 ¥r. B. R. Davis,

a1

. Bridge Engincer,
- Brildge Division.
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POUNDATION INVESTIGATION REPORT

For

Proposed Bridge at Belle River s+
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We believe that the Tactual data and recommewdations'
contained therein, will suffice for your design requirements.‘
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: p Bridge at Bel eiRiver and
PrOposed Hwy. 401 Service Road, .
 District No. 1 (Chatham)
W.J. 66-?-1;1; -~  W.P. 311-64

1. maowcmon.

The Foundation Section was reqnested to aarry out a‘;F 
‘founﬁation 1nvestigation for the prOposed structure at the ;”w
ffcrossing of . Belle Rlver and Hwy. 401 Service Road., 4 requestf‘
‘was contalned in a memo dated March 21, 1966, from the Bridge
;Lacation Section (!r. G. Scott, Begional Bridge Locatian Engi e

: A foundation investigation was subsequently carrj
‘ ‘jby this Section to determine the snbsoil condltl@ns existiu
. the site. ‘ ~ : L
L Presented in this report are the resalts"of‘ﬁhe‘inve t
:“]gation, together tith our resonmenda ions regarding the st‘ r
“\foundations and approach fill stabi’ity. ‘ j

DESCRIPTION OF SITE. i ‘
The site 1s located in nssex Connty xn S '

the area.

‘ Physiographiaally the area helongs to. the "EssexJ
Plain® snb-region. ‘It is essentially a ti1l plain levelle
deposits ‘of lacustrine clay which settled’ in the depressio
while the knolls were being 10wered by wave action. o f:‘

s ,‘Q"o:m:,*d;
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3. FIELD INVESTIGATION PROCEDURE:

Four sampled boreholes and six dynamic cone pehetration“ .
tests ﬁere carried out during the course of the field;investigation-"
A Penn, Drill, utilizing 4" @ augers, was used. Thin-walled =
Shelby tube . samplers were pushed manually into the solls, wherever.
possible, in order to recover undisturbed samples, while split—spoon
sampling was undertaken for the disturbed samples, In addition,
in-situ vane tests were conducted in the field to determine the
shear strength of the cochesive materials, Standard and dynamic

penetration tests were performed using a driving energy of
350 ft. 1lbs.

The locations and elevations of all boreholes are
shown on Dwg., 66-F-444A, accompanying this report.

&, LABORATORY WORK:

After visual examination of the samples, laboratory tests
were performed on representative soll specimens in order to define
moisture contents, Atterberg limits, undrained shear strengths,;
bulk densities and grain-size distributions, '

The results of the field and laboratory tests have been
compiled on borelog sheets which are,attached to‘this‘report. |
The estimated soil profile on Dwg. 66-F-L44, is based on this
report.

5. SUBSCIL CONDITIONS:

5.1} Siity Clay to Clayey Silt:

This major stratum underllies a thin layer of topsoil
and was encountered in all boreholes. The thickness of the
deposit varies from 86 ft. in borehole 5 to 90 i, in boreholes
2 and 6, with the lower boundary of the stratum ranging between
approximate elevations 501 and 504,

~cont'd. /3 ...
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5. SUBSOIL CONDITIONS: (cont'd.) ...

5.1) Silty Clay to Clayey Silt: (comt'd.) ...

The deposit mainly consists of clayey silt and silty elay
with occasioné1~tra¢es of sand. Within the stratum there are i
distinet layers of silty sand or sandy silt. A summary of these
layers as determined in the boreholes during the field investigatIOn,
is as follows: ‘ ‘ i

" Depth of
B.H, Material Layer Elevation IN* Values
1 Silty Sand 7' - 9° 583.5 - 3581.5 -
Silty Sand  25% - 337 565.5 = 557.5 125, 100/4"

