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PRELIMINARY
FOUNDATION- IEV?STIGAEIGN BEPORT -
er
Forkes BRd. Crassing of the Proposed
Welland Canal
District No, 4 (Hamilton)

1. IHTRGﬁUCTION:

A request, dated November 22, 1966, was rsceived from
the Bridge Division (Mr., P, I. Hewson, Sentor Brldge Liaison
Engineer) to carry out a preliminary foundation investigation

at the site of the proposed Forkes Road crossing of the realisned
Welland Canal.

The Welland Canal is to be reconstructed on an allgnmnnt :
east of the present. location between Port Colborne and Port Beoinson.‘

a tunnel, or a high-lsvel bridge, 18 proposed for the crossing of
the realigned canal by Forkes Road,

Subsequently, a foundation investigation was conducted
at the proposéd site and at an alternative site 2000 feet north
along the centre-line of the canal, to determine the subsoiliamd
groundwater conditions, PFleld and labaratory test rasults, -
together with discussion and recommendations, ars reported herein,

2, DESCRIPTION OF SITE:

~The proposed site lies in the Township of Humberstone,
County of Welland, and extends about 3500 feet east along Forkes
Road from the edge of the settlement of Welland Junction., This
line of investigation will be called Line 'A', The alternativse
site (Lime 'B') 1s some 2000 feet north of Forkes Road along the
centre-line of the proposed canal with the line of investigation
perpendicular to the new canal alignment and extending 1500 feet
east and west of the centre-line of the canal,

gontid, /2 eve
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2, DESCRIPTION OF SITE: (cont'd.)

The area is predominantly pasture land or mixed buaﬁland
except the western portion of Line 'A' which is lightly residentially

developed, Overall, the area is flat to gentl, undulating and is
peorly drained,

3« GEOLOGY:

Phyeiographically, both lines are within the reglion
termed the Haldimand Clay Plailnm which lies between the Niagara
escarpment and Lake Erie,

Geologically, the subsoil is composed of glacial and

glacial lacustrine deposits of Wisconsin age, which overlie hedroek
of the Pleistosene spoch,

The Wisconsln deposits are divided into a number of :
distinct zones, The upper zon. is composed predqmlaantly;ef*ﬁiaym ,
sized particles with a trace or sand, end with well-defined but
dlscontinucus layers or pockets of stratified material which is
composed also, of predominantly clay~-sized particles, This zone
might have been deposited beneath a readvancing glacier that over-
rode and reworked an underlying deposit of 1ayered or varved elay.

Henoe, much of the *till' is essentially composed of layered nr
varved clay sedinents.

The next zome is more elearly’darined as & glacial till
bed described as a silty clay with some sand and a trace of gravel,
Gravel sizes up to 1 inch in diameter are not uwnoommon, but larger
sizes are rars,

Beneath this zone is a zone of layered or *varved® clay.
This material was deposited in a short-term lake which was formed
in front of the glacier that ocoupied the Lake Ontario Basin, At
least cnoce the ice readvanced over this clay deposit oreating e
zone oomposed predominantly of the same material as the layered
{varved) zones lying above and below, but of a mottled appearance.

conttd, /3 cee
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3. GEOLOGY: (econt'd,) ...

‘The basal zone is another till partially derived from the un&erlying
bedrock., Particles in such a till can be expescted to be subangular
and to vary from boulder to clay size,

The bedrock is part of the Salina formation of the
Silurian period, Paleozoic epoch., The Salina formation is mainly
dolomite with sheale interbeds and numerous gypsum inclusions,

4, PIELD AND LABORATORY WORK :

Seventesn sampled and thres unsampled boreholes, together
with one Norweglasn Vane borehole, were carried out during the
lnvestigation of Lines 'A! and 'B', 1In general, the first 50 to
60 feet of each hole was sampled using a Pennsylvania=-type
contlinuous flight auger, and the remainder of the hole was sampled
using conventional dismond drill equipment coaverted for soil
‘sampling purposes,

In general, in cohesive nateriale, 2«inch I,D, Shelby
tube samples were obtained by pushing the tubes into the soil,
if possidle, Otherwise; samples of cohesive and non-cohesive :
materials were obtained using & 2-inch 0,D, split-spoon sampler
driven according to the specifications of the standard penetration
test, Borehole 20 was ‘sampled using 3-inch I,D, Shelby tubes
and will be reported at a later date,

The in-situ value of shear strength was determined,
where possible, with a field vane test which employed the standard
D.H,0, vane. Adjacent to borehole 8, a Norweglian vane borshole
was conducted,

Bedrock was proven in some of the boreholas generally
by obtaining BX or BXL size core. Some AX size 6ore wag also
obtained,

Semples were visually examined and identified in the
field and subsequently in the laberatory. A ecomprehensive

Qent’do /h' oo
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%, FPIELD AND | LABORATORY WORK: (oont'd.) ...

laboratory test prosram ‘was carried out, in the comrse of whlch
Atterberg 11m1ts, natural molsture content, bulk density, grain-
gize distribution, consolidation characteristies, and shear
strength were obtained, where applicable,

Results of the laberatory tests will be diseussed in
detail, and are presented graphleally together with the field test
results and the location and elevation of the boreholes in the

appendix of this report. The results for borehole 20 will be
reported at a later date.

In order to establish the groundwater conditions, a
total of 29 hiezometers wag installed along the investigsted
lines in the vieinity of the proposed tunnels and the deepest
portion of the proposed cuts. The ‘specific location and elevations
of these plezometers, together with the infermation ocbtained, will
be discussed in the sectian on groundwater oconditions,

The locations and elevations of all boreholes were :
surveyed in the field by D.E.O, personnel from the Hamiltom Distrist.
All elevations are referred to a Geodetic datum.

5. SUBSOIL CONDITIONS :

5.1} Gepersal:
The subsoil conditions at both sites (i,e., Lines 'A' ang
'Bf) are essentially similar except for the thickness of the depoaits,
In general, both sites are underlain by a deep deposit of eclay to
clayey silt which can be subdivided into 5 zones by physical
appearance and soll property variations.

This deposit is underlain by a till-like deposit of
variable thickness and then bedrock,

cont'd. /5 ece
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5. SUBSOIL CONDITIONS: (eont'd.) ...
o 5.1) Gene;ﬁ;:~f(coﬁt‘d ) cae

: The assumed stratigrapnical profile for Lines 'A' and 'B"
are shown in the appendlx (Drawings 66-?-111-A and 66-F-111-B
~respect1vely) and are based wpon the reuards of the boreholes as

f presented in the Borehole Log sheets, also in the appendix,

: A deseriptien of ‘the subseil follows. ‘The shear streagth
varied considerably, and will bc dlscussed in detall in a suhsoquentkf

section, together with the consolidation eharaetoristies of the
subsoil. ‘

5.2) Silty Clax te C;ax (Zone 1)

This zone eztends from the greund surfaee to a depth er
16 to 28 reet on bath 1lines and iz charaeterized as a npttled
material uith well-derined ‘but d1seont1nuous layers er poekets ef o
layered naterial.( Qxiiation ard éesiccatien were apparent throush-‘ 1 
out the zcne and oeeasieaal thln vertiecsl 5ypsam deposits were noted.‘

' The sansistsncy of the deposit varied, in general, rron ;
hard to stiff uith eccasional firm pockets, 'N‘ values varied rrom‘

62 to 4 blows per foot, and shear strength varied from 4900 psf
to 600 psf. : : :

‘The layerod and mottled material had liquid linlts in the
range of 30% to 60%, but predcminantly 45% to 60%. In general, thei
layered zones were slightly more plastie than the mottled nater1a1. 
Refer to figures 1 to 4 for detalled plasticity charts. Typlcal
grain-size distribution enrves are shown in Fig. 13, '

The natural nﬂisturekcantent generally varied from 22%
to 40%, Refereace should be made to the individual horehole logs
as well as a plot of moisture content versus depth (Pig. 23) for
detalled varistions,

sont'd, /6 o.e
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5. SUBSOIL CONDITIONS: leont'd.) ...
3.3) Clayey Si1t to~811tx:c1gx- - {Zone 2}

This zoue might be categorized as = glaclal t111. It is
predominantly a silty elay (with a few Atterberz limits 1ndicating
a clayey silt) along Line 'A%, and a silty clav to clayey silt
along Line 'B' with & trace of send and gravel,  Gravel sizes up
to 1 inch in diameter are not‘nneommen, but larger sizes are rare.

Shear strengths varied from about 2400 psf to about 600
psf, which indicates a very stiff to firm -consistency.

Lignid limits varled, in general, from 32% to 48%
(Fig's 5 and 6). The moisture content was generally fairly uniform

in the order of 23% to 25%. Some typleal graln-size curves are
shown in Fig, 14,

5.4) Silty Clay to Clay: (Zones 3, 4 and 5) ;
These three zones, although different in physical ;
appearance, are composad of basically the‘same'materials. Taken

together, the three zones varied in thickness from 40 to 53 feet
along Line 'A' and 26 to 45 feet along Line 'Bt,

The consisteney of all three zones is essentially the
same, firm to stiff, as indicated ‘by shear strengths between '

500 psf and 1700 psf. A few soft pockets of about 400 psf shear
strength ars indicated in Zone 5,

Zones 3 and 5 are generally layered materizal, red, brown
and grey in colour, with individual layers in any one sample
similar in plasticity, although over the two zones the soil varied
irregularly from silty clay to clay with ocecasionel thin layers of

clayey silt and very occasional thin layers {less than 3/5% inch)
of eilt.,

Zone 4 was a mottled material which appeared to be
glaclally reworked material similar to Zones 3 and 5., In general,
this zone was silty clay,

cont'd, /? see
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5. SUBSOIL CONDITIONS: ({cont'd.) ...
5.4) Silty Clay to Clay: (Zones 3, 4 and 5) - (eont'd.) ...

Plesticity charts for each zone are shown in Fig's 7 to

12 in the appendix. Pigures 15 to 18 show typleal grain-size
distribution curves,

Natural moisture content of the three zones varied from
20% to 50f with a tendency of the layered zones to have the higher

molsture contents, and the mottled zone to have the lower moisture
contents,

5.5) Heterogeneous Mixture of Clayey Silt, Sand and Gravel -
(Glacial T$11 - Basal Till):

This deposit (which will be referred to as the basal
till) was encountered immediately above the bedroek and varisd
considerably in thickness as well as physical properties, parti-
cularly along Line 'A! where the thickness varied from 7 to 20 feet,
dlong Line 'B' the thickness varied from 3 to 14 feet,

*N' values varied from 24 to much in excess of 100 blows
per foot, indicating a very stiff to hard consistency.

Along Line 'A!' the material contained about 10% to 30%
gravel sizes, 20% to 40% sand sizes, and the remainder silt and
clay-sized particles, Typical grain-size distribution curves are
shown in Fig's 19 and 20, Layers or pockets of predominantly
clayey silt were encountered as well as occasional boulders.,

Along Line 'B' the material contained 18% to 32% gravel
sizes, 32% to 34% sand sizes, and the remainder silt and clay-sized
particles. Oceasional pcakasts of loose predominantly granular
material were encountered as well as occasional boulders. One
sample was predominanily gravel,

cont?d, /8 ...
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5. SUBSOIL CONDITICHS: (cont’d.) ...

5.6} Bedrock:

Bedrock was encountered along Line 'A' between slevations
#55,.5 and 482.k, 4Along Line 'B! the same formaticn was provea to
commence between elevations 497.0 and 500.8, and was established as
probable bedrock in two other holes at elevatians 489,7 and 50770 -
Bedrock elevations are indicated on Drawing 66-F-11l-4 and 66-F-111-B,

The bedrock was predominantly dolomite with some shale
interbeds and numerous gypsum inclusicons. This iz typlcal of the
Salina formation of the Paleozoic apoch,

Core recovery was poor in the upper portions of the
bedrock - probably because the rook is weathered and,fractnred and,

in some instances, rather viggy where some of the gypsum has been
removed by solution iu the groundwater.

6. GCROUNDWATER CONDITIONS:

T establish the groundwater table and to observe
varistions in that level, a total of 29 piezometers ¥as 1nstalled.~
Fourteen were installed along Line ‘AY, and fifteen alon@ Liﬁe TBt,

The Ioaatian, relative depth and observed groundwater levels
are shown in Fig s 21 and 22

Along both lines, the piezometer readings indicate a ’
-nearly normal hydrostatic pore water pressure &istribution. The
water table is at about elevation 575, which is & %o 5 feet below

the ground surface on Line *'B', and is equal to the gr@undksurface
along Line tAt,

During the field operation, it was noted that when the
borehole penetrated the basal t1ll, water rapidly filled the
borehole and, in some instances where the greund aurface was
somewhet depressed, the water flowed out of the borehole. The
free water supply continued as the hole penetrated the upper

portions of the bedrock, and was noted to be guite sulphury
througheut.

cont'd. /9 ...
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6. GROUNDWATER CONDITIONS: (cont'd.) ...

Subsequent laboratory tests have indicated a Sulphate
(50,) content of 1930 to 2000 ppm; a concentration which 1is
considered to cause considsrable to severe sulphate attack on
concrete, In addition, tests for ecalelium and magnasium,content

indicated about $60 to 97( ppm of Calcium (CgiC) and about
317 ppm of Magnesium (Egﬂ)g

7. DISCUSSION OF SHEAR STRENGTH AND CONSOLIDATION CHARACTERISTICS:

7.1) Uncopsolidated Undreined Tests:

Primary consideration has been given to boreheolss 7, 8
and 10 along Line *A*, and borsholes 15, 14 and 17 along Line 'BY,
and summaries of the shear strengths obtained for these boreholes
are presented im Fig's 26 and 28 respectively. The shear strength
has been evaluated by means of field vane, laboratory Vane,
unconfined compression and quick triaxial tests as well as, in
one lastance (B.H, 8), Norweglan vane test results, Additional
shear strength versus depth profiles are shown in Fig's 24, 25,

28 and 29 for the outer boreholes,

In general, in the lower 30 to 40 feet of each borshole
(approximately coincident with Zones 3, 4 and 5), there is a
noticeable difference between laboratory and field test results,
It is well known that with increasing depth of sampling, it is
increasingly difficult to obtain 'undisturbed! sampless however,
samples obtained in borehole 8 using an Osterberg sampler, wsre
not significantly better than those cbtailned by routine sampling
procedures. This would suggest that the lack of agrezment between
laboratory and field tests may be, in part, a2 characteristic of
the particular soil deposit although, unquestionably, sample
disturbance does contribute significantly to the lack of agreement,

In general, the shear strength obtained using a stands»d
D,H.0, vane, compared guite well with the results from the more
sophisticated Norwegian Vane Apparatus,

cont'd. /16 & ww



7. DISCUSSION OF SHEAR STRENGTH AND CONSOLIDATION CHARACTERTSTICS:

(clﬁat'é.') tllﬂ‘ ‘

7.1)

Unconsolidated Undrained Tests:

{GORt 'd.) sow

The shear strength and the bulk density chosen for
design purposes, are as shown below:

LINE 4 o= LINB 'BfY o=
Shear Bulk Shear Bulk
Elevation | Strength Density Elevation Strength | Deasit@
. o , R
Sure i Sur- o b S
face - 555 | 2000 psf 124 pef | face - 565 2000 psf 122 pef
555 - 545 | 1600 par 124 pef 565 ~ 545 | 1200 psf | 12k pef
‘545 = 535 | 1100 psf 122 pef 5&5 ~- 530 875 pef ‘ 11?;peff
535 - 515 800 ps? 118 pef 530 - Basal{ 1000 psf | 117 per
Ti11 8 T
15 = Basali 1000 psf 117 pef '
3 Till d d

7.2} Consolidated Undralned Triaxiel Tests with Pore Prsssure

Measursment :

The detailed test results for the consolidated undrained
tests (both multiple sample and stage tests) with pore pressure
measurements, are presented in Fig's 30 to 49 inclusive,

The test results for Zone 1 and Zome 2 are consistent

¥ithin each zone,.

are gquite consistent, in genéral, {(Pig. 52).

eont'd,

Results from Zones 3, 4 and 5, when summarized,
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7. DISCUSSION OF SHEAR STRENGTH AND CONSOLIDATION CHARACTERISTICS :
(Qgﬂt“dc) en e

7.2)

Con

golidated Undralned Triaxial Tests with Pore Fressure

Measurement:

Accordingly, three layers have been defined for the cholce of

(ﬁoﬂt'do) sew

sffective stress parameters, as indicated below:

ELEVATIGH

Deécriptive

LlﬁE tA?

Ground
Surface - 555

555 = 530

530 ~Baml |

7111

'LINE ‘'B¢

1Ground

Surface - 560
560 - 540
540 ~Besal

Till

| Zone Number

200

Degra&s~l_,h

24
25
17

7.3) Ko Consolidated, Drained Tests:

A subseguent evaluation of the effective stresses acting
along the ocritisal cirecle and other oircles through typical slope
configurations obtained using the above parapaters, indlcated that
the average effective normal stress acting on a failure plane was

in the order of 5§ to 15 psi.

Since undrained tests with pore
pressure measurements do not provide consistently relisble results
in a low stress range, two conventional Ko consclidated, drained

test series were conducted with 5"3 constant and 6,1 inereasing.
The results are shown in Filg's 50 and 51,

sontid,
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7. DISCUSSION OF SHEAR STRENGTH AND CONSOLIDATION CHARACTERISTICS:

(cont“éo ) X RS

7.3) Ko Consolidated, Drained Tests: (cont'd.) ...

