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Mr. K. L. Kleinsteibar, Mr. 4. G. Stermac

Municipal Bridge Liaison Zngr., Principal Feaadatian Engr.,
Bridge Division. Foundation Section,

Materlals & Research Division.
attn: Mr. G,C.E, Burkhardt. Cetober 25, 1962,

Soils Report tv 2. ™, Peto fsgoe,, Ltd,

County of Lambton,

Propesed FPipe Culvert,

Township of Bosanguet,

Lot 62, Hé. between L.F.E. & L.E.¥. Cons.,
Srructure Jite #15-287,

Bridge uffice Def, #PB4 1F1€.

We have reviewed the above repcrt and hereby submit ocur
comments for your consideration:

The foundaticn investigation has revsaled the presence
of a scft clay layer approximately 21 £t. thiek. The soft layer
is followed by a very stiff sandy clay layer with pebbles (till).
Gverlying the soft layer is sandy clay fill on the west side, and
Stiff brewn gilty clay and the sandy clay fill on the east cics of
the creek. It appears that no such materials overlie the soft clay
layer in the creek, itself.

Due to the presence of such a soft clay layer, twc main
prcblems arise: The stability of thie embankment and the magnitude
of differential settlements along the culvert axis.

Tc resclve these two problems, the shear strengih as well
as the compressibility characteristics of the soft clay, have to be
reliably determined. In evaluating the results of unconfined com-
pression tests, the consultant has discarded all the low valuss on
the ground cf prcbable sample disturbance. &n average of the higher
values of 400 p.s.f., was then used in the stability snalysis. The
results cf the analysis show that the £il] iz unstable. A 20-ft.
berm increases the factor of safety only to one.

The shear strength is the governing factor in the analysis.
Unfortunately, this is also the item of uncertalinty in the report.
Based on the "factual” information as contained therein, we have
therefore, to take them as "reliable" wvalues on which to base our
judgment.

It would esppear to us that a logical conclusion based on
the results of the field and laboratory investigation and the sub-
sequent ar:lyses, would be the recommendation of a berm which would
assure the stability of the structure,

cont'd. £ ...
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Mr. K. L. Kleinsteiber,
Municipal Bridge Liamison %ngr. .
Attn: Mr, G.C.E. Burkhardt, Uctober 25, 1962,

Additional investigation could have been proposed
only to enable & more precise dimensioning of the bherm, l.e.,
to establish its limits.

However, the consultant is of the opinion that an
embankment failure is ncot likely to occur, and in view of the
minor importance of the rcoad and the cost of measures to increase
the embankment stability, he thinks thet the risk of having a
failure is warranted. The consultant bases the above statement
on the uncertainties involved in the stability analyszis ard its
consequent limited reliability, and alsc the procbable presence
of a stiff upper crust.

Ty predict s-curately the stability of the embankment,
the consultant requests additional data among which also includes
additional infermation regarding the shear strength of the subsoil
and the presence and thickness of any stiff crust.

The cholce of either taking the risk of having & failure
or bhaving additionsl investigation carried out, is left now to the
client.

We can hardly agree with such 8 cheice. It is cur
¢cpinion that however limited or extensive an investigation is, it
shculd produce results that are relisble. Factual information
shouléd be beyond doubt. Therefore, we think that the two borehcles
should have revealed, and the subsequent lab. investigation accurately
established the type and properties of different scil layers. From
the presented information - and if this information can be considered
relisble ~ there is no upper crust in B.H. #1. It alsc appears
reasonable tc assume that no crust is present in the creek bed.

This would then represent the most unfavourable condition and there-
fore the basis for the stability analysis.

With respecet to the consultant's reference on the
reliability of the stabllity analysis, there is ample evidence both
in the literature and from our experience, that such analyses have
produced reasonably accurate results provided that the relevant scil
prcperties are reliably determined. However, it seems that the
consultant has little faith in his results.

We are also perplexed by the statement that the dif-
ferential settlement between the centre of the smbankment and its
tces would be 1" since the calculated settlement at the centre of
the embankmert is 7" and the settlement at the toe, though not
reporied, must be small. o e

LA ZLyrTL o
4GS /idei . k. G. Stermac,
cc: Foundations (ffice v~ PRINCIPAL FUUNDATION EEGINEER

Gen. Files.
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; ,‘138‘? Caledxania Roaé,
: Tcrcnm 19, Ontaria.

Our Job Number 62181 gvgse,z; a - 1126.

