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FOREWORD

In the array of land, water and air transport mégh@ major position is occupied by
railway technology that is based upon the provehtane-tested concept of flanged metal
wheels rolling on a pair of metal rails. The pnogece and first major application of this
excellent (some might say, ingenious) technologyuoed during the latter half of the 1.9
century when the majority of intercity and transiioental railroads were constructed. As
the 20" century dawned its most popular use shifted tadheelopment of urban streetcar
lines. In the larger cities, it was also used gy dlesigners of rapid transit elevated and
underground rail lines. Toward the end of the lesmtury the same technology was
utilized in the design of light rail transit (LRBystems that are still growing in number
worldwide. Through all of the evolution of thesenmwhat diverse railway modes, the
fundamental technology has endured and it prontésds so for the foreseeable future.

However, as railways in their various versions meduthe technology evolved and was
adapted. New design skills, products and appticatemerged while some of the older
ones faded. The application that declined the retestply was the street railway. By the
beginning of the last quarter of the'26entury, outside of Europe, streetcar lines had
largely vanished.

Now, as we move into the 2l1century and many urban cores are experiencing
revitalization, new streetcar lines are being deped! to provide circulator service in these
dense and often constricted districts. In the sswf planning and developing these
railways it has become apparent that some of tleded manufacturing skills and design
expertise, which were once readily available todineet railway industry, have eroded and
that some of them need to be recaptured and updated

With that purpose in mind, an assemblage of raihdit professionals with skills and
practical experience in street railway practicegadmeresearching this matter to identify
areas where issues with current technologies amdtipes exist and to recommend
measures to address those issues. One of the iskmified was the need for trackway
infrastructure designs and materials specificalated to the environments in which
circulators often operate. The findings of thate@rch are set forth in the following
guideline document.
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1. Introduction

Light Rail Transit (LRT) is a well-established modeith many representative systems in operatioNarth

America. The Light Rail mode is essentially digtirshed by providing rail transport between urbanters and
suburban communities at distances sometimes exwp&@i kilometers (20 miles) or more at speeds ofouf10
kilometers (68 miles) per hour. Typically lightilréollows a basically linear corridor into or thugh the urban
center, usually utilizing paved track in the cehbasiness area, but located in reservations ffemator vehicle
traffic where possible. When not on reservati@ssmuch as possible the paved tracks are segrdgatesehicular
traffic lanes to enhance service regularity. Lidkail Circulator systems, while utilizing basicaltiie same
technology, are designed to provide a transpoxttfan within a single urban district, connectingiaty centers of
all types that produce a flow of passengers wodhyhe rail transit mode. Light Rail Circulator $gms may
connect with other transport nodes and statiors,ding those of a light rail transit system. Rdivg this function
may not always require the speed, capacity andpte#tnit capability required of line-haul lightik&ransit systems,
but may impose two other requirements, which aeeathility to negotiate the urban center streetepatand to “fit
in” with the scale of peripheral residential ar¢lagt may be contiguous with the urban center. Mgehe first
requirement may result in the Light Rail Circulaf@ystem track and cars needing to have the aldityegotiate
smaller radius curves than present light rail stadsl recommend, while the second may be achievdtiebyse of
shorter, single car, rather than multi-car, trainBortland, Tacoma, Little Rock, and Tampa havergtes of
recently constructed Light Rail Circulator typetsyss.

The description of the Light Rail Circulator Systeervice described above will be recognized asritisg to a
great degree the characteristics of what has fiatbyr been known as the streetcar. This is ndidainexpected as
the technology employed is basically the same. r&memain in North America three cities operatirgassic”
streetcar-type transit operations, Philadelphiapmto, and San Francisco. Each has at least omeatdpg section
that could be considered a Light Rail Circulatgretyin that it does not function solely to transgmassengers from
outlying areas to the city center, and the ovesgfitem utilizes paved track in streets for the migjmf its
operations. Boston and New Orleans also operegetsar type vehicles suitable for Light Rail Cledtar System
operation, although Boston has no lengthy sectafnisack in general traffic lanes and the New Omteaars are
historic and primarily on reserved track. The assed on all these systems could be used in LigitQrculator-
type operations, whereas most light rail transis cauld not. Of the new systems in Portland, fieecand Tampa,
the last has been designed to be a modern “Hetitem@ist-oriented) type of system, although isogietry, as with
other heritage lines constructed in Little Rock)/v@aton, Memphis, Kenosha, and Charlotte, is shahit functions
like a Light Rail Circulator System. To date, Pammtl and Tacoma are the only new Light Rail Cirrl&ystems
employing modern low floor rolling stock.

The intent of this document is to be supplementaryRB TCRP Report 57, Track Design Handbook faghitiRail
Transit, and it is therefore focused on the impurtifferences between “line-haul” light rail syste and Circulator
light rail systems as they relate to trackway istiracture. The guidelines, narrative, and illustres provided in
this report are intended to highlight many of thingipal issues and concerns that should receitemtadn when
designing a Light Rail Circulator System’s trackwafrastructure. Past experience of a numberafdit agencies
with wheel-rail incompatibilities requiring extrdfert and cost to resolve have indicated that tthension to detalil
required to achieve the successful constructisuoh infrastructure is not to be underestimated.

2. Vehicle Size and Curving Considerations

De facto standards have been informally establi$betRT in the US for minimum curve radius (25 &2/ft.) and
car width (2.65 m./8.7 ft.), based on general Eeeoppractices. These informal standards have aéleered to
even in cases where the vehicles acquired weraralbrew design and there were no alignment conttran either
dimension. An analysis of European vehicles finitiths varying from 2.2 to 2.65 m. and with curviogpabilities
having a similarly wide variance. Streetcar widththe US varied from 2.53 m. (8.3 ft.) to 2.74 (S feet).



Guideline — Do not unnecessarily constrain vehicle width incfieations. While recognizing and respecting the
physical constraints of the operating environmeillipw for the range of widths judged to be the maxin and

minimum that are desired and feasible for the systdhis allows for the possibility of a wholly ndesign to be
supplied with the maximum width, which enhancep#ssenger comfort aspect of a rail car

Examples of curving capability currently existing dound below.

a. Existing transit agencies with minimum centee track radius below 25 m. (82 ft.)

