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Abstract: A station carrying capacity calculation method based
on the station blocking time method is proposed. According to
the station track circuit groups, signal system and station
topological structure, the station blocks are divided and the
division principle is proposed. Then the train routes model is
built based on the station blocking time method. The
calculation methods of the train arrival headway and departure
headway at the station are redefined. The optimal capacity
calculation model and algorithm based on a given train
operation plan are studied by analyzing the optimal operation
sequence of trains with different train speeds and operation
types. With the case study of Jinan West Railway Station of
Beijing—Shanghai high-speed railway in China, the minimum
arrival headway between two trains with the speeds of 300 and
250 km/h can be reduced to 3.0 and 2.7 min, respectively.
The maximum calculation results of the calculation methods
can be increased from 13 train/h to 16 train/h. This method
can increase the number of trains within a period of time in a
station while meeting the transport organization and passenger
service requirements.
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s an important part of the railway transportation sys-
Atem, the suitable calculation method for the station
carrying capacity of the high-speed railway has been stud-
ied in much literature. The method is required to reflect
the advantages of the high-speed railway trains such as
high speeds, high operation density and advanced train
operation control systems.

1

Huisman et al. ' calculated the carrying capacity based

on the queuing model without the timetable. In Ref. [2],
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the models for the absolute capacity of the railway net-
works with different competing objectives including train
services, network corridors and train types were pro-
posed. Then, Burdett"”’
the theoretical capacity of a railway network with more
complex train paths. Burdett'* studied the optimal model
for expanding the theoretical capacity of the railway. Lai
et al. ' built an calculation model of the railway capacity
based on different signal systems ( fixed block system and
mobile block system). This study showed that due to the

built a mathematical model for

limitations of the structure in the station, signal systems
and station structures must be comprehensively consid-
ered. Deng et al. '’ built an evaluation model for capacity
adaptability and obtained four evaluation indices based on
the track utilization. Chen'” analyzed the factors of the
high-speed railway station capacity, and studied the cal-
culation principle and method of high-speed railway sta-
tion capacity. Hansen'' also applied different existing
railway capacity calculation methods to the Stuttgart pro-
ject in Germany, such as minimum headway, utilization
rate, reliability of timetable, etc., and simulated them for
each method.

The European International Railway Union ( UIC406)
described railway capacity by the blocking time method
and timetable compression method"’. 1t
analyzed signal confirmation time,
additional time, train running time, block clearing time
and block releasing time based on the blocking time meth-
od. On the basis of the blocking time method, the opera-
tion time of the trains and the capacity utilization rate
were analyzed. Klabes'"
model for the capacity calculation method on the basis of
the blocking time method and the train operation process.
Zhang'"” built the model based on different signal systems
and studied the compression method with blocking time.
He mainly studied the arrival headway and departure
headway of the station. Zhao et al. "' studied the robust
timetabling by identifying the critical block sections. As
mentioned above, studies on the blocking time method in

Hansen et a
signal confirmation

established an optimization

the existing literature mainly focused on the railway net-
work and the stations were treated as blocks. However,
for large stations with a long throat, it is obviously not
suitable that the station is merely treated as one block.
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Otherwise, it cannot reflect the specific train operation
process. Furthermore, there will be a certain operation
redundancy time between the trains. Li"'* proposed a di-
vision method for the station blocks. Therefore, in this
paper, the division method of station blocks is studied.
For large stations, the method can speed up the train op-
eration process and refine the train headways at the station
more accurately. Liu et al. ' analyzed the factors for
different kinds of the headways of the high-speed rail-
way. Sangphong et al. "' analyzed the calculation meth-
od of the minimum headway of train operation based on
the nomogram method. The minimal headway calculated
with this method was similar to the result of the existing
mathematical formulae, but the method can effectively re-
duce the complexity of the existing capacity calculation
process.

A calculation method of station carrying capacity based
on the blocking time method is studied. By dividing the
station blocks, a station blocking time method is estab-
lished to calculate the train operation headway and carry-
ing capacity at the station.

