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1. INTRODUCTION

1.1 _Agpgprl_y- The authorization for thls lnvestlgatlon

was given by Mr. H. H. Todgham of Todgham and Case
Ltd. in a letter’dated January S5, 1967, =

1.2 Proposal: It is proposed to construct a brque over
~ The East Otter Creek where it crosses Lambton County
Road #! in the Townshxp of Sombra.. The creek and - ;
the road would be r~-located and ‘hence: the new brldqe e
is in a location s#here neither the creek nor ‘the road =~
exists at ptesent. The detailed layout plan.of the
provosal is shown on the appended drawing. =~ The
bridge will be of a single 30 ft. clear span type with
precast hollow deck and concrete topping and with
cantilevered abutments and wings. The length of each
abutment wall wil) be about 36 ft. The finished road .
grade elevation will be 598.5t and the existing grade
along the approach roads will be raised by about 3 ft..
to the proposed road elevation.

_Object: The object of this investigation was to
determine the so0il and ground water conditions
existing at this site, to evaluate cheir properties
and to make recommendations for the foundation design

of the proposed structure.

13

2., SITE AND GEOLOGY

This site is located at the crossing of East Otter Creek and
Larbton County Road No, 1 in the Township of S~mbra. “The site.
is fairly flat except for the creek and the Ausroach Fill
Embbankment of the existine road. The existing creek is about
100 ft. wide at the top, 15 to 20 ft. wide at the bottom ané

the bed elevaticn is 589 ft. approximately. The grade of the
creek bed is 0.1l% approximately. The banks of the creek appear
to be stable. The highest flocd water elevation in this area is
about 395¢ and the stream dries up in summer. Geologically

this site overlies a Clay Plain fcrmation. :




“3. FIELD WORK

-2 -

The field work for this investigation was carrieé out durxng

the middle part of January, '1967.  Four tcreholes were sunk using
2 standard borinc rig. ~The lccations of these holes are shown ‘
on the appended drawing. Borehdle 1 was taken to refusal depth
at 7% ft. 1 inch and borehocle 2 was taken down tc 26 ft. 6 ‘inches.
Boreholes 3 and 4 were taken down to 13 ft. 6 inches and 16.Fft. -
€ inches respectively in crder tn determine the soil conditions
existing down to just below the proposed strear bed level and

to determine the suitabitity of these soils as Pill material. .
Standard procedures of boring; sampllnc and carrying out field
penecration tests were adopted. A dynamlc cone penetration

test was also carried out by the side of borehole 2 and the
results are shown on the appended borehole log sheet. The

holes were set out and their ground surface elevatlons were taken
by us. .

4. LABORATORY WORK

4.1 Moisture Contents: The natural meoisture contents of
T 7 TallTtRe standard penetration test samples were deter-
mined and the results are given in the appended

borehole log sheets.

4.2 .5&?2?_53?5“ i Tests: nconfined compression tests
were carried cut on 3 representative undisturbed
samples of the firm to stiff grey Silty CLAY which lies

below the proposed foundation level of 582.0. The

results of these tests are aiven in the appended Table I. .

4.3 _Consoiidation Tests: A one-dimensional consolidation
T 7 Ttest was carried 01Ut on a representative sample of the -
firm to stiff grey silry ClAY. The void ratio--log

pressure curve obtained from this test, together with
the thecretical field consolidation curve, and the :
coefficient cof consclidation Cv is shown on the appended

Figure I.




4.  LABORATORY WORK - cont'd

e

4.4 _Liguid Limit and Plastic Limit Tests:  These tests
were carried ou? “rn the conSolidation test sample
and on two of tic shear strength test samples. The
results of these tests are given in Table 1I. ‘

4.5 _Compaction Tests and Mechanical Analvsas: 'A_cpmposite~

sample of the firm tc stiff yellow orey brown mottled
Silty CLAY stratum was made up by mixing the samples
"of this stratum fronm bereholes 3 and 4. Another
composite sasple of the very sitff grey brown Silty
CLAY with Pebbles stratum was also made up by mixing
samples from boreh¢les 3 and 4. Standard Proctor
Compaction Tests and Mechanical Analyses were carried
out. on these two sarples o

The moisture content--dry unit weicht curves are
shown in Figure 2 and Figure 3, and the grain size
distrioution curves are shown in Figure 2a and 3a.

