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Gtroquan LI
Doctord Course
Dept. of Civil Engineering
Kyushu University
Ilakozaki 6-10-1,
Higashi-ku, FIJKUOKA',
812-81, JAPAI{
Fo<: +81-92-651-0lm

ebstrect: This paper providcs a systematic approach for the analysis on a multi-stage
operation system of coal port station with intermoddization of coal railway transport and
coal-unloading with the help of simulation. The approach assists designers and planners of
station in grasping the fluctuation of each kind of elements, understanding the relationships
among influential elements and determining the corresponding scale of each facility at the
station system.

Through the discussion on the functions of elements and their fluctuations, this paper clearly
gives the queuing characteristics of coal port station and the mutual matching relations
among elements in the system.

T.INTRODUCTION

Coal port station is the joint facility of railway and port, wherc includes mury kinds of
elements such as yard arrangemen! operating services, disposition of facilities, etc. These
characteristics of elements and their reciprocal relations have not only influence on
coordination between railway transport capacity and unloading system as intermodalization
of coal railway transport, but also influence on the reasonable development of coal port and
the efficiency of corresponding transport.

In the past studies concerning the design of railway station and arrangement of operation
facilities, some queuing models were applied to analyse operation procedure of railway
station such as marshalling yard and yard facilities. Petersen ( 1977 ) analfed the yard
operation as queuing phenomena and used some queuing models to describe the
classification and assembly operatiorur at station yard; and Feng H. et al (1987 ) introduced
queuing methods to design the station and to daermine the number of tracks at an arrival
yard. In these studies, it was assumed that the anival of train followed the poisson
distribution . It is more difficult to use a kind of single quetring model to illustrate a multi-
stage, multi-proceduere system. In fact, the investigation on the actual situation of coal port
station was reported by Chishaki T. et al ( 1994 ), in which the coal port station was
appointed a multi-stage operation systen\ relevant anival of coal train was zubmited to
logarithm normal distributioq and servic€ time of each operation was related to the length
of coal train. Empirical studies on the desigrr of port station by Cao ( 1986 ) described
some t,?es of port station and analped the arrangement of operation facilities according to
characters ofport.

Under the basis of relative shrdieq a new t5pe of station with the circle unloading tracks and
continud coal-unloading trppnrg plants bascd on coal port system is proposed in order to
improve thc transport capacity and operation efficiency in this paper. Its yard af,rangement
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of thc stttion is suitable for the procoss of unloading opcration of coal train and makes an
intcnnoddization ofthe coal railway transpott and coal-unloading at port.

According to the property of station operatioq the coal port station generally includes three
kind of operations; arrivd operation of coal train, coal unloading operatiorl departure
operation of the train of empty stock. Howwer, on the basis of anival and deparnre
operation shariqg the comuron railnvay facilities and working teams, the station system can
be distinguished into trro scrvice syst.mr; sharing system of anival and departure services,
and coal-unloadiag systcm. Thc relativc elenrents with quaring features of the station are
descriH by the analysis on the operation procedure ofstation system and its corresponding
state of facilities and trains.

For some similar multi-stage operation systems, relevant studies have been made by Abdou
G. et al ( 1993 ) and Burnach G. R er aI ( 1985 ) in simulatioq and by Baslani ( 1988 ) in
theoretical analyses. Bu! the research on the characteristics ofcoal port statiol proposed is
still preliminary stage. Thereforg a simulation model for more suitable description- on the
station system is do,eloped. Each kind of composite relationships among different elements

at anival & departuri operation system and coal unloading system is respectively
formulated by the use ofthe results of simulation.

Through the discussion on the functions of elements and their flutuations, we can also

obtain the quetring characteristics of coal port station and the mutual matching relations
among system elements.