2 Silty Sand  21' - Z4° 569.5 - 566.5 -

5 Sandy Silt g' - 12.5' 580 - 577 85

; Sandy Silt 56' - 65.5' 533 - 52 40

6 Silty Ssand  15' - 18® 579 - 576 80/6"

Physical properties of the overall cohesive deposit as
determined from the laboratory tests are summarized as follows:

Clayey Silt } Silty Clai
Liquid Limit (Wp3) 22% - 38% - 36% - 52%
Plastic Limit (WpZ) 15% - 19% 18% - 25%
Moisture Content (W%) 12% - 18% 19% - 23% -
Bulk Density 125 p.c.f. - 130 p.c.f. 118 p.e.f. = 138 poelfe

The upper 4 to 8 ft,., in gzeneral, was mottled grey and
brown, and appeared to be disturbed. In this portion the undrained i
shear strength of the deposit varied from a low of 1000 p.s.f. to
in excess of 200 p.s.f. The 'N' values ranged from 11 to 17 blows/ftg
Based on these values, the consistency of the material within this
zone may be described as stiff., Below this, the consistency of the
clay increases, as shown by the 'N' values which range from 16 to 59

‘cGnt"d. /z" o.'. )
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5. SUBSOIL CONDITIONS: (cont*a ) B

5.1} Silty Clay to Clayey Silt' {cont*d.) ...

blows/ft, Based on these values, it is estimated that the consistency
of the deposit is very stiff to hard. At a greater depth above the'
till stratum and below approximate elev. 5S40, the consistency of the
deposit changes considerably with undrained shear strength values of
800 p.s.f. to in excess of 2000 p.s.f.

5.2) Glaclal Till (Silt, Sand and Gravel with some Clay):

Underlying the deposit of silty clay to clayey silt is a
stratum of glacial origin consisting of a mixture of silt, sand and
gravel with some clay. The stratum was penetrated in all bnreJales i
to depths varying from 7 ft. in borehole 2 to 18 rt., in borehole 1.
Standard Penetration test results in the stratum varied from 73 ' :
blows/Tt. to 100 blows/l in. with one isolated result of 37 lews/f;.““
near the surface of the layer in borehole 6. Based on the above
results, the relative density of the deposii may be described as
very dense,

6. GROUND WATER:

During the time of investligation, ground water measurements
were carried out in the boreholes. These indicate that the ground
water level at the site very closely corresponds to the creek level
atl approx. elewvation 587. No artesian conditions were encountered
during the field investigation.

7. DISCUSSION AND RECOMMENDATIONS:

It is proposed to construct a 3-span bridge at the
crossing of Belle River and the proposed Hwy. 401 Service Road.

Subsoil at the site consists of 84 ft. to 91 ft. of firm ;
to hard silty clay to clayey s lt, followed by a very dense depasit o
of glacial till (silt, sand and gravel with some clay).

cont'd, /5 vew




7. DISCUSSION AND RECOMMENDATIONS : (cont'd.)

For the piers, the upper clay crust is sultable for
spread footling type of foundations. An allowable . design load
of 2.5 t.s.f. may be applied at elevation 582 or lower.

This deposit is predominantly cochesive, but 1t containS‘iy
layers of sand and silt which may be water-bearing, In view of
this, some dewatering problems may be expected and, therefore, 3
& dewatering scheme may be necessary.,

Two proposals can be considered for thé abutment
cupports:

1} Abutments can be supported on spread footings

Tounded on compacted granular £il1 using a safe bearing pressure
of 2 t.s.f.

The fill should extend for a horizontal distance
of atkleaSt 10 ft. from the footing edges in the plane of the
footing tops. This portion of the Till should be bu'lt with
side slopes of 2:1. The remainder of the fill (not necessarily
granular material), should be completed to about profile grade

for a distance of about 50 ft. behind the abutments before

excavating for the abutment footings. The granular £ill shoul&

be placed in 6-1n, layers and compacted to at least 100% Proctor
Density.

