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A study of l,¡aterr,ralns ín ilre City of tr,I5-rrrlipeg

has indicaied thrat mochanÍca] aetíon of soÍr is a con-

tributÍng factor in the failure of these pipes" AL-

thoLrgh the failr-ire of' v¿aternains 1s prirnaril¡r a proi:lem

in che¡"'lstry, i',r'hicir has been quite extensivery studÍedn

the effec'bs of ihe physical environ¡.Teat on pi1:e buríed

in active soils are inportan-b since uLtiroate failure of
corrosion lveakened pipe often results from this mechani-

cal aciion"

ïnstru¡nentai;íon deviserl to measuro vertical
pipe r¿ovenents, pipe r-inii; strains anc groand teänperatLires

iras been installecl on actual lvat,er¡rains ín ttie Greal,er

lVinnipe¿,; .iirea. Ðata obtaj.ired fron these i;esi insto_l-

lations has indicaterl 'btre importance of, this neciranical

action of soil' on br-rrÍed i;ipe ancl suggests lmproverlrents

in r'¡atormain installatlon -r,echni,ques to g¡l-ninize thie
acti on,
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Lo TNTR0DUCf rold

l,,faintenance and :¡epair of ',vaten¡.alns in the

Greater i:i'innipeg arôa has been a xtajor econoriric i>roblen

anci st,;.dies leading to the reducilon of these costs are

of vital interest to taxpaj¡ers û.s vrêlI as civic offÍcial-s,

It Tras been estlmated that <lu.ring the last trventy year

perÍod, the economic loss to tire City of lïinnipeg as a

resirlt of r*ate:rnain failures has exceeded a nilLion dollarso

'rihile during 195I alone, r'reL1 over a qi-tarter of a million
dollars was spent ÕÍr thr; nnintonance of m.alns. For a

sysi;el:r consisting oÍ approxi-mat,el¡, 395 miles of nain, four

inciles to thirty-six incbes ia diarnetsr, ånd serving a popu-

lation oi 244,000, tbese naintenance costs assuune raajor

proportionso

.á.s early as l-906 r' 1,ire problen of i,'¡atenlain f allures

1n the area wes ïecognized as one of considerable i¡lBortanau,.,

Inspectlon of fallures seeú.ed to íadicate 1,hat corrosion !'¡as

the ilajor factor cåusing deterioratíon of pipe materlal.

.lior¡'¡ever, studies ¡ndo ln 190ti, 1909, 1"915 and L9ùZ did not

establish the exact nature of the corrosive actiono I-u nas

iniiial-ly believed tliat stray cLrrren'b eJ.eetrolysls l',ias the

rûâjor con'Lributj¡S íaetor "i,o ihls colrosion, but by 1921t

it v¡as estai¡lisheq that el-octrolysis sucl] as ca;secl by siray

currents fron street, railrTays, rias oaly one faetor and that

extensive corrosion i¡'tas observed in areas re¡rote frorn pos-

sible stray crirrents" It l'¡as aLsó recognized that the solu*



ñú

ble salts of scciiu¡n rnag;nosium arrcl calcj-u¡a l'rere aroong the

chief caij.ses of the corrosive action of iJínnipeg soils"

The corrosíon resiJ.ts lyìten un,iergro'$d ivet.3r i'¿ith the dis-

soL''¡ed saliis produces grapbltic softening of cast iron

pipo. The salre salts trîere fou¡.d to have detri¡nental effects

On concfete structLl.res nade frora standard POrtland cement

rvi'bii ordlna::i,'- construction type curing,

'*ith respect to til,e corrosion of casi iron i;ipet
I"[r. J, Sil]. st'aied in his papÐr'r0orrosíon ancl .rlrosion by

l'iinnipeg Soils" 1':
Trfk¡o different t,ypes of corrosj-on "!',iere focrndt

nanely graphitizatÍon ancl pittinC. The t,ype içno',.vn as graphl-

ttzatLon Ls characterized by the Íron being tranSfomtod into

soft oxides and h.ydr.ates occupying, the space formerly held

by the iron, The pipe is thus preserved to si.ich an oxtent

tha'û, even ihor"rgh it 1s coppletoly corroded throu-6;hr it nay

s'[i11 act as e condu.it imiii- subjected 1,o soinù Lr¡rdue strain

or pressliro. ,Tn..e type known as pitting is characterÍzed by

t,he appearance of small" pockets frsn rvhich i;iie .iron had been

comi-rletely reïxo',¡ed leavin6 a snall- depression in iho pipe"

Tli.is ciepression 6raduaLly beca¡re cleeper, eventuatly result-

ing 1n a ho1e, vrítlr. tire metal su.rror-urding this Ìrole generall-y

left intact .11

ïn recent years cor::osion resistant stean-cured

asbestos-ce¡rent iiipo has been used extensively b,rt with

oal-y partially satisfactory res,;lts" The ligþter asbesfos-

ce¡uent pipe, class 15CI, havíng six inch or snal-J.er dlaneters



is no longer äsed by the City. It was found that the

l-lghter asbesios-cenent pipe vlas subJect to ttransverse

cracking noar the mid-length of a pipe seetÍon, Sjmilar
failures irave been o'bse::ved in both corrosion r,veakened

and nei.; cast iron Ìiipe. This suggests that ¡nechanicaL

ac'bion 1?es ån important factor in the failure of both the.

esìrestos-cement and tlre oast íron pÍpe. (¿) ft is tirfs
mech.anical action of the pipets envlronment that has been

the subject of recent investigations and of this thesÍs*
2. iIÍiSE,q-E'C}i U$ÐEETATGN

ïn 1953 the TuTaterlvorks Departiner:.t of the Clty of
Vtrinnipeg, it3 cooperatíon ';¡Íth the dívision of Buil-ding Re-

searcb. of tlr'e itTatfonal Research Cou:rcÍl and the Civtl
Engineerin¿1 Departrrent of the unfr¡ersÍty of lfanitoba, in-
stigated a nevr study j.nto the causes and tb.e nature of
ivatermain fail-rires "

ri'rom stlrdj-es of flood danage to fo,;:rdatlons nade

during 1950-51, follovuing the Red River Flood in l,¡irich miich

of 'bh.e CÍty lvas lnundated, valuable lnformatlon lvas ób-

talned reðardfng tiie mechanicaL ac-r,fon of r,'iinnipeg c1ays,

Thus ii was decided to study the effects of this action

on burÍed 1:ipes,

ït was þ,nor,r.'n tha'c the cast iron rvatermain fallures
'vvere prinaril-y a problem ín chemísÍ;ry. Iïoi,.'¿ever, after oon-

sultation i.;i'Uh the Divislon of ;rpplied'Clremlstry of the

National ResearcT: Council- i-i lvas establ lshec1 tìrat the cor-

rosion probS-em 1'/aË silt*llar to tha'i; encorrntered in nany other

3
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places and t,hat the príncipl-os elucidated elseiuhere vüere

probably also a;:plicable in the tîinnipeg area. To further
investlgate the corrosion meant a ouplicatlon of research
perforined at o1,hsr centreso sucir ::esearer.r ag a natter of
fact is being r-tndertalcen, anongst others, by the CÌrenrical

Researcir, Lal¡oratory of the Departrnent of sclentifÍc and

ïndustrlal Resear-ch in ihe irnitecl Kingdorn and ihe Natior:al
Br-irearr. of stancìards in the ¡JnÍted states. The present in-
vestigatj-on i;Ías therefore 1'îmìted to those features whi.ch

rosulted from the physicaL action of highly plastic elays

on vraternalns, and r'¡hich lntensified ihe failure actionn

rt :,vas felt that thcse features nigiit ex;:lain cortain anoaa-

lies observed Ín the earri-er studies. corrosion lvas not
al'urays found ivhere sdphate contont of the soil rr.ras high and

cÕnversely corrosion i,vas sometfuûes bad -uvbe re sulphate cont,ent

¡iras very l-ow* Recent researcli e]-sewhere has indicated that
tenperature cllfferentíals bctv,'een sections of the plpe and

soil, stress dÍfferences in adjacent pipe sect,ions, other
physÍcal factors, and the action of sulphate ::edueÍng bac-

terla may aLso be causies favouring corrosion. The first
three faotors in particu-lar sllgclest -t,hat much co,:ld be learned

fron a physical study of the enviroruirent of buried pipo in
the field 

"
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Prior to the install-atÍon of any test aproaratus,

study of recorcis n:rintained by the city of i,iinnipeg water
l;Torks Ðepartieento seened to indÍca-r,e that seasonal soil
volune- changes had a diroct bearing on pipe faÍlures of the

type doscríi¡ed by ihe terir i?craclced pj_pe". This desig-
nailon ís ugecl rrJhere -uire pipe has cracked transverseJ-y near

the nld-tengtÌr and lvhere flexuyal failure has been suspected,

Graph T prepared from city Records shol',ls tb.e nrunbsr of fail-
Lttes peÎ month attríbuted to lrcraclçed pipe' for the period

from i-948 to the tiroe of lwitÍn6, .4.1so sho,iTL aro ruonthly

nean air teruperatures, precipítationo and a;-rproxinate depth

of snolir corror, pl-otted from data obtained from the Meteoro-

logical Divislon, Depari,ment of Transporb. This graph shor¡¡s

a definite cycl-ic pat'cern of failures ri'Íi;h the months of
íiepter'rber and February having tire most failurcs. The rv j-nter

fail'rrl:e rate, (usually the peak occurring Ín Janu.ary or
February but somet,irrres as latc as l,riarch) seems "Lo be the

i:rost consís't,ent, ranging betlvecn l0 1,o 15 fail-ures per month,

The crltícal- raonth in the fall pe:rioc1 is september, in rvhlch

tire rate ha.s reached as high as 4E faili;res. This september

failure pealc horvever, is not nearl}' as collsistent as the

v;inter peair rvith soln.e years having as lor,v as ti¡o breaks

rluring 'bhÍs month. tr'urthi:r study of Graph I seerûs to ínCi-
cate tirat a relal,ivety hot, dry Jrugr-rst - Septer.rber period

alvra¡'s preceded a septernber of peak failure rate, l'vhoreas

a reLatj--uely cool, lvet .A.ugrist - Septernbor periocl preceded

5



a Septenber of lolv failure râte.

'Se.sonaL soÍr vorrr.no cha'6;es durín¡ slnri].ar
pcriocls ireve been observcd 1n thc past anrJ have l¡cet: nrore

receirtly neaslwed iuith test apparati-rs iaste] led at ilre
,lniversity of Tr;lanitoba. (5) /r rather quali-bative rlïlâl¡rsjg
of resuLts obtained fron this apparatus Ís given in the
folLovring table:

,P,13LE-,-J

Periods of Haxi.murn shri-nk?g" and .slrellíng of iíinnfpegSoils (fn zone of seasonal_ raoisture varfãtion) a;-- 
-"

measured by Opon Field Installations of Ground I,toveneni
Gauges aü ihe '-iniversity of idanitoba

Year

L952

l-955

1954

1955

Ie56

ïeriod(s) of Îviaxj¡ur¡nr
ShrÍnlca¡te

Fel¡. -Iðarch; Sept. -ûct .

lob, -I,larch

Feb, -Ì,[arclr

Ieb. -I,.{arch; Sept. -Dec u

Jen, --tpril

o

ït Ís intcrestíng to notc that tirc perioris of
rnaxi¡run shrinlcage as ïocasilred by tlre unfvc::sity apparatus
correspond vevy c10se1;, with periods of 1:ealr failu.res iu
the riinnipeg Tiater .¡orks systenn These results rv,ould.

seem to sr-tbstantiate -bÌrc i'es,-ilts of the llreliminary investi-
gatlpn 

"vir.ich 
i'oclicated that seasonar soil volume changes

hacl a direct bearing on 'rcracked piper failures.

