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absrra",m
he inlenl of this procticum is to rethink while rerhinking the Row, nine conclusions
the role of infrqstruclure ond lhe woys emerged:
in which it is integroted with the built

environmenl. More specificolly, the infro- > consider lhe spotiol requirements of the
slruclure within the skeet righto[woy (ROW) oll the infrostrucrure.
is exomined using Pembino Highwoy, locot-
ed in winnipeg, Conodo, os o cose study. > plont skeet lrees where they hove sufficient

spoliol requirements to grow
A progrom onolysis of the cose study site

wos cqrried out to illustrole lhe verticol ond > Ensure elements of infrostructure work
horizontql relotionships, ond requiremenls of together os o un¡t.
eoch element of infrostruclure within the
RoW. lnformotion wos gothered through on > Consider the ecologicol opportunities
interview process which involved those pro-
fessionols responsible for the design ond > Moke infrosrructure visibre.
mointenqnce of ROW infroslructure. As well,
design stondords ond monuols were consuk- > Design infroslruclure colloborotively.
ed, olong with site visits olong lhe cose
study site to clorify the doto. > Avoid the tock-on opprooch.

From lhis o series of design olternotives > lnvovle the community.
evolve for existing ond new streets of similor
type to lhe cose sludy. > Moke infroskucture meoningful.
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< l.l NYNEX technicions peer into o three-

storey deep monhole in New York City.

L.0
introduction

he intent of this proclicum ¡s lo relhink
lhe role of infroslruclure ond the woys
in which it is integroted with the built

environment. More specificolly, the infro-
slruclure within the streel right-of-woy
(ROW) will be exomined using Pembino

Highwoy, locoled in Winnipeg, Cqnodo, os

o cose study. The findings will serve to illus-

trote the verlicol ond horizontol relolionships
ond requirements of eoch element of infrq-

structure within lhe ROW. From this o series

of design olternotives will evolve for existing
ond new streels of similor type to lhe cose
study wilh the following gools in mind:

) lo investigote on infrostructure thot is

expressive of process ond ploce.

) to explore the notion of o multi-use syslem

of ¡nfroslruclure.

) to evoluqle the benefits of o muhi-use

infrostruclure. I
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< 2.1 o NYNEX technicion splices lines on

New York City's 5l million km phone system.

2.0
what is infrastructure?

I nfroslrucrure ore the "guts," or "nerves"

f of our cities. h provides us with the
I resources we need to inhobit our cilies.

These essentiol systems ore the network of
city streets wh¡ch ollows us fo drive lo the

slore; the urbon syslem of oqueducts, reser-

voirs, treotment plonts, ond pipes, which
ollows us to hove drinking woter ot lhe turn

of o top; ond il is the nelwork of power
lines, lowers, lronsformers, ond power sto-

lions lhot delivers elechicity to our cilies ond
our homes-
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However, once somelhing is lqbelled infro-
sfruclure, it quickly ossumes q hosl of
unfovouroble connolofions, the most com-

mon being thol it's "ugly." As the guts of our
cilies, infroslructure is oflen relegoted to o
sublerroneon posilion. ln those inslonces
where we connot bury it, we lry lo disguise
it with plontings or ortwork. ln so doing,
infrostructure hos become synonymous with
on eyesore.

This view of infrqshucture oppeors to be
commonly held by its primory designers -
engineers. When describing the Moin 5t.-

Norwood Bridge proiecl in Winnipeg,
where the design of the bridge went beyond
thot of the engineered obiect ond qddressed

oesthelics ond oreo residents'concerns, on

engineer consulfont for the project described
the intent of the design to be "less of on eye-

sore thqn o bridge often is" (Winnipeg Free

Press: 199ó). This view wos echoed during
o series of interviews for this procticum; sev-

erol engineers indicoted lhot such syslems qs

overheod lines "look better if situoted under-
ground." Such comments imply thot infro-

slruclure by its very nolure is unotlroclive.
Olher engineers emphosized thot their
obieclive is not to embellish the bqsic frome-

work, o chollenge thot often folls to lond-
scope orchitecls ofter the foct, but to fulfil
one specific need, such os the distribution of
gos, or woter, or communicotion nelworks.

2.4 Ou¡ with the old,
in with the new -
I 9ó0.

Likewise, londscope orchitects' moin role in

infroslructure proiects is normolly lo dimin¡sh
lhe visuol impoct by shotegicolly plocing
plontings or "slreelscoping" to screen it from
view. This messoge is reinforced time ond
lime ogoin.

Yet infroshuclure wos not olwoys viewed os

on eyesore. lnfroslructure wos seen os beou-
tiful elemenls in lhe londscope to be shown
off with pride. The Boulder (now Hoover)
Dom, the Goldengote Bridge (figure 2.2),
qnd the londscoped pothwoys oround New
York ond Woshington, D.C. ore exomples of
infroslructure thot still ottroct comero-hoppy
tourisfs, foster civic pride, ond inspire orlists,
os well os serving functionql roles. These
proiects were conslructed during the ero of
the greot pub/ic works in Americo, which
begon in the lote lgth century ond pro-

gressed unlil the 1930s when new technolo-
gies emerged ond were embroced. During
this period, infrostructure developed thot
wos monumenlol in size ond scope, where it
took on o public presence ond ployed o

role in civic life (figure 2.3) (Bruegmonn :

1993, Rossenberg: 199ó). These monumen-

lol projects were designed ond built using o

collobororive design opprooch where engi-
neers, plonners, orchitecls, orlists, londscope
orchitects, ond bureoucrots worked togelher
(Bruegmonn : 1993). Evidence of this

design opprooch is disployed in the wide

scope of the public works proiects, which
included schools ond ploygrounds os well
os the typicol engineered struclures such os

bridges, roods, reservoirs, ond sewers, Ìo
nome o few.

There wqs o shift in the chorocter of public
works proiects, storting in the '50s, port¡cu-
lorly the 'ó0s ond eørly 'TOs.lnfrostructure
proiecls begon to shed their public presence
ond toke on o purely functionol ond eco-
nomicol role. The speciolized infrostructure
of the engineer replqced the cross-discipli-

nory design opprooch of the public works to
deol with technology thot wos evolving
increosingly complex. As o result, the otten-
lion to design detoil wos lost ond the pro-

iects took on on impersonol chorocter os rig-
orous engineering slondords qnd economics
took precedent over lhe creqtion of cullurol
icons (figure 2.4). A shift in terminology took
ploce: where we once hod public works, we
now hove infroslruclure, whose prefix lilerol-
ly meons under, below or down
(Bruegmonn: 1993).

2.2 Golden Gote
Bridge, 5on Froncisco.

2.3 Bonquel in o

sewer, in celebrotion
of completion of the

proiect, 1912,
Winnipeg.
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Whot ore the Problems of
lnf¡oslruclure?
W¡th th¡s shift, infrostructure begon to be

viewed qs something to be invisible. The

chorocter of infroshucture shifled os new
technologies were odopted, groduolly rele-

goling infroslructure to be ploced under-

ground or screened from view. By the

1970s, with over 20 yeors of hiding ond dis.

guising public works, we hod in effect

erosed lhem from the collective conscious-

ness. Before we knew it, we hod o society

lhot understood less qboul ils city's bosic ser-

vices thon it ever hod (Bruegmonn: 1993).
While conlemporory infrostruclure qre owe-

some works of technology, they ore void of
ony humonislic element or ecologicol quoli-

t¡es. lt is olso economicolly coslly.

Technology vs Humqnism
The elements of infrostructure, while every-

where in our built environment, ore difficult

lo perceive os understondoble potterns.

Even though we connot see how infrqstruc-

ture works, we toke it for gronted thot when
we turn on the top, we will hove running

woter. Much of todoy's infroslructure is gen-

erolly buried, screened from view with lond-
scoping or decoroted with ort to humqnize
or comoufloge the focility (figure 2.5).
Thoyer (1994) describes this des¡gn

opprooch os lhe physicol monifesfolion of
londscope guilt. This visible ond spotiol form

is o sign of o conflict when people's offec-
tion for nolure collide with o love-hote

ombivolence toword lechnology. This is evi-

dence of the tension omong fopophilio, love
of lond ond noture, fechnophiliq, foscinotion
with technology, ond fechnophobio, feor
ond remorse over lhe negolive effects of
technology. This conflict promotes lhe conlin-

ued seporotion between lechnology ond
sociol systems in order to ovoid wilnessing
the consequences of technicol indulgence.

Technology vs Ecology
lnfrostructure is generolly forced upon the

londscope wilh no considerolion for the not-

urol londscope ond its ecology. From o bio-
logicol slondpoint, Lyle {1994} describes
infroslruclure os degenerolive syslems of lin-

eor, one-woy flows lhot evenfuolly consume
ond deskoys lhe very environmenls thot they
ore designed to support. Our system of
slorm woler monogement, for exomple, typ!
colly involves o vost network of underground
sewers evenluolly feeding into nolurol
woterwoys. The sole purpose of lhis network
is Ìo control runoff, thereby limiting this sys-

lem of ¡nfroslruclure to o single.use. The eco-
logicol consequence of this system of storm

woler monogement is lhol urbon runoff is o

moior conhibution to woler pollulion - cont-

ominonls like oil from vehicles, heovy metols,

toxic chemicols used in doily life, pesticides,

herbicides ond ferlilizers ore corried to nol-

urol wolerwoys (figures 2.ó) (Girling :
,l99ó). 

Therefore, from on ecologicol stond-

poinl, we connol offord lo conlinue lo
destroy our environments wilh our present
form of infroslruclure.

Economicol Cosls
The omounl for building ond moinloining our
single-use infroslruclure is economicolly cosl-

ly. For instonce, in lhe Voncouver region, the

mointenonce for one slreel lone per kilome-
tre costs $ 10,000 per yeor, which does not
include new conslruction, police service,
ond heolth cqre cosls for oir pollution ond
occidents (Suzuki: 1998). Another exomple
of the cost of our infroslruclure is evident in

on onolysis undertoken by the City of
Winnipeg lhol concluded thot presenl bud-
gets to mointoin moior city slreels ond
bridges is not odequote. An eslimoted $25
million per yeor is required lo mointoin the

moior skeel system for the City of Winnipeg
in the "good" ronge on lhe Povement

Condition lndex (figure 2.71 lcity ot
Winnipeg: 1998). However, lhe currenl pro-
posed budget ond f¡ve yeor copitol forecosl
ollocotes qn qveroge of opproximotely $ lO
million per yeor for moior slreet repoirs,
rehob¡litotion, ond replocement, leoving o
shortfqll of opproximotely $ l5 million onnu-

olly. Under the City of Winnipeg's pro-
posed level of funding, the resulting deferrol
of mointenonce will chonge lhe overoge

Projected Average Pavement Condition

S25 mill¡oni;tár Êxænd;turê

S10 nillion/tear €xp€nd¡tur€

No exFndituret

E

p

o

E

4

2.5 An otlempt to

screen o Hydro stotion

with plonlings,

Winnipeg.

2.ó Contominonls enler-
ing o nolurol wolerwoy.

2,7 ProiecledAveroge
Povemenl Condition for
Winnipeg, 1998.
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povemenl condition to "lair" by 2010.
Deferring streel mointenonce will hove sever-

ol consequences, such os streets thol require
more costly repoirs lhon if generol mointe-

nonce were corried out, ond on increose in

hoffic occidents due to unsofe poving condi-
lions, to nome o few. Society connot offord
lo sustoin its present form of deterioroling
infrostruclu re.

Whot is the Potentiol of lnfroslructure?
As essentiol components of our urbon envi-

ronments, the design of public infroshuclure
offers lremendous sociol, cuhurol, economi-
col qnd ecologicol opporlunities. lmogine
on infrqsfruclure thoÌ served os o pork
where o couple could go for o slroll, where
kids could cotch frogs, or where people
could sit qnd odmire the view, qnd lhot ful-

filled functionol roles. Envision on infrqstruc-

ture thol engoges the public qnd becomes
on elemenl of everydoy life. Picture o city
thot mokes room for noture os well os urbon
life; lhe potentiol of infroshucture is endless.

To explore these opporlunilies, we - lhe
designers of infroskuclure - must rethink lhe
present s¡ngle-use infrostructure os on innov-

otive, creotive, inlegrolive qnd o multi-use

form of infroskucture {figures 2.8 l3).

The design of public infrostructure provides
the opportunity for more professionols -
engineers, orchilects, londscope orchitects,

2.lO Humber Bridge,
Toronto.

ond qrlists, lo nome o few - lo work logefh-
er ond rethink the role of infroshucture qnd

the woys in which it is integroted with the

buih environment. lt is cleorly evident thot
we connot continue to moinloin our current
single-use form of infroskucture. Therefore,
there is o need to dissolve the boundories
between the design ond engineering of
infroslructure in order to creote o new lond-
scope oesthelic, not of lhe historic monumen

tol type of infrqstructure, but one thot is

expressive of process ond ploce. I

2.8 Heritoge [okes,

Edmonlon.

2.9 Woter Pollution

Control Loborotory,

Portlond.
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2.ll Woterworks,
Philodelphio.

2.12 27¡h Avenue
Solid Woste Monoge-
ment Focility, Phoenix.

2.13 Edmonton

Sheef, Winnipeg
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< 3.1 on omphitheoter o¡ the 27th Avenue Solid Woste Monogement

Focility in Phoenix is used for public educotionol events.

3.0tr
@-

how do we rethink infrastructure? Y

o ochieve the gool of o new lond-
scope oesthetic expressive of process

ond ploce, we must chonge lhe per-

ceplions of ¡nfroslruclure. We, the designers
of infrqslruclure - engineers, londscope
orchitecls, qrlists, orchitects ond the like -
must explore lhe volue of integroting infro-

slruclure into lhe public reolm qnd into the

public perception. This is ochievoble by
moking infrostructure visible, designing col-

loborotively ond moking infroslruclure meon-

ingful.
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Moke lnfroslruclure Visible
lnfroslructure lhol is visible ond integroled

with everydoy life is meoningful. This visible

form of infrostructure is muffi-use, os

opposed to the single-use system oround

which much of our infroslructure is designed.

Designing public infroslructure lo be inle-

groted with the londscope, such os reploc-

ing lhe currenl sewer network with o syslem

of streoms ond wetlonds, is on exomple of o

multi-use system.

Multi-use infroslructure provides lhe opporlu-
nity for visuol, educotionol, ond ecologicol
octivilies fo be integroted with infrostructure.

A group of designers in Oregon occom-
plished iust thot; they developed o very visi-

ble ecologicol solution to slorm wqfer mon-

ogemenl for lhe Portlond Woter Pollution

Control Loborotory (Thompson: 1999). A
pond wos designed to collect runoff, which

originotes from the site os well os from

homes in lhe neorby 50 ocre neighbour-
hood. Once in the pond, the runoff woler
infiltrotes lhe soil where microorgonisms help

lo breok down ony existing pollutonts. The

woter then droins os ground woter into the

Willomette River. An overflow pipe byposses

the pond filtering system tronsports ony

superfluous woler thot moy occur during

very heovy storms. Besides the pond,

bioswoles qre utilized on the ground in lieu

of concrete cotch bosins, where runoff is

3.4 Stormwoler in the

flume.

slowed so thot the soil con obsorb it. They

consist of chonnels lined with crushed stone

ond plonted wilh lush wellond species.

Besides groundwoler runoff, roinwoter from

the roof of the reseorch focility is directed to
lhe bioswoles. Scuppers, slender tubes

offixed to lhe structure, direct woler into the

bioswoles (figure 3.2). The wqter coscodes
from these pipes onto rocks below.

Designed lo be integroted with the lond-
scope, lhe Portlond Woter Pollulion Conhol
Loborotory prolect employs o multi-use sys-

lem of infrostruclure (figure 3.3). This very
visible syslem of the stormwqter monoge-
menl is integroted with nolurol ond urbon
environments to credle ecologicol ond edu-

cotionol benefits from the woter while func-

lioning os o locol collector of roinwoter (fig-

ure 3.4). This opprooch will serve to regen-
erote the londscope of this neighbourhood
inlo o vitol ond living port of people's expe-
rience of the city.

3.2 Scuppers direcl
roinwoter inlo
bioswole.

3.3 Woter Pollulion

Conhol [oborolory
ofler construction.
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Moke lnfroslruclure Colloborolive
A brood multidisciplinory opprooch to o
proiecl increoses the knowledge bose of the

design leom, opening the door for o greoter
ronge of opportunities. By freely exchonging

ideos, engineers, londscope orchitects,
qrtists, qrchitects ond the like moy design

infrostructure thol succeeds on mony levels.

Such o group colloboroted on the proiect

outline ond design detoil of Humber Bridge
in Toronlo (figure 3.5). The historic signifi-

conce of lhe sile encouroged the client to

estoblish o multidisciplinory design leom
(Corler: 199ó). The project consisled of o
series of bridges for both vehiculor ond

pedestrion troffic ot the point where lhe
Humber River flows into Loke Onlorio. The

new bridge is designed for pedeslrions ond
cyclists ond is lo serve os o londmork ond
gotewoy.

The Humber Bridge proiect lronsends the

purely engineered opprooch to bridge
design. The proiect not only fulfils its pro-

grom requiremenls, bul it olso dromotizes ils

funclion ond celebrqtes the public use of
infrostructure through ottention lo design

detoil (figure 3.ó|. This occomplishmenl hos

been ottoined through the colloborotive
opprooch to infroslruclure, where o mult¡'dis-

ciplinory design teom worked togelher on

lhe mony sloges of lhe proiect.

Avoid the Tock-on Approoch
The benefits of o collqborotive design
opprooch to infrostructure con be losl if lhe
design leom does not work together through
oll ospects of the proiect. ln on ottempt to

humonize infroslructure, lhe "tock-on"

opprooch is often employed. This opprooch
involves building o conventionol engineered
infroslruclure proiect ond fhen possing the

work to on ortist, for exomple, lo decorote it
with o piece of public ort os o meons of
humonizing the proiect. ln Phoenix, The

Squow Peok Porkwoy exemplifies everything
thol is wrong with the tock-on opprooch. The

porkwoy is q five mile, six lone expresswoy,
which included o $5OO OOO environmentol
ort instollotion {figure 3.7}. The freewoy's
olignment, soundwolls, ond plonting oreos
were defined by lhe engineers. Londscope
orchitecls ond ortists were brought lo f he

proiect to decorqle the freewoy, rolher lhqn
develop o lrue porkwoy. The wolking troil is

used by ioggers; however, the pork oreos
ore under used by residents due to their
shonge shopes ond proximity to the high-

woy {Kroloff: 1995}. Ted Cook, o lond-
scope orchilect involved in lhe proiect, rec-

ognized the problem with the proiect:
"There wos no overqll design philosophy
conlrolling lhe proiect - if there hod been, il
might hove been much bener."