Although the drained tests and the undrained tests were
consolidated under different conditions and may not be directly
comparable, the tests did indicate that in the lower stress range
the value of (' tends to be reduced and the value of &' tends
to be increased. On the basis of the two reported tests, the
foliowing parameters could be chosen:

f Bulk
Zane | ‘ cﬁ 1 5\' ulk
2 70 pst | 279 124 pef
3, &5 100 pst 25° 117 petf

These parameters are more favourable than those chosen
on the basis of the undrained tésts with pore pressure measureﬁént_
but have not been used in the computations reported; hence, the
design execavation sliopes might be improved somewhat at a later
date if the tunnel scheme is adopted., These valueg should be
verified by further testing. In addition, it 1s recommended that
a series of drained tests be condueted with 5_3 decreasing
and dﬂi constant.

eont'd. /13 ...
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7. DISCUSSION OF SEEAB SHEAR STRENGTH AND CONSOLIDATION CHARAGTERISTIGS.
R A SIS mmmm“_

. (eent'd.) LR )
7.4} Consolidation Characteristies:

The results of the consolidation tests conducted are
kpresentedrln graphieal form in Figfs 53 to 62, Interpretation of
these results to obtain preconsoclidation pressures was made using
the Casagrande and Schmertmann constructions if possible, 4 aammary
of the preconsclidation values thus obtained is shown in Pig, 63,
Although the results are scattered, in general the deposit appears
to be lightly overcansolidated.‘

It will be noted that & number of the test curves are.
guite flat; a2 characteristic normally attributed to dlsturbed
samples, Althongh it i1s possible that some samples could have baen
disturbed to this extent, it is unlikely that so many samples were
disturbed., These flat curves may be a "3Eracteristie of the soil
rather than of the degree of disturbancs,

4 number of curves, for exavple B.H., 8, 3ample 27,
exhibit a change in direction of the virgin curve after an unload :
cycle, Subseguent testing has ind.cated that if the natural ground»
water (high in snlphate, ealcium and magnesium content) is used ta
surround the eensolidaticn specimen in place of the nsual distilled
water, this change in curvature does not occocur., A geries of tests
1s currently underwey to verify this soil behaviour and will be
reported at a later date, Presumably this behaviour is an effect
of the change in pore fluid caused when the distilled water is
drawn into the sample during e&n unload cyele,

eont td., /]_2& e e
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8. DISCUSSION AND RECOMMENDATIONS:

8,1) General:

Two alternatives are proposed for the Forkes Road
crossing of the realigned Welland Canal, One prcpoéalkis to
coustruct a tunnel beneath the canal; the alternativs is to
censtrust a‘high—level bridge over the canal,

Subsoil at the site consists gemerally of a deep
deposit of clay to clayey silt, underlain by a heterogeneous

mixture of clayey silt, sand and gravel (glacial till) and
then bedrock,

8.2) Tunnel Scheme:
| 8.2.1) General:

The proposed tunnel scheme requires & cut and eover
type of conztruction with about 400 fest of tunnel resulting,
The approach grades are proposed as 5%. Cuts about 80 feet
deep will be required for this proposal,

Subsoil conditions alomg Line 'AY and Line !Bt are‘ ‘

essentially similar although the basal till and bedrock are
encountered higher along Line BY in the tunnel area.

8.2.2) Design Slopes:
The slopes propesed below were calculated for Line 'B'~
however, they may be applied to Line 'A' as well,

Slopes have been checked for stabllity in terms of total
and effective stresses.

For the effective stress analysis, the phreatiec surface
has been assumed as 5 feet below the original ground surfsce to
the slope of the cut, and then as if following the cut slepe
surface, Design parameters are listed in Sections 7.1 and 7.2,

cont'd, /15 ees
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8. DISGESSIQﬁ AND RECOHEEEDA?IQNS: {cont'd,) ...

'8.2) Tunnel Scheme: {cont'd.) ... -
8.2.2) Design Slopes: (cont'd.) eve
; The design slopes suggested below, are oversll slopes
and have heen achieved by means of various berms, These slopes
have been applied to Line ‘A' as shown on Brawing 66-F-ill-c,
and the berms shown are horizental. In a final desiga, the berma

would be graded, possibly at a 20:1 slope. This configurati@a

is stable with 20:1 slopes on the berms: probably, the lower berm ,
could be reduced somewhat for Line TAt,

- ~Desi§n Slopes ==

Berms
gRequirad

Depth of Cut Overall Slope

0 - 20 feet 221 | a

20 - 40 feet | 431 75' at 20* depth |
40 - 80 fest 5: 130 at 50 depth |

50" at 60! depth |

8.2.3) De-waterine (Construction & Pegggnent Cantgclz'

The field investigation has indicated a ccnfined aquifer
in the till and upper bedrock Subsequent pumping tests conducted
for the St. Lawrence Seaway Authority have confirmed the preasence
of this aqulifer and have suggested that it is extensive,

The following comments originate, in part, from a pré-
liminary report by J. P. Nunan, Hydrologist (Hydrology Consultants
Ltd.), and are based on Pumping Pest No. 4 (St. Lawrence Seaway
Authority), which wes about 3800 feet north of Line 'A',

eont'd, /16 ...



8. DISCUSSION AND RECOMMENDATIONS: (comt'd.) ...
8.2) Tunnel Scheme: - (cont'd.) ...

8.2.3) De-wateri Construction & Pe neat Céntral‘avn
{cont'd,) ...

Theﬁe proposals should be used for estimating pnrpases only.
A pumping test will be necessary if a tunnel scheme is adopted.,

During the ccnstruction stags, it 1= recommended that‘

de-watering commence when the excavation has been taken to Elev,
535.0 for Line 'A' (for Line 'B', substitute Elev, 540.0 for

Elev, 535.0), Two schemes are possible, both employing deep wells
taken at least 15 to 20 feet into the bedrock. If the construction
of the canal has required the lowering of the hydrostatic level
below Elev. 535.0 and, if this level is being maintained at the
tina of construction of the tunnel, a system of desp wells could

be iastalled along either side of the proposed tunnel at Elev,
535.0, or (536.0 in the canal bed). A typlcal scheme of six
1Z2-inch diameter wells iz shown on Dug. 66-F-111-G, Schene 1.

Alternatively, if the hydrostatie head is above Elev.
535.0 at the time of construction, & system of deep wells 3honld ~
be establisheé from the original ground surface to lower the
water level to Elev, 535.0 as construction proceeds. At Elev,
535.0, additional wells should be installed. A typleal scheme

would require eight 12-inch diameter wells as shown on Dwg.
66-F=111-C, Scheme 2, ‘

Both Scheme 1 and Scheme 2 should include two additional
wells at Elev, 535.0 as standby wells, Por both schemas, pumping
rates would be in the order of 300 gpm per well; hence, Scheme 2

would lower the hydrostatic level somewhat more than Scheme 1.
This is considered desirable,

It should be noted that because of the high trans-
missibllity of the aguifer, these schemes or any other scheme
(including de-watering for the canal construction) will affect

eonttd, /17 ...



8. 'stcssszcﬂmann\BECOMMEHBATIONS= {cont?d.) ...

8.2) ZIunnel Scheme: (cont'd.) ...

8.2.3) De-watering (Construction & Permanent COntrai): -
(cout!d,) vow

the wells of local home~owners, Since ti 3 construction will require
several years to complete, some alternative ‘means of water supply
¥ill be required for the affected homes, Conseguently, few

additional problems should arise if the water table is loweredl
permanently,

Por the completed tunnel, thers are two alternative
proposals to accommodate the potential water pressure from the
agulfer., Permasnent de-watering is one propesal whereby a serias ;
of permanent pressure relief wells should be lastalled into the
aquifer at either end of the tunnel. A typical scheme which
utilizes 10 wells (headed at Elev, 505.0) each yielding 200 gpm,
is shown on Dwg, 66-F-111-C, This would require s sump and pumping
system capable of handiing 1000 gpm at either end of the tunnel
- for the dewatering alone; surface runoff would be extra, It is
expected that this flow would reduce with time and could be a0
substantiaily reduced by other permanent de-watering Sehemeskiﬁ
the vicinity (e.g., a separate rallroad tunnel). A permanent
pressure rellef scheme would reduce the uplift water pressure on
the tunnel essentially to Z2ero,

Alternatively, the tunuel conld be designed to resist
the uplift pressure. This will require a monolithic type of
constiruction which should be extended to at least Elev. 520,0.
The backfill around the tunnel should be compacted clayey silt.
The tunnel should be designed for full hydrostatic pressure
aSsuming that the water level in the aquifer would return to
Elev. 575.0.

econtid., /18 ...
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® 8. DISCUSSION AND RECOMMENDATIONS: (cont'd.) ...
8.2) Tunnel Scheme: (cont'd.) oo

8.2,4) Estimated Cost of De-watering:

Temporary Pressure Relief Wells - approx. $3,000. each.

Permanent Pressure Rellef Wells - approx. $5,000, each,

Sump pumps, together with monthly pumping and maintenance
costs, will be in addition to the above cost.

8.3) BHBigh-Level Bridge Scheme:

8.3.1) General:

. An alterpative prapoaal to the tunnel scheme is a high~-
leval bridge scheme, Approach grades are proposed as 6% with
120 feet vertical clearance required above the water level of the
- canal, Therefore, the proposed grade over the centreollne‘ofkthe
canal is about Elev, 711.0 and reduces to the original ground ,
elevation (Elev, 575.0 to 580.0) within about 2900 feet (1.3..‘
a total length of about 5800 feet).

The subsoil conditions for Line vav and Line *B' are
essentially similaxr; therefore, the following comments, althoush
based on calculations for Line 'A' conditions, may be appliasd to
Line *B' as well, The preliminery field investigation, although
adequate for initial design purposes, may require a supplementary
field investigation if the bridge scheme is adopted.

8.3.2) Eabankments:

Large quantities of £111 will be availabie from the
canal excavation at a reasomably low unit cost, Henece, high
O embankments are desirable, if feasible,

contid, /19 o o8



- 19 =
8. DISCUSSION AND RECOMMENDATIONS: ({cont'd.) P

8.3) EigthevelkB;1§5e Scheme: {cont'd.) ..
8.3.2} Embankments: {cont'd.) ...

The subsoil at the site is adequate to support a 30-foot
embankment with 2:1 side-siopes. To attain a 70-foot embaakment,,
side-slopes of 10:1 are necessary for a factor of safety of 1 3
(total stress analysis)., Alternatively, berms may be used as
shown in Fig. 64 where a berm of 360 foot length provides a safe
embankment with an overall slope of about 6.6 to 1. Other em-
bankment helghts are possible up to about 85 ft. at which point
the toe cf the embankment 1s influenced by the canal cut and
instability results, |

- Be3.3) Settléments.

‘ The subsoil at the site is a compressi%le type of soll
which is only lightly overconsolidated, The propog smbaakment,
material is also compressilble; hence; substantial . .ttlements
might be expacted beneath and within high embankm:nts,

For a 70-foot embankment, it is estimated that'abaut
6 fest of settlement will occur dus to the imposed embaakment
lcad alone, In addition, the fill itself will COmpresg,. The
magnitude of this settlement is dependent upon the state of
compaction of the fill as well as the nature of the fill naterial,

Accordingly, settlements are difficult to estimate, but could be
in the order of one foot,

Settlements of the magnitude discussed above, may not
be acceptable for a high-level bridge structure. In order to
reduce the settlements to about 2 feet, the embankment height
should be limited to about 30 feet,

cont*d. /20 ...



 ,fi&. DIbCUS IGN AND. RECOEHEHDATIORS: (cont'd.) ...
8 3) Bigh-Level Bridge Scheme: {cont'd.) ...

8 3 4} ?oandatiens:

For the giers 1n the canal vlcinitx, pile-type

fonndatious are reconmended. ‘To. avoid disturbance to the oanal' ‘
 banks, small displacemant piles (1.8., H—piles) are recommended.1
Allowable loads will depend upon the pile seetion chcsen

(e.g., 12 BP 74 steel H-piles may be designed for 90 tons per
Lile)o :

Piles 80 to 95 feet 1n length will be required along o
~ Lige 'B*, and 90 to 115 feet in length aloug Line 1A, Pre- ff  
‘ ‘augering to mepth ef abont 59 rt. night be advantageons both e

~ to reduce the disturbance due to drlving end to permit more .
r aecnrate pﬁnmb control or sueh long piles.

: Fer the 1ntermediate, 1a gy spread,footing.type L

' tfoanéatians are recgmmsnded. Far design pnrposes, e safe load

of 1 tsf may be used for the footings, It should be noted
that 1f a cellular-type ot foating is employed, the weight of

"the seil excavateé could be equal to or greatar than the 1oad G
}1mposed by the pxer. In this ease, settlement wenld be reduced~fﬁ[ff

, jesseatially to zero.

The abutnants may be fouaded on end-beariag piles };L5f ” f‘
driven to bedrock. The 1ength of plle raquired will depend
upon the looatlen of the abutnsnts, but could exceed 136 feet
on Lins 'A', For such long piles, pre-augering might be :
advantageaus. The piles may be designed for the maximum allowable »
load permitted for the section- chosen. Alternatlvely, a spread G
feoting.type af foundation may be employed if the embankments
are limite& to 30 feet in height, Speciflc recemmeadations will
be made by this Section if such a scheme is adopted, but for
' design purposes, an allawable Iead of 2 tsf may be amployed.

g e



= 23 =
8. DISCUSSION AND RECOMMENDATIONS: (cont'd.) ...

8.3) HBigh-Level Bridge Scheme: {cont'd.) ...

No de-watering problems are snticipated for footing
excavations, In order to prevent softening of the footing base,

a working slab should be cast immedistely when the excavated
grade l1ls reached,

Since the subsoll stratigraphy has been assumed similar
between boreholes gpaced as much as 500 fset apart, recommendations
contalined herein should be regarded as presliminery in nature and
are subject to reviewal when final structural detalls are
available, Additional field investigstion may be required.

9., SUMMARY:

A prelimlnary foundation lavestigatlion for the proposed
Forkes Road crossing of the realigned Welland Canal is reported.
Two lines of investigation were carried out; Line 'A' was along |
Porkes Road, and Line *'B' was sgome 2000 feet north of Forkes Road.

Iwo proposals are discussed, as a tunnel scheme and & high-level
bridge schene,

Subsell at both sites consisis of a deep deposit of
clayey silt to clay underlain by & heterogeneous mixture of
clayey Silt, sand and gravel {glaclal till)} ap? thsn by bedrock,
The till and bedrock are water-bearing and may be categorized
as a confined aguifer,

For the tunnel scheme, detalled cut slopes are presented.
If this scheme is adopted, it is indicated that further testing
could result in improved slope configurations, Because of the
confined aquifer, a de-watering scheme will be regquired for con-
struction purposes, and two alternative schemes are proposed on
the basis of a test well some 3800 feet north of Line '4°,

cont'd., /22 ...
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9. :‘Stmmxa (’feont‘fa. ) ,.‘.

A pumping test will be recessary at the tunnel location 1f the
~uunnel schems i= adoptedi, For the permanent strncture. elther
’a pernanent &eouatering schene may be- omplayed or, alternatively,‘
- the tunoel may be designsd for full hydraatatic prassure wlth

a manolithie slab extended to an elevation above which basal
" heave will not. occur.

For the high—level bridge schene, it is recommended S
that .embankments be limited tc 30 feet in heigb* : Central piers -
in the canal vicinity should be founded on a pile-type foundationg‘ j
fenploying end-beariag pilies driven to bedrock' 1ntermealata piers: ‘7
‘kmay be founded on a spread footing»type foundation~ the abutnentS”
may be tounded eithar on a8 spread roatiug-type 0f foundatlsn ar

. om a pile-type feundation employing end-bearing piles drivan te

, - The gronndwatar has & high sulphate content henee,  ‘ L
fcancrete should be adequately prctected or dasigned to resist
‘ sulphate a*taek.- L ' :

All reeonmendatians shsuld he regarded as prellminary
in aatnre until the prcposed structure detaixs are available , -
~at Ihich tins, soma addlti@nal field 1nvestigation may be requiredo;f

16. FISCELLAMEOUS'

, . The field 1nvestigation was carried out 1n the period
from December 14 1966 to February 3, 1967, employing drilling
equipment owned and operatad by Master Soil Investigations Ltd.,
under the direction of Hr. D, Katamskas, Mr, J. HeDongall, and '
Mr, L. Palmer, Project Foandatioa,Engineers. Hr. Palmer snbse«
quently prepared this report. ‘The entire prajeet was under the~,
general supervision of Hr. M, Devata, Supervising Feundation :

Engineer, who also reviewed this report.

k‘September 1967
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ABBREVIATIONS USED IN THIS REPORT

PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCE 'N': - THE NUMBER OF BLOWS REQUIRED TO ADVANCE 2 STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF & 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

DYNAMIC PENETRATION RESISTANCE : - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, 80 DEGREE CONME, FITTED

TO THE END OF DRILL RODS,

THE CONSISTENCY QOF COHESIVE SOUS AND THE

N THE FOLLOWING TERMS : -

CONSISTENCY

VERY SOFT
SCFY

FIRM
STIFF
VERY STiFF
HARD

58

WS
58
AS.

cs.

ST

Qu

Qecu
Qd

12 INCHES INTO THE SuBSOIL,

THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW.