2. FACILITY ARRANGEMENT AND RELATIVE OPERATION SYSTEM OF
COAL PORT STATION WITE SHARING SYSTEM OF ARRTVAL Ai\tD
DEPARTI]RE SERVICES

2.1 Frcility Arrengcmcnt of Cod Port Station

The facilities at the coal port station are generally composed of station yard, coal unlo{|t$
plants and circle tracks for joining yard tb unloading plgnts. Yard arrangem€nt.and- relative

bperation method at coal port station have not only influence gn_the coordination between

railway transport capacity and unloading systern" but also influence on the reasonable

development of port capaclty.

On the basis of anival and departure operation sharing the common railway facilities and

working tearu, the facilities of station system are mainly given as follows:

(l). Arrival-departure yard for the anival of coal train and the depanrre of the train of empty
stock.

(2). Unloading lines where tipping plants are set up to unload a full train which is not cut.

(3). Circle tracks between yard system and unloading system.

Its basic yard arrangement is shown as in Fig.l. Coal port station is the joint station. of
railway and port, w[ere the delivery operation is canied out. The arr-ange-ment of station
facilitils is zuitable for the proceis of unloading operation of coal train. Arrival and

departure tracks are arranged in the same yard. That is, anival-depalture-yar_{ is transverse

arr-angement. Arrival tracki of coal train are set up in front of the unloading- line, and. circle
trackl finking up the station yard to the unloading line are set up on the back of tipping
plants. Afteia toat train is unloaded, the train of empty stock will be directly pulled to
iniralAep"rt rre operation Ustem and enter departure tracks through the circle tracks for
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departure operating service.

arrival-departure yard coal unloadirU plants

Fig. I Facility emangement of coal pofi station

2.2 Operilion procedure at station system

FromIig. l,_we can obviously describe two operation systems of coal port station including
three kind ofoperations with sharing system ofarrival and departure sirvices.

In anival-departure operation systenL two kinds of operations to be called as yard operation
are included. After coal train arrives at the anival track of the statioq it naeds to handle
relative anival servicing operations before unloading operation such as dropping down the
traction locomotivg receiving bow, inspecting the state of coal wagons,-checking and
delivering the correspondence papers, joining the switching locomotive, etc. Simult-
aneously, dg_pqture operation of the train of empty stock can be canied out, using the same
railway-facilities 1nq working teams. After the train of empty stock is pulled to departure
tracks from the circle traclg it needs to handle relative departure servicing operations with
the similarity to the content of anival service of coal train.

F qo"l unloading ry{eq coal train is pulled to unloading tracks and unloaded by the
tipping plants. The train of empty stock is pulled to departure tracks through the circle iine.

Through the analysis onthe facility arrangement of the station and its operating proc,edure,
the station system gan be seen as two independent operation systems; arrivat-departure
operation system and unloading operation system.

3. ESSENTIAL EXPRESSION OF STATION OPERATION SYSTEM

3.1 State of Trains and Operating Facilities at Station

According to the description of facility arrangement and operating procedure of the station
as. mentioned-above, the corresponding structure of operating proiedure of station system
with queuing phenomena can bEconstructed as in Fig. 2.

The structure of operating procedure at the station system shows the state of facilities or
trains at each operation system. These facilities and teams of each operation system are seen
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arrival of
coal train

departure
of train
of eupty
stock

Fig.Z Operation flow of station system with queuing phenomena

as service window, and station yard as the operating and queuing place except unloading. It
is assumed that the number of operation facilities and teams at arrival-departure system is

C r a, and the number of tipping plants at coal unloading system_is C-z at the station system

wittr sharing system of arrival-departure services. When a coal train arrives at coal port

statior\ two kind of states should be considered as follows:

O If former trains arrived are justly carrying out arrival service, or the trains of empty

stock are operating for departure service, and all of working teams and facilities are in the

working state, thJtrain't i[ hare to enter another arrival track to wait for arrival servicing

operati;rL and to form a queuing line ( Lc r r ) of arrival-departure operation system.

