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T^re subsoil of Grea'-ter tÏíruripeg
generally consis-us of l-actr-strine ancl
ilu.via.t -cleposits of clay enci sifty clq'V
nraterials.- llecause of the higlìly active
nature of tirese naterials, founôa-,,ion
and soíl- eonciitions h¿ve beeir no'üed' for
their u:rusual severit¡r. l.he purliose of
this -Lhesis ís to acquain-," the engjneer
''r¡i.t?:. the results of past experience an'cl

recently corl¡;leteci soil- jnves'Uigations
iir relation to the loca.l foundarion
probler,rs.

Hore than 350 bol'ing records \rere
colleciecl, includ.irg SlLproxj¡rrately- 19O
ior .r,,'hich'the physical þ-r'operties had
beeu determi¡red.. ltrese properties vrere
s'Uuclíed. and condensed' to pertrti'b an
investigation jnto the founclation problerns
of the Greater Tiir^rliPeg iì:'€âo
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CH,IPTER I

IT.ITIIODUOTIOiJ

Foundation and. soil conditions in the Greater Ïíinnipeg

area have been noted. for their unusu¿ìl severity. Foundatlon

failures, includ.ing the major failure of the Transcona Grain

Elevator and frany others of lesser nagnitude have not too

infrequently occurred. It is the purpose cf thrs thesis to

acquaint ttro englneer lvitir the results of past experience

anf. receittl,y completed, scil investigations in relation to

founclatj-on prcble;rs. The follorving problerÂs merit attention'

l. edequate bearing caPacitY

2. Tota] settlenents

), Difforential- nrovenents including settlenents and heave

l*, Effects of Iateral earth pressures

5. trlost

6, River bank stabiLity and subsidence

7. Chemical- d'eterioration of concrete

For this study, a large.number of available boring

records vJere collected. More tiran 350 boring records i'rere

obtained including approxinately 100 from the University

of Manitoba for v¡hich the physical properties of the

material-s had been determined. These properties were studled'

and a j.e .plesented in a condensed' f orm in the follolving

chapters. Thls inforruation is suppler'rented with a brlef

discussion of tho pertinent geolcgy of the area'



Records of

llinnipeg Bra¡tch

and othors have

past experience, including the v,,ork of tho
cf the Engineering Institute of Canada ( 1 )

been revievred (2-l-0) .
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rtXTJi{T OI TIiiÌ ''R-Eå

The extent of the Greater l/innipeg area incl-ud.od. in

tilis study is shovrrr in Flgure 1. The Greater ll'innipeg

area in'cludes the City of liinnipeg, the City of St. Bonlface,

the Torvn of Tuxed,o, the Rural- ìúunicipalities of Fort Garry,

St. Vital, East Kildonan, ì'[orth KiIdonan, 'riest Kild.onan,

Ilosser, St. James, and the Village of Brooklands.

The predonlnant natural- feature of this area is that

it is divicied intc three sections by the ncrth flovriryS iìed

River and the oasb flovting ,,ssiniboine River. This feature

has influenced the layout of the streets v¡hich run north

and south from the aesiniboine River atrd east and liest fro¡n

the Red lìivi¡r. The nain thorou¿5hfares tend to run radially
frosr Portage rivenue and. Main Street.

Tire grcund surface of the area is gonerally flat and ls
aoout 760 feet aoove soa level. The elevation of the ground.

surface in the v¡estern portion of the area reaches 7?I feet

whiLe in the csntr¿il- ¿1rea, near the Redwcod Bridge, the

elevatiorr is only TlrB feet. The City of ;ílnnipeg datum,

elevation 0.00 feet, corresponds to the Geodebic elevation

of 727.57 feet.
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CI],JN'ER III

Tiie 6eoLogicgl llislory of this reg;ion has an i-mportant

bearing cu, soil- anc rc1üted f ounciaiion conoitions and f cr this

reescn t.ire pertinent geological features v¡il-I be discussed.

iledrock

The und.erlying roci: ln Southerri i,ianitoba ccnsists chiefly

of Uroovician linestone bed.s r,;ith a thin coverin¡; of sirale

in the v¡estern portion of thls .j.re¿1. The l¡r¡drcc}l in tþe

Greater viinnipe J ,'re¿i is apprcxinately sixty to seventy feet

bclow the 6rcunc surface.

Gleciation

During the Pleistocene ice age r the central portion of

iforth:rrûêrica tvas covered by the viisconson continental 31ac1er

or ice sÌieet. j¡.S this sheet of ice advanced southlvarci, it

smcothed the l-imestcne beds es lvell- as adding shalc and clay

to the stones and rcc<flcur vrhich were deriv,;d frOm the

¿ranites and Iinestcnes whicli vrere brcu¡5ht, intc this area

frrli the north. The ico Sheet overrocle tiris naterial and

c:nsolic"t.:cì it tc a v,iry great e;<tent. This consol-iclated'

rlatcriai is iino!'in loc¿rlly as "hardpan" ¿ìnd it is on this

r¿aterial that nost deop fcundations are supportod.

Vihen the ica sheet nelted, it retreated fron the sluth-

east ancl south-ivest, es is slicwn by the directiona] trend

oI'the norainic þill,s. The meltvraters cf tho 6lacjer flovrerl

h



tor';ard, rather than ü'iûy frorn the ;]J-acier, and f orlred a

r¿ilçe whicir is kr^c\vn as La.r.e sJassiz. The drainage flol,,ed

tor,^;aro t,he glacier because of a liigh ricige of land. r,,rliich

is ncr.,i the iie¿.id'',aters of the iieci ¿i¡icr ì,.ississippi iìivers.
'Ihe only oul,let of najor iinportance rrvas in the north,
wliicir. is ncl.,J' the ìielson iìiver,and. it 'u',¡as bloclceci by the

i3lacier. Lake ¡t:låssiz ¿reli to a size apprcxirultely ZUO

inil-os l-on.5 and 2!0 ini]-es vride before the .glacier had

receded encugh to uncover the ncrthern outl_et. Greater
l,i innipeg lies in the Lake Àgerssiz basin v¡hich is knor,¡n

locally as the Red iìiver Valle5'.

The formation of Lalce ..,gassiz enableo fluvi.'l and

lacustrine i:i¿rteriar to be depositec cver the bouLcler t,irr,
l;hich resurted in locar sj!.octtring cf the surface. rn
Greater ',innipe¡ tl:.e dopth of these flne,jrainecl lacrrstrilie
¡n¿iteriars is about fifty feet. This l-ar,.:¡e depttr is tlie
resul-i; of tlie lrrrge cleilLil of vu¿iter.r,vhich stood cver {}reater
rTinrripeg. Tirero is evi.cience in tire beaclies oj,,esterli
i.rariitoba that Lake âgassiz, at.,one tj.ne, was over 500 feet
deep at the site tirat is ncr,v' Greator líinnipe¿3.

Tire wave action of üris l-aire ,¡¡as of sufficient
strength tc erocle the ice laid deposits. This .ï,.ave action
reraoved the finer rn¿rterial and teft the coerse ,rat,erial.
The finer naterial v¡as transported anri ceposited, in the
l-ov,'er areas of the l_ake bottocr. As the lacustrine clepcsits
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lrrcreaseÖ jn d.epth¡ stratification took plaee and t'he e3-a;6

l.yere j¡¡terbeod.ed r,vith tftjn layers of rockfLotr srd ejf't or

Very fine ssrd.. !'ftrsr the lake reeededr tk vfave action

dimj:oished. and oniy the finer materialE rvere trarisported and

deposited-.
\,'lhen the g::acier melted fronr the sollth-We$t¡ glaciaL

I,ake Souris v¡as forned.. The main body of the gLaaler blocked

the eastvfard outlet a:r¡.cr as a result üee flow fmra this lake

was to the south. l'l'hen the gS"acier haÔ receded enot€ll t1¡e

eastvrard outlet ¡ tlhe PembJna Channel , was opene.d and tlte'

¡,¡ater fbom Lake souris flIowed. into Lake .A.ga"ssiz. The faorv

fþom Lake Souris brougþt sarrdy anrl siLty elay uaterlal as

v¡efl as r,ïrater vforked. till fron the sou'bh western Maritoba

regions. This tlæe of alluvial- deposit occumed i¡f,rere äti"**

flov¡ed i¡rto ttre Lake g.gassiz basir¡.

Ttre stratifleatÍon'of ttre cla¡'s i¡ the Lake Agaesiz

þasj¡r ean be ar;tributed to ,the summer ar¡dl, wjrrter flows of the

rivers l¡ftich f]'or¡¡eü lnto Lal€ Aglassiz. In sunmere faovrs cf

naxj¡num díscharge carrled. the Tre 4\rleÏ rnaterial- lnto tJre laken

whll.e ía wirrter, f!-oro¡s of lesser df seharge e¿ffled the lleþter¡

fi.ner matæria1 j¡¡to the takeç

Ttre slr1'face coverj.ng over tire Greater trlij¡nlpeg area con-

siets of as a$oþ as B€veraf feet of or$anle topso i1 or fn eorle

cases a¡{ifjciaL fill. Th.ese materíals are general-ly
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l¡emoved. for- arry construetion ancl for thís reason r'rill not be

discussed as a for:rrd.ation materiaL. Beneath this surface

coveling is genei'al}y fou:rcl the T¡ror,'¡rr silty Clây. Tlris layer

is gene-z'ally up to 6 feet in 'Lhickn€S5o The brov¡r¡ silty

elay is usu,ally undcrlain by a yel-lor silt stratlur about

orrc foo-r, tìriCk. BelolV the ye'] 1o;¡ sil-t is a b)tu='abou--b 16

fee+- tiriek, of bror¡'n eLa¡ '.rrr'-'¿h occasional\y One or moT'e

-t;hiî 1.ayei-s of ;.ellow sill. lhis na-i,enaL is generally varved'c

Äbout 5 fect of gre;'bro'vn el-ay l-ies belot¡ the bro-;'¡'r clay ærd

b.elor.; tlrj-s material is genc3ally founÖ airout 2O feet cf

varved. g;rey clay. The g'rey brov"¡n clay is a mjxture or' tne

'l¡rov,¡ri ctay arrcl tile grey clqf . A r¡ir[ure of rocklT-ourt sJltt

gfavel arrC. sandr oniy pa:foiall-y- consolicla'cecl and usua1J-y

several fäui in thickness¡ urrclerlies r;he gïey clay. Beaeath

thís layer the s€rmc material |s forincir but it is highly

consoiidated. lTrig"naterial js t'he rrþ¿¡rflpæ1rt. Belcn'¡ the

nhardpan¡t is r,he ordovician limestone bedrocke

A raore detaited concept of the subsllrface feattu'es

can be ob't,ained from the accoapa¡-{fl¡g profileg. Ttre location

of these profiLes narked. A-Ar B-Br and- C-C, is shown i:r FigUre

1. The location of the profiles lyas d.iet,ated. by 'l,he loeatíons

of the 'corings. They lvere chogen, as mìfch aS practiCabler to

shor¡ the general variatione jrr the subsoil eonôitions. The gfolad
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surface proflle outslde the Clty of Wlnnlpeg ls shown as dashed

llnes slnee no elevatlons were avallabl-e for these areas.

Adequate 16corils were not available for the ful-I length of the

profile. Informatlon ln such cases can be added as lt becomes

avai labIe .

As can be seen from the proflles, the depths

dlfferent materlals ar€ remarkably unlform. This

attrlbuted to tbe rmnner ln which the saterlal was

to the

can be

depos lted 
"
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Flguro 2

PROFILS A-A

Horizontal: 1 lnch = 1000 feet
Vertical: 1 lnch = 10 feet

Soales:

Legend,; Topeoil

Sand

Brown Sllty Clay

Yellow Silt
Btrown Clay

Grey Brown Clay

Crey Clay.

Eald,pan

L_____ *
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Figure 0

PROFILE
s

B-E

inoh o 1000 feet

lnch '¡ 10 feet
I
1

Scales:

Legend,:

Horlxontal:

Vertical:

Topsoil

San(l

Brown SiItY CIaY

Yellow SiLt

Brown OlaY

Groy Broim C}'aY

Grey ClaY

Harclpan
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Fig,ure L

PROFILE C-C

Horizontal;

Vertloa|:

TopsoiL

Sand

Brown S11tY ClaY

Yellow Silt
Brovrn CIaY

Grey Brorvn ClaY

Grey ClaY

Hardpan

lnch = 1000 feet

inch = I0 feet
I
I
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C}IAPTER TV

fhre soíls of Greater }7jr¡eiPei are liredominately el ays

andsiltycl-a¡,'s.Themos'Ls1¡nificantprotrprtíesofthese
r¡atería1n ¿ìJ'e the natural moisture sontentn the d'egree of

saturàtion, the unconfined corapressive srrength¡ the Á'tterberg

Liuits, the compression fndex, the swellin,; pressuret the

preconsolidation pressure r and the grajll size distr:'-bution.

These proper.ties have l¡een stud.ied. extensiveþ at tb,e

University of ].lanitoba. Tire foll.or'¡lrrå' Ís a cliscusrioo of these

pr.operties ar¡d the Eroced,ures eaiployecl in their d.etermÍnation" .

C o¡rilr:e s s ive StrenËt$æ
fþe procedure generally followed at the ilr¡iversii")t.of

ilarritoba to d.eiennine rTre linconfined. compressive strength

to l-oad a cyli:adrical speci:nenr in sjn3le cornpresslon, to

fall-ure. Tbe fai}.n'e loadr elq)ressed as the loa.d- per unít,

CIoSS-SêctionaL arear based on the actual crogs-ÈectionaL

at failure ¡ d.eterrrj¡eS the uncorrfÍned eompressive stren'3lhr

TLre aetuaL'cross-sectionaL area was asslmed. to be equ.lvaLent to

the ínci'ea.sed. cross-sectional- area of the Epecimen cl.ue to lis
later"a.l e:cpansion urrder. load.

