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ABSTRACT OF ÎIIESTS

I,IIINNIPEG IúIATERMAIN BACKFITL STUDIES

Prevlous studles have Lndlcated that movenents of

watermalns 1n the hllnnlpeg area are of sufflelent nagnitude

to eause flexural fallures Ln corrosLon weakened watermalns.

It was suspeeted that the type of backflll naterlal, state

of denslty of the baekftll, and technlques of backfllllng
and eonpaetlng had an appreclable effect on the resultlng

movements.

:

A fleld lnvestlgatlon r¡as eonducted to study baek-

fl11 materlal, obtaln quantltatlve densltles l-n backfl1l and

for eomparlson, ln adJaeent undisturbed solls; effects of
various methods of eornpaetlon were also studled. Results

lndleated thåt denslties produeed rr¡ere hlghest when the

baekflll was compaeted by neehanlcal apparatus then decreased

as cornpaeted by the hand tanper and water Jettlng, l-oosely

pl-aeed baekfll-1 cornpaeted at surfaee by movlng traetor, and

by hand tamplng, respectlvely. TrLal conpactLon by the Barco

Rammer cornpactor resulted ln densltles hlgher than those

produeed by any other method of eornpactlon and hlgher than

denslties 1n undlsturbed so11s.

It was concluded that to baekflll and eompact ln the

ldeal manner requlred a very strlct rnolsture content and eom-

pactlon control, the eost of whleh would be prohlbltlve.
Howeverr suggestlons were nade for lmprovements in the nanner
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of backfllIlng and compacting whlch it ts belleved
eff'ectively lower the number of frexural breaks in
mains and reduce maintenance costs.

would

water-
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INTRODUCT]ON

An earlier investigaËion conducted jointly by the

Division of Building Research, National Research Council, Ottawa,

the Department of Civit Engineering, UnÍversity of Manitoba and

the Wfnnipeg Waterworks Department, in 1955 and 1956 established

that vertical ground movements d.ue to soil moisture variations in

the Greater Winnipeg area !üere of suffl-cient magnitude to cause

flexural breaks in corrosion weakened cast iron watermairr".I It

was aLso suspect,ed that the pipe movements were aggravated by the

variation and. lack of adequate compaction of the backfill. The

decision was therefore made to investigate the effects of past and

current vuatermain backfill and backfilling techniquês. As part of

thís programr âil investlgation of soil densities in backflll ma-

terial and in adjacent undisturbed soils was und,ertaken to deter-

mine whether backfíll was being placed in a more or less dense

condition than the adjaeent undisturbed soil.
Two locations v¡ere selected. The first location u¡as on

Nianitoba Avenue where the City of ïllnnlpeg had experimented. with

various l¡ackflll mat'erials uslng several methods of compaction.

Howeverr tro evaluation of the densitfes obtalned had been rnade and

it was considered desirable to do so at thfs tlme.

In the fall of ].9 54 a new watermain had. been lafd along

Manitoba Avenue with particular attention given to backfilllng over

house service pipes. The backfilt over the watermain had been

loosely placed bl¡ a front-end loader tractor. Close inspection of

the backflÌl procedune had been maintained by a senlor member of

I



the winnipeg waterworks Department. Notes were taken of the

type and. thickness of each layer of backfilr materiar, type and

amount of compactive effort, amount of water jetting if used

and length of time required for each backfilling operation. In

additÍon to lhe compaction the backfill material received in
L95It, it had since consolidated.

For comparison purposes 1t was considered desirable to
obtain quantitative density neasurements at the second. location
on Cordova Íitreet where a watermain had been laid ín 1951 with
backfirr being ptaced roosely by a front-end loader tractor.
These two Jocations offered. an opportunity to assess the effective-
ness of compaction where different backfllling technlques had. been

employed.



PRELIMINARY CONSTDE RATI ONS

Three extrenel-y lnportant reasons necessltate proper

backflll-lng of plpe trenehes. They ^r.r'
a) to support and proteet the plpe

b) to provlde a good foundatlon for any overlylng
roadways

c) to provlde suoport for adJoinlng struetures

Generally lt has been found that baekfltllng methods

to date do not sufflelently satlsfy any of the aforementloned

reasons. Conslderlng the locatlon of watermalns ln hilnnlpeBl

only the flrst tr,ro reasons apply ln resldentlal âlstricts whlle

all three reasons apply 1n the downtown eonmerelal area.

the experlenee by the Clty of l,{lnnlpeg wlth watermaln

baekflll has shown the followlngr

1) ïf the excavated soll- 1s plaeed as baekflll, lt
eventually subsldes and requlres eontlnual maln-

tenance for several years. Thls has been found

hlghly undeslrable where the backflll has to sup-

port a pavenent.

2) Gravel backflLl, whleh has been used extenslvely

for backfllllng repalred plpe sectlons, has the

undeslrable eharaeterlstlc of belng very permeable.

Also¡ the gravel behaves ln a dlfferent manner than

the adJaeent coheslve soll found loeaIly when sub-

Jeeted to nolsture varlations.



3) Since 1954 the Clty of bllnnlpeg has used

rrunshrlnkabletf materlal, whleh eonsists of approxl-

mately flfty pounds cement to a yard of wetted

gravel for baekfllltng repalred plpe. 'fUnshrlnk-
able'r baekflll provldes a very dense, cemented

condltlon; however, lt has been found diffleult
to exeavate when repalrs to the plpe are requlred

and also does not behave as the surroundlng solI
r¡hen subJeeted to nolsture varlatlons.

