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FPOUNDATION INVESTIGATION REPORT

For
Q Embankment Settlements at Hwy. #58 and C.HN.R. O'Pass
District #4, Hamilton
W.P., 78-73-02 W.0. 73-11098

1. ‘INTRODUCTION:

It has been proposed to replace the concrete deck
at the existing C.N.R. overpass on Hwy. #58, south of Welland
some time during 1974. Visual observations have disclosed what
appears to be rather large settlements at the approaches to this
structure. In view of this, Mr. C.G.E. Burkhardt, Regional‘
Structural Planning Engineer, Central Region, regquested this
Office to carry out a subsoil investigation at the site in an
effort to determine the causes of the settlements obsérVed to date
and the likely magnitude of future settlement if any, so that
remedial treatment may be incorporated into the design of thé“‘

O deck replacement. The regquest was contained in a memo datad - e
December 3rd, 1973, :

This report contains the results of the subsegquent
foundation investigation, together with our comments and
recommendations pertaining to the cbserved settlements and overall
embankment stability and remedial action tc allow for future
settlement.

2. DESCRIPTION OF THE SITE AND GEOQLOGY:

The site is located at the intersection of Hwy. 58 -and
the C.N.R. line near the southern boundary of the City of Welland,
Regional Municipality of Niagara. The structure at the site carries
Hwy. 58 over the C.N.R. tracks in a north-south direction. The
structure consists of three {29'5%" x 38'3~5/8" x 29'5%") simply
supported steel girder spans supporting a concrete deck and two
piers between the abutments. Piers and abutments are founded on

spread type footings placed within the original ground.
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Topographically the site lies in a flat mainly

agricultural area. In general, the area is poorly drained.
Physiographically the site lies within the region
termed the Haldiman Clay Plain which lies between Lake Erie
and the Niagara Escarpment.
Geologically, the subsoil is composed of glacial
and glacial lacustrine deposits of Wisconsin age, which
overlie bedrock of the Pleistocene epoch.
The Wisconsin deposits are divided into a number
of relatively distinct zones. The upper zone is composed of
predominantly clay sized particles with small amounts of sand
and gravel, and with well defined but discontinuous laYérs
or pockets of stratified material which is also predominantly
composed of clay sized particles. This zone may have been kk ,
deposited beneath a readvancing glacier that overrode and reworked.{ “a*
an~underlying deposit of layered or varved clay.  Hence, mgch‘of‘ |
the 'till' is essentially composed of layered or varved clay :
. .sediments. ‘ &
‘ . The next zone is more easily defined as a glac’:iyél
e : £ill best described as a silty clay with some sand, a trace of
gravél. . :

Beneath this zone is a zone of layered clay. This  ;'
matérial was probably deposited in a short term lake which was.
formed in front of a glacier that occupied the Lake Ontario Basin.
At least once the ice readvanced over this clay deposit creating a
zone composed predominantly of the same material as the layered
(varved) zones lying above and below, but of a mottled appearanceo‘

The clay zones are underlain by a geunerally thin glacial
drift or in some areas by fluvial deposits.

Bedrock is part of the Salina formation of the Silurian
period, Paleozoic epoch, The Salina formation is mainly dolomite

with shale interbeds and containing numerors gypsum inclusions.
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3. PIELD AND LABORATORY WORK: g
Two sampled boreholes were put down with one dynamlc

‘ - cone penetration test adjacent to each borehole. Each borehole
. was advanced through the embankment £ill and into the or;glnal 
‘ground by means of a continuous hollow stem Bombardier-mOuntéd ‘
C.M.E. 55 augering machine. Disturbed samples were obta¢nea u51ngbjfff5

2-inch 0.D. split-spoon samplers driven according to the

‘Specificatione for the Standard Penetration Test. Undlsturbed
samples were cbtained using 2-inch I.D. Shelby tubes whlch wele
"~ pushed hydraulically into the SOll - With few exceptlons ;fleld
k:vane tests were performed 18 inches {(G.457 m) below-the 1evel at

E  wh1ch undlstarbed samples were taken.: Cone tests. were drlven w1th~
‘;,a dr1v1ng energy of 350 ft.~lb (475 J) per blow. ‘ ; ‘

‘ A1l samples were examined v1sually in the flelda when ,
,f‘p0551ble, and again 1n detail in the laboratory.~ A comp:ehen51ve ”
H;laboratory test program was carried out on selectad undlsturbed
,jsamples,'ln the course of wﬁlch Atterberg ¢1m1ts, natural moxstu
content, bulk dens1ty, shear strength, (total and effectlve stress

Qparamewers) consclidaticn charachteristics and permeablllty
‘icnaracterlst1C° were determined. - , i
S kb The results of the field and laboratory tests are L
' summar1zed on the Record of Borechole Sheets - and flgures 1-4 whldh
are cantalned,ln the Anpendlx of ‘this report, and w1ll be dlscusqe
‘1n some detall in a subsequent section. e
‘ The locations and elevatlons of the boreholes ané cone
‘tests, together with the estimated stratlgraphlcal proflle are glven‘f 
‘on Draw1ng Nos 73<110982a, which is also contained in the Appendlx.:‘fgl
The StratlgraphlJ:al,prOflle is based on the information cunta;nedf‘“
‘on the Record of Borehole Sheets and geological evidence, . Doy
Borehole locations and elevations were surveyed iu the
field by personnel from Central Region Engineering Surveys Sectlon,

Tcronto.
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4. SUBSOIL CONDITIONS:
4,1) General:
Beneath the approach £ills at the site is a deep

deposit of silty clay to clay which can be subdivided into three
zones by physical appearance and soil property variations. |
The cohesive deposit is probably underlain by fluvial
fine sand or glacial £ill followed by bedrock.
' A description of the subsoil follows. The shear strength
varied considerably with depth and will be discussed in a subsequent

section, as will be the consolidation characteristics of the subsoil.