Feriod of Lia:ci:num
Swel-11n9.

fuly
J""r:re-0et ö -

June-lTov"

L{ay-*tr rlEust
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4o SOIL CONDÏTTO}IS 11[ T}IIJ GR-LI¿,T}]R \ÁI]].TNÏPEG AJII]A

In the Greater ,:rlínnÍpeg Area, soíl studies and

excavations for biiilding fo'rindations have revealed a varied

profile , but 'bho fol-lolving strata aïe generally encountered. (4)

(1) Tho top laycr of soil, or 'r'A1r horizon', is a

dark organic siLty clay ancì varies in thiclcness frcsil a few

inches to over t',r¡o fee'i; throughout tire Greatr:r î/innipeg,

Àreao

(¿) The next siratum may conslst of straw-co] ored

to t¿in fine sandy silt or sitty clay deposits, These have

been identi-fied as outv¡ash cleposits from irfgher ground, and,

in partlcular, ruaterlal car::j.ed in from the tilJ. of the

Interl,ake aroa, Íhe thickness of the st,ratum varles froru

abou"t trto to ten feetr-oÍ it may not be found at al.l in
parts of this area. In the general area in vuhlch the test

install-ations have been matle, this strati;m :";rigþt be con-

siciered to be rrade up of tito distinct layers, The u;;per of

these iwo layers usuaLly consists of a yelloo'i to ian silt
of Liquid Liníts ns:-ral-iy belo',v 25/' anÕ I'lasticil"y Indíces

of' less than L}f:. This materíal is of from mediu¡r to Ìrigh

poiential frost actio¡r, ihe s-isceptibility of ilris soil to

frost aciion being üependent on the availabitity of ",,"¡ater

to îorm ice lcnscs and sufficient frost-deðree-hoitrs io

causc the grovr-bh of these }ensei:, Tire lor,ver of ti-:.ese t-v¿o

layers ust-iaily consists of a brov¡n silty cla;; or clayey

silt of Llqrr-ici Limits ranging from 45 to 75'¡o ar-d Ptasticity
Inrlice s fro::r 15 to 50iå* Tiiis naterial ìras fron rnedium to

t>
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lovr poi;ential írost ac-r,ion ancl mcdlum to iri6ir shrinJeage,
expansion anc clasticity. ?riis layer of sofl generally
shov¡s an ínteresting secondary, highry fissr-rrecl, ,rnugget-

lil:;e'' structure incicating it rras been subjected to re-
peated 1-'ar'oiar o","øn1:rete desiccati.on. riris layer is
r-rsLially vsiü:1n ihe 'rBrr Horízon, uesignated by agrlculturaL
solL scientists as a zene of eccLuirulatÍon in which is found
relatively large creposits of sarts suci.r as gypsun i,vhich
lrar¡e been leached frorrr the ,'rr:per hori zon, These deposits
have been noted to úepths exceodfng ra r and a¡parentry aro
f,orued in cracl;s or fissìì-res fo::r¿ed in the soil v;ith seasonal
noistu.re variatf orìsr

(5) The nerb strati_urr is recognized as lac,:stfine
clay. Tirese deposits are generalLy highly irorizontally
st'ratified by nlunerous lqyers of frac-bional incir thiclcness
of siLt, fÍ.ne santi, s.ncl sandy cJ.ay. This varved condítion

.is attrÍbu'bed to seasonar conrìitions affectirr,g sedimen-ba-

tion" The líghter colored sii-ty or sandy varves lirere do-
posíted i1i;.ring the hi¿lr water or..flooci pcrj.ocls of spring
and s'ì*ürmcr¡ âor1 tire darlier colored clay varves dr_rring ihe
lorv ¡ater o' qulet ,,,Jint,er pcriocls;. Tircse varved clays
possess' 1,o a cer-t,aiû extent, tire un{esirable quatÍties of
boih silt âDd soft c1ar. These bro,¡,rr 'r,o grey-brovnr clays,
locally Cescrij:ed as 'rchocolate cJ-a¡,* h.ave Liquid Lir¡its
ranging from 60 to ovor ijT'ft anc Plasiicity IndLces frou 

.

5c to over 7ac¡,,. Tirese valiies indicate nediirm irotential
f,rost ac'bion, lii¿Eh shr_rinkage, exparrsÍon anil elastlcity. A
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llmíted n'.",¡lber of analyscs shor,u as l:i¿rjr as 1Oc¡" content of

the very active clay iúnei:al noninrorillonite. Srvelli-ng

presslrres up to;j0 ions per s!1. ft. have been rievei-oped

in the laboratory by ,;ndisturbed sarrtples allov¡ed to de-

siccate and then i,'¡et-Led, tvhile s';veillng pressureË of,' 1 ton

per seo f'b, are not LlncoranoR for saraples lvhe:'e lvater has

been adrled io unciistilrj:ecl sanples at nat'-ira1 moisture oÕÍl*

t,en'bs, This :ltratrin is found at depths ra.nging from 5 to
ZQ feet and therefore Ín many areas fn the Greater Ïlinnlpeg

;Lrea r,vatornrains must be placed in this s-brat'ra. If thÍs
st::ati;rr exists at deptÌrs less t,han L?' , the portion above

tilis depth wíll lio v¡itirin 'bl:e tlRlt Horlzon or zone of ac*

cu¡rulation and i,uill lro affeeted by seesonal noisture veri*
ations as 1vell as eontaÍning deposits oî sal'rs leaehecl fron

the upper horizon.

(4) -4. grey to blue-grey cla.v, lcnor,vn tocal3-y as

rlbl-ue clay't, occlìrs as tire next strat,.-im, Tiris deposít is
siaiiar io tlie overlyln¡,; brovrn cle;r, and itg thickness

also varies up to abou.t tr,'tent;' feet. Liquld LimÍts for
this clay sel-clo:.r exceed 90 ivith plasticity boina; someivhat

lor¡¡or than that oí tire overl¡ri¡¡g g,rey*brosn clays" This

clay ir.as a sof-r,er consistency and shrinkage and expansíon

do not norii,ålly occlr in i'iris natcrj-al {i.s it is Eenorelly

found beloi¡ tir.e zone of seasonal moisture variatlo¡r"
(5) The next stratian is i:oi;-lûer till, and cofl-

sists of granular n.:i'bci'ial r'angin¿. in size from fine roclc

floiir to iarge ì:oul-dcrs, f-u is iisr-rally found in a very

ïüet, c ond iti on c .
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(A) The nexi s'bra'bii:i Ís also boulrier till, and

líer¡ over the Ordol'ician 1i¡lsstone bedrock. llnlike the

over'l¡,i11g tiI}, Ít has a 1o'¡ iroistu.re contentr anci occrtrs

as higlily consolidated and ccnenteci ¡ii:iterial. For tiris
ïe'tsoi1, ii Ì:as gained iire llffnc of "harä p&¡n", anC i* r*"og-
nized ås excelient foinilatÍon raterial. Ðeptn of tho lir¿e*

etone '¡cdroclc virics Írorß a;rli::oxinrtel;r {g io 60 feet
th::oLrghout ihe Greater 'jlinnipeg Äreac



çi

B::oadI;r spe ai;in:;, i'i innÍpeg lras .i contirrenta]-

tyi:e clin¿rte, .i;Í.'üh 6r.eat tc;mre::ai;iiT'e varj-ation th:'ou.6h the

year. Jani-l;.ïy' is ihc coides*, :iiont,h, ',;iih the ¡nean tonihl5r

temperature ilver¿'^gj-nü -2.5oF. Juty is tbe ';uarinest lnonth,

rvÍtir a ]neiÌn irontÌ:rl-y telnperati;.re averaging O7oF. 'l/innipeg

h.as five nonth.s ,:er ennum in which rûcan rnonthly tenpera-
-uir.rês are belcrv,¡ freezing (3zoÏ) , 'bhese being lanuary,

February, l,{arch, }loveinber anil Decenber. (Ttrese figures
are based oiL records of obse::vations rurcle fron 1BZ4 to
1955 published by ihe ileteo::ological Div-ision, Departruent

of 'Iransporb, Canada ts ) ) The a.verage r,vinie r t s sncúúfal-l

1s abou¿t 51 incTies, çliile slìfl!Lcr pre cipÍ'betion usually
a.verages 15,5 incires of rain '¡,'hieil tr.sual-Iy falls during

the carly- p:r-ü of the grot';ing season, anrl again ín t\e Íall,
in the fonn cf a steady rain, sorne-biines lasting a day or

irvc. Tiris repre sents a fi1ean annu.al precipi-t,etion of Z0"g

incLres çhsn i;hc coluronly accep'ue d conversion factor of 10tt

of sl1cr\,'¡ eq.:.als 1r? of ra.Ín is a¡rplied"

C],lf,l,trTll 0iì" G'Ir.l.!iT::R .¿IIfi'iIlüG i*l,u::i - Gili'íllÍLLL

fqLd
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.In a s'budy of enviroiunental effects on burled

pipe, a str-rdy of soj-] cli:r.ate is of f undamenial ímportance.

SÍnce soil noisture nigration due to soil te:.itperatüre

variaiions is suspecied to eå.Ltse seasonaL soÍl volt"me

changes, and since 'btie f rcezi.ng of lvat,ermalns is frequently

a proÌllem to r'¡ater t¡orks engineers, it is e'vident that a

sturiy of the physical action on lvaterm.aius r,rtould not be

coni:lete rvithout a study of soil cli¡nate"

Sirrce 1952, studj-es conducted at the University

of lvfanito'oa have resul'Led in fros'u penetratÍon being rûeas-

ured t,o a depth of six feet durinCq a i,vinter in t'¡hich only

111,t1-e sncn? cove3 rvas had. Practical- exporience in this

area iras shor'ffi bhat frost penetration to clepths exceeding

eiglrt feet is possibLe in undisturbed clayey s!}t r¡aterlaJ.'

ïvïore extensive research in the relationship of soll tempera-

tu-res to lvater-works practice has been performed by the

Buitding Researclr Division of the Na'i;ional Research Cou:rcil

in Ottav¡a. The results of this researcir have i:een reported

by T,egget and Cralvford (6), several being:
rtlo Density of the soil- appears to have littl-e

effect, on frost penetratiorr.
1ri.l" Irost penetratj-on averages abo.it li; 'uÍ-loes

as deep ln sand as in clay, vrith or without, snoîJ covêrcr?

rrSn Disturbance of clay soils increases frost
penetration to 1å tines the depth in undisturbed tlay"t

rr4" Frost ponetration is considerably redncecl

by a blanl<et of 'dndÍstLrr-oec sncr¡Jtr. 'rA.n undÍsturbed coniínuous

SOTT CLN,Lq,TI

.lÌa
-LÙ
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snolrï cover r,,ii]l re'iuce frost psnetration by an amount equal-

to or greater than its ol,Ì.rn llÌlicliness,rt

Gral;hs å, 5 and 4 have been prepared fro:r. l€cordg

ìcep'b by tì:e Civil lðngineering Ðopartieent of ihe Uni-rrersity

of lúanitoba in an al,tenpt to graphically correlate Curnu-

lative Degree Frost Days, Depth oÍ Fros'b Penetration,

hlont,hly ?recípitation ancl Ground îeltpera'i;ure. Conbined

lvÍth the Graphs of Ïrionthly lúean Teupeïa-r,ure and fulean Snolv

Cover found on Graltlr I, a good airproxfrrration of soil cIÍ-
rnate in a typica1 undisturbed profile is obtained.

Some clariÍ'ÍcetÍon or definition oÍ terrls used

i:r i;hese graphs is thougnt deslra'l¡le at -r,his point,

ffi a L¡nit representing loF. of qeviaÌ;ion.

belovt 5¿o Fair,renheit in the aeqn ou.tdoor ternperature for
one day.

C:¡-nulg.live De,ir{e.e Frost DFy,F- corrinonly

freezíng index, is the c"-ünul-ative 'Ì,otat of

days -Lo arr¡- daie itr an5. trin-r,sr.

p_gp!þ ol_Fq.gg!__æ4e!qqtåo* Depih lielow grou.nd surface

to r¡¡hich tr¿:-'ritera'rtures equal to or less than õ¿oF, have

'ueen neasured by neans of thorinocouples.

j..'f onthl.y Pre cipiist i on

snov¡fall u-sin6 tl.le connonly aecepteti conversion factor of

ten inches of snoir equals otle j¡ch of raÍn, íron records

nain'bained "oy tne Þieteorolo6ioal Division, Departipnt of,

Transport. The brolcen or qotierl linos furclf cate th,3 sevonty-

lcno-v'¡n as the

degree frost

tire s*m of nonthly rainfal*l and



IJ

yea.r averagç precii)iietion forblie nonth ln question"

Qloqnd T,gnperaturgg rleasitred b)' a. tiren¡.ocouple Ínstal-
l-ation in an open fieki tesi; ,oi-ot al, the University of

ir'¡ani-t'oba,

ilesults oÍ thj-s soil tempera'bure study along rqith

resill'bs o'b'i;¿rineci for l,rench l:¿iclcfi11 r'litJ- be discussed

later in ttris l,hesis.
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The res,il-ts of
cated tìr,l-b ituictt valrlable
from a siudy of vei,.bical

ano lon¿it,udinai strai.ns
devised i,o ¡re¿ìsLÌre these

ri{rudls$rurt

lel-:q
ï' order to rlcârsuïe pipe.no-r¡enen's easÍly and.

t'¡ith a Ïrl¡;ir ciegree of accrrac;r app4raius tvas <iesigned to
tran,s¡rít tiresc novelnents to tire groirnd surface vrhere .bhey

coüld be rneasilred with an engineerîs precÍse rever ancl
rod. The pipe novenren"t gatlges consisi;erl of rods sr:.p1:orted
on tho ;:i;oe and ¿xtending verticalty to ihe €rouncl surface
i;i:rougir sleeves ivÍth crerlrrlnce to perrni-b 

-rru* 
o,o-\¡enent of

ti;'e rodso -Â. re¡,rovabr-e col'er at tire top of tirc sleeves anrl
a irease Þacking at the top ancl bot'r,on preve*tecl the entry
of lvater or otrier foreign inatter betrveen ihe sloeve and
t.e rorl ' Three screlüs raciially threaded through the sleeve
approxi-mately one foot from tire ground sur"face lr/ere used
-r'o centre the :'od in tire sree-,¡e but, tö insure freedoro of
r:to¡¡e¡ienti DÍagram 1B f.iriher i[ustrates th.e desígn of
tìrese 6auges.

