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FOUNDATION INVESTIGATION REPORT
FOR
CPR Subway at Pakenham (Revised)
(Including Proposped Detour Alignment)
W.P. 43-72-02; Site 15-15
Highway 15, District 9, Ottawa

INTRODUCTION

. This report summarizes the foundation investigation for the proposed bridge

replacement and detour at this site.

The invektigation is applicable to the proposed CPR replacement structure,
its immediate approaches and the proposed CPR detour alignment. This ares
extends from Sta. 17 + 760 to Sta. 17 + 860, 20 m left and right of Hwy. 15

centerline,

SITE DESCRIPTION

This site is located at the existing CPR subway over Hwy. 15 in the town of
Pakenham, Township of Pakenham, County of Lanark. The CFR subway is ap~
proximately 500 m south of the south intersection of Hwy. 15 and County Rd.
20. '

The topography of the immediate area is flat, except for the existing 5 + m
high CPR embankment, extending from the southeast to northwest across the

gite.

The site is drained by the Mississippi River which flows to the north and
is located approximately 200 m east of the site.

Geologically, the site lies near the western extent of an area that was
inundated by a post-glacial sea. At this location marine clays were
deposited over generally non-cohesive till deposits underlain by limestone

bedrock.
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The alignment of the,-proposed structure replacement coincides with the
alignment of the existing 6.5 + m wide structure (stone masonry
abutments). The proposed detour alignment is approximately 34 m (along the

Hwy. 15 revised alignment) to the south.

FIELD INVESTIGATION

The field investigation for the structure replacement was carried out
between 86 08 26 and 86 08 30 utilizing a skid-mounted diamond drill
equipped with N and B size casings and a B core barrel. ‘The field inves-
tigation for the detour was carried out between 87 08 1l and 87 08 13
utilizing an auger machine equipped with 82 mm I.D. hollow-stem augers, B-

¢asing and B-core barrel.

For the structure replacement investigation, boreholes were advanced at
each quadrant, as close as possible to proposed abutment locations, but
outside the 20 m restriction imposed by ﬁhe CER. The boreholes were
located on the slopes of the railway embankments, and required extensive
use of cranes and platforms to facilitate placement of the drill. For the
detour structure, boreholes were advanced near the proposed edges of each

temporary abutment .

Drilling techniques for the replacement structure investigation were
subject to CPR restrictions which required careful control of wash water

and limited hammering.

Bedrock samples, up to 3 m in length, were collected, using a B-size core
barrel at each of the 8 borehole locations. The overburden was sampled
using a split spoon to obtain disturbed samples and standard penetration
test results in both cohesive and non-cohesive materials, Shelby tube
samples were collected and field vane tests were conducted to determine
undrained shear strength characteristics of the overburden. The shelby

tube samples also provided consolidation characteristics of the overburden.



Groundwater . elevations were measured in open holes at eath borehole
location. At two boreholes, the stabilized groundwater elevations ware

determined by monitoring the water level over one to three day periods.

As required by the CPR, the existing bridge was monitored for possible
movements during the course of the field investigation for the replacement
structure, Eight baselines were established to facilitate the monitoring
of 44 points on the bridge. No movement of the CPR structure was detected
during the field investigation. In addition, the 8 MTC boreholes were
surveyed to determine location and elevation. The surveys were conducted
by B. L. Madden and (. Ryan of the Eastern Region Surveys and Plans

Section.

LABORATORY ANALYSES

Laboratory testing was carried out on representative samples to determine
"undrained shear strengths, consolidation characteristics, unit weights,

Atterberg Limits and grain size characteristics of the overburden material.

The bedrock core samples were evaluated to determine the geological

formation and rock guality.

The results of the laboratory analyses are illustrated on the Record of

Borehole Sheets.

SUBSURFACE CONDITIONS

The Record of Borehole Sheets in the Appendix illustrate the subsurface
conditions at the borehole locations. The boreholes are referenced as BH
#l to BH 8. Four additional boreholes, prepared by Wilf Ohlmann
Geotechnical Services Ltd. for the CPR and provided‘to the Ministry of

Transportation for reference are identified as CPR #1 to CPR #4 and



appended. These boreholes are included for completeness and the Ministry
of Transportation does not assume any responsibility for their accuracy.
The locations and elevations of the Ministry of Transportation boreholes
- and stratigraphical profiles based on the borehole data, are shown on
Drawing No. 437202-A. ** ’

At the replacement structure alignment the overburden consists essentially
of 5.5 + m of silty clay £ill of intermediate plasticity overlying up to
4 + m of natural overburden consisting of moderately sensitive marine clay

and glacial till.

At the detour structure alignment the overburden is up to 4.7 m deep and
consists primarily of marine clay and glacial till.

Overburden
FILL MATERIAL
The existing CPR fill extends for depths up to 5.7 m.

Based on the borehole data provided by the CPR, the upper 1.4 m to 2.1l m of
the fill is sandy silt (ML) some clay, containing variable amounts of
gravel.  This material is essentially non-cohesive but it does exhibit
slight cohesion. The results of an isolated Standard Penetration Test,
('N' value) indicate that the granular fill is in a very loose state on the
slopes. This material is ptobably-in a loose to compact state beneath the
CPR tracks.

Underlying the surficial granular material, the remainder of the CPR £il) -
consists of silty clay of intermediate plasticity, trace/some gravel,
trace/some sand. This material has been mixed with traces of organics at
the lower 0.5 m of the fill at BH #1.  Properties of the‘cohesive f£ill
material, as determined from field and laboratory tests, are summarized as

follows:

NOTE: Refer to Drawing No.2 of the Contract Package



Range Averape Median
Moisture Content (w) 19.5% - 37.5% 28.9% 32.0%
Liquid Limit (wy) . 34,5% - 52,0% 44, 5% 46.0%
Plastic Limit (wp) 16.52 ~ 26.0% 21.9%7 21.5%

Shear Strengths (¢y)
~ field vane {undisturbed) 68.0 kPa

to over
112.0 kPa N/A N/A
-~ field vane (remolded) 6.8 kPa N/A N/A

Based on 'N' values ranging from 3 to 7, and the field vane undisturbed
shear strength value of 68 kPa, the cohesive £ill is in a soft to very
stiff (generally firm to stiff) state. Remolded shear strengths indicate a

sensitivity value as high as 10,

Figure ! illustrates a typical grain size distribution for the c¢ohesive CPR

fill material.
At the detour alignment, 1.2 m of compact sand fill was encountered at BH.
#8.

SILTY CLAY (C1)}; TRACE SAND

This marine clay deposit was encountered at BH #3, #4, #5, #6, #7 and #8

"where it extended for thickness ranging from 1.7 m to 4.7 m. Traces of

organics were present in the upper 0.5 m of this deposit at BH #4.

- This material has intermediate plasticity and moderately high sensitivity.

Properties of the material as determined by field and laboratory tests, are

summarized as follows:



Range
Moisture Content (w) 33.5% -~ 47.0%
Liquid Limit (wy) 48.0% - 53.0%
Plastic Limit (wp) ©20.5% - 26.5%
Shear Strengths (cy)
~ unconfined compression 19,1 ~ 49.]1 kPa
~ field vane 30.0 -~ 76.0 kPa
- unit weight (X) 16.8 - 17.6 kN/m3

Based on 'N' wvalues and the undrained unconfined compressive strengths,
this materials is in a soft to very stiff state. The typical 2.5% strain

at failure illustrates the brittle nature of this sensitive marine clay.

Figure 2 illustrates a typical grain size distribution for this material. .

SILTY SAND; TRACE/AND GRAVEL, TRACE/SOME CLAY

' This till deposit was encountered beneath the f£ill material at BH #2 and
beneath the silty clay deposit at BH #3, #4 and #B8. At these locations it
extends for thicknesses ranging from 0.7 m to 3.6 m. Traces of organics
were present in the upper 0.5 m of this deposit at BH #2. BHigher propor-

tions of gravel were present in BH #4.

Properties of the material as determined by field and laboratory tests, are

summarized as follows:

Range
Moisture Content (w) 7.04 - 11.5%
Liquid Limit (wp) 12,0% - 17.0%

Plastic Limit (wp) 10.0% ~ 11.5%



Based on 'N' values ranging from 14 to over 60, the material is in a
compact to very dense state. Portions of the material exhibit slight

cohesion.

Figure 3 illustrates a typical grain size distribution for this material.

Bedrock

" The bedrock consists of limestone of the DOttawa formation. Detailed
descriptions of the core samples are provided in Tables 1 and 2. of the

Appendix.

The £ill material is directly underlain by bedrock at BH #1. At BH #2, 3,
4 and B bedrock underlies the silty sand till deposit. At BH #5, 6 and 7,
bedrock underlies the silty clay deposit.

At the proposed replacement structure boreholes, the bedrock elevations
raﬂge from 87.4 + m to 93.2 + m. The bedrock dips gradually towards the
south., Thé core recovery values and the rock guality designation values
indicate that the rock is in exceéllent condition,. 4 shallow weathered
bedrock 2zone, approximately 0.3 m in thickness was encountered at the

bedrock interface.

At the proposed detour alignment boreholes, the bedrock elevations range
from 87.7 + m to 8.0 + m.

GROUNDWATER

The groundwater elevations at the proposed replacement structure that were

measured at the time of the field investigation are indicated in the

following table:
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Borehole Eroundwater Elevation
#l 92.7 m
#2 91.9 m
#3 93.2 m
e , 94.2 m

Due to aﬁ inadequate period that.was available to maintain open boreholes,
the water levels in BH #3 and BH #4 are not considered to be stabilized.
However, the water levels in BH #1 and BH #2 are considered to be more
fapresentative of stabilized conditions. The stabilized water level is
interpreted to coincide with the top of the silty sand till deposit.

At the proposed detour alignment, stabilized groundwater elevations were

MISCELLANEOUS

The field investigation for the permanent replacement structure was carried
out under the supervision of J. Duffield, Engineering Student. The eguip-
ment used was owned and operated by Marathon Drilling Co. Ltd. The des-
cription of bed;ack ctore samples was carried out by E. Magni, Geologist,

The field investigation for ths detour structure was carried out under the
supervision of J.M. Jolink, Engineering Student., ‘The egquipment used was
owned and cperated by Johnston Drilling Co. Ltd. The deseription of the

bedrock core samples was carried out by S. Senior, Geologist,

The report was written by D. Dundas, Senior Foundations Engineer and re-
vieved by M. Devata, Chiefrruundatians Engineer (East).