4,2) Approach Embankmenis (Fill):
One borehole was advanced through each approach flll’
Borehole #1 through the north embankment and Borehole #2 through
the south embankment. With the exception of some 4.0 feet (1. 2.m}"

of road bed gravel, the approaches consist of silty clay and clay
fills containing traces of sand and gravel. No field vanes could: be‘ 
turned in the fill materials 1n61Cat1ng undrained sheax strength to ‘
be greater than 2000 PSF {95.8 kN/m ) everywhere. Some 29 ft. (8.8 m)
of fill was intersectel at Borehole #1 (north approach) and 28 ft.

(8.5 m) at Borehole #2 (south approach). » ‘

4 3) sSilty C1ay to Clay {(Zone 1j:
Immediately beneath the approach fills at each borlng locatwo¢

a 5-8 inch (0.127-0.203 m) layer of black organic topsoil was :
discovered and this material was underlain by a 14-15 ft. (4.3-4.6 m)
thick layer of silty clay to clay with traces of sand and gravel.
This layer is characterized as a mottled material with well defined
but discontinuous layers or pockets of layered material. Oxidation
and desiccation were apparent throughout the zone and occasional thin
vertical gypsum seams were noted.

The consistency of the deposit may be described as being
firm to very stiff. Shear strength was with one exception, greater
than 2000 PSF (95.8 kN/mz) everywhe;e.
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The layered and mottled material had liquid limits
ranging from 58-69%,plastic limits ranging from 26-31% and
natural moisture content ranging from 25-40%. In general, the
moisture content was below the plastic limit indicating the
material to be overconsclidated, due, probably to desiccation.
The layered material was slightly more plastic than the mottled
material. Figure 1 is a detailed plasticity chart for the entlre
cohesive deposit.

The bulk density of the material (1ayered and mottled)
varied between 121 and 128 P.C.F. {1.9-2.1 T/m } with the average
being 124 P.C.F. (2.0 T/m Ve

4.,4) Silty Clay to Clay (Zone 2): ‘ ,

This zone might best be described as = glacial till.
The layer varied between 6-10 ft. {1.8-3.0 m} in tnickness:fand :
was intersected at each boring location. The zone contains smallx

amounts of sand and occasional gravel. In additicn,poccasional‘_
silt seams and pockets were discovered within the main deposit.; 
In general, the zone is grey in colour, but some evidence of v
mottling was noted. '

The consistency of the deposit may be described as flrm.
Undrained shear strengths as determined by field testing ranged,
between 640 and 720 PSF (30.6-34.5 kN/m Ve

Physical properties of the deposit as determined from
laboratory tests are as follows and are plotted on figure 1i:

Liguid Limit % 46

Plastic Limit % 24

Natural Moisture Content % 24-34

The bulk density of this material was determined from
iaboratory tests, to range from 112-118 P.C. F (1.8-1.9 T/m3}
with an average value of 115 P.C.F. (1.8 T/m“).
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4.,5) Silty Clay to Clay:{(Zone 3}:

_ This zone is composed of basically the same materials
ip as the above zones. The minimum thickness of the zone varied
| between 28.5-42,5 ft. (8.7-13.0 m).

Zone 3 is generally a layered material, red, brown
and grey in colour. Between layered sections, the material is
brown to red-brown in colour. The material varies irregularly. £
between Silty clay and clay with occasional silt seams and pockets,._ﬂ
Both Boreholes terminated within this layer at elevations 523.6 and
514.3 ft. (159.6 and 156.8 m). ‘ =

The consistency of Zone 3 may be descriped as being
firm to stiff as indicated by undrained sheaxr strength valuesfof

640-1120 PSF (30.6-53.6 kN/m>).

Physical properties of Zone 3 material as determined; -
from laboratory tests are as follows and are plotted on Figure 1l:

Liquid Limit % 46-47 G

Plastic Limit % 21-24

Watural Mcisture Content % 22-34

zlp The bu}k density oi Zone 3 material varies fzom\iléélzﬁ
PCF (1.8-2.1 T/m”). :

5. GROUNDWATER CONDITIONS:

During the course of ths field work, attempts werelmade

to measure groundwater levels in the open boreholes. However, duef‘
to the relatively impermeable nature of the subsoil and short
duration of the field work groundwater levels could not be k
established in the open borxeholes.

Subsequently, we were able to establish groundwater levelskf
from information supplied by the St. Lawrence Seaway Authority. |

As a result of the Welland Canal Channel relocation to
the east of the site area, the Seaway Authority has been pumping

groundwater from deep wells some 1.5 to 3 miles (2,41-4.83 km)
from this site in order to dewater the various rcadway tunnels and othex
excavations involved in the channel relocation. In order to monitor

groundwater drawdown, the Seaway Authority has installed and monitored




(175 m). By mid-1971 the steady state drawdovn condltlons had
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a network of piezometers throughout the Welland area includinQV
one piezometer in the immediate vicinity of the Forkes Road and
Hwy. 58, some 800 ft (244 m) south of the site. From their &
records, we have been able to establish with reasonable accuracy
'the pre-channel relocation groundwater levels of the Slte as: well»ﬁu
as the water level variation at the site since pumplng commenced y fo§
in September 1968 until the present time. Water level drawdown  ‘,‘
reached a steady state condition in mid-1971 and little varlatlonf‘f’f
has been noted since that time. The latest readlng on the '
piezometer near the site was made by the Seaway Authorlty on:
~ December 30th, 1973. S
Pre-channel relocation groundwater levels at the C. N R,ﬁ

~line and Hwy. 58 (i.e. prlor to 1969) were at elevatlon 575—lft.L

lowered the water levels some 35 ft. (10.7 m) to elevatlon 540“‘ft
‘(164 5 m). The piezometer readlng ‘in December 1973 1nd1catedf
groundwater levels to be at elevation 545% ft. (166.1. m)oa

~f1gure 5 for a plot of water level var1at10n5~versus‘t1me,

6. D;SCUSSION OF SHEAR STRENGTH AND oONSOLIDATION
, CHARACTERISTICS'

6. l) Unconsolldated Undralned Test5°

Undralned shear strength values W1th1n the coheslve fll i
and ‘subsoil were determined using a standard vane in the fleld
k addition. laboratory unconfined compression tests were performed on
selected samples. The results of the U.C. tests 1nd1cated strength«_
~ values of approximately 50-1.00% of those obtained at comparable ; “
elevations within the subsoil using the field vane. It. is well known
that with imecreasing depth, it is dincreasingly dlfflcult to obtaln ‘
;undlsturbed samples and in the limiting case sample dlsturbance is such
that in fact, laboratory U.C. tests measure the remoulded s;rength
The ratio of undisturbed shear strength to remoulded strengﬁh
{sensitivity) obtained from field vane tests ranged from 2-3,4.

