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Hay 12, 1965,

OUR_REF: 5-3-7

Outario Department of Highways,
Materials & Testing Division,
Bwy. #401 & Keele St.,
DOWNSVIEW, Ontario,

Attention: Mr. 4. Rutka, &

LA 1

Materials & Testii, Engineer.

Re: Your W.P. 3131-6Lk - Soil Investigation
for Proposed Intersection Highway #4031
Site #6-233, Township of Sandwich South,
‘ Couniy of Essex.

Dezar Sirs:

This letter accompanies our detailed report
on the investigation carried out at the above site,

From the point of viesw of foundation design,
the significani soil strata underlying the site consists
of hard to siilf clayey tills. Thus it is considered that
the site is suitable for the use of normal shallow spread
and strip footing foundations for which an allowable bear-
ing value of 9000 pounds per square foot has been given.
Computed values of settlement ander *he foundations and
the approarh embankments are given in the report. Because
Lthese settlements are relatively high, it is suggesied
that the spans of the bridge be simply supported.

We thank you for this opportunity to he of
service to you and trust that our report contains all the
information that you require. However, if you should have
any questions or wish to diseuss the report in any way,
prlease do not hesitate %o erall on us.

Yours very truly,

] DOMINION 5011 INVESTIf

KBK/is Chief Engineer.
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SUMMARY

The so0il investigation at Bridge Site No. 6-233 on
Highway No. B0l has been coapleted. 4 hard to stiff elay till
forms the main soil type at the site of the proposd underpass.
At depth of approximately § feet below ground level, normal
spread foolings can be used for the foundations and an allow-
able bearing pressure of 9000 pounds per square foobt is
suggesied,

The settlements which will oeccur will be caused
mainly by the loading of the approach embankments. The
structure should be designed as simply supported. If the
embankments are constructed in advance of the struecture, the
setiiement due to consolidation will be of the order of 2.0
inches at the ceantre pier and 3.6 inches at the intermediate
piers,

No special construction problems are envisaged.
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INTRODUCTION

The Department of Highways, Ontaric, propose to
erect a Y-span bridge with approach embankments to provide
an underpass at the iatersection of Highway No. 401 with %the
road which runs between Concessions Nos. X and XI in the
Township of Sendwich South in Essex.

An exploration of the site was ecerried out by
Dominion Soil Investigstion Limited to determine the sub-
surface condition in order %o provide information for the
design of the proposed work and to assess any problems which
are likely to be of imporiance during construction. This
report describes the findings of the investigation with

relevant recommendations.

SUBSTURFACE CORDITIONS

On Drewing No. 5-3-7/1, two seetions of the
generalized soil profile are shown. These profiles have
been inferred from the soils encountered in the borehcles
which were advanced in accordance with the procedures out-
lined ig Appendix I.

The details of the borehole lcgs are shown on
Enclosures No. 2 to & and the resulits of Laboratory Tests
on representative samples of the soils are tabulated in
Appendix II, Table II,

The scil conditions are fairly uniform over the site

and the solil profile may be divided intc 2 main groups.
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I The superficial deposits of silt and clay mixed
with organic matter; sand and gravel fill and
topsoil.

iz &n underlying clayey till, the upper zone of whieh

has been weathered ang heavily preconsolidated.
In more detail, the properties of the soils may be considered

as follows:

I The surface devosits consist of thin layers of top-
soil or fill meterial covering a dark brown silty elay in
which there sre %traces of gravel and varying significant |
amounis of organic matter. The deposits range in thickness
~between 6 and 10,5 feet and are of stiff consistency. Ry
values within the deposit range between 8 and 16 blows per
foot while the undrained shear strength determined in situ
by the vane method falls between 1770 pounds per square foot
and 4420 pounds per sguare foct. The sensitivity of the soil
ranges between 1.9 and 5.0. One unconfined compression on a
sample Tecovered in the split-spoon sampler gave a shear
Strength value of 2875 pounds per square foot.

Tests on two samples of this material gave Liquid
Limits of %#1.6 and 5% percent, Plastic Limits of 20.6 and
23.7 percent and Dry Density of 102 pounds per eubic foot
at a natural moisture content of 24,1 percent. The relatively
low dry density and high Liquid Limit suggest a fairly high
organie content in this soil and distinguish it from the

underlying material.
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iz The glacial till is encountered as a distinct change
in so0il type. The uppermost 5 to 7 feet consist of s hard brown
silty clay containing traces of sand and gravel., "E" values in
this region range between 20 and 58 blows per foot with an
average value of 35 blows per foot.