., rn the Ban*ing fltreet "üe.t instarJ_ation (instal-*
lation ttÄtt) a sinilar rod suoported on unriistr-rrbed soir at
a depth of lr fcet ,ulas ',rsccr as a bench Lrarl: for crrecÌ<ing
the el-evations of the top of tho rods, The depth of rZ
fe e1, lvas selected on the basis of tÌ:.e Liniversity tests

i;::e linj_nary investigations incli_
inforiration co,¿Ld be obl,ained
pipe nro''¡enent, soil telrperatu.res

in the pipe, The instru¡ientation
variable s tvas :

L9



Do uìr1e C,: nLe, ct, Rota y;''
.lele ctÍve -li"'itch.

Diag, 1Á -' fichematie ,iirÍ.ng Diagr"an of a Typïcal litrain Gauge
In-qtalletlon ihovr¡ing Dummy and Strain I'easuring
Gauges u ,'rlotary swltch and :laldlvin Stra Ín fnd.icator

ilaldr,¡in SR-4 Strain
rnciícqtor lrio deL K

Leads

N,R"G" Balielite r:ll.ec'[¡.ic
Strain ieuges Attached.
to Topo Sottom and -;ides
of ÌìÍpe and ',l,I8.terproof 'c:d

ru

'Dum'ny Gauge
Reference '3au.ge

Dåa6¡, 1B * üroÉs "leetåc, n View of Typiee.l ovement



wirich slrov¡ed 1,hat thÍs depth was rel-a-bively free of season-

al soil novenent,s, 0n subsocluent test installations :rBrr,

rrcrl and rrDrt oii clifton streot, val.our Road and RÍcharcr.A.ve:

nue respectively, âo inproved cleep bench nark sr-lpiror-bed at
depths exoeed j.ng 50 feet r'¡as employed. Trris bench mark

developed by the DivisÍon oi BuiLding Research, Natíona]-

Research corffrcÍ1, specially for accura'be soil aud founda-

tion stuclies, gives an elevaiion datu¡r not subject t,o verti-
cal soÍl movenent n Tiris bench mark consis'i;s essentially of
an innor rod support,ed on r-rndisturbed soil or bedrock and

an ouier sleeve or casíng" The inner roci and outer casing

can be made in conve¡níent i-engths r'¡ith suj.tabrle thr.eaded

cor-çlíngs and the bench r¡ark can be quicirly and easily
driven to bed rock íf necessary by rreans of a pne'xnatic

ila]nrlter.

Readings on the beuch nark ancl ihe vertical nove-

rnent gauges 'vreïe iaken using an engineerrs precÌ-se leve1

at the time of instarLation and at regular intervals thore-
after. The gau8e el-evations at the time of insiallation
have been used as a referenee datu¡r from lvhich subsequent

vertical movements have been calculated. p.Lots of this
data are includecl for each of the lnstellations,
(_oJ- F lgc._tr:!_cgl--R e s i s'u ap. c e jl'L ra in Ga We s

Tire iaaglitucle of stresses and straj-ns occurring

in 'buriecl pípe due to longitudinat and trernsvcrse l-oacings
f\-

has long been a probler.i difficult 't,o analyze. frlexural ,

stresses resul-t fro¡r the rreight of the pipe, the rveight of

2I



the 
"vater, from superfunposcd roads that tend .üo change the

shape of the pipe, and Longitudinat l-oads tirut are resisted
by the pÍpe acting as a bean, a corrm¡, or a iie rod, com-

binations of transverse and longitudinal loads may resült
in combÍnations of areir, 'beam., column, and tie rod acti.ons
in ihe pipe" such loadings and conditions produce stresses
resultj-ng in'longitr-rdinal tension, conpression, and shear

thai; are diffioult io compu.te becau_se their magpltudes de_

pond, to some extent, on the local clefLections produoed fn
tlre ;oipe. (7) rt is thought that differentiar'movernents of
the soil sr-çporting a bu-ried pÍpe may cause addltional
frexural stresses in 'r,he pipen and that il:ese adclitiona]-
stresses cou.Ld v¡elI cause the fairure of corrosion ri,,ealcened

cast-iron or tne f 1 exuralry rveaker asbestos-cemeilt pÍpo.
fn an attempt to nreasure rongiiudina] straÍns

produced in buried cast,-iron pÍpe, electrical resistance
strai-n tad.ces lyere actually nounted ai the mid-length of
test pÍpes 1n the folloro¡ing manner:-

(i) The centre portlon of each pip-e lvas machined

on a lat'he to renove tire black bitu¡ri-nor-rs coating for ap-
proxÍrnately fifteen inches" Thls ,¡¡as done to provide a

smooth clean surface on l'v'hich el-ectrlcal s.i,rain galrges

cor-r.ldÌ¡e rnounted ancl to provj-de a surface lvhich eould be

nosi easily v;a'Uerproofed by eitirer of the ¡letilorls described
later.

(i1) Forlr l,T.A.,C. Bakeli,se- gauges ï\iere mounted

on each pipe (one on e;rcir of tile top, bottora and two sides

.:) t)
t1¿
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of' the pipe in such a manner as to measure the longitudinal
strains in the pi.oe). These balcelite geliìges rrere one inah

in lengiÌ:., of ap_prorÍ-rnately five hundrecl ohms resistance
ancl had a gauge factor of 2n08. Speciel care lvas taken to
clean a,Il- surfaces on v¡hicÌr thcse gauges yiûï'e 1,o be ¡rounted"

l-aminac cement, i¡víth fourr percent catalyst was then ap'plied

to tïie back of the" gauge and to the prepü,rec1 positíon on

the pipe. The gauge ir'ras then positionecl on the pipe and

suri:lus cement t'¡as squeezed out from under tire gauge. This

v,las found to bc bcst accornpiish.ed by placing a covering of
severaL l,ayers of cellophane over the gallge and pressing

firrnly v¡ith tire hands. A pressu.re clanp r',rit,h an electric
hea'bin6 atiacrtneni; devised by Professor Baracos at the

ùniversity of llanitoba r,vas then placecl over the gs.uge and

clamped to the pipe. Iieating of the gauge t,o Ê50oF for a

period of two houys a.nd then to 500oF for a si-mÍl-ar period

proved to give excellent, results. This higher ienperature

was attained by closing the open sÍde of the heating clarnp.

-'tfi;er alJ- gauges l¡rere mounted on the pipo, the lead r¡¿ires

vrere soldered to the gau-ges and these v\lere tagEecl in orcler

that 1,hey could be identified after tlre €jaliges liJere covered o

Ti;vo identical bakelite geuges lveïe noiuited in a

slnilar nanner ou. a snull portion of cast-iron cut fronr a
pipe section identical to 'i;he one on vuhích the strain ffi€âs-

uri-ng gau6es v,Jere installecl. these gauges served as ltrefg*

rencelr and rlchecklt gauges. Tire piece of cast-iron v,titn

thege ga'Jges mousrted. on ii lvas pluced 1n a rvai;er-tight corl*



taíner nade up of pipe fitted i¡ith plngs at each end,

' (iÍi) Since eleci,rical- resistance strein gauges

are ei-ureîlely sensj-tive io nioísture, their cor:rplete r,vater-

proofing is a very critical factor in the design of alrg

apparatus ernployÍng tironr outdoors and esi:ccialIy i';hen buried

in soils of re lai;ive ly ìrigh noisti-ire con-r,enj,s. Trvo rather

dífferent metho.ls to attain this hieh iìegree of noisture-
proofing havc been enploycd o tire f irsi provin¿t to be tlrr-r

successful v¡iiile the second .Tras proveci to bo bighty suc-

cessf uL to date, The first ilethod trÍed l,vas:

After the soldcring of Ì;he lead r,vires to the

si;raLn measr-irinû 6augcs, a prine coat of íornulation nurnber

I!CB55 of the },iinnesot,a I[ining anc] i.'Íauu.faeturíng Ccn4rany

l',fas ap,ulied to the ilipe and gauges. Tiris vres al-lot',¡ed to
dry overnigirt. Over this, two la¡'s¡* of f ormulation ili-rs¡*t

trCE64, of the snìire companjr, lvere aplrlied, 'uvbÍch provided a

l¡aterproof coating abo'.tt -three six'beenths to one c1r-lari;er

inch iiricir. Sufficien'c tine rvas allol¡ecl betr,veen applica.tl-ons

of -r,he uaterproof coating to ¿rl.lolv eacir iayer io dr¡,', The

pipe vr,as then rvra;rpecl ',çiiir Scotch Erancl plastic 'L,aire, cofil-

nonly usecl as a pipe protective coai;in¿,

In all installations of el-ectrical straÍn gauges,

lead r,vires fron 'lref erence", lrcheclirr and meas'.iring strain
galrgr:s rì'ere place d in proteci,ive conduits made frcm 3/B Í.n,

irlastic garden i-''ose l;lrich eztended frcm the pipe to a test
box above ground in t¡hich r,vas moi.mted a rotar¡r selec'¿ive

srr¡itch,

t+



Ä gradual- oeterioration i-n tÏ:.e ¿augrs after tile
pipe lvas install-eiì 'was noted by t,he decrease in electrical
resisiatce beti;eeri the gau.ge ancl pipe ';;Ì:.ích inCicated that,

i:oisture Ïrad enterecl beti.¡een the Ciauge aricl pipe.

:in in¡;r'oved r,reihod of ï¡steï'proofing intas devel-oped

for subseqLi,ient strain {jaú.go ins'ballations. tï metal sleeve

nade of thin co.i-per shceting r,vas designeci so'bhat it co,'.]d

be clarrped around the Ltipe" ;i11 joints rrere car.efully sol-
derecl and rr-lbber gaske-uõ l?erê placed betvJeen the sl_eeves

and the pipe at poÍnts oÍ con"oact o ¡jer/e::.a1 coats of glyp-

tol vrrere appliecl to a1f exterior joints and to ti:e coî-
nection ,,,¡here bire plastic hose left the sleeve, The sleeve

lvas finally paciæd rdth Erease (b,y ireans of q pressure' gun)

throu-gh a nozzLe in the sleeve (provided for this plirpose)¡

This nethod of moistLlre proofing provecl to bc very ,suc-

cessful l'¡ith all gauges sti11.functionÍng. ijtrain u,eas'*r-

ing gau.ges installed on tire Cl-ifton ütreet test site have

been in operation for over eighteen L'lon'r,hs uvith no sign of

nois'b ure ci e'Lerioration.

À scÌiena'bic ,;¡írint cìíagrara shoivLng a tytrlical strain
gaLr.Se install-ation is inclr-rclccr as Diagrerû .t.;" ̂ r.

_ Lq.L__!.lLop o e_o iigl e-s

Coiipcr-eons-¡,anian ihcr"mocoul:les i¡Jere instalJ.ed at
t,,;o of the four test siies; the Banning íitreet site and the

Clifion Siree-b site" Since tho Valour Road and Rlchard

;\venue sitos l,vere quite close to the Clifton ,streei si-te,

a.nd since el.l ,sj-tes l'/ere sjmilar ln soil- conclitions, sutr-

DE
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face cover end proxir;iity r,o oiher u,cilities, it rïas decided
that the instalraiion of ther:nocoi-rples at arl of tìre si-bes
1'v'es Li.nneccssary. Tne ì,iierälocoi"ples -r?ef'e ¡roùni,ed on pre_
servative treai;ecl zlt x z* l'¿nber at tÌre requrÍred deptiis"
One therlrocou.ple iras installecl in a ienperatir.ro v¡ell i-n
the pi*oe ¡ri, the clifton Etreet installution in ordcr to
iileasuI"ç r1¡atef ienperatüres. Ithc Tr-[,hernocoul:le sticlc,i ïüiLs

-oraced vertically in the trench ad jacent to the i:ipe. The
ins'Lilai;ed electrical lead lvires fro¡l the tl:erinocou.oJ-es rvere
rurl inio ihe tcrrninal i¡ox and connected to the doir.ble coï1-
tact rotqry serector slritcnn ri refe'ence thernocouple lr¡as

also ne.de , protected iu a sealecj ,3lass trrbing end connected
to i'he rotary sv¡ítclr. ITeadiags i¡rere -taken rviür a poten.bio_
neter ancl -witir tlie rcference 'bherirocouple inserted in an
i c e -v.rat er bath ( 5tJ oïi ) .



o(Jo l.lilST IÌ'{STÀLLATI0IÉ IN ÐET,LTL

( a )*Tes-,, Ins'bai=l¿ri_ion A . B-ann:L:gg,Streei,

The firsl, instailation 'was made at a site v¡here

previous períorür.ance of an exis'bing cast iron rvaternrain in-
dicated highly corrosive and roeehanícally actÍve soilso
Over a period extending fron 1gz5 io rgbâ, J-3 breaks had

occurred in an 800 ft. length of pÍpe at ttrls locationn
ríve of these breaks had beon a';tributed to corrosion,
-seven to rrcracliecl pipett in corrosion weakened pipe, anrl

one i;o rniscelLaneous calrses, r./ery higli shrinkage and swel-

líng propertíes wer:e indÍcated for the sup*corbíng soils b5'

llquid limit arrd 'i;J-asi;icity index values of g6"g and bb.b

res-oeetivel-y.

Increas,ed deraand had nade necessary a plpe having

a l-a.rgor di.âraeter. The tesi installation eonsisted of ap-
proximai;ely 400 ft: of six inch diameier univer:sar cast

iron pípe and 4c0 ît. of six inch crass 200 asbes{:os-cement

plpe placed a'b a depth of seven to eight ft " Although nor-
inarly asbes'bos-cement pipe lvoul-d have beon used for the

l-epLacenrent, the cast iron irlpe v,ras ínstarled f or tho fol-
lolving reasoTts:
' (i) It permitted t,he use of electric strain

gauges rvhich could not j:e a.ttached to the asbestos*cement

pipe and bo satisfaciorily rvatct,proofed.

