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AN INDEPENDENYT ORGANIZAYION PROVIDING ACOMPLETE 801L ENGINEERING & INVESTIGATION SERVICE

e. m. peto associates ltd.

YOUR REFERENCE:- 850 rosela'wn avenue,
OUR REFERENGE:- 5850 TORONTO, ONTARIO.

RUssell 1 - 4955,

May 22/1338.
My, A.M, Taye,
Chief Bridge Enginee:
B@t. 4 aieiﬁﬁys ai ﬁmi@,
m ont a :

Attestion: Mr. J. €, Mcallister

Ei@;mg %1 Gravel i@a&ﬁ Bm%mass
._83-37 Hops Twp, Bridge No.8

Deay Sirs,

We &re enclosing herewith three (3) coples of our report on this
site for your attention. In accordance with Mr, anﬁmﬁ,
mmatwarwmmmmmmmm :

. A. Benn & Associatss, in order that they might expedite thelr deair:.

contauity o S0l stratleatios, ¥hLch had boer revioualy
contirm the continnity of soll stratif y
determined by the Dept. of Highways field perscunel at the sxisting gravel
road locetion some 76 feet 1o the M&M@kﬁw&sﬁe. Yo special testing
was envisaged and apeed was of the esaence in completing the investigation

We have considered the site conditions in detatl in the soils report
: pporting agaaﬁic@‘ Here for your coavenience

1. The soil conditions on this site conaist of;

2} A suriace layer of spproximstsly one fool of top soll followad by
® amwtmwhmﬁlmoﬁmmmtwtmgaoﬂy,

b) A stratum of pale brown, very silty clay betwesn 10 snd 14 ft.

thick, with an average cohesion or shear strength value of the
order of 1500 p.a.1.

SOIL SAMPLING & LABORATORY TESTING, ROCK & GRAVEL EXPLORATIONS, SHEAR VANE TESTS, SUBGRADE INVESTIGATION
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¢} A stratum some 10 1/2 to 20 feet thick of unsorted glacis! material
classilied as a sandy loam with stones. This stratum is saturated
and i6 only compact, with standard penetration test results averaging
only 19 blows,

d) 4 heterogeneous sand and gravel bed below the sandy loam, of variable
densities, very dense at horebole 2, lut only compact at hole 1.

4. The water table on completion of the field work in viay sppeared to be approx-
imately § feet below ground surface. No seepage waler was noted in the
text holee until the very wilty clay stratum was conpletely penetrated,
an apprecianie ingress of water was noted, at approximately the 15 foot depth
at hole 1,

3. Review of the soil conditions at this site leads us to suggest the following types
of foundations for your consideratioa:

2) Spread footings placed at approximately tae 3 foot depth, at elevation
368,0, with an allowable bearing value of 2500 p.s.f. Some scttlement
of the foundation may be anticipated with footings placed at thie depth,

b) #ile foundations;

i) Franki compressed concrete piles based spproximately at
elevation 350,0, providing some very minoy setilements can
be tolerated, Pile setiiements may be negligible if low pile
ioad values are used.

il) bionotube piles driven into the sandy loam stratun, Taers
will be considerable variation in the length of thege piles,
some of the piles will be virfually end-bearing i driven to
the gravel! bed, and some may be principally {riction niles,

lii} Steel H - piles driven to virtual refusal, Some of these piles
might terminate near the 30 foot depth, while at some other
locations, as at test hole 1, steel H - pllea may penetrate
below the 423 foot depth.

¢) Spread footings founded on the upper surface of the sandy loam
stratum, at about elevation $61.0. The safe allowable bearing
capacity for a seitlement not graster then 1 inch, ior a iooting
1 1/3 fest wide, i8 1900 p,s.1f. The safe allowabls beariag value,
’ with a safety factor of § against shear faflure, 1z 5000 p.s.1.; the
maximum total settlement would then becowse a8 mauch as 1. 6 inches.
The differential settlement is, of course, some fraction of the
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theoretical total, Ingress of water into the exeavation can be expected
at this depth; sufiicicot head of water existed at the test holc lceations
ke suggest that guicking might ocour 1y the bottom of the excavation at
slevation 481.0

7 should you require any additional information or advice with regard
to this veport, we shall Le vleased to be of further service.
Yours very truly,

E. M. PETO A35CCIATES LTD,

o™

EMp/ E. M. Peto, P, Eng.



e m. DEtO associates ltdo, 850 roselawn avenue, Toronto 10, Ontario

' Job No. 95850 Client’s Ref. No. Date May 21s8t, 1958.