@ If there are any idle facilities and teams at arrival-departure systerrL after the arrival

train enters station yard, the anival service of coal train can be operated immediately-

Similarly, if any of working teams and facilities for- departure service are in the idle state,

when thi train of empty itock goes back to station yard from unloading line, then.its
departr.rre service can irunediatet| be trandted after the train 9t ".pty 

stock enters station

yuid. But, if all of workingtearni and facilities are in the-working state, thetrain of empty

stock will have to enter alother departure track to wait for departure servicing operation,

and to get into the queuing line.

Furtherly, after a coal train has completed arrival operation, its staying state will possibly be

as follows:

O If any of unloading tracks are in the idle state, then the train can immediately enter the

unloading track for unloading operation.

@ If all of tipping plants of unloading track are in thb working state, the -train will
intinue to stay'arriia[yard to wait for unloading operation, and form a queuing line (Lo z)

of unloading system.

shariw system of arrival-departure services

unloading
operation of
coal train

'fk f operation

\ \\ of train of
\ . \t enpty stock coal unloading systeo
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Except trains operating at unloading tracks, all oftrains in each state which are operating or
waiting for aErival-departure services and waiting for unloading operation will stay in stalion
yard, and one train occupies one railway track of yard. Thereforg to zufEce the demands of
the anival-depiuture operation and unloading operation of station systern, the necessary
number of yard tracks based on the arrangement as in Fig.l should be the sum of traini
staying in various states as follows:

L. a=Lr a*Lc z ( track ) (l)
where L. d: number of yard tracks (track),

Lr :: number oftrains stayrng in arrival-departure operation systenq
Lq z I rrurrer of trains staylag in yard to wait for coal unloading operation.

3.2 Queuing Elements of Station System

Because station lystem is seen as operation systems consisting of trro independent
queuing- systems, i.e. sharing system of arrival and departure services and coal unloading
ysten\ the related elements with queuingfeatures are described as follows:
( I ) arrival distribution (anival density of coal train: n );(2) distribution of semicing operation time ( average service rate: p r );
( 3 ) utilization rate of working facilities and teams at anival-departure system ( o , . );
( 4 ) utilization rate oftipping plants at coal unloading system ( o ,1;
( 5 ) number of working facilities and teams at anival-departure system ( C, : );
( 6 ) number of tipping plants at coal unloading system ( C, );(? \ waiting time of anival-departure operation system which a train waits for operation
(Wo,: );
( 8 ) waiting time of coal unloading system in which a train waits for unloading ( W" z );
( 9 ) duration at anival-departure operation system ( W. r s );
( l0 ) duration at coal un loading system ( W., );
( I I ) number of train at arrival-departure system including trains which wait for operation
and are in servicing ( L' . );( 12 ) number of train at coal unloading system including trains which wait for
operation and are in unloading service ( L, );( 13 ) queuing number of trains which wait for service at arrival-departure operation
system(Lors );
( 14 ) queuing number of trains which wait for unloading at coal unloading system ( L. z ).

4. RELATIONSHIPS AMONG ELEMENTS WITH QUEUING PEENOMENA

4.1 Some Characters of the Station System

As to the sJatio_n systenL we can see each kind of operation procedure as queuing
phenomena. In additiorq because there are some particular stochastii features in the-station
systerq the arrival interval time of coal trains is submited to logarithm normal distribution,
and service time at each operation is related to the length of coal train and the
corresponding residuals can be described as normal distribution. From those as mentioned-
above, it is known that the relevant function to describe the characteristics of the station
system can not suitably be presented with ld/ltzIlC queuing system etc. Therefore, the
simulation is developed to investigate the relationshipJ among ielated elements of station
system as shown in Fig. 3.

