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Foundations 0ffice

Hridge Ingineer,

Materiale ¢ Fesearch fection.

Attention: Hr, S, MeCombie.

Pe: Bridge Yo. 6 maﬁ?wc 3 TWp.,

0

wy¢ 401, Lets 1 & 18, Con. 117,
. 63-79 - Distri~t 2.

wWe have reviewed the preliminary plen for the above-
noted structure. We understand that the bridge iz a gimply~
supported, multi-span structure and, therefore, will be able
to take care of differential settlements which are going to
take place, The fact that the footings are placed two fest
above the elevation proposed in the Soils Report, duss not
influence the bearing capacity value of 2 tons/ft.2 ané the
decign 1s therefore considered fo be satisfactory.

Should there be any further queries, please do not
hesitate tn contact our Cffice.
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He: o r03-59, Hwy AUl Cuy RE Htwn lots 1418, Zouthwolo Twpa,

further Lo your memeorandun of Sepl. ia, 1554, this
wivl confirs our epelier statement ﬁ%wt the o lgnment
ang prage ot tils structure site, as ﬁ%uwn o the sbove
plar and “rafml@, arpear to be satisfactory.

A foundstion invw&&i%xtmﬁn has besn completad by
consaliante, sm. d. Urow & 4ssociabes, and thelir repor
wos submitted May 13, iyﬁﬁp “The materisl was determined
to be predominently etiff to very stiff clay with some
e lwn sand Mﬂﬁ“rxwi?w the Zouth Tesl portion of the
regposed structure. wo spproach fitl stability probieas
were zntielrated, sno spread fm@txnag were recommended.
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> pave reviewsd the pbove-zentismed » =
M L susociates, Lid,, anl have found the same
maticns contained thereln, adeguate for your
Yor your cenvenience, we sre @ riging, b

apencstions you zhould followi-
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Bridge Divialon,
May 25, 1360,

@ ,fw fi D'd;
S ORANDUM ;

HE: W,P, 63-59,
Southwold Twp. Br, #5,
rremoaaﬁ Underpass © County R4, To Southwold Junction,
C.A. 4, 401, Distypiet #2

.

Leeation:
1% miles south west of London
ﬁwuntg Blgin
Township Southwold
Concesslon 11z
Lots 1/ 153

Survey Drawings:

Plan F 3530-1
Profile F 3530-2
Bite Plan £ 3627-1

Deslign Criterian:

Refer %o sheet W.P. 8-53 dated April 7Tih, 1960,

The following notes abstracted Ifrom that sheet refer to highway
Lol at this site,

Pavement Width 2 @ 24
Shoulder Width 10 % 3
Shoulder Rounding 3
Median Width 20Gf min,

Bomarks

1. Bxact limits and contents of project are to be set by R.D.O.
They are &lso to recommend and get declislons re which structures |
are to be included with the grading,

3. Exact median widchs to De determined by R.D.0O. and Inter-
section Desim.

5. Structures 1o be bullt according To the program and schedule,
and Lo - Is8-8sctions as approved by the Planning BEnginesr,
aned

El

8 not anticipated within 20 years,
“he addlsional lanes will be added
syugh underpanses,

5. Puture 'iéﬁalmg to 6 im
it ghould be assuned thaes
o the outside except thy

L
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Deglien Criteris: (Contigd,

Addition April Tth, 1960

i. Structures to be done in conjunction with this grading and
culverts project for the 1960-61 Propram are as follows:

W.P. 19-59 C.N.B, O'Head Twp. Southwold

2, It is proposed to pave north 2 lanes only after grading is
completed to Hwy. 76. Probably the only road structure that
will go in when the paving is called is W.P. 64-50 due to the
gevere crossing angle, It is intended to leave all other
crossings as level crossings and to close 8ll roads that
have been closed by 0.M.B. Therefore approaches are not
required for future road structures under this project. 8ervice
Road work will be done under the paving projeoct.

Fropoged Sections at Struchture:

Hwy. 401 under Co. Rd. 10'4+24'+12' future lane +13' to centre line
medlian,

Co. Rd. over Hwy. 401 west 5%+$3'+11%4+11%:3%42 East
Typical shoulder for County Road 8' + 2*' rounding

Proposed Line:

Hsy. 401 Line A is on tangent through the intersecticn, the inter-
section chainsge reads 127 + 35.55,

The county road is on tangent and the proposed line follows the
existing roadway. The intersection chainage is 15 + 53.20 with an
angle of 90Y-15'.30" in the S.E. quadrant.

