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ABSTRACT OF THESIS

WINNIPEG WATERMAIN BACKFILL STUDIES

Previous studies havé indicated that movements of
~watermains in the Winnipeg area are of sufficient magﬁitude
to cause fiexural failures in corrdsion weakened watermains,
It was suspected that the t&pe of backfill material, state
of density of the backfill, and techniques of backfilling
and ¢ompacting had an appreciable effect on the resulting

" movements,

' A field investigation was conducted té study back-
fillxmaterial, obtain quantitative densities in backfill and
for comparison,.in ad jacent undisturbed soils; effects of
various'methods of compaction wére also studied. Results
indicated that densities produced were highest when the
backfill was compacted by mechanical apparatus then decreased
as coﬁpacted by the hand tamper and water jetfing, loosely
placed backfill compacted at surface by moving tractor, and
by hand tamping, respectively. Trial compactioﬁ'by the Barco
Rammer compactor resulted in densities higher than those
'ﬁfbduced'by any other method of compaction and higher than
densities in undisturbed soils.

It was concluded that to backfill and compact in the
ideal manner required a very strict moisture content and com-
paction control, the cost of which would be prohibitive,

However, suggestions were made for improvements in the manner



bof backfilling and compacting which it is believed would
effectiVely lower the number bf'flexurél breaks in water-

mains and reduce maintenance costs,
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" INTRODUGTION

An earlier 1nvest1gatlon conducted JOlntly by the

' .D1v151on of Bulldlng Research, National Research Council, Ottawa,

- the Department of Civil Engineering, University of Manitoba and
the Winnipeg Waterworks Department; in 1955 and 1956 esteblished
that vertical ground movements due to soil meisture variabiohs in:
 the Greater Winnipeg area were of sufficient magnitude.te cause -
flexural breaks invcorrosion weakened cast iron watermains.l It -
was}also susPected that the pibe movements were aggravated by the
‘variation and lack of adequate compaction of the backfill. The
decision was therefore made to investigate the effects of pest end 
“current watermain backfill and backfilling teehniques._ As part of
this program, an investigationVOf'soil densities in backfiillmae
terial and in adjacent undiséurbed soils was underﬁaken to deter-
v'mine‘Whether backfill was being placed in a more or less dense
- condition than. ‘the adjacent undisturbed soil.
| ' Two locations were selected. The flrst locatlon was onv
Manitoba Avenue where the City of Winnipeg,had experimented with
various backfill materials using eeveral methods of compaction.
However, ho'evaluation of the densities obtained had been made and
e it was con31dered de31rable to do so at this time.
In the fall of 1954 a new watermain had been laid along
Manltoba Avenue with partlcular attentlon given to backfllling over
_house-serv1ce pipes. The baekflll over the watermain had been
loosely placed by a front-end loader tractor. Clese»inspection'ef |

the backfill procedure‘had been maintained by a senior member of



the Winnipeg Wéterworks,Departmenﬁ. Notes weré_takén of the

type and thickness of each layer of backfill material, type and

' amount of compactive effort, amount Qf water jetting if used
and‘length of time required for each.backfilling operation. Ih
addition to the compaction the backfill material received in

1954, it had since consolidated. | | |

| For comparison purposes it was considered:desirable to
obtain quantitativevdensity measurements at the second locatiﬁn

oﬁ Cordova_Street where a waﬁermain_had been laid in 1951 with
 backfill being placed loosely‘b& a frbnt-end 1oader‘tra¢tof.'

These two locations offered an opporﬁunity to assess the effective-.
ness of compaction Where,different backfilling techniques had beén ‘

employed.



' PRELIMINARY CONSIDERATIONS

Three extremely important reasons necessitate proper,

, 2
‘backfilling of plipe trenches., They are:

a)

b)

c)

to support and protect the pipe

to provide a good foundation for any overlying
roadways

to'proVide support for adjoining structures

Generally it has been found that backfilling methods

to date do not sufficiently satisfy any of the aforementioned

reasons, Considering the location of watermains in Winnipeg,

only the first two reaéons apply in residential districts while

all three reasohs apply in the downtown commercial area,

The experience by the City of Winnipeg with watermain.

backfill has shown the followings:

1)

2)

If the excavated soil 1s placed as backfill, it
eventually subsides and requires continual main-
tenance for several years. This has been found
highly undesirable where the backfili has to sup-

port a pavement,

Gravel backfill, which has been used extensively
for backfilling repéired pipe sections, has the
undesirable characteristic of being very permeable,
Also, the gravel behaves in a different manner than
the adjacent cohesive soll found locally when sub-

Jected to moisture variations.



3) Since 1954 the City of Winnipeg has used
"unshrinkable" material, which consists of approxi-
mately f;fty pounds ceﬁent to a yard of wetted
gravel for backfilling repaired pipe. "Unshrink-
able” backfill provides a very dense, cemented
condition; however, it has been found difficult
to exéavate when repairs to the pipe are required
and also does not behave as the surrounding soilv
when subjecfed to moisture variations.

Observations made by J. J, Hamilton3 and T, W, Godfreyh

indic-te that flexural fallures of watermains are often the result

‘of improper backfilling techniques.

Watermains are laid in trenches ei&avated by‘either a
trenching machine or a backhoe. Soil excavated by a trenching
machine is well mixed and may be considered to have a uniform con- -
sistency, When used for backfilling purposes, solls excavated by
a trenching machine have been found to compaect well with a low per-
céntage of voids. Soil not compacted at time of backfilling has
been found to be quite permeable, Subsidence of the backfill
oécurring over several years will reduce permeability appreciably,
However, before appréciable subsidence and when the void ratio of
- the backfill is large, water can percolate throﬁgh the backfill
"~ to the soils envéloping the pipe., Absorption of moisture by thev
soil supporting the pipe generally causes the soil to swell, that
1s, increase in volume., This actidn may be suffié¢iently non-

uniform along a watermain to result in a flexural'break, particul-

‘arly with corrosion weakened pipe or pnipe of small diameter.



Soils excavated by a backhoe present a more severe
problem when used for backfilling nurposes. Soil excavated
by backhoe is usually very lumpy and when used as backflll
produces large voids, A breakdown of the soil lumps results
- in large subsidence of the backfill, Also, water éan easily
vercolate down through the volds. Similarly, as for loosely
"placed trenching machine excavated backfill, the soii envelop-
ing the watermain absorbs the pefcolating waﬁer, swells, and‘
the resulting movements of the cdrrosion weakened watermain
may be sufficlent to result in a flexural failure.

Percolation of surface water through the backfill
has been alleviated by the use of "unshrinkable" material;
however, as mentioned before, "unshrinkable" backfill aléo
has disadvéntages. |

Soil moisture determinations made at the University
of Manitoba hazve indicated that desiccation'ofbsoils accom-
ranied by shrinkage, at the depth of watermains, can occﬁr.
This process would affect the watermain stability by rémoving
support along the pipe and if it is non—unifbrm, would produce

differential movement,



WINNIPEG S0ILS

The soils in the Greater Winnipeg area as established

by several investigators can be classified as follows:5

a)

The top surface is a dark grey silty organic clay
varying in thickness from several inches up to about
two feet. |
Underlying the organic clay is a tan colored silt,
sandy silt or clayéy silt varying in thickness up to

ten feet. This material generally has two distinct

‘layers distinguished by the presence of soluble salts

in the lower layver which have been leached from the

voverlylng material.

