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« Exercice: Dessiner le diagramme de la figure 2.1 pour le métro de
Montreéal

 Regle de securité: un train ne peut quitter la station tant que la
station suivante n’est pas entierement libérée par le train précédent
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Table 2.1 Theoretical and practical capacities of typical transit modes .
Symbol Standard Light Rapid

ltem ~ (dimension) bus n=|min rail =45 transit b =2
Vehicles/TU . n (veh/TU) 1 2 10
Vehicle length ¢ (m) 12 24 21
Vehicle capacity C, (sps/veh) 53 189 178
Safety distance S, (m) " 1 2 2
Reaction time t (s) 1 1 0
Normal braking rate b, (m/s?) 1.4 1.2 1.1
Emergency braking rate b, (m/s?) 4.0 3.0 1.8
Maximum speed | V.o (km/h) 90 90 120
Operating safety regime | o | G a a
Speed for maximum way capacity V,,” (km/h) 37 39 78
Maximum way capacity - C,,* (sps/h) 53,754 134,350 320,888
Speed for maximum station capacnty V.* (km/h) - 29.7 22.5 44.7
Maximum station capacity | C," (sps/h) - 6373 30,758 89,950
Practical capacity (see note below) | C (sps/h) 3180 15,120 52,500

Note: The values shown assume average h, i, of 1, 1.5, and 2. O munutes for the three modes respectively. They are reahstrc
except that at busy stops buses often have two Ianes allownng overtaking, thus averaging h, ., < T min and C up to 6,000 sps/

h and in special cases much higher.. N
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Table 2.2 Physical and operating elements affecting TU standing times

Cars X doors X
| Vehicle floor/  channels = ' Boarding Alighting
platform TU total Fare type/ time time , Difference from
Transit mode and TU sketch height (board + alight) collection  t,(s) ,(s/prs) (s/prs)  preceding cases
i. Bus H/L 1X2X1=2 Graduated/at 1.0 3.0-5.0 1.5-3.0 —
(1+1) boarding
—
il. Bus/strestcar , H/L 1X2X2=4 Flat, passes, 1.0 2.0-3.0 1.5-3.0 More channels,
' @+ 2 validation faster fare
, collection
HH
iii. Bus/streetcar L/L 1X2X2=4 Self-service, 2.0 1.2-22 1.0-1.6 Low floor, faster
: 1X3X2=6 validation fare control
] 3
i
iv. Articulated bus, single LRV H/L 1X4X2=8 Self-service, 20 16-26 1.5-3.0 More channels but
validation high floor
it
v. LRT train | L/L 2X4X2=16 Any type, 3.0 08-16 0.6-1.4 More channels,
H/H IX4xXx2=24 prepaid low floor; no fare
S T ~ collection
i
vi. Metro H/H 4 X3 X2=24 Anytype, 30 06-14 0.5-1.2 More channels
10X 4Xx2=80 prepald
410 10 cars

A 1A 1A |A].......
vi vl vl ¥l

Note: Bus includes trotleybds.
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Table 2.3 Comparison of capacities and related performance elements on a transit line*

Transit Systems  i. 1920s Streetcar—  ii. 2000s LRT— iii. 2000s LRT—
W Typical Typical : Maximum Performance
Comfort standard c 0.15 025 0.15
(m?/sps) _ w | ~

TU capacity Cnu=C, Xn 120 X 2 = 240 190 X 3 = 570 271 X 3 = 810
(sps) -

Offered line capacity C = Cyy X fia 240 X 100 = 24‘,000 570 X 45 = 25,650 810 X 45 = 36,450
(sps/h) - - | o

Load factor a : 0.92 0.86 0.90
(prs/h) | |

Utilized capacity C,=aXxXC 22,080 - 22,059 32,802
(prs/h) | | :

