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?OHJQatlbﬁ Invnstzgaz¢cn ,
Drcposed,cvernead -~ Kichigan Central Rly‘,
Count? Road Wc,%i

‘Dear Sirs:

fhe enclosed rsnort contains uhe resuTts of a foundatlon

*:investiv“tzan cam:;eﬁeé in December 1960 at thc anove—no 2d railway crosszﬁg»

és 1na1»ated ﬁurzn? r@cent ﬂcnversatlons on this subgeﬂu, the

_site is underlaan by = very deep deposit of dean clay'wnzvh continues for z

depth of 112 feet, the estimatsd level of bedrock. As a result of surfzaoe

drying, the top. apnr011mat91y 40 feet of this clay exists in an overcensol—

idated state. The degree of ov rerconselidation is very grest within the , :
first approzzmarely 15 feet below the surface, but the effects of surface dr31n~
become less marked with increasing denth. ‘Below éu feet, the soil is in equ_?

,‘br um w1th,nrssen+ overburéen DrPSShreS only.

Pwo tnzﬁk strata of coarse 511t &re interbedded w1th tnls clay

‘deposit. The thicknesses of these layers vary in a north-south direction,
- particulsrly on the west s;ée of the railway. -Because of this fact and
. because of the oblique angle of the crossing; there is a tenéency for differ-
“ential sett ement acro°s the width o? the bwldge structure,

Although the safe bearing vaTuo of the soil is in the order of

;9000 pc «f» at and below Elev, 602 feet, congiderable settlement of this
 bridge structure must be anticivated,. Thls movement will be due almost
: entlrely to the weight ef the apnroac& £ill.

Setzlement calcalatlons 1ndlcat° xhat about 40 percent'of

;uhe foundaﬁlon CQMUIQSSLOH, 1nclud1ng all elaotlc movemenis, will be comUTete
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by the time the embankment £i1l has been ralsed tu full he;gnt at,this stage
of construction the gbutments will have setiled con51deraclj muzre than the
~plers.. In addition, because of the greater weight of f1¢¢, the obtuse corners
‘,0‘ the bridge will be lower zhan the acute ends.

In order to anticipate this large spuiment setilement, it is recom-

, "araad that they b2 built gbout 3 inches too high. By doing ihis, they will

“be closer to the desired level when consiruction i3 to be started on the
supersiructurs.  Some aéiitiop?1~?bu;761ng up?® of the bearing surfaces of the
ebutments may be required at this sitage, but the adjustmenis should not be
as great as the seiilemsnt Caiuh‘&tlchs of this repor% in&icaze;

- The computed meximum differentizl sett‘eme&g occurrzng between the

- gbutments and piers during and 40170W11» the placement of girders and decking
is zbout 5 1rches. Agein, & lesser amount of actual movement is antiecipated,
Provision for this movement could be made by insislling simple screw jacks
under the bridze girders. Inm this same Tinal period, the estimated marimem
sgttlement zlong the ?Dng%ﬁ of ths bridge piers is computed o be 2 inches,

- The settlsmeni of the bridge and epproach i1l should be essentially com—
-plete W¢th1n a period of 4 years. 4 reduction in overhaar c¢learance . of ths
order of 3 inches has been estimated as 2 resuli of the setilement of +the
bridge piers t ‘

The compuied maxioum setilement of ths highest portions of the
% al

femﬁankﬁanu Is in the order-of 23 inches. In %he estimation of actual £iil
requirements however, it is recommended that an allowance for a total
settioment of 15 inches, only, should be mad A linsar decrease in sebile-

» d - be =
ment with lower £ill %"1gh+s should bes assumed

There will be & definmite giff

b erential compression of ithe soil undsr
the embankment zlong the path of the 4 inch gzs main wanich passes betwsen
the two lines of hydro towers z few Toel w28t of ithe proposed bridge stracturs.
The probavle differeniial movement 1S in the corder of one Toot over 2 length
of €0 feet. If this differentizl seiilement cannct be tolerated, the gzs
iine should be re-roulad.

settisment of the bridge is to be avoided, the stru

1lew drivsn %o rock. . The disadvantage of thi:
dafferential seitlement will be experienced betwse
s zpproaches,  Friction ﬂile will neot perform satisfzaci-
ar g@ probortlon of tﬁe scﬁtl\ ent occurs in the mors

Smust be found
program is th

%
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compressible soil T
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, A source of Class 2 gravel has
¥o¥enny Road, south-zzzi of Cook’s Mills., This
it to this projsct.

, We hops that the comments of this report are of cssistance to Fou
in the prepargtion of fcun ation designs for this structure. ¥e shall be
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pleased to review any particular aspect of this investigation, or ths e
- observations and conclusions arising out of this study, which you may wish
to discuss: S S

It has been our plsasure %o serve you in this regard.

Tours very truLy;

ohp ’ (; i 7

‘ Enels. ‘ o : William A, Trow (P. Eng.)

CEAT/1t : S
¥ - .
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FOUNDATION INVESTIGATION
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W"‘LLAI‘TD, CNTARIO

. ?h@ %*chégan Central Railroad c;csses County Road Fo. 11,
about 2 milss edst of the city of Welland. It is pronossd to

‘3'611m1na+e the existing level crossing at this site by the construct-

donoof an overhead &rldgen This overhead will consist of & t%vee
span s*ruc+ure Wlth Rmnankmen" abproac%esa

This report descrlbes the soil condztlens encountered

‘;,dL;ing +he field investigation 2t this site. Recommendations are

made conecerring the most suitable type and depth of ?ounéatlcng the
safe bearing capacity of the soil and the probsble settlements to be
anticipated under the. bridge foundations and 9mbankment appToaches.
The avamiablllzy of su:uable embankmeni fiil in the loeality is slso
d.scussed ,

Site Degeription

: Thig site is iccated a% the skew crossing of ihe ¥ichigan
: ~Genzral Eaziroaa and County Road Nc. 11. Tne doubls track Tallfowd
,has been’ constric teé about 4§ to & feet above the surrounding fla
countryside. Small embankment approabhes bring the existing roszd
ap 1o this'helght at the crossing.

The 81te ?1es in part of zan extensive, essentially level
ciay plain formed by the gla:zolacustrlns ‘deposits of Lake Warren.
This lzke was one of a successior of g1301a1 lakes which, at one time,
covered south western Ontarioc. The site is welatzvely well drained,

- and is surrounded by farmlands with a few hOLses si tnated a short -
‘d*s arce to the Westc‘

: The proposed bridge will be a three span skew structurs,
o Witk open type abutments which allow the approach fill to spill
through, The approaCheﬂ 111 be constructed to & maximum height of
22 feet at the abu%mentﬁ W“Th 2:1 side slopes:

o Humerous underground services ars located in and around
cthis’ site.  In-particular a 6 inch provinciszl gas main runs 140 Feei
~west of and parallel to the railroad track. In its present position
this line will be overlaid by the maximum height of approack fill.



| WILLIAM A. TROW AND ASSOCIATES LTD. 5

: Due io the extensive nature of *hlb Iacustrlne clay plain,
very few areas of suitable granular fill material are found in the

flﬂc&lltyﬁ‘ Such deposits that do exist are the remains of the old lake

beach,  The largest denosits of such material lie Just west of Fonthlll,
about 11 miles from the site, where itwo gquarries are currently being
workea, An 014 pit on McKenny Road; located about 4 miles south east
of the s;ze was aLSO apgraased during the field investigation.

