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Figure 2. Sample report of processing times for an arriving train. 
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start and stop times for the various processes 
needed to receive, unload, and dispatch onto the 
street the traffic of a single train. This type of 
information is especially helpful in evaluating the 
impact on service commitments (getting the trailers 
on the street) that result from changes in the ter
minal operation, train schedules, and so on. 

MODEL DEVELOPMENT AND TESTING 

TSM was designed around and patterned after Pennsyl
vania Truck Lines' (PTL) Kearny, New Jersey, TOFC 
facility. PTL provided data on yard layout, pro
cessing rates, train schedules, and volumes. Al
though the initial intent was to develop the model 
to simulate a simpler terminal, it was found that 
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testing the model's treatment of the inter reaction 
of the various terminal work functions could best be 
explored in a complex, busy terminal. Therefore, 
Kearny was chosen. PTL has been reviewing the 
results of the simulation to determine if it pre
dicts and simulates terminal performance accurately. 

Setting up the Kearny model required building up 
a fairly detailed description of the current traffic 
and operations at the terminal. Descriptions of the 
current train schedules and traffic volumes and 
types were assembled in standard input table format 
for TSM. The physical description of the terminal 
was converted to a queue description. The various 
shifts and their equipment resources were also en
coded. The actual construction of these tables took 
only one afternoon. The key data to be captured are 
the tasks performed and the cycle times for various 
processor activities. This site-specific informa
tion is best accumulated through an industrial engi
neering field study of the terminal, but default 
cycle times are available, which can be checked 
quickly for local validity. These default times can 
also be used when evaluating a proposed new terminal. 

Once the basic terminal description has been 
captured in the series of TSM input tables, use of 
the model becomes a simple matter of identifying the 
change to be made to trains and traffic, to terminal 
layout, or to work crews and work schedules, and 
making this change in the input table. A separate 
table exists for each train and for each processor. 
To facilitate these ch~nges, the tables are well 
annotated. The model can be rerun as a batch pro
gram because no interaction is required. The re
sults of the new run can be compared with either the 
base run for the terminal or some other run to es
tablish the impacts on traffic schedules, processor 
productivity, or facilities use. For example, the 
sample report in Figure 1 could be used to compare 
packer utilization under two different sets of train 
schedules. The sample report in Figure 2 might be 
used to compare the service provided to trailers 
that arrive on one train (TV-11) with different num
bers of packers or cranes on duty. 

Applications of Computer Model Techniques for Railroad 

Intermodal Terminal Configuration, Equipment, 
and Operational Planning 
PETER BOESE 

Although apparently simple, the intermodal transshipment process is quite com
plex. The intermodal terminal has to coordinate the interface of two (or more) 
transportation systems of very different operational characteristics and com· 
pany organizations. With the rapid growth of container and piggyback trans· 
portation volumes within the last decade, most road and rail intermodal termi· 
nals in large urban agglomerations of Western Germany ran into bottleneck 
situations. Capacities, economics, and service qualities of the intermodal trans· 
portation systems can only match future demands through substantial invest
ments in existing and new terminal sites. The efficiency of these investments 
depends on the development and implementation of new terrn'lnal design con· 
cepts together with i.mproved operational systems. Planning for optimum termi
nal layout, equipment, and operation for future demands can no longer rely 
on mere rule-of-thumb methodologies. Computer modeling of terminal tune· 
tions becomes crucial for testing of new technical design and control concepts 
under near-realistic requirements before their practical implementation. The 
developed model contains a number of program modules for the different tune-

tional parts of a terminal. Under given cargo volume fluxes, types of load units, 
train schedulings, and selected rail operational strategies, the daily train opera· 
tion is simulated in coordination with equipment capacities. The road coun· 
terpart is formed by Monte Carlo simulation of the stochastic properties of ve
hicle arrivals at the terminal, according to different truck operating patterns. 
The core module consists of the simulation of the single movements and actions 
of the transshipment equipment on the basis of the geometry of the given load
ing track, truck and storage lane configuration, and the dynamic properties of 
equipment. A dispatch control module decides on the transshipment sequences 
prescribed by train operation and truck arrivals, trying to maximize equipment 
productivity and minimize truck waiting times. A sample of practical results is 
presented, which shows alternative layout and equipment configurations and 
the influence on terminal throughput capacity, equipment productivity, and 
service levels. Some conclusions for terminal economies, improved operational 
strategies, and computer-aided control systems for future high-capacity termi· 
nals are made, together with an outlook on further model refinements. 
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Figure 1. Terminal functional elements. 
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The rapid growth of intermodal transportation has 
brought about bottleneck situations for many inter
modal terminals, especially those in large urban 
agglomerations. This situation leads to low levels 
of service quality for the user and to high operat
ing costs. Nevertheless, the intermodal market 
share is still growing, which may prove the inherent 
attractiveness of this system. 