3.7

3.5 Bicycle pedestri-

on bridge, To¡onto.

3.ó The struclure of
lhe bridge is intended
lo signol enhy ond
movemenl-

3.7 Public ort olong

the Squow Peok

Porkwoy, Phoenix.

3.8 A "ploceless"

porkwoy.
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The Squow Peok Porkwoy illushotes the lost

opportunity of infrqslructure if the engineers,

londscope orchilects, ond ortisls ore nol

brought logether lo work os o teom through

oll stoges of the proiect. The proiect simply

fulfilled its progrom requiremenls by employ-

ing public ort. As o result, lhe under-used

pork locks qny sense of meoning lo the

oreo residenls', os indicoted by lheir
obsence. lnsteod, o very "ploceless" pork-

woy hos been estoblished (figure 3.8),
wh¡ch is overdesigned for the vehicle ond

underdesigned for lhe pedeshion. Hqd the

designers of the porkwoy come together os

o teom, perhops lhe unusuol shoped pork

oreos would hqve been ¡esolved to meet lhe

needs of oreo residents without offecting the

flow of the expresswoy hoffic.

Community lnvolvement
ln order for the negotive perceptions of
infrostruclure lo chonge, the communily must

be encouroged to porlicipote in the collobo-
rotive design opprooch. The diverse needs

of the commun¡ry wh¡ch the proiect is lo
become o porl of must be oddressed in

order for its potenliol to be reolized (Brown

& Morrish: 1995). The Moin St.-Norwood

Bridge Proiect, in Winnipeg, is on exomple

of how the public wos brought into the col-

loborolive design opprooch {figure 3.9}.
After public out<ry ogoinst the new bridge
proposol, o londscope orchilecture firm wos

3.ll 2TlhAvenue
Solid Woste Monoge-
ment Focility, Phoenix.

brought to lhe design teom in order to oct os
qn interfoce between engineer ond the pub-

lic. ln order to oddress some of the problems

in communicoting ideos with the public, the

londscope orchitects to set up o series of
public forums with the engineers to deol with

lhe new bridge design. Through lhis process,

the firm produced o series of wolk throughs

ond fly-bys in order lo illuskote to the public

how the fin¡shed product will be perceived
when construcled (figure 3.10). The commu-

nicotion of ideos ond concepls of the bridge
proiect to the public helped to chonge the

negolive perceplions of this proiect.

Therefore, such porlicipolion increoses lhe
effectiveness ond occeplonce of the infro-
struclure project os o cuhurol omenity.

Moke lnfrostruclure Meoningful
Plocemoking is the lronsformotion of spoces

into ploces of meoning through physicol

design. As o professionol proclitioner of
plocemoking, it is o designer's knowledge of
"ploce" ond "plocelessness" which is

brought with them fo lhe colloborotive
design leom which opens the opportunity for
infrqstructure to reoch its full potentiol.

Unlike the Squow Peok Porkwoy, the 27th

Avenue Solid Woste Monogement Focility
(figure 3.1I ), olso locoted in Phoenix, inslills

o sense of meoning to its sile. The focility
wos initiolly envisioned os o gorboge trons-

fer stotion where refuse would be sorted

ond then hucked to o regionol londfill 20
miles owoy. A leom of designers were

brought in lo review o preliminory scheme

developed by on engineering firm. As o

result, the designers reworked the prolect

with the engineering firm to produce on

omenity out of the necessily of recycling
gorboge. The revised design olso shoved

$2 million from lhe engineer's originol bud-
get estimotes (Sorvig: 1995).

Unlike o typicol engineered infrostructure
proiect, the 27lh Avenue Solid Woste
Monogement Focility hos become o ploce

rother thon on obiecl. Rolher lhon screen lhe
proiecl from view, the focility hos been
ploced ond designed to be highly visible.
Within the focility, not only ore functionol

requirements met, but educolionol ones ore
integroted throughout with observolion win-

dows, cotwolks, ond on omphitheotre (figure

3.1) overlooking the recycling floor. Aside
from the slruclure of the proiecl, the lond-

scope wos conceived os porl of the whole
design rother lhon os on ofter thought. As o
result, lhe focility mokes o conneclion to the

londscope through o series of terrqces ond

berms (figure 3.12), odminislrotive ond pub-

lic spoces ore merged wilh courtyords (fig-

ure 3.13) ond views of the South Mountoins
ond the Phoenix skyline ore fromed through-
out the slructure.

3.9 Moin Street-

Norwood Bridge,
Winnipeg.

3,lO Computer gen-

eroted wolkthrough of
lhe proiect.
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fhe 27th Avenue Solid Wosle Monogemenl
Focility illustrotes lhe benefits the involve-

ment of designers, such qs o londscope
orchilecl con hove on on infroslructure pro-

iect. Designers odd to the design process by
injecting creolive lhinking, cruciol in turning
on infrostruclure projecl inlo so much more

thon on engineered object. Unlike engi-

neers, who ore lroined lo solve specificolly

defined problems, designers work wilh oth-

ers lo iointly discover the possibilities within
o situolion (Dunhom-Jones: 1994). Most

importont, lhe designer's obilit¡ to work wilh
olhers is on essentiol sk¡ll which con be used

to educote ond chonge people's negoÌive
perceptions of infroshuclure.

Where ore lhe Opporlunilies for
lnfrosl¡uclure?
lnfrostructure, thot is expressive of process

ond ploce, is ottoinoble lhrough the collobo-
rotive design opprooch. lt is this type of
opprooch thot provides the opportunity for o
multi-use form of infroslructure ond con-

lributes to chonging people's perceptions.

The exomples illustroted ore bul q few of o
number of recent projecls thot provide o
glimpse into the future possibilities of infro-

slruclure. lt is cleorly evidenl thol infrostruc-

lure con become o culturol symbol rother
lhon engineered obiecls devoid of culturol
expression. I

3.12 Terrqces of lhe 3.13 Courtyord
inlegroted londscope. spoce.
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< 4.1 City of Winnipeg workers poving ond level.

ing concrele during o cool spring morning.

pf ogram analysis

treet right-of-woys (ROW) ore clossi-

f¡ed in q hierorchy bosed on their

function ond design chorocteristics.
The clossificolion system is determined in

Conodo by Troffic Associolion of Conodo
(TAC! whlle in the United Stotes, it is the

Americon Associolion of Streets ond

Highwoys Troffic Orgonizolion (AASHTO).

These clossificqtion systems hove been mod-

¡fied by the Streets ond Tronsportotion
Deporlmenl of the City of Winnipeg to suiÌ

locql slondqrds. Eqch closs of roodwoy hos

different cross-sectionol design chorocleris-

tics, including the number ond width of
lones, width of ROW qnd width of pove-

menl. This study, using Pembino Highwoy os

o vehicle, will focus on the moior orteriol
sfreei clossificotion. Here we will exomine

the existing conditions of the different sys-

tems of infrqstructure os well os present

design responses lhot serve to befier inle-

grote eoch system within the ROW.
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4.2 Red Ríver cort
hoin, 1870s, Monilobo.

4.3 Pembino High-

woy: lhe commerciol

slrip, Winnipeg.

History
Originolly the Pembino Troil, Pembino

Highwoy is the oldesl lro¡l in Western

Conodo. (Shipley: 197Ol.By the 1840s, this

troil wos serving os o highwoy for the busi-

ness of freighting furs from Forl Rouge to St.

Poul, Minnesolo. Red River corts, pulled by

on ox, cut o poth thot become lhe hoil {fig-
ure 4.21. The driver could monoge four corts

for o brigode. When the brigodes exceeded
severol hundred, creoting o lroin, on experi-

enced guide on horsebock would commond

the enlouroge. The Hudson's Boy Compony

ond locol merchqnls mode two round trips

eoch yeor from Fort Rouge to Sl Poul,

Minnesolo.

Todoy, Pembino Highwoy, or Highwoy 75
South of lhe Perimeler Highwoy, now runs

os for south os Dollos, Texos. Highwoy 75
provides occess lo U.S. lnterstote 29 ond

Minnesotq 94, opproximotely 100 km south

of Winnipeg ot the Emerson border cross-

ing. Pembino Highwoy hos evolved into o

moior orleriol slreet or highwoy commerciol

strip where the qulomobile reploced the Red

River corl (figure 4.3). Pembino Highwoy
olso serves os on orteriol slreet for the

neighbourhoods of Fort Rouge, Fort Gorry
ond St. Norbert while linking the University
of Monitobo to the downlown.

Hierorchiol.

Highwoy orienled

Urbon orteriol.

Speciolized skip.

Geogrophicol Potlerns
As Winnipeg developed in on outword poÞ

tern from its core, Pembino Highwoy pro-

gressed in o southerly direction thqt hos

chonged its geogrophy over time. The moior
portion of Forl Gorry remoined on oreo of
forms ond morket gordens until obout the

firsl decode of the 20th cenlury when resi-

ientiol development begon in lhe norfhern
seclion.

Now four types of economic octivilies domi-
nole lhe Pembino Highwoy: hierorchiol,
which serves the stoble hinlerlond populo-

lion, such os grocery stores ond bonks {fig-
ure 4.41; highwoy-orîented, wh¡ch serves the

mobile threshold populotion, such os gos

stolions ond motels {figure 4.51; urbon orter-

io/, which serve spoce€xtensive octivities,
such qs lumberyords ond nurseries {figure
4.ó); ond speciolized sirips, were compeling

businesses locote in the some proximity in

lhe hope of ottrocting comporison shoppers

lfigure 4.71 (Ford: 1994). These economic

octivities combine lo form the primory lond-
use pollern of commerciol development

olong Pembino Highwoy. Other lond-use

potterns include porks, high-density housing,

induslriol developmenls, ond communìty use

such os schools ond municípol offices.

Architeclure
The orchilecture olong Pembino Highwoy
chonged over time lo focilitote lhe invenlion

ond occeplonce of mony new building
l.ypes, such os gos stotions, molels, ond
drive-lhrus (figure 4.8). Cloy Simpkins

Cortoge ond Rentol, once o business ol 540
Pembino Highwo¡ illushotes the new build-

ing type of the commerciol highwoy {figure
4.9). This business opened in 1948 os

Monitobo's firsl combinolion restouronl ond
service stotion {Solonecki: 1974}. This busi-

ness hos since been demolished qnd

reploced wifh o cor deolership. ln oddition
to lhe invention of lhe new building types,

the orchitecfure of the skip hos been estob-

lished to occepl frequent ond mossive

chonge. This site {figure 4.10} olong
Pembino Highwoy, hos served numerous

businesses - from o corpel slore lo o "virluol
golf cenlre."

4.4

4.5

4.6

4.7
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Existing Conditions
Figure 4.ll illustrotes the exisling locolion of
underground ond overheod services within

the ROW of Pembino Highwoy ot o given

locolion. Surfoce infroslructure, such os

poving, lighting ond slreet trees, remoin foir-

ly consislenlly locoted within the ROW of
Pembino Highwoy. However, lhe locotion of
underground infrostruclure moy vory from

block to block. This condition exisfs lorgely
becquse Pembino Highwoy developed over

o period of time, before the design slon-

dords were estoblished. Exomples include:

> The plocement of the rood wos not deler-

mined by the troffic engineer, rother,

Pembino Highwoy originolly developed os o

Red River cqrt lroil. This kqil evolved over-

time into ils presenl stqte, which hos now

been clossified os o Moior Arteriol Streel by

the City of Winnipeg Streels ond

Tronsportotion Deportment.

> Underground infrostructure, such os wosle

woler ond lond droinoge sewers, were

ploced in the ROW in o serendipitous mon-

ner - wh¡ch ever utility orrived first, wos

oble to position their infrosiruclure, qnd

whomever orrived next, hod lo locote lheir
in the left over spoce, ond so on.

New Conslruclion
lf o Moior Arteriol streel were conslrucled

todoy, Figure 4.12 illushotes the slondord

loyout thot would opply. This cross-section

wos developed through the Underground

Slructures Commitlee, which consisls of pro-

fessionols responsible for the design of the

utilit¡es with¡n the ROW. The plocemenl of
ut¡lit¡es within the ROW were coordinoted

with lhe primory design porometers of the

lroffic engineers - speed ond copocity of
hovel (City of Winnipeg: 

,l991 
).

The specific design poromelers for o moior

orteriol slreel ore os follows:

l. Function: designed to corry mojor troffic

flows between mojor troffic generolors such

shopping cenlres, residentiol, commerciol

ond industriol subdivisions.

2. ROW width: Spons 40 melres.

3. Troffic Lones: Contoins six lones, however,

il moy be initiolly stoged ol four.

4. Direct occess - to odjocenl properties is

not desiroble ond is normolly not permitted.

5. Troffic Signols ore used to control inler-

seclions.

ó. Porking - permitted only where vehiculor

ond troffic sofety ore not ieopordized.

7. Pedestrion movement - permitted ot sig-

nolized interseclions ond pedestrion corri-

dors. Sidewolks exist both sides of the sheet

to qccommodote pedeshions.

A summory of the bosic geomefric design

criterio the design of o mojor orleriol slreet:

> design speed: 80 km/h
> minimum rodius: 280.0 m

> moximum superelevolion: O.O4 n/m
> longitudinol grodient: 0.4 m min./5.0 m

> minimum ldngênf section lenglh: 90 m

> minimum verlicol cleoronce over oll side-

wolks is 3.35 m

> minimum verlicol cleoronce over qll skeet

povemenl is 5.0 m

4.8 Drive-Thru bonk

4.9 Cloy Simpkins

Cortoge & Renlols,

l9Á8.

4..l0 Typicol commer-

ciol ship orchileclure.
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4..l I Pembino Highwoy
(exisling conditions).

4.12 Moior orteriol
Slreel (new conslruc-

tionl.
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It is cleorly evidenl, with its wide troffic
lones, thot the cross-section of lhe moior

orteriol slreet is designed for efficient move-

menÌ of vehicles. Now, lel us exomine eoch
elemenl within the ROW ond determine o

design response lo eoch condition.

Progrom Anolysis
There ore fourteen loyers of infroslructure
locoted within the ROW thot must compete
for spoce. They ore:

Poving

> street

> sidewolk

> bicycle focilities

Dry systems

> communicotions
> coble services

> elechicol

Underground sysfems

> gos

> woste woter sewer & lond droinoge sewer

> woter

Miscelloneous i nf rostructu re

> streeÌ lrees

> slreel signs

> snow cleoring ond ice conkol
> troffic signols

> public konsit
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streets keets provide qccess to property,

serve os linkoges between lond uses,

ond ollow for the movement of peo-

ple ond goods. The primory obiective in the

design of ony slreel syslem is lo provide o
sofe, efficient ond oeslhelicolly pleosing

occess ond circulolion syslem for both the

motorist ond pedeshion. The City of
Winnipeg hos opproximotely 1,220 lone

kilomelres of regionol slreets, 4,350 lone

kilometres of residenfiol sheets ond 880
lone kilometres of bock lones. This network

hos o replocement volue of obout $ I billion,

$2.ó billion ond $373 million respectively
(slRP:1998).

Componenls
> Poved lroffic lone: usuolly reinforced

concrete over o crushed limestone bose ond

sub-bose. This lone moy hove o loyer, or

series of loyers, of ospholt overloys thot

serve to prolong the life ond condition of the

slreel.

> Curb: reinforced concrete

Moinlenonce
> Snow removol ond ice conlrol

> Pothole filling
> Sweeping

> Joint/crock repoir
> Aspholt overloy: preventolive moinlenonce
lhot seols fhe concrete surfoce, restores

4.14 Existing sheel
conditons olong por-

tion of Pembino

Highwoy.

droinoge ond con prolong the life of the

street by l0-15 yeors.

> Complete reconstruction

> Annuol surfoce distress surveys

Lifecycle
The lifecycle of q street ¡n the City of
Winnipeg is 25-30 yeors. However, through

lhe use of overloys ond concrete repoirs, lhe

City con increose this lifecycle by opproxi-
motely l0-15 yeors.

Problems
> lnodequole operoting budget is cousing

undue deteriorolion of city skeels.

> A repoired rood, whelher through mointe-

nonce or cutling for occess lo o ul¡lity, ¡s

never os good os lhe originol. A reploced

section of poving moy not provide proper
droinoge ond it is susceplible lo moislure

penekotion. ln qddition to the repoired sec-

tion of poving, the untouched povemenl of
lhe streel moy hove developed microfissures

os q result of cutling of the existing poving.

These microfissures ore oreos lhot ore sus-

ceptibility to moisture penelrolion ond crock-

ing.

> When construclion cosls ore colculoted,

the sociol cosls ore not included. Exomples

of sociol costs due to street conslruction ond
repoir include the loss of business, the

impoct of h¡gh hoffic on olternolive roules,

ond the cost of troffic deloys, to nome o few.

> Winnipeg's winter climole brings snow

ond ice lo lhe city streels. Snow ond ice
offecl the conditions of the roqd, such os

cousing slippery streets ond rood closure- As

o resuh of winter climoles, the City of
Winnipeg must moinloin o fleet of snow
ploughs ond ice control vehicles.

> De-icing moteriols ore corrosive to lhe

steel reinforcement of roodwoys, offecling
lhe struclurol integrity ond lifecycle of the

slreel.

> Povement swel/ing is coused by o freeze-

thow cycle lo lhe soils.

> Poiholes ore creoled two woys. The first is

where moislure penehdtes on ospholt over-

loy ol o crock where it offects the bond
between the concrele ond ospholt overloy,

cousing the overloy to foil ond pop-oul form-

ing o polhole. The second couse of potholes

is where moisture penetrotes o crock olong
ospholt poving ond freezes. The freezeJhow

cycle will lhen loke its loll on lhe povement

surfoce, cousing polholes. This problem is

generolly greofer when there hos been o

wet foll, moisture freezes qnd is tropped dur-

ing lhe winter months, Ìhowing in spring.

> A shorÌ building seoson of cily slreels

exisls due to the winler months.

4.13 Exisling troffic

lones, Pembino

Highwoy.
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Design Response
As o mojor orteriol sfreet, Pembino Highwoy
hos developed overtime to provide motorists

with on efficienl rood system. However, lhe

experience of the motorist olong lhis slreel is

locking ony visuol inlerest ond focus. An

onolysis of lhe sheel identifies the following
design opportunities when rèthinking lhe

ROW:

Unit: lhe slreet musl work qs o unit wilh the

olhe¡ elemenls of infrostructure within the

ROW to improve the experience of lhe

molorisl (figure 4.15). For exomple, o bike-

woy locoted odiocent lo the slreet will pro-

vide qn oreo for snow storoge in lhe winter.