Philadelphia — 10.8 m. (35.4 ft.)

Toronto — 11 m. (36.1 ft.)

Boston — 12.8 m. (42 ft.)

San Francisco — 12.8 m. (42 ft.)

Portland & Tacoma - car capability 18 meters (59 ft
Newark — 19 m. (62 ft.)

Melbourne — 16.8.m, (55 ft.)

Sydney — 20 m. (65 ft.)

b. Some existing low floor cars with minimum raslzapability below 25 m. (82 ft.)

Brussels Bombardier Flexity — 14.5 m. (47.5 ft.)
Boston Type 8 —12.8 m. (42 ft.)

Nordhausen Combino — 15 m. (49.2 ft.)
Ansaldobreda “Sirio” — 15 m. (49.2 ft.)

Portland Skoda “Astra” — 18 m. (59 ft.)

Alstom Citadis — 18 m. (59 ft.)

NJT Kinki Sharyo car — 18 m. (59 ft.)

Melbourne - Combino and Citadis — 16.8 m. (55 ft.)
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Figure 1. - Low floor car design capable of smadms curves.

From the above, it can be seen that there are dewaf current vehicle designs that are suitabteLfght Rail
Circulator Systems in which the use of a smalleweuadius can be of benefit. Figure 1 shows afloar car

design that was proposed by a prospective biddesrfe of the major US transit systems, and Figutii&rates its
ability to negotiate a worst case curve of 10.8are(35.4 feet).



Figure 2. - Low floor car design of Figure 1 on8n. (35.4 ft.) radius curve.

3. System Expansion Considerations

The primary quality of a Light Rail Circulator Sgst, the ability to turn sharp curves and thusifib ian urban street
pattern with a maximum of flexibility and a minimuaf impact on existing traffic patterns, does netessarily
inhibit system expansion into a full scale lightl ystem. The articulation designs that provide $mall radius
curving capability do not carry any penalty in terof speed capability. Existing designs have cidipab of 70 to
75 kilometers per hour (43.5 to 46.6 mph) speeles€ are ample speeds for Light Rail Circulatotesysranches
into adjacent districts. For branches extendinthéa with greater station spacing, it is possibith relatively
minor changes to the propulsion equipment to exteedspeed range to 80 to 90 km/h (50 to 56 mftherefore,
adopting Light Rail Circulator system parameters thee initial system will not put any constraintpom future
system expansion in most cases.

Guideline — Evaluate potential for system expansion that migdgest a need for higher speed potential and
whether it is prudent to purchase a first orderrofling stock with that potential, which likely Wwiincur an
additional cost. Consider whether it will be beoief in the future to have whole-system operatiagability on all
cars of the fleet.

4. Trackway Considerations for Light Rail Circulator Systems

Since by definition Light Rail Circulator System®a0 have the capability to thread their way tigtpan urban area
where the ability to acquire land is minimal andewhstreet widths and traffic patterns inhibit tise of wide radius
curves, the first major characteristic requirednsability to traverse curves with a smaller radtban the 25 meters



(82 feet) that has often been the de facto Light Reansit standard. As has been indicated abtivere are
available on the world market low floor rail velgsl with better curving capability than most conterapy LRT
vehicles. The evolution into low-floor vehiclessheesulted in designs with smaller body sectiores argreater
number of articulations than are found on trad#iohRT vehicles. This has provided a synergy vdgthving
capabilities in that it allows the angle betweedybsections at the articulations to be kept witieiasonable limits.

Guideline — A key word in the title “Light Rail Circulator Sysn” is the word “system”. Preliminary system
engineering and meetings with potential vehiclepsieps should take place simultaneously to enshia the
resulting minimum radius car capability is such tllamaximum number of leading car suppliers cartippate.
Re-engineering a vehicle to meet a slightly smaiéelius entails supplier cost and can result inuplier not
bidding if the procurement is for a small numberwehicles. Optimizing the trackway infrastructwedficle
relationship may thus be an iterative process.

While the ability of a Light Rail Circulator vehilto negotiate smaller curves may be beneficiabtwstructing such
a system in an urban area, another not insignificemefit can arise with regard to the storage maihtenance
facility. LRT systems are typically able to fingnid for yards and shops in outlying areas or inimdidistrial zones
adjacent to the right-of-way being used. A LigldilFCirculator System may find itself in a much maonstrained
situation. Historically, urban streetcar systemsehhad to use very small radius curves in ordeprtwvide the
needed space and functionality in relatively srpalicels of land. The Light Rail Circulator Systeehicle ability
to traverse small radius curves will provide greéiexibility in locating a site in a more urban&area.

Guideline — In optimizing the trackway/vehicle relationship eresthat the chosen vehicle curving capabilities do
not excessively constrain site selection for thenteaance facilities and storage yards. Evaluéie trade-offs of a
reduced number of vehicle suppliers and possilgidri vehicle prices versus greater costs for thedifacilities if
the site location is constrained by the vehicleatslities.

5. Track Design Considerations for Light Rail Ciraulator Systems

While seemingly simple, wheel-rail relationshipsidze highly complex and sophisticated. This iseesdly true
when curves of very small radius, and site-consti@i compact special work arrangements are emplopedh of
these characteristics are likely to be found orhtiBail Circulator Systems. Wheel and rail mustction as a
system, and when that is not adequately addrepseiolems can arise that result in increased rdtesar and even
derailments. At least five transit agencies haxgedenced significant problems with rail-wheeler#ctions that
required engineering attention and expense to vesolCauses have related to both the design anstraotion
aspects of the project.

Guideline —Ensure that those parties responsible for wheets raiils are working in concert to produce optimum
compatibility between the two subsystems. Wheegeaatrack gauge, check gauge, and all new and worn
dimensions should all be mutually agreed to antiahdrawings documenting all parameters shoulddeeeloped
before any serious design work takes place.