Firstly, based on the station topology, the division
method of the station blocks is studied. Then, the routes
model is built. The routes are divided into some different
types of trains operating at the station. The model can ex-
press the relationships between the routes and blocks, and
the relationships among the routes are studied by the same
blocks and relation time. This method can convert the
headway between the trains to the headway between the
routes. Therefore, the calculation method of the headway
based on the routes model and the CTCS-3 in China is
studied. Secondly, considering the speed and number of
different kinds of trains at the given stations, the optimal
model and algorithm are designed. Finally, a case of Ji-
nan West Station of Beijing—Shanghai high-speed rail-
way is studied. The calculation results show that this cal-
culation method can effectively reduce the station head-
way, which can effectively improve the utilization of sta-
tion infrastructure and station carrying capacity.

1 Calculation Method of the Headways at the
Station

The headway at the station mainly includes the arrival-
arrival headway, the departure-departure headway, the
through-through headway, the through-arrival headway,
the arrival-through headway, the through-departure head-
way, and the departure-through headway. According to
Refs. [17 — 18], the arrival headway is the largest. Dif-
ferent kinds of headways need different calculation meth-
ods. The method in this paper calculates these headways
with a unified approach, including the arrival headway
and departure headway based on the station blocks.

The headways in this paper are calculated on the basis of
the train routes which the train occupies. The routes are

classified into different kinds including departure routes,
arrival routes, stopping routes and through routes. The
headways are determined by the routes occupied by the
adjacent trains. The routes consist of a series of relatively
independent station blocks. Therefore, the headway of
any two adjacent trains occupying different routes may be
different.

In this paper, the train operation process in the station
is divided into two main parts. One part is the arrival
process, which starts from the train arriving at the sta-
tion, and ends by stopping at the arrival-departure line.
The other part is the departure process, which starts from
the train departing from the station, and ends at running
in the section. Based on the routes of the two adjacent
trains selected, we can judge whether it has a conflict
with the train operation or not. If there is a conflict, the
station block due to the conflict is marked as the key
block, and the interval time of the trains in this block
needs more than the minimum interval time. At the same
time, for the safety of the whole line, the arrival head-
way and the departure headway should be considered.
Therefore, for any two adjacent trains, the headway
needs more than the maximum value among the arrival
headway, departure headway and the minimum interval
time of the occupation on the station blocks. Therefore,
the arrival headway and departure headway are studied in
this paper. If the capacity of the arrival-departure line is
enough, the key headway is the maximum value between
the minimum arrival headway and minimum departure
headway, and the occupation time of each station block
node can be calculated by the key value.

1.1 Division method of station blocks

Based on the station topology, station blocks are divid-
ed into two types: The key station block and the auxiliary
station block as shown in Fig. 1. The key station block is
an important station track that determines the headway be-
tween trains directly, and its length cannot be less than
600 m. The auxiliary station blocks are used for the con-
tinuity and independence of the blocks, and its length
cannot also be less than 600 m. The auxiliary station
block cannot determine the headway directly.

e Block node
«...+ Station block

e

Fig.1 Station blocks and nodes

The presupposed conditions of the station blocks divi-
sion are as follows:

1) The total length of the station is not less than 2 km.

2) The trains operate in two directions respectively.

3) For the turn-back trains, one arrival train and one
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departure train can be equal to one turn-back train.

The principle of station blocks division is as follows:

1) Each station block must have one and only one start
node. Each station block must have one and only one end
node, and there can be no other nodes in this station
block.

2) The arrival signals of two throats are key station
blocks (e. g. node 1 and node 6), and the station block
includes the key station blocks (e. g. blocks 1, 2, 3, 9,
10, and 13).

3) The key switches in the throat are determined as the
station block nodes (e. g. node 2 and node 5). The key
switch can guide the trains to run onto different arrival-
departure tracks.

4) Each arrival-departure track is an independent sta-
tion block, and there is one station block node on each
side of each arrival-departure track (e. g. nodes 3, 7, 8
and 10).

5) The station blocks are formed by each station block
node of an arrival-departure track and adjacent node on
the throat. There are no other nodes in this block (e. g.
nodes 4, 5, 11, and 12).

