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©: FCUNDATION DNVESTIGATION AND
STASTLITY AMALYSES FOR THE
4iNT APPRCACEES, 5Ta.28+00
VILIE BY-PASS, CNTLRIO,

2 foundation invectigation and stability
:cproaches to the railroad overpass at

out re underlying soil, Thils methoed cone
side on of the soll and is sowetimss called
the equently, an analysis of the stability
wes : freetive strensth of the subscil, This
me b armiis the ev on of the increace in strength dee to conscle
idaticn of the subsoil, The possibility of displacing the soft subsoil
with the weight of the £il11 was also considered,

Our conclusions and recommendstione are as followssw

1. It would be highly Impractical to build the embankrent by ths
conventional total sirenzth method of design, The quaniity of £il1
reqaired would be many times that which would be recuired for a design
ed on cifestive strength, and sven somewhat more than if the embanke
nent was bullt successfully by the displacement method, Side slopes of
roved to be unsafe by this analysis, Therefore, if the embankment

o

5 constructed guickly, ths side slopes would have to be in excess of 6:1.
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‘?ASE: 3 D*’Z&Et{}a

the founcation imvestization carried out
a proposed higziway embankment south west

T corporated in the report are the yesults of the drilling work,
tests and lsboratory tssis on representelive and undisturbed samples,
ith the snalysis of these results, The stability was investigated
stal strength, f=0 and effective stress analyses.

e foundation ite were extremely varisble
his reason, si were made wherever the
£t they szre Ju 214 thot a rigorous anslysis
unted for every s strength of the soil, would
ave the reade sion that a higher degres of
cy has bszen achie wan is ily the case, The recommendations
is report are tased a chensive study of the field
ion and the lsboratory test results utilising, where applicable,
cst recently published advancemsnis in soil mechanics theory.

1024 SND RUANCLUS

Tn is located approximately kalf s mile south sast of
Huntsvills ic, on the preposed Hunisville By-Pass section of
Bighway Eo - shown on enclosure no.l, The arva investigated was
on both 8l the S H.R.right-of-way and consisis of swawpy low
lying gro small stream flows wore or less psrallel to, and west
of, the cenmtreline on the south 2ide of the ra’lrosds Thils sireanm
turnps shary -est after passing through a culvert under the railroad
and eros centre lire just north of ihe railroad right-of=-way,

railrcad, on the proposed centre line at stations 30+00 and 31450
respectivel 1]

‘vely, whils boreholss nos. 3 and L were located to the south
ilrcad on the cenira line at stetions 25400 and 22+00 res=-
zly, a8 shown on enclosure no.2e

E ITIGHS

The soil underlying the site consists of 2z top layer of wery
soft dark grey organic clay, varying in thickpess from 6,5 feet in hole
1 t0 3.0 feet in hole 2, Below this is g layer of soil; ranging {rom
grey silty clay to groy clayey sili, with silt seams and layers up to
several inches in thickness. A definlte silt layer, approximately L

¥

a
feet thick, was detected between elevetions 91k.9 and 918,9 in hols
no.l:, The clay layer, as encountered in the boreholes; ranges in thickness

»
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from 2 maximus cf 25.5 fest in hole 1, fo a minimum of 13,5 feet in
‘ *te:zg}s arg underlain by a layer of loose to
t. The scil profiles are shown in detail on
shests (enclosures nos. 3, 4, 5 and 6) and on

: le {enclosure no,9)., The water table was este-
t £1.,931.0 fest, The borings were not taken below

because our previous Investigation for the ausoclated
g 58 indicated the presence of dense sand, gravel and

boulders at greater depths just above bedrock. These granular deposits
would have no influsnce on the stability of the approach embankments,

The topmost orzanic eclay layer is of little imwertance. It
should be displaced by the weight of the embarkment, However, in all
of the stability analyses, the £ill was assumed to rest directly on
the ground surface. This szﬂply i g assumption is used because it is
imzossible to accurale 1? estinaly the depth to which ths natural soil
will be displaced. Ho the error introduced is small, providing

no wmore than 10 feet of soil is displaced,and is on the side of safety.
The error will be offset to some extent by the assumption that ths
organic laver has the same strength and unit weight as the underlying
clay layer,

refarred to as the clay layer
z fol e implify the nomenclature,

eth1¢i ts a var zth b t;een the different holes. Holes

2 and 3 show ¢ 2

than holes 1 and kL, h

to show this varistion, hawev*r,

in strength is app i

strengths by the field vane
111Pd compression tesis falled
il holes a noticeable increass

The sensitivity, which was also measured by the field vane, was

found to be considersbly higher in holes 2 and L than in holes 1 and 3.

