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6. Operating Issues

61 |NTRODUCT|ON Although the wide spread introduction of electronic controls

has improved the uniformity of actual to specified performance,

The previous three chapters have introduced the three majo‘ihere still can be differences between individual cars and trains
components that control rail transit capacity. Chapter Three du€ t0 manufacturing tolerances, aging of components and
Train Control and Signalingdescribes the capabilities—and Varance in set-up parameters. - _
determination of separation—for a range of train control 1N result can be up to a 10% difference in performance
systems. The minimum separation of the train control systemPetween otherwise identical cars. Any impact is diluted when
can be calculated with some precision once the weak link hadh€ under-performing car is coupled in a train. One such car in a
been determined—usually the maximum load point station. ten-car consist will make a negligible difference. In a two-car
Whether a train will achieve this minimum separation is an rain the results are noticeable. In many systems, under-
operating issue. Is the equipment performing to specification?P€rforming cars or trains are colloquially callédgs. Often
On manual systems, is the train driven at or close to the optima$UCch trains cannot keep schedule and become progressively late.
envelope? The answer to both questions is not always yes. TGS discussed later in this chapter, this situation can reduce
operate a rail transit at its maximum achievable capacity withoutSYStem capacity. This is a sufficiently common situation that an
interference between trains, an allowance has to be made fdg/lowance should be made in determining achievable capacity
these operating variables. and under-performing trains are one component, albeit minor, in
Chapter Four, Station Dwells analyzed and developed d€t€rmining an appropriate operating margin. _
alternate methodologies to estimate dwells. Dwells cannot be 1Nhere is a trend to design rail equipment not only to fail safe
estimated with precision. They are affected by many day-to-da)pm also_to faikoft. Certain electronic-monitored rail transit cars
circumstances. While some variables are accommodated in thé"® designed to drop to lower performance rates if motor or

methodology it is not possible to make allowances for all. An CONtrol equipment exceeds a set temperature, or if the line
additional allowance is required to handle some of the day-today©!t@9e drops below a certain level. This performance drop may

irregularities. This is an operating issue. Dwells can also beP€ Sudden or can be progressive but has to be significant,
optimized by the design of stations, vehicle interiors and YPically 25% to 50%, to achieve the desired effect. Once a
scheduling—another operating issue. single car on a train has red_ut_:ed performance, the remaining
Chapter FivePassenger Loading Levelsffered two routes ~ C&'S become oyerloadgd anql it is easy for an avalanche effept to
to estimate the number of passengers. One is how man)(,jlsable the entire train. This level of performance_reduct|or_1
passengers will physically crowd onto a train—providing the cannot reasonably be compensated for in the operating margin.
maximum achievable capacity. The other requires a po“CyAutomatlc warning of the reduction is usually provided and

decision to establish a more comfortable peak-within-the-peak’@Pid removal of the equipment by train or control room
loading level, appropriate to today’'s modern rail transit and operators Is ne.eded to avoid serV|ce_d|srupt|ons. .
attractive to passengers. Either level is capable of handling an LOWer braking performance will also affect capacity.
overload of passengers when situations dictate. This again is aR©Wever the minimum train separation calculations, for safety
operating issue. reasons, have already compensated for this by assuming a

Each of these operating issues will be discussed in thisPraking performance set at a proportion of the normal
chapter, concluding with recommendations on the range ofSpecification of 1.3 mfs The equations of Chapter Three allow

operating margins that should be included in the minimum& user-specified value to be inserted for this percentage. The

headway that, in turn, produces the maximum achievable"®commended value is 75%. o
capacity that is the goal of this project. Brake system failures are not regarded as a capacity issue.

Trains with one or more sets of cut-out brakes are invariably
immediately removed from service.

62 TRAI N PERFORMANCE Performance differences are minor compared to the effect of

component failures. Failure management procedures have been

Much has been made of the uniformity of performance of the® feature of the industry from the earliest days—usually
electrical multiple-unit trains that handle over 90% of all North &/lowing a defective motor to be cut-out so that the affected car

American rail transit. There is indeed a remarkable uniformity in OF {r&in can continue in-service, or if significantly crippled, limp
the rates of braking and acceleration due to the dictates offOMe: This practice can also extend to motor control equipment
passenger comfort. Variations in the reduction of acceleration@"d Other subsystems. Air and low voltage power are invariably
with speed increase and different maximum or balancing speed§@in-lined—that is, shared between coupled cars—so that the
have been accommodated in the calculations of minimum trainf@llure of a compressor, battery, motor-generator set or inverter
control system separation in Chapter Thiegin Control and should have no effect on performance.

Signaling. These calculations also accommodate fluctuations in Redundant components are also becoming more common for
line voltage motor and train control equipment. These features, combined
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with automated, and sometimes remote, diagnostics, an
effective preventive maintenance programs have resulted |(63 OPERATING VARIAT|ONS
increases in the mean distance traveled between disruptive in- )
service failures. It is not uncommon for many classes of moderrPifferences among train operators can have an effect on
rail equipment to achieve 100,000 km (60,000 mi) between in-Capacity because of operating below the maximum equipment
service failures and a few car series on a handful of system@erformance envelope and civil speed restrictions; an
have reached double this level. understandable situation, particularly with inexperienced
The typical rail transit car travels 80,000 km (50,000 mi) each OPerators who want to avoid triggering the automatic overspeed
year—somewhat less for light rail vehicles. Some 20% of this €Mmergency br_ake. _ ) o )
travel occurs during the peak hours. Each car therefore has a The result is twofold. The signaling system minimum train
potentially disruptive peak-hour failure approximately once separation Wlll_be |ncregsed and the train will fall behind
every 5 years. With multiple-unit trains the chance of a failure isSchedule. As discussed in Chapter Three, other workers have
proportionate to the number of cars. Counteracting this is theSuggested that automatically driven trains can achieve a
fact that a failure that could be chronic for a single car is rarelythroughput—and so achievable capacity —that is 5 to 15%
so on longer trains. It is not uncommon for an eight- or ten-carigher than manually driven trains. The project has been unable
train to include one car with a totally inactive propulsion to obtain any data to support this, _an_d the station dwell_fleld
system. survey suggests that any such gain is more than lost in the
Consequently, it is neither appropriate nor practical to relatively slow statlon-d(_)or opening and o_Iepartur_e procedures
compensate for major equipment failures in determining thethat were notgd, predominantly on automatically dnven systems.
achievable capacity of a rail transit line. Operations planning A train that is late due to operator performance is no different
should ensure that such failures can be managed with the leaffom one that is late due to equipment under-performance, as
disruption. Unfortunately, operations planning is often given discussed in the previous section. At close headways, passengers
scant attention in the initial design of a rail transit system. Thusténd to arrive uniformly on station platforms with surges at
senior operating staff arrive to find many operating failure interchange stations due to the arrival of connecting buses or
management options have not been provided. These includdains. The result is th_at a late train will _have addmona]
periodic pocket or spur tracks to accommodate bad-ordefP@ssenger movement, will have_ a Ipnger station dwell and will
equipment, or spare equipment to plug gaps in service; frequer@ecome progresswely later until it interferes with the schedule
cross-overs and bidirectional signaling to permit operating ©f the following train. ) )
around failed or derailed trains, failed switches, line-side fires "€ Same situation occurs if the train ahead runs fast—termed
and suicides; and terminal station layout allowing forward andunningsharp on many systems. More passengers accumulate
rear train reversals and storage of spare or bad-ordeP" the platforms and the foIIow[ng train hasll.onger dwells.
equipment. To accommodate_these routine |rregular|t|es_, two allowanc_es
Poor or nonexistent operations planning may result in a@® made in operations planning and scheduling. An operating
system that is unable to reach its achievable capacity or tghargin is added to the minimum train separation time and
sustain this capacity reliably. This is an important issue as thighaximum load point station dwell to create a minimum headway.
project has striven to determine a rail transit capacity that is! NiS operating margin is, in effect, the amount of time a train can
both achievable and sustainable. Attempting to quantify theun behind .schedule. W.lthout.mterferlng with the fol!owmg trains.
impacts of the more significant equipment failures on capacity | "€ Operating margin is an important component in determining
is beyond the scope of the study. Eleven references irthe maximum achievable capacity and_ an .anaIyS|s _of existing
Appendix One, Literature Summarigs discuss operations ~Margins and recommendat]ons_ for estimating margins are the
simulation and modeling that allow some failure scenarios toSuUbjects of the next section in this chapter.
be considered and the temporary reduction in capacity The second aIIowanceT is schedule recovery, an amount of
determined. time added to the terminal turn-around time and dwell that
Abramovici®®?, in Optimization of Emergency Crossovers allows _for recovery from the accumulatgd delays on the
and Signals for Emergency Operations in Rail Rapid Transit Preceding oneway trip. Schedule recovery time has some effect
Systemscalculates the impact of forced single track working ©N aphlevable capacity and alsq has economic |mpI|cat|ons as it
on capacity for a typical rail rapid transit system with cross- ¢an increase the number of trains and staff required to carry a
overs approximately 3 km (2 mi) apart. Achievable capacity 9iven volumg of passengers. Thg methodology for calculating
is reduced to 33% of normal with uni-directional signaling turn-around times was presented in Chapter Three. The amount

and 60% of normal with bi-directional signaling. However, ©Of schedule recovery time needed to avoid constraining capacity
with optimized cross-overs and bi-directional signaling, ca@nnot be calculated. The best guidelines are that it should be at

emergency operation at 80-90% of normal capacity can pdeast half a headway at headways below every 5 min .m.oving
obtained. toward a full headway as frequency drops toward the minimum
Retaining so high a proportion of capacity during a serioustrain separation. Chapter. Three .d|scussed. ways to proylde
failure carries a price—but a price that is reducing as thesSchedule recovery at terminal station by turning on-time trains
industry moves to train control systems with inherent bi- behind the station. Late trains can then be turned in front of the
directional capability. New systems that are being designed forStation gaining 90 to 120 sec but an at economic cost.
high capacity or have links that preclude rerouting passengers EXperience on some rail rapid transit systems, operating at
on other routes, should examine the cost effectiveness otheir closest design headway, has shown that removing one train

retaining an emergency situation capacity that is a highfrom service,_ .that is, runr]ing 29 trains an hour !nstead of the
proportion of normal achievable capacity. rated capability of 30 trains an hour, can sufficiently reduce
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accumulated delays such that the 29 trains run closer to schedulaut any erratic performance at the end of the peak period when a
and actually carry more passengers—and at a lower cost. few gaps or bunching in service are less critical.

Due to equipment unavailability or failure early in the peak This approach is counter to the suggestion of the previous
period, or to staff absenteeism that cannot be made up from theection that capacity could be increased by removing a peak-
spare board, runs are periodically missed on rail transithour train. This is very much a system-specific operating issue.
systems—particularly the larger ones. This situation creates dt involves minutiae that cannot easily be simulated and is
gap in service. Dispatchers or supervisors—and certainbeyond the scope of this study. On a system that is at or close to
automatic train supervision systems—uwiill strive to close the gapcapacity, the only realistic way to find out if adding or
or at least arrange for it to fall outside the peak-within-the-peaksubtracting a train will increase capacity, and/or improve
at the maximum load point station. Nevertheless the remainingheadway regularity, is to try it for a period of time.
trains must handle the passengers from the missing train(s). To determine operating margins on existing systems,
Their dwells will increase and the achievable capacity will be maximum-load-point station dwell and headways were recorded
reduced. during both morning and afternoon peak periods on 10 North

There is no way to determine the probability or quantity of American systems. The results are shown graphically on the
missed runs—or their effect on achievable capacity. Suchfollowing page. This is truly a case where a picture—or chart—
irregularities can only be accommodated in the conservativetells a thousand words. There are many possible reasons for
assignment of loading levels and operating margins. Whererregular headways (shown as spikes), where known, for
achievable capacity has been based on the bare minimum afxample a passenger holding a door, these are tabulated in the
these discretionary components then missed runs will createnain data spreadsheet, provided on disk with this report.
significant peak-period perturbations. Unknown reasons can include technical failures, trains holding

for a meet or trains coming into or going out-of-service.

Light rail headways on observed systems were generally

64 OPERATl NG MARG | NS sufficiently long that any irregularities reflected problems other

than schedule interference between trains. The closest observed
As a starting point for recommending suitable operating marginson-street headway was in Calgary, shown in Figures 6.1 through
to incorporate into the determination of the maximum Figure 6.3 Note that the headways are all multiples of the 80-sec
achievable capacity, an attempt was made to survey existingraffic light cycle. This multiple of light cycles is pursued in
operating margins. Chapter EightLight Rail Capacity DeterminationAlthough

In general operating agencies were unable to quote specifione train per cycle is often possible, the recommendation is that
data. Rail transit planners and schedulers discuss the desirabilitgchievable capacity should be based on one train every other
of both operating margins and schedule recovery but generallicycle. The seemingly erratic headways in Calgary are
operating margin is as much accidental as planned. It is themisleading as three routes, forming two interlaced services share
amount of time between the closest headway and the sum of thhis downtown bus and light rail mall.
minimum train separation and the maximum load point station The other light rail representative in the headway regularity
dwell. As headways widen, operating margin increases. Whercharts on the following pageis San Francisco Muni operating in
headways are pushed to their limit it diminishes, sometimesthe Market Street subway—Figure 6.8. This operation is
almost to zero. As a result service irregularities increase. Someffectively high-level rail rapid transit with the complication that
operators accept this as the price of obtaining maximumindividual cars on trains from five surface routes are coupled
capacity and will even push a train into service on a line that isinto longer trains for operation in the subway after lengthy
theoretically at capacity—and then wusually remove it sections of on-street operation. Regularity of arrival at the
immediately after a single one-way peak-direction trip. More coupling points is difficult to achieve and, with different cars of
passengers have indeed been carried and line staff are left to satie same train

&80 450 ; — 3 L ———
Agr, 28, 19, MAKI—17:8 | Aipr. T8, 166, TI0—AE0 At 35, 198, 18— 1TH8
S - 400 ¢
| B Hesdway (5.)
s ] A0 | g = Nl
| mDwel (s)
11

" fivg. Headway

Figure 6.1 CTS 3rd St. SW E/B Figure 6.2 CTS 1st St. SW W/B Figure 6.3 CTS City Hall E/B



[l DOweli Time seconds . Headway seconds — Average Headway seconds

Fa. 51, 106, Th01E—1004

Puk. B, THES, TAR—gEIT Fub. BE, TEEE, W77

'

Figure 6.14 TTC King S/B

Fals. 7, 1008, 1B B0

150

o

o 8 8 8 BB EESEE

Figure 6.7 BC Transit Metrotown E/B Figure 6.11 NYCT Queens Plaza W/B Figure 6.15 TTC Bloor N/B



69

Table 6.1 Data summary of surveyed North American rail rapid transit lines at or close to capacitfseconds)

el e e
PATHi| Exchange Place E/B] 23.3 7.4 . 358 1
NYCT1]  Queens Plaza WiB|  40.7 | 17.3 | 1347 | 36.9 30.2 0.274 53.0 75.3 6.4
BCTH Broadway E/B]  30.2 26 | 1456 | 379 20.7 0.260 40.0 35.3 70.2
MUNI Montgomery WiB[ 34.4 | 11.0 | 1460 | 51.7 23.6 0.354 60.0 56.4 296
BCT2 Burrard W/B|  26.7 25 | 150.7 | 31.0 17.7 0.206 40.0 31.7 79.0
TTCH Bloor N/B]  43.0 | 15.3 | 1455 | 65.1 294 0.50 55.0 735 17.0
NYCT2]  GrandCentral S/B] 64.3 | 16.7 | 1647 | 57.8 39.0 0.351 53.0 97.6 141
TTC2 King S/l 28.1 59 | 1683 | 76.8 16.7 0.456 55.0 39.9 734
CTSt 1stSLSWW/B[ 346 | 11.1 | 1766 | 834 | 196 | 0472 | 800 568 | 399
" CTS2 3rdSt. SWEB| 40.0 16.2 | 1814 | 894 22.1 0.493 80.0 725 28.9
NYCT3]  Grand Central /B[ 53.9 | 14.8 | 1841 | 47.4 203 0.257 53.0 83.6 475
CTS3 CityHal E/B] 36.8 | 206 | 1914 | 1028 | 192 0.537 80.0 78.0 334
PATH2|  Joumal Square W/B| 47.3 | 234 | 1997 | 511 23.7 0256 | 550 | 941 | 506
" BART,  EmbarcaderoW/B[ 499 | 157 | 2017 | 95.6 24.7 0.474 90.0 81.3 304
2BCT3| Metrotown EB Off-peak| 37.8 | 10.4 | 2413 | 74.0 15.7 0.307 40.0 58.5 14238

! Adjusted to remove long delay at beginning of peak-period.
2 Only off-peak data. Included for comparison. Excluded from averages.

going to different destinations, dwells can be extended when The results are shown in the last column and in Figure 6.16

passengers must move around a crowded platform to locate thewith the operating residual as the top component of each bar.
specific car—a relatively rare occurrence as the trains areThe bars are arranged in order of increasing headway. Note that
usually made up in the same order. Destination signs at eacthe bar furthest to the right is the only off-peak data set. It is

platform berth, and on the side of each car, assist passengers included only for comparison and shows the large operating

finding their specific car or train. residual available when a system is not at capacity.

Figures 6.1 to 6.15 are shown in small scale allowing them to The operating residuals range widely and bear little
fit on a single page for easy visual comparison. The overallrelationship to system, technology or loading levels. They
impression is of many irregularities in operation. The data is fromindicate whether adequate operating margin can be
a random sample of normal days, or a consolidation of 2 adjacerdccommodated. The most generous ones are on BC Transit's
days. Only when there were major service disruptions was theSkyTrain due to the closer minimum train separation of the
data survey abandoned and rescheduled for another peak period.moving-block signaling system. Toronto’s King station has a

Although much has been made of the uniformity of rail rapid higher operating margin than expected due, in great part, to the
transit operation that allows generic calculations of minimum very short dwell with all alighting passengers. At Bloor station
train separation and dwell times, headway irregularities are aon the same line, larger volumes of mixed-flow passengers
factor of life and must be accommodated in estimating thealmost double the dwell time reducing the operating residual to
achievable capacity of a line through use of conservativel7 sec. Bloor station is the constraint on the line. At one time,
loading levels, realistic dwells and the addition of an operatingthe Toronto Transit Commission had planed to rebuild Bloor

margin. Station with dual platforms.
Data are summarized in Table 6.1 with calculations of dwell A proxy for service reliability is the headway coefficient of
and headway means and standard deviation. variation—the standard deviation divided by the mean.