 September 11th, 1962,

Mr. O. van Deurs, P. Eng.,
Lambton County Engiceer,

County Ba.id;ags o ‘ ‘ ST
Sarnia, Ontario. é I -7 7;) P

Dear Sir,

C -s.Z-I? Cﬁivert Shasizawaﬁdah Creek
Soil Site Invesﬂ.gation.

Ve have pleasure in préseating four coples of our Report

No. 62131 on the above site investigation.

As was eariier indicated, th's mést:’critical'csnsideratian
in the design of the crossing will be the stability of the embankment with
respect to a gravitational slip. However, any such slip is unlikely to in-
volve the proposed culvert, the bearing capacity and stability éf which can |
be considered as satisfactory, if the precautions suggested in the report

are followed.

"Continued"




With respect to the danger of embankment slip failure,

resulis of the present site investigation can only be re'gatdeé,as'pra—
liminary, giving an approximate indication of the risks involved n
the construction of the embankment. A thorough investigation of
stability could only be based on additional information, which would
have to iuclude a detailed survey of the critical cross section of the
embankment as well as additional probes along this section, in order
to determine the possible existence of a stiff crust of subsoil, the
presence of which, if proved, would considerably lessen the risk of
@ shear failure. A more thortgh investigation of the shear strengdh
of the soft clay than was possible in the present two test holes would
also be advissble,

However, in view of the rainor importance of the road and
in view of the small likelihood that any failure eould affect the culvert
itself, you may not consider it economical to perform the additional
work. Instead, there may be a good case for proceeding with the con-
struction as planned, while bearing in mind the risks invdlved. Lhould
any indication of tendency for slips be chser?ad, remedial measures
could be taken auring and after construction. A number of steps aimed
at improving the stability of the embankments are éuggsated.




We consider the report to be eemprehensm under the
circumstances, bui: we woaidbe mostpieaaed tcanswer anymeries i
connected with ﬂ;ﬁs work, bzf to previde aédiﬁenai Lass&stance;}:if

Yours very truly,
" S ~ E. M. PETO ASSOCIATE

o RK/ap
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A. INTRODUCTION

The work described in this report was authorized verbally
by Mr. O. van Deurs am;& caszfirmed by ﬁze reﬁ:rn of aur work arder,
signed, |

A new culvert is to be constructed on County Road 12, near
Ravenswood, Ontario, where this road crosses the Shawana Creek. A
site investigation was requiresd fte' determine-the subsoil conditions.

The culvert, of corrﬁgated metal, is to have a diameter
of 22 it, and the invert is to be located at the elevation 612.0. ’rhe base

is to cousist of a compacted gravei cushion.

" The cu!vert’is— to be covered with embankment fill to a
heightof 12 ft above the crown of the pipe. Ttz roadway is to be 40 ft
wide at the crown inclusive of shoulders, and the embankment is designed
for side slopes of 2.5 to 1,




'B. GENERAL 'mﬁ',afgmﬁl'gios

1. . Two test. holes were periormed at the site, i;z the pasi{igag -
shows on the enclosed site plan. The positions were indicated in the field ; "
to our drilling fareman by the County Engineer, who later supplied a ske&h
showing their iacatinns ‘and ground elevations.

Test hole 1 was termiﬁated at a depth of 45 “ft, after
proving 18 £t of a very stiff till. |

Test hole 2 was taken dows to a depth of 31.5 ft, whichwas
sufficient to prove the presence of the very stiff tﬂi at a comparabie

elevation as in test hste 1.

2. The field work was performed between July 24th and 26th, 1962, e
by our drilling rig unit 46. Our standard drilling and sampling procedures
were followed, as outlined in the enclosed Appendxx AT,

3. Details of the soil conditions encountered in the test holes
are described on the appended borehole logs, which contain also resulls
of in-situ standard penetration tests, moisture content measurements and

values of cohesive strength of clay.

A simplified subsoil profile, in the form of a section through
the test holes, was prepared and is shown on the enclosed drawing.



B. GEMNERAL INFORMATION - Cont'd

4. | The folloving tests were performed in our soil mechantes

laboratory:

Mmstm'e content determinaticns
Atterberg Limits tests R

‘Graiu size distribation : ' '

Unconfined compressien tests with voiumetnc analysis

Consolidation tests ~ ,

Undrained triaxial tests for the determmaﬁan of
Mcdums of hnea.r deierxﬁaﬁon (Yaang' 8 &!eci&lns}

Results of the above tests are mcmded in Appendix "B",

C. SITE nand GEOLOGY

The site of the new culvert is located. in the Bosanguet
Township - on - County Road No. 12 and approximately 0.5 mile west
of the junction of this road with Highway 21. The culvert is to carry Road
No. 12 over the Shashawandah Creek (or Shawana Cféek), which flows in
a northerly direction. At the time of the site investigation, water in the
creek was stationary, the flow being blocked by some recently déposited
ﬁli a short distance north of the existing bridge. Normal water lveﬁel is
believed to be near elevation 613.5. |



€ SITE  and GEOLOGY - Cont'd

Bea‘,dNo. 12 18 a gravel rcézd. ; 7

The valley which contains the creek is some 800 ft wide,
with the invert up to 40 ft below the level of the surrounding terrain.
The existing bfidge deck is at the elevation 625. 5. The terrain in the
vicinity of the bridge has been regraded recently, with the placement
of fill on both sides of the bridge and with alteration of valley slopes.

