )
3.7| Probable sand Z
compact . .

309.41 Probable bedrock . .
4,91 End of Gone Test 7R (Rod [bounding)

3 5. Numbaers refer to 20
Ty w7 U
[} " Sansitivity _ 15 f,%'s {%} STRAIN AT FAILURE
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FOUNDATION INVESTIGATION REPORT
FOR
CROSSING AT HIGHWAY 518 AND
BEAR CREEK
DISTRICT 11 HUNTSVILLE
W.P. 89-88-00 SITE 44-139

INTRODUCTION

This report summarizes the results of a foundation investigation for the
proposed crossing of Bear Creek at Highway 518. The investigation was

carried out at the request of Foundation Design Section of the Ministry
of Transportation, Ontario.

This report applies to structure foundations, approach embankments and
related earthworks between Sta. 21 + 540 and Sta. 21 + 585. Beyond these
limits, there still may be concerns regarding settlement of the subgrade
due to the weight of the embankment fi1l1. Reference is therefore made to

the Regional Geotechnical Section for recommendations to ensure smooth
transition.

SITE DESCRIPTION

The site is located at the crossing of Bear Creek and proposed Highway
518, about 21 meters south of the present structure on Highway 518, in
District 11, Huntsville, Ontario.

The water from the Bear Lake flows into the creek in the northerly
direction. At the time of the investigation, the water in the creek was
about 0.7 m deep. The existing creek bed is about 13 meters wide, with

a gentle slope rising out of the creek at the west and east banks. The
banks are covered by heavy bush and some trees.

The existing creek crossing is a single span concrete bridge structure.

PROCEDURE

The field investigation was carried out between the period of February 14
to 21, 1990. The fieldwork consisted of drilling six boreholes, five cone
tests and one test pit. The boreholes, on land, were advanced using a
track mounted auger machine equipped with 83 mm I.D. hollow stem augers
and B size casing. The boreholes, in water, were advanced using
drill/casing assembly mounted on a raft. Three boreholes were further
advanced in the bedrock, using BXT size core bits. Due to the presence
of boulders at the surface, borehole 6 was excavated by a back-hoe.



Samples were recovered by means of a 50 mm 0.D. split spoon sampler driven
into the soil according to the specification of the Standard penetration
Test (ASTM D 1587-8). In addition, relatively undisturbed samples were
retrieved by 50 mm thin walled shelby tubes. Field vane tests were
carried out in the stiff to soft cohesive deposits.

Laboratory testing was carried out on representative samples to identify
and determine the physical properties of the overburden including:

Natural moisture content
Grain size distribution
Atterberg Limit

Unit Weight

The elevations of the boreholes were referenced to a local geodetic
benchmark, provided by the MTO Tocal office. (rock outcrop, north west
bank of existing bridge, at Elevation 316.677 m).

SITE GEOLOGY AND SUBSURFACE CONDITIONS

Physiographically, the site 1ies in the area known as Georgian Bay Fringe,
characterized by very shallow soils and bare rock knobs and ridges. The
bare rock ridges are due partly to the fact that they were washed by the
waves when glacial Lake Algonquin inundated this area.

The subsoil conditions are variable across the site, from the west to the
east bank. The soils on the west side of the creek consist of firm to
stiff varved clayey silt to silty clay, overlying compact sand which in
turn overlies on Gneiss Bedrock. However, on the east side of the creek

a layer of loam, with boulders, overlies the Gneiss bedrock at shallow
depths.

The boundaries of the different strata, together with the field and
laboratory test results, are presented on the Record of Borehole sheets
appended to this report. Also refer to the drawing and borehole sheets
for the locations and elevations of the boreholes. Stratigraphical
sections of the subsurface conditions are shown on Drawing 898800-A.
Detailed descriptions of the different strata are provided below.

Clayey Sandy Silt

This deposit occurs, below the topsoil, in Borehole 5. It is mottled in
colour, with oxidized stains and roots, and in a moist state. The
thickness of this stratum is about 1.3 m.



Clayey Si1t to Silty Clay

This deposit was encountered on the west side of the creek, in Boreholes
1, 2 and §. The deposit occurs as a surficial deposit in Boreholes 1 and
2, but is present below the clayey sandy silt layer in Borehole 5. This
stratum is varved and ranges in thickness from 3.3 m to 5.9 m.

Undrained shear strength of the soil was determined both by in situ field
vane tests and laboratory vane tests. The results are plotted on the
Record of Borehole sheets in the Appendix and summarized as follows:

Undrained Shear Strenath (kPa) Range Average Sensitivity
Field Vane (8 tests) 18 - >80 51 2.5 - 11.9

Based on the above shear strength values, the consistency of this deposit
ranges from stiff to soft. The sensitivity of the strata is, however,
questionable, since very thin clay layers are prevalent within the more
dominant silt strata, due to the varved nature of the deposit.

The results from the three Atterberg Limit test (Figure 1) performed on
this material are summarized as follows:

Property Range Average
Natural Moisture Content (%) 37 - 57 44.5
Liquid Limit (%) 39 - 46 42.5
Plastic Limit (%) 20 - 30 26.5
Plasticity Index (%) 9 - 24 17.5
Unit Weight (kN/cu.m) 16.5 - 19.1 18.1

From the plasticity chart, this deposit is classified as inorganic clayey
silt to silty clay of intermediate plasticity.