The operating residual is the result of removing the minimum Discounting the high values for Calgary’s light rail caused by
train separation and the mean dwell plus two standard deviationgraffic light cycles, this ranges from a high of some 0.5 on the
(see section 4.5.7) from each mean headway. Minimum trainTTC and BART to approximately half this on and NYCT and
separation is estimated at 50 to 55 sec for three aspect signalifgATH. BC Transit's sophisticated automatic train supervision
system, 40 sec for BC Transit's moving-block signaling systemand driverless trains show their capability and produce the
and 80 sec for Calgary— based on the traffic light cycle timeslowest and best figure. These results are somewhat incongruous
along the downtown mall. BART has regulatory and as there are automated and traditional, manual operations at both
powersupply constraints that limit the number of trains the top and bottom of the listing. Ideally there should be a
simultaneously in the Trans-bay tunnel. A nominal minimum relationship between the operating residual and the headway
headway of 90 sec is used. This should be possible with theoefficient of variation. However, as shown in Figure 6.17, there
planned future train control improvements. is no reasonable relationship.
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Operating Residual (seconds) necessary to provide higher capacity, a handful of rail transit
re———— —g-—; lines in New York and Mexico City all but eliminate the
il | operating margin with times below 10 sec.
et | It is recommended that a range be considered for an operating
...... margin. A reasonable level for a system with more relaxed
e ——————————————- loading levels, where the last ounce of capacity is not needed,
I should be 35 sec. Where that last margin is needed then a
minimum level of 10 sec can be used in the clear understanding
that headway interference is likely.
@ In between these extremes is a tighter range of 15-20-25 sec
recommended o that is recommended. This range is used in estimating
range i achievable capacity with the simple procedures and
w id recommended as a default value in the computer spreadsheet.
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headway coefficient of variation

It is reasonable to ask how several rail transit lines in other
countries operate at much closer headways than in North
America and yet achieve substantially higher capacities with
65 ESTl MATl NG MARG | NS excellent on-time performance and reliability.
The four highest capacity double-track rail transit lines in the
Although there is no clear relationship between existing world are believed to be Tokyo’s Yamanote line; sections of the

operating margins and other operating criteria, this does no{:/los(;:ow Efmd dslfl. Pe&ersbyrgM met;?s tha};{ o_lperatce: at 90_—sec
allow this important factor, and the related terminal recovery or eadways; and Hong Kong's Mass Transit Railway Corporation

layover time, to be discounted. The inevitable headwayWh_iCh carries 75,000 passengers per peak-hour direc_tion in 32
irregularities and the need for reasonable operating flexibilitytralns on the lower KOW|OOI’1.S.GCIIOI”I of the Tsugn Wanahng.
require the greatest possible operating margin and recovery tim Al systems have been visited by the Pr|_n0|pal Investigator.
to ensure reasonably even service and to achieve maximu he Russiahsystems appear to have a high level of staff
capacity.

Taking the operating residual as a surrogate for operating® The MTRC has a capacity constraint where the Kwun Tong subway
margin, the average of the near capacity systems, discounting terminates so as to deposit entire train loads at the peak point of another
Calgary and off-peak data, is 39 sec. The lower quartile is 25 sec !ine. MTRC is presently instaliing the SACEM quasi moving-block
and the lower half is 32 sec. signaling system to increase the s_ystem capability from 3_2 to 34 tra_lns an

. . L . hour. Only so small an increment is needed as the capacity constraint will

Selecting a recommended operating margin is a dilemma; to0 pe relieved by the new airport subway line presently under construction.
much reduces achievable capacity, too little will incur sufficient * Similar operating arrangements occur on the Russian-designed metros in
irregularity that it may also serve to reduce capacity. Yet, when Warsaw and Prague.
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are not trying to push more passengers onto the train but to close

the doors and avoid delays.

The third factor is the precision of driving. Most drivers are
recruited to this prestigious job from railway high schools where
they have already been indoctrinated. Driver training can take
six months at special schools before the recruit gets extensive
line experience under the supervision of a senior operator. Some
schools have simulators with every meter of each line
videotaped—particularly important as even some of the high
capacity lines have grade crossings. Many grade crossings are
protected by a criss-cross array of infra-red presence detectors
that control an approach signal. The nerve and precision to drive
at these, still red, signals at maximum line speed is remarkable.

Equivalent discipline applies to vehicle and system
maintenance. Federally enforced levels of inspection and
preventive maintenance ensure exceptionally high equipment

h‘!!;wailability. These levels would be uneconomic in North
yAmerica and the cost is being questioned by some Japanese rail
transit operators.

The fifth factor is the extensive use of off-line stations,
intermediate stations with four tracks, and terminal stations with
multiple tracks.

L . ) o The final factor is the reliability built into the equipment

discipline and surprising equipment reliability. The close through redundancy and use of over-designed components.
heaplways are maintained by strict coqtrol of dwgll times. EaChJapanese urban rail rolling stock is heavy, in part due to these
station headwall has a clock showing the time from the yegign practices and in part due to government buffing strength

departure of the previous train. As the 90-sec headway tim&eqations. This also carries a high price and one Japanese
approaches the doors are closed—often irrespective of Whetherrailway has recently specified a series thfow-away cars.

passenger movement had finished.—and the train departgehicles are designed and built to have half the life of

precisely 90 sec behind the previous train. Any delay t0 a train.,nyentional stock, thus avoiding the cost of the exceptionally

consequently rebounds down the line—but trains behind thegrough and expensive rebuilds periodically required on
delay remain perfectly spaced. This approach is also partially;onyentional equipment by central government regulations.
responsible for the high capacity of many double-track lines in Hong Kong’s high capacity MTR shares only a few of the
Japan but here other factors play a role. o Japanese features—mainly very high levels of crowding.
The Japanese systems maintain the world’s highest passengelyincidentally, Hong Kong handles the same number of peak-

throughput despite an intricate combination of through workedy, - nassengers on two tracks as NYCT does on its busiest four-
services combining trains from different companies—both 5.k Manhattan trunk.

public and private—in multiple operating patterns: non-stop,

express, limited express, skip-stop and local. . would not be acceptable in North America and are steadily
Six factor§ combined to maintain these high capacities. First faling out of use elsewhere. The omission of door-

is the very high loading levels that would not be acceptable ingaction/brake interlocks allows train doors to open before a
the west (these levels are increasingly a concern in Japan as @fin has stopped and to close as the train is moving away from
affluent population demands better commuting quality). Despitei,q platform. If this feature is cautiously employed—as once
this concern, the JR East has just introduced a high capacity caommon in Paris and Berlin—dwells can be reduced. On the

. . . . 6 .
with almost no seats, illustrated in Figure 6:18econd is an  pgyenos Aires metro the practice extended to doors that might
aggressive management of station dwells using more or wide,t close at all between stations.

doors, large interior off-sets, and clearly marked door positions
and queuing areas on each platform. A trial car with wide doors
and platform markings is shown in Figure 4.12.

This dwell management is completed by familiar platform
managers and theirgwhite-gloved as?sistantsYContrary ?o populaﬁ'7 SKI P-STOP OPERATION
belief, the manager will rarely handle a passenger; the assistants
Certain high-capacity operations in Japan use skip-stop service,
® Based on discussions held by the Principal Investigator with executivesas employed in Philadelphia and New York, and until recently,

from several Japanese subway and suburban railway companies on am Chicago. Skip stops, in themselves, provide faster travel times

October 1994 transit study tour. for the majority of passengers with less equipment and staff. In
® The significant use of urban rail transit in Japan can be put in context with jority of p 9 quip :

the 1993 daily rail ridership in the greater Tokyo region of 35.96 million them_selves skip stops rarely _Increase capal_(:lty as_ the cons_tralnt
passengers, about double the total daily ridership in all three Northf€mains the dwell at the maximum load point station at which,
American countries. Tokyo is served by the partly privatized JR Eastby definition, all trains must stop. In fact capacity can be slightly

railway; two subway companies, one public and one private; and severreduced as the extra passengers transferring betvesdB
private suburban railways—the largest two of which, Odakyd. and Tébu

together carry 50% more passengers a day than the NYCT. ” Platform attendants/managers also exist on North American systems.

& Ton Parlirdon PERg tIEE

Figure 6.18 JR East high capacity camwith six double doors
and longitudinal seats that are locked up against the wall in t
morning peak. The small number of seats are automaticall
unlocked at about 10.00h.

Dwell control is a feature of other systems, but its methods
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trains at common stations, can increase dwells. Conversely ar poorly located kiss-and-ride or park-and-ride facilities
balanced skip-stop operation can equalize train loadings andnay deter usage. Inadequacies in passenger access to a
reduce extreme dwells. station may reduce demand but not capacity. The only factor
The common stations on the Japanese skip-stop operationthat has a potential effect on the achievable capacity of a
have multiple platforms, typically two-island platforms allowing system is the ease of exiting from a platform. Adequate

passengers to transfer across the platform betwesamnd B or passageways, stairways and escalators must be provided to

between local and express trains. ensure that a platform can clear before the arrival of the next
Skip-stop operation is only applicable if the headways aretrain.

sufficiently short that theup to two-headwaywait at minor Station exiting requirements are specified by the National Fire

stations is acceptable to passengers. Prevention Association 130 rapid transit standards. Exits,

Light rail operations may also skip stations when an on-emergency exits and places of refuge must be adequate to allow
demand operating policy is adopted. This requires on-boarda platform with one headway’'s worth of passengers plus the
passenger stop signals that can range from the traditional pullentire complement of a full-length fully loaded train to be able
cords to use of the passenger-actuated door controls omo be evacuated to a safe location within four minutes—without
stanchions at each doorway. Drivers must observe whether theresing elevators and treating escalators as a single-width
are any intending passengers as they approach each station. Thatirway.
is a particularly efficient way to increase line schedule speed These regulations ensure that, in all but the most unusual
and reduce operating costs. However, at higher capacity levelssircumstances, where there is a disproportionate reliance on
all trains will stop at all stations and the practice has no effect oremergency exits, full capacity loads can leave the platform
achievable capacity. before the next train arrives.

Demand stops are common on the eastern light rail operations On older systems NFPA 130 requirements may not be met.
that have evolved from traditional streetcar services but areAdditional exits must be provided to ensure that achievable
surprisingly rare elsewhere, even where there are clearly low<capacity is not constrained by platform back-ups. Rates of flow
volume stations and quiet times which could contribute to lowerare established for passageways, up and down stairs and
energy, lower maintenance costs and a faster, more attractivescalators according to width.
service. In emergencies, exit-fare payment devices can be placed in a

Off-line stations can greatly increase capacity. They are usedree passage mode. This is not the case in normal operation and
in other countries but are unknown in North America except onadequate exit-fare control must be provided. The nominal rate
AGT systems. AGT off-line capacity is discussed in Chapterfor a single-coin or magnetic-ticket-actuated fare gate or
Ten. turnstile is 60 passengers per minute. This is an optimistic rate.

Actual usage will range between 30 and 40 passengers per
6 8 PASSENGER_ACTUATED minL_Jte, possibly longer at statior_ls with a Iarge_proportion of

. tourists or other non-regular transit users. The exit-fare gate rate

DOO RS is also reduced by failure_rat_es and, on systems with dist_ance-
related fares, by tickets with inadequate stored value. Typically

. : . ; 10% of fare gates should be assumed to be out-of-service at any

The majority of new North American light rail systems have It‘izme. About one in 4000 transactions will fail with magnetic

elected to use passenger-actuated doors. The rationale B kets. Proximit d red to h il tes two t
increased comfort as interior heat or air conditioning is retained, ICKELS. Froximity cards are reported to have lailure rates two 1o

and wear and tear on door mechanisms is reduced. The practié)gree times better but there is insufficient use to confirm this.
can extend dwells but is of little value at higher capacities or dd-fare requirements can be as low as one in a 100 depending

busy stations where all doors are generally required.on operator policy—several systems allow a passenger to

Consequently some systems use the feature selectively aanderpay, on the final ride on higher value stored value tickets,

f . as a form of random discount.
allow the train operator to override and control all doors as ' .
appropriate P Whether due to a failure to read a ticket or the need to add

A typical rail rapid transit car door will cycle in 5 sec. Certain fare to a card, tl_1e existing fare gate can be obstructed for a
doors on light rail systems, associated with folding or sliding qon5|dgrable_ perlod,_ parUcuIarIy if the passenger repeats the
steps, can take double this time. Obviously a cycle initiated att'Ck(.at insertion. lt. IS esse_ntlal that_ adeqyate exiting fare
the end of the dwell will extend the dwell by this cycle time plus equipment be provided at high capacity stations to ensure that
the passenger movement time passengers do not back-up onto a platform.

The problem is a contrar.iety as a system approaching Stations with high mixed flows must also have platforms of

achievable capacity could not tolerate such dwell extensions bui;\dequa}te V.V'dth to accommodate the ﬂ(.)W.S' Width is also a factor
would, in any event, be using all doors which might just as well In making it easy for passengers to distribute themselves along

be under driver control—avoiding any last minute door cycling. }ggtoltrangth of a train and so improve the loading diversity

Fare payment is a particular factor on the few light rail systems

6 9 OTH ER STAT'ON that still use on-board payment and checks. The flow rate analysis

showed that flat fare payments added almost exactly 1 sec per

CONSTRA|NTS boarding passenger, about 25% to an upstairs board, 50% to a

level board. This can significantly impact running time over
Many station-related factors can influence demand. Poormany stations. These factors however cannot be applied to the
location, inconvenient transfers to connecting modes, inadequatéwell time calculations of Chapter FoiBtation Dwellsas the



Figure 6.20 Tri-Met’s Siemens-Diuwag partial low-floor car
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_ _ ) Figure 6.21 Profiled light rail platform showing slide out or
Figure 6.19 Wheelchair loading platform and ramp fold down step that avoids any internal steps

far more drastic impact is the restriction of boarding to the
manned door, rather than spread along all doors of the train.

The Toronto Transit Commission has recently followed the
practice of most new light rail systems and introduced a proof of
payment fare collection system on its Queen St. streetcars. Sg === —==_ _ __ &
Francisco and Philadelphia have station collection in the subwayigure 6.22 Profiled light rail platform Provides two steps
portion of their lines. MUNI has long term plans to move its into all doors, except the front door which is wheelchair
entire light rail fare collection to the faster and less expensiveaccessible. All slopes are a maximum of 8.5° to meet ADA
proof of payment system—two surface stations have alreadyequirements. Most of the platform is only slightly higher than a
been converted. sidewalk. Additional details on light rail wheelchair facilities

If on-board manual fare collection is used, dwells must bewith city specific information are contained in Chapter Eight,
increased by the above percentages to arrive at achievablgight Rail Capacity Determination.
capacity. The computer spreadsheet does not compensate for
this.

San Francisco has one of the best of the high-block loading
6 10 ”VIPACT OF arrangements although requiring a second stop. The loading
. takes place at the parallel second, rather than tapered first door.

AM ERICANS WITH An elastic filler covers most of the gap between the platform

and door threshold. No bridge is required, the driver does not

D|SAB|L|T| ES ACT (ADA) have to leave the cab, relying on wayside markings to position

the train with the second door at the wheelchair loading

With dwell times being one of the most important components Platform.

of headway, the time impact of persons using wheelchairs was Most rail transit wheelchair users are very agile. These are the
examined. In addition to the modest number of field People who want the “mainstream” option and use it. They seem
observations that could be timed, data were obtained from thost0 be particularly sensitive to not causing delays.

systems that have actual rather than anecdotal movement and As Well as being the preferred arrangement for meeting ADA
delay times. The facts to date, while sparse, do tell a cohererfiegulations, high-platform loading also provides the maximum
story. Actual measured lift times are shorter than anecdotalcapacity. Dwells are reduced and no interior car capacity is lost
claims, running 2-3 min with some as low as 60 sec. Levelto the stepwells or to interior steps—a feature of high-floor cars
wheelchair movements are genera”y faster than Wa|k|ngW|th low-level boarding and some low-floor cars. Low-floor
passengers except where the car or platform is crowded. Ongéars will offer much of the speed and easy access of high-
movement at a new San Francisco |0ading p|atf0rm on the |<p|atf0rm |0ading. The first low-floor car to be introduced in the
line was measured at 13 sec from doors fully opened to trainJnited States (Figure 6.20) will be running in 1997 in Portland.

moving® An example of this mini-high or high-block loading ~ Level high-floor loading may be problematic in many
arrangement is shown in Figure 6.19. systems. The options range from the interior folding steps used

in San Francisco to the outboard folding steps used in San Diego
® However, this is one of the arrangements where the caritrain must stopr the Manchester style profiled platform, shown in Figures 6.21

twice, once for physically challenged passengers, then again for regulagnd 6.22. Such a platform has an intermediate height and is
passengers.
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profiled up to a short stretch that is level with one doorway for
wheelchair use. Where the street arrangement permits, thi
profiled platform can be raised so that its mid-section—taking
up most of the length—is raised one step providing a single-stej
entry to most doors.

Another option to meet the ADA requirements is the separate
wheelchair ramps that are used in Baltimore, Sacramento ani
San Francisco, among others. In this arrangement, shown il
Figure 6.19, a car-floor-level platform, sized for one wheelchair,
is accessed by a ramp at one end, preferably the front end ¢
each light rail stop. This arrangement is often terimgt-block
or mini-high loading. These are less popular with the physically
challenged community and present a greater physical and visue
intrusion into the street scene. However there are numerou
examples, particularly in Sacramento, of carefully integrated
and relatively unobtrusive arrangements. These high-block
platforms have advantages over car- or platform-mounted lifts in
reducing delays. The platforms also save the need for
maintenance and repair of mechanical lift equipment.

One of the most salient issues is the number of persons usin
wheelchairs that will elect to use mainstream rail transit when
all ADA measures have been implemented. In the project
survey over 25,000 passengers were counted at one doorwe
out of the eight to 40 doorways on each monitored train. Out
of an estimated 100,000 peak-period passenger movementi
observed on those systems that are fully wheelchair accessible
five wheelchairs were seen and timed. This represents ont
wheelchair per 20,000 passengers. Other systems hav
estimatedratios that range from one in 5,000 to one in 10,000.
However the usage of lifts is some three to five times higher
than this due to use by passengers other than those i
wheelchairs.