Below the tan silt is a layer of silty brown plastic
clay of glacial lake origin., Its composition consists
of horizontal varves of silt and clay. Varves of

lighter color are mostly silt and are considered to be

sediment occurring during the sprlng and summer high '

water or flood perlods while the darker clay varves are
sediment occurring during fall and winter low water and
less movement periods. This stratified clay varies in
thickness up to sixteen feet and generaily occurs above
the seven foot depth. ‘Sinqe.watefmains»are commonly

placed at depths greater than seven feet, most watermains,

are laid in the plastic lacustrine clay.



g)

The next stratum is a grey to blue-grey clay commoniy”
referfed to as "blue clay". Although it is also sus-
ceptiblé to volume changes, this clay is less plastic
than the overlying brown clay and sﬁch changes do not
generally occur as it is found below the zone of ééason-
al moisture variation. Deposits of this material up to
twenty feet thick are not uncommon.,

Overlying the material locally,known as "hardpann:and
undérlying the "blue clay" is a stratum of boulder till
composed of light grey silt, sand, gravel and boulders
of various dimensions.' It has sufficient moisture to
be dilatent and to ha&e a “putty-like" consistency.

The "hardpan" layer has a boulder till composition as
above‘with a high percentage of rock flour and a low
moisture‘content in a dense cemented condition. This
stratum may be found at depths from twénty to sixty
feet,

Below hardpan and occurring at depths below about sixty

feet is the Ordovician limestone bedrock.



COMPACTIGN CHARACTERISTICS

Compaction may be defined as a method of densifying
or increasing the density of a soil by the exertion of blows,
welght épplication or vibration, the purpose being to bring the
' soil particles closer together. The percentage of water in a
soil‘determines the‘density to which it can be compacted. -4
sPécific per cent of water content, called optimum moisture con-
tent, wili zive maximum density to a soil under a particular
compacﬁive effort., Optimum moisture content varies for each soil'
type and decreases with an increase in compactive effort. The
relationship between dry density and moisture content oan best‘_

- be illustrated as shown in Figure I.
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The zero air voids density curve in Figure I indicates.
the relationship of density to moisture content of a soil if the
soll contained no air., Some years ago R. R. Proctor developed a
laboratory test orocedure for determining optimum moisture conteht.
This'was later published in 1933. His method was referred to as
the standard proctor compaction which wés reviéed to the modified
proctor compaction with the advent of heavier constructibn and
and comnaction equipment, In field control the required speci-
fied density is some per cent of the maximum proctor.density.
’Thé standard proctor test was performed on soil samples recovered
_from Manitoba Avenue and Cordova Street because it was felt that
the modified proctor density was too high for the type of com-

paction equi@ment available,



FIELD INVESTIGATION PROGRAM

The methods used in evaluating backfill and undisturbed
soil densities, fiedid and laboratory compaction, have an importanﬁ
bearing on the analysis of the results. For this reason they have
: béen explained in’detail under the following headings. |
a) EXCAVATION OF T&ST FITS | |

The excavation of all holes for density detefmination in
backfillbover waﬁermains and house service pipes was per-
formed by ménual labor. Test pits along Manitoba Avenue
straddled house service pipes and lay beneath a four inch‘
concrete walk. ‘Excavations were made adjacent to the
sidewalk on the pavement side, forming a hole.about five

feet long, parallel to the sidewalk and two and one-half
feet wide. Test 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 saven and one-half feet, therefore, only one den-
sity test was taken at the eight foot depth, this being ih
the undisturbed material. |

Test pits along Cordova Street.were excavated directly ‘v'
over the pipe with the longer dimension being perpendicu- -
lar to the direction of the watermain.

b) AFPARATUS USED N DETERMINING SOIL DENSITIES
Undisturbed soil samples had formerly been taken by

T. W, chfrey6 in two inch diameter shelby tubes for the



?urpose of determining soil densities. 'Thi$ method was
found unsatisfactory as friction between the interior of
the tube and the soil sample resulted in compaction of
the soil. 1In the case of the sandy tan silt, as much as
two inches compaction per foot long sample was observed.
The decision was therefore made to utilize the sand-cone
arparatus for measuring soil densities. Later, the rub-
ber balloon, oil weight and bulk sample mercury displace-
nent methods were employed for trial purposeé.

PRCCEDURE IN DETERMINING SOIL DENSITIES

50il density tests by the sand-cone, rubber balloon
and oil welght methods all requiréd the excavation of
a small hole, approximately four inches in diameter and
four inches déep.

After several trials it was discovéred-that the same
hole could bé used for density measurements by all three
methods with consistent density vaiues. The sand-cone
test was performed first, followed by the rubber balloon
method and finally by the oil weight method. It was
found that the volume of the hole after_the sand-cone
and rubber balioon methods were used had not been altéred
because all the Ottawa sand was removed upon completion
of this test and the balloon method did not in any'way'
alter the shape of the hole., Since the oil weight method

was used luast, it was not essential to recover the.oil.

11



It was found that bﬁlk soil samples could.be_
cut ‘in the cohesive lacustrine clay only. Several
bulk samples were tcut in two inch cubes, placed in
air tight jars and 1ater trimmed to appropriate
dimensions for density determinations by displace—
mént in mercury. |
BACKFILL GOMPACTION BY THZ BARCO RAMMER

Analysis of the backfill dehsities along Manitoba
Avenue indicated ﬁhat the various compaction apparatué '
produced only slightly higher densities than th§se of

undisturbed soils. It was then decided to utilize a

compactor which seemed practicable for compacting in

narrow trenches, on a trial basis, in one test pit.

A Barco Rammer was available and since this had mot been
used under field control conditions previously, it was
therefore employed.

Normally, upon completion of soil density measure-

ments at a particular location the soil was spaded in

.lobsely without any physical compaction., However, upon

completion of soil density measurements at the first

location on Cordova Street, the Barco iammer was used.

' Nine inch layers of soil were spaded in and a single

pass'made by the Barco Rammer.

12
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DATA

,CHARACTERISTICS OF UNDISTURBED SOILS

‘Ixcept for moisture contents, disturbed and undisturbed
soil densities (which have been plotted for‘every location) a
thorough laboratory analysis was not believed necessary at each
| location'investigated.. | '

It was found that the soils at all locations investi-
gatéd dn Manitoba Avenue and CordoVa‘Street were typical of
those generally found ih the Greater Winnipeg area. A particu-
lar location, 266 Manitoba Avenue, was therefore selected for a
thorough‘laboratofy analysis of each soil type. The results

have been tabulated in Table 1.