The natural moisture content falls between 4% and
17% and is elose to the Plastie Limit of 16,5%. With a Ligunid
Limit of 29%, the Liquidity Index of this stratum is very
small suggesting a heavily overcomnsolidated material with a
high shear strength. Ursonfined compression tests on speei-~
mens obtained in the split-spoon sampler indicate shear
strength values of sbout 10,000 pounds per square foct. The
bulk density was determined at values between 128 and 137
pounds per cubic fook,

Below z depth of about 12 feet the soil colour
changes %0 grey and the consistency changes from hard to
the range of stiff %o very stiff. The "H" values decrease
with depth and range between 15 and 33 blows per fooi.

At depth of approximately 18 feet, the soil de-
creases in silt content and ean be deseribed as a stiff grey
clay with some silt and traees of gravel. The "N" values in
this zone range between 8 and 13 blows per Toot compared
With the upper hard weathere erust. The natural moisture
content in this layer shows a tendency to inerease with
depth and ranges between 16¢ and 20%4. The Plastie Limit

remains very much the same at about 16% but the Liguid Limit
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inecreases slightly to about 30%. The Liguidity Index increases
to around 0.35 and indicates that the soll has not been precon-
solidated to the same extent as the herd upper erust.

The undrained shear strength measured in situ by the
vane ranges between 1180 pounds per sguare foot and 29350 pounds
per sguare foot with a sensitivity range of 1.5 to 5.0. TUncon-
Tined compression tests in the isboratery gave shear strength
values between 1063 and 3270 pounds per sguare foot.

The bulk density of this soil was estimated to be
between 124 and 128 pounds per cubie foot.

Consolidation tests were carried out on the stiff

rey clay sample recovered from = depth of 20 feet in a thin-

1]

walled sarple tube in Borehole Ko, 1. The relationship
between pressure and void ratie is shown on Enclosure Ne., 7.
Aiso presented on Enclosure No. 7 1s the curve showing the
variation of the coeffieient of conselidation with the con-
selidating pressure.

The compression index of the clay measured on the
normel consolidation part of the curve is 0.140 compared
with the value of 0,18 obtained from the empir ~al relation-
ship between the Liguid Limit and ecompression index of clays

of medium sensitivity,

¥

rom the shape of the consolidation curve, it is
estimated that gt this site the =lay has been precompressed
by consoliidation pressures of aboug 3 tons per sguare foob

in excess of the existing overburden pressures,
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WATER COMDITIONS
The depths to water in the boreholes were determined
2%t various times and the observations are shown on the Geoteeh-
nical Data Sheets., The depth to the water surface ranged
between 1.3 snd 11.2 feet. There is likely to Lave been some

effect from surface water infil tration. The moisture scontent

variation in the samples

£3

suggest 2 water iable level at zbout

10 feet below ground level,

A bridge approximately 1S% feet long and 34 feet
wide together with approach embankmernts will provide the under-

pass for the main highway, The bridge will consist of two
approach spans eack 35 feet long and two intermediate spans
each 62 feet long. To provide adequate headroom, approach
Tills will be approximately 20 feei high with side slopes
assumed 2t 1 (Vertieally) on 2 {Borizontally) from a top
width of 40 feet.

The loading on the centre pier is estimated at 18
tons per lineal fooit, on the intermediate bents at 15 tons
per linezl fool and on the abutments at & tons per lineal
foot.

The surface deposit of silt ty clay contains a sig-
nificant amount of organie matter and is not considered suitable
as a foundation soil For the superstrueture. It is advisable

that the foundation for the bridge be taken down to the next
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layer consisting of the hard brown silty olay t311.

At and below Elevation 603.5, normal spread founda-
tions can be used. Between Elevations 603.5 and 602.5 the
sefe bearing pressure is estimated at 9000 pounds per square
foot. AThis value 21llows for s factor of safety of 3 against
shear failure snd %akes into consideration the deerease in
soil strength below elevation 595, It is desirshle that the
foundations be kept as close as possible to the top of the
hard brown layer (El. 603.5) in order to take advantage of
its higher lozg bearing capacity and iis load distributing
effect.

