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Land Use Constraints in Locating lntermodal Terminals 

RICHARD A. STALEY 

lntermodal fre ight terminals aro land intensive, in that each requires a substan· 
tial dedicated land area, and they are usually sited within urban areas. Somo 
are locationally constrained due to m~o dominance (o.g., a container port 
must be located at watorsido) . For those reasons, developers and users of new 
intermodal freight terminals may find themselves limited in their choice of lo· 
cations. Existi ng facil ities may also have limited opportunities for redevelop· 
mentor expansion or both . In addition to natural locational constraints on 
intermodal freight terminal site selection, there can also be a number of social 
or environmental constraints. Noise and around-the-clock operation are but 
two examples. Existing lntermodol terminal facilities are often only tolerated 
in urban areas, and the lend may be rozoned to a higher use by those who ad· 
vocate urban redevelopment. Thus, due to ponlblo zoning restrictions based 
on env ironmental or other similar const raints, developers and users ol lntor· 
modal freight terminals moy find their locational and opnrat lonal options 
severely limited, or exercisable only al drastically reduced levels of efficiency. 
Special land use :toning or urban fand development under tho joint-use concept 
ls recommended In order to assure user viability of now or expanded lntermodal 
freight facilltloi to serve all forms of goods transport . Community education 
and involvement may also be roqu ired to prevent unworra ntod restraints. 

Applied to freight transport, the term intermodal 
may have become one of the most used--and mis­
used--of terms. To a water carrier, intermodal 
means tra nsferr ing goods to o r from sh ips at dock­
s ide . To t he rail r oads , i ntermodal nor mally con­
notes piggybac k [tr ailer-on-flatcar (TOFCJJ, which 
i nvolves r ails a nd mot or t r ucks . 

The people who draft intermodal cargo container 
standards have adopted a broader definition of the 
te rm. They defi ne inter modal as " t he carriage o f 
goods by t wo o r more modes of transpor t " ( l ) . From 
t h i s, it would a ppear tha t i n t ermodal t ermi nals may 
be def i ned as l ocations where freigh t is transfer r ed 
between any t wo or mo ce freight modes, including 
airports, piggyback (TOFC) yards, pipeline termi­
nals, a nd sea, l a ke , and river ports . The freight 
modes that use s uch facil ities would be a ny appro­
p r i ate mi x of trucks , rail roads , s hips , barges, air­
craft, or pipelines. 

In real-world operations, some intermodal trans­
fer s are unl i ke l y (e . g ., pipeline to a ircraft) while 
othe rs a r e e nco un tered frequ ently (e . g., ships to 
trucks o r r a i l roads ). Boweve r, any t ransfer of 
fr e ight between t wo or more transport modes is in­
termodal, and where s uch a transfer occurs is, in 
fact, an intermodal t ermi nal. 

INTERMODAL FREIGHT TERMINAL REQUIREMENTS 

The requ i rements f o r v iable i n termoda l f r eigh t ter­
minals , in and of t hems e l ves , provide i ns i ght into 
why s uch f aci l i t ies may face locational or opera­
tional constrain ts . There f ore , it is essen tial that 
these requirements be categorized and classified. 
Some intermodal terminals are basically mode domi­
nant in that their location or function is deter­
mined primarily by a single transport mode. Ports 
fall within this category because their location is 
dictated by the presence of navigable water. To a 
lesser degree, the same may be said of airports, 
where the primary cons ideration is unencumbered 
space to ac commodate aircraft ope r ations . Pipeline 
terminals, t oo, r epresent a marginal form of a mode­
dominant facility. 

At the other extreme, trucking operations can ad­
just to nearly any locational environment. There­
fore, intermodal t ermi nals that involve truck i ng may 
be considered unconst r ained insofar as that mode is 
concerned. Occupying a middle ground, so to speak, 

are piggyback terminals operated by railroads. Al­
though these must b·e adjacent to rail trackage , some 
latitude can be p rov ided by construct i ng s pur or 
feeder trac ks tha t conne c t the te r mi nal to main rail 
lines. 