2) Abutments can be -upported on 12-3/4" 0.D. steel :
tube plles driven to, but not beyond, elevation 575. For piles
driven to this depth, & design load of 20 tons per plle can be
used., ‘

With standard 2:1 side slopes, no stablility problems,
are expected for the proposed approach embankments.,

cont'd- /6 L W




8. SUMMARY:

4 bridge is ‘planned at the crossing of Belle River and
proposed Hwy. 401 Service Hoad,

Subsoil consists of an extensive deposit of silty c1ay
and cleoyey silt, underlain by glaciel till,

The structure piers may be supported on spread footings
placéd at elevation 582 or below, using a safe design load of
2.5 t.s.f.  The abutments may be supported either on spread
footings placed on compacted granular Fill, in which case a safe
load of 2.0 t.s.f. may be used, or on 12-3/4" 0,D. steel tube
plles driven to elevation 575 using a load of 20 tons per pile.

Dewatering problems may arise in connection with the
pier footing. No appreach fill stablility problenms are'anticipated.f

9. EISCELLANEOUS:

The field work, performed during May 1966, together
witn the preparation of this report, was undertaken by '
¥, 8. Kagi, Project Foundation Engineer. The investigation
®as carried out umnder the general supervision of Nr. M. Devata,'
Senior Foundation BEngineer, who also reviewed this report.

Equipment was owned and operated by Johnston Drilling.
Lid., of Ottawa.

June 1966
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DATUM —_Gsodetip . BOREHOLE TyeE . Penn Drill, Cone Pepetration o eukckin av LY
'“_ PﬁOFILE SAMPLES DYNAMIC PENETRATION RESISTANCE - LIGUID LT wy ~ 55 §
2 , : , = | BLOWS/ZFOOT PLASTIC LIMIT ———wp e
5 gl 2 O - .60 80, 100 WATER CONTENT ——w o
1 = e 2 . I'SHEAR STRENGTH P.5.F. : W w wi (B
ELEV. BESCRIBTION clal &) o] & |etneon, Comp. = o Quick Triaxial FREIE. SN, BE
DEPTH S 2 21 g| w |HFicld Vme ® Lab. Ve diTEd SNt o
: . u a; v
590,5| " Ground Level @ = 2| w 500 /71000 1500 2000° 2500 020 Ent R . Pé’F
(opte] — , : =i , —t——t
! T WP s o= eglohan b X
A alss 111 4o SR ke
' " st de \ = gé”b o I8 118
BT I A oales Tl > '
J581, 81 $1ity Sand % | ) N +.
5 5SS 120 1580 ae-| 102 cah
5ilty Clay to 4 135 120 . =
Clayey Silt 5 lag =g 4
P R ET
565,5! :
25" L7188 Q0/Lw [}
i 3ilty Sand e )
Vsry Dense cE]ss 425 560 o
S LY R S o -
33 7 : :
9155 [ R—
10155 12 550 -
-.}._’.
11188 127 =@
Firm to Hard
~ o 13 10" Safirst
. , H
/ ; 8.9 .
A1 13 W P : e L G by Ho——4 127
SV i e s i FeoT |2 |
: / &-2,17 127
. : o : :
7 A [ SO
15| 1P o] P 48-1.6 ey 129
/ : Se2,8 e R
520 L S~148 o I e
- : ©
’ 16 |P B ¥ . o Js]
; : : 122
i I e
o 510 ot B a2t | e s
171 £ ) - IR T MESRE 13250
5015
By ; »» SR Y ers 500
| Glastal Ti11 (Siat, |1 2{181°SS. 110046%7 7
© 7! Sand and Gravelj By
i ith. some £lay -
1 : nd ‘o] 191 58 100747
;"g =1 : v : :
% 2088 Jood
V‘ery Dense. . 2 ?'a.u B P SR B 5 g o -
S BRI S | Percent Strain at Fdilure
i R Rs : A4 ST : i :
i 3T, Borehole .- ; 10073