The same range in ratios between laboratory U.C. and field wvane
strengths indicates to some extent the disturbed nature of samples,

but tends to confirm the validity of strength values as determined from
the field vane tests.
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Within the £ill, the field wvane tests gave undralned shearg?
strength values in excess of 2000 P.S.F. {95.8 kN/m Ve From the '
i' original ground level elev. 580% ft. (176.8 m) to elevation i
560% ft. (170.7 m), the undrained strength based on field vane f ,7;7
and laboratory U.C. tests varied between 1120 and greater'than“e ‘
2000 P.S.F. (53.6 - 95.8" kn/m”). Below elevation 5607 ft. (170.7 m
‘the undrained shear strength basediﬂlLleld vane test varled between
630 and ‘1120 P.S.F. (30, 2-53.6 kN/m Ve Tk ”“’e
The following table summarlzes the laboratory and fleld 1,
strength values obtalned and indicates the average values used for'

analytical purposes.

Elevation. Laboratory Field i eAverage Shear
: U.C. Tests : Vane G " Strength Assumed

Embankment | >2000 psf ., | >2000 psf

om0 (>95.8 kN/m ) | Gos.8 yn’) | (119.7 kW
580 - 560 ££. | 2800 pst oot el e
- [Hieet0 w40 ) - L (83eEeranaB e, | MOS8 )
- e . o CRN/mT) =
'560'-f498‘f£. | 510 psf Teao-1120 pafii .1800 psf
(17037"151¢8 m) (24 4 ]{N/m ) N (30 6-48.8 2 ; (38 ]{N/m
Sy | Cox/mt) |

6 2) Consolidated Undralned Triaxial Tests with
Pore Pressure Measurement:

The detailed test results for consolldated undralned
tests (stage tests) with pore pressure measurements are presented
in figures 3 and 4. .‘)

EERE The effective stress parameters are quite cons1stent
throughout the cohesive deposit with C'= 360 psf and § —21°‘above
elevation 565+ f£t. (172.2+ m) and C'=0 psf, g'= 22° below elevatlon :
565+ ft. (172.2+ m). TFor effective stress stability analy51s, values'
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‘dessicated ‘crust' very little if any consolidation settlement can

of C' = 0 and g'= 22° have been used for the subscil below elevation
565 ft. (172.2 m) and C' = 150 psf (4.79 kN/m>) and @' = 23° for
the cohesive approach fills and original ground material above
elevation 565 ft, (172.2 m) (i.e. ‘crust zcme').

6.3) Consclidation Characteristics:

The results of the consolidation tests conducted
are presented in graphical form in figurs 2. Interpretation of
these results to obiain preconsolidation pressures was made using
the Casagrande and Shmertmann construction if possible.

Based on the consclidation test results, it appears that
the deposit is lightly overc nsolidated below elevation
565+ ft. (172.2 m). Above this elevation, the material is more
heavily overconsolidated due probably to dessication. Within this

be expected.
7 DISCUSSION AND RECOMMENDATIONS:

7.1) Generzl:
It is Proposed to replace the concrete deck on the

structure carrying Hwy. 58 over the C,N.R. Line in the City of
Welland, Regional Municipality of Niagara. The deck replacement
has become necessary due to the severe deterioration of concrete
in the decks - i.e. spalling, cracking, exposed relnforc1ng steel,
etc. In addition to the deterioration of the decks, large
settlements have been . served between the approach embankments
and adjacent structure abutments. For example, the ends of the
concrete curbs have settled differentially about 6-10 inches
(0.152~-0.254 m) from the rest of the structure. Accordingly, it is
further proposed to incorporate remedial measures to accommodate
future settlements, into the redesign of the decks.

A subsoil investigation has been completed by this office
in order to assess the existing subsoil and groundwater conditions
and, based on this information, a thorough analysis of overall
structure and embankment stability has been cone. 2Also settlement
analyses have been done and compared with measured values of settlements,
to determine the causes of these observed settlements, and to allow

a prediction of the magnitude of future settlements to be made.
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Subsoil at the site consists generally of a deep
deposit of silty clay to clay underlain probably by a fine
sand or glacial till stratum and then bedrock.

7.2) Embankment Stability:

During the course ~f the field work, visual observations

disclosed no signs of incipient slope failure or potential
instability. Side slopes are built to 1-3/4:1 and are well sodded.
No tension cracks, sod slippage or bulging were noticed, Forward
slopes are retained by 6-8 ft. {1.8-2.4 m) high concrete retaining
walls. Behind the walls, the slopes are built te 2:1 and are well
rip-rapped and paved. No cracking or tilting of the retaining ‘
walls was noted suggesting the forward slopes to be stabile in—situ.

Based on total and effective stress parameters discussed
previocusly, both'total® and 'effective! stress slope stability
analyses have been performed. The results of these analyses,‘v
indicate that the forward and side slopes have adequate factors oﬁ'
safety with respect to deecp rotational failure. The snalyses ére~;f
based on the assumption that no drastic cihanges in loading will o
occur due to the new deck., It should be emphasized that;if,the
new deck does weigh considerably more than the existing deck,
further stability analyses will be required at a future time to ‘
assess the impact of the increased loading on the stability of‘the'
forward embankment siopes.