(ii¡ Â spccial plasiic tape wrappÍng coulcì be

l,esied for corrosío¡l preventj-on,

The pipe l'ras instalLed du-.rin¿l Deceärirer 1gb3 in

l) r1t¿C
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5û

exil'eitely COld lfea-r,fiûré t;x:'aus.tion r,'¡aS nAde USlng a Sefåe$

of shorod opeü. 1-rits six feet long conr:,ected by four foot

lon¿1 ru,rrnels. rilJ-S llpit And tunne]Îr rnethod of e-çsavation

Ìr¿1s b-ren 'rsefl considerably ia ronelral instaLLa'bions or in

ne'w inst,¿rllations in ¡ivhich e nl-nínr'øl of surfs'ce disr,rptiOn

is cìesirable , for e:calçle al-ong lerrdscaped boul-evards oT

iinder pavco streets. 'Ihe i:ipe lvas laid on lvoOtlen bLocks

;olaccd i;ivel-ve'r,o eigh-been inches fron the ends Of eaCh sÍx

foot, l-enattir. B¿rckfill '¡as pushed inio tirtr trencl:es using '

¿r tractor ancl pnually spreacl into thc tn¡urels" Th.e frozen

conclition of the backf ili- precluded any eompac''r,ion under

or over ti:,e pipe. Tn the follcrr'sing spring il l'{¿s necessary

to pLaae consiclerable fílL in the tronches l'¡here the back-

fitl had consoliclated and had Lof"c clepressions.

rri;ncjareeniall-y the test apparatus installed at

this si-te r,ras slmilar -bo t,hlt scherraticai-}y represented in

Fi3r-r,re I. I{o'wever, sl,rain ge.uges l'fÞre installed on Only

one six foot section of 'bÌre ,uipe and these gauges vles'e

injn-berproofecl as previou.sly described by a plastíô tape

covcrin¿ seaJecl rr¿ith a self vu-l-eanízing synthetic rubber

compou:rd. ' Tn this Ì,ost instaflationr verbical pipe nove-

ment gauges lvere ]nstallcci at four successive pipe ioint's
-r.¡itn the fifth EeilSe bcing ins'L,a}}ed on one of ihe pipets

micl-point. The deelr i:ench nrark v;as f otintied on tindisturbed

soil ai the 'Li'¿elve foot dePth"

The r,,raternain ís located under,a grassod bou.levard,

froin one to tuo feei i-n fron thc; curbo Tbe Street is â'S*

phalt pâved and is subject to tight residenifal area traffic"
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Tesi; Ínsterration B r¡¡as rocated i-n a 400 foot
sectlon in a nev¡ residential iìevelo;cment in r,rhÍch the r?bayrt

type of caranunity planning lvas utilized. Ths instarLation
consisted of four iirch i.¡:riversal cast iron pÍpe installed
at a cepth sf seven to eight reãt, sr-rpported by blocks on

higTrl-y plastic cl-a.f . Tire test,, pipes are located a con-
siderable distance frore existing roads, under a grassed

park area ruithin one of the se bays,

The tronch -rvas excavated by trenehing nachine us-
ing con\¡eyor buckets. The top slx feet, of excavation iyere
preclo¡dnant]-y Ín sii-t ancl síLty cray; the soir conditions
bcing very sfuiitar io those encoiintered in Jnstallations
c ancl D" sand bacicfill rn¡as placecì a:"ouncl anrJ over the pÍpe
to a depth of six inchcs, withoirt removfn¡; the blocks" The

backfill consisting of the excavated clay ancÌ silty clay in
a l'¡ell broken-i-ip condition, r,vas pushed into the trench by

nreans of a ilozer-equipped trac'bor"

The test ai;para'r,us inst¿rlled vlas the s,ì,ne as that
shor,'¡n in Figure l. copper slceves, as prcviousLy described,
lrere installed on test pÍpes to wate1"-oroof the strain gaL'r.gese

The r-leep irench nrark v¡as founded on undisturbed clay at a

depttr excceding 50 feet,, The insiall-ation r¡¡as conpleterj in
Iate .4,ugirst , L954,

þ)__qe st Ins çf fatiol_C, \raloi.rr Road

Tiiis installai;ion vùas

cast iron v¡aterinain locatecl in a

aLso a fou.r

residentiel
inch universal

bay in a nelr
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developnent, and r,t¿ts si:ni]_ar io Tcs.L, ïns.bal_.l ation B except
tila'b a saflcl bactcÍ'i'l I r,vas not usec ancl the excavatÍon -,/¡as

¡n:ade r-rsing a backjroe. The ìlse of this eqìlipxlent resulted
itï the etrca.,r'sted na.i,erial_ bein.g in Large p_.Íeces. ,{. tractor
was iised to push tire backfill- into the trench.

The tes-,, apparatlls -!vas si¡_il¿ir to that ínstalred
a'¿ iire clifto* ,Jtreet sibe e:;cept -bhat no .bhe*nocouples

were ins-bal-l-ed since this ins-,,arla1,loh uas reJ-ativery close
i,o tÌre clifton stree'r, rnstal-ra.i;ion, For a suruuary of soÍ1
tests perforned for this site tire reader Ís referrecl to ,¿he

accompanyina surrlnary sheets' The instaltstÍon l.,ras coloi;leied
in late l-{ove:.irber, .l-9S4,

r
since fl-exir.ral faÍlures i,rere kno.¡¡n to occu_r in

asbestos-ce¡ront pipe Ít, i¿as ihonght desi¡a'ole to study verti-
caI pÍpe moveircnts oceuruing in an instal-l-a,oien of tiiis type
of i,'ipe, The f:irst opport,unity to lnalie an instr¿lLation of
this apparntus, lvÍl,hin 'bhe general area of the other test
instal-l-ations, c:lrrc ,,rhen a ¿00 foot ertensi-on r..Jas r¡ade oïr

Richard ;rvenue. This pi?e iüas class 400 (eight inc¡ díanieier)
asl:estos-cenent ¡llpe arici '"ças installed in síxteen foot lengths.
Trer:.ch excavat,ion l'/as ca::ri-ed out iti-t1r a 'iGradallrl backJroe

vihích ir¡as also usec to backfill trrc trench after thc pipe luas

laid. rnstallatiou 
'ras rrucie during extrelÍeLy col.d iceather

in l-¿rte Novenrj:er. Daily temperatijres remeinecl lvell belot¡
zero tii¡'ougTrout tiie 1:er:i-od of cons'lrruction and as a res,,i_t
the se¡ri-Í¡'ozen sta'be of the luapy backfill precLr_ided any



rfa
JÛ

taraping. Ti:e pi.r)o l';as bedrie<l i.n approxí¡ratel-y six inches

of lcil:r driecl s¿lnd ¿rt, an invert <lepth of a;rproxiinately

eíght feet bel-o..v íjrouxd surface. Th'e sancj bacl;fil-l r,Jas

provid,ed -bo a ireight of a¡rproxirtiiitely síx ,inches airove tile
toi, of the pípe . The re¡.iainder of iire 'oackfill consis'i;eti

of a siliy claj¡ rrirt,,i::e of ¡ra'berial excavated from tire 'Lrench,

p,-ished ba,clç into the trencit by the baclchoe anð ireapcd ap-

¡rroxinately two feet above prairie grcido.

The tesi altparrrtus instalJ-eci consisted of el-e-,¡en

ver"i;ical pípe itolJ'enient, Sit.JSes placed eight feet aperb al-
tern*tely on pipe jolnt ¿rnd pÍpe niiì-lengtli" iL deelt bencir

irarlc of th.e -byire prerrÍonsl-y rleserÍbed v¡as driven by means

of a pnei:matic iranmer Í;o ¡¡ depth of 44 feet,, This beneh

m¿ìrk vias plac*q ei sirort iiine before the trench excevatíoa

i¡rIas started anC to insure ihat ii .,volr1d no-r, i:e darnagcci clur-

in6 consiruciion it v¡as placetl a short, distance aû'ay from

tlio proposecl trencir. Since tiris insi;allation l'¡as close io
the Clifton S-tlleet íasta1l¡-:'¿i-on and since soil conclÍtions

are sinilar in boilr install*tions, tlre in¡-r,a.11:ii;ion of

tiiernocoriples to ncasure soil ternperatures l.,iasj rleened '.tr-

nocr]os3rJ/, üo lri,tei:ipt i,,rac nâde 'bo j¡stall s'brain neasurin.g

ar;paretris on'Llris plite. ?.osr-rl-'bs of soil *r,€;sts irerforzrr¡d on

sar,:¡les ob'c¿iined at -uitis si"'¡e s.re suruarizecl oa the accoiii-

panying soil test sur:inû.ry sheeis.
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9" PA]ISENTATÏO}Í OF D]ITJI

Since a considerable êÍtorrl1*r: of rather repetitious

data has already been gathered and since ii; Ís desirable t'o

comparativel-y analyze this data, graphical ¡ae'bhods of pre-

sontation have been er,rployed f or grouind ternnlratures, verti-
cal pipe movement and longitudlnal unit stralns in the pÍpe'

(i) Ground Tenperature Graphs

Tire ground t'onperature graphs for tsanning Street

and Clifton Strcet are self explanatory. The i;ul{oF. ts pro-

duced by Coitper-Constantan Thcräroeo'.rples -iiiere measured liy

a poten'[iorneter ('¡¡ith a ReÍerence Jr-rnction a'i; õ2"OoF.) and

t"Jere recordeC, these ii.}T"Fo rg measurecl in nrillivolt's ltù'ere

late:: convertoci l;o oqr-tívalent tenperatufes in degfees Fahfen-

heit' b¡r means of a stan<iard conyersion chart' These readings

1¡\¡ere then plotted as shov,¡n with Tenperatr-ire (o¡') and Ðate as

co-ordinate axes. Lines with identifying syrabol-s were then

drav,rn through aIJ- readings talcen at each ciepth.

( ii ) Ye rtica I Pipe l,{ovement s

39

' Vertieal pipe moveilents lvere measured lvlth a pre-

cise engi-neerts J-evel ancj rod, iì3ad1n¿;s lrüere recorded to

the nearest one thousandth of a foot, The accuraey of these

readings is bellevecl iry the author to be ivithin t0.001 feet'

This bigh degree of acc'ûracy rûay seem questionaill-e to the

readei', but it should be remesibered that due'bo the instal-la-

t,ion of a reference bench marl; close at hand, a single set-

up of thc instru:nent at close riìnge 'bo the gauges and in line

l';ith theta so that the ins-r,r'unent need noi; be rotai;ed, is all



i,irat I,s c'eqriirüd. The'datui¡i eleva'bion of all pipe move-

ment readings is the elevation of the gattge a1, the time of

instal-l-ation corapletion, Figr¡res 2, 3, 4 and 5 are pl-ots

of thsse iripe novet,ients v'rith res¡..,ect to tire instal-lation

clatuffs f or the Llanning Street, CIif i,on S'breet, Valour Road

and Rich.ard -livenlr€ ilrstallatious respectively.
(iii) Loneitudinal i,ini'b Strain

.r.*:-_-*

Longiti-rdj-nal unit strains tlere il.oasLlred ¡.víth a

Balclv¡ín S'brain Ind j.cato:'. The readi:lgs obtalned direetly
fron i;ire indicator i'rclvever, rerii:.ired certaLn correetions

to give actual straj-n valiteso For further discu,ssion of

these corrections and t,he resu.lts ol'tainod from t,he straín

gauge iitstallations the reader is referred to A.¡lpenciix -4..