Subsgoil ﬁesoription

;nﬁtlally ¢car borings were made a3t ﬁhe site at the locations

'1ndlcateﬁ on the scoompanying drawing Fo. 1. fifth borehols, B, was

then nut dQWﬁ 10 zurthev de;zne the ?eve1 and zhlcxness of - the various
s%rata, '

The so¢1 Types nncounxered in each hole, together with a
*ecord.QL some of their ohyslsal properiies are presented in drawings

2 to 6. The relevant infcrmation from these borsiole logs has been

summarized and. presenfad iz drawing Eos 1 4n +ha form of ebz.maﬁed sitb~

780 'oLrat*graph*ca; aro?11e5~

Bsfevence £ o) @hzs drawzng shcws 6 to 12 inches of tof3011

'averlylng a stratum of stiff %o hard red brcwn siliy clay with gravel

sizes. The upper 180 t¢ 15 feet of this Soil sxists in a dessicated
hard condition, with moisture contents ‘almost at the plastic limit,

“Mezsar red undreined shear strengfhbq in fhis uppsr Zone wers in excess

of 4750 psf.  The lower horizon of this soil is. consi aarably less stiff
with shear sirengths in the order of 1000 psf. The stratum is +arminate&‘
in hole A at a depth of 243 feet or E1 582 feet and rises sl lighily in a

‘wesierly direction to El 586 feet in hole B, . On the nerth sidée of ihs

road, however, this stratum extends 1o a depth of about 34 feet or El 375

“feet in hoﬁe B and zgain risss abon+ 2 feet in g westerly'dlreczzon to
-
7 :

i

'1“5? feet in hole D,

This siiff c¢a¢ deposz* rests on g stratum of mediun dense
cohesioniess msdlum to coarse red browr silt.: The uﬂlckn“ss of this
deposit varies considerably from 3 § feet in hole D to an average max—
1mum of 20 %o 25 fset 1ﬁ the other holes.

ﬁnaerlyznﬁ tﬂls cohesionless sozl a depos toof medium stiff
red brown silty clay was found and this material extends 4o the Full ﬁepgn
of ‘boring or ‘GH fget in holes 4 and D Labora+ory tests indicate that

‘this clay is in a "normalily lozaded™ siate which term implies that it ‘has

become adjusted only to the weight of the present overburden. 4 %hin

stratum of cohesionless silt, similar to that mentioned above, was

entountered below 75 feet or Ei 530 feéet in hole 4 and in nole iy was
found to eztsnd betwae El 550 and Bl 52@ Teet.
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Bedrcck was not provep in these holes but a coné ‘was driven

- to rePuSaT at 112 feet in hole D, Drawing Iz indicates the bedrock
:Levels from well drilling records in the vicinity. They are in agreg—
f'menz with this refusal depth. : ' '

‘ Water level observations in the boreholes show that the water
table is located 2 %o 3 feet below ground ~urface or at El 604.5 fest.
The higher level recorded in hole C is belisved to be due to the entry
ef surface runcff during an cvernzsht storm,

-Overhea& Brldge Founaat;ons

“In the previous qectian it was meniioned that approx imately

10 tc 15 feet of hard desiccated silty clay was found to exist at the
- surface of this site. This clay is eptzrely campetent: to support both

the overhead structure and the approach embankwents, Sprnad,fcot’nps
for the bridge should be located 4 feel below the ground surface for
frost protection and jo awid soil temporarily softened by frost action.

From the levels obtaimed during the field invegtigation this depth

corresponds annvaxzmate?y to E1 602 feet,

The safe allowabls net hﬁar*ng Dressurs to use for these

: foe%zngs may be comyuted from the expressions -

whers: F is the factor of Sarety required to keep seitlement
, w1th1n ?oﬁerable iimitsy a value of F =3 is usually zpplied

£ is ths undraﬂned shea. Gtrength of the sozl under the footing,
assumed from trzaxza; tests to have an average minimum value

of 4,750 psfy

aﬁdf ¥isa béarinp‘capaci+y factor which depends upon the shape
and the depth to breadth ratio of the footing., For a
continuous strip type footing near the grourd surface =5 ?G

Subst;tut$nu these va;ueq in' the above expression az safe pres@are

Ain-excess of 9000 psf is obtained.  According to current practice this is

close to the maximum pregsure usually permitied for a soil of this type.

This limitation provides g margin of safety in case of undetected local

pockets of softer material. When using this pressure,. footings should be
designed to.carry the dead weight of the siructure and overlying approach
flll plus the maximum possible live load, Practical design considerations
mays however, reguire largev foot;n s than will be datermlned from the
above beaﬁlng valus.
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Excavation for the footings in this material should present
no probléms. The sides of the sxcavation can be cut almost vertical.

Because of the impermeable nature of the clay, ground water flow into

the excavation will be negligibls,

“Heavily desicsated elays of this type, however; soften

slightly on prolonged contact with frees water, Therefors, the final

9 dinches of ‘soil in the facting ares should not be excavatsd until

- immediately prior to the pouring of concrete.

As - mentioned praviou@?“ tae brcuOQed approzach smbankment

- will remain quite stable. Vegetation and other comprsssible surface

material should first bhe removed before ccysbvuctﬂng the approaches.

Settlement of Bridge Structure and Approach Fill

As mentionsd in & previcus SECulOng the soil underlying ihe
site consists of approx_mately 110 feet of siliy clay intersected by
two ilSulnCu vaata of coarss swla,

The various fleld and Labovatory test resuliis indicatse

'fhat the effects of surface drying =nd consequent over consolidation

of the silty clay extend down fo a2 depth of about 40 feet below the

‘fground surface. At greater depth the clay anpears to benormally _eadsd"
which term signifies that it is in equilibrium under present overburden

weights only. These observations are supported by the strength-depth

‘relationship shown on drawing 7 and by the estimated prscensolidation

pressures of . bampleﬂ from various depihs shown on draw1ngs 8 %o 7?

; The distribution of pressure below El 602 feet from the foot-
rigs of the bridge siructure will be confined essentially to the very
tiff desicdated clay near the surface.  Settlements under the Tootings

- e

due to sustained bridge loads, therefore, will be smali,

However the 1nfluence of the weight of the approach £ill

‘extends to the full depth ‘of the clay deposit. Avpreciable settlements

will therefore cocur dus to the normally iocaded nature of the so?ter
cley grcun& below about 40 fest.

The wvariztions in thitkness of the coarse silt strata have
been mentioned previously. Consolidation due to expulsion of pore water

will be almost negiigible in this soil. Therefore where a large

difference in the thickness of this straium occurs over a short disitance,

. such as between holes D and E, appreciable differential settlemenis will

ogoure - In addition the unsymmetrical loading from the approaches due to
the large skew will induce additional differential movement.
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. Consolldatloﬁ tests were performed on three samples from
hole D and on cne sample from hole A. The results of these tests are
presented in drawings 8 to 11, .Corrections have been mads, accord~
ing t¢ sccepied procedures, in order to aceount for the effects of -
sample disturbance and to simulate, as closely as possible, the field

‘consolidation line. At -a depth of 24 feet the soil appears to be over

consolidat ed.by a pvcssure of about 3500 psf in excess of the over-
burden weight. ' Since the pressures from the embankment will not axceed

this loading, settlem@nzs in this zone will be smalle

bamplea from depths of 44 feet and 71 feet; although some~

what disturbed because of the presence of gravsel sizss; indicate the

previgusly mentloneé normally consolidate 4 condition existing at this

aepth“

Assi appropriate values of tbe coefficient of compress-
gning ?P

ibility, m_, as defermined from the foregoing tests, settlements under

each end ' ‘of the ple*s ard abutments were computed.  These comp utat;ons
are outlined in Appendix B Account has been taken of the relative ,
stiffness of the upper desiceated clay compared to the lower deposits of

more compressible material; and of the modification of the stress disirib-
ubion into the so;l resulting »rcm this lack of uniformity.

~ According $o the comnutatzons in Appendix Bg maxinum setﬁie-.
ment of about 10 to 12 inches will ocour at the abuitment locations, and

~the differentizl movement between abutments and piers will be in the order

of & inches. ' Because of variations in the intensity of embankment loaulng
and differences in thickness of compressible clay a differsential movement
in the order of 3 1o 3% ;nchcs h&a been computed along the length of

the bridge piers.