6) There are three station blocks for each main line,
including two throat blocks and a main line block (e. g.
blocks 1, 6, and 9).

The specific algorithm for the station block division is
as follows. And, the division result of the station blocks
is unique.

Step 1 Determine the block nodes at the arrival sig-
nals on each side of the station.

Step 2 Determine the block nodes of each arrival-de-
parture track on the basis of the departure block nodes.
The nodes are distributed on the two sides of the arrival-
departure tracks.

Step 3 Determine the critical block nodes at the sta-
tion throats. These nodes can lead to different train
routes.

Step 4 The station block can be determined with two
adjacent block nodes based on the principles 4) to 6).

Step 5 Due to the block occupation, the blocks with
the same start block node or the same end block node can
be integrated into one block.

The station block nodes set is defined as P={peZ"},
and the station blocks set is defined as B = {b(p, p") | p,
p'eP,beZ"}, where p, p’ are the start node and end
node of block b, respectively. The occupation time main-
ly includes the train running time and other fixed addi-
tional operation times. The train operation time of train /
in block b is referred to as #;. The sum for other kinds of
time including the time for setting up the train route, sig-
nal realizing time, approach time, clearing time and re-
leasing time'" is defined as #,. As shown in Fig.2, the
minimal headway among the blocks of train / and train /
+1 is the sum of the train operation time of train / and

the fixed time t,.

=t +1 beB (1)

tl,1+l

Block 1|Block 2| Block 3 | Block 4

I+1 i\
'\

Fig.2 The station blocking time graph

1.2 Routes model

Each route is defined as the set of blocks: R ={r, =b |
beS}, k,yf}, ke {1,2,3,4}, yf e Z"}, where r, is the
blocks set of route r, k is the type of route rand k=1, 2,
3,4 expresses the departure, arrival, stop and through. y*
indicates the priority of route r and the type of this route
is k. The greater the value of the priority, the higher the
priority of the route. The relationship of any routes can
be determined by the same blocks ( physical factor) and
the occupied time of these same blocks (time factor).

For the physical factor, when a block is occupied, the
corresponding blocks will also be set in the occupied
state. These two blocks share the same start block node or
the same end block node. Therefore, these two routes are
related, otherwise there will be no conflict when any
route is occupied. The relationship of the routes resulting
from the physical factor can be expressed as

Cn,xn, = {Cr, r’}
(L (r,Nr#D)UbNb'#S, ber, Yb' er))
”'_{0 else

(2)

where ¢, . is a binary value, if it is 1, the route r and
route r' obtain the same block nodes. Many routes have
the same blocks or the same block nodes, but if the same
block is released, the related route can be used. There-
fore, the time factor can determine the relation time of
the routes. The relation time of the routes can be ex-

pressed as

T,. =1,

n,xn,

t = {(tih _t:h)

c,.,=1, Vber,ber,
' (3)
where £ ,, ., are the end occupied time and start occu-
pied time of block b; ¢, is the related time of the route r
and route r’, and there may be more than one value with
some same blocks included by the two routes.

0 else

1.3 Arrival headway

Based on the CTCS-3 train operation control system,
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the train operates according to the speed-distance braking
mode. The throat of some high-speed railway stations is
too long, and the limit speed of the switch is low. When
the brake deceleration value (absolute value) is not suffi-
ciently small, the train at the station needs to operate at a
constant speed for a distance. Therefore, the arrival dis-
tance of the train is shown in Fig. 3, where D, D
D, D
braking in the section, safety protection, throat and the
train, respectively.

\Switch limit speed

~ Departure
Arrival signal
signal | I R

! !
D,

bra>

and D, indicates the distances of the reaction,

thro

D, D, D

bra b

w thro D 1

Fig.3 The arrival distance between two arrival trains
The arrival headway ¢ can be therefore determined as

D

abl‘Z 4

a VC_VO _VC

= + thro
abrl

+D +D, v
P
+
2abr2

—+1, (4)

aa
c

where v, is the speed of the train in the section; v, is the
speed of the train through the switch; a,, is the decelera-
tion in the section; a,, is the deceleration at the station;
t,, is the additional time of the arrival train, which in-
cludes the time of handling the station train route (13 s),
driver confirmation time (6 s), CTC confirmation time
(3 s), CTC unlocking delay time (3 s), track circuit re-
action time (4.3 s), train equipment strain time (3.6 s),
and train start delay and empty time (2.5 s), which is 36
s in total""*!.