4.6 Chemical Tests: Tests were made on a water sample

T 7 Ttfrom borehole”l and on another sample from the creek.
The concentration of soluble sulphates, expressed as
50,,was 250 p.o.». for the former‘saupie and 260 o.p.m.
fof the latter sample. The pH value of both the samples
was B8.5. ‘ L

3. SOIL CONDITIONS

Detailed descriptions of the soil strata are given in the ‘
appended borehole log sheets and a genaralized soil profile is
shown on the drawing. Underlying 0 ft. 9 inches to 1 ft. 3
inches of topsoil and about 3 ft. of firm clay PILL in the vicinity - ©
of borehole 1, are different strata of Silty CLAY varving in :
colour, shear strength and compressibility. The top 2 ft. 9 inches
to 5 ft. 0 inches is firm to stiff and of yellow arey brown ;
mottled colour. The next layer, 3 ft. 6 inches to 10 ft. 0 inches
thick, is very stiff, grey brown in colour and contains pebbles '
in places. However in the vicinity of the proposed bridge, its
thickness 18 only 3 ft. & inches to 4 ft. 6 inches. Underiyiﬂg'




5, SCIL CONDITIONS - cont'd =

this layer is grey Silty CLAY, the top 4 ft. of which is very
stiff; but this very stiff grey Sllty CLAY was not encountered

in borehole 1. -Below this layer is grey Silty CLAY the strenqth
of which gradually decreases with increasing 'depth. ‘At a depth:
of 40 ft. in borehole 1; i.e. at the elevation of 556. 75, a. one'ﬂ—'
ft. thick layer of SAND was also encountered. At 78 £t. 4 1nches
below ground surface there is a 0 ft. 9 inch layer of Gravelly
CLAY TILL. Refusal occurred «: 79 ft. 1 inch and it is assumed.
that SHALE Bedrock exists at this depth, as such bedrock has =~
been encountered in previous 1nvest1qat;ons in the surrgundinq
areas.

5. GROUND WATER CONDITIONS

Free 1ow1na ground water was encountered only in the SAND
stratum at 40 ft. in borehole 1. This water rose rapidly to

a standing water level of 11 ft. 4 inches below ground surface.
The details of the rate of flow of water into the hole are

given 'in the appended water Level Record Sheet. There was also.
a very, very slow seepage of ground water from the grey Silty
CLAY stratum in boreBiole 2. Tails hole was dry on completion,
but after 3 days the water level was at 9 ft. 10 inches below
ground surface. Boreholes 3 ancd 4 were dry on completion.

7. CONCLUESIONS AND RECOMMENDATIONS

-.vh—.—.-—-— — e e v e

‘ounded on - continucus foot;nqs. ‘the underside of wh;ch
should be 4 to 5 ft. below the proposed stream bed
elevation; i.e. ¢t elevation 581.0 subject to scour
requirements. Such footings will bear in the .firm to
stiff grey Silty CLAY stratum. The allowable qross
bearing capacity of such footinas is 2.5 kips/sq.ft. ' ‘
for footing widths of up to 15 ft. For wider footings
the allowablz bearing capacity should be limLted to;,,g
2.0 sxps/sq ft.




‘ 7. _CONCLUSIONS AND RECOMMENDATIONS - cont'd

7.
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Settlements Under Abutment Foundations: The settle-

" g

“ments whiTh are "11X&1y to occur unider the footing

foundations recommended above would depend on the
actral lengths and widths of footings. As these are
not known at this stage, the settlesents for a range
of footing widths and 50 ft.- length are given here.

Maximum Total  Perioed for .  Period for
Footing Long Term S50% L 90%.
Width _Settlement Settlement Settlement
5¢ 2.5" 3 to 7 months 15 to 36 months
19 3.5" after applica- after applica-
15 5.5¢ tion of loads  tion of loads.

If the lengths of the footings are less than 50 ft., the
settlements would be sraller than those given above.

For footing widths betweer those given, the apprcximate
maximum settlement values could be obtained by inter-
pelation. The actual settlements will also depend oh
the rate of application of the loads. 'As the settie-
ments will occur fairly rapidly, a major part of the
settlements will cccur during the construction of the
bridge, and may nst seriously affect the completed
bridge.

Foundations of aApproach Fill Embankment: It is
'rsbﬁ%ﬁéﬁcéé'tﬁhfg he Torsoil Sndui."he srrivoed and

the neow Fill should be placed on tae surface-rolled
suborade . Where the existing stream is to be filled
under the proposed road, the soft and loose soil ,
deposits on the banks and cn the stream bed should also:
be stripped. The bearing capacity of the subgrade will
be quite adequate to carry the proposed Fill and there
should be no significant settlement in the subgrade.