During the survey, doorway delays were observed quite
frequently due to passengers, not in wheelchairs, who werd-igure 6.23 Wheelchair user in designated space — BC
otherwise physically or mentally challenged; elderly; with Transit
children; carrying packages; or accompanied with push-chairs,
shopping trolleys, crutches and walking frames. Most of the
latter, on light rail with steps declined to use the lift and createdonly move aside to accommodate a boarding wheelchair but
the longest doorway times for a single passenger. ADA often will assist the wheelchair user reaching a designated space.
requirements will reduce such delays as systems move away Once on-board there is the issue of any capacity reduction due
from mechanical lifts at single doors to multiple door level to the space taken by the wheelchair—equivalent to three to six
loading—whether high or low floor. standing passengers, depending on the loading density. Given

Many delays were also due to passengers hesitating at ¢he average peak-period space occupancy cited in the last
doorway, possibly uncertain that this was the correct train toparagraph, there is clearly no impact on most systems, although
board—or the right station to exit. The ADA requirement to NYCT and the San Francisco Muni, for example, might be
clearly delineate the platform edge, and to visually and aurallyaffected. It is possible that the location of designated spaces
indicate the train arriving at a platform and, once on-board, therelative to doorways and the positioning of wheelchairs could
next station should reduce delays due to such confusion. disrupt interior passenger circulation on narrow rail transit cars.

Others have raised the potential problem of a wheelchair user However, Figure 6.23 shows a wheelchair user on a BC
attempting to board a heavily loaded train or light rail car. In Transit car, one of the narrowest rail rapid transit car designs on
theory operating staff should ask standing passengers to vacatke continent. The wheelchair user’s legs extend slightly into the
the car to accommodate the wheelchair. This obviously has thaisle but are less of an obstruction than the other passengers
potential for lengthy dwell extensions. sitting on the longitudinal seats in the foreground of the photo-

However, very few such situations occur. The average railgraph. On these cars the wheelchair-designated space is immedi-
transit car loading in North America through the peak hour is ately adjacent to and parallel to the door. There are no restraints.
0.5 nf per passenger (5.4 sq ft) At this loading a wheelchair Special handholds are provided and an interior wall—on the far
could be accommodated in any vestibule, on any train, withoutside of the wheelchair—prevents wheelchair movement in the
impeding other passengers or delaying the train. Passengers nogvent of emergency braking. A seat folds down when the space

& Ton Pasirgos PEnp 1862
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is not occupied. The only non-standard feature of the location wheelchairs generally will have no or little impact on
are a lower height passenger intercom and the omission of theapacity—even allowing for substantial increase in use and for
dual stanchion in the center of the vestibule that would interfererare incidents, such as one observation, where the front wheels
with wheelchair maneuverability. were briefly stuck in the platform-door gap.

There was insufficient information obtained from operating In the interim, wheelchair-lift use may cause delays but these
agencies or the survey to quantify any impact of ADA on the are generally on systems with long headways (6 min and above)
achievable capacity of rail transit systems. There were sufficientand have minimal impact at these levels. In the longer term
numbers and varieties of boardings and alightings observed foother requirements of ADA may sufficiently improve boarding
the study team to conclude that, with full implementation of and alighting movements to off-set any negative impact of
ADA, and the elimination of lifts on close headway rail systems, wheelchair use—if indeed there is such an impact.
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/. Grade Separated Rall
Capacity Determination

7 1 INTRODUCTION 1. The c_Iose-in time at the busiest station,
. 2. Junctions, and
3. Turn-backs.
The preceding four chapters developed the methodologies for
each of the components in calculating capacity. This chapter
brings these methodologies together for the principal category of
grade separated rail, which includes over 90% of rail transit in
North America: In new systems it is poor design that capacity should be limited
by junctions or turn-backs. Both can be designed to avoid
grade separated rail transit is operated by electrically constraints. Chapter Three, section 3.10, shows that a flat
propelled multiple-unit trains on fully segregated, junction can handle 200-m (660-ft) trains with standard rail
signaled, double-track right-of-way. transit performance, under fixed-block train control, on non-
interference headways down to 102 sec plus an operating
This category encompasses all rail rapid transit, all automatednargin. The equivalent time for the same length trains with a
guideway transit (AGT), some of the heaviest volume commutermoving-block signaling system is 63 sec plus an operating
rail lines and sections of most light rail systems. margin. Chapter Three recommends that junctions controlled by
AGT systems use proprietary technology and often have traina three aspect signaling system should be grade separated where
control separation times and vehicle loading levels that aretrains combine to a joint headway below 3 min. Only where
atypical of conventional rail transit. These atypical situations there are flat junctions with headways for their respective train
and the capacity of AGT with off-line stations are dealt with in control systems below these levels, plus a 20-sec operating

Chapter TenAGT Capacity Determination. margin, is it necessary to utilize Equation 3-26 to determine the
Light rail operates in a variety of rights-of-way, each of which junction throughput limitation.
has specific achievable capacities. Chapter Eiglght Rail Section 3.9 of Chapter Three similarly shows that a two-track

Capacity Determinationgontains the procedures to determine terminal station can turnback 200-m trains every 120 sec with a
capacity for light rail operating on other than double-track gradeterminal time of 175 sec—that is the time for passenger flows
separated sections. Single-track sections, if present, are usualgnd for the driver to change ends. Section 3.9 and Chapter Six,
the capacity limitation. However these are rare and in all of theOperating Issuessuggest that where passenger flows are heavy,
light rail systems examined, the achievable capacity wasdual-faced platforms be provided; where changing ends is a
controlled by the signaling throughput of grade separatedlimitation that crew set-backs be used; that greater operational
sections—determined by the procedures of this chapter. flexibility and improved failure management is obtainable by
This is due to two reasons. Several light rail systems converggroviding turn-back capability both ahead of and behind the
surface routes into a signaled grade separated section operatirgiation with a storage track for spare or bad-order rolling stock;
at, or close to, capacity. Other, less busy systems, have thand, finally, that a three-track terminal station can handle
signaled grade separated sections designed economically—ndeixceptional passenger flows from trains on headways below 90
for minimum headways down to 2 min. Typically this signaling Ssec.
is designed for 3- to 4-min headways—more restrictive than the On new systems, turn-backs can be disregarded as a capacity
headway limitations of on-street operation, with or without constraint unless economic circumstances or labor practices
varying forms of pre-emption. However signaled grade prevent an optimal terminal design. Only in such exceptional
separated sections may not always be the prime headwagircumstances is it necessary—after determining the minimum
limitation. Chapter Eight explains how to calculate and headway from this chapter—to apply Equations 3-21 and 3-25
determine the weak link in the capacity chain for light rail. to ensure that adequate terminal time is provided to allow for the
Determining the weak link in the capacity chain is also the anticipated passenger flows and changing ends.
starting point in this chapter with respect to this main On older systems, terminal station design may be sub-optimal
category—grade separated rail transit. and Equation 3-25 should be checked with the actual station
cross-over geometrics to ensure there is adequate terminal time.
This calculation should then be cross-checked with actual field

experience.
72 TH E WEAKEST Ll N K In either case a turn-back constraint is only likely if all trains

use the terminal station. If peak-period short turns are operated
Chapter Three Train Control and Signalingdeveloped the  such that only a proportion of trains use the terminal station then
methodology for the train control system maximum throughputa system’s capacity limitation can be assumed to be the closein
in three situations: movement at the busiest station.
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7 3 G ROWTH AN D Table 7.1 Simple method performance assumptions
ACHIEVABLE CAPACITY SR DEFAULT UNIT

Grade into headway critical station <2 %

distance from front of train to exit block <10 m
The achievable capacity as defined in this report is not the .|lsenicebrakingrate i 78 % |
capacity at which a rail transit will open—or reach after a time for overspeed governor to operate 3 secs
decade. It is the maximum achievable capacity when the syster{ _t, _time lost to braking jerk limitation 0.5 secs
is saturated and provided with a full complement of rolling a,___|service acceleration rate 1.3 m/s?
stock. It can be looked at as the long-range design capacity afte} dg |service deceleration rate 1.3 m/s?
decades of growth. t,. . ibrake system reaction time 15 secs
A difficult question is what ultimate capacity a system should | v " imaximum line velocity [ BT R ™Y
be designed for. With good data, a constancy of historical tren.ds t, idwell time 35-45 Secs
some transportation models can be calibrated to predici t_ |operating margin 2025 lsecs

passenger demand with reasonable accuracy. Howeve 1, lline voliage as % of normal 588 %
predictions beyond 10 to 15 years are of decreasing accuracy- Spp|moving block safety distance | 50 |m

particularly in areas without an existing rail transit system or & -
good transit usage which makes the modal split component of
the model difficult to calibrate.

When modeling does not provide a reasonable or believable
answer it is possible to fall back on an old rail transit rule of
thumb, namely, to design for three times the initial mature tions. The procedure, as does the study as a whole, assumes an
capacity. Mature capacity occurs 5 to 10 years after a systenadequate supply of rolling stock. If any of these assumptions are
opens, when extensions and branches are complete, modal intenot met then the simple procedure may be used only as a
changes—bus feeders and park and ride—have matured, amguideline and the complete procedure of section should be used.
some of the rail transit initiated land-use changes, includingThis procedure does not apply to locomotive-hauled commuter
development and densification around stations, have occurred. rail or to automated guideway transit using a proprietary system

The achievable capacity determined from this report can bewith small, narrow vehicles.
used to establish the train and station platform lengths and the This simple procedure is contained on the computer disk but a
type of train control that will allow this long-term demand to be computer is not required. The result can be calculated in the
met—whether obtained from a long-range model or by rule oftime it takes to load the spreadsheet program or, if the
thumb. This long-term demand may be 30 to 50 years ahead. Ifecommended medium-comfort loading levels are accepted,
this suggests that 180-m-( 600-ft-) long trains and platforms will directly and simply from Figure 7.5 (cab control signaling) or
be required then it does not mean they have to be built initially.Figure 7.6 (moving-block signaling) at the end of this section.
Stations can be designed to have platforms expanded in the The range of trains per hour are shown in Figure 7.1 for the
future. However, underground stations should have the fullabove assumptions for cab control systems and in Figure 7.2. for
length cavity excavated—otherwise it can be difficult and moving-block signaling systems. New systems that are designed
expensive to extend platforms while the rail line is operating.  for maximum capacity would not use the more limited and more

expensive three-aspect signaling system. Such a system may be
used for systems designed for less than maximum throughput—
in which case this procedure is not applicable. Consequently the

hoi f trai I is limited b | and
74 SIMPLE PROCEDURE ::n:\;?r?g_%lotg?ln control system Is limited to cab control an

This is a method to determine the maximum capacity of a rail

Taking advantage of the relative performance uniformity of transit system. Consequently, train lengths are shown for typical
electric multiple-unit trains in urban rail transit service allows maximum lengths of 200 and 150 m (trains of 8 and 6 heavy rail
the use of this simple procedure to estimate a range of achiegars) and 120, 90 and 60 m (trains of 4, 3 and 2 articulated light
able peak hour passenger capacities for grade separated linesrail vehicles respectively). The maximum number of trains per
their maximum capacity. hour can be selected from Figures 7.1 and 7.2, rounded down

The necessary choices are only two, the type of train controland multiplied by the selected train loading level obtained from
system and the train length. The range is provided by assignin€Chapter FivePassenger Loading Levelgction 5.5. Figure 5.8,
1) a range centered around a typical dwell time plus operatingeproduced again as Figure 7.3, shows a range of linear loading
margin, and 2) a small loading range centered around théor heavy rail cars from'to 11 passengers per meter of length.
recommended peak-hour average space per passenger gf 0.5 Figure 5.7, reproduced again as Figure 7.4, shows a range of
(5.4 sq ft). As this is a peak-hour average, no loading diversitylinear loading levels for light rail cars from 5 to 9 passengers per
factor is required. meter of length. These linear loading levels represent the
This simple procedure assumes system and vehicle charactepeak-within-the-peak and a loading diversity factor should be
istics that are close to the industry norms listed in Table 7.1. It
also assumes that there are no speed restrictive curves or gradeshe lower ranges for the short cars in Vancouver and Chicago should not
over 2% on the maximum load point station approach and that be used in the simple procedure method. This is based on 6 to 8 car trains
the power supply voltage is regulated within 15% of specifica-  of 23-m-long cars.
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Figure 7.3 Linear passenger loading of heavy rail cars
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Figure 7.2 Moving-block throughput in trains per hour with a
range of dwell times plus an operating margin of 45 sec (lower
bound) to 70 sec (upper bound)

7.5 COMPLETE PROCEDURE

applied if loading levels in the upper ranges of these charts arghe complete procedure to estimate the peak-hour capacity of
selected. When calculating diversity on the capacity of a line ingrade separated rail transit requires sequential steps.

a city with existing rail transit—of the same mode—the existing = The first step is to determine the capacity-limiting constraint,
loading diversity factor or near equivalents should be obtainedgither the station close-in and dwell time, or junction or
from Chapter FivePassenger Loading Levelsection 5.6. For  trpack throughput. The approach in sectitine weakest link,

new systems, a loading diversity factor of 0.8 should be used foghoyig pe followed. If necessary, the junction or turn-back
heavy rail and 0.7 for light rail. For example the typical median throughput can be calculated from the methodologies and
light rail level of 6 passengers per meter of car length wouldequations of Chapter Three. Should a junction or turn-back
reduce to 4.2 applying the suggested loading diversity factor ofyppear to be the limitation on train throughput then the first

0.7. ) ) recourse is to consider design or operating practice changes that
Applying these loading levels to the throughput ranges abovey| remove or mitigate such limitations.

provides a direct range of passengers per peak hour direction per | gj| put the most exceptional situation, the limitation will be
track versus train length, shown in Figures 7.5 and 7.6. the close-in, dwell and operating margin time at the maximum
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Figure 7.6. load point station. The complete procedure requires
that the following values be calculated:

1. the close-in time at the maximum load point station

2. the dwell time at this station

3. a suitable operating margin

4. the peak-within-the peak train passenger load

5. the loading diversity factor to translate from peak-within-
the peak to peak hour.

These procedures can be calculated manually, or by experienced
users developing their own computer spreadsheet. The spread-
sheet on the computer disk allows the many variables to be
inserted to produce passengers per peak hour direction per track.
However this spreadsheet cannot and does not assist in
determining the weakest link or the maximum load point station.
Nor does it solve the issue of how much operating margin
should be provided or the appropriate loading level.

When there is uncertainty about these factors—fully
described in Chapter FouiStation Dwells, Chapter Five,
Passenger Loading Levedsid Chapter SixQperating Issues—
or where several of the performance variables are unknown, for
example the technology or specific vehicle has not been
selected, then following the complete procedure is not
recommended. The simple procedure above providgsnaric
achievable capacity rangeith less effort—and potentially as
much accuracy as the complete method where one or more input
factors will have to be guessed at.

7.5.1 DETERMINING THE MAXIMUM
LOAD POINT STATION

Traditionally the maximum load point station is the principal
downtown station or the downtown station where two or more
rail transit lines meet. This is not always the case. With
increasingly dispersed urban travel patterns some rail transit
lines do not serve the downtown. Los Angeles’ Green Line and
Vancouver's proposed Broadway-Lougheed line are examples.

The regional transportation model will usually produce
ridership data by station, both ons and offs and direction of
travel. Such data are usually for a 2-hour peak period or peak
hour and rarely for the preferable 15 min peak-within-the-peak.
Depending on the number of zones and nodes in the model, data
accuracy at station level can be poor—particularly if there is
more than one station in a zone. Nevertheless this is often the
sole source of individual station volumes and without it
selection of the maximum load point station requires an
educated guess for new systems.

7.5.2 DETERMINING THE CONTROL
SYSTEM'S MINIMUM TRAIN SEPARATION

refer to Figures 7.1 and 7.2. With the exception of SanChapter Three,Train Control and Signalingdeveloped the
Francisco’s MUNI metro, signaled grade separated light rail methodology for minimum train separation with three types of
lines are rarely provided with the minimum headway train control systems, each with progressively increased
capabilities represented by the capacity ranges in Figure 7.5 anthroughput:
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Table 7.2 Minimum train separation parameters Minimum train separation seconds
65

—&—Three Aspecl

calculated T(s) train control separation in seconds & Cab. Control
200meters| T, | length of the longest train R Mgvmg Bloc

10meters| | |distance fromfrontof stopped trainto startof station | = 504 - - ™_C - - - e - - - - - - - - Se-- - m
exit block in meters '

calculated v, station approach speedinm/s ~ } 45t - - - - - - p NG s NGt m - -
29.2m/s maximum line speed in m/s (29.2 m/s=100 km/h}

75%; K |braking safety factor —worst case service braking is
K% of specified normal rate — typically 75%
24--3aspect; P | separation safety factor — equivalent to number of

1.2—cab cont braking distances (surrogate for blocks) that separate
1—mov block trains
3.0seconds; ¢, | time for overspeed govemor to operate on automatic

systems — to be replaced with driver sighting and
reaction times on manual systems
0.5 seconds ta time lost to braking jerk limitation

1.5seconds| ¢, - brake system reaction time 15 T T T 1
13mis?| g initial service accelerationrate 200 150 120 20 60
13ms?| g | senvice deceleration rate Train length meters
0% Gy |grade nto staon, downgrade = negatve Figure 7.7 Minimum train separation versus length
0%} G, |gradeoutof station, downgrade = negative '
90% 1‘,“‘ _lini l’?‘f??iaf percTEage of specification
6.25 meters P, positioning error—moving block only
S0meters| §,), ;moving-block safety distance—moving block only Note that this equation is not affected by either line voltage or

station grade. Lower voltages increase the time for a train to
clear a station platform. In moving-block systems this time does
not affect throughput. When a train starts to leave a station the
target point of the following train is immediately advanced

accordingly. The worst case approach grade is included in the
determination of the safety distance. This can result in

Although the equations appear long, the arithmetic is simple andsua?pgg?ayh?;ﬁ'rﬂum tirsallrjssueafl)lar?)té?;i.ned with a movina-block
can be implemented in a spreadsheet with basic functions if the. 9 gnpu Ay : 9
report's computer disk is not available. Before going to this Signaling system with a variable safety distance comprised of

effort, check the availability of the required input parameters inthe braking distance at the particular speed plus a runaway

Table 7.2. Parameters can be adjusted for system specific valu Sropulsmn allowance. The equation for such a system, derived

or left at their default value. Train length is the most important rL%T iﬁqclﬁzogn%gg (r)érr?:\?epc;ea:nzh;eli;chltiwgll‘air:grc;%%r:gniz
variable. However if most parameters are left at their default 9 P 9 ’

values then it would be simpler to refer to Figure 7.7 which _L+P, (100 Vs
shows the minimum train control separation against length for 1(s) = + (? + B) ('275)
the three types of train control system. The equation for three-

1. three-aspect signaling system
2. multiple command cab control
3. moving-block signaling system.