0bservatlons rnade by J. J. Ibnilton3 and r. rÄt. Godfreyh

lndlcote that flexural fallures of waterrnalns are often the result
of lmnroper baekfllllng technlques.

l,{atermalns are l-aid ln trenches excavateA by elther a

trenehlng naehlne or a backhoe. So11 exeavated by a trenehlng

machlne 1s well urlxed and nay be conslclered to have a unLforrn eon-

slsteney. i,lhen used for baekf1lllng purposes, sol1s excavated by

a trenehlng nachlne have been found to eompaet well wlth a low per-

centage of voids. So11 not eompacted at time of baekfllllng has

been found to be qulte permeable. subsldenee of the baekftlr
oeeurrlng over several years w111 reduce perneablllty appreelably.
However, before appreelable subsldenee and when the vold ratl-o of
the backf111 ls large, water ean pereolate through the baekflll
to the sol1s enveloptng the plpe. Absorptlon of molsture by the

soll supportlng the ptpe generally eauses the soll to sweLl, that
lsr lnerease ln volume. Thls aetlon nay be sufflclently non-

uniform along a waterrnaln to result ln a flexural break, partleul-
arl-y wlth corroslon weakened plpe or plpe of small dlameter.

l+



Solls exeavated by a traekhoe present a more severe

probLem when used for backfllllng purposes. So11 excavated

by backhoe ls usually very lumpy and l¡Ìren used as baekfil-I

produees large volds. A breakdo,¡¡n of the soll lumps results

ln large subsldence of the baekfill. A1so, water ean easlly
oercolate down through the vo1<ls. S1m1larl¡r, as for loosely

olaced trenchlng machlne excavated backf111, the so11 envelop-

1ng the ,,¡atermaln absorbs the percolating water', swe11s, and

the resulting movernents of the eorroslon weakened watermaln

rnay be sufflcient to result ln a flexural fallure.
Percolatlon of surfaee water through the baclcf111

has been alleviated by the use of "unshrinkablett materlal;
howeverr âS mentloned before, Itunshrinkable'1 baekflll also

h"s dlsadvantages.

Soll nolsture determlnatlons made at the Universlty

of Manltoba have lndicated that desiceatlon of solls accom-

nanled bv shrinkage, at the depth of waternalns, ean oecur.

Thls Drocess wouLd affeet the water,nain stabllity by removlng

support along the plpe and 1f lt ls non-unlform, r¿ou1d produce

dlfferentlal movenent.

,,i. ,.Ì:ì.:,, tl . i. i I



.i'íIi{NlPiiG SOII,S_

The soils in the Greater Winnipeg area as establlshed

by several investi.gators can be cl-ass j-f ied ¿.rs follor^¡s:5

a) The top surface is a dark grey silty organic clay

varying in thiekness from several inches up to about

tlvo feeb.

b ) Underlying the organic clay is a tan cofored silt,
sandy silt or clal'sy silt varying in thickness up to

ten feet. This material generally has two distinct
la,lrers distinguished by the presence of soluble salts

in the lowef la)-s¡ which have been leached fr:om the

overlying material.

c) Below the tan silt is a layer of silty brown plastÍc

clay of glacial lake origin. Its composition consists

of horizontal varves of sil-t and clay. Varves of

lighter color are mostty silt and are considered to be

sediment occurring during the spring and sunrmer hlsh

water or flood periods v¡hile the darker clay varves are

sediment occurring during faII and winter low water and

less movement periods. This stratified clay varies in

thickness up t,o sixteen feet and generally occurs above

the seven foot depth. Efnce watermains are commonly

ple.ced, at depths greater than seven feetr most watermains

are taid in the plastic lacustrine clay'

6



d) The next, stratum is a grey to blue-grey clay conimonÌy

referrecl to as ftblue c1aytÎ. Although it is aLso sus-

ceptible to voLune changes, this clay Ís less plastic
than the overlying brovrn clay and such changes do not
gerrerally occur as it i,s fou¡d below the zone of season-

al moisture varj-ation. Deposits of this nateriar up to
twenty feet thick are not uncorrmon.

Overlying the material- 1ocalIy known as lrhardpanrt and

underlying the r?blue clayrf is a stratum of bourder tir-l
composed of light grey silt, sand, gravel and boulders

of various dimensions. rt has sufficient moisture to
be dilatrnt and to have a tlputtv-likett consistency.

The tthard.pantt lalre¡ ¡n" a boulder tilt composition as

above v¡ith a hiqh percentage of rock fl-our and a low
:

moisture content in a dense cemented condition. This

stratum may be found at d.epths from twenb¡r to sixty
feet.
llerow hardpan ancl occurring at d.epths below about sixty
feet is the Ordovician limestone bedrock.

e)

f)

7
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Compaction may be clefined as a method of densifying
or increasins the density of a soíI by the exertion of bIows,

weight applicatj-on or vÍbratlon, 'l;he purpose being to bring the

soi-r particles closer together. The percentage of water in e

soir determines the density to which it can be compacted. rl

specific per cent of water content, called optimum moisture con-

tent, vrill ilive maximum density to a. soil under a partieular
cotnpacLive effort. Optimum moisture cont,ent varies for each soil
tyJre and decreaseri v¡ith an increase in compactive effort. The

relationship between clry densit,y and moistu:.e content can best

be illustrated as sholrrn in Figure I.
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The zero alr volds denslty eurve 1n Flgure I ln<lleates
the relatlonshlp of denslty to molsture eontent of a soll 1f the
so1l eontalned no alr. some yeârs ago R. R. proctor developed a

laboratory test orocedure for determlnlng optlmurn noisture eontent.
Thls was later published 1n 1933. Hls methoc l¡as referred to as

the standard proctor compactlon whlch r^¡as re',¡lsed to the modlfled
nroetor eompaction wlth the advent of heavler construction and

and eomnactlon equlpment. In fleld conlrol the requlred speei-
fied densltv 1s some per eent of the maxlmum proetor denslty.
The standard proetor test was performed on solI samples reeovered
frorn Manltoba Avenue and Cordova Street beeause it r^ras felt that
the modtfled proetor denslty was too hlgh for the type of eom-
paetlon equlonent available.