Regardless of the modes involved, intermodal ter­
minals, by their nature, are land intensive. This 
is to say that they require substantial dedicated 
land a r eas if t hey are to f unction efficiently . A 
1981 confere nce of t r anspor t ation s pec ial ists put 
t his succinctly i n noting t hat (~ , p . 48) " land 
ava ilabillty is a n i mpor t a nt prerequisite f o r the 
larger intermodal terminal complexes. Since land 
assembly can be difficult in large urban areas, it 
constitutes a major challenge in land use planning." 

Here, also, another vital aspect of intermodal 
freight terminals was brought into focus, which is 
that these fac ili t i es are nearly a l ways associated 
with an urban a r ea . This association can further 
complicate intermodal freight terminal require­
ments. All urban-goods movements have long been the 
subject of intensive study and analysis simply due 
to the added costs and congestion inhe r e nt in moving 
freight with i n a reas of h i g h traff ic de nsities. 

Earlier on, urban freight movement research had 
concentrated on such micro land use problems as 
loading zones and off-street parking. Model solu­
tions for these micro problems seem to now be well 
in hand (_~). In the process, the overall roles of 
the cities have likewise been examined and delin­
eated, and both their strengths and weaknesses have 
been noted (4). 

Regarding- single-mode freight terminal require­
ments, basically only those applicable to trucking 
have been addressed as they rela t e to locational 
needs within urban areas. However, the high level 
of trucking flexibil ity provi des considerable lati­
tude i n si t i ng f ac ilities (5). Initial i nvestiga­
tions have been attemp ted, whic h r elate trucki ng i n­
dust r y requ.irements to t hose o f o ther t r a.nsport 
modes in terms of i nte r modal t e rminals (~ , pp . 
46-47; 6), bu t t o date such efforts have lacked spe­
cific i nput f r om t he other f r eight modes . 

LOCATIONAL NEEDS AND PROBLEMS 

Empi rically , i n termodal f r eight t erminals may be 
characte r ized as (a ) requi ring relatively large 
t r ac ts of l and , a nd (b) being almost always located 
wi thin a n urban a r ea . Operating from t hese basic 
assumptions, the 1981 Engineering Foundation Confer­
ence on Goods Transportation in Urban Areas (GTUA) 
raised five questions t hat the c onfe r ees considered 
germane to the problems of intermodal terminal loca­
tion <1• pp. 43 - 44) : 

l. Does the quantity and quality of freight 
movement availability influence land use in urban 
areas? If so, can transportation planners help 
desired land use patterns? Are certain modes of 
goods movement preferred for special types of 
land use or site de velo pme n t? ooes lack of spe­
cific quality of goods transpor tation inhibit ur­
ban land use or economic development? 

2. Can effi cien t freight operations, especi­
ally terminal ope r ations, be ca r ried on without 
significant adverse economic, environmental, or 
land use impacts ? Where such impact s exist, do 
they vary significantly between diffe rent modes 
of transportation? 
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3. What can be done with land now considered 
unproductive because of obsolete or underutilized 
freight transpor tation facilities? 

4. Are there certain transportation activi­
ties which are potentially so harmful to the ur­
ban environment or to society (e.g., hazardous 
material wastes, coal terminals) that they re­
quire protected areas? 

5. How can goods movement requirements be in­
corporated into an overall urban land use plan in 
both the long and the short range? 

These concer'ns vis a vis freight terminals and 
land use are by no means a new issue nor one unique 
onl.y to the 1981 GTUA conference. Eight years ear­
l ier, in 1973, a similar conference produced a probe 
group report on the social, environmental, economic, 
land use, a·nd technical problems in this area (.!!>. 
Specific motor carrier terminals had been the sub­
ject of a 1976 FHWA study concerned with ameliorat­
ing neighborhood impacts and that also considered 
buffers (against) noise <!>· Nor were the more re­
cent concerns merely a repetition of earlier tind­
ings. Participants in the 1981 GTUA conference re­
ceived status reports dealing with such probl·ems as 
the redeveJ.opment of 4, 000 acres of underused multi­
modal terminal s ites in St. Louis . Fur ther, they 
received detailed information conce.rning communl ty 
disruptions being caused by new and expanded inter­
modal coal ·terminals. Some specifics here included 
severance of community services, emergency vehicle 
delay, and lowered community growth and vitality 
(10). 