7. CONCLUSIONS AND RECOMMENDATIONS - cont'd

7.4 _Fgﬂgag lity of Engzﬁgpg‘gpiig as Fill Materiail:
It xs vnszdereﬁﬂtﬁa* the excavated 511ty CLAT soils,
exce the topscil, ;aald be used for the Aoproach
Fill Jrovade it is compacted to 95% Standard Proctor
maximum dry density. The appended compaction test
results may be used for this purpose. If the excava-
tion and construction are carried cut during wet
weather conditions, when the in situ moisture content
of the firm tc stiff vellow ogrey brown rottled Silty
CLRY stratum is much higher than the optimur
moisture content, some difficulty would be experienced

in compacting this soail,

7.5 _Stabi +1_Embankment: As the new Apprcach
FIIT t. ¢ inches to 2 ft. 0 inches
high tatle at the proposed sicpe of

’ vertical to 2 horszeontal., Even the B to 9 ft, of
‘ : : 1n3 stream where the new road crosses
e at the proposed slepe of 1 vertical
(£ the whole of the divertes section
= is filled, then the st e»xli:y
t arise,

7.6 Etability of
- The pTropcsed :
the new excavat
stable, and the pro;
should reduce ercsicn

7.7 _Themical AttacH; s
tr protect the conerveve ﬁrﬁedned 1w t i qrouﬂd from

chemical attacw.

SOCIATES LTD.

"lkj’hﬂaﬂu

C.F, Freeman, P.Eng.,
hief Engineer

. K55/ 5w

Report prepared by:

¥X Yornonbbhat v g
K. 8. Senathxragah, P. Eng.

.Senior Soils Ensinee




JOB NO. 67F3

Depth of
Casing

WATER LEVEL RECORD SHEET

Depth of
Hole

Borehole No.

Water Prom

Waterx
Bailed

Yegs ¥No

Date Time
Jan.17/67
5:00 p

Jan.18/67 8:30 am

11:13 am
11:18 am
11:22 am
1:30 oo

Jan,.19/67

Nil
Nil

5.
Si
Sl
SQ
5'
’5!
5!
5!
S!
Si
,51

SR
~5!
‘S!

6"
6"
6“
6*
6‘
6.
o”
re
6-
6‘
6‘
6'
o

Yes

FER, ST X

Water After

Water flowed 1n :
fast from sand |
layer while carry1ng
- out penetratlon test,
At end of test ‘sand
‘rose in hole to

“”Coqt'd horxvgfaf:



JOB ®O. 67 F 3

ST 'FEBRUARY, 1967

| TABLE  "I*" T
UNCONFINED COMPRESSION TEST RESULTS
LIQUID LIMITS ARD PLASTIC LIMITS

| |  DEGREE OF | STRAIN  u/Cc SHEAR
‘ ~ M.C. DENSITIES, P.C.F. SATURATION VOID AT = STRENGTH CL.L. BiL,
B.H. 4 SAL# DEPTH t  wET . DRY g RETIO FAILURE % P.S.F. % . 3

P07 18v0e-20v0" 22 1297 156.0 100 .582 20 1030 37.6 19.9
A 11 33'0"-35'0% 21 1352 167.7 100 .561 20 1180 - -
S0 1S gston 23 126.2 102.5 98 .642 20 1150 31,9 19,8

v 2 7 1B'0%-20°0% 22 126.0 103.2 96 .633 - - . 37.6 19.5

*  CONSOLIDATION TEST SAMPLE




LIST OF ABBREVIATIONS

PENETRATION RESISTANCE

STANDARD PENETRATION RESISTANCT ‘W'« - THE WUMBER OF SLOWS REQUIKED YO ADVANCE A STANDAND SPUIT SPOON SAMPLER
12 INCHATS KTO THE SUBBOIL., OMIVEN BY MEANS OF & 140 POUND HAMMEN FALLING FREELY A OISTANCE OF 30 1NCNES .

DYNAML PEMETRATION RESISTANCE : - THE OF BLOWS RE TO ADVARCE A 2 INCH, OO0 DEGREE CONE, FITTED
IO THE IND OF ONIL RODS, 12 iNCWES INTO THE SUBSOIL., THE DRIVING ENERGY JEING 330 POCT POUNDS PER BLOW.

DESCRIPTION OF SOIL

THE CONSSTENCY OF COMESIVE $TiLS AND THE RELATIVE DENSITY ON UENSENESS OF COMESIONLESS SOILS ARE DESCRISED
M THE FOLLOWING TERMS « -

CONSISTENCY ‘" SLOWSYFT. t 4B.7 %50 FY DENSENESS ‘W BLowsS / FY.
VERY BO0FT D -~ 2 o - 2% VERY LOOSE o -4
SOFY 2 - @ 250 - 300 LOOSE LI ]
Finm 4 - 8 300 - 100C COMPACT 0 - 30
STIFF s - B 1000 - 2000 DENSE 30 - %0
YERY STIFF s - 30 200C - 4600 VERY DEMSE >
HARD > 30 > 4000
wT.P L. WETTER THaAN PLASTIC Lism(T DTPL. DRIER THAM PLASTIC LsMuT