Until the beginning of the intermodal age, the 
equipment for loading operations had been installed 
mainly on existing rail yards. Although gradual 
adaptions of the infrastructure and installations 
have been performed, the planning and operation con
cept as a whole has not yet been improved in a sys
tematic approach. 

Long-term national transportation policy aims to 
multiply the intermodal cargo volume and to reach 
full cost to cover the federal railway company. The 
transshipment activities will be concentrated at 
about 50 terminals (today there are 40), with capac
ities currently ranging from 60,000 to 120,000 load 
units per year for the 10 largest terminals (which 
means 240 to 480 per statistical mean day) • 

The major part of the terminals must operate the 
different existing intermodal techniques, i.e., 

1. Deep-sea container (ISO) and European inland 
container-on-flatcar (COFC) , 

2. Swap-body from 6 to 12 m on flatcar, and 
3. Trailer and whole trucks on low floor flat

cars (horizontal loading) • 

Part of these terminals also contain service func
tions around the container. 

In a pilot project for the city of Bremen, the 
intermodal terminal will be integrated in a new 
regional distribution center with private and coop
erative cargo handling and consolidation services. 

CONCEPT 

For the expansion of existing terminals and the 
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planning o f new ones, the design and operation con
cept must be improved systematically. Many techni
cal and organizat ional questions still need to be 
answered, such as 

1. How far can the capacity of existing termi
nals be raised where there are limits to spatial 
capacity concentration? 

2. What is the optimum relation between capacity 
and main design parameters, such as number and 
length of loading tracks, road lanes, and type, di
mension, and number of equipment types? 

3. How can the capacity, handling cost, and re
liability of existing equipment be improved? What 
is the optimum mix of equipment types for a given 
terminal? 

4. How can the terminal operation be improved to 
reach higher capacity, better service levels, and 
better economics? 

5. How does the optimum design and operation 
concept of terminals depend on external factors such 
as structure of cargo volume, rail network and train 
operation characteristics, truck operation patterns, 
terminal site restriction, and so on? 

6. How can future computer-aided control and 
information systems improve terminal operation? How 
do they influence terminal configurations? 

Obviously, these questions are interrelated and can 
only be answered if the functional relations between 
the components of the terminal and its internal and 
external requirements are analyzed in a systematic 
approach. 

The main functional elements of an intermodal 
rail and road terminal are shown in Figure 1. The 
core elements are the transshipment equipment, the 
loading track system, the loading roads for the 
trucks, and eventually the intermediate storage 
areas for the load units. These elements form a 
close unit (module) with a wide variety of possible 
configurations, depending on the type of equipment 
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and the chosen design philosophy. In a recent paper 
( 1) , a number o f module configurations, with spe
cific suitability for rail-mounted cranes , t ire
mounted cranes, rail- and tire-mounted side-lifters, 
and front lifters have been shown. 

The complexity of the interrelations of the func
tional elements of the terminal and the dynamic 

Figure 2. Structure of terminal simulation model-transportation requirements. 
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character of terminal operation can only be treated 
in detail by computer simulation techniques. 

The model described below has been developed and 
applied to actual planning tasks for a number of 
terminals. Along with its application, further 
questions about new design and operation possibili
ties arose: as a result, the model had to be contin
uously refined and extended. This process is still 
going on. 

The program is of strictly modular design. It 
runs on a med ium-sized process computer. A number 
of design alternatives can be tested at reasonable 
cost. 