TABLE 1 UNDISTURBED SOILS - LABORATORY ANALYSIS

| Standard Standard
o Proctor - Proctor
Plasti~ Shrink-- Maximum Optimum

vadrdmeter Liquid city age Specific Dry - Moisture
.S0il Depth Analysis Limit Index Limit Gravity Density Content
C - sandy ' ' ' S
A 2 silty clay 71.8 L4.2 14.69 2.72 89.5 - 31.2
v clayey | ' ’
B 4 - sandy silt 23.8 3.5 19.85 Re7h 110.5 - 17.2
C 6 sandy silt 18.0 0.75 19.25 2.73 114  13.0
- sandy : | »
D 8 silty clay 105.0 70.5 14.70 2.76 8l.5 = 27.5

It was evident from the Atterberg limits that the

soils at the four and six foot depths have'practically no



L

plasticity‘and undergo very liitle shrinkagevupon drying,
or swelling upon rewétting. .However, the brown clay at the
eight foot depth is a very plastié material with high poss-
- ible swelling and shrinkage with moisture changes. This
materiél-has a high dry strength, medium susceptibility to
frost action and very low permeability in the undisturbed
State; ‘Regarding frost heave, data obtained by the Division
.‘ of Building Research of the National Coﬁngil showed that>‘
frost penetration in backfill or disturbed soil can be one
and one-half times.that in uﬁdiéturbed scil.7’ Frost pene-
tratioﬁ in the Greater Winnipeg area has been found to be
about five to six feet in undisturbed soil. Therefore,
frost could penetrate to a depth of seven or eight feet in
backfill material. A watermain could be subjected to freez;
ing, however, the heat dlssipated by ‘the flowing water has

been observed to be sufficient to prevent freezing.
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CHARACTERISTICS OF BACKFILL

The characteristics of the backfill soils for
Manitoba Avenue and Cordova Street have been summarized
in Table 2. From visual observation, the backfill at
257 Manitoba’Avenﬁé was selected as being typical of back-
fill soils along Manitoba Avenue. Also, by visual observa-
>, tion the backfill at 480 Cordova Streep appearéd to be

typical of backfill soils along Cordova Street;

TABLE 2 BACKFILL SOILS - LABORATORY ANALYSIS
| Standard Standard
. - ' - Proctor Proctor
Location - Plasti- Shrink- " Maximum Optimum
and Hydrometer Liquid city age Specific Dry Moisture
Depth Analysis Limit Index Limit Gravity Density Content
257 |
Manitoba  clayey
Ave., sandy silt 34.5 13.4 Rl .13 277 9345 2345
D = § ft. , v v
480
Cordova  clayey ' o :
Street sandy silt 25.5 Loy 18,02 2,77 98.0 20.0
B =4 ft. _ ‘ : o

The Atterberg limiﬁs for backfillaat 257 Manitoba
Avenue-indicaté a material“of low to medium plasticity. This
backfill material also has medium to‘high dry strength; mediﬁm
tdvhigh susceptibility to frost action, low permeability and
medium shrinkage, expansion and elééticity. Similarly, the
Atterberg limits for backfill at h80 Cordova Street indicate a

material of low plasticity having slight to medium dry strength,



médium tovvery high susc'-veptibility to frost action and.
Si_ight to medium shrinkégé, eicpansion. én,d elasticity; it
is slightly more permeable than the backfill matérial on
Manitoba Avenue. - | |

16



FISLD INVASTIGATION DATA

Flots of natural moisture contents in undisturbed.
and backfill soils, densities in undisturbed and ‘backfill
soils and soil profiles in undisturbed and backfill soils
have,been drawn for each location investigated to assist

in the analysis of the results of the‘investigation and to

compare the results of different methods of compaction em- o

‘ploying various backfill materials.

Furthef, various combinations of dry density
versus moisture content for each type of naturally occur-
ring undisturbed soii,_dry density versus moiéture content
for backfill soils compacted by varidus methods, depth ver-
sus "average“'backfiIl~moisture content and depth versus
_ "averageﬁ backfill dry density were'éonsidered to have
significant revelations best illustrated in the form of

graphical plots.

: .17



Plates 1-17

.~ Neturel moisture content and dry density versus
depth; undisturbed and backfill soll profiles,



«

Légénd:
Undisturbed soils moisture content

| Baokfill soils moisture content--—------

Undisturbed soilé' dry density
Backfill soils dry deﬂsi‘by ------- ——

Barco Remmer backfill compection e o cum



v/'.;‘

pepTH |

N

20 a0 60 eo

60 80 100

Tan silt-

Brown clay

NATURAL MOISTURE | o o oo o:'scgg s Fdég_:
o y * o \Pel, X = R
CONTENT % e T e an 538 o
| - o | "UNDISTURBED | BACKFILL @ 4] o
: N ' - [Concrete walk 283
- | \ Orgamc dark Noravel vo,’: :
i Y A grevdclaéelyts,lt /'o/ el
A N mixed wi an
/ | | N si1t 1 2;;;;
. TV N B -
\ 1 N Flay mixed with  VVVIA -
\ : / N N D jdark grey siit éé;/ S
VA < N eror e v
— SN 1EL T A
\ % : 1.1 L - ;///
! , // ; J-1Tan sandy siit /4/ 1
iR \\‘ . . //_-
e —<— - VA
| \ ; //_//,
\ ////
////
{f///
2 4%4%%
i
g2
N 4%%7
A
49

QWAN

4

COMMENTS _
Breaker wrbh 7 dlamete“ head.

LOCATION OF EXCAVATION
DATE TRENCH BACKFILLEB

&7 Corner Main Street and Manitoba’ “Avenue. |. DIVISION OF BUILDING RESEARCH )

October 20, 1954

__.betober 20, 195k ;

August 15, x9)8

LlaX backfill tamped in one qut.laﬁr_s._oy.fﬁ_xenent_,__ DEPARTMENT OF CIVIL ENGINEER

' NATIONAL RESEARCH COUNCIL
UNIVERSITY OF MANITOBA

.| WATERMAIN BACKFILL STUDIES

- WINNIPEG  MANITOBA

8'{ 4

AL s7ak -




DEPTH#|

'NATURAL MOISTURE ORY DENSITY pof.  |EB3 Dsscg'gg:(s 29z
o : L.T. f X = R
CONTENT % At 1808 an SEERE
| ZWal UNDISTURBED | BACKFILL @ af o |
J\\X‘? ﬁ%}}csgm“ gre Conerete walk L2k :
€ : ‘ ) ) : o 0’
1 e — » N Al Tan saudy_s;.;t "Gravel 7“0 |
/] S/ B HEAE / -
| , , '
. , NN T
" 4 \\E\ uggety dark P4
3 . ¢ \E\\ grey clayey silit| 0 -,_'3
g “ . vV \\\t . _ » "o/ s P
: ‘\ : '\\ \,\\\ : %iavel ‘and brown / ___
\\ // - \ : - Tan silt % ’
5 ) - \ — v S _—5
A Vol | N 1. % ~
. . . . 1\ ; P . \ / ! . . * él .
v : \\ S /’/ / Nuggety brown 1
;- ) 1‘ | o : / /clay : /__"7
: . : N | ' ) o
8120 a0 66 80 60 80 100 120 140 Z - _ //i —8.
LOCATION OF EXCAVATION ____.22h Manitoba Avemue 1\ & DIVISION OF BUILDING RESEARCH |
DATE TRENCH BACKFIL‘&ED---,99}91031:_»_29g_.l:2§9_____-_-,______-______, _______ NATIONAL RESEARCH COUNCIL
DATE OF EXCAVATION ________ 9wty 8 198 . | UNIVERSITY OF MANITOBA
COMME!?T _____ Clay backfill tamped with GARDNER DENVER. 1EQHA¢uGALIAMER DEPARTMENT OF CIVIL ENGINEER.
’- --___----_1-@1—@:&.@%?-@9@51)_3.&-9:1.8_29_92 layers
- , WATERMA!N BACKFILL STUDIES;
~ WINNIPEG . MANITOBA™ ~
ﬁ:“ IR




oEPTHAY] |

UNDISTURBY

 NATURAL MOISTURE DRY DENSITY pef. - . ossc:g&%?{'s o "-J;l |
_ N _ n.ct " RE: S % =
CONTENT % S e |- I > o3
e Wal UNDISTURBED -| BACKFILL @ &
i:‘ | '_”:‘g§§§g§cég§€k grey) Conc?ete walk Eiiiﬁ ’
l - = 1.;I5Tan sandy.silt Gravel . ‘oz °:v
‘ 7 LT o v
\ i . ?;E;
V. // N \\\\ c )
T 77 N - /
\ / // : NNNNFuggety dark greyf :
> e 2 NNNNelayey sitt. - ‘ : /////
, \ O\ RN ’ /
Rt \ \ NN : o "4
, \ NN _ Brown clay -////‘
. \ R - . .
\\\ //// _ Tgn ’si'l‘t - %
[ \ | §§§§§
_ N/ _ o ,
. .'-jjf?/ Nuggety brown . i ///(( A
YA | 2 7