Propoged Grade:

Hwy. 401 profile grade reads T48.2 and dips 0.2% towards the wast,
The present county road elevation is 74%£.5, "The proposed profile
grade reads 768.0 and crosses Hwy. 401 using a £00' V.. with
5% approach grades.

Services:
A 2-wire electric service pole line parallels the county rcad un
the east slde of the roadway. A 2-wire telephone service is fast-
ened to the same poles.

The Dell Telephone Co. have requested permission to place zondult
in the structurse.

Hoo ungerpground service lines were located after a thorough search,

e,
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RE: W.P. 63-59

Foundation Solls:

Refer to Report BA 1047 issued by Williawm A, Trow and Asscciates Ltd,

The following is a precis of the covering letter to that report.
The letter signed by A. Stermac ig dated May 19, 1950,

The conclusions and recommendations in the report are adequate for
the future design work.

1. The site is underlain generally by 8tiff to very stiff clay.
Hedium dense sand has been encountered withia the first 30
feet and the abutmert & will bear for the most, in this scil.

2. Because of the above fact, a rigid frame single-gpan structure
should he used. The rlglditycof the structure would compensate
for the small difrerential settlements due tc the hetsrogenelly
of the foundation ground,

3. Footings should be placed 8 feet below ground level (il.e, elev,
‘“Ei%}ﬁ‘ This depth is required because of the existing drainage
{) »

4, 8pread footings, at this elevation, can be designed with =
safe load afggigfm.s.f.
=

T
S Settlements, due to the structure and the approach embanionent,
will be in the crder of about 4 inches and will develop during
a longer period of time, and should, therefore, not be con-
sidered harmful.

G Fill should be placed before the structure to allow for the
settlements in the sand layer. Thus the overall setilements
of the structure could be reduced.

Te No sztability problems of the approach embankment are f{oreseen.

8. Depending on the time of the execution of works, dewatering
problems could be encountered. If necessary, water table counld
be lowered by pumping from sumps oubside the limits of
gxcavation,

Additional Factors Likely to Affect Design or Construction:

Huy. 401 has not been constructed at thls date.

The Design Criteria indicates the possibllisy that the road will

be paved before the structure is bulilt,

The sitve 1is readily accessible,

A drainage channel on the east side of the county road will reguire
diversion olear of the propored ambankment.

The drain passes below the county road in a 8% x 8% culvert about
200 fest. arvth of the intersection,
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RE: W.P. 63-50
Additional Factors Likely to Affect Design or Construction: Cont'd.

The height of £ill over the present culvert would be 18 feet,

& detour for the county road traffic can be construeted on either
side of the county rosad.

Photographs on Flle:

i. General view to Horth
2. General view to East
3. General view to South
i, General view to West

«»ﬁ""” o 7,(',-
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c.c. 8. McCombie Bridge Location Engineer,

G. Scobt
Designer



CNTARIO

DEPARTMENT OF HIGHWAYS

335 Sagkatoon Sireet,

LONDON, &ntario,
July 28, 1960.

MEMORANDUM FOR-
Mr. A. Toye,

Bridge Engineer,
Department of Highways,
Parliament Buildings,
TORONTOQO, Ontario.

Attention: Mr. S. McCombie.

Re: W.P. 83-59 Southwold Twp.
Bridge #6 Highway #401.

We have received the preliminary bridge plan D-4637-P1
from G. Scott and have the following comments:-

1. Alignment is correct.

t2

Grade on county road has been raised 1'-3", Road
Design Office will alter the "F'" profile. The grade on
#401 and the county road are correct.

3. Roadway cross-sections on #401 and the county road
are correct.

4. Deck drainage will be handled by curb and guttex on
the approaches.

5. Limi:s of granular backfill are not shown but R.D.O.
will calculate granular only from the bottom of the

irgwall up to grade as suggested on other structures
of tnis type,

J. A, Knowles,
Project Design Engineer.,

JAK~-nc



WILLIAM A. TROW AND ASSOCIATES LTD.

SITE INVESTIGATIONS

AND A7
I SOIL MECHANICS CONSUITATION >
W, A, TROW, MASC, MELC., PENG. 884 WILSON AVE,
DOWNSVIEW , ONT.
Projects J 492 Hay 13, 1960, ME 5-5921

¥r. A. Hutka,

scting Materials and Hesearch Ingineer,
Vaterials and Research Division,

Dept. of Highways of Ontario,
Parliament Buildings,

Toronto, Ont.

Attention: Mr. L. G. Soderman, P. Ing.,
Principal Soils & Poundationsingineer

FPoundation Investigation
Proposed County Road Underpass, Hwy.401,
Southwold Twp., WP ~63~59

Decr Sirs:

The atiached report indicatss the soil conditions exisiting
at this underpass site and considers the soil mechenics problems asscciated
with the construction of a bridge and embankment fiil a2t this location.