DESCRIPTION OF SOIL

‘N BLOWS/ FT. ¢ LB./ SO FT
o - 2 G - 250
2 - 4 250 - 500
4 - 500 ~ 1060
8 - I8 1009 ~ 2000
15 ~ 30 2600 - 4000
> 30 > 4000
TYPE OF SAMPLE

SPLIT SPOON

WASHED SAMPLE
SCRAPER BUCKET SAMPLE
AUGER SAMPLE

CHUNK SAMPLE

SLOTTED TUBE SAMPLE

TP
G.s
F.8
R.C

RELATIVE DENSITY GR DENSENESS OF COMESIONLESS SOILS ARE DESCRIBED

DENSENESS W' BLOWS/ FT.
VERY LOOSE 5 -4
LOOSE . 4 =10
COMPACT 10 - 30
DENSE 30 - 50
VERY DENSE > 80

THWWALL QPEN
THINWALL PISTON
OESTERBERG SAMPLE
FOIL SAMPLE

ROCK CORE

P SAMPLE ADVANCED HYDRAULICALLY

PM. SAMPLE ADVANCED MANUALLY

SOiL TESTS

UNCONFINED COMPRESS'ON
UNDRAINED TRIAXIAL

CONSOLIDATED UNDRAINED TRIAXIAL

DRAINED TRIAXIAL

LY.

F V.

LABORATORY VANE
FIELD VANE
CONSCLIDATION
SENSITIVITY



ABBREVIATIONS USED IN THIS REPORT

SOIL PRCOPERTIES GENERAL
ra UNIT WEIGHT OF SOiL {BULK RENSITY) T = 3-14i6
¥e URIT WEIGHT OF SOLID PARTICLES e BASE OF NATURAL LOGARITHMS 2-T183
o UNIT WEIGHT OF WATER logeg oring NATUNAL LOGARITHM OF &
e UNIT DRY WEIGHT OF soIL (DRY DENSITY) 10g,eC OR 100 ¢ LOGARITHM OF 7 TO BASE 10
-k
re UNIT WEIGHT OF SUBMERGED SOIL i TIME
Ts q ACCELERATION DUE YO GRAVITY
G SPECIFIC GRAVITY OF SGLID PARTICLES G =
Ve \'4 YOLUME
e VOID RATIO W WEIGHT
" POROSITY M MOMENT
w WATER CONTENT F FACTOR OF SAFETY
S, DEGREE OF SATURATION
W LIGUID LIMIT o
STRESS AND STRAIN
W PLASTIC LiMIT
is PLASTICITY INDEX u PORE PRESSURE
5 SHRINKAGE LIMIT o NORMAL STRESS
. W~ We g NORMAL EFFECTIVE STRESS (O IS ALSO USED)
iy LIQUIBITY NDEX e«
= ip T SHEAR STRESS
W - w £ LINEAR STRAIN
ie CONSISTENCY INDEX = —B—mer
e e SHEAR STRAIN
€ nax  ¥OID RATIO IN LOOSEST STATE v POISSON'S RATIC ( | IS ALSO USED}
€qin  VOID RATIO IN DENSEST STATE E MODULUS OF LINEAR DEFORMATION ( YOUNGS MODULUS )
- G MODULUS OF SHEAR DEFORMATION
ip DENSITY iNDEX = ST "8
€mox ~ Bmin K MODULUS OF COMPRESSIBILITY
RELATIVE DENSITY D, 15 Auso useD 7 COEFFICIENT OF VISCOSITY
h HYDRAULIC HEAD OR BOTENTIAL
g RATE OF DISCHARGE EARTH PRESSURE
v VELOGITY OF FLOW .
i HYDRAULIC BRADIENT d DISTANCE FROM TOR OF WALL TO POINT OF APPLICATION
K COEFFICIENT OF PERMEABILTTY OF PRESSURE
j SEEPAGE FORCE PER UNIT VOLUME 3 ANGLE OF WALL FRICTION
—he K DIMENSIONLESS COEFFICIENT TO BE USED WITH VARIDUS
My COEFFICIENT OF VOLUME CHANGE “Tite Ao SUFFIXES I8 EXPRESSIONS REFERRING TO NORMAL -STRESS
ON WALLS
ey COEFFICIENT OF CONSOUIDATION
Ko COEFFICIENT OF EARTH PRESSURE AT REST
e
Ce COMPRESSION INDEX — —r———
N " Alog O
FOUNDATIONS
T, TIME FACTOR = c{;’j { d, DRAINAGE PATH } s e D
8 BREADTH OF FOUKRDATION
U DEGREE. OF CONSOLIDATION
L LENGTH OF FOUNDATION
T SHEAR STRENGTH
; D DEPTH OF FOUNDATION BENEATH GRDUND
c EFFECTIVE conas:cn‘w N CIMENSIONLESS COEF T OUSED WiTH WEIN APRLYING
INTERCEST N TERMS OF DIMENSIONL CEFFIGIENT USED WITH A SUFFIX APRLYING
. ) k) ZEFECTIVE STRESS TGO SPECIFIC GRA¥ITY, TEPTH AND COMESION ETC. 1N THE
° EFFECTWVE ANSLE OF & =705 iin N FORMULA FOR BEARING CAPACITY
SHEARING RESISTANCE, | T,=¢ + O tan g
OR FRICTION ks MODULUS OF SUBGRADE REACTION
Cy APPARENT COHESION )
] ) P TERMS OF
[ APPARENT ANGLE OF % TOTAL STRESS SLOPES
SHEARING RESISTANCE, | o tan & Fe
OR FRICTION LG e
A e H VERTICAL HEIGHT OF SLOPE
H COEFFICIENT OF FRICTION D DEFTH BELOW TOE OF SLOPE TO HARD STRATUM
St SENSITIVITY

£ ANMBLE OF SLOPE TO HORIZONTAL
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OFFICE REPOWTS SOIL EXPLORATION

ﬁtnnmzm OF WIGHWAYI ~ ONTARIO RECORD OF BORE :
 MATERIALS & TESTING DIVISION HOLE NO.1 FOUNDATION " SECTION .
joB___66=F=l11 _ rocation _Sta, 21+ 89 5 591 L%, oRigNaTED BY DK : i
w. . _2l-66 BoRING paTE  December 1h, 1966 compiLep BY Lo HBLE 0
oatum.__ Gecdetic BOREWOLE Typg femndrill CHECKED BY yaze
SOIL PROFI AMPLES DYNAMIC PENETRATION RESISTANCE LIOUID. LikIT wy
I PROFLE SAuR | w |BLOWS/FoOT PLASTIC LSIT wp S
5 g = . \ . \ | WATER CONTENT —W b
i s & | & [SHEAR STREWGTH P.S.F. wp . wi 38
ey DESCRIPTION gl 2| & o 5 | o lriadal + Pleld Vane —— ¥ ] remanxs |
|OEPTH gl 5| % | Z| ©| o Unconfined  x lab. Vame WATER CONTENT. % ¥ S
575.0:  Ground Level » B @ 500 1000 1500 2000 2500 58 CRETENEY s.o glor.5a.51.01
0.0} Clay to silty clay. RSO0 :
Very stiff to siiff TS5 T 36 4 .
Brown, grey-brown. 3 [ s3] 26 567
LS8 [ 12 + 4
Zone 1 : e
(zone 1) grmncan;: o . s 1 12 o2 psleo
‘ 2 ek
Layered red, brown & | ‘ s o) o
aye » Brom ® / CEECR se7 o ) 99 | 119
- ’——/7 =T of 7 0 12k
, A o4 :
Hottled = 2 F—
B . N ey >& : .
jsk8.y T s T - A |
3.5 51157 olay, oocasional A2 tw | Bil W7 i e 1214
gravel. o Okt 12z
SLEfE to firm 2 e © i,_ 0.9
Grey Brown bo brown. i TW [ % +.‘ | g 1743
’ Oée. pockets silt. AR CEE . .é_ Ot 120 | "
e rinite Sy [ T B <, E= R N P
140, syoy Bi 0 CLEY, ¥ P Ly SRS B
B 1 Py i
C1Stafe to firm. Layered o Yo O] 11140
_233-:__0 —1 @ne 3}_ . ‘—/- 17T 22_ X ) 1
| H4:9 54345 clay to clay. 1877w | ™ 5 Y = jren |
o SEARF to fivm, Motiled 27 PN . Ot “pan
' : & = + it
506.8 {Zone L) SEARCES | NG R — Hz ;
| 51.9 End of Borehole
517
O
i f; % Strain
1L




FORM DBE-MT~IR&
GE-ABAG

OFFICE REPGRT@ SOH, EXPLORATION

ODEPARTHENT OF HIGHWAYS -~ ORTARIO REQ
MATER}ALS & T G D igN QRD GF BQR EHOLE NQBZ FQUNDATEON sEchm
sop S8-F-111 LocaTion _Sba. 16 + 68 {531 1t.) ORIGINATED BY _..LL
w.p. 24266 BORING DATE ..December 1hi, 196 commep gy 15 IP
parun_ Geedetic sOREMOLE Type dashboring CHECKED BY L7
; ) P DYNAMIC PENETRATION RESISTANCE LIQUID LIWT w
S0 _PROFILE - SAMPLES w | BLOWS7Fo0T PLASTIC LIOIT - N
5 . WETER CONTENT =W
] & g 1 ! i 5 1 ¢ ¥
P & | & [|SHEAR STRENGTH P.5.F. wp wy 2@ 16r.8a.81. 01
:-:Et.:v DESCRIPTION g § 'g‘t‘ ol s g Triaxial + Field Vane e s ® § REMARKS
DEPTH el 3| & % u o Unconfined x Lab Vane WATER CONTENT % b/ 279.6
5729 | Ground Level P gl ™ S0 1000 1500 2000 2500 20 40 €D e elE greild
.. F. 27978
0.0} Clayey silt te clay. ST L - 0.1% Grg
Very stiff o stiff T8 | 7] 567
L8832 Ot 0.h% Org
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5 1 55 | 17 o
>
‘ T 3] ’é 196 & iiT
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R ] ] - —] 123
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8.5 1T | P 5 * o i 126
. -
T - — - = — =4 = 5 o 345,10 126.1
2h.0 | Clayey silt to silty SRR sh7 g 320 6
clay. 137 W T [} o q = W 12
Very stLff to stiff SR 25 g o 123
2 nn -+
gjz;;_‘,onal Gravel YRR 2%l x o |, 122.8
; 42 bl
536.9 {Zone 23 161 TW | ™ 237 2.4 & o X ,,_?....4 12l
96,0 |Layered silty clay to T ) 5! lai.
eclay. 2] b
AIT to Fir / ! o " 111
Bed«b s & Ao Td | P . ‘
P Y et 7 o W T
43.5 1G] TW [ — 112
* Silty clay te clay, 2B 5o7 2 12
.
mottled with 5ilt & 5] TH | TH %o 2 o 18
some cizy, occasionall *‘3’;,
231t pockets, 2L W H 27 % ! N 121
. . _d *
St;ff to Tirm. 55 T pﬁ{ 09’53 t—G—t 1ih.5
Red=brown 1o grey. . 517 .
23] TW | FH 3#7 e ©° ——Dy gﬁjg
{Zone I} L TH ﬁfi 2 & x e e 11k,
50.1 A ¢ e x o .
. +
615 3575y clay te clay, / S5 TW | PN sor P B n
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mottling. 27) T % §23 G
S33LF o Firm. % o 118,84
Red=brown, grey-brown | 28, TW }ﬂ 43 X i <
& grey. YT TW | o 197 s P —OgR—t 117
1 # 3
(zone &) RN o L=
(90,5 PSR D & x oo 117.5
; 37| 85| 6% °
82 .0 |Hetrogenesus mixbur ] SR RSN e 31030 (25
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gand &ygravel.’()cc. T35 55 1 53 on k8.2
boulders, Hard. By M P TArGLW
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S&-a84 8 @

QFFICE REPOWT§ SOOI EXPLORATION

OEPARTMENT OF RIGHWAYS ~ ONTARIC

MATERIALS & TESTING DIVISION

RECORD OF BOREHOLE NO.?

FOUNDATION SECTION
5, M

08 66=F-113 LocaTion Fork's Rd., Welland get}.‘?w ORIGINATED BY
W.p. 2hz=65 BORING DATE Decenber 15, 1500 — cowpnepsy VK, 1B
DATUM Gaodetie BOREHOLE TYPE Pean Drill Auger CHECKED BY -
DYNAMIC PENETRATION RESISTANCE LIGUID LIMET wy
SO PROFILE SAMPLES _| . |slows/Foor LIuD LINIT i R
5 el & ; ; ; , . WATER CONTENT ——n¥ b
il = i | 8 USHEAR STRENGTH P.5.F. u w 28
ELEV. wWlow | N ® P w L 3z
—_ DESCRIPTION 3 - T A e Triaexial s PR S— Z1 newanxs
DEPTH SlEl izl W o, Tnconfined + Field Vane WATER CONTENT
578.1] Ground Level wf ¥ #| @ | “500 10007 1500 2000 2500 357 GYTENEE ng
0.0 Clayey silt to clay. T T35 dom
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Layered Matenal_ T T o g » 12
Redsbrown, brown & o5
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2 3
Brown ST T T T +do i EE
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25
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333“ SE— I Y o & —0 13
sh1; {Zone 3} 42 o 4
37.0  ®nd of Borehole

fo]
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QFFICE ﬁEPORT@;{ SOl EXPLORATION e

FORM CB-MT-1286
BEAB46 @

DEPARTHERT OF HIZHWAYS - ONTARIO
MATERIALS & TESTING DIVISION RECORD OF BOREMOLE NO.n FOUNDATION SECTION
Jo8 b6aFa111 Location  Fork's Rd., Welland Jet, ORIGINATED By DK, J.M,
w.p 2;42'”66 BORING DATE BDecember :U.L, 1966 COMPILED 8Y ‘}Kz LP
DATUB Geodetbic porerOLE Tyeg Fon Drill Auger cugcken By _ L P
. DYMAMIC PENETRATION RESISTANCE LIGUD LIMIT i
SCli. PROFWLE SAMPLES |, |6lowsyFoor Llayp LM s .
5 g1 = L ) ; . L WATER CONTENT et oy =
il i | & VSHEAR STRENGTH P.8.F. wp w Wi 3%
ELEV. DESCRIPTION £l 2 ‘é’ ol = ® Triaxial + Field Vane [ a— B Wl REMARKS
DEPTH TG § « oﬁgcgni‘ineci X Lab Vane WATER CONTENT % ¥
575 0l Growmd level P ®| 00 1000 1500 2000 2500 g ko 50 P E
0.0 Sil'by" clay to clay. 5 & o
Hard to stiff 5 155 1 57
Brown te grey-browm EERRY P 017 4 Ode.t
i red.brovn & | T 119
Layered red,browm & T 7w | P o Oy 14
| T T D grey, o L.
{Zone 1) & 3w | P o ro—Ltt 1%
56 ;Iéye%d??ed?ﬁjfny@" / 7 174 |7 * ?*8 P 112
(556,51 7 T aray. K e, 12k
18,5 341ty clay; cccasional 6 1% | F ¢ Hee Oy %gé
gravel, 2] Q Lei
o G 17w 1 P 0% I ;gQ
Grey-brovmn to browa, w2 ﬁ
o 8 T [P -o—
Stiff to firm. _ A 25 p o 123
2 TW I P \ & .
" ©
{Zone 2} 43 [TW 1 P ,
L ITH [P . fm—
ol 121
i |TW P o - 151
2
€350 16 W [P ot 0 13
el — : S
13.0 Clayey 3ilt to silty (/=T T e — ™~
clay. Layersd red, I 13
¥ & Firm. o P —
£26.0 nmmz(ng}‘geg§ 16 [T 0 A, 390
9.0 End of Borehole
0
1 S1% Strapin
10




FOfid DR-MT-126 QFFICE REPORT 301 EXPLORATION
E4-45448 @ @ @
DEPARTHEMY OF HIGHWAYS - DNTARID o
MATERIALS & TESTING DIVISION RECORD OF BOREHOLE NO.~ FUUNDATION SECTION
4 oo ok s Y t
008 . GheFa102 LOCATION Forkts Rd., Jellandé:]eu CRIGINATED BY DK, M
L G 3
w.p._ 2L2-66 8ORING DaTE . December 19, 1960 compiLep oy VR LT
tic Pen Drill Auger -
DATUM Geodetic BOREHOLE TYPE CHECKED BY & 7%
S0iL PROFILE SAMPLES DYMAMIC PENETRATION RESISTANCE LIGUID LIMIT wy
= w BLOWS / FOOT PLASTIC LIV we
§ gl = \ \ ; . ; WATER CONTENT-——¥ b
& A w P.5.F. 3@
ELEV. LBl w || ® AL A 52
GEPTH DESCRIPTION 1S %2 = ® ) , Field Vans gt W1 REMARKS
£l 2| F | 3] 5| olnoonlined WATER CONTENT Y
576.0] Grownd Level @ @) @ 500 1000 1500 2000 2500 TER CRYTENT 2B ad
831ty elay %o clay.
0.0] 3ilty eclay to ciay T T o -
Very stiff to stiff, 5T TP ¢70
- +, T 12}.9
Brown, seme mobbled T T | P T o 5
red=brown & grey zondS/ VI T T [ P
S T [ ¥ ol % S 116
At
{Zone 1} 5T | F 5
0 + .
o T T 3 rreod =t 125
557.
S A - 7 g
19.0 Silty elay, cccasiole g [TW o x '
al gravel. 4 4
e T il o o b 25,5
WL, I
Very siiff to firm. W iTwW { P gE0— —7 )
{Zone 2} T , o O 24,5
- +
Nee. pockets of silt / TR TE
e ey 81l B4
, and seams of grey &i e 5 . " 01,5
clay. = sS40 Llzs
L] TW P
£36.0 RE
L0.01 End of Borehole
530
o]
L S| # Strain