- The accuracy of these settlement estimates can be verified to
some. extent by recent settlement observations made by the Department of

- Highways for embankment fill placed at another location in the gesneral
vicinity of this site. The thicknssses of compressible soil are somewhat

less in this instrumented example. The total movement at the end of
construction, or after a period of 1% monibr, was observed tc be in the

order of 4 inches, At this time the comsolidation of the subsoil appeared .

to be well advanced. At the present time, after a period of about & months
the movement is in the ¢rder of 5 inches. Some zdditional 1ong term

“settlement is anticipated.

, On the basis of this information it would appear that the
estimates of settlemeni made in this report, are foo large even though
allowances have been made for sample disturbance, surface crust effecis

~and other factors, In addition it should be appreciated that settlement

of the structure will be well advanced by the time the apprcach embankments
have been constructed to full height. Therefore, if the supersiruciure of
the bridge is built after this tima, the disturbance to it should noi be
nearly as great as these ssiimates would suggest.



 WILLIAM A. TROW AND ASSOCIATES LTD.

. : e According to theoretical comnutatlons illustrated in Dwg. 16,

' abouﬁ 40 percent of the setilement will be complete by the time the
‘embankments are up to full height. If work on the supersiructure is
delayed to this time, then only about 60 percent of the above movements
should be experienced. In a&d;t;on; if $hs pouring of the bridge deck is
delayed for another 3 months, and if bridge girders are raised lsvel zt
this time, only zbout 45 to 59 percent of the computed settlement should
be expected. In view of the zreat lsngths of the piers and abutments the
resultant differential movements should be acesptable.

The presence of a gas main under the proposed west approach
embankment has been mentioned in the previcus section o* the repori, If
the line is maintained in its present position; it will setitle with the
surroundlng ground under the embankment, Ib is b°1$eved that the line:
should be fiax1sle enough 0o accommoda;e these settlements without damage
to the pipe. The estimated diff srential ‘movements under the embankment in
~the vicinity of the gas main are indicated on Figare 3 of Appendix B, 2

‘.dlfferentzal,movement in the order of 15 inches over a length of 60 feet
visg indicated. This - estimate is believed to be too high, However ii may
be zdvisable to relecate the line fo avoid future ma_ntenance pron&ems

under the approacrhes.

: Settlement of the abutments and piers can be eliminated by
,f;ounﬁlne “thkse slements on end bearing steel H ~ piles driven ic bedrock.
“Relative movement of 12 inches beiwsen anproayhes and abutment will still
o o L oeeuT, Tt is not ‘considered; however, that the eliminatiom of bridge
. : : settlement justifies the exira expense of such piles., Friction piles.
- carmot be used satisfactorily at this site because the main body of C OB
- pressible soil lies at great depth below 40 feet. '

In view of the aniicipated foundation movements it is undersicod
that consideration is being given io an ovsrhead structure which incorp-
orates simply supported spans. Although the diffsrential settlemenis within
this bridge should not bs too great if work on the supersiruciure is
delayed as indicated above, it may be desirable %o provide z gystem of jacks
under the bridne girders. Adjustments then can be made as required.

Cranular Fill

: Ais mentioned in a previous sec ~tion of this report, the nearest
commereisl guarries are located at Fonthill, sbout 11 miles from this site,
Two suitable guarries at that Village are Moyer's Ltd. and Fonthill Sand
and Gravel Lid. t has been confirmed that these quarries. can supply
material conforming ito the Dept. of Highways specifications for Class A
granular bass course, although the gravel has noi always met all the
requirements of this standard. Because of this fact, it is recommended
that tests be performed at frequent intervals to ensure compliznece with
the specifications, if these sources of supply are to be utilized.




”hese resuxxs ‘show that the gravel in the unworked area in the north

and orth-»ast paris of the pit is satisfactory for: Class B granular bhase
IEdis estlmateﬁ that thls area contains at 1east‘15,000 cubic yards
matarlalg < . sy . I T R L

Twc samnles of sandy sclz ‘were also cbtalned from grevzous;y werked

t0§ very uﬁlff ta ﬂaré c;ay ex1:tzng in the first aDprOX1mately 10 feet
low the ground in this general razlway 020391ﬂg area should be suitable t0
lemen? tris granular £i11 Tor the lower courses of the embankment. Tts
ture content lies 2% or below the plast;c }1m¢t which ﬂondztlon cclnc1des
,w1th that requlred for optzmum dor51ty. ~

riclusions

i @he conclusions and recommendations presented in this repori are
*ummarized as‘follows: , L ' . : ‘

Y The soil at this 31ta cen51sts essentlally of a- medlum STIff to s.iff

lty clay, with a hard desszcatoé surface crust 1040 15 feet thick. Inter~

cdded with this soil are two coarse sili strata whlch vary: in ‘thickness over

e sz%eo, Although not. nroven, ‘bedrock is assumed to lie about 112 faet

below the surface. According to several well drllllng records, +hls is the
avel where hedrock was intersected. N

J . The overhead n¢1dﬂe can,be fcuﬂded on spread foctlngs located 4 feet
1OW’the I resent ground surface or at approximate Elev. 602 £t. A safe
ea*znv pressure of 9000 pas.f is rncommenced.

'3} The maximum settlemenh a? thn abuiment locat ions has been computed
to be about 12 inches, Accardlna to theoretical computations and laboratory
tegts, ths dlffere\t1a1 movement between the abutments and piers and alsc
long the length’ cf whesp members will be considerable as well,  On the’
asis of field measurements that are availsble for: somewhat 31m11ar instal-""
tlons, however, ‘these. esﬁlmaLes of founda ‘on mov@ment are belleved to err..



D" ASSOCIATES LTD.

‘ﬁﬁe‘higﬁ'side;( In:adﬁition, the setilement folldwing the installation
of the bridge superstructure will be of a much smaller order since about

on

40 to 50 percent of the overall feundation movement will have occurred

- prior to this time. In making this statement, it is assumed that the
~embankment construction has been completed. The greatest differential
settlement of the superstructure after this time has been estimated to be

' in the order of 2 inches. This movement will occur along the length of the

east pier., 0 , ,

,;4) ' The theoretical settlement of the interior piers has been computed
- to vary between 2 ané 5 inches. For purposes of providing clearance over
the railway, a movement of aboui 3% inches should be anticipated,

S5) As stated;above,'ths,maximumfsetélemen%; of  the abutments have a
computed range between 10 and 17 inches. About 4 to 5 inches of this®
movement shouid be complete ‘at ths end of embankment construction.  These
estimates probably err on the high side. However, a large percentage of this

. differential setilement must take place during construction; as.evidenced by

- %he D.H.O. measurements referred to in the report. Thersfore, it should be

-safe to anticipate this movement by building the abutments sbout 3 inches too
high. By the time “he supersiructure is to be installed, the sbuiments should

“be at the required level or possibly somewhat lower. The balance of the
movement can be provided for by shimming or other meanrs before the bridge

‘girders are placed, If settlement plates are installed, a more reliable
rediction of gbuitment and pier movemenis can be made.

6 Theoretical computations indicate that the meximum seiilement of s
~ the embanlkment, well back from the abutments, will be about 23 inches. = This

: timate, again, is probably somewhal severs. For £ill estimating PUTPOSES,
1% is suggested that provision be made for a total of 15 inches of movement.,
.A linear decrease in this settlement should be assumed for lower embankment

f£ills both laterally and longitudinally along the cenire line of the £3i11.

[ RN

O
!

7) ‘Theoretically, a differential settlement in the order of 15 inchses

can: be anticipated between the crest and toe of the highest parts of the

embankments. This movement acts over a length of 60 feet. This differ—

ential settlement should not be detrimental %o & flexible gas pipe line.