According to Fig. 2 and3, we can know the flow concept of station system. On the basis of
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Fig.3 Simulation model of station system

of unloadinS systea
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sYlteq-flow, the train compl€ting arrival senice can immediatly enter unloading track for
unloading operatioq or continue to stay in yard track to wait foiunloading operation. So, if
the train cornpleting arrival service is seen as a part ofthe output ofanivat-departure
systenq then the part bgcomes the input of coal unloading system. Moreover, the oulput of
cgal unload-ing system is the train completing coal unloading operation and back to yard.
The train of empty stock will get departure service at arrival-departure system

Consideringthe distribution oftrain arrival and each kind of operation at station system, we
can separately investigate relationships among related elements of sharing system of arrival-
departure services and coal unloading system with thg help of simulation.

4.2 Description on furivd-Dcperturc operation system sharing the common
Railway Facilities and Working Teams

In order to show the relationships among related elements of anival-departure operation
system clearly, some approximate formulas of queuing system can be obtained by the
analyses of correlation regression.

Fig. 4 shows the result of simulation which expresses the relationship between p r s and
Wo r s based on those conditions as mentioned-above. From the queuing phenomena, the
relationship is not only dealing with p r r aod Wq r 3, but also with Cr s, tt t: and n, in
which the pattern of relationship changes with the change of Cr s value. Therefore, we
can use Lee-Longton approximate formula for queuing system to describe the relationship

tnong various elements and lead their corresponding parameters into discussion. Through
the correlation regressioq relevant formulas are obtained as follows:

crs=l: w.,r-ffi (hour) (r'z=0.997) (z)

cre:2: wn,,-ftffi (hour) (r,=o.eee) (3)

Cr s=3: \rr -

Cr e=4: Wqrr -

(Cr3 !(l - p,r)')o'*(r)t'n'

t.773rto-, p?:lr, (n I p,r)rorn"
(c, l(l - p,r)' )o'nt' (r)'t'*

1.046 t loa pllast (n /p,r)"'",'
( hour ) ( r'z=0.998 ) (4)

(hour) (r'z=0.991 ) (5)

crs:5: wo,r:ffi (hour) (12=0.988) (6)

Cr a=6: W.,, - 4.594 * lo-'pii'*(n/ lr,,)'"*,,
(Cr3 !(l - p,r)')o''(n)2t'zse

( hour ) (12:0.973 ) (7)

From these formulas for the waiting time ( Wo r r ), it can be seen that there is sufficient
precision to show \ilq r a, because the coefficients of determination in all formulas are over
0.973. In the meantime, the fluctuation's rule of W", r can be found. With the ir.crease of
the working teams and facilities ( C r s ) at anival-departure operation systenl the values of
Wc r s change. When Cr s increases from I lo 2,3, Wq t 3 decreases very greatly under the

Jounral of the Eastent Asia Society for Transportation Studies, Vol. l, No. I ' Atrtrrnrn, l99i



130 Guoquan LI, Takeshi CHISHAKI and Wen-Chih HUANG

same lerd of utilization rate ( p r r ). Bu! when Cr s is over 4, the fluctuation of Wc r r
is vcry small. Furthcrly, whea the utilization rate ( p , , ) of working teams and facitities is
gotlg.n high up,'Wqrs increases. Especially, when p rr20.8J0.9, Wora lo€S up
rapidly.

!/crs
{

(hour)

X'ig. 4 Weiting time of train at arrival-departure system

Conclusively, from the viervpoint that the service facilities are used 
^efficiently, 

it is
desirable to make the utilization rate higher. Simultaneously, the waiting time of anival train
becomes longer. On the other hand, in order to make Wo r r down, it is necessary to
increase the number of working teams and facilities or to make p r r low. If Wq r s is
limited within 30 minutes, the corresponding establishment of Cr s and p r s should be
considered as follows:

tf C, s2, then p r s 30.6,
if Cr r=3, then p r r S0.8,

and if Cr r=4, then p r s (0.85.

The relationships among \ilr r 3, Lr r and n are shown as in Fig. 5, according to the results
of simulation. From these dat4 the corresponding formula by the regression analysis can be
expressed by the following:

Lr-1.008(n)o''(w,,r)ot* (train) (r":o.gg6)

where W. r a=Wq r t*ll p t s.

