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We have reviewed the asbove-mentloned report and
ur cosments for your consideration.

. the basis of presented informeticn and data,
rchlems should be encountered snd therefore the proposed
rs tc be feaszible.

cscnnection with ths gzranular cushion, we would
it be pruvided irrespective «f whether the

d or vemains at the propesed location.

alsu appears te us that the embankment siopes
ned from £2.9:1 to 2:1 because the stability
adequate and tone saving could be accomplished.
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E. M. PETO ASSOCIATES LIMITED

1287 Caledonia Road,
Toronto 19, Ontario.

Qur Job Humber 62134 RUssell 9 - 1126,

September 18th, 1962,

Mr. O, vanDeurs, P. Eng.,
Lambion County Engineer,
County Buildings,

Sarnis, Ortaric.

/,; “ I =) A
/ - - L
Dear 8ir, = /’/i ! /
Culvert C-12-1€
Beijth Creek

Soil Site Investigation

Ve have gleasure in presenting four copies of our Report

The two test Boles have disclosed the presence of a siratum
of 3ilty ciay till, of generally firm conzistency. Assuming that the subsoil
ander the invert of the pipe will be egually firm ag in the test holes, the

£ropoged culvert will be steblis and no maior long-term setticment is

Ir. the report, we recommend that if the new culvert is to be

located at the existing creek, any soft meaterials below the invert should be

removed 23d replzced with 2 well compacied granular cushion, the purpose




PAGE TWO

of which wouid bie {o provide a uniform base for the pipe. However,
you may wish {0 consider locating the new culvert some distance to the
east of the 2xisting stream; test hole 2 has indicated that, if thepipe is
placed near the position of this borehole, it would be resting on a stiff,
brown crust of the eilty clay and there would probably be no need to
provide a granuwlar cushion beiew the pipe invert, if the badding for the

pipe i3 czrefuliy prepaved & aping the clay te fit the pipe.

The stability of the proposed embankment was considered
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2r of failure was noted. Ne major settlement is ex-

s

put it is considered advigable to remove surficial layzrs of
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We consider the repori to be comprahensive within your

terms of rcferszc . Bowever, we would be very pleased to provide further

zzgzistance should you wish to dizscuss any points connected with this work,

o+

Youre very iruly,
E. M. PETO ASSCCIATES LTD,

(.’f’, 9’ féﬁw»&%

/
A B. M. Paio, P. Eng.

RE/ a5
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a. INTRODUCTION

The work described in this report was authorized verbally
by Mr. O. van Deurs, Lambton County Engineer, and confirmed by the

return: of our work order, signed.

ol
5

onnection with the improvement of County Road 12, a
larger culver: is to vreplace an existing one at Beith Creek. A agite in-

vestigation was required to determine the subsoil conditions.

The new culvert is to be of corrugated metal, of 14 ft
diameter, and the invert will be located at the elevation 623.0. The bage

i8 to ¢ongist of a compacted gravel cushion.

The culvert will be covered with embankment fill to an
approzimaie heignt of 17.5 feet above ths crown, The roadway is ic be
40 it wide at the crown irclusive of shoulders and the embankment is

designed for side slopezs of 2.5 10 1.



B. GENERAL INFORMATION

i. Two test holes were performed at the site, in the positions
shoé{n on the enclosed site plan. The positions were indicated in the field
to our driiling foreman by the County Engineer, who laier supplied a sketch
shawi}zg the locations and ground elevations. However, the distance be-

tween the holes capnot be determined from the svailable data.

Test hole 1, located to the west of the existing bridge, {(ground
elevation 633. 2} was taken down to & depth of Z1.5 feet below the existing
grade.

Test hole 2 {ground slevation 620. 2} was terminated at 2
depth of 20 §t. Both holes encouniered g generally firm or firm to atiff
silty clay till, apart from some surficial layers of topsoll and fill. The

horings were ferminzated in the stiff il

2. The field work was performed between July 26th and 28th, 1962,
By our drilling ris unit No. 8. COur sizndsed drilline snd aamsline oro-
T Vms mELRLLUD S ED Al ~ ISR = - 24 o &

3. Detallz of ecll conditions encountered in test boles are
degeribed on the zppendsd borehols logs, which confain also resulis of

valueg of cchesive strength of clay.