DA Dty

D. H. Dundas, P. Eng.

Sr. Foundations Engineer
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DESCRIPTION OF ROCK CORE - W.P. a372-02

BOREHOLE CORE DESCRIPTION
NUMBER | DEPTH (m) - |% CR* |%RQD*| DEPTH (m) : DESCRIPTION
1 2.90 - 3.05 50 0 2.0 ~ 3.05 LIMESTONE, buff, moderately weathered _
3.05 - 4.30 88 57 3.06 - 3.44 LIMESTONE, grey, slightly weathered, with oxidized, closely spaced,
4.30 - 5.87 92 88 s %
horizontal joints
3.44 - 5.87 LIMESTONE, grey, unweathered, closely to medium spaced joints
2 6.61 - 7.95 89 60 6.61 ~ 6.81 LIMESTONE, weathered, core loss
7.95 - 9.48 100 43 6.81 - 9.48 LIMESTONE, grey, unweathered, closely to medium spaced joints
3 7.01 - 7.14 60 | 0 7.01 - 7.32 BOULDERS
7.14 - 7.32 57 57 _
739 - 8.12 78 78 7.32 - 7.55 LIMESTONE, weathered, core loss
8.12 - 8.69 82 82 7.55 ~10.14 - LIMESTONE, grey, unweathered, closely to medium spaced joints
8.69 ~10.14 93 42
4 5.62 -~ 6.59 84 37 5.62 ~ 5.79 BOULDERS and possibly weathered limestone, core loss
6.59 - 7.99 98 70 579 - 7.99 . LIMESTONE, grey, unweathered, closely to medium spaced joints
« CR:= CORE RECOVERY ; RQUD = ROCK QUALITY DESIGNATION TABLE 1

Sl



DESCRIPTION OF ROCK CORE =~ WP 43-72-02

CORE RECOVERY

CORE DESCRIPTION

HOLE DEPTH %CR* | XRQD#* DEPTH DESCRIPTION

# (m) (m) ,
4,72= 6.25| 100 Gl 4,72- 7.77| LIMESTONE, grey to grey brown, banded dark grey,

5 spotted white; dense, fine grained; medium strong rock;
6.25- 7.77] 100 45 unweathered; very close to closely spaced [ractures.
4.27~ 5.79 93 26 4.27- 7.32| LIMESTONE, light tan brown to medium blue~-grey, banded

6 dark grey brown, spotted white; dense, fine grained;
5.79- 7.32 83 23 medium strong to strong rock; unweathered; very close

to closely spaced fractures.
4.27- 5.79{ 100 63 4.27~ 7.32| LIMEBTONE, medium grey brown to dark grey, banded dark
grey brown, spotted white; dense, fine grained: medium

7 5.79~ 7.32] 100 78 strong to strong rock; unweathered; closely spaced

fractures. :
4.57- 6.10 95 28 4.57- 7.62] LIMEBTONE, light grey to medium grey brown, banded

8 dark grey brown, spotted white; dense, fine grained;
6,10~ 7.62| 100{ 48 medium strong to strong rock; closely spaced fractures.

*CR = CORE RECOVERY

*RQD = ROCK QUALITY DESIGNATION

TABLE 2

9l
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CPR * \
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CPR *
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- — 35%¢n 1004 recovery
= . RnQnDQ%si
a0 —
45 —
50 — * Prepared by Wilf Ohlmann Geotechnical
- Services Ltd. for (PR,
55 —
60 —
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RECORD OF BOREHOLE No 1 METRIC
WP _, 4372402 LOCATION __STA, 17 + 854.5; 0/8 11.9 m Lt. ¢ Hwy, 15 ORIGINATED BY JD
DisT S MWy 15 BOREMOLE TYPE K Casing, B Core COMPILED BY __BD
DATUM Geodetie DATE B6 DB 26-27 CHECKED BY 1]
™ w IDYNAMIC CONE PENETRATION
SOl PROFILE SAMPLES i o ] RESISTANCE PLOT wasne NATUMG L ».; REMARKS
g2 W Limty CONTENT  LIMIT -
he w | BC ] w0 20 40 o0 8O 00 2= X
Ofw w =z L i . . ! Wp w W, { Dw
ELey BESCRIPTION gl w3 %% § [SMEAR STRENGTH «kPa U L Gig%lr; ?]éi:
IPTI R EE-EE e DISTRIBUTI
DEPTH w323 g | © UNCONFINED + FIELD VANE N ¥
£z z gu L |eouck Triaxal  x (ap vane | WATER CONTENT (%) {%)
&
96.1 GROUND SURFACE »n - w 2 40 60 BD  1pD 2 4p 60 GR SA 51 CL
0.0 . 1A 96
Vg
8ilty Clay (c1) ve
trace/some gravel ¥
trace/some sand A lss s
firm to stiff 4 95
(FILL) 12 188 |7 et 6 9 4b 41
grey q
r/ +10§.
1 94
W1]3 [ss |5 oy 214 34 41
e e
83.2 trace organics |
2.9 weathetred =~ | RC _fecoly. 52
utiweathered
rec
Bedrock 5 | Re "
Limestone 887 186 0827
oce. fissure 5 92
)
/. rec
& | RC
92% 81
i i
40,7 |
5.8 END OF BOREHOLE

I

26
oF, w8 Numbers refer 1o 0300 0 crpain AT FalLURE
Slnlmvniy 0
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RECORD OFf BOREHOLE No 2 METRIC
WP 43-72-02 LOCATION STA. 17 + 812.5; 0O/5 18.6 m Rt. ¢ Huy. 15 DRIGINATED BY D
DISY_8 . wwy__ 15 BOREMOLE Typg B Casing, B Core compied py DD
DATUM Geodetic DATE 86 D8 27 CHECKED BY 4]
w DYNAMIC CONE PENETRATION
| SOIL PROFILE SAMPLES | & 3 |eesistance pior NAYURAL -
2! g AN wonrae Ugum L gy pye
51, w |39 20 40 60 8D 100 |UMT o cowteny i SO A
=1 F Hlne s : ’ Wp w W Dw
Eigy PESCRIPTION 12| 2125 O [snear srReEnGTH oo 2 | GraiN szt
DEPTH 213 - g 86| % |ounconrmne s rip vane . y [DISTRIBUTION
= |2 L [ &Y § ® OUICK TRIAXIAL X (b vane | WATER CONTENU") (%}
94.9]  GROUND SURFAGE o ¢ i . 20 40 60 GR SA 51 CL
0.0 i
e
Silty Clay (C1) AT 1188 3 [t 720 45 28
trace/some sand |1 94
trace gravel M
soft to stiff 11
(FILL) 11 218813
re ]
Rgrey /) 93
/f 3188 6 [ o] 0 248 50
V¥
e
51.9 ] 4 15 92
K] AR s "'!"
trace organicel I 86 08)30
' L ' ss |1 B 18 41 26 14
$ilty Sand y . 2 91
some gravel A
trave/some ¢lay 3
compact 4f 6lss |1y
(TILL) | 90 :
‘n
" 7188 | 28 o ! 19 4% 32 40
slightly cohesive ; '
noncohegive -
Tajss |19 89 1
88.3 . !
6.6 .wgathered K& | i
unweathered rec B& "
9| re |
Bedroek B9Y [
Limestone i i
87 ‘ j !
!
rec ]
] 10§ RC i
1007 86 :
5.5 ! |
5.4/ END OF BOREHOLE i
! !
’ H
i ]
; {
| |
I | ! ‘
I N
S
1 ! | L

‘3‘ w* . Numbers refer to
Suns»mny

20

15005 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 3

METRIC

w P 43-72-02 LOCATION _STA. 17 + 787.2: 0/5 12.0 m Rr. ¢ Hwy. 15 ORIGINATED By JD
DIST .9 Hwy 15 BOREHOLE TYPE B Caping, B Core COMPILED BY BB
BATUM Geoder ic DATE 86 08 27-28 e e, CHECKED BY 1
SOIL PROFILE SAMPLES | & 1w [ornamic CONE PENETRATION watra b
o - o MASTIC  oerpee doue |, X REMARKS
« b Limit CONTENT  LiMit =
= w | 20 20 40 66 B0 100 2= &
9 @ ] ot A L f I i Wg W w, Sw
FiEy | " a :‘6’ g“‘ ?... F-3=] é SHEAR STRENGTM kPa L S 2 GRAIN SIZE
BEPTH] DESCRIPTION S EIE-EE- 25 § O UNCONRINED  « FIELD vane WATER CONTENT (01| 7 [PISTRIBUTION
‘ g1z 5 | %Y | @ [ecuck rmaxiaL  x (aB vane NT (%) {%)
857 GROUND SURFACE | ¥ : o 20 50 80 100 20 4060 | yw/miiok sa 8 oy
Son GROUND y ,
%
i1
|
5%
1.
__cLrocr | 1| ss ; . e - 21 8 39 32
%
811ty Clay (1) 1 2] 8§ 3
trace/some gravel ||| sa 0829 93
trace/some sand 4 §
soft to firm L e ! 13 11 37 39
(1) o) AR
grey : A
91.8 ke 52
2.9 4|88 11
$ilty Clay (cf) ? o
trace sand ey 0 2 4B KD
soft to sriff / 5 .1.58 !
(MARINE)
grey /
61 88 4
/ 90
/ o S 16.8 10 240 58
89,2 ] 1w en
5% Silty sand RS B9 ‘
sotie ¢lay o TR - 10 54 22-14
trace gravel 4
compact to very R
dense 6"
(T1LL) s L
broun = =~ = ~ gy ern s
874 boulders | IO RE e T1Y
7.3 w oo YEathered
! . unweathered 11] re [Tee 87
| ’ 78%
i Bedrock
i Litestone 7, 12| e TéC
’ 7, f2n 86
| ! |
red
15 ke
llé 937
% % 85
B4 6
10.1.{ END OF BOREHOLE
*probably net a
stabilized ground=
water elevation
; |
i !
, ! 1
i |
: |
, i
| | |
i Lo
. i N
i | i

+3, x5 Numbers rafer 1o
Senutivity

20
15 45 [*%) STRAIN AT FAILURE
19
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RECORD OF BOREHOLE No 4 METRIC
w P 43-72-02 LOCATION __STA. 17 + 841.6: 0/8 18.) m Lr. & Ry, 15 ORIGINATED 8Y ___JD
pisT L8 HWY 15 BOREMOLE TYPE N Casing, 8 Core COMPUED BY D
DATUM Geodetic DATE 86 08 30 CHECKED BY DD
W PDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES g,m % |Resisrance bior nasre w4 Cemar
| = » g% A 20 40 60 80 g UM cowmwt owmir | 20 EMARKS
9 a i E f n h h 1 Wp W W, S &
LY. DESCRIPTION Slgly| 2|85 & [swear stenomn oG | 3 | GRAN S12E
DEPTH DEscripTio W |Z1 2| S {28 & [ounconrmed  + rieo vane ATER CONTENT (y] 7 |DSTRIBUTION
212 5 | 5Y] & |wouck tmacay  x 1ap yang |WATER C NT (%) %)
o5 ¢ SROUND SURFACE w - ] 0 lo‘O &0 B0 100 20 40 6’0 GR SA $1 oL
0.0 Ssndy silt (ML) N ] i
some clay,rrave pravelll, |
very louse iR 95 !
{FILL) slightly eo» | 1] 88 3 o+~ 5 34 4219
94, % hesive ‘1, .
1.1] ¥ A
Silty Clay (1) A1 21ss | 6]
trace sand A 66 08 3D 4z
firm to very stiff P’
(FILL). 4
brown ]l 21ss 6 ] 0 4 46 50
{ 93
M’ 3ot
,«E *
2.4, b 4 ¥ 88 |11,
3.2 frace organics o S
2XEVDL e e T 07
/ 5088 | 21 st 0 846 46
$ilty elay (CI) /
trace sand
stiff to very sriff /
(MARINE) / 6188 |12 9] ‘ ,
90.7.  grey r
4.9 Silty sand and el o
trace clay B }e- 7188 1 60 V8 em ml 4133 21 3
2o o iy s s s i ]
80.0 * boulders T 90
5.6 —_ veathered }
untweathered rec ;
. 8 | RC 84% I
Bedrock 7. 89 : :
Limestone 7 i |
R
rec ( !
4 9| re !
i/ 987% 88 ’ :
87‘6 i i i 5
8.0 EXD OF BOREHOLE ! i
, |
*probably not a
stabilized ground-
warer elevation
*ryery dense
(TILL)
Brows
{
]
' !

