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FOUNDATION INVESTIGATION REPORT
For
Clyde River Bridge (Beaver Dam)
W.P. 21-82-01, Site 15-59
Hwy, 511, District 9, Ottawa

INTRODUCTION:

This report contains the results of a foundation investigation carried out
at the above-mentioned site. Initial fieldwork was completed during
December 9-10, 1982, and consisted of 3 sampled boreholes and one dynamic
cone penetration test. Additional fieldwork was carried out during January
10~13, 1983, and consisted of 3 additional sampled boreholes. Borings were
advanced to depths of up to 7-8 metres below the existing Hwy. 511 pavement

surface by means of a continuous flight auger utilizing hollow stems. In
addition, bedrock was proven in each of the six sampled boreholes by

obtaining up to 3.1 metres of BXL size rock core.

SITE DESCRIPTION AND GEOLOGY

The site is located at the crossing of the Clyde River and Hwy. 511, some
5.0 km north of the Village of Lanark, County of Lanark.

Topography in the vicinity of the site is rough. Land use may be described
as rural residential with single residences established in the general

vicinity. Uncultivated fields are located west of Hwy. 511, whereas east

of the highway, the terrain is bush covered.

Physiographically, the site is located within the region known as the
Canadian Shield, which is an area characterized by shallow till and rock

ridges.

SUBSURFACE CONDITIONS

Subsurface conditions across the site are somewhat variable. North of the
river, below 3.4 metres of highway fill material, is a layer of fine sand,
approximately 0.6 metres in thickness. Underlying the fine sand layer is a
stratum of 4.9 metres of very stiff silty clay. Immediately below the silty
clay stratum is calc-silicate metasedimentary bedrock. South of the river,
calc-silicate metasedimentary bedrock with solution cavities was encoun-

tered below 2.4 to 3.3 metres of highway fill material.



Reference should be made to the Record of Borehole Sheets contained in the
Appendix of this report. These sheets contain the description of the soil

and bedrock types encountered, and in summarized form, field and laboratory
test results. The stratigraphical profile and sections shown on Drawing

No. 2 of the contract drawings are based on this information and shows the

location and elevation of the borings.

A detailed description of the various subsoils and bedrock types is given

below,

Fill

Fill material was encountered in all boreholes and extends from the pave-
ment surface to a depth of 2.4 to 3.4 metres, It is éomposed mainly of sand
with a trace to some gravel. Boulders were encountered in three boreholes
advanced south of the river. Based on the results of Standard Penetration
Test 'N' values of 5 to 16 blows per 0.3 metres north of the river, and &4
to 100 blows/0.3 metres south of the river, it is estimated that the fill

has undergone a moderate compactive effort.

Fine Sand with Organics, Some Silt

This’deposit was encountered in the two borings advanced north of the river

and is approximately 0.6 metres in thickness. The stratum is composed of

fine sand with organics, some silt. Standard Penetration Test 'N' values
of 6 blows/0.3 metres indicates the deposit is in a loose state.

5ilty Clay, Trace of Sand

This deposit was encountered in both sampled boreholes advanced north of
the river immediately below the roadway fill and fine sand strata. This

layer is approximately 4.9 metres in thickness and comprised of silty clay,

trace of sand, Results of Atterberg Limits Testing on representative
samples are as follows:

_ Range Average
Natural Moisture Content (W) % : 25-30 30
Liquid Limit W) % 3240 36
Plastic Limit (Wp) Z 17-21 19

Plasticity Index (Ip) Y4 15-19 18



A plot of plasticity index versus liquid limit (Figure 1) indicates this
material is silty clay of low plasticity. A typical grain size distribution

for this deposit is shown on Figure 2.

The consistency of the deposit can be described as being generally very
stiff throughout, based on one in-situ vane test and Standard Penetration

. Test results of 11 to 32 blows/0.3 metres.

Bedrock

Bedrock was proven in the six sampled boreholes by obtaining 1.5 to 3.0

metres of BXL size rock core.

Bedrock was encountered directly below the silty clay deposit north of the
river at a depth of approximately 7.6 metres below the pavement surface

corresponding to elevation 142.2%,

South of the river, bedrock was encountered directly below the fill materi-
al at a depth of 2.4 to 3.4 metres. This corresponds to elevation 147.6

to 146.6,

In general, the bedrock surface appears to be undulating and sloping down
to the north.

Bedrock at this site consists of marble and cale-silicate rocks of the
Precambrian Carbonate Metasedimentary Group, which in general consists of

medium strong to weak marble overlying high strength calc-silicate rock.

The bedrock displays a marked gneissosity which dips at approximately 30 to

40 degrees easterly.

Evidence of solution cavities within the marble portion of the bedrock was
encountered in borings south of the river, indicated by poor RQD and core

recovery values at specific locations in the bedrock. In addition, associa-

ted drillwater losses as well as pitted and dissolved surfaces to the core

’ ) ¥ . 4 - -
indicate the existence of non-uniform solution cavities.

From borings advanced south of the river, the solution cavity zone in ques~
tion below the location of the proposed south abutment appears to vary from

about 0.1 to 1.0 metres in thickness with its lateral extent being unknown.



The solution cavity zone consists in part of cavities (high core loss) and
in part of highly weathered rock. It also appears that the solution cavi-

ties may be entirely filled or partially filled by soil as shown by changes
in drillwater level,

Directly above and below the cavity zone, bedrock is generally of high
quality, with approximately 0.5 to 1.0 metres of rock overlying this zone.

Groundwater

The groundwater level was determined by umasﬁring in the open boreholes.
Measurements indicate the groundwater corresponds to the free-water level
of the Clyde River at elevation 147.6 in the vicinity of the river
crossing, and in the general area has a very gentle gradient down to the

river.