C. SITE and GEOLOGY

Cont'd

The Beith Creek is approximately 20 £t wide, and the
normal water level i3 believed {0 be near the elevation 628. The flow
is in u northerly direction. The valley containing the creek is approxi-

mately 600 ft wide, with the invert about 35 ft below the level of the
serrounding terrain.

County Road No. 12 is &z gravel road. The existing bridge

hags ihe form of a concrete culvert with an 8 ft throat. The grade of the
exigting road at the centre of  the crossing is at the slsvation 643,83,

Geoiggic

2lly, ithe zves iz iccated within the 8t. Clair
glacial processes have deposited 2 mantle of till over a

rock. In the test holsz, the clayey il was found to be over-
only by up to ¢4

o

b
N
be
i
O

.5 it of a sandy and clayey fill with organic matier.




B. GENERAL INFORMATION - Cont'd

A simplified gubsoil profile, in the form of a section

thrcugh the test holes, is included on the enclosed drawing.

-

4, Lakoraiory testing of soil samples, apart from moisture
contenf deierminations, waa limited to Atterberg Limits and unconfined

compregeion tests with volumstric analyses.

Results of the tests are inciuded in Appendix "B".
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The gite of the proposed new culvert C-12-186 is located
in the Bousanguet Townehip, on County Road No. 12 at the Beith Creek,

and anproximately 2 miles west of the junction of this road with Highway 31.
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D. SOIL COND ITIOKS

Details of the s0il conditione found in the test holes are
described on the encloged borehole logs. & simplified subscil profile,

in the form of a section . through the two test holes is included on the

b} Siity clay with pebblea {clay i}
a Thetnicknegs of fill was 4 {2 in. intest hole 1 and 4§t 6 in.,

nsisted mainly of 2 clayey sand and included organic

BB nneny

intest hole 2. Itc

o]

matzer. I was dark brown in eolour and of firm congistency, as indicated
by standard penetration test resuvlis of 8 and 14 blows per foot at a depth
of 3 ft beiow the existing grade in test holes 2 and 1 respectively. The

moisture contents ranged irom 14.6% to 18. 8%,

b} Apari from the above described fill, the silty elay till was




D. SOIL CONDITIONS - Cont'd

{i3 a brown, desiccated and stiff crust,
{1} a grey-brown, firm to stiff transition zone,
{iii} a grey, firm , main portion of the straitum .

The stiff clay, brown and brown-grey, extended between the
depths of 4.2 ft below the existing grade to approxinuately 17.5 £t in test
hole 1, while io test hole 2 it occurred betwean the depth of 4. 5 ft and

approximately 13 {t below the existing grade,

The brown and brown-grey till had 2 natural moisture
content in the range of 17.8% to 22. 5% . Standard penetraticn tesis in

this zone were in the range of 8 to 16 biows per foot with an average of

In the greyclay the moisture content wes in the range
of 24.6% to 31. 6% with an average of 28.6%. Standard penetration tests

in the grey clay were in the range of 7 io 13 blows par foot.

Unconfined comuression tests were performed only on

four 3ampics of the softer, grey portion of the clay till, The undrained
ghear strength, taker 22 one haif of unconfined compressive strengih,
ranged irom 680 to 730 ib/eq.fi. For the purposes of calculating bez in

capacity of culvert and stability a:? embankment, if is considersd per-
J i e et e e s T e AEOGAAT

niisgible 0 aszume il the minimum 8srewgth oi the subacil is 7433 m,z 8. it.




D. SOIL CONDITIONS - Cont’d

In test hole 2, the clayey till again became stiffer at a
depth of 27.5 fi below existing grade, and standard penetration test
resulls at z depth of 29 ft gaveA 15 blowa per foot; moisture contents
at this depth were 21.4% and 23.8%. This may serve 28 an indication

that the silty cliay tiil is becoming stiffer with depth.