FORM GB-MTAIZE (‘FDI;!MER‘L‘V"DBiML—‘I‘E'ﬁl : : L OBFICE S ‘REPOR'T‘“O‘N‘SNL:»EXPLbhA'fION : B E g S
SsseTeas ‘ - S ' s R e
DEPARTMENT | OF MIGHWAYS « ONTARIO : T ‘ ) . : e L
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DATUM Geadatic BOREHOLE TYPE Bann Drill, Cone Penetration CHECKED BY G S
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FORM CB-MT26 (FORMERLY OB-MLaZe) OFFICE  REPORT ON SOIL EXPLOTATION

L ES-B3Y .

_BEPARYMENT ' OF HIGHWATS — ONTARIC

MATERIALS & & DIvISON RECORD OF BOREHOLE NO.3 FOUNDATION  SECTION
o8 __ 8&-F~ilk LOCATION Sta, 12445, 17! It, ORIGINATED BY _ BeMa
w.p, . 31164 8ORING DaTE . May 20, 1966 compiLed By . W T.E.
wrum_SGeodetic - BOREHOLE Typg .__Cone Peneiration : ' cHECKED BY
DYNAMIC PENETRATION RESISTANCE Toauno it wi
SOiL: PROFILE | SAMPLES | o BLOWS { FOOT | ——— e PLASTIC LT wp 5
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570




DEPARTMENY  OF GHWAYS — ONTARID
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570"

JoB’ EB-F=ily LOCATION Sta, 12+72, 17V R omsmnm av
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PENETRATION RESISTANGE

. STANBARD PENETRATION lESISTM l > = TME. mm OF GLOUS REQUQIEB TO AWANCE LY STANDARD SPLIT SFM SAMPLE
; “K'! INCNES lm YHE NlSOIL. DRIVEN BY MEANS OF A 140 POURD H“UER FhLL"lG FREELY A DIS'I’lHCE oF: 30

DYNAMIC Pmmnm nss»rsmuce “= THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, 60 bzeq:t ~CON|

To THE END OF: DRILL ‘RODS, 2 INCHES "ITO THE SU.SO!L. THE ORIVING ENENGY BER(G 350 FOOT POUNDS P

DESCRIPTION OF SOiL

THE CONSISTENCY OF COHWESIVE S01LS AND THE RELATIVE DENSITY OR DENSENESS OF - COMESICNLESS :OH.S ARE DESCRI.E ,‘
N THE FOLLOWING TERMS =

CONSISTENCY W BLOWS / FT. ¢ LB.7 S0 FL - DENSENESS

VERY. SOFT 0.~ 2 © 250 - VERY LOOSE -
SOF? 2 -4 290 - %00 . . LOOSE

Firm 4 -8 $00 - 1000 . COMPACT
SYiFF -8 1000~ 2000 i DENSE

VERY STIFF Lm0 2000~ 4000 7 VERY DENSE
HARD > 30 > 4000 '

TYPE OF SAMPLE

S5 SPLIT SPOON ERE R "  THINWALL oPen

WS WASHED SAWPLE S LR THINWAL msm
SB . SCRAPER BUCKET SAMPLE , 05. ' OESTERBERG sum.z
AS  AUGER SAMPLE FS. o FOI smw.s

TS, ChuNK SAMPLE. : RC ' ROCK CORE

2T SLOTTED TUBE SAMPLE
P, . SAMPLE ADVANCED HYGRAI.‘L *nu.v
L2 N SAIPLE ADVANCED IANUALL\'

SOIL TESTS
Gu - UNCOMFINED ‘COMPRESSION LV LARORATORY VANE
o UNDRAINED TRIAXIAL F9 . FIELD VANE
Qtu  CONSOLIDATED UNDRAINED TRIAKIAL € . . COMSOLIDATION