Grain size distribution tests were carried out on these materials, the
results of which are plotted in Figure 2. Due to varved nature of this
deposit, the grain size distribution carried out on the samples, is not
indicative of the high clay content.

Loam aﬁd,Boulders

On the east side of the creek, a thin veneer of loam, about 40 cm thick
at Boreholes 3 and 4, increasing to 1.2 m at Borehole 6, mixed with

cobbles, boulders and rock fragments was evident, as it forms the
surficial soils.



Sand

This deposit was encountered above the bedrock in Boreholes 1, 2, 5 and
7. 1In Borehole 7, a very loose alluvial deposit of sand, silt and clay,
mixed with organics, lies above the sand deposit. The thickness of the
sand stratum varies from 0.5 m to 1.1 m.

The ‘N’ values for this material range from 3 to 20 blows, jndicating a
state of compaction/density described as very loose to compact. The
moisture content of the sand varies from 12 % to 24 %.

Typical grain size curves are given In Figure 3. The sand is generally
described as fine to medium with trace of silt.

Bedrock

Bedrock was core drilled at the locations of Boreholes 2, 3 and 4. The
bedrock is identified as coarse grained gneiss of metamorphic origin. The
rock is generally strong to very strong in nature. In Borehole 2, a 60

cm long vertical fissure was filled with biotite.

- Core recoveries were 100 %, and the R.Q.D. ranged from 63 % to 100 %. As

a result, the quality of the rock is defined as fair to excellent.

The bedrock dips down from east to west. On the east side of the creek,
the bedrock is encountered at Elevation 314.5 m, dips to Elevation 312.3
m at Borehole 7, and further slopes to Elevations ranging from 309.0 m (BH
2), to 308.0 m (BH 1) along the west side of the bank. Cone tests were
performed to determine the probable bedrock levels, in between the

boreholes. The results of the cone tests (Boreholes 8 to 12) are given
in the Appendix. '

Groundwater Conditions

Observation of the groundwater level was carried out by measuring the
water levels in the open boreholes. Groundwater is at creek level, i.e.
Elevation 314.8 m. It should be noted, however, that the groundwater
level is subject to changes with the fluctuations in the creek levels.



DISCUSSIONS AND RECOMMENDATIONS

It is proposed to upgrade the existing road to the current MTO standards.
This requires a new crossing to the south of the exiting concrete bridge
structure. At present, two alternative schemes are being considered:

1) 6.0 to 8.0 m concrete box culvert
2) 12.0 m single span bridge structure

The proposed profile grade, in the vicinity of the crossing, will be at
approximate Elevation 317.7 m. The approach fills will thus have a
maximum height of 3.5 m above the elevation of the creek bottom.

Based on the subsoil conditions, a box culvert, located at the east bank
will be the most suitable structure from both cost, as well as,
construction efficiency point of view. However, the foundation
recommendations for the design of concrete box culvert, as well as, bridge
structure are presented in the following text:

Structure Foundations for Concrete Culvert

The subsoil conditions at the west side of the creek are not favorable
for supporting the foundations for the culvert, and therefore it is
recommended that the structure be founded directly on the bedrock, and on
the east side of the channel. This will, however, require a re-alignment

of the creek bed, to the east of the existing location.

The underside of the culvert is expected to be at approximate Elevation
314.0 m. It should be noted that the bedrock at Borehole 7 (Sta. 21 +
566.2 m), is at Elevation 312.3 m and rises to Elevation 314.5 m at
Boreholes 3 and 4 (east of Sta. 21 + 572 m). As a result, it is

recommended that the proposed culvert be located to the east of Sta. 21
+ 572 m.

If this is not possible, then the overlying alluvium, and the very loose
sand, should be removed and replaced by compacted rock fill or mass
concrete. Should mass concrete be considered, all soils overlying the
bedrock should be removed.

Bearing Capacity at Factored Bearing Capacity at

Material s.L.S. Type I (kPa) U.L.S. (KPa)
Gneiss Bedrock * 10,000
Rock Fill 250 600
Mass Concrete * 5,000

* - Design of shallow foundations will not be governed by settlements,
since the load required to produce detrimental settlements will be
much larger than factored capacity at ultimate Timit state.
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If the proposed culvert is partly founded on rock fill and partly on
bedrock, it is recommended that the top 30 cm of the bedrock should be
shattered, so uniform settlements can occur. In this case the bearing

capacity of the bedrock should be reduced to 250 kPa and 600 kPa, for the
S.L.S. and U.L.S. respectively.

Structure Foundations For Bridge Structure

It is unlikely that the bridge structure will be used for the crossing.
However, the design parameters are provided for cost comparison purposes.
As stated above, the overburden soils are not suitable for supporting any
structure, and therefore about 5.0 m of clayey silt to silty clay, for the
west abutment, must be removed and replaced by compacted rock fill.
However, the east abutment can be founded on bedrock at anticipated
founding Tevels. The bridge should be designed to accommodate
differential settlements between the bedrock and rockfill.