L. Politano
Project Foundations Engineer

///)7QW""4’5

M. Devata, P. Eng.
Chief Foundations Engineer
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DATUM __ Ceodetie DATE 82 17 10 CHECKED 8Y -
a w JDYNAMIC CONE PENETRATION -
SOIL PROFILE SAMPLES | &, § RESTANCE CPLOT rasnc BT, oum CE | remans
= - | $8 20 a0 60 80 go M7 coMTewr u zZz .
Ofea w = A L ) L i Wp w W, .‘:D;
ELEV Elal ¥ 21%a 5 SHEAR STRENGTH USSP N— GRAIN 51ZE
DEPTH DESCRIPTION NEIREERE: g g [ounconmmeo e rmpvaNel oo w7 DISTRIBUTION
iz 3 | &Y | @& e ouck Traxar  x Las vang - (%)
149.9| Shoulder Surface :7, : @ GR SA S1 CL
0.0 P111, Sand Some 511t |
and Gravel
Brown 149
Lovee
14 88] 4 148
147.4 '{—
2.5] Marble snd Cale~ CRZ RGDX Weat! Strenpth Jointing
84licate, Bedrock, 144 Slight te High Bedding, very cYogely
146.8) Light Grey _ _ 65 27 Unweathered to ¢losely, spaded BYL Cove
3.1] Zone of High Core Loss 0.8 metye cdvity, remsinink rock
0.8 metre cavity C moderately Weathered, snd bf low atrength
146.0| (High Marble Contenmt) )
e e o e i s e i e 1464
3.9 Marble and Cale-
Silicate
Bedrock 94 %0
Light Grey 185] Slighr te High Bedding, very clpsely
T Unweathored to closely spac
144, 4
5.5| End of Borahole
3 5. Numbers ref to 20
¥ Tz Jambors reter 1545 (%]} STRAIN AT FAILURE
ensitivity 10
bttt S it b s i
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RECORD OF BOREHOLE No 4 METRIC '3
WP 21.-82-01 LOCATION __ Sta. 15 4 409.0 o/s 0.8m Lt. £ Huy. 511 ORIGINATED BY _KC
pisT___ % pwy 51l BOREHOLE Typg  Hollow Stem and BXL Casing COMPILED BY __ KC
od
parym  Secdetic DATE Houn checken oy G
PROFILE WP pe w |DYNAMIC CONE_PENETRATION '
SOIL PROFIL SAMPLES By RESISTANCE  PLOT masric B weve | E | emanks
- go 20 40 0 Y00 LMIT  conTent LIMIT | = (O Al
Ojx 8 gi: z e A O O Wp W W, :zbg &
wt bl W ) -
ELEV Elal w2 § [sHEAR STRENGTH ey GRAIN SIZE
|oEPTH DESCRIPTION |2l S|8|32] 2 © UNCONFINED  + FIELD VANE DISTRIBUTION
2|~ 17188 WATER CONTENT (%) 7
glz 5 | &9 g ® QUICK TRIAKIAL % LAB VANE g (%)
150.0| Road Surface v v i GR 5A 51 (L
0.0 FL11, Sand, Some
Gravel
\
Occagional Boulders
149
Brown
Compact tov Very Denpe
148
147.3 + | 1
CRE.]RODZ Weathering Strengt Jointing
2,7 Marble and 00 1" 79 1475 BXL Core
Cale-Silicate
Core tos
Bedrock - 87 69
Light Grey 1464 Unweathered Righ Bedding joints,
Moderately spaced
¢5+5 Tosa Rough Plenar,
Rre SR8 92 | 70 Tight
145T
4.2
5.8 End of Borehole

L e 0 bRt

+3, x5 . Numbers refer to

Sensitivity

20
15 -5 (%) STRAIN AT FAILURE
0
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RECORD OF BOREHOLE No 5 METRIC ¥
w P _ 21-B2-01 LOCATION . _Sta. 15 + 408,5 o/s 1.3 w Rt. £ Hwy, 511 ORIGINATED BY _KC
pisT _ 9 mwy_ Sl BOREWOLE Typg _ Hollow Stem, BXL Casing COMPILED BY __KC
patym __ Secdetic DATE LB . CHECKED BYE
w DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES £y bt W, T "
= §5 20 40 0 B0 1go  [U™T  cowrenr LmiT| SO REM:R >
Olew “a = i f f i 1 Wp w w, Sw
ELEV @l w225 5 SHEAR STRENGTH : Qg ® | orain sizE
|oEFTH DESCRIPTION NEIR-RE 8% & |ounconemer  + e vane y |DISTRIBUTION
2|z > | &° 2 lecuce thAGAL  x (A vang | WATER CONTENT (%) %]
150.0| Road Surface » £ & GR 5A 51 CL
0.0| Pil1, Sand, Some € ,
Cravel i
Oceasional Bovlders 189
Brown
Compact to Very Dense
148
145.8 n 147 |
3.2 | Marble & Cale-S1licatel RGDT Weathering Strength Jofnting
Bedrock Slight Hedium to Closely spaced, Jl.augh BXL Core
b 46,0 Light Grey 146 High Planay, Omidire
’ 4,0 g":“n:i t:ig:’io:;e Loss 5 | 28 0.9 metre cavlity, rmmmgvmk
s (E.!.'lgh Msrble Content) Moderately Wepthered, and of low strength
. 45,1 bt St i e 145}
: 4,9 | Marble and Cale-
. Silicate Unwesathered Bigh Bedding closely sbaced
9 :::::«:E”y - Rough Flaner, Tight
? 143, 9 1444
) 6.1 | Eid 5T BorehoTe