Yo signilicant variation in the propertiss of this layer from hole to

hole is noticeable from the Atterberg Limit tests. The deposit appears
1 ded, by the consistent manner in which the meoisture

content was found i be in excess of the liguid limit and by the generally
soft aatura of the scil, b ensclidation tests do not entirely support
tids pelief, The consoli n test on the sasmple taken from 2‘6 feel

te 2h5 feet in hole 1, ind1ca tes some preconssliaat;on at this 18761,
This is borreoul by the incresse in strength generally found below
El.910,0 feet, The preconsolidztion of the leﬁer portion ef this ¢la
Stratum 1s probably due tc a heavier loading, or to dessication at some~
time in its past ristory.

The a?urare unit weights of the clay layer are 112,5, 121, 118
and 113 p.c.f, noles 1, 2, 3 and L respectively, These values sre
based both on dlrect measuzefer%s and on calculations of the unit weight

from moisture conisnt .acsarggpnts, using an estimated specific gravity

of 2,7. For the purposes of caleulati ons, tne unit weigrt of the layer
was assumed io be 221.53 as determined in hole 1, aﬁd the submerged unit
weight is therefore approximately 60 p.c.fs
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s found in some samples from this clay

! been split and purtially dried in the labe

g in all §rsbabiii‘; a lacustrine deposit, The

tions of the varved clay and the delinite silt layers

1y allow horizunt tal drainage of the soil and fherehy

cornsolicdation as the embankment is constructed. The

consolication tests performed on two undisturbed samples

1, tsken in this iayer arﬂ shown on enclosures nos, | and

e for the top part of the layer, a coefficient of conscl-

ua.‘b. per day zcr th° approximate range of loading
corpression index Ce of 0,165, The resulis of

ts are valid for vervical drainage only, and if

cccurs in the soil layer, the sctual rate of

be greater than that estimated from the tests,

of consolidation, as estimated from consolidation

egarded in this case as an outside limit and showing

: quired to consolidate.

3 U‘

crlying the clay was composed predominantly of
t. It was judged, by visual inspesction, o be
s to ?arm a lower drainage boundary “uring the
ols

F g e
medium-ds

vl - R
s =]
ot bt

S: .:

sn of designing and consiructing the embankment can
hrae nnadln:s. Bach represenis a distinct method
in aak?@nt. r"hese are--’l. Total

is the conventicnal msthod of analysing stability
or the apparent cchesion of the clay lgyer is considered
in the angle of internal friction is considered to be
nil stimes referred to 25 the f=0 msthod., The displace~-
e construction technigue, The object in this method
is L the soft clay layer under the weoight of the fill,
Tre is a design procedurg, based on the effective strength
of i :d the pore water pressura. The effective sirenglh of a
clay is the tree strengbh as m:asured by slow drained shear tests.

n

centre lins profile of the proposed erbankment is show
e no.%. The embankuent rises on a vertical curve to a
ght of 36 feet gbove the existing grounhd surface. For pur-
he analysis, the £ill was agssumed to be a gramular material
view of the hizh water table and the anticipsaied displacement
oil, is the mosit desirable type of £i1i, It was also assumed

11 would be capable of standlag on & 13 horizontal to a 1
opa, Assuming no cohesive ssrength and an angle of internal
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fricti roxinately ecual to the sngle of repose of the embankment,
& woul 21 to 33% « Lit, This sssumption 1s conservative. The
gngle rral frietion could Le considersbly higher, depanding on
the n th misy £111 and the degres of compaction il was
subia G iy spezalking, the sn-le of internal friction is
egal repose of & granclar materizl only in its loosest
state nt of this £i11, when conpacted, was assumed to be
anpro pec.f, in air and water respoctively,

iitions over the site make it difficult
% on i Furthernore, no definite or
he ¥ ?~a§llit§ of the strength of the soil
ite could be estzblished, with the possible
te viginity of the reilroad righteof-way,
eal ar.a it wa @Eﬁlﬁ 4 therefore, to base
zh ¢t and assign & cohesion
L. to the 11r°t cil and LOO p.s.f. to the
2

cf
portion of ithe glar lzysr, Thase are total strength values
n line with the aversvs valus erwinsd from fislid vane tesis
In soft satursated clay soils of this &vpe, it is felt that
the field vane yields a more reliabli gsure of shear strength than
foes ihe uucanf*ﬁea conprs Sal& tegt, Froa a ;ra miﬁ“ study of the
iip ¢l