The bearing capacities of the bedrock and rock fill are given in the
preceding section. The rock fil1l should extend out at least 2.0 m from
the footing edges in the plane of the footing tops. The slope of the rock
fill is expected to be stable, when placed at 1.0 H to 1.0 V or flatter.
The rock fill in the upper 1.0 m depth, below the footings, should be
limited to 300 mm in size. It is recommended that the surface of the
rockfill should be covered by a concrete slab, of low slump concrete, to
provide a good working base.

The settlement of the rock fill is estimated to be about 1.0 percent of
the height of the fill, i.e. about 5.0 c¢cm. In order to minimize the
amount of settlement it is recommended that the fill be placed at least
3 months prior to the construction of the abutments. Considerations can
be given to rolling surcharge, 1.0 to 1.5 m high, in order to minimize

the settlements and the time period prior to the construction of the
abutments.

OTHER CONSIDERATIONS
Approach Fills
The height of fill required to achieve the proposed profile grade of

Highway 518, in the vicinity of the structure, is in the order of 3.5 m.
For the east approach area, removal of surficial topsoil, or organics, is

_required. However, for the west approach area, sub excavation of alluvial

deposits, and very loose sand to 1.3 m depth at Borehole 7, and removal
of firm clayey silt to 3.0 m depth at Borehole 2, will be required. This
material should be removed within the plan Tlimits of the approach
embankments. The stations, and the depths, for sub-excavation for the
west approach area are as follows:



Borehole No. Station/offset Sub-excavation (m)
Depth Elevation
5 21 + 547.8/C.L 0.4 314.8
2 21 + 556.8/5.0 m RT 3.0 311.6
1 21 + 588.1/5.0 m LT 0.3 314.7
7 21 + 566.2/C.L 1.3 312.8

The sub-excavated material should be replaced with rock fill or granular
fill. Temporary excavations should be sloped at 2 H : 1 V or flatter.

Due to the varved nature of the underlying deposit, it is difficult to
predict the total settlement. To minimize post construction settlements,
it is recommended that the fill be placed at least 3 months prior to the
construction of the approach slab.

No stability problems are anticipated for the proposed height of permanent
embankment constructed to a 1.5 H to 1.0 V geometry.

Lateral earth pressure

Free draining granular material such as Granular ‘A’ or ‘B’ is recommended
as appropriate backfill to the culvert or abutment walls to prevent
hydrostatic pressure build-up.

Lateral earth pressures should be computed in accordance with Section
6.6.1.2 of the 0.H.B.D.C. The design parameters are as follows:

Granular A Granular B RockFill

Angle of Internal Friction (degrees) 35 30 35
Unit Weight (KN\cu.m.) 22.8 21.2 18.4

The earth pressure coefficient at rest is to be used in design, if the
culvert structure is rigid and unyielding.



Dewatering

The proposed culvert, located east of Sta. 21 + 572 m, can be constructed
in relatively dry conditions. However, within the proposed construction
area, no major dewatering difficulties are anticipated due to the
relatively low permeability of the cohesive deposits. Water entering into
the excavations can be controlled by perimeter sumps and ditches. As an
alternative, the base slab of the proposed culvert could be constructed
by tremie concrete method.

Creek diversion

Depending on the location of the proposed structure, diversion of the
creek may be required for construction of the structure/approach
embankments. The required temporary creek diversion may be achieved by
constructing earth dykes. The on site excavated cohesive soils, or a
local borrow, could be utilized in dyke construction.

Alternatively, due to the relatively sharp turning radius of the proposed
diversion, especially downstream of the proposed culvert Tlocation, a
combination of earth dykes and corrugated steel culverts could be used.
The selected contractor should, however, present a drawing showing the
proposed temporary works.

Frost Protection

The footings require an equivalent of minimum of 1.8 m of soil cover for
frost protection. The insulation value of rockfill is half of a soil

cover. Alternatively, the culvert should be structurally designed to
withstand frost pressures.

MISCELLANEOUS

The fieldwork for this investigation was carried out under the supervision

of §..Magdolen, Geologist. The equipment was owned and operated by
Merleux Engineering, North Bay.



The project was carried out under the supervision of S. Bandukwala,
P.Eng., Project Engineer. The report was prepared by S. Bandukwala, and
reviewed by L.J. Rak, P.Eng., Principal Engineer.

Submitted by
MCCLYMONT AND RAK ENGINEERS INC.

'S. BandyRwala, M.Eng., P.Eng.
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L.J. Rak, M.Eng., P.Eng.
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION YESY {SPT) N VALUE IS THE NUMBER OF BIOWS REQUIRED TO CAUSE A STANDARD Simm Q.0 SPLIT BARREL
SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREMOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63.5kg, FALLING

FREELY A DISTANCE OF 0.76m, FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED, AVERAGE N VALUE 15 DENOTED THUS W,

DYNAMIC CONE PENETRATION TEST! CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm O.D. 60° CONE ANGLE ] DRIVEN BY 475
IMPACT ENERGY ON °A° SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH D.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SONS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

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

¢, (kPa} 0 - 12 12 - 25 25-50 | 50-100
vErRy SOFT]  SOFT FIRM STIEF

100 ~ 200 =200
VERY STIFF HARD

"

DENMSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY $PT N VALUES AS FOLLOWS:
[N(mowsm.am; 0 -5 5-10 10 - 30 30~ 50 >50
VERY LDOSE} LOOSF COMPACT DENSE  |VERY DENSE

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

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

iz

ODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mme+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D), FOR MODIFIED RECOVERY, 15
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BEDDING VERY THIN THIN MELIUM THICK VERY THICK
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OFFICE REPORT ON SOIL EXPLORATION

§9-88-00

RECORD OF BOREHOLE No !