Q4 . DRAINED TRIAXIAL £ SERSITIVITY
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ABBREVIATIONS

USED

IN_THIS REPORT

SOIL PROPERTIES GENERAL
UNIT WEISHT OF SOIL {BuLx GENSITY) 5 - 31416
URIT WEIGNT OF SOLID PARTICLES . BASE OF NATURAL LOGARITHMS 2-7183
UNIT WEIGHT OF WATER I0ge ORIN G - NATURAL LOGARITHM OF o
UNIT DRY WESHT OF S01L {Dny DERSITY ) loguoom loga  LossmiTHM OF 0 TO BASE O
URIT WEISHT OF SUBMENGED SOIL t TIME :
SPECIFIC GRAVITY OF SOLID PARTICLES G » K 9 ACCELERATION DUE TO. GRAVITY
v VOLUME
VOID RATIO w wEwGHT
PORDSITY M MOMENT
WATE® CONTERT F FACTOR OF SAFETY
DEGREE OF SATURATION
LIQUID LimiET
PLASTIC LT STRESS AND STRAIN
PLASTICITY INDEX u PORE PRESSURE
SHRINRAGE L iMiT 4 NORMAL STRESS
Lioviey woex « X ¥p P NORMAL EFEECTWE STMESS {F 18 a3 vIED)
. ia 1T SHEAR STRESS
COMSISTENCY 1NDEX = a_ N £ LINEAR STRA
ta v SHEAR STRAIN
¥OID RATIO N LOGSEST STATE v POISSON'S RATIO { ju 1S ALSO uSED) ;
VOO RATIO 1% DENSEST STATE £ NODULLS OF LINEAR DEFORMATION { YOUNGS - MODULUS )
Brex ~ 8 G MODULUS CF SHEAR DEFORMATION
DENSITY INDEX » — 283 _ T
Cmex =8 K MODULUS OF COMPRESSIBILITY
RELATIVE DENSITY D, iS ALSO usED b COEFFICIENT OF VISCOSITY |

HYDRAULIGC HEAD OR POTENTIAL
RATE GF DISCHARGE

VELOGTY OF FLOW

HYDRAULIC SRADIENT

COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UWIT WOLUME

—fs
COEFFICIENT OF VOLUME CRANGE “Gr9aT
{i+2)Ac

COEFFICIENT OF CONSOUDATION

COMPRESSION mpER « — D¢
Alog, o

TIME FACTOR = %‘y’— { O, DRAINAGE PATH )
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o Foundatfons Offige (Rmo LT0) e
6¢ -~
¥r, A, P. Watt, Poundation Section,
Regional Bridgse Location Engr., Eaterials & Testing Dives
London Zegionsl Office. Hoom 107, Lab. Bldg.

October 25, 1966
Your Memo -- Uect. 21/66

WP, N1-64, Bridgze Site &=-243,
Balle Ziver Bridge,

8.7 miles west of Buwy. 77,
Highway 301 South Service Hoad,
Districet 1 (Chatham)

We have reviewed the Freliminary Flan Ho,
De5018-F1 for the above mentioned siructure.

It appesrs that the designer has compiied
with our foundation recommendations.

ED/%4aF K, Devata,
SUPERVISING FOUNDATTIOT ZBNGH.
ae: Hr, 3. Bclogble . Fors

£
Poundations Offlce ¥
Gen. Files

4, G. Stermsc,
PRINCIPAL POURDATION ENGR.



DEPARTMENT nt RIQRWAV. - ~NTARID

MEMODRANDUM

.r= Br. . G. Stermac From: A, P. Vatt
g ; Principal Foundstion Engineer

Lab Building

DOWXNSYVIEW

Dare: Cctober 21, 1966

DOour Fue Rer. : in REPLY TO

. - T R
Sussech: W.P 311-6%, Bridge Site 6-243, GE -
, Belie River Bridge,
8.7 miles west of Hwy. 77,
Elghway 401 Scuth Service Hoad,
Distriet 1, Chatham.