LAND USE CONSTRAINTS 

Clearly, a case was being made (at the 1981 GTUA 
conference) for recognizing the special and unique 
nature of intermodal freight terminals insofar as 
land use is concerned. Just as clearly, there was a 
realization by the attendees that this unique nature 
exposes such facilities to one or more land use con­
straints. Such constraints can be categorized as 
locational, operational, and environmental. 

Locational Constraints 

Locational constraints may take the form of denied 
zoning or of restricted-use zoning that could limit 
intermodal facilities to specific areas or even to 
specific locations. Here, one would hope that en­
lightened planning and unbiased appraisal would per­
mit the placement of inte.rmodal terminals at loca­
tions viable for both users and developer-owners. 
However, in real-world terms, this may be more than 
can be reasonably expected. Int e r modal freight ter­
minals are land intensive, and there is competition 
for sizable land parcels in virtually all urban 
areas. 

As examples, major modern airports seldom occupy 
less than 1,000 acres of land, Seaports can easily 
use an equal amount of landside area, with container 
terminals being particularly land intensive in this 
regard. Rail piggyback terminals can require up to 
several hundred acres for full operational control 
and on-site vehicle storage. Even the single-mode 
motor carrier terminal--if it is a major break-bulk 
facility--may occupy 80 or more acres of land. In 
virtually all i ns tances, as noted earlier, these 
large land parcels are within or immediately adja­
cent to an urban a.rea, where conventional wisdom in­
dicates that land is at a premium. 

To return to a point made in the opening section 
of this paper, overall locational constraints may be 
dictated by the mode or modes of transport being 
served. That is to say, a seaport cannot be sepa­
rated from water nor can an airport be reasonably 
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located on hilly terrain. Here t he l ine between lo­
cational and operational constraints becomes, of 
necessity, blurred. 

An example of locational constraints may be found 
at the Potomac intermodal rail terminal in Arling­
ton, Virginia, which is immedia.tely adjacent to 
Washington, o.c. This long- used site is literally 
locked in on all four sides by highways and recent 
commercial developments. Short of complete demoli­
tion and reconstruction, improvements are virtually 
impossible; in any event, expansion is impossible. 
The site is also viewed as a prime candidate for 
high-type commercial redevelopment by local real es­
tate agents and government land use planners. 

Operational Constraints 

Operational constraints may be characterized as 
those constraints on intermodal terminal facility 
sites that are dictated by the day-to-day require­
ments for economic viability. Ease of access, eco­
nomic siting, and proximity to markets are prime ex­
cunples. A ~pecific exilmple could be the new inter­
modal freight facil.ity at Long Beach, California 
(1:!). There, an integrated termi nal at portside 
will permit rapid intermodal freight transfer, which 
previously r equi red a n i ne£ficient bridging leg be­
tween .Long Beach and Los Angeles. 

Accessibility can be one of the most serious op­
erational constraints at many intermodal terminals 
(6). It is essential that goods moving intermodally 
be able to flow freely both into and out of a modal 
transfer area. Thus, a piggyback terminal located 
in a congested urban area provides less-than-optimum 
accommodation for the trucks that deliver and pick 
up trailers. Similarly, airports with restricted 
commercial vehicle access (which is not uncommon) 
cannot offer a land and air interface with minimum 
delays. 

In economic terms, siting an intermodal facility 
in an area of high land values, in a high tax loca­
tion, or in an area subject to such adverse condi­
tions as flooding or fog can impose operational con­
straints of a different type. Because intermodal 
terminals are land intensive, developers and opera­
tors want to minimize both acquisition and operating 
costs. Further, use of irregular terrain involves 
excessive site preparation costs or maintenance or 
both. It must also be recognized that limited ac­
cessibility (as discussed above) will have an ad­
verse economic impact on the operation of an inter­
modal terminal in terms Of time, fuel consumption, 
and the like. 