The soil here consisis for the most part of stiff to very
stiff clay which was proven to a depth of 100 feet and probably extends 1o
300 feet., 4 glacio-fluvial deposit of medium sand has been d.posited
under the south-western portions of the structure and this matsrial
produces a slight non-uniformity in foundation conditions. 3Because of it,
somewhat mors setilement will ultimately occur under the north—east parts
of the bridge. A total long term settlement of about 3% inches and 5 inches
respectively, has been estimated for these two loca tlons.

Tootings can be placed at a depth of 8 feet;
gible incresse in pressure, in excess of present over-burder
s 3000 pes.f. The embenkment foundations are stable.

(U

[
~

o

ot

ot
B

s hope that the contents of this report are sufficiently
detziled to yerm1z you to appraise the conditions at this site and to proceed
with foundation design for the reguired overpass. Please contact us if

¥l

amplification of any remarks is requirsd.

Yours wvery truly
o ¥

- e
J‘)ff, / /(,{"f, a

S e Yz 3 L1 WRRUN §
WAT/ 1% William A. Trov {
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WILLIAM A, TROW AND ASSOCIATES LTD.

DEPARTHENT OF HIGHWAYS OF CITARIO
MATERIALS AND RESEARCH SECTION
PARLIAMENT BUILDINGS, TORCHETC.

Q FPCOUNDATION INVESTIGATION
PROPOSED COUNTY ROAD UNDERPASS, HWY.401
SOUTHWOLD TWP., WP~E3-59

VWilldem A. Trow & Asscciates L

ct
o3
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WILLIAM A. TROW AND ASSOCIATES LTD

FOUNDATION INVESTICATION
PROPOSED COUNTY ROAD UNDERPASS, HWY. #401
SOUTHVOLD TP, , WP-63-59

This report considers the foundation problems assoclated with
?e construction of a bridge and embankments at the county road intersection
cted above, A desc¢ription of subsoil ceonditions has been given and recom—
nded bearing pressurss and foundation depths heve been submitied.

Site Deszription

The site of this crossing is Plat to gently r
immediately to the west is cultivated and the ground %o ths sast b
left as pasture, The route of Hwy. 401 cuts thro igh wood lote f
the east and west., 4 drainage ditch about 6 feet deep bounds the
of the county road. A short distance north of the Hwy. 401 centre line

this ditch passes through a conecrete box culvert to the west side of the
road. It was carrying spring run-off about ons foot deep at the time of the
inves . _mation.

The ground was thowing during the period of the finld work, and,
as a consaguence, movement of the drilling equipment was somewhat difficuls,
It is understood that some portions of the pastureliznd to the east zre perm—
anently wet and tractor egquipment has become mired in these areas even during
dry summer months.

Subsoll Description

’ 4 total of six borings were made at this site in order to
establish the soil conditions that exist here. Two of thesey; Nos. 2 and 4,
were tazken to a depth of 100 feet bniow the ground and *he remalndev FESTS

terminated at shallower depths of 20 to 30 feet. The rield descriptions
and results of laboratory and flmld tests for these borings arse indicated
in Dvgs., 2 to 6, and the estimanted stratigraphy under 3 site is shown in
Dwg. 1.

Refersnce to the logs for deep holes 2 and 4 indicates that the
soil, below a depth of about 30 fest, exists in ¢ very stiff stable state; close
to the plastic limiv. It has been degcribed as grey clay with gravel sizes
Cown to 70 feet, and then zs silty clay with considerable gravel below this
.LSY‘% EY

Above the 30 foot despth. soil conditions vary rather sharp
between borehole locations. Three distinct soil strets were noted in thess
upper levels, For the first approximately 4 feet below ths surfzce, the seoil

consists of a very stiff and very plastic brown clay which contains scome
layers or pockets of sand and silt. The lower *ev\,ls of this stratum gr:
into browm medium sand which exisis in & medium dense state. The water
lies in this sand st approximate Tlev. 740 to 741 fest, which
above the free water level in the adjacent drainage ditch, T
sand varies appreciably in thiclmess acress the site. In the
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WILLIAM A, TROW AND ASSOCIATES LTD. q

corner, Hole 1, it terminates in very stiff grey clay with interbedded seam=
of silt at a depth of 8 feet, or Slev. 740 feet. In the diagonally opposit
Hele 3, Lho send extends to a depth of 22 feet, or to IZlev. 723 feet, althougu

it contains ons thin layer of clay at approximate ZElev, T35 feel. 4 few feet
tc the eaat of Hole 3, in Hole 2B, the sand extends sven to greatwr depths
with random intrusions and layers of clay noted below 19 fee In the other

heles, the sand terminates at levels widway between the 11m1tb indicated in
Heles 1 and 3, This random arrvangement of the sand suggests that it iz the
fluvial deposit of a glacial stream which eroded into the surface of the
underlying stiff clay.