When the other conditions are the same,
throat length corresponds to a shorter arrival headway.
Therefore, based on the existing signal system in China,
the new division method of the station blocks will shorten
the arrival headway. As shown in Fig. 4, if the blocks at
the throat is divided and a signal transmission point is
added, the distance of the throat for the arrival headway
becomes the distance of the first block. However, the tar-
get distance and target speed of the train brake are
changed. The target point is set on the end node of the
first block. The train operates at the station by gradual
deceleration, as shown in Fig. 4.

The arrival headway can be expressed as

a shorter

v, —v D

a c o b p 1

1= + -
a,, 0.5(v,+v,) v,

(3)

r

where ) is the arrival headway when route r is occupied;
D, is the distance of block b; v, is the target speed of the
end node of the first block.

1.4 Departure headway

The departure interval distance is the sum of the dis-

o Wg curve

vC

T~

. . Block node
Arrival signal

H

D +D,, Dy D,

P

Fig.4 The arrival distance after the throat is divided into sev-
eral blocks

tance between two section blocks, the train length, safety
protection distance and the distance for the additional time
of the departure operation. The departure interval distance
is shown in Fig. 5, where D, and D, are the first and
second departure distances of the train in the section, re-
spectively, and D, is the distance of the acceleration of

the train at the station.
/Departure signal
oo

D,

—
D,

—

D,

p

Dy+Dy,

ac

Fig. 5 The departure interval distance between two departure
trains

The departure headway can be expressed as

2
Id_ Vc + zaacz(Ddl +Dd2) +vc _Vc
2aac] aacZ
D,.+ Dp +D,

+1

v ad

(6)
where a_, is the acceleration of the train operating at the
station, and a,, is the acceleration of the train operating
in the section; ¢, is the additional time of the departure
operation of the train. This additional time includes the
route open time (13 s), the checking time of the vacant
route (4.3 s), the CTC confirmation time (3 s), the
CTC unlock delay time (3 s), the vehicle equipment de-
lay time (4.4 s), and the driver’s confirmation time (6
s). Therefore, the additional time is 34 s,

The departure headway can also be reduced by decrea-
sing the throat length or increasing the switch limit speed.
After the station blocks division, the departure headway is
shown in Fig. 6.

Departure headway

le Ddl+Dd2 DI

P

Fig. 6 The departure distance after the throat is divided into
several blocks



Calculation method for station carrying capacity of high-speed railway based on station blocking time method 495

The departure headway can be expressed as

D, +D 2a.,(D, +D,) +v' —v
d _ b p ac2 dl d2 c c ~r
g T0.5(v, +v,) * a,, * v, *
(7)
2 Calculation Method of Station Carrying Cap-
acity
2.1 Model

The capacity calculation model of the station is defined

as
TUP‘ = Tglg{ Z(T?u _T?)} (8)
el
S. t

Y =1 Viel (9)

reR
g <1 VreR (10)

leL
g <1 VbeB (11)

beB
T, - T =max{t, rPig{tﬁM}} r—l, YileL (12)
T, - T)zmax{r), min{r, ,}}  rol YieL (13)

T?H :T? +ti; T?H :T?H +tr’ tistil
T;i+l :T(ll +t(rl; T(IIH :T;j+1 _tr’ ti >t?}
r—lLr'—l+1, ¥YleL (14)
n,
k=1,2,3 =f. (15)
n]ast
szu +If$tmin (16)
T‘:, +tf$tmin

where L={l=1,2, ..., n,,} is the train set and n,, is the

number of trains; r—/ represents that route r is selected
by train /; T}, T| are the arrival time and the departure
time at the station of train [; g/, g/ are the binary values
for the route occupation status and block occupation status
of the trains. If route r or block b is occupied by train /,
the value is 1, otherwise, the values are 0. tf ..+, 1s the in-
terval time of block b between train / and train [ +1, and
block b is both occupied by these two trains at different
times, which can be calculated by Eq. (1). ¢, is the train
total operation time through route r. n, is the number of
the k type trains. f, . is the minimal train service frequen-
cy for all trains at the station. ¢, is the minimal effective
period time for calculation.