--"-: '-'. -
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I'IELD IiiT¿STIGi\TIOl-i I'ROGRÄI'I

The methods used in evaluatÍng backfill and undisturbed

soll d.ensities, fieid and laboratory compaction, have an important

bearing on the analysis of the resul-ts. For thís reason they have

been explained in rletail under the following head.ings.

a ) iIXC,\VATI0I{ 0F TíST }'1TS

The excavatlon of all holes for densit,y determlnation in

backfill- over r,'¡aterrnains and house service pipes lvas per-

formed. by manual labor. fiest pits along irÍanltoba Avenue

straddled house service pipes and lay beneath a four inch

concrebe walk. Excavatj-ons uiere made adjacent to the

sldewalk on the pavement side, forming a hole about five
feet long, parallel bo the sidewalk and two and. one-half

feet wide. Tlst pits were usually excavated to a depth

of eight feet which was six inches to one foot below the

house service pipe, Backfill extended to a depth of

seven to soven and. one-half feet, thereforer only one den-

rt the eisht f is being Ínsity test rnras taken at the eight foot depth, th

the und.isturbed material

Test pÍõs along Cordova Street were excavated directly
over the pipe with the longer dirnension being perpendicu-

lar to õhe direction of the watermain.

b ) AIPARATUS US¡]D TN DE'.I'ERJ,IINII',IG SOTI, DIl]IISIT]IIS

Undisturbed soif samples had formerly been taken by

T. W. Goclfreyó in two ínch diameter shetby tubes for the

ii: ii'iI*
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purirose of determining soil- densities. This rnethod was

found unsatisfactorr¡ a-s friction between the interior of
the tube and the soÍl sanple rr:surted in cornpa.ction of
the soil. rn the cese of the sandy tan siLt r ås much as

tv,ro inches cornpactio[ p,3¡ foot long sample was observed..

The decision was therefore made to utilize the sand-cone

aljparatus for measuring soir densities. Later, t,he rub-
ber ba.iroon, oil weight and bulk sampre nercury displace-
nent methocls were employed for trial purposes.

e) PRûCEDURU IN DE,Itljil,,llNIiic SOIL D,TNSITI[S

soil density tests by the sand-cone, rubber bal-loon

arrd oil weight methods alr required the excavation of
a srnal-l- ho1e, approxiriately four inches in d,iameter and

four inches ddep.

After several- trials it v¡as d.iscovered that the same

hore could be used for density measurements by art three
rnethods with consistent clensity i¡al-ues. The sand-cone

test was performed. first, foJ-rowed by the rubber balloon
method and. finalry by the oit weight method. rt was

found that the vol-uine of the hole after the sand-cone

and rubber bal-loon rr,ethod.s were used had. not been altered
because arl the Ott,awa sand wiis removed upon completion

of thÍs test and the balroon method did not in any way

alier the shape of i,he hole. since t,he oil weight method

was used l¿ist, it lvas not essential to recover the.oil.

rirt¡iiii ,i t1



ft was found that bulk soil samples could be

cut in .the cohesive f acustrine clay only. Severa]

bulk samples were but in two inch cubes, placed in

aj-r tight jars and l-ater trirnmed to appropriate

dimensions for cÌensity determinations by displace-

ment in rnercury.

d) BACKFILL COIJIPAC'ITON BY THiI BARCO RAIIMER

Analysls of the backfill densitles along l,[anitoba

Avenue indícated that the virrious compaction apparatus

¡rroduced only slightly higher densities than those of

undisturbed soils. It was then decided to utilfze a

compactor which seemed practicable for compaeting in

narrow trenches, on a trial basj-s, irr one test pit.

A tsarco Rammer was availabte and since this had not been

used. under field control cond.itions previously, j.t was

therefore emploYed.

iiormally, upor1 completion of soil density lnêâsür€-

ments at a particuLar location the soil was spaded in

loosely without any piiysical compaction. However, upon

completion of soil d.ensity measurements at the first

Iocation on Corciova Street, the Barco ilammer was uSed.

Nine inch layers of soil vrere spaded. in and a síngle

pass made by the Barco Iìammer.

L2



DATÄ,

0HARACTERISTICS 0F -UNpIqTqRrJEp S0IrS

Jxcept for moisture contents, disturbed and undisturbed

soil d.ensities (which have been plotted for every location) a

thorough laboratory analysis was not believed necessary at'each

Iocation investigated.

ft was found that the soils at all locations investi-
gated on illanitoba Avenue and Cordova Street were typical of

those generally f ound in the Greater V,iinnipeg area. A particu-

Lar location , 26,6 i,4anÍtoba A,venue, was therefore selected for a

thorough laboratory analysis of each soil type. The results

ha''¡e been tabulated in lable 1.

TABLd 1 UND]STURBTiD SCII,S - LABORATORT AI,IALTSIS

'.,',l'ì1

Plasti-
Hydrometer Lúiquid city

Soil Dgpth Analysis Limit_ Index
sandY

2 silty clay 71.8 l+l+.2

clayey
B h. sandy silt 23.8 3.5

L3

D

sandy silt 18.0 o.7 5 L9 .25

sandy
silty clay 105.0 70.5 l-b.7OI

It was evldent from the Atterberg llmits that the

solls at the four and sÍx foot depths have practically no

Shrink-
age Specific

LÍmit Gravily

Ll+.69 2.72

19 .85 2 .7i,+

Standard
Proctor
tr4aximum
Dry
ÐensitJ

gg.5

110. 5

114

81. 5

Standard
Procbor
Optimum
Moisture
Content

)L.2

L7 .2

13.0

27.5

2.73

2.76



plasticity and und.ergo very little shrinkage upon dryingt

or swelllng upon reweütÍng. However, the brown clay at the

eight foot depth is a very plastic material with high poss-

ible swelling and shrinkage w'ith moÍsture changes. ThLs

material has a high dry strength, medium susceptlbility to

frost action and, very low permeability in the undisturbed

state. Regarding frost heave, data obtained by the Division

of Bullding Research of the National Cor¡¡rcil showed that

frost penetrati"on in backfill or distrrrbed soil can be one

and. one-half tÍmes that in und,istr¡rbed soll.7 Frost pene-

tration in the Greater ldinnipeg area has been for¡nd to be

about flve to slx feet Ín r¡ndisturbed soil. Therefore,

ûrost could penetrate to a depth of seven or eight feet in

backfill rnaterial. A watermain could be subJected to freez-

1ng, however, bhe heat disslpated by the flor,ring water has

been observed to be sufficient to prevent freezing.