a

aspect and cab-control signaling systems, derived from Equatiol + a; (1 - 0.1G) %42, | e ; ,
3-15 of Chapter Three with dwell and operating margin 20,000v, T Vo tlos ¥ Li ¥ Iy
components removed and grade and voltage factors added, is Equation 7-3
2(L + D) L (100 Vs : ,
= [~ 4= 4 The appropriate one of these equations must be solved for the
= \aa-oicy*v " < x* B) (st) ppropr d

minimum value ofT(s). The approach speed that produces
this minimum value must then be checked against any speed
) + s+ Ly + by, restrictions approaching the station from Figure 7.8. The dotted
line example in Figure 7.8 shows that at 120from a station,
the approaching train will have a speed of 64 km/h. If there is a
The equation for moving-block signaling systems with a fixed SPeed limit at this point that is lower than 64 km/h then the
safety-separation distance, derived from Equation 3-18 ofMinimum train separatio(s) must be calculated with the

Chapter Three with dwell and operating margin components@PProach speed set to that limit. S
removed is Finally, whether using the spreadsheet or individual calcula-

tions, check the results with Figure 7.7. The minimum train

a1 — 0.1G)1%2, (1 v
20,000v,

max;

Equation 7-1

L-S 100 /v
T(s) = —2 + — ( a) + 5+t Equation 7-2

v, K EJS 2 Distance from the front of the approaching train to the stopping point.
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300 . r—r Three methods of estimating dwell or controlling dwell are
og0 |DISTANCE from  « « . - .« . v 0 o provided in this section. The first method is the one used in the
260 STATIONmeters @ @ ' . | . ' | simple procedure of this chapter and by most of the literature
' ' ' references—simply assigning a reasonable figure to the
240 headway critical station. The second method uses field data
220 | from this study allowing the selection of a controlling dwell
200 (mean dwell plus 2 standard deviations) from the headway
180 critical station of systems with similarities to the one being
analyzed.
160 The fourth and final method uses the statistical approach of
140 Chapter Four of determining dwells based on peak-hour
120 passenger flows. This method is complex and still requires an
100 estimate of the ratio of the busiest door to average door flow.
None of these methods are entirely satisfactory. It is
80 regrettable that the study failed to find a better method of
60 estimating dwell or controlling dwell times and explains why
40 other practitioners over a period of three decades have resorted
20 to simply assigning eeasonable valuéo dwell.
0 Lo T 'Speed km/h
0 1 20 30 40 50 60 70 80 90 100 METHOD ONE Assigning a Value

Figure 7.8 Distance—Speed braking into a station
Existing rail transit systems operating at or close to capacity
have median dwells over the peak hour that range from 30 to 50
sec with occasional exceptional situations—such as the heavy
peak-hour mixed flow at NYCT’s Grand Central Station of over
separation should be close to or moderately greater than thé0 sec. A tighter range of dwell values—35 to 45 sec—is used
values charted. If lower, there is probably an error as the charteéh the simple procedure and can be used here together with the
values are the minimums using typical maximum rail transit more accurate calculation of the minimum train separation.
performance criteria and without applying any corrections for
grades or speed restrictions into or out of the station.
METHOD TWO Using Existing Dwell Data

7.5.3 DETERMINING THE DWELL TIME Dwell data from the project’s field survey are summarized in
Table 7.3. Data were usually collected at the highest use station

This section deals wittiwell to which both an operating margin ~ Of lines that were at or close to capacity. As none of the newer

and the minimum train signal system separation must be addelight rail systems are approaching capddite busiest systems

to produce the headway.

The train close-in time at the headway critical station, being

dependent on the physical performance and length of a train and

other fixed system characteristics, can be calculated with somd able 7.3 Peak-penod dwells for heavily used systems

precision. Station dwell time cannot be determined with the ] Stion 5 ; ;

same exactitude. All but one of literature references to dwell e = =

assigned a set time to dwell. Many simulations do likewise Embarcadero

using typica! figure; of 15-20 sec for lesser stations and 30.-45 BGT Broadway 257 | pmApr.5, | 30.0 | 166.0

sect fo"r_ majé)r s”tigonsli TP|1e one mf_thodology_ to dete_rmme BT | Metrotown (ofipeak) | 263 | pmApr5 1 34.0 1 2715

controllin well—dwe us operating margin—requires

knowledg% of dwell times on/er theppeak hgour—ingformati?)n only cTs 1t St SW(LAT) 2%8 | amApr.25 | 33.0 | 143.0

available for existing systems or new lines in areas where ¢| C1S | 3dStSW({LRT) | 33 | pmApr.25 | 38.0 | 159.0

station with similar passenger volumes can be anafyzed. CTS City Hall (LRT) 201 | pmApr.26 | 34.0 | 161.0
Chapter FourStation Dwellsdescribes the main constituents | NYCT |Grand Central (485) S/B{ 3488 | amFeb.8 | 61.5 | 1425
of dwell: NYCT | QueensPlaza(E&F) | 634 | amFeb.9 | 36.0 | 121.0
PATH Journal Square 478 | amFeb. 10 | 37.0 204.0
» Passenger flow time at the busiest door SF | Montgomery (LRT) | 2748 | pmFeb.21 | 32.0 | 129.0

« Remaining (unused) door open time Muni
« Waiting to depart time (with doors closed) TiC King 1602 { amFeb.6 | 27.5 | 129.5
TTC Bioor 4907 | pmFeb.7 | 44.0 | 135.0

3 ALLE, P., Improving Rail Transit Line Capacity Using Computer
Graphics. The methodology for calculating controlling dwell is contained
in full in Appendix One and can be used in the rare case that the dwelf’ Maximum design capacity—that is without limitations of single-track
determination can be based on existing dwell time data. No operating Sections or line sections signaled for lower throughput than the maximum
margin should be added when controlling dwell is calculated. capabilities of the signaling system.
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were surveyed. Selection of a dwell from this table is lesspoint station is downtown it is likely that the flow will be
arbitrary than method one and allows some selectivity of modeprimarily alighting. If the station is also an interchange with
and the opportunity to pick systems and stations with similaranother rail transit line then flows could also be mixed.
characteristics to those of the one under examination. The Unless station flows are also available for the afternoon rush
selected median dwells range from 27.5 sec to 61.5 sec. Théhis process assumes that the morning peak defines limiting
highest data, with the exception of the TTC’s King Station, are head-way—and so maximum capacity. This is usually the case.
mainly alighting and mixed flow records from manually Morning peaks tend to be sharper, afternoon peaks more
operated systems with two-person crews. Most dwells in Tabledispersed as a proportion of passengers pursue diversions—
7.3 fit into the 35 to 45 sec range suggested in the previoushopping, banking, visiting a bar, restaurantor theater—between
method. work and the trip home. This more spread peak should override
Where comparable field data also allows the calculation ofthe fact that boarding is slightly slower than alighting.
standard deviation the controlling dwell can be selected as the As the controlling dwell time will occur during the peak-
mean dwell plus two standard deviations. Refer to Table 4.17Awithin-the-peak, the next step is to adjust the flow to the peak-
for examples. When the controlling dwell is so estimated anywithin-the-peak 15 min rate using a loading diversity factor.
additional operating margin (section 7.5.4) can be reduced or
eliminated. AIt.er.nater the greatest of tmean dwell plus tvyo Dy, = 4112"—”# Equation 7-4
standard deviationsor the mean dwell plus the operating 15min
margin (from section 7.5.4) can be used.

where Do = diversity factor—peak hour
Riwur = ridership in peak hour
METHOD THREE Calculating Dwells from Station Hourly Rismn = ridership in peak 15 min
Passenger Flows The factor should be selected based on the rail mode and the

) _ ) ) ) type of system. Section 7.5.6, later in this chapter, describes
This method involves complex mathematics. It is applicable tohow to select an appropriate diversity factor.

new systemswhere Method two is not appropriate and where

data on hourly, directional flow at each station is available from The peak 15-min movement of passengers on a single-station
a regional transportation model. Use of the Excel version of theplatform, Psmi, can be expressed as

spreadsheet is recommended for this method and a simplified

guide is contained in the spreadsheet. Other readers may wish Pspmin = Prour Equation 7-5

to skip this section and jump to 7.5.4. 4D, quation /-
Chapter Four developed regression equations to relate passeng‘é’here Prowr = p_eak-hour movement of passengers on a
flow times to the number of boarding, alighting or mixed flow single station platform(obtained from
passengers, and, in turn, to convert this flow time to dwell time. regional transportation model)

These regression equations can be used to estimate the dwelhe number of double-stream train doors available in that 15-
time from hourly passenger flows into the maximum load point i period,D;s, is

station. However the best regression fit involves logarithmic

functions and the estimation of a constant for the ratio between Do« = —200DN, _
the highest doorway and the average doorway passenger flow B T(8) + 14+ tom Equation 7-6
rate.

The mathematics are complex and it is uncertain if the resultsvhere T(s) = train control separation in seconds
provide any additional accuracy that merits this complexity— ty = dwell time in seconds
particularly if the hourly station passenger volumes by direction tom = oOperating margin in seconds
are themselves somewhat uncertain. This method is best suited D, = number of double stream doors per car
to new lines in locations without rail transit and with a N. = number of cars per train

sufficiently refined and calibrated regional transportation model

that can assign hourly passenger flow, by direction, to individuaIThe passenger flow at the busiest, i.e., controlling, door of the

train in the peak-within-the-peak,,,, is

stations.

The first step in the process is to obtain the hourly passenge RPismin  RPiowr (T(s) + 13+ ton) )
flow from the regional transportation model. Many models ‘ma =5 == ""3¢60p N'p Equation 7-7
produce 2-hour am peak flows. In this case, use either the
model’s peak-hour conversion factor or a typical value of 60% where R = Ratio of busiest door usage to average door
to arrive at an approximate peak-hour passenger figure. usage

Then, from the model select the station with the highest

passenger volume, either into or out of the station, and classif))-his ra_ltio Is close to unity for heavily loaded rail transit lines
the flow as,mainly boarding, mainly alightingr mixed. Most operating at capacity as passengers are forced to spread

models deal with the morning peak period. If the maximum load them_s_elves relat|_vely_ eyenly along the platfo_rm. pnder lighter
conditions the ratio will increase. As capacity is being calculated
® This method can also be used on existing systems to estimate the chan&é the maximum 'an point station during the pea_k-WIthln-the-
(increase) in the controlling dwell at stations where new development, orpeak- a ratio of 1.2 is recommended for heavy rail and 1.5 for
interchange with a new rail transit line, significantly increases the station’slight rail.
passenger volume. The regression equations of Chapter F@&iation Dwells,
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section 4.6.4, can be simplified by omitting the reverse flow Table 7.4 Values used to compute Figure 7.9
terms and are expressed for all alighting, all boarding or mixed _
flow as’® :

lighty __ aligh alight 2 -
In(FT5a") = 1.440 + 0.0922F & — 0.00116(Fma” . T(s) | 55 |Train Control Separation in seconds
Equation 7-8 tom 20 _iOperating margin in seconds
D 4 iNumber of double stream doors per car
boardy _ board _ board |2 1]
In(FToy ™ = 1.380 + 0.124F ;25 — 0.00214(Foo®) . N, 8 |Number of cars per train
Equation 7-9 R 1.2 _|Ratio busiest/average door usage

L 184 |Train Length, meters
P 7.5 iLoading Level, passengers per meter

In(FTTEedy = 1,368 + 0.0948Fakigh _ (0,112Fb0ard

— 0.00184(FE")2 — 0.00225(F boer)>
Equation 7-10

where FTmax= Flow time for the respective type of flow, 45 [Dwell time & ppphd x 1,000
alighting, boarding or mixed, at the ' ' '

maximum use dogfseconds) P

1Dwell Time
:seconds

Section 4.6.6 determined dwell time relative to the respective
maximum doorway flow time as: 4

In(tz) = 3.168 + 0.0254FT(mede) peak hour per :

Equation 7-11 direction x1,000

39
Substituting in Equation 1-11 fd¢fT.,, and Equation 1-8 for
Fax produces: a7
In(ty) = 3.168
RP, hour(T(s )'Hd"‘ tam) RP, haur(T(x )+td+ tom) 2
1.440+0.0922 (—-—3, 600D,y )—o 00116 (———-——-—lmbm‘bph ) 35 |
+ 0.0254e

Equation 7-12 @3} - - - - - - - - - - - AN - -

Equation 7-12 is solely for the expected dominant am peak anc v
mainly alighting case. Similar expressions can be derived for 3t R ¢
mainly boarding flows and for mixed flows. 4
These equations have to be solved for the value of the dwel
time tg, contained as both a natural logarithm and as an
exponential. The equations are not solvable in closed form anc
the preferred solution is the simplest, using recursive numeric27 r - - - r - - -
assumptions. '
The recursive numeric assumption approach is carried out ir ,g : 1
the spreadsheet on the computer disk. The dwell is shown to th 2500 5000 7,500 10,000 12,500 15,000 17,500 20,000
nearest integer. This seeming accuracy should not be allowed tu
conceal the uncertainties of some of the equation componentdzigure 7.9 Dwell time and achievable capacity at a
At best the ensuing accuracy should be in the range of + 3-4maximum load point station versus hourly alighting
seconds, not necessarily better than the alternative, simplepassengers at a single platform—unit values from Table 7.4.
methods of estimating or assigning a dwell time—but the only
method that relates dwell time to the hourly, directional station
passenger volumes. The results for all alighting passengers
based on the values of Table 7.4 are shown in Figure 7.9. ity decreases at a lesser rate. Capacity is reduced by a
comparable amount if either the number of doors per car is
The Excel version of the spreadsheet contains a simplified stepreduced from four to three or an uneven spread of passengers
by-step guide to utilize this method of estimating dwell times.  along the platform results in the ratio of the maximum to
average door flow increasing from 1.2 to 1.5.
The results show the expected trend. Dwell time increases with Although the regression analysis is based on data from heavy
the hourly passenger movement. The resultant achievable capasolume stations, the results become increasingly inaccurate at
extremes. Neither equation 7-12, nor its implementation on the
® Chapter 4, section 4.6.4, also developed regression equations with slightigomputer spreadsheet, should be used with the maximum door-
ir'tnprg_ved explanatior: offvar'ianc% by inctluding the numberr] of %assgngersway flow greater than 25-30 passengers—equivalent to approxi-
slanding——a surrogate for Impedance 1o passengers when boarding glyaialy 20 000 passengers per peak-hour direction per platform
alighting from the car. As the number of standing passengers cannot b(i\fv’]ith the default values of Table 7.4. It is unlikely that a single

reasonably known when estimating achievable capacity, these slightly™™! > b -
improved equations are not used. station would handle half the total capacity of a line. Where this

Hot:srly passenger flg‘w from QIatform
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does happen—such as a single downtown terminal station—7 55 SELECTING A PASSENGER LOADING
multiple platforms or dual-faced platforms will be required. LEVEL

Although the analysis can be adjusted for the number of

provided platformfacesat through stations, the estimation of

dwell times based on hourly passenger flow is not applicable tochapter Five,Passenger Loading Levelsiscusses the wide

terminal stations where other factors dictate the layover time. ~ range of loading levels used in North America. Selecting a
This method is particularly valuable to estimate the changedoading level is a policy issue and the process for this complete

in headway_and Capacity_from increased passenger V0|ume§r0CEdUre is the same as that of the Simple procedure. Use of the

at an existing station. If land use changes or area growttPassenger occupancy per linear meter of train is recommended.

increase the estimated hourly usage of a station significantly, foln selecting a loading level take into account that this is for the

example’ an additional 5'000 passengers per peak houi’.S-min peak-Within-the-peak and that the average over the peak

direction—then the value & (the ratio of busiest door usage to hour and peak-period will be more relaxed.

average door usage) can be calculated rather than estimated!f the line for which capacity is being determined is an

from the current dwell time. The difference between the addition to an existing system then existing occupancy levels or,

calculated dwell before and after the passenger growth can bwhere available, existing loading policies can be used. Some

added to the existing peak dwell with potential accuracy within Cities have a wide variation of peak-within-the-peak loading
+ 2 seconds. levels from line to line. Mexico City is probably the most

extreme example in North America. Where this variety exists

then the loading level should be selected based on the closest

matching line—for example, a heavy trunk serving downtown
7.5.4 SELECTING AN OPERATING MARGIN or a cross-town feeder line.