‘actor of safety of 1.25
his value, the proposad
of the initial triel,

detzrmine the severity
o 11 actor of safety was dat~
& very 5:rious s alllty provlem existed,

nlgn bera was itself unstaele,

is method of derign was followed,
ng side bsrme, almost 2d infinitum. The
sizply by'min° llatter 8ide slopes,

siepes of L e 1, 5 to l and 6 to 1,

28 shown on ure 2 and 3, for Wﬁlch the fauicrs of
saleby were w02y 122 2nd C. sgyc tively, I{ is interesting to
note that in the 4 to 1 and § Lo l analyses the cireles which were used
wers rob bﬂ'an; ans the most critical, as shown by the factor of safety
of G, 2 with & & to 1 slope. A slope greater than 6 to 1 was
consi ly unreascnable,

The possibility of excavating to 20 feet below the ground sarface
to remove the comparatively soit soll and replacing it with gramalsr £i11,
was investigated., Tus of ssveral trizls of this methed are ahﬁwn.cn

# See report of Foundation Investigation for the Railway Overpass
at Sta2,28+00, Hunisville BywPass, Ontario., 22 February 19%6.
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enclosure no,12, Although the factors of safety shown here are close
te 1, they are not the most eritical circles that could be obtained,
However, they do illuctrate the woakness of this approache ™e existing
1 would have to be replaced to the 20 foot depth for a considerable
the tos of the slope, to prevent 2 critical circle from

s it. From the preliminary investigation, this procedure
pneconomicals The cost of removing the soft material bo
0 fzet or more and then backfilling with granular material,
13 inat would bs required, would be high.

3

- - PRV
ol amtamemant ¥abkbe
. Displacersnt ¥elhod

Cesigned on the basis of the conventional

cost of obtaining a safe erbankment will be

27 be possibtle o cohieve some saving in the Quan-
using the weight of the embankment to displace

Onfortanately, it inle to estimate with any degrze of
ccuracy, the quantity of would be required to build a stabls .

Fi ment by the disp ¥ e thio It is the writer's belief Low-

ever, that some saving could be achieved if the embankmend did not fail

during construction. Ths success of this method depends on the develop=

went of a td wave, either with or without the use of explosives; that is,
~an .t would settle vert wore or less intact, displacing

Tt is obvious from enclosure no.l2
G feet of the clay will have to be
o bte achieved, It may be necessary
of dynamite in the subsoil below

n
11 only dirscily
siderably more bl

- v
£ steble embar

¢

e

e pebs

0

: <
ot

&

Some of the subsoil will be displaced regardless of how the
ent is built, but under the sudden loading required to displace
lzyer to sufficient depin, there is the danger that the embank-
ii This is particularly true if any of
clay layer are not continuous, If a
reading occurred, the guantity of £i11

b

build up the embankment would be considerably greater than
aiment was built on the basis of a total strength analysis,

e is a sitrong possibility that soft pockets will bo trapped
111, givirg 5 ery substantial differential setilemsnt.
e disp t wouid pormit relatively rapid cone
$ the en gnantity of f£1ll raguired to disnlace

3
t, the

the subsoil & ent depth and the risk of failure of the epbank-
b

o recommend it.