The stability of the approsch embankments has been
examined by the slip cirele method and the faetor of safety
against sliding found to be greater than 2.59.

The bearing capaecity of the subsoil is therefore
considered very suiiaeble for the eonstruetion of normal
spread footings to support the : Sructure and the settlemeont
characteristies will be exemined next.

It wes not practicable to cbtain undisturbed sampies
of the hard erust forming the uppermest 7 feet of the glaecial
i1l for laboratory tests. It is, however, inferred from the
consistency of this layer that the soil has been heavily pre-
consolidated ané for practical purposes this layer may be
considered as incompressible within the range of loading which

will be induced by the structure.
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The thickness of the underlying grey eclayey till
was not measured, but it is known from published informs-
tion that the stratum extends down to Blevation 460

approximetely (Ref. 1).

It is considered that the results of tests carried
out on the sample of the stiff grey clayey till recovered
from depth 20 feet in Borehole No. 1 are representative of
this layer in which the settlement caused by consolidation
will be signifiecant. These resulis, which are illustrated
on Enclosure Ko. 7, have been used in the caleulation of

the settlements,

In the computztion of the settlements, the width
of footings was assumed to be 5 feet and the trapezoidal
embankzent section was considered ss an eguivalent reetangu-
lar lozd. The loading of the approach embankments has a
considerable infliuence on the settlement of the abutments
and the intermediate piers but has no significant effect

on the eentre pler.

In Table I following are presented the estimated

settilements under the foundations:-
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TABRIE I

Setilement of the Bridge Foundetions

Estimated

Iocation Lozd Settlement in Inches
Abutment Embankment Elastie 2.7
" Consclidation 2.6

Structure 0.&

Total 5.8

Intermediste )
Pier Erbankment Elastie 1.6
" Consolidation 1.7

Structure 1.9

Total 5.2

Cenire Pler Structure Total 2.0

If the embankments sre constructed Iin advance of

the footings, the total settlements ¥ill be redueed to:

&butments 3.2 inches
Intermediate Piers 3.6 inches
Centre Piers 2.0 inches,

The settlements given above have been corrected for
lateral deformation as proposed by Skenpton and Bjerrum (Ref. 2).

The Modulus of Elastiecity o

by

the soll was assumed to be 200
tons per square foot for the purpose of estimating the elastic
settlement.

Due %o the faet that the upper desieccated erust of
the $ill layser has been neglected in the settlement caleulation,
it ran be safely predieted that the given settlement valpes

represeni 2 conservaiive estimate, However, it is believed
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that, irrespective of the amount of settlement, the difference

in setllements between the various bridge supports will remain

ang could vossibly be even slightly larger. Becsuse of this

possiblliity, it is recommended that:

1. The bridge supersiruneture be designed with simply
supported spans, and

- The zpprozch embankments be built in advanece of the
strueture. This does not mean that stage construe-
tion is suggested but rather the proper construetion
sequence Is outlined. This seguence will take care
of the elastic seiit:-menis apd thus reduece the total
settlements to be expeeted zftepr the superstructure
is built.

&n examination of the coefficient of consolidation
and the range of applied Pressures has indiecated that no
significant benefis wonld be derived from the appliecation of
some surcharge. It is also estimated that it will take at
least about 30 years for the greatest part of the aforemen-
tioned settlements ¢o take place.,

For the foundation of the abutments one of the

following alternatives is recomended.,

(23 Spread footings using 2.0 tons/square foot placed on com-
pacied £i11l. The uze of granular material for the portion of
the compacted 7ill under %the abutment footings is suggested

because zood compaction is easier achieved,
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{b) Footings on piles driven through the embankment and the
surface deposit 2 feet into the hard till erust. Steel tube,
timber or conereie piles with an allowable load of 30 tons/
rile are recmmmended. It should be emphasized that no benefit

would be derived by driving the piles any deeper.