+2, x5 ; Numbers refer to
Swasitivity

20
1545 (%) S5TRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 6 METRIC 15
we 21wB2.01 LOCATION Sta, 15 + 445.0 ofa 3.6 m Rt. £ Hwy, 511 ORIGINATED 8y EC
9 511 Holl BXL Casin
pisT HWY BOREHOLE TYpE __ loriov Stem amd sing COMPILED BY __C
pATUM _ Geodetic DATE 83 01 13 CHECKED BVE
SOIL PROFILE SAMPLES | = ws | DYNAMIC CONE PENETRATION -
Yo § RESISYANCE  PLOT pasic NATURAL waun | o E | pemancs
= £6 20 40 80 B0 g0 |UMT  conrewr umT | SO
Ofw 4 - 1 L i ) A Wp w W, | oW &
ELEV DESCRIPTION TRl wi 2188 5 SHEAR STRENGTH AP E | crain size
|DEFTH Rt BEIRAE éé g founconmmer e rEDVANE L oo |y [PISTRIBUTION
g3 » | EC § ® QUICK TRIAXIAL % LAB VANE J (%}
149.8| Shoulder Surface & 2 b 10 20 30 GR SA 51 CL
0.0] Fill, Sand, Some 8§41t V'
and Gravel, Trace of
Clay
149
Brown 1188 (]
Lobse
2fss | 5 148
147.5
vy e 4’
Fine Sand, with Org., ',“.;(, 3|88 6
5 11t "
146.9| ER0e 1 Btacke Todte |22 ")
2,9} 541ty Clay of low '
Plagticity, Trace 4 1ss |15 L S 0 41 35 24
Sand
146
Grey 15 |ss 14
Stiff .
i} 6 iss [13 145 ot 0 249 49
4
144
|7 |ss |u oy 195337
A 143
%
142,90, ) 142
7.8 | Marble and Cale- G R R R Weatherine | _Stremgth Jointing
Silicate W
/e 93 71
Bedrock % S11ght to High Bedding joints cfose to
7762 1414 Unweat hered Moderately spacefl BXL Core
Light Grey «-./ Rough planar, oxfdixed
/7
(f.z; o7 | 84 ’
K 1404
139.7 "./,’-;-:5
10.1 | End of Borehole

+3, x5 : Numbers refer 1o

Sansitivity

20
1505 (%) STRAIN AT FAILURE
10
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FOUNDATION INVESTIGATION REPORT
For

Clyde River Bridge (Beaver Dam)
5.0 Kilometres North of Lanark
W.P. 21-82-01, Site 15-59
District 9, Ottawa

INTRODUCTION

This report contains the results of a foundation investigation carried
out at the above~mentioned site. Initial fieldwork was completed during
December 9-10, 1982, and consisted of 3 sampled boreholes and one dynamic
cone penetration test. Additional fieldwork was carried out during
January 10-13, 1983, which consisted of 3 additional sampled boreholes.
Borings were advanced to depths of up to 7.8 metres below the existing
Hwy. 511 pavement surface by means of a continuous flight auger

utilizing hollow stems. In addition, bedrock was proven in each of the

six sampled boreholes by obtaining up to 3.1 metres of BXL size rock core.

SITE DESCRIPTION AND GEOLOGY

The site is located at the crossing of the Clyde River and Hwy. 511,
some 5.0 km north of the Village of Lanark, County of Lanark.

Topography in the vicinity of the site is rough. Land use may be described
as rural residential with single residences established in the general
vicinity. Uncultivated fields are located west of Hwy. 511, whereas

east of the highway, the terrain is bush covered.

Physiographically, the site is located within the region known as the

Canadian Shield, which is an area characterized by shallow till and

rock ridges.

-n‘/2



SUBSURFACE CONDITIONS

Subsurface conditions across the site are somewhat variable. North of

the river, below 3.4 metres of highway fill material, is a layer of

fine sand, approximately 0.6 metres in thickness. Underlying the fine
sand layer is a stratum of 4.9 metres of very stiff silty clay. Immediately
below the silty clay stratum is calc-silicate metasedimentary bedrock.

South of the river, calc*siifcate metasedimentary bedrock with solution

cavities was encountered below 2.4 to 3.3 metres of highway fill material.

Reference should be made to the Record of Borehole Sheets contained in

the Appendix of this report. These sheets contain the description of the
soil and bedrock types encountered, and in summarized form, field and
laboratory test results. The stratigraphical profile and sections shown

on Drawing No. 218201-A is based on this information and shows the location

and elevations of the borings.

A detailed description of the various subsoils and bedrock types is

given below.

Fill

Fill material was encountered in all boreholes and extends from the
pavement surface to a depth of 2.4 to 3.4 metres. 1t is composed mainly
of sand with a trace to some gravel. Boulders were encountered in three
boreholes advanced south of the river. Based on the results of Standard
Penetration Test 'N' values of 5 to 16 blows per 0.3 metres north of the
river, and 4 to 100 blows/0.3 metres south of the river, it is estimated

that the fill has undergone a moderate compactive effort.

Fine Sand with Organics, Some Silt

This deposit was encountered in the two borings advanced north of the
river and is approximately 0.6 metres in thickness. The stratum is
composed of fine sand with organics, some silt. Standard Penetration
.Test 'N' values of 6 blows/0.3 metres indicates the deposit is in a

loose state of density.
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Silty C!ay, Trace of Sand

This deposit was encountered in both sampled boreholes advanced north
of the river immediately below the roadway fill and fine sand strata.
This layer is approximately L.9 metres in thickness and comprised of
silty clay, trace of sand. Results of Atterberg Limits Testing on

representative samples is as follows:

Range Average
Natural Moisture Content (W) % 25-35 30
Liquid Limit (WL)% 32-40 36
Plastic Limit (wp)z 17-21 19
Plasticity Index (1)% 15-19 18

A plot of plasticity index versus liquid limit (Figure 1) indicates
this material is silty clay of low plasticity. A typical grain size
distribution for this deposit is shown on Figure 2,

The consistency of the deposit can be described being generally
very stiff throughout based on one in-sity vane test and Standard
Penetration Test results of 11 to 32 blows/0.3 metres.

Bedrock

Bedrock was proven in the six sampled boreholes by obtaining 1.5 to

3.0 inches of BXL size roek core.

Bedrock was encountered directly below the silty clay deposit north
of the river at a depth of approximately 7.6 metres below the pavement

surface corresponding to elevation 142.2+.
South of the river, bedrock was encountered directly below the fill
material at a depth of 2.4 to 3.4 metres. This corresponds to elevation

147.6 to 146.6,

In general, the bedrock surface appears to be undulating and sloping down
to the north.
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Bedrock at this site consists of marble and calc-silicate rocks of the
Precambrian Carbonate Metasedimentary Group, which in general consists of

medium strong to weak marble overyling high strength calc-silicate rock.