1l+



CHARåCTERTSTICS OF BACI(FÏLL

The characteristics of the backfill soils for
l"'Í¡rnitoba A.venue and Cordova Street have been summarlzed

1n Table 2. From visual observation, the backfill at

?57 l,tiarlitoba Avenue was selected, as being typlcal of back-

fill soÍls along l4anitoba Avenue. AIso, by visual observa-

tion the backfill at 480 Cordova Street appeared to be

typÍca} of backfill soils along Cord.ova Street.

TABLE 2

Location
and

Depth

257
l.{,anitoba
Ave.
D = @ ft.

BACKFTLL SOILS - LABORATORY ANALYSIS

Hydrorneter Liqufd
4grlysis Limit

clayey
sandy silt 3l+.5

¿l80
Cord.ova clayey
Street sandy silt 25.5
B = l¡ ft,

L5

The Atterberg limits for backfillaat 257 Nianj-toba

Avenue indicate a material of low to medlu¡r plasticlty. Thls

backfill materlal also has Bed,ium to high d.ry strength, med.lum

to high susceptibllity to frost action, low permeability and

med,ium shrinkage, expansion and elastlcity. Similarlyr the

Atterberg limits for backfill at ¿r8O Cordova Street lndicate a

material of low plastlcity havlng slight to medium d'ry strength,

PIastl-
city
ïndex

L3.l+

Shrink-
age Specific
Limit Gravity

2t+.I3 2.77

Standard
Froctor
Maxirnum
Dry
Density

9) .5

4.,1+ 18.02

Standard
Proctor
Optimun
Moisture
Content

23.5

2.77 98.0 20.0



mediurs to very high susceptibility to frost action and

slight to medíum shrinkager expansion and elastLcity; it

is slightly more permeable than the backfilt materiaL on

t¡lanitoba Avenue.

t.t :'ì, :f::- r6



F]I]LD INVdSTIGATTON DATA

Flots of natural moisture contents in undisturbed

and backfill solls, d.ensÍ.tles in undisturbed and. backfitl
soils and soil profiles Ín r:ndisturbed, and backfill soils
have been drav,¡n for each }ocation investlgated to assist

1n the analysis of the results of the lnvestlgation and to

compare the resul-ts of clifferent methods of compaction em-

ploying various backfill rnaterials.

Further, various combinations of dry density

versus moisture content for each type of naturally occur-

ring undisturbed soiL, dry density versus moisture content

for backfill soils compacted by various methods, depth ver-

sus Î?averagett backfill moisture content and depth versus

tlaveragerf backfil.l dry denslty hrere considered. to have

signiflcant revelations best illustrated in the form of

graphical plots.
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DI5CUSSION

To studv slgniflcant relatlonshlps of solr den-

s1t1es, nolsture contents and depth, Dra-.,r1ngs 1 to 12 have

been prepared. Drgwlngs 1 to \ eontaln prots of dry clen-

slty versus molsture content, standard proctor eonpactlon
eurves and zero alr volds drv denslty eut'ves for undlsturbed
solls deslgnated A, B, c and D, eorresponding to depths of
two, four, slx and elght feet respectlvery. Drawlngs \-l
and r+-e contaln plots of dry denslty versus molsture
eontent and zero alr volds dry density curves for baekfill
sol1s on Manltoba Avenue and cordova street. Drawlng 5 con-
slsts of plots of "average, baekfill nolsture eontent versus
depth for ManLtoba Avenue and for cordova street. Drawing 6

lllustrates I'average?t baekf11l dry censlty varlatlon wlth
depth for Manltoba Avenue and cordova street. Maxlmum stan-
dard proctor drv denslty versus deoth curves have also been

plotted. The Bareo Rammer baekfill dry denslt¡¡ versus denth
curve for cordova street has been plotted as â conparlson wlth
'raverage'r baekf111 dry densltles and maxlnun proctor densltles.
In addltlon, plots of densltles obtalned bv the standard proc-
tor compactlon at molsture eontents eorrespondlng to ,taveragert

backfl11 molsture contents for the respectlve depths have been
drawn for both Manitoba Avenue and cordova street.

DrawLngs 7 to 12 are plots of dry denslty versus
molsture eontent as determlned cluring the rgrg lnvestlqation
for backflll conpaeted ln layers of varylng thlekness and by

several nethods as indicated.
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The results of ühe investigatfon have been discussed

under the following headings.

(a) Undístr¡rbed Soil Densi-ties

The dry density versus moisture content plots for

the undisturbed solls were found not to folLow any patterll..

An exception must be made for soil D, for which the pì-ot of

densitles appeared to parallel the ze?o air voids dry density

curve.' No relatioirship was found between depth and density

for any of the soils.
Ir¡difidual plots of the standard' proctor dry d'en-

sity versqs moisture content for soils A, B, Cr D, indioated

the folloqlng. For clay type soils, A ancl D, undisturbed

fleld densities were found to be both higher and lower than

standard proctor densities. TLris fndicates that a,compactive

effort, equivalenü to the stand.ard proctor, could produce

deirsj-tles both higher and lov¡er than those in the undisturbed

soils. For soils B an,l C (¡ottr silts) ttre standard proctor

densities $rere found to be .generally higher than the 'und.istr:rbed

field densities. Therefore, a compactLve effort equivalent to

the standard proctor would produce densitles higher'than exlst-.

ing field densitíes in the undisturbed. sllts.
A plot of the zero air voids dry density curve for

each of the four soil types showed that some field clensities

1n the undisturbed soíls r¡r'ere equivalent to zero air volds dry

density. This indicates that because of èbmplete saturation 
..

hlgher densities are not possible without loss of moisture.
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(U) t'Ave.raEel Back{ill Drv Densitv
'.' 1 .. r-fr:1 -r r---- r --' :i;ì-1 ,:iÌi.!,,:rnAveraget? backfill dry densÍtíes, that is, an'''',''':'

"::' i t"
aVerage value of all the densities determlned at corres-

ponding depths, maximum standard proctor dry densities

and. stanclard proctor dry densities corresponding to average

moisturecontentsatthedepthsshovrnhavebeenp1ottedin
Drawing 6 for l{anitoba Avenue and Cord.ova Street. For

Cordova.street a plot of depth versus backfill dry density

produced. by the Barco Rammer has also been included.