This bikewoy could provide o set-bock for
trees from lhe rood to improve the driver's

line of sile, which would serve lo increose

sofehy olong lhe skeet.

Locotíon: Consider olternotives lo the ston-

dord sheel pqvemenl loyout within the

ROW. Figure 4.1ó is one exomple of how

lhe street con be ploced differently within

the ROW thon the current stondord recom-

mends 1o ollow for other opporlunities such

os o recreqlion corridor lhot will improve lhe

street.

Definition: The most desiroble humon envi-

ronmenls ore those where lhere is q relotive-

ly slrong degree of spotiol enclosure (figure

4.17l.Ihe definit¡on of the sheet is ochiev-
oble through verticol elemenfs, such os trees

ond building, shotegicolly ploced within the

ROW.

Design Speed; The slondord design speed of
o molor orferiol slreel is 80 km/hr, which
worronls on ideol lone width of 4.0 m. The

exisling speed limit olong Pembino Highwoy
is ó0 km/hr, ond ib lones ore 3.33 m f
wide. Therefore, rolher thon opply the sfon-

dord lone width, consider lhe octuol speed

of the rood to be designed. Keep in mind

thot th¡s stondord is negotioble os il is pri-

morily bosed on levels of driver comfort ond

not sofety. Reducing poving without compro-

mising driver sofety feoture these benefits:

> Slow ond reduce runoff loods on our

droinoge systems.

> Provide more spoce for other design

opportunities, such os o recreolion cor

ridor qs illushoted in figure 4.1ó.

> Less poving meons less moteriol cosls.

Sight/Stopping Distonce: lhe design of o sqfe

ond efficient streel depends upon the obility
of the driver to see oheod while moving

olong the roodwoy. I

4.16

4.15 Working os o un¡t.

4.1ó Locole hoffic lones

lo creole on omenity

spoce.

4.17 Definition - cre-

oles visuql inlerest ond

focus.
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sidewalks he sidewolk provides occess for peo-

ple lo circulote through lhe urbon

londscope. The City of Winnipeg hos

opproximotely 3,100 kilomekes of sidewolks

wh¡ch hos o replocemenl volue of roughly

$ ló3 m¡ll¡on {SIRP: 1998}.

Componenls
> Poth: usuolly constructed of non-rein-

forced concrete over I00 mm bose of
crushed limeslone. Povers loid over o leon

concrete bose moy olso serve os o sidewolk

surfoce. The preferred grode of o sidewolk

is from 0-3 o/o,wilh 5o/o being the moximum.

The Fypicol cross slope of o sidewqlk is 2%.

> Boulevords: provides q buffer zone

between lhe pedestrion ond vehiculor troffic

This qreo moy either be gross or poved (fig-

ures 4.18-19).

Locolion
Sidewolks ore ploced into the leftover spoce

between the street ond the ROW. The mini-

mum design guideline width of o sidewolk in

the City of Winnipeg is 1.5 m {figure 4.20.
This provides enough room for two odults

either lo wolk obreost or to poss eoch other

on the poth. The sidewolk is ploced 0.3 m

from the property line with gross boulevords

reserved for trees ond utilities. This off-sel

from the property line gives the pedeskion

spoce olong the sidewolk so they do not to

brush o wqll wilh lheir shoulder (Pushkorev:

te75l.

Moinlenonce
Sidewolk mointenonce is ochieved in two

woys: in conjunction with sheel moinlenonce

ond os stond-olone proiects. Here ore the

moinlenonce requiremenls of sidewolks:

> Snow ploughing ond sonding.

> Aspholt mending is used os o temporory
method of moinlenonce.

> Sweeping occurs in lhe spring olong high

pedeslrion oreos only.

> Complete reconstruction of the sidewolk.

Iifecycle
> Concrele sidewolk 2530 yeors

Problems
> Heoving, or kicking of sidewolks occurs

when the ground heoves under the pove-

ment.

> Compoction of bose molerìols is nol possi

ble odiocent to buildings.
> Winnipeg's winter climofe brings snow
ond ice fo the city sidewolks. Snow ond ice

offect sidewolks by cousing dongerous con-

ditions such os slippery sidewolks, or high

omounts of snow will moke sidewolk unus-

oble, to nome o few exomples. As o result

of winter climoles, lhe City musl moinloin o
fleet of snow ploughs ond ice conlrol vehi-

cles.

> A short building seoson of city sidewolks

exists due to lhe winter monlhs.

4.18 Typicol sidewolk

with gross boulevord.

4.19 Typicol sidewolk

wilh poved boulevqrd.

4.20 Exisling side-

wolk conditons olong
portion of Pembino

Highwoy.
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Design Response

The sidewqlks olong Pembino Highwoy

serve pedestrion circulotion. However, lhere

is no considerotion for lhe experience of the

pedestrion olong this street. An onolysis of

the sidewolk identifies the following design

opporlunities when rethinking the ROW:

Unít: The sidewolk must work os o unil wilh

the other elemenls of infroslructure within the

ROW to improve the experience of the

pedestrion lÍigure 4.21). For exomple, o

bikewoy locoted befween lhe sidewolk ond

the street will provide o buffer, wh¡ch will
serve to improve pedestrion comfort. ln

oddition, trees or o bioswole could be

ploced to creole o greoler horizonlol os

well os verticol buffer for lhe pedeshion

from the sheet. Besides working os o unil

with other elemenls to provide o buffer, the

sidewolk con be ulilized os o locolion for
underground infroslructure. When moinle-

nonce crews hove repoired infroslructure

locoted beneqth o sidewolk, the impoct on

troffic is significonlly less lhon if the repoir
were to occur on lhe slreet.

Access: Sidewolks must be occessible to oll

types of pedeslrions os well os required

moinlenonce vehicles. Therefore, curbs ond

other borriers must nol prevenl pedeshion

movemenl where desired.

Defrn¡tîon: The most desiroble humon envi-

ronments require o relotively strong degree

of spoliol enclosure (Íigure 4.221. The defini-

tion of lhe sidewolk is ochievoble through

verlicol elemenls , such os trees ond building

strotegicolly ploced within lhe ROW.

Sensory Foctors: engoging the senses -
sight, smell, sound, louch ond losle - will
odd to the delight of the pedestrion experi-

ence (figure 4.23). Th¡s is ochieved by creoÞ

ing inlerest ond focus for the pedeskion

through plontings, surfoce textures, ond

olher vorious elemenls within the ROW.

Arnenities: considerotions for humon comfort

will ollow people to sit ond wolk in leisure 4'21

lÍigure 4.24ll. Considerolions such os trees

offer sunlight ond wormth when il is cool

ond shode ond wormlh when it is cold.

Trees os well os olher plonlings, o¡chiteclure,

ond meoningful detoiling will qlso provide

visuol interest for the pedestrion, which will
improve lhe experience of the sidewolk. r

i

4.r3L

4.21 Working os o

unil.

4.22 DeÍinition - pro-

vides visuol interest

ond focus, os well os

improves pedestrion

comforl.

4.23 Sensory foclors.

4.24 Amenilies with

ottenlion lo design

detoil.
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bicyc
faeiti

le
ties

icycle infrostructure, or o bikewøys, do
not exisl within the Pembino Highwoy
ROW (figures 4.25 26],. However,

where they do exist, they moy be clossified
os either of the following (City of Winnipeg:
r9e3l:

Bicycle Poths (Closs ll type of bikewoy
ploced owoy from lhe sfreet lo creote o sep-

orote focility for the cyclist lligure 4.271.

Bicycle lones (Closs ll) type of bikewoy
where there is o portion of roodwoy desig-

noted for the cyclist. This lone is delineoted
by povement morkings ond signoge (figure

4.28]'.

Bicycle Roules (Closs llll type of bikewoy
where lhe roodwoy is shored by the cyclist
ond motorist. A rood is ¡dent¡fied os o bicy-

cle route when it provides continuity with

other cycling focilities or when it is o pre-

ferred roule by cyclists through o busy corri-

dor lÍigure 4.291.

The design stondord for o bikewo¡ like the

design of o roodwoy, is lorgely delermined

by the volume ond type of troffic ond speed

of bicycle trovel.

4.2ó Existing bicycle

condilons olong

Pembino Highwoy.

Componenls
> Poth with on ospholt, concrele or crushed

limeslone surfoce. Polhs with grodes greoter

thon 5% ore undesireoble os cyclists find

oscents difficult The following poth widths

ore recommended for the design of bike-

woys in the City of Winnipeg:
> Shored lone 4.3 m
> Seporote poth:

one woy 2.5 m min.
two woy 3.O m min.

> Signoge

> Borriers/seporotors

Moinlenqnce
> Poved surfoces require sweeping, repoint-
ing of lines, ond surfoce reslorolion.
> Crushed limestone surfoces require scorifi-

cotion, smoolhing, ond compoclion of the

upper loyer lo mqintoin on even surfoce.

Additionol moteriol is odded to the surfoce

every few yeors.

> Sign mointenonce.

Iifecycle
The lifecycle of o bikewoy is dependont on

its moleriols ond vorious sile conditions:

> Aspholt poth 20-25 yeors
> Crushed limeslone poth 5-lO yeors

Problems
> The obsence of focilities olong o moior
orleriol street such os Pembino Highwoy is o

problem. Where bikewqys exisl, there is usu-

olly o lock of conneclivify between them.

> The norrow lone widths of mony existing

roods conlribute fowords o decreosed level

of comforl for lhe cyclist, porticulorly when
vehicle troffic is heovy.

> lntersections thot contoin turning lones ond
merging ond weoving troffic pose dongers
to the cyclisl.

> Droinoge grotes with slots running porollel
to the poth or ospholt crocking lhol occurs

porollel to lhe poth pose o donger to
cyclisls os their wheels moy become lodged
in the crock.
> Accidents occur between the outomobile
ond the cyclist.

> Aspholt polhs ore susceplible lo crocking

due to subsoil movement, which resuhs in

coslly moinlenonce ond repoir.
> Concrete poths ore expensive to instoll.

> Crushed limestone poths ore not suitoble

for oll types of recreolion.

4.25 Typicol conditon

for cyclist olong
Pembinq Highwoy.
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Design Response
As o Moior Arteriol street, Pembino

Highwoy offers mony bicycle troffic genero-

tors - schools, porks ond recreotion focili-

lies, community octivity cenhes, employment

concentrotions, ond shopping ond commer-

ciol cenlres - within the desired cyclist

ronge of 5-10 km (Horris & Dines: l9BB).
The design of o bicycle focilities within the

ROW requires the following considerotions:

Unit: As detoiled for the slreet ond sidewolk,

bicycle focilities musl work os o unit with the

olher elements of infrostruclure lo improve

the quolity of the ROW.

lJser Groups: There qre primorily two types

of cyclisls lhot must be considered for the

design of o bikewoy - commuler ond recre-

ofion. However, o greoter ronge of design

opportunities con be estoblished by includ-

ing other user groups - joggers, inline

skolers, lo nome o few. This multi-use

opprooch to design ollows for the develop-

menl of o recreofion froi/, rolher thon o bike-

woy (figure 4.30).

Adequote Spoce: the width of the polh must

be designed lo occommodote lhe speed,

volume ond type of troffic. As well, lhe poth

must be cleor of obstocles.

Desrgn Speed; is bosed on the preferred

speed of the fqster cyclist. ln generol, the o

minimum design speed on poved bikewoys

is 35 kmlh.

S¡ght/StoÞÞtng Distonces: lhe physicol dis-

tonce required by the cyclist to see on

obshuclion ond come to o complete stop

must be occommodoted.

Surfoce Moterîols: Aspholt or concrete pro-

vides o smoolh, stoble surfoce, moking lhem

the preferred moteriol for most bikewoys.

Crushed limeslone polhs must be ovoided
within the ROW qs they ore not suiloble for
oll types of bicycles ond olher types of
recreolionol uses.

Protection: From o pointed line, to o 150 mm

concrete curb, to o 0.8 m New Jersey borri-

er, lhese devices offer vorying forms of pro-

lection from hozords for the cyclist.

Amenítíes: considerotions for humon comforl
ond convenience will enhonce the experi-

ence of those using lhe bikewoy. Tree

conopies over the bikewoy, for exomple, will
offer shode for lhe cyclist qs well os reduc-

ing lhe omount of rqinfoll reoching the

cyclist os much os 20 - 40 %. ln oddition to
humon comfort, conveniences for lhe cyclist,

such os bicycle rocks for porking qnd rest

stotions, will ensure the bikewoy os on

omenity. I

4.27 Closs I - sepo- 4.29 Closs lll -
rote focilityt. shored roodwoy.

4.28 Closs ll - delin- 4.30 Shored recre-

eoted poth. otion poth.
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communications

4.31 Overheod dist¡i.

bulion.

4.32 Underground

distribution.

he primory provider of communico-

lions infroshucture is Monilobo
Telecom Services lnc. (MTS). This pri-

vote ul¡lity offers on extensive ronge of locol,
longdistonce, wireless, directory ond online

mult¡medio services through on oll digitol
province-wide network.

Distribution con begin ol ony phone in the

city. A computer conve¡ts lhe oudio signol to

o light pulse. This pulse is corried by fibre

optic coble lo o series of switches, where

they ore received ot o cenlrol office. From

here, the signol is rouled lo lheir destinolion
poinl Ìhrough o series of swiÌches, vio fibre

oplic lrunk coble. At the destinolion point,

onother computer converts the light pulse

bock inlo on oudio signol.

Componenls
Ploslic insuloted copper coble ond fibre
optic coble ore the primory components of
lhe communicotion network of infroshuclure.

This coble is locoted within the ROW either

overheod or underground:

> Overheod distribution (figure 4.31) is

ochieved using wood poles, where the

coble is offixed. Hydro ond/or Videon

coble moy olso shore lhe wood pole. Along
wilh coble, melol boxes ottoched to lhe
poles, will conloin olher elemenls thot sup-

4.33 Existing commu.

nicolion utilities olong
porlion of Pembino

Highwoy.

port the communicolions network, such os

switches, splices ond omplifiers.

> Underground dislribution (figure 4.32)
moy either consist of direct buried cqble or

coble thot is ploced within o concrete con-

duit. This concrete conduit will contoin o
number of pipes (ó5 mm PVC) where the

coble will be ploced within. Monholes,

which ore opproximolely 1.5 m width x 3.0
m length x L8 m deep, provide occess

points to this underground diskibulion sys-

tem. Pedestols ploced obove ground wilhin

lhe slreet ROW house elemenls such os

swilches, splices ond omplifiers.

Locolion
The slondord locotion of communicotion ser-

vices wilhin o moior orteriol street ROW
ploces it under the south ond eqst sidewqlk.

However, olong Pembino Highwoy, the pri-

mory communicolions corridor is locoled

underground, within the medion boulevord,

while the distribution lines ore locoted over-

heod olong the bock lones (figure 4.33).
Underground coble is l"ypicolly ploced oÌ o

depth of 1.0 t m.

Moinlenonce
Underground services:

> lnspeclions occur ot monholes thot ore ten

yeors or older.

> Domoged coble conloined within conduils

is reploced with new moteriol.

Overheod services:

> Require onnuol moinlenonce ond inspec-

tions. Buckel lrucks ond lodders occess ore

utilized for goining occess lo overheod ser-

vices.

Lifecycle
> Overheod services l5-2O yeors
> Underground direct buried coble 20-25
yeors

:rr;*:n-r", 
conduit services 25 yeors

Problems
> Digging by third porties domoge pipe.
> Digging con domoge or cut cobles.
> Vehicles coming in contoct with poles con
couse domoge.
> Trees con domoge overheod services.

> Snowploughs con domoge pedestols.

> Coble will be degroded by woter only if
ils inlegrity hqs been broken.
> Overheod services con be offected by o

number of climotic foctors. For exomple,

icing ond wind con bring down coble ond
disrupl service.

RETHINKING INFRASTRUCIURË
steven clarke

r:r:r:r:r:::::i::_:::f i:i:r:r:::::r:ìr:ll:::::::::.:.::j::l::ììi:i

rllri!:i!r:;iÄå4*ÈiEi¿i6AËi;:*È
i::i:::::::::ij;:lJ*;:iii;*äi;i,iiääüiirË,

iüiiiffi iiiiiiiiiiiiiiiiiiiiil:iÍiä

:i;l:lii:l:iii.Ïi,lll;i:liiiiilii:i:ì:l. :::l

{,;;'."'. ,
I :::--:t::---t:::

| .']L,.I æ.,,ro*
I iffiffi;i

li:ffi:ir

ffi
f:.
l+jiI ln
I ¡å

I

"t:l
I

I

I
I

ól



Design Response
Dry services such os coble television, com-

municotions qnd electricol utilities moy go

eilher under or obove ground. An onolysis

of these dry services identifies the following
design opporlunilies:

Unit: As previously described, communico-

tions infrostruclure cqn be locoled under-

ground in o trench or overheod ottoched to

woodpoles (figures 4.34 -35). This utility
will shore distribution locolions within the

ROW with coble ond eleclricol syslems. By

spoce shoring with within the ROW, the

omount of spoce required for distribution

ond servicing of utilities is minimized. This

result is nol only cosl effective, bul frees

more spoce for olher opportunities within

the ROW, such os spotiol requiremenls for
lrees.

Locatîon: Sidewqlks ore good locotions for
underground services, such os o communico-

tions corridor. Here lhe corridor is eosily

occessible os the sidewolk provides qn oreo
for mointenonce needs.

When these utililies ore locoled overheod,
lhey cosl oneJenth thot of underground

ones. Locoling services overheod requires o

number of considerolions, lhe first being the

relqtion lo the skeet. A pole for overheod

services musl be locoted owoy from lhe

rood lo minimize the effects of o vehicle col-
lision info il. The second considerotion of
locoling overheod infroslruclure is ils proxim-
ity to lrees. Trees musl nol inlerfere with over-

heod lines, os follen bronches moy pull
down q coble, cutting off service. This condi-
tion will result in hee pruning or removol if il
is considered to be o potentiol problem.

Amenity: These utilities hove the potenliol to
be omenities within the ROW. When utilities

such os communicotion lines ore locqted
underground, their monholes ore visible.
These become opportunilies to odd to the

delight of the street through meoningful
detoiling. Figure 4.3ó is on exomple of o
monhole cover in Seofile, on which lhere ¡s

o mop of the city ond on indicotion "you ore
here." This monhole cover illustrotes how
meoningful detoiling will improves the

pedeskion experience of lhe slreet by pro-
viding direction ond odding o sense of
dellght to the street.