CORSTRUCTION

There are no constructicn problems which are con-
sidered viswal to be worthy of note. The excavation for the
proposed foundations will be ecarried out within the surface
deposit of firm %o stiff silty clay which may be braeed or
sioped, |

In view of the low permeability of the soil, the
guartity of water‘see§ing into the excavation will be rela-
tively small and together with any surface runoff ean be
readily removed by punping from suamps,

The field work was earried out under the super-
vision of Mr. V. Chan, B.5c., and this report, which was
reviewed by Mr. 4., G. Stermac, P.Eng., M.Sec., was prepared
by ¥r. F. Debidin, Soils Engineer,

DOMINION SOIL INVESTIGATION LIMITED,

/BN
F. Debidin,
FD/is Soils Engineer,
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APPERDIX I

Fizld Work

The field work was carried out driiling 5 boreholes
during the period 7th - Sth April, 1965, The loeation of the
borehole is shown on the plan on Drawing No. 5-3-7/1.

Driliing was sar-ied out by the washboring method.
Bx size cesing was driven to depths of 10 feet beyond which
the hele was advanced without casing. Samples were recovered
in 2 2% 0,D, split-spoon sampler used in the Standard Penetra-
tion Resistance Test. Where the consistency of the soil

perzitted, shear vane testis were carried out with 2 4-blade

Jote

2" dismeter vane, 4 inches icng. Both the undisturbed and
remelded shear stirengths were detvermined. Cone penetration
tests were ecarried out adjacent to each borehole by driving

& 2-ineh diameter 60 degree apex cone into the soils. Samples
of soil were alsc recovered in thin-walled sample tubes,
sealed and shipped to the laboratory for further testing.

The water levelsin the borehcles were observed at
convenient intervals and the elevation of the ground surface
at each beorehole determined using as a reference the bench
mari (E1, £1C.88) on the south-west corner of the eoncrete
Lox at Station 4% + 71,

The maximum depth explored was approximately 40 feet,



Page 1&,

Leboratory Tesis

On selected representztive samples, tests were earried
in the Leboratory o determine the unconfined compressive
ength, natural moistyure contents, Liguid and Plastic Limits
bulk density of the soils, Conselidation tests were carried
on one sample $O cbtain the relevant factors for determin-

the settlement characteristies of the soil strata.
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APPENDIX II ~ TABIE II

o . vory Test Results

Natural
Moisture Liquidity
Borehole Sample Depth Shear Strength L.L. P.L. Content Tudex Density p.e.f.
No. No, Ft. PeS. T, .4 % % % Bulk Dry
1 2 é 11,345 34 17.9 13.0 - 137 121
L 1% - - - 16.2 - -
5 16 bl 2900 15.2 1705 0016 had
6 20 3,270 27.7 15,2 174 0.16 13k 11k
a3 30 1,410 - - 19.5 - 128 108
9 35 - 30.)'" 11{‘.2 19-9 0.35 -
2 2 6 2,875 54.0 23.7 24,1 0.007 126 102
3 8 - - - 16.9
i 11 - - - 1,7
S 16 - - had 1707
6 20 - - - 19.2
a 9 - 30,k 16.5 1h.L - -
14 - 29.0 16.5 16.6 - -
5 1-9 o~ - - 18.1“’ -
b L 9 1,920 - - 11.8 130
6 19 - 4.5 10,8 8.2 - 3-
5 9 785 32 16.2 4.8 - 128
3 LIS 32.0 16.% 16. - -
6 24 1, 150 - - 19.3 - 129
8 34 1 s 063 27.1 15,3 15,6 - 124

*¢T a8eq
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LIST OF SYMBOLS, ABBREVIATIONS AND NOMENCLATURE.
SOl COMFONENTS AND GROUND WATER CONDITIONS.

FEEY YL
CeSlaTE Z |
500 Oy & 2By Ly 5 =
BOULDER | COBBLE L i en SAND ST | LAY SROUND! DEPTH
coBRSE | s | COMRSE [wemem | FmE WATER | OF
— s e S 1 ' T LEVEL [CAVE-IN
- B 3 hal 478w 20 042 - QO 0Q02 > LMY
U.S. Siondord Sieve Sive Nod  MNoid  Nod0 Ne200
SAMPLE TYPES.
AS - Auger somple RC Rock core TP Piston, thin walled fube sompie
€S Somple from. cosing %% Retovery TW QOpen, thin walled tube somple
ChS Thunk semple SS SpRt spoon sumple WS Wosh somple
SAMPLER ADVANCED 8Y stotic weinht * w OBSERVATIONS BB Steady prassure Waoshwater
" prassure e MADE WHILE No pressure returns
* tapping ' CcoRme intarmittent i w
i Washwater
pressure i lost
PENETRATION RESISTANCES.
i SYMB0L :
- DYNAMIC PENETRATION RESISTANCE : $o drive © 273, 60° cone attached o the end of the

drifing rods e the ground, exprassad in blows per foot. _1_'-—\__
STANDARD PENETRATION RESISTANCE -H~: tv drive 2 2" ot dia, Spiit spoon sompier [ o
1Mmmm,mmedmﬁwswm. -]