.10
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10, DISCUTSIOî{ 0F R]trS-uT,TS

/.ì(i) Discr-rssion of Ground Tenrrera'bure ,3tudies

ïn order io coapq:ce grou::d teinperature relation-
ships of ån open i-ieJ-c1 tes't ins'batlation r,,uith tirose of

trench baclcÍ'ill installations 'che yeacler is referred to
Grallhs 2e 3, and 4 a.nci the Gror-rnd Tenperature cllr"tes for
Banning; eind Clifton istreets, Basical-Iy these three test
Iocations ûre q,iite sj¡,rilar in ori¿inal soil- lirofile, sur-

face co.,'er ar'r.il cfimate, Iíol'levei, it is i_nporbant to note

several conciítions .,';hich are not coimion to all sitesn Thê

open f ield site on tire ìJniversity Cainpus, is ae the na¡ne

i:rplies, located ín an open íielcl , reasonably reTTrovecl frcnn

''innatural features sr-iclì as buil-dings, buriecl conduits, etc.
The inernocouples l'rere instal-led lví-bh a ntinj¡rurn of soil
dlsturbance 1n an atternpt to approxi¡nate naturraL soÍl con-

ditions" Snoi.l cover a-r, this site generally is very cJ.ose

to the average snolv cover for the Greater iíinnÍpeg Äreå.c

Thís si1,e is therefore eonsidered, for the purposes of i;his
,*r

thesis, as a iypical undistr-.irbed proÍile* The Banning Êtreet

i¡rstall¿rtion closely ;oa.rallels tire curb and is therefore

influenced bJ' ivinter silo',¡r removal. Snoïi removal- operations

during the winter result in paclced snov'¡ and ice being heaped

overLhe top of the ihermocoupLe installation, however, the

sireet surface proper is practicall¡r completely free fro¡r

snolr throu.ghoitt tire vrinter. The Ctifto¡r Street -bheriloeor-rple

ínsi;allation 1s practlcally loca'bed in an open f ield, lying 
.

under &. grassed parl; area in a residential bay, Si-aee ít is
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a consÍ.ierable clis-bence froin the street its snor,¡ cover is
nati:.ral- anci i¡; noi, affec'bed by sno$r reinoval. Both Baruring

and Ctif ton St,reet tirerrnocoaple Itsti sks'1 ü,elre iilaced in
tiie disT,r-irbecl brr.clif i11 ¡ru:terlal of i;he 'Lrenci:es"

The lvinter of 1953-L954-¡rvas not a particulerly

severe l';ín'i;er {tr:tat cu-i,'r.'".lative frost-rlegree days less

tiran U600). The r.laxfiì1iiïr snol,J cover of eigirteen inches oc-

c,;rred in l-a'ce Janu-ar¡r1 *d Lastecj for u rel-rri,Ívely shor"t

pcriod. Geneirall¡r speaklng, Írre could consider tbis to 'be

an avcrage uinter of ru.edi,-nn 'bo }ight snôt'ù cover, In the

open field installetion frost 1:enetreiiion reacheð foirr and

one hal-f feet in nid*ldarcir and rera¿rj-ned prac'l,ically siation-

ery a'o 'i:h1s cieptir rmtíl nÍ.cl-i'ipri-1. The fros't line gradual-Iy

retreatecl to api:roz;i-r*:te1y the tlvo foot dep'bit by the end of
'blie fí-:i:st l'¿ock in l.iay, Surrface tirauj-n¿ also caused-the re-

trea.i of ihc frost line do'u'nrv¡ard from the s';rfaco aftcr the

tirird week in åi:ril-. The frosi tvas corel;letoly ou'c of the

ground bit the end of .tire first lveek in !',[ay. .lr"t 'che Bar:ning

Strcet instalJ-ation the maxirn'uin depth of fros1, pene'i;ration

r,?as se.¡en and on¿ hal-f îeet and occurrec'ì fo:: a sirort period

durin¿ nid-Febriìary. The depth of frost penet::ation reacired

six feei: in nicl-JartuL:iry anc'l rem¿rine;d at o:l bclon-bhis depth

i;¡ì:il i;riri-,],,rri1" The frost li-ne rctreateli fro¡r 'bhe surface

an.d fro¡r bcl-o-,;'r,o r'a¡.ain finally ret,.olic'bnree foct le-¡el:

i,rhere ii, r¡¡as l¡'isi observe tl ou tlie firs*, of i,¿ne.

The uinter of 1954-1955 raÍ.gh'b be considereri nore

severe 'i:iran the 1r::ecedín3 r.,"¡int,er, tire cr-utr-t1a'bíve degree



fros'b days rcacìring 5000 at the end of L{arclr. Iloi','ever, tþe
naxin'Lìlû sitoïl co!'er ii/ag tiven'iy-four incires in f,'eb,ril,rry iviih
an avereüe gnorl covor oí'trvelve-ìnch-rs íor tire mon'bhs of
fanu¡:lr';¡, Iebruari' ancl L'iarciro TÌ,.e r¡.a::j:ru¡e ae;rrth of fr:ost pene-

tr¿r-r,ion of tlolo Íeei; i'ras reaeircd in mid-Janu.ary anc rereained

sta'i;ionar:y r-intil iaio-,lpri-1- lviren ¡;urface thawing, r'ririch s-r,erted

du.r'ia¡j the l,lst iTeek in i\riarch, reached il:.is depth. ;!t the

tsanning stroet site, frost pene-bration roaehe d sÍx fee'r, in
earl¡" iriarcl: ¿tntl renainc;d at this'fe;.,th until the end of },ierch,

Th,; frosÌ; was conpleiely oLrt o:l tho ¿ror,rn,J by the seeond week

in I'.,iay" col-des'u i;c;iri:ersture rcco::decl ru¡as ¿gor'. at tire tirree
foot ciepth anc occurred in rnicl-I,Iarciro

Frora tlre end of llarcir-Lo the niddle of ;lugusi the

't,eir*ocratiire ir.t ihe seve$ foo.b depbir rose rapiiily reacilinS a

rna:çimr-ul of 66oF. The t;cnperai;r:re of tÌre soil at ilre seven

fooi; levet actr-ral-]y rrleadtt the tcilrperature of the soil at the

one to síx foot level tirrougl:''bhe sprinG and ea.rlJr sümler by

as rnuch as 10oï, fhe ¡raxinrua teia¡ierature at,tained by tir.e open-

fieltì, iindisturi¡ed soi]. at the severl foot rlepttr during the

su-nArû"]r 'Jas 5l-o.Lr. and occurred in Late $epter;iber. Tlris i[us-
{;rates b.oiu' aj)preciabry the surro,mcing soírf s ter:ipera-uure can

be affecíed by tire wal,cr temperatu::e ín a buried r¡¡aterrai.n"

Tiris r'lar:,ring effoct was not,j-ced to a l-csser e:çient to a, dep-bh

of eleven feet or f ou.r feet belc¡'¡ tne .,,;atc::uaili, Ðuring ,3ep*

ter,rber and October'che uppcr ci.6ilb feet of soil cooled ¿;radually
tO ai:proxi''*itely 50or', in i:he first wcek in idovenber, at uaich
tise the soil a'i; the el,ever: foo'b cep'oÌr 'ras ex1:eriencing i.ts

F4.



higiresi; tenperaturo as a result of the gunmerrs r,vartning

effect o

Duri-ug the ivíni;er of 1954-1955 nraxÍmr¡n frost pene-

tration at the Clifton Street site 1,vas five feet and lvas

reacired Ín J-a'ue February. The frost lÍ:ne retreated frcm

th.1s depth ìry the end of l,,{arch ancl reached ttre three foot
depth by thc fírst r,rye'¿k in i\[ay. surface tharvin6 had reached

tlris clepth at this dai;e so that tire soil .;¡as free of frost
by the seconcl rveelç in i,,,lay . '

ir.s i.n the Banning Street installation the warming

eff eci of the ¡,vate:r¡ain is epparent; ma:cimura rrrater terrpera-

ture of 7l-%'. vrras roached near the beginnlng of Augrrst"

'Ihe v.¡lnter of 1955-L95û to date has boen quite

severe" Cunu.latíve degree frost, days exceeding 5500 have

been oryerÍenced 'by ririd-Ifarcho Holvever, near recoi.d snow-

fall has left a deep snolv cover'..vhich has averaged over

three feet, sfnce November. I''iaxl¡ru¡r frost penetration meas-

ilred at, the open-f leld site ',vas one and one hal_f f eet " The

snol,r cover at this site has beon sligirtl-y greater than the

three foot averagê inentioned above. Ilor,,¡ever, naxlmum frost
pene-Lra'cion at the Banning street site measured to date has

been six aud one half feet', rvhich r;uas reachecl in micl-1,{archu

Snon cove:: a.t this slte has been approaimately three fset
of conrl:ac'becl snovr and ice j¡rnediately above tlre thenuo-

couple "sticlctr. Ilol'¡el¡er¡ the streei, surface has ì:een lcept

clean of snow to l'¿1th.in tv¡o feet of the thermooouple instal-
ldiÍon"

54



Î''laxin'm frost penetration, thus far r¡:corded at

i;he Clifton Stroet site , has been three and one half feet.

'Ihe sncffi cover at thÍs site has bcen approxirrntel-y t,hree

feet of natural snor,v .¡;iLich i.s very cl oss to the average f or

the Cìreater r,íinniBeg Area,

The results of the soiL tempera'oure siudies to
date, the ¿tut,hor believes, have been of considerabl-e value,

They tend i,o substantiate the fincllags of T.egget and Cravr-

Í'ord (6) for the 0btai¡¡a area that;

'?Disl,urbenee of cJ-ay soils Ínereases frost peile-

'cration to L$ times ttie depth in undlstr-rrbed c1ayrl, and

?ÎÎrost -cenetratÍon is consideralrl-y reducerl by a

blanliet of undísturbed srro!'r?t 
"

The fact that fro,st penetra'i;ions at the Banning

Street ins1,allation d u.rinl:l the r,'¡inter oÍ l-955-1956 have ex-

ceedecl those at the Clifton Street instaltatíon by et least

a foot, illustrates the valu.e of tlun"disturbedlf or mnaturaLrt

sno'.r coyer. Sinila.r1y, the fact that frost penetratÍons

1n botlrbhc l¡aclcfill-ed trenches have greatly exceeded those

at th.e "-¿ndisturbed'1 sj-te, i-ndicate holv grcatJ-y the dís-

t,urbance of claye.v soils can affec'b frost penetration ín

t herco

.ít1so demonstratcd by thoso studrles is the fact
th¡ri fros'r, lrenciratious to ciepths ec1ual to or greaier than

i,hose ¿ri, uhich waternains are usually installe,l in this
area, are ¡;ossible in vrini;ers of even inoderate sevei'íty,

espocially if these mains are Located below or close to

55



stree-b surfaces lvhere tirey c1o not enjoy the benefit of
natural sn^olv covere

Ân interesting possibii.ity sug6ested by these
bael<f il-l- tcrnperat u:ce studles, i s tÏrat soil ¡roj_st.tlre i:rÍ_
gration frcrn the bedding and backfill materi_aL near i:he
pipe nray ire aidecl or acceleratecl due to the lvarining effect
of the pípe on thc soir aror¡nci Ít. This coul_d r_ead to soil
slrrinlsage lvÌrich ivould usually bo greatest tor,.¡ards late
sunnser or falr. This non-gravitatÍonal r¡ater movemen,ú is
lcnor'¡n as theiruo-osmosis and is a resr_llt of the tact, tirat
the affinity of v'¡ater to soil- increases v;ith decreasing
ternpera-tlrrÊ' Ttre nigration oÍ vruter in fr-uicl phase to
colder regions of a layor of soil Ís soïxet,imes accompaníed
b.y condensatÍon of v;ater vapour- in iìrc air-filled voicrs
of coLder sections of' noj, fully sati,iratec soil rayers. The
phenoreena of ther¡:ro-osxrosis nay also exptain the upi;ard
noveneqt of soil i,vater in-bo a freezin¡; zone .,r/here ice
lenses are for:nj-ng, CapillarJ, acl,ion cloes not satisfaotority
accoult for thís upward ¡novement of moisi;ure becauise th.ere
is no free surf,ace or ¡reniscu.s luhich is necessary for capil_
J-ary forces to exlst.
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In analyzing the rosults of vertlcal pipe move-

ments aa attenpt will- bo rnade t'o correlato these movements

lvitir soil- teniperatures and ilreci¡litation' Tire reader is

therefore referred to Figures 2, 3r 4 and 5 and Graphs'?,

3 and 4.o

The Banning street r,vaternain inst,allation lvas

macie during Deceil,ber, 1953, following a pcriod of very

lleht precÍpit,at,iot". The dry condition of the backfill

ancl bedciin6 materiat Ís ilenonstrated by the lcrvv ¡aolsture

contents shor¡n in the $uumary of Soit Tests'

ExamÍnation of Fig'-rre 2 shcnlrs the verbicaL more-

nent caused by expansion of tho beciding nmterial experienced

by the pil:e es soon as the spring breale-up occurred " Tne

Ioose I.1¡apy condition of tlre baclcfill ¡raterial allorved sur-

face v¡aters to percolate to the beddi-ng material rairidly"

Generally from ;þr'il to CIctober, 1954' precipitation was

high ancl this large rainfr¡.]1 r,Tas refl-ecterl by steaciy vertj--

cal pipe Itovetneut.ca.used 'by the expansion of -bhe bedding

rnaterial. By early Septeruber verti"cal- rlispla.ceinents from

origiiral pipe elevations, ranging frorr 0.06 to 0.1ã feet

had lieen iîieesured. During the perlod from lvierch ¿0 to June

30 vcrbical gror-rnd rn6vements as measllred by apparattr-s at

the Uni.¡ersi'by of b¡lanitoba in relatively '-urdisturbed sofl

at, the seven foot cìepth were of the magnitude 0"0J-7 feet'

From June 30 to June 15 this apparatus lndieated l-ittle or

no vol-rile change of the soíl at tiris deptb, while from Á'ugust

D i s c i¡s.sj_o-q-g f fþ I t i o-a I -g!p e 
- 

X{ ov êraen t St u {i e-g
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Lú lo October 10 slight' expansion was regi.stered by

vertic¿¡.l mover¿ent of tire order of nragnÍtude of 0.0t8

feet. Fron October io January 1955 no significani verti-
ca1 moveraents were recorded for either the pipe moveinent

o-r' éirou-nci rooveneni gauges. l¡ron Jan'uary to the end of

l',farch 1955, the vertical ground movement gauges on the

Uníversity caTaplls measurecl vertica'l movenent of 0'OJ-e

feet indicating shrinkage of thc soil at the seven foot

depth. This shrlnlcage r¿'¿as believed due to noisture ¡rj--

gration from vrarner to coltler soil regions. Ilowever,
- í r r a -. -^----^¿during -bhis sene periocl the verticaL .i:ipe movellent gar-rgss

indicated littl-o oT no volr.use chang;e of the bedd ing maie-

rial" I'rorn the end of ì,;larch'bo tire end of Àpril rather

rapid ex;.:ansion of the magnitude of 0'CI18 feet tres ûrêês*

ured by the groutd r,rovemen-b gallges at the University' The

grcatest vertical pipe dis,olacemen-b rneasured to date lras

reeorded on Ju¡ro ist, 1955 at the Banning Street site ancl

r'¡as 0-190 feet above dat',i:lt, The University apparatus

shor,ved gracìu-al shrinkage of the soi] at the seven foot

de.oth from June to Osto'ber by vertieal movenents 0.0I1

f eet in magnitude. Ðuring this perioiì in r¡hich rainf all
rvas l¡elovr normal, the Banning Street pipe ¡ùovement gauges

regi-stored onfy l¡ory suail- ¡lovemenis' Ï'ronl October until
L,iarcli lOth, 195e' the l.Jniversit'y ai¡í¡¿iratus had shov.tr very

slight graciual shrinl';age of thc soil al, the seven,fool,

deptlr, vihilc oorresponclinEfy the EanninS Street galrEes

showed i]. slighi; swelling of the su¡;portin¿; soilD



To date ¡raxirJlum vertical displacerrrent from orÍ-
ginal ins'oallatior: elevations tlrat has bee¡.r. aeasured at
the Banning s'breet site ivas 0.190 feet or slightly great-
er than tv¡o ancl one cluarter inches" The rnaxímurn clifferen-
tial novernent s'uffered py u siagle pípe length has been

0.c70 feet or 0.84 inches, These riifferential ¡roversenËs

irave caused rotation of the ti¡;htened joints of as much

as f orty ru.inutes , i o e. O "67 degrees .