In the model, the objective function is the minimal oc-
cupation time of all trains which can be expressed as Eq.
(8). Since this method needs the train operation plan in
the station as the input data, the minimal occupation time
of all trains can express the minimal capacity utilization in
a certain time period. On the other hand, the usable ca-
pacity is the maximal value under this condition.

The constraints ensure normal occupancy among the
train, the route and the blocks. In Eq. (9), a train can

only take one route at the same time. In Eq. (10), the
same route can be occupied by only one train at the same
time. In Eq. (11), the same block can be occupied by
only one train at the same time.

In Eq. (12), the final arrival interval time of adjacent
trains should not be less than the maximum value among
the minimum arrival headway and the maximum block in-
terval time of the same blocks that both routes include. In
Eq. (13), the final departure interval time of adjacent
trains should not be less than the maximum value among
the minimum departure headway and the maximum block
interval time of the same blocks that both routes include.
Eq. (14) is the calculation method of the arrival time and
departure time of the trains.

In Eq. (15), the total number of arrival trains, depar-
ture trains and stop trains should not be less than the min-
imum train service frequency of station.

In Eq. (16), the total arrival interval time and total de-
parture interval time of the trains should not be longer
than the effective period of time for calculation.

2.2 Algorithm

Step 1 Parameters setting

Build block set B and route set R on the basis of the to-
pology of the station. Build the relation model among the
routes according to Eq. (2). Randomly sort the trains ac-
cording to the given operation information of the trains at
the station, and each sequence scheme is an element of
the train sequence set Q = {q \ geZ"}, and n, is the
number of the sequence schemes. Initialize ¢ = 0. The
simulation time set is 7] ¢].

Step 2 Routes updating

Judge if the occupation states need to be changed ac-
cording to the current time and the occupation states of
the routes and the blocks.

Input data: The arrival time of the last train 77.

Output data: The occupation states of the routes and
blocks.

For b =1 to count(B)

7, ,<T; or T, ,>T, +t,
zb =0; % 1zb is 0-1 value, zb =1 means that block b
is occupied.
End If
End For

For r =1 to count(R)
For b =1 to count(r,)
If all zb=0
zr =0; % zb is 0-1 value, zr =1 means that
route r is occupied.
End If
End For
End For
Step 3  Scheme calculation

Select the current train sequence scheme g for calcula-
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tion. Initialize train [ =0. Tlq] =T};
For [=1 to n,, Step 4  Obtain the optimal scheme and maximal
Ifi=1 scheme

For each route
If k, = k, and max(y,) under constraints Eq. (9)

For g =1 to count( Q)
If constraints Eq. (15) and Eq. (16) are satisfied

and Eq. (10) T, =min{T[ql}; q,, =q; % T,, is the occupa-
r—l; zr=1; tion time of the optimal scheme and the 7. is the serial
End If number of the optimal scheme.
Else End If
Calculate the arrival headway by Eq. (5) and de- End For
parture headway by Eq. (7); C... =n,;; % the maximal capacity
Calculate T, based on Eq. (14) under constraints While (T, + 1, <1,,)

Eq. (12) and Eq. (13);

Add train [ by the method of Step 3;

Step 2(); If constraints Eq. (15) are satisfied
For each route C..= C...+1;
If k, =k, and max(y,) and zr = =0 under con- T, =T;;
straints Eq. (9) and Eq. (10) End If
r—l; zr=1; End While

End If
End For
End If
For b =1 to count(r,)
zb =1; under constraints Eq. (11)
T;b =T)(b==1);
T.,=T ,+t' +t,; % t,1,, are the running
time and stop time of train / on block b
T, =T,,(b>1);
Calculate the relation time of the routes according to
Eq. (1) and Eq. (3);