The primory reoson for plocing utililies
underground is oesthetic - becouse "it looks
better". lnsteod of treoting this overheod
infroslruclure os if it were on eyesore, con-
sider odditionol uses to be port of its design
mondole. To illuqhote, the oreq where the

pole of the overheod structure emerges from
fhe ground becomes plozo spoce thot will
support o voriety of roles - morkel gorden,

outdoor cofe, mogozine stond ond vendors

lfigure 4.371. These smoll businesses con
plug into lhese structures ond set-up tempo-

rory shops, or odiocent properly owners
moy hove their businesses spill out onto
these plozos. As o result, people will be
oble lo inleroct in o posilive monner wilh lhis

infrostructure rqlher lhon hoving il screened

from view. I

4.34 Shored under-

ground utilitiy corridor

4.35 Shored over-

heod corridor with
ofloched omenities.

r*

i

i
ì

4.3si

4.3ó Monhole cover,

Seofile.

4.37 An overheod
utility corridor plozo.
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cable his f¡bre optic system of infroslruclure
provides on inlelligent coble system

with two woy copobilities. Videon
Coble is the provider of coble services, such
qs coble television ond internet occess, west

of the Red River in lhe City of W¡nnipeg.

Diskibution begins ot the heodend ot Videon

Coble ot 22 Scurf¡eld. The heodend is the

receiving point for sotellite signols os well os

locol off-oir chonnels ond North Dokoto tele-

vision stqtions received vio microwove. The

heodend demodulotes, decodes ond
processes the TV ond FM signols before

they ore redesignoted to the oppropriote
chonnel number on lhe Videon cuslomers'

television set. These signols ore distributed

from the heodend olong on underground

moin fine coble. The signols ore then con-

verted from light bock into rodio frequencies

ot the fibre oplic node. These rodio frequen-

cies ore omplifled ond fed olong o trunk líne
throughout Winnipeg west of the Red River.

Feeder cob/es, which moy eíther be ploced

4.39 Exisfing coble

ulilities olong porlion
of Pembino Highwoy.

overheod or underground, bronch off from

lhe lrunk cobles ot inlervols lo lronsporl the

signols to pedeslols on the surfoce where

smoller drop cobles ore ottoched ond fed to

different homes.

Componenls & Locotion
Coble infroshuclure is locoted within the

communicolions corridor. Along Pembino

Highwoy, Videon rents spoce within lhe
MTS trench ond Monilobo Hydro woodpole
(figures 4.38-39). The components locqled
overheod or underground ore:

> Fibre optic coble.

> Amplifiers ore locoled in monholes for
underground service ond on the wood pole

for overheod service ot intervols of opproxi-

motely 200 m.

> Pedestols ore locoled in monholes for
underground service ond on the wood pole

for overheod service.

Moinlenonce
> Overheod services require onnuol moinle-

nonce ond inspections. Bucket trucks ond
lodders ore employed lo occess overheod
services.

> Underground services require onnuol

inspections ot monholes. Spoliol require-

menls for service vehicles ore required

oround monholes.

lifecycle
> Overheod services 25 years
> Underground services 25 yeorc

Problems
> Digging con domoge or cut cobles.

> Vehicles coming in conloct wilh poles con

couse domoge.

> Trees con domoge overheod ond under-

ground services.

> Snowploughs con domoge pedestols.
> lf o coble is crushed, it will tronsmil o poor
signol.

> Ground woter will, over time, degrode
coble.

4.38 Overheod distri-

bution.
l,r,t,',.r.,t
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Design Response
Due to similor melhods of distribution, the

design response opporlunities for coble

infroslruclure ore lhe some os previously

¡dentified in the communicotions section (see

poge 37). I
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eleetricity he infrqslructure of Hydro serves to

provide the distribution of elechicity.
More thon 96% of lhe electricity gen-

eroled in the province of Monitobo is gener-

oled by flowing woter, which ¡s colled

hydroelectricily. The remoinder is generoted

by cool, wood, gosoline, diesel fuel, photo-

volloics, wind energy, ond nolurol gos.

Monilobo Hydro, lhe provinciol Crown

owned utility, ond Winnipeg Hydro, lhe city-

owned utility, provide elechicity to

Monitobons. Their eleckicol generotion ond
tronsmission systems ore interconnecled ond
operote os o single inlegroted system.

The tronsmission ond dislribution of electrici-

I begin ol the generoling stotions locoted
olong the Nelson River in northern
Monitobo. From these stolions, o high volt-

oge lronsmission line system corries electrici-

ty over o distonce of obout 900 kilomelres
to terminol stotions where lorge lronsformers

convert lhe high voltoges fo low volloges.

SubJronsmission lines loter feed the eleclrici-
ty into o dislribution system where, ol vori-
ous sloges, tronsformers lower lhe vohoges

for distribution within the city.

Componenls & locolion
Aluminum or copper coble, wilh crosslink

polyethylene insLlotion, is the primory com-

ponent. This system moy be distributed in

either two woys within the ROW - overheod

4.42 Existing elechic
utilities olong portion
of Pembinq Highwoy.

or underground lÍigure 4.421.

Overhea d distribution:

> Wood poles (figure 4.40) corry the

moiority of distribution throughout the city,

distributing óó kV, 33 kY or 24 kV. Poles

ore typicolly spoced ot 30.0 m on cenhe
ond hove o height oÍ 13.7 m ond 1.5 m

deep with the primory coble posilioned ol
12.2 m obove grode. Toller poles ore of o

height of 22.9 m but ore rore. Poles ore not
used olong moin roules designoted os on

imoge roufe by the City of Winnipeg, such

os Pembino Highwoy. As o result, wood-
poles ore locoled in the bock lones.

> Tronsformers locoted on the pole, lower
voltoge lo serviceoble levels of 12O/240
vohs for residentiol use ond 1O2O/2OB vols
ond 347/600 volts for business use. ln

oddition, disfribufion centres, which conloin

switches ond fuses, ore locoted on wood
poles in melol boxes. Swilches isolole sec-

lions ond fuses ocl os circuit breokers for the

system.

> Sfreet lights (figure 4.4.l)

Underground dístributíon:
> Monholes ond concrete ducls moy con-

toin up lo l2-15 pipes. However, in some

oreos¡ o trench moy exisl insleod of o con-
crete duct. This hench typicolly consisls of
direcl buried coble with or wilhout o pipe in

sond wilh o plonk qbove ond worning tope.

MTS, Videon ond Hydro moy shore o trench

or conduit lo reduce costs. The ideol depth
to locole Hydro coble is 1.0 m. However,
coble moy be ploced os low os 3.0 m to

ovoid olher infrosl¡ucrure. This depth is

meont to prevent compression domoge by
ollow pressure spreod from heovy vehicles
such os semi-lroilers. Distribution cenlres ore
locoted in the monholes.
> Tronsfo¡mers ore locoled on lhe ground
where they ore ploced in unoblrusive loco-
tion, such os the corner of o pork or busi-

ness porking lot. The size of o tronsformer is

opproximotely 2 m toll by 2 x 2.4 m wide
ond 2 m deep.

Moinlenonce
> Operolions stoff instoll, moinloin, ond
repoir o voriety of overheod ond under-

ground dishibulion tronsformers thot con be
subiected to overloods, cousing tronsformer

fqilure.
> Overheod syslems require onnuol moinle-
nonce ond inspections. Bucket lrucks ond
lqdders occess ore utilized for goining
occess to overheod services. Typicol ser-

vices include ground rod testing ond hord-

wore lightening. Prevenlive mointenonce ser-

vices ore olso corried oul lo ensure lhe mox-

imum life of wood poles.

> Slreel lighting is serviced regulorly. Some

of lhese services include lhe replocement of
defective bulbs or luminories ond lhe

4.40 Overheod distri-

bulion.

4,41 Underground

distribution - street

lighting.
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repldcement of domoged stondords ond lhol of underground dishibution.

street light boses.

> Underground Systems undergo onnuol Design Response

inspections ot monholes. Equipment such os Due lo similor methods of distribution, the

connections, elbows, slress cones, ond design response opportunities for eleclricol

' switchgeor ore regulorly inspected, both infrqslruclure ore the some os previously

' visuolly ond with infrored lechnology, to identif¡ed in lhe communicolions seclion (see

. ensure lhe integrity of lhe system. poge 37|. I

, Lifecycle
I The opproximote lifecycle of underground

: ond overheod services is 40 yeors.

: However, underground services generolly

' hove o longer lifecycle.

Problems
. > Digging con domoge or cut cobles.

> Vehicles coming in conlocl wilh poles con

. couse domoge.

> Trees con domoge overheod ond under-

ground services.
: > Becouse underground distribution is lorge-

' a ly oul of sight, problems ore nol os reodily
I detected os they ore in overheod systems.

. Undelected corrosion, heoting ond oil leqks

, greotly shorten lhe life of the plont, increos-
j ing operoling costs ond production losses.

, When o new trench is built, coble is

. removed from the old trench ond obon-
: don.d.
,' > Underground services qre considered to

"look better" thon overheod services.

However, overheod services cosl oneJenlh
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gas he infroshucture of Centro Gos distrib-

ules nolurol gos. The Compony pro-

vides service to opproximolely
230,000 customers in more thon 90 loco-

lions throughoul Monitobo, delivering nolur-

ol gos through o system of more thon 5,300
kilometres of lronsmission moins ond d¡str¡bu-

lion pipelines.

The distribution of noturol gos begins ot

refineries locoted in Alberto, where four

lorge pipes, meosuring qs much os 1,O7O

mm in diometer, conducl the gos lo
Monitobo ot o pressure of roughly 700-800
psi. The moin pipelines ore topped neor the

city, where pressure is reduced to oboul 150

psi ot o regulotor stotion. Since noturol gos

is odourless, on odoront is iniected into the

gos ot o regulolor slotion os o sofe! pre-

coulion. The gos is reguloted over vorious

dislqnces. By lhe time lhe gos distributed for
home use, it is being distributed through o

l3 mm pipe ol o pressure of 40-50 psi.

4.45 Existing gos utili-

ties olong portion of
Pembino Highwoy.

Componenl & Locolion
> Pipe (steel or ploslic!: 95o/" of inslollo-

tion is flexible polyethylene pipe. Pipe size

con ronge from 508-l0ló mm within the

sheet right-of-woy. The pipe is ploced ot o

minimum depth of 760 mm. The stondord

locolion of gos lines within o moior orteriol
street ROW ploces it under the north or west

boulevord, however, this slondord does not

opply to Pembino Highwoy (figure 4.45).

Moinlenonce
There ore relolively few mointenqnce

requiremenls for lhis system of ¡nfroslruclure.

Mosl commonly, broken pipes ore coused

by lhird porty excovotions (figures 4.43 44],.

When broken pipes ore repoired, o lrench is

excovoted to the depth of the pipe - usuolly

760 mm, otO.75 m wide by 5.0 m long.

The plostic pipe is lhen squeezed-off to slop

the flow of gos. The domoged pipe is then

removed ond reploced.

Iifecycle
> Ploslic pipe 4O-50 yeors
> Steel pipe 2030 yeors

Problems
> Digging by third porties domoge pipe.

> A rore condition is where woter thot
entered o pipe during inslollotion freezes

ond plugs o pipe.

> The locustrine cloy soil in Winnipeg is

highly plostic, which is susceploble to volu-

mehic chonges os the resuh of chonges in

soil moisture ond temperoture thot leod to
swelling ond shrinkoge- The soil is oggressiv-

ley corrosive, chemicolly ottocking mony

types of conslruclion moleriols ond infro-

slruclurê-

4.43 lnspector's von

for locoting gos utili-

ties.

4.44 Mointenonce

crews ofiend gos line.
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Design Response
An onolysis of gos infroslructure within the

ROW reveols the following design opportu-
n ities:

Unit: The design response of underground

infrostruclure, such os gos, wosle woter ond
lond droinoge sewers, ond woter services

within the ROW, must relofe to the other ele-

menls of infrqstruclure. For exomple, when o
lrench is excovoled for o gos line in proximi-
ty to o tree, there will more lhon likely be

rool domoge thot will hove ill effecls on the

lree. lf we intend to hove heohhy, molure
streel lrees in lhe ROW, we musl ensure lhot
the mointenonce of underground slructures

will not interfere with this root syslem.

Therefore, we must consider how the ploce-
menl ond moinlenonce of underground infro-

slruclure such os gos lines offect elemenls,

such os hees, within the ROW.

Locotion: The desiroble locotion of the gos

line is beneoth gross boulevords. This soft

londscope ollows for eosier removol ond
¡epoir when compored to o hord surfoce
such os poving. The cosls for the reconstruc-

tion of the poved surfoce con odd up to
50% to the originol repoir of the gos line.

The poving removed during o repoir moy be
in good condition os well.

On the other hond, the plocemenl of under-

ground infroslructure beneolh poving is

onolher oplion wilhin the ROW {figure
4.4ó). Toke inlo considerolion thol the lifecy-
cle of q poved surfoce of o sheet or side-

wqlk is 25-30 yeors when compored lo the

40 yeors or more of the gos pipe, os well os

recenl developments ¡n pipe technology lhol
ore increosing this lifecycle significontly. This

condition indicotes thol reconslruction of
poved surfoces will occur twice before ony
problems occur wilh the gos line. A benefit
lo locoling underground services beneoth
poving is thot the soft londscope within the

ROW offers improved growing condil¡ons
for trees qnd other plontings os the soil will
not be required to be excovoted for servic-

ing. Remember, we con build o rood in o
few weeks, while o tree requires o lifetime oÍ 4'46i

growing.

VisibilÌty: We hide gos line infrostructure

underground for vorious reosons - to ensure

sofety or to screen from view, lo nõme o

few. Where lh¡s util¡ty is visible within the

ROW, its elements - volves, mon holes, ond
so on - offer visible opporlunities lo odd
delight to lhe sheet by detoiling them meon-

ingfully. Figure 4.47 is on exomple where
gos infroslructure is celebroted in o sculplur-

ol monner. Rolhe¡ thon screen lhese ele-

ments from viewwith plonting, they become
o sculpture in the londscope thqt odds to lhe
experience of lhe sheet in o posilive mon-

ner. I l,4z

4.4ó Minimizing
spoce within the

ROW.

4.47 Public or¡,

Winnipeg.
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u¡aste
sewer
drain

water
8, Ian

age se
d
wer

he infroshuclure of sewers serves to

dispose wosle woter ond roinwoter

runoff from the londscope ond sewer.

There ore opproximolely l,lO0 kilomelres of
combined sewers; 1,100 kilometres of soni-

lory sewers; ond opproximotely 1,000 kilo-

metres of storm sewers in the City of
Winnipeg. The sewer syslem replocement

volue is estimqted ot $2.9 billion (SIRP:

r 9e8).

The infroshuclure of o sewer is o grovity fed
syslem. Grovity is the primory design consid
erotion of the sewer system. This system is

one di¡eclionol in nolure - flow is from lhe
h¡ghest point to the lowest. The onnuol
sewoge hondled by the City of Winnipeg is

lll,l89 million litres, while the doily
sewoge received is 304.ó million litres.

There ore two types of syslems of sewer

infrostructure - combined ond seporofed:

> Combined sewers: ln some oreos of
Winnipeg, both roinwoter runoff ond soni-

::T"î"r" 
woter ore collecred in the some

> Seporoled sewers: Since the 1950s, oll
new subdivisions hove been buih wilh sepo-

role sewer systems where woste woler ond
runoff ore collected in seporote pipes. Eoch

seporole sewer is referred lo os wosfe wofer
ond lond droinoge {figure 4.50}.

4.49 Wo¡k crews dig

o lrench using o bock-

hoe.

4.50 Exisling wosle

woter & lond droinoge
sewers olong portion

of Pembino Highwoy.

Lond droinoge sewe¡s consist of o series

of colch bosins which collects woler. This

woter ¡s removed from the cotch bosin

through o series of leod pipes which eventu-

olly connects lo o lorger moin pipe, where il
is emptied ot o relenlion pond or the river.

Pipe sizing is delermined by o 5 yeor storm

{min) condition. The minimum velocity of
woter movemenf through lhe pipe is 0.9 m

per second. Pumping stolions speed the flow
of wosle woter in lhe event of o storm lo
improve woler flow. ln the cose of overflow
ot o relenlion pond or river, flolgotes prevent
woter bock-up in the syslem.

Wosle woler sewers work in much the

some monner. Yet, rolher thon hoving the

woste woler droin into o retention pond or
river, it is directed lo o sewoge treolment
plont where the woter is lreoted before
being deposired inlo the Red River. The City
of Winnipeg hos lhree sewcrge treolment
plonts, or water pollution coniro/ cenfres,

locoled in lhe norlh, south ond wesl ends of
the city. At the lreotment plonts, woste wdter
undergo o two-stoge lreolment process,

where lhe primory lreolment of lhe woter
removes 90"/o of solids, ond the secondory
lreolment removes 98o/" oÍ suspended solids.

ln odditon, the minimum velocity of woste
woler movemenr lhrough the pipe is 0.ó m

per second.

Componenls & Locolion
A mojor qrteriql sheet will hove fhe woste
woter ond lond droinoge sewers locoted
under the medion boulevord. Although this

condilion does not exist within the Pembino

Highwoy ROW, the following componenls

exisl:

> PVC or precosl concrele p¡pes qre uti.

lized to conduct woste woler to either o
treolmenl plonÍ or retenlion pond or river,

depending on the type of system - com-

b¡ned or seporoled. Woste woter pipes ore

ploced below the frost line ond the depth of
bosement level. This condition ploces the

wosle woler sewer ol o minimum depth of
opproximotely 2.4 m below grode. Lond

droinoge sewers ore not os constricted due
to the foct thot this system does not operote
during the winter monlhs. The l¡picol depth
of the lond droinoge pipe is ot 1.8 m below
grode.

> Cotchbosins: oreos where roinwoter
runoff is directed lo be deposited into either
o lond droinoge sewer or o combined sys-

tem- Cotch bosins ore typicolly locoted ot
lhe curb side of the sheet. This condition is

to keep the lones most lrovelled high ond
dry during o slorm ond keep the woler lo
the porking lone. Repoirs ore olso less likely
to disrupt koffic olong the curb lone rother
thon the middle of the slreet.

4.48 Service vehicle

equiped with closed

circuit lelevision
(CCTV| thot is utilized

for leok delection.
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> Monholes provides qn occess poinl for
moinlenonce ond inspection.