These la.rge novercnts have beon attributed to
poor baclifilling of the trench. proper coripaction of the
't¡ackfiLl ma'ocrial is clifficrrrt to atiain v¿iren the 'rpit and

tunnelll ¡rethod of excava'bion is erapLoyerr because of the
rlifficulty of reaching into 'ohe "t,unnels" after i:he pipe

has l¡e;ert taÍc]" Ft:ozen backfill material is ver}¡ difficult
if not lmpossible to cornpact and is r-uruesirabLe from the
standpoint that lurrrpy backfil-l ¡raterial tends to cause con-

cenbrations of l"oad on the pipe instead of evenJ-y dfstri-
buting t'Ìre loaci thou¿S,out the 1en6th of the lripe. The use

of blocks to support the pÍpe introduces conditions favour-
ing flexlireo To date, by far the largest rnovements occurred

during the first period in which soil- rnoisture condLtions
varied. The ttopentt conclii;ion of ttte bacjdiLt material at
ihe time of qpring Itbrealc-upt' allol,¡ed surface moisture to
reach the pÍpe bedoing material rapidl¡' and Ln amor:nts ,¡¡hich

could, cause considerabLe swelling of this material" sínce

tlrat ti-:nre the bacicfifled ruateri¿rl has consolidateä somev¡hat

but st'fll- retains a higher than average nolsture content,
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Th.e dis'E,urbance ancl ciestruction

by excavation and bacldiU-ing of

the pen:ieability of these soils,
direction.
C1iÍton Street

' Tiie Cl-ifton Street ivaternain installation r,vas

made in late iLugust, Lg}+, during a period of above average

rainfall. Open fieLd gauáae novel:ents of 0.006 feet frorn

AuÊ;ust to Octo'ber índicated er:pansion of undís'br-rrbed soil-

at the seven foot clepth. ïx¿rmination of IigLrre :i indicates
pipe settlernent or shrinkage of the bedding rnateriaL dur-

ing tlrís perioci resu:lting in displacements as .Iarge as

0"060 feet being ¡:easured. l¡rom 0ctober to Ï,{arch 50, lgbb

a stead¡, decrease in volume of wrdisturbed clay at the

seven foot dep'ch lvas recorded by the {-.mÍversity appal"atus

b¡' vert,ical gau-ge displace::rents, r'¿irj-eh reachecl 0,012 feot
in magnitr-ide. In i;ire perÍod from October to the end of
January 1955 littl-e ver"ticar plpe moveneni ivas experienced

at i;he Clifton Street site. Horvever, durlng February ancl

l'farch a rather sudden upvrard novement of the i,,ipen especialry

at Sauge nu:nrber 4, 1iías measured t,o be as large as 0"020 feet,
Frost treave does not appear to be a val-1d reason for thÍs
movemont s j-nce freezing teuperatLrïes r¡;ere n of recorded at
this depth" I{or¡ever the re1,L{rn of this point to iis original
eleval,ion by Ju::e liould substantiate doi,nrwariì noveinent due

io thal,ringo Ä i;ossible oause co,¿ld be a localized increased

soil r*oÍsir-ire content resulting in soil sr,¡ellinij rinder the

pípe 
"

of natu-ral- soil deposits

trenches tends to increase

especially i-n a vert,ical

ô0



The asterfslcs besíde the /lr-r-gu.st 8, 1955 gauge

nr:¡rirer 5 reading and the September 20, l-955 gauge nu¡rber

I reading indicaie surface c1a-lrage caused to -i,þe se Eaugcs

by irucks backing over the¡:r.

To da-be the naxlmum vertical displacenent that

has been rneasured a1" the Cl,ifton Stree-u site was 0.065

fee'b¡ ioÊ. O.?8 j.nClres, l''thilc the nasim.rn rJifferential

novenent suffered by a single l.)ipt length has been 0.030

feet, ioe. 0.56 inches. The mal(Ínui1 roi;ation of ililre
joints caused by this differential rloveil1ên"ú has been ?5

ininutes or less -t,han one half 'Jegree"

Tl:te conrparertively ruuch smalJ.er novement,s e4reri-

encecl bJ' this pipe ínstatlat,ion Can 1oe a'otributed largely

to i;he inprovorl bacl:flitling procedurê employeci here. îhe

bedcling of the ilípe ín send tencls to mÕre evenly distrÍ-

but,e the load of the backfill and pipe oveybhe 'brench bot-

t,om. tne use of this sand as bacl;-Íill roaterial fof approxi-

nately si-:< Ínches a.bove i,he pipe als6 alis in distributing

the load of the b¿ctrfill evenly over the pipe" The coll-

paction of the rvell broken up backfill rnaterlal r'¡as achleved

by running a tig,ht, i;ractor baclc and f orth over 't,he heaped

troncir, This l-Ígþt ccmpac'bion ccmbined lvli;h the natural

ccnsoJitla-uion of this soil rviiich oecurred dLtring the fall

period left a trench v¡irich lnfag tri'.ch l-ess perneable to the

i.nfl-ol,¡ of spring surface runoff aTlri rainfall" The svrelling

of the beclding clays was very r'¡"lcil srial'ì er than iÏrat eX-

períencecl a'b ihe Bannin{i 'Sireet site"
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Valour Roacl

Tire v-alour R.oad i.¡aterr¡.ain insta]-laiion tvas cqûi-

pleiecl in laie llovem'i:er¡ 195¡I, following a period or' near

nornral precipitation. The :lroisiure conten-r, of the various

soil- t¡rires encounterecl is shotm cn thc S,.;rmrary of ðoil
Te sts .

Figr-:re ¿t showi 1,he large clisl:laeements experíonced

by the pipe shortly after install-ation. These large cjls-

placeraents, espocially tlrat r,reasured by gauge nuimber å, are
jrelieveci to ha-r¿e been caused by J"oad concentrations on the

pipe. Thre se J-oad concentrations tTerö belíeved due to l_arge

luraps of the backfÍll ¡:aterial causing íncreased loads to
act on certain points al-on,q ihe pipe v¡liile reolrcing the

inagnitude of l-oaäs e.cting at other points. lro¡r December

to }iIarch, 1955, thc ßauges indicated ',¡ery' slighi ltipe no.'.¡e-

inents bu.t from L,.nrch to September the gauties indica-bed a

slor,r but steacly upivard pipe inovement" I¡ronr Se*oteraber to
the end of l'ebruary, 1956, t,irese geu6es recorded sligÌìt
dol'¡nvard movements indicatÍng sligh'i5 sirrinlcage of the bed-

dinS maj;erial.

Largest, clisp].ssslnent from ori¡;inal dat¿il etevations
"bhus far ¡ieasured rat 'i;ilis si-üe has been O.1Oõ fee"c' i-oo. L.26
j-nches. Tiie maxir:ru¡r differentj.al flrovei¿ent of o. single pipe

length ivas 0"086 feet or 1"03? ínehes, v¡h.j-Ie the naxiru..rn

roi;atj-onal dÍ.splacenent neasurecl for a single piile join-i; iras

been one degree anri tlvelir-e rninutes"

These large alsplacemenis are ati;ributed, by 'biie
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aLithor, to Loari concontrations cairsed by the rul.desirably

'fchunþ't b¿tckfil} and to iire fac-,, that nei'bher a sand

beci nor fonnecl beci was prepered for i;ire pÍpe.

Bå41qgq-,Aqçnue

The r,¡aterznain installation on Richarcl Avenr"re tvas

conpleted in early Decem'oer, 1955. 5oj-l rnoist',rre condi-

tions at tlÞ 'bine of lnstallation ..uere near norital- but

te:i:peratures 'úüere nruch belo"o'; norualo 
,

tinfortr-inately, for -r,he ilurpose of this lhesis,
the period of o'bservations has been v,:r)." short,. 'Io date

the plpe has erperienced srnall general scttlements r,víth

yery sma1l differential- set'bleruentso

Surface flamage to sörûe of the g,åuges by snol'J

plorving ec¡ripment rnade readings impossible on l,{arci: 10,

f956, but, it Ìs expected thai repaÍ.rs ean be r¡irCe to put

most or all of 'bhese g,aLlges baok into operationn
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Generally speakiug, the re.su3-'bs of th.e veriÍcal.

_cípe rnovenent gauge installatíons have Índiceted that:
(1) Large vertical plpe clisplacemenis can occur

in r'vatertnains i;¡hicir have ì:een insta]-led usfng the rr-oit and

t;-rnneI'' nethoi, es;cecíally if the pipes are laid on blocks

and the baclcf,ill naterial has been loose anci poorly cotn-

pacted.

(U ) Tiro ì.r.se oi' a sanrl beC and partial sand baek-

fill seems to reduce total and differential move;nents ex-

lterÍenced by pipes"
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(f) Pípes can erycrience ::otetional displace-

monts at 1,Ìre joints due -bo differential pipe r,lovenents,

(4) Pipes laid followin€i perioiìs of lor,v rain-
fal-i r,tay experÍence large u:.pr,vard vertical novenents due

to sivel ling of bcdcling rua'berial.

(5) 'Ihe baclcfiii-ing of trenches with conpacted.

lveLl broken up ancl unif ormly uixed material can greatly
reduce the perneability of baclcfill-ed trenches, I'rhiclr in
t*rn reduces 'bhe re.te and anount of nroisiiure mÍgration to
and from the bedding ma'berialo Xven vcry light coïn-oaction

aids in the Ìttigþiening-riplr of backfill material.
It has 'oeen o'cserved that bucket type trenchíng

nachines tencl to l-eave the excavated ¡raterial Ín a coapara-

tively lreli n-i:ced anrJ broleen up condition vuhil-e "back-hoe"
type excavators tend to leave the excavqteC m:r"berj-al in a

segregated and I'-lnpy condition" This is particularl¡. no-

ticeable lrhere trenches erbend 'bhror-i6h a varied soil profile
of several clistinc'uive soil 'bypes.