Figure 7.3 and Figure 7.4 provide a range of loading levels
from 5 to 9 passengers per meter of car length for light rail and
from 7 to 11 for heavy rail-or new systems where attempts
are being made to offer a higher quality of service, the

Chapter Six,Operating Issuesintroduced the need to add an
operating margin to the minimum train separation and dwell

time to create the closest sustainable headway W'thomrecommended approach is to base the loading level on the

interference. commonly suggested medium comfort level for new rail

Irotr;]lcally, thehcloserththe t_ramfs operate, dan(: :jh? bysnar thfaytransit systems of 0.5 rh per passenger, averaged over the
are, the more chance tere IS ol MINor INCIAentSaelaying SevICeq 4 hour—that is, no loading diversity factor is required.

due to an extended dwell, stuck door or late train ahead. It i his provides a recommended linear loading level of 6

never poss[ble to ensure that delays do not create interferenc assengers per meter of train length for heavy rail and 5 for
between trains nor is there any stated test of reasonableness fo Iiaht rail

ﬁpemfl.c oEer?r']ung marglhA very Sm‘?” nurrt1ber of f?'l tragsn An alternative approach is to base the loading levels on either
Inés in Nor merica are operaling at capacity and cany,q n,ming) capacity of a vehicle or the actual peak-hour use.

accommodate little or no operating margin. On such lines The nominal capacity of a range of vehicles is shown in Table

operations planners face a d_ilem_ma of scheduling too few train_si_s Note that as previously discussed in this report the nominal
to meet the d(.emand., resulting n extended qlwells and. erratiqaied capacity can be an artificial and impractical “crush” level.
service, or adding trains to the point that they interfere with ONer ple 7.5 is sorted in descending order of loading level. The

another.. St”k'n.g a balance is difficult gnd the te.nde.r.\cy In upper range should be discounted. A tone is applied over those
practice is to strive to meet demand—equipment availability anddata that may be applicable for use in the complete method of

operat.itng_ budgeét perr:;itt.itng. While lthe. athOIUtebt/ higr:]est determining capacity. Note that the upper ranges of these levels
capacity 1S So obtained, It 1S poor pianning to omit SUCh an, . ), relatively high and the comfort accordingly low.

allowance for new systems. . . Table 7.5 also demonstrates the difficulty in determining
h TP&e morhe ck;perat.mg margin th"’!t can be |_ncorporated_ 'nhthecapacity when five essentially identical Siemens-Duwag light
”t?li Yéz)\:v;ye aritjtet;;es%z?gr? (;:‘monr;g?aztnénﬁg?g;;nsCigsglt% t?]\é?ail vehicles from four different operators are examined. The
. > . nominal capacities of these cars, highlighted with boxes, range
simple procedure—20 to 25 sec—remains the best guide. Th

from 6.9 to 3.9 passenger per meter. This is a ratio of 1.8:1

recommended proceo!ure is to aim for 25. Sec an_d_ back dO.WH t((]espite the cars having almost the same dimensions and the
20 or even to 15 sec if necessary to provide sufficient service 1% ame number of seats

meet the estimated demand. Where demand is unknown or Table 7.6 shows the actual peak-within-the-peak linear
uncertain in the long term future—when a system in plannlngloading levels for major North American trunks, again in

reaches maximum capacity—then 25 sec, or more, should bGc‘\ls‘,cending order. Discounting the uniquely high values in New

used. L - o :

. . York the remaining data offer realistic existing levels to apply in
d When the controlling dwe_II has been es_tlmated "?‘5’"'55” selecting a IoadinéJ level for a comparable sygtem—or a r?é)vyline
well plus two standard deviatioise operating margin can be in the same system with similar characteristics.
reduced to 10 seconds or less, or ehmmateql. _Alternately the It is interesting to note the difference between the actual levels
greatest ofmean .dwell pll.JS two standard deviations mean in Table 7.6 and the nominal (published car capacity) levels for
dwell plus operating marginan be used. those systems represented in both tables. These are shown in
" The principal investigator has discussed the concept of a goal with raiITable 7.7. The similarities (CTS-Calgary) and the variances (all

transit planners based on an average ofdisterbedpeak period per ten  Other systems) are a cautionary exercise in the acceptance and
weekdays (two weeks) but has never seen such goals documented. use of published data. However in fairness to certain systems it
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Table 7.5 Nominal agency or manufacturer's car capacity
for heavy and light rail vehicles

Table 7.6 Passengers per unit train length, major North
American trunks, 15-min peak-within-the-peak

ystem —TrunkName

NYCT 53rd Street Tunnel HR| see
CTA 2600 B 1981-87 NYCT Lexington Ave. LocalHR | 15.56
CTA3200 (A&B)1802 ~ ~ [HR | "3 "V 7186 T T NYCT Steinway Tunnel  HR! 15.56
TTC e 1986-69 THRTT 76 2% ! NYCT _.|Broadwaylocal HR| 1556 |
NFTA BuffaloLRV 198384  |LR | 5t 180 T1C YongeSubway ~ HR| 227
NJT PCC 1946-49 LR 55 125 NYCT Lexington Ave. Ex. HR] 1556
SEPTA Single End: B-IV1982 [HR | 65 180 NYCT Joralemon St. Tun. HR| 15.56
PATH PA-4 1986-88 HR 31 130 NYCT Broadway Express HR| 15.56
NYCT R32 1964-65 HR 50 145 NYCT Manhattan Bridge HR| 22.77
NYCT R68 1986-88 HR 70 175 NYCT Clark Street HRi{ 15.56
MBTAOT400Red 162 |HR | 54 | 160 CTS — [Souhine ~ LR 2428 | 64
WMATA B3000 Chopper 1984 {HR 68 170 GO Transit jLakeshore East  CR| 25.91
Metro-Dade Heavy Rail 1984 [HR | 76 166 BCT SkyTrain HR| 124
MTA Married Pair 1984-86 HR 76 166 PATH World Trade Center HR | 15.54
TTC A-15 (PCC) 1951 LR 45 103 PATH 33rd St. HR! 1554
NYCT R62 1984-85 HR 44 110 CTA Dearbomn Subway HR{ 14.63
MTA LRV 1991-93 LR 85 201 NYCT 60th Street Tunnel HR|{ 22.77
TICL3(ALRV)1987-89  |LR | 61 155 NYCT _ |RuigersSt.Tunnel HR; 22.77 -
MBTA 01200 Orange 1980 |HR | 58 132 CTS Northeast Line LR] 2428 | 64
TTC L-1/2 (CLRV) 1977-81 LR 46 102 CTA State Subway HR| 14.63 46 75
Calgary U2, U2AC 1980-84,86 LR 64 158 CalTrain  {CalTrain CR{ 2591 | 146 117
MBTA 00600 Blue 1979 HR 2 94 LIRR Jamaica - Penn Sta. CR{ 2591 | 120 117
Tri-Met LRV 1983-86 LR 76 166 Metra Metra Electric CRi 2591 156 113
SCCTA SCLRV 1987 LR 76 167 MARTA North/South HR{ 2286 | 68 82
MARTA CQ 310 1979 HR 68 i3 MARTA East/West HR{ 2286 ; 68 77
SRTD U2A 1986-91 LR 60 144 ® Service through NYCT'’s 53rd St. Tunnel is provided by line E, operating
Edmonton U2 1978-83 LR 64 140 18.35-m cars, and line F, operating 22.77-m cars. Seats and car loadings
GCRTA Cleveland RT84-85  {HR 80 128 are presented as “E/F". The number of passengers per meter given is for
GCRTA Cleveland 800 1981 LR 84 126 the combined lines; individually this value is 10.7 for the E and 10.0 for
MBTALRV Green 198688 ILR | 50 | 112 the F.
LACMTA LRV 1989-94 LR 76 137
PAT Pittsburgh U3 1986 LR 63 125
PATCO PATCO Il 1980-81 HR 80 96
SEPTA N-6 1993 IR 50 %0 Table 7.7 Passengers per unit train length, 15 min peak-
San Diego U2 1980-89 IR o4 9% within-the-peak, nominal versus actual values(only the
San Diego U2A 1993 IR 64 % busiest NYCT lines using each car type included)

Stated maximum or crush load passenger capacity per vehicle from the o
operator or manufacturer. Schedules maximum loads for NYCT. Some
stated values for total passengers are well below realistic crush loadin¢ D cl . 3

Deatio Pa

reflecting an agency’s desire to maintain comfortable loading levels. NYCT 53rd St. Tunnel HR 7.8 10.4
NYCT Lexington Ave. Loc. HR 7.1 9.3

TIC Yonge Subway HR 6.6 8.7

NYCT Manhattan Bridge HR 7.7 7.1

should be pointed out that the official (nominal) car capacity {CTS South Line LR 6.5 6.3
could be based on previous decades when higher loading level{€TS Northeast Line LR 6.5 5.1
were expected and achieved on heavy rail systems. PATH World Trade Center HR 8.4 5.9
CTA Dearborn Subway HR 10.3 5.6

CTA ... [StateSubway =~ HR} 103 | 5.1

MARTA North/South HR 5.9 3.6

7.5.6 DETERMINING AN APPROPRIATE VARTA Eosi ot R £9 34

LOADING DIVERSITY FACTOR

0 This is the weighted average for scheduled loadings of both car types used
on this trunk. See also note 9.

The next step is to adjust the hourly capacity from the peak-

within-the-peak 15-min rate to a peak-hour rate using a loading

diversity factor from Chapter Fivd?assenger Loading Levels.

The diversity factor is calculated according to Equation 7-4. Theprovides existing examplesUnless there is sufficient

diversity factor was used in Method 4 for calculating the dwell similarity with an existing operation to use that specific

time. If this method was used then obviously the same diversityfigure, the recommended loading diversity factors are 0.80

factor must be used. Otherwise the factor should be selectegbr heavy rail, 0.75 for light rail and 0.60 for commuter rail

based on the rail mode and the type of system. Table 7.8 operated by electric multiple-unit trains.
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Table 7.8 Diversity of peak-hour and peak 15-min

loading

Type System _ 'Diversity factor
CR LIRR 0.56

CR__ iMetral! 0.63

CR Metro-North 4 0.75
CR__INJTT! 9 0.57

CR SEPTA 7 0.57

CR Average 0.60

LRT iCTS 2 0.62

LRT. {Denver. RTD 1 0.75

LRT SEPTA 8 0.75

LRT Tri-Met 1 0.80

LRT _:Averaqge 0.73

RT BCT 1 0.84
RT__ICTA 7 0.81

RT MARTA 2 0.76

RT MDTA 1 0.63

RT NYCT 23 0.81

BT (PATCO .. __i. 1 . 097'F
RT PATH 4 0.79 '
RT STCUM 4 0.71

RT T1C 3 0.79
RT___jAverage 0.79

1 Mainly diesel hauled—not EMU.
2 These data are suspicious.

7.5.7 PUTTING IT ALL TOGETHER

The final step in the complete method of determining a grade _
separated rail transit line’s maximum capacity is to determine =% 000
the closest (minimum) headway as the sum of the calculatecz

- . ) . . 50,000
value of the minimum signaling system train separation, plus the
calculated or estimated value of dwell time plus the assignecd&, Q0

operating margin.
Hmin = T(S)+ td + tom
The maximum number of trains per hoypJthen is

3,600 3,600
Hin - T(s) + tg + t,y

Trax =

The maximum capacitZ,.x is the number of trains multiplied
by their length and number of passengers per meter of length2a aan

adjusted from peak-within-the-peak to peak hour.

3,600LP,.D,
Crnax = TinaxLP mDph = W
om

where  Hyin = minimum headway in seconds

T(s) = minimum train separation in seconds
ty = dwell time in seconds

tom = operating margin in seconds

Tmax = train throughput per hour

Equation 7-13

Equation 7-14

Equation 7-15

Cmax = maximum single track capacity in
passengers per peak hour direction

L = train length in meters

P, = loading level in passengers per meter of
train length

Dyn = loading diversity factor

The spreadsheet contains this calculation. Given the range of
values that can be calculated, estimated or assigned for certain
of the components in Equation 7-15, it is appropriate that the
results be expressed as a range.

The results should be checked for reasonableness against
typical capacities in Figure 7.10, which is based on the simple
procedure loading levels of 5 passengers per meter for light rail
and 6 passengers per meter for heavy rail—approximately 0.5
m? per passenger. Higher levels are possible only if less
comfortable loading levels have been used. Lower levels imply
either errors or that all seated passengers have been assumed or
an excessive operating margin has been included.

This chart is not an appropriate check for electric multipleunit
(emu) commuter rail whose signaling systems are usually
designed for lower throughput with loading levels based on all
seated passengers. Commuter rail capacity based on train length
is also affected by the common use of bi-level cars, although
few such trains currently fit into the applicable category of
electric multiple-unit operation. Figure 7.10 and an approach to
Grade Separated Rail Capacity Determinatiare contained in
the Excel version of the spreadsheet. The simplified step-by-step
approach, without charts and equations is also in the generic
version of the spreadsheet. Refer to the spreadsheet user guide at
the front of this report.

Passengers per peak hour per direction

- f —f
HEAWY RAIL

LIGHT RAIL
42,000 | A
38,000 b }
34,000 Moving
40,000 Block
o |

18,000 Cab Control
14,000 Signaling
10,000
200 150 120 90 Gl

Traln Langth mabers

Figure 7.10 Typical maximum passenger capacities of grade
separated rail transit—excluding all-seated commuter rail.
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8. Light Rall Capacity
Determination

8 1 INTRODUCTION loading standards for light rail transit in Chapter Five,

. Passenger Loading Leveldight rail loading levels are

. o . generally lighter than those for rail rapid transit but not as
This chapter covers methods for determining the capacity ofgenerous as the one seat per passenger policy common on
light rail transit lines. While the approach used in Chapter commuter rail.
Seven, Grade Separated Rail Capacity Determinationill Light rail train lengths are more restricted than for rail rapid
work in most situations, light rail transit lines often have transit or commuter rail because of lower car and coupler
characteristics such as street running, grade crossings and singégrengths, and street block and station platform lengths. These
track, which are not covered in that chapter but which are ofissues are considered in section of this chapter.
importance in capacity determination. The key to determining One additional issue which is of particular importance to light
the capacity of a light rail transit line is to find the weakest rail operations and capacity is the method of access for mobility
link—the location or factor that limits the capacity of the entire impaired passengers. While the speed of each access method
line. varies, all can have an effect where close headways and tight

scheduling occur. The overall discussion of the impact of the

Americans with Disabilities Act (ADA) is contained in Chapter
8.1.1 SELECTING THE WEAKEST LINK Six, Operating IssuesMore specific light rail accessibility

Determining the capacity of light rail transit lines is complicated Issues are dealt with in section of this chapter.

by the variety of rights-of-way that can be employed. In the

simplest case, a grade separated right-of-way is used and th

capgcity calculatign techn?ques givgn in Ch);pter 7 can beg.z SINGLE TRACK

applied. However, most light rail transit lines use a combination ) ) ) ) o

of right-of-way types, which can also include on-street operations'ngle t_ra(_:k is the greatest capacity constraint on light rail lines

(often in reserved lanes) and private right-of-way with gradeWhere. it is used extenswely. Single-track sections are used

crossings. Other limitations can be imposed by single-trackPrimarily to reduce construction costs. Some lines have been

sections and the street block lengths. The line capacity iuilt with single trac.k as a cost-saving measure whe(e the right-

determined by the weakest link; this could be a traffic signal ©f-way would permit double track. In other areas single track

with a long phase length, but is more commonly the minimum ha§ been.bunt pecause W|den|ng the right-of-way and.structures

headway possible on a block signaled section. The first portiorS impossible. S|_ngle-track sections can be very short in ord_er to

of this chapter discusses the capacity limitations imposed byPYy-Pass a particular obstacle; for example, the San Diego

right-of-way characteristics. Trolley had a short smgle-tra_ck_ segnlean the East Line in
The capacity constraints are grouped in sections to in order oprder to save the cost of building a second overpass over an

decreasing relative importance for most systems. (See Tabléhterstate highway. This segment has since been replaced with

8.1). This order is not definitive for all systems, but it is double.track as part of the double-traclgng of the majority of the

appropriate for many. System-specific differences, such as shorean Diego Trolley system. When this program is complete,

block lengths on signaled sections, will change the relativeSingle track will be used only on the East Line extension to

importance of each item. Santee. ) o ) )
The Sacramento light rail line, like San Diego’s, featured

substantial single-track construction as a way to keep initial
8.1.2 OTHER CAPACITY ISSUES costs I_ow. Howev_e_r, the extensive use of ;ingle track has limited
operational flexibility and mandated a minimum headway of 15
min. This long headway has necessitated the use of 4-car trains
eto meet the peak-period ridership demand. The length of these
frains is such that they block intersections while stopping at the
downtown stations. As in San Diego, much of the Sacramento
line is in the process of being double-tracked to remove these
constraints.
Tri-Met of Portland is also removing its single-track constraint
at the eastern end of its light rail line in Gresham. A second

Car loading levels for light rail transit for use in the equations in
this chapter should be determined with reference to the passeng

Table 8.1 Light rail capacity constraints

8.2 | Single track
8.3 Signaled sections

84 On-s"ee.t operation - - T Actually a gauntlet track with the four rails interlaced, but with the same
8.5 Private right-of-way with grade crossings operational implications as single track.
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track is being added on the existing right-of-way in order to The distance covered in this time is

increase operational flexibility and reduce the anxiety train 5

operators have about arriving late at the single-track meet point. Spe = Vinaxlps _ Vmax | Vmax(tjt + tpr) Equation 8-2
The latter problem is caused by delays elsewhere on the line, 2 2d; 2

particularly wheelchair boardings and alightings.
Baltimore’s light rail transit line includes substantial single-

track construction but ridership demand has not yet been stronghe distance and time covered to reach the maximum single-
enough to require double-tracking in the existing right-of-way. track section speed involves specific vehicle characteristics as
While most of these newer light rail lines are moving away the nominal acceleration rate—usually identical to the braking
from single-track operation, SEPTA depends on large sectiongate—decreases with speed. A reasonable approximation is to
of Single track on its much older Media and Sharon Hill lines. assume that the average acceleration rate to the maximum

Careful scheduling is used to allow an approximately 10-minsection speed is half the braking rate. The total time and distance
peak headway of mixed local and express services to operate Ofiom start to stop then become

each line. The common eastern portion of these lines is double-
tracked. ty = + b+ by
While determining the extent of single track possible on a dy Equation 8-3
system is possible, the exact layout is highly system specific. .
Estimates can be made of the number of track kilometers Where  ts=time from start to stop
required for a certain number of route kilometers once the

where s, = braking distance to stop

— 3Vmax

2

intended headway is knowirwhile this does not tell the user S, = 3Vmax _ Ymax (it + for) Equation 8.4
where the single-track sections can be used, it can provide 2d; 2 quati
assistance in determining the possible extent of single track for )

use in cost estimates. where s, = distance covered start to stop

The time to cover a single-track section becomes

3 Vmax

8.2.1 CALCULATING SINGLE-TRACK Tor= (N + 1>( A '”ﬂ’”br> +
HEADWAY RESTRICTIONS Equation 8-5

(Lst - (Ns + 1)sss)

Vinax

+ Nty

where  Tg = time to cover single track secti(s)
Ly = length of single track sectigm
Single-track sections greater than 400-500 m are potentially the Ns = number of stations on single track section
most restrictive capacity constraint for light rail. The headway ty = average station dwell time on sectigh

limitation is very simply TWICE the time taken to traverse the o ) ) )
single-track section, plus an allowance for switch throw and Substituting forS;; from Equation 8-4, adding a speed margin to

lock—unnecessary for spring switches or gauntlet fragius compensate for the difference between actual and theoretical
an operating margin to minimize the potential wait of a train in Performance on a manually driven system, adding the train
the opposite direction. length to the section length and adding an operating margin
This is a very site-specific time; however, a reasonableProduces
approximation can be calculated from the length and maximum (N, + 1)(3v Lo+
speed on the section, based on the similar performance oTS,=SM<—Sz———( ;ax+ tﬂ+t,,,> + = )+N5td+to,,,
modern light rail vehicles. s Vimax _
The time to brake from the maximum line speed to a stop can Equation 8-6
be expressed as where Ty = time to cover single track secti¢s)
Lst = length of single track sectiqm)
_ VYmax L = train length(m)
Ips = +1 41 ion 8- ) )
bs T g, T T e Equation 8-1 N = number of stations on single track
section
where t,s = time to brake to stofs) b f station dwell tIIT(le(S) h
Vmax = Maximum speed reachéui/s) Vinax _ maximum si"?ee reaé: €ui/s)
ds = deceleration & acceleration rg@/s) ds B Qecellerlaltlo rate (m/s)
t = jerk limiting time(s) G = jerklimiting time(s) .
t, = operator and braking system reaction ty = operator and braking system reaction
; time
time
SM = speed margih(constant)
tom = operating margiifs)

% See Allen, Duncan WPractical Limits of Single-Track Light Rail Transit Y . .
Operationin Appendix One. ) Also used as a surrogate for twice the average acceleration fromfQtov

® Gauntlet track interlaces the four rails without needing switches, saving’ An allowance to adjust for out of specification equipment and train
capital and maintenance costs and potential operating problems due to OPerators that do not push to the edge of the operating envelope, i.e.,
frozen or clogged switch points. The disadvantage is that the single-track maximum permitted speed. Typically 1.08 to 1121 is used in the
section cannot be used as an emergency turn-back (reversing) location.  results.
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This equation can be readily solved using typical values fromsections in the single-track section. These should, wherever
Table 8.2 possible, be of sufficient length to allow opposing trainpass
The value of the maximum single-track section speed shouldon-the-fly and to allow some margin for off-schedule trains.
be the appropriate speed limit for that section. 55 km/h (35 mph)Obviously trains should be scheduled to pass at this location.
is a suitable value for most protected, grade separated lines. If
the single-track section is on-street then a speed below the
traffic speed limit should be used. If there are signaled
intersections an allowance of half the signal cycle should be8-3 SIGNALED SECT|ONS

added to the travel time for each such intersection, adjusted for

any improvements possible from pre-emption. Restrictions due to signaled sections are largely covered in
This equation is included on the computer spreadsheet. Achapter SeverGrade Separated Rail Capacity Determination.
selection of results is shown in Figure 8.1. However, it should be realized that many light rail lines are not

) ) o signaled with the minimum possible headway in mind but more
Trains should be §cheduled from. their termini so thgt meets ar@conomically for the minimum planned headway. This can
not close to the single-track sections. Where there is more thaggasily make signaled sections the dominant capacity constraint.
one single-track section this is difficult but not impossible. For example the Edmonton light rail line has a peak headway

Lengthy single-track sections can severely limit headwayssf 5 min with this also being the minimum headway possible
and capacity and may require one or more double-track passingpased on the signaling. At the other extreme is New Jersey

Transit's Newark city subway with a peak headway of 2 min

and a minimum headway of 15 sec being permitted by the

) ) signaling. This is made possible with very stemtvisorysignal

Table 8.2 Data values for single-track travel time blocks, single car trains (PCC's) and multiple-berth platforms at
the terminals. Now only a single route, the city subway no
longer requires the capacity provided by such close blocks—
except in unusual circumstances, however, similar arrangements
in Philadelphia are used much closer to capacity.