A table has been nad.e shovtln¡; the ¡enerally accepted

relatfon beti,veen the co r:,sl-sterrcy trid unconÍined. e.:r'¡preSsfVe

streqgÍ¡ro lhls tabLe (11) ís shorr¡n on the follov¡j¡S Pa$e.

s

of
area



gons j"stencr¡

.,af
\íeTY Éior t

So'It
ifedir:¡n
Sr,Lff
VetY stiff
Eard

Ilesldes

a soilr t?re

10

' IIåconfl¡red Comp::essive Strergtlt
. (to¡ls PeC sq f\b)

]*ess than o.25
o.z5 - 0.50
0.50 - l.Q
1.0 - 2.O
2.0 - 4.0
oV€r 4r0

seÍving ag an l¡r,1iea:,ion of the conslstency cfl

ui:ccnfined eompressive strcn3th s4-:rves as a

rúe asure of *n: sheari4g resista¡ce. fhe shearilJ stren3;tht

t, ís .-jiven by the formula t - Sn i';an ó I C where So is the

noraal lcad strees,at i.rnpend.:ing failure¡ ó iS the angJ'e of

ín+.ernal tliction ¿¡rcl c 1s -i;\e cohesic¡n. I-t has been found-

by i:rairy ixrcirai-neCl 'l,r:-axial slrear test,s o:: Uj::niI¡eÊ Satulat'ed'

c}úys that the angle of j¡r-ber'na} frietion is negligibl-e'

Therefcne dhe sheariruj stress is equal to the cohesion' l'iohrl g

cir"clc d.ia¿pam (12) sirows that the ,lr.räotf*."d compres6lve

strengtirl fçg' clays having I equaL to 7.epor ie ti¡¡j.ce the

cohe síorl

The beariag s¿ìpacity of a soil depend's priuarilry on tbe

sirearil¿ registeace of 'bjre nraterial. 'fþe sbearing strenith

also e¡tters int,o t'he cnalysis of the stability of slopes of

canals, e:rbhCr:ts a¡rd. river banks¡ 'the deterrnlnation Of trn'eSSüreg

on retaining r';alls¡ ancl the desigtr of sUb¡¡ades unde¡: rìIlvleys

anr<.i road"s.
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gi e A'utelberït _L imitÉ

The lic¡uia li-mj-t¡ pl-¿istic lirrit anu sirrinl.ra¿e l-fuiit

r1e'¿er:r:':1,:'"'¿íons r,','ere per"forned. a-c ihe University of l,i,a''i"l,oba

aCcoi'dj:Ì'.i to l:.. S. T. l:l' Desi.¡yra-Ûion D /ì23-54Tr D ¿Pi¡-541,

and D 4227-39 respec'L:ìv€1¡r.

Tkre .\t'Lerberg Li,-nits ¿rnd. li:e Pl¿'sl,icity Cha:'t were used

in tîre investÍ;aiion of *uìte 1ll,;s'bic characteiistics of -r,he

l-oc r1 c l-a;'s.

ilatta'c.1 liater Con-Lent

ilhc natural vater con'Lerrt ';¡¿rs rle-i.er¡:ìiled by divicling

t:re r:¡ei.tlht o.i',rater'in a soil by-bhe dry vieiJht of the soil-.

T'he wa-t,er" eon1,en'b enabl-ed ¿n esi.jma'Uior.r to l¡e macle, .,vl:en

_ .used. ¡,;i-uh the /,'Uterberg; Linits, of tire conllu.eesibillty of

ihe clays.

Colnpre ssåo+ f+d,e4" ft,:e_l]-in.; Pgr-:ss'.:J:'e . ancl Sgecs¡nsolidat4pn
È:e.ss,urE

Til.r: consol-id.a-¿ion test ,,.ie.s JÊrt--ormec'[ usin; a f]-oa'üÍng

. r.:rr¡5 conso]-icor,teler'. i'h.e¡-e rri-ere r,i,to cli.Èieters used, 2.53

j¡che s a¡rd l-..-19 lnclies v¡'ir:!.1-e the hei#t of sanple ï¡es

app::oxílut,el¡' j' inch.

'llhe sal.çle l'ia'rs first io-ri.eü, l¡it¡r ¿: stêJ.l- load. eind.

af-l-ov¡ed to sr',eli¡ d.uc to '¿.he additior: oÍ' i;eter, rncLer thi6

si::alJ l-oa-cl. I'he sample ,¡¡as l-o¿lded. j:r incr'erncnts, i,¡'hich t'Jere

approxirnately doubl-e -Lhe i:t;evious increnrentl until * foad."
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of approxÍmately 6 tons pcr sql,l.a¡"e foct wag or¡ the large

,licmeter salii;les a¡lC 16 tons per sqliare foot on 'LÏ:c Sniall

Sar1p].eS.

Tire voicl r':rticr a-c the end of esclÌ loarl i::crenent v¡e-s

calcUlated.. Ti:e pressureÊ and void ratios ìr¡ere plo+.ted' to

form e cur-/e on setni-lo3al-ithniC ¿:r'aph paper. This CUI\te

enx1,loJ,'ed can be fourrd l.¡[ noSt stand.ar:d, texb boohg On solL

naech,anieg.

The comPression

tter"e oìrta:ineir bY the

S'aellin¡i presslire r,¡Éts

to return the saripl-e

or i:1inal- void. fs'r.,ío.

GfaiJr Sizl¡ Ànalïgls

fi:e grain size aäalysis ':'¡as det'ernined' et

of l{anrLoba accc,rd.in¡; to A.S.T.}1. Desi¡5ra'tion

T'ne purpose of tliis teist is primarily fcnr soil

based, on grail size.

Otheg PJplæ r-,,j-ejs

Besicies the þ.r'eviolrsty Clscussed Þroperties r the &.V

anel r¡¡et oer*SitieS u the d.egfee of Setlü'ê-tir)n ag ryel.l- as the

consolidation eharacte::istlcs I oo r-rncllstulbed sanples U:'e

of practieal- f-urlroi=Larice. fnese v¡';11" be discuSsed íii 'Llie

follw¡i:g chapter.s i¡'iiere the;' ¡re t'irouglit appl-icable. 
'

int1ex rrnd p:-eeonsol-i-dation Fressrr.r€

genei'al-ly accepteC uethods (l-2 ). The

,ie*r,crt¡i:re d. as itrc pr essure r"ec¿i ired.

to its orli;i:ral voltlre, tlr.a[ .isn to j-ts

the Uníversity
1) 422-541.

id.enttfieatioa
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Ê"Ci.ìf SILI'Y CL,ÂY

T'he bror,'m silt¡r clay fs gener-ally fou.nd i.mned'iately

belo',.' the organic toirsoil. This ma-Lerial- can be located.

as clee1: as 2'7 feet v¡hi1e in other pl aces it ís at the ground

6urface. rt is generaily frr.st e¡rcounr;ered' at a depth of

4 feet. 'i'he thiclcress of the layer iaay be as high as

12 feet but i-s generally aboLltt, 6 fee'1,. ,

Tire bror,trrr sil-uy clay lies in 'Lhe zone r,''¡hei:e seasonal

noisture changes ocellr. Because of its very aciive elay

conteni tire nraterial is subject 1,o large Volu¡re ciranges.

Iri C.ry period.s tÌre inaterial shrinks ancl craclcs ari<1 tfrese

cracks perrnÍ.t subseouer:'u plecÈpitation 'co reach the deeper

soils rapicliy. Irl wet per-iod.s' the matenial sv¡ells. fhe

rei:,etíti.on of shrinkage and sr'¡ell.j:ag results jn a typical
rfntr6getrt structure. , 

'

'iilren j:r a dry corrdiilon this material beeoirÞs highly

fissur"ecl a¡:.cl loses j-ts cOhesive properties, hor.teverr ruiien

in a satu.rated. cc;rrdi-tion ft behaves as a cohesive naterial.
Atterbef¡t LiFi_Ls

The foll-owj.ng values.\vere based. on 1? tests. The

averase liquici U¡rit rvas 50.1 a¡i'1 the high and lolu values

rrere 'tA.'i and 25.0. The plastic ljrlit average value v¡as

22.7 r,'¡'hi].e the va].ues ranged frorc a high of 37.0 to a l-otr

of 12.0. 1.iee high ærd' row plasticit¡' io¿*x varues v¡ere 62'6

and. '/.rj vulli].e the average was 27.4.



De¿lree cf Satur¿iti on

]l-

The ;r¿rterial itas ;rred iun cou'Ì)ressibilityr medium

plasticity, very lot'r perneability, and.'ieciiun volurne cilanges

v¡ith cÌiangi¡¿; noisLu.re contcnt. Tþese prcperties are

irrclic.:rtod Uy tiie sreviously statcd lii¡riIs. These propertios

inciic;rte tirat it vroulci prov ici.e ¿i i'air f cundatio¡r f cr very

Ii.lirt struc b'-Iì'eS, aS Icn 3 as j-t reLaincd its Ixcisture.

cf tltc Iir¡.'¿ ¡.

of BJ6þ was l¡¿rse 11 cri l1 te s ts .

The Sl:iaìler ciegrec cf saturuticu rev ealed. an trnr¡,Ie of

i¡ter¡ai friction of onf y ! degrees ilr ¿rii unCrained triaxial

test. Tiiis inclicatecl th:rt 3'rnuralr¡' a nogliglble angle of

frictiol can be trssu;ued f cr strelgtlt calculations.

SgiL occurre d ne¿ir tire tor¡ of

uraLion t,¡¿ls li.:,, r tlle boL lcrt

Unc cnf inc4_C rlrLpre¡s ijr e S tletl ;tir
On the bas is of )5 tests¡ , thc

tribite d an avcîage sire :ilìtlt cf 2683

and lo¡,¡ values cf 7/n/*O Ib por sq ft

respectiveL¡i.

The I otver s tre rÌ¿lth values

laycr since the

ilro\,,n si.lty ciay ex-

Ib per sq ft a;rrl high

and 969 Ib por sq ft

Ttrese v¿riues liave a l':ide rangt; . 1'he

th e i a ¡r.: :: ¿rri ri

l-cvrer value c1

con¡,Iete saf-

The aver¡ìije value

near the

ccntents r:alçebcticr,i cf tho

the naterial

generall-y occur

lii-gher i:loisture

¿rt tire surface.ixore plastlc than



l,õ

T'i¡ unecrifinecl ccrtlp-1"essi-ve strerigths ir¿úicate that the

c(:'ngis¿r,eilc)¡ of the silt;r clay j-s 3enerall;' stÍff but may

râ{ti:e fron soír to ver],r s'ui-ff.

C o.ns, o l- íi1 utji on- ÇlElrrac-!; e ri s-LiS3

Tbe broi',n:, s:llty cla;r 1'-5 of i11ed,iun ssmFr€ssibility as

incllcateo 1¡]' tire êvcrase v¿rlue oi ttre coî1pf'ession index

Of 0.230. Tltis Vah:e , es r:rell- as'L'lr.e'!r,:ih anC lorv of .263.

arrcl .L&rw,i.s ?-¡¡.sed. an 4 tests

'jlire preconso lidation ]oad inclicated. th¿;.t tÏe raateT'lal-

was nori.tally loadeil¡ sirrce average preconsolidatlon pr"essures

ivere for¡nrl ap¡;roxirnatel-y er;ual- to tbe present overburd.en

pr'essure. Concllisive eviclence c¿ani-rot be draurn from 4 teste

but ihe t,est,s c1o give af) l¡dication or'how thc' lraterjal

','ias ioaded.

The swel-l-in¡: J)r'e ssure ¡ basecl on 2 tests g ha'ð

_vall1e of 1450 lb pcr sQ fti sinee the bro"r¡n silty

is the rrater-ial 0n '¡drici-t ¡¡10s-r,. house basenents are
,'

b¡ise: ,ent fioors i'¡iil .;erierall¡f be c1.'-imqele ri bec attse

-flf e SEIII'€ o

an average

cf,ay

slrlipof'ted,

of this



l]roi'E Si1 L:,¡ !J iajr' :'_-Sl4nar;r¡

J)eP'ùir 'r,o

Depth to

top of strat'¿m
(feet)

botto:n of s-i,rattmt
/ 4..r..t \
\¿vv v/'

,;,oisture eonient (:r)

Dry ciensity ( lb,/ctlft)
'i','e'U derisi uy- (lb/cuÍt)

Degree oi saiur'aij-on (;)

Lnc onfinê,l c o:ìpt-e s sive
s't rengiir ( lbls'?f't)

Pl-as'c:'.c 1ímit (tl)
t -t \

L].qUi-Cl J]rI]-], t" , J

Plastici-U;,' Ínclex (::)

Corpression jndex

Sivelling pressure ( l]¡,/sqft) ,

Preconso}j-dation pres sure
( 1b,/sqft)

c

1ì

Ð5. O

^a

lC)1

Ã?

2683 969

21i.7 12. O

50.1 25.0

27 .¿t '7 ,6
I

0.230 0.7-54

1'150 1400

lCOO 800

lI'ï rl.h

-l '-)Lþ

¿-l

l:.at c|\rd a.J

I i ,'r

]-218

100

I +Ll)

.J/.()

eAO(.}=r I

b2.4

c.261

1500

1600

l\..r¡v.trra
fl v U -: Cr-! rt¡;

¿i

"1Ci

f:.) <)
t).) a !-

4,.1
L)_j

112

r:J (

Low

16

llurnber
_of Testq

IU'

L64

d, l-

.\Õ
¿t(J

t ¿ii

.aa

.i l-

.Jo

!-/

17

t7

4

2

+
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]|,X,JJO."í SE¿f

'i'he ;r'e1low Sj it, 'r,¡n 
j.ch l'.g

!;ener:J--{¡ loe ateci irry iedi ;:t,e l-l¡

l/

I'u v¿ìr'ies jn tliiclírlr::ss: f:_.cli a

feet, ìrut Íg :,;erì€fi;1l--)¡ ¿:bor':'¿
I

4ÉerÞçf.g,,.I4:åi3å

¿rn a-j-].tivia]- cle1',o*qii;, is
br¡lo'rv thr'.' brcr,'¡r: S:ì-l-t-' elarv.

feer inches :to 'f;hrec oï. forr
tl,'er.-ve 1,c e:i.i-.teern ilches thiek.

The resul.l;s of -uirret'. te s'ú6 ,:¡':l.eirjed" tjÌ â1r(;r'¿l .e v¿i-u.e

of tjr.r' l-j,l.uid 1ùiii; of 22.4. Thc iì.vi:,;t¿r.1ls ¡ìl¡;-stÍe l_init
c-.:¡-f r 'Ì c...i-;^-î+i-i:Ll- j,rc¿uu-,-uJ-.;. j-n.J-cx'i.Iere l6.2 ar:d. 12.2 resji)ec'i,ivelyr

The.'iei-1oi'i si1-;¡ oiI -bi-ie bl.çjs of i,l:cec lj,ri:'.+,.c, is
.d-:'g'rtJ-y 5'J-astic 7 i:n,,1 rir-rbj'-ct to onf)" sii.þt volunc ch.aqges

r'¡ith acrloiirpêuì)rirlE rtoist';r'e c1::n5cs. ' .3ec¿.use cf these

clia:':rctcrig-r,ics t"l:e r1..,-teriaf is 1c¡cå i;, or'.ileri r:isciesc-r'il¡cd.

as ftyel-,'orç c1-,:,ytt. I'L :i.s belicvei-l ,r,Ll::"1 -[he i,reset..ce of
srr¿¿l]- i¿ui.';:.ti.ties of L'ron'b."ioi'il-..:-íni-be ¿rcc¡irris f'or ì;nese

r pÏ'oj,€t'í-ie s. GraÍii size ar.ral;'sis i-¡ r.'g col'tclusivei;' tr;roved

tha-L the n¿ate:'iul is a sii.[. ri tyi_,ic dl Ëfaj:: size cur.ve

siro'.sfir for the ;.¡€J-lo',y s;lt, in FiÊ;ure S.