IJ. CO}üCLUSTONS

Teri;ica L llRe ljo\¡eae¡fln

P::obably the nost significan-o anri also perhaps

the most surprising aspect of tire resull,s of the vertlcal
pípe movemen-b s'budi-es is tiie raagnitude of noveuen'bs actu*

ally fâoastrred. Total vertical disltlacetnents e:rceeding ttvo

and one quar'úer inches anti differential rc.overnents ';;ithin
a single ptpe lengtir exceeding, 0"84 inches irave l¡een re-

corded to claten idor¡einentsof this ma63nÍtude could '¡ell be

responsi'b1e for tïre uliimate failure of corz'osion wealcened

cest iron pipoà

TÌ:e verticaL plpe inover"ae:ri: Gariges, âs installed ,

have proved to be satisfactory instrunentation t'o measure

these moveiÌÌeÊtsn

The stuciy inclicates severel undesirable *r,ech-

níctrues 1n l'¡aternain installation. It tenrìs to subs-L'antiate

the finciings of Corunlttee ii-ÊI on Specifícations for Cast

Iron Pipe and Special Coatings under the Chair"lnanship of

Thos, i{. 'liggins, Consulting Engineer of Nerv York Cíty,

that tlre taying of wateriuaj-ns on blocks t;iih au untai'rped

baclifil-l leads to a conclition fevourj-n6; flexure. It has

also demonstrated that the ttpit and tulnel' nethod of ex-

cavation ca:r lead to large uniìesirable differen-bial äove-

ríren-us. Bac].lfillin¿ procedures whj-ch lead to reduced soil
moisture conient changes are hlgÌrly clesirabLo. S j-nce cor.-

paetion of frozen ì:ackfíll raaierial is alnost iripossible,

instalia"Lj-on of iEater::rains tr-r-rln5.; fz'eezi-u¡; v¡eather j-s L1n-

desirable.
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Gfou¡td TeritÞe ra-r, Ltre s

Grou'd te*peratures p.lay arn important role ín
the physical envirortnent of .brried pipe, ïiater tenqrera*

tures 1n br-rried ¡;ipe cen have ajrpr.cciaì¡le effects oa ti:e
surroiurding soil r,¡hich na}' in turn accelerate soil_ mois_

tutre irigration in the berlding e.nd ba.ckfil-l ¡aa,r,eris]. Frost
penetra.tion can exceed i,he ei¿jlÌt foot rJepi;ii at '.,rhic¡ rrrains

are co;runonly placed especialiy in poorly bacltfilled trencires
or in l-ocations lr.ear or i:nder paved streets. since annual
temperature ranilos for buried pipc can be ils large as 5ooq,

solte provision for thernal expansion and contractj-on slr.ould

be ¡,rade in the design of -birese mains,

@
,'llectrical resistance strain gaLiges have shol..m

seasonal ciran6e;s in pi,u<¡ rmit straii:. v¡jrich are partly ex-

.1--rlainable ìiy pÍpe tenpcrature changesr âs ínfl-uenced by

lvater ;rnd soír tenperai',;re varia1;ions, and a]-so per-bl¡r

indueed by soil movements, The Ínst::'¡rnen.Lation io date
has only been partially slr.ccessful; ti:e short rife ex-
pecianc¡' of electricar ::esj-stance strain ga'Llges being 1,heir
maia failing sínce records oveu'a lon¡;er period of tirie are
necessary to cefinitely estabtis¡. the exj-stence of seasonal

cJ.clic relaiionsirips, .rrrother inst,al]-a-bion inclLiding elec_
tríca'l resist¿rnce strain ija.iìgcs cou.ld prove valuable. This
noclification uoulci en-bail m.ou:rtin6 "checlcl? and'rreferencerr
gauges on a piece of ttzero-stressr? cast i::on placerj v,ritÌrin
one of tÌ;e wai;erproofing copper sleel¡cs to insure that these
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gauges trroLiid be of s:{actly the saiu.e terirperature as the

st'raj.n measuring [jauges! The extonsive use of electrlca]
strain ga,-lges io stiidy st,raj-ns in buried pipe is not ex-

pedient' unles$ on irnproved gauge of ¡1;reater longevi''oy is
available.

The problem of i¡¡ater¡reín failures in tire Çity of

iïinnipeg is basicaLLy a problem in tireir-istry; þarticularly
the corrosion of cast, iron pipe" Iiolvever '¿ire useful life
of cast iron pipe can ìre groai;ly extended .Lhrougìr iliproveú
j.nsiaLlation ne'birods Jeading to reduced pilie ¡ûovernent since

pipe v¡hich lras T:een severely corrodcd raay siil-l acii *" *

useful condui-i; r-rntil differen'bial rirovement or fl,rxure ca'r;.ses

its riliÍraate st rr.lctural failure. InstalLeilon procedure

rvhicir r¡iIl ¡tinírniz-e pipc l;iovenents :,i1l- also i:nprove tiie

pcrfor"nânce of the fle:cLrrally viealcer asi:estos-cenrent pipe.

By cxiending s,.lrvíco tife ancl reclucing main'uenance costs

substantial econoiaic savings will resultn
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The siudj¡ of loní,itudlnai sirains inciucecl i1
b,-lriecl pipe over a period of severar years presents numer-

ous probleros. The use of eiectrical_ resis!¿nss strain
gaìr6es seer,m to be ihe only practicar method of measliring

these strains Lrncler fierd conditions. ilolvever, the Llse of
these gauges creates probl-ens botÌr in installation tech-
niclues a:rcl in intr,sypretation of results obtained.

IectrÍcal resistance strain gauges are irighly
sensitive t'o noisture deteriorat,ion. Thereforc, their
complete protection agairist contact with iloj.st,.lre presents

a problen, especially if these gau€ies are expected to ro-
¡raj.n in scrvice for a long period of tirne, b',rrieil in a

soi] of hÍg¡ noist,"rre contont" This problern lias aLreadS'

l:een ciiscussed in parl, {b) of Tnsi;rw.lentatíon,

iiven if eLectrÍcal strain {;alltes suffer no de-

ierioraiion due to rooisture, tne interpretai;ion of resqlts
obtained from these ijauges is corapricatecl 1iy several cor-
rections ivhich must -oe made to the actr-ial straln rndicator
readings ôbtained throughou.t the year. rn the interpre-
tation of straln gauge results, the erect,ricar- resistance

of a iiau-ge neasu.rinË the strain in a menber ciea.ted by the
stress in that neinber is compared rlith 'che eLect::ical re-

"sisiance of an identical gauge neasuring; i;he sirain in a

sinilar mereber r,rTrich is suirjecteci 'r,o 11o stress. Thurs ís
created the need for a rrzero-stressrT, strain gauge or

"{PPT}TDIX -A.
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t'Referencert Eauge, to ¡.vhicli -bhe s'brain m€esurin¿1 [ieLrüe re-
sista¡rees can be referi'ed. The rtreferencetr gauge was

r¿oun'bed on s picce of cast iron cut froiil a pipe sj¡.ilar to
that on v;hicb. the strain measurinû Aau€jes v¡ere mounted.

,{Iso noiurted on 'bhis ,;iece of casiü iron rvos an identical
gallrqe ';¿hich v;e shall cal} a rrChecl.lt ûauÉ,e, The functlon
of the ilchecl('? gauile i¡ill be explaj¡iecl later in this dis-
cussion" Tlrroi-rghout the period of a yeaï, -rÍpe 'berepera-

tures vary ccnsidcrably ivith water and soíl teieperature
yarj.ations, Drie -bo these ternpera'b'"ire chan5e s, 'bhe cast

iron piece on r,¡hich the ?lrefeïencert ga,J:.ge is notrrted v¡il-l

strain in order to ¡:ai-ntain iì;s ttzeîo-s'lirr¡ sstr condi'oi"on,

and the olectrical resi-stance of the reforence gaug;e uilt
change acco::clin¿:ly. Hor,'/ever, -l,he anoun'û of the-¡raal straj$
caused in the pi-pe and therefore recorded by resisiance

ch.anges in th.e strain ïlleasr-rring gaìlges depend¡ on.tire end

restraint of the itipe, Since all ivaterrn¿lins begÍn and end

at rele'cively f ixed point,s, since al 1 irencjs r *Tee I srî and

other points of direction change are reinforced agajnst

move¡neni, and since tire frictional and cohesional resistance

of bedding and baclifill ruterial tenrle 1,o resÍst any t-ongi-

tuclinal mo-rrenent, the iireimal stresses inclucecl ín l¡uried

pipe mu.st be ilirectly proportional to tire i;errrperature

changes, or i,hc _i-:i.pe ärr-rst be able to st,rain to redäce those

st::esses e If tlre ¡ripe length is f ixec.ì axially, in order to
si;rain it firust deflect laterally ei1;her by flexure E¡ii;hin

the pipe lengi;h itself or ihrou¿g rotation ai the joínts"
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Universal cas-b Íron pipe has no provision for

axiel therrrral straÍn ancl therefore Íis axlal length is
fir:ed betv¡een tv'¡o such fixed points. Couplings conätonly

r-rsed rvith asbestos ee¡rent plpe provicle for axial straln

and tneoreilcally the::rral s"bresses are relievecl at eaoh

pipe joint"
PEoviding the rtreferericoî1artd strain raeasuri-ng

gauges are subject to 'bhe salre tTrertnal conditions, i,c' bo'bh

at the Salne temperatule, tlre readings of resj-stance meas;recl

for the str¿rín measltring gaugôs lvill be a ¡1easu3e of the

stress in the pipe relative to the Itzero-stlress'1 coitclition'

If the pipe j-s free to react to thernaL strains, the elec-

tricaL resistance readÍngs will be directly proportional

to strains occurrÍng in tlre pipe due to tongitudinaL and

transverse loadings. Hotvever, if 'bire pipe is not free to

react to i;he-rma1 changes, part of ì;he strain vrilt be clue

to t,lre longitudina} ancl transverse loadings, vrhile part

witl be a measure of the thermal stresses caused in the i)ipe

due to iis end restraint.
Hoivever, a correction raits'b be applied to these

readings before they are correç-r, measurements of t'he stress

condltíon in tire pÍpeu The rrch.ecktt gauge is a gauge nounted

On tile Same piece Of llzet'g-St1'ess" CaS-t iron and sÍnce it

is as nearly as po.ssible identical to t,he 'lreferencerr gallge

it could be used as ¿rn aliei'nate rtreference't gall3e. Tiie

one basj.c differenge in the rrchecklt ancl "reference't gal.lges

is in their lviring h^ook-ap in relation to the Strain Tndi-



cator and the Roiary Selector Sr'¡ítch. The r?referencert

e;aWe leacl wires are c6r,r-nected directl-y -t,o the llreferencert

6auge poles of the Baldwi¡. {itrain Indicator; they are in

no l'iay connected wÍih the rotary sv¡itch" Tb.e fficheckrl

Eauge lead wíres, liko the leads fron the pipe s-r,rain

neasuring gau8es, are connected to the rot,ary sr'vitcir"

Frora the rotary sv¡itch trvo leads are connecied to the

"strain noasuring Sauge'1 poies of the Strain fndicator.

The functíon of the úsþosþt1 Sauge readings, thereforer is
to indicaie insiabil-ii;ies ín the lead rvires, tlre rotary

sel.ector sr¡vLtcb., or the strain laea.surin¡; instrr-rment frOnr

one set of readings to tire nerb' Since both the rrs¡sç¡ù

and ftref,erence'r galrges are mounted on tire same pieee of

ttzero-gtressÌr cag-u iron, the lrcheck?? galr8e reaciing should

not varlr frort one set of readings to the nexbr'*nless tenp-

era-br-re or otlrer Conditions sutch as pooï pole connectionsr'

have car,rsecl resistance changes in the rotary switch and

lea.ci wiring. It has been found hovlever, that the resisi;ance

readings of i,he ttçhgsþtt galr'8e do var¡r from one set of read-

in¿;s to 1,rre next, indicaïinë, the author believes, ihese

instabilities, l-bo correciion for these instabilities for

any pari;icitlar sei; of readings is deterrnined by subtracting

the Itcheclçt? gau-6e reading at that tirne frotn tire original
ttzero-stresstt rrçh6gþrr gauge readinaj, This correction Ís

then aclrled to eacir of -r"he 'lstrain neasurí:rg;n gau.8e readiniis

on the ass'-unption that the¡r rvould be sirnilarly aff ected,

rvitn cape being taken to consicler tlic sign of the corÍ'ection"
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These are henceforiri referred to as Ircorreciedrr reaclinSis.
FfOr;r iheSe 'fCOffeC-r,ed'r feadin¿S, the IrZero_SilteSSil COn_

clition readings for eecir gauge are sr.rbtrilcted, the sign
of the cìiffe::ence being caref ully notedo oirce these cor_
rections have ']¡ce n applied, the readin¡_is are consídered
to be correc'b indícations of .i;he stress concition of the
pipeo Ä negative reaoing incìicates thu't iire pipe is ex-
periencing conpïessir¡e siresses white a positíve readin¿
indÍcates tensito stresses, The frzero-stress* conciltion
of the pipc was selectea to Lre'birat condition of stress
c:r;:erienced by iirc 1:ipc rihen it was siu¡lllor't ed on bl-oclcs in
the trench but, no backfirlinE¡ had becn attenpted. f,n other
ivorcis the I'zêro-strerisrr condition acts as a dat,¿rg to ,uçhich

all subseqi;.ent sbress conditi-ons of the pÍBe are referrecl.
irigu-res 6, T , B anc g are the gra-phical i:resenta-

iions oÍ these comeci,ed unit s-L,rains for pipes onc and t,,,ro

on clifton stroet and -y'al-our Road, respectivelyo The posi_
'r,ion of eacli. strain gaäge is n:arkec on eacii l.i;re. The

ciotted Lines, sircr,,'¡n on each of ti:.esc fígures, represent ihe
theoreiical the::rnal strains incli.icecl in the i;i1:e, (reI;r.ti.re
io rf zoro-stressrr rcrference at the sarne tem¡_rer.,ature), if it
wðre corlpletely fixerl" 0r in oi;hrer words, if the pipe i,,,rere

conpleteti' flxc,l , these theoretical strains ivoul-d -r.¡e 
a

l]leû.sulre of ihe i;hermar stresses indueed in .bire pi;oe rvittr
Ì,enperu-bure cÌran6es, These tlieoreiical st:rains havc 'been

calc'Jated fron chranges in ¡;i¡:e 'beni.,e::atirre frorn iniiial
piire tenperature at tii-rre of installation*

I
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Since sevoral assur,rptions anC approxiraations,

havlng perhaps ra'Lher cluestionabte theoreiical jus-r,ifi-

cation, r/ere used to cletermine ihe fÍna1 Î?corrected" unit

strain values, only a qualitative analysis of 1:ipe strains

neasurecl to date r,,,¡i11 'oe attenpted here. The limÍtations
and i:ossible ir:accr-Lracies of thesc ass';ap-bions wi]l be

rìrore fully Ciscussed Latero

Lel, us consicler first the results of pipe straín

measr,rrenents a'i; tire Clifton Street test site. ?he reacler

is referred to Figures 6 and 7 for unii strain nees'¿re-

ments in pÍpes onö ancl tr,vo, rcspec'bive1y. For greater clar-
ity lroints l, Z,'ór 4 ancl 5, lvhich'üere'.init sirains rleas-

ured on ;ru6List ä4 and September 7 , have been ploii;od on

dates lvhich are actually incorrect. Foin'i; 1 represents

the assuraed "zero-strainlr con<iitlon which exlsted on rlllgust

2,+, J.9b4, wlien'Lire pÍ-pe r,,.ras la'id on blocks in the trench

bu.t no bacldillin¡l had yet been atteir,pted. Point ;? indÍ-
cates pipe strain conditions aft,er the sand bedding and

six j-nches of sand backfill had been placed. loj-nt 3 gives

ihe pipe strain condj-',,iong after the tr¡'¡o feet, of hand baclc-

filf Ìrad lreen cornplei;ed, whíle point 4 represents pipe

strain condítions a.ft,er all- backf illing irad been completed "

(Tne renainder of the backíill material trnas pushed into the

trench by a s¡naII iractor) . Point 5 j-ndicates pipe st'rain

conditions before the pipe was initial-ly ch;¡r:-;cd r'uith v'rater,

dLring a 150 pusoi. presslrre iest a,rd ¿rfter pressure was

reduced to nonnal, The maxiil,,:¡c strai-ns shoi'm for "uhis



*Doint existed ciuring tire
the sirsin rcaCinls havc

ciaies.