THE MODEL 

Figures 2 and 3 provide the macrostructure of the 
terminal simulation model . F rom transportat ion pro
jections or c ompany marketing aims , t he annual cargo 
volume and structure (numbe r and type of container 
and piggyback load units) must be given for the ter
minal catchment area a nd for the different rail 
transport destinations. The dimensioning (peak) 
days must be derived from observed or assumed sea
sonal and weekly cargo fluctuations. The schedules 
and loads of the inbound and outbound trains are 
c omposed acco r ding to give n railway network opera
t i on , and marshaling stra tegies form the railside 
model i nput . 

The truck operating characteristics that form the 
roadside input for the model must be determined by 
typical patterns for pic kup and delivery tours be
tween the rail and road termi nal and consolidation 
ramps or customer ramps located in the region. The 
truck operation can be per f ormed by the i nte rmodal 
or termi nal operation company (in West Germany, for 
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the container railroad subsidiary) or by the indi
vidual trucking companies (for the different types 
of piggyback transportation alternatives). Each 
form of pickup and delivery organization results in 
different requirements on the terminal operation anu 
possibilities to harmonize them with the train and 
transshipment operation. 

Due to the stochastic elements in road transpor
tation (traffic congestions, dispatch irregulations, 
and so on), the arrival of pickup and delivery 
trucks at the terminal gate is a random process, 
which is simulateQ by the computer model. The Pois
son-distributed arrivals are normally linked to the 
train schedule; juot after train arrival they give a 
peak frequency and then decrease for the following 
hours. For deliveries of outbound loads, there is 
the inverse statistical pattern. 

The schedules and compositions of inbound and 
outbound trains and the truck arrivals of every sim
ulation day are compiled for the transportation re
quirement data sets for the operation simulation 
module. All requirements can interactively be con
trolled and adapted. 

The given terminal configuration geometry, with 
its track system , loading road lanes, and storage 
positions, is imaged in a terminal area matrix. 
According to daily train arrival and departure times 
and train length, the trains are positioned by the 
computer onto the loading tracks under given shunt
ing strategies. 

The dynamic properties of the selected type of 
equipment, and the velocity and acceleration parame
ters for crane traveling, trolley, and spreader 
(including positioning and gripping times), deter
mine the transshipment functional time data file. 

During the simulation run, the time needed for 
any transshipment cycle is computed according to 
terminal geometry and actual positions of the load 
units on the wagons of the track, on the vehicles in 
the road lanes, and on the storage spots. Thus, the 
movements of the equipment are simulated as realis
tically as possible to include the major stochastic 
elements (e.g., time l osses due to imprecise 
spreader positioning) . 

The control core of the transshipment model is 
formed by the train and truck dispatch control 
module. According to an externally chosen trans
shipment operation strategy, this module coordinates 
the simultaneous loading phases of the trains, the 
sequence of load units to be l oaded on the trucks as 
they arrive or queue up on the road lane, and the 
storage movements. The priority selection of all 
transshipment actions is programmed by decision 

Figure 4. Typical train operating characteristics. 

TIME~ 

TRAIN ARRIVAL 

ENGINE 
EXCHANGE 

EVENTUAL 
TRAIN 
PARTITION 

TRAIN DEPARTURE 

RAIL MAIN LINE 
-- -- - ACCESS 

ENGINE 

EXCHANGE \ DEPARTURE 

EVENTUA L - - ( ARRIVAL TRACK 
OUTBOUND TRAIN FINAL J 
COMPOSITION \ SHUNTINGS'\ f SHUNTING 

--- - r rnACK 

TRAIN SIDING 

' 

I _ 
OPERATIONAL Y 

TIME / 

UNLOADING PERIOD 

LOSSES EARLIEST 
PICKUP 
TRUCK 

-- _ I SIDE TRACK 
I 
I 

--'Jo---~-1 LOADING TRACK 

' I OPERATIONAL 
LOADING ' 
PERIOD TIME LOSSES 

LATEST 
TRUCK DELIVERY 

Transportation Research Record 907 

matrix techniques, thus enabling maximum flexibility 
in adopting and testing different operational strat
egies. 

These strategies vary from the simple first-come, 
first-serve principle to morP. sophisticated strat
egies aimed at simultaneously minimizing truck wait
ing times and unproductive equipment movements , es
pecially at peak hours. According to the loading 
and unloading sequence prescribed by the dispatch 
control module, the actions of the equipment are 
performed in the transshipment operation module, 
where time consumption is computed. 