Ð.er:re,e ojil $at-uration

rhe average value irased_ on 5 tes1"s was ÐZ i'lfo anci lhe
higtr ancl ].ov¡ vaiues \jrel:e -;ùlg il ¿incr ,lBÍá respctively. i,i:e lov¡er
valu.es,occurrecl r:.ear the suri'ace of the niaterial l"ftiþ c urq)].ete

satLtr'atioil J'enerauliy occurred, at the bottom of tjre layer.

is
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174 '

L
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Unc onf j¡¡e Ô ggjnpre s.s 1ve Si-reJr&'tþ

Tne aver.arg--e, based. o¡r ihree compression testsl rüâs 1652

lb per sq ft ranging from lri¿ir æ-d. 1oi¡ values of 2'7L5 lb per

sq ft a.ncl 10LC lb.per. sq ft respec'uÍvely. T'i:is j-ncìicates

that t,rre yello,,J Sili rartges frotil soft lo stiff consisteÍIClr

Thc set-blener-rt of foundationsr tÌrat lie irr or eÍ'fect

this naterial, is betieved. to be caused by the l-a-t,er"al

rlisplaceirrerricifUhe}'el}or*¡sittfroi:l¡-urc]'ertirefoo.Lirrg.

T]:is i;oulcl l¡ç a result of the relatively lou s-Lren3-bÌr of

the yellou s11'¿'

i ons-oli ci.at i-o n ! h argc -i.er iis li--c s

T'ire av(s.age coínpression inoex¡ based' on four tests¡

vras 0.125, .,¡hile the rar4;,e \¡as íYoi:t 0.3'l to o.L\75. Tnis

inÕica-tes a inar,erial of lor'¡ conpressibili'Ly'

Based on four tests, the aveÏ4e preconsol-id.ation

pressijf,'e \.fas [ì25 ]b per sq ft. The high and low values

rrel.e L4CA lb per sq ft anó 250 1ì: per sq ft. 'l'Ïre comparable

clepth of i"naterial over tir.e locat'ion t'¡here tire sailîples \'\rere

taken give5 an inciica-rion ihat t,Ìre naterial 1{ag rÌo1tlratiy

êonsolidated'.

1{o swelljrtg Pressures

other -bv¡o sanPles had'

lrere obtained' on two sal'tPles'

svielling Pressures of 1200 IbThe

per sq ft ancl 550 lb Per sq ft.
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Dei:'i;h -t'o r"op oÍ' s'i,r"¿rttuir- (feet)

Dep-,,h to bo-,.,to:, of gr"rattiln- ('fe ei )

- ioisture ccrrt¿irt (',")

Ðry densi-c¡' (11¡,/cu¿Í't)

TJe'u, density (l.b/cuit)

Degree of sat'ur¿-ttion (:;)

Unc onf j:re il c on1-;re e I ive
sireirgiti (lb,/sqft)

Piastlc ]-j:li-L ('/')

Liquid lj:ní-., (t:')

Plasticí*r,;r index (î;)

Comi-rression ind.ex
i'

Svre]-1in6 pressul'e (lblsqft)

Preco nsolldation Pre ssure
(lbls.?ft)

;iuh.

16

l-9

4,6.2

10r.0

126.0

10c. c;

Aveiaüe

10

11

?-6.8

Y.3 o,)

119.3
r'\ - r;
ii¿. ¡ I

JJI¿.ÍI-

U

3

15.1
-/5. O

108.0

-/3.0

1010

o

250

liumber
rr'âô1¿a

u! lvpvp

159

159

t:.J

5

trU

5

r.)

.1

¿)

rf

4
ÁLi

o

27L5

18.(j
,ì1 e-
d.L. J

l:9.'i

o.370

l-200

1400

L652

550

OÔl:()a¿t)

L6.2 12.1

28.t' 26.0

12.2 '1.4

0.125 0.075
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'j'he bro'ã:. cLay foL;rrr:'l- in the G-i'eate:' 't'jinni;e¡; area

o! í]:aeial lai.,e o:'igin. It is :;enerall;r lanínated or

i;it'it la;'6¡u of sil_ty cLe;;, siit or fine sa:rc1 abolrt one-

Si:.,i;eenth of e¡:. incir i:: tlricjci€ss. Sr¡,me:' anð t'i:l'L'er

varie..i-icn in -l,he 6facla'i;ion oll uhe n:¿:-teri.af-s deposited in

tne glarcial, laice are believed to have causecl these Vâfl,r€Sr

Ttre þro-,,tif clayr oï, "ehocolate cj-aytr as i'¿ is loca}ly

cal--. e '3, g-enerail;r l-ies belc'.'¡ the rryello'; Sili" S-bra-t'unr bUt

l',,here 'tire silt does not occur it ]-íeS belOr'¡-L'he bror'rrr Silty

ela¡'. lhe 'brorr,ä elay is 3enerall;' firSt encol'nte;'ed aboi-lt

10 or -1.: íeet beloi¡ tj:e ¡;l-ot:nd sLr.l"face, br-lt has been f'ourr1

at, Crepuhs aS shallov¡ as 2 feet a:ic1 as d'eei; as 18 feet' i'ìre

thicl-*reSs of lhe ma-uerial vari-es .ryeatl;r. In some locaiitÍeS

i't is not p.resent ,Íîrile in otþer sectíons it reacÏreg a:"i

thici.riess oÍ- 25 feet. Geaerail;r, the tiríckness of the layer

is 15 'Lo L7 feet.

å.-c,te r;l¡e r.{ L i¡rits
Based. oi: 36 -r.estS¡ the liquid linit va-L-ies froi¡t a high

Vaiue of 1iO.5 r,o a lory vahte of 37.u, ç.ùiile the avcrage

;;¿rs 88.c. ifhe âverege plaS-uic l-init '¡n'as 30.0 a.nd" the irigh

1o;l Vaiues ïfeT'e /iO.O ancl ?i.1 res,--ec-t,iv€1y. Tlre avera'ge

ptast,icit;r inde;. \ïas 58.'i, rangjilg fl'on a irigh of 88.1'-va

a lolr of 23.5

lhe Atterberg Litrite j¡clica-r,e that tire brol'¡n clay 1s

practic allY furPervious

wíth accomparryìng uroisture

'¿a

ìô

va:r¡ed.

highly plastic ¡ higþ1y compressíble t

ancl subject to large voliroe cherrges
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chan;e s. Thr;se prcpertles crt'€j geleraily uncieSir.rble f or

satislact,or;,. f ound¿ltions, as are c:lif irmed. by tho strelgth

and ccns olici¿-.rtion tests.

De¡lreo of Saturation

The average degree of s-,tur¿.ition based on 7) tests was

97.)/o, The rnajority of the Les¿s revcaleC. cornplete saturatlon

but some of the t'¡sts irad values as lov¡ as 85.5{¡. Tþe

lov¡er values correspond to sanples cbtalned at shallower

d.eptirs. The hi 3tr degree of saturation verif iec the assurnption

used in calc:iiatic:rs th¿rt the sanple is cc;ipletely saturated.

Undraincd triaxÍat shear tests have indic¿rted. that for nearly

satur¡r ted or saturated bro\,'/n clays , the an,gle cf internal

friction is neglirilble.

Based on 87 tests, the ervera,3e unccnfj-ned conpresslve

stren.ittr .vras 2051' Ib per square f oot which ccri'esponds to

a riediuin consisLency.. The ccnsistency had. ¿r range frOia V€r,v

stiff , âs incìic¿rtod by the higtr unco¡rf ined coÂlpressive

strength of 1"7!0 lb per square f lot, to soft, corresponding

to an unconfined coriLpressivo strength of 865 tb per square foot.

There is no definite variation in st'rength of the brown

wlth dopth except that the very high strength val-ues

near the surface of the layer. '

clay

occur
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The compressrion i¡rd.ex based on 11 tes'Ls averaged c.Bg

v¡ir,h higt and loi'¡ vaLue-q of 0.6O a¡rd. 0.2,i res¡;eciively.
fire average vlue of 0.39 ';¡ould. j:rd.ica-i;e a raa-¿erial of fairly
hi¿'h c onpressii::.1ity.

The average pl"ecoilsoliclation J-oad based on i. tests v¡as

1?00 Ib per cq ft rvith the values rairging frorn 2500 J.b per

sq foot to 1100 J.b per" square foot. Tne 4 -Uests .'irere

perforrned on sarnples frorn a clepth of aboui 15 feet. I'he

average precoilsolirla-Uj-on I oad is appro:canrately eqr-iivalent
-i,o ti-le presen-t. ovcrburd.en anci. because of 'Lhis ¡ ê.fiy heavl'

loaC i¡ill- cause a¿Ðpi-eciable set'¿lernen.ts.

T'he s'vellirrg pressure. of this rnaterial can be very high.
Studj-es conducted at the Lniversity of lianitoba have revealed

srielling pressures of ,iBróOO lir per square foot, if.'uhe

materiaL r,yas first oven dried (tS¡. Tne avetage sr;¿elljrrg

presstìre ob-bairred. fy'on:3 tesis lras 2l5O lb per so,uare föot.
t'i:e Ìrigh ancl. lor¡ values i,'¡ere 4300 J-bs per sq foot and. 830

1b per square foot respectively.

It r"¡ill be no'ued. tirat the s'rie--l-1ing pressu.re ean be it:

excess of tìre allowable 'beariry pressure cliscussed uncler

¡r¡\11o¡¡al¡le ilearj.ng capacltiestt . Foo'uirgs are therefore

su'bject to possii:ie heaving a.,rc ground. supported. fl-oors1

r'¡hich constiiute light load.i:rgr r.,¡i11 jrrvariably be subject
to ireaving.
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Broïrn CJaY : .Sr4lILqIv

Ðei;'UÌr 'Lo top of stra'i;u¡n
( íeet)

Dei-''Uh -Lc J:o-t,toi;i or' s"¿r¿rttrnt
(fee-t )

Iïois-tì-ire eonterr-t, (:,1)

Dr). cienslty (lbzlcu.ft)

iTet õensit¡r (]b/cuft)
Degree of saturation (ii)

Unc or-.f ine d. C ontpre ssive
strengih (iblso,ft)

P}¿rs'r,ic liini-" (:;)

Lj-qu.icl .r.jnit (l;)

Flasticit¡i j-ntiex (',J)

C onpre s :-,iqlì rr:.dex

S','.'e1 Ii-i:i; ìlr€€isut"e ( lbz'scift)

Prec onsoliri¿iLiot: pre ssrlre
(lblsqft)

AveraÊe Lov

11

ÕrìL\)

¿tú: ¡ ¿

lUrÕ

lO'J.5
a\r? ÐJ I at)

oO

11

.lJ r)tw¡ I

64.5

?().5

c)d a L,

2051 865

30.0 14.1

88.6 3'7'.e

58.? ?3.5

0.3t0 0.20c

2L50 830

1700 1100

Ïiiqh

1C

4A

5',1'.;3

o..) r,,

125.O

I00.0

4i'5C

40.(-)

i]-û.5

88.'i

c.600

,1300

2500

ilt'¡nber
of Sests

L/r7

- ¡ ri
LLl' I

76

r) .)
l1)

Õô
Õc)

r)D
lr)

B7

aá.

DC.'.

36

11

(.)
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íìr'ì]iÏ ;lnU',;, CLrt:

frre gre¡r brovm e1-ayr vihich is u.sua-1}y varved.r is a

ni:rture oÍ' -r,he overlylng brol,ør clay anú -Li:e ur:der1yÍrg grey

cla¡'. 111e nra'berial has becn fou¡ici as silallov¿ as 6 feet a¡rd'

ao ci.eep aS 35 fee-r, anC 1s genera.l-ly encorrntered first at a

deptÌr. of 20 feet. 1Ìre thiclcr¡e ss of -r,he mater ial- is usually

about 5 f'eete al-bhough tire material is no'¿ foi:rrd. at all

in some localir,ies.

@
'iire resulls of 9 tes-Us jriåicated an average liquid

ljillit of 93.2, tlte rarrge being frorn 11Cì.0 'r;o IC).C. Ttre

plasiic linii averageÇ] 3O.0, -r,ìre lii,jh and. loi¡ val-ues bei:rg

35.5 a.rrd 26.0 respectiveþ. 'i'1.:e avs'age pLasticiity jncle>:

$rag Ð3.1 rr¡ilile the high'i¡as -14.5 a¡rc1 i;he ioli'51.Û.

l-l:e }í¡tits j¡d.icar,e tl-at the l,iaiier=-ial is h:-l;hly cor¡'iìressib]-et

hignly plasiic, practicall-y inrpervi-ous zu:c1 sub;ect to iarge

Volu¡:te clarrges r,"¡iür accorlparìying moisture Changes. Becau-se

'L,his inateriat generally líes belorv r,rre cleptir. o-í seasonal rnoisture

Varia-Lion, excessive voh¡'ne Chauges generally d.o not oecur.

Del.fee of $a'r"Ura',"ion

T'he high avel'aðe value of 9E.1:i for the cie3ree of

sa'uula-Lion indicales '¿hai tire rira-berial ie usriali;r Íbu',rd jn

â sa.-u.Ufãied. coir&ition. T'his fac-bor get:era-l-ly pennii;s tÌre

angte of in-uer:ial fric'Lion io l¡e ner.ilecteo rvl:en cresigni:rg

for:nd"a-cions tlrai; affect this siateríal.

áti

l,
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Uirc qni ing-t1 C oni:rie sS iir-e'5j'r-ejry"-ttr

On the basis of 49 tests, tire average uncorrfi::ecl

compressive strengt'il' va]-ue lvas 2L6g lb per square foot'

L1ri.s i:iÖica'Les tha-u tLie mater=ial has a stiff conÊisteneYt

l¡ut i'U tilút)- very írori very stiff to soft as

tire strengtii values oí 3760 lir per square

per sqtl.are foot.

i'ite É!re)' brornr clay has fairly hi3'h

es jnciicar,ed Ìiy the average conrpressive

1'be range of values for 3 tests rt¡as from

'ihe preconsoU-da-tion load l'¡as L4/LQ

These sanples i'rere fron a deptir of abou-¿

-rrould" jncicate tl:at 'une g.rey bro".nr cJ.ay

eoneolidated.

T'he suel-lin:r; pressures of this r:rateria-l

Although thís valtre is not

from basei:rent fl"oor heaveo

lndica-ued bY

foot and 1120 ]b

corâpressibilitY

incex of 0.366.

o.¡15 to 0.30.

lb per square foot.