Moinlenonce
A hench is required to reploce or fix o
sewer pipe. This spoce is needed to occom-

modote lhe exposed pipe ond ollow work
crews room to ossess ond repoir ony dom-

oge (figure 4.49 & 5l ). Before lhe trench is

excovoled, o digitol comero is sent through

the pipe to find ond ossist in ossessing the

domoge {figure 4.48}. This process begins

once bock-up ond flooding occurs within

this system. Other rehobilitotive meosures

include chemicol grouting, slruclurql cooting,

sliplining, inversion lining ond folded liners.

Iifecycle
The intended lifecycle of the sewer syslem is

designed for q minimum life of 50 yeors.

However, this l¡me frome vories wilh specific

moleriols - for exomple - the steel pipes

used in the l9Z0s ond eorly 1980s turned

oul to hove o lifecycle of l0 yeors.

Problems
> Since the sewer system is locoted under-

ground owoy from visuol inspection, inflow
ond infiltrotion into the sewer syslem is not

delected until o problem such os bock-up or
flooding hos olreody occurred.
> When it rqins, the combined sewer syslem

connot corry oll lhe roinwoler ond woste

woler to the lreotmenl plont. ln lhis situotion,

much of the roinwoler ond woste woter mix-

ture overflows into the Red or Assiniboine

rivers, which is referred to qs o Combined

Sewer Overflow (CSO). A CSO offects river

quolity: fish hobitot is domoged by the

breokdown of humon wosle, reducing oxy-

gen levels; bocterio from humqn wqsle con

couse flu-like illnesses ond skin or eye infec-

tions in some people who swim or woterski

in lhe river.

Design Response
An onolysis of woste woler ond lond

droinoge sewers reveols common design

opportunities os well os o unique one:

Unit: As previously described, the design of
gos, woste woter ond lond droinoge sewer,

ond woler infroslruclure musl consider lheir
relotionship to olher elemenls within the

ROW.

Location: As with gos line infrostructure, the

desiroble locotíon of lhe sewer syslem is

beneoth gross boulevords. The considero-

lions oullined for locoling gos line infroslruc-

ture opplies when locoting woste woter ond

lond droinoge sewers within the ROW. One

specific considerotion for locoling wosle

wqter qnd lond droinoge sewers is thot they

ore ploced ot o lower depth thon gos line.

Any lrench excovoted lo goin occess lo

sewer pipes will, therefore, be of greoler
depth, requiring more sloroge spoce thon

lhot for the gos line.

Vísíbílity: As previously described, the design

of gos, woste woter ond lond droinoge sew-

ers, ond woler infroslruclure con be detoiled
in o meoningful monner. Figure 4.52 is on

exomple of o cotch bosin thot is detoiled to
odd not only delight to the sheet, but offers
o sense of meoning - its symbolic fish shope

is to remind people of the consequences of
pouring molor oil or other chemicols down

slorm droins.

ln oddition lo detoiling visible elements of
the sewer system, lhere exists lhe opportuni-

ty to rethink the lond droinoge sewer system

into o visible syslem. This will entoil reploc-
ing or combining the sewer pipe of the sub-

lerroneon level with o biofiltrotion swole, or
bioswole, locoted on the surfoce (figure

4.53). Bioswoles ore open chonnels pos-

sessing o dense cover of grosses ond other

herboceous plonfs through which runoff is

directed during storm events. Above-ground
plont porls - stems, leoves & slolons -
retord flow ond thereby encouroge porticu-
loles ond their ossocioled pollutonts to seltle.

The pollutonls ore then incorporoted into the

soil where they moy be inmmobilized
ond/or decomposed (Center for Urbon
Woler Resource Monogement: 1998).

Although lhe bioswole will require greoler
spoliol requiremenls thon o pipe, lhis new
system will provide the following benefils:

> This ecologicol opprooch to lond
droinoge will reduce pollutonts lhrough not-

urol filtering.
> A bioswole will reduce peok flows by
slowing runoff. This condilion will reduce the

cumulotive problems on the present system -
downslreom flooding, often occomponied

by diminishing ground woter supplies, to

nome o few (Americon Society of Civil

Engineers:1974).
> Grossy swoles cosl opproximotely one-

tenlh thot of typicol lond droinoge sewers

(LATIS: 1998). lf the swole is o hybrid sys-

tem with overflow droins, then there moybe

on increose in lhe cosl of the swole.
> Provides hobitot for o voriery of smoll oni.

mols.

> Adds lo the delight of the skeet by creot-

ing visuol interest ond focus.

> This visuol tool serves lo educole the pub-

lic on the noturol process of woter ond the

effects of the urbon environmenl on roinwo-

ler. I

4.51 Cross-section of
lhe instollotion of under-

ground pipes through o

series of lrenches.

4.52 Fish droin.

4.53 Bioswole locoted

in medion boulevord.
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water oter infrostructure serves lo
ensure on uninterrupted supply

of potoble wqter. There ore

opproximotely lZ4.5 kilomekes of oque-

duct, ló.8 kilometres of feedermoin,

2,381.8 kilometres of wolermqins qnd

18,359 hydronts in lhe Cify of Winnipeg.
The replocement volue of lhe wotermoins is

opproximotely $l billion {SIRP: 1998}. The

locol Sewer ond Woter Division of the

Woter ond Woste Deporlment of the City of
Winnipeg is responsible for lhe operolion
ond mointenonce of woler infrostruclure.

The onnuol woler pumped by the Cit"¡ of
Winnipeg is 95,337 million litres, while the

overoge doily woler pumped is 261.2 mil
lion l¡tres. The moximum hour woter pumped

by the City of Winnipeg is 371 million litres

per doy. For Winnipeg, the distribution of
woter begins l5ó kilometres owoy ot Shool

Loke. Here woter is fed into o grovity fed

oqueduct ol on intoke stotion. Once the

woter reoches the city, il is emptied inlo the

Deocon reservoir. Once in the reservoir, the

woler is distributed through feedermoins to

vorious reservoirs for woler storoge during

peok periods of woter use. Pumping sto-

tions pump the woler ot 75 psi through the

city's network of wolermoins for dislribution

lo individuol homes ond businesses.

4.55 Exisling woter
lines olong porlion of
Pembino Highwoy.

Locolion & Plocement
The locotion of woler services within o moior

orleriol sheet is under lhe south or eosl side-

wolk {figure 4.55). The distonce of the woter
line from lhe property line is generolly 4.0
m, wh¡ch ploces it opproximotely 0.5 m from

the skeet curb. Woter pipes must be ploced

below the frost line ond lhe depth of bose-

ment level. This condilion ploces lhe woter
lines ot o depth of opproximotely 2.4-3.0 n
below grode. Wqter infroslructure includes

the following componènls within the ROW:

> Feedermoins ó10 mm concrelè pipe for
distribution from the Deocon reservoir to fhe

pumping stotions.

> Wolermains:
> 150 mm PVC pipe for home distribu-

lion.
> 2OO-25O mm PVC pipe for commer-

ciol distribution.
> 250-300 mm PVC pipe for industriol

distribution.

> Hydronls ore ploced opproximotely one

every 91.0 m.

Moinlenonce
A trench is required to reploce or fix o wqler
line (figure 4.54). This hench is needed lo
occommodote the exposed pipe ond ollow
work crews room lo ossess ond repoir ony

domoge. Before o trench is dug to fix o
wotermoin, leok detection equipment is

employed in order lo delermine the locotion

of o breok.

Hydronts ore lested every foll for preporo-

lion for winler condilions. They require

repoinling ond componenls such os seols

need to be occessed ond reploced if neces-

sory.

Iifecycle
> Woterline 5O yeors

Problems
> Third porty digging con domoge pipes.

> Vehicles, most likely snow ploughs, coming

into contoct with hydronts con couse dom-

oge.

> Cothodic protecfion is required for older
ductol iron pipes.

> Woterlines musl be ploced below the frost

line to prevent heezing within pipes.

> Repoirs ore difficult in colder weolher for
work crews.

4.54 Cily worker culs

the exisling poving

with o iock-hommer.

RETHINKIN6 INFRASTRUCTURE
steven clorke
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Design Response
Due lo similor melhods of distribution, the

design response opportunities for woter utili-

ties ore the some os previously ¡denl¡fied in

the woste woler ond lond droinoge sewer

section {see poge 45}. r
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street trees lreet trees ore plonted olong city

boulevords within the ROW. ln gener-

ol, only one tree species will be

ollowed for plonting on ony one slreet The

City of Winnipeg hos on inventory of
opproximotely 185,000 sheet trees (figure

4.s61.

[ocolion
Trees ore typicolly plonted in o stroighl line

ot equol intervols, wh¡ch is determined by

lheir uhimote size:

> Lorge size lrees l3-ló m oport
> Medium size lrees l0-13 m oport
> Smoll size trees 7-10 m oporl

Minimum plonling distonces from:

> Street inlersections ó m
> light stondords 3 m
> Privote opprooches 3 m
> Hydronls 3 m
> Hydro poles 3 m
> Monholes 3 m

4.58 lnner-city hee
problems, Jomes

Urbon.

Moinlenonce
> Tree plonting lÍigwe 4.571
> Pruning

> Removol

> Cleon-up

> Diseose conlrol

Equipment
> Bucket & pick-up lrucks

> Lqdders

> Chippers

Iifecycle
> Noturol 100 yeors or more
> Urbon 7-lO yeors
> Suburbon 20-30 yeors

Problems
> The highest percentoge of losses of sheet
lrees occurs during the first growing seoson

ofter plonting. This condition is ofi¡ibuted to

the lock of oppropriote spoce designoted
for o tree wilhin the ROW ond the present
plonting detoil (figure 4.58). Other reosons

for the shortened lifecycle of slreel lrees ore:

> Vehicle collision into tree.

> Snow-plough domoge.
> Vondolism.

> Diseose within monoculture qreqs.

> Solt domoge from veh¡cles ond winter
roqds.

> Root disturbonce due to conslruction.
> Domoge coused to sidewolks by hee

rools.

> Roots from trees growing neor or over top
of sewer lines do not oclively penelrote

sewer pipes qnd couse blockoges. However,
rools con goin enky lhrough previously

crqcked portions of o sewer pipe thot will
couse problems.
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4.5ó Existing lree
condition olong

Pembino Highwoy.

4.57 Stondord plont
ing detoil qnd moin-

tenonce vehicle.
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Design Response
Trees must compete for spoce within the

ROW with poving ond utilities. Once we
estoblish more ideol plonling conditions for
trees, we will hove heolthy, moture trees lhot
will provide o voriety of benef¡ts. A shift in
mointenonce will occur - from keeping the

lree olive lo promoting tree resilience. To

ochieve this gool, wê must consider:

Human Comfort: Trees offect the micro cli-

mole for the pedeshion by moking the urbon
environmenl more friendly, providing buffer
zones from troffic ond producing shode from

the sun ond shelter from the wind (figure

4.59). Strotegic lree plocements reduce
glore, noise ond the horsh effects of precipi-
tolion os well.

Envíronmental Fdctors: Trees help lo reduce
corbon dioxide ond increose oxygen. Trees

ossist in reducing wind speed, dusts ond pol-

lutonts. They olso control soil erosion by min-

imizing the effects of roin, river flow ond
winds. Perhops most significontly they con-

hibute lo the hobitols necessory for smoll

onimols ond birds to thrive.

Spotiol Reguirements: The spotiol require-
menls of o lree musl be determined before
plonling, iust os o porking stoll hos minimum

design stondords (figure 4.ó0). Jomes
Urbon, the outhority on urbon hees in lhe
United Stotes, hos established o the follow-

ing set of design principles which provide
for the biologicol requirements of trees (fig-

ures 4.61-621 (Jomes Urbon: 1998):

Volume: design wiih sufficient vo/umes of
usoble soil fo supporf fhe oreo of crown
desired ot moturily. Ideolly, these volumes

musi be rødîol rother thøn lineor.
Accessibility: design fhe soil volume fo be
occessib/e to oir, from whích the soil obsorbs
woter ond oxygen.ln good soil, only the fop
0.75 n - LO m ore considered usob/e for
fhis process.

Protection: design plonling defoi/s fhot pro-
fecf fhe free ond soil from domoge, such os

compocfion.
lnterconnection: desígn soil volumes to be
inferconnecfed from tree fo free ond from
other p/onfed oreos.
Symmetry: lf symmelricøl growfh of irees is o
design gool design for symmelry of
resources - soil, light, air, woter, nufrients

ond droinoge.
Growth: design fo occornmodofe longlerm
growfh of roots ond crown, trunk fløre ond
frunk enlorgemenf.
Spacing: design frunk spocing ond geomefry
to ollow for |onglerm growlh ond monoge-
ment íncluding removal, fhinning ond
rep/ocement of fhe sfrond.
Droinoge: devise'plonfíng soils wifh surfoce

s/opes of of leosf five percenf ond locofe
frees where fhere is odeguole droinoge. I

4.59 Moture trees

improve pedeslrion

comfort.

4.ó0 Spotiol require-

menls of o lree, Jomes
Urbon.

4.ól Soil bosed solu.

lions, Jomes Urbon.

4.ó2 Soil detoils,

Jomes Urbon.
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street srgns here ore opproximolely 200,000 hof-

fic signs in the City of Winnipeg. The

design ond plocement of signs involve

considerotion of visuol field, scole of letters,

proporlion of letters, ond tonol controsl

between lefiers ond bockground. The

UniÍorm Troffic Conlrol Mqnuol outlines the

five bosic requiremenls o sign musl hove:

> Fulfil o need.

> Commond ofiention.

> Convey o cleor, simple meoning.

> Commond respecl of rood users.

> Provide odequole time for response.

Signs ore cotegorized into three bosic types

> Regulotory Signs (figure 4.641 inform

users of hoffic lows ond regulotions govern-

ing movemenl, porking, speeds, to nome o

few. ond indicote rules thot would otherwise

not be opporenl, such os NO PARKING or
BICYCLES ONLY. These signs ore block ond

white in colour.

4.ó5 Advisory sign.

4.óó Guide sign.

> Advisory Signs (figure 4.ó5) coll otten-

lion lo potenliolly hozordous condit¡ons.

These signs ore lypicolly ploced sufficiently

in odvonce of the hozord to ollow for
responsive oclion. Exomples include MEN

WORKING, PAVEMENT ENDS ONd SCHOOL

CROSSING lo ndme o few. These worning
signs ore yellow, while temporory odvisory

signs ore oronge in colour.

> Guide Signs (figure 4.óó) provide rood-

side informolion to orient ond ossist users

geogrophicolly. Exomples include direction-

ol plotes with o voriety of orrow designs ond

roule lone ponels. These signs ore eilher

green or brown in colour.

Locolion
> Streel signs ore generolly mounted on 2"
ø steel poles or ore ottoched on slreet light

poles.

> Signs erecled ot lhe roodside ore mounled

ot o height lhot responds to the user's field

of vision:

> Molorists: lhe lower edge of the sign is ot
2.1 m obove grode.

> Cyclisls: signs ore mounted 
.l.2 - 1.5 m

obove grode.

> Pedesfrions: signs ore locoted ot o height

of 1.35 m obove grode.

Moinlenonce
Signs moy need to be repoired or reploced

due to oge, vondolism ond vehicle contoct,

such os o snow plough. A pick-up truck is uti-

lized for delivering moleriols ond lools to
mointenonce ond instollotion sites (figure

4.631.

Lifecycle
> 7-12 yeors

Problems
> Vehicles coming in contoct with poles con

couse domoge.

> Snowploughs con domoge signs.

> The sun fodes the sign.

> Vondolism.

4,ó3 Work crews

instoll o sheel sign.

4.ó4 Regulotory sign.
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Design Response
Afler o review of slreet sign infroskucture, il
becomes evidenl thot its design ond ploce-
menl ore governed by skict guidelines.
However, the opportunity exists to rethink
sign infrostructure so lhot il is befier integrol-
ed with lhe streel:

Permonency: Attoching the sign to o permo-
nent pole such os o light stondord or bollord

{figure) is on opprooch thot reduces the

omounl of metol within the ROW.

Delight: As well os moking signs more per-

monenl, in some inslonces we moy be oble
to moke signs more engoging to people
fhrough meoningful design detoils. An exom-
ple includes o former detoil thot the City of
Winnipeg opplied to sidewolks in the
1930s, where lhe slreet nome wos embed-
ded into lhe sidewolk ot intersections (figure

4.ó8). This type of detoiling provides o loyer
of signoge ol the pedeshion scole thot odds
to the sense of delight for the pedestrion. I

4.67 Sign ottoched to

bollord, Winnipeg.

4.ó8 Sheet nome

pressed inlo concreÌe
sidewolk, Winnipeg.

4.69 City of Winnipeg
crest embossed on the

bose of o sheel lomp.
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he gools of fhe Snow Cleoring ond

lce Conhol Progrom qre to mqinloin

the City of Winnipeg's roodwoys ond

sidewolks so os to

> Reduce the hozords of icy conditions lo
motorists ond pedeshions;

> Minimize economic losses to lhe communi-

ty ond indusky resulting from unsotisfoctory

winter driving condilions;

> Focililote the hondling of emergencies by

Police, Fire ond Ambulonce services during

the winter.

A fleet of motor groters, front-end looders,

truck ploughs, spreoders ond sidewolk

ploughs cleors ond mointoins city slreels.

This fleet cleqrs lhe city's system of slreels
qnd sidewolks occording lo three priority

cotegories estoblished in the Snow Cleoring

ond lce Conkol Progrom. Moior Arteriol
slreets, such os Pembinq Highwoy, ore clos-

sified os Priority I Streets (Plf $igure 4.721:

> Mointoined to bore povemenl over lhe full

povement width.
> Ploughed on o conlinuous bosis unlil com-

pleted ond generolly performed during the

nighf to minimize lhe problems ossocioted

with troffic ond porked vehicles.

> Excessive ice or snow build-up olong gul-

ters ond m"d¡on! or between troffic wheel-

poths is removed.

> Sidewolks olong Pl slreets, excluding the

4.72 Existing snow

storoge olong portion

of Pembino Highwoy.

downtown, ore normolly moinloined lo o
compocted snow surfoce lÍigure 4.701.
> Bqcklones ore usuolly given on occelerot-

ed priority for ploughing for reosons of
occessibility ond refuse collection. Alleys
qre mointoined to o compocted snow sur-

foce using rubber lired fronþend looders.