5.1 Preliminary Design Considerations

A review of industry experience indicates that LRystems that have had the least difficulties nedatio the
wheel/rail interface are those that have employalp railroad standards for wheels and rails.suoh a case, all
the critical dimensions have been long establised] if track is properly constructed, the likelddoof problems
arising is small. However, constructing to raillcgtandards requires that there be ample room alenline and in
yards and shops, as curve radii are larger. Thtmalards may not be compatible with Light RailcGliator
environments. Further, those operations usingoadl standards have either used T-rail in theiedavack, or have
no paved track except at crossings.



Where agencies have encountered problems with tieelwail interface, either design or constructitenails have
typically been the cause. When an agency employsitside firm to design the Light Rail Circulateaick there are

a number of considerations that should weigh hgéwithe selection of the firm. Problems typicditynd on track
of questionable design and/or construction are:

Improper gauging of track and guard rails.

Use of apparently railroad-based designs not deitaln Light Rail Circulator System rolling stockittv street
railway wheels and/or the curvature employed orstlstem. (See Figure 3.)

Failure to understand the criticality of certairuadgl track dimensions and tolerances under snzallus
circumstances.

Employment of design details that increase the @at complexity but have no payback in terms of
performance or utility. (See Figure 4.)

Guideline — When choosing a track designer, it is of great intgorce that the one chosen has demonstrable
knowledge of streetcar track and successful desigrerience. Many track designers have primarilsaidroad
background, which by itself is not qualificatiorr filesign of Light Rail Circulator System track wghall radius
curves and possibly complex and compact shop artliggout.

(!
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Figure 3. - Switch points apparently based onagadrdesigns and used on a light rail
system in conjunction with grooved rail. The joghe rail gauge face at A could cause
the trailing axle flange to climb onto the railhdadsituations where the curve radii are
small. Correct design for a Circulator will progid guiding surface for the back of the

wheel that is opposite A which will hold the traij axle wheel flange away from the
guidance surface jog at A.

5.2 Rail Options

Very often, streetcar and light rail lines that ysablic streets are constructed using girder rather than
conventional T-rail. Modern girder rails providgioove in the head of the rail for the rail careehflange. The



Figure 4. - The complex and expensive guard raiktraction on tangent rail opposite the
frog appears to provide no more useful guarding tha grooved rail itself would

provide. Noteworthy is that in this instance tiéea taking the diverging path through
the frog are in fact guided by the grooved rail agite the frog.

decision as to whether to use T-rail or girder caih be site-specific. Historically, large munalifes sometimes
required that street railway track be constructsidgugirder rail, while some smaller towns had nohsregulation.
Grooved girder rail has several advantages that haade it almost universally used in paved trackdweide:

It provides a minimum width of flangeway which pumes the least hazard to small-wheeled vehiclesh(as
baby carriages and wheel chairs) and bicycles. laMhiis possible to form flangeways in paving nnite
adjacent to T-ralil, it is necessary to make thembewthan optimum so as to avoid damage to the galue to
abrasion by the back faces of the rail car wheéso, paving materials other than stone or corcreil
eventually collapse into the flangeway under thpdot of rubber-tired traffic.

Its use in curves for the guard rail function regsiless labor for both fabrication and instaliatioan the use of
T-rail and a separate restraining rail. Restrgimails can take many forms but will always requadslitional
fabrication work such as drilled holes in the rumgnrail. The large number of fittings will requingany labor-
hours for assembly. Grooved girder guard railris mtegral piece that can just be laid in plaégures 5 and
6 illustrate this difference.

Grooved rail provides a steel flangeway that is eas$ily damaged by the impact of steel wheel flange
foreign material in the flangeway, or by the eféeof salt, traffic, etc., that over time can caegen concrete to
disintegrate. On tangent track, grooved rail dffety provides a continuous guard rail with maxmmu
protection against possible derailment resultiognfinon-crushable objects lying in one of the flamays.
Because of the near-universal use of grooved wilstreet railways and light rail lines outside Mbrth
America, all the designs and dimensions found oallsradius curves and special work used in comgard
and shop situations are long-developed, and sdeatkelivered almost fully engineered with littleaclce of
error. Thus design engineering and installatiostsoan be lower if the designers have appropeigierience.



Circulators that are part of a larger LRT systeat #fmploys railroad track standards may find teatlily-available
rails and special trackwork that is based on theeafsgrooved rails is incompatible with the raildoype wheels
used on the vehicle fleet. Customized speciakwack designs and/or wheel designs may be necessary
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Figure 5. - T-rail guard rails. Figure 6. - Ri 60 grooved girder guard rail.

In the North American context, because there islomestic source of supply, the use of groovedtradk and
special work has some disadvantages in that:

Lead times for procurement of material may be lenge

With the existing, unfavorable exchange rate amdsthipping
involved, material cost may be higher.

Buy-America regulation waivers may be needed.

The rails used in paved track on legacy streeioas lwere usually
— but not always - grooved or not-grooved girdeitsra The

exceptions were largely driven by economics, gindgis always
having been more expensive than common T-rails.thénearly
20" century, it was common that lower-capitalized layllines

would use T-rail when local regulations permittedin such

installations, the required flangeway was oftenmied with a
specially-shaped paving brick, re-pressed so d®tbo fit into the

web of the rail and form the flangeway. In the 2@ century,

with the number of US producers reduced to two thieth one, many street railway companies begandolusiil.

Typically, this involved formation of a flangeway & concrete or asphalt pavement surface.

There were only two major types of girder railsquoed in North American after about 1930. Groogeder rails

with a sloped self-cleaning flangeway provided wigggdance on only one side of that groove, as shiowFigure

8. Girder guard rails had the outer edge of tlooge rotated vertically, and were thus able to g®wguidance to
both the front and the back of the wheel flangaslaswvn in Figure 9. Thickness was increased to owgiservice
life. Girder guard rails are used on sharp cumiesre two-point guidance provides superior steeoifnte streetcar
wheels as well as reduced levels of rail and wheslr, thereby resulting in longer service liveslfoth. Today,
there are no North American producers of girddsralGrooved Rails” (as they are termed in the ofdghe world)

are manufactured by several European rolling mélthough not to the designs last produced in Néutterica.