ALY setilement should be essentially complete after a period of zbout 4
years, , e

8)  In view of the seitlements to be expected at this site, it is
recomnended: that the design of the bridge incorporate simply supporied
girders. It is understood that this design scheme is being considered.

9) Granular £ill conforming to D.H.O. specifications for Class A base
course is obtainable from either of two pits at Fonthill.

?0); A suifsble deposit of gravel, conforming to D.H.C, Class B spec—
ifieations for granular base course, is located in a quarry on McKenny
~Road, There appears to be sufficient material at thiz location to supp]

~all of the Class B nesds for this project.

PEI/1% : . Peter G. Imrie (P. Eng.)l%
© Jan, 6/61 L i : , : SEEA
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- diameter depending upon the clear diameter of the hole.  After test

APPENDIX 4

Field Irvesiigation and Labcraécry Procédures

Initially-all holes were put down with continuous flight

“.auger equipment. The holss were 5 inches in diameéter and were uncased.

Ho&es B ;. Cy D and E were advanced to their full depths in this manner.
imilarly hole A was bored o a depth . of 50 feet, where further :
progress was prsciuded due 4o the collapse of the surrounding wet silt.
Hole A1, put down nearby, was cased fo 68 fset bslow which depth the
unsupporied hole remzinsd oper. Thls hole was advanced by wasnlng ahead.

~ Uﬁdlstursed s«mnleq of the clay were obtained by levering or
ér: ving 2 inch 6r 3 inch inside diamefer shelby tube piston samplers into

- the soil ashead of ihe boring. Near the surface where the clay was very

stiff, open drive shelby tube samp;ers were used. Disturbed samples of
clay and cohesionless’ material were obtained with a sitandard 2 inch out~
side diameter spiit spocn samplér.  The penetvatzon resistance of the
s0il so obtained was determined by the number of 35C £t, 1b. hammer blows

‘reguired to extend the penetrztion of the spoon from § 1n hes tc 18 inches.

In-situ shear strangf¥ measurements of the undisturbed clgy
soils were carried out using vanes 2-5/8 inches and 2-1/8 inches in

soil was completely remoulded and the test was repeated. The ratio of
the undisturbed to remoulded strength is defined as the sensitivity of
the ‘s0il. - The very stiff soil near the gzwnnyi surface was found to be
beycnd the capacity of ﬁhe vane, :

The shelby tube sampies were sealsd at the site and ¢
disturbed samples wers wrapped in tinfoil and placed in moisturs praci
plastic bags. In the laboratory, natural water conient defsrminations
were carried out on all cohesive samples and Atterberg limit tests
performed on 5ﬂleeﬁed specimens.  Eepresentative shelby tube samples

_were subjected to $riaxial compression iesis with cell pressurs at least

sgual fo a"erburden pregsure. The undrained shear sirength of the soil
is computed as one half of the deviator stress at failure. Natural unit
weights of the scils was calculated from the weight of the cylindrical
specimens. Consolidation tests were performed on representative she 21y
tube samples %o provzde inf ?ovmatznn for a seitlement analysis.

Ground water lesvel in the ﬁo?es wag observed during the field
testing period until no further riss occurreda
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Hapresenuat;ve samp?es of “grenular material were obtalned

from the previously mentioned quarriss, In the laboratory, grading

tests wers performeé on these samples.

The records of these fiseld and lahoratory measurements
are recorded on the boreshole logs as drawings 2 to 6 of this report.
Stress—strain curves of the triaxial tests are shown on drawings 14to
15 ‘and the consolidation test resulis on: drawings 8 to 13 The
grading curves of the EEcKem Road pit samples are presented in draw—-
ings %Eana.az , ,

- The ?evels of the ground beside all holes were r'eferre& to
the top of rail as shown on drawing 1. : :
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Settlement Computations

A, ,C'enera;l :

‘Fhe apprcaches are assumed bo have 2: 1 side slopes,
a ?;op width of 66 feet and to possess z unit weight of 130 pef.
 The assumed load distribution is indicated in Fig. 1. The
- abutments and intermediste piers are assumed $o have 14 feet
‘and 7 feet wide continuocus footings,; 95 feet long, respectively.
The abutment Icotlng’s carry 1600 kips and the piers 1800 kips
due to sastalnea ‘:r'zfign loads,

: - The "arassure increments at any depth due 'ha the above
"'loa&s are determined by using =z *ie%vmark chart.

, The foll owing tmcmﬁssee of ‘clay so;l are assumed in
,whlch uonsuhcm‘s:mn settlement CeoUTS,

1) ﬁast Abu»men* ami 'f’zer

: _Iiejjf}i Rorth End SE South End
(£5.) | (£2.) (et
0-20 20 - 20
2040 | 15 | 5
40-60 ' 20 10
60-80 20 20
80-10C0 10 , 10

2) Bast Abutment and Pier

Depth W Forth End South End
(£5.) C{Ft.) (£4.)
0-20 20 20

20-40 15

4060 10 15

60--80 15 15

80100 , 20 20
‘ o ‘ . In both 1) and 2) relatively incompressible material

ig assunmed below 100 fest.,



Cumputatlans both of ths 1mmed_ate or elastlc settlement ,

occurlng‘as welght is applied and of longer term consalldatlon
= settlemeri have been made, :

R
e O I R
R
. és L i ;
IR {we40R Kef
........ At ¥z me xf.
S e S /;/?7¢//,f/€/x»x:

E%r——

?1g. 1
Sketch shcw1ng assumed dlstrlbutlon of embankment Aoad
i B‘vConsolldatlon SeitlemenT k

Tﬁe expression used for aomyutlng ;hlé moveme 37 15'
AH (Hﬁpam )/u

#ﬁerei H is the depth of the stratum cen51dered

o .&9 is tae average,;ncrease in stress within the siratum

o is the- appréprzate cdef¢1c1ent of ‘compressibility
.as dezermlned fram the consclidation tests and

s is a facter relstzng estlmate& field cansolldatlap
to 1ahoratory test results, *

 The average valucs of mv and o used in these calculatlons ares

0-40 feet - m_ = 0,0025 fm /k:.p A= 0.6
© 40-100 feet m = 0,040 £t. 2 feip = 0.8

Por settlements &ne to abutments and,pier~loa&sy,u =0,5,

B A Gontrlbutlcn To The Settlement Analywls of Foundatlons on Clay“ s

A W, Skempton and L° Baerrum, Geotechnlque, Vol 7, TFo. 4




s i }Jelow 20 feet.
a; 'uhe average pressure mcrease, 4 Dy

_ ®a Smmh '97&m /‘“

?f"(kgf,) {fto) (ms) ,(ksf:) \ft) (ms )‘

007 20 0.03 0.86 20 o032
0.7 15 005 106 5 o

026 20 0,50 .13 10

032 20 o062 1.06 20




Tessure mcreaﬂegé‘m, at al’ther end between .

A B = !m aApoH)/u

rc.eozs X .,06 X 192) 0.5

: Ue 265 1!189 ;

_ North Bnd _ _ South Ead

5 | 73415}"»‘20

"'4} xsawt P:Ler

Ja) Dae to Ayproach ‘3‘:4;11

. o _Torth End _ _ South Bnd
£ Depth /u v : 'm,%f ' ,_p E LELH Ap 1 AT
Co{pEY f‘* ko) (ksf) (£4.)  (ins.) (ksf) (ft.)  (ips.)
020 0.6 00026 .86 20 0,32 | 0.07 20 0.02
2040 0.6 0.0026 1.06 15  0.30 0.47 5  0.01
- 40-60 Gy‘oio .13 10 1,09 |.0.26 15 0.38
60-80 0.8 foamo 1,06 15 1521 032 15 0.47

1921 037 20 0,11
: 5015 : L . 1‘59
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‘G)Immedlgte Set ¢emgnf

”he immediate or elastlc settlement of - the soil can be computed from
’the expr9351on'

AH o Q:5apH ¥
T TE

where 4 p is the aversge increasse in pvessure due to the weight
L of the applied loads.