EXTRAPOLATED -N- VALUE

The energy for the penetration vesistonces is supplied Iy o 140 Ib. hommer foling 30 inches

SO PROPERTIES.

W%  Woter contet ¥ Nowrd) buik density turit weight k  Coeff. of permesily
1% Liquid hmit e Yoid mtic [ o Shear strength ——  interms of
PL9, Plostic simit RO Reistive density ¢  Angle of int friction-l  fobal stress
P %  Plosticity index Gy  Cosif of consoldation €' Cohesion in terms of
L Liruidity index m,  Cosff of volums compressibility $  Angle of it friction| _ effective siress
UNDRAINED SHEAR STRENGTH.
— DERIVED FROM —
TRIAGAL UNCONFINED LABORATORY FIELD POCKET
N ~ - PENETROMETER
COMPRESSION” TEST s o VANE TEST TEST
@® o ® X + v
20% shear 5 in undisturbed state
Strain at foiturs is ; ity = streagih in
by direction of sw?p'm !5%&596 St sensitivity shear strength in remoulded - stote
SOIL DESCRIPTION.
COHESIONLESS SOS:  RD: COMESIVE SOILS : ¢ BShqn
Very loose O-15% Very soft fess than 250
Loose 15-359%, Soft 258 - s00
Compact 35-65%, Firm 500 — 1600
Dense 85-85% Sttt 1000 — 2000
Very dense 85-00% Very shff 2000 ~ 4000

Hard over 4000




GEOTECHNICAL DATA SHEET FOR BOREHOLE . I. . ..

OuUR REFERENCE NO  5-3-7
cugnt. ONTARIO DEPARTMENT OF  HIGHWAYS METHOD ©OF scring.  WASHBORING R .
prOJECT: PROPOSED  UNDERPASS DIAMETER OF soeenoie 2 3/8" EnoioRRE Ao 2
LOCATION. BRIDGE SITE N9 6-233 HWY. N°® 40l DATE. APRIL 8, 1965
DATUM ELEVATION: GEODETIC
z SAMPLES PENETRATION RESISTANCE
a s .
& RATIFICAT! =5 H o 358 a0 o e,
E iz STRATIFICATION ;% a g 1 ) 3 I % o w /e'
I - DESCRIPTION = £ & i e REMARKS
= a 53’ ; z %8 55 SHEAR STRENGIH x {0O!hsisa ¥
b 3% 2|0 a0 SP 8[0 I?O lP %0 310 4P
609.? 0 GROUND SURFACE
o.s TGEZOIL LY
STIFF grey &
and brown s
1 $s | 9 g
organic SILTY CLAY 4 i
605 § 5] i
traces of GRAVEL
60 b - -
" 2 |Tw ¥ N @ (0| 4 ¥= 137 PCF
HARD to VERY A 3 5.5 | 48 b~ @] Cy= 11345 PSF
| T—
STIFF brown e T
600 | OJSILTY CLAYEY TILL 04
traces of T4 R o EL. 590.8
g 4 $.5. | 32 e} O ~yie—  APR. 8, 1985
SAND uand GRAVEL ¥ Af EL. s98.2
(7 J S— APR. 8, 1965 :
2/ 4 t
595 4 13 4l
-1 i
STIFF e/ I ; o ‘ FOP—— !
1 H j i
LA ;
04
o |
j i
s90 | 29 " : & :
grey T e [Tw. W : [Wes S £ 134 PCF
1A §
A ; R CONSOLIDATION TEST .
“: | 1 %
CLAYEY TiLL % }
585 25] ;
g 7 15813 o )
i
some SILY y. +20
TH
30 14
580 | A /7 i
¥ ¢
traces of i e Tw. | W ‘ i d X 128 PC.F.
; ‘
’Sﬁr _}_1.5 :
SAND and GRAVEL
575.] 33 Tt
; 9 $.8. 12 o) ! b
193 o
END OF BOREHOLE |
5704 49
H
i
VERTICAL SCALE: 1 (N TO 5 FT DOMINION SOIL INVESTIGATION LIMITED MADE J.BE.  (HD



GEOTECHNICAL DATA SHEET FOR BOREHOLE . 2 . ..