The gilty clzv till iz ¢f vary low permeability. =o that the phreztic gur..
M o »f o4 o ¥

face could not be sstablished during the short durstion of a test hole. How-

-
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ie 2zn be acsumed 38 controllzd by the normal
waoier level in ihe oreek, which is belizved {0 be nzar the .zlevation 626 or §27.
This corresponds roughly to the change from brown to grey colour in the

cizy i1}, which noviaaily occurs below the phreatic surface.




¥. CONCLUEIONS and RECOMMENDATIONS

a: Culvert Poundation

e
°

The invert of tue proposed 14 it diameter, corrugated

Fj

culvert, is to be located at the elevation 622.0.

dudging from the giratigraphy of iest holes 1 and 2, at this
level the culvert wouid be resting 3 to 6 #t below the top of the brown or
gee -brown, siff silty clay till, 7This material is very strong at this

leve:, and will safely support the culvert and the supsrimposad fill,

Bowever, according to Client's Nrawing No. R-24-4, the
:pitom of the cresk is near the slevation 624. 5, while the inver: of the
vallsy 2t = dimtance of 43 £t north of the esnirs line is near the slevation
327.5 ic 528.7. It is thercfore possible that the subsoil ba.ow the bed

of the exigting creek does not econsist of the stiff clay immediately, but

L

that some unknown danth of river-dencsited ma eraal is pr es’«!nz a@wt_z‘ze
creek bottom, while the fop layers of the giity clay have been eroded by
zeouring. However, on acéouni of ihe general firin to stiff consistency

of the upper lzyers of ibe clayey iill, i* does not appear likely that the
thiriness of ihe stream-deposited materialg is large and the clay probably

segiue R sbori cistance below the creek invert, though this could caly be

srevad by probez put down at the ereek bed itgslf.




F. CONC LUSIONS and RECOMMEXNDATIONS - Cont'd

2. Assuming that the shear strengih of the clay below the
propesed culvert invert is 1ot considerably lower than the average of
70 ib/:sg ft established in the softest layers in the two test holes, it
can be concluded that the bearing capacity of the subsoil under the
calvert will be entirely adequate,

3. The culvert should be laid on a cushion of well com-
pacted granular material. The purpose of the cushion is tc ensure
a good uniform kearing medium so that any settlement would be 28

aniEorm 25 nessiblse.

The thickaess of the granular cushion under the culvert invert
will depend on the material which exists at the present stream bed. From
regulis of test holes located af some distance from the giream it iz not
pogegibie io judge what materials are present and this information can

only be obtained by sdditicnal probes or by visual examinstion of excavation

it is recommended that the bedding for the culvert be
preo aved by excavating any variable strzam deposiis under the pipe
invert untll ithe clay il siratum is reached., The depth of ezecavation
below the culvert fnvert should preferably be uniform throughout the

¥ L bl s st rremand
iengih of the culvert.

t ig particularly important 1o remove all organic

material or ebft muy, and also it ig advisable {0 remove any bouiders,




F. CONCLUSIONS and RECOMMENDATIONS - Cont'd

The excavated trench should then be filled up to the required
ievel of pipe invert with well compacted granuiar material, placed in
layers 4 o 6 inches thick. Judging by the consistency of the clay till
as found inthe test holes, the subgrade below the culveri, once the sur-
ficial varizbic z 'd wet layers have been removed, should be firm and
relatively dry, forming a good base for placing the compacted fill. _Should,
however, excavation revesl the presence of soft layers of clay till below
the pipe inveri, which were not encountered in the test boles located some
distance irom the cresk, <ccwmpaction of the granular cushion material

ghould only begin after an initial layer at least one foot thick has been

st
&,
%
Q
&
prs
S
&,
o
®
D
&
G
fuiy
o

clay; this pracsulion is intended fo ensure against

the cisturbance of thz sofi clay by the compacting op eration.