“H is the depth of the stratum

E is the "slastic" modulus of the soil,

The appropriate. values of E for the ciay scil are estimated from a
consideration ¢of the siress-sirain curves and the undrained shear sirength
of this soil with a2llowances za&s for sample disturbance. The corresponding
- Yalue for the coarse silt soils is obtained from a relationship between this -
: modu?hs ‘and the penctration resistance.¥% :

‘These values are:

Clay = 0-40 feet E = 800 kips/ft. 5
Clay 40-100 feet E= 200 kips/ft,z
Silt ~ "B = 400 kips/ft.
1) 'ﬁést_Abutment ,
a) Due to Approach Fill
: : North  IEnd South End
Depth -~ B ATD H AH, AD H- A H,
(£ft.)  (ksf) (xs?) (£t.) {ins, ) (kst) (£t.) (ins.)
0-20 800 3.42 20 .51 3.64 20 .54
20~ 40 800 2,84 15 .32 3.25 5 .12
e : 4(}0 2384 - 5 321 3025 15 9?3
40— 60 200 2,22 20 133 2.80 0 - -84
e 400 2,22 2.80 10 .42
80 -280 200 1,80 20 1,08 2,45 20 1.47
80 =100 2056  1.45 10 43 2.04 10 .61
400 1.45 10 .22 2,04 1 .30
: 4.10 5.03

; N
w o Jrdoee | sde | wdoy)  Tous
£ £ =

0’
& —-E—-— %ar ﬁox'/ﬁ'«:é;ﬁd; : ‘t/,u: -5

 ®%  ‘TImperial College Lectures in Soil Mechanics® - 1959~60
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b)) Due o Sustained Bridge'Loads

» The computasion is similar to that for consotidation settle-
' ment but 0.5/E is substituted for m,

4°H:

]

0.5/E. o p.H.

(g—é% % 0.66 x 192)

0.08 inches

[}

- 2) Fest Intermediate Pier

&) Due to Approach Pill

Horth Bnd South “End . ,
Depth E  ap H  aH: ap B aE
(£5.)  (ksf) (ksf) {(Fft.) {ins.) {ksf) {(£t.) (ins. )
0~20 800  0.07 = 20 .01 0.86 20 0.13
Lk 2040 800  0.47 45 .02 1,05 5 0.04
. P S 400 0.17 5 .02 1.06 15 0,23
bl SEPLE 40-60 200 0.26 20 .15 1,13° 16 0.34
o 400 0.26 1,13 10 0.17
60-80 200  0.32 20 RER 1.06 20 0.63.
80-100 200  0.37  4C F 1,00 - 10 0.30
| 406 0.37 10 05 1.00 10 0,15
0.55 1.99

b) Due io Sustained Bridge Loads

The computation is similar %o that Ffor consolidation seitle-
ment, but 0.5/F is substituted for m :

AE: Q§§ ADH

« (82 x 1.06 x 192)

0.12 ins,

it
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3) East Abutment

a) Due Ho Approach Fill

Nopth End South End
| Depth ' E AD ’ E AH: 4D H A Hy
(feet)  f{xs?) (ksf)  (£t.) (ins.} (ks£) (£8)  (ins.)
0-20  80C  3.64 30 0.54 3.42 20 0,51
20-40 800  3.25 15 0.36 2.84 5 0,10
' 400 3,25 5 0 0.25 2.84 15 0.64
40-60 200 .2.8C 10 0.84 2,22 15 1,00
400 2.80 10 0. 42 2,22 5 0,16
60-80 200 2.45 15 1.10 1.80 15 0,81
, 400 2.45 5. 0,18 1.80 5 013
80-100 200 2,04 . 20 1,23 1,45 20 0,87
, ; 4.92° 4.22
b) Due to Susizined Bm.ige Loads
As in 1 {,b} above AH;= 0.08 inches
4) East Pier
a) Due to Approach Fill
A Forth End South  End
Depth E ap. . H C&H . AP H LHH
(£5.)  {msf) (ksf)  {£:.)  {ins.) {ksf) (£t.) (inps.
0-20 800 = 0.86 20 0,13 0.07 20 0.01
20-4C 800 1.06 15 0.12 0. %7 g 0,01
400 1.06 5 0.08 0,17 15 0.04
40~6- 2000 1,43 10 0.34 0.26 15 0,12
400 1,13 10 2.17 .26 5 0.02
60-80 200  1.06 15 0,47 0.32 15 0,14
400 1.06 5 0,08 0.32 5 0.02
80-160 200 1,00 20 0. 60 0.37 20 0,22
' 1,99 0.58

b) Due to Susteined Bridge Loads

As in 2{b) above 4H; = 0,12 inches
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D, Two Layer Syéﬁem Vodification

, The foreg01ng ¢mm°d1ate and consolvdatzon setile-
ments have been calculated assuming a Bou331nesq stress disirib-
ution. The presence of the more rigid upper layer nas the effect
of reducing the siresses, and hence the settlements, throughout
the underlying soil. Pabulated results are avallable only for
“the stress distribution under a uniform ¢ircular load., * Using
these resulis, the expected modafzcat;on of the settlsments is
computed below,

’/'f "/:/ s

Miodelos E;

L g
&T‘Iaau‘ -

, Pig. 2.
Sketch showing 1ayout of two layer system.

s P -
The ratioc E,/E. for this problem can be determined in

two ways, vz
3 B = = ® / PRYAY =
a) E?/ﬁz : mvz/mvf 0.010/0.0026 =~ 4
b} by the compusation of E from the stress—sirain curves,

drawings 14 and 15. Values of ET/EZ so computed range from 21 to 3.

: The tabulated resulis zre given oaly for a/h % and
Ei/zﬁ = 10, but as an approximation these can be applied fo this
problem, '

vepth Boussinesqg Stress  Modified Stress ¥odified Stiress

A{rt.) Applied Stress applied Stress Boussinesq Stress
0~20 0.98 0.90 ' 0,92
20-40 0,78 0,44 0,56
4060 0. 55 0,26 , 0.47
60-80 0.36 0.20 0.56
80100 0.24 - 0.76 0.67
*  "30i1 Mechanics for Road Engineers" — Roal Research Laboratory,

U D.B.I.R., P, 435
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The foregolng reductlon factors are belleve& to be ‘not entirely
representaiive, since the. crust thitkness and ratioc of E,/E, may not be as
great as assumed here. In addition, the embankment loading condition is
somewhat more severe than the circular load used in this reference. For
purposes of the se camputazlons, thereforsy a compvcmise reductlcn of 0.7

ffwzll be usedg

. The corrected seltlements in 1nﬂhes, 1neau&1ng those due 1o
Pootlng loads, therefore, are as folTOWS‘

" o
g o 3 4
= < 3 g oD

] 4+ G ot + 5 ] Gy e
33 3 a5 22 g = HE
22 28 A% e & 88
North Bnd B,  2.95 0,51 3.0 - 1.52
o B 7,99 1.36 8.87  3.76
Total =+ 10,94 1.87 9,07 12,47  5.28 7.19
South Bnd  H, 3.52 1,52 304 0,53
| B, _1.82 3.42 To24  _3.38
Total 11.34 4,94  6.40 10,28 1.1 8.37
Differential . 0.4C 3,07 2.19  3.37

, About thizrty percent of the setilement noted asbove is the result
of elastic compression of the soil. Another 15 percent approximately of
consolidation settlement should have taken place by the time the embankment
is completed and the abut tments and piers sre in place. At this sitage of
construction, adjustments can be made io allow for the differential settle—

- ment occurring Gp. to-this time. The bridge supersiructure will be affected

only by the movements which occur following this period, - Thus the total and
differential movements will be only about 55 percent of the values noted '
“ahove. - If the installation of the deck slab is delayed for sbout I months
after the embankments are in place,; and if the supersiructure girders are
raised to a level position at this time, the subsequent movemenis should

be only about 45 10 50 percent of the wvalues noted zbove.
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., Settlement of Approach Fill

Max1mum getilement under the embankment centre line occurs approx-

‘1mateiy 100 feet behind thﬁ abutment.