Geologically, the area is located within the St. Clair
Clay Plain, where glacial prccesse# have deposited a mgnt}é of till
over a shale bedrock. A very stiff sandy clay till was encouniered
below the elevation 590, and was overlain by a considerably more plastic
soft clay with gome grits and pebbiés. The subsoil conditionz are
described in the following chapter.



D. SOIL CONDITIONS

‘Details of :the soil conditions found in the test holes are
shown on the enclosed borehole logs. A simplified subsoil profile has
been ploited on the enclosed drawing, | in the form of a section through the
test holes. o

As far as can be judged from the two borings, the subsoil
below elevation 611 is horizontally uniform at the site. Above this level,
the soil consisted of z stifi crust of é—zay in test hole 2, overlain by
some fill, while in test hole 1 the sHif crust was abse&i‘and the subsoil |
above the elevation 611 consisted entirely of fill.

The main types of subsoil, in the order of depth, can
be defined as follows:

Topaoil and fill

Stiff brown silty clay with pebbles
Soft grey clay with some pebbles
Very stiff clay till.

> o o

©

Each of 1ae above soil types will now be described in turn.

1. Topsoil and fili_

The subsoil immediately helow the existing grade in both
test holes was found to consist of a variable fill, composed mainly of a
sandy clay with gravel and crganic matter. The fill was brown or
mottied brown a..d of firm co.siste..cy. It exte:xded to a depth of approximately
5 [t belpw. the existiug grade iu test hole 1 and to 2.3 ft in test hole 2.




D. SOIL COMND ITIONS - Cont'd

The fill in,a{arial can be reused in the reconstructed em-
bankment, but where visual sékaminatien indicates that it contains
much organic matter, or {8 very soft and wet or otherwise inferior,
it should be rejected. The top foot of the subsoil, which can be expected
to contain a considerable progortionbﬁ plant roots and decayed vegetatioxi;
should preferably be scraped off under the embankments as it may bea
seat of aédxticnai long-- term setﬁements

2. Stiff brown silty clay with pebbles.

A stiff, brown silty clay with pebbles was found in test
hole 2 between the depths of 2.3 ft and 8.5 ft below the existing grade
{clevatons 617.1 to 610.9).

In test hole 1, this material was absent.

The brown clay forms the desiccated crust of the under-
lying grey silty clay stratum. It is considerably drier and stronger;
standard penetration test results of 21 and 14 were recorded in this layers,

as compared with an average of § at a greater depth.

Where it is present, the stiff brown crust of clay will
act as a raft and distribute embankment loads over a wider area, so that
the stability will be iess critical. However, the horizontal extent of

occurrence of this erust is unknown.



D. SOIL CONIDITIONS - Cont'd

3. Soft grey ﬁiag_with bbles

This dwosit was encountered at a depth of 5 ft in test
hole 1 and 8.5 in test hole 2 and extended to a depth of 27 £t and 28.5 itv
respectively. The average eievatmns of the top of this straium was 811
while the bettam was at 59@ sc that the thiekaess is abpreximateig
21 ft. The soft ci&y resta on a stramm of very ‘stiff sandy el,ay ﬁn

which has a very high bearmg capac;ty

Becaase pf,,t;;e;criﬁcal character of the soff clay depssit, ;
its geotechnical properties were studied in some derail, and weite as

follows:

a) Composition and Plasticity

A grain size distribution curve, performed on a typical
sample of the material from a depth of 22 fi in test hole 2 is included on
Fig. 1, Appendix B. It shnwé a 55% clay content and a 7% fractisé of
sand; the remainder coxisists of mainly fire {o mediu'm silt. Some grits

were present in samples of the clay, and a layered structure was e&served.

Atterberg limits tests were performed on three typiea;
samples; |

The Liguid Limit was between 39% and 42%, and the
Plastic Limit was 18%, the Plasticity Index was be#:w*eeh 21 and 24.



b) C’emisteney and shear strengg

The &msii was generally very seft, staadard penetratioa
test resuits raaglng from 38 o 7 blows per foot, with an average of abaut
5 blows per foot.