Two current examples of operationally constrained 
intermodal facilities are the Delaware Avenue docks 
in Philadelphia and Dulles International Airport, 
which is some 20 miles outside of Washington, D.C., 
in Virginia. At the Philadelphia facility, trucks, 
railroads, and ships all vie for limited dockside 
space and even more limited access. Predictably, it 
has difficulty attracting business. At Washington's 
Dulles Airport , commercial vehicles are currently 
ba.rred from all direct access routes and literally 
must use back roads. Again, predictably, most air 
freight movements are being diverted to the more ac­
cessible Baltimore-Washington International Airport 
some 60 miles to the east. 

Market proximity in an urban area is sometimes 
looked on as being relative over time. For example, 
there is an observable continual shift in business 
and commercial patterns within urban areas. Indus­
tries move farther from city centers over time, 
while new satellite communities may develop in some­
what unpredictable locat.ions. Redevelopment of 
older areas can sometimes arrest, or even reverse, 
these movements. 
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Again, conventional wisdom based on experience 
indicates that intermodal terminals be located so as 
to provide both proximity to current markets and a 
best estimate of future markets. In terms of high­
way links, proximity based on minimum transit times, 
rather than minimum mileage, has been found to re­
sult in the best overall facility siting. In this 
instance, advantage may be taken of major highway 
arteries. 

This approach is not necessarily applicable to 
all intermodal facilities, however, due to the loca­
tional constraints noted earlier. Thus, a compro­
mise may be required in which all factors are 
weighed, i.e. , mode-specific needs, land availabil­
ity , access, costs, and market proximity. Although 
such an approach can never yield an ideal solution, 
if properly done it can provide for a best available 
location. 

Environmental Constraints 

Environmental constraints on intermodal freight ter­
minals could take a number of forms . Elours of oper­
ation might be specified, as may the maximum per­
mitted noise levels. A major facility might be 
classified as a point source, which requires an en­
vironmental impact analysis of the air pollution 
that would be generated. Because the very term en­
vironmental impact carries such a wide range of con­
notations, it is most difficult to predict or evalu­
ate all of the aspects of an intermodal freight 
terminal operation that might be affected. 

However, it is apparent that any t ime-of-day or 
day-of-week constraints on the operations of such 
terminals would severely inhibit both efficiency and 
productivity. Today, many modal as well as inter­
modal freight terminal facilities operate literally 
around-the-clock. Time restraints would result in 
unacceptable back-ups or an uneconomically large 
facility in order to provide required capacity based 
on limited operat ing hours. 

Already some major airports have limited their 
operating hours due to env ironmentally gene rated 
noise constraints (no night flights) • These air­
ports can exhibit such (expected) problems as under­
use and artificial volume peaks. National Airport 
in Washi ngton, D.C., is a prime example. This heav­
ily used facility bans conunercial flights from 10: 30 
p.m. to 7:00 a.m.--the most preferred times for air 
freight. Flight patterns and noise-abatement proce­
dures are also enforced, as are maximum noise levels. 

Environmental constraints based on noise or on 
visual intrusion from high-intensity yard lights 
could affect all types of intermodal freight termi­
nals at one time or another. Trucks entering and 
exiting , aircraft, shift-side cranes, and rail oars 
being shunted are all phenomena that can and do oc­
cur in intermodal operations. 

NEW TERMINALS VERSUS REJUVENATED FACILITIES 

All of the above requirements and constraints can 
come into play when a decision must be made regard­
ing continued use of an existing intermodal freight 
terminal versus construction of a new facility. 
Questions to be addressed are, Can the present ter­
minal be expanded, modernized, or otherwise made 
more efficient? and Is there a better intermodal 
terminal location available? 

Users have sometimes discovered that land devel­
opers, community redevelopment groups, and even the 
general citizenry are eagerly awaiting the time when 
an existing facility becomes outmoded. Their goal 
is to rezone the land such a facility occupies to 
what is sometimes referred to as a higher use, but 
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which in reality may represent a device for removing 
what is cons idered to be a local eyesore. 