METRIC

we LOCATION Sta. 21+588.1 m, 5.0 m Lt of ¢ of Pro., Hwy 518 ORIGINATED By 58
oist 1l Hwy 518 BOREHOLE Type _ Hollow Stem Auger COMPILED BY__ SH
DATUM _Geodetic DATE February 16, 1990 CHECKED BY S8
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OFFICE REPORT ON 501t EXPLORATION

RECORD OF BOREHOLE No 2 METRIC
WP 89-88-00 LOCATION Sta. 21+4556.8B m, 5.0 m Rt of ¢ of Pro., Hwy 518 ORIGINATED gy 8B
L HWY 514 BOREMOLE TYPE Hollow Stem Auger and BXT Rock Cone COMPILED BY sM
DATUM . Ceodetic DATE February 14 and 15, 1990 CHECKED BY 58
o W [BYNAMIC CONE PENETRATION
501t PROFIE SAMPLES :‘:_'th a‘ RESISTANCE PLOT » NATLRAL fet
=z & LSHC wostuee UOUR] L T pepappe
= w | EC} @ w40 80 80 oo [T contewr wwir ) SO
ol @ Ch:-—” = 1 h 1 f v Wp W w,{ Sw 2
ELEV DESCRIPTION “lal o o zg C [SHEAR STRENGTH kPo i O . F | GRAIN S17E
bEpTH 5 Sl Z | S188] & |ounconane  + mew vane ATER e y |DISTRIBUTION
g1z 5 | &Y D | ouck TRAKIAL X 1aB VaNE wi CONTENT (%) (%}
314.6] Ground Surface @ £ * o 50 100 15 30 45 kN/m® JGR 5A $1 CL
0.0} Topsoil: 200 mm Bl
CLAYEY SILT T0 iq
SILTY CLAY |} 114
varved, M M
grey, %
T M ‘ (]
firm /1 51 88 3 i8.5
L]
]
:
|, 313
A s|ss| 2 °lw.7{0 27721
'U
] + 57,3
g
711 3] 58] 3 \ ol 1605
11 312
a/,
V] + $e8.9
L1
ZIERES 6 °© 18.8
]
4! 3
%
L ]
Iq
Uslss| 2 ° 18.9
1%
310.0 ?/ +5k8,3
r Ll 10
+&6] SAND .
fine to medium, .61 ss 16 °
grey, L
compact .
109.0 - 17 55 75 109 =)
5.6] GNEISS BEDROCK
grey with pink
feldspar, strong, Rt | rEC
coarse grained, sxr |100% RQD 63%
vertical fissure
filled with bilotite,
fair quality 3os
307.7]
6,9| End of Borehole
*Creck level, 20cw abope drouhd level,
at clevation 314.8 m

+3, % ; tlumbers refer to
Sensitivity

20
1555 {%) STRAIN AT FAILURE
10




OFFICE HEPORT ON SOt EXPLORATION

310.8

@)
Tratgotation
Orandio
RECORD OF BOREHOLE No 3 METRIC
WP 89-88-00 LOCATION Sta. 21+573,6 m, 5.0 m Lt of £ of Pro, Huy 518 ORIGINATED #y _SB
pisy 11 HWY 518 BOREHOLE TYPE __ BXY Rock Core COMPILED &Y ___ SH
pATyM _ Geodetic DATE February 19, 1990 CHECKED BY SB
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RECORD OF BOREHOLE No 4

METRIC

WP 89-88-00 LOCATION Sta, 21+572.0 m, 5.0 u Rt of &€ of Pro. Hwy 518 ORIGINATED BY 8B
oisT 1L kwy,. 318 BOREHOLE TYpPE _ - BXT Rock Core COMPRLED BY _ SM
DATUM . Geoodetic DATE February 20, 19%0 CHECKED BY sg
DYNAMIC CONE PENETRATION
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Oriano
RECORD OF BOREHOLE No 5 METRIC
WP 89-88-00 LOCATION Sta. 21+4547.8 wm, § of Proposed Hwy 518 ORIGINATED BY 5B
oist __ 11 HWY 518 BOREHOLE TYPE Hollow Stem Auger and BXT Rock Core COMPILED  8Y SM
DATUM _Geodetic DATE Febraary 19, 1990 CHECKED BY sB
DYNAMIC CONE PENETRATIO
SOIL PROFILE SAMPLES | &, | Z [Resisrance plar NETRATION NATURAL -
=5 5 PMASTIC  ponsrone GOUm | o T REMARKS
= $5| = 20 40 60 80 100 |UM™T cowrewr wmr} SO
Ofe o & 1 i i f 1 W w W, w &
P18 TS e dt e =] (N :3
ELEV 8] w| 21285 & [sHEAR STRENGTH \Po —_— GRAIN SI1ZE
HEETD DESCRIPTION = > L 5Z - DISTRIBUTI
DEFTH {5 &> |38  |ovnconamen  « mapwaNel o e el Y IBUTION
g1z 5 | 8Y | & |oouck thaxial  x ap vane |WATER CONTENT{%) %)
315.2 | Ground Surface i E = 50 100 15 30 45 GR SA S €L
0.0 Topseil ($ilt with i A
organics): 310 mm '), M 315
CLAYEY saNpY st -
roats, oxidized, V]
yellow-gray, '/’
compact ke B ¥
L ss | e o
! 314
313.8 4’(“
1.4 | CLAYEY SILT T0 LV
SILTY CLAY V
varved, 2} 588 4
grey, Py
stiff to firm Y] °
/] 33
.
,/
s
//“ 8
//,
/i 3185 | & 312
% >
vdl
//,
r/, & fen -
|/ x
' 2
310.5 d + kel
4.7 sanp -
finc to medium, L.
310.0 | grey, compact L. s-]€8 110 [+]
5.2 ] Probable bedrock @ 5.2