Figure 7. - Streetcar wheel profile.



(See Figures 6, 8, and 9.) In general, the grooaiédections that are available from Europe camtevo varieties —
those with flangeways that are too small for NoAmmerican railroad wheel flange profiles and thosighw
flangeways that are too large to satisfy guidelioéghe Americans with Disabilities Act (ADA) for adking
surfaces. Use of these European rails will usuadlyuire adoption of a European type of flange iprods is
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Figure 8. — US Grooved Figure 9. — US Grooved
Girder Rail. Girder Guard Rail.

currently in use on a US transit system and ilaistd in Figure 7. Grooved rails are sometimes noddefter steel
than common T-rails. This is because the more texrghape of the grooved rail requires more passesigh the
rolls compared to T-rail. The temperature of theaent rail is reduced with each pass and if theateel chemistry
isn’t soft enough, it may not be possible to make last few passes without fracturing the rail. m8cEuropean
suppliers can provide surface weldments to incrélasedurability of grooved rails, but results hdaen mixed.
One manufacturer had just recently begun offerihgat treatment process for grooved rails, buptbeduct has not
been on the market long enough to be consideragpro

Most North American LRT projects have used T-rail paved track installations, usually because aadrflange
profiles were adopted. Methods for providing tleguisite flangeway have varied, as have resultsnilesly,
methods and results for providing a guard railunves have varied by project. One method conefsisvertically-
mounted restraining rail that is bolted to the ingrrail every two to three feet. A few projecevi used a special
rolled shape — strap guard — that mates with comid&RE T-rail and provides a flangeway that minties once
provided by North American girder guard rails ashswn in Figure 5.

Guideline — If grooved rail is used, then a wheel flange pmfdptimized for the girder guard rail should be
adopted. Both the gauge and guard side flangeeanfybm vertical and the tip radii on both the rumg rail and
guard side of the flange should be analyzed foramseurve radii below 15 meters (49 feet) and ajdigor perfect
compatibility if found necessary. Alternativelyflange profile in use on a European property witlirve radii
equal to that to be used on the Light Rail Circatabystem can be adopted. The flange should iadluel typical
flat tip that works best with flange-bearing frogspssings, and switch point mates. (See FigureStuch flanges
are used at speeds of up to 100 km/h (62 mph) indey so pose no constraints on system expansfagrooved
rail is used, attention should be given to its eartcontent to ensure procurement of rail that issodter than is
necessary.

5.3 Use of Bolted Connections

Light Rail Circulator System track embedded in cete is not very maintenance-friendly. Access rigy doy

jackhammer. Therefore, a goal of the track desigheuld be to design potential maintenance ouhefsystem.
One key component of the design should be to mi@nhiolted rail connections. Figure 10 illustragedesign in
which bolted connections predominate. When alkstings are used in special work (not a univenspi@ach), it is
still possible to electrically weld them if the higwelding rod is used and the welder is skill&ithe transit agency



should have its track designer evaluate the bebhigues and locations for use of bolted and wejdeds. Figures
11 and 12 illustrate two different approaches te thsk. Thermit welding can also be used if fragd points are
made with carbon steel

Guideline — Bolted joints should be minimized as much assiiids. Any decisions regarding welding to castings
should be contingent upon conversations with thermii@l casting supplier to confirm that the matkcomposition
being used lends itself to being welded withouk raf thermal damage. The welding rod used showd b
recommended or approved by the casting supplier.

5.4 Control of Gauge

A common cause of difficulty in construction of higRail Circulator System track can arise from iguite control
of gauge during track construction. In small raditack arrangements the track must be very aciyrgauged.
Traditional railroad tolerances will often not So, particularly in maximally compacted arrangetaeieaturing
doubly-curved frogs, a technique which offers iased tangent track lengths for car storage anéased land for

B
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Figure 10. - rossover consisting of groovéd i@ns and castgs, all boted
together.

storage buildings. Excessive gauge play increisesangle of attack of the flanges on the rails eslits in
increased wear. Figure 13 illustrates an extrexaengle of excessive gauge play, as can be deducérhwide

spacing of the flange paths on the diagonal r&igure 14 illustrates a typical compact storaged yayout. In

construction of this type, without gauging devicaggressive contractor monitoring is critical thiawing accurate
gauging. Even greater compactness and land-ugerffy can be achieved by reversing the locatmiswitch

point and mate and achieving a greater degreeteflace. Figure 15 illustrates this technique.e Plotential for
gauge-related problems can be minimized by apjdicaif gauge bars, gauge rods, or steel ties, widniove the
workmanship element from the track installatior sihd shift it to the gauging device manufactupnacess. With
any of these methods, fabrication errors made ughab point in the process can be detected at tbeagsembly
checks. However, the use of gauge bars or roafisantly complicates the process of insulating thils so as to
deter stray currents Attempts to insulate gaugks mith sleeves have had mixed results. Steelhide® fewer

10
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Figure 11. - Cast crossing frog electrically Figure 12. - Electrically welded connections betwgeooved
welded to carbon steel grooved rail. rail sections and frog castings.

problems in this regard. In addition, when T-rigil used, steel ties are usually preferred as tlay letter
accommodate the guard rails, as Figure 5 illusdratégure 16 illustrates a typical applicatiorgafige bars. When
coupled with careful shop bending of rails, gaugesbor rods can provide assurance that the as-pailtje is
correct. However, bars or rods typically cannatrect a tight gauge situation since they have fitgant strength
against buckling under compressive loads. Shatuseacurves, typically anything under 91.5 m. (30Pradius,
will usually require that the rails be pre-bengifabrication shop. Such bending is done withréile “cold”, using
either a gag press or a roller bender. Rail bepdirsomewhat of an art form and careful measurésmanst be
made during the process to verify whether the cbmadius is being achieved. Due to their non-sgtnim cross
section, grooved rails, when bent horizontally| wdually twist about their longitudinal axis. Thesult is that the
rail base will not lay flat. To counteract thatpgved rails must be cambered vertically beforéZomtal bending is