80 80 100 120 140

226 Manitoba Avenue

DIVISION OF BUILDING RESEARCH:
NATIONAL RESEARCH COUNCIL -
UNIVERSITY OF MANITOBA -
DEPARTMENT OF CIVIL ENGINEER.

WATERMAIN BACKFILL STUDIES

WINNIPEG ~ MANITOBA




w  DESCRIPTION

;  NATURAL MOISTURE DRY DENSITY §f §§_ e o E_,ﬁl | ;
‘ - .C.T. ¥x=ul
33 CONTENT %, | , p.C Eoé an R;MARKS : 288 4 8] |
o - |5"%] UNDISTURBED BACKFILL @ of o
: . NS Organaic darx creviCovorste walk A al
- \ . : \L\ \ Cziyr:-ycsi?‘g grey LO:,t > walk '0":':
| 1. u-}"ave_; 22,0 '
‘ :~ l—- g ' / [ .
: ALK ITan sandy silt _ /%
! ’ 71— L Brown clay' | /-——2 1
| _ / 471 v / : '
| . . 7/ . 1717 . . .
| / ‘ APZEE ' '
' \ ' §§§§u cgety derk 'gf:—:y . ‘ ,' |
\ N NN nrlayey siit Cravel and brovn
| <) NN ' : ciay
\\ \&\\\
( AN NN
/( j W
\ - A A : _
. \ ' i » // ' 4 i‘am_ silt | Brown clay ’ N
I ' - - - / /Raggety brown olsf /»— ‘
NT T | v 07/ i o / I
N | 1o » / . = |
\ _ : : e : / ‘ o /“8
200 40 60 80 . | 60 80 100 120 140 // / . |

LOCATION OF EXCAVATION __245 Manitoba Avenue | | | DIVISION OF BUILDING RESEARCH

DATE TRENCH BACKFILLED .October 20, 1954 . NATIONAL RESEARCH COUNCIL .
DATE OF EXCAVATION _______July 3, 1953 ____ ' _______ e e |~ UNIVERSITY OF MANITOBA
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’ "*w’»w.._:N - 52 /738

T2



DESCRIPTION

- DATE OF EXCAVATION

£ | NATURAL MOISTURE ' - 2o e
- o o DRY DENSITY pc.f. _Ew and REMARKS xzul -
& CONTENT % - 1508l S39 o
’ ZWa o
o S UNDISTURBED BACKFlLL al o
| \ / NN ("Z“w‘ﬂlﬁf“ cred Concrerne walk ,':" ’
! . - Sravel ‘e |
: 4 Sravel o0 t—
| / | | \ JTlen gand ellz " L
12 | 7 0 2
_ \\, Greavel oand /;//6 V
3 [ v A, YN c?aj  ////,*—'3
; A L | /
// \\\ :\\\ 2l
4 f B Y \\\\‘ RV Y gy e _—-4
| _ 7( N NPk gray-alayey /////
o NJsilt
I . / \» N \ ,' , ]
5—— NN / —5
A BV HH 7
\ X 1. , P s .
\ ' Y S . .
\\ ' / ‘ | Tan silt ///‘ o
7 < 4 ] /{/’—”7 |
L //V ' /////Mufjety Lrown v /- )
: : clay Lrovn elay -
{8120 a0 60 80 60 80 100 120 140 % o Y
LOCATION OF EXCAVATION <” Anitobn avenue | _ DIVISION OF BUILDING RESEARCH

NATIONAL RESEARCH COUNCIL
- UNIVERSITY OF MANITOBA =
DEPARTMENT OF CIVIL ENGINEER.

WATERMAIN BACKFILL STUDIES

COMMENTS --_::.?7;7_;:-::~;_;_1_i__{ _______
DAT E PLOTTE b".:: Gir 556 PLOTTED BY.. Jd. in .isnizk

WINNIPEG ©~ ~  MANITOBA

Fiate B

BL. /738

(44



e it i e e e e 2 e e e S e A AWl ML

a - PR «s Y
foot iavers by Le Roi tamper (5. dizmeter-headd

i e e e o e o e o o

= | NATURAL MOISTURE - | g4 DESCRIPTION 2,
- N o DRY DENSITY p.c.f. ho and REMARKS X3
& ~ CONTENT % » . } Soel : , , Q3
o | 3 ZWal UNDISTURBED | BACKFILL [@
.'\" \ NGraanie Jagx arey ggzzgite walk |22
,| ’ 0 fran sandy silt -
‘ | / N |
1, | - N\
: | —— \ _' N \\\\Dam grey clayey
\\ ,. A ' , A \ Nsilt Gravel and 4
'3 ‘.\ ' . \) ‘ - \\\\ ‘ greyish brown
{7 ST ezisn oo
N\ : / : .
P AN . ' y : 1.1 1: g i
4 < . ' o) 111 Fan sandy silt
. // ’ . » » a \\ 1 % '
L7 g : o A N : K
5 |\\ / | \ AV JBrown silty clay
6 \ v [ '\\ 1 fan silt
I ' : : ‘ Gravel
| v : N w2
I ‘ | AN 7 -
7— <_ : , / - 7 /Nuggety‘ brown
v \\\\_ . . . //;’/’ . /Blfiy
. | 1T\ - _ ' / _ Nuggety brown
20 40 60 80 80 80 100 120 140 i |eiay —
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DATE OF EXCAVATION ... fugust 1, 1958 . ... | UNIVERSITY OF MANITOBA
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WATERMAIN BACKFILL STUDIES |
WINNIPEG ~ MANITOBA |
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DATE PLOTTED __ September 1958 PLOTTED BY_  J- D. Mshtak ~ WINNIPEG  MANITOBA - |

BL /732



=] - - £ R E
£ | NATURAL MOISTURE | poy DENSITY pef.  |Bog] Dg scgggr(s - lE2g i
. h . et ‘ | - x_ v v
&|  CONTENT % | - P 28] an MA 838| ¢
8| | N | ' ZWal UNDISTURBED |  BACKFILL @ &)
- B \ - | / ' , . ‘ » b..,hj':-‘: ” ij stp; gre; Vj;;:@'te wals. :":.:
‘ R 7 duggety greyish | oraved 29 .
' | / S 777 Bt At el I o
' : 4 Tan sandy silt X '
N N :szo*m olay. . »_“_
N - |
\\\ N Dark grey gritty
‘ T ; N clayey siit -
_ '\‘ \ CNRN
| 0\
/ \ .