From Fig. 5, the value of L, r changes with the number of.working facilities ( Cr s ). That
iq when C r r is increased on the basis of keeping up in the same level of utilization rate
( p rr ), Lrs will be up. And, when p rrS0.8, Lrs will linearly increase with the
change of p r r. But, when p r r 20.8, Lr a will exponentially go up.

Furtherly, we can obtain some another descriptions for the anival-departure operation
system as in the following:

Jounral of rhe Eastem Asia Society for Transportatiol Studies, Vol . I , No. I , Autumn, I 995
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Lrr
10

t
t
7

6

5

{
!
2

I
0

0.1 . 0.1 0.5

P tt

Fig. 5 Trains staying at arrival-departure system

(a) relationship formula among'Wq r s, Lc r r and n

L.r3 :0.891(n)o'*(w.,r)o'"t (train) (r'z=0.963)

O) relationship formula among p r r, Cr s. p r r ard I?

(e)

(r'=0.986)

4.3 Description on Unloading Operation System

f,oz (hour)

p.z

Fig. 6 Waiting time of train at coal unloading system

- 0.807(n)o'm
Prr:1"*,,yu (10)

I

Cr=6_ ..\+d!",
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Just as the same as the description of arrival-departure operation systerq there are also
quetring characteristics in coal unloading system.The plot iri Fig. 6 sliows the relationships
among waiting time for unloading ( W" z ), the number of operation facilities ( C, ), iis
corresponding servicc rate ( pr),-and arrival density ofcod train ( r;. irsing'tfre
correlation rcgressioq the relevant formulas arnong oz, \il. z, Cz, p z and n cir be
presentcd as follows:
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t29p\tD (nl pr)ot'*,Cz=l: W.. -

Cz=2: Wqu -

Cz=3: W.,

Cz4: Wqz

Cz=S: W.,

Cz=6'. W.,

(C, l(l - p, )' )ott(r)o'*

0235p\'A (n I pr)o"t*,
(C, !(l - p, )' )0"' (r)o'''

3.996 * l0' pl- (n / p, )''0.'
(c, !(l - pr)')o''(r)''''

_ 9.014 + l0-3 pl6 (n/ p, )r 
07rc,

(C, !(l - p,)')o't"(r)''"'

_ 2.767 * tO-' p1'* (n I pr)''o'n,
(C, !(l - pr)')o'*(r)"u'

_,1.329*lo-t pl'r% (n I pr)Lottc,

(c, !(l - p,)')0"'(r)t'*

( hour)

(hour)

( hour )

(hour)

(hour)

(hour)

( 12=0.984 )

1r'=O.e9a;

( r'z=0.996 )

( r'=0.994 )

(r'=O.Sll1

1r':O.SlZ1

(l l)

(t2)

(13)

(14)

(1s)

(16)

Because all of their coefficients of determination are over 0.972, there is no problem in the
precision of these formulas. AIso, Wo z changes with Cz and p z. Especially, the changes
of.Wo 2 are very geat with Cz=|, 2,3. But, when C, ) 4, the changes are graduitly
going small. Furtherly, when p ,2 0.95, Wc z goes up sharply.

( train)

Fig.7 Treins staying at coal unloading system
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SimilarlX the relationship among the number of staying trains ( Lz ), staying duration of
coal train ( W. z ) in coal unloading systerq and anival density of coal train ( n ) can be
shown as in Fig. 7, and the corresponding formula is found as follows:

L z - 1 290(n)o''o (w, )o 
*' (train) 1r'=O.SeO1 (17)

whereW..z:Wc z*ll p z.

lf . p , (0.8, the number of coal trains ( Lz ) staying at cod unloading system will increase
linearly with the increment of p z, and if p z 2 0.8, the value ofl.z increases rapidly.