- OFFICE REPOR

FBRM OB-MT-126
BE-454 6 @

N SO EXPLORATION

@

DESANTHENT OF RIGHWAYE - ONTR 9
MATERIALS & TESTING DIVISION RECORG OF BOREHOLE NO.6 FOURDATION SECTION
~Fe111 5 ;
08 EEwT w1l LOCATION Fork's Rd. Welland Jet. oriGnaTED Bk JML
w.P. 2h2-66 porING pATE . December 19, 1206 compiep 8y 9, Y.K., IP
DATUM feoderic SOREHOLE Type Fendrild, Diamond Driil, WX & BX Cased, i, Core cMECKED BY 2.7
50il. PROFRLE SAMPLES DYNAMIC PENETRATION RESISTANCE LIGID LT o)
- = w BLOWS / FOOT PLASTIC LIAIT wp -
o Z ; . | y ) WATER CONTENT — ¥ v - .
cLev el _3\ ¢ [ EWERR STREWGTH B.§.F. wep o, W 3 [6r.5a. 51,01
SERTH DESCRIPTION g1 ¢l 3 ® Ouick Triaxial+ Field Vame e S ®4Yl RE
2 X
3 B R L - o Tneonfined  x Lab. Vane WATER CONTENT % Y 573,
571.8) Ground Level @ @ 50 1000 15p0 2000 2500 20 1o $0  fee.r] o 5713
0,90] Clayey silt to clay. 270 . B
Very stiff to fimm. T T F T o 26 1 o, pag
Mottled grey & brown. T TP + b ° 123
Tayered =~ ved, brom |/ 3 T T oo P ro |1
& gray TR 560 Qe L —— ﬁ%
— e . 3 M N =4
o +
{Zone 1) 5 TIW [T e %o ;‘%%6
Layered red, brg%& 5 1Tq [P Y e b = ﬁg
T - 4 118
A I 1 . N
Si7.8 . +? o "
4 e B 1 | P o = 123
5.0 Silty clay, cccesionzl 35
gravel. O ITH 1P $ -8 122
SH4ST Lo Fim. 35
Red - Brown ol 1P K P - Eg
Sho
{Zone 2) T LW P N o]
4+ a
2w P g o 18
Oceasional pockets of 56‘ +3
s3il%. / i3]0 P 2 o ,._é’_q 19
v ¢
se9.8 et sse L X dvs Ko ﬁ%
42.0|Clay to siliy clay. z5
SEiff to Firm. AN ‘o = B 105
Layered red-brown, d o0 o
grey-brown & grey B TTW TF L -0+ 111
4
ne 3 QX 2.5 1i5
203 (Zeme ) LT iqw B seo0 & 8 117
51.9] Silty clay to clay. - + |35 1
Stiff to firm, B L2 P - 17 2
Red-brown, some [ e
nottling. LT LE s o ilz
, 20 [Td 1P $& —g 17
{Zone 4} 510 . a .
T I o 8 19
2 T[T € 3 —8 . 137
i3 i
501.8 EmT $o ¢ et He
R —— P — . - 4
%0.0| Silty clay to olay. 5L TEe 1E 1 Soe S =g 18
SHIEP to Fimm. - > ¥ 5 1
Layered red-brown, 25 |Tw [P il% . 4 %g
groy«brown & grey. SE 1 TE % + ;——‘-)0_4 ~ 118
3
Occasicnal thin sik = Q [¢) 11
seam. EVER VTR S R I . = R 1.11%
28 1T 1 F 5 0 t—t-0—rrdi
r) i ﬁ S 25 [[owmevom: ]
{Zone 5 Rl 20 % h— Lo,
&3 119
G _1Te P ° oy * I e kb
8¢ 3
1:78.3 CI e 5 3 ot 120
3.5 228812 g 19|33/38/ 20§
<42 | Batzrogenecus mixture 7|3 S 1100 O i
of =lsyey silt, sand i} oo S T
and gravel. Hard. 52 Toe 1hE o
(Giaeial ~i11) (N i S s SRR
S YA Tl (9 7ivA A o
T 6188 187 i
srEE e
4T 1o iss 1115 o
hsso T IZE LBLh . 160 o
1205 | Bedrock - exterzsivelyg//_\ 13 g?‘m gvéf
fractured in upper = .
8 feetb. o -
4343 P
Bﬁf Rec L85
B o 7]
A (5] Wing -0 D
? BiL 145 | # Strjain
127.5 | Ind of Borehole 10
bho




FORM OB-MT-126 OFFICE REPORT EN SO SAPLORATION

E8-4546

DEPARTMENRY OF HIGHWAYE ~ ONTARID ﬁ .y o ,
MATERIALS & TESTING DIVISION ECORD OF BOREHOLE NO.7 FOUNDATION SECTION
J 2 :, :
408 Sh-Felll Location JOrE's Rd. Welland Jet. ORIGHATED BY X, JM,
# 5 4
. B 2li2-66 BORING DATE . Dgcember 21, 1966 comMPiLED By VK9, LP.
DATUM Gandevic BoREOLE Typefen Drill fuger CHECKED BY L0 7
SOIL PROFRE SAMPLES DYRAMIC PENETRATION RESISTANCE LIGUID LMY wy
- w | BLOWS /FOOT FLASTIC LBWIT wp -
5 ¢l & ; . | . i WATER CONTENT —— @ =
£l = w | &1 B ]SHEAR STREWGTH P.S.F. wp w wy 3@
. g S e =
E‘:Y' DESCRIPTION i ElEigl o= e Triadial + ¥ield Vane p—e———t & | REMARKS
DEPTH x5y 5k B w o Uncenfined x Lab. Vane WATER CONTENT % ’ "
574.3] Cround Level a a2 @ 500 1000 1500 2000 2500 2057 SR T od w5782
0.0 8ilty clay to clay. Gr.Sa.50. 01"
& " T § - o 130 r.52.51. 03
Very stiff to stiff = ?:; - wos¢f &yt ,
Grey-hrown, Some < = v .
m:;%il:zd éréy & rede N R 56 5% o — A 125
oroWt. I TW | P 2520 g ot
e e > 2450 f >
layered red, twewn & I 4 A _"‘ 190
orey. RS o B . i
7 TR | T - p_3::7:) ] : 123
557
{Zeme 1) T T el o3 —d— 15
550.8 ST ¢ s AL 122
23.5] 811ty olay, cocasional oW T 2+  —
o 2
gravel. ST T Sk — o - o 128
Very stiff to firm, 2 i,
Brown Y » 1% ' ie7
T TTE P e = Ot 12t
(Zone 2} 25 .
TP g3 s o 122
i N % et e o ® PR, S— 115
39.5 s31ty clay to eclay. 7 = - i
Stiff to firm. 15T T 1% 1 & 9 LN 127
Layered brown,reds 4 [ s —
brevn & grey. 18] TW | P a ? * Pl S— 2 i
5258 {Zone 3} 527 3 .
TR T T T e — 9] TP =% bt 122
48.5 8514y clay to clay, ’
secasional pockets of i%Al TW| P + L iy 117 E 0 16930
silt.
LI0E to firm. POCTR P “ol * ob
gy, - y 2598 £ o
Brown scme mobtling T 17 , o 118
{Zone L) ST TR T 3 525 O 121
$25
LA ——0 1z
25 T T 4 - 120
N 3 ——0 116
2l | Pl eo7
+3.5
- 25 T P ® S 112
/02,5}-__‘ o 435 —
71.5 [Silty clay to clay. 2B W] P Py . —a e, 110
SEifT to firm. o * Y Y .
T Tw | © o | | 116
syered to mobttled. ho7 5 el IE
Browil, red-brown & 70l W] P & s ._..83_4 115
*
TEY . 0 o
gres A 29 TH|_ P -r L35 o) 117
b
{9087 9% B T Y T 3 2 L 117
e -
Oec.pockets of 541t & S . +
85,8 [sendy si1t. SITH 587 ~ — s
= - S5 D ;
RE.5 | Heterogeneous mixbire 4 32
of clayey silt, sand 32 &% 2 8 2369 ol
+ 23 6%
and gravel. Hard. SIS0 :
it med el T113 Bl 85| 68 @
{Blacial Tili) H | F 5 177 ot 8 38 48 1%
*F 7] 881 103 o —h 8 25 L8 ‘
EEHIEEE R [N ;s ter
Bz i M (WL '
103.0,| Bedros - ex ¥ KOIBE 6y
weathered & fractured ~ Y. 167
in upper b feeb. Kilprr | re o
NES 5 % sthain
158.0 2k | B1Z 10
113.1 | End of Borshole
b57




FORM OR-MT-1268 CGFFICE HEPQRT ON SOIL EXFLORATION
66-4546 9

DEPARTRENT OF WIGHWAYS ~ ONTARIO

MATERIALS & TESTING DIVISIOM

RECORD OF BOREHMOLE NO.S FOUNDATION SECTION

408 £6=F=111 LOCATION Sta. 23 + 68 (69 Lt.) CRISINATED 8Y DK, J.H.
w e 242-66 SORING DATE December 22, 1966 compiLep gy _BeSe; kP
DATUN ecdetic BORENGLE Typg Penm Drill & Washbboring CHECHED BY _ i ;
SOIL PROFILE SAMPLES CYNAMIC PENETRATION RESISTANCE LIQUID LisaIT Wy
— o 3 BLOWS / FOOT PLASTIC LaliT wp >
& 2] 3 ; | \ . ; WATER CONTENT wurm @ b
g S 3 ot
2l = & | 2 |SHEFR STREWGTH P.S.F. n. . wp w, =y
ELEV. DESERIPTION vl B B . o Triaxisl + ?mm Vane e &1 memanrxs
DEPTH ¥ SHE| - |3 & Unsonfined x Lgb, Vane &1 F
<3 2 o UYnconfine A Norwegign Venk  WATER CONTENT Gr.8a.51.C
575.8| Grownd Level al = & @ 500 1000 1500 2000 2800 JER CRRTENES p%’w : a.81.01
0.0 Clay to silty clay. 1T T F . 3050 f O r—t——at w7 |
Very stiff to stiff. 7 | TW | PH 36409 ! 12k
Brown & grey-brown 3 [W PR . 3533?; ot
mottled, TotTw ] 987 318007 N 125
. 3 i I3 -
Leyered ved, browm & 2 >
grey o A b L, P 120
B
{Zone 1) 7T T Q] g O i
451
-, Layered brown & grey. 3 B 557 KAV = 125
3508 O e e N e ?
2 I T TH [P , W
: Silty elay ozeasionall T - &8 - t
gravel. SULE. 1785 - . )
&
Brown TP TW P SW o ot 126
- +22
13| % | IF] & o —o—
{Zene 2} A q P
#2.5 -
BT 7K & ] F—O—+ 122
“ 25
L/ 537 2
6 TH 70 4 ot
+23 APy
531.3 & 1704 | o CS.
151 Clay, lagered browm, B T K Por >n s e 110
red & grey. 527 142
SLLff to Firm. 191 T 2 S © 115
523.3) _ (zome 3}~ __ ' Tle b
52.5|5i1ty clay, pockets of ST TR T TR "% A"’Z 5 G4 119
silg ¥ A4
. - & Al ——O— 120
SHAFT Lo Firm. P2 I DL £ 2.8 —
Brown or mottled. e 219 B
221 05 | B o ot
{Zone b} NS
23| 05 | FE q% e 118
507.8 + 0
551 T s e e 7] 2| os | =] 57 - —
68.0 Silty clay to clay. = e Faa
SYAFT to Firm. . of A = i, e
Layered brown f:o;:id- 25| 0S| FH o | Olo
’ £ IR o 118
\ 2 b2 —
{Zone S} 26] 08 197 ? 2 - —
Packets & occ. seams / = 1
2 FH
v of 8ilt & silty sand. 708 e g ‘
Pt 122 1213042 d
1.89.8 28] os | el b 30|2t|22
= H] (&) s 4
88,0 C;Li}d»ezmsiié&;val Nr ;‘;8 % =g | R o 21)3928|12
= X G4« RC o
Occasional boulders. /| 31} gy pesy n
L8z, {Glaeial Ti11) TR M mcom viya ol v
Led 2 > BNEIE B 5| % Stfain
93.5 | Bedrock - Extensively[glt 23} py | Beo 1
‘&';eatherea/&;fricturec ST« W77
in upper © ieas. i
I’" 3| BC | o5%
BX Rec.
15T
172.5 36 15¢ §gc
105,58 | nd of Bovehole




FORM OB
$6-4846

-MT-126

UF FILE REPUWT‘N 2UIL CAFLUNATION

DEPANTMENT OF MHIOHWAYS « SHTARIO

MATERIALS & TESTING DIVISION

RECORD OF BOREHOLE NO.

? FOUNDATION . SECTION

90.2

End of Borehele

108 §6=F=111 Locatign Line "BY _ Stn. ih + 99 ofs b.5" It, ORIGINATED BY K, B
w.P. 2k2-66 aoriNG DaTE . December 28, 1966; Jamuary 3, 1967 compied By I IP
DATUM Geodetic BORENOLE TYPE Penndrill, Diamond Drill BY Cased, BX Cor CHECKED BY & F;
DYNAMIC PENETRATION RESISTAMCE LIQUID LiMiT sey
SOIL PROFILE SAMPLES 1w |BLOWS/FOOT PLASTIC LIMIT we 5
B gl a ) g . . WATER CONTEHT ——W b
il e w | & Q | SHEAR STRENGTH B.S.F. wp w vy 58 i
g . [ Y
:—E"Pi: DESCRIPTION slE 2lel 3 © 81 Remancs
€l 31 F |2 & WATER CONTENT% | ) :
580,81 Ground Level ” @| * B.C.F.
0.0 Probable Claysy silt //
to clay.
(Zene 1)
Brobable Layered
. Materdsl _ __ _
Probable layerad /
561.,0 material
20.0
Probable silty clay
/|
Oceasional gravel A
/
/!
{Zene 2) '/
/]
y LAUGERED TIC
Sh2 .0
T e ————— — —,47;
BREIROCK
39,0 |[Probable silty clay
Layered
/ 5
Zome 3} ROT SAMPLED
532 .0 ( - /
e e — ——— ——— — W _%
49.0 | Probable silty clay
Mottled
(Zone L}
bis.o
e
* | Probable silty clay /|
to clay.
Layered
{Zone 3)
503.0 A
59| Probable Till tg‘é
B0.6 | Bedreck = extensiwvely */Z’é{ 1 | RE 57%
weathered & fractured BY |Rec
s | BC hé%
$:50.6 BX |Rec




FORM OB-MT-126

6&-4846

QOFFICE REPOR%N SO EXPLORATION

PEFCRATHENT OF HIGNWAYS - ONTARID

MATERIALS & TESTING DIVISION

RECORD OF BOREHOLE NO. 10

FOUNDATION SECTION

JoB G6uFm111 Location Fork's Rd., Welland Jeb. oRicmateD By DK dM
. P, 242-55 BORING DATE December 28, 1966 comeiLed sk LP
partun Geodetic BOREMOLE TYPE L2 Drill Awger CHECKED BY &5
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANCE LIQUID LisIT wy
= ‘3 BLOWS / FOOT PLASTIC LWIT wp >
§ & § 3 SHEhR! STREP\;GTH P i‘?; F ! WAY:R conTERT wa 3 5
M E IR Y SF [ w L 2
DEE‘?:TV}; DESCRIPTION g g g g 5 e Triaxisl + Field Vane s e Pl REMARKS
®p 21 ol 2 Unconf ined jab, Vage WATER CONTENT
572.3] Ground Level i * 2| @ | © o0 1000 1500 2000 2500 T6 " CERTENRE Pg elor.sa.s1.01
¢.0] Silty clay o clay. et 570 o 12.?% 13 T
Very stiff to stiff s, {7
Brown Lo grey 2 jIwW [T 'S :
3 3 : 3 i2
HMottled Zone T T Q o b ,_oo___q
120
(Zone 1) o R a o L
\* l P
AE ik ] . So*——-__.; 25 2 52 hé
555.3 % Q ¥
Vo RSt 6 |mi P ¢ o 123
7.0 3ilty clay, oceas. 2 o
gravel. 7 17w | P [ 125
SHi£F to fivm. _ 550 2 :
Red=brown. 8 |TW (P K j
{Zone 23 T | P P o o
- 121
Ceeasional pockeis 0l TW | P ° o i%
of silt, et 540 i ol
6. #
.526_3_ - N R o =] 121
i 36,01 Clayey silt te clay. ¥ o
St4ff to Pimm 433 T [P - . el 27
Layersd or mobiled - b
hiTw P ! 530 p b0t 121
Brown, red & grey o A ==y o
15 1T TP & e i
" Zone 3} +
523. ST I rd o 113
58.5] Bilty elay to olay Y ,8*3 192
518 ¢l 21 \
Stiff to firm g e e BT < © ]
Pockets of silt 13t I P o "( ——OF—t 118
o e st
Brewn or motiled. ST TE 7 o | i - 123
5
{Zene b) 20 (7w | P ‘; . x 0t 116
- +
se8.8 e o k) < 112
63.5] Silty clay to clay. + o
— : 162
St4£f to fim O e LA S
Layered or mobtled 23 ]TW i P & % 5 , 111
Redebrown, brown +
ey T LI P 500 o f——ot— 116
rey. s =
7 BT | P e Pl o 118
(Zome 5) +35 o '
ion.3 51T TP 8 x . | 123
. + o 13
- — T 26E S5 55 o H 13 k213719
80.0 Hecerogenecus m}.xturer TR 55, 271321 {41}
*l of clayey silt, sand = +
el 4o At -wal BU| PORCER LA o Hr
. focasional bonlders. i
LB8k.3
ad. i
Badrook - weathersd
snd fractured. o
Some gypSUM. 154 5 % Strain
477.6 "
97 fnd of Borehols |