Il
i

!

+3, x5 . Numbers refer 1o
Sensihiviry

20
1505 (") STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

Mty gt
@ MiahLouraen Bag
Tommynieations

Onfar 25
RECORD OF BOREHOLE No 5 METRIC
WP 43-72-02 LOCATION Sta, 17 + 776.7: 0/5 1.8 m Rr. & Hey. 15 ORIGINATED By MJ
DiIsT_._ 9 wwy__ 15 BOREMOLE Typg _Uone Test, H-S Auger, B<Core COMPILED By _ M
BATUM Geodetic DATE 87 08 11 CHECKED BY bp
W DYNAMIC CONE PENETRAYIDN :
SO PROFILE SAMPLES gm # | sesistanet emor sasne NI o] o E
= n 58| ¥ 2040 60 B0 go [T cowtinr umir | 20 REM:RKS
Of a w | o= 0 A A L 1 Wp W W, Sw
ELEY Elg|w| = %§ & [SHEAR STRENGTH KPa . | F | GRAIN SiZE
DEBTH DESCRIPTION w1512 S 1381 5 lounconrmid  » 6o van y |DISTRIBUTION
£12 -4 g“ @ [ QUICK TRIAXIAL  x LaB vane | WATER CONTENT (%) 1%}
Y2.4 Ground Surface v ? o 20 40 60 80 100 20 40 60 GR 54 51 CL
0.0 ;/ 1
? 92
’ * 1 43 56
Silry Clay (CI) ? Rk ,‘; 0
Trave Sand / 91
b
Soft to // 2TV | PH
Very Sriff /
(Marine) / %0
/ +6
Grey ?’
/ 3|88 1 &9 o 24 1 31 44
?/ +12
4 1 8% 1
/ ” L~---...._._ 8
M
87.7
4.7
&
= REC
Bedrock > RC ioom 87
Limestone /i
Unweathered
7 86 ’
/i REC |
S 51 RC 11007, I
85 ’
B4 B "7 ! t )
7.6 End of Borehole !
* Groundwater Elevation 1
Not Stabilized
i i

‘3’ xs: Numbers refer to
Sumsitivity

20

1595 (%) STRAIN AT FAILURE
1o




CFFICE REPORT ON SOIL EXPLORATION

Munistry ot
@ Tranyputtitum ang
Commumeatons

ntare: 26
RECORD OF BOREHOLE No 6 METRIC
w P 43-72-07 {OCATION Sta. 17 + 791.8; 0/8 2.4 m Rt. ¢ Hwv. 15 ORIGINATED gy MJ
BisT 9 MwY 15 BOREROLE typg tone Test, H-$ Auger, B-Coere COMPILED BY MJ
DATUM Geodet ic pate 87 08 12 CHECKED BY Lo
PROF) AMPL o W JOYNAMIC CONE PENETRAYION
50IL PROFILE SAMPLES Lo | & [RessTancE pior nastie MU o] L F REMARKS
. w30 W 20 40 60 80 00 (M7 contew LMt S0 s
R o ol ) h ) 4 H W W W, = w
ELEV I8 w| 2188 | & [Sncar sreengr rra S o N PE | G sz
DEFTR DESCRIPTION EIN-E 85 T |O UNCONFINED  « FIELD vANE r . y |OISTRIBUTION
gz H | &Y | & [ ouck rraxiaL  x 1ap vane |WATER CONTENT (%) ; %]
92.3 Cround Surface & : i 20 40 60 80 100 20 40 60 geN/m® Jep sa g ¢y
6.0 /
/ ”
Silty Clay (¢1) /
Trace Sand 1oLss 5 *
] L A
Soft re / e d
Stiff / 2 i | P d 17.6 1 2 240 56
(Marine) o0 ™
Grey, ? .
? 3 TW | PH 89| ( 2, *‘—L" 7.2 41 237 80
? L 6
88.0 ) WMM
53 3 83 ]
Z'__,
75
4 REC
75 R
Bedrock e 87
"'lwa“
Limestone s
Unweathered :.f*}‘
72, REC 86
ey 5 RC 8%
85.0
7.3 End of Borehole
* Growndwater élevation
Not Srabilized
]

+3, x5 ; Numbers refer 1o
Sensitivity

20
155 [%) STRAIN AT FAILIURE
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RECORD OF BOREHOLE No 7 - METRIC
WP 43-72-02 LOCATION Sta, 17 + 798.9; 0/S 11.1 m Lt. & Hwy, 15 ORIGINATED BY _ MJ
DisT 9 Hwy 15 BOREMOLE Typg  Cone Test, H-5 Auger, B-Core COMPILED BY MJ
DATUM Geodetic DATE 87 08 12 CHECKED BY DD
P w o JDYNAMIC CONE PENETRATION
SON PROFILE SAMPLES Lo L JRESISTANCE PLOT My RASTIC oo LBUD T
(™
5 » §5 3 20 40 60 80 1o V™7 cownwt umiT SO REMARKS
Q ﬂf. w ?5 - 5 i H i il L Wp W A oy &
£LEV DESCRIPTION IR g § ISHEAR STRENGTH ra RO 3 | GRAIN SizE
DEPTH =131 21513 § o unconeines 4 piED vans ol oy |DISTRIBUTON
12 [ &Y & |eouck Traxial  x 1ap vang |WATER CONTENT (%) {%)
92,3 Ground Surface v ; s 20 4 &0 80 1q0 \ GR 5A §1 CL
0.0 /
/ 9.‘:
/1 $5 |10 *
Siley Clay (C1) ? ‘¥' 91
Trace Sand /
2188 4
Soft to /
Stiff K
/ ]
(Marine) / 11 1w |en
Grey /// )
8
88.0 / & | v P
w3 8
/7
REC
Bedrock 5 | RC 1007 .
Limestone //
Unweathered
R
REC
& | RC 1 pom
7
7
85.0 :
73 End of Borehole
* Groundwster Elevation
Not Stabilized

3.5 . Numbers refer to 20
* x
¥ Sensitrvity 15 -%-5 {*%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 8 METRIC
w P 43=-72.02 LOCATION Sta. 17 + 817.9; ©0/5 6.6 m Lt. & Hwv. 15 ORIGINATED BY  MJ
DIST 3 WY 13 BOREHOLE TYPE, Cone Test, H-S Auger, B-Core COMPIED BY _ N
DATUM Geodetic DATE 87 08 13 CHECKED By . DD
o ™ w TDYNAMIZ CONE PENETRATION
SO PROFILE SAMPLES 185, | % |Resirarce pist masnc Newm el X HEMARKS
§% o UMT O Content LIt | = O A
= " b= W 40 80 80 100 = 2
9 F ot Qlﬁ f i ) L 1 Wp W Vw Sw
ELEv 18| @l 2125 8 [shear stRenaTH rre et | 3 | GRAIN 128
Babnl DESCRIPTION NEIR K 8% g o wcownme v rmowane| T T oy Tion
g2 S | BY ] D |ecuck TaxiaL  x 1ab vang | WATER CONTENT (%) %)
923 Ground Surface v : i 20 40 €0 8D 10D 20 4 6p Gk Sa 5| ¢
0.0 |
N 94
Sang .
Compact L "
511 {Fi11) Ll iiss e k1
1.2 . V 91
Siley €lay (€1) /
Trace Sand / 2188 1 PR
Sriff /
(Marine) / 9 "
Grey /
893 i ‘
3.0 : BT " o 25 43 22 10
Silvy Sand RER
Some Gravel .
Some Clay
Compact
(Ti11) 88 f
BZ'Z . “-—_“““**thnw
Bedrock Z 4] re 95;3 87 :
Limestone
Unweathered s
REC|
S 5| R lioo% |
H
85 . I
84,7 i ]
7.6 End of Borehole |
* Groundwater Elevation ’
Not Stabilized i

+3, &5, Numbers refer to
Sensitivity

20
15405 {%) STRAIN AT FALURE
10
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FOUNDATION INVESTIGATION REPORT
FOR
CPR Subway at Pakenham (Revised)
{Including Proposped Detour Alignment)
W.P. 43-72-02; Site 15-15
Hiphway 15, District 9, Ottawa

INTRODUCTION

This report summarizes the foundation investigation for the proposed bridge

replacement and detour at this site.

The investigation is applicable to the proposed CPR replacement structure,
its immediate approaches and the proposed CPR detour alignment. This area
extends f£rom Sta. 17 + 760 to Sta. 17 + 860, 20 m left and right of Hwy. 15

centerline.

SITE DESCRIPTION

This site is located at the existing CPR subway over Hwy. 15 in the town of
Pakenham, Township of Pakenham, County of Lanark. The CPR subway is ap~-
proximately 500 m south of the south intersection of Hwy. 15 and County Rd.
20.

The topography of the immediate area is flat, except for the existing 5 +m
high CPR embankment, extending from the southeast to northwest across the

site.

The site is drained by the Mississippi River which flows to the north and
is located approximately 200 m east of the site,

Geologically, the site lies near the western extent of an area that was
inundated by a post-glacial s=ea. At this location marine clays were
deposited over generally non-cohesive till deposits underlain by limestone
bedrock.



Y

The alignment of the proposed structure replacement coincides with the
alignment of the existing 6.5 #+ m wide structure (stone masonry
abutments). The proposed detour alignment is approximately 34 m (along the

Hwy. 15 revised alignment) to the south.