A -
e
|
<E——=%

' : | \\ ' % lugeety brown
‘ ~ — / clay :
\ : - N / : . /
\ A . ) .

20 40 60 80 60 80 100 120 140 /

aOaOSsT

A

“LOCATION OF EXCAVATION 57 anibobn bvowe o DIVISION OF BUILDING RESEARCH

DATE TRENCH BACKFILLED NATIONAL RESEARCH COUNCIL - -
UNIVERSITY OF MANITOBA

DATE OF EXCAVATION _ |
COMMENTS _____, ?._z__’__‘_i'_ Fi1 Jooce DEPARTMENT OF CIVIL ENGINEER

Semmmsemmes e ----- , _WATERMAIN BACKFILL STUDIES

DATE PLOTTED__Seitenber 1953 Do Msitc [ WINNIPEG  MANITOBA
Plate | | A &

Br 738



epTHst]

e :

" NATURAL MOISTURE DRy DENSITY b §§3 DSSC';'P o e d £
_ g . . .C.l. ‘ =)
CONTENT % rp 50§| an EMARKS 382 83
- | - |2“e[UNDISTURBED | BACKFILL | a] o
N _ R = Organic dark gref Coucrete walk A7 ®
. , , » / | "ayclf s1it .| arave: SN
: : : e d.*\'{re»‘*‘s JEREEL Lo Y -
| > _ — P brown 2iay . 6§>/ —
e ' L J:]4Tan sandy silt / .
2 € ' NN |
AN | \ / \\Q | / 5
S \

3 \) (/ : Qt Dark grey gritty /—

' . \ o N N siity clay Gravel and brown 0
v I/ \ : , \\\\ : clay @,

4 { \\ura \\\\ : —

// . NSNS 2

L \ : /\ NCK /

\“ E //'» . . . ' 5]

5. \l‘ | A / » : A lTaa st /W

| ! \ v , A
\J \ . o _ : A
6 — \., / : [ 4y
: A »

7 \ : : : - V . : % Nuggety orown : , _

_8 . 20 40 60 80 60 86 100 120 » 140 % ' 1 ’ /042,%
LOCATION OF EXCAVATION _-____.2_5_?_}23.:*_1_@9_‘9'51__!\_\[95__e________-____'____ ___________ - DIVISION OF BUILDING RESEARCH
DATE TRENCH BACKFILLED .___October 21, 1954 . . IR e NATIONAL RESEARCH COUNCIL
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LOCATION OF EXCAVATION _____. 265 ¥anitoba Avenue - | DIVISION OF BUILDING RESEARCH . |
'DATE TRENCH BACKFILLED ___ Ostober 16, 1954, """ """ " NATIONAL RESEARCH COUNCIL
DATE OF EXCAVATION .._.___.__ July 15, 31958 e | UNIVERSITY OF MANITOBA
" COMMENTS ... 3ackfill_composed of 157 clay in botbom of hole asd . | DEPARTMENT OF CIVIL ENGINEER.
remainder of gravel loosely placed.. ¥Water jetted for 12 minutes. , : , "] ‘
"""" L T T | WATERMAN BACKFILL STUDIES |
' DATE PLOTTED _September 1958 PLOTTED BY._.___j..D, Mishtak. ._ WINNIPEG ~ MANITOBA -
| - | : Plate 11 .. w
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COMMENTS __Clay and_silt_backfil) (material excavated from same location DEPARTMENT OF CIVIL ENGINEER
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DISCUSSION

To study significant relationships‘of soil den-
sities, moisture contents and depth, Drawings 1 to 12 have
been prepered. Drawings 1 to hvcohtain plots of dry den-
sity versus moisture content, standard proctor compaction
curves and zero air voids dry density curves for undisturbed
solls designated A, B, C and D, corresponding to depths of
two, four, six and eight feet respectively. Drawings L4-1
and 4-2 contain plots of dry density versus moisture
content and zero air voids dry density curves for backfill
solls on Manitoba Avenue and Cordova Street, Drawing 5 con-
~ sists of plots of "average" backfill moisture content versus
depth for'Manitoba‘Aveﬁue and for Cordova Street, Drawing 6
11lustrates "average" backfill dry density variation with
debth for Manitoba Avenue and Cdrdova Street, Maximum stan-
dard proctor dry densityVVersus denth curves have also been
plotted.‘ The Barco Rammer backfill dry density versus denth
'cdfve for Cordova Street has teen plotted as a comparison with
"average" beckfill dry densities and maximum proctor densities.
In addition, plots of densities obtained by the standard proc-
tor compaction at meisture contents corresponding to "average"
‘backfill moistdre contents for the respective depths have been
drawn for both Manitoba Avenue and Cordova Street,

Drawings 7 to 12 are nlots of dry density versus
moisture content as determined during the 1958 investigation
for backfill compqcted in layers of varying thickness and by

several methods as indicated,




The results of the investigation have been discussed -
under the following headings.

(a) Undisturbed Soil Densities

| _ Thé dry density versus moisture content plots for
‘the undisturbed soils~wereofound not to follow any pattern.
An exception must be made for soil D, for which the plot of‘.b
‘.densities appeared to parallel‘the.zero air uoids dry density
_curve.‘ No relati0nship was,found'betweenldepth and'density‘
for any of the 30115. ‘
Indlfldual plots of the standard proctor dry dene
31ty versus’ m01sture content for soils A, B, C, D, 1ndleated
“the following. For clay type»501ls, A and D, undisturbed
’ ‘field densities were found to be both higher and lower than
standard proctor densities. This indicates that a:compactive,
effort, equivalent to the standard proctor, could produce
densities both hlgher and lower than those in the undlsturbed

~SOllS. For SOllS B and C (both 31lts) the standard proctor

den51t1es were found ‘to be generally higher than the undlsturbed e

_»fleld densities. Therefore a compactive effort equivalent to
| the standard proctor would produce den31tles hlgher than ex1st—;
';_ ing fleld densities in the und;sturbed sllts.
A plot of thedzero air voids dry density curve for
each of the four soil typeS‘showed that some field densities
in the undlsturbed 30118 were . equivalent to zero alr voids dry

.den51ty. This 1nd1cates that because of cbmplete saturation

' higheruden31t1es are not poss1ble w1thout loss of moisture,
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(b) "Average" Bac&flll Drv Density

"Average" backfill dry den31t1es, that is, an

ave}age value of all the densities determined at corres-
pbndingvdepths, maximum stdhdard proctor dry densities
“and standard proctor dry densities corresponding to avérége
moisture contents at the depths shown have been plotted in
Drawing 6 for Manitoba Avenue and Cordova Street. For
Cordova Street a plot of depth versus backfill dry density
produced by the Barco Rammer has}also been included.

An anaiyéis of‘Drawing 6 indicates severai signi-
ficant points as follows: | | .

MAN'ITOBA AVENUE

I) Backflll dry den51ty decreased with depth from
the surfdce to the three foot depth. This 1nd1-
cates that a higher compactive effort had been
'exéfted as the:backfilling appfoached the surface.
2) :-Maximumvstandard}proctorvdry density was found to
~ be greater than backfill dry density at four,_six o
and eight fqbt depths., Onbthe‘basis of density |
along, this is not a fair éompariSon.bécause natural .
moispure.contents in the backfill were‘much higher
than optimum as indicated by tﬁe standard proctor
comnactlon curves., Thié does, however,.%hcw that
w1th proper m01sture content control while compactlng,
: den51t1es hlgher than existing backfill den81ties are

p0531ble.