FORM OB-MT-124&

wrFleE HﬁPORT@N SO ERPLORATION II

BE-4546
DEPARTHMENT OF MIBHNWAYS - ONTAAIO .
MATERIALS & TESTING DIVISTCI RECORD OF BOREHOLE NO. 1 FOUNDATION SECTION
408 66=F=111 Location bine *BY Stn, 18 + 08 o/s 29.5' L. ORIGWATED BY _UF
w.p.__ 2h2-66 BORING DATE . January 9, 1967 commiep gy SN, LP
DATUM Ceodetic BOREHOLE TYPE Perndrill CHECKED BY L;f):
501 PROFIE SAMPLES DYNAMIC PENETRATION RESISTANCE LIGUID LIMIT wy
= u BLOWS / FOOT PLASTIC LMIT wp
5 8| 3 ! ) ; : ! WATER CONTENT ——w ez
sLev apED L # | SHEAR STRENGTH P.S.F. wp - Wy 34
i . L e 1
= DESCRIPTION E “g’ % E D Wi REMARKS
o ]
5801 Ground Lewel b= 31 w WATER CONTENT % X
P.C.F.
.0 2
Probable silty clay
o clay.
{Zone 1)
| | Prob iayered material
Probable clayey #ilt
Oecasional Gravel g
/
{Zone 2)
L
s
AUGHRED (10
Probgble siliy clay 7 PRORARLE BERROCK
o clay. Layered
i {Feme 3) |
77 o SAMPLED
Probable silty clay
bo clay. Moiiled.
{Zone L)
/
Probable silty clay ;
to clay. Layered. /
{Zone 5
507.0 s e ,
73.0 !
Probable T111 [r
\ i
198. 4
47
82.0] End of Borehole <
Probable Bedrock




FORM GB-MT-126 UFFICE WEPUN1? M SNL BAFLUNGLIYN
S56-4546 @

DEPARTHENT OF HISHWAYS - ONYTARID R ECO Re GF 3 0 Q E H G L E MG ) 12 CoUNDATION SECTION

MATERIALS & TESTING DIVISION
08 $6=F=21 LocaTion Line "BY_ Stn, 12 + 05 o/ 18' Rt. oRIGINATED By LT

w.p._ 2h2-66 BORING DATE .. January 13, 1967 coupien sy JH__LE
2 ) e 3
DATUM Geodetbic SOREHOLE TYPE Perm Drill CHECKED 8Y L. P

DYNAMIC PENETRATION RESISTANCE LIQUID LIMIT e
BLOWS / FOOT PLASTIC LEAIT wp
) . WATER CONTENT———¥

H 1 H
SHEAR STRENSTH P.B.F. Wp w wi
s Qssomemmnch

SO PROFILE SAMPLES

BULK
DENSITY

ELEY. REMARKS
DEPTH

581,00 Ground Level

DESCRIPTION

NUMBER
TYPE

WATER CONTENT %

ELEV. SCALE

STRAT. PLOT
8LOWS /FOOT

0.0 .
Probable silty olsy

to clay.

Oncasional layered

jders i

{Zone 1}

22.0l Probable Silty Clay
to clayey silt.

Oceasional gravel. Vi

{zone 2)
20| Probable silty clay |
Layered

HMottled AUCERED|TC

(Zonz L} PROBABLE BERPROCK

522.0) U
59,0 Probable silly clay NOT $AMPLED
clay.

Layered.

(Zone 5}

| 505.C
76.0  Probebl
499.5

81.5 End of Borehole
Probable Bedrock

i
&3
i
et
et




FURM CR-MT-i26

GR-4836

UFFICE REPDR@N 30IL EXPLORATION

CEPARTRIENT OCF NiGHWAYS - ORTARIQ
RECORD OF BOREH NG 13
MATERIALS & TESTING DIVISION OLE MO FOUNDATION SECTION
BT o 7.3 Y 2 Fen 3
JOB 06-F-111 LocaTion idne "BY 00 + 99,51 o/s L9.5 R, oRIGINATED By _ DK —_—
woe __ 2he-66 aoRING DATE ___January 20 & 23, 1067 compiep ay DK, T, LP
paTuM._.. Geodetic BOREHOLE Typg _Penn Drill cugcwed By L./
DYNAKIC PENETRATION RESISTANCE LIQUID LT oy
PROF' SAMPLES p
SOi. PROFILE = w | BLOWS/FOOT PLASTIC LIMIT wp N
] 2! =z ; j | . i WATER CONTENT ———¥ e
P .5 % | SHEAR STRENGTH P.S.F. wp w vy ER4
ELEV. | @ : ; Triaxial D @ i
- a @ LPL 1 . REMARKS
DEPTH DESCRIPTION slzi >822 . +Field Vane b
- Z e 4 o Unconfined WATER CONTENT % X
582.2] Ground Levsl " g « 500 1000 1500 2000 2500 20 50 e Elr.52,51.01
0.0} 811ty clay to clay ’
Oceasional pockets of 12k.5
gypsum. T TP T8 o J S k.5
Very stiff te firm. S O . s & Y - 127
- 34 o 118
Brown mottled with 4
! ‘ 3 1T | 4 2 rO- 112
grey.
L TTTW T FR
Layered grey, red & T | Ty | P o o . e 1O e 1 113
o bawm___ _/ %
5 T TW | T
{Zone 1) +27
48
- . " o —o—| 120
7 1TH | M - 1
NN _ W { 7
26.5| Silty clay. occ. +22
gravel. B 1T | .
+
SLiff to Firm, A oo
4 R Jol H—0— iz
Brown NG 1TH | P < #
+
+l9
{Zone 2
: ) 10 | Tw_| ™
+ 2.3
7
N é $ lo H—o— 125
53L.7 +
- JS S i — +2.7
47.5] 8ilty clay to clay. T
SLifT to firm. A 22
Red=brown,grey,brown 432
nottled & layered - b 117
ot 13 17 P Oy 3
zames not defined. = - LI 373
e +2
{Zﬁnes 3, b2 g) b TH 7 12
A g
1% T ¥ oot 110.5
- #35
L 0
510.2 LT LH 53
72,0 Gravel, some sand, I
506.7 | trace 3ilb & clzy. v XN 48127 (g
%5.5] End of Borehole
1]
UEA-E] % Strain
ES)
//




FORM 08-MT-126 QFFICE REPORT iéN SOl ERPLORATION

SG-a546

DEPARTRENY OF RISHWAYS — GETARIO
3
MATERIALS & TESTING DIVISION RECORD OF BOREHOLE NO. W FOUNDATION SECTION
S 1pe URN 05 + 5 s 45,0 1 A
son 66 l}l Locarion Line "BY 05 + 98.51 ofs L0 Lefk ORIGINATED BY X
.o, Gzﬂi"if soriNG pate _.Jauuary 19, 1967 comeiLep sy 5y T 1P
SOARTLS - B, 3 =
DATUM BOREHOLE Type _femndrill CHECKED BY b B
SOIL PROFILE SAMPLES DY¥NAMIC PENETRATION RESISTANCE LIGUID LIMIT Wy -
—4 . | sows/roor PLASTIC LsaIT wp
5 gl 3 | ; ; ; ; WATER CONTENT —mm-¥ I
gl = £ ] 9 [SHEAR STRENGTH P.SF. wp ry I @
ELEV. DESCRIPT sl 88| s : @ Priaxial Bt X
CEPTH SCRIPTION Sizl 182 2 riaxial + Field Vane W} REMARKS
€l 217 1g| 5| o Usconfined . WATER CONTENT % Y
)
581.6! Ground Level L ) 500 1000 1500 2000 2500 %O 10 &0 8.¢.F.0r.52.51.01
0.0] 3ilty clay, very )
stiff, 11 TWird OIS EN——)
- 126
Mottled grey & brown,| 21 W TN 39209 Of———1—
31 . TW| B ¢ :
{Zone 1} LT o © 10 i 128
H
¥ 7 ' 4
563.6 ] e .,
18,0{Silty clay, oceasionall/ 4 b1 TW| I 17 i Q Ot 128
gravel, * N
Tery stiff to ssiff. 7 1 Tl o -
Brown. N
G.‘f L 0—y 126
. 8 {
{zZone 2) / T 7 23 e
+15
S 2 I PR
EB.”_;- . -/ ] 124
36,5841ty clay te clay. / alé ]
‘ Stiff to firm. 10 TH| B RN —T& 1
: Layered and mottled 5
Zones not defined. *3
3 Y
Redebrown, brown & iy T M 27,
grey. 427
g
/ 18 T B Q?e— I - 115
{Zomes 3, h & 5) g.z,{
G in:] . i
+J,(’-
?':9
M T 83 s 111
i * + 33
16,1 h) el P
4% ,5| Heterogeneous mi¥ture i
of olaysy silt, sand N
and gravel. H T RS oH 2137 132 10
Haxd. 1l
5071 (Glacial TE11)
7.5 End of Borebole g/%‘
Probable Bedrock h
0
1 -?-5 £ Birain
i




LHE-A846

@

w

CEPARTREHT OF HISHWAYS ~ ONTANID .
% e aroON RECORD OF BOREHOLE NO. 19 COUNDATION SECTION
wled 1 upy A fa & Ve
soa __ B0-F=111 ocation line "B Stn. 10 + 99.5 o/s 51.0° Rt. oricmarep py DK &
w.p. 2h2~56 ZORING DATE Janusry 17, 18, 25-27, 30, 1957 cOMPILED BY . o¥. 1P
DATUM Geodetlc soreHoLE Typg PefDrill, Washboring, WX & BX. Dismend Dpill BX cuecxes &Y. Lo io
DYNAMIC PENETRATION RESISTANCE LIGUID LT w)
Ol PROF SAMPLES A
i orne : | w | 8LOWS/FOOT — - | BUasTic Leat wp .
i 5 g1 = s \ 4 R L WATER CONTENT —— X
&l ®| | &1 8 [SHERR STRENSTR FS.F. wp w W
;ELPE::‘ CESCRIF 10K 'Jé‘ ; ¢ g 5 e Triaxial + Pield Vane U . Sa— REMARKS
ISR u osiiriconfLﬂed % Lab, _\7:;8,@"1.‘3.‘ WATER CONTENT %
SR0.% Ground Level id @] “ 00 1000 3300 2000 2560 o 10 £0 ®.C.Ffir.Sa,55.C1
0.0 Dlayey silt te clay.
Very stiff to firm. T T e T O B
Brown, grey-brown o 125
Hottled 2 L TH. | P & o
[Lajersd Growm & gray. | 43 | TW | P RO —t
{Zone 1) L ™ | 7
e
Taysted browt & gUEy 7 O T | & -, =g 11k
- — - 4+
Uistorted 811t layers 2
3 . 28 71j29)
and pockeis, 1 TW R G‘& R o j— 124 .
S57.4; 2
. . ] [ Ot lEh
23.5| Silty clay, occasional/ J7 [TW [ H el . ;
2
gravel. S8
Stiff to Fim 48 1 TW | B 27
Brown +21 120
Y oW | M &, o
4-2 2
{Zone 2) ’
10 (| TW Fv 5
¥
535.2 / ¥
5. 0| 951EF cidy, STAif to BEEEE ? ” S—- 118
firn. layeved red,grey + 3»527
& brovwn. (geme 3 +
530-4 {Zone 3) [, e T o A 118
20.2[Si1cy clay, SUAff to G s
firm, Mobiled. 435
52k.% {Zome Bl TITTW PR .D . — 137
i bl - K3
6.0 ity 2lay 22
SEiff to fimm T T T b‘ . F——i—t 111
Leyered red, grey & * L5
CPOUTL.
155 | s oq©
{Zome 5} 428 : °
209.9 B ITH I ® x 0 g0t 122
71.0| Heterogensous mixturs 7 =
of elayey silt, sand ,
and gravel. Hard, |[f EEARECEA I
| {Glaeial TIIL) m "
S00.5 ¢ FE—1E5— /3
7w Wenbl a
80.51 Bedrocy - weathered \7,’721 DR
and Fractuwred, =19 gt Ree
Re 922
190.5 20 Ipy hec
904} End of Borehole a
15 & % Strain
1D




W

FoRM DE-MTAZC OFFICE REPORT QN SOIL EXPLORATION .
DEPARTMENT OF HIGHWAYS ~ OMTARD
RECCRD OF BOREHOLE NO.218
MATERIALS & TESTING DIVISION e FOUNDATION SECTION
{B—!‘ - .\ s o ot "
on 23 uléé Locarion Jdne "B" 15 ¥ 00.5' ofs 05.0' Rb. oriawavep ey DK
s 2l2- BORING DATE __January 11, 12, & 19, 1967 compies sy s I
S Sndd 5 sy It s P
SATUM Gaodebic SOREHOLE TYPE Perndrill & Washhoring CHEGKED BY Y
- DYNAMIC FENETRATION RESISTANCE LIQUID LIMIT Wy
SO PROFLE SAMPLES 1 . |eLows/FooT PLASTIC LT wp .
g g a N ; i . ; WATER COWTENT @ w b
il & & | @ |SHEAR STRENGTH F.5.F. wp - wp 34
ELEV. DESCRIBTION £l ‘é‘ ol % | ® Triaxal + Field Vane prr Gt O @1 REMARKS |
DEPTH = 5| = R o Unconfined x Lab. Vane WATER CONTENT 9 X 4
$60.7] Ground Level » g ¥ 500 100G 1500 2000 2500 20 4O £0 pe £ 0r.52.51. 0L
0.0 8ilty clay to clay
oceas, gypsun depeosidy . 125
Very stiff to stiff. LW | AR ° ;
Gray=brown - O. 4915 Gt 128
p 2 17w | PH @. 4830
{Zone 1) 117
W | ™ o® 4
Layered rsd—bmvm & 3 @ N
grey-brodn. —0—h 122
z L imw | b & e
- - + e * S
Tayered red-brown, Y 17w | PH 42 o
win brown & grey. ) 1
e — J& Td | - ol ot 125
20.9 Silty clay, ovceas. i
o : izh
gravel. T T 11 xqaa. 5 !_g_‘ _ 127.4
SEAFf to fimm, ¥
.58 g S—
Browii. g W | ™ X 19 ==
+
{Zone 2) RN s ¥ r—o— £123 o 2! B81op
+j2.4
Shi.7 12}
— o —C——1
— R Q & ok g
35,0811ty clay, st 21 to g% a5 x L% ES
Layered brown, red & 31 5w PN
gray. +3 (
0 {Zone 3} a g 0
. 416 of nige s
£ I (o v - < I vy us f| 8 4880
50.5| Silty clay, vocasional * " q 8 3l3d53
pocksts of silt. - 0 04s —o—h 11
SHirr bo firm. 13 ¥ vs i 3
Hottled red,brown & 3
TEY . ) 1
B (oo 1y T (o oo | —sT 19.5
518 -7 L - - s 23
62.0|8ilty clay it clay. — L
SL4£P %o fimm. 16 [T [ o 3 X ga e 110.5
Layered brown, red & el27 .
grey. Y T ) Pos ® ) 3.5 ol 113663
% 3 ¥ W Y18
{Zone 5} s ol 1183016
SER N x4 s o P
502.7 . *
B0 10 ayey silk, sand il ° 25137]138)
0.99.7] & gravel. (Glacial TR P IR 515771 I )
81.01 Bedrock, weathered :75//' s |RC 1 80% | ©
and fractured. 5 BX | Rec 1 4%;-5 £ Strain
b
21 g | 70F
191.3 BX | Fs
89.L| &nd of Borehole
: !
! |




FORM Q-

£E-4546

MT-126

OFFICE REFPORT EN S0il. EXPLORATION

GECARTMENT OF HQNWAYS — ONTARID -
MATERISLS & TESTING DIVISION RECORD OF BOREHOLE NO. v FOUNDATION SECTION
J08 66.3{;2126 LocaTion Jdoa :;‘B“ 19 : 0. z* e hléf; i ORIGINATED 8Y IK
v ; ;i : BORING DATE muary 13, 10 & 2 1907 COMPILED BY . Dhy 1P
endet nndril o
DATUM e soREHOLE Typg oonariil cHECKED BY Lo
SOIL PROFILE SAMPLES DYNAMIC PENETRATION RESISTANGE LIQUID LIMIT vy
= w | BLOWS/FOOT PLASTIC LIMIT wp
5 8| € . . \ . y WATER CONTENT ~mm b
cLEV Bl mi 1 & B jOHEAR STRENGTH F.S.F. wp - wp 38
OEPTH DESCRIPTION rlglglal = o Trimxisl old ¥ i St 2w gEmanxs 4
El 3| F| 3] 8] o Unconfinsd oue Tane WATER COMTENT % b
8c gl @ Soo 1000 1520 2000 250 : 1 : e
5”""’1 b @ 1520 2000 2300 20 40 50 PG 7 ir.S52.51,C1y
0.0{ ¢iay to silty elay.
Very stiff. I TW ] M 390 & ot 128
Hottled grey to browy 2 | IW (4 [ T E—
el piree P E— 127
{7 T o -
{Zone 1) o TW | ¥a . io—] . 121
5 TW, H & 3130 g’ et
L TW | o 452 g o iz2
>k N 3125
DR et s WA A e ur
EY3 > P
8.7 Clayey silt, occas. /—5 TW ﬂ o T 128
avel & pockebs of 1
e 5 | | a8 o 8 125
B +
101 TW i‘i © o H-8mt
Very stiff to stiff. ] b * 23
11l TH | FH & - 127
Brown. 1w P
1ol T T h % -,
{Zome 2} T Tw | K e S 124
$27
i TH P
[ 4 ! 290 -
R IR A == 110
5 by XY 1 .
red, y & grom. I & e 3970
535.1] g‘ZZor. o + 22 | 121
5.0 5..11:{ clay to & clay. 17 Two ?23 ) ) 1 89110
Firm to stiff. 18] TW | ™ € b 111
Grey-brovn, browm & +2 Q
rey mottled. 4 A9 THL M ' 0’_}_2_3 Ot 119
. 20 TH | P4 & 01
{Zone k) 2.4 o
21| T | P 2
520, - L3 s
&0.01511ty clay to clay. 7 22| Td| ¢ R —p—i 113
Stify to firm. 428
Layered grey=brown, T Q p—O4 aaz
prown & red. 23] 74| M L 21 ———o——t 116
+2.3
{Zone ) — 120
(zone 5) ohl Tul B < = 1 23316
507.1 >
73.0| Heterogeneous mixture - o
of clayey silt, sand 25 85 L5
znd gravel. Oce. Jrc 110
bowlderS.  gFapg 26 gy | mud
157 {Glacial Txll} 27 RC 5%
i ] BYL {Fec
83.0f Bedrock, weatherzd & a//,z -
Fractured = 28 C 1007
B ’ BIL [Rec
L88.7 o
fod [ & Ghad
91.4] End of Borehole 1)1 T L
AN