In the same time, the relationship among Wq z, Lq z and n can be estimated as follows:

Ln, = 1.308(rlott'(w.,)''' (train) 1r'=o.s+o I

Moreover, the formula among p z, tt z and n can be found in the following:

(18)

(le)^ 0.894(z)05$
vz = 

lgrttr\im
(r'z:0.982)

AII of these formulas as mentioned-above can properly express the queuing characteristics
of coal port station which is a queuing system with a multiple-stage and multiple-procedure
operation. And also, these formulas have higher precision because all of their coefficients of
determination are greater than 0.94.

Lqrr (train)

0
0.,{ 0.{s 0.5 0.s 0.6 0.65 0.7 0.7s 0.8

Fig. 8 Queuing trains at arrival-departurc system based on p r s

5. FURTHER DISCUSSION ON TEE CBARACTERISTICS OF STATION
SYSTEM
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auatittg length is an important element in quadng system which impacts system
procedure very strongly. Orving to two kind of operation system at coal port station, we
will respectively disoss the relevant property of quetring tengh with arrival-deparnrre
system and coal unloading systern.

5.1 Somc Propcrty of Qucuing Length et Arrivel-Departure System

At anivaldeparture operation systerq from Eq. ( 9 ), we can know the relationship
among queuing length ( L. r t ) of coal trzin for arrival or departure services, waiting time
( Wc r s ) and anival density of coal trains ( a ). But, because there is a strong connection
between Lc r s and p r r that is learned from the investigation on queuing systern, it is
important that the fluctuation of Lq r r is analysed in more details in order to understand the
characteristics of arrival-departure operation system.

The relationships between Lr r s and p r s are shown as in Fig. 8. Certainly, at the same
number of working facilities and teams ( Cr a ), the quetring length ( Lo, s ) will
exponentially changes with the increase of p r s.

Similarly, the corresponding relationships between Cr g and Lo r s can be found as in Fig. 9.
At the same level of utilization rate ( o r s ), L., s will go down with the increase of Cr s.
Furtherly, when p r a changes from 0.t to 0.9, the increasing degree of Lo r " will be very
greal.

Crr

Fig. 9 Queuing treins at arrival-departure system based on Cr r

5.2 Some Property of Qucuing Lenth at Coal Unloading System

Queuing length at coal unloading system not only represents the property of a queuing
element, but also plays an important role in the planning ofyard system, because the trains
in queuing length will stay at station yard.

Similarly, on the queuing length ( L" z ) at coat unloading systen\ we can investigate its
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propcrty as thc ramc as anivaldeparture op€ration systc,m. Eq. (18) shows the relationships
ano4g Lc z, 'Wr r and z. Here, we wi[ glve more consideration to the connection
between Lqu and p 2, ot Lcz and Cr, because this kind of connection can strongly
influence the planning of station system-

L"r (train)

0
0.4 0.{5 0.5 0.s 0.6

Fig. 10 Queuing trains rt coel unloading systcm based on p r

a

a
a

-----{-

--': --+
0.6

The relationships between Lq z and p 2 are shown as in Fig. 10. It is soen that Lc z

increases rapidly with the iircrease of p z at the sarne value of Cz.

Fig. f l Queuing trains at coal unloading system bascd on Cz
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On thc other han( Fig. ll shows the relationships between Lrr and Cz. From these
relationships, it is found out that Le z will gradually decrease with the increase of Cz, and
the increasing degee of Lc z will become greater in accordance with the increase of p z.

5.3 Estrblishmcnt of Strtion Fecilitics Besed on Queuing Cherecteristics

We can use quaning ctraracteristics of coal port station in order to establish corresponding
station facilities.

F4.( t ) gves the necessary number of tracks in yard to meet the demands of station
system. The determination of yard scale should be combined with the relation among
quaring elements of wery operation system zuch as arrival density of coal train which
reflects the railway transport capacity, service facilities, and utilization rate of every
facility. The queuing characteristics of coal port station system as mentioned-above will
assist the understanding of the mutual matching relation among station elements. When the
anival density of coal train is up to a certain level, relwant number of operation facilities
should be established under the consideration oftheir effectiveness.