CORDOVA_

"Average" backfill dry density was found to‘be

slightly less than standard prOctor dry density'at
corresponding.moisture contents.e The compactive
effort applied to the backfill was therefore
slightly less than that‘of}the Standerd proctor
assuming existing moisture contents reasonably

comparable to those;at"the time of backfilling,

STR mET

1y

~It was found that backflll dry den31ty 1ncreased

from the surface to the one foot depth and decreased
from the one foot depth to the four foot depth.
Since the only compactlon applled to this backfill

was that of equlpment travelllng on the surface of

_ the backfilled trench, the dens1t1es 1nd1cate that

this compactlve effort had an effect to a depth of

four feet in loosely placed backflll The lower den-_A_~e

Sltlﬂs above the one foot depth are likely the result

~of dlsturbance»durlng subsequent landscaping.l Below

- the four foot depth, erratic variations in density

v indicete little_if any effect from surface'compaction.

2)

Maximum dry densities by standard proctor compaction

~were found to be greater than'backfill dry dehsities

at the four, six and eight foot depths as was also

o%served on Manitobe Avenue. Thls 1ndlcates that

hlgher den51t1es 1n the backflll are poss1ble at optimum

f57



3)

L)

5)

moisture content with a compactive effort eauivalent

to thst of the standard proctor.

"Average" backfill dry densities were found to be only

'slightly less than standard proctor dry densities at

corresponding molsture contents. This indicates that

the compactive effort applied to thé‘backfill was

less than that produced by the standard proctor test.
This was evident inspite of any consolidatlon which would

have tended to increase backfill densities,

Backfill dry densities by the Barco Rammer were found
to be higher than averége backfill dry densities‘and

also>higher”than standard proctor dry densities at |
cofreSponding moisture contents., This comparison in-

dicates that a single pass of the Barco Rammer, per

‘nine inch layer of soil, produced densities from ten

~to elghteen pounds per cubic foot higher‘than densities

in loosely placed backfill receiving only surface com-

vaction from a moving tractor and‘having consolidated

for seven years,

At the four and six foot depths the dry densities of

the backfill compacted by the Barco Rammer were found
to be less than the maximum sténdard proctor dry den-

sities on the tan silts. This is not a fair compari-

'son as the backfill at thesevdépthS'éonsisted of a

mixture of clay and silt,




"Average" Backfill Moigture Content

The plot of dry density versus moisture content

for Manitoba Avenue indicated a decrease in moisture con-

tent‘between the one to five foot depths followed by a gradual

1ncrease to the eight foot depth The plot for Cordova Street 

shows a gradual increase in m01sture content between the sur-
face and the eight foot depth. This difference can possibly

be attributed'to more closely spacéd and larger trees along

v‘ Manitoba Avenue as compared to Cordova Street., Past studies‘
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have shown that tree growth can remove large amounts of mois- ; o

‘ture from the soil, It is suspected that moisture'removal
'byvtreesvréSulted in the 1oWer moisture contents on Manitobg
cAvenue., With lower m01sture contents nearer to the optimum
for compactlon hlgher backflll ﬁen31t1es would result.,

ihls leads to the bellef that along. streets with trees, eX-
‘cavated 301ls would have moisture- contents more nearly at
cthe optimum for max1mum den51ty than on streets w1th negli-

“gible tree growth, -

- COMPACTION EQUIPMENT

The dry deﬁsities produced by various methods of
compaction have beco plotted against moisture coﬁtents at
‘the'time of inveétigation, in Drawings 7 to I2 to determine
and étudy-aoy significont relationships. For each method

of»compaction‘two-plots were made utilizing a different




thickness bf compacted soil layer'to cdmpare densities

produced, A direct comparison of resulting densities

could not be made because the moisture contents were not
equai. A comparison of densities using optimum moisture
 “éontents could not be made eithef because the optimum mois-

ture content listed was that determined for one representa-

- tive sample and not necessarily the»same for ali theAsamples.

In Table 3 the optimum moisture'cdntents are thbsé
‘determined for the backfill soils aﬁ 257,Manitobe Avenue and
480 Cordova Street only. A thorough labofatory analysis was
not conducted oﬁ the backfill material at‘each 1océtion.

Table 3 is a tabulation of summarized compaction

data for various types of compaction apparatus.
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TABLE 3 COMPACTION DATA

~ 314 5513
_ 4 Average Optimum  Average:
Compaction Thicknesses of  Moisture MoistureDry Den31ty

Locétion ’ Apparatus Soil Layer,ins. Content Content PsCe f.f:,
221, Manitoba Gardner 12 30.9 23.5 90.4
Ave, Denver ' i
226 Manitoba Cardner 6 3,.0  23.5 oh.3
Ave. Denver £
252 Manitoba Le Roi 18 16.1 23.5 86,0
Ave, _ Tamper , : _ ‘ E
24,7 lanitoba Le Roi 9. 20,2 23.5  93.3
Ave. . Tamper ' : .
261 Manitoba Pavement Surface 19.9 2345 9241' ¥}
Ave.. Breaker Compacted S e
lanitoba Ave.Pavement 12 24,0 23.5 82;3‘w§§
& Main St.  Breaker o ‘ g
255 Manitoba Hand Tamper '9 25.5 23.5 ' 8h.3-"5 |
Ave, ~ and Water Jet . o o T
245 Manitoba Hand Tamper 7 21,4, 23.5 81,0
Ave, _ ' S
257 Manitoba'Hand_Tamper and 20.3 2345 94.2'
Ave, 3 minutes Water Jet : - -
258 Manitoba Hand Tamper and 31.4 23.5 78,1
Ave., 15 minutes Water Jet
480 Cordova Loosely Placed 31.8 "23.3 e7.0 .
St. . surface compacted '
by tractor - e
516 Cordova Loosely'Placed ' , 30.9 23.3 82;5-J
St. - surface compacted : :
' by tractor » ‘ i
480,Cordbva Barco Rammer 9 - 29.4 23.3‘ 88.5',;
X - Trom City of Winnipeg records.
g4 - Moisture contents at time of inVestigation in'l953,

fas - From standard Proctor test on representative samplés.
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A study of the dry density versus moisture'COntent
plots (Drawing 7) for the Gafdner Denver compactor reveals an
erratic sc~ttering of points, .It is, however, evident that
for the backfill at 226 Mahitoba Avenue the optimum moisture
content is in the vieinity of 25%. The average density for
soll compacted in six inch layers isv9M.3 pounds per cubic
foot at 34.0% moisture content and 904 pounds per cubic foot
at 30.9% moisture content when compécted in twelve inch layers.

Sihilarly, plots of dry density versus moisture con-
tent for the Le Roi tamper do not follow an& pattern. It may
be néted-though, that most of the moisture contents are below
optimum, The average dry densities are 93,3 pounds per cubile
foot at 20.2% moisture content and 86.0 péunds per cubic foot
at 15.1% moisture content corresponding to backfillrsoil
layers of 9 and 18‘inches, respectively.