FORM 0B~

66-4546

MT-126

OFFICE REP(’JE@N SOIL EXPLORATION

DEPARTHENT OF HRISKEAYE - ONTARIC R ECORD GF ao R E‘ .
MATERIALS & TESTING DIVISION REHOLE NO. FOUNDATION SECTION
Jjoe E6=F=111 LOCATION Line ’E", Stn. 23 i 75 o/s 891 L. ORIGINATED 8Y JH
- Jar, 31, W - "
w.P. 2Li2-6 sorinG pate o0 31, Feb. 1-3, 1967 comMpiLEDp ay o L
DATUM Geodelic BOREHOLE TYPE Washvoring NX & BX Cased CHEGKED B8Y L7
SOIL PROFILE SAMPLES DyNaki PENETRATION RESISTANCE LIGUID LIMIT e Wy
e —d [ BLOWS/FOOT SLASTIC LIAIT ——— WP .
] 3| % ; ¢ | . | WATER CONTENT—® v
il = | 9 [SHEAR STRENGTH =.5.F. wp wi 44
LBV DESCRIPTION el 8] &8 ol 5 | e Trisxial 3 @51 remanxs
CEPTH 2|z > N ) + Fisld Vane S
" o x; 2 31 21 o Unconfined WATER CONTENT % X
578.7! Greund Level @ B W 500 1000 1500 2000 2500 20 Lo 6D p.c.Fl0r.52.51. 02
0.0 Cley to silby clay.
Very stiff. L 188 |26 o+ 4
| Brouwn to red-brown FERESEER fo S SR
| 3 oS 4 <]
{zoNE 1}
¥
STV | N 52 ° 1275
-
559.2 /
19.5] Silty eclay, occcasi cna;/ 6 1w [ 13 .,
gravel & silt pockety
Very sbiff te stiff. 7 |TH [ B A RO 129
Brown. T T T 5%
26 o
{Zone 2} 2
) T T8 o |—0——vp 12k
—5__{9 '1— +22+z.1
| 39.0{Silby by e14y. 7. Stiff to | O T .
firm. Loyered red, gre . ¥
& brovi. (Zone 3) +*
532,717 4 W ™ 0.9 e — 170 of9z
16.0 Sil*’ﬂ' clay. ;33
Stiff te firm. A
Brown, some mobbiud 12 17% 30 =
. grey. | / +z.x+
(zone L) T da ot g
Opeasional gravel. -
s18.7) s
TG.(‘T 8ilty olay to ciay. / WL -
+£188 to fimm. £
Layared browm, grey & T | o UQ et O 11k
rad=brovm. 38
+3
23
(Zone 53 g AR )
“*
50k.7
. Y bzt
75.0} Heterogeneous mixture .. \IioTsg | = rob
of clayey 3ilt, sand
and gravel. Tl _ ~
{Glacizl Til1) 1883 o 313137 :
Layer of siliy clay. 7 IS TR o )
489.5 M e Los baa e
- s Q
89.2| End of Borehole ng 3 4o )
Probable Bedrock 95 % Jtrain
10
|




FORM OB-MT-126 OFFICE REPORT‘V SOl EXPLORATION |

£E-4546 °

DEPARTMENT OF NIGHWAYS -~ CHTARIG R "
MATERIALS & TESTING DIVISION ECORD OF BOREHOLE NO.T? FOUNDATION SECTION
sop _G6=F-111 Locarion Line "BY 29 + O1 ofs k9.5t Rt oriemaTED By _ 2K
w.P. 2266 sORING DATE __ Japusry 2L & 25, 1967 compiLep py DKy M. 0
DATUM Geodetic porewoLE Typg Pom Drild cuEckEp 8y . L. Pt
SO PROFALE SAMPLES DYNARIC PENETRATION RESISTANCE LIQUID LIMIT wy
= w | BLOWS/FOOT PLASTIC LitT “p i
& S| % ; L ; . i WATER CONTENT——¥ e
e Py A Q | SHEAR STREWGIH P.5.F. wp - wp 3@ -
ELEY: DESCRIPTION cl 81 8] 5] 5| o Triadal a1 Pt @l memamks |
DEPTH slZi e W o Unconfined +Field Vane WATE o : :
pr L ATER CONTENT ;
77.5| Ground Level w * #| © p' 500 1000 1500 2000 2500 20 W0 60 ,%/F
0.0| aiay to silty clay.
Very stiff vo stiff. 1 | TW | T8
Vertical s¢=m of R q o 126.5
gypsum. ?
5 TW | T |
Mottled red-brown,
T T Iw | P q Q RN S— 119
brown & grey.
5 1TW | FH o—
le]
& e | Al o e
.5 {Zone 1) Z " =t
= - e / M
23.01 8ilty clay, occasiwnal 7 1 TW | PY 22
gravel. +
Very stiff to fimm. . + 12
Brown. g W1 % . s & - 15%
23 + 3.6
Zone 2 +
{Zone '2) TR
2.7
+
538.0 2
== — = T-r A0 TW [ P e ——jo— %%i
39.5| Silty elay to clay. B8
3.6
St4ff o firm. T 5 *
fccasional pocketbs + i
silt. 22 159
12179 | ® —~o—H :
Brown, Srey-hrown, L
grey. 2
Mottled and lagered T3 1 TW | ¥ X
zones not defined. + .
+ B
1L [T [ B ° $O—t 121
{Zones 3, b & 5) . 2
+21
15 1 TW ;| B 27 B
+
8 +23
4.6
{ 36
.
17 | T
*248
2.5
16 7w | B < ° H—o- 12k
192.5
85.0| Probable 3ilt with fidaolme | ow
sand and gravel. 1 9
1185.5 i 15.)?.5 % Sthain . ]
92.0] #nd of Borehole 10




FORR OR-MT-232
{REV. JUNE 1965)

£5-1624 @

LIQUID LIMIT - Per Cent

80y
50 /
N /
i /
=
b v
5 ci
& &
[ B sz
;‘3 é\p
S 30 -
z B
X
+ X
T 5
G % ‘e
E L ° s A x LEGE::D
< x SAMPL
4 Xx BH No. o~ | SYMBOL
& 20 -
1 Q
&
2 °
1
/ 3 [m]
(=] 1 :‘/ W H oH 4 ©
© Ve 5 A
SR v - s
NCL =ML W °©
e somcmees o - = . o1 7 @
L B T
ML | oL & *
o 10 20 30 40 50 80 70 sc 80 100

DEPARTRENT OF XIBHWAYS
MATERIALS ond
TESTING
DIVISTION

ON

PLASTICITY CHART
LINE ‘A" ZONE 1

{MOTTLED MATERIAL)

WP No. 242-66

OB Ne.  66-F - 111

FIG No. 1




FORW OR-WT-232

(REY. JUNE 198%] @

£5-1524

&0
50— //
CH i
= 40 /
3 ; /
:,; } ci \;\\&@
1
Pl «  CauP
£ 20 a
- [x]
s oA
5 sp =
5 ct » LEGEND
< y 8H No. | SAMPLE | sympoL
o 20 &
] /0 13 o
& :/ 14 ®
/ 15 al
MH or 1
o s v 8 =
v 1 N
Dhann wmaioe W S
" SN 18 'y
T - MUY
—— e N 5 -
/ Bl | Oi
®i v ML | ot |
o ) 20 30 40 50 so 70 80 30 100
LIQUID LIMIT -~ Par Cent
MATERIALS ond PLASTICITY CHART weNo 242-66
5 on
TESTING LINE 'B' ZONE1 OB No.  66-F- 111
DIVISION
- (MOTTLED MATERIAL) FIG. No. 2




FORW OR-NT-252

{REY. JUNE 1985
§5-1824

80

50

40

3c

PLASTICITY INDEX - PerCont

20

cL é‘u

LEGEND

Bi No. | SAMPLE

SYMBOL

o

NRNCL < My
o

LA

P i ol

w|N|of s |w]—~

piblaiojeo

20 20 40 50 80 7o
LIQUID LIMIT - Psr Cent

380 80

100

ONTARIO

DEFARYMERT OF HIGHWAYS
MATERIALS ond
TESTING
DIVISION

PLASTICITY CHART
LINE A ZONE1

{LAYERED MATERIAL }

WE No. 242- 66

J0BNo.  66-F - 111

FIG. Neo. 3




FURM O3-WT-282

TREY. JUNE 1985) @

4

531874

PLASTICITY INDEX -~ Per Gent

80

50

40

30

20

Ci

cL LEGEND
/ Bi: No | SAMPLE [ syypoL
! 13 o
‘ 16 ®
/ 17 a
y b H o 19 e
i G, SR j/
\CL - ML \W
Wi o1
ML // WL | OL
10 20 30 30 5¢ 80 70 80 30 100

LIQUID LIMIT - Per Cent

DEBARTRENT OF HiIBHWAYS
MATERIALS ond
TESTING
DIVISION

PLASTICITY CHART
LINE 'B' ZONE1

[LAYERED MATERIAL}

WE No. 242-66

JOBNo. H66-F-111
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FORM OR-KT-252

{REV. JURE 1985}
B85-1624

60
50 /
N /
- 40 / —
o
b:) /
s ct \‘\&
) N \v
% P
g 3o
>
[N
2 "
= oL o LEGEND
% + i MPLE | :
g2 20 O 5.‘ ,/ BH No. ?Naf ?YMB%
¥ 2 S 1 “9Y6 A
&y A 2 917 +
/ 3 7-13 X
B H oH -
0 Z 4 8-14 o
// S 614 Fay
- NIRRT 5 10-14 o
e DN RN ‘
7 M1 o1 7 9-15 ]
ML 9-16
w | o 5ol s
o 10 20 30 40 50 80 70 80 90 100
LIQUID LIMIT - Per Cent
DEFARTMENT OF MIGHWAYS -
‘ MATERIALS and PLAST‘CET\E CHART W.R No. 242 -66
; § TESTING JOBMo. 66 -F - 111
DIVISION AL : -
1. onTARIO “ N F‘ A ZO N E 2 FIG. No. §




runew Ye-UT-I32

{REV. JUME 1285}
65-1624 .

§0
50 /
CH ! /
. /
v
s !
& et \}6/
b . \/
x \‘bn
m e
2 3¢ :
. .
-
<
5 cL LEGEND
3
; 2 . / BH No. |SAMPLE | symsoL
f ’ 13 o
X . -
ﬁ: 14 @
6% / - .
WM OH
i0 P 16 s
/ 17 N
weEenen T P
T e 18 7.3
~ SEETT T -
Wi ol
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o ) 20 20 40 50 50 70 &0 30 100
LIQUIB LIMIT ~ Per Cert
MATERIALS ond PLASTICITY CHART WP Mo 242- 66
TESTING byt JOB Ke. -F-
DIVISION LINE B ZONE 2 o 66-F- 1M1

FIG. No. 6




VYRS MR BT ROR

{REV. JUKE 1883)
65-1624 .

ONTARIO

[:3+]
50 /
cH /
. /
5 -
x o
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i a
g 30 xo
N A
= e *
2 8 LEGEND
w GL ay
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5 2 18-19 | A
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/ 7 16-18 o
ORANITR ST }
R 8 18 L)
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[+] 20 30 4Q 53¢ &0 70 80 90 00
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FIG.No. 7




FORM OR-MT-252

{REV. JUME 1983}
€65-1624 .

LIQUID LIMIT - Per Cent

€0
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= 40
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g 30 - .
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o cL
3 / 8h o, | SAMPLE | symsoL
& 20 %
/ = :
16 o
/ 17 AN
A MH o 18 A
' v 19
=]
AN " <
X
A
— ] M1 o1
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W TESTING
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ONTARIO

PLASTICITY CHART
LINE 'B' ZONE 3
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CER OB-MY-232

REV. JUNE 1988 )
i5-1624 Q
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-~ 40 /
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3 v
k- cl \‘\QJ
¥ . \v
& P
g 30 ~
> o gﬁg
S A
5 cL A@“ LEGEND
3 ° / BH No. | SAMPLE | symBoL
& 20 .
r ® 1 A
2 A
9/ 6 o
MM GH 7 .
10 &
/ 8 o
e G SN s \ o 0 .
— .S
2 Wi ot
ML ML | oL
0 10 20 30 40 50 60 70 80 80 100
LIQUID LIMIT - Per Cent
- DEPARTHENT OF MISHWAYS ; _
& MATERIALS ond pLAST!C%TY CHART WP No. 242-66
W TESTING OB No.  66-F-111
§ DIVISION

ONTARIO

LINE 'A" ZONE 4

FIG No. ¢
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REV. JURE t98%) .

35-1624

60
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5 Gy Aspsi
o &
O,k
=
<L
2
¥ 15
a
&
&
£ .
2B | I ! | |
2 4 6 8 0
STRAIN [ %)

al - o3

{psi.)

SHEAR STRESS T

{psi.}

30}~
20
-
vy
10k 3= ‘§.ES‘\/ T3= 60 psi.
/> \ {from stage
/ \ test)
. ; y \\ \
o i / A { I\ t i 1 I 1 1
o 10 20 30 40 50 60 70 80" 90
EFFECTIVE NORMAL STRESS ' { psi.)
30
20 b {from stage test)
104 -
° 1 1 ] 1 1 |
10 20 30 40 50 60 70 80 90

ZONE 2
BORE HOLE 10
SAMPLE 8
O, CONSTANT
O, INCREASING
RATE OF STRAIN 00048 in./min.
SAMPLE SIZE 1 x 3"
O, CONFINING PRESSURE {psi)| 15 30 45 60"
MID-SAMPLE DEPTH 23'-a"| 238" 24'-0"] 24'-2"
lnitial 257 27-9 1 279 | 281
MOISTURE CONTENT
% Final 24-3 | 265 | 25:0 | 230
initial 126 125 125 124
BULK DENSITY {pcf) S
final 128 126 | 128 129
LIQUID LIMIT 38:0%
PLASTIC LIMIT 207 %
* Data from the Stage Test.
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DEVIATOR STRESS G- C3 {psi}

PORE PRESSURE U {psi )

1oy

'

1

CTIVE PRINCIPAL

FFE:
STRESS RATIO O,

£

e a0 -
Oys 60 psi,
50
Oy 45psi. .
40+ - i 30 ZONE 2
= BORE HOLE 16
30 5 T 60 psi
- SAMPLE 8
S
20 w20
it O CONSTANT
&
10 prs // ~ O INCREASING
§ ol O lsosi, / RATE OF STRAIN cx:oaa in./min
& / / SAMPLE SIZE 1k < 3"
. / :
L 4
o . L / 4 i (fa n n . é{o L slo g O CONFINING PRESSURE {psi) 15 30 H 60
EFFECTI\: NORMAL STRESS Q" (psi) MID-SAMPLE DEPTH ‘ 30'-1" | 299" [ 29' 5" | 29"
mitial | 27:2 | 27.2 | 25-9 | 259
MOISTURE CONTENT
% Finol 265 | 265 |23-8 | 230
10 H
Initiat | 124 124 126 126
i BULK DENSITY (pcf)
o 30 — | Final 125 125 128 129
LIQUID LIMIT 353 %
PLASTIC LIMIT 18:1%
30 .—:20—— -
3
T715psi. Oass 2 .
25l /‘“‘ /9_,_;-’-";’503 60 psi. - o . .
— Ty=30 psi.
R 3
- / o
20/— // [ RS £
4
7
V3
o | L ] | | o | I ] | I !
1 2 3 4 5 10 20 30 40 50 60 70 80 90 b6-F-111
STRAIN (%} G+ 0§ (psil) DEPARTMENT OF MIGHWAYS
— ' MATERIALS and  |CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

ee TESTS WITH PORE PRESSURE MEASUREMENTS

ONTARIO
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EFFECTIVE PRINCIPAL
STRESS RATIO O/ Oy

DEVIATOR STRESS 07 - O3 {psi.)