The degree of sophistication that can still be 
realized by conventional terminal organization and 
communication means as well as the possibility of 
new dispatch control systems and of semiautomation 
or full automation of equipment control can be 
tested by introducing different types and combina
tions of operat ional strategies. The output of the 
simulation runs consists of daily and hourly records 
and statistics for 

l. Equipment maximum capacity, employment, and 
functional times; 

2. Track system occupancy and shunting movements; 
3. Truck lanes and storage area occupancy and 

movements; and 
4. Truck dispatch and waitinq times. 

These results give the quantitative criteria for the 
assessment of design and operation alternatives 
under technical, economic, and service aspects. 

OPERATIONAL SCHEMES 

Figure 4 shows a typical train movement inside the 
terminal track system. In West German terminals, 
the (electrical) engine must be exchanged for a 
shunting engine after tra~n arrival. At present, 
new types of train operations are under considera
tion in order to avoid excessive shunting. But, the 
ideal concept of whole trains always moving directly 
between the loading tracks of two corresponding ter
minals is difficult to realize within the dispersed 
West German intermodal transportation network and 
within the space restrictions of the terminal sites 
in the urban agglomerations. 

When the train is longer than the free loading 
tracks (which is the case in most existing ter
minals), the train must be divided. Then, after 
some time losses, the train stands ready for unload
ing. For the "stand" type of train operation, the 
train remains on the loading track until its depar
ture. The simplest type of operation enables nearly 
exclusive direct unloading and loading, which means 
transshipments between wagon and truck without in
termediate storage on the floor. The unloading and 
lo&Uing sequence is dictated mainly by t.r1_1~k ar
rivals at the terminal ("truck service" strategy). 

In most terminals the capacity of the loading 
track system is not sufficient to receive all arriv
ing trains. In these cases, some trains, after an 
unloading or loading phase of some hours, must be 
removed from the loading tracks and shifted to the 
side tracks to make space for new inbound trains. 
This calls for a more sophisticated shift operation 
with another type of transshipment strategy. At 
some period of time before being removed from the 
loading track , the remaining train load (which has 
not yet been picked up by arriving trucks) must be 
unloaded onto the intermediate storage area. This 
stripping "clear-the-train" operation leads to a 
significant number of indirect transshipments and 
thus to highec equipment capacity demand. In addi
tion, more terminal space for intermediate storage 
and side tracks is needed. On the other hand, the 
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Figure 5, Typical unloading and truck pickup operation. 
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Figure 6. Typical truck delivery and loading operation characteristics. 
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Figure 5 shows a typical unloading operation 
scheme. Just after train marshaling to the loading 
track, most of the load is unloaded directly onto 
the arriving trucks ("serve-the-truck" phase). Ap
proaching the end of the standing time with less 
trucks to be served, parallel stripping of the train 
onto the storage area starts ("mixed-operation" 
phase). Finally, just before the train must be 
shunted to the side track, the remaining load units 
must be exclusively stripped off (clear-the-train 
phase) onto the storage area. The units that have 
been placed into storage can be picked up by the 
trucks during the rest of the day, independently of 
the train. 

Figure 6 shows the reverse procedure for the 
loading process of outbound trains. 

When the uni ts are stored on the floor (swap
bodies) or stacked (containers), equipment must 
always be available to serve the trucks on their 
arrival if waiting times are to be avoided. If the 
load unit consists of a trailer, the truck can 
autonomously pick up the unit without the help of 
equipment. The same type of operation is possible 
if the containers are always loaded directly on a 
semitrailer and moved to a parking area by a ter
minal trucker. This explains the main difference 
between the continental European and the American 
type of intermodal terminal operation. 

As explained earlier, piggyback transportation of 
semitrailers on recess wagons holds a small but 
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Figure 7. Daily truck arrival and transshipment frequency characteristics for 
four-track module with two cranes. 
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growing fraction of the whole intermodal market in 
Europe. The dominating types of intermodal units 
are the swap-bodies that belong to the road trans
portation companies or firm consortia that operate 
their trucks independently of the rail and terminal 
operator. This type of terminal operation could 
obviously be improved by better coordination between 
train marshaling and truck operation by using new 
information and communication systems or differen
tiating tariff systems. 