£ Sty ST ) A

Figure 13. - Example of excessive gaug play.
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ure 14. - Typical compact track fan at a storagdity but without gauging deviéés.
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Figure 15. - Example of a maximally-compacted degsatk fan. Noteworthy is the

reversal of the point and mate locations for sofrtb@turnouts to minimize the use of
space.

done, with the amount and direction of the camlgénddependent on the horizontal radius and whefteefinished
rail is on the inside or outside of the curve. ®anng is also necessary when it is desired to taigim specific cant
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in the rail. Extreme vertical curvature — gengralhy curve sharper than the natural sag of thevien supported
only at its ends — will also require shop fabricati

Guideline — To avoid potential problems due to gauge inaccuscall special work containing turnouts and small
radius curves should be designed and constructéd avpositive means of maintaining the gauge. Bafiembly
including the gauging devices should be accomplidhefore they are embedded or are fastened to aretmslab
or invert. All gauging should be carefully checkdaring pre-installation assembly so as to detety gauge
device dimensional errors. Consideration shouldjben to constructing wheel-pair templates that agcurately
simulate both new and worn wheel conditions. Sublthese can be made a part of the track suppihjract.
Alternatively, a Circulator vehicle truck (if avalble) can be pushed around through the track layoutetermine if
appropriate rail/wheel interaction is occurring, bit should be recognized that the worn wheel ctoiwill not
be present without modification. If it is decidedbuild plain curves without gauging devices, templates or a
truck can be used to check gauging of running amalrg rail surfaces. With new wheels, both flandesutd be in
contact with their respective guidance surfacesegddless of the verification method employed, eéhatsecks
should be done prior to the time when placememnafedding paving makes corrective actions extrediélgult
and costly.

5.5 Special Work and Gauging Considerations

As can be seen in Figures 3, 14, and 15, LRT agtitLRail Circulator System turnouts can be founthwiioth
double points and with “point and mate” (single mipiarrangements. Generally, double points aréepes for

TS G Y-

Figure 16. - Tybical guge bar application in antutrf.

main track use, while single point designs are lisuaed in yards. Compact yard track layouts ametimes only
possible with single point turnouts. Mates arddglty a casting, and flange-running through théar@mpensates
for the inability of the wheel tread to bridge thumning surface gap that exists where the two #aays join. Point
and mate construction typically puts the point lea inside of the curve, as can be seen in FigureFtdm a ground
vibration standpoint, the use of a mate is infetmthe use of a double-pointed turnout. Althotigh flangeway
depth of the mate can be made to perfectly matet#éw wheel flange depth, wheel wear can result flange
becoming deeper. Ramping the flangeway largelypsoreates for this at low speeds. In addition sfearfrom the
normal running radius of the wheel tread to thgdarflange tip radius produces slippage sincewlbewheels of the
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axle are running with different radii. It has rMmen uncommon in Europe to insert flange-bearimmping rail
opposite a flange-bearing frog to alleviate thiith the passage of time, these factors tend taltrésthe flange-
bearing running surface of the mate having a roughdace than a railhead would. Therefore, usaaies in other
than low speed track is not common and they areshited to use in low speed turnouts at junctemg yards.
Wheel tread widths on Light Rail Circulator Systgghicles typically are smaller than railroad staddaSeventy
six mm. (3 inches) is typical for paved track uséhough historically many properties used 63 nriz(inches). A
typical profile is shown in Figure 7. The purpadehis reduced width is to minimize overhang o thheel beyond
the railhead and over the paving, as it is undelgrtor the steel wheels to be crushing streetidafio the paving.
As a result, frogs used in turnouts and crossimgstypically flange-bearing to minimize ground \ation caused
when wheels drop into a gap when crossing an ietérsy flangeway. At the point of intersectiortioé flangeways,
cold-rolling and wear will in time produce a “dingglat that location. Where minimum ground vibratie desired,
consideration should be given to having frogs mefdereldable material. This allows fill-in of thelimple” with
welding followed by grinding to restore a smoothnfje running surface. The turnout shown in Fig@eontains
such a frog. As with mates, frog decisions shd@dased on location and operating speed.

Where small radius curves and compact yard layatgsconcerned, track gauging is very importantkewise,

girder rail flangeways are small and allow onlyitad lateral motion to occur before the flange eots either the
gauge face of the rail or the guard face. Typycdditeral motion of a streetcar wheel set is retgd to 3-6 mm. (1/8
to 1/4 inch), i.e., the wheelset gauge is 6-13 rfitfll to %2 inch) less than the nominal track gaugis value is
known as the “Gauge Play”. It increases with flamgear, and must be considered in designing tlok.trét should

be noted that railroad Gauge Play is 17 mm. (1&B), and if this is applied to paved track wiflangeways must
be provided, or the track gauge can be reduceds iihportant to note that while girder rails ttreicommodate
railroad wheel flanges without requiring track gaugduction are available, they come with flangesnaider than
are appropriate in a street environment.

Guideline — In locations where ground vibration is a concemdaturnouts are installed solely for operational
flexibility under abnormal conditions, a designwrmich the frog has no flangeway for the abnormaffic path
should be considered. In such a design the flaagswf the abnormal path are ramped up on eithde sio that
the diverging movement flange is lifted to the heigf the normal path railhead so that it may raliross it.
Alternately, if a shallow angle frog is used and flangeway width is minimized, it may be posdittehe chosen
wheel profile to bridge the flangeway and makedkabearing unnecessary. Single point turnoutsciviare used
to minimize cost and maintenance requirementsbast restricted to low speed locations.