7.3) Settlements: .
During the course of the field investigation the structure

and approach fills were examined visually for telltale signs of
differential settlements. As previously noted, the concrete curbs

along the top inside portion of the abutment wing walls had broken
away from the walls, due probasbly to the general concrete deterior. tion,
and these curbs resting con the £ills had tilted downwaids away from

the deck suggesting the f£ills had settled differentially as much as

6~12 inches (0.1524-0.305 m; relative to the rest of the structure.

From discussions with District Mainteéenance personnel, we have
established that patching in the area of fills adjacent to the

-’
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the abutments has been reguired many times since the structure’
was built in 1955, confirming settlements within the £ills themselves.
However, besides these observations there are no other obvious
signs such as tilting of any parts of the structure which~would
indicate significant differential settlement across ths structure.
As previously discussed under the section on groundwater
conditions there has been a lowering of the general groundwater
levels in this area by some 30 ft. + (9.14 m), this drawdown being
the result of pumping water from the aquifer below the cohesive
deposits in the area, by the St. Lawrence Seaway Authority, -in
connection with the relocation of the Welland Canal Channel to the
east of the site. As a resﬁlt of this groundwater lowering, areak
settlements of varying amounts, depending of the depth of overburden
and variation in consolidation characteristics of the subsoil;‘are' :
' to be expected,
Based on visuval observaticns and a knowledge of the
groundwater drawdown, several oreliminary conclusions may be drawn: .
{1) Settlement of the subsoil under the fills and : “' :
structires has occurzed due to drawdown of the groundwauer~vj,‘
and due to imposed loading. - .
(2} Settlements within the £ills have also occurred for
various reasons, one probably being the downward |
percolation through the f£ills of water from the
granular road bed and surface of the fills,

In January 1274, a precise survey of the structure was
made by personnel of the Central Region Engineering Surveys Secﬁion,k
Torontoc. As a result, settlements of 18 inches (0.457 m) were '
measure’d at the abutments and 14.6 and 13.0 inches (0.371 and 04330 m)
at the south and north piers respectively.

A detailed settlemert analysis, based on well established
consolidation characteristiés of the cohesive subscil as determined
by laboratory tests was performed. Total settlements from
consclidation due to imposed £ill and structure loading and
consolidation due to grocundwater drawdown have been calculated.

Time~settlement computations lead to a prediction that 0%

~
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of the settlement due to imposed loading under the structure and
fills should have occurred within 20 to 25 years after constructions.
Hence - it ig reasonable to assume that consolidation of thepsubsQil
beneath the structure and fills due to their imposed loads;,is-; L
essentially complete at this point in time. A similar Lime‘period‘fﬁ
has been predicted for 90% of the drawdown settlement‘to‘OCCur.ly

Since pumping and drawdown has been underway for approx1mately 5 : ‘
years, we estimate that up to 40% of the drawdown consolldatlon has f‘;(
already cccurred. From the foregoing considerations we have arrlved 7‘>
at a predicted value of settlement still to take place of the order
of 6-7.5 inches (0.152 - 0.191 m) over the next 10-15 years. Refer

to Table I for a summary of predicted ar.d measured settlements.U“ulf“

It will be noted that there is poor agreement between VVVA
pred;cted and measured settlements at the pier’ 10cat;0ns,,nqweye;r_ﬁ

predicted and measured settlements at the abutments shongdedffw
agreement. . .
‘Based on the measured and predlﬂted set*lements:r, ‘
1n Table I, several different 1nterpretatlons concernlng completed
and future settlements can be drawn. A5 uOucu, it‘iSm*~“ )
assume that consolldatlon settlements due to. 1mposed flll and ,
structure loadlng are 90% or more complete at this. p01nt in tlme,
and future settlements will be the result of drawdown consolldatldn]
‘only. In arriving at the predicted settlemenL values shown in- ‘
Table I, similar consolldatlon characteristics, subscil: and dralnagef'
paths were assumed to exlst beneath fills and,plers.‘ If 1n—s1ta{: :
subsoil condltlons and dralnage paths are consxderably dlfferent
from those asstumed, the predicted values could be hlghly suspect.
In fact, no borings were done neaxr the piexr locations and sub801l
and consolidation characteristics beneath them could be very . S
different than those at the abutment locations. If so, the predlcted
settlements at the piers may be too low or drawdown tlme—cettlement
predictions tco long. In either case, the measured pier settlements
may be correct, and could even be essentially complete at this point

in time,
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If the predicted and measured values are accepted as
correct, then future settlements of 6-7.5 inches {0,152-0.191 m)
with differential settlements of 1-1% inches (0.025-0.038 m)
between piers and abutments may still be expected to occur within
the next 10 years. Ifion the other hand, predicted and measured
settlements at the abutments are assumed correct, and if more than
90% of the drawdown consolidation has already occurred beneath the
piers, then slightly more than 7 inches (0.178 m) of settlement,éan
still be sxpected at the abutments in the next 10 years with little
or-no future settlement at tue piers. In this latter case,
differential settlements between piers and abutments of up to.

7 inches (0.178 m) can be expected.

Other interpretations may also be made, and the only"
acceptable sclution to this problem is for this Office to vaﬁire
more information on the time-settlement characteristics at the site.
Hence, it is essential that at least two more sets of measured~ 
elevations be taken at pier and abutment locations at 6-month
intervals. v

For the present time, based on the predicted settlement
values we have several recommendations to offer pertaining to remedial
measures that can be incorporated into the redesign of the deck. :
The new deck should be designed such that its weight is comparable
or less than that of the existing deck so that no loads in excess
of those presently carried by abutments and piers are transmiﬁted tdi
the subsoil. Twenty foot concrete approach slabs should be used to
minimize any further differential settlements between fills and"
abutments that may still occur. Thirdly, the new deck should be
designed to accommodate up to 1l-% inches (0.038 m) of differentiai
settlement that could occur between piers and abutments. Fourthly,
those sections of the fills which have been adversely affected by
large amounts of differential settlements, particularly the sections
within 30-40 ft. (9.14-12.19 m) of the structure abutments should be
repaired in the following manner. The cla, surface of the fill beneath
the granular roadbed should be reshap.d and cambered. Then the
granular £ill subgrade should be replaced and should extend over the
full top width of the embankments. With these measures, it shouid
be peossible to prevent ponding of water beneath the road surface and
provide good drainage for surface water out to the embankment side
slopes, and further settlements within the fills themselves,
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Finally, we reserve the right to review and revise our -

‘QED predictions and recommendations in one year's time, based on the
. results of two more sets of measured settlements taken at 6-month
intervals.