At the same time, terminal developers and users 
may find that their alternatives are severely lim­
ited. Land parcels of sufficient size to support 
new, relocated, intermodal operations may be unac­
ceptable from an operational standpoint, or the 
costs involved in purchasing and preparing the site 
may make the proposed location uneconomic. zoning 
restrictions, access limitations, and all of the 
other factors that must be considered when siting a 
new facility may militate against the establishment 
of a new intermodal terminal. Even the expansion of 
existing facilities could be affected by all or some 
of these constraints. 

SOLVING THE CONSTRAINT PROBLEMS 

The problems described above are neither new to the 
intermodal terminal planner nor are they necessarily 
insoluble. Transportation requirements and land use 
planning need not be an adversary procedure as, for 
example, has been demonstrated in Maryland (~. 

In addressing tile overall problem of freight ter­
mi nals within generally urban areas--and , as noted, 
such terminals are primarily urban-area oriented-­
the 1981 GTUA conference attempted to place the 
issue in perspective with a series of recommenda­
tions. The conference report recommended •use (or 
reuse when currently deteriorated) of parcels of 
transportation-oriented land within the inner urban 
areas, in such a way as to improve u.rban goods 
flows, reduce overall transportation requirements, 
and generally enhance the economic viability of the 
region" (7, p. 44). 

The same conference went on to make other, more 
specific, recommendations. These included, "where 
necessary zoning ordinances should be modified to 
include freight terminals specifically as a pre­
ferred land use in the most appropriate locations" 
12.r pp. 45 and 49), and that there should be a "mas­
ter gu ide to terminal location and zoning" (13). 
Other groups, too, are examining the interrelations 
between land use and transportation. A recent re­
port from TRB (14) explored the implications and op­
portunities associated with joint development under 
the land use concepts. 

CONCLUSIONS AND RECOMMENDATIONS 

Developers and operators of intermodal freight ter­
minals must be prepared to recognize that such fa­
cilities are not uni var sally accepted as ideal land 
users. Communities and community groups may view 
these termin.als as being undesirable neighbors, with 
possible reactions ranging from tolerance all the 
way to militant opposition. 

As intermodal terminals are redeveloped, con­
structed, or expanded, it is probably inevitable 
that the developers and users will encounter con­
straints that may render their operations less-than­
optimally efficient. Such constraints could, con­
ceivably , liter·ally result in evicting an intermodal 
terminal from its existing site. More probable 
would be environmental restrictions on operations 
that could at least pat"tly incapacitate a terminal 
by limiting hours of use, access, on-site storage, 
and so on. Presence of hazardous cargoes at an in­
termodal terminal could only exacerbate possible 
constraint scenarios . 

Following recommendations that emerged from the 
deliberations of the l98l GTOA conference , inter­
modal freight terminal designers shou ld be prepared 
to present convincing arguments in favor of special­
use zoning that would recognize the requirements of 
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such facilities, and the limited viable available 
alternatives. 

Further, they must be prepare~ to justify such 
zoning through any available appeal processes, such 
as rnobilizing, when necessary, business, industry, 
and civic leaders in order that the community as a 
whole may be made aware of the need for intermodal 
facilities. Emphasis should focus on teduced over­
all transport costs, energy conservation, reduced 
congestion, increased employment, and, most impor­
tant, a more efficient and less publicly intrusive 
transport network. 
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Development: A Historical 
use and Transportation, TRB, 

Rail and Water Terminal Interface 

PHILLIP RADZIKOWSKI 

A discussion of how tho growth of brldgo traffic end today" compotitive indus­
trial onvlronmont have forced chongu In marine lntormodal terminal design 
tre·nds is presented. The objectlvo of the changes Is to improve productivity of 
both the torminnl operation end tho transportation system In which the terminal 
particlpnte1. Specific examples and case studio$ of productivity improvements 
in tormlnnls end in transferring container! to and from the marine termlhal and 
the railroad are piesantad. 