4, The formation grade on the clay below the granular cushion
should not be dishrrbed during excavation and consiruction and shouid not
be allowed {0 soffen Uy abzorbing free water. All machinery should operate
from cuiside the trench and the excavaied grade should be protecied against
thg inflow of waler. The flow in the creelr shouid be diverted or cut off

from the excavation by sheeting in order {0 ensure 2 dry botiom.




F. CONCLUSIONS and RECOMMENDATIONS - Cont'd

Should the excavalion reveal s0ft subsoil below the existing

&
4
fard
&
n
o

one, the culvert would be reating in the stiff brown silty

cigy till, gnd it may be unnecessary to uae a granular bianket below the

g The preparationof a bage for the pipe and the compaction of

the i1} arcund the siges should be performsed in zecordance with the

7. Beuauge of the generally firm or sti¥ consistency of the

Ll

3 me i T S e d e bl remmem b L 3 2nY w,
eizy, consolidation setilement of the culye

e

t and ermhankment was nog

Ls

rely o excesd 2 total of 2 o 3 inches,

This, howsver, acturnes thal any aoft pockets or organic materials have
&

seen removed prior o placsment of the culveri and replaced by a well

eovapacied gramilar cughion., Hsiention of soft or organis matier mignt
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F, CONCLUSIONS =zand RECOMMENDATIONS - Cont'd

o} Stability and Sstilement of Embankment

dJudging by the firm {o stiff consistency of the subsoil,
there appears to be no danger of & slip faiiure of the new embankment,
the top of which at the critical section is to be near the elevation 854, 5,

The propozed side slopes of 2.5 to 1 ahould be stable,

The tohii seitlement of the embankment was not considered
analyticaily but is unlikely fo excecd 2 or § inches, judging by the con-

siatency of the oiayey iill in the two test holes. However, it is advisable

fc remove the fill material, which may contzinorganic matier, from below
the new embankment. Seraping should proceed until visyal examingtion

of rezcavéj:éd grade réveals 2 firm eubsoil, which does not contain con-
eiderable gquantlty of organic maiter. ¥ organic topsoil ig retained under

the membankmenta, it may result in some additicnal long-term settlemegtis.

Report preparad by: E. M. PETO ASSOCIATES LTD.

1)
B. Kuleszz, P. Enz. e
C. ¥. Freeman, P. Eng.,
Chief Enginger,

RK{’&P




APPENDIX A"

STANDARD PROCEDURE

Cevern bt crb bt e S )
The field investigation work is carried out by means of 2 skid

4

mounted diamond driil rig.

Standard sampling procedures are followed. Casing is driven
anpd clezaned, either by azugers, tubes or by wash water.

Samples zre recovared ahead of the casing at frequent intervais,
with either a 2 inch or 3 inch O. D. spiit barrel sampling tube, Shelby tube,
or split barrei sampling tube fitted with brass liners and spacial sharp
cutting nose,

The standard penetration test resulis are recorded when sampling
with the regular 2 inch 0. D. spiit barrel sampler, {hese being the number
of biows of a 149 pound hammer falling 30 inches, required to drive the
szmpiing tube a distance of cae foot into undisterbed soil.

The Dutch Cone probe {est is made by driving the drili rods info
the ground witk 2 2 inch dia. xz 60° cone tip. The number of 4200 inch
pound biows per fool of penetration ar= recorded, as in the standard penetration
test.

Where required, "in situ” chear strengih tesis are made alead
of the casing, using Rodified Acker vane tesi equipment.

Disturbed szronles are visuaily cizesified in the field, sealed in
gample jars, and are re-cxamined, and {esizd as necessary, in the scils
laberatory. Undisturbed samples are rveturned {o the laboratory for later

examination and testing as required,
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Job No. 62134

ATTERBERG LIMIT TEST RESULTS .