The bedrock displays a marked gneissosity which dips at approximately
30 to 40 degrees easterly.

Evidence of solution cavities within the marble portion of the bedrock

was encountered in borings south of the river, indicated by poor RQD

and core recovery values at specific locations in the bedrock. In addition,
associated drillwater losses as well as pitted and dissolved surfaces to

“the core indicate the existence of non-uniform solution cavities.

From borings advanced south of the river, the solution cavity zone in
question below the location of the proposed south abutment appears to
vary from about 0.1 to 1.0 metres in thickness with its lateral extent
being unknown. The solution cavity zone consists in part of cavities
(high core loss) and in part of highly weathered rock. It alsc appears
that the solution cavities may be entirely filled or partially filled

by soil as shown by changes in drillwater level.

Directly above and below the cavity zone, bedrock is generally of high

quality, with approximately 0.5 to 1.0 metres of rock overlying this zone.
Groundwater

The groundwater Jevel was determined by measuring in the open boreholes.
Measurements indicate the groundwater corresponds to the free-water level
of the Clyde River at elevation 147.6 in the vicinity of the river crossing,

and in the general area has a very gentk gradient down to the river.



DISCUSSION AND RECOMMENDATIONS

The site is located at the crossing of Hwy. 511 and the Clyde River,
approximately 5.0 kilometres north of the Village of Lanark.

The proposed structure will replace the existing steel truss bridge, with

the structural proposal at present being a single 35 metre clear span
structure with associated a#broach fill heights in the order of 1.5 metres
abow the present Hwy. 511 grade. Subsoil conditions at the proposed

north abutment location consists of 3.4 metres of loose to compact fill
material overlying 0.6 metres of loose fine sand, followed by 4.9

metres of very stiff Silty clay. High strength matasedimentary calc~silicate
bedrock is present immediately below the silty clay deposit, and shows no

signs of severe weathering or solution cavities.

At the proposed south abutment location, subsoil conditions consist of 2.4
to 3.4 metres of loose to very dense fill overlying calc~silicate bedrock.
The bedrock contains a solution cavity zone within the marble portion of the
rock mass that may be filled entirely or partially with soil. Above and
below the cavity zone, the bedrock is generally of a high quality, with

approximately 0.5 to 1.0 metres of rock overlying in the solution zone.

Recommendations pertaining to the design and construction of the proposed

structure as follows.
Scheme A:

North Abutment

The abutment footing can be supported on steel H piles equipped with reinforced
tips driven to bedrock at elevation 142.0$, The following design values

are recommended:

Factored Capacity Capacity at
Pile Type at U.L.S. S.L.S. Type II
310 X 110 1600 kN (per pile) 1150 kN
310X 79 1150 kN 820 kN
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Front and side slopes of the approach embankments in the immediate vicinity
of the abutment should be 2 horizontal to | vertical. All loose surficial
fill material beneath the approach embankments in the abutment vicinity

should be removed.
New fill material shall consist of free~draining granular backfill, with
particle sizes of the fill directly beneath the pile locations not exceeding

75 mm to facilitate pile drf?ing.

South Abutment

The south abutment footing can be founded on spread footings within the
bedrock at elevation 144.5 in high strength unweathered rock below the
solution cavity zone. This will require approximately 3.5 metres of fill

and 2.5 metres of rock to be removed and excavated.

By excavating to high strength rock below the solution cavity zone at
elevation lhh.&t, the footing can be designed using a factored capacity
at U.L.5. of 7500 kPa.

Provisions should be provided for in the contract to bring the excavated

rock surface up to founding level by means of mass concrete.

A de-watering scheme will be required to construct the footing in

dry conditions. Therefore, a cofferdam using either sheeting or a
prefabricated box may be constructed. For sliding safety of the footing,

a friction coefficient of 0.6 between the bedrock and footing should be used

to achieve resistance to lateral forces.

For both the north and south abutments, earth pressures should be computed
as per Subsection 6.6.1.2.2 of the 0.H.B.D.C. Manual, assuming a non-

vielding foundation condition with ko=0.5 for granular backfill.

For frost protection purposes, earth cover should be greater than 1.7

metres.
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Settlements of the abutments should be negligible.
Scheme B:

Both the north and south abutments can be founded on 76 c¢m @ concrete
caissons drilled into bedrock. Caissons should be keyed at least 1 metre

into bedrock to elevation 141.0+ at the north abutment location, and at least
1 metre into high strength Bédrock below the solution cavity zone to elevation
144,04+ at the south abutment location.

The 76 cm # caissons can be design to a factored capacity at U.L.S5. of 3200
kN and capacity at S.L.S. Type II of 1800 kN.

Earth pressure against the abutment walls should be computed as per
Subsection 6.6.1.2.2 of the 0.H.B.D.C. Manual. For frost protection

purposes, a minimum of 1.7 metres of earth cover should be provided.

Other Considerations

Rip-rap protection is recommended for the approach embankments. Eroslion
of the existing embankment along the southern approach is currently
occurring, particularly in view of the fact that the embankment inhibiits

the natural flow of the river.

MISCELLANEQUS

The fieldwork for this investigation was carried out under the supervision
of Mr. K. Chak, Trainee Engineer, and Mr. E. Magni, Engineering Geologist,
using equipment owned and operated by F.E. Johnston Drilling Inc., Ottawa.