The Pavement Breaker produced an average dry den-
sity of ©02.1 pounds}per cubic foot at 19.9% moisture content |
~ when tamped}at the surface only, és comﬁéred‘to 82.3 pounds
per cubic foot at 24,04 moisture content when tamped in
twelve inch layers, N |
| ,. A study of the results produced by the hand tamper
shows that the average backfill densities areLlower than. those
produced by any other method, The resulting‘average dry den-
sity was'foundvtovbe‘higher when hsnd tamping was'cqmbihed

with some water jetting even though the layers of soil were
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nine inches thick for the jetted'iocatibn as comnared to
seven inch layers for the non-jetted location. Hand tamp-
‘ing in ten inch layers assisted by water jetting for séverall
mihutes produéed'én average dry dénsity equivaleﬁt to the |
density obtained by compacting six inch layers of soil with
the Gardner Denver compactor. This, howeVer, can be accounted
for by the difference in moisturevcontents, being 20.3% for
the hand‘tamper (optimum ﬁoisture content for-257 Manitoba
Avenue was found to be 23.5%) and 34.0% fof‘tﬁe Gardner Den-
ver compactor, Furthef study of the hand tamping resu1t33
when assisted by water jetting, 1ndiCated a high molsture
content corresponding to a long water jetting pefiod. This
shows that the moisture added té the'backfillbby water jet- 2
ting has been partially fetained. _ |
Loosely placed, surféce compacted backfill on
Cordova Street was found to have an average density less
thah that produced by hand tamping assisted by water jet-
ting and'highef than hand tamping without watér‘jetting.
Average densities for the above are 84.8 pounds per cubiec
foot, 86.2 pounds per cubic foot and 82,7 pounﬁs per cu-
'bié foot, respectively. This is not considered to be a fair
comparison because an insufficient number of-densities are
available fof Cordova Street which may not be representative
of loosely placed, surface compacted backfill,
| It 1s believed that some error exists in the back-

£111 densities produced by the Barco Rammer at 480 Cordova
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Street at the one and thfee foot depths., However, @ven when
using the actual determined densities at these two depths the
average backfill density at 88.5 pounds per cubic foot is
still higher than that produced by hand tamping, loosely
placed (surface comﬁacted) backfill, hand tamping assisted
by water jetting, or Pavement Breaker compaction.‘ Omitting
the calculated. densities at the one and three foot depths
would produce an average backflll density hlgher than that
‘produced by any- other means of compaction.

Very significantly, dry densities were generally
found to ‘be higher where a thlnner layer had been used in
compaction. This ) 1ndicated evencafter several years
- from the time of- compactlon to the time: of 1nvest1 ation;

It also 1ndlcates that the higher densities so obtalned are
retained over a considerable Length of time.

| The 1deal conditlon in backfllllng trenches is to
use the materlal that was excavated and to compact it to the
same density at the same moisture content{as the adJacent.
undisturbed‘soiis. This wouldkideally minimize differential
movement between the backfill'materialeand the adjacent undis-
turbedsoil;} However,vsince the per‘cent of moisture'content
in the soil is a continuous variable with time, to achieve
this condltion a strict control of the moisture content in..
the backflll soil would be required during the backfllllng

' procedure. Backfrll soilidensltles would be required in each.

layer of7coﬁpacted soiluand;additiOnai backfill could not be
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placed until a check indicated whether the layer of backfill
- soil had been-compaCted‘sufficiently. The time required for
density and moisture content determinations would make a

field control program of this type prohibitive,

Practical solutions are:
,l)' Backfilling with the excavated soil at its natural
- moisture content (which is generally higher than
_optimum) and compacting by mechanical apparatus such
as the Barco Rammer, Gardner Denver tamper, Le Roi :
tamper, or Pavement Breaker tamper., Backfill prior
to compaction should be placed in layers of nine
inches or less. Some sub51dence and dlfferential
:movement can be anticlpated when backfilling by this
Qmethod. ‘| ‘ _
2) Backfilling with "unshrlnkable" mater1a1 to within
| ..three feet of the ground surface and filling the
'remalnder w1th ‘excavated soil mechanically compact -
1ng nine 1nch layers of soil or less. Thls would
ellminate the necessity for compactlon below the three
;'4foot depth (which does not seem to be sufficiently
effective) and ease excavation between the surface
and the three foot depth when necessary to repair the

:watermaln.




CONCLUSIONS:

An analvsis of the results of this investigation

suggests several significant conclusions:

I)

- 2)

3)

)4_)

5)

6)

7)

8)

Plots of dry density versus existing moisture.

content 4id not follow any pettern.

| No'relationship waé found between depth and dry

density in undisturbed solls.

The natural densities of the clay soils, A and D,
Were found to be both higher and lower than the
densities proddced by standard proctor compﬁétion,
The natural densities of the silt.soils, B and C,
wére found =enerally lower than the densities nro-
duced by standard proctor compaéfion;

Some natural densities in the uﬁdisturbed soils
were equal to the zero air voids density,

Some soii'moisture along Manitoba Avenue between

the one to five foot depth hzs probably been

~removed by the roots of trees.

Natural soill moisture contents were found to be
generally lower than optimum at the two foot depth,

higher than optimum at the four and six foot depths

‘and both highér and lower than optimum at the eight

foot depths.

' The density of backfill material was found to
~generally increase betweenfthe.three foot depth and

‘the surfaée.,



)

10)

11)

12)

13)

The "average" density of backfill material was found

to be_elightly 1ess than the deneity of the same
material compacted by the standard proctor compaction
at corresponding moisture contents. |

The Gardner Denver tamper oroduced highest den31ties,
followed by the Le Roi tamper, Barco Rammer, Pavement
Breaker, hand tamper and water jetting, loosely placed
backfill goﬁpacted at surface by tractor; hand tamping
produced the lowest densitiee; |

By eliminating the two densities (at the one and thfee
foot depths) which ere believed to be in error, the

Vaverage density produced by the Barco Rammer would be

higher than that produced by any other method of com-
paction ihvestiggted. (A single pass was made with |
the Barco Rammer compacting nine inch layers of back-
£111) | |
Higher densities were generallv obtained when using
thinner layers of backfill for compaction,

It would appear that ‘backfill soil density can be

~ retained long after compsction.
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Phdtogréph 1,-Excavated test pit on Menitoba
~ Avenue ,note location relative
to sidewalk,

Photograph 2,-Manitoba Avenue ,showing location
of trees relative to sidewalk
and street curb. ’




Photograph 3.-Test éit on Manitoba Avenue in

process of excavation showing
density determination apparatus,
i.e,,sand cone,rubber balloon,

end oil weight apparatus,

Photograph 4,-Density determination by sand
cone apparatus on Manitoba Avenue.




Photograph 5.-Tree root such as encountered
elong Manitoba Avenue.

Photograph 6.-Loosely backfilled test pit on
Manitoba Avenue note backfill
soil left over,




oosely backfilled test pit on
Manitobe /venue showing result
of subsidence,

Photograph 8, -"xcavated test pit on Cordova
Street.




Photograph 9,.~Backfill being compacted by the
Barco ReammeT.

Photo

Barco Rammer.