Immedlate and conscolidation settlements at this point are computed
below. = The respective thicknesses of eclay and silt are assuped similar o
those under the northwest corner of the bridge. Similar values of mvkande
+6 those assumed. in the previous seciions of this appendix are also used.

Tmmediate Consolidation
Depth H %) E 4 Hi u m A Hc
(£t.)  (£3.) (ksf)  {ms?) (ins.) (£4.%/xip) (ins.)
C0-20 20 4.02 800 .50 0.6  .0026 1.5
20-46 1 3,76 800 .43 0.6 L0026 1,06
5 3.76 400 .28
0-66 20 3.34 200 2,01 0.8 .010 6. 41
L 60-80G. 20 2.75 200 1. 65 G.8  .010 5. 2%
80-100 10 2.44 200 0.73 0.8 .010 2.34
10 2,44 400 0,37
6.07 16,61

In the previous sections of this appendix, a correction facior of
G, 70 was applied to the computed seittlements to allow for the presence of the
more rigid upper erust. This figure was obtained by modifying tabulaied
resulis for a uniform circular lozd +to allow, among other factors, for the
spplied surface load distribution in the abuiment and pier area.

The approach embankment load distribution ai the point considered
zbove - is similar to an infinitely continuous strip footing. In view of

this condition it is bel¢evad that the correction factor will be nearly
unity.

The Hotal resultant settlement will therefore he:

48

LFE, o+ 4H
i o2

6,07 + 16:61

Ll

i}

2.67 inches
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° ( ' “In a similar manner the settlement at two points due

north of this location were computed. Thsse resulis are presented
in Fig. 3 below. :

FITTTT TN e T 77 YT

D>
i
HH
ot

Fig. 3.

Settiements under embankment 9‘ 100 feet west of abuiment.

F, Time for Settlement

The time settlement curve for the north sast corner of the
cast abuiment is presented in Dwg. 16. About 80 percent of the consol-
idation settlement should be complete ai this location after a paeriod
L of ‘%% years. A1l movemsnt should be essentially complete at all
. locations after about 4 Fyears. A more accurate prediction of the
final foundation movements can be obtained by inmstalling settlement plates
in the abuiment znd pisr areas at the initiation of embankment consiruction.




SRIVIDOSSY GNY AMO¥L 'V WYITHA

*Qd7

SiTe PLAN  — SHOWING  PRovEN  BEDROck LEVELS,

\“,‘5' Xm'\‘g_, o]

(Locations  wiihin \ehs chimaled anly) o x
260 o

Shale

L‘xm e 5)('9?& 2.

Not reesrded..

TR OADRIQN

809 L

TLRW QIMIANY MO

O




WILLIAM A, TROW & ASSOCIATES LTD.

SITE SNVESTIGATIONS UL MR HANICE COMELL A IUN
LEGEND

PEMNETRATION R A TR AL By e T N
AN v A *
DU RMUET TUIEE - N ’ :
BORENOUE No ,A.__ e e e GHELRY TUEE ATTERBE G LM U
paosper . tropossd G Gr.;de Ssnarat:um it LT
S TTRRRIVIN .

County Boad 310. 11 & ¥.C.R.E., Welland

LOCATION. Y .
SAMPLE ¥YRE

4
, WOLE LOCATION o See mg‘ e & o me I
+ ¢
HOLE ELEVATION. 606' e f -0 Gs R smE [
et LG SHELRY . )

varom_ 588 .B“E’S:, 1

3

50 FT uR NAT LR A L N TEN T SAMPLE ] NATURAL
H ELEV | DEFTH BLOWS FT . h Ui T
SYMBOL SO, DESCRIPTION : e R B 80 . "
Corir et ! AT R HBERL 3 i WEIGH

D wek 0 "L E

! g ~—zreque~z‘ fine to coarse gravel sizes ‘
and emall s8ilt lenses throughout ; ; !
! R i

-va::s' o3iff, oxidized and slightly |
ifissured above 12 Tt.

s B

‘-very occasicnal root heirs devn to
Ql fest.

i || COARSE SILT - medium dense rad
! ‘brown

cedherdecdi Lthin olay seam noted ut 343 fest.

| i
- 560.5
SASILTT CLAT ~ medium o3iff & brown . :
5¢ :
~frequent fine and medium gravel
3 zes throughout
&0
—larme atons or boulder st 68 faet.
70
_rad brown medium silt layer noted |
from 76 to 80 ft. :'
PV Gt ! ‘ a0
S ~trin gravel layers noted ai 80 £,
End of Eole
Hole A uncased %c 50 ft. ‘
Hole 41 put dowm 10 1. south of hole A nn :
Samples 1a,9,11,12,14 & 15-20 P Leversd
: obtained from hole £-9. ;
b Hole A&-1 casad to &5 fi. :
Water lavel observitions: 5
¥l 554 f%. O nre. :
¥l 598.5 £+. 15 hra, P11

R 602.5 ft. 139 hrs.
| Bi 604.5 £%. B8O hrs.
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BITE INVESTIGATIONS SO MELHAMICS CONSULTATIGHN LEGEND PROJECT Nl.)\._.'.r.s..g_.s-—-—
PENETRATION RES.STANCE MNATURAL MOIBT LR y;,!
DO SPUT TUBE. e AND LIGUIDITY NG
BOREMOLE No ~__§~_W,_L«~_‘,WW 2D OSHELEY TUBE ek -* ATTERBERG LIMITS
¥ PROJECT &929.‘__ -..g§§§2.,§qparatim ©IA caNe b
i Locarion County Rd, Fo, 11 & M.C.R.R., Welland MF‘& R STR»E-.N(.;T“ :;‘AA?:;;: z-'L I1MT;';F
HOLE LOCATION ,,_s._e?_.,l,)!'ﬂ!ﬁﬂ'w TR S s @ 20 0D sPLIr Ty . B
HOLE :L&VA?!CN.éQ&!ﬁ_,m; — FREONTInAD noMPRes ®$ ©T D SHELRY Tun
Barum See Dwe. 1 VANE YEST AND SEMSiTIVIIY 6 b 3 5o sweLsY Tu o
. ! ; ] PENETHATLIN RESISTANCE A0 FT L8 MNATURAL MOISIURE CONMTENT BAMPL € NA'\'URALy
i i . . BLOWS FT aNp TYPE unir
; ;svuso | SOIL DESCRIPTION R e a4 o ATTERBERG LivMiTs AND WEIGHT. !
i i j SHUAR BTHENG TH - T Th DRY wEGH? e P :
Ground surface 608, 6 1000 ]
- N 0 4
H K { ¢
Gravel fill & topsoil 606.6 HESR I :
| JSILTY CLAT - very stiff red  YII.604.6 : ’
o brown f |
N }wfrequent {ine %o coarse gravsl sixen |
/{ 1 & small 311t lensss throughout | {10
; i :
'E//r-high silt conient 8 — 10 4. :
“ i~friable & oxidised down to 10 £t,
A i
/,/ || ~faint verving notsd at 14 ft. ‘
ia A . N P :
E“/ i=fine reot remains noted at 19 fi. 20 i
H ¥
i~becomes modium stiff bolow 22 fi. |
~more plastic clsy noted at 29 .
: 30
-574.5
COARSE SILT - medium dense rad brown
: : 44
:' i-pceusional fine grevel sizes
J ~thin clay prrtings notad at 49 «fil»*559 .
Tné of Hele 50
Fotes: 1) Hole uncased for full depth. o
i 2) Hole caved at 3C f%.
60
3) Water level observations: ;
T% 585.5 £t. © hrs. :
F1 588.5 ft. 1% hrs.
Bl 589.5 f+. 45 hrs. !