5.6 Trackway Paving

5.6.1 Purpose of the Paving
A light rail transit track might be embedded in payvfor one or more purposes.

Roadway driving surfaces for general traffic- If the Circulator lane is shared with rubbeedrtraffic (either
along the track in a shared lane or transversédotraicks at an intersecting street) paving previdegenerally-
smooth riding surface for the general traffic, cealing all but the top horizontal surfaces of thiésr

Pedestrian crosswalks Providing a safe path for pedestrians acros«sraequires careful attention not only
when they are is in private right-of-way but alsbem the trackway is in an urban street. Becaussafdty
considerations, including compliance with the Aroans with Disabilities Act (ADA) guidelines in thdS, or
similar legislation in other countries, the physikecation of crosswalks relative to track hardwaies well as the
pavement surface provided for pedestrians, mustbefully considered. It is desirable to avoidcpig crosswalks
in areas of special trackwork and vice versa. dmtipular movable switch points (either powermanually
operated) should not be installed in pedestriahgpaBecause steel surfaces can be slippery whedange special
trackwork fabrications should also be segregatethfcrosswalks. When T-rail is used, fitting megdfing to the
flangeways at pedestrian crossings should be ceresid This serves to minimize the flangeway walkd ensures
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that the width will not widen with age-related wedfigure 17 illustrates excessive flangeway width pedestrian
crossing zone.

Trackway housekeeping- Sometimes it is desirable to embed a lighttraitk in paving even if rubber tired or
pedestrian traffic is not a consideration. Mogéewfthis it done for housekeeping purposes in udaironments
where an open track structure — such as tie addsbatack or direct fixation track — would tenddollect trash or

Figure 17 - Flangeway with excessive width thahémpatible with small
wheels in a pedestrian crossing area.

present problems for street drainage. If rubbedtiraffic is not a consideration in such arelas,gaving structure
can sometimes be less robust than a shared teaffic although this could inhibit both the abilifypublic safety
vehicles (e.g. police, fire and ambulance) to ume ttackway in an emergency. It could also restrailway

maintenance forces from driving rubber tired equéptmalong the trackway while performing inspectiand

maintenance on the overhead contact wire systems.

5.6.2 Types of Paving Materials

Reinforced Concrete- Concrete is arguably the most structurally tleaype of trackway paving and has
been used for LRT and Circulator tracks in manigsit It is particularly well-adapted to use witke tpopular rubber
rail boot method for electrical insulation and aton isolation of the rail. However, concrete ipgvcan have
problems related to improper design and constracti@€Cracking is common unless concrete controltgosre
carefully positioned on the plans and similarly stoucted in the field. Disintegration of the sedaof the concrete
— particularly in corners of slabs and at contahis — is a common problem that is directly redate poor
construction controls. In northern climates, thpsgblems are abetted by freeze-thaw conditionstla@dise of de-
icing chemicals in the street. If a concrete tveank surface is desired, the responsible agencysneeshake certain
that the construction specifications are rigoroud tat sufficient construction inspection resoaraee budgeted to
make certain that those specifications are folloteethe letter. In urban districts, where there mnmerous utility
lines within the street right-of-way, there are woacks to concrete as compared with other pavintenads.
Repaving following excavations for utility maintertae/repair work not only leaves a noticeable blamimit also
can allow seepage of water leading to erosion amccglder climates) mechanical damage from freezang
thawing. Cosmetic issues can be addressed to extaet by adding color pigmentation to the concrete
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Figure 18. - Track design with T-rail and block pes:

Bituminous Concrete/Hot-Mix Asphalt/Blacktop - Known by various names, asphalt was often angavi
choice on legacy streetcar systems. Many systesasl dull-depth asphalt directly over ballasted kraaf
conventional construction although such expediemstruction generally had a short service life. mére durable
variation on this placed plain cement concreteauwithin about five centimeters (two inches) of tbp of rail, and
then placed an asphalt overlay up to the top &f rBhat type of construction generally works wellpvided that all
concerned recognize that the asphalt is a saatlifizyer that will have a much faster rate of wiman the steel rail
and will usually need to be removed and replacet@ieally — possibly as often as every five yealis type of
construction could be adapted to the use of theauhbail boot, although extreme care would neetiedaken to
avoid damage to the top edges of the boot duriaggphent of the hot asphalt and during later miltifigadjacent
deteriorated asphalt.

Pavers - Various type of pavers (e.g. granite blocks, ldestones, bricks, etc.) are popular choices for
decorative paving in urban areas and such mataralgshus often specified for paving of LRT tradkssensitive
zones. One such use is the preservation or résioraf historical street paving. Traditionallyridk or block
pavers were often used as paving around trackegacy streetcar systems, often long after municpéorities
elected to use concrete or asphalt on street reootiens. Various types of pavers have been eyeplmn both
legacy and modern light rail lines. These inclgdanite blocks or slabs of various depths/heidiresd clay brick,
and manufactured pavers made of concrete and pthtarials. Figure 18 illustrates a typical desiging block
pavers.

Designers who are interested in clay brick pavéisulsl first understand that the type of brick usedstreet

construction 60-plus years ago is no longer comiayavailable. That material was called re-pessbrick, had a
formed and glazed finish on all six sides, and masufactured in accordance with ASTM C-7. Modday paving

brick does not go through the manual re-pressinacgss and hence has two wire-cut faces that acup@nd less
durable. Traditional pavers also had lugs extepaiat from the sides of the brick so as to provad® mm. (1/8
inch) gap between each brick and its neighborsis @ap allowed relative movement between the braoic saved
them from mechanically damaging each other as he#egl loads pass down the street. The other ndédference

between the way brick streets were constructede@@syago and the methods now used has to do wistrootion

details.
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Contemporary paver streets are often laid on adfexhnd which in turn is directly above a compaateanular

subbase. Such construction is seldom up to tleesigf heavy loading such as from trucks or busgsventy-five

years ago, a typical brick street would have hagaaular base, covered by a reinforced concrete sibove the

concrete, a thin layer of asphalt would have bdeaoea to provide a level setting bed for the bpelkvers. Today,
sand or a sand/mortar mixture is usually emplogefilltthe joints between the bricks. This kind lwdird material
makes it difficult to for the bricks to move relaito each other, particularly if the pavers do mmte lugs to keep
them apart. It also does not exclude moisture fp@metrating the surface of the street. Firstsctamstruction 75
years ago would have filled the joints betweenltigged bricks with hot tar, which retains some ifdity even at

low temperatures. It is also self-healing so #naé¢n if the tar cracks, it will flow back togeth@nd maintain a
impermeable surface on the street. A lime whitéwaas typically applied over the top surface oftihieks prior to

spreading the hot tar so as to keep the tar frdmerénty to the visible surface.