8. MISCELLANEOUS:

The field work was carried out during the period of‘ 
December 10-19, 1973 under the supervision of Mr. L.J. Hodge,
Project Engineer. Equipment used was owned and bperated’by .
P.V.K. and Sons Drilling Company. " ' 2

This report was prepared by Mr. L.J. Hodge and revieWéd
by Mr. K.G. Selby, Supervising Engineer. ‘ ’

:‘"‘f - éL@%XQ;

| L.J. Hodg ~

O e ; ' "Project Engineer.
o oy/mi K.G. Selby,

. March, 1974. Supervising Engineer.
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TABLE 1: SUMMARY OF PREDICTED AND MEASURED
SETTLEMENTS AT HWY, 58 ~ C.N.R. O'PASS

Breakdown of Consoli- North Abutment 307 Noxrth Pier South Pier (ssuth Abutment 30°
dation Settlements (9,14 m) Ht. (9414 m)Ht,
Predicted | Actual |Predicted]| Actual [Predicted | Actual iPredicted | Actual
Total 5: Imposed 24.,1" 18" i4n. i3 14.0" 14.6" 24,1" i8"
Loading and Drawdown (0,61 m) | (0.46 m) (0,36 m) (0,33 m) | (0.36 m) | (0.37 m)} (0.61 m) {(0.46 m)
Total S:Drawdown Only 12,.3" 10.4" 10.,4" 12,3"
(0.31 m) (0,26 m) {0.26 m) (0,31 m)
Est. Drawdown Settlement 5.,0" 4,0" 4,.0% 5.,0"
to start of 1974 (0,13 m) (0,10 m) (0,10 m) (0.13 m)
Predicted Settlement 7.3% 6, 4" 6.4" Ta3Y
still to occur (0,19 m) (0,16 m) (0,16 m) (0,19 m)
ASSUMPTIONS: (1) Due to Fills - S is 90% complete,

(2)

Due to Drawdown = S is 40% complete.
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BONGETRY OF TRANSPORTATION AND CONMMUNICATIONS-ONTARID
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ABBREVIATIONS 8 SYMBOLS USED IN THIS REPORT

FUf;ib (Rev, Jan, 73}

SOIL PROPERTIES GENERAL
rd UNIT WEIGHT OF SOIL {BULK DENSITY) b1 = 3-1418
s URIT WEIGHT OF SOLID PARTICLES e BASE OF NATURAL LOGARITHMS 2-7183
Te  UNIT WEIGHT OF WATER loge,o or ing NATURAL LOGARITHM OF &
¥ UNIT DRY WEIGHT OF SoiL {DRY DENSITY) 1098 0R 103 @ LOGARITHM OF g TO BASE i
e URIT WEIGHT OF SUBMERGED SOIL t TIME
G SPECIFIC GRAVITY OF SOLID PARTICLES G = 2 9 ACCELERATION DUE TO. 6RAVITY

g T v voLUME

e VOID RATIO w \"lEiGHT
n POROSITY M MOMENT
w WATER CONTENT F FACTOR OF SAFEYY

S, DEGREE OF SATURATION
W, LIQUID LiMIT
Wp  PLASTIC LIMIT _ STRESS AND STRAIN

Ip PLASTICITY INDEX

u PORE PRESSURE
¥g'  SHRINKAGE LiMiT o HORMAL STRESS . S
L - 8
W~ W ~ NORMAL EFFECTIVE STRESS . { & 'is ALSO USER
l  LIQUIDITY INDEX = L4 { £}
I3 T SHEAR STRESS !
- & LINEAR STRAIN !
is CONSISTENCY INDEX = —vhr ¥ 5
tp 9 SHEAR STRAIN :
Empg YOID RATIO IN LOOSEST STATI v TOISSON'S RATIO ( K16 ALSO USED) 3 : s
€min  VOID RATIO iN DENSEST STATE E MODULUS -OF LINEAR DEFORMATION {YOUNGS MODKLUS) v
- € mox — € - G MODULUS OF SHEAR DEFORMATION
DENSITY INDEX = — D8R ~ %
v Smon ~ € min K MODULLS OF COMPRESSIBILITY
RELATIVE DENSITY D, IS ALSO USED U] COEFFICIENT OF VISCOSITY
h HYDRAULIC MEAD OR POTENTIAL
q RATE. OF DASCHARGE EARTH PRESSURE
v VELOCITY OF FLOW SN
i HYDRAULIC GRADIENT i DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
K COEFFICIENT OF PERMEABILITY ) OF PRESSURE '
i SEEPAGE FOHCE PER UMIT VOLUME L ANGLE OF WALL FRICTION : e
—he K DIMENSION S COEFFIGIENT TO BE USED WITH VARIOUS
iy COEFFICIENT OF VOLUME CHANGE THE A SUFFIXES IN EXPRESSIONS REFERRING TO 'NORMAL STRESS
o ' ON WALLS
L on
Cr CORFFICIENT 0F CONSOLIDATY Ko COEFFICIENT OF EARTH PRESSURE AT REST
Ce COMPRESSION INDEX » — D08
Dlog, o
FOUNDATIONS
Te TIME FACTOR = Ed!'t_ { d, DRAINAGE PATH ) B e
B ' BREADTH OF FOUNDATION
U DLIREE OF CONSOLIDATION L LENGTH OF FOUNDATION
SHEAR STRENGTH . :
T,' D DEPTH OF FOUNDATION BEMEATHM GROUND
COHE SION
¢ f::;:};':f ¢ IN TERMS OF N DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
. - EFFECTIVE STRESS TO SPECIFIC GRAVITY. DEPTH AND COMESION ETC. IN THE
¢ EFFECTIVE ANGLE OF s T FORMULA FOR BEARING CAPAGITY
SHEARING RESISTANCE, | Ty= '+ o tan ¢
OR FRICTION . ky MODULUS OF SUBGRADE REACTIONM
Sy APPARENT COMESION
) N TERMS OF
$e APPARENT ANGLE OF TOTAL STRESS SLOPES
SHEARING RESISTANCE, | Cust & fon § N
i T
OR FRICTION ¢ by VERTICAL HEIGHT OF SLOPE
p’ COEFFICIENT OF FRICTION D DEPTH BELOW TOE OF SLOPE TO HMARD STRATUM
S, SENSITIVITY