Moisture content was found to vary from 25.0% to 89. G%

Compared to the Atterberg limits, the natural maisﬁ:rfe séntea% is found - i

to be in the bigher parts of the plastic range of the material and to
approach the Liguid Limit, | | eor#espoaéingm a sbf: to very saft

consistency. | , . ,

The shear strength of the clay under undrained ceaditians, |

(“apparent cohesiorjwas measured by seven unconfined compression tests. |
The undrained shear sivength, taken as one half of the unconfined com-

7 e V
pressive strength, was found to vary from 160 to 440 Ib/sq.ft. However, |

the lower values are probably causéd by sampling disinrbance and it is

considered that the average cohesive strength can be taken as 400 Ib/sq. ft.

The bottom layers of this material, below the depth of
21 ft in test bole 1 and about 25 ft in test hole 2, were found to be some-
what stronger, and a potential slip plane is likely to pass above this level.

-,_,\!
H




D. SOIL_ CONDITIONS - Cont'd

¢) Compressibility

. Two oedéme’tér consolidation tests were performed on [
undisturbed samples of the soft clay and the results are presented on
Figs. 2a and 2b, in the form of void ratio-log pressure curves. The
coefficients of volume change and emazmmm included on the
above figures in tabular form, for the various load stages of the |
tests.

The regults of the tests indicate that the compressibility

of the maierial is high, so that the layer is subject to relatively lérge
settiement under the weight of the new embankment,

Modulus of linear deformation, E (Young's Moduius) was
determined on two undisturbed samples of the material from the a.'verage‘
|

gradient of stress-strain curves during repeated loading and unloading

cycles in triaxial compression. The average value of E was 52 ton/sq. ft.

This value is used in determination of the "elastic” or short-
term settlement of this stratum under applied loads.

4. Very stiff clay till

A very stiff stratum was reached at a depth of 27 ft in
test hole 1 and 28. 5 ft in test hole 2, corresponding to an average
elevation of 580. It was proved to a depth of 45 ft in test hole 1, f.e.
to 18 £t below its gurface. |




D. SOIL_CONDITIONS - Con''d

This material, of grey colour and consisting of a well
graded mixture of silt, clay and éaaﬂ with some pebbles, is very
strong, and will sﬁé&y wiﬂmtsad any strés‘ses transmitted to it from
the overlying deposits. |

 Standard penetration test results inthe till ranged
from 24 to 68 blows per foot. |

An Atterberg Limits test gave the following results:
Ligquid Limit: 22%; Plastic Limit: 13%; Plasticity Index: 8.

The moisture content of the till varied from 10.4% to
18.2%, but most of the results were between 12% and 14%. The natural

 moisture content, except in the top layers, was thus at or below the

Plastic Limit, corresponding to a very stiff consistency.

In stability analysis, it can be aszumed that any potential
slip plains will be :lqcated above the surface of this stratum. In settlement
calculations, ipsignificant error will be involved if the stiff till stratum

is assumed incompressible.



E. WATER CONDITIONS

p—

Slow seepage of ground wateri_was only remrtad at a |
depth of 3 £t 8 in. in test hole 1, in the fill material. Rrefiocts
water level in the creek, which can be assumed to control the water
table at the site. The water level in the stream was near the eleva-
tion 613.5. |

- The soft clay and the stiff sandy clay till wkinh; tmﬁ@r— .
lies the backfill, are of relatively very low permeability and all
noticeable seepage of ground water was cut off as soém as borehole
casing penetrated into the virgin subsoil. No seepage seams were
encountered in either of the test holes below the elevation 612,



F. CONC Lﬁ&ION;‘S and RECOMMENDATIONS

(a) Cnivert Fméaﬁea

1,  The inm’rt of the 22 ft diameter, cormgated metal culvert

is to be located at the élevatien 612.0. ‘Acésra:ag to the results of the

two test holes, at this level the eulvert miﬁ be resting praeticaﬂy on

the surface of stratum of 3sft eiay with seme pebbles, wlﬁck ex{:eadeﬂ to .
the average elevation 590, where it waa feﬁawed hy a very stiff, sanéy

clay till. The average tmérameé shear strength of the sott ciay strainm

can be taken as 400 zh/sq.ft* however, t&is ?alue is baaed on a reiative&y ‘
small number of tests gerfarmed‘on samgles fiom the two test h@ies, and

it is not certain to what extent this average resa}t is éepzesénts;ﬁve ei :

the strength of the clay immediately under the prepéaeﬁ'.c'uivart.