Àn analysÍs of Drawing 6 indj.cates several signi-

ficant poinos as follows:
ITiANITOBA. AVEIìUE

I) Backfill d.ry density decreased wit'h depbh from

the surface to the three foot depth. This ind'i-

cates that a highen compaciive effort had been

exerted as the'backfilling approached the surface.

2l M.raximun standard;proctor dry density vras found to

be greater than backfill dry density at four, six

and eight foot clepths. 0n the basis of density

along, this is not a fair comparison because natural

moisture conlents in the backflll hlere much higher

than optÍmum as indicated by the standard þroctor
i ,t - compaction eurves. This 'does, however, show that

- with proþer moisture content controJ while compacting,

Possible.
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3) ItAverageft backfirr dry density was found to be
slightly less than stand.ard proctor dr-rr density at
correspond'ing ¡noisture contents. The compactlve
effort applied to the backfill was therefore
slightly less than that of the standard. proctor
assumÍ.ng exi.sting moisture contents reasonably
cornparable to those at the tÍne of backfilting.

T) rt was found that backfilr dry density fncreased
from the surfaee to the one foot depth anci decreased,
from the one foot depth to the four foot depth.
since the only compaction appried to this backfir-r-
was that of equipment travelling on the surface of
the backfil-led trench, the de'sities i¡rdicate that
this compactive effort had an effect to a depth of
four feet in Looser-y placed baekfirr.. The r-ower d.en-
siti'es above the one foot depth are rikery the resurt
of d'isturbance during subsequent randscaping. Belor¡¡

.the four foot depth, erratic variations in density
indicate littre if any effect from surface compaction.
l4aximum dry denslties by standard proctor compaction
ürere found to be greater than backfilr d.rlr d.ensities
at the four, six and eight foot depths as was also
oÌ:served on l'4anitoba Avenue. This Índicates that
higher densitfes in the backfill are possÍbre at optimurn
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rnolsture eontent wlth a eompletive effort enulvalent

to that of the standard proetor.

l) "Average" backflll dry densltles ',tere found to be only

s1lghtlv l-ess than standard proctor dry densltles at

eorresponding molsture eontents. Thls lndleates thzit

the conpaetlve effort applled to the baekfill was

less than that produeed by the standard proetor test.
Thls was evlclent lnsplte of any eonsolldatlon whleh would

have tended to lnerease baekflll densltles.
l+) Baekflll dry densltles by the Bareo Rammer were found

to be hlgher than average backflll drv densltles and

also hlgher than standard proctor drv densltles at

eorrespondlng nol-sture eontents. Thls comparison 1n-

dleates that a single pass of the Barco Rammerr Pêr

nlne lnch layer of soll, produced denslties. from ten

to elghteen oounds per errble foot hlgher than densltles

1n loosel-y plaeed baekfl11 recelvlnq onlv surfaee eom-

naetlon from a rnoving traetor and havlng consolldated

for seven years.

ll At the four and slx foot deoths the dry densltles of

the baekflll compaeted by the Bareo Rammer hrere found

to be less than the maxlmum standard proctor dry den-

sltles on the tan silts. Thls ls not a falr eonparl-

soo es the backflll at these depths conslsted of a

mlxture of clay and s1lt.

t8



The plot of dry density versus moisture content
for Þlanitoba Avenue inciicated a d.ecrease in molsture con-
tenË between the one to five foot depths followed by a gradual

incnease to the eight foot depth. The plot for cordova street
shows a graduar increase in moisture content between the sur-
face and the eight foot depth. This difference can possibry
be attributed. to more closely spaced. and. larger trees along
Manitoba Avenue as compared to Cordova street. past studies
have shown that tree growth can re.move large amounts of rno.is-

ture from the soil. rt is suspected that moisture removal

by trees resulted in the lower noj-sture contents on l.ianluoba

Averiue. 'ilith lower moisture contents nearer üo the optlmum

for compaction, higher backfirl ,densities would result.
This leads to the belief that arong streets with treesr Qx-
cavated soÍls would har,'e moisture contents more nearly at
the optlmum for maximum dpnsity than on streets with negli-
gibLe tree growth.

COUiP.{C'TTON ESUTPMENÎ
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The dry densities produced by üarious

compactlon have been plotted against moisture

thç tíme of lnvestigation, in Drawíngs 7 to 12

and stud,y. any significant relationships. For

of compaction two plots were made utilizing a

methods of

contents at
to determine

each rnethod
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thickness of compacted so11 layer to eompare densltles
produced. A dlreet eomparlson of resultlng densltles
eould not be made beeause the melsture eontents were not
equa1. A eomparlsorl of densltles uslng optlmum molsture
eontents could not be ¡nade elther beeause the optlmum nols-
ture eontent 1lsted was that deternlned for one representa-
tlve sample and not necessaril;r the sane for all the samples.

In lable 3 the optlururn molsture eontents are those
determlned for the baekfill so1ls at ?-5? llanltobe Avenue and

480 cordova street onLy. A thorough laboratory anal-vsls was

iìt.rl

not eonclueted on the backf111 naterlal
Table 3 1s a tabulatlon of

data for varlous types of eonpaetf-on
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TABLE 3

Location

COiIÍPÄCTIOIiI DATA

.,

Compaction Thicknesses ofÛ
Apparatus Soil Layerrins.

22b Vanitoba Gardner 12
Ave. Denver

226 ltlanitoba Gardner 6
Ave. Denver

252 \lani.toba Le Roi 18
,rve. Tampef

2\J Trtanítoba Ï,e Rol 9
Ave. Tanper

261 }lanitoba Pavement Surface
Ave.. Breaker Compacted

I'ianitoba ,\ve. Pavement Lz
& Maln St. Breaker

255 I.rtanitoba Hand. Tamper 9
Ave. and \ilater Jet

245 l{anitoba Hand. Tamper 7
iive.