£ ANGLE OF SLOPE TQ HORIZONTAL




ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

o~ % Rev. Jon.73)

PENETRATICN RESISTANCE

"N« STANDARD PENETRATION RESISTANCE : ~ THE NUMBER OF BLOWS REQUIRED TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
{2 INCHES IKTO THE SUBSOIL, DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INGHES .

DYNAKIC PENETRATION RESISTANGCE : - THE NUMBER OF BIOWS REQUIRED TO ADVANCE A 2-INCH , 80 DEGREE CC*NE',' FITTED" :
TO THE END OF DRILL RODS, 12 INCHES INTO THE SUBSOWL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW,

DESCRIPTION OF SOIL

THE CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COMESIONLESS '£0/LS ARE DESCRIBED
IN THE FOLLOWING TERMS:- ; , Sl

CONSISTENCT ¢ LE/5Q.FT. DENSENESS N BLOWS A FET.
VERY SCET 0 ~ 250 VERY LOOSE ; 0 ~4.
SOFT 250 - 500 " LODSE . L& g

. FIRM $06 ~ ,.00 . COMPACT CieeEg
STIFF 1000 ~ 2000 " . DENSE P ER
YERY STHFF 200l = 9000 VERY DENSE > 50
HARD > 4000 ' : :

TERMS TO BE USED !X DESCRIBING SOILS:- ) e
TRACE< 0% , SOME 0—-25% , WITH 25-40% , > 40 % SWTY, SANDY, GR.‘VAVELLY,, CLAYEY 'ETC.

TYPE OF SAMPLE

§.8. SPLIT SPOON T.W. THINWALL -OPEN

WS WASHED SAMPLE T.8 THINWALL - PISTON :
s SLOTTED TUBE SAKPLE 0.5. OESTERBERG SAMPLE |

A.S. AUGER SAMPLE F.S. FOIL. SAMPLE

C.s. CHUNK SAMPLE . - RG ROCK CORT

PH. SAMPLE ADVANCED HYDRAULICALLY
BM. : SAMILE ADVANCED MANUALLY

SOIL TESTS
U UNCONFINED COMPRESSION Ly LABORATORY VANE
Ui UNCONSOLIDATED UNORAINED TRIAXIAL FV. FIELD VANE
QiU CONSOLIDATED ISOTROPIC UNDRAINED TRIAXIAL c CONSOLIDATION
<o u " DRAINED “ T8 SEMSITIVITY
CAU v ANISOTROPIC UNDRAINED o
cap £ " DRAINED o

M EPESETE—VIE R T " 0 G 1M 9%  emas o owm oo o =
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MINISTRY OF TRANSPCRTATION AND COMMUNICATIONS, ONTARIO

MEMORANDUM
To:Mr. A. G. Stermac, rrom: G. €. E. Burkhardt,
Principal Foundation Engineer, Structural Planning Office.
West Building. 3501 Dufferin Street.
attention:K. Selby oaTe: December 3,1973.
OUR FILE REF. N REPLY TO

sussecT: Deck Replacements for Forkes Road Overpass

and C.N,R. Structure,
Hwy. 58 south of Welland,
W.P. 78~73-01 and ~02, District 4.

Further to our conversation, attached is a portion of a maéy‘
showxng the location of the above structures and photographs taken
in the vicinity.

It is propcsed to replace the cencrete decks on these strnctures
during 1574.

As there appears to be a great deal of settlement at the apprOache‘
to these structures please arrange for an investigation to be carried
“out so that any remedial treatment may be incorporated into the de31gn
of the deck replacements. : i

We would appreciate receiving your report and recommendations
by mid February or earlier.

WMK :lm W. M. Klllln,
Attach. for:
G. C. E. Burkhardt, i :
REG. STRUCTURAL PLANNING ENG.'V

c.c. J. D. Barclay
J. Cullen
J. Anderson
R. Fitzgibbon
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File No.: 58-

THE ST. LAWRENCE SEAWAY AUTHORITY

ADMINISTRATION DE LA VYOIE MARITIME DU SAINT-LAURENT

Construction Branch,
P, 0, Box 592,

St. Catharines,
Ontario I2R 6W8,
Febe 7, 197h.

Mr, James Hodge,

Scil Mechanices Section,

Geotechnical Office,

Engineering Services Branch,

Ministry of Transportation & Communication,
1201 Wilson Avenue,

Deunsview, Ontario,

MON 1J8,

Dear Mr. Hodge:

Re: (onsolidation Data -~ Highway 58 and Forkes Road, Welland

As discussed earlier t lay, you will find attached consolidation =

test data (e - log p curves) which have been determined im our laboratories
for a site located at the north-east corner of the intersection of the
sbhandoned Welland Canal and the new west approach to the Townline Road/
Rail tumnel, 8ix graphs zre included, as well as a graphic log for the
beoring involved,

The site of the boring {our No. W-1295-1) is probsbly the.
closest to the problem which you are studying. I hope that the information.
will prove useful.

Yours truly,

CJC/eg C. J, Christensen,
Materials & Testing Engineer.

Encl.