Also, although the surface of the soft clay in the two test
holes was near the elevation 611 to 612, it is possible that at the pro-
posed location of the culvert the soft clay has been eroded by the stream
io a greater depth.

2. Assuming that the shear strength of the clay, as deter-
mined in the two test holes, can be taken as representative of the
material below the invert of the ¢u1vert, there appears to be no danger
o f a bearing capacity faflure below the culvert, the weight of which is
estimated at 500 Ib/lin.ft. The bearing capacity below the full height
of the embankment adjacent to the pipe will be cansiderahly more
critical and will be discussed later.



F. CONCLUSIONS and RECOMMENDATIONS

3.  The énlvert should be laid on a cushion of weﬂemﬁp&é&d
granular material. The gm*peae of the cushion, in view of the suffieiant
hearing capacity of the subsoil, is not so much to spread out the eulvert
loads over a wider area, as to ensure a goed, uniform beariag for
the culvert, which will allow & uniform settlement. o

The thickness of ‘the granular cushion under the ptge ‘
invert will depend on the ‘materiaz which exists at the preseat strem
bed; from results of test holes located at some distance frani thestream
it is not possible to judge what materials are present in the surficial |
layers below the pipe invert, znd this information can only be cbtained
by additional probes or by visual examination of sxcavatian below the
pipe.

I one interpolaies results of the two test holes, the
soft clay stratunjwould appear to begin near the elevation6l1. However,
it is possible that thismaterial below the existing stream has been eroded
by scouring o a greatér depth and replaced with materials carried by
the stream, which may consist of sand and gravel, but also organic

matter and soft mud.

It is recommended that the bedding for ths culvert be pre-
pared by excavating the possible variable stream deposits under the pipe
inver* until the soft clay stratum is reached. The depth of excavation



'F. CONCLUSIONS and RECOMMENDATIONS - Cont'd

below the culvert invert should preferably be uniform throughout the
length of the culvert. It is particularly important that all organie
material or soit mud be iemved, and also it is adviasable m.éemave
any boulders.

The excavafad trench should then be filled up to the
required level of pipe invert with well compacted granular material,
placed in layers 4 to 6 inches thick. If, as is probable, th: granmular
cushion will rest on top of ' the soft clay, compaction should only begin
after an initial layer at least one foot thick has been laid on top of the
soft clay; this precaution is intended to ensure against disturbance of

the sot clay by the compacting operation.

During the excavation, it i8 important not to disturb ‘he
formation grade of the soft clay at the botiom of the excavation. Ex-
cavating machinery ghould operate from ocutside the trench and the
excavated grade should be protected against the inflow of water. The
flow in the creek should be diverted, or cut off from the excavation by
sheeting in order to ensure a dry bottom. In the event that stream-deposited
granular layers exiet below the stream bed, the water seepage through
such pervious layers can be cut off by driving sheet 2 short distance
below the lower limits of such layers, and into the relatively impervious
soft clay.



F. CONCLUSIONS and RECOMMENDATIONS - Cont'd

The thickness of the granular cushion below the culvert
inver% will depend on the necessary depthss of excavation 1o remwe
unsatisfactory subsoil, as’iadieated above. In the event that the
excavationfiiscloses the presence of surface of the séft ‘claﬁ stratum
near the invert of the calvert, a thres foot minimum thickness of
granular cushion (i.e. down to elevation 609) would probébiy be sufficient
o provide a mniform bedding.

The width of the cushion should be equal to é.t'leasi one
and a half times the pipe diameter, though a width equal to . twice the
pipe diameter would be prefer#bze and would provide a good base for
the proper compaction of the backfill on the sides of the pipe. |

4, The preparation of base for the pipe and compaction of
the fill around the pipe should b%erformed in accordance with the cus-
tomary requirements of good practice. The main of these requirements
are:

The lower quater c. the circumference of the culvert
should be firmly supported. Thus the compacted granular cushion should
extend t0 a minimum height of 3 to 4 it above the invert level. The bedding
shouald then be carefully shaped to accurately fit the pipe. Best results
for bedding corrugated metal structures are obtained by preparing a fiat
surface and carefully tamping the fill under the haunches.



F. CONCLUSIONS and SECOMMENDATIONS - Cont'd

I is advisable to secl the pervious grasular fill under
the pipe at the ends of the structure against the inflow of water. This
can be done by bedding the ends in well-tamped clay oz by i,nclédibg a
2ead wall or end section, | , |

The corrugated metal structure, being ﬁeiibie, will
bend - under eisbankment loade and deflect out horizontally, thus
huilding up side support. Is order to allow sufficient mobiiizaﬁbn of
lateral resistance, the backfill around the pipe should consist of good
quality, drainable material, free of rocks and organic matter. The fill
under and around the structure should be placed in layers n& exceeding
6 inches at a time to permit thorough compaction. The helght of fill on
boih sides of the culvert should be built up simultaneously. |

The fill above the erown of the culvert should be of equally

good quality and standard of compactitm‘:son the sides of the structure.