SEPTA currently schedules trains in the Market Street light
rail subway as close as 60 sec. The closely spaced two-aspect
color-light signaling is for spacing purposes only, that is it is
advisory. A driver can see several signals ahead. A range of
green allows full speed operation with the driver using judgment
to slow down as a red signal approaches. There are no train
stops and the car may pass a red signal and approach the car
Time to Traverse (seconds) ahead on line-of-sight to permit multiple berthing in a single
350 - T — station.

0 Equally high capacity is provided at the City Hall terminal,
Lo which is a large loop containing the multiple-berth Juniper
Street station. In past decades as many as 120 streetcars per hour
passed through the tunnel.

These arrangements are not fail-safe and collisions have
occasionally occurred. Multiple-berth stations can be confusing
to passengers but will improve with the ADA-required
information signage. However, with reasonable driver
discipline, these arrangements provide the highest light rail
capacity—potentially over 20,000 passengers per peak-hour
direction per track—and have provided it safely, economically
and at relatively high speeds for over half a century.

dwell time | 15-25 seconds
service braking rate? | 1.3 m/s?
speed margin | 1.1t0 1.2
operating margin time | 10-30 seconds

300
250
200} - o -
150

100

8.4 ON-STREET OPERATION

Historically, streetcar operation has achieved throughput in
excess of 125 cars per hour on a single track in many North
American locations. Even now the Toronto Transit Commission
schedules single and articulated streetcars at a peak-within-the
peak rate of over 60 cars an hour on Queen Street East where
several car lines share a four block stretch.

Despite this record on-street operation is often raised as a
major capacity constraint for modern light rail systems yet this

1400 1800 2200
Single-Track Length meters

200 600 1000

Figure 8.1 Light Rail travel time over single-track section
with speed limit of 55 km/h and various numbers of stations
train length 56 m, dwell time 20 sec, operating margin 20
sec, other data as per Table 8.ZThe closest headway with a
single-track section is TWICE the above traverse plus operating
margin time.



90

is rarely the case on contemporary lines. This is particularly true C = cycle length in sec. (Cycle lengths should
on most newer lines where light rail trains have exclusive use of be divisible into 3600 to allow consistent
road lanes or a center reservation where they are not delayed by train scheduling with headways a multiple
other traffic making turns, queuing at signals or otherwise of the cycle length, preferably no less than
blocking the path of the trains. Exclusive lanes for light rail are two cycles, see tabular example below.)
also being instituted on some of the older streetcar systems
where congestion is severe; Toronto’'s King Street is an| cycle Length 60 72 75 80 90 100 120 sec
example. Cycles per hour 60 50 48 4540 36 30

Even with these improvements in segregating transit from| Minimum headway 120 144 150 160180 200 240 sec

other traffic, light rail trains must still contend with traffic lights,
pedestrian movements and other factors beyond the control ofhis empirical approach is often not appropriate for light rail
the transit operator. The transit capacity in these situations caBystems but may have value for traditional streetcar operation.
be calculated using the equations presented below. Note that on-street parking and pedestrian movements can
impact capacity. More details and examples can be found in the
Highway Capacity Manual®®” and the ITE Transportation

[ )(R43)
8.4.1 EMPIRICAL APPROACH Planning Handbodk"®*®)

Capacity is the product of train frequency and train capacity.
This can be given as 8.4.2 PRACTICAL ISSUES

Passengers Trains Cars  Passengers ) It is hard to encompass all the variables which affect on-street
Hour _ Hour  Train > Car Equation 8-7 light rail transit operation in a single formula. Note, for
example, the vagueness of the definitions of Beand g
The maximum number of trains per hour can be determinedvariables in Equation 8.8 as a way to accommodate the less
from Equation 8.2. Note that this should be applied for theconcrete aspects of on-street operation. Even with these
intersection with the longest traffic signal cycle or train dwell vagaries, the capacity of on-street light rail is often greater than

time. on grade-separated, signaled rights of way where higher speeds
and block signals force the separation between trains to be
C, = _____(g/C)3600R Equation 8-8 increased. ’ P
(&/OD + 1, Variability due to traffic congestion has been reduced as a

factor as almost all recently built on-street light rail lines operate

where G, = trains per hour pertrack on reserved lanes. A number of older systems still have

t. = clearance time bgn/yeen trains is deflned aS extensive operation in mixed traffic and so are subjected to the
the sum of the minimum clear spacing variability in train throughput this causes by reducingthe
between trains plus the time for atrain to  effective green time for trains. Traffic queuing, left turns and
clear a station, with typical values of 25to  parallel parking can all serve to reduce light rail transit capacity.
35 sec. (Some transit agencies use the Traffic signals can be a major impediment to light rail transit
signal cycle_ time as the minimum operation where they are not designed with the needs of light
clearance time.) rail trains in mind. Poor traffic signaling can make train

D = dwell time at stop under consideration, operation slow, unreliable and unattractive to potential
typically ranging from 30 to 40 sec, passengers. These problems can be addressed through the use of
sometimes to 60 sec. signal pre-emption and progression.

R = reductive factor to compensate for dwell Signal pre-emption allows the light rail train to extend an
time variations and/or uncontrolled existing green phase or speed the arrival of the next one.

variable associated with transit operations. pepending on the frequency of intersections and traffic
Rvalues are tabulated from 1.0 in perfect  congestion, this can have a substantial impact on the flow of

conditions with level of service “E”, to general traffic in the area. As a result, pre-emption in congested
0.634 with level of service “A”, assuming  areas is often limited in its scope so as not to have too negative
a 25% coefficient of variation in dwell an effect on other traffic. The degree to which local politicians
times. Maximum capacity under actual and traffic engineers will tolerate the effects of pre-emption

operating conditions would be about 89%  plays a large role in determining the effectiveness of signal pre-
of that under ideal conditions—resulting emption schemes.
in about 3,200 effective sec of green per There is often a misconception of the impact of pre-emption.
hour.. o ] At the modest headways typical of new light rail systems, where
g = effective green time in sec, reflecting the  trains operate only every few traffic light cycles, the green time
reductive effects of on-street parking and  advanced or held for a light rail trains can be restored in the
pedestrian movements as well as any following cycles with no net loss of cross-street capacity.
impacts of pre-emption. Edmonton demonstrated that by tying area traffic signals and the
light rail signaling system into a computer the introduction of

S LEVINSON, HERBERT S., Capacity Concepts for Street-Running Light light rail actually increased capacity on both cross-streets and
Rail Transit, Australian Road Capacity Conference, 1994. parallel streets.



Signal pre-emption, linked to a central traffic control |
computer, is being implemented extensively on the Toronto
streetcar system. Close stop spacing on the streetcar lines give
pre-emption an edge over progression because of the limite
number of traffic signals between streetcar stops.

The San Diego Trolley originally used signal pre-emption on
its “C” Street downtown mall but has since switched to signal '
progression. Increased light rail service on the mall had expose( .
the inadequacy of the pre-emption controllers to deal with high
volumes of bi-directional traffic and resulted in failures. Table
8.3 contains some representative phase lengths for light rai
transit signal pre-emption and progression.

Signal progression has supplanted pre-emption in many
cases where light rail trains operate in congested downtowr
areas. This technique gives trains leaving stations a “greer
window” during which they can depart and travel to the next
station on successive green lights. The benefits of progression
increase with greater station spacing as less accumulated timeigure 8.2 Heritage streetcar service in PortlandThese cars
is spent waiting for the progression to start at each station. Th@re accurate reconstruction’s of the hist@iuncil Crestseries
progression is frequently made part of the normal traffic light cars. They are built on relatively modern (PCC) trucks and
phasing and so is fully integrated with signaling for provide the acceleration, braking and safety features—but not
automobiles on cross-streets. This reduces delays for transiiop speeds—of modern light rail cars. Equipped with radio and
and car drivers alike. Station stops are accommodated by théductive communications, they operate the pre-emption in the
train missing one light cycle and proceeding on the next.same manner as the light rail service cars. Even so, operation is
Ideally the cycle length will be slightly longer than a long limited to outside weekday peak periods. If necessary to take a
average dwell in order to allow the majority of trains to leave heritage service into account in determining capacity, cars with
shortly after passenger activity has ended. Note that themodern performance can be treated as the equivalent of a light
Calgary timings for progression in Table 8.3 were measuredrail vehicle. Dwells, particularly with tourists and wheelchairs
on the ¥ Avenue Mall which is shared with buses; the phasescan be extended and off-line stations may be necessary, as
must therefore be longer to accommodate both transit modes ifrovided by Tri-Met at Lloyd Center. The vintage cars may
the same phase. require specific arrangements that are beyond the scope of this

It is useful if the train operator can determine when the “greenproject.
window” at the first signal after a station will start as this allows
him to serve more passengers by maximizing the dwell time at
the station. In this way the train operator only closes the doors
when he knows that the train will soon be able to proceed. In8.4.3 DETERMINING ON-STREET
some cases this can be done by observing the operation of the APACITY
other traffic signal phases. However, this may not be possible at
some locations. In these cases a special signal display can b@
added that counts down the time to the start of the light rail
phase, as at a number of locations on the downtown portion o
the San Diego Trolley.

Operating heritage streetcars—vintage  trolleys—in
conjunction with light rail service can constrain capacity unless
operated over sections of the light rail (such as downtown Sa
Jose) where light rail speeds are already low. Figure 8.2 shows
heritage streetcar on the downtown tracks of Portland’s LRT.

& Tom Paviieaon P Eng 1R85

apacity can be estimated by using Equation 8-8 where blocks
re long and trains are short—for example a classic streetcar
peration. Where, as is often the case, light rail train lengths
approach the downtown block lengths then the throughput is
simply one train per traffic light cycle, provided the track area is
restricted from other traffic. When other traffic, for example,
Neft-turn lanes, may prevent a train from occupying a full block
ﬂ‘nroughput drops as not every train can proceed on receiving a
green light. A common rule of thumb is that the minimum
sustainable headway is double the longest traffic signal cycle on
the at-grade portions of the line.

Table. 8.3 Average pha_se lengths at light rail transit 85 PR IVATE R I G HT'O F'WAY
crossings(number of crossings observed in parenthéses) WITH G RAD E CROSS | NG S

City Progression  Pre-emption Railway Gates

Calga 43.2 (3) N/A 41.7 (3) Private right-of-way with grade crossings is the predominant
Portland N/A 17.2 (4) 46.8 (2) type of right-of-way for many light rail transit systems. This can
. San Diego 19.6.(2) 25.9 (2) 41.9 (3) take the form of a route which does not follow existing streets or

"Each crossing was usually monitored for four or more train movements orone which runs in the median of a road physically separated
until a consistent phase time had been established. Cycle times vary. from other traffic except at crossings.



92

Capacity on lines with full pre-emption can be determined time at the crossing can be predicted consistently and premature
using the methods for grade-separated rail transit given inactivation of the crossing is not a factor. The train is also either
Chapter 7. However, allowances for any speed restrictions dueoasting or braking through the crossing from cruising speed
to grade crossings must be made. Where full pre-emption is noand so will occupy it for less time.
available, Equation 8.8 for street running should be used to Stations can be designed to place both platforms on one side
determine line capacity since it incorporates the cycle length ofof the crossing or to locate one platform on each side of the
traffic signals, pre-empted or not. crossing such that trains use the crossing before stopping at the

station. Both arrangements are shown in Figure 8.4. Using

farside platforms is advantageous for the operational reasons
8.5.1 PRE-EMPTION given above, reduced right-of-way requirements, and, for

median operation, allowing left turn bays to be readily
Light rail transit lines operating on private right-of-way are incorporated into the street.
generally given full priority at grade crossings by railroad-type  Delays caused by premature activation of crossing gates and
crossbucks, bells and gates, or by traffic signal pre-emptionsignals at near side stations can be reduced using wayside com-
Gated, railroad-style crossings are used where train and/omunication equipment. This can be done with the operator being
traffic speeds are high. As shown in Table 8.3, railway-type equipped with a control to start the crossing cycle before leaving
gated crossings consistently have the longest phase lengths d@fe station or by an automatic method. The San Diego Trolley
the three main crossing devices. Crossbucks and bells alone, &hares some of its trackage with freight trains and uses a comm-
pre-empted traffic signals, are used where speeds are loweunication device that identifies light rail trains to crossing circuits
Delays to other traffic are reduced when gates are not used sinasn the far-side of stations. If the crossing controller identifies a
the time taken for gates to be lowered and raised is removed asteain as a light rail train, a delay to allow for station dwell is
factor. added before the crossing is activated. This ensures that the

Portland’s Eastside MAX line offers an excellent example of
pre-emption. This line features a long section of median running
on a minor arterial street (Burnside Street). Train speed is
limited to the speed limit of the street and signal pre-emption is
used to allow trains to maintain this speed on the line segment
Traffic signal phase time lost to the cross streets when lights art
pre-empted is returned in subsequent phases. Towards th_
eastern end of this line segment the light rail tracks make a ven
long, low-angle crossing, of a major arterial with the only
protection being the pre-empted traffic lights. (Figure 8.3) All
pre-empted crossings on the Tri-Met light rail line have signals
in advance to notify the train operator that the train has beer
detected and that the signal will become permissive. As can bdl-
seen in Table 8.3, the pre-emption system employed in Portlant
is very effective in minimizing the delay to cross traffic while
giving light rail trains almost complete priority.

The SCCTA light rail line in San Jose also uses median -
running an arterial street but local traffic engineers have only —
given the light rail minimal priority over other traffic, Figure 8.3 Tri-Met light rail train approaching an angled
particularly during rush hours. Where the line runs through thegated crossing(Note the gate is across the highwajhe

city of Santa Clara the light rail line has no priority over other ,entia| delay to cross traffic at these crossings is almost three

traffic and suffers substantial delays. Similar delays due to &;jmes longer than with the 100% pre-empted signalized

lack of priority face the Los Angeles Blue Line over the route jnesections closer to downtown. At higher train frequencies

section between the end of the downtown subway and the stathege occupancy times will become unacceptable and signalized

of the old interurban right-of-way at the Washington Boulevard jnersections would be required—potentially reducing light rail

station. speeds—but not the light rail capacity as the crossing occupancy
time is well within a normal green phase.

& Tom Farkingnn FEng 1982

8.5.2 GRADE CROSSINGS AND STATION
DWELL TIMES

Grade crossing activation and occupancy times can be affecte - ;

by the presence of a station adjacent to the crossing. If the trai| =——————————
must use the crossing after stopping at a station, the activation c
the crossing signals is often premature and the crossing i
unavailable to other traffic for more than the optimum time. In
this case the train is also starting from a stop and so mus . . i J Tl .
accelerate through the crossing, adding to the total delay. Wher." SEAE Pathren BT "
the station platform is on the far-side of the crossing, the arrivalFigure 8.4 Light rail platform options at a crossing
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crossing remains open for cross traffic for most of the time thatas stations have been built with current ridership and service
the light rail train is stopped in the station. If the controller levels in mind. The relative importance of this constraint is
cannot identify the train as a light rail train, it assumes the trainmuch greater for commuter rail where platform length is often
is a freight and activates the crossing gates without delay. constrained for historical reasons.

Other systems use an inductive link between the light rail A more important restriction can be in the design of terminal
train and wayside to activate pre-emption, switches and, in thestations. Toronto’s streetcars face terminal design problems
future, ADA-mandated information requirements. The lowest where two or more routes share a common terminal and single-
cost detection approach is the classic overhead contactottrack turning loop. This is the case at the Broadview and Dundas
Trolleybus technology using radio signals from the power West subway stations where there is heavy transferring activity
collection pick-up to coils suspended on the overhead wires idetween the subway and streetcars. The high volumes of transit
also applicable to light rail but is not used in North America. vehicles and passengers can cause delays to following streetcars

This arrangement can permit one light rail train per traffic while passengers board and alight from the preceding car. Any
signal cycle. However, the possibility of interference with busesscheduled recovery time for the streetcar operator is hard to
held at a red light suggests the previously referenced maximunaccommodate in these conditions since the volume of following
throughput of one train per two signal cycles. cars will practically force cars ahead out of the loop.