257 itanttoba Hand Tamper and
Ave. 3 minutes It'Jater Jet

258 l"ranÍtoba Hancl Tamper and
Ave. 15 minutes Water Jet

480 Cordova Loosely Placed
St, surface compacted

by traetor

5L6 Cord.ova Loosely Placedst' 
;Ï"fiå:'ål*o"cted

l+80 Cordova Barco Rammer g
st.

uû. xå-û
Average - Optirnum Average
I,'loisture l¡loistureDry Density
Content Content p.c.f.

30.9

3l+.O

16.1

20.2

l.9.9

2b,o

25.5

2l-.l+

20,3

31. ¿l

31.8

61 I
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23 .5

23.5

23.5

23.5

?3.5

23.5

23.5

23.5

?3,5

23,5

23,3

90.l}

9t+.)

86;0

93.3

t
**,

*û,$

92,L

82,3

81r.3

8r,o

gb.2

78.1

97.0

From City of Winnipeg record's.

irioisture contents at time of investigation in Lg58

Frorn stand.ard. Proctor test' on representative samples.

30 ¿9

29.1+

23.3

23.3

82.5

98.5



A study of the dry denslty versus molsture eontent

plots (Drawlng /) for the Gardner Denver compactor reveals an

erratlc se^ttering of nolnts. It 1s, hovever, evident that
for the baekflll at 226 Manltoba Avenue the optlmun molsture

eontent ls 1n the vlelnlty of 2r4. The average density for
sorl compacted 1n s1x lnch layers 1s 94.3 pounds per eublc

foot at 34.OØ rnolsture content and 9O.l+ pounds per cubte foot
at 30.9/l notsture eontent when eompacted 1n twelve lnch layers.

Slm11arly, plots of dry density versus nolsture con-

tent for the Le Rol tamper do not follow any pattern. rt may

be noted though, that most of the nolsture eontents are below

optimun. The average dry densltles are 93.3 pounds per cuble

foot at 2C.?-% molsture eontent and 86.0 pounds per eublc foot
at 1rr.1ß nolsture eontent correspondlng to backflll soil-

layers of ! and 18 lnehes, respectlvel;r.

The Pavenent Breaker produeed an average dry den-

slty of o2.1 pounds per euble foot at rg.gfi molsture content

when taurped at the surfaee onlvr âs eonpared to 82.3 pounds

per euble foot at 24.0 fr notsture content when tamped ln
twelve lnch layers

A study of the results produced by the hand tamper

shows that the average baekflll densltles are lower than those

produeed bv anv other method. The resrrltlng average dry den-

slty vas found to be hlgher when hand tamplng was eomblned

wlth some water jettlng even though the layers of soll hrere

62 1
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nlne lnehes thlek for the jetted locatlon as eomrared to

seven lneh layers for the non-Jetted locatlon. Hand tamp-

lng 1n ten lneh layers asslsted by water Jetttng for several

mlnutes produeed an average drv denslty equlvalent to the

denslty obtalned by conpactlng slx lnch layers of solI wlth

3nver eomnaetor. Thls. hot accountedthe Gardner Denver compactor. Thts, however, can be I

for by the dlfferenee 1n mol-sture eontents, belng 20.3fl for
the hand tamper ( optlnun molsture eontent for 257 Manltoba

Avenue was found to be ?-3.5fi) and 3).Ofr for the Gardner Den-

ver compaetor. Further study of the hand tamplng results,

when asslsted by water Jettlng, lndleated a high nolsture

eontent eorrespondlng to a long water Jettlng perlod. Thls

shows that the molsture added to the backfill by water iet-
tlng has been partially retalned.

onLoosely placed, surface compaeted baekflll
Cordova Street was found to have an average denslty less

than that produeed by hand tamplng asslsted by water jet-

tlng and hlgher than hand tamplng wlthout water Jettlng.
Average densltles for the above are 84.8 porrnds per cublc

foot, 86.2 pounds per cublc foot and 82.7 pounds per eu-

ble footr rêspeetlvely. Thls 1s not eonsldered to be a falr
comparison because an lnsufflcient number of densltles are

avallable for Cordova Street whleh may not be representatlve

of loosely plaeed, surfaee compacted backf111.

It ls belleved that some error exlsts ln the baek-

f111 densftles produced by the Barco Rammer at \BO Cordova
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Street at the one and three foot depths. However, sven when

using the actua] determined densities at these two depths the

average backfill density at 88.5 pounds per cubic foot is
still higher than that prod,ueed by hand tamping, loosely

placed (sr¡rface compacted) backfill, hand tamping assisted

by water jettingr or Pavement Breaker conpactioll. Omittlng

the calculated densitles at the one and three foot depths

would produce an average backfíl-I densíty hlgher than that

produced by any other means of compactÍon.

Very signifícantty, dry densities Ì/{ere generally

four¡d to be higher where a thinner }ayer had been used fn

compactÍon. This was ind.lcated eveq,after several years

from the tlme of'compaction tg the time of investigation.

It also ind-icates that ùhe higher densitles so obtained are

retained over a considerable.Iength of time.

The ideal condition 1n baekfilLíng trenches is to

use the mater.ial that was excavated and to compact it to the

same density at the same moisture content. as the adjacent

r¡ndisturbed soLls. This would ideally minimlze differential

movement between the backfill maÈeria1 and the adjacent und.is-

:e the Per cent of moisture contentüurbed. soil. However, since the per cen

in the soil ls a contl-nuous varl-ab1e wiÈh tlme, to achieve

this conditlon a strict control of the moLsture content ín

the backfill so11 vuould be required during the backfilling
procedure. Backflll sofl densities would be required in each

layer of compacted soÍl and additional backfill could. not be

6t*



placed' untll a check indicated whether the rayer of backfirl
soiL had been compacted sufficiently. The time required. for
denslty and molsture content determinations wourd make a
field control program of this type prohibÍtlve.

Practical solutions are :

1) Backfillf.ng wlth the excavated soir at lts naturar
molsture content (which is generally higher than
optimu¡n) and compactlng by mechanicar apparatus such
as the Barco Rammer, Gand.ner Denver tamper, Le Rol

Backfill, prior
to compaction should be praced in layers of nine
inches or ress. some subsidence and d.ifferential
moyement can be anticipated when backfi]Iing.by thls
method.