This report was written by Mr. Chak and reviewed by Mr. M. Devata, Senior

K.D. Chak
Trainee Engineer
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M. Devata, P. Eng.
83 03 07 Senior Foundations Engineer

Foundations Engineer.
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Ontano

21~82-01

RECORD OF BOREHOLE No 1

METRIC

WP LOCATION Sta. 15 + 443.5 ofs 3.6 m Lt. ¢ Hwy. 511 ORIGINATED BY xC
DIST 9 HWY 511 BOREHOLE TYPE Hollow Stem Auger, BXL Casing & Cone Test COMPILED BY XC
DATUM Geodetic DATE 82 12 nY CHECKED BY
w | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 1 &, | 2 |resistance ploT SRR TY YRR B
42 \J it~ SORTURL mir | =0 REMARKS
CONTENT
- w |20 v 20 40 60 80 100 z= i
Qe W E = L . 1 4 L Wp w W, -
ELEV QPTI T lm| w3158 G |SHEAR STRENGTH kPa O S——— # | GRAIN SIZE
DEPTH DESCRIPTION w|E1 2 %136 g |ounconmned  + FiELD vANE warer contentim| 7 DISTRIBUTION
K L [§C | & |eQuck TRIAKIAL X LAB VANE . {%]
149.8| Shoulder Surface ) s i 20 4D g0 BO 10D 10 20 30 GR 5A 51 CL
0.0] Fi1l, Sand, Some Silt
and Gravel, Trace of 4
Clay 149 /
Brown 188 {11
Compact
21585 {16 148 o, 15 60 21 4
147.5 v >
Fine Sand with Org., |+.~ =
2:3 Some $ilt, Trace of  |-o| 3 |SS | ® r o 15 56 26 3
146,9 | Gravel, Black, Loose [ 7 147
2.9 8ilty Clay of low
Plasticity, Trace 4188 j11
Gravel
146 f I
Grey *
Stiff te Hard
A s iss |12 143 > — h4 0 41 45
144 4
4
6 [ss |32 >,
143 =l
100715 em
142.3
7.5 | Marble and Cale- RODE 147 Weathering Strength Jointing
Silicate T
Bedrock
Light Grey 92 §1ight to High Bedding, Cross
Unweatherad joints, closely BIL Core
1414 spaced, rough,
140, 6 oxidized
9.2 | End of Borehole

3, %5 Numb?rs refer to
Sensitivity

20
1545 (%) STRAIN AT FALURE
10
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RECORD OF BOREHOLE No 2 METRIC
WP _ 21-82.01 LOCATION _ Sta, 15 4 405,8 ofs 3.9 m Re. ¢ Hwy. 511 CRIGINATED BY
pisT__ 9 mwy. 511 BOREHOLE Typg  Hollow Stem and BXL Casing compiep sy ___XC
DATUM Geodetis DATE 82 12 09 CHECKED av:ﬁ
DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES | 5, 2 [ResisTANCE PLOT pasnc AT =
g2 o LimiT Mmsruns i =17 REMARKS
= w |30 @ 20 40 40 80 00 CONTENT zZ=
Ofe .~ - ] h h h i Wp w w, | 5w &
ELEY DESCRIPTION &8 w3 20| © [SHEAR STRENGTH e Cpmsemrrarme 3 | GRAIN $1ZE
DEPTH B 2] 3136 | G o UNCONRINED  + FIELD VANE ATER CONTENT (%] 7 DISTRIBUTION
K v | gY & | ouick TrRAXIAL  x AR vANE w ONTENT (%) %)
149,9] shoulder Surface w ¢ ] GR 5A 51 CL
0.0f{ Fill, Sand, Some
Gravel
CGecagional Poulders 149
1488 16
Brown
Compact to Very Dense 2188 | 20
148
3188 [100/ Bc'%
V2T S TEsHE em | YT
146, 5 _
3.4] Marble and Cale~ Lyl CR%.. 1 RODY Weathering Strength Jointing
g:;:g:ie 146} S1ight to High Joints closely - BXL Core
, il 4,
Light Grey  __ 93 |60 Unweathere Panae’ onilized
Core Loss Moderate Medium Very Closely Space
145L.8 ight to High Joints closely
96 77 Unweathered spaced, rough
planar, ozidized
1442
5.7] End of Borehole

+*

.'3 x5«

« Numbers refer to
" Sansitivity

20
15 &5 (%) STRAIN AT FAILURE
10
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Transucr_mm?ﬁ and
o Communications
RECORD OF BOREHOLE No 3 METRIC
w b 21-82.01 LOCATION Sta, 15 + 407.5 ofs 3.6 m Lr, § Huwy, 511 ORIGINATED BY __KC
oisT 2 hwy_ S BOREHOLE Typg __ Hollow Stem and BXL Casing COMPILED BY __ RC
DATUM Geoderic DATE 82 12 10 CHECKED BY
SOIL PROFILE SAMPLES o w DYNAMIC CONE PENETRATION
Lo | Z |RESISTANCE PiOT nasric MAVEL ouo | w E | RemaRKS
%1 o LiMIT CONTENT LiMIT =0
i n | 2O 0 20 40 60 80 100 z= Py
9 ai b ok > ) 1 1 i 1 Wp W W, =
ELEV DESCRIPTION gl w2125 O |SHEAR STRENGTH L Z | crain size
BEFTH ial |51 15|36 & |ounconmmed v rmpvaNe| oo Ly [DISTRIBUTION
212 » | EY | @ |eouckrraxar x as vane (% (%)
149.9] Bhoulder Surface vi - [ GR 5A 51 (L
Q.07 Fill, Sand Some Silt
and Gravel
Brown 149
loose
1 85 4 148
147.4 X
2.5{ Marble and Calcw 77 CR% ROD% Weathering Strength Jodntine
Silicate, Bedrock, 7 1474 Slight to High Bedding, very closely
146,81 Light Grevy 65 27 Unweathered to closelv, spaded BRL Cove
3.1] Zone of Righ Core Loss 0.8 metre cdvity, remaining vock
0.8 metre cavity moderately deathered, and bf low strength
146,01 (High Marble Content) 1a6k
3.9 Marble and Cale-
$ilicate
Bedrock 90
Light Grey 145 Slight to High Bedding, very clsely
T Unweathered to clusely spaced
144 .4
End of Borehole

5.5

+3, x5 ; Numbees refer to
Sensitivity

20
15 45 {%) STRA
10

IN AT FAILURE
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RECORD OF BOREHOLE No 4