FIELD INVESTIGATION

The field investigation for the structure replacement was carried out
between 86 08 26 and 86 08 30 utilizing a skid-mounted diamond drill
equipped with N and B size casings and a B core barrel. The field inves-
tigation for the detour was carried out between 87 08 11 and 87 08 13
utilizing an auger machine equipped with 82 mm I.D. hollow-stem augers, B~

casing and B~core bharrel.

For the structure replacement investigation, boreholes were advanced at
each quadrant, as close as possible to proposed abutment locations, but
outgide the 20 m restriction imposed by the CPER. The boreholes were
located on the slopes of the railway embankments, and required extensive
use of cranes and platforms to facilitate placement of the drill.: For the
detour structure, boreholes were advanced near'the-proposed edges of each

temporary abutment

Drilling techniques for the replacement structure investigation were
subject to CPR restrictions which required careful control of wash water

and limited hammering.

Bedrock samples, up to 3 m in length, were collected, using a B-size core
barrel at each of the 8 borehole locations. The overburden was sampled
using a split spoon to obtain disturbed samples and standard penetration
test results in both cohesive and non-cohesive materials. Shelby tube
samples were c¢ollected and field vane tests were conducted to determine
undrained shear strength characteristics of the overburden. The shelby

tube samples also provided consolidation characteristics of the overburden.
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Groundwater elevations were measured in open holes at each borehole
location. At two boreholes, the stabilized groundwater elevations were

determined by monitoring the water level over one to three day periods.

As required by the CPR, the éxisting bridge was monitored for possible
movements during the course of the field investigation for the replacement
structure. Eight baselines were established to facilitate the monitoring
of 44 points on the bridge. No movement of the CPR struciure was detected
during the field investigation. In addition, the 8 MTC boreholes were
surveyed to determine location and elevation. The surveys were conducted
by B. L. Madden and G. Ryan of the Eastern Region Surveys and Plans

Section.

LABORATORY ANALYSES

Laboratory testing was carried out on representative samples to determine
undrained shear strengths, consolidation characteristics, unit weights,

Atterberg Limits and grain size characteristics of the overburden material.

The  bedrock core samples were evaluated to determine the geological

formation and rock quality.

The results of the laboratory analyses are illustrated on the Record of

Borehole Shests.

SUBSURFACE CONDITIONS

The Record of Borehole Sheets in the Appendix illustrate the subsurface
conditions at the borehole locations. The boreholes are referenced as BH
#1 to BH 8. Four additional boreholes, prepared by Wilf Ohlmann
Geotechnical Services Ltd. for the CPR and provided to the Ministry of
Transportation for reference are identified as CPR #1 to CPR #4 and



appended. These boreholes are included for completeness and the Ministry
of Transportation does not assume any responsibility for their accuracy,
The locations and elevations of the Ministry of Transportation boreholes
and stratigraphical profiles based on the borehole data, are shown on
Drawing No. 437202-A.

At the replacement structure alignment the overburden consists essentially
of 5.5 + m of gilty clay fill of intermediate plasticity overlying up to
4,$ m of natural overburden consisting of moderately sensitive marine clay
and glacial till.

At the detour structure alignment the overburden is up to 4.7 m deep and
consists primarily of marine clay and glacial till.

Overburden
FILL MATERIAL
The existing CPR fill extends for depths up to 5.7 m,

Based on the borehole data provided by the CPR, the upper 1.4 m to 2.1 m of
the fill is sandy silt (ML) some clay, containing variabie amounts of
gravel. This material is essentially non-cohesive but it does exhibit
slight cohesion. The results of an isolated Standard Penetration Test,
('N' value) indicate that the granular £ill is in a very loose state on the
slopes. This material is probably in a loose to compact state beneath the
CPR tracks.

Underlying the surficial granular material, the remainder of the CPR fill
consists of silty clay of intermediate plasticity, trace/some gravel,
trace/some sand. This material has been mixed with traces of organics at
the lower 0.5 m of the fill at BH #1. ©Properties of the cohegive fill
material, as determined from field and laboratory tests, are summarized as

follows:



Range Average Median
Moisture Content (w) 19.5% - 37.5% 28.9% 32.0%
Liquid Limit (wg) 34.5%2 - 52.0% 44,5% 46.0%
Plastic Limit (wp) 16.5%2 - 26.0% 21.92 21.5%

Shear Strengths (c)
- field vane (undisturbed) 68.0 kPa

Lo over
112.0 kPa N/A N/A
- field vane (remolded) 6.8 kPa N/A N/A

Based on 'N' values ranging from 3 to 7, and the field vane undisturbed
shear strength value of 68 kPa, the cohesive fill is in a soft to very
stiff (generally firm to stiff) state. Remolded shear strengths indicate a

gensitivity value as high as 10.

Figure 1 illustrates a typical grain size distribution for the cohesive CPR
£i11 material. |

At the detour alignment, 1.2 m of compact sand f£ill was encountered at BH
#8.

SILTY CLAY (CI); TRACE SAND

This marine clay deposit was encountered at BH #3, #4, #5, #6, #7 and #8
where it extended for thickness ranging from 1.7 m to 4.7 m. Traces of
organics were present in the upper 0.5 m of this deposit at BH #4.

This material has intermediate plasticity and moderately high sensitivity.

Properties of the material as determined by field and laboratory tests, are

summarized as follows:



Range
Moisture Content (w) 33.5% - 47.0%
Liquid Limit (wg) 48.0% - 53.0%
Plastic Limit (wp) 20.5% ~ 26.5%
Shear Strengths (cy)
= unconfined compression 19.1 ~ 49.] kPa
-« field vane 30.0 - 76.0 kPa
- unit weight (¥) 16.8 - 17.6 kN/m>

Based on 'N' values and the undrained unconfined compressive strengths,
this materials is in a soft to very stiff state. The typical 2.5% strain

at failure illustrates the brittle nature of this sensitive marine clay.

Figure 2 illustrates a typical grain size distribution for this material.

SILTY SAND; TRACE/AND GRAVEL, TRACE/SOME CLAY

This till deposit was encountered beneath the £ill material at BH #2 and
beneath the silty clay deposit at BH #3, #4 and #8. At these locations it
extends for thicknesses. ranging from 0.7 m to 3.6 m. Traces of organics
were present in the upper 0.5 m of this deposit at BH #2. Higher propar~

tions of gravel were present in BH #4.

Properties of the material as determined by field and laboratory tests, are

summarized as follows:

Range
Moisture Content {(w) 7.04 - 11.5%
Liquid Limit (WL) 12,08 - 17.0%

Plastic Limit (wp) 10.0% ~ 11.5%



Based on 'N' values ranging from 14 to over 60, the material is in a
compact to very dense state. Portions of the material exhibit slight

¢ohesion.

Figure 3 illustrates a typical grain size dgstribution for this material.

Bedrock

The bedrock consists of limestone of the Ottawa formation. Detailed
descriptions of the core samples are provided in Tables 1 and 2 of the

Appendix.

The £ill material is directly underlain by bedrock at BH #1. At BH #2, 3,
4 and 8 bedrock underlies the silty sand till deposit. At BH #5, 6 and 7,
bedrock underlies the silty clay deposit.

At the proposed replacement structure boreholes, the bedrock elevations
range from 87.4 + m to 93.2 + m. The bedrock dips gradually towards the
south. The core recovery values and the rock quality designation values
indicate that the rock is in excellent condition. A shallow weathered
bedrock zone, approximately 0.3 m in thickness was encountered at the

bedrock interface,.

At the proposed detour alignment boreholes, the bedrock elevations range
from 87.7 + m to 88.0 + m,

GROUNDWATER

The groundwater elevations at the proposed replacement structure that were

measured at the time of the field investigation are indicated in the

following table:



Borehole Groundwater Elevation
il 92.7 m
f#2 91.9 m
#3 93.2 m
#4 ' 94.2 m

Due to an inadequate period that was available to maintain open boreholes,
the water levels in BH #3 and BH #4 are not considered to be stabilized.
However, the water levels in BH #l and BH #2 are considered to be more
representative of stabilized conditions. The stabilized water level is

interpreted to coincide with the top of the silty sand till deposit.

At the proposed detour alignment, stabilized groundwater elevations were

not determined.



DISCUSSION AND RECOMMENDATIONS

It is proposed to replace the existing single s=pan CPR subway (stone
masonry abutments) with a single span simply-supported structural steel
bridge along the same CPR alignment. The existing bridge is 6.5 + m wide,
with skewed abutments, and crosses Hwy. 15 at a grade of 97.5 + m. This
bridge shows signs of distress, in that there is cracking and some dif-
ferential movements evident between the masonry blocks. The existing
embankment is approximately 5.0 m high with side slopes as steep as
1.6H:1V, These slopes appear to be in good condition although there is

evidence of occasional ballasting beneath the CPR tracks.

The proposed bridge will be 10.0 4+ m wide at a grade of 98.2 + n.
Embankment heights will be in the order of 5.7 m and 2H:1V side slopes are
recommended for the immediate approaches. This proposal also involves a
small realignment of Hwy. 15, although the centre point of the new bridge
will be similar to that of the old bridge. A detour located approximately
34 m along Hwy. 15 to the south of the existing structure is proposed to
carry CPR traffic while the permanent replacement structure ig being

constructed,

PERMANENT STRUCTURE FOUNDATIONS

Due to the inadequate strength and compressibility characteristics of the
overburden, the proposed structure should be founded on bedrock. Estimated

bedrock eglevations are illustrated in Figure 4.

This may be accomplished with spread footings, steel H-piles, or reinforced
caissons. The alternative, or combination, which leads to the least

expensive design is recommended.
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1) SPREAD FOOTINGS

The abutments and wing walls may be suppored on spread footings founded on

either weathered or unweathered bedrock.

The following O.ﬁ.B.D.C. bearing capacity loadings are recommended:

Foundation Material Factored Bearing Bearing Capacity
Capacity at U.L.S. at 8.L.S. TYPE II

Unweathered Bedrock 3000 kPa ' N/A*

Weathered Bedrock 1000 kPa N/A*

*As the bedrock will not settle, S.L.S. Type II values will not govern
design.

If the abutment footings are to be constructed directly on bedrock while
the wingwall footings are on a compacted pad of Granular TAY, différential
settlements may occur and the structure would have to be designed with a
construction joint to accommodate such movements. Otherwise, mass concrete

could be used to pad underneath the wingwall footings.
If a compacted Granular 'A' pad is used, it must be constructed in the dry
in accordance with the geometry shown in Figure 5. The following loading

recommendations apply to footings on such a pad.