Owing to these consideration on the station systerq we can decide the necessary scale of
yard, the number of anival-departure service facilities, and the number of unloading plants
at the station. Simultaneously, some important indices including staying duration and
utilization rate of every operation facility can be obtained.

Tablc 1 Matching Relationship among Facilities at Coal Port Station

arrival density ofcod train
(train/trour)

).5 t.t4 1.5 2.37 2.8 I

arrival-
departure
operation
system

seruce
hcilities

I 1 2 3 4 4

numbers of stay
trains (train)

7.466 2.023 ,.347 4.006 3.573 4.053

,rtilization rate
rf faciliw

0.7 0.7 0.85 0.85 0.75 0.8

stav duration (hour) t.932 2.025 2.869 2.287 1.717 1.835

unloading
cperation

rystem

service
hcilities

I 2 3 4 4 5

numbers of queuing
lrains (train)

1.387 1.345 0.492 0.594 1.651 0.457

rtilization rate
rf facilitv

).85 0.85 0.75 0.8 0.9 0.8

itav duration ftour) t.283 2.607 1.98 1.949 2.309 1.855

duration staying at station
(hour)

5.215 4.632 4.849 4.236 4.026 3.69

necessary yard scale (track) 4 5 5 6 6 6

Table I is the calculating results of station system based on queuing characteristics. It
shows the matching relation among station elements on the basis of a certain capacity of
railway tranport. For examplg when the arrival density of coal train is 1.5 trainVhour, the
least scde of station yard is assigned with 5 tracks to match the railway transport capacity.
Correspondingly, the service facilities and working teams at anival-deparnrre operation
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sptem should bc cttablishd as 2, and the unloading plants as 3. In this case, relevant
utilization rates of operation facilities are p r s=0.85 anrl p t4.75, respectively. The total
duration ofcoal train stsying at coal port station is 4.849 hours.

Reversely, if there are 6 tracks of yard scale at the station, the serrrice facilities at anival-
departure operation syst€m are Cp=4, and unloading plants are Cz=4, the station is able to
meet the demand of railway transport capacity which anival density of coal train is 2.8
trainfrour. And in the conditions, the utilization rates of operation facilities are p r s=0.75
and p z=0.9, respectively. The total duration of train stayrng at the station is less than 5
hours.

All of those as mentioned-above reflects the systematic coordinating relationships among
various elements to be solved by the use of the approach in this study with queuing
characteristics of station system.

6. CONCLUSIONS

The railway station is a kind of complicate system with queuing features. Although the
studies on general station system were achiwed through using some models of queuing
system such as MIWC, it is still in initial stage that the research on the multi-stagg multi-
procedure operation system becune of more complexity in the construction of system. This
paper gives a new type of station system with intermodalization of coal railway transport
and unloading on the basis of arrival and departure operation sharing the common railway
facilities and working teams. Therefore, the understanding of its basic characteristics based
on queuing phenomena is of importance for -the desigrr of coal port station. The
intermodalization of coal railway transport and unloading is aimed at forming a kind of
coordination between the railway transport capacity and'unloading system in order to
increase operation efficiency of station. And, this kind of coordination relationships are
realized by the assignment of operation facilities matching with each other among operation
systems at coal port-station.

According to the thought as mentioned-above, we synthetically analysed every operation
system of coal port station with the help of simulation. [n the meantime, some relevant
formulas for the description on queuing characteristics of the station system were found in
this paper. In additioq the relationships among various queuing elements were discussed in
details for assisting the consideration in establishment of station facilities.

Finally, using these queuing characteristics, we found out the matching relationships among
the railway transport capacity, system facilities and yard scale ( number of tracks ) under i
certain level of utilization rate of every operation facilities.

As a kind of general queuing phenomena, this study is of universal significance to discuss on
the similar problem of another system.
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