APPENDIX 1

DENSITY MEASUPREMENT MITHODS

The taking of field density measurements during
this investigation by the standard sand cone, rubber bal-
loon, oll weight and mere rv disnlacement methods provided
an espportunity for a comparison of the asuantitative den-
gsities obtained by each method and of the operational ad-
vantages and disadvantages,

The standard sand cone was used initiallv for
density measurements, By probable error application it was
determined that results obtained by the sand cone were most
accurate and therefore were utilized in the investigation
analyses, Densities determined by the sand cone were
slightly lower than those determined by any other method,
Possible minor errors introduced into this method included
those of weilghing, inconsistency of sand density and an error
incurred by improver seating of the base plate. The percentage
of error causzed by an improper seating of the base plate would
vary with the individual, being classified as a "human error",
More time was renuired for a density determination utilizing the
sand cone than for any other method, however, it is felt th-t
the accuracy obtained justified the use of such time,

Measurement of scil densities with the rubber bal-

loon anparatus gave the highest densities. It 1s believed



that the accuracy was'affected by irregularities in ﬁhe
surface 6f the hole prepared for density measurement and by
any inclination from the vertlcal of the apparatus. The re-
moval of soil to form a smooth surfaced hole is quite diffi-
cult w1th the result that the rubber balloon cannot f£ill all
the depre881ons and 1rregularit1es. This, it is believed is
-the factor contributing most to thelerror‘inVolved in den-
sity measurement by the rubber balloon method; The rubber
balloon does have an advantage in requiring less time for
a density measureﬁent than any other'method ﬁsed

The "oil welght" method" gave densities hlgher than
the standard sand cone and lower than the ruboer balloon
apparatus. Den81ty measurement by the "011 weight! method
can be effectively employed'only in a soil of low poroéity.
The éccuracy 6f this method ié affected by errors in weigh~"
| ing, inconsistency of edl density, abgorption of oil by the
80il and difficulty in forming a hofizontal sufface on the
"top of the excavated hole. This method was also objectionably
messy; | | |
| Several undisturbed soil samples were cut from the
clays encountered for dehsity determinations by mercury‘dis-
placement. Small cracks and‘fisSurés in the samples, caused
by desiccation, made it extremei& difficult to make an ac-
curate density determination. If‘satisfaétory soil samples
éould be obtained the refinements in volume and weight mea-
sures possible would make this method the most-accﬁrate al-

though it is rather time consumihg.




iy

It should be noted that all errors involved in
each method of density measurement would vary with the
individual and only the average of errors incurred by

several investigations would have some significance.



AFPENDIX 11

ZCONOMICS OF BACKFILL COMPACTION APPARATUS

While backfilling over house service pipes along
Manitoba Avenue in 1954, records were kept of all pertin-
ent information including types and thicknesses of layers
of backfill material, method, amount and length of time of
compaction.

The costs of backfill compaction by various methods
were determined using the information available from these
City of Winnipeg, Waterworks Department, records for Manitoba'
Avenue. Unfortunately, the information available was limited
and at best the cost determinations are only approximate.

Determinations of compaction costs were made based
on the following hourly wage rates (these include overhead
costs) which are in effect at time of writing.

Labor =  $1.94 Equipment operator -  $2.00

Equipment (tractor, compressor, truck) -  $1.00
rAn.economic analysis of the several methods of

compacting4backfiil based on a minimum of operational data

is presented in Table 4.
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TABLE 1 COMPACTION COST SUMMARY

| Thickness of 5011 Cost of compaction
Compaction Number of backfill layer to be com- per cubic yard

Equipment locatlons studied pacted, inches of compacted soil
 Gardner 2 12 .25

Denver

Le Roi | o |

Tamper 1 18 $2.78

Pavement : o ' ) o

‘Breaker 2 16 53,52

Hand Tamper 8 = 12 $2.48

Water Jetting 3 | | | L8 B §o.8L

‘k The "thiékness of a~soiliiayér to be compattad"
for more thén‘one 1Qéétion inveStigatedvis the "average" :
'thickhéss, |
The above cost study applies only where the
' excavated material had been utilized for backfilling.
Several of the experlmental trenches along Manitoba Avenue
were backfllled with gravel and compacted by the Gardner
Denver tamper."Backfilling_in this manner can be costly
after'the'purdhasing and‘transportation costs have'been _
added to the costs of baékfilling and compacting. Two _
lloéétions, backfilled with gravel aﬁd compacted by'the Gardner
"Denver iamper resulted in a backfilling and conmpacting (in
'ﬁwelve inch layers) cost of $3.29 per cubic yard of compacted
gravel, Wlth gravel priced at 12,50 per cubic yvard, the cost
of backfilling with gravel is $5.79 per cubic yard plus a |

$3.00 per hour trucking cost. Considefingga minimum trucking




time of one hourAin Winnipeg, the cost of beckfilling with
gravel would be $8.79 per cubic yard.

"Unshrinkable" backfill material has also been used
quite extensively in Winnipeg. The purchase cost of "unshrink-
lable" backfill fluctuates with demand, being $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
fplaeement cost. M"Unshrinkable" backfill'ih place, cosos ap-
proximately $8.79 per‘Cubic yard; this is the same as gravel
backfill coméacted in twelve inch layers.

| The cost of cempaCting backfill by the Gardner

Denvef tamper, the Le Roi tamper and the Pavement.Breaker is
approximately L .25 per cubic yard of material, compacted in

twelve inch layers. A cost‘of compaction comparison with the
‘Barco Rammer was noﬁ con31dered practlcal because only one
locatlon was compacted u31ng the Barco Ramaer, for which the

~rate of compaction was.not‘con51dered normal."Costs of back-
fill compaction were available'from the Barco Manufacturing
Company,~howeVer, the extremely low‘cost and rapid rate of

4 compaotion indicated that these cost studies were made with
highly skilled and efficient machine operators. |

The cost of hand tamping at $2.48 per cubic yard
of compacted material is approximately half that of mechani-
cal coﬁpaction. | |

| ' Den81fy1ng backflll by water jetting may fluctuate

extremely 1n cost depending on the permeablllty of the backflll




A cdét of $0.84_per cubic yard of water jetted backfill
‘based on three locations along Manitoba Avenue wés ap-~

proximately twenty per cent of the cost of compacting

- backfill mechanically.-

The data utillzed for a cost analy31s of backfill

-compaction and compaction cost determinations 1s summarized

o in Table 5..

| It should be noted that the various methods of cof-
-paction resulted in varying degrees of den31f1cat10n with
the hlghest den31ties obtained by mechanical compactzon and

the: lowest densities by the hand tamping and water Jetting

'faﬁ 1ndieated earlier.




TABLE 5 COMFACTION COST DATA
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o) Gardner Denver Tamper on Cohesive Backfill
22 12 1.83 3.67 55,49 $10.79 )
’ 12 Blo25
220 12 2.00 4,00 6.00 11.76
b) Gardner Denver Tamper on Gravel Backfill
238 12 1.50 3.00 L .50 8.82
12 3.29
21,0 12 1.47 2.93 Lokl 8,61
¢) Le Loi Tamper on Cohesive Backfill
252 18 18 1,25 2.50 3.75  7.35 2,78
d) Favement Breaker on Cohesive Backfill
MaintSt. 14 1.83 3,07 5.9 10.79
‘ 16 352
256 18 1.33 2,67 3.99 7.85
e) Hand Tamper on Cohesive Soil
285 12 1.30 2.52
283 15 0.87 1,09
265 15 3.00 5.@2
255 12 6,50 2,01
, 2,48
251 12 @,SO 12.61
2L.7 9 5.00 11.04
245 9 7.00 13.58
239 9 9,67 18,76
£) Water Jetting
258 1.33 0,25 2.58 0,49 3.07
260 1097 (}¢25 jw2}+ a2+9 3).73 3 3 Osg)ée
2606 , 1,50 0.13 .01 0,25 3.16