Ministry of
Transportation and

Nt Communications

Ontario Memorandum

To: Mr. C.Mirza, From: Structural Office,
Head, Soils Mechanics Section, West Building, Downsview.
West Building, Downsview.

Attention: nate: March 12, 1975.

Cur File Ref. in Reply to

effwwﬂm*x\fé

Subject: Deck Replacement for C.N.R. Overhead,
W. P. 78-73-02, Site 34-111,
Highway 58, District 4.

Attached herewith we are submitting the»ﬁinal‘gyigge drawings

which show the foundation design for this structure.

Kindly give us your comments at your earliest convenience.

CSG/ef =T 8. Grebski,
Attch. Structural Design Engineer.

5 Frundal e
LRIV Py Y s
g 4 71 Lo &, RE T REeosmimg mi,a*ofk . R

/ L
A 5 L
| T Phaelne be dadpad . B Llewn
i1

] o -
Q/A( /] "iqz,vu:y,b{;n:_,f\ Sotfhe x r M .
. o - ST g Ly L Fude,
4 . 5 o
. w i : .
& P # ( % 3
[ / Freg Ly I o .
; z ; / i Sl VR G N }
ek <
. Torge + -
L ) i \-i\ JEY PN I j: L A =
§
g
a0y kst ” ) S Iz o
R G [ _v,m,g, L g o3 ik Clan gy
} by i 1
R ¢ = ¢
PRy, { -
¢ [ Loy
3_ 7. R P o

s
il 4 el o {
i ? - Mt
At 2 73 W "~
' s R, [y .
’ i gt 5
T
[N »
4
g




. C. Grebski Seil Hechanics Section
Structural Design Enginesr Geotechnical Office
Structural Design Office Wast Bullding, Downsview
West Building, Downsview

Apreil 10, 1975

W.P, 78-73-02
DECK REPLACEMENT FOR CNR OVERHEAD

W.P, 78-73-02, Site 34111
Hwy. 58, District &

We have reviewed the final design drawings (34-111, sheet 1) of
the above structure. ~

¥e note that our recommendations concerning 111 traatments aréf
that:

not shown in the drawings. In our Foundation Report, it was recommended

{a) the clay surface of the #4111 beneath the road bed, for

a section within 30 - 40 ft. of the abutment, should be
reshaped and cambered, and o

{b) the granular £i11 subgrade should be replaced and
should extend over the full top width of the embarkments. 5

After discussion with Mr. J. Cullen, we trust that these recom~
mendations will be incorporated in the grading drawings, :

B. LY B
Project Eagineer

for: K. 8. SELBY
Supervising Engineer.

c.c. 4. Cullen
H. Ef11in
. Guntey

Flie
Record Servicas



Ministry of, @
‘Transportation and :

Communications

Ontario , Memorandum

~Tot Mr. M. R. Srnesaks From: Structural Office
Regional Manager . West Building
Reg. Planning & Design Downsview, Ontario

; Central Region-
Atlention: - .

Date:  gyly 12, 1976

Qur File Ref : In Reply to

I

Subject: W.P. 78-73~02 : 34-112
Deck Replacement for C.N.R. Overhead
Hwy. 58, District 4

As this project has been stockpiled for some time, we wish
to submit an updated D4 and Special Provisions for tha
Stracture which will sumersede all the contract documents:
previously sent to you.

Fnclosed is two copies of the D4 and Special Provisions
~fox your use. . )

One copy of the D4 and Special Provisions is also being
foxrwarded to the following: < e

District . , . , S
Systems Design Project Review T
Structural Material Section K S
Structural Design : ’ N
“Estimeting Office . ; ¥
“Assistant Construction Engineer (Structures)
Regional Structural Planning Engineer.

Structural Maintenance Engineer
Soil Mechanics Section

‘ N. %oltay,
NZ/31 . Structural Contract
Encl. ' Specifications Endineer
c.Cc. W. McFarlane.

J. Wear

‘C. R. Robertson

K. C. Howe

B. Giroux

A. E. McKim
G. Burkhardt
E. Van Beilen
C. Mirza »
R. Fitzgibbon
J. Anderson




Ministry of L
\W) Transportation and ”{:}B%
" e Communications -
Ontario Memorandum
Teo: Mr. E. Willis, From: Structural Office,
Supervisor Contract Documentation, West Building, Downsview.
Systems Design Branch,
East Building, Downsview.
Altention: Date: Nevember 18, 1976.
Qur File Ref. In Reply to
Subject: W.P. 78~73-02, Site 34-111,

NZ/im

Deck Replacement for C.N.R. Overhead,
Highway 58, District 4.

As a result of the Structural Review Committee meeting,
dated Octcber 27, 1376 the contrace documents should be changed
for the above as follows:

{1} Earth excavatiocon required for placing approach slabs and
to carry out work on the structure should be compleced
by Regional Planning and Design COffice. -

{2} Special SP for Field Clean and Paint Structural Steel
should be revised to read

"At the contract price for the above tender item the
Contractor shall clean and paint the structural steel,
including new shoe and bed plates, in accordance with
MTC Form 212 part C and as described herein. The
Contractor may apply the prime coat prior to placing |
the new deck. The top coat shall only be applied after
the new de:k has been placed. Before the application
of top coat paint further cleazning and touch-up prime
shall be carried out where necessary.”

(3) Add to the list of Material supplied by MIC:
Paints
Prime MTC Code No. 16-5-3-1 (7 gal.)
Top Coat Grey MTC Code No. 16-2-25-2 (16 gal.)

{4) Delete Protecticn Board Mrom the list of Material supplied
by MTC. ) 4

. 2oltay., :
Structural Coniract
Specifications Fngineer.
¢c.c. W. McFarlane

M. R. Ernesaks

C. R. Robertson

J. Kuprevicius

B. Giroux

A. E., McKim

C. Farrelil

E. Van Beilen

C. Mirza o~

%ﬁaﬁmmg g§ o

= WOV 72 iwg

ﬁ

¥

% A HegrANITS o
a.g*&wmuw&cmw

fod

.