This latter materizl oxists in a stiff condition with & moisturs

content more or less midway within the plastic range. This scoil is mors
plastic than the underlying glacial 3111, but it is much leaner than the
surfoce venser of clay. It is relatively free of gravel sizes but contains
#%

in interhads, pockets and intrusions of silt and flhv sand.

Discugsion of Foundation Reyuiremsnis

The route of Hwy. 4071 crosses th’s ¢nty road almost at right
angles. The existing drainage ditch lies vexry c to the sast side of
tkis road and as a consequence, the footings of the bridge abultments must be
carried below it. The highest footing level permissible, thersfore, is-at

a depth of zbout § feet below the existing ccunty road surface, or at

Zlev. 738 feet.

In all locations, except Hole 1, at the north-east corner,

medium dense sand exists zt and for some depth below Tlev. 738 feet., The
pemetratiop esistance of the sand atand just be ow this level is in the oxder

20 blows per foot. According to emparical relationships with the siandard
Fenetr tion test, the safe net hearing pressure, or nei addition of load to
the soi1l in excess of overburden pressure is egual approximsztely Yo 4500 psf.*
In order to mzke sllowance for the high water table and for the depth of the
footing below the surface, this net value must be reduced to 3000 psf. The
surcharge weizsht of scill zbove footing level can be =added. The pressure
exerted by tle abutment reaction, including the weight of ths foolting, should
noet be grester than this allowsble pressure. The setilamsni zs &
its application should not exceed one inch snd the movement should b
taneous with load apriication.

of Hole
,wl stfunptn of

W




WILLIAM A. TROW AND ASSOCIATES LTD,

.
’ whers C = 1500 psf
T is a bearing capacity Tactor sgual agﬁ?ox1maﬁely to 6,5
for a rschangular iooting foundsd 2t the dspth indicaisd.
F iz the regulred fuctor of safety for a limiting satble' of
one inch., 4 walue of 3 is suggestsd.
P is the total overburden weight abovse footing levsl.

he conditions applying here, g = 3250 +1000 = 4250 psf.

Thersfore the recommended safe ear 1ﬁﬂ Jcl 2 to apply
ns is 4000 pgf. The safe nit = 2

¢ — including the weight of eﬁbankment flll over footing extergions
Lr*ct,on forces of £ill on % 120 i e
overburden preasure is 3000 psf.

The settlemsnt to be anticipated under this bearing sressure
exresd one inch, 2’ ther for support on the sand or In the clay.
Az suggested above, howevsr, any adjustment to load of the sand will be very
rapid while the settlement of the clay will bz more gradual, 4s a conseque
it is conesivable that a slight temporary tilting of the structurs could oce
if one corner bearss on clay ﬁnd the rest of the bridge rests on sarnd, This
possibility mey be of academic interest ¢ ’ a migid sbutment footing is
used since more leoad will be carrisd by the clay temporverily undil it com—
presses to the levels of the ad301n1ng san

should no

P o ot

H (D

. Long term settlement of this bridge siructure will nccur
because it is founded over a deep deposit of clay and the weight from the

!r

embankment will be felt over a considerable portion of this depth. Two consol-

idation te2sits have been performed in order to zscertzin the magniiude of

settlement to be anticipatszd. Ons of thess tasts was carried out on & zampla
h

from a depth of 21 feet in Hole 23 it is considered to be To@resentutive of

7 vlastic clay. The other test was performed on a typiczl sam
erljing clay glacial 1311l izken from a depth of 49 feet in dola A,
Ths results of these measurements are indicated in Dwz. 8.
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®

Computations have been made of the settlement to be aniicipated
under the weight of an embankment and bridze abutment scheme similar to
the arrangement required here¥, The value of Mv used on that ocecasion
was 0.00622 sq.ft. per kip. The computed setilement below a depth of 30
feet on that occasion was of the order of 4% inches and this value was
reduced by 50 percent to allow for sample disturbance and for other errors
involved in testing heavily over—consolidated clays.

The coefficlent of compressibility below 30 feet at this site has
been computed to be 0,00524 sq.ft. per kip and therefore the settlement
for the same depth range should be lesms. A movement of the order of 2 inches
probably will be experienced.