11 feetr ,"rilich

is generallY norrnal-\r

rÍere about

too great¡
9BO lb -P.el' square foo-r"

clanagc can s'biJ-} occur
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G{e.¡ il,g:oJq_CJav_ - Srtr¡qëty

Ðep-th to top of si;ratlLrr
( feet)

LJe1,'Lh to bottor,r of sirattmr
(feðt)

Ì,iois'bure con'i,ent (r't)

Ðry Crensi-Uy (ï:7çrr-¡t,

\ïer. censiiy (lb,/cuft)
Degr'ee of saiura'uion (t;)

Lnconfine d compr.ess í ve
s',"rengi,Ïr ( Ib/sqft)

Pfastic ljr¡rit (çi)

Liquiri l.ùaÍt (,,,:¡

Pl-erotJ-ci'üy iirúex (r,:',)

C oiu;,i-e si:: j.on j::ciex

3uelli-rr6 ?ï'esstlre (lbrlsqft)

Pre co ::so iirL¿rt j- on ¡.;re s sut.e
(1þ¡'sqft)

Avcra,qe

2,0

¿) t.'.

56.O

69. i-

103.2

93.1

Les

()

cì()

31.¿L

53.C

()Q a,.') l-, a \J

()Ç rr_)(-)a,r

2L69 1120

3O,1 26.C¡

oD .) 17ô 
^uvaa I \/av

63.l- 51".0

0.:i65 c.300

1ì80 BO0

L4l!O

Ei*i

35

63.C

{iö.5

114,O

100. o

3790

35.5

110.0

74.5

0.450

1100

ldumbe r
of ,-bests

L'7{;

l-76
,C,7

51

Ã'ìU.L

5C

49

G
I

Ct

r\

u

Ð

i-

ñatóa
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GF'trry C-l-,Ag

'l'lie grey clay is a lacustrine cieposit. Bccause of i-bs

grey-bluish color', i'L has been loca1]-¡r callecl 'rblue clayrt.

'l'tre i:raterial is varvecl in the stroe r¿arrrrer as tÌre bro.,'rn clay.
llre '¿Tey cla;' 1u geirerall). fi:..st encounter.ecl a-r, a clepth

of 25 feet, btr.t r'las loeatecl as shallow as 15 feet and as deep

a-s 61 feet. 'I'ire thickness of the layer is generail;r a-bou.t

20 feet, bu-r, has been fou¡rd 46 feet thiek.

ilt
li
il

iiì

iil

]il

ó(

Atleq"Þe.rri L.i;nits

'l'he liqui,.3 1furi-U,

the hi¡ji: arlcl lov¡ beii:6;

average plastic lirnit
3f.9 rlirile the lovr \¡as

f,ron a iriEir of t¡8.O to

beiri,';50.,1ì.

lrased on J-'i' testsl âv€ragea -/5.5,

95.0 and 37.O resj:ectively. Tire

value was 25.1 arrd tlre high value r,yas

10"0. -ihe plastici-[y i:rdex ranged.

a 1o',T of 20.O, tne average value

1lle lj-nits i:rdica'¿e ;¡ inateial of iri¡lr plastici-r,yr

Ìti.,ir colaii'essj-i:iiit;'1 .uerlt loi¡ per:neabilit¡r, a:rc1 one that is
st-iiijec-ü io large volune cìra-ri.;es ',rii'n moisture cha:r5es. These

properì;-ies are simiJ.¿r:: '[o 'b]te broviil c1a;r anrJ are generally

Itn,iesil'aþie Íor sa'cisíac-Lor¡' fori::dat:icrrs. Sa.i,isfac-Lor¡t

foi:nd.ar,i.orls can be l¡uilt on tiiis rile.tei'iai i¡ecause it is beloiv

the aolle of noistur-e clianges.

Lrnc onfiire ci C oul;r'e s s iv ê .lì-na¡ry*'i¡
v rj v¿ vrr-r u!t

fi:e gre;' clay -rsriges j:: consis-r,ency froin stíff to
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nediuil as ind.icated bY

of 35?0 1b Per squÍìre

the basis of 44 tests¡

IIo values of the

Tlris is probablY due

ücùtrt to obfain from

tl e uncr:nfjried eonpressíve strengti:s

foot aind 1lgtl lb per sqtlare foot ' Gl

'L?re average unc ørfJned eompressive

s-Lrength rvae 21BZ lb per squal"e r'oo.t,, vririch irrdicateé tlrat

tire m¿rter.ial is geireral-ly of uccli,.m conslstellclo

T'hiS materlal iS a]-i'ralrs foUnd. rreafly Sa'Uu.TrateC Or saiulå*ued'

Tlre a-verage val';e , based' on 5C'i'cstse rl¡å's 9ï.,ffi¡ t}re 1oç¡ rvag

88.8 l.¡hile tlre roaJoTity of sarnples were completeli' satuvated''

Tbls coÍIfilang the bej-ief thai -this ina'uerlal is usually

conipletely saturatecl a.:rd. the ðl1gle of ítr-t ernal fr j-c-üion may

be t¿-ken as -beirg negtiirible for rapid undrained' loading'

.onlyoneeonsolidatíorrtestlïa.sperformedonthls
materlaL. Tire cwrpressibilft¡" of the ¿-J.ey elay iilas very

hi¿.1Ì as jndieai;ed by the ærn;,rression jnclex of o'58.

The sfrellj¡,ll Ir eÊsuf,.e óf 'the grey clay was 950 l'b per

6quate foot. Th1s llreÊsure is 3eriera-l-'ì¡r never siinifícant a6 
,

'"1

tirj-S so1l is found, ¿* gre:rt d-epth a¡rd belol'r the zúLe of seasonal

moLstu-re va.ri-ationsr

IreeonsolíúaLj-on pressuï'o i'rere available'
-üo the fact that it is usual-ly cluit'e djff-

the presslll3€-voj.d r¿rtio cui-ve.
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l;

¡i,i

.ì.

:.Ie.y--Ç-¿g*-ilwjiÍËy

Ðep-Lh ì;o top oí sl;r'atulit
( fcet)

Depth 'i,o 1¡o-Ì,to¡:r of strar,rm
(feei;)

l,loisture con'uent (i|,)

Dry clens:i-'by (li¡,/cuft)
rliet d.ensit¡' ( lb,/clrft)

Ðegree of sa-r,ilraltion (r:,)

I'nccnÍ'i::ec1 c or.1pre ¡sive
stren¡'bh (lbz'sq-it)

I,l-as'Lic iirrrit (:;)

Licl',iid. -l-i.¡rii1; (';;)

,)l;rctic it;- !ic'ie>r (î;)

Con¡:ressic;n index

ljvrci-l-i:r3 i)reÍlstire (l.b/sqft)

Prc c onsoli.'¿a-L i,rrl pï'e *L,,"*
( 1b,/sqft)

15

¿L5 l-5

41.2 2f/.C)

'l?.4 63.0

ill.rj +01.0

98.2 e-8.8

2LS2 11E8

25.I 16,0

-15 .5 3-l . O

50.4 :¿O.O

o. 580

f) Ãl^ì

rr:.-n-
I i ,Li.:.¿ì .Ëiv_eraie irg*j

iiwnber
^-l rTl^ ^+ ^L/r l-çiþt/ù

1&i

LM

++

.lô
AJ

L'

AQUU

44

-t7
T?

T'7

,1

1

ú;_)

62

6i.2
102.0

130.0

1C0.0

f) i:n /\
c)r-l I W

3J-.9

95.0

68. O
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"IIardpan" is the terri,Siven locally tc tho ce¡rented

rcciifLour, s.;l-t, gravel an,.ì sancl l.¡liich covers the l-.iriiest,crie

bedroc.ç. The thicllness of this naterial is ovcr ii feet
iii solrre pl-irces and is not founcl irr other rocarities. The

ciept.ii to tiris nateri¿li is var¡r siial_l-o,,¡ i¡i the.,,¡estern pcrtion
of the ûrs¿r. The tthardpan" eips dovr-¡rward fron this portion
anci reaches depths of aborrt 6o feet Ì;elc-rv the surface in
tiie nortÍ: .-ain Street ,¡rea.

saniples',.rero obt¿li-nec fcr this i¡¿teria.l-. rt lvas

i;:ipcssible to obtain a good representative sample of the

"harrd.p':n'f bocause cf the presence of rarge stones lvhich
preventec the sar.rpÌing tube from being fulry d.rivon irrto
tJ:e rrur teriat. The sarrrpros did ccntain encugh r¡aterial_ to
enablo s one cf its phy-s ical_ prcporties to be de ter.cri.ned.

^tte rberq Lilnits

The res ,lts cf '/ tr:sts reveal-ed an average 1i.c1uifl lißit
of I7.0, the h.l !r and. l_o.',¡ being 2I.6 ancì I/*.2. The average
plar;tic 1i::it v¡as 12.o v¿hite tire ranjc v/as frc¡n rL,6 to r0.5.
The plT sticit;' index ran¿ed frcn a iiigh cf 7,5 to a l_or,v cf
2,7 ¡ the i.i Verage be ing 4,9 , These val-ues inCic¿,te that the
n¿rteri-al .Lras very srigtrt ccrìpressiL¡il_ity and plasti_cit,1r.

.JU

ii

Lll
"i

li

l

i,

i
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pe¡.re e -oÍ- Sa],u]1ati-o3

îÌie êiverdSe v¿rlue

of iOL'.Ûj to a 1o';¡ <¡f

ei:jit'u tegts.

l',¡as g0.Oirj ancl rairged' í'rom a hi¡h

42.0',.1,. T'itese values l"ere baset-l on

Une gJtfiJie ci CSU!¡e-Ê $ iæ--ÊJrg3¡jJål

Veryhj.ghstreng,uhswereger:erai}y€.ÂCollfl-wered.as

j.nclicat,ecl 'oy tire average value of '1950 lb per sq ft' 'ii]'e

s-creirgtn rras as irigir as 15t1t5 lb per'sq ft ancl ¿is 1o';¡ as

35-lo ii..r per sq f-t,. l',hese values ÏIe1ìe l¡asecl 0n eight +''€sts'

ltrnustjrenotedherethat.bilettlrarclparrl|naterial
r,cric'h.¡¡as restecl, v¡as frorl outsicle of tl're Gre¿ite.r \iinnipeg

àTêã.,iirena;ori.í;lof-clrevalues\.fet'eobtaj¡rec,Lfrorirasoi}
proíile Í'or -t'he iri'ot-oseir Grea'i;er 'rjiilnii:eli Floodv¡a¡' v¡irich

-l-ies jr-rsr, e¿rst of tire Grea'¿cr Tii;rnipeg *"1' Altirou'gÌr the

na-ber.ial .'¡¡as fr.olir outs;iúe tlie af'ea covere,S in -.,-|ris thesis'

it is belieyed. ti:at' 'r"he d'isci'epeilc)¡ be*r'I"reen 'l'hese ¡ùysical

properÈies ancl -Ul:ose of tire 'rhardpan't ;naterial in the

Greater r,íi'rmipeg area is srnail'

Ïhenon-ce:leri-Ledgravelosarrcr,silta:r<1r-ocl.:f}cu.rr¡]rich

genei.al}¡loverliest.liettharcli:anllrevealed'vc-¡j¡srra]il

uneon-fined coraplessive s+,,I€n$'bns, 'Lire avcrage of 2 tests

beinggS?Ii:persqft'TilÍg].or¡s'brei4i-ult"vou1ij:rdicate
-,,irat, ti:.e l:la-Ueriai "''¡oul:1 lrave to be clisplaced 

"'r'hen 
piles

are end bearíng on the '¡hardpan'r '
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ieir-brr t,o 'uo;: of siratr-r.in
(feet)

f

Ðegf'ee of sa'¿uration (',',)

L;ric onf j-ne.J co¡ll;re ss ive
stren6tìr ( l-bTsqft)

ji].as'bic lir::it (:l;) .

Liriui:r l-i:ri'L (',',)

Plastic it;r ÍnCex ('.'')

L;1,_a Ir¿;-¿I

6C

100.0

L5 rl25
14.ti

2L.6

7.5

Aver_aæ JdeIï

4'i g

9O.O ¿r2.O

'7 t95O 3r5'70

l_2.o 10.5

1'/.0 !"-:.2

4.ù 2.',1

Õó

iiumber
oj IIests

].BB

Õ(>

(J

o
T

7

7



TITÀFT] T }G

ÁLLOJJAIiIÈ; i]jt'i't4, G Ê.;ti:;!C IT IEË

The ultimate bearing ceLp'acj.ty of a

Terzaghi (V ) s-s:

\rt - dolrvD¡(\-t-)

ul.tinete be::r'ing c

cohesion

unit r¡¡eipjht of sol]-

r,o¡idth of foot-.ilrÊi

ÈJa-)

soi]. 1s Eiven by

I onDf

where Qutt

G

!t

B

2
ap ac ii;r

For l-orrg e'cnitj¡ruous footíngs lTo: %r md }f,o are

d.iner,¡siorrJ-ess coefficÍents d.epenclent on '[Ìre an¡]le of inlerrral

Íl"ieti.on. The j-r' va,lues are Sliven in uost :nod,errr te.--ct booics

on soil- niechanícs a:ld. foundatÍons.

'u¡}¡eir the ang]e of inter"1^¡al f::ictf on is negligÌ-ble t àÊ

i.s gcneral--,;r tr1-r" caêe for Greater :Tjiuripeg so1lsr \ beeornes

unit;" anci'ÌIr equals zero. Tlne ecir-:ation then becones:

qoft'cl%lwn,

Le¡.-r,er. worl: by Skenpton (fa¡ 3Íves the fo3-lorri.rlg forniruLa

for II"¡ for rectangt:1ar fooi:ings.

ld" ø 5(1 I ll) (1 I n¡¡
5Lffi

rr¡here L u lergtlr of the f+oting

In determj-ntng 'bhe area i"equired. for a fcoting it is

ConvenieÐ.| -r,o üs€ for t,re l¡asiS of conçttteltí,;n, tire net

.ir-



goi}pressuf'e.Tlrisisthepressureat.Lhebaseofthe

foo.bijlg j:r e,-lcess of tliat a-t' ti:e sane level due to the

suryougciing surehange allci ca¡r be expressed b;'- the folio'''l:irtg

equatiorr:
qd.=o*ult-vfDg

r¡here qd = net lJearirrg PressLlre

fne net beari-ng pressure ís 't'nen tire t'otal loacl

tne footing inclr'id.ing ihe cleacl load, live

of tl:e footing ancl the weíght of ti-re soil

less -';irÐ¡7 rvhere D¡ is as shovøl in Figure

7 -Í:. í /' l: r'.' :.:: ;.' i t'

." ,' '- L'-.'::

uf

!-.-
l:-

Figrire 6

alJ-ol'¡able bearir€ capacity fot' eacir

'r,rtren not urrd"e:'lajn by r''realier naterial'

'1. 'Inese values lîere arrived at by

usji€ a vaLue for 1í" of 5.? r¡¡hich 'ís the value given b;r

Terzaghi for lorry: footings, proviJ.e<i. the rnaterial- is

satlrra-r,ec1 anii Ìtas no an¿iie of i¡ternal f":r'iction' Ttris

bearùig value i-s cor:sefvative for square footi:rgs'

*,,he base of

the rrei¿5'ht

the foo-i,jrg

T'he calculatecl

layer of nate::ial,

is sl:toï,'n in Figure

above

1oad.t

above

b.