METRIC

WP 21-82-01 LOCATION Sta. 15 + 409.0 of=z 0.5m Lt, £ Hwy. 511 ORIGINATED BY KC
oisT__ 2 mwy 31 BOREHOLE Typg Follow Stem and PXL Casing compitep By _ KO
Ceod 8
parym . Seodetic DATE rau CHECKED BY
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | | Y | NS es Ohr NaTURAL .
by PLASTIC  mostuke LiGtn] 4. T REMARKS
= - |36 % 20 40 60 80 0o U™ contenr umT Z O i
9 o wr = = J H L L 4 Wp w W, ;W
ELEV DESCRIPTION alalw| 2|25 | & [sHEAR STRENGTH N 2 | GRAIN SIZE
DEPTH ¢ L 32| 2|88 ] 5 |ounconmmer  + riEwo vane wareR content | ¥ |PSTRIBUTION
g1z 5 | &Y & e QUCK TRIAXIAL X 1AB VANE (%) {%]
150,01 Read Hurface v i w GR SA 51 CL
0.0] F11l, Sand, Some
Gravel
A
Occasional Boulders
149
Brown
Compact to Very Dense
148
X
L4T.3 /f B
44 Crr | BODZ Weathering Styrength Jointing
2.7 | Marble and 100 1" 75 1473 BXL Core
Cale-S{ilicate
Coter Bus
Bedrock e —— 87 59
7
Light Grey % 1464 Uaweathered Righ Bedding joints,
Moderately spaced
i e EKough Planar,
core Toss 0 | 70 Tight
i
1457
527
144.2
5.8 | Fnd of Borehole

+3, x5 ; Numbers refer to
Sensitivity

20
1545 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 5

METRIC

w P 218201 LOCATION Sta, 15 + 408.5 ofs 1.3 m Rt, ¢ Hwy. 511 ORIGINATED BY __KC
oIsT_..2_ mwy__ 511 BOREWOLE Typp _  Hollow Stem, BXL Casing COMPILED BY . _KC
patum . Secdetie DATE 83 0112 CHECKED BY :
w TDYNAMIC CONE PENETRATION
501 PROFILE SAMPLES | & 2 lresisTance plor NATURAL =
521 3 e HoEE umel 5 | remancs
- w [EQ] @ 20 40 60 80 100 conTERT P &
G|e G782 222 50 %0 0 twe w  w| 3@
ELEV BESCRIPTION Elg|l w ! 2|28 & [sHEAR STRENGTH - 2 | GRAIN SI1ZE
DEFTH SCRI w51 2| 21361 & lounconmnes  + FiEw vane ATER CONTENT (] ¥ |PISTRIBUTION
g 2 5 | &Y T e Quck TRIAxiAL  x 1AB vang | CONTENT (%) (%]
150.0] Road Surface bl < M GR SA 81 CL
0.0} Fill, Sand, Some
Gravel
Occasional Boulders 149
Brown
Compact to Very Dense
148
X
146.8 147
3.2 | Marble & Cale-Silicate RODZ Weatharing Strength Jointing
Bedrock Slight Medium to Clugely spaced, Rough BXL Core
b 46. 0 Light Grey 146 Aigh Planar, Oxidized]
4,0 gogem:tfrzii:vg‘;;e Loss 28 0.9 metre caviity, remaining]rock
(I‘ugh Marble Content) Hoderately Wehithered, and of low stremgth
ETEN S e e s — R, 145 1
4.5 | Marble and Cale«
S4licate Unweathered High Bedding closely spaced
Bedroek Rough Planar, Tight
Light Gray
143.9 1444
6,1 | Bnd of Borehole

+3, x%; Numbers refer to
Sansitivity

20
150-5 {%) STRAIN AT FARURE
10

|
|
i
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OFFICE REPORT ON SOIL EXPLORATION

Mriistry of
@ Tranzparation and
Communications

Ontano
RECORD OF BOREHOLE No 6 METRIC
WP 21-82-01 LOCATION Sta. 15 + 445.0 ofs 3.6 m Rt. £ Huy. 511 ORIGINATED By KC
' 511 Holl d BX 1 K
DIST 0wy BOREHOLE Type - o Stem and BXL Casing COMPILED BY __ ¢
DATUM . Geodetic DATE 83 0113 CHECKED Bvﬁ
SOIL PROFY AMPL o w DYNAMIC CONE PENETRATION
OlL PROFILE SAMPLES B | 3 |Resstance pioT masric MU voun | E | remarks
e ot Limit CONTENT LMt =0
- w | FQ W 20 40 60 B0 100 zZx &
Qfe R e L : ) 1 i Wp w W, | 2%
FLEV DESCRIPTION & § £ 12|25 § [sHear sTRENGTH U 3 AN sizt
DEPTH 12l 2] 2138 5 |ounconrne  + FieLD vane oyl ¥ [PSTRIBUTION
212 TS0 3 e Guck TRIAKAL  x LAB vANE | WATER CONTENT (%) (%)
149.8| Shoulder Surface A £10 & 10 20 30 GR 54 1 CL
0.0 Fi1l, Sand, Some Silt
and Gravel, Trace of
Clay
149
Brown 148§ 6
Lovse
2088 | 5 148
147.5 " A
2-3) ¥ine Sand, with Org., 1 3 |ss | 6
Some §1lt pe
146.9 r;?‘é‘f;eﬁ ﬁiagﬁ?cﬁogge Ca i47
2.91 8ilty Clay of low
Plasticity, Trace 14 Jss f1s b0t 0 41 35 24
Sand
146
Crey I EREIREL
Stiff
6 {88 |13 145 0 249 49
ot
Pl
1
1 144
7 {88 |14 T B 195337
{ 143
14
¥
142, 0 1Be 142
7.8 | Marble and Calcw CRZ_ | RODZ Weathering Strenpth Jointing
Silicate e
.?wq 93 71
Bedrock ,\“‘ Slight to High Bedding joints close to
P% 1414-tnweathered Moderately spacefl BXL Core
Light Grey iz Rough planar, oxfdized
Ay
g;zg 97 84
Z";‘ 140
l'-n:‘ T
.39, 7 %
10.1 | ¥nd of Borehole