2

.6 ft, 20 hrs,
04.6 £%. 44 hrs.

e

Driven
ieversd

iy
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SIVE INVESTIGATIONS BN MECHARICE COMSILYATION LEGEND 2acrEcT No ST

A TUBAL M

AND T

ATTERBERG i3

ade Separation
11 & . C.R.R.y; %alland SHEAR BYRENGTH
CNORAINED THRUAN AL

LRDLY LiaerY

PLAST IR

SAMPLLY 1YPE

200 §PLiT TUg

21D SHELBY TUR

SHELBY T

.15

7 { PENETHATION RESISTANGE 380 T U8 NATURAL MOISTURE CONTEST sm«m.e’ NHURAJ
i | | ELEV | DEPTH . N BLOWS ¥T PR Tvpe | umr
: SYMBOL | SOt GESCRIPTION | epes . ro a:; T.\ F N LEREERG imits D { WEIGHT
; J— SHLAT BIRLNGT o TRY WLIGMT N { PLF
! iGroung level 608,71 © 20 : 4}3 —t ; 3
N | {Fopsoil ~7 ins. Y WTI606,7 R g‘ H
i = i R ¥ i i
f‘g;smy CIAT ~ s3iff red brown . SRS EREeS I ! !
! O L7 |
~1¢ | ~frequent fine to med. gravel AN S ‘2 11;?2,,’37 ;
o sizes throughout \ R : :
v i 10 ;
1177 olmpigh 831t cantent at 5~ 7 £t. : j
r ot | ~interbeddsd fine cohssive silt Let2”,
5  seams noted at 13 and 18 ft. ] 37
’ > (
7 —oxidized and very siiff to about : !
7 L2 e | 20
oo
. e e 5B 8.2
/COARSE SILT - med. dense red brown ' :
o A s A oy .
S | wyery occasional gravel sises at 29 £%, 30 :
and 34 ft.
P
e —thin clay seams noited at 29 ft.,
vpodovBg £, and 37 Tt |
% |
| | |
ESPL . o Bad of Hols vono 556,21 50 j
Wotess 1) Hole uncased for full depih.
2) Heole caved to 312 4.
3} Water level cbservations: 50
Bl 590.7 ft. 1 hx.
EL 604.7 ft. 20 bra.
i 71 606.7 ft. 60 hrs. :
{velieved to he offset of 75
surface runofi} D
i I 80
g 30
*
. Lavarad
103 Driven
{ {
‘ | A S IV SRR A A N SV O SRAMEIS S B B S A PR [
i i H
S S | g d
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J508

PROJECY Mo il

SUTE INVESTIGATIONS SDIL MECHANICS CONSLILTATION

LEGEND

B ST D SELIT YUBE
BOREMOLE MO o Do e e u 1O BMELBY TUBE
eroscer croposed Grade aepwatlm ©omA cons —c
EAR STRENGTH -

LOCATHON cwnty

HOLE LOCATION..

, No, 11 & M.C.R.R., Welland

FTAMPLE TYPE

LT

HOLE ELEVATION . rLey

oniom, o008 Deg. 1.

OO SMELRY T

i B ATLRAL MOST “t SANELE Maruk‘Mj
E sYMBoOL | B0 DESCRIPTION A Ty ! GHIT
; { ATV ERRE ML L s T A0 WEIGHT
- : Ti fairv wef Gy S L

__iGround surfaes

iTepsoil ~ 7 ins.
STLTY CLAY - stiff red brown
W T ,509“2
~frequent fine to cosras sravel
‘sizss throughou : Lo
~vary stiff oxidized to 15 3., very
g coasionzl root remoins noted to this: ;
/d@?‘t“. ; :
B ~black & grey asmbedded voarss silt :
‘apecks noted at 23 & 28 rt. :
i ‘ i
. éeéz&s rad browr i
: SIIFY CLaY-med. otiff red browa.
A t—-i‘rsqusn't fine to coarse gravel sizes Lo ;
throughout i
3T Aar e { l ;.
i‘ 3
A small fine to coarse grey silt
e ispeoks and lenses noted throughout. .
d ol
|
: 5 o - T TR ane o
: ﬁ [ EEERE R RS IS W1t
? COARST SILT ~ red brown : i
5

¥

SIL"‘Y CLAY ~ med. stiff red brown.

)f N H
1 sizes throuzhout - 2ild :
if;{ :
A g noted 89 fi.
g !

el
‘.;Q

End of Hols 50T

Hotess; 1} Hole uncassd to full depth. i
5") Vens i=stn st 74 ond P8 P4,
performed 1o hole 0 fi, north
| west of borchole.

3} ¥ater laovel! oussrvations:

N UBMIET R S Rres

El1602,2 f%. %4 hra.

&

é._.,_ e




WILLIAM A. TROW & ASSOCIATES LTD.

FITE INVESTIGATIONS

BOREHOULE No E - SOUS—
prosecr_Propoged Grade Ssparation

SOIL MECHANICS CONSUL TATION

County Rd. Fo. 11 & M.C.R.R., Welland

LT ATION, I

MOLE el EVATION ,__ég
parom Sea Dwg. 1.

Q0 SPLET

D SMELBY TURE

DA CONE

SHEAR STRENGTH
DARDTRANCTD SRIAXA
TREBURDEN

PN INT O OMPRE

VANE

TURC

LEGEND

FPENETRATION RESISTANCE

D
@
s

'
G
¥

NATURAL
AND Uiy

ATTERBERG LIMITS

STUHE LR TONT
TV INDER

LRI

BAMPLE TYPE

ELBY TLaE

D0 SHELBY TLRX

DA W N TS

PROGECT o WD,

=g Y521

LT

&
JE05

sSymaQ SO, DESCRIFTION

Prownd surface

" BILTY CLAY ~ stiff red br
i l/'/é ¢
< ‘o A-some gravel sizss throughout
1 2
A
2Dy

i

COARSE SILT -~ dense ved brown

~beexming medium dense with depth

f—thin clay seam noted =t 414 ft,

i

A
/‘ ﬁIL’E‘Y CLAY - med. stiff red brown

/

Notes: 1} Hole uncasad for full dspth.
2) Fele caved at 20 Tt.

: 3} Ho sampling above 30 i,
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Materisls & Research Ssctien _
Januery 30, 19@?.?

De Leuw, Cather and Cs., Ltd.,
1491 Yonge Street,
Teronto, Qataring

i Mr. . B ¥

Michigan Central Rallway Overhesd,
County Rosd Mo, 11, City of ngjggﬁi

Eenr Sir*

In response io your request, we have revisved tha goil
: canditions As rsported for the above site (W.A, Trow & Assec.,
 Raport Wo, 1.508) and submit for your consideratien, the failswing
comments pertaining to the design of overbead struciure,

It appesrs that two proposals can be consideredi-

(1) A continuous multi-spam structure with piers and
shutmants gwpported on end-bearing piles driven te @r&e*ical
rofusal in the underiFing till or bvedrock; or -

(2} A multi-spen simply-supported structure with the
piers rastingﬁan spread fooltings and abutments on spresd footings
Pounded in t compacted spproach fill,

, Proposal (2) above, can only be considered if it is possible
to construct the bridge and approasch fills in two stages such that the
spproach fills are plsced first, followed by 2 minimuam waiting pericd
of 8 months prior to letting the structurse contrast.