2) I Backfiuing wlth nunshrinkablerr material to within
three feet of the ground surface and filrlng the
rennind.er with excavated. soil mechanicarly compact-

ing nine inch rayers of soLr or ress. This would

eriminate the necessity for compaction berow the three
' foot depth (whlch does not seem to be sufficiently-------J

effective) and ease exeavation between the surface

and the three foot depth when necessary to repair the
watermain.
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CONCLTJSTONS:

sugqe st s

T)

An analvsls of the results of thls lnvestlgatlon
several slgnlfleant coneluslons i

Plots of dry denslty versrrs existlng molsture

eontent did not follow any pcttern.

No relatlonshlp was found between depth and dry

denslty ln undlsturbed so11s.

The natural densltles of the elay so11s, A and D,

were found to be both hlgher and lower than the

densltles proclueed by standard proctor eompâetlon,

The natural densltles of the silt so1ls, B and C,

were found qenerally l-ower than the Censltles Ðro-

duced by standard proetor compactlon.

Some natural densltles ln the undlsturbed solls
r¡¡ere eoual to the zero alr voids densltv.

Sone so11 molsture along M anltoba Avenue between

the one to flve foot depth has probably been

removed by the roots of trees.
Natural soll rnolsture contents were found to be

generallv lower than optlmum at the two foot depth,

hlgher than optimum at the four and slx foot depths

ancl both hlgher and l-ower than optirnun at the elght
foot depths.

The denslty of baekflll materlal was found to
generally lncrease between the three foot depth and

the surfaee.

2)

3)

tr)

5)

6)
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9) The lraveragetf denslty of baekfill materlaf was for:nd

to be sllghtly less than the denslty of the same

rnaterlal eompâeted by the standard proetor eonpaetlon
at eorresponding molsture contents
The Gardner Denver tamper produeed htghest densitles,
followed by the Le Roi tamoer, Barco Rarnmer, pavement

Breaker, hand tamper ancl water jettlng, Loosely plaeed

backfl11 compaeted at surface by traetor; hand tamolng
produced the lor¡,¡est densltles.
By elimtnatlng the two densitles (at the one and three
foot depths) which are belleved to be ln error, the
âverage densltv produeed by the Bareo Ra¡amer would be

higher than that produeed by any other method of coñ-
paetlon lnvestlgqted. (A slngle pass rr¡as made wlth
the Bareo Rammer compaetlng nlne inch layers of baek-
f 1t-r )

Hlgher denslties rr¡ere generally obtalned when uslng
thinner lavers of baekf1ll for eompaetlon.

rt would appear that baekfill sol1 denslty ean be

retalned long after compactlon.

10)

11)

12)

13)
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PhotograPh 1* *xoavated test Ptt on ltenitoba
¿"*on* unote locátlon relative
to slüewalk.

".r. 
tìr:i,

...r:''þ::;.:- {:;.-

Photograph ã* *IÄqnitoba'A'venue " 
showing locat'ion

äf--tt*u* relatiúe to sid'ewa1k
aniL street curb" '



/L

Photograph 5**Test ¡¡tt on Þ,{enitoba Âç"enue in
prCIsess of exeavstion showing
ãenslty deterw.ination apparetus
i"e n ,sand. cone rrubber bal1oon,
and. oi1 weight apparatus"

Plrotograph 4. *Density determinatfon-by- so'ncl
çons aþparatus on Manitoba Ävenue.
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Photograph 5"*Tree rûot sueh
elong Þianitoba

8.S eneountered,
å.venue "

Photograph 6**Loosely backfÍlled test pÍt CIn
&{.anj-toba "dr.r¡enue,note ba skf i11
so1} Left over"



Piro'ür¡Ì"ilFh ?*-1,ûosely baekfilled test pit on
Manitobe l:veÏri-tc shorving result
of subsidence"

Photograph 8*-rllrcavated test pit on Çerd.ova
Street,



Ph+togrnph I 
" 
*lJaçhf i11-Ì:e lng
Bareo R&innür"

eompacted by the

Ph'*È'rgranh l-t*-fest pit compacted. by the
Barco Rarnmer"



The taklne of field densit-rr measLlrements duri-ng

thLs 1n\¡estl-gatlon by the stendn:rd sand eone, rubber ba1*

.r-oon u ol1 '+elqht anC mere,rry d isnlacement method s nrovi ci ed

än auuortLrnlty f or a comparison of the quantltatl.¡e den-

sitles obtained br¡ eae h rnethod anr] of the opera tlona 1 ad -

vantaqes anri dlsarlvantaqes,

The standa::d s¡nC eone wa s tlsecl 1nit1a1lv f or

,lensli:l¡ measurements" Bv probable error apolleatlon it hlas

rletei'mined that results obtatned by the sand cone were most

eecurate anC therefore were utilized J.n the lnvestlg;tlon

änå1.¡ses " Denslttes determlned by the sanri ccne \"Iere

sl i-ght,ly lo',rer than those cietermineci by anv other method "

Posslble mlnor errors introdueed lnto tiris methoC ineluded

those of we1-ghtng, lnconsl-stencv of sand ¿s¡slfy and an error

lnetrrred blr innroner seatlng of the base plate" The pereentage

of error earrsed b.¡ an improuer seatLng of the b¿rse plate would

very wlth the indlvj-ri ual o belng ela ssif J-ecI â s a rrh',lman error't 
"

More tlme ln¡as rerul-red f or a rlensity cletermination utll-l zLnq the

snnd eone than for any other methodu however, it ls felt th^t

the âecuraey obtained Justlfied the use of sLrch time.

Measurement of sc11 densi-tles wlth the rubber bal-

l-oon acparatus geve the highest densit j-es " It 1s belleved

A:lEi\rux J.-

DENSITY },fi ÀSU il]tl{iiqT T.qTTlOÐS



that the accuracy was affected. by irregularlties in the
surface of the hole prepared for density measurement and by

any incrination from the vertical of the apparatus. ,lhe re-
moval of soil- to form a smooth surfaced. hore is quite diffi-
curt with the resurt that the rubber barroon cannot filr al-r
the depressions and irregurarities. Thls, it is believed is
the factor contributing most to the error invorved in den-

sity measurement by the rubber balroon method. The rubber
barloon d.oes have a,n advantage fn requlríng Less tLme for
a density measurement than any other nethod used.