S
&




DOLUMENT MICROTLMING IDENTIFICATION

GEQCRES No.__30er#27 .
DIST. . ¢ REGION erimse

W.P. No.. 7§-23292

CONT.No.__ Z&-#o

W. 0. No.._. 737//0%5
STR. SITE No:
HWY, No. -~ 48 .

LOCATION  _gorgsntioressl SETrestionts
_fetut¥ 55 ) caR QuUERSESS

=

OVERSIZE DRAWINGS 10 BL INCIUDED \WITH Tiis KLFOSL_

Dot conenta tobe unfoltod bofore

REMARYS:




. N T A
T 2 BRIDGE
. - » o REG. MUN OF N1
ST . Lo i frée ) ¥, 480 5245, SHEW_DATA - 10" 5040 "" p
e 1007 54 X L e . SN 0188432
Bgt \ \ £05 " 0.5821416, .
; i L TN 0.j5i5c4 F WELLAND
-
A 2N SEC. L0IBIBAZ
T e T o T o oruew -
10°-50" 40" v W-piER GE Y BEARING SEAT ¥ L :
| - \ i gt I = R i :
STA. 18646426, N\ imeran st wm— § TIER: LA B 1
70 POETCOL. Liases L G0 Ta !Asmul,r WEARING SUPFICE || T WCLLAND FLEET. ,_k\ (0
! - : %
3 ! LY
g oirgho
oy - SECTION THROUGH PIER C4P 7RT COLBORNE
: X (il
4 i \ PLAN’
I — S ]
= } SyrariT= .
\
| 70 86 prsove s 525, ST OF DRAWINGS.
\ 3 {s0aDed> AREAYT, | S8-1] - 1~ GENERAL PLAN
3 - 2= BORL HOLL LOLAT NS £ 50/ S5TRAT/
A PLAN ) N ,, 7 i/ L BT IENTS € PR DS IoN, # FEmE,
SCALE L g r 1~ DECK € GIRDER DETAILS
| [ § e amiTnr 5= CONCRS E BARRACK WALL (215" iGH)
i A ey G STEEL PARGPET RAMLING (SGLE 136
H L i 20 AT APPROACH SLAB (EoR EARP/E»? wazi)
i i . Vs b stabaks berais
; i e 9- a5 cons TR <o,
. I :
: o e v o I— / N [ | NoTE
i DDERAIL  NCHORAGE by | KNorEs:
i e N = s - L TN CLASS oFiconceers
i A prranac seaks | - 5000 st
J \ v o
CLEAR COVER QN REINFORCING JTEEL o
WINGWALLS — 3°, T BARRIER WAUS - U" B

DECK — 2" TDP " BOTE.
CONSTRUCTION NOTES.

HC CONTRACTOR /S RESPONSIBLE FOR. FINISHING
55 7S DEAD LEVEL TO THE SPECIED
RN

oy [
i
vt :
L wp weaics —34 c|
| =
[ LONCRE N APPROACH SLABS
i : .
i 1 FROVIDED
3 2807 i
CONST. CLEAR. '
H 2|
j_l_g_A IS N B 9 L
H
COMNCR AND .4 FEET BELOW CLEARANCE DIAGRAM . \Lox Tor SRR S
BRICKWORK . . . CALE 1 g% 110 K
; R 5" . 5 ’ - MINISTRY_OF TRANSFORTATION AND G
. Beivge o
EEE R STA. i85 16426 B
i B, a0
249" h 757D B " Th' sikp o
I [twio 0 pe uoee) & . [ own  f emE DECK. REPLACEMENT ¥OR H
T 1o poer cOLBORAE 7 WALk CN.R. OVERHEAD .
[I—1- S KNGS EOHWAY o, 58 othe, 4 jf
_ €5 CIFY OF WELLIND, 96, NUN. OF MIAGARA :
PROFILE_OF WY, 58 e, or o : : ;
JR = AT S GENERAL . PLAN B sy
FOR REDUCED SLAN P i@% conmicr e |
et \ . 0 s wnery o T J o JeFE | whte ] 78-73-02 b
VOGRS - ENISTING ABUTHENT . S h | 5
- fe— 3 ncuzs on omcmAL rear ST IS T U i A B




PRINT R

)

o

SELENL ELION 03,

Rsool’
83002

(ser: DUG: 34:111-5)

EPOXY_ LONDING AGENT
WMEDIATELY PRIOR 70
PLACING .
CLERN EMISTING S1LEL.

4
ABUT BRGS,

. %30y

3
ABUT. 3365,

SELRAEL GIOL

T ABUTMENT

73"

30-1850088 12"

30:e5005 @i2"

—B503T

5w ¢NCEC 00

EXIST NG WINGIALL—

ovel

TO BE REMOVED
o B Gos
(See v AT Abo tlev)

7200 (TYE:)

(EATEND NTo .
Wew ALy

F|

‘ & )

_ 5 55013 1
+ =

sois @

B — 4

S SR ¢ W

R P

2
SBEOIT® & 5418 NG

e
At

2 AsuT
2y

B0

coo

B B5003

PLAN

1y,

—psoor

OF PR

FOR BEARINGS
SEE DWG- 34-Hi~4

—3-PGoo2,

BRGS.

85005

Yo SRR

WITH TR

FCR REDUCED PLAN
use s sEOW
o n 2

o 3 INCHES ON ORIGINAL PLaN ~—o]

30ura-33

Bo7.G2 (TiP)

EVISIONS

Deséxmicn

MINISTRY OF TRANSPORTATION AND
ONIARID.

CNR. QVERHEAD

DECK_REPLACEMENT FOR

KING'S HIGHWAY Mo 58 DIST. Ms.
STV OF WELLAND, REG:MUN. OF NIAGARA
WP, fioiIER STONE Lo1 cou.

3TN

— DIMENSIONS £ REINE:

pre— /‘& -

R

i owe cnE

contpact Ne.

WP No. 78-73-02

G| B | o
DATE (AR 57| TOADE |75 2043 STE Ne- 341

SHEET 3




	0004892
	0004893