PORE PRESSURE U {psi}

G; = 60 psi. 40|
ZONE 2
- FROM STAGE TEST
. 330 /’—\ O = 60 psi, BORE HOLE 8
5 =45 psi. -
z SAMPLE 7
%] /
07 =30 psi. & /
/ i [ O, CONSTANT
20 7 . I o 201 - 2
. . . . , A
P G, 15 psi. 3 / \\ O, INCREASING
10 ,/ H T3 =45 osi. RATE OF STRAIN 00048 in/min.
: ~ SAMPLE SIZE 15"% 3"
0 1 I I I 10 \
A \J; = 30 psi.
// O3 =15 psi. N
40 . / y \\ T3 CONFINING PRESSURE {psi) 15 30 45 50*
/ { ( \ | \ MID-SAMPLE DEPTH 43-57 439 aa-o aa'-av
30 07 = 60 psi. o L I I i : | L L |
[ 0 20 30 40 50 60 70 80 90 100 Initial | 282 | 315 | 247 [ 24-8
T 45 psi. EFFECTIVE NORMAL STRESS O' { psi) MOISTURE CONTENT
20 - [3 Final 267 | 276 | 21 | 20
/”,——d-_;=30°si. initial 124 120 127 126
10 _/ o a; =15 psi — BULK DENSITY {pct)
[ s 3 - [ Final 125 123 | am 13l
o
0 1 L 1 I 30 ﬁFROM STAGE TEST LIQUID LiMIT 336 - - 256
— PLASTIC LIMIT 188 - - 163
3.5 o~
Rt * Data from the Stage Test.
_o| 20 -
Ol
10 5\‘
86 -F - 110
o I L 1 ! L L ! L CRRARTNENT o mowars
10 20 30 40 50 60 76 20 90 100 MATERIALS and |{CONSOLIDATED UNDRAINED TR'AXIAL COMPRESSION
STAIN (%} @' o7 SERTINe SSURE MEASUREMENTS
LG DIviSioN TESTS WITH PORE PRESSURE
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G, - Gy lp#)

DEVIATOR STRESS

PORE PRESSURE U (psi)

PRINCIPAL

STRESS RATIO O1/ 04

EFFECTIVE

20 5 % ZONE 3
I
30 0= 60psi ;"' BORE HOLE 16
QyFI5 pSi guzdspsi @ SAMPLE n
20 R e = 20p
//"“‘C_Xfa()psi "
T, CONSTANT
19 3
- ©, INCREASING
I
o i 1 ! ! & ok RATE OF STRAIN  .00048 in/min
SAMPLE SIZE 1 x 3"
A A
1 I [ I | 1 o R ]
o L L i L L s L O, CONFINING PRESSURE{psi) | 15 30 45 | 60
\
EFFECTIVE NORMALL STRESS O {psi.) MID-SAMPLE DEPTH 45'-4" | 44'-8" | 44-4" | 44'-0"
mitial | 33-6 | 49.0 {565 |505
MOISTURE CONTENT
% Final 336 [47-1 | 455 | 435
Initial | 120 109 {109 | 09
30 BULK DENSITY {pcf)
- Final 120 | 110 12 113
LIQUID LiMIT A4 % ¥
PLASTIC LIMIT 22:3% %
= 20}
2 ¥* Avercge for adjacent samples
) S e,
i B g
. - 0y i Sl ok y \ w
1 Lol L ) | o L / \ ! i ! ]
il 2 3 4 5 6 0 10 20 30 40 50 60 70
STRAIN (%) Ol* Gy ipsi) se-F-m
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ST,
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0,0, (esi.)

STRESS

PORE PRESSURE Ufpsi} DEV!I* TOR

'

3

!
STRESS RATIO 014

EFFECTIVE PRINCIPAL

&
o

O,=60psi ZONE 4

1
20 ~ 10 BORE HOLE 18
3 SAMPLE 12
20 ]
»
o Gy= 60 psi. |from stage test) T, CONSTANT
10 o 20
5 O, INCREASING
O 4o el R STRAIN 00048 in/
ATE OF ir/mi
o ‘; 03=30psi// ~— £ ’ n
w SAMPLE SiZE 1% = 3
T ~K
o Gy=15psi 7~ ~ N\
. \ \
. . / 7\. \ T, CONFINING PRESSURE {psi} | 15 30 45 60 *
30— - . / \ \ 3
/ i { i ] MID-SAMPLE DEPTH 50'-4" 508" | 51-0"| s1-4n
0,2 &0 psi e - 2.
20 ! - . ) o ) 30 © 50 0 70 80 Intial | 344 | 328 | 364 |336
. Opaspsi EFFECTIVE NORMAL STRESS Olpsi MOISTURE CONTENT
0 e T T B 0 st % Final 32:0 | 296 | 338 | 2823
2
== » ——— ~ -O3=15psi Initial | 118 e 18 120
o 10 7 BULL DENSITY {pef)
Final 19 2z 120 | az4
LIQUID LIMIT. 48:3% 46-6%
PLASTIC LIMIT 22:7% 22:2%
3 - 20 —~—
w * From stage test
o {#from stage test)
B
T e
L
8 0 20 30 40 50 &0 70 80
66-F-11]
' o, 1 i .
STRAIN (%) G+ Gyles i) T —
7
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TESTING
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-
o

w
=)

DEVIATOR STRESS O,- O {psi.)

O,= 45 psi
I // G260 psi
A//-:';;Opsx

o s,
- Ve T~Gy 15 psi

- N ©
> o S

PORE PRESSURE Ulpsi)

©

¢
w >

STRESS RATIC G745
N

EFFECTIVE PRINCIPAL

- =15 psi.
: (7345 psi
- Gy= 30psi
Ty = 60 psi
L 1 Il I | i
0 1 2 3 4 5 6

STRAIN {%)

SHEAR STRESS T{psi)

3ol
O, 45 psi
20 / - \
o) ps_L_[ 060 psi.
- ~
Tob- R
/
l4 .
G5 psic f ! { \
0 ! b 1
0 ) 20 30 20 50 0 3
EFFECTIVE NORMAL STRESS O_l(psl.)
30
2ol
""\‘
1o}~
o L ! ! | L L
¢ i 76 30 ) 50 50 70

Ov+ O3 {psi)
2

ZONE 4
BORE HOLE 17
SAMPLE 21

O, CONSTANT
T, INCREASING

RATE OF STRAIN 00048 in/min
SAMPLE SIZE NACEE

O’y CONFINING PRESSURE [psi) 15 30 45 50

MID-SAMPLE DEPTH 58'-4" | 58'-0"] 57-8" | 57-4"
Initial | 325 | 350 |338 338

MOISTURE CONTENT

% Final 29-8 | 325 | 29-0 |29-0

Initial | 120 119 19 1m9

BULK DENSITY {pcf)
Final 125 122 | 125 128

LIQUID LIMIT 41-5 %

PLASTIC LIMIT i5-6 %

a6- F - 111
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FRINCIPAL

EFFECTIVE

IS
S
T

w
=]
T

Iy
S
T

3

DEVIATOR STRESS Oy~ Uz (psi.}

©

T3:60 psi

/ T~ 03245 psi.
e o = (3230 psi.

e TGy

- 30 -
2 T3=60 psi
= 3 245 psi.
3 g0l /
w
&
a ' — 03230 psi.
& W—
& Q3=15 psi.
w e
8 o 1 ! I I
[*]
b4
- e e
b T3 & 15 osi,
2
g% 230 o
03-45 Bit
o
E 20 C3= 60 psi.
<
ps3
A
&
5
101 | |
2 3 8 0

4
STRAIN (%)

SHEAR STRESS T (psi.)

{psi)

G- 03

20

30

20

—
O3=60 psi.
C3=45 psi
03730 p&/
- ~
T3 15 psi. 7\
I i1 1 ]
0 20 30 50 60 75 &
EFFECTIVE NORMAL STRESS O ' (psi.)
i S WPAP
. /
i L I I} I
4 10 20 30 40 56 80 70 30
Ol O

1 T3 {psi)
2

ZONE 5
BORE HOLE 8
SAMPLE 24

O, CONSTANT
O, INCREASING

RATE OF STRAIN 00048 in/min.
SAMPLE SIZE 1% % 3"
O, CONFINING PRESSURE [psi} | 15 30 45 60
MID-SAMPLE DEPTH 69'-7"] 69-3" | 68'-11" | 58 7"
mitial | 420 | 46-2 | 435 |4a-8
MOISTURE CONTENT
* Final 420 |43-4 | 406 |40-2
Tnitial 14 mn m m
BULK DENSITY {pcf)
Final s n3 132 4
LIQUID LIMIT 53-7 %
PLASTIC LIMIT 24-5 %
66-F-11}
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G- C3 {osi)

@
8

i

NGTH T { psi
~
S

DEVIATCR STRESS

SHEAR STR

PRESSURE U (psi}

POR:

— Oy 60 pai
[ Ty 45 psi
e
- /
e o et s —— —— —— {33 30 35,
//""""
Ny
Lo . 1 L
5T 0 e
3

T Cy=45 psi.

O3 = 60 s,
{from stage test)

PRINCIPAL

£

ECTIV]

ceF

30

40
EFFECTIVE NORMAL STRESS O (o

50
si.

}

-ﬂ—/":::'f . ——‘_C.J';= 30psi
e 2
o :;/
'
2 1 i ; ! l
i arm =Ty + 30psi.
% :ifﬂ_,;ﬂ’ T e A5,
e T
Py
- -
-
| | | | | | | |
1 2 A A 5 & 7 8
STRAIN (%)

o,

——hea,
"+t

(fromsicge test )

o,
AN
30 40 50 80 70
TI2O08  fpsi)
3

ZONE 5
BORE HOLE 14
SAMPLE 13

O, CONSTANT
Ty INCREASING

RATE OF STRAIN  GO048 i /min
SAMPLE SIZE W x 3¢
O, CONFINING PRESSURE(pse) | 15+ | 30 45 | soew
HID -SAMPLE DEPTH e | 550" 547" | 550 q%
ntiel | ~— 1276 {242 162
MOISTURE CONTENT . MU B U
% Finol | e | 24°8 | 389 | 377
LYY PT-TIN m 112 114
BULK DENSHY {pcf }
Final —_— 113 1ta 1Nz
LIQUID LiMIT A1 1 %
PLASTIC LIMIT 319 %
d

3

Insufficient materiel

« ¢ From stpe test

REPARTMERT OF HIGHWAYS

MATERIALS ond  {CONSOLIDATED UNDRAINED

TESTING
DIVISION

TESTS WITH PORE PRESSURE

TRIAXIAL COMPRESSION
MEASUREMENTS
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7 a §
0" memmmsnnn O3 2 60 3.
7 GONE 5
- = 45 psi o— Z 2
JLUE—— . X
30 por n BORE HOLE 15
- a
- SAMPLE 5
I
€. 20—
& 3260 psi. (fromslage tast) o, CONSTANT
} J i - a5 -
g /93-45 psi. \\ Gy INCREASING
o 0330 psi. \\ RATE OF STRAIN 00048 m/min
<t 10— TS 1o
w ~ . \\ SAMPLE SIZE iy x5
o T3+ 15 psi / AN
TR T R \’/ /
Oy =45 psi / \ S CONFINING PR 4 50
%3245 08 L ! N " [ . | e c, o ESSURE (psi} | 15 30 5 50
) E ] 3 [ 30 Yy ol asge | acnan .
L T Graoen EFFECTIVE NORMAL STRESS ' (psi.} MID-SAMPLE DEPTH LN RATAIN RO LA
G o wtal | 436 [ a4 9 {az6 |aez
e T MOISTURE CONTENT
‘ | | | | J % Final | 400 | 395 {354 {377
inio} 13 13 13 m
BULK DENSIY pef )
Finel "o 120 19 Ny
LQUID 1T 470 % w4
s 20 e e e e
PLASTIC LIMIT 22 0% ¥ %
rettan. T
_ “'\n\,' {from stage 1est) # From ttage fest
B30 esic R
a7 15 pa e T a e * # Average for adigcerd somplo:
3 15 P8, e P
- o T e Oy 45 o, 1ok
/v“"//-';‘-‘":/’ff'=h0psv 5
s /’/" T v ’
et Kl b, ’
2 S
me | I | [ o ! \ i k/ : L ) j
0 1 ) A 5 6 7 0 10 20 30 40 50 [ 70
STRAIN (%76 oy o (osis
T psi}

66-F -1
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Y. e - i o S
53 -
;
5 30 I
& 15 psis ;
)
g won oy
: T
9 ol ‘/ \
e - |
- W . : Vo b d
PR —— - e e e e e o
F T, = 30 psi. 7
I Ty 2 15ps |
ER —— !
o e ~
S ol ~ l
\ |
] \
T \
: \
g I L L

EFECTIVE PRINCIPAL
TRESS RATIO C)/0;

3

STRAIN {%)

l
™
|
|
|
|

72

b4y

S6

48—

T3=15ps1

i) 1 -

03230 psi

ZONE )
BOREHOLE 13
SAMPLE 7

Oy CONSTANT
T, INCREASING

MID = SAMPLE DEFTH e 7' 317
SAMPLE SIZE — 1 3"
LIQUID LT s e 475 %
PLASTIC LimiT 291y
INITIAL MOISTURE CONTENT 26:0%
FINAL MOISTURE CONTENT—-—~ 26 0%
INITIAL BULK DENSITY —rmrnee 125 pet
FINAL BULK DENSITY e 12 5 el

G6-F-

8 V6 24
S|
T, {osi)

3z

ONTARIO
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3 so
tl) 20 |- G, =30 psi %4 ZONE 1
2] I BOREHCLE 15
A |
o e
] | 5% 45 psi SAMPLE 3
@ |
0, 215 psi
x 3 L
o "l I o T, CONSTANT
2
< i O INCREASING
i 0 |
3 i I
I ) I | i ra b FAID = SAMPLE DEPTH e 107 6"
SAMFLE $17§ ———mor TR
B e i e e LIQUID LT —mmee e 57 6 %,
5 O} = 45 psi. PLASTIC LM~ 27 s
5 6F @, =30 psi, — 60|~ T 30 psic INITIAL MOISTURE CONTENT e 315 %
‘_;L: . o e \] FINAL MCISTURE CONTERT = 31 69
E - Oy s s
E i INETIAL BULK DENSITY —————- 123 ol
ot /
o 2 \I | 48l / FINAL BULK DENSITY
w |
% |
& i 1 1 7
2
e
30 - 36 |-
Ty 15 psi
T,7 45 psi .
/’/.,,___..... 24
& e
ur <L "
]
Z
[all’e]
e 12 b
e
R
w
66 - F 1N
i { L L | I BEFARTUIRY OF HIGHWAYS .
o 8 19 i 23 38 48 &0 MATERIALS and | CONSOUDATED UNDRAINED TRIAXIAL COMPRESSION
STRAIN (%) CAR) Mvitred STAGE TESTS WITH PORE PRESSURE MEASUREMENTS
ONTARIOQ
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ZONE 1
80"
*° ST O = 45psi BOREHOLE §
— /;: = 45 psi. 2
z SAMPLE 5
a 40 - 0= 30 psi.
& et | 70 O; CONSTANT
2 L £15 psi. { Ty INCREASING
b 20 -
% l ! MiD - SAMPLE DEPTH N
60
g wor / | t SAMPLE SIZE e U gn
g | i .
E o M1 ! 1 1 1 L 1 L 1 I 1 T3 30psi. LIQUID LiMIT — 492 %
PLASTIC LIMIT —eee 22:7%
40 - se INITIAL MOISTURE CONTENT——— 38-4 %
e FINAL MOISTURE CONTENT 367%
% 30 - INITIAL BULK DENSITY N6 pef
= B 40 FINAL BULK DENSITY —— N7 pef
Z L T 45 psi. -
A 5 e iy
8 T, =30 psi. —
& 4o R i
w T, = 15psi. "1{ / O3 15 psi
o
g o R W | L L L : . L 20
i
Y 20
awt i
o
fo ’
w iz . O = 45 psi,
ER- P 0, * 15 psi. o, = 30psi. 3 psi ‘o
It e i e
G | 1
= g | | a6 F- 11
" | | \ ) | L I DEPARTMENT O MIGHWAVE
19 Lo b e ) : P o 20 7 40 50 g™ ®¢ | CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
otz s 67 ’ o) (psi} DIVISION STAGE TESTS WITH PORE PRESSURE MEASUREMENTS
STRAIN {%) 3 ONTARIO
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PP
&0 o
a 1 60 -
2 sofe 760 a0 |- ZONE 2
o
s // BOREHOLE 10
o 40
- G, =45 psi SAMPLF 3
I -
& 30 ! 70 |-
& ! Oy ZONSTANT
T;:30
S ol iR { O, INCREASING
©
< " " i Pore Pressure Moasured
+15 psi h
& el ‘ | | wo |- at The Middla MID - SAMPLE DEPTH - e 780
[=]
| I SAMPLE $12§ e 11 3"
0 L I L . i ! L : L L : Ci= 45es ’ i
LIGUID L IMIT e 38 0%
- ASTH BT e e e .7
50 pre o o . 50l Pore Pressura Meusured/ ~ / PLASTIC LitaIT 20:7%
at The Base // INITIAL MOISTURE CONTENT — 28-1%
- ’ Pore Prassure Measured : < P
i 40 <o e sase i FINAL MOISTURE CONTENT 23.0%
5 0,60 psi N INITIAL BULK DENSITY ——mmrmme 24 pet
w f0r 340 |- FINAL BULK DENSITY mmrmmmeres 129 pef
‘_3 —
2 o
I
& Porg Pressure Measurad
w + Tho Middle
4 30 |~
1§
Q
| L L |
3 20 - R S
. § Orsispsi
Lo \ /
“y -
U e
zh P
Yo S/
=20 10 e
[ e
e 66-F 11
10 i L 1 1 i DLEANTMENT OF MIGHRAYS N
0 10 20 B 20 50 60 MATERIALS and | CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
[
STRAIN(%) O3 (psi) Brston STAGE TESTS WiTH PORE PRESSURE MEASUREMENTE
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EFFICTIVE PRINCIPAL
STRESS RATIO O/ G

~
=3

o
o

{psi.)
"
(=1

Ty -G,

PORE PRESSURE U [psi}

'S
o

w
o

DEVIATOR STRcSS
)

53

30

[y

)

Oy = 15 psi

O3 =30 psi

Ty 45 psi.

S |

M\\

Ty= 60 psi.