5. Because of the presence of an approximately 21 ft thick
layer of zoft clay below the elevation 611, theculvest and the emb;ankments
will be aubject {o settlements. The gettlement of the culvert will be
caused not only by the weight of the structure and of the superimp@ad

iill, but algo by the stressing of the subsoil under the pipe by the écijaceat

e

embankment. Also, a downward force on the walls of the enlvért and on

the perimeter of the fill projecting above the crown of the culvert, caused by
the settlement of the adjacent embankment, will cauee some additional

-~
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F. CONCLUSIONS and RECOMMENDATIONS - Cont'd

H
settlement. Thiy frictional or "drag” force will depend on the type of

backiilling and the relative timing of construction of the embankment l
and culvert, and is therefore very difficult {o estimate. |

The upper limit of the likely settiement can be taken as
that due to a pressure corresponding to the full height of embankment
adjacent to the culvert. In actual fact, however, due to the empty
space inside the pipe, the actual setilement of the culvert will be less,
and the following figures should only be treated as a .guide to the maximum

iose of head clearance that may cicur due to pipe settiement.

Under the above agsumptions, the settlement of the

culvert invert would be 2s foliows:

Ultimate gettlement of centre of culvert: 7.4 inches.

The scttlement will be reduced by roughly cne-twentieth of the
zbove véiue for ecach foot thickness of compacted sand cushion below the
assumed elevation of top of soft clay of 6i1. For a sand cushion extending

t o the eievation 608, the theoretical seitlement would thus be 6.2 inches,
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The above eatimate of settlement assumes that the eulvert
is placed on a well compacted granular cushion, in accordance with the
above recommendations. Additional 3etﬂement would occur if any soft
mud or organic deposits were retained under the pipe. Also, umeven
settlements may take piace if materials of variable density are retained
close to the invert of the culvert. The danger of this also will be lessened
by the provision of 2 suitable granular cushion. | ’

Agzsuming a un¥form bedding of the pipe, and also asémaing
it to be fully flexible, t}g differential segggggg of the culvert invert be- & 5
tween the centre of the embankment and its toes would be of the order of \ ’

en%e__i:_:’c}g.__ This wili be caused by the progressively decreasing pressure on

.the pipe in the direction of the embankment toes.

b} Stebility and Setilement of Embankment

The stability of the embankment with respect to a gravitational
slip was investigded, assuming a typical section through the embankment, as
illustrated on the enclosed sketch. (page 20).

The section, which was conéidered a typicaliy critical one,
was obtained from Client's Pian No. R24-2, though no actual cross sections
of the proposed embankment were available. Also, the subeoil profile at
the critical section was assumed to be identical to the section through the

two test holes. Because of the above assumptions, the accuracy of the
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analysis is Himited, and it élmald be Mid;ered only as an awmxmat,é |
guide to the safety of the embankment. -
The following conclugions can be drawn from the étébﬁity
" analysis. |

1. ' i the critical conditions of shear strengths and soil con-
figuration, assumed in the calculations and indicated on the sketch;
are valid, then there is a distinct danger of faﬁnre of tbe embankmeat
A facto: of safety of 0. 87 was obtained (slip circle #2). |

o 2. A twenty foot wide berm, introduced at mid-height of the
embankment slope, was found to raise the factor of safety fiom 0.87 to
1.00. Thus, the increase in factor of safety due to introducﬁan'ai the
berm is not very large. For a substaniial increase in safety factor, |

a congiderably wider berm would be necessary, or a series of smaller
berms, which would flatten the effective average slope of the embankment.

Provision of berms, which, designed on the basis of the
above stability analysis, would ensure a substantial increase in the
factor of safety of the embankment, would involve a considerable
quantity of additional fill and 2 large wiéth of acquired property. Because
of the uncertainties involved in the stability analysis and if8 conseqguent
e limited reliability, such more expensive measures cannot be justifiably
recommended on the basis of the presently avallable information.
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. In the stability analysis, the most critical eomﬁtiens
b&sedmresnltseithetmtesthaie@ werecens!dereﬁ Oniyasmaﬂ |
increm of s"engﬁz in the bap, drier portion ci the tﬂpﬂoﬁ was assameﬂ,
and the shear strength of the embmkmmt material was negiecteé '
completely, assuming a tension crack penetrating to the virﬁn seii,'

In fact, the contribution to resistance to shear from the

~ stiffer crust of the subsoil may becaasiderahiy hi@er tha mnmed :
Also, some resistance to shear in the embankments may be mbﬁized,
particularly in view of the Iimiteﬁiengimdma_ extent of the critical secﬂen
of the embankmazt as cam;:ared to its width.