The noil weightr method gave d.ensitfes higher than
the standard, sand, cone and lower than the rubber barloon

apparatus. Density measurement by Ëhe troil weightrr method

can be effectively employed only in a soil of low porosi.ty.
The accuracy of thls nethod is affected by errors in weigh-

lng, inconsistency of sóI densitï, absorption of otl by the
.soil and difflculty in forming a horlzontal surface on the
top of the excavated hole. This nethod. was also objectionab]-y
messy

severar r¡ndistr.rrbed solr sampres vrere cut from the

clays encor¡ntered for density deternÍnations by mercury dis-
pJ-acement. smaÌl cracks and fissures 1n the samples, caused,

by desiccation, made it extremely difftcutt to make ârr âc-
curate density d.etermlnation. rf satisfactory soil samples

courd be obtained the refinements in volume and weight rilêâ-

sures possible would make this method. the most accurate ar-
though it is rather time consumÍng.

n/-

:r_rì-r,-.i!-:::-rt: j:,3..ì.¿ ì



ït should be noted that arl errors involved in
each method of d.ensity measurenent would very v¡ith the

lndivÍdua1 and only the average of errors incurred by

several investigations would have some significance"

'/'7



Ar-PENDïX 11

jICONONITCS OF B.A.CKF]LL CqUTNCTTç'it ÀPPÄRATUS

þihite backfilling over house service plpes along

Manitoba Àvenue ín L95b, records hlere kept of al} pertin-

ent information including types and thicknesses of layers

of backfíll material, tnethod, amount and length of time of

compaction.

The costs of backfill compactÍon ìly various methods

were determined usÍng the lnformation available from these

Cfty of Winnipegi ldaterworks Department, records for it{anltoba

Avenue" Unfortunately, the information avallable was limited

and at best the cost determinations are only approxlmaten

Determinations of compaction costs were made based

on the foltowing hourly wage rates (these include overhead

costs) which are in effect at time of wrfting.

Labor ;iþt.94 Equipment operator $2"00

Equipment (tractor, compressor, truck) - !lI'00

An econornic analysi-s of the several methods of

compacting backfill based. on a ndnimum of operational data

Ís presented in Table 4.
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TABL¡ü /+ COX{PÄCTION COST

Compaction
Equipnent

Gardner
Denver

Le RoÍ
Tamper

Favement
Breaker

Hand. Tamper

Yrrater. Jetting

Number of backfilL
locations studied

2

SUMþIARY

Thickness of Soilt
layer to be com-
pacted. lnches

A The rrthickness of a soil layer to be compatbdiltt

for more than one location lnvestigated is the ttaveragett

thÍckness,

The above cost study applies only where the

excavated. material had been utilized for backfilling. .

several of the experimental trenches along rlanitoba Avenue

r¡rere backfilled with gravel and. compacted by the Gard.ner

Denver tamper. Backfilling in thls manner can be costly
after the purchasing and. transportation costs have been

added to the costs of backfilling and. compacting. Two

rocations, backfilled with graver and compacted by the Gardner

Ðenver tamper resulted in a backfitllng and. compacting (in
twerve inch layers) cost of #3.29 per cubic yard of compacted

gravel. Vlith gravel priced at ,iZ.5O per cublc yard, the cost

of backfilllng with gravel is ìi5.79 per cubic yard plus a

$3.00 per hour truckÍng cost. Considering. a minirnum trucking

I

¿

I
3

L2

Cost of compactlon
per cubic yard

79
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T2

48

4þb.25

#2,78

'i3 .52

{þ2. [8

$0.84



time of one hour in lJinnipeg, the cost of baekfllJ-ing with

gravel would be #t.7g per cubic yard.
Î?Unshrinkablett backfill ma,terial has afso been used.

quite extensively in lrlinnipeg. The purchase cost of llunshrink-

ablett backfill fluctuates with de¡nand, being l¡6.73 per cubic

yard at time of writing. This backfill material requires no

compaction and the only other costs are trucking and a small

placement cost. ?rUnshrinkabletf backfill in place, costs ap-

proximat,ely $8.79 per cubic yarC; this is the same as gravel

backfill compacted in twelve inch layers.

The eost of compacting backfill by the Gardner

Denver tamper, the Le Roi tampen and the Pavement Breaker is

apÞr.oximately :it+.25 per eubic yard of materÍal, compacted in

twelve inch layers. A cost of compaction comparison with the

Barco Rammer was not consid,ered practical because only one

Iocation was compacted using the Barco Rattrer, for which the

rate of compaction was not consid.ered normal. Costs of back-

fill cornpaction hrere available from the Barco i{anufacturing

Company, however, the extremely low cost and rapÍd rate of

compaction indieated that these cost studies r,¡Iere made with

highly skilled and efficíent machine operators.

The cost of hand, tamping at ilZ.48 per cubic yard

of compacted. material is approxirnately half that of mechani-

cal compaction.

Densifying backfilt by water jetting may fluctuate

extremefy in cost depend.ing on the permeability of the backfill.

I

, :' i\ìr..1.: r.lìüÌiiìr ., 
I i ::ll. 1,,, :.t,,.r .
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I

A cost of $0.8.l¡ per cubic yard of water jetted backftll
based. on three locations along ivlanltoba Àvenue was ap-

proximately twenty per cent of the cost of compactÍng

backfill mechanlcally.

The data utflized for a cost analysis of backflll
compactlon .and cornpactlon cost determinations is summarlzed

in Tab1e 5.

It should. be noted that the various methods of.com-

pactf.on resulted in varying degrees of densifícatj.onr.wlth

the hlghest densÍtles obtalned by mechanical compaction and

the,lowest densittes by the ha¡d tampLng and water jettifig

as indLeated earller.
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