The Baltimore light rail line also uses single-track termini but
the level of service (15-min headway) is not high enough for

8 6 TRA'N LENGTH AND these to be a capacity limitation. However, the terminals are
. designed to allow an arriving train to unload passengers before

STATION LIM'TATIONS the departing train ahead leaves through the use of an extra
platform as shown in Figure 8.5. This arrangement allows the
location of a station in a relatively narrow right-of-way since the

8.6.1 STREET BLOCK LENGTH platforms are not adjacent to each other and a wider center
platform is not required. Note that single-track termini, while

The length of street blocks can be a major limitation for at-gradeinexpensive, have limited flexibility and should generally be

systems which operate on-street. Most jurisdictions areavoided.

unwilling to allow stopped trains to block intersections and so

require that trains not be longer than the shortest street block

where a stop is likely. This issue is especially noteworthy in 8 7 WH EELCHAIR

Portland where unusually short street blocks downtown limit

trains to two cars. The San Diego Trolley also faced this issue

when they operated four-car trains on the East Line for a timeACCESSI BILlTY EFFECTS
Since three cars is the maximum that can be accommodated b

the downtown blocks, trains were split in two sections before8.7.1 INTRODUCTION

entering downtown.

Sacramento is an exception to the street block length rule and@’he accessibility of light rail transit to wheelchairs and other
is able to operate 4-car trains in the peak hours. These longnobility devices (considered together with wheelchairs in this
trains block one intersection when stopped. This situation issection) is a major issue for light rail transit systems. The
almost a necessity as the extensive single-track nature of theelative rarity of level loading with high-level platforms on light
Sacramento line imposes a minimum headway of 15 min on theail has resulted in a variety of methods having been devised to
service. The capacity limitation of this headway restriction is allow wheelchair access to light rail vehicles. Each of the
therefore partially made up for by the operation of relatively methods is outlined in the sections which follow. Chapter Six,
long trains. Operating Issueshas discussed general capacity issues related

Street block length is also an issue if another vehicle occupiego the ADA, including typical light rail provisions. This section
the same lane used by light rail trains in a block. If this would expands the discussion and adds specific arrangements of
cause the rear of the train to protrude into an intersection therndividual operators. The illustrations of wheelchair loading
the train must wait for the block to clear before advancing. Thisoptions, Figures 6.19 through 6.23, are not repeated.
fact provides a strong argument for the provision of an exclusive Boarding and alighting times with non-level loading of wheel-
light rail transit lane where street running with long trains chairs tend to be highly variable depending on the skill of the
occurs. Indeed, operation with mixed traffic is very rare on newpassenger. Experienced users can be remarkably quick. Passen-
light rail transit systems, likely as a result of this concern. ger movement times are often lower than for lift-equipped buses
Where buses and light rail transit trains operate alongside each
other on transit malls in Baltimore and Calgary, the rail stations,
bus stops and lanes are laid out to cause a minimum of

interference between the modes. L
— I
— ST Arrivals & Dopariures
8.6.2 STATION LIMITATIONS Arrivals Only

An obvious limitation to train length is the length of station Figure 8.5 Single-track terminus with separate unloading
platforms. For most light rail transit routes this is not a problem Platform (Baltimore)
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as there is more room to maneuver wheelchairs, walkers andlifts are mounted in the cars so that the first door on the right
scooters in light rail vehicles. Off-vehicle fare collection also side of every train is lift-equipped. When not in use, the lift is
helps to speed loading for mobility impaired and able-bodiedstored in a vertical position which completely blocks the
passengers alike. Some agencies require the passenger addorway to use by other passengers. While the lift initially was
wheelchair to be strapped in, a time consuming process which iprone to failure, the current installation is quite reliable with a
becoming less common. Some systems have experiencethilure rate of about one-quarter of a perdent.
passenger conflicts over mobility device seating priority when Boarding and alighting times with the car-mounted lifts are
other passengers occupy the folding seats provided to creataround 1 min for each passenger movement. However, the need
space for wheelchairs and other mobility devices. for the train operator to leave the cab to operate the lift adds to
It should be noted that both mobility impaired passengers andhe time required and can mean the total dwell time extends to
transit agencies prefer access methods that do not single out tHé4 or 2 min when the lift is used.
mobility impaired passengers for special treatment. Lifts and
special ramps cause delays which reduce the reliability of the
service while isolating those users from other passengersPlatform-Mounted Lifts
Mechanical devices such as lifts can also fail and put a train out
of service. For these reasons, the popularity of lifts and other Platform-mounted lifts are used by the Portland and San Jose
special devices for mobility impaired passengers will likely light rail systems. They offer advantages over car-mounted lifts
decrease in favor of more reliable and less exclusionary methoda that all car doors are left available for other passengers when
such as low-floor cars. the lift is not required, the lift is not subject to car vibration, and
Reducing the delays associated with wheelchair boardingghe failure of a lift need not remove a car from service.
and alightings is an important issue where capacity isDisadvantages include the precise stopping requirements,
constrained. This is of particular concern on lines with singleincreased susceptibility to vandalism and an increase in the
track. distance that the train operator must walk to operate the lift.
For the SCCTA in San Jose, wheelchair handling is slow
because of their wayside lift arrangement. The lift is stored
8.7.2 HIGH PLATFORMS vertically in an enclosed housing at the front of each platform.
To operate the lift, the train operator must raise sliding steel
High-level platforms allow level movement between the doors on each side of the lift housing, lower the car side of the
platform and the car floor. This allows universal access to alllift to floor level, lower the platform side to ground level, have
cars of a train and removes the reliability and exclusionaryth® passenger board the lift, raise the lift and board the
effects associated with lifts, ramps and special platforms.Passenger, store the lift and secure the housing. This procedure
Passenger flow is speeded for all passengers since there are €S 2 t0 3 min giving a total train delay (including loading and
steps to negotiate on the car. Unfortunately this is not an ideatnloading) of 4 to 6 min per passenger requiring the lift. These
access method for light rail as high-platform stations are bulkydelays can easily consume the train's scheduled terminal
and costly to construct on in-street sections—defeating two off€COVery time. An average of 25 wheelchairs and scooters are
the major benefits of light rail, low costs and community carried each weekday on the SCCTA light rail line but this has
friendly design. Nevertheless high platforms are usedincreased toas many as 50 a day for special events.
exclusively on a number of systems including Los Angeles, St. Tr-Met in Portland uses a different type of wayside lift.
Louis and Calgary. Under normal circumstances the lift is at ground level ready to
High-level platforms at stations are also used in Buffalo, receive intending passengers. The presence of the passenger on
Pittsburgh and San Francisco; in combination with low-level the lift signals the passenger’s intention to board to the train
loading at other stops. Buffalo is unusual in that a subway, withoPerator. The train operator then aligns the first door of the train
high-level platforms, serves the outer portion of the line while With the lift and boards the passenger. The car's steps are
the downtown segment is on a transit mall with low-level Pridged by a folding plate on the lift. This configuration speeds
loading using fold-out steps and mini high platforms (discussedth€ use of the lift somewhat but does not prevent it from having
below) for wheelchair access. Pittsburgh has separate doors fé¥" €ffect on punctuality. The average time required for each
each platform level while the San Francisco Muni uses carsMobility device movement was given as 1 min 50 sec by Tri-
fitted with steps which can be raised to floor height where highMet staff but this could increase to 4 or 5 min in a worst case
platforms exist. scenario with an inexperienced user. The determination of the
The profiled platform shown in Figures 6.21 and 6.22 has nottrain operator in minimizing dwell in the use of the lift also
been used in North America but has proved effective inVaries. . )
Manchester offering low cost, low intrusion, fast passenger Tri-Met expects to be able to remove the wayside wheelchair

accessible low-floor car. Section 6.10 of Chapter Spxerating

Issuessuggests that other operators will follow Portland’s lead,
8.7.3 LOW-PLATEFORM METHODS greatly reducing the potential for wheelchair-related delays in
the future.
Car-Mounted Lifts
8 Based on San Diego Trolley data for May 1994. Out of 1,069 lift
Car-mounted lifts are used only on the San Diego Trolley, one passengers carried (2,138 lift cycles) only six failures were recorded—
of the first light rail transit systems to be wheelchair accessible. 9iving a failure rate of 0.28%.
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Mini-High Platforms While low-floor cars have operated in Europe for over a
decade, the first North American operation will begin in
The current trend for wheelchair access to low-loading, high-Portland in 1997. The use of at least one low-floor car in every
floor light rail cars is the use omini-high or high-range train will allow Tri-Met's existing platform mounted wheelchair
platforms that provide level loading to the wheelchair accessiblelifts to be removed. Boston has also ordered low-floor cars to
door of the train. This method is mechanically simple and make its Green Line subway-surface routes accessible. As in
generally uses a folding bridgeplate, manually lowered by thePortland, the cars will be compatible with the agency’s existing
train operator, to provide a path over the stepwell between thdleet to allow mixed-train operation. Toronto is also expected to
platform edge and vehicle floor. The mini-high platform is acquire low-floor cars for use on the Spadina LRT line under
reached by a ramp or, where space limitations require, by aonstruction but purchase has been postponed because of a
small lift. In Sacramento, one of the pioneers of mini-high surplus of existing streetcars.
platforms, these lifts are passenger operated and the intending Low-floor cars have some drawbacks which have yet to be
passenger must be on the mini high platform for the trainfully resolved. Cost is a problem with any new technology, low-
operator to board them. The Sacramento system handles abotibor cars included. Cars with a 100% low floor can cost up to
1,200 persons in wheelchairs and five times as many strollers double those with a 70% low-floor design, such as in Portland
month on the mini-high platforms. Mini-high platforms have which in turn carry a 25-30% cost premium over conventional
been adopted for the new non-level loading light rail lines in high-floor light rail vehicles. With a partial low-floor, the ends
Baltimore and Denver. of the car and the driving (end) trucks, and sometimes the
The San Francisco Municipal Railway has also installed mini- articulation, can be of conventional construction and can retain
high platforms at key locations on its surface lines (the component and maintenance commonality with existing light
downtown subway is high platform). The cars must make arail equipment.
special stop to board and alight passengers using the mini-high Steps inside the car provide access to the high-floor sections.
platforms as the moveable steps on the car must be raised arid0% low-floor designs require the use of stub axles, hub
the center door aligned with the platform in order for level motors and other space-saving components. These items add to
loading to take place. The steps are usually raised before the caosts and have not yet been satisfactorily proven for high-speed
has come to a stop. An elastic gap filler is used between theise or on the tracks typical of North America. As a result, the
platform edge and car doorway. No bridge plate is needed andars on order for Portland and Boston will be of the partial low-
the train operator does not have to leave the cab. Thidloor type. Despite high costs and technical challenges, the
arrangement, aside from the need for a second stop, is vergubstantial benefits of low-floor cars have made them a popular
efficient with the time required for a passenger movement beingchoice in Europe and broader North American use will likely
under 10 sec. Two of the major surface stops on the Munifollow for those systems with on-street low level loading.
system have been converted entirely to high platforms with A published Transit Cooperative Research Program report,
proof-of-payment fare collection to speed general passengeApplicability of Low-Floor Light Rail Vehicles in North
flows with the additional benefit of making wheelchair loading America deals extensively with this issue.
and unloading easier.

8.7.4 LOW-FLOOR CARS
Low-floor cars offer a straightforward solution to the need for 88 CAPAClTY

universal access to light rail vehicles. By bringing the floor DETERMINATION

height down to just above the railhead, boarding is simplified

for all passengers as steps are no longer required. Small

extendible ramps and slight increases in platform edge heightSUI\/”\/I'A\RY

allow passengers in wheelchairs and other mobility devices to . ) ) . o )

board without the aid of lifts or special platforfhs.ow-floor Calculating the capacity of I|_gh_t rail transit lines is a complex
cars provide much of the benefit of level loading without the Process because of the varieties of rights-of-way that can be
need for high platforms. Typical floor height is 350 Hrfi4 e_m_p_loyed for the mode._ The ba5|_c approach is to find _the
in.), about double the height of a normal curb. Medium or I|m|t|ng faqtor orwegkgfst linlon the line anq base the capacity
intermediate height platforms are therefore still required for no©n this point. The limiting factor for each line could be street-
step boarding. Bridging plates with staff attendance are still"unning with long traffic signal phases, a section of single track,
required on most designs although it appears that passengef¥ the length of signal blocks.where block S|gnal|ng is used.
with pushchairs and many wheelchair users elect to navigate the 1he key factors to be considered are as follows:

gap without this assistance. .
1. Single track.

° Note the difference between the terms low-floor car and low-leadlrig. 2. Signaled sectiqns. Qf pgrticular importance where, for cost
The former states that the majority of the floor of the car is slightly above reasons, the signaling is not designed to allow minimum
curb height; the latter describes cars (low-floor cars included) where possible headway operation.

» psassengers can enter fro_m street level, without the need fqr platforms. 3. On-street operation. Capacity effects are strongly related to
ome low-floor car/station platform arrangements require a manually

positioned bridging plate that can extend dwell times. the degree of priority given to light rail vehicles relative to

1 Certain low-floor designs ramp down the doorways to achieve a 280-300- Other traffic. ) )
mm floor height. 4. Private right-of-way with grade crossings.
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The first step in the process is to check the headway Pasgengers per peak-hour/diraction per track
capabilities of any single-track section over 500 m (1600 ft) in

length from the procedure in section 1.2 of this chapter. Then22.000
compare this with the design headway of the signaling systen 21,000
and with twice the longest traffic signal phase of any on-street apnon
section. Select the most restrictive headway in seconds antyggng
convert into trains per hour by dividing into 3600. The simple
procedure provides a reasonable estimate of capacity by usin
the range of loading levels shown in Figure 8.6, derived from 17.000
Figure 5.7 of Chapter Fiv®assenger Loading Levelsjth the 16,00
incorporation of a loading diversity factor range from 0.70 to 1500d
0.90. An example for a typical medium capacity light rail 14000
system has a 400-m single-track section without a station. s q.n
Figure 8.1 shows this limits headway te 80 sec including an

operating margin—a total of 160 sec. The system operates four
car trains on-street. As these are the length of the shortest cit ' 4™
block headway is limited to twice the traffic signal cycle of 80 100
sec, or 160 sec. Sections of right-of-way are signaled for 3-min 1m 90 &
headway—180 sec. Train Langth maters

Typical of such systems, the right-of-way signaling becomes,;igure 8.7 Light rail capacity on segregated right-of-way
the limitation allowing a maximum of 20 trains per hour. Four i maximum cab-control signaling system throughput
car trains of 25-m articulated light rail vehicles at the midpoint p .o on range of dwell time plus operating margin of 45 to

loading of 5 passengers per meter produces an hourly capacity, sec(headway varies with train length, refer to Fig. 7.1)
inclusive of a loading diversity factor, of ¥ 25 x 5 x 20—

10,000 passengers per peak-hour direction. Note that at this
frequency the ability to schedule trains to avoid delays on the

single-track section is_unIiker. This_WiII not reduce capacity but ,4vimum capacity can be determined through the procedures of
add d_elays that require more vehicles and crew to carry thabhapter SeverGrade Separated Rail Capacity Determination,
capacity. , , summarized for shorter light rail trains in Figure 8.7. At the
Where there are no single-track or on-street constraints anghpner end of these levels the system has become a segregated
the signaling system is designed for maximum throughput, the ;) rapid transit system using light rail technology.
No allowance is contained in Figure 8.7 for extended dwells

due to low-level (step) loading, wheelchairs or on-board fare
Passengers/Unit Length maters collection. At minimum headways with cab-control better than

120 sec it is reasonable to expect level loading—whether high or
B.0 low—and off-vehicle fare collection.

18,000

12000

7.5 Nor is any allowance made for headway constraints due to
=0 junctions or speed restrictions in the maximum load point
station approach. Where any of these situations may apply, the

6.5 complete procedures of Chapter Sev@nade Separated Rail

6.0 Capacity Determinationshould be followed.

55 Predominantly segregated and signaled light rail can reach the

5.0 achievable capacity of some rail rapid transit systems. At this
. upper end of the light rail spectrum achievable capacity

4.5 calculations should follow those of rail rapid transit.

4.0 Note that no light rail lines in North America exceed a

98 capacity of 10,000 passengers per peak-hour direction per track.