Moinlenonce
The following moinlenonce is performed to
ploughed streets ol vorious times lhroughout

lhe winter monlhs os required:

> Solt is effective for the mehing ond

removol of ice ond snow occumulotions on

lhe povemenl only when ombient lempero-

lures ore obove -Z'C. Depending on the

weolher condilions prior to the snowfoll, o
single opplicotion will melt lhree to six cen-

timetres of fresh snow. Solt is opplied olong
Pl streels in short burst opplicotions colled
spoiling or opplied conlinuously to melt

freshly follen snow (figure 4.71).
> Treoled Sond is used lo mointoin Pl

skeets. Solt is odded to the sond (5% by

weight) to enhonce ils performonce by keep-

ing lhe sond fluid ond workoble, os well os

moking the sond slicky.

> Removol of High Piles occur ot bus

stops, crosswolks, lone enlronces ond ¡nter-

seclions to improve the line of sight for
motorists ond pedestrions. Excess snow is

eilher relocoted within on odiocent boule-

vord storoge oreq or looded ond houled to

o snow storoge site.

> Removol of Windrows or snowbonks
occur when lhere is o lock of odequote stor-

oge olong boulevords. When removed,

windrows generolly exceed the height of
opproximotely 

,l.5 
m.

Problems
> The process of windrow removol is hom-

pered by the oddition of hoving to remove

snow from between sidewolk obstocles such

os streel furniture or street lrees. The snow is

ploughed out from between lrees or streel

furnilure through lhe use of smoller equip-

ment. Next, lhe snow is ploced inlo lhe odjo-
cent troffic lqne, where it is blown into o

dump{ruck wh¡ch is utilizing the second mosl

troffic lone. Therefore, two troffic lones ore
required where there ore obstocles for
windrow removol, rother thon lhe desired

one lone.

> Snow storoge copoc¡ty olong boulevords

moy be inodequote for the entire winler.

High piles of snow moy block motorist or
pedeshion visib¡lity, os well os pedeshion

occess.

> Overheod cleoronce for equipmenl moy

be obshucled, by conopies or tree bronch-

es, to nome o few exomples. Thus, the mini-

mum cleoronce required by snow ploughing

equipment is 5.0 m from grode ond 3.5 m

for sidewolk ploughs.

4.71 Obskuction free

zone.

4.7Q fhe oreo of
sproy from o sonder is

4.3 m t.
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> Ploughs domoge curbs, scrope povements,

ond remove trees ond signs.

Design Response
Winnipeg receives on overoge of 123 cm of
snowfoll per yeor. The mointenonce of snow
removol ond ice conlrol of cify slreets hos o
significont impoct on moleriols, plocement of
utilities ond slreet furniliure, ond slreet lrees.

Upon o review of the problems ossocioted
with snow removol ond ice conkol, there ore
o number of opportunities to relhink this sys-

lem of infrostructure:

Snow Storoge: lnodequote snow storoge
requires the removol of windrows. As previ-

ously described, the ideol condition for the

removol of windrows from sidewolks is to

keep these oreos free of clutter: benches,

sidewolks, plonters ond slreet lomps. Yet, it is

this so colled clutter thot mokes our side-

wqlks comfortoble to us. There is on oppor-
tunity to reconcile lhese opposing views by
designing for odequote snow storoge.
Figures 4.73 ond 24 illuskote how these

designed oreos of snow storoge will serve

olher functions - os o bicycle polh ond os

on oreo lo locote underground infrostruc-

lure. During winters of high snowfoll occu-
mulolion, where the removol of windrows
ore necessory, lhe storoge oreos qre free of
clutter os well.

Alternotives to Solt Use: The use of solts lo
conlrol ice is domoging to the environmenl.
For exomple, trees oflen exhibit shess os q

result of high solt deposits in odjocent soils.

Despile the cheopness qnd effectiveness of
solt use, il hos been estimoted thot the reol
cosl of using solt, toking inlo occount repoirs
lo roods ond bridges, vehicle co¡rosion,
woter pollution ond domoge lo vegelotion,
is ten lo fifteen times its purchose price

{Dunn & Schenk: 1979, Mvrroy & Ernst:

19761.-thereÍore, there is on opportunity to
employ olternotives to soh thol hove o

greoler purchose price but ore less environ-
mentolly domoging. Severol ohernotives to
soh hove been outlined in the study: Effecis

of Solt Use on the Urbon Environmenf

{Cuthbert, Culhbert, Mintenko, Philipotion &
Stow: 199ó|. These olternotives include
obrosives, obrosive mixlures, ond chemicol,
inorgonic ond orgonic de-icing ogents.

Moteriols thot will reduce the effects of solt
domoge ore olso described in this study. r

;{'-i rl _. - ----i T--i:lsl i ¡ i
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4.73 Snow storoge.

4.74 Snow removol.
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traffic signals he infrostructure of troffic signols

serves to provide odvice ond direction

lo molorists. There ore obout 590 sig-

nol control lights in the City of Winnipeg.
The Public Works deporlmenl is responsible

for the design, service ond inslollolion of
troffic signols ond reloÌed elechic conlrol sig-

nols, such os pedeshion corridors, reversible

lone signols, floshers, roilwoy crossings ond

olher miscelloneous worning signols.

There ore two types of troffic signol control:

locol ond cenfrol. Locol conlrol is qchieved

using one or more conhollers lo operote lhe

lroffic signols ot on isoloted intersection or o

series of odiocenf signols. Cenlrol confrol is
occomplished by operotion o controller or
conlrollers from o centrolly locoted source.

Eoch of these conhol melhods con operofe

signols os f¡xedtime, semi-ocluoted, or fully

octuoted.

Componenls
The components of troffic signol infroshuc-

ture ore lied into on underground network of

coble lhqt is housed in plostic pipe. A lypi-

col inlerseclion conloining troffic conlrol sig-

nols will conloin (figure 4.7ó):
> Signol support poles: 8 poles minimum.

> Signol indicolors: consist of red, yellow,

green, ond possibly directionol orrow indi-

colions. Pedeslrion signols ond illuminoled

signs ore other exomples of signol indico-

tions.

> Steeltosed cobinels thol house o signol

conlroller. These cobinets need lo be sturdy

enough to offer proteclion from vondolism,

weothering ond impoct. Cobinets ore typi-

colly mounted neor lhe intersection odiocent
to the signol support poles. There qre two

types of conlroller hordwqre employed by

the City of Winnipeg:
> Eleclromechonicol, or o prefímed con-

froller, is o device thot consisls of moving

ports to open ond close eleclricol contocls

to chonge signol phoses.

> Microprocessor-bosed, or on ocfuofed

controller, is designed to functionol specifi-

colions developed by the Nolionql Electricol

Monufocturers Associqlion (NEMAl, which

serves lo provide uniformily in troffic conlrol

equipmenl. The model of this type of con-

holler lhot lhe city of Winnipeg uses for koÊ

fic signol control is the Type lZ0, which is

oble to be looded with progroms for vorious

opplicotions.

> Vehicle deleciors ore locqted ot o deplh

of 150 mm to 4ó0 mm in the povement sur-

foce of o roodwoy. The presence of lhe vehi-

cle is detected by the disruplion coused in

qn induced or nolurol mognelic field by the

vehicle. Detectors qre utilized in roughly

three-quorters of the troffic conirolled inter-

sections in the Cit'y of Winnipeg.

Locolion
The following proctices ore employed wilh

regord to lhe plocement of troffic signol

poles ond pedestols:

> All troffic sign poles ond pedeslols must

be ploce o minimum dislonce of 1.2 m from

the curb foce.
> Poles ond pedeslols must nol be ploced in

sidewolks unless there is ot leqsl 1.2 m of
sidewolk remoining on ot leost one side of
the pole or pedestol.

> Poles ond pedeslols must nol interfe¡e with

wheelchoir romps.

> Poles in roodwoy medions ore occeptoble

provided lhot the medion is ot leost 3.0 m

wide. lf the medion is equipped with o New
Jersey borrier,lhe signol pole moy be

4.75 Work crews pre- 4,7ó Existing troffic

pore to repoir o dom- signol ¡nfrostlucture

oged light stondord. olong portion of
Pembino Highwoy.
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ploced in ony width medion, provided the

pole ond foundolion ore prolected by the

borrier.

The following proctices ore employed with
regord to the plocemenï of conlrol equip-
ment cobinels:

> Cobinels must be ploced ot leost 1.2 m

from the neorest povement edge or curb
foce.

> Cobinets must be ploced so lhot the side-

wolk will nol be blocked.
> Cobinets must be ploced so os not to
obstruct the visibility of o driver ottempting

to enler the inlersection when lhe signol is in

floshing operotion.

Mointenonce
The equipment utilized for lhe moinlenonce
of troff¡c signols ore o buckel truck ond lod-
ders lo goin occess lo overheod hoffic con-

hol infroslructure {figure 4.75). There ore

two lypes of mointenonce thot require otten-

lion, prevenlive ond correclive:

> Prevenlive mo¡nlenonce is performed
on on onnuol bosis using o set of proce-

dures to preserve the intended working con-

dition of the troffic signol system. Periodic
mointenonce of components includes inspec-

lion, cleoning, replocement ond record

keeping.
> Correclive moinlenonce, or emergency

moinfenonce, is required when equipment

breoks down or molfunclions-

Lifecycle
The typicol lifecycle of troffic control signol
infroslructure is 30-40 yeors. This figure is
bosed on foilures due to corrosion of the sig.

nol supporl pole. However, golvonized
poles ore replocing the older sleel poles,
wh¡ch tend to hove o lifecycle of opproxi-
motely 40-50 yeors. Once o signol support
pole reoches on oge of 25 yeors, lhe pole
is monilored more closely for ony signs of
foilure.

Problems
> 9Oo/" ol oll domoge to troffic conhol infro-

slruclure is coused by vehicle collision in lhe
City of Winnipeg.
> High winds con domoge poles.
> Third porty excovotions con domoge
underground coble.

Design Response

The exominolion of troffic signols led to the

following:

Tech nology : Thi rd po rty softwore compotib ili-
ty is on emerging technology of troffic signol
conlrollers, where the controller con simuho-

neously operole,lroffic control signols ond
provide other services os well. The City of
Winnipeg mokes use of this technology by
using two conhollers os weother stqtions.

The doto from one of these controllers is not
only utilized locolly but is sent to o doto
bose locoted somewhere in Omoho, USA.
Therefore, the opportunity exisls to utilize
this emerging technology for the creotion of
omenities for humqn use within the ROW.
Weother slolions locoled ot bus slops, for
instonce, moy be plugged into existing con-

lrollers ond provide locol weother informo-
tion ol kiosks olong the sidewolks.

locolion: The locolion of troffic signols with-
in lhe ROW must foke ploce in the eorly
stoges of lhe project. ln doing so, we will
ovoid tocking-on lhe signols ot the end of
the design process which moy leod to prob-
lems os figure 4.77 illusno¡es.

Efficiency: Spocing lights between intersec-

tions is criticol in ollowing uninlerrupled trof-

fic flow. Pembino Highwoy hos developed
over fime with little regord to lhe ideol spoc-

ing of troffic signols. This condition hos leod
to troffic congeslion olong oreos of lhe com-

merciol strip. The obility to resolve this issue

dppeors unreol¡st¡c os it would require mov-

ing moior inlerseclions from lheir present
locolion to fit the ideol signol spocing.
However, in the design of o new street, the

ideol spocing ond sequencing of troffic sig-

nols must be considered ot the beginning of
o proiect to ovoid the inefficient loyout of
these devices. I

4.77 The plocement of
o troffic signol in the

middle of the sidewolk.
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public transit innipeg Tronsil provides regulor,
speciol ond emergency lrons¡t

services wilh ¡ts fleet of diesel
buses. Winnipeg Tronsit hos on qnnuol rev-
enue possenger ridership of 40,000,000
people, on overoge weekdoy revenue pos-

senger ridership of 140,000, on overoge
Solurdoy revenue possenger ridership of
ó0,000, ond on overoge Sundoy/Holidoy
revenue possenger ridership oÍ 28,5O0.

Componenls
Winnipeg Ìronsit operotes its fleel of buses
on city slreels, primorily in lhe curb lone.
Some lones in the City of Winnipeg hove
been designoted Diomond lones, which ore
for ihe sole use of Trqnsit buses during peok
periods.

The loyout of the individuol bus stop
depends primorily upon the chorocleristics
of the porticulor site (figure 4.28). However,
the following components opply:
> On unpoved boulevords, o 1.0 m con-
crete pod wolkwoy is provided from the
sidewolk to the curb ond bock olong the
cu¡b 7.75 m to the bqck door.
> Steel ond gloss shelters.

Locolion
There ore three types of bus stop plocements
in lhe sheet ROW - neorside, forside ond
mid-block (figure 4.80). The type of stop

chosen relies upon coreful onolysis of pos-
senger/pedestrion movement, troffic flows
ond honsit vehicle ond roule movement, ond
other sile specific considerotions:
> The front ond reor door oreos of o stop
must be kept cleor of trees, light stondords,
hydronls qnd olher infroslruclure.
> Slops ore ploced ol inlervols of opproxi-
motely 200-300 m.

> Pedeshion lighting levels

> The proximity of moior possenger origin
ond/or destinotion focilities.
> The proximity of usoble infrostructure such
os Hydro, which provides elecfricity for heot.
ed shehers. Winnipeg Trqnsit will not, how-
ever, ploce bus slops neor infrostruclure thol
could pose o lhreot to possengers. An exom-
ple is in fhe downtown oreo where Win-
nipeg Hydro hos tronsformers locoted under
the sidewolk. These tronsformers hove the
potenliol to explode: lherefore, lhere ore no
bus slops locoted over lh¡s infroslructure.

Moinlenonce
> The mointenonce of bus slops is done
using o von lhol houses equipmenl ond sup.
plies thot ore needed $igure 4.791.
Equipmenl ond supplies such os o high pres-
sure wosher ond disinfectont qre used for
cleoning bus shehers.

> Bus stops ore serviced on o weekly sched-
ule determined by district.

> Bus shelters qre serviced either once,

twice or lhree times in o week occording lo
roufe demond.

Iifecycle
> A diesel bus hos the potenliol to hove o
lifecycle of 35 yeors or more.

> The lifecycle of tronsit bus stop compo-
nenls, such os o bus shelter or bench, is

greotly influenced by vondolism ond other
foctors. Winnipeg Tronsit's oldest bus sheher
wos opproximotely thirty yeors old. lt wos
constructed out of wood ond wos highly
effective in mointoining o worm lemperolure
supplied by electric heot during the winter.
However, lhe wood mqteriol wos impossible
to d¡s¡nfect, wh¡ch resulted in these shelters
exhibiting on unpleosont oromo over time.
> The first shelters to reploce these wooden
ones were built ¡n l99l ot polo pork

Shopping Cenke. These shehers ore con-
structed out of melol ond gloss wh¡ch ollow
for eosy cleoning ond disinfecting. ln odd¡-
lion, lhe k¡t-of-po¡t construction ollows for
eosy replocemenl of components if needed
due to vondolism. The lifecycle of these
melol bus shelters is yet undetermined, buÌ
could potentiolly lost longer thon the thirÇ
yeor spon of the wood shelters due to the
durobility of their moteriqls.

Problems
> Vondolism.
> Vehiculor contoct with bus shelter.

4.78 Required boule-
vord spoce for lronsil
stops.

4.79 Iypicøl bus shel.

ler ond moinlenonce
veh¡cle, Winnipeg.

4.80 Existing bus

slops types olong por-
tion of Pembino

Highwoy.
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> vehiculor qccidents.

> Troffic congestion.

> Mechonicol problems with vehicles

> A mojor snow storm con essenliolly shul

down service.

> The slreel boulevord octs os on oreo for
snow sloroge through lhe winler. Snow
offects lhe plocement of bus stop compo-

nenls. Elements such os signs ore ploced

owoy from the boulevord curb, neor lhe
property line, lo ovoid being ploughed over

ln oddition, snow ploughing con bury bus

slops, moking possenger looding ond

unlooding d¡ff¡cult ond unsofe. Thus, bus

stops need to be cleored during ploughing

of cify streets.

> Heoled shelters con couse ice, which

results in slippery surfqces thol ore donger-

ous to possengers. As o resuh, mointenonce

crews sond icy oreos, os well qs equipping
moior stops wilh sond on site.

Design Response
When designing public tronsit, we musl con-

sider striking o bolonce between mointe-

nonce issues ond humon comforl, qs well os

better integrote the lronsil route ond stops

with the slreel ond the neighbourhoods in
which ¡t posses lhrough.

Bolonce: There is no queslion thot honsil fur-

niture, such os benches ond shehers, ore

highly susceptible to vondolism.

Mqintenonce issues hove overwhelmed
humon comfort issues os o resuh. The oppor-
tunity exisfs lo shike q bolonce between
lhese competing criterio ond design bus

stops to become more thon oreos to sil ond
colch lhe bus. For exomple, perhops for
mointenonce ond functionol needs, bus shel.

lers need lo be conslructed of gloss ond
steel, but do benches reolly need to be con-
skucled of steel? Consider using wood os o
moteriol for the bench os it hos the obility to

goin heot relolively quickly. Another exom-

ple includes the infroduction of some cuslom

pieces to be odded to the bus shelter k¡rcÊ

porls. These custom pieces could be used

olong o sheel qnd odded to improve lhe
shelter.

Integrotíon: The effective inlegrolion of pub-

lic tronsit within the ROW delivers o more

efficient service to the public. lntegrote tron-

sil service with the slreet so lhot it not only
posses lhrough neighbourhood, but
becomes port of the neighbourhood. This is

ochievoble by considering the design of the

fronsif roufe ond the bus stops:

> Tronsil roules olong o mo jor orteriol
streets such os Pembino Highwoy must be

mode more efficient by the inlroducing dio.
mond lones during peok trovel limes. The

use of diqmond lones olong Pembino

Highwoy will greotly improve lrovel times,

moking the roule more oppeoling to the

motorized public, os well os regulor rider-
ship.

> Bus slops must huly be integroted with

the slreet so thot it works os o unit with olher
elements of the slreel. For exomple, consider
the benefits of combining o bicycle or recre-

otion lroil with o bus stop - lhe troil will pro-
vide o setbock for the locolion of lrees so

thot they will not interfere with the looding
ond unlooding of tronsit possengers. As

well, by considering the benefits of o recre-

otion lroil wilh o high volume stop, other
omenities, such os bicycle rocks, built-in

vending opporlunilies ond bulletin boords,

con become port of the design porometers

of the stop. These omenilies, combined wilh
the benefils of o recreolion lroil, will not only
produce o better slop but o befier slreet. I

4.81 lntegrote bus stop

wilh slreet lo produce on

omenity spoce.