The marine terminal is an increasingly important 
partner in a more complex, competitive, and inte­
grated world transportation network. Competition 
among terminals for local traffic has spurred design 
changes to improve productivity and lower the costs 
of container mol.'es. Also significant are design 
changes in response to the requirements for termi­
nals to interact more efficiently with railroads; 
therefore, the overall productivity of intermodal 
transportation networks is raised. This requirement 
results from the growth of bridging, which is a rel­
ativeJ.y new segment of the transportation industry. 
Bridging involv·es the use of both rail and ship for 
transporting containers moving under a combined bill 
of lading. 

There are different types of bridges. A land 
bridge involves moving containers from port to port 
by rail. For example, a shipment from Japan to 
France would be off-loaded at a U.S. west C!oast 
port, shipped by train to the East Coast, a.nd then 

loaded onto a vessel to complete the journey to Eu­
rope aero s the Atlantic Ocean. Also, combined 
bills of lading are used increasingly to ship con­
tainers from a port by rail to inland destina­
tions--a microbr idge. A minibridge is for when a 
container is unloaded at one port, shipped by rail 
over a high-volume route to another port, and then 
shipped from this second port by rail (Or truck} to 
its final destination. 

Si nee 1972, bridging has been one of the fast­
est-growing segments of the transportation indus­
try. It was made possible by the ma tu ring of the 
marine container freight transportation system that 
began about the same time. Figure l shows that the 
level of U.S. import minibridge traffic has grown 
from approximately 0.7 million long tons per year in 
1976 to 1.1 million long tons per year in 19Sl. 
(Note: Traffic data in this paper are based on im­
port minibridge movements because of data availabil­
ity. Although indicative of trends, actual growth 
rates Of total bridge traffic may vary.) This 
growth rate of approximately 10 percent/year is sub­
stantially higher than the annual growth rates of 5 
percent or less for all waterborne and rail traffic 
during the same period. 

The growth in bridge traffic is due to the rela­
tive economic advantage of using railroads to trans­
port containers from the first landfall port to in­
land points rather than using all water routes. 
'rhis i<> true even when the hin er1 an rl destinat ·on is 
another port on the other side of the North American 
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continent. Bridging results in shorter overall dis­
tances and transit times and allows shippers to take 
advantage of generally lower rail transportation 
rates. It al.so increases the number of round-trip 
voyages that a container vessel can make. 

Capturing an increasing share of bridge traffic 
offers an important growth opportunity for the water 
carrier, port, and railroad networks, which offer 
the lowest-cost bridging chain. The chain that 
flows from Europe through Gulf Coast ports to Cali-

Figure 1. Import minibridge movements in the United States. 
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Figure 2. Minibridge movements from Europe to the West Coast. 
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Figure 3. Far East import minibridge movements. 1100 
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fornia has diverted traffic from East Coast ports 
and has increased the Gulf• s share of California­
bound shipments from Europe from 35 to 80 percent 
since 1976 (see Figure 2). 

Another example of a successful bridging chain is 
that of the Ports of Los Angeles and Long Beach. As 
shown in Figure 3, these two ports have increased 
their share of minibr idge imports from the Far East 
from 55 percent in 1976 to 65 percent in 1981. 

Container terminals are working to improve the 
productivity of their operations and to integrate 
those terminals that operate more efficiently with 
those of their transportation partners in order to 
capture a greater share of bridge traffic and im­
prove their overall efficiency in these times of in­
tense competition. Such improvements in container 
terminal operations aid both bridging and local con­
tainer movements. 

Although there are many opportunities to enhance 
overall efficiency, two of the most significant 
means of reducing terminal costs of moving con­
tainers are in the transfer of containers to rail 
sidings (rail interface) and the discharge and load­
ing of vessels (water interface) • 

RAIL TERMINAL INTERACTION 

In most ports, containers for bridge movements are 
transferred from the marine terminal to an inland 
terminal because, traditionally, rail terminals have 
not be.en located at sites adjacent to ports. For 
import containers, this requires discharging the 
containers from a ship and storing them on a chassis 
for a brief period of time. They ar:e then moved 
(drayed) on chassis to the railroad siding and 
stored or loaded on a flatcar. Because of short 
storage time and rapid transfer rates, storing the 
container on a chassis ln the marine yard is prefer­
able to stacking. However, the process does require 
up to two sets of container moves, which cost ap­
proximately $30 each, and incurs a drayage cost of 
$100-$150/move. There are also other costs in­
volved, e.g., the use of a chassis for transferring 
the container and rapid high-volume block container 
movements. 