End of Borchole

+3, 5 ; Numbers refer to

Sensitivity

20
15 &5 {*) STRAIN AT FAILURE
10




OFFICE REPORT ON SO EXPLORATION

Omaro
RECORD OF TEST-PIT Nog METRIC
wp 89-86-00 LOCATION Sta. 21+4581.6 m, ¢ of Proposed Hwy 518 ORIGINATED By 5B
oisT 1L HWY 318 BOREHOLE Typg __ Test Pir by Backhoo COMPILED 8y SM
DATUM . Geodetie paTE February i4, 1990 CHECKED BY __ SB
CYNAMIC CONE PENETRATION
SO PROFILE SAMPLES ‘.‘:_S"‘ g RESISTANCE PLOT ' nasre NANRL ‘J*:
151 ¥ toa  Mowstore WO | e s | REMARKS
8 w | 2R 9 20 40 60 BD 100 COHTENT ZU p
218 Llak] 2 e Wp w w, | Sw
LLEY, DESCRIPTION Slmi & | 2|28 C [SHEAR STRENGTH Po D S— 2 | GRAIN SIZE
DePTH 151 25|88 § |ovmconameo  « mevane| oo oo |y [DISTRIBUTION
x|Z » &Y T | QUICK TRIAXIAL % LAB VANE ER CONTENT (%) {%)
15 6§ Ground Surface v - w 15 30 4 GR SA St CL
0.0 Topsoil: 250 mm oy
SARDY LOAM o
cobbles, boulders, ':‘?.‘
rock fragments - 315
o
?:5 1| s )
314.4 | Probable bedrock @ 1.2{° M
1.2} End of Test Pir “
+3, x5 ; Numbers refer 1o

Sensitivity

20
1545 ("W} STRAIN AT FAILURE
10




OFFICE REPORT ON SO EXPLORATION

(@)
Traraponation
RECORD OF BOREHOLE No 7 METRIC
w P 89-88-00 LOCATION Sta. 21+366,2 m, § of Proposed Hwy 518 ORIGINATED BY _ SB
pisT_ 11 HWY sie BOREHOLE TYPE __ Wash Boring from Raft compien By M

at elevation 314.8

DATUM _ Geodetic DATE February 21, 1990 CHECKED BY SB
wr DYNAMIC CONE PENETRATION
SOiL PROFILE SAMPLES ;ﬁ_w 2 | REsisTANCE PO NATURAL b
=1 3 MASTIC  jogerony tOUO | REMARKS
= n S0 20 40 60 80 oo '™ conrmr wMt | SO
Ble| |B|22| 2 b 20 %0 0 1w, “w  w|38| @
Ty DESCRIPTION Sl2| g | 2|25 | O [SHEAR STRENGTH kPo —_—— 2 | GrAIN SiZE
DEFTH =131 2] $|88] & Jouwonmmer  + e vane |y |PSTRIBUTION
212z 5 €Y% & |ecuck rriamal  x as vang |WATER CONTENT (%) (%)
3141 Creek Bottem i B w 50 " 100 15 0 45 GR SA $1 €L
0.0} ALLUVIAL SAND, SILT ‘:_" : 314
ARD CLAY um s 4
wood pleces, Wopd
organics, _';:"_'
black=grey, e
313.2 | very leose o
0.9] SARD R ET 4
some silt, grey, " 313 o
very lovse .
312.3| Probable bedrock @ 1.8|* -] 2 | 58 | 50 ©
1.8] End of Burehole ¢
*Creek level, 70 cm abpve frojmd lbvel

+3, x5 : Numbers refer ta
Sensitivity

20
15 -5 {%) STRAIN AT FALURE
10




REPORT ON 501 EXPLORATION

OFFICE

@
of
Teanaportation
RECORD OF BOREHOLE No 8 METRIC
we 89-88+00 LOCATION Sta. 214557.2 m, ¢ of Proposed Huy 518 ORIGINATED BY _SB
pist 11 HWY 318 BOREMOLE TYPE __ Cone Test COMPILED 8Y SN
bATUM . Geoduric DATE February 19, 1990 CHECKED &Y SB
s DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES §£ 3 |resisrance piot \ s AT Lk _
g 3 LT contemt Lt | =0 EMARKS
5 w |32 ” 20 40 &0 80 100 ZZ 4
et a g ok 4 L L Wp w w, :’3
ELEY DESCRIPTION ElEl w2128 & |sHEAR STRENGTH kPo et GRAIN SIZE
DEPTH |51 Z 12126 5 |ounconmmen o riewo vane ATER CoNTEnT (| ¥ |DSTRIBUTION
. 21z 5 | 9] & |oouex rraxia x 1as vang |WATER CONTENT%] {%)
314,5 | Ground Surface n - [ GR SA 51 L
0.0 | Probable varved ’
clayey silt teo ¥
silty clay 11
1A 314
1]
LA (
A
A
4 £
//
/)’ i1
V]
//
1]
/
11
// 112 -
A
//,
1
//,
4 H
A Il
5
//,
//*
f |
%
// 310
309.6 4
4.9 | Probable sand 4
T 309 y