4.82 Bicycle rqck on

city bus, Seofile.
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< 5.1 o vision of o new city slreel in

Winnipeg, September 20, 1913.

tÈt Ìrtt r

5.0
intervention & transform ation

fler we exomine Pembino Highwoy
ond the moior orteriol slreel, we

reolize thot the different elements of
infrostruclure within the ROW must compete

for very limited spoce. However, once these

elements con work os o un¡t, they will greot-

ly improve the quolity of the street. Here, we
will use the lools presented in the progrom

onolysis to reth¡nk the ROW - to intervene

with the exisling streel of Pembinq Highwoy,
ond lo tronsform the stqndord loyout for the

moior orteriol slreet - inlo infroshuclure thol
is meoningful.

*àæR :mg¿lws**ffiÌr;
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intervention I

*r! -n;\
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5.2 lntervenlion I -
chqrocler sketch of the

conduit sheel.

5.3 lntervenlion I -
proposed section of
lhe conduit street.

I
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Pembino Highwoy
An overheod utilities corridor or conduit of

eleclricol, communicotions ond cqble - usu-

olly reguloted to bocklones or locoted

underground - ore revisioned lo engoge lhe

senses ond become on omenity. This conduil

is locoted in lhe ROW to seporote the differ-

ent reolms of the ROW - motorist ond

pedestrion. ll is set-bock from lhe sheet,

where il is owoy from o potentiol vehicle

impoct, cleor of being on obstocle for snow

removol, while being fully occessible for
mointenonce. This sel-bock from lhe skeet

funclions os o two-woy recreolion corridor
for cyclists, inline skolers ond the like.

Businesses olong the pedeslrion reolm coler
to the pedestrion, wilh sidewolk cofes, ven-

dors ond the like, while the reolm of the

molorisl coter lo the big-box development,

gos slolions ond similor types of businesses.

Rother thon use stondord woodpoles, on

elegont steel struclure is detoiled to odd
visuol interest ond delight lo the shuclure.

Plozos rodiote from lhe conduit poles thot

ore equipped with plug-ins - eleclricol ond

fibre-optics - which offer public entrepre-

neuriol opportunities. Spoce olong the con-

duit con be rented for o smoll doily fee ot

lhe plozo locolion of ones choice. Along

with the plug-ins will be q mix of permonent

sleel conopies ond seosonol lent shuclures

ottoched lo lhe conduit. These odditionol

omenities will offer shode from the sun ond

proteclion from lhe roin, which will con-

kibute to o comforloble streel environment.

At night the conduit comes olive - impulses

of light move olong exposed fibre-oplic

coble offixed fo the skucture, odding to the

dellght ond chorocler of the street.

Alternoting between lhe plozos of the con-

duit ore clusters of lrees. These plontings

work with the setbock of lhe recreolion corri-

dor to situole lhe trees owoy from the curb,

where lhey ore susceplible to lhe effects of
solt sproy. These cluslers of hees shore lorge

soil volumes olong the slreel wh¡ch will pro-

mote heolthy lree growth.

Together, the conduit ond plontings creole o
dynomic condilion olong the slreet os pot-

lerns of humon octivity ore divided by potch-

es of trees which provide lronsition between

these octivilies. Moking on omenity out of
whot moy be considered on eyesore will
moke this form of infroskucture port of our

everydoy lives. lt will enhonce the humon

experience of the sheet where people will
be oble lo inlerocl with ¡t in o positive mon-

ner. I
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intervention II

5,4 lntervention ll -
chorocter sketch of the

bioswole slreet.

5.5 lntervenlion ll -
proposed section of
the bioswole skeel.

r I n¡rsl¡lrlruc rNFRAsrRUcruRE- | steven clorke



Pembino Highwoy
lnlervenlion II improves Pembino Highwoy in

two improlonl woys. Tree lined boulevords
serve lo define the street, improve pedestri-

on comforl, ond creote visuol interest ond
focus (see progrom onolysis for detoils).
However, in order thof lhere be sufficient soil
for lhe slreet lrees lo survive, they ore
ploced so thol lheir rools shore lhe soil of
odiocent properfies. Property owners ore

required lo meet minimum londscope
requirements wilh o l.2m strip of soft lond-
scope, which provides opportunities to ploce
trees where lheir rools con occess more soil,

ond with lifile or no obshuclion.

The treelined boulevords focus ottenlion to

the bioswole - the centrol line of oxis for the

slreet. This Z5 m wide bioswole reploces the

current 750 mm lond droinoge sewer pipe.
Now used os on omenity, roinwoler runoff is

obsorbed ond retoined on site. The

bioswole becomes o liv¡ng system of infro-

slructure thot odds to the delight of the

slreet: lhe sound of rushing wcter filtering
lhe sound of the troffic, qnd lhe lush vegeto-
tion of the swole creoting visuol inleresl ond
focus. Besides odding delight to the street,

this visible infrostruclure becomes o tool lo
educole the public on lhe woter's nolurol
processes ond the effects of urbon environ-

menl on roinwoter. I
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transformation

5.ó Tronsformotion -
proposed seclion,
mojor orteriol sheet.

5.7 Tronsformolion -
chqrocter sketch of the

proposed moior orteri-
ol slreet.

Moior Arteriol Street

Double tree-lined boulevords ond o proirie

meodow centrol oxis tronsform lhe ROW

inlo o greenwoy. Double lree-lined boule-

vords, designed to provide the spotiol

requiremenls for frees to grow to moturity,

serve to define the street on mony levels. On

o micro level,these trees will define o com-

fo*oble environmenl for the pedestrion ond

the like. The closely spoced plontings offer
shode in the summer ond ollow the sun to

penelrote in lhe winler; they olso reduce lhe

impoct of uncomfortoble winds ond protec-

lion from lhe roin- For the pedeslrion, these

lrees will serve os o buffer from the troffic of
the sheet, filtering noise ond pollution. For

the molorist ond cyclist, the boulevord hees

will reduce sun glore, moking lrovel more

comfortoble ond sofe.

On lhe mocro level, these plonted boule-

vords define the neighbourhoods lhrough

which the street posses. A hee specimen will
compliment eoch neighbourhood ond pro-

vide lronsition between them by ocling os o

visuol cue. More importontly, the double

hee-lined boulevord, os opplied to the typi-

colly undefined chorocler of the commerciol

slrip, creotes on oppeoling environmenl thqt
inviles pedeslrion inleroction.

The boulevords provide the focus to the

proirie meodow - the cenhol line of qxis of
lhe slreet. This ló.0 m proirie meodow

boulevqrd provides the spoliol requirements

for oll underground ufilities. When occess to

these services is required, the o soft lond-

scope of the meodow is cul ond then rein-

serled once the moinlenonce is complete.

Together, the double tree-lined boulevords
qnd the proirie meodow lronsform the sheel

inlo o comforloble greenwoy environmenl

lhot enriches lhe experience of the skeel -
ioggers, pedeshions, cyclists, inline skoters,

will enioy the pothwoys; there will be pock-

ets of humon octivity omongsl the urbon for-

est of the boulevord - cofes, morkets,

buskers ond iugglers. The seosonol chonges

in colour of the trees ond meodow olong

wifh their evolulion over lime odd o dynomic

level to the streeÌ os well. I

RETHINKING INFRASTRUCTURE
steyen clorke
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< ó.1 tesling sÌreet signs by the City of Winnipeg,
Mo¡ch 7, 1972.

6.0
rethinkitrg the RO\ry

hrough this reseorch we hove exom-
ined ¡nfrqslructure, looked ol its poten.
tiol, onolyzed the infroslructure of the

slreet, ond illustroled how we con rethink
lhe ROW in o number of different woys.
Nine conclusions resulted from this reseorch

> Consider the spotiol requirements of the
oll the infrostructure.

> Plonl street lrees where they hove suffi
cient spotiol requirements Ìo grow.

> Ensure elements of infroshuclure work
togelher os o unit.

> Consider the ecologicol opportunities.

> Moke infrostruclure visible.

> Design infroslructure colloborotively.

> Avoid the tock-on opprooch.

> lnvovle lhe community.

> Moke infrostruclure meoningful.

RETH'NKING rHE Row 
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conclusions Consider the sþotiol requiremenæ of
oll the elements of infrostructure

locoted within the ROW when

designing the street.

This considerolion will hove on effecl on the

width of the ROW. lt moy be unreolistic to

chonge the width of on exisling ROW, but it

is not impossible to increose the width of the

ROW when designing o new street. The

omounl of spoce within the moior orteriol

sheet is inodequote for lhe much of whot is

desired in streel: treelined boulevords thol

provide o buffer for the pedeskion from the

slreel; underground infrostructure locoled

beneolh o soft londscope for eose in moin-

lenonce; ond wide troffic lones for

increosed driver comfort. Plocing o very rich

pedeslrion corridor olong one side of the

slreet ond not the other illuslrotes the com-

promise of lhe norrow ROW width.

Therefore, we must decide whether we wonl

more oul of our slreels besides efficient trof-

fic conduits.

Plont street trees where they hove

suffrc¡ent sÞot¡ol requ¡rements to

grow.

The opprooch lo the woy lrees ore plonted

in our ROWs musl chonge. ln Winnipeg,

trees ore plonted with the notion thot they

will live for only 7-10 yeors. This condition

exisls primorily becouse the spotiol require-

menls of lhe hees hove not been consid-

ered. lf we wonl trees olong our city streels,

lhen we must reconsider how ond where

lhey ore plonted. The hees olong Pembino

Highwoy illushole lhe effecls of solt dom-

oge. Although they oppeor to hove omple

soil, the ground hos been soturoted with soh

form the odiocent lrqffic lones during the

winter monlhs. The oreos surrounding lhe

lrees hos olso been d¡sturbed ond compocl-

ed by mointenonce mochinery used lo ser-

vice ony infroslructure locoled olong this

some medium. Heolthy slreet lrees will kqns-

form our streets from lroffic conduits to

greenwoys. Only then will public occess to

green spoce improve. Trees will contribule

to creoting o comfortoble slreets thot will

encouroge public use * ploces to wolk, sit,

run, shop ond enÌertoin.

Ensure e,ements of infrostructure
work together as o unit.

For ROW infroslruclure, working os o unil

meons shoring spoce ond providing for

multi-uses while respecting the spoliol

requirements of odiocent infroslructure. For

exomple, the use of o recreotion corridor

locoted odiocenl lo lhe curb lone provides

o sofe route for the cyclist ond ioggers while

ot the some time providing o locolion for

underground utililies, o ploce for snow stor-

oge during fhe wither monlhs, os well os

providing on unobstrucled oreo for windrow

removol ond sight lines for the motorist. The

volue of hoving infrostructure working

logelher os o unit tronsforms lhem into multi-

funclionol elements lhot provide o series of

benefits ot little or no odditionol costs.

ó.2 Section deloil of
on utility medion illus-

lroling lhe minimum

distonces required for
mointenonce.

ó.3 Skeet kee,

Winnipeg.

ó.4 Working os o

unit - shoring spoce.

g I RETHTNI<ING lNFRAsrRUcruRE
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Consider the ecologicol opportunities
w h en d esi gni n g i nfr o str u ctu r e.

As previously described in chopter 2.0, from

on ecologicol stondpoint, we connot qfford

to continue to destroy our environments with
our presenl one-woy flow infroshucture.

Ecologicol opportunities must be considered

in the design of our infroshucfure. Fihering

polluÌonls from runoff through the use of
bioswoles in one such exomple. The volue

of this design opprooch is the regenerolive

benefits produced by the infroshucture. ln

the cose of the bioswole, runoff woter is fil-

tered ond used onsite - to replenish ground

woler ond support o voriety of plont life.

This meons of stormwoler monogemenl will
olso become o visuol tool lo educole fhe

public obout fhe process of roin wqter, to

nome o few.

Mo ke i nfr o str u ctu re vi si bl e.

lnfroslruclure thot is visible ond integroted

with everydoy life is meoningful. The conduit

of design intervention I or the bioswqle of
inlervenlion ll ore exomples of visible infro-
slruclure. The volue of visible infrqslruclure is

thot it fulfills educotionol roles by reveoling

the public how it works os well os odding
delight to the experience of the infrqshuc-

lure.

Deslgn infrostructure through the
colloborotive design aþproach.

Streets ore o type of infrostructure lhol serve

o voriety roles - for the moving goods ond
services, providing o ploce to do business

ond serving os o ploce for o street fesfivol
or porode. lf we consider these mony func-

fions of the slreet, lhen we musl conclude

thot designing o ROW must be o colloboro-
tive opprooch. As described in chopter 3.0,
the Humber Bridge in Toronto illushotes the

benefits of such o design opprooch. A
brood multidisciplinory opprooch to the

design of infroslruclure opens the door for o
greoter ronge of opporlunities. By freely
exchonging ideos, engineers, londscope
orchitecls, ortisls, orchitects ond lhe like moy
design o sheet ROW thot succeeds on

mony levels, beyond thot of on efficient trof-

fic conduit.

ó.5 Bioswole.

ó.ó Scuppers direct
woler into bioswole,

Portlond.

ó.7 Professionols

working togelher.
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Avoid the tock-on opprooch to the
d esi gn of i nfr a str u ctu re.

The tqck-on opprooch, os discussed in chop-

ter 3.0, is often opplied lo infroslructure pro-

iects. Melol trees of o streelscope proiecl

olong o stretch of Portoge Avenue in

Winnipeg ore on exomple of the tockon

opprooch to infrostructure. These "hees"

were selected due lo lhe short lifecycle of

slreet lrees in Winnipeg. The price log per

tree wos roughly $S,SOO. Perhops if the

other elements of the ROW infrostruclure

were considered through the design

process, reol lrees could hove been plonted

lhot would survive. Design opporlunilies con

be lost os illusholed with the melol kees.

Involve the community ín the design

of thei r i nfro stru ctu r e.

lnfroslruclure projects ore often met by pub-

lic resistonce. This resislonce is often ossoci-

oled wilh the public's negotive perception

oboul infroshucture os described in chopter

2.0. However, community involvement in lhe

design of infroslructure will chonge these

perceptions ond increose the effectiveness

ond occeptonce of lhe infroslructure proiect

os o culturol omenity. The Moin Street

Norwood bridge in Winnipeg illusholes lhe

volue of hoving the community involved in

ils design; the design oddresses community

needs such os providing bicycle lones, view-

ing oreos ond river occess, rolher thon only

fulfilling bosic functionol roles such os troffic

movemenl.

Moke i nfr ostr u ctu r e meo ni n gful.

As discussed in chopter 2.0, infrqshuclure is

generolly viewed os on eyesore - some-

lhing to be screened or buried from sight.

However, lhere ore opporlunities to trons-

form Ìhese "eyesores" into meoningful

ploces. Toking o purely functionol element,

such os o Hydro pole, ond rethinking it os

on elemenl thot is interoctive ond supporls o

voriety of roles, illustrotes this honsformo-

lion. The volue of inlegroling infrostructure

into lhe public reolm is thol it ollows people

begin lo understond ond oppreciole il.

While o typicol infroskuclure projecl moy

meet public resislonce, infroslructure Ìhot is

meoningful ond expressive of ploce con

become occepled sources of public pride.

ó.8 Metol streel tree,

Winnipeg.

ó.9 Community

involvement ot o pub-

lic workshop.

ó.lO Chorocler
sketch of o "Conduil"
plozo.
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Areos for furlher reseorch

The ideos presented in this study must be

exomined further ond built upon. To illus-

lrote, replocing o lond droinoge sewer with

o vegetoted bioswole is o complex lopic
thot exceeds lhe scope of lhis reseorch -
moinlenonce issues, methods of conkolling
erosion in open chonnels, risk onolysis of
lond droinoge systems ore o few of the

oreos thot require furlher invesligolion on

fhe lopic. ln oddition to furlher reseorch on

lhe infroskucture presenled in this study,

there exists mony types of public works pro.

iects - Hydro eleckic doms, power plonts,

woste woter lreotment plonts, old ond obon-

doned infrqstruclure ore o few exomples -
thql must be sludied ond rethought to go

beyond fulfilling their bosic functions. The

Woter Pollution Conlrol Loborotory in

Portlond o¡ lhe 27th Avenue Solid Wqste

Monogement Focility in Phoenix ore o few

of the exomples thot illustrote the design

opporÌunities for our infrostructure.

An opporlunity exists to rethink our infro-

slructure ond better inlegrole it with our built

environmenl moking it multi-functionol, inler-

octive, ond most of oll, meoningful. I
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interviewed: December 9, l99B

Books:

Horris, Chorles W.& Dines, Nicholos
T. Iíme-Sover Sfondords for londscope
Architeclure. New York : McGrow-Hill,
lnc., 1988.

Reports:

City of Winnipeg, Winnipeg Bicycle

Focilifies Sfudy. Februory 1993.

Communlcotions
Brett Porth, Design Speciolist

Monitobo Telecom Services lnc.

interviewed: November ló, 1998
Rob Smoll, Director of Operotions

MetroNet Communicolions

interviewed: November 13, 1998
Web Sites:

www.mls.mb.co

Cable

Peter Fohlgren, Plont Operolions Monoger
Videon

inle¡viewed : November 4, 1998

Electrlclty
Jim Cook, Underground Dishibution Eng.

Winnipeg Hydro
interviewed : November 3, 1998

Jim Roik, Design Division
Monitobo Hydro
interviewed : November 4, 1998

Pomplets:

Monitobo Hydro. Supply Efnìciency

lmprovement Progroms. Winnipeg :

1994.
Mqnitobo Hydro. The Hydro Proyince.

Winnipeg: I 998.
Mqnitobo Hydro. Ironsmission &
Disfribufion. Winnipeg : 1994.

Web siÌes:

www.hydro.mb.co
www.mbnet.mb .co / city /htnl/index

Gas

Ken Ducheminsky, P. Engineer
Cenho Gos, Construclion Deportmenl
inÌerviewed : November 14, 1998

Woste Woter & Land Droinoge Sewers

Terry Josephson, Woler Woste System
Plonning Engineer

City of Winn¡peg,Woste Woter Division

inlerviewed: Oclober 30, 1998
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Chris Mocey, P. Eng. Urbon, Jomes. "Root Borriers: An PubllcTronsÍt
UMA, Senior Municipol Engineering Evoluotion". Londscope Architecture. Alex Regiec, Operotions Plonner
Speciolist September, v.84, 1994. pp.28-31. City of W¡nnipeg, Tronsit Deportment

' inlerviewed: November 27, 1998 Urbon, Jomes, Sieverl, Rolph & interviewed: November 19j998.
, Kos Zurek, P. Eng. Potlerson, Jim. "Trees & Spoce: A Monuols:
I UMA, Senior Municipol Engineering Blueprint for Tomorrow". Americon C¡ty of Winnipeg, Winnipeg Tronsit Off-

inferviewed: November 27, 1998 Foresls. July/August, 1988. pp.58- Site Focilifies Sfondords & Design
Books: 6l ,73-4. Monuol. 1994.