3 Case Study
3.1 Station blocks

According to the topology of Jinan West Station, the
positions of the station blocks and station block nodes are
shown in Fig. 7. The station has 25 block nodes. Based
on the position of each station block node, the station
blocks of the station are shown in Tab. 1. The station is
divided into 33 station blocks, where (1)-(13) are the
station blocks of the arrival throat, (14)-(25) are the sta-
tion blocks of the departure throat, and (26)-(33) are the

End For
End For station blocks of the arrival-departure line or railway line.
(131D
(12) 13 o)
(HC——J(19),
(100 s
(9) C———(17)
@/ k& I (o) (22) i .
Beijing @ &/ /) C—as)\@d) N
y a/ / / o m as \ N\ 25)
|

Fig.7 Station block nodes of Jinan West Station

The braking distance at the station is 432. 6 m. The
braking time is 42 s. The accelerated distance at the sta-
tion is 721 m. The accelerated time is 70 s. Therefore,
based on the length of each block (the data is originally
from the topology diagram ( CAD) of the station in the
project) the average speed at each station block is calcu-
lated and shown in Tab. 1.

Based on the occupation condition of the block nodes,
some blocks need to be integrated. After the integration of
the station blocks, there are 18 station blocks, including 10
station blocks of the throat and 8 station blocks of the arri-

val-departure line/railway line, as shown in Tab.2.
3.2 Train operation routes

According to the information of the station block, the
routes can be obtained as shown in Tab. 3, which include
5 through routes, 12 stop routes, 8 arrival routes and 8
departure routes. There are two types of priority determi-
nation methods. Priorityl® is related to the total route
length. A shorter route length corresponds to a higher pri-
ority. Priority2” is related to the convenience for passen-
gers: a route with a closer platform to the station building
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Tab.1 Information of station blocks of Jinan West Station
Front Behind Length/ Average speed/
No. node node km (km - h™")
1 (1) (6) 1.246 300
2 (1) (3) 0.623 75
3 (1) (5) 0.934 75
4 (2) (3) 0.623 75
5 (3) (5 0.311 75
6 (3) (4) 0.312 75
7 (5) (7 0.211 75
8 (5) (8) 0.382 75
9 (5) 9) 0.383 75
10 4) (10) 0.382 75
11 (4) (11) 0.383 75
12 (3) (12) 0. 696 75
13 (3) (13) 0.697 75
14 (14) (25) 1.365 300
15 (23) (25) 0.682 75
16 (22) (23) 0.340 75
17 (24) (23) 0.341 75
18 (24) (25) 1.023 75
19 (15) (24) 0.750 37.5
20 (16) (24) 0.545 42
21 (17) (24) 0.546 42
22 (18) (23) 0.987 48
23 (19) (23) 0.988 48
24 (20) (22) 0. 650 42
25 (1) (22) 0.651 42
26 (6) (14) 0.829 300
27 (7) (15) 0.829 37.5
28 (8) (16) 0.651 37.5
29 (9) (17) 0.653 37.5
30 (10) (18) 0.736 37.5
31 (11) (19) 0. 688 37.5
32 (12) (20) 0.725 37.5
33 (13) (21) 0.727 37.5

Tab.2 Information of station blocks after the integration of Ji-
nan West Station

Station block Station block Station block Station block
after integration before integration|| after integration before integration
1’ 1,2,3 10’ 14,15,18
2! 4 11’ 26
3’ 5,6 12’ 27
4’ 7,8,9 13’ 28
5’ 10,11 14’ 29
6' 12,13 15’ 30
7' 16,17,22,23 16’ 31
8’ 19,20,21 17’ 32
9’ 24,25 18’ 33

has a higher priority, and a smaller value implies a higher
priority.
3.3 Headways of Jinan West Station

The speeds of the train are 300 and 250 km/h. The
switch limit speed is 80 km/h, and the actual speed of

the train when passing through the switch is 75 km/h.
The length of the train is 400 m. The safety protection

distance is 150 m. For the average value, the distance of
arrival-departure line No. 9 is the reference value.