Az allowance in the stability calculation for a higher
hearing resistance in the desiccated portion of the clay and in the

embankment would g:}eatjy increase the factor of saséty, A stiff layer,
crossed by a potential slip line and even only a few feet thick would
greatly increase the factor of safety and bring it to over unity. Such a
stiff crust was present in test hole 2 but was absent in test bole 1. On
the basis i the results of the test holes, we did not feel justified in
making assumptions regarding the occurrence of such a stiff layer
at the critical section; instead, we have restricted the stability analysis
to the most critical likely c:tzxxclititms,w but we include the above reasons
why in actual fact the problem may be lese acute than indicated. |
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4, = The shear strength of the soft clay will inere!me with ﬁme,

~ due fo the e’a;s;oii&atien of the materiaiuader the w‘e‘igai‘of the ; ngw embank-
ment. Consequently, ‘the factor of Saiefy'wﬂi increase in due course. A
risk of a slope failure will be decmasédif the emhaakment is buiitap B
gradually over a period of several weeks,r rather than in one rapid operation.

5. In view of the abwe eanciuswns, alﬁmugh the st&iiity
analysis, based on the mest critical v;suanzeé condzﬁons, indlcates a
possible failure of the embarkment, it appears that, in a_cmal fact, the
factor of safety may be higizer than eaicaiated, and that the work can be
successfully completed without a failure. However, without aéditiaﬁai
information about the asite conditions at the critical section it is not

possible to offer an accurat> estimate of the factor of safety.

The stability of the embankment could be reliably pre-
dicted only with the help of the following additional data:

) Detailed croes section of the site, with elevations of existing
and final grade a a potentially critical section of the embankment. The
profile should extend to 150 ft on either side of the centre line of the
embankment.
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() Aeaiﬁmiaf tnformation on subsoll conditions, obtained
from a line of prebes perfarmed at 30 to 30 ft iuterva!s along the
critical section. The ;mrpose eat the probea wauld be to determine

the thickness af,any‘sﬁfi cmst of subsoil, which is of ,cri}tica; im-
portance in stabﬁi’ty axaiysis

(iit) Additional iafozmaﬁm regarding the shear strength of
the subsoil, cobiained hy uaeonﬁned eompresaicmests and in situ vane
tests periarmeé in the grghgsi At least eme ei_ ﬁ:e probes :should be
carried out from the existing embankmeat,; to indicate wh'et!i: r subsoil
below this additional overburden is more consolidated and stronger
than vnder the low areas; this could serve as a gulde as to the ‘like!.y

increase in strength due to consolidation of the clay below the new
embankment.

{iv) Information on the shear strength of the compacted, new
embankment material.

6. Settiement of the cenire of ' embankment, under the

maximum height of new fill assumed as 20 fi, was estimated .. 7.4
inchea. The setllement will be caused by the compression of the 21 ft
thick layer of soft clay, existing between the elevations 611 and 590, and

does not include any settlement within the new embankment itself,
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Additional settlement could occur in any organic layer that
may be retained under the embankments. It is recommended to remove

all organic matter and tcpscil to 2 minimum depth of one foot below the
| existing grade, or as ma§ be considered aeeéaaary after examination

| of the scraped grade. The excavated material should be rejected and

| not reused in the reconstructed embankment.

7. The cousolidation of the soft clay would be aceelerated, and
the stability of the embankment would be improved, by including a granular

‘ filter layer cn top 'of the excavated grade and belcé the compacted embank-
ment material in the critical section of the embankment, and particularly
where the removal of o;'ganic" topsoil will uncover the sdit grey clay. Pre-
sence of such a granular biaizket, which should be 6 inches thick, would
aliow a more rapid drainage and consolidation of the subsoil, by decreasing
the length of the drainage path.

Rejp?r ared by: E. M. PETO ASSOCIATES LTD.

(27 4
R. Kulesza, P. Eng.

C. F. ¥Freeman, P. Eng.,
Chief Engineer.

‘ RK/ap




APPENDIX "aA" |

STANDARD __PROCEDURE

The field investigation work is carried out by means of a skid
mounted diamond dritt rig.