SIMULATION RESULTS 

The model described above has been applied to a 
number of projects for the expansion of existing 
terminals and for the design of new ones, ranging 
from medium (300-900 load units/peak day) to large 
capacity (1,000-2,000 load units). 

Figure 7 shows the simulation results for the 
hourly frequencies of truck arrivals and transship
ments for a terminal of a four-track module of 700-m 
length (equal maximum train length) with two rail
mounted high-speed cranes. The combined effects of 
train arrivals concentrated in the morning and de
partures in the evening together with the truck 
arrival characteristics (see Figures 5 and 6) lead 
to pronounced peak frequencies in the morning and 
evening, which can be twice as high as the daily 
mean frequency. This effect leads to strong fluctu
ations of the required number of transshipments per 
hour (see the lower histogram in Figure 7). 

In the case described above, the total inbound 
and outbound train length is three times the total 
track length, which results in a high amount of 
clear-the-train operational phases. Consequently, 
the fraction of indirect transshipments is quite 
high (40 percent of the total terminal throughput). 
These double handlings are effected mainly outside 
the peak hours, but they still call for additional 
equipment capacity (or cause more truck waiting 
times during terminal rush hours). 
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Figure 8 shows a typical truck waiting time fre
quency distribution histogram. Short waiting times 
(10 or 20 min) are frequent, but long waiting times 
of more than 1 hr can occur in the worst case. 
Thus, not only the mean value but also the maximum 
waiting times (e.g., 5 percent-fractile) must be 
assessed as a terminal service quality criterion. 
The longer waiting times are caused by truck queues 
during peak hours and by service breaks when the 
clear-the-train operation has absolute priority for 
train marshaling reasons. By means of more sophis
ticated operation strategies, this negative effect 
can be minimized by early train stripping-off opera
tions that make use of equipment idle periods tluring 
serve-the-truck phases. 

Figure 9 answers questions about the maximum ter
minal throughput for a given tolerable service qual
ity (maximum truck waiting times) and about the 
amount of equipment required for a typical two-track 
module configuration of 700-m length. The maximum 
waiting times show a steep ascendance with a growing 
number of transshipments. If we take the maximum 
tolerable waiting time of, for example, 30 min, the 

Figure 8. Frequencies of truck waiting t imes. 
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Figure 9. Truck waiting times over terminal 
throughput and crane number (two-track 
module). 
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maximum throughput for a one-crane configuration of 
this terminal would be about 220 load units/day. 
The second and the third crane would always give 
smaller capacity increments. 

The reason for this functioual relation between 
crane number and capacity is as follows. Only one 
crane for the total module length has low produc
tivity due to time losses for traveling between the 
random unloading and loading spots during the serve
the-truck operational phases . With more equipment 
working at the same track length, equipment travel 
distances become shorter and their productivity 
rises. But with rising throughput, more trains must 
be marshaled to the loading tracks. The track load 
factor (overall train length) rises from 1. 5, which 
enables the stand operation, to 4 and 5. This means 
that the shift operation, with an always higher ro
tation of inbound and outbound trains, is neces
sary. Thus, the amount of indirect (double) trans
shipments rises, which lowers the effective terminal 
capacity increments. Other handicaps for this type 
of operation are the rising productive time losses 
due to train shunting and also the rising coordina
tion problems between the cranes. This effect obvi
ously limits the amount of equipment for a given 
track length, depending on the type of control 
system. 

For terminal area demand, the rising throughput 
also requires more side tracks for the stripped 
trains and more intermediate storage space. Also, 
at a certain point, traffic congestion at the truck 
road lanes beside the loading tracks calls for more 
road lanes. A computer traffic control system is 
conceivable, which coordinates the truck flow to the 
loading positions with the transshipment process of 
the cranes. But how far can such a control system 
count on the participation of the truck drivers? 

For any type of module configuration, there is an 
optimum amount of equipment and thus a maximum 
throughput capacity. This optimum can be found for 
any specific terminal project by economic analysis 
on the basis of simulation results. 