Above 30 feet, the clay is somewhat more plastic and in addition it
is not uniform in thickness. At the north-east corner, the clay extends
directly from footing level and therefore a thickness of the order of 22
feet is involved. In the vicinity of Holes 3 and 2B, less compressible
sand predominates at isast to a depth of about 22 feet and therefore less
gettlement should be experienced in this area.

The pressure transmitted from the bridge and fill at a depth of
19 feet, or midway between footing level and 30 feet, is approximately equal
to 2300 p.g.f. directly helow the abutment. The settlement resulting from
the compression of this soil is:

s = (22 x142) x 2,3 x 0.00938 = 5.7 inches.

In keeping with the reasoning of the foregoing paragraphs, this
settlement should be reduced to a value of 22 inches.

The compression of the sand under the south abutment probably will
be in the order of 1 to 1% inches, and the movement will be immediate.
Accordingly, there will be = long term tendency for tipping of the siruc-
ture toward the north,

If this magnitude of itipping is considsred to be significant, then
measures should be taken to place the embankment fill well befors the
construction of the bridge has begun. Settlement of this upper clay should
occur at a reasonably fast rate since it contains horizontal drainage
layers of silt anu fine sand. However, the exact rate of movement can be
determined only by field measurement after the fill has been placed.

The total movement of the bridge is seen to be in the order of
5 inches and 3% inches respectively, The settlement of a central pier,
if used, will only be in the order of 1 inch., Therefore, with this arrange-
ment, some long term tendency for differential movement exists,

Bxcavations for the abutment footings will be at or just below ground
water level depending upon the season of the year. The sand at footing

* ~ Foundation Investigation, Proposed County Rd. Underpass WP 83-59
William A. Trow & Assce. Ltde.
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e

level is relatively permeable and therefore it should be possible to
depress the water table by pumping from sumps placed adjacsnt to the
feooting beds. Digging to Tooting level can procesd as soon as the water
table has besn depressed sufficiently.

Conclusions

The remarks of the foregoing paragraphs can bz summarized briefly
as follows:

1) The site of this overpass of Hwy. 401 is underlain for the most part
by stiff to very stiff clay. Medium dense sand has been encountered within

the first 30 feet and the abutments of the structure will bear for the most
part in this soil.

2) The recommended foundation depth for abutment footings is at Elev.738
feet, or about 8 feet below the surface. Support at this depth is reguired

in order to get below the level of a drainage ditch which bounds the east
side of the county road.

3) The safe net addition of pressure at this level, in ezcess of present
overburden weight, for a limiting settlement of 1 inch, is 3000 p.s.f.

4) Ixcavations to this level will bs at or just bslow the water iable
depending upon the season of the year. Ccnstruction difficuliies resulting
from this situation will not be great becazuse the sand is free-draining
and, as a consequence, the ground water can be depressed by pumping from
sumps located outside the limits of the excavation.

5 Long term settlement will follow the application of embankment fill
2t this site. A total settlement, ranging from about 33 inches at the south-

west cornery, to 5 inches under the north-east poritions of the siructure,
has been estimated.

6) The shear strength of the soil at this location is sufficiently high
to support the weight of the smbankment £ill without concern for iis
stability.

7) Arrangements must be made for a new drainage ditch and culvert under
Hwy. 401 to replace the facilities presently bounding the east side of the
county road,

. T Asld”
WAT/1%
Yay 13, 1960
J 492

William A. Trow {P. Zng. )
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APPENDIX

Pield Investigation Methods

The borings of this investigation were performed using continuocus
flight auger equipment. Casing was used to support the rumning sand at
upper levels but the holes were unlined below this material.

Samples were taken at about 5 foot intervals of depth, although
somewhat closer sampling was carried out in order to esiablish the strat-
igraphy in the variable goil strata found above 30 feet. DSamples were
recovered either using a 2 inch 0.D. split spoon or a 2 inch I.D. shelby
tube, In the latter instance, thes soil was recovered by pressing these

tubes into the ground wherever possible. However, when this was not feasible

the samples were driven using the same energy as required for the split spoon,
i.,e., 350 ft.1lbs.per blow,

Field vane tests were performed in the more plastic soil found above
30 feet. Cone penetration tests were also made adjacent to the borings in
order to confirm the relative density of the sand materials. The same
driving energy, indicated above, wags used,

A total of 6 main borings were madse at this site, 2 of which were
taken to a depth of 100 feet. In one or two instances, additional holes were
put down in order to confirm where the change from sand to clay began.

The elevations of all borings were referred to the refersnce shown
in Dwg. 1.
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