108.8 | Probable bedrock

5.7] End of Cone Test

{Rod |bounping)

+3, x5 : Numbers refer 1o
Sensitivity

20
18 -5 (%) STRAIN AT FALURE
10




OFFICE REPORY ON S5OIL EXPLORATION

@i
s T
RECORD OF BOREHOLE No 9 METRIC
WP 89-88-00 LOCATION Sta, 21+566.2 m, 7.0 1 Lt of & of Pro. Hwy 518 ORIGINATED BY 5B
OIST .l HwY 518 BOREHOLE TYPE__Cone fest COMPILED BY M
DATUM ._Geodetic DATE February 21, 19%0 CHECKED BY L3
O1L PROFI AMP o w | DYNAMIC CONE PENETRATION
SOU PROFILE s L8 I‘-‘-"é‘ T JRESISTANCE PLOT mastic MATOMAL Loue ._E R
! v T Egutiar Lt | = O EMARKS
= w | 20w 20 40 &0 B0 100 z9
Cle [ = L A A J L W w w, | oW &
£lev SESCRIPTION ElZ e | 2|85 & [sHear STRENGTH P — % | orain size
DEPTH w51 2| 2138 ] & |ounconnmes "+ mie vane WATER conTent ()| ¥ [DETRIBUTION
212 H {EY ] & |eouck TRiaxiaL x Las vANE %) (%)
114,2 | Creek Botvom 1) = w GR SA 51 (L
0.0 | Probable alluvial
deposit 3is
{sandy, $1lt and clay)
very loose to loose
313
312,2 | Probable bedrock IR nac®
2,0 End of Cone Test {Rod jbounting)

*3‘ o : Numh‘au refer to
Sensitivity

20
1545 () STRAIN AT FALURE
10




OFFICE REPORT ON 501 EXPLORATION

RECORD Of BOREHOLE Nol0O

METRIC

[ 89-88-00 LOCATION Sta., 21+566.2 m, 7.0 m Rt of € of Pro. Huy 518 ORIGINATED By _SB
oISt 1l Hwy 518 BOREHOLE TYPE ___Cone Test COMPILED BY ___SH
DATUM . Geodetic DATE February 21, 1990 CHECKED BY SB
w  JOYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ém % |Resistance pLot e NATUtm 5
25| ¥ omir Rt et | S5 | REMARKS
= w | EQ] @ 20 40 80 80 100 conte zZ=
9 ﬁ w (A: z 1 1 1 ) 1 Wp W W; e et &
ELEV DESCRIPTION 18] w2198 & {sHear strencTH wPo — s 2 | gran s1ze
DEPTH EINEE 85 1 |0 UNCONFINED  + FIELD VANE " rent il Y DISTRIBUTION
g1z 5 &0 2 |eouck rhaxar  x ap vane |WATER CONTENT (%) (%)
314,11 Cresk Bottom i . W . GR SA S1 CL
0.0} Probable alluvial - 314
deposit -
{sand, silt and ¢lay) L .
very loose to loose [
] 313
s ]
312,0] Probable bedrock :__"." K1Y e
2,1} End of Core Test o (Rod] bounting X

+2, x5 : Numbors refer 1o
Sensitivity

w0
1545 () STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Oevmrics -
RECORD OF BOREHOLE Noll METRIC
we 89-88-00 LOCATION Sta. 214562,2 m, ¢ of Proposed Hwy 518 ORIGINATED BY __SB
oisT M HwWY 518 BOREHOLE TYPE Cone Test COMPILED BY SM
DATUM .. Geodetic patt February 21, 1990 CHECKED BY SE
OYNAMIC CONE PENETRATION
SOt PROFILE SAMPLES | & | % |Rrsistance Pior P Y I
€z b [ 2‘8",'{:5 wt ] £0 REMARKS
= w | EO| @ 30 40 60 80 100 " == &
9 ﬁ w at > 1 1 1 i i Wp W W, QS
FLEV RIPHO ElE]| ] 2158 © [SHEAR STRENGTH kPo SRS ——, GRAIN $1ZE
BEPTH OESCRIPTION i3] 2| 2138 & |ounconaned v meovane) o oo |y [PISTRIBUTION
é < 2 | 8% % o QUICK TRIAKIAL % LAB VANE | W (%) (%)
314.3] Creeck Bortom » ® w GR SA 51 ¢}
0,0| Probable alluvial gt
deposit ':“.; 314 N
{sand, silt and clay) L. -
o
=
e
-
= 313
-
Probable varved :/
clayey to #ilty clay v
L
#
// 312
1]
//
4 1
11
U
//
|/ 311
A
//,»
310,31 d
4.0] Probable sand M
compact - 110 \
309.4] Probable bedrock V‘“" L
4,91 End of Cone Test ] (Rod {bouniing)