Factored Bearing Capacity at U.L.S. 900 kPa
Bearing Capacity at S.L.S8. Type 1I 375 kPa

2) STEEL H-PILES

The abutments and wing walls may be supported on steel H-piles, equipped

with reinforced tips, and driven to bedrock.
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In consideration of the possibility of negative skin friction effects the

following design values are recommended:

Pile Type Factored Capacity Capacity at

at U.L.S, S.L.85. TYPE II
310 HP 79 1000 kN per pile 750 kN per pile
310 HP 110 1440 kN per pile 1000 kN per pile

For this alternative, the abutment pile caps may. be perched within the
embankment £ill. In this case, to facilitate pile driving, particle sizes
in the fill immediately beneath the pile locations should not exceed 75

mm.
3) REINFORCED CAISSONS

The abutments and wing walls may be supported on reinforced concrete

caissons founded on unweathered bedrock.

The caissons may be constructed by advancing a steel liner through the
overburden and socketing it a minimum of 0.15 m into the bedrock. If
additional frictional resistance is required, the caisson can be socketed
deeper into the bedrock. This operation will require drilling in order to
penetrate the boulders and bedrock. After the liner has been cleahed out
and the required reinforcing has been installed, the concrete should be
placed in the dry. The steel liner should remain in place below the ground

surface, after construction of the caisson has been completed.

In consideration of the possibility of negative skin friction effects

caused by settlement, the following design values are recommended:

Caisson Diameter Factored Capacity Capacity at
at U.L.8. S.L.S8. Type 1I
0.76 m 1600 kN per caisson N/ A*
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* The capacity at S.L.S. Type II will not govern design as the bedrock will
not settle, However, the allowable structural capacity of the caisson

should not exceed the recommended U.L.S. capacity.

For this alternative, the abutment caisson caps may be perched within the
embankment f£ill.

TEMPORARY STRUCTURE FOUNDATIONS

It is proposed to construct soldier pile~timber lagging walls as abutments
for the temporary detour., A pile bent design, utilizing rock anchors for
lateral resistance is recommended.

The soldier piles may consist of steel H-piles drive to bedrock.

The following design values are recommended:

Pile Type Factored Capacity Capacity at

at U.L.S. S.L.S. TYPE II
310 Hp 79 1000 kN per pile 750 kN per pile
310 HP 110 1440 kN per pile 1000 kN per pile

Lateral resgistance can be provided by rock anchors. A safe bond stress of
500 kPa can be assumed for design purposes. However, thig value must be

verified by proof testing each anchor to 150% of design load,.

- The required anchor zone length in bedrock for a known required load can be

calculated by the following formula:

Stress = Load
Area
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The minimum allowable bond zone length is 3 m.

To facilitate installation of the rock anchors, the anchors should be
installed before fill is placed behind the soldier piles. Connector may be
used for anchor tendons if reduired. The sequence will permit the rock
anchor drill to operate without the necessity of constructing a working
berm in front of the soldier piles, and also will permit anchoring and

stressing of the soldier pile wall as backfilling progresses.

GENERAL RECOMMENDATIONS

(Applicable to Both Permanent and Temporary Structures)

Lateral Resistance

S8liding resistance between concrete and bedrock should be calculated in
accordance with Section 6-7.3.3.2 of the O.H.B.D.C. assuming an unfactored
value of 30°. The horizontal component of battered piles may be uszed to

resist lateral forces.

For piles and caissons, resistance to lateral load shall be computed in

"accordance with Section 6-8.3.8 of the 0.H.B.D.C.

8liding resistance can be supplemented by keying into bedrock or utilizing
dowels. If this option is considered, please contact this office for

details.

Earth Pregsures

Backfill to structures should consist of granular material in accordance

with MTC Standard Special Provision #121 (83 10),
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Computation of earth pressures should be in accordance with Section 6.6.1.2

of the 0.H.B.D.C. For design purposes, the following physical properties

can be assumed for backfill:

Material Mﬁ_ Y

Granular 'A! 35° 22.0 kN/m3
Granular 'B! 30° 21,2 KN/m3

The following parameters are suggested for calculation of earth pressures

for native materials and non-granular fill material with an assumed

groundwater elevation of 93 m.

Shear Angle of
Strength Int. Friction
Cy ¢

Material kPa (?)

Silty Clay (CI)

(Embankment Fill) 50 0

Silty Clay (CI)

(Natural Overburden) 50 0

8ilty Sand Till

{(Natural Overburden) 0 35

Unit
Weight

(KN/m3)

20

19

21

As the foundations are to be founded on bedrock, the foundation is con-

sidered to be non-yielding and the at-rest case applies for lateral earth

pressure calculations.

Slope Stability

The grade of the proposed bridges will require approach embankments heights

in the order of 5.7 m.



- 15 -

No stability problems are anticipated for 2H:1V permanent slopes for

approach embankments up to 10 m high.

Construction of spread footings may require equivalent fill heights of up
to 10 m. For temporary slopes, no stability problems are anticipated for
1H:1V embankments up to 10 m high.

Settlement

Total and differential settlements will be negligible for structure
foundations constructed in accordance with recommendations provided in this

report.

For the approach embankments, assuming fill weight will not exceed 22.0
kN/m3, and the embankment elevation will not exceed 98.2 m, total settle-
ments will not exceed 15 cm. This settlement can be reduced by utilizing

embankment f£ill with lighter unit weights.

It is anticipated that 50% of this settlement would occur within one year
after loading while, 90% of the settlement would occur within 10 years.

It iz recommended that the approach embankments to the proposed structure
should be preloaded for as long a period as possible before the new track

is placed, in order to reduce the effects of the anticipated settlements.

Frost Protection

Frost protection is not a regquirement for foundations on limestone bedrock.
For foundations on earth materials, 1.8 m of earth cover or equivalent (to

the underside of footing) is required for frost protection.

‘Dewatering

It is anticipated that any required dewatering can be carried out with

routine procedures such as sump pumping.
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Construction Considerations

The marine silty clay deposit is moderately sensitive and its shear
strength is drastically reduced once disturbed. For this reason, special
attention is required during construction to prevent disturbance of this
material. It is advisable to protect the sensitive material by covering

the silty clay exposed during construction with 15 cm blanket of concrete.

An alternative to maintaining temporary excavation slopes of 1H:1V is to

provide shoring.

The slope between the existing embankment and the proposed embankment
should be benched as per MIC standards.

MISCELLANEQUS

The field investigation for the permanent replacement structure was carried
out under the supervision of J. Duffield, Engineering Student. The equip-
ment used was owned and operated by Marathon Drilling Co. Ltd. The des~

cription of bedrock core samples was carried out by E. Magni, Geologist.

The field investigation for the detour structure was carried out under the
supervision of J.M. Jolink, Engineering Student. The equipment used was
owned and operated by Johnston Drilling Co, Ltd, The description of the

bedrock core samples was carried out by S. Senior, Geologist.

The report was written by D. Dundas, Senior Foundations Engineer and re-

viewed by M. Devata, Chief Foundations Engineer (East).

QJZD #J ~g:l»ﬁ¢ﬂ25
b. H. Dundas, P.Eng.
Senior Foundationsg Engineer

//)/?- R ad

M. Devata, P.Eng.
Chief Foundations Engineer
{(East)
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N VALUE:

EXPLANATION OF TERMS USED IN REPORT

THE STANDARD PENETRATION TEST {$PT] N VALUE 15 THE NUMBER OF BLOWS REGQUIRED TO CAUSE A STANDARD Simm O. D SPLIT BARREL

SAMPLER TO PENETRATE 0.3m INTO UNDISTURBED GROUND 1N A BOREHOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 63, Sky, FALLING
FREELY A DISTANCE OF 0.76Mm. FOR PENETRATIONS OF LESS THAN 0.3m N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION

ACHIEVED. av

ERAGE N VALUE 15 DENOTED THUS N.

DYNAMIC CONE PENETRATION TEST: CONTINUQUS PENETRATION OF A CONICAL STEEL POINT (5imm O.0, 60° CONE ANGLE } DRIVEN 8Y 475 J

IMPACT ENERGY ON "A’ 5IZE DRILL RODS.

ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SONS ARE DESURIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH 0.3m

CONSISTENCY : COHESIVE SOlLé ARE DESCRIBED ON THE BASIS OF THEIR UNDRAINED SHEAR STRENGYH(CU) AS FOLLOWS:
L ¢y (kpa) 012 12 - 25 25-50 | 50-100 | 100-200{ =200
VERY SOFT SOFT FIRM STIFF VERY STIFF HARD
DENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
N (BLOWS /0. 3m) 0 -5 5-10 10 - 30 30 - 50 > 50
VERY L[DOQSEY 1QDSE COMPACT DENSE  |VERY DENSE

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

RECOVE

RY:

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

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

THE ROCK QUALITY DESIGNATION {R G D), FOR MODIFIED RECOVERY, 1§:
| RQD{%) 0-25 25~ 50 50 - 75 75 - 90 90 - 100
VERY POOR POOR Farg GLOO EXCELLENT
G AND_BEDDING:
SPACING 50 mm 50 - 300mm| 0.3m = 1m | Im - 3m >3m
JOINTING VERY CLOSE CLOSE | MOD. CLOSE] WIDE VERY WIDE
BEDDING VERY THIN THIN MEDILIM THICK VERY THICK

ABBREVIATIONS AND SYMBOLS

ANICAL PROPERTIES OF SOi{

FIELD SAMPLING MECH
$$ SPLIT SPOON TP THINWALL PISTON m, kpg™!
WS  WASH SAMPLE OS5  OSTERBERG SAMPLE Ce 1
5T SLOTTED TUBE SAMPLE R € ROCK CORE Cy 1
B S BLOCK SAMPLE P H TW ADVANCED HYDRAULIGALLY Cy |
€S CHUNK SAMPLE P M TW ADVANCED MANUALLY <, mi/s
T W THINWALL OPEN F S FOIL SAMPLE H m

1, i

STRESS AND STRAIN u %,
Un kPu  PORE WATER PRES3URE Ty ko
0 1 PORE PRESSURE RATIO a kra
T kra TOTAL NORMAL $TRESS % kpa
o’ kpa EFFECTIVE NORMAL 5TRESS ¢’ kea
T kpa SHEAR STRESS / -*
o, 3,9, kPo  PRINCIPAL STRESSES ¢,  kea
€ % LINEAR STRAIN ¢y -*
€ .66 % PRINCIPAL STRAINS T kP
£ kP MODULUS OF LINEAR DEFORMATION T, kra
G koo MODULUS OF SHEAR DEFORMATION 5 7
n 1 COEFFICIENT OF FRICTION