3'{' The exception is Mexico City's Line A—really a steel-wheeled

metro line with six-car trains on entirely segregated right-of-
0.z 0.3 0.4 way. MBTA's Green line trunk is the closest system to 10,000
Standing Space m* passengers per peak-hour direction. Achievable capacities to and
above 20,000 passengers per peak-hour direction are reported in
Figure 8.6 Recommended loading level range for light rail  Europe, however, at these levels, the lines, often called pre-
vehicles in simple capacity calculation, loading diversity = metro or U-bahn, have many or all of the characteristics of rail
factor 0.70 to 0.90 rapid transit operated by light rail equipment.
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9. Commuter Rail Capacity
Determination

9 1 |NTRODUCTION ing or train .con.trol system, grade crossi.ng_s., speed limits, freight
. service, switching services—and the priorities to be accorded to
these. Although railroads are becoming more conducive to
Commuter rail in North America is dominated by the systems inaccommodating commuter rail services—and the revenue and
the New York area where the busiest routes use electricapital upgrading they produce—they have the upper hand and
multiple-unit trains on dedicated tracks with little or no freight obtaining slots (alternately called paths or windows) for
service. Annual ridership is shown in Figure 9.1. The capacitycommuter trains at a reasonable cost is often a difficult and
of such systems can best be determined from the procedures @fotracted business.
Chapter SeverGrade Separated Rail Capacity Determination.  There are an increasing number of exceptions where the
Care must be taken to take into account the sometimes lowepperating agency has purchased trackage and operating rights
vehicle performance and lower throughput of signaling systemsand so has more say in the operation and the priority of
where these are based on railroad rather than rapid transpassengers over freight. The two New York carriers own the
practices. Elsewhere, with the exception of SEPTA’s track they operate on while NJT, SEPTA, the MBTA, Metra and
Philadelphia lines, Chicago’s Metra Electric and South Shorelos Angeles Metrolink, among others, own substantial portions
lines, and the Mont-Royal tunnel line in Montréal, commuter of the trackage they use. Some agencies, such as SEPTA, have
rail uses diesel locomotive-hauled coaches and follows railroadeverage with the freight railroads as they own track used by the
practices. Electric locomotive-hauled coaches are also beindreight carriers as well as the reverse. However, there may still
used by SEPTA and New Jersey Transit (NJT) on routes whichbe strict limits on the number of trains that can be operated
also see electric multiple-unit cars. Dual powered (electric andpecause of interlockings and grade crossings with other
diesel) locomotives are used by the Long Island Rail Roadrailroads.
(LIRR) and Metro-North Railroad in the New York area. All  Unlike the capacity determination chapters for other modes,
new starts are likely to use diesel locomotive hauled coaches. commuter rail is not provided with both simple and complete
For most commuter rail lines the determination of capacity is methods for determining achievable capacity. Once the number
at once both simple and inexact. Unlike the grade separated rabf trains that can be operated in an hour has been determined,
capacity determination, there are no reasonable methodologieghe capacity is not dependent on loading standards but on only
that allow the calculation of the train control throughput and the number of seats provided on a train.
controlling dwell times to produce the achievable passenger
capacity of a line.
The number of trains that can be operated in the peak hour i
dependent on negotiations with the owning railroad. Manyg-2 TRAIN TH ROUGHPUT
factors are involved, single or double (or more) track, the signal-
Determining train throughput requires consulting the railroad
agreement or the railroad or agency signaling engineers to
determine the maximum permitted number of commuter trains
per hour. Generally these numbers will be based on a train of

ure B —— - = maximum length, so the length-headway variations of Chapter
Three, Train Control and Signalingwill not enter into the
Matra =i picture.
Metro Marth [T | A definitive answer may not always be obtained, particularly
with single-track sections that are shared with freight. Freight
T ! traffic can vary and available commuter rail paths can vary.
GO Traralt [ ] Usually the agreement will ensure a minimum number of
L commuter rail slots per hour. These may be uni-directional—
NeTA that is all trains must platoon in one direction in each peak
STA [N period. This is generally not a capacity problem but rather an
STCUM [T effi_cie_ncy_issue with respect to e_quipment gnd staff utilization.
Uni-directional operation is an issue on lines where reverse
CalTran | commuting to suburban work sites is important. Indeed,
MARC Chicago’s Metra is planning new services aimed specifically at
. the reverse commuter.
] 20 40 (=] a0 100 The number of slots available per hour may range from one

upwards into the double digits. Ten or more trains per hour is at

Figure 9.1 Commuter rail ridership (millions per year) the upper range of traditional railroad signaling and will exceed it
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if long, slow freights must be accommodated. At the upper endclosed for reconstruction, 23 trains per hour were handled on the
of this range, commuter rail is effectively in sole occupancy of remaining two peak-direction tracks.
the line for the peak period and can approach 20 trains per track The situation at New York’s Penn Station is less relaxed
per hour—a 3 min headwdyWhen electric multiple-unit ~ where the LIRR has exclusive use of five tracks and shares four
commuter trains have similar performance to rail rapid transit,more with Amtrak and NJT. Currently the LIRR operates the
the capacity calculations of Chapter Sev@made Separated East River tunnels with two tracks inbound and two tracks
Rail Capacity Determination,can be used as a rough outbound with a peak headway of 3 min per track. With limited
approximation of railroad signaling throughput by using the station capacity, two-thirds of LIRR trains continue beyond
longer train length and adjusting the separation safety factor BPenn Station to the West Side Yard. However, not all tracks
from the suggested value of 2.4 for a rapid transit three-aspectised by the LIRR at Penn Station continue to the yard and some
signaling system to 3 or 4. trains must be turned in the station. This can be done in as little
However caution should be exercised as some multiple-unitas 3% min in a rush but 5 min is the minimum scheduled.
trains may not have all axles or cars powered; that is, the consisEapacity into the station could be increased by improving track
may be made up of motored and trailer cars. Locomotive-hauledconnections to the West Side Yard and so further reducing the
commuter trains vary in power, length and gearing ratiosnumber of trains which must be turned in Penn Station; this
making it difficult to cite typical acceleration rates and change would permit the East River tunnels to be operated with
impractical to adapt the general calculations used in Chapter 7three tracks in the peak direction and allow the operation of
This equation and the associated equation for junctionadditional trains.
throughput do not apply in locations and times where freight and
commuter rail trains share trackage or where the signalin
system is designed solely for freight%vith long blocks. ’ 99-2-2 STATION DWELLS
Additional complications are raised by the variety of services gyatign gwell times on commuter rail lines are generally not as
operated and the number of tracks available. The busiefjtica as they are on rapid transit and light rail lines as
commuter rail lines tend to offer a substantial number of frequencies are lower and major stations have multiple

stopping patterns to minimize journey times and maximize natorms. In most cases the longest dwells are at the downtown
equipment utilization. A common practice is to divide the line o/ minais where the train is not blocking others while passenger
into zones with trains serving the stations in a zone then runningy ivity takes place. Passenger flows are generally uni-

express to the s_tation(s) in _the central business district. Throughyi-actional and so are not slowed by passengers attempting to
local trains provide connections between the zones. A number of .4 while others alight and vice-versa. Exceptions are

lines in the Chicago and New York areas are operated thi§ocations where major transferring activity takes place between
way—Metra’s Burlington Northern line to Aurora operates With aing pyt these are limited. Jamaica station on the LIRR is an
five zones in the morning peak; Metro-North’s New Haven line example

(including the New Canaan Branch) operates with seven zones. sepra's four track regional rail tunnel through Center City
Such operating practices are made possible with three or morgjiagelphia is one of the few locations where commuter trains
tracks over much of the route and the generous provision ot through from one line to another without terminating
interlockings to allow switching between tracks. Grade yountown. SEPTA schedules provide a very generous time of

separated junctions are also common where busy lines cross iy min for trains to make two station stops over this 2.3 km-line
converge. Commuter rail throughput at complex interlockings egment

assoqiated Wit?} some stations. andjunct.iolns,(;‘or ex?m.ple #arql Commuter rail station dwell times are dependent on the
Junction on the LIRR, requires specialized analysis that ISpjatform level and car door layout. The busiest lines are

beyond the scope of this report. equipped with high platforms and remotely controlled sliding
doors, as on rapid transit cars. Single-level cars often use
conventional traps for high- and low-platform stations but these
9.2.1 STATION CONSTRAINTS are time consuming to operate and require a large operating
crew. Cars used on lines with both high and low platforms can
be fitted with conventional trap doors at the car ends and sliding
doors for high-platform use at the center of the car, as on NJT,
he South Shore in Chicago and the Mont-Royal line in

Another principal difference between commuter rail and the
other rail transit modes is that commuter rail trains are often
stored at the downtown terminals during the day. This reduce

the need for track capacity in the off-peak direction and allows a ontréal. Most bi-level and gallery cars are designed for low
higher level of peak direction service to be operated. I\/letro_platforms and have the lowest step close to the platform for easy

North, with 46 platform tracks at Grand Central Terminal, is and rapid boarding and alighting. Bi-level cars of the type

thus able to use three of its four Park Avenue tunnel tracks inpopularlzed by GO Transit feature two automatic sliding

the peak direction. Even when one of the tunnel tracks Wasdouple-stream doors per side allowing cars to I_oe empt'.ed in11to
2 min. Gallery cars usually feature one exceptionally wide door

(2-m wide) at the center of each side to allow rapid boarding and

T Other typical commuter rail headways can be found in the ITE alighting with multiple passenger streams.
Transportation Planning Handbook (R42 and R43).

2 There is some variation between sources regarding the size of Grang
Central Terminal, Metro-North reports 46 platform tracks. A number of
other sources give the station a total of 67 tracks, including storage an
maintenance tracks.

While there are three stations on this segment, the timetables only provide
d departure times and so do not include the dwell time at the first Center City
station. Go Transit is the other agency that through routes commuter trains.



The estimation process for dwell times in Chapter Four, Table 9.1 Commuter rail car capacity
Station Dwells,should not be used for other than multiple-unit
equipment with power operated sliding doors. Generally

Designation

ge
Tokyu Car

: . ) ; LIRR . C1 73

locomotive-hauled commuter rail equipment (and in some case: Tz BTG Kawasaki 71

EMUSs) have fewer doors, not all of which may be in use. Dwell {{igR c1 Tokyu Car 1990 1 181 70

times can be extended when passengers have longer to mo\{MBTA CTC Kawasaki 1991 180 | 69

within a car or train to an open door. Metra TA3A, TB3A St. Louis 1955 169 6.5

STCUM Gallery Trailer _ :Cdn. Vickers 1970 168 65

GO Transit _{Bi-Level Trail. H-SUTDC 1977-91 1 162 | 63

Metra TA2A,B,C Budd 196165 | 162 | 63

9 3 TR Al N C AP ACITY Tri-Rail Bi-Level UTbc 1988-91 162 63

. GO Transit iBi-Level Cab  {H-S/UTDC 1983-90 | 161 | 62

Metra TA3B,C, D, E, F {Pullman 1956-65 | 161 | 62

I . Metra TA3G, H, 1, J, K _{Pullman 196670 | 161 | 62

Except for a few situations where standing passengers ar fyga TASL Puliman 1958 181 T 62
accepted for short distances into the city center, commuter rai |Tri-Rail_ _ |Brlevelll _{UTDC 11988 1159 1 61

train capacity is based solely on the number of seats provided o {Metra TA2D,E, F Budd 197480 | 157 | 64

each train. A loading diversity allowance of 0.9 or 0.95 is used. mega &mf;nc) g;’d&m’s :gg}gg :g: ‘;g

: H H etra emu . I -

Where the equipment is known, the best procedure is to aQ( e WAGB (emu) " [Bormbarder ST T T
the number of seats in a train. Unless there is an agency polic fya CA3A B Buiiman 195060 115 T 60
of peak-hour occupancy at 95% of total seats, the 0.90 facto {petra CA3C D.E F {Puliman 196568 1 155 | 60
should be used. Where trains are the same length, the commut |STCUM Gallery Cab Cdn. Vickers 1970 154 59
rail capacity is simply: Metra  jCAD Budd 11974 | 149 | 58

CaliTrain Gallery Coach _ {Sumitomo 1985-87 148 5.7

i i Metra Gallery Nippon Sharyo 1995 148 5.7

(trains per hour¥ (seats per trairj 0.90 TR TNIADF By T Y R

SCRRA___ |Bi-Level VMod. IUTDC/Bombardier 11992-93 | 148 | 57

In many cases train length is adjusted according to demand. Th [Metra CA2E Budd 1978 147 1 8T
longest train will be the one arriving just before the main {Meta G2k Budd 1920 137 37
business start time—and vice-versa in the afternoon. Shorte meﬂa ghea Budd = 147 | 51

. " ) ~ [Metra TNIB,CEGH, |Budd 195173 | 145 | 56
trains may be used at the extremities of the peak period. In thi jea TN2A Budd 1978 145 T 58
case the total number of seats provided over the peak hour mu: |SCRRA Bi-Level V Mod. 1UTDC/Bombardier 11992-83 | 145 56
be determined and the loading diversity factor applied. Metra Gallery Nippon Sharyo 11994 140 | 54

Where the commuter rail rolling stock is unknown the number {Calrain _iGallery Cab Sumitomo 1985 139 | 54
of seats per unit length of train can be used, based on th: jMeta CN1AB Budd 196574 | 130 ; 54

. - LIRR PT-75 Pullman Standard 1963 133 53
shortest platfprm that the service will stop at. A number of Wietra TRAL Builman 196670 T 1% T 52
systems, particularly older ones, operate trains which exceed th {Gaffran— |Caifornia Morrison Knudsen 11993 135 1T 52
platform length at a number of stations. This situation is {SEPTA Jw2-T Bombardier 1987 133 | 51
particularly common where platforms are constrained by {ConnDoT iCometliMod _ {Bombardier 1991 131 {51
physical and builtup features. Passengers must take care to be [Metro-North Shoreliner ~  1Bombardier = . 11986 131 { 51
the correct car(s) if alighting at a station with short platfotms. NI Comet | Pullman Standard 1971 L1 A
. T .. NJT Comet IVIA Bombardier 1982-83 131 51
Train length on electric Imes. can gl§o be limited by the amount {7 Comet IIB Bombardior Toe788 T i3 T 54
of current the overhead or third-rail is able to supply. Calrain___|California (Cab) _|Morrison Knudsen |1993 130 | 50

Table 9.1 shows the seats and seats per meter length of a |ConnDoT iCometliMod  |Bombardier 1991 130 | 50
existing North American commuter rail cars, in descending {Metro-North |ACMU Puliman Standard 11962 130 | 50
order. All cars have substantially the same dimensions—the [NETD____ITMU-1 Sumitomo 1992 130 | 50
AAR passenger car maximums of 25.2-m long (82.7 ft) and 3.2- |Sicad .. Sing.Lev.700 Bombarder 1989 1 180 ) S0 |

MBTA BTC-1A Bombardier 1987 127 49

m wide (10.5 ft). A complete table of car dimensions, doors and [SgpTA 1L Budd 1964 157 T 49
ADA accessibility types is provided in Appendix Three and on |SEPTA SLIV General Electic  11973-77 | 127 | 49
the computer disk. LIRR P-72 Pullman Standard 1195556 ! 123 | 49
Passengers per meter of car range from over 7 to below 2. A 'KA"TO o ;TZS ?gmaga%"dafd 132:55 122 ::

i ; etro- . r .

the high end are the double-deck car types, bi-l2aeid gallery NeteNorh M6 D Moo K=t 55 T 49
cars. 3+2 seating is negded to reach 7 passengers per meter (7l N "~ |Comet B Bombardier 198788 1 126 149
length. Such seating is not popular with passengers and th N7 Comet | Pullman Standard 11971 195 T 48
middle seats are not always occupied with some passengers pr {SEPTA SLIi Budd 1963 125 | 48
ferring to stand for shorter trips. A capacity of 7/m can be used {NT Comet IA GE 1977,82 | 128 | 47
as a maximum. A range of 5/m is the upper end for single level {LB8 M Budd 196871 | 122 | 47

cars. with 4/m preferred. These preferred and recommended

* Another common station limitation, lack of park and ride capacity, is
considered in Chapter Si@perating Issues.

® Also called tri-levels on certain systems as there is an intermediate level at
each end over the trucks.
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Table 9.1 Commuter rail car capacity continued

LIRR M-1 GE 1972 122 4.7 Metro-North iM-4 B Tokyu Car 1988 114 44
MBTA BTC-1B Bombardier 1989-90 122 47 NJT Arrow !l GE 1977-78 113 44
MBTA CTC-1A Bombardier 1989-90 122 4.7 NJT Comet /A Bombardier 1982-83 113 4.4
Metro-North iM-1AB Budd 1971 122 47 VRE ~ jCab wo iMafersa 11992 1121 43
LIRR P-72 Pullman Standard §1955-56 118 4.7 SEPTA SLI St. Louis 1967 i1 43
LRR =~ IPT-72 ~ _ iPullmanStandard }1955-56 | 118 | 47 | |STCUM _ IClassB CC&F 1195354 | 109 | 43
NJT Comet 1B Pullman Standard 1968 121 47 NICTD EMU-2 Sumitomo 1992 110 42
LIRR M-3 Budd 1985 120 48 Metro-North iSPV 2000 Budd 1981 109 42
MARC Coach Sumitomo 1992-3 120 4.6 NJT Comet il Bombardier 1990-91 108 42
Metro-North {M-3A A Budd 1984 120 46 Metro-North iM-6 B Morrison Knudsen {1993 106 41
VRE Trailer Mafersa 1992 120 46 MARC E/MH Cab Nippon Sharyo 1985-87 104 4.0
NIT Arrow GE 197475 | 110 | 46 | INJT " Cometill  |Bombardier (199091 | 103 | 40
NJT Arrow il GE 1977-78 119 46 Conn DoT__ {C&0 1600 Pullman Standard {1950 102 I
ConnDoT _iComet[Mod  :Bombardier {1991 118 1 46 STCUM MU (emu) CC&F 1952 84 3.9
LIRR M-1 GE 1972 118 46 STCUM MU (trailer) CC&F 1952 84 39
LIRR M-1 Budd 1968-71 118 46 MBTA BTC-1 Pullman Standard {1979 99 38
MARC E/H Toilet Nippon Sharyo 1991 118 46 VRE BTC-2 Budd 1955 99 38
Metro-North {M-1A A Budd 1971 118 4.6 MARC Coach Budd 1949 96 3.7
Metro-North {M-2 A GE 1973 118 4.6 MBTA BTC-3 MBB 1987-88 96 3.7
Metro-North {M-4 A Tokyu Car 1988 118 46 MARC Coach Budd 1949 95 3.7
Metro-North iM-6 A Morrison Knudsen 11993 118 46 MBTA CTC-1 Pullman Standard {1979 95 37
Metro-North | Shoreliner Bombardier 1986-91 118 4.6 STCUM MRS0 (emu) Bombardier 1994 95 37
NJT Comet li Bombardier 1990-91 118 46 STCUM MR0 (trailer) . |Bombardier 1994 95 37
SEPTA JW2-C Bombardier 1987 118 4.6 MBTA CTC3 MBB 1987-88 94 36
NJT ...{CometB —_ iBombardier ~  11987-88 | 117 | 45 1 INICTD _ IEMUA Sumitomo 1982 93 | 36
NJT Arrow |} GE 197475 | 115 | 44 NICTD EMU-1A Sumitomo 1983 93 36
NJT Arrow il GE 1977-78 115 44 VRE CTC-2 Budd 1955 92 36
NJT Comet | Pullman Standard 11971 115 44 MARC Toilet Caach Budd 1949 88 34
NJT Comet 1B Pullman Standard {1968 115 44 MARC Toilet Coach Budd 1949 88 34
LIRR M3 Budd 1985 L4 44 NJT Comet IIB Bombardier 198788 | 88 | 34
MARC Coach Nippon Sharyo 1985-87 114 44 STOUM Coach CO&F 1942 83 33
MARC |E/H Cab Nippon Sharyo 11961 1114 | "44 | IGom 0T [SPV 2060~ lBudd " o7 " LTEA T35
MARC . .|EMCoach — iNipponSharyo = {1991 1 114 1 44 | IvaARC Coach Budd 1949 T 80 | 31
Metro-North 1M-2 B GE 1973 14 1 44 MARC Toilet Coach _|Budd 1949 80 | 34
Metro-North {M-3A B Budd 1984 14 | 44 Conn DOT_1C&0 1600 Pullman Standard_|1950 66 | 25
LIRR Pp-72 Pullman Standard ;1955-56 4 17

levels allow some space for toilets, wheelchairs and bicycles. Iffor standing passengers is not recommended. However if the
these provisions are extensive then the car capacity should beature of the service has significant short trips it may be
reduced accordingly. appropriate to add 10% to the number of seats on the train.

Obviously the train length should exclude the length of the Heavy rail type standing densities from Chapter FRassenger
locomotive(s) and any service cars, if any, and should be adjusteboading Levels,are not appropriate for commuter rail and
for any low-density club, bar or food service cars. An allowance should not be used.
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