+3, x5 ; Numbers refer to

20
1 ") STRAIN AT FARUR
Sensitivity s ;%‘5 A)s ) &




OFFICE REPORT ON SO EXPLORATIOM

Teardpotation
Ontirio
RECORD OF BOREHOLE No 12 METRIC
WP 9-88~00 LOCATION Sta, 21+564.4 m, € of Proposed Hwy 518 ORIGINATED BY _ 58
pisT 11 HWY 518 BOREHMOLE Typg _ Cone Test : COMPUED BY _ SH

DATUM _Geodetic DATE February 21, 1990 CHECKED 8y .. 5B
usr | DYNAMIC COME PENETRATION
SOIL PROFILE SAMPLES | & | 2 |sessrance mior — =
b3 b PLASTIC  mensr uowe § L
g2 o thnst AN o REMARKS
b w |29 V¥ ‘20 40 60 80 w00 | coNTEnT L z0
21 wilak] 2z 4 4 4 . . Wo w Wi o8 &
RN DESCRIPTION 12l @ | 2188 | O [SHEAR STRENGIH uho gt | F | GRAIN SIZE
pEFTH w51 Z | $1388] 5§ [ounconane  + fieo vane warer content )| 7 |PSTRIBUTION
gz 5 |9 & |oouckTranat  x was vane o % (%)
114.3 | Creek Bottom v ¥ w GR SA 51 €L
0.0§ Probable alluvial -
deposit L 314
{sand, silt and clay) L v /
W
LI
Vi
- e
Pl
+
Wt
- 313
312.8 -~
1.5} Probable varved /V
clayey silt to 1 L
silLy clay } /]
9
//’ 312
,/
//‘
/f
4 £
1]
//I 311
) \
310.6 d }
3.7| Probable sand e Z
compact -
e 310 \\
309,41 Probable bedrock . e
4.9] End of Cone Test (Rod {bount ing)

+3, &% ; Numbers refer to
Sensitivity

20
15 45 {%] STRAIN AT PAILURE
10
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Ontario
To: ' P. Furst, P. Eng. :  Date: 95 04 27
 Head, Structural Section
" Northern Region
 Attn: P. Stuart, P. Eng.
From: Pavements and Foundations Section - Tel: (416)235-3731

Room 315, Central Building Fax: (416)235-5240

Subject: "Hwy 518
W.P. 89-88-00, Site No. 44-139
Crossing at Bear Creek
District 52, Huntsville

We refer to your memorandum dated 95 04 19. Items 2,3 and 5 are noted. Regarding

_item 1, you have indicated ‘Excavation of alluvial soil will be to firm bottom with the
actual limits determined in the field’. We still have concerns on specifying excavation
of alluvial soils. According to the consultant’s foundation report, alluvial deposit was
found in only half of a sample and the rest of the subsurface profile on alluvial soils
was apparently based on speculations from dynamic cone test results. To remove soft
material to firm bottom, excavation may have to be taken down to El 311 +m
according to BHs 11 and 12. If no or very little alluvial material is encountered
during construction and excavation is taken down to firm bottom at great depths, this
may lead us into a claim situation since there are major variations in the contract.
In our opinion, it is more advisable to specify a partial excavation elevation, say EL
312.8 m. There will still be some soft silty clay left but as you have indicated, this is
a low volume highway and some settlements are tolerable and can be rectified by
subsequent maintenance works.

id

" David Kwok, P. Eng.
Project Foundation Engineer
for
, , Tae Kim, P. Eng.
c.c. A. Devolin Senior Foundation Engineer



Ontario
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To:

From:

Tae C. Kim, P. Eng. April 19, 1995
Senior Foundation Engineer

Pavements & Foundations

Dowrngview

Structural Section
Northern Region

Subject: Bear Lake Culvert, W.P. 89*88~00

Site 44-139, Highway No. 518

ke R W e e e TN T e DS B W T S e e

In response to your letter on this project, I make the following
response. A copy of the contract package was sent to the Pavement

and Foundation Section (see attached invoice). It may have been
reviewed by one of your predecessors or lost in the section when
one of the changes in respongibilities was made. Comments on

specific points in your letter follows:

1&

2.

Excavation of alluvial soil will be to firm bottom with the
actual limits determined in the field.

We recognized the possibility of excessive settlement west of
the culvert. Environmental constraints make it impossible to
schedule a significant preload period. Our rational was that
this was a low volume surface treated road. If settlement was
excessive we would repair the following summer by fine grading
and applying new surface treatment.

The contract shows the approach fill as earth and references
the OPSD 200 series which defines the slopes as 2 to 1.