The braking distance of the train in the station is 432.6
m, which is much less than the throat length, so the train
in the station must run at a constant speed for a distance.
The effective length for an arrival-departure line of the
high-speed railway in China is 700 m, so this condition is
still safe when the train begins to slow down on the arri-
val-departure line. The brake decelerations of the section
and station are —0.7 and —0.5 m/s’.
headway before the station blocks are divided is 247 s.
Then after the station blocks are divided, the headways
are presented in Tab. 4.

The actual arrival

3.4 Calculation results and discussion

The train operation information, which includes the
train’s speed and operation type information, is shown in
Tab. 5.

For convenient calculation and reasonable capacity uti-
lization, the arrival trains and departure trains can be
combined with the through trains and stop trains. As
shown in Fig. 8, one departure train can be combined
with one through train and two stop trains, and one arri-
val train can be combined with one through train and two
stop trains.

After the combinations, the train operation scheme in-
cludes one through train, one stop train, one departure
train and one arrival train with higher speed, and one
through train and one stop train with lower speed.

Based on the six different kinds of trains, 720 kinds of
schemes for train operation sequence are calculated and
the total occupation time of each scheme can be calculat-
ed. The total occupation time is mainly concentrated be-
tween 46. 4 and 53. 2 min. Therefore, the scheme with
46.4 min is the optimal scheme. The sequence of the
train operation has a large impact for station capacity.
3.4.1 Calculation result based on priorityl”

The train operation sequence of the optimal scheme is
5-2-6-1-34. The station blocking time graph of the train
operation is shown in Fig. 9. By comparing Figs. 9 and
10, different train operation sequences will cause different
occupation times at the station of the same trains. There-
fore, an optimal scheme of the train operation sequence
can reduce the total occupation time for the same trains
and the usable capacity can be increased.

The routes occupied by each train are as follows: 26,
1, 10, 14, 10, 18, 1, 10, 14, 1, 1, and 6. Since the
total occupancy time of all trains is less than 1 h, the cur-
rent condition does not reach the maximum capacity.
Therefore, a number of trains can be increased as shown
in Fig. 11. The maximum capacity of this solution is 16
train/h. The total train occupancy time is 59.2 min. The
minimum arrival interval time between adjacent trains is
2.7 min, the maximum arrival interval is 9. 8 min, and
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Tab.3 The route information of Jinan West Station

Departure-arrival

Type Jine No. Route No. Station block nodes Priority1* Priority2*
I 1 1,6,14,25 1 1
2 1,5,7,15,24,25 2 2
T}g;’;gh . 3 1,3.5.7,15,24,25 3 3
4 1,5,7,15,24,23,25 4 4
5 1,3,5,7,15,24,23,25 5 5
6 1,5,8,16,24,25 1 12
7 1,3,5,8,16,24,25 2 11
> 8 1,5,8,16,24,23,25 3 10
9 1,3,5, 8,16,24,23,25 4 9
10 1,5,9,17,24,25 5 8
Stop 7 11 1,3,5,9,17,24,25 6 7
train 12 1,5,9,17,24,23,25 7 6
13 1,3,5,9,17,24,23,25 8 5
9 14 1,3,4,10,18,23,25 9 4
11 15 1,3,4,11,19,23,25 10 3
13 16 1,3,12,20,22,23,25 11 2
15 17 1,3,13,21,22,23,25 12 1
18 1,5,8,16 1 8
> 19 1,3,5,8,16 2 7
20 1,5,9,17 3 6
Arrival ! 21 1,3,5,9,17 4 5
train 9 22 1,3,4,10,18 5 4
11 23 1,3,4,11,19 6 3
13 24 1,3,12,20 7 2
15 25 1,3,13,21 8 1
26 2,3,5,8,16,24,25 1 8
> 27 2,3,5,8,16,24,23,25 2 7
28 2,3,5,9,17,24,25 3 6
Departure ! 29 2,3,5,9,17,24,23,25 4 5
train 9 30 2,3,4,10,18,23,25 5 4
11 31 2,3,4,11,19,23,25 6 3
13 32 2,3,12,20,22,23,25 7 2
15 33 2,3,13,21,22,23,25 8 1
Tab.4 The headway information
Type Block Train spe(_:c]i/ Route No. Headway/min
number (km - h™")
Arrival headway 1 300 1 3.0
Arrival headway 2 300 3,5,7,9,11,13,14,15,16,17,19,22,23 3.1
Arrival headway 3 300 2,4,6,8,10,12,18,20 3.3
Arrival headway 1 250 1 2.7
Arrival headway 2 250 3,5,7,9,11,13,14,15,16,17,19,22,23 2.7
Arrival headway 3 250 2,4,6,8,10,12,18,20 3.0
Departure headway 15 300,250 4,5,8,9,12,13,14,15,16,17,27,29,30,31,32,33 2.7
Departure headway 18 300/250 2,3,6,7,10,11, 26,28 2.8
Tab.5 The train operation information
Train speed/(km - h~') 300 300 250 250 300 300
Operation type Through Stop Through Stop Arrival Departure
Number of the trains 3 5 1 1 1 1