Cr

O A
w
Pt

. be followed, it is extremely important
the meadow-mat over the full width of the
fill, Cases have been recordsd where
crted on s meadow-uabt for 2 considerable time before
i T s strass method of analysis considered
unier the nexbt heading pr
uvebion problem,
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.. gtudy of the stanility of thezse embankments, was also
't using an effective siress snalysis®, By utilising the
strength of the subseil aqﬁ tz &ing inbto sccount the .12
BUres gensr during
cmont ouilt
7S

block anzlysis, enclosure no,.l3, and the
no.ll, it is pessible to establish the pore
s as 1380 p.s.f. The clay layer is assumed
strength and sn angle of internal frietion of 30
in line with resulis obiained from slow drained
similar soils, Bub a factor of safety was required

hp
o A

m
¢}
o i
Jo
L

e

et (R T

ecting it,; considsration was given to the economical factors
. 1t wis felb that it would we justified to sork to a low
f zziety and to risk z few failures in weaksr areas during
tion, rather than to a 't er factor of safety and unduly
the periocd of comnstruction. Thersfoie, a factor of safety of
arbitririly apgplied in -ée shoear stress dlagram, to yield a
permissible pore wate essure of $80 p.s.f.

4 coefficiant of consolidatior of C.1 sqg.ft. per day was
obtzined from the curve on enclosure n0.7, which shows the result
of & conselicaticn tezt perforssd on zn undisturbed sample from the
azpzr pert of the clay leyer. From this, the curve shown on encle
> 7,18 wzs constructed to show the rate of consclidation of a
1 3t thick layer of clay under & constant load. 7The 15 foot
£ was gderivaed b? ssumirs ngt approximately 10 feet of the
o ible layer would be displaced by the weight «f the fill,
Hyen if the full 1) feet are not displaced, the estimated rate should
sti e ati uecawoc tre numsrous silt laysrs in the material
wil e and thereby accelerate the consolidation,
it Igyers inte account in the consoiidation

crsolidablion will probably be much

n initial pericd of 50 days and subsegoent periocds
g the fill, and considering that each incre-
s «ddded uniformiy over the period, the residual pore

at the erd of esch period czn be cbtainsd, as shown in
2 maxirum pore pressuras are Qllcntlv above the parsissible
+ 3 however %ﬁﬂy are not suf ““iclenuLv iizh to endanger the embank-
& curres on enclosure no.lb; showing the time vs, the safe exbank-
ht apd pore water prossurss, were constiucted using the values
anl eight of the embankment referred to in the tatle

zight abore the Cleblng graand levely it was

e subso il unaer the embankment by the riil
tor of safety, but s

T =

e gocurately est‘mated, it was neglected,
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APPENDIX A

SLIP CIRCIE ANALYSIS BY BISHOP'S MuTHOD

QFMNIT BRLYIDOSEY oyv WOTIYDOYN TARDVH

{355 ¥HCL.NDLLIT)
() | £l
SLICE W K SIN W SI8X ¥(1<5)tan §! Sec X TanX tan f' tamx (1) x (2)
14 i F= 1,2
F=12
1 1,000 5 785 32,200 27,300 1,62 1,28 922 25,200
2 18,500 L2 .65% 32,400 39,000(1-1) 1,35 0.90 9Ll 36,700 {1-8)
3 u6,800 29 L85 22,700 27,100{1-8} ~ 1l.1L 0554 <901 2h:500 (1-5) -
k ho,2o0 17 .eB2 11,300 23,200(1-8)  1.045 0,292 L6 22,000 (1=3)
5 35,500 6 105 3,700 20,500(1-8)  1.008 0.145 # L3 19,350 (1-5)
6 26,500 <6 =105 ~2,800 15,300(1=3)  1.008 -0.1h5 1,081 16,390 (1-8
7 11,800 =18 -.309 -3,600 6,600(1-3)  1.05 =0.309  1.232 8,250 (1-7
8 7,600 «30 =500 -3,900 L,500(1-8)  1.155 ~0.500 1,521 6,840 (15
9 3,000 =42 =559 =2,000 1,700(1-3) 1,35 =0.670  1.960 3,370 {18}
%3;?139 90,000 162,500 = 137,300
The length of the arc L = 95.1 feet
Total pore pressure developsd = 220i100 = Zzgglgﬁ = 2,310 4 -
How F = {18 . t gee &
(1-5) tan p 1 + btan p' tanoC
F " z
W sip o

162,500 - 137,300 B

90,000
and solwving for the fracticn of pore pressure permissible B = 0,k
and the permissible pore pressure = Oli x 2,310 = ozh

Therafore where F = 1,2 we have 1.2 =

BrETTTR N MEGATIVE DUE T -
foeiodn OF OaIGINAL DOCUMENT .
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