% REFERENCE NO, 5 -3 -7

WASHBORING

CLIENT: ONTARIC DEPARTMENT OF HIGHWAYS METHOD  OF BORING o i 3
PROJECT: PROPOSED UNDERPASS DIAMETER OF BORERGE " ENCIOSURE NG
LOCATION: BRIDGE SITE N% 6-233 DATE: APRIL 9, 1985
DATUR ELEVATION: GEOQODETIC
z b TION RESISTANCE
F3 e_ SAMPLES pmg;,‘?w, : foor o CONSISTENCY
= = STRATIFICATION i N 10 o 40 50 water cantent %
SHEl R & 1 T E B s PLw 1 REMARKS
e =t 102 € e Qi
E =2 DESCRIPTION Za 3 = gn SHEAR STRENGIHX 10Q s sq &
b < i
- % 20 a0 ep 8 ol P 2 P 40
6!2.6]_ [} GROUND SURFACE
i
GRANULAR FiLL /'/
610 Jj2.5 .
] ‘ o
STIFF  brown ™ PojEs e
5 | ») +z,3
SILTY CLAY
2 TW w ¥= 126 PCFE
with organic motter rd R b LL = s4%
605 U 3 |ss| o \C o L.
and ¢ 5
d \ +.a.0
0] fraces of SAND ¥, ™S
105
a 5. a2 T
HARD brown ¥ $ 2 C\tg o
SILTY CLAYEY TILL V| & Tew
€00 with  fraces of % % %mo
a5 | SAND ond GRAVEL :
2 i
15 | VERY STIFF 1
H |
to STIFF \/‘V 5 S.5 20 q i o
grey CLAYEY TILL
595 4 with some SILT H "f i
fraces of /1 ; i
20| saNp_and _omaver |41 s 188115 © { 0
END OF BOREHOLE I
i
590 . 2
|
|
|
.
i
i
i
f
4
i
H
MmagE:  J.B.E. D

VERTICAL SCALE: 1 IN. TO 5

F1.

IIOMINION S01L INVESTIGATION LAMITED




GEOTECHNICAL DATA SHEET FOR BOREHOLE . 3 ...

ouR REFERENCE NO. S 3-7
cuiznt.  ONTARIO DEPARTMENT OF HIGHWAYS METHOD  OF BCRING WASHBORING o
. prosect  PROPOSED  UNDERPASS DIAMETER OF BOZLHOLE: z 3/8 ENCLOSURL NO. 4
ocation:  BRIDGE SITE Ne 6-233 el APRIL 8 &9, 1965
DATUL ELEVATION: GEODETIC
. ENETRATION RESISTANCE .
z 5 SAMPLES F‘\:bzws/:,, ;G:. " CONSISTENCY g
= - STRATIFICATION <D ] o 30 0 water content % T
LIS ) S 3 w £ A : = = LW 1 REMARK
R DESCRIPTION =21 2 & (O Y EAARKS :
@ @ ; i = z im SHIAR STRENGTHX 10QIhs sg 7 4
z g
¥ 3 4
“ 3% 2]0 LO 610 810 !?O I}O ZIO 3[0 410 ;
612.6 O__ GROUND SURFACE . 1
GRANULAR FILL W ars
.5 - / ~ S ser.e zemfl
610 .‘ Dol / 8
STIFF grey . I
] organigliitit 1 Tw. ! W -
and brown Z wW.L. 50B.4
5 | ) » 5.5 13 o e APR. 9 1 aM
SILTY CLAY !
with troces of SAND 43¢
605 j7.5 !
VERY  STIiFF [
' brown ; 3 S.5.} 27 : \\& O}
TSILTY CLAYEY TILL{T4 1 |
traces of B I
6001125 | SAND ond GRAVEL it »
103
HARD to VERY WA
‘ d 4 5.5 | 32 Q o)
3 STIEF grey F{
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