AP L ABOUT PLASTIC LimiT

TYPE OF SAMPLE

L %1 SPLIT BPOON Tw TrNWALL OPEN

ws WABHED SAWPLE Te THINWALL PISTON
L3 SCRAPER DUCKET SAMPLE -3 OESTEMBERS SaNPLE
A5 AUGER SAWUPLE Fs FOIL SAMPLE

cs CHUNK SAMPLE ne ROCK COME

T SLOTTED TUBE SAWMPLE
PN SAMPLE ADVANCED HYORAULICALLY
PN BAMPLE ADVANCED MAWUALLY

sou. Tests

L VNCONFINED COMPRESSION Lv LABORATORY vANE
] UNDRAINED TRIARIAL Fy FiELD VANE
Sev CONSOUIDATED UNDRAINED TRIAXAL 4 CONSOLIDATION

k-1 DRANED TRIAKIAL
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ABBREVIATIONS USED IN THIS REPORT

SOIL PROPERTIES

UNIT WEIGHT OF SOIL {Burx DENSITY)

UMIT WEIGHT OF SOLID PARTICLES

UNIT WEILNT OF WATER

UNIT DRY WEISHT DF 306 [DRY DENSITY)

UNIT WEIGHT OF SUBMERGED SOIL

SPEDIFIC LRAVITY OF SCLID PRRTICLES G« 3;—'—
-

YOID RRTHO

PORDSITY

WATER COWTEMNT

LEGREE OF SATURETION

LiuiD Ly

PLASTIC Lok:T
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SHRINKAGE LT

w —w
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VOIU RATIO N LDBEES ETATE
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DENSITY nbgn o Spr D8
2mes B

WELATIVE DEMSITY D, 45 280 wsen

RIDRAYLIC ML AL OR FOUTENT AL

RATE OF DISCWARGE

VELDLITY OF Fiow

HYDRAL L GRADENY

COEFFICHNT OF PERMESBI "

SEERPAGE FORCE PER uN(T vD{UME

. &
CSOEFFILAENT OF vinoE DnAnGE » g
{ive;ho

COEFFICIENT OF CONBOLIDATION

COMPRESSION MDE) «

¢

1
TiME FALTOR 3;,- , DR&IMAGE PATH |

DEGREE OF ZONTOLIDATION
SHEAR STRENGTH

EFFECTIVE CORESION
INTERCERT

EFFECTIVE ANGLE OF
SHEARING RESISTACE,
OR FRICTION

W TERMS OF
EFFECTIVE STRELS

Tiec e O ton g

APPARENT LOMESION

APPARENT ANG. £ OF
SHEARING RESISTANCE,
Of FRICTION

COEFFICIENT OF FRUCTION
SENSITIVITY

™ TERMS OF
TOTAL STRESS

TyeC,+ T lOnp

L1
e

ing, 0 oR ing
0Ged 08 log o

5

ngE<eo

Qg

1Y

Sx Om N

Z2oOrm

GENERAL

% 86

BASE OF WATURAL LUGARITHMS 2-7743
NATURAL LOGAKITHM OF &
LOGARIT WM OF 0 T0 BASE 10
Tiwmg

KUCELERATION DUE TC GRAVITY

vOLUME

WEIGHT

MOMENT

FALTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSLURE

WORMAL STRESS

NORMAL EFFECTIVE STRESS [ T 18 2,80 USED )
SHELR STHESS

LINEAR STRZIN

EnEaR STROAIN

PLoESON'S RBYIO { W 1S ALSD WSED )

WEOULUS OF LINESR DEFDRMATON | YOuUNGS MCOULUS )
WEDULUS OF SmELR DEFOSMATION

WOLULIE OF (OMPRESSIBLITY

TOEFFLIEWT OF VISCOSITY

EARTH PRESSURE
SIETANUE FROM YOF OF Whli T8 -DiNT DF A CAY;DN
LF PRESLUGE
LNGiE OF wEiL FRYI0N

TiMENSIONLESS COEFF EWT TG BE uSED @iTw wARIOUS
SuFFINED N EXPRESE.GNS REFESKING TC WOAMAL STRESS
[sL K TANE 1

COEFFICIENT OF £4RTH PAESSLIE &Y RMESY

FOUNDATIONS

BREADTH OF FOUNDATION
LEWGTW IF FLUNDATION
DEPTR [F FOUMMNDATION BINEATH SRAOUND

LinENSIONLESS COEFFICHNT USED WiTH & SIFFiN APPLYNG
1D OSPELF L GRAWITY TEPYH ONG LONESION ETL % TuE
Fofmuld FOR BERRING CAPALITY

HODULUS OF SUBGRADE REALT DM

SLOPES

VERTLRL #EIBHT 0F SLOPE
DEPTH BELOW TOE OF SLOPE TO MARD STRAYUM
ANGLE OF SLOPE 10 MOMIZONTAL
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