In the search for more efficient terminal con
cepts, the number of loading tracks under the cranes 
has been raised. The traditional concept was based 
on two tracks. Now cranes of the portal or canti
lever type that have four tracks are under construe-
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Figure 10. Typical configurations for rail·mounted cranes. 
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Figure 11. Terminal capacity over crane number for two different 
configurations. 
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tion in the l arge r te rminals of West Germany (see 
Figure 10). Crane s of even higher spans for six or 
eight tracks are planned for new terminal projects. 

The idea behind this concept is that the trans
shipment capacity of the terminal must be concen
trated on one module with a high number of parallel
working (computer-controlled) cranes. The trains 
must be marshaled to t.hese cra nes by the appropriate 
high capacity of the loading track system. By this 
procedure, the productivity of the cranes will be 

Figure 12. Terminal unit costs over throughput for different terminal 
capacities. 
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raised through shorter traveling distances along the 
trains and more even capacity use through the high 
number of parallel trains. 

But with the bigger crane span, the transversal 
velocity of the trolley must be raised in order to 
compensate for the longer transversal ways, which, 
along with the higher structural weight of the 
crane, requires a much more powerful installation. 
Consequently, costs for equipment, including infra
structure (crane rails and power supply), will be 
two to three times higher than for the small crane 
type. 

From practical experience in Britain with the 
Freightliner terminals, Howard <ll found that the 
average unit costs for the larger terminals are not 
lower than the smaller ones; sometimes the opposite 
is the case. The smaller terminals, with up to 
40,000 containers/year, are equipped with cranes 
spanning only 4 lanes (2-3 tracks), whereas the 
terminals of 60, 000 containers/year and more have 
cranes of the cantilever type, which can span 10 or 
more lanes (5 tracks). 

The simulation results reported here show that 
the capacity of, for example, 4-track cranes is only 
5 to 20 percent higher than that of 2-track cranes 
(Figure 11) . This effect does not compensate for 
higher investment and energy cost, as shown in Fig
ure 12 . The unit cost function for different capac
ity levels is significantly hi gher for the larger 
crane modules than for the smaller ones. 

CONCLUSIONS 

The following conclusions are based on computer sim
ulations from the study in West Germany on inter
modal capacity expansion. The concentration of the 
entire capacity of larger terminals on one high 
throughput system will not reduce unit costs and may 
also bring operational problems caused by lack of 
redundancy. In addition, there is little flexibil
ity in the step-by-step adaptation of investment to 
cargo volume development. 

In the alternative concept, where the whole ter
minal capacity is split into two or more parallel 
modules, the investment risk can be reduced. 

Currently, this alternative appears to be signif
icant because the future development of the volume 
and the participation of intermodal tec hniques is 
still uncertain. For instance, the swap-body places 
different requirements on the terminal than COFC or 
the trailer on recess wagons. Also, the future par
ticipation of horizontal loading techniques is still 
uncertain. Therefore, the best design philosophy is 
to plan for maximum future flexibility. 
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At least one section of the loading tracks of a 
terminal should be suitable for vertical as well as 
horizontal loading , The configuration should also 
1.nable the employme nt of the more flexible mobile 
equipment of the front-, side-, or overhead-loader 
type. This would reduce initial investment cost at 
the starting phase of a terminal, 

The parallel employment of mobile equipment to 
the cranes increases flexibility in reacting to peak 
periods and impro ves terminal redund ancy. This con
cept has been appl ied successfully to terminals 
where the equipment can otherwise be employed in ad
ditional container services (long-time empty con
tainer storage and repair) • 

All of these different terminal design and opera
tional concepts can be tested and optimized with the 
help of simulation techniques. As pointed out ear-
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lier, the terminal cannot be treated as an isolated 
system. The railroad netwo rk operation must be 
closely coordinated with the t e rmi nal ope rations. 
Therefore, t he ma in direction of f u t u r e model devel
opment is to incorporate rail network slmulaLion 
into the terminal model described here. 

REFERENCES 

1. P. Boese. Optimum Intermodal Rail-Road Terminal 
Design. Proc., Transmode 82 Conference (Cargo 
Systems Publication Conference), Basel, Switzer
land, 1902. 