A surcharge ées gn tnd g relatively simple instram&ntatiam
PTOgTRD &Ts required in connection with tis adeption of preposel (2).

The Homer Skyway 1s presently under construction and the
foundation design is identical with propozal {2} outlined in the
preceding parsgre ph. Settlement observations of the fills and rate
of pore pressure dissipation in the compressible subs$lil have been
made and these data show that the design is sound. That the stage
construction procedure at the M,C., Rlway. will be equally successfal
is virtuslly assured because soll conditions at this site zre mars

ggnt'dh /2 B & B




-2 -

'<‘£§xohxtblc than at Homer. The data ﬁbﬁain.d &t Homer to dpte,
&re appended for your review,

It is our recommendation that the stage construstiem ans
surchargs proposal be adopted. The following details should be
adhered to in design:- :

(1) Pler spru&!uﬁﬁ? should be designed using & net
foolting pressure not in excess i 2«1Ak'tens!sq;rt. '

| (2) The abutments founded within the £ill should e de-
- sighed with a net footing pressure not in excess of 1 ton/sg.ft.
Foating width sheuld be not less than 10 feet. ,

S (3) A berm dimenslen of not less then 8 fest shouléd be L
~ maintained in front of the sbutment breastwali. ; |

(%) The embaniment f111 choulé be compacted by the 6" iayer

Bethod to & specified 100f of the Standard Procter maximum dengity

 valme for the particular fiil material used. This degrecwdf seapsctiom
 !11§ tave to be confirmed during construction, by in-situ demsity I

‘ : (5} The £i11 need only be placed in layers and cempected
from existing ground elevation to finsl grade elevation., The sur-~

charge material which should be placed to a helght at least 12 feet

- sbove final grade, need not Le compactsd or placed in sccerdesnce with
. D.H,.O, stendard layer construction procedures,

(6] The surcharge should be pesitioned so thet it is entirely
- effective in pre-loading the abutment footing areas. This will neces-
sitate a steepening of the spili-through slope for the pra-lesd peried
~of 8 months. The surcharge should extend from the abutment arsa te

% point along road centre line at leest 200 feet distant frem the
abhutpent, : : ‘

(7} 4 minimum number of & plezometers and 3 settlement plates
should he installed under each surcharged fill. Details of theze
measuring units and specifications for installation, can be obtained
from the Foundation Engineers' Office, D.H,O. .

~ (8) 1In order to take care of the eventuality that the sctual
settlement-time relationships do not develop as theory and practice
lead us to belleve, it seems prudent to provide the last spans with
end diaphragms to allow jacking, if necessary.

In considering the alternative proposals, it must be noted
that a maximum settlement of 6 to 9 inches will result from the
approach 111 jcadings of 30 feet. If proposal Ko, (1) is adopted
with no stage constructien, a diffsrential movement betwesn the fill
end the plle-supported sbutment of 6 to 9 inches can be virtuelly
guaranteed. With proposal No. (2) utilizing stage construction,

cent'4. /3 ...




' :a:spanified differential movement will be insignificant.

If we can be of further zssistance in this metter,
please contact our Office. ~

Yours very truly,

MD /Md aF L. G. SODERMAR
Encls. PRINCIPAL POUNDATI ON ENGR.
e | Per:

;ccé ¥r. K. Kleinsteiber

Foundations Office
Gen. Filese,

(M. Devata,
PEOJECT FOUNDATION ENGR.)
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“e Leuw, Cather and Ce., Ltd.,
91 Yonge Strest,
Ioronin, Untaris.

¥iehigan Centrsl Railway Overhesd,
County Foad Ne. 11, City of Welland,

Pear Bir:-

: - In response te your reguest, we have reviewed the sonil
conditions as reportsd for the above site (¥,4. Trow & Assoo .,
Eeport He, J 608) ané submit for vour sansideration, the following
cozments sertaining to the design of sverhead structure.

It appears that two proposals can be ccnsidered:-
{1} 4 centinucus sulti-span strueturs with piers and

1]
~ abuiments supported on end-bearing piles driven io sractiss!
- refussl in the urderlying till or bedrock: eor -

Ll (2} 4 multi-span simply~-supported structure with the
plers resting on spread foolings and abutments on spread factings
founded in the cosmpacied approach Tili,

. Proposal {2}‘abﬁ?aj;ﬁaﬁ éﬁ1y‘be eonsidered 1F 1t is @ésgibig
te construect the bridse and approach ills in two stages sush that
Lhe approzen fills are placed first, followsd by s minimus waiting

veriod of & menths prior to letting the siructure eontract.

A surcharge design and @ relatively simple instrumentstion
program &re required in comnsction with the adopition of proposal {2).

« - ZThe Homer Skyway ls presently under construstion and the
foundation geszige is identical with proposal (2) ocutlined in the
preceding paragraph. Settlement observations of the fills and rate
of pore pressure dissipation in the comprassivle zubsoil have besn
made and these data show that the design 1s sound. That the stage

consiruction procedure at the ¥, ©. BElwy. will be sgually susesssful

iz virtually sszured beecause goil conditions at this zits are more

aont'd, fﬂ’z -4
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favourable than at Homer. The data obtazinad at Hemer o date,
are sppendec Tor vour review.

e it is our recommendastion that the stage constiructien and
surcharge propesal be adopted. The following detzils should be
adbered to in desipn:-

nat

o

. (1) Fier spread footings should be designed using
footing prezsure not in excess of 2-1/2 toms/sg . L%,

o (2) The abutments founded within the fill =zhould be do-
gigned with & meu footing pressure neot in syesss of 1 ten/ag.fL.
Fg@%iﬁg~ﬂiﬁth,s&$alﬁ be net lsss tharn 1D faet,

.. . %3} 2 verm dimension of not less than 8 feet should be
weintained in front of the ebutment breastuwsll.

s {4} 7The embankment fill should be compacted by the £" layer
methed Lo & specified 1008 of ths Standard Proctor maximus density =
value for the perticular F£ill meterisl used. This degres of cospaction
will have to be confirmed during construction, by in-nitas density :
tastis, '

st

b

. {5) The 711l need only bs placed in layers and cosmpacted
froa existing ground elevation te fimal grade elevation. The sur-
charge zaterial which should be placesd to s beight et lesst 12 feel
above fingl grade, nesd not be campacted sr placed in ascordance with
L.E.C. standard layer contiruction prossdures,

(£} The surcharge should bs pesitioned se that it

: iz entirsely
effective in pre-loading the shut=ent Tootling areas. This will pecss-
sitate 2 steepening of the splli-threugh slepe for the pre-losé period
of & months., The sarcharge should extend frosm the abutment sres o

2 poinit aleng road centre line at least 200 feet distant from the
sbutment. : '

(7} 4 minisus number of & niezometers and 3 settlement plates
should be installed under sach surcharged Till., Detalls of thess
seasuring units and specifications for instellation, esn be sbizined
~ from the Foandstion Sngineers’' Cffies, D.E.D. SR

. (8) In order to take sare of the eventuallity that the aet
settlement-tine relatiocnships do not develop as theory end nras
‘lead uz %o belisve, 1t seems prudent to rrovide the lzast somns w
end diaphragms te sllow jacking, if necessary.

e in considering the alternative proosgals, it zust be not ed
that a maximum settlement of & te 9 inches will result from the ,
appreach fill leadings of 30 fest., If oroposal Ho, (1) is sdopted
with no stage eenstruetion, & differsntial mevement betweer the Till
and the pile-supported abutment of & to $ inches can be viztually
guaraptesd. With propesal He. (2) utilizing stage construsiion,

wonkld, 3 L., ,
|
|




a specified differential movement w ;‘ bé‘&ﬁéﬁﬁui fican

pi@aﬁe contact our Uffice. .
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