- 03 £ 60 psi.
Ty =45 poi
3= 30 psi. i
T3 218 psi. i
LA, | /
T ; ) L ! i \
_— , p—
ll O3 =30 psi. Oy =45 psi oo
\ psi.
e |
L. Ty= 1503 { !
| t 1
! | l
| | i
i | |
L L 1 L 1
0 2 4 6 10 12
STRAIN { %)

{psi.}

1
1

o,

140

120

100 |-

80 -

20 -

O3= 60 p si.

=45 psi.

3= 30psi.

3= 15 psi.

1 i i

20 40 60
o3 (vsi)

80

IONE 2

BOREHOLE 8
SAMPBLE 17

T, CONSTANT
Oy INCREASING

MID - SAMPLE DEPTH
SAMPLE 517 ———m—mme o
LIQUID LiMIT

PLASTIC LIMIT

[NITIAL MOISTURE CONTENT ——
FINAL MOISTURE CONTENT——
INITIAL BULK DENSITY ——eemmm—
FINAL BULK DENSITY

442"

133
25-6%
163 %
24-8%
20:6%
1246 pef
137 pet

bH6-F -1
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DEVIATOR STRESS O -5 (pst)

30

Oy = 5 psi

T
Oy 45 psi.
@3 = 30 psi.

,...] l

| |

| |

' |

| \

I I I

Ty= 60 psi.

5215 psi.
i

1

03230 psi

7
pai,
L l//u |

032 60 psi.

o
=
m
a
o
n
n
w
o
&
w
&
0
&

O35 psi.
"
|
430 psl.
)l : ? '"l’ 5 = 45 pyi G5+ 60 psi.
| u
{ l ~
| % \
| |
) | I 74 | 1
[} 2 a 10 12

3
STRAIM (%)

o7 Lesi

3
}

70

40

03 = 60 psi.

/’““ BN

J3 = 45 psi,

03 = 30 psi.
s

O3 =15 psi. ya

50 60 0

ZONE 4
BOREHOLE 18
SAMPLE 17

T, CONSTANT

Oy INCREASING

MID - SAMPLE DEPTH - -ommememm 51747

SAMPLE SIZE ——smmmrm e T3t
LIQUID LIMIT e s 43 4 4
PLASTIC LIMYT oo o oo 12 34
INITIAL MOISTURE CONTENT——— 33 ¢ %
FINAL MOISTURE CONTENT—— JE & %
tvillAL BULK DENSITY 120 ped
FINAL BULK DENSITY m—wormm o 122 ol

66-F - 113
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3
H

8 80 T .
6‘ 40 . 2ONE 5
D T2 60
o 30 ,--—--—"""“J 22 " BORLHOLE &
“ Ty 48 psi )
o SAMPLE 24
2 | 70F Pore Pressura Measured of the Middle
| Oz 60pst. 7 T U3 CONSTANT
| P G, INCREASING
) . . . o
¢ MID - SAMPLE DEPTH mmo—mee 47 117
SAMPLE SIZE s 13y 37
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SESABTRENT SF MBHWAYSE oMTARID

MEMORANDUM

?%i ﬁ*?@ %ﬂ E@ %viﬁg ?’gmm: *@Mﬁatiﬁﬁ S’ﬁﬁti@ﬁg
Bridge Engiaser, Materials & Testing Div,,
Bridge Division, Booa 107, Lab., Bldg.
Admin. Blde.
Attentions By, P, I, Hewson, Dare: vanuary 5, 1548

8y, Bridge Lisison
Diun Fuz Rar. Bage, i meeLy To
Busszor

B/ MdeF
;Etgﬁbﬁhq { 3
an s Messrs

:TIG&TEGE BEPORT
For
Porkes BS., Crossing of the Propossd
. weilsnd Canal
Distriot No, 4 {Hamiltbtoanj
o 66=-F-111 W, P, 24206

o2

{Heport dated September 12, 1967)

Attached, are the following!?

1. REVISED DRAVING 66w?«111m£§
2, REVISED DRAWING 66-F-111-B,
3, Sheet contasining plezometer i&aﬁ&iiﬁtiﬂﬂ,&aﬁa;ff

Fleass include these it

_ oms in your copyle) of
the above report. .

Note: Existing Drawings 66-F-111<4 & B ure to be

deletsd befors mplacing with revissd ﬁraﬁiagﬁg

. . \‘\ @ WA IR

M. Devata,

EBPEEVESING FOUNDATIOH BENGH.
Fors

A, G, S%@rﬂa@
PRIBCIPAL POUNDATION ENGEH.

dmter Resources Comm, )
o £ 1 o b
% Engingsr - Hamilton:




£ 65--111(8)
% 2
P Type Date . X Tip Top of Pige
’ instelled Location é - : by
: 14, 36089 ofs 6150 Ial 513,61 30 | B3| 2
. s 16463 efs 62.5' L4, 573.k) 8o s k| 20.
ﬁ A, 18473 o/s 62.5° Ls.] $73.3| 70 % H e
5 11 187, 16468 o/ 63' Li.| 572.9| 85 '
LI
: ¥ 23%@ %ﬁ“ Eﬂ%o 5‘?@;3 3 3
jé s 23469.5 65,20 Ly.| 375.9 % b
o |3 23468 71.5' 16| $75.81 78
191 23465, 0/8 69 L%.| 578.81 91
1l 23465 o/s 69 1i.| 575.8) 9%
ﬁ g "?1% 56.%@ g?&pl 3@
1311 : M &9t %, 5?&&3 5@
1 26491 78.3' Lé.] 57h.2 | 70
18 Jan.19/67 B, 26491 o/s 771 Lkl STR.3| 97
-12, "8ty 36491 o/5 77 Lt.] 57k.3 | 110.8
{ £ 4 e
T | o Toms3 o2 S 3 | ss1.c| e ‘
Jan.30/67 [Line *B'. 10+99.5 /s 53 01,1165 | 536,01 M60 | 506 ‘
Jsn.30/67 |Lins %, waﬁ gﬁiﬁg%m BY.| 581.0 |60 | S21.0]6igr | gEy.S
Jan.27/67 |Line 1B, 20499.5 o/p 51t T | Boe. L0 L3ELE
Jan,20/67 Bt heod ofe B1 8 | is2.9 leu2r | BELY |
Jan.23/67 |ldme B!, 15406 i;fg £ 36 | 550.7 1 0'6° | SEi.2
7h = | Jam.23/67 "B, 15400.5 ofs 100 & | oe s 1
th | Horwegien | Pab. 3/67 |Lina '8') 14499 o/c k.5t Li.| 580.8 | 80.25| 500.6 | 1% | 3815 rest
25 3 & Line § B, . ‘ by
5 e | e i bine 15" a0l So/e St Bu.| 580.7|87.5 | k932 ot szl
2% &%@Wb;%wm Jen m‘i’l"?ﬁ%"’” :um@ 13t wg«%@é o/s M1.5R%.| 580.2 | 30 SE0.2 {008y 4809
&8 %@%%im ;;;i““;w’a”* g;gﬁ; *ﬁﬁw 1 o/% i&w%‘i’ :%?;Q“"? kS 53k.7 | D04% 583,82
26 | Horwegisn | Jam. ém Lime '3’ 12%% @;fggiv:@: %zjg. i%;i%% %2 %ﬁg@gg o8 | 580,y .‘
30 | Paslsr Sxn.25/67 |ldne 'Bt, 19400.5 e/s bi.5Rt.i 560.1 |90 | k9o.1 %ff% %ﬁi



. THNSTALLATION DATA - PIEZOMETERS 66-F-111(R}
‘g Date Original Tip Tow of Pige
£ Type erafied Location Ground ; o Remarks
nstai'e . Relow
Elevation Grij:d Elevation Grc?::d Elevation
1 | Borwegien| Jan.9/67 |Line 'A', 16+69 o/s 67.5' Lt, §?3.6 30 5i3.6] 2t.3n
2 §0rweg%an Jaa.?{ﬁ? Line TA', 16+63 o/s 62.5' Lt.| 573.4| 50 523.h | 21e0m
3 | Norwegian| Jan.$/67 L&ne}‘é’, 16473 ofs 62.57 Lt.] 573.3 70 ?@3.3 1eabY
? iiikiiatazz gan,Qfé? ;iisexfé*, 16458 o/s 63* 1Lt.| 572.9{ 8y k87.91 -
z Mled suocessH
6 | Norwegian Jan.17/67 |Line 'Ar, 23459 69" L. 576.11 30 Sh6,1] 1107
[ | Horwefian | Jan.18/67 |Line 74!, 23+69.5 65.2' Lt.| 575,91} 50 £25.9
8 kgfwagian Jan,18/67 |Line 141, 23468 71.5% Lt.| 575.8} 70 505.8
9 | Paaker Jan.17/67 |Line '4, 23+65,ofs 69t Lt 575.81 91 L8L.8
k= 4 S Ll
ke A @ ana H 4'*36 !1‘?!} “}' e &Jtc ?‘cl 30 - o}-
12| Ferwegian | Jan.2l/67 |Line At 26495 691 Lt.| S7ho1|B0 | Zoho
13| Horwegian JQB.ZEEE%?'L%ne AT, 26491 75.3% Lt.| 57h.2 | 70 Lok.2
15| Peaker Jan.20/67 Line *Ar, 26491 o/3 77' Lt.| 57h.3| 97 k77.3
15| Peaker dan.19/67 Line 'A', 26491 ofs 77' Lt.| 574.3 | 110.5| 463.8
1§ Norwegian | Jan.32/67 |Line 'B', 1140h.3 o/s Z1' Rt.| 581.0 | 30 551,01 oi5w
7 | Norwegian Jam.30{§7 Line B!, 10495 o/s 51'  Ri. 581.1 {45 536.0 Gr6n | 581,
18| Norwegian | Jan.30/67 |Line 'BY, 10+99.5 o/s 55° Rt.| 581.0 | 60 821.0 | 06" | 581, 5
19 | Norwegian | Jan.11/67 |Line *B!, 12+15 o/s 18' Rt.| 581.0 (79 50z. |0'6" |581.5 .
2? Peaker Jan.27/67 ildme 'Bf, 10499,5 o/ S1' ®t.!| 580.9 | 88 492.9 1 0.2 | 581.1 |
21| Horweglan | Jan.20/67 |Lime 'BY, 10+96 o/s 5*  R&.| 580.7 | 30 556.7 | 016Y 581,72 |
22 | Forwegian | Jan.23/67 |Line 'BY, 15406 sfs g Rt. SBQ.§ %5 535.6 | 0'&% | 581,31 i
23 | Borweglan | Jan.23/67 |Line 'B*, 15+00.5 o/3 105'Rt.| 580.6 | &0 520.6 | 0v6r 1 581.1 1
2h | Norwegian | Feb. 3/67 |Lime 'B', 14499 o/s L.Z¢ 1Lu.| 280.8 80.25 500.6 | 1'% | 581.9 lLost |
Tube |
25 | Peaker Jan.20/67 |Line B, 15&@9.; o/ 5 Rt.| 580.7 {87.5 | L93.2 | 06" | g5B1.2
2¢ | Borwrgian | Jan,28/87 Lime‘*B?s 1940k.5 o/s L1.5Rt.| 580.2 |30 5nc,2 1087 | 580.9
27 | Horwegian | Jar.27/67 |Line 'Bi, 18+95.5 o/ L1.5Rt. 579.7 1 k5 534,7 | 016" | 580.2
28 | Norwegian | Jan.27/67 |Liue *BY, 19+01 o/s k&' Be.| 580.2 |60 520.2 08" 1580.9
29 | Norwegian | Jan. 9/67 |[Line 'B', 18+08 o/s 29.5¢ Lt.| 580.4 | 76 soh.h [ ot7e 1581,0
30 | Peaker Jan.25/67 |Line 'B', 19+00.5 o/ 41.5Rt.] 580.1 | 90 Leo.1 {12y [ S81.3




~ - . . i *

ce: Foundations Files (Rm, 110)

Tel, 248-3232

Materials and Testing Division
Degember 14, 1967
H, G, &crag & Co, Ltd.,

Consulting Engineers,
Riagars Palls, Ontarls,

,Attentiogﬁ‘ ﬁr BRobert.

‘Be: ?1ezgmeter Qa*a for ?srxes Bi. £ Qe*iaﬁd Vaﬁal
&ina 4& B g ‘District. No. & (Eamiit&ﬂ}
l;‘g ?‘ ;&2-06 - W.J. 55‘F”111

~'ﬁ@ar wr, G@ulé* ;

, , Further to aur rﬁesmt teleyhana csnversatimn 0]
war gmur ragnast, we are eneiosiag Plezometer Data shesis for
, all 30 piezometers we have installed at the above menticned

lamatimﬁ, Por your informaticn, we are “including two drawings:

. 66-F-1114 apd 66-P-111B which will give the 1aaagian of the
: giaznmﬂtars, Do IR

Xf you need aay farther *nferwauicn %agarding %we
~ above mentioned project, please feel Tree to call us,

Youre truly,
B /'/’71 /‘1 /'
5X;!{ jLWTVW
B/ MdeF He ﬁava*a
SUPERVISING FOUNDATION ENGINEER

Enels. 30 Piezometer Data shesis
2 Drawings

par Poundations Flles ™

By, 401 & Esele 8t.,
Dewnsv*@%, Dmtaric.

{Area Code 416}



,fatermals & Testlng D,,

D,m: ,.aary 11, 1967

iN REPLY 'ro

. Susseer

o f_;:\ At the request of Mr, M. Bevata, Supervxalng Foundation
- ﬁmglneer five samples of water were tested for their sulphate

~ content. The tests were made w1th respect tc attack of concrete
' ,by sulphate,contal,lng waters. L A :

w1fh :
& tahb tiv : ‘ y ack: ;Qcanc“ete
by wate: ontalnlng varlous concentratlons of sulnhate, The
' table was taken from the “Concre e Fanual” (S¢xth Edltlﬁn, 1956
'”,P&g& 12, Tab?e 2).-f~ : : :

i . The,test resilts 1nd1cated that, accordlng to the "Concrete
‘5}[, . Manual™, all above water samples should be rated as. shcw1ng a.
f~”ﬁ>06n31dera le degwee Gf sulphate attauk

a.c. Suter, olmalea
’Pflnc1p37 Chemxcal ngiﬂ$3?~

, RS/C i o :
L s = ;Ghemlcal Englneer.,
ce, Mr. M. Devata,~
Flles. ~



ATTACK On CONCRETE BY S0ILS AND WATER

&P

APPENDIX

CONTAINING VARIOUS SULPHATE CONCENTRATICNS

Relative Degree of

% vater Soluble S0y

PPM 0y,

0, Atack in Scil Samples in Water Sampl. -
Hegligikle 0.00 - 0.10 0 - 150
Positive 0.10 ~ 0.20 150 - 1000
Considerable .20 - 0.50 1000 - 2000
Severe Over 0.50 Over 2000

TEST RESULTS OF S0y, - DETERMINATION

Chemical lab. No. 67 ~5-9653 9654 G655 GH 56 9657

sample Designation A B c filtered un-

_ ) ) ] filtered

Job. Ho. 66-F-111 66-F~111 66-F-111 A6-F-111 66-F-111

B.H.HNc. 2 2 2 S &

Depth (f1.) 93~108 G3-108 G3-108 - -

Location of Bore S, gide of

Hole Forkes Rd., Forkes Forkes - -

{Artesian Rd. Rd.
vater) {&rtesian({irtesian
YWater) Water)
ppm S0, 1938 1930 1925 1950 1960



. rG@mtm on Bmmh,

- Bex 592, ~ : ' S
o B, samunaag Gntarie, Pl
: I"ammaxy "?, l%‘?e S

U xui‘o Aa Q‘a St@ms el -
“?xvimip&l Foundation Mnmr; ;
Oataric Department of Highmym

mmviw, %Mo., e

,'Bear 31
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DEPARTMENT OF HIGHWAYS

Bridge Divisilon,
Downsview, Ontario,
August 29th, 1967.

/ ;:,':,/ ——— fﬂC: e f;’” o ", f.

R. G. Burnfield (Roye) Reg. iunct, Plan, FEng.

H., Cielland (Hugh) Project Plan. Eng.
J. Rlevins (Jim) Sr. Road Design Ing.
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. N. Francis (Les) Bridge Project Eng.
F. I. Hewson {7Ted) S8r. Bridge Liaison Eng.
A, G. Stermac {Tony}  Principal Foundation Eng,
L. Falwer {Vern)} Project Foundation Eng.




. 3
1, A proposed layoubt for a bridged crossing w.s

shown using 3:1 slopes., IL is now believed that sucl. slope

3 1.

are wnprealis” e, A nmore probable criterion would be a 151
effective slope from top of fill to bottom of cut., At the

¢.N.R. erossing west of the new canal this would regulre

fd
ok

15 {30t T1 80t cut) = 1350¢ which is no® possible within

the property restrictions.
It was agreed chat the length of trestle approaches
“make the brldge scheme uneconomic,

2, Acres estimates were given tce D,H.O, for comment,

TDLHLO. will suggess unit prices

4
»

3. Acres will study how Southworth can best be connectad
t¢ the tunnel approach,

4, D.H.O. will study 211 other connections reguired, both
't 3

for ¢

[Ty

ne present and future needs, to the road c¢rossing the canal.
5. Acres will see whether the N.Y €, spur line along
Tovm Line Road egan be eliminated,

6. D.H.0. ars to ecié whether a road erossing is to be

g 1s
built in this vieciniity ox not and, if it is, which scheme is %o

be adopted,

F, 1. Hewson,
Secretary.

a¢/ to 2ll those present
nlusg: Mr, J. Walte
: Mv», H, Greeniand
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