2. s. Howard. Inland Intermodal Terminals: Do 
Economies of Scale Really Exist? Cargo Systems, 
Dec. 1982. 

Gate Requirements for Intermodal Facilities 
GEORGE C. HATZITHEOOOROU 

lntermodal facilities require large capital and operating expenditures for 
their construction, maintenance, and operation. They also serve daily a 
large number of vehicles and containers that move in and out or through 
them. It is therefore imperative that an intermodal terminal operates 
optimally. For the purpose of this paper, optimal terminal operations 
imply least total cost operations; namely, that the sum of costs to the 
terminal operator and users is as low as possible. The optimization of the 
gate complex of a container terminal is considered. By using the queuing 
theory equation [p ~ (A/Sµ)] and other related equations and a computer 
program [where A is the arrival rate,µ is the service rate, and Sis the 
number of servers (lanes and corresponding booths)], tables have been 
written for various rates of arrival (A) and various S values for the security 
and for the main gate, respectively. These tables may be used as a quick 
way to find the required size of each gate as to the number of lanes and 
space required for waiting vehicles in designing new or altering existing 
container terminals. The marginal cost of adding (or subtracting) a lane is 
compared with the marginal benefit to the terminal and its users. When 
benefits exceed costs, then the lane is added (or subtracted). The optimum 
number of lanes is obtained for each gate sequentially, and thus the entire 
gate complex is optimized. An application of the methodology to an 
actual container terminal is also presented. 

The big changes that containerization has brought 
about require careful design for new intermodal ter
minals. Construction of intermodal facilities re
quires large capital expenditures. Large sums of 
money are also needed for their maintenance and 
operations. It is therefore imperative that an 
intermodal terminal operates optimally . For the 
purpose of this paper, optimal terminal operations 
imply least total cost operations: namely, that the 
sum of the costs to the terminal operator and users 
is as low as possible. 

Although the methodology presented here could be 
applied to any intermodal fac il i ty, it is assumed 
that the objective is to optimize the operation of a 
marine container terminal, hereinafter referred to 
as terminal. Such a terminal is an area of inter
face between land and water transportation modes 
and, for the purpose of its analysis and optimiza
tion, it can be considered as a system composed of 
the following three subsystems: 

1. The landside [the gate entrance complex and 
less-than-container-load (LCL) buildings, if any], 

2 , The waterside (wharf and cranes), and 

3. The container marshaling area, which can be 
considered as the link between the landside and the 
waterside. 

The number of containers that move through the 
terminal, and the number of land and waterbOrne ve
hicles that use it, are f actors that affect the 
operation of all three s ubsystems, as shown in Fig
ure 1. However, for the a nalysis of each subsystem, 
additional information and data are required that 
may o r may not be s ubsystem speci.fic . Due to lack 
of space , the optimization of the terminal gate com
plex is dealt with e xclusively . Throughout t he 
pa per , any point wi thin the t ermi nal where vehicles 
must stop for a trans ac tion [weighing , ve hicle in
s pe c tion s t ation (TIR), c ustoms inspection , sec urity 
check, and so on] shall be referred to as a gate. 

GATE COMPLEX 

One of the most important facilities in the landside 
of a modern terminal is the gate complex. Its ade
quacy and efficiency assure an uninterrupted flow of 
vehicles in and out of the terminal. It must be 
designed in such a manner so as to provide the opti
mum number of lanes needed at peak, or close to 
peak, hours of traffic through the terminal. .i,;ach 
lane must be reversible in direction in order to 
avoid overconstruction. 

The number of gates that a terminal consists of 
may vary from terminal to terminal. For example, a 
terminal that exclusively handles domestic cargo 
will not need a customs gate. For the purpose of 
illustrative simplicity, it is assumed that the com
plex consists of two gates only. 

This assumption is suppor t ed by operating prac
tices of most major terminals in the United States, 
which divide their entrance gate facilities (at 
least for the vehicles that enter the terminal 
carrying conta iners) i n to a security ga te and a main 
gate, as s hown in F i gur e 2. The security g a t e is 
located outside of t he terminal. It serve s t he pur
pose of checking the i dentifica tion of the driver 
and the vehicle to assure the legi timacy of their 
visit to the terminal. The main gate is located 