the average arrival interval time is 3.7 min. The service 3.4.2 Calculation result based on priority2”
frequency of trains at the station is 12 train/h. Under the The train operation sequence of the optimal scheme is
condition of Fig. 10, only two trains can be added to the 5-2-6-1-34. The train-occupied station block diagram is
scheme. The maximum capacity is 14 train/h, which is  shown in Fig. 12.

less than the maximum scheme of Fig. 11.
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The routes occupied by the trains are as follows: 33,
1, 15, 16, 15, 25, 1, 16, 15, 1, 1, and 17. The total
occupation time of all trains is less than 1 h, and the cur-
rent condition does not reach the maximum capacity.
Therefore, more trains can continue to be added as shown
in Fig. 13. The maximum capacity of this scheme is 16
train/h. The total train occupancy time is 57.2 min. The
minimum arrival interval time between adjacent trains is
2.7 min, the maximum arrival interval is 9. 8 min, and
the average arrival interval time is 3. 6 min. The service
frequency of trains at the station is 12 train/h.

Then, the calculation results of these schemes are com-
pared in Tab. 6.

Tab.6 Comparison and analysis of different schemes

Average Total Train
Capacity/ arrival arrival service
Scheme i . .
(train - h~') headway/ occupation frequency/
min time/min (train - h~")
Actual scheme 13 4.7 57.2 10
Optimal scheme
L 16 3.7 59.2 13
based on priorityl
Optimal scheme
16 3.6 57.2 13

based on priority2*

By dividing the station blocks, the train arrival head-
way and departure headway can be effectively reduced,
which increases the capacity of the station. The station
carrying capacity can be increased from 13 to 16 train/h,
and the increase ratio is 23% .

In contrast to the scheme based on priorityl”, the solu-
tions using priority2” can effectively reduce the total train
occupancy time and average train arrival interval time.
The number of trains can increase the effective time of the
train operation in the next period of time. Therefore, this
scheme is more favorable for the calculation of whole-day
capacity.

4 Conclusions

1) The headway of the station is mainly affected by the
arrival headway and departure headway, and the throat
length is one important factor for these headways. There-
fore, by dividing the station blocks, the headways can ef-
fectively be reduced at the station. Then, the occupation
time of all trains can be reduced and the station carrying
capacity can be improved by 3 train/h compared with the
traditional calculation method.

2) Different train speeds and operation sequences of
trains at the station have some influence on the station
carrying capacity. Appropriate arrangements for the trains
can reduce the total occupation time of all trains. Under
certain conditions, the optimal train sequence can increase
the station carrying capacity.

3) This paper only studied the carrying capacity for one
direction. For the turn-back trains, this method does not
consider the whole operation process. In future research,

the station block will be divided based on the whole sta-

tion and the operation conditions of the train in different
directions. The carrying capacity of the railway network
can be studied based on this method in the future.

4) The calculation method for the station carrying ca-
pacity of the high-speed railway in this paper is feasible
and can provide effective theoretical support for transport
organization.
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