BE/S4. No. Depth Liguid Piastic Plzsticity Natural

Limit Limit Index Water
., g & Content
— — e x.
174 3 30.7 15.8 4.9 18,1
/e C 21 34.2 B.5 i8.3 24.8
%/B 8 34.¢8 8.7 i7. 9 29.2




E. M. PETO ASSOCIATION LTD.

UNCONFINED COMPRESSION TEST DATA SHEET

Job No. 62134

5 )

o

g g ® 3
K “ 3 . 5 g 5 3

E: 2 - b3 2. g . & -
3 & £ . e g e ke u =
5 g 5 & 39 ¢ © o o
Z ) a 2 =2 8 = S S
2 7 142 28.7 125 97 0.77 880
z 74 150" 80.0 125 98 0.79 860
2 16 22107 30,3 1%5 $6 0. 80 8890
8 164 230w 28,0 i21 94 0.84 730
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501 ENGINEERING SERVICE - TORONTO, ONTARIO
... BOREHOLE LOG

E Job Name Loalvert GCsLlsdu. .. . Job Moot IE L Borehole No 70 L
P \ . : . RIS ‘ ) Julw ‘h(*lq' Fat
Client .lh‘ .‘k.,f.’ ity of } N "‘!.3!:(«”‘1 Casing ‘ & . i't A Baving Date Iil 44444 7 ,,,,,,,,,,,,,,,
’ Elevation ARG Compited t4, LG VN Cherked By 30 L o e e

SAMPLE CORDITION SAMPLE TYPE ABBREYIATIONS
A8, AUGER SAMPLY V. T. IN $iTU VANE SHEAR TEST
% UNDISTURBED C.5 CASING SAMPLE M. MOISY
. N EAIR 5.5, 7' STANDARD SPLIT TUBESAMFLE LW WATER LEVEL IN CASING
- > S0 SPLIT BARREL WITH LINERS w.T. GROUMD WATER TABLE IN SOIL

@ DISTURBED 5.7, THIN-WALLED SHELBY TUBE SAMPLE W.T.P.L. WETTER THAN PLASTIC LIMIT
- W.S. WASH SAMPLE D.T.F:L. DRIER THAN PLASTIC LIMIT
: - LOST RO, ROCK CORE APRL ABQUT PLASTIC LIMIT

i
. Sawple N S ()
SOML DESCRIPTION ety ut Logend | - wml | Tamee Mot WATER, LEVELY & REMARKS
. " Condislon | yor R
‘ .
. Jz Groand Sar ‘F.«d‘«‘ !
Cliayev sand fill CDK, - Brown ‘ 1 Very Moist
yosd L ! N A ot
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'th Fyiten - (“”n aet . 1 “
Vet v © i ey £y . Sl RS —

- 8Silty elav til)l - 1o
HO0me sand
AS avove

“"T”Iu.,,.

WTI

Tirey Brown ‘ o

As above ...
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e. . peto assoeciates itd.

SOIL ENGILEERING SERVICE .~ TOKONMTO, ONTARIO
BOREHOLE LOG

dob Name ol veru Lo Li=du oL doh No. 0 d dd Borehole Mo, S5 v .

CClienr (The Connty of Dambtoevy el AT X Joly 27 & 28400

Buoring Date
Elevation 2.380,.n... L e Compiled By o4 - .. Choecked By LY T SRR TP

SAMFLE CON N LE TYPE EY
/ T AS. AUGER SAMPLE nT. N $ITU VANE SHEAR TEST

% UNDISTURBED C.5. CASING SAMPLE M, MOIST
m} FAIR .5, 2'' STANDARD SPLIT TUBTSAMPLE LW WATER LEVEL IN CASING

. S.L. SPLIT BARREL WITH LINEWS W.T. GROUND WATER TABLE IN 501L
B oisturseo 5.7, THIN-WALLED SHELBY TUBE SAMPLE W.T.P.L, WETTER THAN PLASTIC LIMIT
- WS, WASH SAMPLE 0,7.F.L. DRIER THAN PLASTIC LIMIT
LoTT R.C. ROCK CORE APL T ABOUT PLASTIC LIMIT

2wl il ur
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i
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