PHYSICAL PROPERTIES OF SOiL

P, kg/m’ DENSITY OF SOLID PARTICLES e 1% VOID RATIO
Y, kN/m’ UNIT WEIGHT OF SOLID PARTICLES A 1% POROSITY
B, kg/m’ DENSITY OF WATER w  1,%  WATER CONTENT
Yy KN/ UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION
P kg/m® DENSITY OF $OIL wo % LQUID LIMIT
Y kN/ma UNIT WEIGHT OF SOOIt WP % PLASTIC LIMIT
fé ko/m® DENSITY OF DRY 501t wg % SHRINKAGE LIMIT
7; kNATD UNIT WEIGHT OF DRY 501 p % PLASTICITY INDEX = W - Wp
Bat  kg/m® DENSITY OF SATURATED 5OIL ) | LOUIDITY INDEX © meet?
Yoot KN/ UNIT WEIGHT OF SATURATED SOIL " - W
P' kg/m® DENSITY OF SUBMERGED SOIL le 1 CONSISTENCY INDEX: —
7' kN/m® UNIT WEIGHT OF SUBMERGED SOIL Cpax LH  VOID RATIO IN LOOSEST STATE

COEFEICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOLIDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

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

SENSITIVITY = <Y
Tr
min 1% VOID RATIO IN Dzéqsesr S;ATE
! DENSITY INDEX ¢ %
|} mm GRAIN DIAMETER
B, mm  n PERCENT - DIAMETER
gy ! UNIFORMITY COEFFICIENT
h m HYDRAULIC HEAD OR POTENTIAL
q  m/s RATE OF DISCHARGE
v m/s  DISCHARGE VELOCITY
i 1 HYDRAULIC: GRADIENT
k m/s  HYDRAULIC CONDUCTIVITY
j  kn/m® SEEPAGE FORCE
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UNIFIED SOIL CLASSIFICATION SYSTEM
- SAND GRAVEL
CLAY & SiLT Fine | Medium | Coorse Fine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
1 2 3 48 10 20 30 4050  ysum 150 pum 300um 60Uum LiBmm  Z.36mm 9.5mm 19.0mm 37.5mm 610 mm
100 T s3um 106um | 250um 425um | 850um _2.00mm 4.75mm .2mm | z65em | saomel 750mm
A s
, 1. y
90 : — 10
. /‘, 4 o = /
- T
P 7
80 ’/ —% 20
4l Jiizg C”
10 - 30
-
— ] L
u‘ y "
» SOF /' »” )ﬂ \ 408
g AL L L i:f
: %0 // // 503
5 )% b ] LEGEND 5
g d LA | 8H [sampie SYMBOL =
a 40 ; e 60 &
[ LY " 1 3
v’ G T — ———
30 z IL 2 ! 70
) 2 3 .
20 50
10 n 90
Y H 100
i 2 3 4 3 10 20 30 40 270 200 KO 100 G050 40 30 20 e 08 4 ' 2 Y VT vl e
MINISTRY SIEVE DESIGNATION {imperiol)
Mot GRAIN SIZE DISTRIBUTION FIG No 1
X/ Communications SILTY CLAY (C 1), TRACE/SOME SAND, GRAVEL WP 43-72-02

Fill )
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UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SuT Fine | Mediuvm | Coarse Fine Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
i 2 3 4 5 {[+] 150um 300um H00um 1,18 mm 2“36mm 9.5mm 19.0 men 37.5mm 63,0 mm
100 [ l” 250um 425pm I 850 yam l 2.00mm 4.75im 13,2 mm 26.5 mm 53.0mm 75.0mm
- o
M«"w#.
90 10
4
v~
80 ; . 20
) V4 ‘/
70 ,'// v ‘el 30
L
‘f
« 80 AV ," 40 0
z pe z
" p il
g W
* 50 / 500:
z ~ LEGEND z
& BH [SAMPLE $YMBOL =
a 40 g0 o
I 3 | s
30 l 3 7 T 70
4 5
20 80
10 h 50
o H 100
1 2 3 a4 s 10 20 30 40 270 200 140 100 €050 40 30 20 6 o8 a L S S L AP R &
MINISTRY SIEVE DESIGNATION {imperial)
ey o on and GRAIN SIZE DISTRIBUTION | FIG No 2
' Communications . WP 43-72-02
e SILTY CLAY (C1I), TRACE SAND (Marine)
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UNIFIED SOIL CLASSIFICATION SYSTEM
: SAND ‘ GRAVEL
CLAY & ST Fine { Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY S1EVE DESIGNATION { Metric)
! 2 3 435 10 20 30 4050 g5, 150 um 300um. 600.m LiBmm  2.36mm 9.5mm 190 mm 375mm  41.0 mm
100 LTI stum | 106um 250um _425pm 850 um 2,00 mm 4.75 mm B2 | 26sem | s3om] 750mm
. e
-
-
90 /-f' / / io
. ’ - ]
2 -
8o .r‘/‘ — / I/ 20
-
’.u “ ’__..d"“ l.
! ./ i
70 AL - / 30
|74 4
60 ol - 400
(V] - w
z / ' / é
a (;' . b
* 50 j~ Pl 50
5 )7 L [ LEGEND 5
= L/ 4 [| en |sameie SYMBOL =
& 40 74 5 , &0 &
/4 A 5
50 /, 3 8 . —— it o "o
/,/ // 4 7 -
l/ »
An’: ,
20 ;—";M ] ' , 80
“.ﬁ-ﬂ"*m - Ly 0/
JM“M
10 " - 90
-l
Y H] — 100
i 2 3 405 10 20 30 40 270 200 140 100 6050 40 30 20 16 08 4 ' Ve W A pv 2l g

MINISTRY SIEVE DESIGNATION {Imperial)

Transportation and

Ministry o GRAIN SIZE DISTRIBUTION FIG No 3
Communicalions ~ SILTY SAND, TRACE/AND GRAVEL, TRACE/SOME clay |WP 43-72-02

Ontario | - ( T!“ )
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HOT 17+825.495 HWY 15 REV'N o2
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PLAN SHOWING ESTIMATED BEDROCK ELEVATION CONTOURS
SCALE 1:200

Fig 4 WP 43-72-02



/'1 Mi
/ m m‘
/ / :ﬂaﬁ.‘.A -“"i‘ ..: :‘ '.‘ 'bbl a. ‘-
~ / e o a8 d e i
A" z A W .’.:.‘..‘,t.;."..;..-..&..‘.,
> 03m i e, 1) " 41 0 4 4%,
- t
// EARTH FiLL GRANULAR 'A’
- .
- S~
- X SECTION
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NOTES

SECTION
1-REMOVE TOPSOIL &/OR SOFT SUBSOIL UNDER AREA OF COMPACTED GRANULAR ‘A’ & EARTH FILL.

2-PLACE GRANULAR ‘A’ & EARTH FILL TO BOTTOM OF FOOTING LEVEL, COMPACTED ACCORDING TO
CURRENT M TC STANDARDS.
3- CONSTRUCT CONCRETE FOOTING.
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Ministry of
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Ontario

ABUTMENT ON COMPACTED FILL FIG No 5
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WP 43-72-02




DESCRIPTION OF ROCK CORE - W.P. 437202

CORE DESCRIPTION

BOREHOLE
NUMBER | DEPTH (m) |%CR* |%RQD*| DEPTH (m) DESCRIPTION
1 2.80 - 3.05 50 0 2,90 - 3.0% LIMESTONE, buff, moderately weathered
3.05 - 4.30 88 57 3.05 - 3.44 LIMESTONE, grey, slightly weathered, with oxidized, closely spaced,
4.30 ~ 5.87 92 88 : -
horizontal joints
3.44 - 5.87 " LIMESTONE, grey, unweathered, closely to medium spaced joints
2 6.61 - 7.95 89 60 6.61 - 6.81 LIMESTONE, weathered, core loss
7.85 - 9.48 100 13 6.81 - 9.48 LIMESTONE, grey, unweathered, closely to medium spaced joints
3 7.01 - 7.14 60 0 7.01 - 7.32 'BOULDERS
7.14 - 7.32 57 57
7.32 - 8.12 78 78 7.32 - 7.55 LIMESTONE, weathered, core loss
8.12 - 8.69 82 82 7.55 -10.14 LIMESTONE, grey, unweathered, closely to medium spaced joints
8.69 -10.,14 93 42
4 5.62 - 6.59 84 37 5.62 - 5.79 BOULDERS and possibly weathered limestone, core loss
6.59 - 7.99 98 70 5.79 - 7.99 LIMESTONE, grey, unweathered, closely to medium spaced joints

&« CR: CORE RECOVERY ;

RQD = ROCK QUALITY DESIGNATION . TABLE 1




DESCRIPTION OF ROCK CORE ~ WP 43=72-02

CORE RECOVERY

CORE DESCRIPTION

HOLE DEPTH %CR#* | SROD#* DEPTH DESCRIPTION

# (m) (m)

4.72- 6.25] 100 61 4.72- 7.77| LIMESBTONE, grey to grey brown, banded dark grey,

5 spotted white; dense, fine grained; medium strony rock;
6.25~ 7.77] 100 45 unweathered; very close to closely spaced fractures.
4.27- 5.79 93 26 4.27- 7.32] LIMESTONE, light tan brown to medium blue-grey, banded

6 _ dark grey brown, spotted white; dense, fine grained;
5.79~ 7.32 83 23 medium strong to strong rock; unweathered; very close

to closely spaced fractures.
4.27~ 5,79} 100 63 4.27~ 7.32| LIMESTONE, medium grey brown to dark grey, banded dark
grey brown, spotted white; dense, fine grained; medium

7 5.79- 7.32| 100| 78 strong to strong rock; unweathered; closely spaced

fractures.
4.57- 6.10] 95| 28 4.57- 7.62| LIMEBTONE, light grey to medium grey brown, banded

8 dark grey brown, spotted white; dense, fine grained;
6.10~ 7.62} 100 48 medium strong to strong rock:; closely spaced fractures.