You have the original for the soil stratigraphy drawing.

peter Stuart, P. Eng.
Structural Engineer

ce

A Develiw

PS/pk



memc®andum @ ®

Ontario

To: P. Furst, P. Eng. ~ Date: 95 04 10
Head, Structural Section : »
Northern Region

Attn: P. Stuart, P. Eng.
From: Pavements and Foundations Section Tel: (416)235-3731
Room 315, Central Building _ Fax: (416)235-5240

Subject: Hwy 518
W.P. 89-88-00, Site No. 44-139
Crossing at Bear Creek
District 52, Huntsville

We have recently been asked by Contract Management Office to prepare some
contract document for the above project. Qur records indicate that we have not done
any drawing review on this project (preliminary or final). We have therefore obtained
a set of drawings from CMO and based on our review, we have the following
comments: ’ :

1. Typical Sections on sheet 2 indicate subexcavation of alluvial deposits. Taking a
close look at the subsoil investigation data, it appears that the boundary between
alluvial deposits and the underlying subsoils is ‘guestimated’ based on cone tests
from BHs 8 to 12. There is only half a sample in BH 7 that contains alluvial
materials. Due to the lack of data to properly define the extent of the deposit, it is
recommended to specify the scope of excavation in terms of elevations. Bottom of
the excavation should be taken down to elevation 312.8 +m. The extent of the
excavation in cross-section should be defined by a 1H:1V excavation slope that
extends from the bottom of excavation to the existing ground surface,

2. With the culvert sitting on bedrock, the above subexcavation between Sta. 21+555

to 214570 and no excavation further west, there will be some differential
- settlements between the west approach and the structure. The current \

recommended subexcavation will serve as a transition zone. However, to minimize
the differential settlements, it is recommended that the west approach be
constructed at an early stage of the construction and preloaded for as long as
possible prior to construction of the approach slab and the final paving. For the
east approach, removal of surficial organic materials is required prior to
placement of fill.

- 3. Rock fill slopes can be constructed to 1.5H:1V. For earth fill, 2H:1V slopes are

recommended. The proposed slope geometry should be indicated in the typical
sections. A 300 mm thick Granular ‘A’ layer can be used to replace the geotextile



e

e i L e

e B R RR et sae e v L s e e n

9.

behind the rip-rap as a filter. There are concerns on the long term performance of
the geotextile and the possibility of it forming a potential slip surface.

-4, No major dewatering measure is required for the construction of the culvert. The
existing overburden is generally of low permeability and water in the excavation
can be removed by conventional sump pumping. However, in view that the water
level in the creek is close to the excavation level and in case that there is excessive
flow into the excavation, a cohesive lining can be constructed on the west side using
on site clayey material to minimize the seepage. Alternatively, tremie concrete can
be used for under water concreting.

5. The drawing that shows the subsoil stratigraphy is not available for comments.
Please send this drawing together with the final drawings for review when the
above required amendments are made.

: \
—— M‘h
/e
Tae Kim, P, Eng.
Senior Foundation Engineer



memdrandum @

Ontario

To: P. Furst Date: 1990 03 23
Head, Structural Section
Northern Region

Atten: P, Stuart

From: Foundation Design Section
Room 315, Central Building

Re: Foundation Investigation and Design Report For
Bear Creek Structure
W.P. 89-88-00, Site 44-139
Hwy. 518, District 11, Huntsville

The Foundation Design Section retained Mcclymont and Rak
Engineering Inc., consulting geotechnical engineers, to carry out
a foundation investigation for the above-noted project. The
Foundation Investigation and Design Report is forwarded under
cover of this memo.

After preparing the consultant agreement, this office provided
technical supervision including the establishment of terms of
reference and careful review of the consultant's proposals and
progress at all stages of the project. Several meetings were
held with the consultant during which our comments were
incorporated into his report. The Foundation Investigation
(factual) portion of the report was reviewed only for format, and
its accuracy and completeness are the respans;ublllty of the
consultant. The Foundation Deslgn (recommendation) portion of
the report has been carefully reviewed by this office based on
the subsurface information provided by the consultant.

The following comments supersede the Foundation Investigation and
Design Report:

1) Regarding 'Structure Foundtions for Bridge Structure' on
Page 7, rock fills should be 1.5 H:1V or flatter above
the ground surface. Rock fill below the ground surface
may be as steep as practical.

2) Regarding 'Approach Fills' on pages 6 and 7 it is
understood that this is a secondary road and that minor
settlements can be tolerated. In this case the approach
fills should be constructed directly on top of the
existing ground surface. Total settlements may be up to
0.3 m, but over half of this should occur during the
preload. If no settlement can be tolerated, the
overburden under the plan limits of the fill should be
subexcavated to bedrock.

7540-1478 (5/84)



3) Regarding 'Lateral Earth Pressure' on Page 7, rock fill
may be used as backfill to structures. Also the active
earth pressure coeffient will apply if the structures are

yielding.

If the structures are unyielding the at-rest

earth pressure coefficient will apply.

If there are any dgquestions regarding the report or during the

design please contact this office.

DD/mm3j

Distribution

c.¢. - P,
J.
K.
S.
K.
S.
G.

Furst (2)
Mchougall
Williams
Wilson (2)
Bassi
Dunham
Szekreny

File

B

i ggkwwwiﬁ

D.H. Dundas, %. Eng. ,
Sr. Foundation Engineer

for

M. Devata, P. Eng.
Chief Foundation Engineer
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BACKFILL FOR CULVERT

BACKFILL FOR WINGWALL

APPLHK
OPSD-39

DIST . 11 HWY 518
§4=338

CONT- No
WP “No 89-88-01

SHEET
BEAR LAKE CULVERT
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