Report on
SOIL SITE INVESTIGATION
at
HIGHWAY 401 - GRAVEL ROAD UNDERPASS

W.P, 86-67 HOPE TOWNSHIP BRIDGE NO. 8

for

DEPARTMENT OF HIGHWAYS OF ONTARIO
INTRODUCTION:

we were instructed to carry out a brief investigation of the above
site by Mr. J. C. Mcallister, ncting on behalf of Mr. 4. M. Toye, Chief
Bridge Engineer, under cover of his letter dated May 5th, 1958. Our
investightion was to confirm and amplify the findlings of 2 D. H. O. report
at the existing gravel road some 70 fest to the East.

] PROGR: MME OF WORE:

May 6th, 1958: Equipment trucked from Belleville to site.

May Tth, 1958: Test boles stuked out, field elevations taken,
field work commenced.

iiay 8th, 1968: Finished driving the second test hole.

May 9th, 1938: Final check of ground water levels, equipment
ioaded and returned to Toronto,

GENERA&L INFORM:TION:

. Stanaard soil sampling procedures were followed. These are
described in Appendix H.

2.  Thae two soil test holes were not driven o bedrock, nt were
ferminated in the dense sand and gravel stratum, as per verbal
ingtructions from the Client.

SOIL ENGINEERING & LABORATORY TESTING, ROAD BUBGRADE INVESTIGATION,
EARTHWORKS CONTROL & PAVEMENT DESIGN, SUPERVISION & CONSULTATIONS.
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report Department of Highways of Ontario

for

2,

Sheet No.

GENERAL INFORMATION: (Cont'd)

3.  The ground water data at test hole 1 is reliable; the measurement
at teat hole 2 was made shortly after the casing was removed from
the ground. We believe that the fiue. ground water level at test hole
2 is higher than that indicated on our borehole log. and site plan.

4. Detalled individual borehole logs and an appendix of laboratory test
results are included, together with a site plan and iwo profiles.
The positions of our two test holes, the two D. H. Q. test holes, and
the two D. H, O, duteh cone probe holes are shown on the site plan,

9. All elevations in this report are to Geodetic datum, and are
referred to a D. H. O. bench mark in the form of a nail and washer
in the North root of an 18" elm 282, 0' right of station 225 £ 97,

6. The soil samples obtained during the course of this investigation
will be retained for a period of at least 30 days from issuance of
this report, and will thereafter be discurded uniess we are other-
wise notified. 8

‘ ‘ SITE_AND GEOLOGY:

The topography at the site is gently undulating, and the surface
drainage is fair, -

The solls occupying this site are of glacial origin, and are
calcareous in nature, The glacial drift is relatively desp over the
limestone bedrock.

SOIL CONDITIONS:

Soil conditions on this site are uniform, aithough the soil strata
tend to dip gently to the East.

Sandy and Silty Loam

The site is overlain by approximately one foot of topseil, an organic
sandy and silty loam.

Beneath tire topsoil at borehole 2 only, a three foot thick stratum
of loose fine sand was encountered.
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report for Department of Highways of Ontario ¢, . n, 8-

SOIL CONDITIONS:

Very Silty Clay

Beneath tae surface deposits is a 0 ft. to 14 ft. thick stratum of
pale brown, very silty clay. This material is firm to stiff in consistency.
The shear strengths is calculated from the unconfined compressive sirength
tesis rauge from 500 p.s.f. t. 2,725 p.8.1.; corresponding shear streagths
from quick {riaxial tests range Irom 526 p.8.1. to 2,448 v.8.f. A
conservative average sihear strength value for this silty clay is 1500 p.s. 1.
The internal friction is negligiile.

Five aiterberg Limit tesis gave values of 22,6 - 36.9, 13.2 - 20.5,
and 8.7 ~ 20.1, for the ligquid limit, plustic limit and plasticity index
respectively. The ratural moisture contents of the silty clay range from
12, 1% to 30. 3%, with 23. 3% being the average value. This i8 in 2xcess
of the plastic limit, The silty clay is virtvally saturated, with degrees of
saturation ranging from 89. 5% to 67.0% to 107.5%.