While it may be possible that some manufacturetccbe persuaded to tool up for making re-pressethpabrick,

it is certain that they would be quite expensivenpared to alternatives with less visual appeal.alBprojects
might be able to use recycled brick from old ssebtt on larger projects it would likely be impib$s to come up
with enough brick that is both in good conditiordail of the same color.

Stone pavers are subject to some of the samedfartssiderations as clay brick. The stone pausesl on legacy
streetcar systems were usually close to the siza loff of bread, sometimes larger or smaller. ifTtertical
dimension was often between 18 and 20 cm. (7 aimgl&es), largely because of the 23 cm. (nine-inah)girder
rails that were commonly used for city streetcaedi. Because of manufacturing tolerances at theyguhese stone
block pavers resulted in a street surface that egqslly rugged to view and to drive upon. Manyestcar
companies continued to use recycled stone blockngafor years, possibly in part because the ruggedace
discouraged timid motorists from driving in thedkavay and getting in the way of the streetcars.chitectural
paving stones that are less than 13 cm. (5 inctés) are probably not suitable pavers for trackaarthat are
subjected to any significant amount of roadwayfigaflf track is installed in an area in which Berdrawn tourist
carriages are used, consideration should be givéinet use of granite block paving, as even conamétenot long
survive the horse’s steel shoes.

Stamped concrete and stamped asphaidt This technology attempts to achieve the vispaleal of genuine
pavers in track areas at relatively low cost. Hesve it is probably not suitable for areas witlgthievels of motor
vehicle traffic.

Track in Grass - While strictly speaking, grass is not a pavingterial, it has an obvious appeal for areas
where paving isn’'t needed for either rubber-tire¢gpedestrian traffic but an attractive appearasceeisired. Like
all designs, it has its place but it also has sehwetcomings. The following issues are offeredtfimught by those
who might be considering track in grass on somégroof a Circulator project:

It is probably best limited to temperate climateseve snow and snow removal is not an issue. Thalus
snowplow truck would likely destroy the turf in thrack area during a winter of frequent plowingn alddition, it
would be very easy for snowplow drivers to absentiadly activate their truck’s salt spreader whilewing the
tracks, doing even further damage to the trackway.

Achieving electrical isolation of the rails in gsasl track is possible, but doing so correctly ana manner that
will prevail over the long term is expensive.

Grass should be kept at some distance from the iaibrder to avoid lubricating the rail/wheel iéee.
Accordingly, contrary to what is the common impiessmore than just the top of the rail surfacd ba visible.
The grassed track area will often blend in so wéh the urban fabric that the fact that it is N@Ppublic park area
may be lost on a significant percentage of the fmn. Some grassed track areas in New Orleans bacome
popular jogging trails, much to the dismay of sttae operators.
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5.6.3 Flexible Materials

It is often pointed out that extruded rubber pradwre commercially available that can be inseirteal flangeway,
leaving a level surface. These products defleckeurthe weight of the rail vehicle and then spiagk up after
passage. Such products are designed for use mdadrin outdoors in temperate climates. Theyal® intended
for very slow rail movements — 8 km/hr (5 mph) nmaxim. They are not suitable for outdoor areasadhatsubject
to freezing, nor are intended for areas wherecailvelocity is higher than walking speed. Thesoare not likely
to be durable under very frequent repeated useasefould be encountered on a Circulator rail line.

5.6.4 Drainage

The flangeways interrupt the normal flow of storrater across the surface of the street and act #esrguhat
convey water to a low point along the track. Tlendeways must be drained at the low point of ayy \eertical
curve, particularly in northern climates where wateuld freeze in the flangeway and cause a deeailm Drains
must also be provided immediately upstream of amitches in paved track so that the street detritet
accompanies the run-off isn't washed into the dwittechanism. Drains are also recommended immégdiate
upstream of any point where embedded track chatogegen track so that this residue does not farlojpen track
area and possibly become the origin of stray ctileakage. Drains must connect with nearby driaiesl for the
adjacent pavement lanes, and the drain entrance magt be sufficiently large so as to not be edddgked by dirt
and leaves. When grooved rails are used, a simpfopriate length should be cut into the bottdithe flangeway
and made as wide as the rail design allows satlieatirains will not be easily blocked, as can happih smaller
drilled holes.

5.6.5 Climate Factors and Paving Durability

Designers of paved track systems have far mordatiin temperate climates than in frost belt siti¢f the paving
will be subject to freeze-thaw cycles and de-iathgmicals, the design must recognize those factors.

5.6.6 Paving Maintenance Responsibility

At the beginning of the 2Dcentury, it was uncommon for city streets to beeggla In exchange for municipal
permission to build and operate a streetcar legady systems were therefore usually saddled téheasponsibility
of both constructing and maintaining the pavingha trackway. Some paving designs are far moreresipe to
construct and/or maintain than other. DesigneGiafulator rail lines with paved track should cioies who will be
responsible for both the cost and the action ofhtagaiing the paving in the track area before firiali a design.

In situations where the transit agency is respéaddr maintaining the paving in the track areasisometimes a
good practice to have a visually-obvious line ofmdecation between the transit agency’s paving awhp that is

maintained by the municipality or highway agendihat line should never be inboard of the dynamieetope of

the Circulator vehicle.

5.6.7 Paving Cross Slope and Track Superelevation

Ideally, the two rails of a tangent Circulator &agill be at the same elevation. This is rarelysgble when the
track is embedded in a street since most paverhents cross-slopes so as to promote surface drainaghe past,
it was very common for streets to have a parabariovn with the actual side slope of the pavemenying from
near nothing at the center of the street to a fiogmit figure at the curb lines. Since the traok$egacy streetcar
systems were usually located in the center of tiee there would be relatively little cross sldgtween the rails.
Today, a straight percentage cross slope is thal ymvement design - 2% is common. That much cstigse
across a track effectively introduces about 3 di, inch) of superelevation in the track, regardlesstmether it is
needed. Negative superelevation can result ifntdrenal pavement crown is carried through a curvadkt area.
The track and pavement designers must carefullydioate their efforts to minimize any need for esgiee cross
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slope in the track areas. Their analysis shouttlide recognition of how the flangeways intercefptrra water
runoff and hence change the paths for storm wat@pared to a street without rails.