Americon Society of Civil Engineers. Books:
I Sform Wøter Monogemeni. New York, Phillips, Leonord 8., [)rban lrees: A
a 1974. Guide for Selection, Moinlenonce ond
r IATIS. Vegefofed Swoles. Todd A. Møster Plonning. Toronto : McGrow-Hill,
r Sleedmon, December 23,1998 lnc, 1993.

I Periodicol: Reports:

Cenler for Urbon Woler Resource Cuthberl, Cuthbert, Mintenko,
. Monogemenl. "Evoluotion Limilolions lo Philipolion & Stow. Effecfs of Solt Use
I Vegetolion Esloblishmenl & Growlh in on the Urbon Envîronment. Deporlment of

Vegeloted Stormwoter Biofilters". Plont Science, University of Monitobo :

Woshington Woter Resource. Foll, 1998. 1996.
pp6-7. Web Sites:

Reports: www.mbneÌ.mb.ca/ciry/porks/enserv
', SIRP Tosk Force. Sfrofegíc Infrastructure /forestry/forest.html
; Reinvesfm ent Polîcy. Moy, I 998.
ì Web Sites: Trofflc Slgns

. www.mbnet.mb.co/city/html/index Rolph Johnson, Field Supervisor
Ciry of Winn¡peg, Troffic Service Bronch

Woter interviewed : November 17, 1998
, Terry Josephson, Woter Wosle Syslem Wolter Chubey, Shop Foremon

' Plonning Engineer City of Winnipeg, Troffic Service Brqnch

. City of Winnipeg,Woste Woter Division inlerviewed : November 18, 1998

, interviewed: Oclober 30, 1998
: Duone Griffin, Woler Deportment Plonning Snow Clearlng & lce Control
; Engineer Bruce McPhoil, P. Eng.

I City of Winnipeg, Woler Division Monoger of Streets Mointenonce
, inlerviewed: November 17, 1998 The City of Winnipeg, Public Works

: Ct rir Mocey, P. Eng. Deportment

: UMA, Senior Municipol Engineering inlerviewed: November 26, 1998
i Speciolist Reports:
: interviewed: November 27, 1998 Culhbert, Culhbe¡t, Mintenko,
, Kos Zurek, P. Eng. Philipotion & Stow. Effects of Solf Use

I UMA, Senior Municipol Engineering on ihe Urbon Environmenf. Deportment of
I inferviewed: November 27, 1998 Plont Science, University of Monitobo :

i Reports: 1996.
, SIRP Tosk Force. Sfrofegic lnfrosfrucfure Dunn & Schenk : 1979.

Reinvesiment Policy. Moy, 1998. Murroy & Ernst : l9Zó.
' Web Sites: Web sites:

www.mbnet.mb.co/city/ html,/index www.mbnet.mb .ca/city/h¡rr'l/index

a

r Street l¡ees Trofflc Slgnols
i Gerold J.Kuto, Senior Foreshy Techniciqn Co¡l Kummen, P. Engineer

: City of Winnipeg, Forestry Bronch, Ciry of W¡nnipeg, Troffic Signols

; interviewed: November 9,1998 Engineer

I Jom"r Urbon, FASIA Public Works Deportment
. interviewed: Februory 12, 1999 interviewed: November 23, 1998
r Articles: Books:

Bennett, Poul. "Riprop: City Roots". Kroh Wolter. Iroffic Signol Control
londscopeArchiteclure. December,v.SZ, SysfemsMoinfenonceMonogemenf

, 1997. p.12. Procfices. Woshington, D.C. : Nolionol
Urbon, Jomes. "Room to Grow". Acodemy Press, 1997.

londscqpe Architecture. Morch, v.8ó, Orcull, Fred. Ihe lroffic Signol 8oo,k.

1996. pp.74-79, 96-97. New Jersey : Prenlice Holl, 1993.
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appendix D
infroslructure summory toble

Definition

Designer/
Operåtor

Typ€

Component
in R.O.W.

Placement
in R.O.W.

Mâintenence

Equipmnt

Måteri¡15

Lifecycle

Conctru<tion
Time'

Coss

Problems

Separation

New
Tæhnology

Streets

of goods and people

road design eng.

traffic engineer
highway engineer

malor throughfare (60m)
ñ¡ior ¡rteri¡l (40m)

minor ¡rteri¡l (l2m)
indurrri¡l collecror (32m)
residential collector (22m1

local industrirl (22m)
loc¡l reiidential (18m)
backhne (6.25l7-25m)

. paved hnes

. curb

. on <entre of R.O.W.

. medi¡n boulev¡rd ma),

. consist¡ of two or more
lanes
. l¡nc width:4 0-5.0m.

snow ploughing

porhole filling

sweeping
joint/crack reprir
asphak overhy
complere reconstru<tion
annual distress surveyt

reihfotced <oncrete
a:phrlt overlay
crushed limestone ba¡e

geotextile hbric
PVC pipe

25-30 years, plus rn
¡dditionil l0-15 /eârs with
an asphalt overhy.

I weeks
reh¡bilitadon

12 weeks

52 million

reh¡bilit¡tion

S3 million

. tr¡ffc disruption due to
ñ¡inten¡nce,
. inadequate m¡ihten¡n<e
budget.
. environment¡l conditions

. min¡mizè the effecs of
måintenâhce from other
infr¡st¡ucture.

geotextile fabri<

fibreglass dowels

silt free deicers
performance asphaltr

" Typ¡câl consrruct¡on tìme for two blocks ol a typical arterial rtreer.

" cosr for a 3.0m wide p¡th.

Sidewalks

Provides access for people
to circulatê through tfi€
urban landJ<åpe.

road de:ing eng.

treff,c engineer

l¡ndsc¡pe rrchitect

N/A

. pathw¡y

. boulevãrd

. 1-5 m minimum

. 300 mm from property
line.

. snowplough & srnding

. remPor¡ry asPhalt overl¡y

. sweepin8 {in high use

rrers only)
. <omPlete reconstruction

. concrete ¡nd/or P¡vers

. crushed l¡mes(onê b¡se

25-30 yerrs

2 weeks
reh¡bilit¡tion
2 wks,2 days

concrete
Sl0/m2

Pavers
560/m2

kicking
drmage by trees
environment¡l conditions

. infrls(rucrure is rypically
phced under the sidew¡lk.
. safeq/ for the peds(ri¡n

. b¡se m¡teri¡ls

Bicycle

Provides e tenspoÊtion
route for cyclisB.

. P. Eng.

. l¡ndsc¡pe irch¡teca

bicycle route
bicycle hne
bicycle path:

. b¡cycle€nly

. multir¡e rec. prthw¡y

path

s¡8n¡ge

parking

shared roadway w/ vehicle

4.1 m
seP¡r¡te P¡th:

one wry:2.5 m

wo way: 3.0m

min. design speed: 35km/h

. paved surfaces require
sweeping. line p¡¡nting &

surhce restor¡don.
. scarific¡tioh, smoothing &
comP¡ctjon.
. sign maintenrnce

. ¡sph¡l! or concrete P¡th
with cru¡hed limestone b¡se
. crushed Iimestone p¡th

asphrk:

20-25 yerrs
limestone
5-10 yeers

rsphalt:

N/A
limestone

N/A

¡iphålt*
S63,840/kh

limestone**
S26,880/km

provid¡ng cyclirt comfort.
asphalt cracks.

vehicle collisions

lack ofconnectivirl
tween existing P¡rhs.
environment¡l conditions

. s¡fety for the cyclist

t/A

Communications

Provides lool, logdisance,
w¡relesr, d¡rectory & onl¡ne

. electrical engineers

. electri<¡l technioint

. underground

. overhe¡d

' copper c¡ble

' manholes & concrele duc!

' switches, splices &

amplifiers.

. min. deprh: 1.0m

. ¡nnu¡l inspecdons

. rep¡iring & rephcing crble

b¡ck-hoe
v¡rious trucks & vans

bucket trucks & l¡dder¡

woodpole:
buried c¡ble
manholes

underground
25 years

overhe¡d
15-20 ye¡rs

underground
12Sm/ day

overhe¡d
I days

undergtound
S1000/lo¡

overhe¡d
S600/lot

third party digging
vehicle cont¡ct
tree d¡måge
water damage

environmental <onditiohs

. mâin!¡ins minimum
m¡inten¡hce disÈnces,

. overâ¡r rechnology

. fibre optics

Cable

trovide¡ cable television
Ì online sewices.

. elec!ric¡l eng¡neer

. re<hnical designers

. underground

fibre opti< <able

rents sprce fiom M.T.S.

rmplifiers

. min. depth: 1.0m

¡nnu¡l inspections

rep¡iring & replacing crble

back-hoe

v¡rio!s trucks & v¡ns

bucket trucks & l¡dders

m¡inline c¡ble
amplifiers
pedestrl sprce

underground
25 yerrs

overhe¡d
25 yerrs

underground
4 d¡ys

overhead
4 deys

S10-50/m

third parq. diggint
vehicle cont¡<t
tree drmrge
water drmage
envirônmenrâl conditions
crushed c¡ble

. mùnt¡inr m¡nimum

miinten¡nce dii6nces

. fibre opt¡cs

Electricity

Proúdes tfi e disbibution
ofeleccicity.

. elecrri<al engineer

. cercifed technici¡ns

!nderground
overhe¡d

c¡ble
m¡nhole¡ & concrete duct
tr¡n5formers
street lithts

. ñin. deprh: 1.0m

. hr. on pole: 12.2m

tr¡nslormer ñonitoring
overhead inspeccions

rtreet lâmp milntenrnae
underground inspections

b¡ckloe
v¡riour tru<ks & vrns
b0cker rruckr & l¡dders

ttânsmi5s¡on towers
woodpoles
slreet lighÍs

m¡nholes & concreae duat

tr¡nSformeis

underground
45 ye¡rs

overhe¡d
35 ye¡rs

underground
+6 weeks

overhe¡d:
2 weeks

underground
$75G1000/m

overhe¡d:
S75-100/m

. th¡rd p¡rty digSint

. veh¡<le cohract

. tree drmrge

. in¡b¡liry ro determine
underground hilure until
one occurs.
. environment¡l <onditionr

. maintains minimum
m¡inten¡nce dist¡nce5.

. efrcient tr¡nlormers

. w¡ter trench technology

ló I RETHINJ(NG INFRASTRUCTURE
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Gas

Senes to provide tle
di*ibution of naaral gas.

. civil engineer

. mech¡nical technologist

underground

. undergroùnd pipe

. min. depth of 760mm

' 0.75m wide by 2.4m

long senice crench.
, se¡sonal pressure ai

. back-l¡oe

. vrriour rrucks & v¡n!

. 
PiPE

. regul¡tors

phstic
40-50 yerrs

steel
20-30 yerrs

300m,/day

S15/m

rhird p¡rrI d¡gging

. m¡thQtns mrnrmum
m¡inten¡nce d¡st¡nces.

. lon8er l¡ved resint,

. Yibraplow & shtiplow
in¡t¡llation,

Waste Water
& Land Drainage

Seryes to d¡tpose wàter
& wale from lånd &

. municicp¡l engineer

combined

seprrated

underground pipe

. w¡Jlewatel sewer mln,

lepth:2.4m
. l¡nd dr¡ina8e rewer m¡n

iepth: 1.8m

. 0.75m wide by 2.4m min

long senice tren<h.

s

. b¡ck-hoe

. v¡rious lrucks & vâns

. PVC or precast conarele

PiPe
. <¡(chb¡s¡n
. hanholes
. liftst¡tion¡

50 ye¡ri

2 weeks

s800

L.D.S.

s1.450

hidden infltr¡tion
combined sewer backrp
combined sewer overf,ow
pollution into river sÍstem
environmenþl conditions

. m¡int¡¡ns minimum
m¡¡nten¡nce diiÈnce¡,

ccw
chemical grouting
NuPi pe

Water

Servet to enture an

uninærrupted supply of
pobble water.

municip¡l engineer

mechanical engineer

structural engineer

aqueducr

w¡terma.in
feederñ¡in5

. underground pipe

'hydrant

. min. depth: 2.4m

, 0.75m wide by 2.4m min.

long service trench.

. b¡ck-hoe

. various trucks & vin3

PIPE
pumpinB st¡tions
hydrants

;0 ye¡r5

2 weeks

S250/m
reh¡biliution

5429/m

third p¡rty digginE

vehicle contacr w/hydrlnts
waterm¡¡n bre¡k
environmenr¡l conditions

. m¡int¡ins miniñum
m¡ihten¡¡ce d¡sÈncer

le¡k de¡ection
c¡(hodic protection
computer modelling

Street Trees

Trees planted along city
boulev¡rds,

. Forestry Branch

. landlcapê architecG

l¡rgê s¡ze rrees
mediüm sizÊ trees

rm¡ll s¡ze trees

. boulevard

. phntings are to be

phced in a straight line

along rhe boulevard at
3.5m fom the propert), l¡ne
. l¡rge: 13-16m
. medium: 10-llm
. sm¡ll:7-10m

planting

pruning
removal
ale¡n-up
dise¡se

. bucket r¡ucks & l¡dders

. chipper.

free

ìå(ur¡l: 100 years

¡rb¡n: 7-10 ye¡rs
ruburb¡n: 20-30 ye¡rs

2" c¡liper rree

s17S-225

rree d¡m¡ge to sidew¡lks
srlt damage

. planted to allow
mrintenance of underground
uriliries.

N/A

ligns

Provides advì<e & di¡ection
to thc public.

Traffic Seryice Bra¡ch

reSul¡rory
advisory

túide

. si8n artached ro pole

or Jtreet l¡mP.

. mororist sitn ht:2.1m min

. cyclist sign ht: 1.2-

1.5m min.
. pedet!d¡n sign ht: 1.35m

m¡n.

. rep¡ir or rePlacemen( du(

ro ¡ge, vând¡li¡m ¡nd vehicle

con6<t

pick-uÞ tru.k

¡lum¡num iiSn

sleel Poit or streetlrmP
<on(¡e(e brie

t-12 years

1/2 how per STOP sign

'lO PARKIN(
s5

STOP

S4o

vehicle collision

snoughplugh damrge

v¡nd¡lism
fading by the sun

. never pl¡ced under
overhe¡d utilities.

longer lived inks
comPuter mahufacturint

Snow €learing
& lce Control

Reduce the haza¡ds of
icyconditions.

. StaeeG M¡¡nten¡nce Div

Pr¡ority I Street
Priodry ll Srreet
Priority lll Street
Alleys

Sidewalks

. srreers, ¡lleys & sidew¡lk¡

. boulev¡rds are utilized
for snow itorage.

'llA

ploughing

use of s¡lt on <itY streeB
ure of treated ¡alú
removal of high piles

windrow remov¡l
vehicle m¡inten¡nce

motorSrators
front+nd lo¡dcrs
rruck ploughs

sPre¡ders
sidewalk ploughs

¡¡lt
chemic¡l deice¡s

s¡nd

6 years**

t hour

i300/hne/km

. sidew¡lk obst¡cles

. inâdequ¡te rnow stont€
caprcity elong boulevards.
. inidequ¡de overhe¡d
cle¡ran<e.
. windrows mây pose ¡¡
b¡rriers to pedestri¡ns.

N/A

¡utomatic SPre¡dar!,

tripp¡ng mech¡nirms.
R-WtS

chemic¡l deicers

Iraffic Signals

P¡ovides advice & dir*tion
to tfie pubfic.

. electrical en!,¡neer

elecçic conrrol sign!ls

pedestriãn corddors
reverrible l¡ne s¡8n¡l

ff¡shers
railway crossings

s¡tnâl rupport poles

signrl ihdicrtors
srêel<¡5ed c¡b¡netr
vehicle detectors

. I poles min.

. c¡binets pl¡ced neit
nt€rsecdons.
. vehicle detecto¡s in pmt
surf¡ce:150460mm.
. poles & detectors from
curb f¡ce: 1.2m

. preventitive mrin(en¡nce

. corrective m¡ihtenc¡nae

bucket trucks & l¡dders.

. steel poles w/indicators

. copper cable

. steel cÀb¡ne6 conc¡¡ning

elec!romech¡nic¡l or
microprocersor controller.

40-50 year¡

S90,000/intersection

. vehicle collison

. third p¡rry ex<¡Y¡tion
environmenhl condition5

. 1.5 m min. is required
to Prevent adi¡<eht seryices

to cause ¡ shorr cir(uir.

ATCr
sowây <ommunicitionr
wireless technology
GPS

Public Trasit

Provides the publi< with a

¡afe ¡nd ¡eliable fo¡m of
tenrpoútion,

Phnning & Schedule Þiv
Operating Division

landscape rrchicect

regulrr
special

emerSehay

. diesel bus, which operates

primarily the curb lane.
. bus stop: with mi!c.
âmenities.

. bur stops on boulevârds:
. nearside: J3m {no
stopping zone)
. f¡r¡ide:40m
. midblock:40m

. intery¡ls alonB boulev¡rd:
200-100 m

. obstruction lree zone

rlong boulevard: 7.75m min

weekly cle¡ning of shelte¡s.

vehicle m¡intenance

bus
paved walk
steel & glass rhelters

bus:

l5)'e¡r!
shel¡e¡:

N/A

bus stop with shelter:

J weeks

bus:

s2s0,000

sheker:

sr¿00

. v¡nd¡lism

. vehiclul¡r collisions

. (rrfic congestion

. mech¡nic¡l problems with
bu¡es.
. environment¡l conditions

pl¡ced ne¡r u¡able ¡eryices

placed away from possible

zardou¡ infr¡structure,

inrernea route ¡nform¡don
smart c!tds
GPS

passive solar shelters.

""" this equipment is utilized
yeer round for other asks.
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1) Determinesizeof thedrainagearea. A p p e n d i X F
bioswole design process

2) Calculate the peak runoff rate for a25

year minor storm and a 50 year maior

storm.

3) Find the time of concentration for the

runoff to reach the swale.

4) Find the peak discharge rate.

5) Calculate the water quality design flow.

6) Size the swale.

7) Determine the critical velocity of the

swale.
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