&lthough no consolidation tests were performed on the silty clay,
we have calculated the approximate compressive index on the basis of the
Atterberg Limit tests, and found this clay to be of low to medium

compressibility. The average compresaive index is in the order of 0. 191,

The wet dengities of the 31!ty clay stratum range from 121.6 p.c.i.
to 130. 3 p. c.f., with 125 p. c.{. being a good average value.

Sandy Loam with Stones

Below the silty clay stratum is a layer, some 15-1/2 to 20 ft. thick,
of unsorted glacial material, which could be termed = a sandy loam. In
actuality, this stratum consists of a pale brown to prle grey-brown, clayey
and silty {ine sand with many grits and pebules, Imwmeidiately beneath the
clay at boreicle 1, the sand, grits and pebbles are in a matrix of silty
clay.

The sandy loam stratum i8 go.crally only compact in density, and
is wet to saturated. There are occasional thin horizontal seams of medium
sand.

The wet density of the sandy loam in its present saturated stute is
143.4 p.c.f. Uowever, since this material is below the water table, only
the sutmerged unit weight of 81.0 p.c.f. is effective and should be used
in any design calculations.
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report for Department of Highways of Cntario Sheet No. 4.

S0IL: CONDITIONS: (Cont'd)
Sand and Gravei

Our test test holes, and the two D. K. C, goil test holes were all
terminated in a heterogeneous, light brown to grey, sand and gravel
stratwr  This stratum was found to be dense at three of the test holes,
but at ur borehole 1 only a compact fine to medium sand with no stones
was eucountered.

There is a possibility that the sand and gravel stratum is only
of limited thickness, and that the soil reverts to a somewhat denser
sandy till at depth.

Apart from the anomaly at borehole 1, any piles driven on this

site would certainly encounter refussl in the sand and gravel stratum
if not before.

WATER CONDITIONS:

Despite the lack of long term ground water observations, we
helieve that the ground water table on this site at the time of cur

investigation was at elevation 361, spprozimately § feet below existing
grade.

No free water was noted in the test holes until the ailty clay stratum
had been completely penetrated. The bottom of the siity clay is roughly
betweer elevations 250 to §53, some 8 to 11 feet below the apparent
iree ground water table,

There is every indication that any excavation through the silty
clay stratum will encounter a fiow of water from the gandy loam below,
The results at borehole 1, where an appreciable ingress of water into
the casing was noted {rom the 15 foot depth, and the watar level in
the hole roge 6 feet above the water-bearing stratum in a few minutes,
strongly suggest that any excavation in the sand stratum in this area
would become quick. Thin poteatial condition is zls0 noted at D. H. O.
boring mumber 1 at the 35 foot depth, where the D, H, Q. field crew
reported "sand backed up the casing™.



L]

e. m. peto associates 1td.

report

for_Department of Highways of Ontarle o, .., 6.

WATER CONDITIONS: (Cont'd)

With borehole 2 driven to the 31' depth, and cased to 30', our field

crew was unable to baill lower than the 17 feot depth due to ingress of

water from the Lottom of the casing. Within 10 mimutes of bailing, the
water lcvel at hole 2 had risen to 8 feet below surface,

ENGINEERING CONSIDERATIONS:

1.

For a structure which eould tolerate some settlement, it should be
possible tc use large spread footings founded in the silty clay stratum
at elevation 358, 0 roughly 9 feet below present grade.

Using the previoualy selected average cohesion value for the silty
clay of 1500 p.s.f., the ultimate bearing capacity for relatively shallow

footings having a long rectangular shape is §.70 x C ¢ 5.70 x 1500
- aﬁﬁe pcscfo

The maximum shear stress which would be induced in the subsoil at

the face of the abutment and at a depth of 9 feet due to the 22 foot high
gravel road fill, has been calculated to be 665 p.s.f. This is in
accordance with presently accppted soil theory {'Theoretical Prohlems
in Soil Me)chaniea“ - Reynolds and Protopapadakis; Crosby Lockwood and
Son, 19848).

The soil shear strengthavaiishle in corry the bridge lcad is then
8550 ~ G8b = 7380 p.&. L.

Therefore the safe allowable bearing capacity for the bridge footings
(8.F. « 3) is 788D » 3628 p.s.1.
3

H we further iake into account possible seasonal fluctuations in water
table which may tend to increase the effective soil stresses, then the
safe allowahle bearing capacity used should be 2500 p.s. 1.