Typically, it will not be possible to incorporateunh superelevation in a track that is constructed public street
and must conform to existing street pavement ellewstt A common error is to presume that sinceuperelevation
is used, that there is no reason for using spiraatsition curves. To the contrary, it is everrenonportant to use a
transition curve leading into very sharp radii sa@reduce the rate of change of lateral accéderaiperienced by

lgigureﬂ 19. - Turnout with housed oit.

both the vehicle and its passengers. Aptly cdiledk rate”, this factor can be controlled througbe of transition
curves of appropriate design. Usually, the trémsiturves used on street railway curves are ndhenaatical
spirals, but rather a series of compound curvesdbarease in radius and then increase followirsgtapattern.
These transition curves can also be used to cottteolend-overhang” of the circulator vehicle whérenters and
exits curves so as to avoid or minimize cleararw#licts with trackside obstructions or generalicetar traffic in
an adjacent lane.

6. Use Of Vehicles With Independent-Wheel Trucks

Some transit agencies have had incidents of dezatbnof the center truck of their low-floor LRT ahijht Rail
Circulator System type cars. In both cases theecdruck is of the type in which the wheels am@eipendent of each
other, that is, not mounted on the same axle, lmutmed on four short axles, two on each side ofthhek. This
design allows for the low floor to be continuedaihgh the short body section that is carried onctirger truck.
Figure 1 illustrates such a car design. It appdasforces on the flanges are greater on indepengheels when
traversing curves than on conventional 2-wheel agis. At one agency this appears to be subgthtiy a greater
rate of wear of the flanges on the independent isheéghe Interface Journal paper “Flange Climb bntttpendently
Rotating Wheels” is an examination of the factargolved. It is a fact that there are hundreds ight Rail
Circulator type cars with independently rotatingeels in successful operation in other parts ofwtbed, which
raises the question as to why such a design stheuftoblematic in North America. A common threadhhbe that
overseas they operate on track which possessetegreargins of safety against derailment by useesy high
percentages of grooved rail. (As noted previouBlyropean grooved rail provides the equivalent ofilde-
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guarding at all points in the track structure.) rtRer, in Europe, where T-rail is used on openKratirves are

typically gentle and well guarded where needectatf of this type are to be used on a Light Raidulator System,

it will prudent to carefully consider the track dgsin all aspects to ensure its suitability. Arato be given strong
consideration is rate of change in track crossHeypically encountered in the build up or run-offsuperelevation.
Modern multi-truck light rail cars are less tolerémthis area than earlier double-trucked carsack and vehicle

design should be coordinated at an early stagegwore that both parts of the system are fully cdiblea

Guideline —If T-rail track construction is used, sharp cunsf®uld be double-guarded. (See Figure 14.) Swétche
should have curved points and at least one shoealtidused. (See Figure 19.) Gauging should be thathit is
impossible for a flange to climb on top of the ringnrail. If single point turnouts are used, parghould be placed
on the inside of the curve. If the point must laegd on the outside of the curve, the point shbeldecessed (See
Figure 3.) and application of a friction modifiev the mate surfaces is desirable to reduce flangeef. The mate
design should provide a guarding surface that easuhat the point-side flanges cannot travel ifite tecessed
area. Ensure that the vehicle and track designsfalig compatible in the area of rate of changeafss-level.

7. - Compatibility of LRT and Light Rail Circulator Systems

As noted previously, Light Rail Circulator Systecan be expanded into broader areas and functidimetaul
LRT systems. If a Light Rail Circulator Systemagded to an existing LRT system it will be necessarconsider
carefully the physical interfaces of the two. PRaignareas of concern are the track interface aedpthtform
interface. Some Light Rail Circulator System-suigadar floor heights now existing are:

Portland Streetcar — 350 mm. (13.8 inches)

Brussels Bombardier Flexity — 350 mm. (13.8 inches)
Boston Type 8 — 355 mm. (14 inches)

Nordhausen Combino — 300 mm. (11.8 inches)
Ansaldobreda Sirio — 350 mm. (13.8 inches)

Alstom Citadis — 350 mm. (13.8 inches)

Note - Some cars have the floor ramped downwaddbatways to achieve a lower threshold height.

In addition to the need to match the height ofwékicle and the car floor, the relative width of trehicles must be
considered. For example, the Skoda-Inekon vehicses! by the Portland Streetcar line are 190 mrb. i(ithes)

narrower than the low floor light rail vehicles ds@& the same city. The light rail vehicles woulot be able to fit
past the streetcar route’s platforms. The streetcauld easily pass the light rail platforms, bl tresulting wide
stepping gap between the door sill and the platfedge would require an on-demand bridge plate tdepdoyed to

satisfy ADA requirements. This situation has migen thus far in Portland because the streetdacles do not run
on the light rail tracks in revenue service.

The wheel-rail interface compatibilities will alseed to be considered. At present only one citytldéhd, has both
LRT and Circulator type systems in operation, hasvew joint track use occurs in revenue servicehsoissue of
platform compatibility has not arisen, and both alh@il and power supply compatibilities have baenomplished.
Since Portland Streetcar has a relatively genemsimémum radius of 18 m. (59 ft.), wheel-rail comipdity has
been easily obtained by using the LRT wheel praditethe Light Rail Circulator System cars. Aldoe tPortland
LRT cars can be considered as having a Light Railutator System wheel profile, as grooved raiised on paved
track. In cases where the existing LRT has bedhtbuailroad standards of wheel and track, emgstangent track
will not present any problems, but curves and spegork may need careful analysis to determinenif problem
areas exist, followed by deciding how to deal wiitem.
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