Attacned pleazse fird one copy of the preliminary
rlan D-£018-P1 for the above structure.
Would you kindly review the bridge foundatioms

rroposed and inform me 1T they are satisfactory.

FEA 5
LA AR
N

A, P. WATT
KL "TONAL BEIDGE LOCATION ENGINEER

C.C. PMr. 3. MeCombie
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:  RL SETTLE*ENT PL@TEa WP-agg -§0 HWY 201 AND D “Lﬁﬁ SIBL nDQB

AND. Wr—‘ll 54 SELLE RIVER BRIDEE OX #QﬂhTﬁ SERVICE ROAD
wE APPRECIA £ YOUR ADVISE REEAhEIMC SETTLEMENT GBSEE#ATIBW:  
"Fun YHE ggavz §§n11cmna PROJECTS schg VE HAVE zwcfaurawwit
| SOME PROJECTS VERY CLOSE TO THESE SITES ¥E FEEL THAT SETTLEMENT
“ feBs£9JpT1sa; ARE @GT Eiﬁﬁiﬁﬁn ‘FOR IHE AQGVLvIEﬁfﬁﬂﬂu Péaasc;s

'AC ﬁATLb AND T
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Dare:  Cetober 21, 1966

In mEPLY TO

o Sussger:. 0 KUP. 293-60, Bridge Site 13-292,

ce Dillon Side Road Urderpass, Sl
9.0 miles east of sast Jet. Ewy. 2, Tillbury, .
Highway 401, : L
District 1, Chatham.

Attached please find one copy of the f;oz"eliminai"y“ '

plan D-6040-P1 for the shove structure. | e
Would you kirdly review the bridge foundations

~ proposed amd inform me if they are satisfactory.

: &, P. WATT
- BEGIONAL BRIDGE LOCATION EHGT

fige
foe?”

. ATT'D

c.c. Wr. S. McCombie
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| FGQNBATION IhJEaTICATIGﬂ WORK WILL BE CONMrNCEﬂ ON-

18 maY 1966 FOR THE ABOVE ﬁﬁﬁt:gysn PROJ.;}!;
ffirnzc IS FOR YOUR INFGRMATIQN i

WZQEUATA bﬁR FOUWD G? FOR A STERMAC MATLS & TES
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KEY PLAN
SCALE IN MILES
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’ LEGEND
Bore Hole

Cone Penetration Hole

Bore & Cone Penetration Hole

oo

Water Levels established at time
of field investigation. MAY 1946

NO. (ELEVATION | STATION OFFSET
1 590 .5 12 +72 17T
2 590 .5 12 +4° 5 vz
3 589 .0 12 +4 5 17"
4 590.5 12 +72 17
5 589 .2 11 +935 17'171
6 594 .1 11 +68 T7'RT

- NOTE -
The bounderies between soil strata have been established only ot
Bore Hole locations. Between Bore Heles the boundaries are assumed
from: gecicgical evidence and may be subject to considerable error,

REVISIONS

GATE | BY DESCRIPTION

DEPARTMENT OF HIGHWAYS ~ ONTARIO
MATERIALS & TESTING DIVISION ~ FOUNDATION SECTION

BELLE RIVER

do1 ~
KING'S HIGHWAY NO. PROPOSED SERVICE ROAD DIST.NO._ !

CO__ESSEX g
TWP_§oCHISTER LOT__38 CON__ 1 e

BORE HOLE LOCATIONS & SOIL STRATA

SUBMD. R.M. CHECKED;:‘,;’,'A WP NO. 311-64 , |MBT-DRAWING NO.

DRAWN J.N. | CHECKE! JOB NO.66 - F - 44 6 6"‘ "‘44 A

DATE 37 JUNE, 1966 |SITE NO. BRIDGE DRAWING NO.

APPROVED £ 728 e CONT.NO.

PRNCiPaL FOURFATION ENG NEEA
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