The approximate compressive index. of the silty clay material based on
the Atterberg limit determinations. is 8. 13, indicating a soil of low to
medium compressibility, The silty clay stratum below elevation 358.0
varies in thickuess from 5 to 7-1/2 feet. Based only on the approximate
compreasive index, the maximum theoretical differential settlement is
of the order of 2-1/4".
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. ENGIKEERING CONSIDERATIONS: (cont'd)

3. Consideration may be given to placing the bridge footings below the
ailty clay #'ratum at approximately sievation 351.0. The 15 to 20
foot thick layer of saturated sandy loam balow elevation 351. 00 geve
average standard penetyation test resvits of 18 hlows per foot.
Based on the water conditions encountered at our two test holes,

%ﬁﬂnﬂylﬁmiﬂm&am&eﬁwme@mﬁetﬂymwm
nble,

The safe allowable baaring capacity at which the safety factor against
breazing into the ground, or sheay fellure, is 3, is 3000 p.s.1.

The safe allowable bearing capacity for a settiement not greater than
1 inch (boaring in mind the water tahle), for a footing 7-1/2 ft. wide
is 1800 p.s.1. I 2 bearing value of 3000 p.s.1. is voed at eigvation
8561, 0, the muximum total settlement weuld be of the order of 1.0
inches; the differentin] setilement would be some fraction of this
theoretinzl total settiement.

| 4. The lzrmeri of large footings at elevstion 351.0 will involve some
| construction difficulties with water snd poteutial guicking of the
. botiom of the excavativn. There is no lndication that water would
be 8 problem in shallow excavations to elevation $68.0,

8. ¥ a rigld frame structure is contemplated, or if settlement cannot
be tolerated, pile foundations must be considered for this site. The
four tent oles and two Dutch cone penstration tests carried out oa
the two adiacent sites provide clear avidence of 2 considerable
variation in the density of the till ai depth.

g) Fraski Compressed concrete piles might be driven to shalicw depths
and based on the sandy loam stratum. However, if the normal Franki
pile load values are used, some minor settiement might be anticipated
in view of the relstively low zield henstration test results obtainad in this
strabum ot the new bridge location,

b) Monotube or displacement piles will tend to refuse at variable depths
in the sawiy loam stratum, in some cases within a few foet of
penetration of the top surface of this straturs., Virtsally complets
refusal would be encountered af the 30 ft, depth in the area of
borehole 2, but no such dense stratum was recorded st borehole 1
to termination of the hole. Monotube piles would tend to oltain their
bearing vziues largely from friction at some loeations on this site,
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ENGINEERING CONSIDERATIONS: (Cont'd)
5.

c) Steel H-plles could be driven most easily on this site, but
it is impossible from the limited information available, to
determine the ultimate refusal depth.

E. M. PETO ASS0CIATES LTD.,

D

e
/" 7
il o

MM:sb E. M. Peto, P. Eng,
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e. m. peto associates ltd.
SOIL ENGINFERING SU2VICE - TORONTO, ONTARIG
BOREHOLE LOG
Job Name 2 POI‘L hop“ IWP B lC. e hDD 8 Job Na, 5855 Corehole No. . l

1758,

Boring Date . M8Y . 7th - 8th;
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SAMPLE CONDITION SAMP! £ TYPE ABBREVIATIONS
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g |
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: .
l .
- o - : A ‘
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, | —
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, The field hvestigation work is carried out by meons of & sirid-
wmounted diamond drill rig,

: dtandard sawmpling procedures are folloved. Casing is driven
and cleaned, either by tubes or by wush water.

Bamples are recavered shewd of the casing ot frequent intervals
with either a £ or §° O.D. epist burrel sampling tabe, or split barral
sampling tube fiticc with brses Liners ang apecial sharp cutting noge,

amﬁazmmmwxﬂmwmrmmmm the
55 d rhed ﬁ@ﬁ

IR A & -

‘The iddch cone probe & made by driving the drill rods iute
the ground with 2 3-1/4" - 30° cone tip, The pumber of 4300 inch popnd
ﬂmwﬁaﬁdgmwﬁawem as in the stendard penciration
test,

Where required, in situ sheaur stres
of the casing, waing modiiied Acker vane test

plaaiifisd is the ﬁ.@, Bealed
damples are returaed to the lahzm'm

The test boles are balled &l the end of the day and oo
completion. Subsoguent water lovel rewiings sre taken
of the flald work., Water pressure resdings ave recerded v {a
water conditions are encounteved. idoisture contemt samples arc reesversd

$ih tosts are made shead
ot

gwmwmmmmmmmwmmmmmm

of water table results,
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