In these competitive times, it is no longer fea­
sible to have a water carrier pay up to $200/con­
tainer to link up to the railroad. This is espe­
cially true because the rail segment of tbe trip 
might cost only $900 (West Coast to Chicago) or 
$1200 (West Coast to East Coast) . An entire move-

1978 1979 1980 
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ment from the Far East might bring in only $2,000-
$2,500 in revenue--and revenue levels are softening. 

The long-term trend in high-volume bridging ap­
plications will be for the rail loading to occur at 
the marine terminal. Direct transfer of containers 
from the vessel to railcars is also possible. In 
high-volume applications, the terminal interacts 
directly with the railroad and not with an interme­
diary that adds cost, but no value, to the system. 
This integrated approach, however, is probably not 
feasible in low-volume bridging applications because 
of complexities in operating trains for a relatively 
small number of container moves and the cost of ex­
tending rail spurs to the port. To date, however, 
this integration concept is not widely accepted by 
the U.S . railroad industry. 

Although no organization (as of yet) has made a 
commitment to completely integrate rail and marine 
terminal operations because of constraining techno­
logical and institutional factors, some companies 
are trying to integrate rail and water operations by 
reducing the distance between the respective termi­
nals. These include the Ports of Los Angeles and 
Long Beach, New York City, and Sea Land. 

Ports of Los Angeles and Long Beach 

The Los Angeles and Long Beach port complex is ser ­
viced by three railroads: Southern Pacific; Atchin­
son, Topeka, and Santa Fe: and Union Pacific . These 
railroads have rail transfer facilities, located be­
tween 22 and 28 miles from the port complex, that 
serve both marine containers and domestic piggyback 
trailers. During periods of low traffic density, 
one-way road time between the ports and the rail 
yards averages about 90 min. During periods of peak 
traffic, the transfer takes much longer. 

To reduce the cost of transporting bridqe con­
tainers through the Ports of Los Angeles and Long 
Beach, the respective port authorities have agreed 
to jointly construct a new railroad yard for the 
railroads at a site approximately 2.5 miles from 
each port complex. This was determined to be more 
feasible than constructing two smaller rail yards at 
each port. The proposed facility is expected to be 
developed in four phases . At its projected comple­
tion in the year 2000, it will cost approximately 
$130 million. Th~ facility is expected to increase 
the amount of bridge traffic carried through Los 
Angeles and Long Beach by reducing the cost to ship 
via these ports . So far, however, only Southern 
Pacific has expressed its willingness to use the new 
integrated facility. 

New York Clty 

New York City has captured only a small share of the 
container traffic that enters and leaves the Port of 
New 'lor·k. This is partly because the city does not 
have as good a rail connection as do the facilities 
on the New Jersey side at Port Newark/Elizabeth. 
Only 2 percent of the water.borne container cargo i:i 
transferred to rail i n New York City compared with 
15 percent in Port Newark/Elizabeth. The city is 
attempting to improve railroad service to its ports 
by revitalizing its railroad car float industry. 
Reconstruction of a rail yard in Owls Head is under 
way to support railroad-based industries in Brook­
lyn. In another effort, the city is attempting to 
br ing waterbOrne traffic back to the faciiities 
located in New York City by developing a mode.rn ter­
minal in south Brooklyn. It has identified a rail 
link as an important lngredient to a successful ter­
minal in south Rrooklyn and is emphasizing the 
avai lability of the nearby Owls Head terminal in its 
planning efforts. 

Transportation Research Record 907 

Sea Land at Tacoma 

Sea Land Service recently announced its intention to 
relocate its port facili ty from the Port of Seattle 
to the Port of Tacoma . When t he move occurs, the 
Por t of Tacoma will increase its ranking from the 
fiftieth largest to the eighth largest container 
port in the country. There are many reasons for the 
move, one of them being the availability of a rail 
siding at the new terminal. Sea Land currently 
drays its containers in the ·port of Seattle to a·nd 
.f.rom its marine terminal--a distance of 30 miles. 
The company feels strongly enough about the impor­
tance of raiLcoad access that it will not only bear 
the costs of moving to a new facility, but it will 
also i ncur addi tional ocean costs as its vessels 
will have to travel an additional half-day to reach 
the new terminal. 