.t

I

i

!

¡

I

I
I

I

__l
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fhe general eo_uatlon tl-leri reducecl to ¡

Qrr-if = þ.7c, I trDç = 2.85 {u I r'Ðf
SE T-T':

For iire lrurirose of easy tabu.lation 'uhe factor ';¡Df'

was ne5lected.. It ;;oulil be conÉj|cl-ere<1 for the clesign of

dee¡,' spread. foo-r,ings ancl raft founclations.

A factor of safety of 3'0 is usuail]' recornner:cled

against a bearing capacity fail-ure. Jt has also been

for¡id. -that this serfe'b¡r factor límits total settlenen-bs

to one jnch and differential settlemenls 'Lo -,,irree quariers

of arr íneh on cohesíve so1ls. If the subsurface cori.cLii,iol:s

are tyell inoir'¿:n or uniform, a safety factor of 2.O may be

usecl.

The Ci'uir s¡ iTiruripeg BìJildirl$ CoC.e (f0¡ gives 'Lhe

per:nissible loads per sq ft to r','nich. the differen-L natural

soils lnalr be subjected.. Tnese va--ì-ues are shoi.ar in

Figure 8. The - uilding Code is t¡'pical_ of old.er cod.es

insofar as it cloes not take j:rto account the shape of the

footing or the effects of the depth at -',vhich the footiug

is l-ocatec1.

'Iìre gfey clay is referred. to ín t'he Building Code

Ls ¡tblue c'].a¡,rr and tire grey l¡rotrn clay Ís called, m1xed.

e1ay. The bro',rtt silty clay ancl ;,re11o; sílt are incluôed

und.er tlie soft vet clay or silt group. A d.efinite È

lj¡ritation of the iìui1c1j:18 Code is '.,hat no men'tion is rnacle

of the bro'¡,nr claY.
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:[ai,e rzat-

iror,¡:r Silty
¡a1^rr\, .LÉLJ

ile1lo-;¡ 5il-t
,llo-;¡i Cl.a¿'

Crey* Bro'.''zi
ClaY

Gre¡' ClaY

'rii-liIPl I.TT ]

ì

1 tlnconf inecl C ornpre ss-
ive Strength

Ctb per-sq ft )

'liigll É.vg. Lov¡

7,1,+C ?6B3 9(i9

?',iL1 1652 ].ClC

!='i 50 7CU* 8C5

37gA zl:u? 1120

35'/O 2]..82 1188

a

Ïligr-rre -/

for intlus'u::i-ai

for' buili.inSo

l;ia-r,erial

Állot¡able Bearing CapacitY
flb Per sq ft )

S.F.Gr2 lS.F.=3
l{igh ì Avg. Lovr llígtr .rivg.ll,oq

1C600 37',JO l-370 -loso 2550 920

338C 23-¡'4 r44O 2580 15?O 9?O

o'/e,o ?;926 1230 4510 1950 422

'+oo 
3090 1596 3600 , 2aa2 LO6'2

r1

5090 311C 1692 3390 2c75 1128

C oltuùrì

C olttl,ur
,

i-ì}u.e cia;' 'Jiitil 1lo LirrcÌer'1;r!n; sir.aia
of ¡rs11.\/ or -i¡rol.rrr cl-al'

''li:ced claY, nror-lerateiY clrY

So'Í-¿' ';¡ei c]-al¡ or silt

I'igure I

co:Íì'iierc ia1 buiiriirll;s .

ìru¡,r¿lr: irabi'Lai ion.

.À

+oao

2000

TÛOO

-r Cl

t-s

.ti

3000

1500

-/50
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A compe.:r.ison of the |trild--i¡g code allowabl-e beari¡1g

presíiures arl(i -uiic calcul-at,ed aflo;¡ab] e'beari:r1.; pressures

is possible since the s'Lrengt'l') va}Lr.es obiajned for -l'his

stu._..;l a.r.e ff.or-;r a !:ood representa'b.ive selectioi: of the

Greater l'ii¡nj.pe¡:' soils.
The a-l-1o.;¡ab]-e þearj.;ÌE Fressurcs for t,he soft uet cla;r

or slitr âs ¡iven by iìre trr-ri-lclin¿; cocler êf..e 1O0O 1b per sq

ft ani.l -i5c lb per s,i ft. These vaiues indjcate a safety

faCr,or of r,vejl over 3.0 iS prese¡tt.;¡lien dealing vlith the

averat;e bedrii:li pressul-es of the bro'.'¡l.t si-l-t;' cLay. TÏre

yellotr silt itas a safet¡r factor s;1ig'irt1¡r over 3.Or rrhich

î-tore t'ha¿r s¿rtisfies ti:,e leqiiiretter:-¿e fo:: safe d'esign'

The i-lriilcLjn6 C.O,3.e values for '¿he gTey bro""q'I C1a¡r æ's

2OCC lb ¡er sci ft ar.:d 15',r;o 1T: pe:: sq ft. Th€) 2000 lb per

sc, ft, is ccntpa::abie to a safety fac''or of 3'O'"4ri1e the

l-soC lb per sc1 i-r- iras 5ì safe'r1'' fae'lor over íJ'C'' ]loth of

tLrese v¿ilucs ¡ire ovcr Llre 3enei'aily reqtiired Safet)' fac'r"or

-.3 r- Í\(Jr c r \/ o

Tire jr.ey clay al-loi¡able beari:.LJ pj-'essures c1o not agree

i;itn tire nuildin¡ Cocle vahrês. IÌìre bearin3

as given by the Luilcl-i:rg Code I of 3000 li: per

or:.11r â. safet¡' facr,or of 2.O i'¡irile j;ire 40OO Ib

value hes â sâ-fe-u'¡r factor' less tiran 2'0'

favorab!-,'

pressure t

sq ft iras

per sq ft



This lrlt,ld. jnd.ica.te tlrat be.rin.; values loi.¡er få¿in those

:,iven by 'bhe Building; Corfe -íor tile .¡f.ey clay sliouJ.cl i:e

used- fo.r desi-gn.

-å.vera_ie s'tren;ths ..,,'e1'e used fcrbiLe cal_cirlated bearing

tr)ï€Êsì-iî'es. î'liei.r' use ls pairtJ.y jusl,if ied, for the follorvj',gij

r€âsorir Ii; is legitimate to use the ave-¡.ad,e stre4th of
lhe r,aterials fo-r a d.e¡;'i;ir equal tc the wiclUi of the f.,o-Ulng

belorv tlie fouu'da'¿ion. In -bhe Greater trTini::i-¡æ¡j a^T"ea, gerle]'al]-y

no layer corrtai¡.s a].l .,"reah rrraterial T¡ut rrather lsaterial
v¡'hose strengtÌr vr.r'íes i';itl:, derÈh.

Althoug'tl the ¿rver,L:-,e streri.Sths were used for. compârison¡

ii shor:l-cl be r"eali zed. tha-b d.evíations from the average rrere

quÍte extrenre in some areas: rr sucir casec, averag'e valuee

ca¡ be in error '*tren par.t,iei læl¿v r,'eal;. cond.itions are

ettcoutrlered.. For ex¿r,.rple ¡ j:r ccii:paring the lol¡ calcr,lated.

ai.lowable -oearing pl'essure v¡ith the allov,rabl-e pressures

¡1iven by the Bu.ilôing üod.e for the g:rey clayr. the .!OOO Lb

per sq ft value has a saf,ety factor of C¡.85 e¡ld. the 3r-¡OO J.b

per sq ft has a safety factor of 1.14. It ís likely tirat,

square or rounil fr:,o'i;fngs tyouki be used at this rleptlr ra-Lher

tiran 1o4ü footir$'s and 'bhis woulcl j¡creage the safety fac l,or.

Terzaghi st¿.rtes th¿t the fncrease l{ou]d. be 1.3 times as great,

resultinü in serfety factors of 1.10 a¡rd 1.48. Tlre Erey brov¡r

elay has a safety faetor of approximi,.teLy 2.0 for the
Bt¡ifd:i"ng co<Le values of 2ooo 1b per sq ft and 15oo lb per sq fb
aniL Llre brovn'r silt¡ el-ay .and ¡reL1ow sjl-t. values fuon the
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Iìu-ilding code h¿ive eafety faetors rens;jrrg from 2'o to 3'0'

Tl:c vahics S'iven for r,he tF-€y broynr cLWt brovrr: sll'ty clay

anG ycito'.r siit.r ¿ìl:c r'or' l-on¿ footi:r5s only'

I-r, uâJr be concluÔed -¿ii¿lt, -ül;e 3ui1dj;l5 cocie ailo';,rai¡l-e

bearin6 pressuf'eS a1'e generaill- corìsei'va[ive, e>lcei;t íor

'tl¡e vaiues given Íor' -Llie 5jl'eJ cla¡"

TÌle yece¡i-L rrr¿tctice usecl to obiaj:r 'bhe be:r5-ng

ï)res5u.j-'e beneo--fir a foo"L.ing is Lo L:se |he ne'L beerjn¡l

p1.eSsUI'eS. Ln 'LbiS ::te-.nOd. i;ire -[enr rr-íD-orr Ce.n i]AVe r:iaï'lçed'

er'feC'¿S Oir r,-ire UeSi6ïr bearing illeg€jçre. IlOr SûAl1O"T Spi"eAd'

Í'oo''vings tiris fac-'i.or is rre3ligible. iro-l' ¿ì rila'btress or" raft

Í'or;.uda'Uion j-L catfnot j:e ne5lectecl as it is quL'i,e appreci-ab1e.

,l'ireoretical-Iy i-; is possible 'fo have this i)?e oÍ- founr-la'-

-bion rtfloati'if8¡f i:r 'ulle soil'i:y îiavln$ €rioìl;'i1 soiL displacecl

b¡r'cire foirndation So'¿i:al,'¿he -ufeiSirL of clisplaced soil iS

eo-ua} to the vleigiit of 'che siruc-['úrc'

rn 1913 'ühe be:rri;lt' capacJ'tf fuit"-'u of -¿i:e Transcona

tir.aj-n ll-evacclr' 'Look plêCe (2). lrarrscona is severr rsiles

nor1"h-easr, of \iirrni¡eg a¡o is sítuated jn the Lake AgaSsiz

basin. îlhe soil con*i-t ions at this síte ai'e very sj¡tí]-ar

to ihose of tire Greater nrirrhipeg ä1'€â. Tltis failure

sig:rifica¡tly su-Ðs.Ualrtiates -Lhe theoreiical- bearitrg values

ob*r,ained. from the scli]. *v€sts.

l'he Stn-ietUre cotisi$*r,êd of a rei:rforCed concrete

v,¡orlùrouse a¡:d. a¡r adjo jning bjn house. llne v¡or'l*louse vJas
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70 feet by 96 feet in plan, a,rd. 180 feet in hei-ht v¿ith

a raft founclation at a clepth of about L2 feet. The bjn

house containecl fj.ve ro1'ls of lÍj bins t 92 fee-L ín height

and 1z+ feet in dia¡:ei;er, r'est,in3 on a reinforced concrete

rafi; 77 feet ,r,,id€ and 19ô feet long, anil i'fas at a depth

of 12 fect belo.r,'¡ the slìrroLi¡r(linr gfou:.nd-. T'i:e clesign bearing

pressure r'¡as 660O 1b per sq. ft based. on a loac1 bearír6' test

a:rd t'ire dead. ]-oacl '.'"'as 20r0OO t,otrs. '
T-l'le construction of -bþe eleva-tor began in 1911 a;-rcl it

r,TaS l"e¿.ôy far Í-'iJ-ti.nt-¡ in í:ep't,entber 1913. T'he S-uOf'aEe of

'i,ire ¿f"ait.r vraS $*r.ar'-beci, u1-[ir consiclera]rle cAl"e taken tO

d-istributc t'!re ¿;rain unifortirly. On Oci,ober 18r '"'¡hen

8?5r0OO bushels of ',,,lire¿lt, \',rer"e StoretJr a ve¡.Lical- settlenent

of oi:e Íoo-L',yas;ioted',çi-Lhi¡r a::r hour'. witirin i24 hours the

s'bruc-Lure tYas restjxg at afl angle of 26o53t,Íþom tire vertical.

The ',esi sifle of 'c,re 'builc1i::5 -¡res 24. feet below its original

position arrc1-l;he ees'ù sj-de had r"isen 5 feet a.bove jts

or j.girii.} e levation.

Cal-cula-Lions basecl on th.e c-.ead 
"ïei¿'l1t

a¡ic1 8'7ii?OOC i:t-tshels of i¡Ìieat a-L 60 pouncls

a u,ili-t liniÍonrll-/ tiis-t l"i-cu'Led presstlre of

on the c1.ay i','nen failtire took p1ace.

6 r2(:O 1b i:er sq ft

of ZOIOOO tons¡

per buisitelr gave

By tr.sir:.g '.r-erza$hir s Eenerail

capacit¡' õr a satl''r'ated cJ-ay ''.;i'r'h an

equ.ation

angÏe of
fcr the beari::g

Ínterna].
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frj-ction eqUal to ?,eTo, an.J al-so Skenrp,,onts eclUaii-on for ils,

''xe get¡

elil-r,= 5.56elf?t¡t
'rior.i., crrorr€ o-'f '[iie i?riversi],-rt of i,iani.'¿ol¡a i:lciica-bed tirat

the unconíj.neC conpress:ive streng.[1: of -r,he i:aieriai at, the

sí't,e wirs 1850 lb pei: Sq f-r. ':his Vailte along'.;i-i,h a valU.e

of v¡ eqr-ra1 to LC] 1b per'cu ft restil-t,ed in a ca.icu.lated

ultiilate ì:earin.-, ee,paciì;;r sg 'i4:t,a þ i;er sq ft. Thi-s value

is ren:a:r:kaÌ:11r cl-ose to tlre acttial ì--eari.ir'; capacirr;,' a-L failure

of o20C lb per sq ft,.
It is t'eassurin,; tÌrat tire s'[r-rc1y of tÌrc ':]ra.r,iscoi:a ûraj:r

iilevat,or 'beerrir.S capacit,y faih¡re ve::j.fie'-i the coninonl;r

aceepted. -bheories on tiris t)1;e oji faj.hlre.

Iriles are ar:.otïrer means of .-supportln; he¿rvier s*r,rllciures.