*CR = CORE RECOVERY
ROCK QUALITY DESIGNATION

*RQD s

TABLE 2
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20 — [O to coarse sand with some greavel and
P:“. = E .
- Q — 3310nm tlsy, ocession=1 boulders 31127 4o 3514m
- " Sound . e Cored L™
y = N\ und limestone bedrock Recovered 4'L"
T i AT 1007 recovery
- R.Q.D.=65%
40 —
as —
50 — * Prepared by Wilf Ohlmann Geotechnical
o - Services Ltd. for CPR.
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OFFICE REPORT ON SO EXPLORATION

, Mirasiry of
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Dntare
RECORD OF BOREHOLE No | METRIC
WP 4372-02 LOCATION STA, 17 + 854.,5; 0/5 11.9 m Lt. 4 Hwy. 15 ORIGINATED BY Jn
DIsT 9 Hwy_ 18 BOREHOLE TYPE ¥ Casing, B Core COMPILED BY DD
CATUM Geodetic DATE 86 08 26-27 CHECKED BY .00
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 18, | 2 |Resistance pior T RN B
£ vy MR B %o REMARKS
- ~ | $8 20 40 80 40 100 CONTENT U zZ=
Ofe b4 =z z ) f ) f 1 Wp W W, Sw &
ELEV DESCRIPTION alg|w| 2]128| & [sHEAR STRENGTH kra A . 2 | oraiN SIZE
DEPTH |21 2| %1358 G [ouncoNenED e FELDVANE| o oo o |y |DISTRIBUTION
gz 5 |GV | & [oouck Traxac  x 1as vane |W ER CONTENT (%) %)
96.1 GROUND SURFPACE bt - u ZQ 50 60 80 100 20 40 w GR SA 51 (L
0.0 §% 56
P
Silty Clay (CI) A
trace/some gravel
trace/some sand ,/1 88 |5
firm to stiff 'l 95
(FILL) 2 |88 |7 bt 6 9 44 41
grey y
4 +10
¥g 94
3 188 15 [~ - 21 4 34 41
e
93.2 trace organics
2.9 weathered . 4 1 RC reed 33
unweathered
Bedrock 5 | RC Tee
edroc
Limestone 8g7, |80 0827
vet. flgsure 92
o/
rec
[] RC
92% 91
7
50,2
5.9 END OF BOREHOLE

+3, x5 Numbers refer 1o

20
pumbers | 15 xs {%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

{ Mimisley of
Teansportaton ang
Cormmums anomy

Dttty
RECORD OF BOREHOLE No 2 METRIC
W B G3-72-02 LOCATION _ STA. 17 + B12.5; 0/S 18.6 m Rt. ¢ Hwy, 15 ORIGINATED BY Jp
DIST 9 HwY L3 BOREHOLE Typg B Casing, B Core compiLep sy __ PP
DATUM Geodetic DATE 86 08 27 CHECKED BY Db
& w JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | 4 | i s One, NaTURAL =
=4 o] PLASTIC  morsrume LU REMARKS
- gs & 20 40 50 100 LMy CONTENT LIMIT %L_D
Sl 155 | 2 frstmmded —— Wp W w | 5E N
LEV DESCRIPTION “l2| ¢ 3125 G [snear srrencrr AR 2 | GraiN SizE
BEPTH 151 2| 2138 5 lounconrmen  + rieo vane ATeR conteny | ¥ [PSTRIBUTION
g 4 » | &Y & |e quiek TrRIana 1AB vane |WATER CONTENT (%) {%}
94.9  GROUND SURFACE 5 £ & 20 40 60 GR SA 51 CL
Q.0 }
/
#
Silty Clay (C1) }/ 1} 58 3 ] 720 45 28
trace/some satd 9%
trsce gravel 4
soft to stiff &
(FILL) ] 2)ss | s
" "
grey e 93
/" 3lss | 6 N 0 248 50
//
91,9 il 4lss |15 92
>0 e s;%a 30
trace organicas] |
sl ss | 1o or 19 41 26 14
Silty Sand el 1 91
some gravel "
trace/some c¢lay R
compact b 685 |17
{TILL) Ja %0
£
11 7188 | 28 o 19 49 22 10
slightly cohesive ['f s
noncohesive R
L] 8fss |19 8%
88.3 :
6.6 weatheted . -
unweathered tec 88
9| RC
Bedrock 89%
Limestone 4
87
/2 rec
10} RO
100%) a6
85, 51
9.4  END OF BOREHOLE

+3, x5 Numbars refer 1o
Sernsitivity

20
15 -5 {%) STRAIN AT FALURE
10
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RECORD OF BOREMOLE No 3 METRIC
: W P 4327202 LOCATION _8TA. 17 + 797.2: ©/5 12.0 m Re, ¢ Hwy. 15 ORIGINATED By _JD
pIst 9 . Hwy 15 BOREMOLE TYPE B Casing, B Core : COMPILED gy __DD
DATUM Geodetic DATE B¢ 08 27-28 CHECKED 8y _ DD
. W JOVNAMIC CONE PENETRATION
# SOIL PROFILE SAMPLES | &, g |RESSTANCE PiOT pasc  NATURAL z
Z MOisTURE  LIGUID | REMARKS
e w861 3 20 40 ep 80 00 VW7 contanr UmT | SO
Cle N R~ oA O v o wp W w | Sw &
, ELEV ESCRIPTION |8l w| 2|95 | & [sHear sTRENGTH wra L F | GrAIN SiZE
., DEPTH D ° =31 21 %138]| § [ounconrmed  + Fieo vane WATER CONTENT (| ¥ |PISTRIBUTION
f g1z 5 | &Y & |eauck Tmaxar  x iae vane NTENT (%) {%)
: 94,7 GROUND SURFACE | & ¥ o 20 40 60 80 100 20 40 80 kN/m? |Gl SA 51 CL
: 0.0 o } 1/
- i
1
» 9%
ot &0,31__// 1] ss , . - > ] 21 8 39 32
Silty Clay (CI) 21 88 3 =
: trace/some gravel |i4 fho 0824 93
trace/somne gand M
ot to fiem ]| o sl
grey % |
z 91.8 92 |
7 o} 2.9 4155 | 11
) P
- & Silty Clay (CI) ?
9 trace sand 5 | g5 7 91 = 0 2 48 50
% soft to stiff /
wi (MARINE) //
3 e Rréy
8 / 6| 88 4 %
5 7
- 89,2 /71‘W P -4 ] 16.8 § 0 2 40 58
S 5.5 aNg
& : $ilty Sand bl 89
- [ some clay o afss | 14 o 10 54 22 14
w trace gravel RL&
Y compact to very A,
: T dense 6"
- o (TILL) AkE 88
2 brown = = - o e o PuC R0
: 87.4 boulders |§¥, " RC we571%
7.3 — — weathered :
unweathared 111 pe |FeC ¥
- 78%
: Bedrock
’ Limestone 12! & rec
82% 86
| rec
. 13 ®e
93% 85
: 84,
| 10. 1 END OF BOREHOLE
*probably not a
stabilized ground-
water elevation

20
+3, x5 ; Numbers cofar ro <45 (%) STRAIN AT FAILURE
Sunsitivity 10
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RECORD OF BOREMOLE No 4 METRIC
WP 43-72+02 LOCATION STA. L1 .+ 841.6:  0/§ 18.1 m Lt. & Hey. 15 ORIGINATED BY JD
DiIsT__ 9 HWY 13 BOREHOLE TYPE N Casing, B Core COMPILED BY bp
DATUM Geoderic DATE 86 08 30 CHECKED 8y Bp
o ws DYNAMIC CONE FENETRATION
- SOIL PROFILE SAMPLES B | 3 [REsisTANCE PLOT wasre NArom
V] wr'© mostame uowbl b REMARKS
e » gé & 20 40 60 80 10 | CONTENT 23
9 &‘J ot ;': 2 L i i i A Wp W WL Sy &
ELEV BESCRIPTION Slal ®| 2188 & [SHEAR STRENGTH kpa bt e 2 | GrAIN sizE
DEFTH 1325 gg % |0 UNCONFINED  + FIELD VANE TENT 5 y |DISTRIBUTION
% z L | EY Q & QUICK TRIAXIAL  x (A8 vang | WATER CONTENT (%) (%)
.6 GROUND SURFACE 5 ? i 0 40 60 80 100 20 40 60 GR SA 51 CL
0.0f Sandy silt (ML) "
some clay,trace gravell|.{
very loose N 95
(FILL) slightly co~ [11] 1185 | 3 of w 5 34 42 19
94.5 hesive .
1 1 1A » * 'l
Silty Clay (¢ 1] 2fss | 6| -
trace sand 1 8508 3D 94
firm to very stiff A
(FILL) 4
brown FOERR 6 St 0 & 46 50
%
£ 93
z //; » *2
2 9§’; L o lss |11
. 4 graca organics -
g browm, .. .. / 92
e O B 46 4k
< Silty clay (C1) /’ s 88 2
w trace sand
= atiff to very stiff /
[w] (MARINE) 61 588 12 91
: 90,7 grey /
4.91 Silty sand and gravel
¢] "“Z elay gravel bf. 7188 | 60 [/8 em G 4133 21 5
ford ok e e s '
o 90.0 boulders 90
& 5.6 e Medthered
“ -4 unweathered
rec
8 81 RC lg4n
bl Bedrock 89
" Q Limestone
res
91 RC
98% 88
87.6
8.0 END OF BOREHOLE
*probably not a
stabilized ground-
water slevation
_ *ryery dense
' {TILL)
brown
]
'.
I
R
]
]
1

T
o3, x8; Numbers refor to 15 s (o) Srrain AT FAILURE
Sansitivity 10
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RECORD OF BOREHMOLE No 5

METRIC

OFFICE REPORT ON SOIL EXPLORATION

3, x5 : Numbers refer to
Sensitivity

1505 {%) STRAIN AT FAILURE
10

W P 43+72-03 LOCATION S§ta. 17 +776.7; 0/S 1.8 m Rt. &L Hwy. 15 ORIGINATED BY _MJ
DIST 9 . Hwy. 15 BOREHOLE Typg  Cone Test, H-§ Auger, B-Gore compiep sy _ "W
DATUM Ceodetic - DATE 87 08 11 CHECKED 8Y il
DYNAMIC CONE PENETRATION
SOIL PROFILE sampies | & | % forMaMic coNE | ArGRaL -
g hw; nAStiC worstuke LU | b ppmapks
[, §5 wy ) LimiT cONTENT  LiMIT [ ™)
O o = 2 40 60 810 100 Wp W w, _%55 &
LBV DESCRIPTION =gl vl 2123 8 [sHear STRENGTH \Pa et | 3 | GRAIN Si12E
|bEPTH L S B8 | T |0 UNCONFINED  + FIELD VANE " et it y |DISTRIBUTION
é z y | EY G |[e Quick TRIAXIAL  x 1AB VANE WATER CONTENT (%) {%)
92.4 Ground Surface | P ? i 2 40 60 8D 100 20 40 60 GR SA 51 CL
) 4 "\
7/ 92
*
Silty Clay (CI) ? 1188 |11 1 — 0 14356
Trace Sand / 91
LR
Soft to / 2iTW | PH
Very Stiff /
(Marine) /é 90
+6
Grey /
?3 s | 1 - ) 24 1 31 44
/ +12
? diss | 1
kg
88 £
87.7 4 : ]
4.7 r’f;ZL(
Z;;..-
Vet REC
Bedrock 4 5| oo 87
Limestone ?z-«‘l‘:
Unweathered )
4=,
z-/:éé 86
3 REC
?.gji 61 RC 1100
e
ey ]
84.8 s 85
7.6 End of Boreghole
* Croundwater Elevation
Not Stabilized
20
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* Groundwater Elevation
Not Stabilized