*3’ x5 - Numbers rafer to
Sensitivity

20
15 -5 [%) STRAIN AT FAILURE
10




Oct 75, FF-5-21

&0 N

50 ‘
cH /

40

o

Cl

30

ct LEGEND
pd \ BH | SAMPLE | SYMBOL

20 ‘
. A/ .
\ o
10 /

_ ]
6 4 o
/ MH OH 2 ? ;
o ‘%Q)ZNL\\\%V

PLASTICITY INDEX

Mt o]
oo 10 20 30 40 50 60 70 80 90 100
LIQUID  LIMIT %
AN PLASTICITY CHART FIG No 1
o mmunication W p 2]" - ]
Ot CommUnieations SILTY CLAY, TRACE OF SAND & GRAVEL 82-0




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SiT Fine [ Medium [ Coarse Fine i Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
! 2 3 4 5 10 20 30 40 30 75m 150 300um 600 um Y1 mm 2.36mm P.85mm 19.0 rm 3i5mm 63.0mm
100 l ] ”” .53:':*” 106um ZSOJM 425:1."‘ BSOum' : mw?:‘m. . 4-75mm‘._ﬂ 13.2mm 26.5 tmm 53 Omeny 75.%mm
p— T ‘_wmﬂ""" ]
A /
80 ) io
/ —
7. -
/ M,.nﬂ"" 'o
* ! »/)-T” /" *
pa g ]
70 / / A 30
L
AN /
/ .
7 ' o
€0 o 400
2 D4 A z
7 £ 7 - w -+ z
g 1 g
50 o 50
z V/4dRV 4 LEGEND 5
& 7] BH |SAMPLE SYMBOL <
2 40 re 60 &
/ ] 5
»
6 6 imali AR A i
30 70
6 | 7 2
10 a0
) 100
f 2 3 45 10 20 30 40 270 200 40 100 60 50 40 30 20 6 108 4 ' V" g " vl g
‘ MINISTRY SIEVE DESIGNATION {Imperial }
Ministry of . FIG No 2
Mo GRAIN SIZE DISTRIBUTION o N 2
; J  Cemmunications - -
Ontario , SILTY CLAY, TRACE OF SAND & GRAVEL




EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST (SPT} N VALUE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 5imm O.D. 5PLIT 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 N,

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

$OILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

DENSENESS:

l Cy {kpa) 0«12 12 - 25 25+ 350 50 - 100 100 - 200 »>200
VERY SOFT SOFT FIRM STIFF VERY STIFF MHARD
ESS ¢ COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS (NDICATED BY SPT N VALUES AS FOLLOWS:
lN(aLOWSIO.Bm) 0-5 5-10 10~ 30 30 - 50 =50
VERY LODSE| LOOSE COMPALCT DENSE  |VERY DENSE

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

ECOVER

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 INTACT 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, 15¢