Reliability R -80 94 90
(%) - |

Operating speed v, -' 12 24 20
(km/h) " |

Utilized productive P, = C, X V, 264,960 529,416 656.100

capacity (prs-km/h?) I
m :; :g:'stft'\ib:; eac':d zg‘ﬁof?agﬂ;: first two cases (1 920s and 20008) the third case is estimated through extrapolation of
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- Table 2.4 Maximum offered line capacities of transit modes

Offered Ratio to basic
Vehicle Minimum Maximum Ratio to Operating speed productive bus
dimensions TU capacity headway frequency Max offered line  basic bus at capacity capacity productive
LxW nC,=Cy B, Fenax capacity C capacity v, P capacity
Mode (m) (sps) s) - (TU/h) (sps/h) G 0P (km/h) (10° sp-km/H?) P/ P bus
1. Standard bus, 12.00 X 2.50 1X75=75 70-50 51-72 3800-5400 1.0 '8-12 36-52 1.0
single stops
2. Articulated bus, 18.00 X 250 1 X 120 = 120 80-60 - 45-60  5400-7200 1.4 7-11 45-63 1.2
single stops '
3. 50% standard, 12.00 X 2.50 1X75=175 40-20 90-180 8800-17,500 2.9 10-16 105-225 3.7
50% articulated  18.00 X 2.50 1 X 120 = 120 ‘ ‘ ~
bus multiple
stops
4. High-capacity 12.00 x 2.50 1X75=175 30-12 120-300 9000-30,000 4.2 16-20 173-360 6.1
bus 22.00 X 250 1 x 160 = 160 .
5. Streetcar ROW 14.00 X 220 2 X 110 = 220 60-30 60-120  13,200-26,400 4.3 | 8-14 158-296 5.2
C, multiple stops |
6. Light rail transit, 24.00 X 265 3 X 170 = 510 150-75 24-48 12,200-26,900 4.2 18-30 280-622 - 10.2
ROW B, multiple 2 X 280 = 560
stops
7. AGT—VAL, 1250 X 2056 4 X 86 = 344 90-75 40-48 13,800-16,500 3.3 20-36 330-475 9.1
Westinghouse ,
8. AGT—rail 12.70 X 250 6 X 100 = 600 100-90 36-40 21,600-24,000 4.9 20-36 518-690 13.7
9. Rapid transit 18.00 X 290 8 X 180 = 1440 100-90 36-40 51,800-57,600 - 86 22-36 988-1200 24.9
10. Rapid transit 21.00 X 3.15 10 X 240 = 2400 150-120 24-30 67,200-72,000 15.1 24-40 1935-2304 48.2
11. cRregiotnal rail, 26.00 X 3.20 10 X 200 = 2000 240-200 15-18 30,000-36,000 7.2 30-40 1080-1152 25.4
iese
12 2:?;10@‘ rail, 26.00 X 3.20 10 X 200 = 2000 180-120 20-30 40,000-60,000 10.9 35-—55’ 1680-2640 49.1
ric
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1. Demand stopping

S N I S S

2. On-call stopping
o0 0® eoe0o e o000 o000

3. Fixed stops . i
&® XXX oo o XXX
0000 o0 e eeoee o000 o000 e0o00
'Y X X ) o000 000 o0 00 000 00 o000
B Potential stopping location Actual stopping ® Passengers

Figure 2.12 The concept of the three stopping regimes along a transit line.
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Figure 2.15 Time-distance diagram for standard (S) and skip-stop (S-S) operations.
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Figure 2.21 Offered and utilized capacities for local and skip-stop operations.

—_

<

= 16,0001

2: Unused __j—:-’

2 14,0004+ capacity ‘ Zone 1

D trains

;§, 12,000+ 5 y

5 A

g . Zone 2

_53 10,000 trains

g 8000+ v

: M A

T 6000 | Zone 3
trains

]

5]

T 4000 Y

2000 Zone 4

trains

— ® " s Yo et ;¢

Distance
Figure 2.23 Offered and utilized capacities for local and zonal (four-zone) operations.