Tn Clr.eater iijnnj.I)eg casi-in-pl¡-ce concrete ¡riles or piers

ar€ general,L-1-;¡ used. 'ihe tiinnii,cg lLri-l-ding Cocle siates -UÏrat

i'¡hen a pier Sr,ops at ttharcl pa-lirt i't &ay be irel-]ed ou.i to

twice its rlianeter' at arr aïÌülc of thilt-v d.e;rees fþom the

ver'iliCal1 11iv:-ng a na;cil-ltr::i be ¿,:rin,, of ser;en ÐÍìCi one half

tons per sq ft.
On tlie i¡asis of -¿l:e avel'age ur:confinecl conpres$ive

st,rer:gth an,ll. ¿rn assluied arìüle of -i:ricri:al Í'ric'r,ion of 25o¡

,tne aveïe,ge iohesj.cr: ï,'aS coi.'lp.rited. Lillil;i [ì11 alter€¿Ee ciepti:

of ,j.O feet arr.d. tire ççnptr-ued eohesion, the ca.lcule-iefl



allouiabLe bei¡ri'n8 capacity r'ras 23.4 tons p€:T sQ fLr This

valt:e is based, on a Safety faotor of 3.0. The calCulatione

for tjre bearing capÐ-city a¡e sho,,,m Ín ii¡,pen.dix !,. Ttre uBe

of the eve3"aöe -rrrcon,'.j¡e{ conpressive streril;tir iS juetifír:d'

sj-nce t:te lo',ïer sti'eag-Uirs were obta-lneO fþorn d.:-¡l:Jed

salpples of tire 'rha-r'dtr¡tntt.

B]t eor:iparin¡; 'çbe Buildíng Cocle value r¿íth this

c¿tlculc-,.tec1 v¡llue, the Brli\]i¡rg Cocle value has a SaÍ'ety

'Jacior of al,pro:<iiui,tely 6.0 ,¡'irieir is ai-;p.r;'enil¡r very

consefl/ii-Uive¡ Ä irigh sÊifet;,' f¿¡,ctor js troluever veri¡ clesi:"abl-e

since the ¡-,j1q cln ¡:est on 'Lhe urrcÐïrsolldatecl rrhariipanË.

Loca.LLy, foï. a sar,Urai;ed. cki;' -,litìl rlo a!.31-e of irr-Le:nal

fbiction, tire í'ol1or',ri:'i3 fo:raule is usefl for the saJ'e ì"init

frietjona.l support for tlrlction p:'les.

rc Ê CJll- 
- b

1l¿is eglra-ui-orl j-s b¿r.seti on a sa:Íety factor of 3. O.

In Gre¡:ter T/írrn-jFegr the frictional- reslsr,anc,e of the

top 1ç feet of soj.l- shor kl be negÞ cted since thls 1s the

d.epth that, fs genet:å.l-ty affected by seastnrrl molsture

char:.;es. 'i'ilj-s yro¡iC- j-:a nost cases be the browr silty elay

aticl tlle yellour silt. file c.vereS;e uneonfi-ned compressíve

stren.gths of the turd.erlyìng rn.eter{al a3e 21CO l-b per sQ ftr

This ':¡ou.].d. resrilt in a frjctÍorral suï)po¡-b of 35O lb per sq
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ft of pile surface errÊâ¡

j3uitcliir6; Cocie r of :;OO l.b

A valu,e, tha-ü is not' j:r the

per. sc1 Ít is cortnonlY usecl.
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TCf'/i, $UITLI i"3:,-,ÏS

In gr"eä'uer \¡íiru:ii::e3 ihe J-¿ir¿e s-u i,'a.r'b cf t,otal settlerlent

is c1u.s tc tlte 1:l.'stic col+,: ession or Corisol-iciaiion o'f tÍ:e

s,:il. Tjre relaLive coxqll'es6iì:iJ-ity of the ciffeÏer:'b lccal-

6oi10 nêy be Ccii4;i;,i"ed by -bÌieir cciqlj essjo:Li i.n,LiceS. ¡:JI

eçi-biria-,¿e cain 
-i¡e i;r¿tdr cf tÌre 1.;ta1 set-r,J.gnent by ulsi:r¡: trie

ec¡1ÀÍession'l¡r.åex c¡1(1 ihe itrcre¡rse in pr'essr:r'e due to arriy

acld-i,¿iclicrl load, T'he follo'i¡in¡i i,aþl-e s'J:)-ows thc relative

eoîj)pi'e6Éjibil-ì't;" of the d'ifferent Local- nr:t'r'r:'-als'

l'.[a1"eria].

Erou¡: SlltY CIaY

Yeil.o-'¡¡ SíIt
ÈT'o','r.r C 1ay

. Gre¡i Bf,"o'.";r¡ CJ.aY

Grey Cl.aY

' CourpressÍon Inrfex

The cçmpression inÕex of 04125 for tha yellorv sflt fs

localLy COItSÍÕeI.ed 1ow a¡rcr" the coslpl"ecsion ín¿e.t; of 0'5['-'c

t

for the grey eby is considerecl high'

å'bor:t, 195o the local scilg \fere j:l a s-t¿'te cf ckSrj¡1''"

because of an unusua^l- nlrmì¡er' of 
,Ca'y ;re ;;ìfse l's far t¡aelc as

]Lg¿l t'here ïras evidence of dry spel-ls ' The crr"yj¡g oul' of

ttre soi18 eauÊecl.abnormal. reclue'blons in -cheí:: volumes agð

hence aþnorp,a-1 settl-e¡aent,s ot' swuctureg, Ttre s?la'ltow
l

fo'r.rnaations were tire rnost affeeted by these voltr¡ac reductions

sineettreyl.$ere].oea-üed.jnthezoneofnnxùnumc1iy.f.ng.

c.230

0.125

0.390

0.366

g.5i,C
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ü-ndrerçisuring o.f Íee.ûy of the sha-'l-l"or'¡ spread. footi.ngs to

rectify the,se settlenents arid. t'o pt"<+rren-L f:-.rt'her çettle-
nents 'irec.g:ne a rna;or industry in the G.:'eat.er 'i"/innipeg ât'€å.r

.r+.fter' 'L.he 1t50 fl-ood., v'lìricir c cver'ed a 1a.r:6e part of

Greater ','liruaipegr ancr v.hicir, \'fas ptcceded alrcl fol-lovec1 -L:y

untisuall-)'-,','et se¿ì.sonsr the soils hi;ü rei;ajned. soiiìe of their
lost moisture. The ad.rJirtion' of t'h:'s tiioisture to the soil-s

has elintírrate<).r' to sì,ìne extent¡ the se-r,tlelnen-L c¿,L-,sed by tlre

d:=yín5 otit of ttre soi-ls ¡rnd iri nar:y eeses haS saugedi ver"bie'¡l

r¡l,oVel'r€rì.ts bec¿ìus,e of 'r,hr: s',.,rei1in;' ¿rction of the soils.
Fac't ors, o'iJrer'r,l riul tlrose iiìe¡-il-iorred. r c :lr¡ e o¡itr'1bute

to total se'btl-erient. T'l:e eliJ.stíc cotitî.i"esr;ion of the loea].

soils 'r¡l:en lcadedr eë.l-is,3s instarrta.rre:rus eettJ-enient, but the

settl-emen'b is reeovrrable if thc loaa is i'erroved. This

settLeinent is usualLlr ;srrrail. Settle^:ienL íà ajso cÍrused. by-

tÌ.ie l¿:'uer'al rioVement of i;he soj.L7 bul; thÌs'is also

geriei'ally slnalJ-.
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It is consiclered that, the -rrvo príncipal causes of
cliffereniiai nover,rents 'ìn the Clrea'cer \'linnipeg area are the

clianges in riois-[ure coirtent of tire soi]. anc foo'bj¡Uí siae

variation"
T'Tre change in rnois'¿.ure content of a soil results in

slrínkage ancl sr¡elling of the soil. Toís effect 1s

par'uicularly no-uiceable jn the aovenieÍit of shallol'¡ for¡eoa-

-r,ions. 'II:e chargel itt moisture con'c.ent caf,i. occur Ín

localized areas causing clifferent,íal swellj:rg or contraction.

Jn irouse founcla'ciong -r,hese d.ifferenr"ial moveuents can prove

quiì,e clarraging. r

f-ünled.j.ate1y afier' -t?re lyl;u Í'1oocl¡ 'nl:st¡r base:,rent floors
?raci heavecl ¿¡:rC cracl.;ed- eticessivei;r. T:re floors v¡eïe 5enerally

oÍi plairi concre 'ùe 7 'ì o'r /¡ jrrc'ires 'Lhíc1'1. 'i":re c¿ìuse o:fl ihís
d.arna;e rras l-L:lr'ectl¡' attribu'bed -Uo tne sweftLg of the c1ays.

ïT¡e anroun'c of ires,ve occurr'ín¡. in the fou::daì,ion i"iag ma¡clmtm

uui.er the iÍ¿-þtly J.o¿rclec irasement fJ.ooi"s ar:cL rnjni-mlæl i;nder

the 'lieavily loadecl basene:-i.'¿ ual-Is. ïn some cases ii:e

sl¡¡ei'ìin¿;,I¡r€sriüres naci been 1zu'3e anou5!,1 -Lo'li.it the base-

r:eri-ü floor off of tjre .;,'411 footi4g.

ft must l¡e rerrernberecl tl¡at footilEs r'¡1i;i: thc saille unít
bearing pressrlre affect t'i:e r¡a,3er1yín6 soils to cliffet'ent

d.egrees if ihey ¿re not 'che same size. Snall footfng effeets
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are rel¿itively shallow ',,¡riereas lar.¡fe Ïooirir¡; et'fec-[s a]"e

mucir rreep€;¡' witb the result that gr.eater settLenents oeclr

u¡.1er J-arge footíngs. The ci.jistributÍon of pressure r.;ênoath

a fc,oting car:. hc d.e'br-:r'lij-neð b..,' lle',r:rarl:rs or lTestei;qaard^rs

tai:les. I.'lestcrgae,r'c1ts tairle ís :rore appl-:ieab-1-e i:ecacse the

s-Lrat i.fied- c o::d-:'-i;:!-on uì)oí¿ lr:icl: the table is based is
ne¿ì,rer to -ì,lre cond.j.-r,iong e;ris'uing in seclii:lentasy s:;íl-s

'i,h¿¿:; L.:e iso'brop:ic ç,;rncli'ui¡s !r.-¡-oïr r*ric'h jïi.v¡.iar:kls tilbLe is

b;i';¡;C..' îíth +-ne pi'esíjul.es iú1o'¡f:i actilr; on eacli 1a3'er'1 âÍL

csti:l:,;Le ç,i: l¡a r.i¿rrLe of t¡:e se'tLje'rent sircil the avr:ï"â.ie

cc11\)i'eí-jrlibiliU¡r r¡f ei'icir of the ic¡Ca]. i;;;'c:-'s js }3J,o','rn.

::rr e;¡t;zlai;e îr¿',s b,Le¡r ¡r:;c1e of -b¡re sc'Lil.e::ento cf t'r¡o

clíf:Íe';:eni sized. Í'ooti-ngs wi'¿h +Jre s¿iîie r¡nit loarlj¡.j on an

avei'r€e Gr'e..ter 'di:::ripe g soil ¡:c" ofile. The cä fference j:r

se Uileilerit sironlcl be r¡o'bcd.. I'TTe 'soLr-rtions aplæ ai: 1n

./i]{.:cfr{ii.x B.

. Other

rcsi:]-ted i.n

are ¡

faetors lvhich have i¡een oi¡served lio have

il if'fererrt:l-::1 r,toVemer¡-l;s jn Gre¿i'r,er iïÍi:riípeg

1. Placing footings "coo cfose t,o etic'll

2. Difíer-ences in iive load anci ciead

d.iifereni, footings j¡r tlre aæe s-i,ructu::e

3. Var"iatlons 1n so il lr ofil-e

4. Fooì;ings at d.lfferen'L elevations

5. Difíleren-," 'L;,pes of founciaiions for

struc-ture

oì"1rer

loac1 on
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T?rese genera-ll)¡ r'efl-ect poor desi¡ïn and, are tirevefore not

given f\:rther c <xrsirler¡¡;bion.

Dj.ffereirt,i¿,J- li:cvenelius of s-.'ral.l-o,'¡ íootiaãs ::;:'.;r be

'bre*ie,J. in serrei'al ways. l,,trc;t a r'i4J.,-i fol:rd.a'L:-or:. is

c;nstruciecl as a irtit¡ ârrú $u.:;.i<:c'teå to åiiÏelcl:.t;a1 ino'c/eiüent6t

'vhe x'lirol-e si.ruc'Ltæc r¡i--Ll- rotate as a uari-[ v¡hi-cir ¡: everr-\,s gfi¡r

d.ariiii¡;e to tle superij'vr"uctui'e. Tiiis ¡r.ciilc,i. is ì:ciiis; e,:çIoyed. on

sr,i¡rl.le-i' buildin;.o by usiri.; si;eel beans to su-;)i,)oi:t the

fii'st floor air.j. rci¡¡lorcil'4 tire iiaseiten'u Wa1].s ar¡a fuotin,{s.

åriotlier ile-i;ïrod. i-ieirig usccl t,o red.tice clif-fe:'erttiai raoveuer:.-Ls

is *ùo ¡:Laoe tire í'.;oij;rgg a'ü a cle¡;t,1. ryi:ir¿re i;Lois-bu-r'e cir¿m,fies

do i:o'b ôccl.r'r Thj-s is oone b.y us.'-n.; tlee1, Ëprea<i foot:in¡;;s1

drivei¡ l¡uocleu 1;ile s ur e¿rs.L i:r ;";lace carlci'e'ce pi1es. $Ëise-

msrr, fioor moveneTì'i; Tias ireen deafi; wíth by t-isü41 bea¡¡ end.

sþi1-; consi,rue'[ion for the t-loorg. 1"he ilovemenl of arry

materiai i,u¿rier r,'!re slab has no eÍ'fect gn the floor ¡ j.'rÐvld.-

ed of cou,r'Ë€t,hat tirerre is ¿¡ clean: Êpace between the eoil
'and the slal¡. '
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FIri:1ÇîS .91¡ f,{l':i;}ú ii;rl..-:L Pi:ilåS5-ùiijiS

Struc-r,ures such as retajning vrallso trencìi ancr excavation

braci::',gr buildieads, cofÍ'erd.ams an:d i¡aserien-i; rvail-s aï'e risecL

'1oca1l-1r fe support soil nrasses i:r a fi--.ec1 posi-Lion. A safe

aSswnption for la'r,er"al esr-r,i1 pressul-es generalllr sna.urìlered

in Gr'eater'riinrripeg ernplo)' tire ttat rest,'t case. fn -Û'irÍs sta-t'e

the iiorizontal F,ressìI"e Shr is given b;r ihe Í'olloiring for'-l,lulaí

Sh=KSv
r,¡irere K is ilie coefficient of lai,eral ea:eth pl'escure and S'

is'"r,lre vertical earth TiressÌ.1l'e ',lltich is equal ì;o r; ilr 
"'ñrere

-: --i,- rs rrlle Lrriii,arlce -lron the groli,nrJ surface to tiie.ooint

corlsi<i.ered.. Tne iiisiril¡uiion of r,hís pressurer agai:tsi; a

w¿rl-l is hydrosla'bÍe. llne resu.I'uant, i'Cricir acts al 2/i) of

tire crepì,h that ttre footing for 'che rvall is plaeed.r 'ir-ould

be IiSvII or K,irH2. i¡or local cla¡.s K has the higti value ofz- "T
unity ai:d 'clie resultant .'i.¡ould' 'Ll:e¡i l¡e:

hr= # al-acielì;i:if

llrris pressut'e can be of sufficient magnitucle to

d.amage baseiiien'b wal-l.s. For this reason hollov¡ concrete

biock basernent r,.ralls are not allov¡ed in the City of rYi¡nipeg.