| rap (%) 0 -5 25-50 | 50-75 75 - 90 90 - 100
VERY POOR|  POOR FAIR GOCD | EXCELLENT
JOINTING AND _BEDDING:
SPACING 50mm 50 = 300mm{ 0.3m =~ Im fm - 3m =3
JOINTING  |VERY CLOSE| CLOSE | MOD.CLOSE|  WIDE | VERY WIDE
BEDDING VERY THIN THIN MEDIIM THICK  |VERY THICK
ABBREVIATIONS AND SYMBOLS
FIELD SAMPLING MECHANICAL PROPERTIES OF SOIL
53 SPUT SPOON TP THINWALL PISTON v kpa*!  COEFFICIENT OF VOLUME CHANGE
W§  WASH SAMPLE OS5 OSTERBERG SAMPLE €, 1 COMPRESSION INDEX
$ T SLOYTTED TUBE SAMPLE R C  ROCK CORE Cy ] SWELLING INDEX
B 5  BLOCK SAMPLE PH TW ADVANCED HYDRAULICALLY Cy 1 RATE OF SECONDARY CONSOLIDATION
€5 CHUNK SAMPLE PM TW ADVANCED MANUALLY <, m2/s  COBFFICIENT OF CONSOUDATION
T W TRINWALL OPEN F § FOIL SAMPLE H m BRAINAGE PATH
1, 1 TIME FACTOR
STRESS AND STRAIN v %  DEGREE OF CONSOLIDATION
Uy kpa  PORE WATER PRESSURE o, kPa - EFFECTIVE OVERBURDEN PRESSURE
Yy 1 PORE PRESSURE RATIO o kPa  PRECONSOLIDATION PRESSURE
o kPa  TOTAL NORMAL STRESS L kPa  SHEAR STRENGTH
o' kra EFFECTIVE NORMAL STRESS c kpa  EFFECTIVE COHESION INTERCEPY
t kea SHEAR STRESS / -* EFFECTIVE ANGLE OF INTERNAL FRICTION
o .9 kP PRINCIPAL STRESSES ¢, kP APPARENT COMESION INTERCEPT
€ % LINEAR STRAIN by -* APPARENT ANGLE OF INTERNAL FRICTION
€.6,.¢, % PRINCIPAL STRAINS L. kPa  RESIDUAL SHEAR STRENGTH
E kPo  MODULUS OF LINEAR DEFORMATION 7, kPa  REMOULDED SHEAR STRENGTH
G kPg  MODULUS OF SHEAR DEFORMATION 5, 1 SENSITIVITY = f{uu
e 1 COEFFICIENT OF FRICTION r
PHYSICAL PROPERTIES OF $OIL
Pﬁ kg/m3 DENSITY OF SOLID PARTICLES [ 1.% VOID RATIO Cmin 1,%  VOID RATIO IN DENSEST STATE
YS kNAr? UNIT WEIGHT OF SOUID PARTICLES n 1,%  POROSITY Iy 1 DENSITY INDEX :;ﬂ_"l’L:__.‘._
B, kg/m’ DENSITY OF WATER w 1,%  WATER CONTENT D mm  GRAIN DIAMETER
T kn/n® UNIT WEIGHT OF WATER S, % DEGREE Of SATURATION D, mm 0 PERCENT - DIAMETER
P kg/m® DENSITY OF sOIL W, % LIQUID LIMIT €, ! UNIFORMITY COEFFICIENT
Y kn/m UNIT WEIGHT OF SO1L w, % PLASTIC LIMIT h m HYDRAULIC HEAD OR POTENTIAL
P ke/m’ DENSITY OF DRY 501U wg % SHRINKAGE LIMIT g m%/s RATE OF DISCHARGE
4 kN/m® UNIT WEIGHT OF DRY SOIL I % PLASTICITY INDEX =¥ - ¥ v m/s  DISCHARGE VELOCITY
Rat kg/m’ DENSITY OF SATURATED SOIL ) b LOUIDITY INDEX s P i HYDRAULIC- GRADIENT
Yeat kN/m® UNIT WEIGHT OF SATURATED SOIL ‘e W - W k mfs  HYDRAULIC CONDUCTIVITY
P' kg/m® DENSITY OF SUBMERGED SOIL fe 1 CONSISTENCY INDEX: Ln,, j  kN/m® SEEPAGE FORCE
Y kN/m® UNIT WEIGHT OF SUBMERGED SOIL Broax Vi@ VOID RATIO IN LOOSEST STATE
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153 ¥53
¢=FiLL, SAND
152 § Hdy 511 . ‘ SOME SILT & GRAVEL o2
151 “ ,0CC_BOULDERS 151
N \ {oose 1o V Dense
150 a e 150
& - 1
nv/ % e e
148 -‘E i é_ﬁ & 2% :Yj SN X148
ARSI AR as e SN
147 1847
e S3¥ Fem ~L
1 SOLUTION cavity ——4//} D03 b m&é& 3 s
TONE OF RiGH LORE (038, 4 LSy 73
145 REMAINING ROCK MODERATELY core ] BT "N ﬁ@?f g pam 145
WEATHERED, {OW STRENGTH 1055
ted —— =t S 771
143 MARBLE & CALC-SILICATE BEDROCK 143
UNWEATHERED , HIGH STRENGTH
142 142
" A-A 141
4 +°
153 153
152 152
€ Hwy 511
st o 151
B/0.3m CONE i
150 - log S0 Bl 1 B e 15¢
TR R A
49 et Fi{i. SANDW m 149
148 e ><‘ 1a TRACE CF ClaY 5 148
AKX O] R loose to Compact (T bl ol o X XXX
147 == WSl WAy ;}' SEFINE SAND, WITH 035°S Loase 6'572ME SIT TRAGE CF GRAVEL "7
Pirsls
& i is
145 % /: /fDF {OwW PLASTICITY 4 A AV s
L A Y TRACE OF SAND & GRAVEL ‘*/ ¥ A F
144 ALY - Stiff to Hord 4 W a4
L AV v
143 > ﬁ 32// % A A A ///,/ 143
A 4% P a4 /1
142 < 4 ’j 142
173 141
140 MARBLE & CALC-SILICATE 10
BEDROCK UNWEATHERED — ~—
119 HIGH STRENGTH e
138 138
17 B-B 137
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SCALE
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- METRIC

PHMENSIONS ARE I8N METRES
ANDFOR MOLUIMETRES UNLESS
OTHERWASE SHOWN STATRONS

W KHOMETRES » METRES.
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IPROPOSED GRADE
152 . 152
150 r - : 150
a8 Fitl CLYDE (RIVER w1 147307 . 1982 05 14 Fitt 48
YT AT e T —— = FINE SAND, WITH ORGANICS
16 BEDROCK =~ — i 146
Tl : SILTY CLAY
~fi tetersne e ™ et
144 = e —— 144
142 : e 142
BEOROCK
140 140
13 . e 138
1é 1 136
134 134
= [~ i
132 & 3 ﬁ 132
* * ‘ g + -
130 = = 130
$CALE
Am 2. 0O om
[ === ===

REF No E-7005-1; 1982 07

CONT No )
WP  No 21-82-01

CLYDE RIVER {BEAVER DAM]} SHEET
5.8 bm MNorth of Lomark}
BORE HOLE LOCATIONS & SOIL STRATA

VL ANARK |
b aNARK

SCALE
Them 0.5 0 1 2im
e =]
LEGEND

“" Bore Hole

-@- Oynomic Cone Panetrotion Test {Cane}
<$‘ Bore Hole & Cone

N Blows/0.3m [Srd PenTest, 475 H/blow)
COME Blows/0.3m {60% Cone, 475 )/ blow}

% Wi of time of investigation
1982 12 ond 1983 01

No | ELEVATION| STATION OFFSET

-

t49.8 1544435 Jdm Lt
1459 15+405.8 3-9m Ry
149.9 15+407-5 T.6m Ly
150.0 15+409.0 o8mir
15G.0 15+408.5 3m &t

[ T I

1498 15+445.0 3.6m Re

-=NOTE=
The boundaries befween 1ol 1iratc hove been ssfobinhed
oaly ot Bors Hole locotions, Sstween Bere Hoies the

Boundaries ore d from geclogical evidence.

MNOTE : The compiets foundotion mveshigatioe ond oasgn eport for
ths peogect and other relared documents may be examined of the
Exgnesring Materals Gifce, Downsusw inlormation congmed »
this report ond reloled documents is speaiicoily excluded n
attordonce with the conditions of Section WZ-2 of Form WG

[gi | .
ELOATE FBY § LESCHPTION

Gaocres No 3I1F - 103

HWY Ne 511 58T 9

SUBMD K C [CHECKED L JDATE 1983 03 11 {S1TE 15-59

DAAWN B |[CHECKED, 27 | P iovs tws 218201-4
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