0f iliterest to note is tire fac-r, that soon after
baclcfilling was coä!.encecl, pÍpe sl,rains Índicrrtin¿; bending
of the plpe vrere recorded. These flexusat str.ains v!7ere

perhaps ¡rore apparent in pipe nu¡rber tivo than in n,-:mber

orleo l,iuch largor strains;, incÍca1,ing tirüt pipe nulbcr two
was subject to comprlcated coml¡i-ned stresses of bottr axial
loadin¡; and bending, than those o'easäred on pipe n;mber one,
1¡fere recordecl from December, 1954 to fi-rne, 1955, rSince pipe
nu:r.ber tv¿o is locateü between ver.bical pipe moveru.ent gauges
three and four and pÍpe nr-un'l¡er ose is l-ocated betrveen verti-
cal movenrent gauges nurnber ti.ro and three, reference to Fig-
ure 5 will aÍd Ín tire interi:reta-bion of res,llts. Fror¡. tiris
figure it ';rill be noteiì that frorn DeeemTror to J,me gauge

n.¡rnber fo,.r.r Ín,ricated considera't¡re move¡reni of this joint
ancl gauges threo and for-rr revealed considerabre vertÍcal-
'jifferential noveüent of pipe nwrber two. .corresi:ondingl-y
pipe number onc, for rvh j-ch ¡l-r.ch srualler stra j¡s were recorded,
suffered ri:.uch sm¿rlJer rlifferential- movenents. These resuli;s
Índicate i:hat e clefinite corro]-ation between clifferential
pipe movenent and ¡lipe strain e:çists.

Froni these sane figures (ïigLrree ä, 6 and ?1, re_
su-lts inc.ìicate a relationsÌrip between 1.ripe oflrl i,cstraint
and therrnal s'i;rains" since the amount of therrnal strain
creeted in a pfpe due to tenperatirre changes fro;:i ti¡re of

pre ssu.rrS test. 1,he re¡rainCier of
bcen plo'i;ted ai their a;:i:ropriate

8l-
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install-ation is a fLinc'oion of ütle pipers end r.estrain"L,

and since the end restraint of LinÍviirsal cast iron pipe is
a function of the tig;Ìrtncss or rigidiiy of the bolt,ed joints,
a pipe rvirose joÍnts can experieace rota'bion quite frêeIy vrilt
strain in order to retaín 11;s r?zero-stressr' (thermal) condÍ_

tion, whlle a pÍpe l',¡Tlose joints are rigid lvitl no1, be able

to rcduce its thcrnal stress condition 1,hrou¿h thi; laterar
niovement. tr'ro::r Ïigure 3, vertical pipe rilover¡ent €:;au.ßes one,

tr,ro ancl three s,:orv lÍttle or no roiation of lipe joint tv,¡o

l,hroughout tire perioci of oilservatÍon indícatin.: that throu6;Ìr

this joint pipe one and ihe one iuuuedÍately adjacent to it
are act,ínt a$ a. contin';.oLrs nerûbei'. Dirring the íja1ne perlod
-u'eri,Ícal- llipc movenen'b ¡:jeuges thz'ee, four anc five incicateci
cofi.pðr.rative1-y 'large rotatÍons of joint ilrree. For these

rËasons pipe niunber one r,,rould be eïp,ected to show themnl
s'Ûrains of ug¿qnitucle corï'osponding to i;he theoretical then,tal
strains calculated forbhe piire due -bo its end restraini,,
i'¡Ii.ile .tipe nunber ii¡o i;oulcl l:e cxpectecl to shorv cor:iparltively
snatler thennal s'brains du.c to its s¡rall-er cegree of end re-
straint" trxartinat,ion of Fi6rrre 6 reveals the close sinitarity
in shape of s-r,rain gauge reacing curves '.¡ith the theoreticaL
strai¡r curve for pipe one, i.¡iri1e for pipe tr,,'ro ihe slmitarÍty
ln sirape of these curïes is not nearJ-¡r as clistinct"

A.nother inìevesting feature of the críf i;on street
strain'ga'rge i'ca.dings is -the releilve r:iegnitude of pipe

strains at the ti¡re of install-aiion and the encl of Decernber,

1955. Ti:e 'init s-brains of pipe nurolici: one shov¡ed a. gensral



lncrease in mirgnitude and also indicated tlrat the pipe
u¿'rderryent sligirt horizontal as -r,vel__j as ver.bical bencling

tor,va::'Js the end, of the yearo rn" ,**g*i-r,ude of strains
measured in ¡ripe t.ovo re¡r.ained practÍearly unchanged at
these tr''/o times rr¡itïr flexural s'r,rains indicating that the

;ripe vuas undergoing practicall_y the sa¡lo vertieal_ flexure
at the end of Decenber, 195b"

since the sirai-n conditio* of a iripe is rnoe up

of trvo corrponents; the strain due i;o them:,al conditions
and the straÍn due to the comTlined arial anc flexural
loadings; 'bo del,erlri¡re the size of t,hese cornironents the
other coir.-ooreni must be subtracteci fron the total strain
reading" Tf the tireoretical straÍn is consi,jez,ed io be

the actrral strain caused in the pipe due to teinÞeratr,ire

ciranges and is sìlbtractecl frora tlre to1,al strain neasured

in tire pipe, a rneasurû of the st,rain caused in tire ¡:iire
due 'ûo lon:,itu-dinal ancl transverse loadings is obtained.
rt is lnteresting to note that the resi:.lts of strain moes-

urenents io dato indícate that strains caused by fea,cu_res

othe r ttran t,erapcrature clungcs are a ma:ri¡rurc (or nini:tum)
during tl.re late s'r:xir.er an,j earry au-r,wì1n periorJ; corres-
lronding to tiie ;ce::ioc of naxinLxn septernber fairureso

The resu-fts of tite Valor:r Road strain gauge

studÍes are rluite sinil¡rr io those for -t he Çl-ifton Street
ins"r,allation" The general shape of the strain curveB

(Figures E and 9), inclÍcate that per.haps actual therrnal
strains inducecl ín these pipes are soiaervha,t small-er *rhaïl

a3
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the calculated iheoretical s-r,raíng r,virieh in -r,um.';;ould in-
dicate tirat the pipe is not conrpleiely restrained. rq.I-

tìrougli pil:es one ancl tr,¿o seen to be acting as a sin.gl_e unft
(see lrigure 4l theí¡' exterior joints are experiencing large

rotations -t¡hich v¿or-rld explain the r.educecl resir¡rining ef-
fect.

In evaluating the resultjs of these straÍn gau.ge

studies -t,he ]inii;ations ancì lossible errors illtroduced by

certain ass.umptions r¡i.ust def inite ly be considered " Âil j.ttt-

poriani possible source of error in these reaclings J.íes in
tiie tenperal.,rire of the nreferencett and rtcireckrr gauges. If
the tereperal,r-rre of those gauges v,Jas only a fev¡ de¿;rees dif-
ferent fro¡a th¿at of the moas,ri:r6 gauges very large errors

in the '?corrected'r strain readings could result. Tiris

sit,uai;iqn is conceivable if the rrrlufü4r gau.ge'? con'i;ainer

l''l¿'t$ cons j<lerarbly renioved fronl the rvo.teryrain ¿rnd rllä not

experience the saüie ternpr;ratu-re ch,anges as diri tlie pipe

aue to the insula-r,ing effect of the soil- in i,trhicir it Ís
burried. In fut'urre insialla'bions 'bhis possibility of error
could'be completely eliriLinated if the "referencelr ancl

"checkrr gauges ryore reounted on a piece of rìzero-strgsg?t

c.ast i::on i.n contact .,¡itir the pipe , llossii:ly 'l,riihin one of

tne waterproof ing sl,:eves.

Tlre asswrption that ihe difference in llcheclilÎ

gaug€ readings is a correct inciica'bi-on of instabilities in

]ead wiriag, sr,viich con.i,actso etc,, anci th¿rt the corrections
r.'¡hicir are na<le b¡i rneans of tirís readir:g apply'üo all gauåes
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could also íntrodüce errors. The maêjnitude of these

errors is akaost iilpossible to detern*i-ne, i;he only justi-

fi-cation for this correction is {,hal" muc}r of tire otlierlise

Llnacoountable variations in p;arige reaclings is thereby ro-

¡19r,re C1 
"

The in'uerpretation of si;rain gar-rge rcadings íor

l¡u::iecl 1ri.cc; can be concluded to b.e extreinelg coinl:iicatedo

,\ clLraliiaiir,'e anaLysis at best ís all that is possible

luith resul'r,s 'úhurs Ía:: obi;ained" j\ seasonal reJ..ai,ionship

bet'','reen rnaxiïi.rlr1Ì and minimum strains, incluced by -hot,h 
*uhcnnalu

anrl axial anci fleirural }oadini; aci;iono is sugges-beci ily re-

srrlts -Lo date. Dat¿r are reqr;ired ov€r a longe:: ;oeriod of

obse-rvation 1,o üefini'bely establisTr this rel-aiionsirìp anil

to est,ablish tiie inagni'r,uclçs of stra-ins clevelopcd. The t'irue

rec¡r-rireci Bresents a serious obs'i;acl-e wlien ihe l-j¡dted satj-s-

fact,ory life span of tirese åiartges is considercd" iìIec-brical

resistance strain gauges of tire 'i;ype used are subject to

creei:, tireir avcrage l-if e expectanc¡' being littl-e Over one

year of satisfactory service.
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VLew of test ptpe showing naehined
eoverl-ng eleetrleal strain gaugest

por"b,ion, mbber taPe
and eopper sleevsn

Two
and

test pipes ready for lnstal-latlon
plastie' hoses eôveri-ng eleetrieal-

with copper sleeves
etraj¡ gauge leade'
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Metal tesù
Also shogrn

box r+ith rotary ssritch nor¡nted in position"
are the thersaoeouple rtsticktt and lead wiring"

Vietq sho¡ri¡g rreheckrt and ltrefereneerr gauge
pipe fittÍngs used to carr¡r the gauge Leads
to the i:eet box"

eontainer and
above growrd
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Vier'¡ of test nipe shorøf.ng joinis
eynthetÍ.e rubber eompound.

waterproofed with

Filllng a eopp€r sLeeve
w'ith grcase ìTrmedíately
prlor to installation"
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Vieç¡ shoþr"ing trenchu
exeavatotr and treneh
ahorf.ng,

Pleture showing vertieal Hov€-
menù gc,uges and the neÈhod erf
suppor'ling thm durlng beek-
flLLfitg.
Note¡ rrSerwr-onn eaps attached

fo rods"
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Visw ehskri$g venbicaì.
movememt gauges and
olaeing of sand baek-
fill at Clifton St,reet
instal-lation"

Pieture showilgr
(e) IÐ\orer right, top of verti-ea1

novemnent gauge w1thout rrSergw-

otltl c&Þ,
(¡) hwer left,, uppelt porLion of

ther,uoeouple stick"
(e) Unper eentre, post end âPPar-

atus to cerr¡r J-eacls to test
box.
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Tiew ehswing treneho shoríng
and vertiea}- pipe novment
gåuge in backgreund.
Richard Avenue inst,allation.

Vlew ef treneh following
partial baekfiùling*
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Pieture ehotrlng,rhmpyrt
eondltLon of baekfilt
materiaS."

Vleu¡ shovriag surfaee å.Þpeå.r-
anee of treneh backfil_l ånd
tone of verbleal Þipe move-
nnent gauges wlthout cêÞs.
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ItGradallt¡ exea,vator used
Avenue fnstaLlations"

on Valour Road anci Rich¿rd