In. houses that dicì Ìrave this true of basenrent l,rallr ilu'rard.

bu.lgj:rg, clue to tl:e l-at,eal. earth pressurer has beein obsetryed.

Investigaì;ions of some .';ralls of this trce of eonstruction

have , shol'¡n that the amount of movement can be 2 irrches

at the rnicl-height of the rvall a¡d. is less'Loward. tlre floor
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a¡rd. cor¡c.ersr The ttse of ccrne¿'ete wal.Is practicaliy
el-'Lllin¿ltes thjç t;';;e of r'lover.ient ¡¡rcl -,lhis js one of the

reEìsot1g l;Ï5' i,þg)f ars i,sed Ín 1,Tlr:iriþex,

líery ol-åer hcuse 6 ,t¡ere ccnstn;.c1;ed ';¿lthout base;tetl'Lsr

get'ci:r¿r: '[Ìre-lr' sili:.¡,Or*L frcr:t sþai]or'¡ Sp¡eiLä foo'L;lngs. iit
$cine r;ilre gince coastru-ctjon p:,rtia1 b*.ser,terlts ',J€T'o

exc¿ivated. urid.er the hcruges a¡¡cl tire sides vtere sipl:qrLs¿

by tÍmber, concrete¡ brlci; or stone .,¡alie. 't'Ìre nasonar'y

r,¡aIl-s ï/ere poorly desi.Êfreù to r¡j-thstarid iro:rizontal p::es$ures

erea'r,ed. i¡)¡ the scril-s. l:.fter the i95Û r'l-ocd l-1¿ìrì]r of -Lhese

uralis ct;.ved in i¡hic'h inclic..,.-UÊci -bhat i:ire çai-ls Êer';eci. 'i;lleir

puríiosê ¿ìs lon;,; ö..s 'L'ire soii-s r,r.'rie dry but'*ft"" sl^turil¿¿tioa

J-ar¿er later¿rl suirl)oi.t ïias rûqLr-irecli. ;tt 'u'he ]:resen',. 'Line

in Greate¡' \ii::u.-j,-r{,€:j b;,se;ieni;less houses a:e be in€ç eous-truc'bed.

ì:rrt no provision 1s rn¿acie for l.ater baseli¡:nt, exc"tv¿itj-on.. /ill-

tire fac j"liì;ics g;eneral'JJf u:sed. Ín ¿t baser¡ient ¿¿r'e bein-" -rlacedt

gerieral.l-;'o ari '[.he fii-1r f'ì oor.

Cerrcral î{or-L¡1age ærd.. ilous j¡.,jr iïiruripe:.1 ar'eLì- 2 specÍ-fy

that *r'he n:nÍnr¡m '¡¡idl:r of fcoting bcn-cat'h er bfr'sclll:ni i¡ell-

4u.s'b ire 30 :¡rche's. The 11 a.ecn Í'or thj.s cpeci-fíca-tion ie thlô

the sheer ín': r'es j-e-þance cf tl:e cla;rr over thfs rrÍd1jr ls
sul'flc ient to preverrt tl:e vaj-l- fþo¡l slicii::; due tc the

le"tercl^ eerth pÍ€ss!:"rêsr A cl:,e^cl: on tìi.e safe'i:;'' of üris

Êilecijlicat-:on ís ¿;-ive n :ì.n -Ë'ppcndlx C.
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ihe lateral earih pre5slr.ïe mus'¿ be a rnajor conSidel"-

a-r,ion ír: C.eSigoing retai.i:in3 ivalts arr.C' abutnlen-us' fae

airu-L¡rent trtust suppor-¡ i'lÌe end of a brid;e si:arr and provid'e

at leaSt Sone late¡al Su.'.Liport for Soil Llpoll' i';hicÌr *t'he

roâri,,fa;,' rest5 i¡i¡¡nedia'¿ely ari'jacent to t'he irrld-ge' Sieves'al

sj)ecial- desiglls have ireen used so that ine earth pressures

d.o t:oì; ff.i]}y act on the abli-t¡nent. A rtlTtr abut¡lent permits

the a,';1:roach fi}l to be sJ-oped tol'¡ard.s the fr'ont of ì;he

¿llJu'uîjÌent. Tlie Soil ean be SlopcC" So that the lateral

ea3-Jjr -rreggçle d.OeS tìo-r, end.an.;er tilc abut¡rent bUt iS still

confinecl r¡j.ti:fr it. Ä spi1l-tirrouljh aj:utuent is used on

soÌt1e o-í -Lhe rail-r.oad. bri.clges ín -Lire Greater f"lJinnii)eg â.fêâ.

J.t consists of 1,,;;c oi' ríloïe Ver'úieel eolumnS Carryin¡{ a bea'n

iilat S]-uJpor^LS t;re ì:r,i.lge Seat. 11re fiil e:itencls o,, i,,o

natur"¿il Slope fro;i'1, -¿]re ¡otto;n of the bea:n tilr'ouglr t'ire

opcnings bet';¡een -,,þe -colutu:se thUs elinjrratiirg a lar'¡;e

i)erce1lt¿1*e of ';ì:e }a't,eral so il frressijre. fire Jnpo::.ta:rce

cf i,)e cffeci;s of fa'uer.al eartÌì l)resslr.res Ï¡as broui'ì.r-c out

t;.iren tTrese preg5ure5 cau.Secl t'lre abUt¡nen'bs of 'bhe Osborire

$'L.r.eet Ììri-Cge to tiove. 'fite brid;e wen-L' in-¿'o coÍrpressíon

a;rdund.er-i;í'nnin¿1',,'asnccecsaÏ'Jrt'creiieve-Lirestresses

caused. bY -'*ris lìloV€l::€Ïi-Lr
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The ðepth of f::ost ;.;enetre.tion in tire Greater ilíjrurii:e8

aree is ¡,;'e::cri:-i1i' /-t i3r 5 Îee:L' j:l s:''o'¡ ccvL'reÕ ilreiìs' lij¡¡ce

-l.ne Siit;,. cla;:.S s:rci SÍl-Ls1 '.,'.¡nicìr ;-¡:'e f¡çsa st;SCel:ti.ì:]-e¡

gcfìerd-i;y l-ie íit -blLe øone of frosi, 1:enetr¿,rt'on¡ frce'c ¿ic-t'ion

cirf¡ oceu:î' fire i'r'os'f ac'r,iott ir; ;j€:Íìer':tl-1-)¡ Tlot tcio gcv'eÏe 1n

reg,alc1s -'uo l¡u-il,ii-i:; founcLatior:.s sir:cc rìos*u of the foriniia-L'ions

äre i:eIOiV -bìre ci.ei;th of froSl penC-i;r:iLionr Shal-fo'¡ foo-'.*n€:s

of irou.seg ca¡r i:e c1,.1:liiged it' 'i;hel¡ :r'e not' l;e].o',: ì;he úei,'L'li of
-íros-[ pene-Urei-Lion. ;losr, house T-'olìr¡ciat]'-ons ¿',:'e f1c'.'f beln.: pJ-aced

l¡elov¡ 'bi:e delrtn'of írost ¡renetr¿,¿j-c¡rr tc reduce i;he effects of

ír,c;su actior:.. lTre rie'r¡ t,;r¡:e oi-' l¡¿¿sel:teritless hot'.seg are d.eeigned,

So that the ÍJ-or¡ of lreat from -bhe bui.l-ilí-n¡'; in.+'o thc soil v¡111

preverrrt froot T-'ene.,raiion bel-c;¿ tÌre'bttil d'ir'9.

Sio¡:o<, ciarraage '¿o iþe roricis anci sLreets in Greai;er lVirurlpeg

has been a--Liribut,ed. '¿o f-rost ¿:'ction. 1'ne darna¡;e ís a i"esult

ojl an ice lcase melti-ng in'¿he sçr:ing ani leavin.7; tì:e soil

VerJ ;;}ag*,,ic. 'Iitt; appligatiori of enJ' lo¡C on this area c'3rl

eatrse defo'¡nrabi<¡n of the pi;.v.:ment anC. evej:ittta11,;," a SUrfaee

break. Fpost ac-[ion uncler the roaC.s ís not the na*ior

ccrr-bríbutin¡ e¿ìLlse since it is ¡;enerall)r feit .uh'ai the

sv¡eIli:r:; anci s1:rrlnkin5 of the soíls e rvíth chen¿;ir:.9 moisl,tlre

conten-'rrs ís the m6gt,dÉ.,îágir¡g factor. Silce 'bÏie froet aCtion

is a relat.iveLy mjnor cíluse of d.anq4ed. roads no silecial

protecr"íon ig maCe t'o i.trevent it.

É1)í)û



Slost sewers ¿.:i'd rla'r,crntrj::.s hir.ve been 1:iaeeci i¡elorv

'i:he Cc1'tli of f:=ost penetrar'Lion. 'Iire pr-;naiy reason

foi'tÏ::-s is to nrcver.t t,hen fror¡r freezi::g. :)ue to-uhe ciepth

¿i'¿ -r¿:.lcl:r 'che'Þipe.s s-re_þlaceid thore is l-lttle possibllity
tba-b thc;r ,¡:i11 brea.li clue to fbost heave.
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Conslruct,;on on -Lire Ì¡arrlcs c-rf the iìed ar¡d. Aesiliboine

lÌivers is ex'Li'eree1¡r d.in;erous ì..¡ecause of t,he d-ottbtfir.l:oess

oÍ tirc s'b¿:l¡iií'¿y oÍ' 'che beü.ks. ìfany sl1-rics hi:ve occur':_,'ed

¿rnii. t-i:e ui'n;erous si'Lu:ær"ion 'r,ìií..rt cou.l,J. oceur i"¡itir ccns'Ls=tict-

ior¡ on -r"iic r"ivcÍ'i:ai'ii;s ly."s .,,ecogi;.ized- l¡)t -bhe IÌive:cs aricl Strea.ns

ConLrol iruthoï'i"r,y iÍo. 1 af'r,er -|,¡rc i';ii-iC; í1ood.. '-i.'he

rcsriJ.-ü r'ías a 1¿;';¡ '.¡bici: ;r'ohlbits aiaj¡ cl¡aü-i;ruc-Ljcii 'bc be

n¿¡cr.e rvr-i,h-,a 15O fe e+- oí 'Uhe sunme l iri:ili I er¡el o:i -i,he river"¡l

unlc-;s i.¡.r!r'ove {i l¡}' a c¿u*lifÍcd. eir-incer'.

*'?rc stsbiiit;r c.f -rïie liv.er' -oaillis c¿i¡r 'ire ver]¡ d.iui1;cz'or:s

tlu.:'i:¡g tÏr.e si,-i':in¡; ¿,¡i1.. r'a-i.l- ilon'blts. 'j,ire T'(::cìsori for' -Lìris

sitliatlon is 't,llat d.uri:r¡; ulrese ;;e:'lor.ls tl,re rir;er level th",ri;st

rcsul*,j:rt{ j¡ a ï:.;pi;l dru¡ldown e.üai,e of thc ;r'ive.i. ba¡rìts

I-rl.co,4.jni.; jn +åcr si;r,in¿:¡ satr¡r.aLes the river. be:rks. The

flcoclj.ng 1s e rcsuJ.t or'the s¡:rirl3'-Llla-'ri ai:d. eclverge cl-ilaa'i,ic

coni.lLtions. lisu.irlly an e;îly cold r¡-Írl.e¡' se'ùs in ',',iih little

€irior a-r, -u'irst so t,na-í -blrc ice crt -r:i'vcrs ¡nd. lrlics'¡¡i11 l¡e 
'

ebncrz¿:l};' th:lci'.o Ttris ís foJ]-o,;;c¡l b;' a heair,;r slpr;feJ-1 :¡rd. Contínue<;.

coi<l ','re:rÈì.cr'. '-lhelr a -ì iite cc]-d s".l':n; ccclù:s v¡1th ti:r: -result

-r,Ìl¿r-u li-Lì,re silìo';;¡'esjcS.Fcs ir.i-Uo tilc l'ivcl'€i. Gcnei'ally in i.Tay

s ggJi-ien cheJr;e of t',';¡rd'ç,:, -b?lc'souiTl cojtes so thci tìre -"uh6Le,

rta"ss of snorv lrie i'[s al or:.ce, iru.'Lti:r:5 its voiu:ie of l¡,;ter into

eve:iy stre.::':. ;ury rfu:. c.'hel' Lljrccii:j.ta-;.i.on .ulaces liicrk ',¡c.te.,.-

in thc s-Lrc¿,i:rs ¡nr] he;::ce rlol-'c rl.:¡r,e;." oi' ilood.. litc inÍ'i-oit' of

all thi.s water jnic tire :nai-n rivers raises the ira'r,el' levels i-:ntÍl-

æ
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rÍatcï" l-eve]-e urìrvi]- the ri-vei's ovclfioi..' -bT¿eir i:anils. Slire

soil- tìren becorieÊ 6.rt,ur¿r1,edr if i-[ h,lc i;o I alrerd¡r been

sa.turated by infiltraiion. 'i.,"!ien t,Ì-ie: 1'i1rr-:r:. -]-evel- C.::o,.sr +.,he

bc:ikg rer;;ain sot-Lr¡r'atr.ci llee;ii.liÉ:.rl -t,þ e ,ço j -l,s: , ir.'il ico iÌ;i"-'(ria/iirt'r s

to :,i-l-o-.¡ i:Ïee fio,,; fro:r the 1¡¡x:k-s. T'his conii.Ltion of

S;tr;¡,a-beil l.iVa:- bi,'irll$ af.SO OCCÌl-r'S il1 +.11e f¡.-l-]. 1'fhen 'tilc,: -,,ia.-uer

l-cVel- jS iO,¡¡ef"ed :_'O:r" tlie ',¡:ltL+,rjr l-,;f ttrc Co;it:'ci ¿¡aieS of t¿::c

3.eC lir¡er at i.,oei-;i.:clt, "i.iiclr il; a;.i;:-;'oxir.'t¿.Lc,il¡ 20 ...:i.l-es i:or-Uh

of ïi ir::'r:-],e ri r 
a

rixr-ì q -r',rrr-î-.i. il,i ¿;:,iåO';,ryt 6t-,1,C iS -i,irC i;C::1j1, i)O$:; j.l¡l-e C O:fd.j-'[iOn¿ - r 
-L'

;,4:;cli tìrc b n1'- 1'.i'::J¡ l)c si;'Ll¿iscLcJ.. l,]lc a'd'i:--L:ic:liì-l- -ji'.j;; ,lrt
a

r¡¡¡-t,i:.-.' :.rtci'c¡-gcs 'Llle fo 'ccs i¿Lict.: ',,erLã tc c I'üÍ-,c sl :t.-,.jjlij.