Standard sampling procedures are followed. Casing is driven
and cleaned, either by augers, tubes or by wash water,

Samples are recovered ahead of the casing at frequent intervals,
with either a 2 inch or 3 inch O, D. spiit barrel sampling tnbe; Shelby tube,
or split barrel sampling tube fitied with brass liners and special sharp
cutting nose. |

The standard penetration test results are recorded when sampling
with the regular 2 inch O.D. split barre! sampler, these being the ntmber
of biows of a 140 pound hammer failing 30 inches, reguired to drive the
sampling tube a distance of one foot into undisturbed soil,

The Dutch Cone probe test is made by driving the drill rods into
the ground with 2 2 inch dia, x 60° cone tip. The number of 4200 inch
pound blows per foot of penetration are recorded, as in the standard penetration
test.

Where required, “in gitu' shear strength tests are made ahead
of the casing, using Modified Acker vane test equipment.

Disturbed samples are visually classified in the field, sealed in
sample jars, and are re-examined, and tesed as necessary, in the soiis
kmboratory. Undisturbed samples are returned to the laboratory for later

examination and testing as required.



The teat holes ave bailed (or pumped cut) during the work as v
necessary, at the m& of the day, and on completion. Subsequent water
level readings are token for the dv 'ation of the fleld work, Water pressure
readings are recorded wizea Artesien water conditions are encountaved.
Moisture content samwpics are r@smfareﬁ at freguent iaiez'vaid io asgist in
the soii clagaification and the L&tﬁry‘g‘aﬁa&aﬁ of water :s.aﬂe resunite,

Borehole legs uve prepared giving delails of Lv goll deg-
cription ?@:ﬁ; condition a8 recorded in the fisld.,  These logs term the
basis of the scil profile, wiich indicetss the gensral stratigraphy 'asaﬁmsﬁ
to exist between the borelicies &5 represealsd by the borsbole logs. |

The boreholes are normszily set oat by the Field Engineer, who
also records the ground elovations referred to g tem porsry bepch mark or
mown reference point, I the client has baen regponaible for setting out

ke teréhciss and recording thelr ground elevations this is siate? in the
preambls to the report.
plan 18 drawn up fzom dravings gugnlied by the Client or
his representatives, showlag the locations of the Loveholcos sad the T.B. M.,
whers applicable. .

Hormelly, the sizndard penciraiion biows and the nalaral
moisinrs conients are plotied againat elsvelion 28 & graph, aund these
araphs form pavt of the aooendices, fogsiher with ishoratory test recult
datails, ground water readings and cthsr zoil charszeteristies which can

be best Hlustrated In graphical form.
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Job No. 62131

ATTERBERG LIMIT TEST RESULTS

BHE/SA. No. Depth Ligquid  Plastic Plasticity  Natural
Limit Limit Index Water
, , Content
| Ft. % % %
1/5 1 39.2 18.9 - 213 28.1 B
32.6 |
1/10 21 4.5 18.0 23.5 36.0
® 3 22.0  13.2 8.8 13.3
2/8 17.5 43.1 19.5 23.6 28.6




VINL

a

[

.
P-4
L
b
-

sTONES S mRAVEL.

wlvert c:.‘rz;}i?fk e 2

: .____..__.__22“‘ ELEVATION. ft:é‘éfﬁgm{s" - ve"y SOft 51‘33” «ulty c 3?"
WEC"S '“ ﬂmﬁm DUE T0 : .

']Qﬁ' QF OBiWNA' v«ﬁOCU‘

. GRAIN s:ze DISTRISUT!ON




JRR— -,?,,,‘....;4;4“ ek




1 1 i o 14 e 1 i e e o s s ot

SO S

i

.‘ B o ‘!;

TION T A

CONSOLIDA




, “‘mxf;ahola Number

'E. M. PETO ASSOCIATES LTD,
UNCONFINED COMPRESSION TEST DATA SHEET  Job No. 62131
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UNDRAINED TRIAXIAL COMPRESSION TESTS
 FOR DETERMINATION OF MODULUS
OF LINEAR DEFORMATION
(YOUNG'S MODULUS)

 Water Bulk Dry Void  Undrained  Young's

( E Cell
B.H./SANo.  Depth  Content Density Density Ratio shear sirength Modulus Ty  Pressure
| ft % p.c.f.  p.c.t. Se Cu ton/ p.s.1.
, S - ' p.8.1.  8q.ft
1/9 17.6 ~ 3%%.8  117.0 8.5  0.95 530 54,8 25 15
2/8 17.5 275 12i.5 95.8 0.78 850 50.2 118 15

Note:- E was obtained from average slope of stress-sirain curve loops in repeated
1oading cycies.
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