CIV6/08

PU—
<€«—— Zone 4 —)’(—Zoneﬁ H‘(‘ZonGZ —)I(;Zone 1 —>>

Figure 2.22 Offered and utilized capacities for locql and zonal (IWO-Zone) operations.

-
g 000

E-( 1 6, A

% 1a000f

@ s

& )

g 12,0001 Unused capacity

2

8 10,000" Local L 1

'g trains oca

= 8000 trains

: Y

g

g 6000+ ¢

o

Q

§ 4000+ y
] Express

S trains

2000
— 4 & & i @ s Y i & e L] e o
E E E E CBD
Distance
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Table 2.11 Comparison of operating data for different types of service

Train
Regime Type L T, v, P oo f n h T V. N, ZN, N, SN, a -
Local (all stop) 12 24 30 16,000 20 8 3 54 27 18 18 144 144 056  0.56
. A 20 36 8000 10 8 6/3 48 30 8 64 0.54
Skip-stop B 12 50 36 8000 10 8 6/3 48 30 8 Lo 64 128  gg0 056
| 6 12 30 8000 10 8 g 30 24 5 40 0.63
Zonal—2 I 12 18 40 8000 10 8 6 42 34 i 12 56 9 0.81 Gute
| 3 6 30 4000 10 4 6 18 20 3 12 0.75
I 6 9 40 4000 10 4 6 24 30 4 16 0.88
Zonal—4 I 9 12 45 4000 10 4 6 30 36 5 18 20 2 pgp 080
W, 12 15 48 4000 10 4 & 36 40 6 24 0.94
Local/ L 12 24 30 8000 10 8 6/3 54 27 9 e 72 og OB o
express X 12 16 45 8000 10 8 6/3 42 34 4 56 0.63 '

Assumed values: a C, = 100 prs/TU; T, = 1 min/km; T = 1 min; min ¢, = 6 min.

Table 2.12 Transit line characteristics for different types of local and accelerated services

Characteristics Type of Service Local Skip-stop Zonal Express/local
Stations Many + + + +
Few + — — —
Travel pattern Many-to-one + + + +
Many-to-many + + - -
Passenger volume Moderate + + + +
At capacity + + - -
Headways Short + + + +
Long + - — _

+ Condition allowing respective service.
— Condition not conducive to respective service.
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Table 2.13 Different types of scheduling for trunk line T with branches A and B

Case P n f h Regular section

i P, = Pg Nna = Ng fa =1 hy = Ve hy = 2 hg TAB

. P, > P, n, = ng fo > fg h;, hg uniform T,B
h, irregular

iii P, = Py ng = nNg fa>1g hr irregular A, B
h,, hg uniform

» P, > P, n, > Ng fa =15 hy = 2 h,= "2 hg A B

v P, > Pg n, > Ng fo > fg hy, hg uniform B
h, irregular

Vi P, > P n, > Ng Ly o 1 h; irregular A, B
h,, hg uniform

With coupling of branch trains at the merging point, n; = n, + Ng
vi P, ~P, n, = ng f, =f, hr = h, = h, T,A B
viii P, > Py 1 > fig fa=1s hy = hy = hg TAB
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Py=Pp, ny=np, f1=f3 (4) (4) Po>Pg, ny=ng, f4>fp (4)

Case i Branch volumes equal, 4-car train consists, equal headways

Case iii: Volumes the same as in case ii, but headways on branches uniform,
on the trunk irregular

PA>PB’ np > npg, fA >fB

Py >Pp, ng=ng, fa>/p e
Case vi: Branch A volume much heavier, different train consists
Case ii Branch A volume heavier, 4-car train consists, uneven headways on A o headways, SerVice irreogular
Figure 2.29 Selected cases of different trunk-branch volumes, train consists, and headways, Fieure 229 (continued)
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Figure 2.31 Trunk with branches line schedules: (a) separate presentation at branches; (b) joint diagram for
branches; (c) operations with the same and inversed TU sequences; (d) case with At = h.
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