,¡---:-"- .- +' -ì a -¡1.,.i -. +l-..+ -..-,. -r t. j_vci. b¡:::l; si'l.ics ¡3Qìtîo1-:i..i -'.j. ., 'r -i:j 'j L'r v(:, V- -ü v . .Uù .

i:c j r¡'.í1e '.;c)i'öc ìty 't,r

¿tci,ii-,,j.o.r Of ¿ì S',;,ï'Cìf J'..je tc 'bire irl:rea.Ôy Sü'LUr"atcrL bi¿:1.. In

ür'e¿:icr Yirurì-;'eg 'Leiill.o:'ar";' r-\r:r1sg ;.jlc )u1.lt -l,c pr'cvci-'i"Ú -l-ocal
Jfloorl:',t.r.;. ??rese r1;"kc.:; ccnsL:itr,l'r,e ¡rÍi ¿ili.l-j.t:Lonal- 1o;d- oii 'r,ìre

ba-,:.]:. lrl; ir.i¡ri l,¡¡rter' ler¡r:J. r?re aid,.d-'l-'¿iolla1 loal doe$ rtot

havc iluch cffect,, on t,lIC s'cabil-iii- c; i:le'¡arúi becruse S'úb-

6cr,úed. ¡a¡1,;S i¡t'C Sr.;i;l-c S:'-nCe Lhû ';,"eiEirt OÍ' .¡:..-be;:' oVer ',,he

siope of 'ui:¿t, ì:lurl: ï.csis+-íl tile Íorces tetr.lii:..;* to c:.usc L-ov€lïI€Íl-Lr

T¡tre¡i the river'lcvel Cropg, t.he loa.d oi tjle te:ipora-r'".ltÌ;es

e¿-iir ¡.tve úei,rii;lelr,¡a-l cffec-Us oir l"Lre s+vs.i¡lJ-it;¡ of the l¡¿¡:l:s.

1i'or -bÌris re¿ìsorl -Uei',rpo::err;,: $rl;e,s aí'e gencr'aily rerí¿ovecl ¿ìs Eoo¡¡

- ag possibie.

lo

Or ït
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Tn a r=ecent report by a iocerl firm of consultirÀg

ei:.gi:reers ir, was s'cated. that ttnlost of 'bhe river banl:s

jn tirc üreater';iÍ-ruri"¡.reg area a^re in a stete of d.elicai'e

bale¡:ce .,;¡i'Uh a fac'bor' of safeiy beloul '¡¡hat 'o¡orild nornraily

be accep-Uecl, rnaki-r:g Soiìle a}lol¡'im.ce for i.¡rfavcrable cond'1-

'uions which miglri occur i¡r -Lire flt'Luretr.

Precautions siiou-lc1 be t¿¡lsen to ínvestigate tire bank

Stability ä a S'truc-Lure is proposed near a river ba¡rk'

Jn such anal¡rses¡ the angle of int,e¡'nal friction equal

to zero case is generall¡' ¿ppJ-ica'l:le.
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i-iíJí, coneentr¿ìLiorls llr the o::cler of 4000t pixr of

æ l.u.i:l-e sul,Þbates h¿.vc jlce'¡r üìeÐ-Éjtt-r'i:ú i:r -bhe suifs of

Gr'ea-,*er '1, i:u:,ipc5. The pre doiniru;.lr; ,;uJ-pliates ate -Lhose cf

CAiCiUmr;:aËIleSj:iU:r ani-i Ëo,iiui1, 'ihcSe SUl-1-'hr,teÊ ìlre j:e-,-rcr¡ed,

-ío ¿c-i on tho,, tricalciuu u.].urt:'¡ra-Uc in 'ùite ct;lie.o-L p='olitotin¡;

the Í'o¡.'iilation of c¿rlci-t-rir sul-¡.hc aluro:-ntic. irris conlro-urirl

occlr.l-;ies a larger volu¡i:e {h¿--n -L.he ori;ínal -Lri-c.:.ic:.t;t

¡¡iuari¡r.',fc crrrri €ts e conse.ruence s3;11'c-L:li:g as, u¡ell i:s J-eachi-n¿,'

pf thc concr.eLe 'Ua.i:es ;iiee . îllis actlor:. has been irte,;.süt'ed. to

¿r dep'uh of 2 inc'hes j:r cçrncrete ihrì; h¿',t'1. been in -üÏrt: grotind-

¿iiro'r-U ]O ',¡e¿-'r"9. fir!¡ cieter.-o::a-t'iol:. sc:'icu:gl;r rueakei:s

fourrcra'l,ions antl other co:rerete ',roi"içs j:r cot:tac-b i¡i',-,lr 'l;h,s

l"oc :rl- so iis.

rir 191-f), r'-'b ii¿r.s'i discovered. -¿ha-f '!hr: reccritly ærii:lered.

96 i:riia co ncre'[c a;c1ueüirct setvicing -[Ìre C'r"eat'er ':','inni.;;cg

','ia.te:,:. Ðisìrric-L ','füs bc:ì:.:g .;'i--"¡.eiieti b;ri tirese si-ri;-haies. 1o'ie

j"nve suigai-iio¡r of t.il js acì:ici¡l u¿:; insir'u.rücntal Ítr. thr:

,lcvcio.lleii.L cÍ' ¿;-l-l;.a1i-r'egis'l,;lt Ti?e 5 ceraen-f ity T. î:.orw¿:.1-d.gon

of -úirc ï..iriversj-'b;., of S¿rsl;¿r'ícheï,ta1ì ¿l::d. Lhc l.:lte A. I'le:,lin; of tire

Ca;u¡tL¿,1 C.lei.rerr-¿ Conl:i';r;i. 1-'l:e T¡pe 5 ce¡rentr oï ill:J-ic::r:-i;e r:Ë it is

c¿r]-lecl i:i C.':-r-r.at1à, e,1r";aias a nttch slal-Lc:' ¡-'i:iot;t.lr-b o--' tlíc':;.1-oi.r:m

al-tmrir:¡itæ ';ir¡¡:: L'lie ¡c,*nc1¿ri.'rl. Por-l;iairtr ce i.elÌ-ü \'fj'¿h 'Ll:e r.'csrrlt.
-Lå¿i[.í-L i::-is a lri.,] ::esis';ance'i,o ¿rll<al-i. ï-i iv¿'-s al-so fcund.



that steam ,cured corrcrete v¿jth ordÍn;iry eeí]ent i'/ag al.g not,

subjec-b to sulphate attack.

'iTie use of a]-i.,a]-i-, eÊl:-st¿¡n-r, ccirì€Ð.t strould be li:nitcd

to eï.eas of l'ri;h sr:lphaie cctì'L¡jn'¿. I'; hag l¡een state'd -L.hat

f, .'"tre s'.rlpirate ç rItCe-ntr;,tion e:cceed.s Íì50 Ftrrnl cleterioration

of c,.rncÍ"ete ''ríiI -íake p1,=ce in tl:c G¡-eater ifinniperi ilI'êâr

Tlre.r:e is a ;reat vari¿r-¿ii>n itr '¿he solubl-e sr-;iphates. ;\s

arr e::ra:-¡>I-e, on iìi'/er ¡il.e, oveil a ci.:i.t'ü¡*rcc of apy'roxímertel;r

onr, ;:lj-}c; -Lire eolleentr¿l'.,iotr f"alige(i- fYoin (.¡.'¡i!, -bo 3.1,1. Thís

f;rC'l;ot would ind,i.e*ie 'Lhou st-r:Lphû.te teS-cS I'il"G A llecegsüfy

pi.l-r"ecinili-i,e t,,) cle'¿er:rine i-i" a11i¿;.1i-r'csls'i;alÌ-b cellcni

sl:i¡ulul T¡e use,J-.

ilo-ü oifl-\r eï'e the soLllblc sl:l1-na'['es rletri:aent¡¿I to

coac;"e'be but tii.ey aÍ'e also c1e'i"rírler:'¿a1 t,o i¡e'¿.a}. T'hLs is

one of -Lì:.e ï'easoits lr'ir;r steei ltiles ar:e no-b used, jn this.

ai-e¿i. ,lo,r'osictr of ì¡u.;.ied. cab-L iron pípe has cau.sed. failure

oi r,y¿¡,berna.íi:s it: ¡-rs si-iot'-[ a period tS 10 ]'eârs. To all-eViate

-l;i:.ese i,¡¿L'Le¡:nai¡r failulr:s ce::ri.i.t-[-aSbes-[os ;uipe ant]. s'¿eariì'
cured. eonci'e'Lc pi..,e have l¡e en læeci to resis'1. a-Utack from

the soiubLe sul;.,ha'Les.
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gË_Ç_Li.':jlOi;s

Ascanjregeelrfl'çìrltile1-,reviol-'suj.scl-.seiolis'tlle

fc¡,;Ui.:.a-uj-oli Jiloblci:is -ì-¡i tne iìreaier T,irUripeg Af"ea aI'e l;tAÍI), '

îhese 1;r.obi-c,:is ca¡] Eencrzrlly be ar;-[i'il¡utec]' to '¿iie act'ive

n¿r-Uu.r.e of .ul:e So ils , ,.,hat is , -¿ne so ii c oliilj tiorrs c.lrarrge

tii-,,ir ci:anges j:i illois'i;tire colrl'eIì*r"

lleeir foluicla'Uj-o:is ge.rieral-1-y ofÍ'er no Se]aiot-ls tr"1:oJllem

s j:lce .L'ire;r a:,e l¡elo.''¡ ,.,i-].e rlep.cir of seasorral lloist.ure cÌrari;es.

Ti:e resu.lt of bein3]:elow tiris riep';ir is lirat1'he founcla-'ions

are no-r.. af-iecteir'iry shrinkj¡iß and ef.'Ielling of tile soils' If

founcl¿i''¿ions aJ'e f'ounded. on the rtha::d'ilar'rfr irigÌrer 'betlLl:ifÏj ValUeS

catr be üsec1 ar:c lret:cc -i,he jlo'"rnc1ai;ions c¿líì sup-pcr-u J'arger

loa.crs. lf fire fowrcauioris af'e Í'ou-nded' irl -['he gl'ei' o]: tiJìey

-cro,¡rr c-ray -biie problc:r of ac.eqr-rate be e-r'ir:.; ca-Ë)acity.rnus'c

.oe ansv:ercc1. icfiei:ail;" -;hís is a sinple c'esj-ln i':robiel':'

ïii.t?l foun+ations ir: iitis ¡ilatcri-al settlei:ient's ca;r be apprec-

lable bu-u a:re Gefìelaliy snail-er th¿xi tire settle'ire ilts tliat

,,,.rcLrlc1 jJe cncclin-Lered, .j f 
-ulre fornd-¿;.';j-on"'\"'fe.s a't a sÌral-l-owei'

c1ep.tir. T'he r.la;or draifuacll of CLecî; founoa'iions is'ti-i'e cost'

If a:r c::i;ensjve s'\,1'u.c-Lurc is io 'oe construe"ecJ' i-t' i;ou']-d be

,,'ror-Lh r,le aclCecr. €xÏ-rense to pl-aee 'bire s'Lructure oTL c]eep

fow.ca,-cionsl si:tee less trorible ';:ouid -oe natl '''iith 'fUture

naintenäffc€.

Shallorr fou.nclat ions

in the Grc aler ':Tir'niPeg

are tire :¡rost affec-uec] founr'l¿i1'ions

ä:'€?.¡ ftese foundations are
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generally located in the zone l',,'here seasonal moist-ure cha4ges

oecur l'¡i1,h f.?re result tha-U ahe¡' 61'" affected. by the s'hrÍnking
and- sl'/elling of .Lhe soils. .trclequate bearing' capaeit;r Ís
ano-'¿her problern that affeets the design of shallor'¡ founclations

s jnce 'che for:nd.¿.t ions ¡jener.a11¡r affect tìre rel-a1,ive1,y rye¿¡h

layer of yeJ.lovr silt. Set'clernents of shall-oiu footii:gs are

sometirnes exeesslve sinee a large <leptîr of cornpressible

material can }:e affected. i;'tinerorrs methods have been

attempted -Lo construct shal-lou¡ forrrCrations -L,o niinj¡nize i;he

effecis of r,heso soil cond.iiions. Sor¡e of these meürocls have

provei¡ to be very effectÍve but the problem of builcling

sliallovr fow:datíons SeneraiJy d.oes not have a sÍrnple sohltÍon.
Iiach fou:.clation must be treated. índiviclually.

La'¿eral earth pressure in i;he Greate.r." 'wir:nipeg area tiave

causeci basenent v¡al-l-s a¡:d. retaining wa]ls to cracl<, Tnis

resr:lt can be par"tly e-btriÌ:uteci to the lar.ge value of the

coeÍlíicient of I.ateral. earth pr.essu'r.e r,virich is generaily

encoi:ntered j:r G-reater lfiruripeg soils. The clesign of

s'bructures, vrhich retaj¡r tire soil, usual.ly ernploys tTre

fra-ü rest¡r condÍtiorr.

T'he problem of frost aff'ecting fountlations is being

mel by placing i'ound.atioi:s belov; the d.epth of frost
pene-tratíon. ,A.s a result of t,his found.a-Lior: location,
frost ac-t,ioiL has beco¡ne a reLatÍvely minor consid.eration
j:r found.ation clesign.
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Greater ',/ir:ni1;eg c,re¡i shoul-ú not und-ertaken ulthout

the ed¡¡ice of a, quali.fied. engineerr The stabilit;'¡ of -bh'e

ir¡nks is jn a s'[,o.te of d.ellcate ba.lalce ¡':rd. u¡rless p] ê-

lirnln,-:rxr invesri.¿ations are cr',rried. oui 6oEtc of the

construc-Lion is liable io be involveo- ln rlIle:r¡rectecl slíp

faiiuires i+i-'ri; d.isaslerCItls resLìJts '

ü

b

T'!re ehe;nic¿LI deterioration of conere-Ue

Tjirrnipeg a.lee has T¡een e onbaited ';itlt- tite use

resis-r.¿int cements. Tt ís 3e:iera.l-1-; ¡.rdvisa"bie

the stifirha-;e eí)ncenrúration oÍ' the soil t'c iind'

use of -bhis ÊFccial- tyi;e of ce;.cen-u ig u:r'-r'anted.

Ln
I

*r,ire Gre¿rter
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to d,eterr¡ino

ou'L if 'r,he
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