RECORD OF BOREHOLE No 6 METRIC
WP 43-72-02 LOCATION Sta, 17'+ 791.8; 0/8 2.4 m Rt. <L Hwy. 15 ORIGINATED BY  MJ
pIST 9 Hwy___ 15 BOREHOLE Typg  Cone Test, H-§ Auger, B-Cate coMPiLED BY M
DATUM Geodetic DATE 87 08 12 CHECKED BY __ DD
NAM NE P RATI
SOIL PROFILE SAMPLES | 8., | Z [Resisrance “pior ac RATION pasric NATOAL =
z § ’ WASTIC  wousrome  LHOUID - REMARKS
- - §0 20 40 b0 80 100 UMIT  conTENT LIMIT ?..Q
218 w3 %E & SHEAR STRENGTH RPs D (“jRAN&S 2t
ELEV =R -1 n xPa [P — 1 i
DEPTH DESCRIPTION 2|3 5| % [38] § |ounconmner  + riewo vane ATER conTent | ¥ [PSTRIBUTION
gz > | &Y | § |»ouck rranaL  x Las vane |W NT {%) , (%)
92.3 | _ Ground Surface % £ i 40 60 80 100 20 40 80 fkN/m’ lsp sa sioCL
0.0 7
% :
Silty Clay (C1) // /
Trace Sand / 1|88 5 *
91
Soft to / ";' o
Stiff / 2 | W |eH d 17.6 | 2 2 40 56
(Marine) 37
/ 90
Gray /
//; 3 {TW | Pl 89 K 2 19, 17.2 § 1 2 37 60
//; L +b
88.0 e
%3 88 =
4 | re [REC
Bedrock : 87
Limestone
Unweathered
s | ke g‘gg -
7
85.0
7.3 End of Borehole

+3, x5 . Numbaers refer 1o
Sansitivity

20
1505 {%] STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 7

METRIC

* Groundwater Elevation
Not Stabilized

WP 43-72-02 LOCATION Sta. 17 # 798.9; 0/S 11.1 m Lt. ¢ Huy. 15 ORIGINATED 8y _ MJ
DIsT 9, ..wwy, 15 BOREWOLE Typg Come Test, H-S Auger, B-Cove comeiep sy M
DATUM Geodetic - DATE 87 08 12 cHeckep gy PP
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & gg RESISTANCE PLOT NATURAL S
h—g by PI.A!,TN'.' morgme wou } . I REMARKS
- " g 4 20 40 80 80 100 Ly LONTENT  bLiNY 2{2
O we 41 = 3 ] f ] 1 e &
& lw 5 iak g Wp w W} 2
Ly DESCRIPTIO Sle| 8| 2129 | Q [SHEAR STRENGTH kpa Gy E | GRAIN SIZE
DEPTH N | ELE S % lo unconpNED 4 FIELD VAN DISTRIBUTION
2| = Ol % € lwarer contenT (%) 7 .
2|z » | &Y & |eouck TrAxiaL  x Lap vaNe (%) (%)
972.3 Ground Surface hid = Nt 20 40 /0 80 100 GR SA 51 CL
G.0 e
? 9
/ 1183 |10 *
$iley Clay (c1) / 4‘ 91
Trace Sand /
/ 2 88 1 4
Softr to d
Seiff ? s 3
(Marine) / 3] len
G /
rey \ 9
Z 3
84.0 7 4 | rw |em
4.3 sy a5
Bedrock % 5 | RC ﬁgm
Sk a7
Limestone 1 edy]
? ‘3
Unweathered :‘*':1
07
52 6 | B¢ 11007
e
85.0 &
1.3 End of Borehole

+3, x5 ; Numbers refer vo
Sensitivity

20
15 -5 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 8

METRIC

* Groundwater Elevation

Not Stabilized

W 43-72-02 LOCATION Sta. 17°+ 817.9; 0/5 6.6 m Lt. & Hwy., 15 ORIGINATED gy _ MJ
DisT 3 HWY__ 15 BOREMOLE TYPE Cone Test, H-S Auger, B-Core compiLep ay | M
DATUM Geodetic’ DATE 87 08 13 CHECKED @y Db
ui  JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | | & [orNAmC CONE NATURAL .
=9 PLASTIC  Maistyrg L1GUR | 4 £ REMARKS
- N ;Q o 20 40 &0 &0 100 LT CoNTENT LIMIT 29
9 5 g g L 1 ) ) i wp w Wg o &
ELEY BESCRIPTION |8 wi|2|25]| 8 [sHeAr stRencTw ke D\ 2 | oraN size
DEPTH Esc IR 8% § [0 UNCONFINED  » FiEWD VANE| o contentim)| ¥ PISTRIBUTION
g2 > | &Y & | ouck reaxmL  x an vane NT (%) %)
92.3 Ground Surface w : i 20 40 66 8D 100 20 4p 60 GR SA SI €L
0.0 "Lt
v . . 92
Sand n
Compact L
(2 * * -
91.1 (Fill) ©.0] 1iss 6 '¥"
1.2 g 91
Siley clay {(C1) /
Trace Sand / 2] 88 | Pd
Stiff /|
(Marine) / 90|
Gray / *®
89.3 g7
3.0 ‘P 3 tw | ey a9l o 25 43 22 10
Silty Sand
Some Gravel
Some Clay
Cotipact
(Tii1) 5 88 o
87.7 o
T8 %
2= REC]
Bt 7
Bedrock g_{‘ 41 RC 957 8
Limestone Z.:,?é,
7 ‘
Unwedthered =T "
%Zg 86
= REC
bt -
7] °| ¢ |100%
7
L 85
84,7 43
7.5 End of Borehols

+3, %5 ;. Numbers refer to
Sensitivity

20
159-5 (%) STRAIN AT FAILURE
10
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MINISTRY OF THRANSPORTATION AND COMMUNICATIONS, ONTARIO

9% 99
CER SANDY SILT
98 S SOME CrAY, 98
o7 - TRACE GRAVEL .
A Very Loose
e AT ST CLaY A 7> N \/# {FELI} ey 70
o AN WL SO Gt HRURTAN A A o
7 [F TRACE/SOME SAND LT I I N
o4 1 L Firm_to 5?|ff A SILTY "CLA RN o4
TRACE SAND 717 .y
o mg:epg;mtc 13 Firm to Very StEE-1} 810 /1A 03
WEATH ¥ 1 1E
" UNWEATHERED 4 L (FiLL) ‘i%{ﬁ f!l IS orcanics o2
T SFSHTY CLAY
o OCC FISSURES ————s SILTY SAND ¢ & GRAVEE/ 1 TR Q?ND(MAR,?? o1
3 o leatithtoV Sti
% p - UMESTONE igevmens E %0
BEDRGCK %EA?HERED
2 g&wsamenw a9
88 i - 85
87 87
86 B&
8s 85
A-A
2 3
& ¥ 3
100 100
9% 99
% CPR - o8
97 A 97
96 96
95 A 95
A SHTY QLAY XL FISILTY CLAYv 1 4 2
Z RACE CRAVEL o IR G TSGRE SRS LT
'
7 § Soft to, Stif /g 4 Soft to Firm b1 0] 3 "/:!r e o1
i a ¥ IFILL = TERLL
92 e gl V%E( il £ Mj/‘ i y 92
TRACE ORGANIC B o el (e T F N
o - SITY safD|: f SITY LAY ] 1okt 1o Stifd o
‘s e k SOME GRAVELD e TRACE SAND
0 W1 TRACE/SOME CLAY MARINE } 4 %0
IGHT: e Azt |2 -Compoct. 10 1 SILTY SANDU 5
89 NEREELESNES Vr_": pi—ie | (THE) G 1] D SCME CLAY TRACE%(% v = a9
TSN D I }_‘1 D Compact o, Very Densej 41| 17|
8 WEATHERED = AR z TiLL ~1=* 1o da il . lals a8
UNWEATHERED N "tel et Frd BOULDERS
o7 LmesTONE ROV Rty L IOugess 57
BEDROCK UNWEATHERED
86 ] 36
85 +- 85
84 &4
83 83
82 82
B-B
SECTIONS
SCALE
2m 1 0 I

HOT 17+ 791.558 HWY 15 REV'N
=HOC 10+000.000 CPR DETOUR

METRIC

DIMENSIONS ARE N METRES

ANDFOR MILLIMETRES UNLESS
OTHERWISE SHOWN. STATIONS
W OXLOMETRES » METRES.

2 o
N S
&
/\5‘ ‘% £
o » HOT 175 825.495 HWY 15 REV'N
e HOC 107000 CPR RE of Jat RAIL ‘
,95 52.6264m

F4.G

5.0
&0

?¥0

102
[isls}
98
9é&
g4
92
90
88
86

84

NOTE

Subsoil informetion for
Detour Alignment {8H 5,6,7 and 8}

Refer to Record of Borehole Shests.

102

100

98

&

94

92

0

88

10 +1020
10 +1000

9+ 1380

8é&

¢ PROFILE CPR TRACK

SCALE
4m 2 ¢

dm

REF

Mo E-7004-1, 82 OF

CONT No
WP No 43-72-02
CPR_SUBWAY AT PAKENHAM | SHEET

BORE HOLE LOCATIONS & SOIL STRATA

o
WP

LANARK
PAKENHAM

KEY PLAN
SCALE

Vem G5 O P km

e —

LEGEND

z QDo

CONE

i

Bore Hale

Uynomic Cona Panstration Test {Conel

Bore Hole & Cone

Blows/0.3m {Std PanTest, 475 i/ blow}
Biows/0-3m (60 Cane, 475 i/ biow]

WL or time of investigmtion 846 08

CPR Bore Hole

b d

Mo ELEWATION] STATION ‘OFFSET
¥ @61 17 «854.5 1R9m Lt
2 ¢4.9 7 +812.5 8-bmft
3 94.7 17+797.2 12,0 m Ry
4 25.6 17+841.4 18-1Tm bt
3 92.4 176776.7 {-8m Rt
4 92.3 17+791.8 2.4m Ry
7 92-3 17+798.9 Wlm bt
8 2.3 i7+817.9 &-&mit

-ENQOTE=-

The boundarigs befween soil sfrata hova been asrablished
only ar Bore Hole Eocaf:om Setween fore Holes the
d from geslogical evidence.

are

FITE: The comelete foundotion avestigotion and design report for
this project ard other ralated documents may be exsmined at the
Ergmeer:ng Materials Office, Downsview. Informotion confamed in
this report ond reloted documents is specficaily excluded in
occoedance with the conditons of Section 102-2 of Form 100

> ﬁ? 12708IG ? | SOREHOLES 5,6, 7 B 8 ADDED ON PLAN

= IDATE [8v |

BESCRIPTION

Geocras No  31F -106

HWY No 135

DT @

SUBMD DD {CHECKED

L TDATE 85 12,03

SITE 15-15

CRawN DT [CHECKED oo | ¥

ewG 437202-A
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