DISCHARGING AND LOADING VESSELS 

An increase in crane productivity is currently one 
of tile greatest leverage points in rais ng 011erall 
marine intermodal terminal productivity for vessel 
operc1tuu1. rmproved crone productivity reducei; the 
port tlme of vessels calli ng at the term·inal, and it 
lower s vessel costs by allowing oparators to mak 
more voyages per year . In addition , inc reased crane 
productivity allows the high overhead cost of cranes 
and berths to be spread over more container moves, 
thereby reducing costs. 

Incceasing the productivity at t.he berth aids in 
increasing overall transportation system efficiency 
and therefore promotes an increase in bridge tcaf fic 
to those systems that pass through the terminal. In 
addition, increased productivity provides the un­
loading capacity needed to handle large blocks of 
con-tainer movements expeditiously. 

The key to improving vessel discha~ge and loading 
is not increasing the speed of the crane motions or 
developing a new series of crane motions, but rather 
it is eliminating the constraints to higher produc­
tion rates that are lnberent in today• s stevedoring 
operations. Meaningful resuits are being achieved by 

1. Reducing the number of unproductive moves, 
2. Reducing crane waiting time, 
3. Decreasing crane cycle times, 
4. Automating crane functions, and 
5. Installing diagnostic computer systems. 

Unproductive crane moves occur when containers 
are relocated within the vessel during port opera­
tions. some unproductive (or redundan t ) moves are 
unavoidable; e .g., when containers are loaded with 
refrigerated or hazardous commodities, they must be 
placed above deck before reaching their destina­
tion . Some redundant moves can be eliminated by us­
ing computer-aided stowage techniques. These tech­
niques expedite stevedoring planning by developing 
stowage plans that optimize vessel trimming (to 
reduce vessel operating costs) and by satisfying 
other loading criteria (e.g., port destination se­
quencing and hazardous commodity stowage). 

Even the most productive terminal operation has 
idle cranes when there are containers to move. This 
can often account for as much as 15 percent of the 
working time of the cranes and results when the 
coupling of the stevedoring tractocs, the crane, and 
the ship is out of synchronization. TO prevent yard 
operations from slowing down crane operations, crane 
buffers are being employed, notably in the Matson 
system and by ECT in Rotterdam. The buffer device 
(Figure 4) provides a place for deposit i ng off­
loaded containers and supplying containers to be un­
loaded. 
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Figura 4. Schematic diagram of crane buffer. 

Figura 5. Possible future intermodal terminal. 

Productivity is also improved by reducing the 
time used to locate spreader bars over containers 
and containers over chassis in order to decrease 
crane cycle times. "Dancing• motions can take 10 
sec or more in a single crane cycle of 90-175 sec 
and are caused by the pendulum effect of the dan­
g ling spreader bar. Land side contai.ner guides and 
antisway cables reduce these unpr·oductive hunting 
motions. 

Container guides have been pioneered by ECT in 
Rotterdam and consist of movable guides at the road­
way level underneath the crane. These guides elimi­
nate the dancing by providing lateral support at the 
lower end of the pendulum. Another approach (avail­
able through Paceco, Kocks, and others as an option 
on their cranes) is employing antisway systems t hat 
reduce pendulum swings underneath the crane both on 
the landside segment of the cycle and on the ship­
s ide segment. 

Semiautomatic crane functions also improve the 
discharge and loading of vessels by mak i ng produc­
tion uniform. In a system developed for the Port of 
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Los Angeles, the crane operator programs a micro­
processor by going through one cycle of crane 
motions manually. The hoisting, lowering, and trol­
ley travel of subsequent cycles are then directed by 
the computer for the remainder of the lifts at the 
hatch being worked. 

In another approach, the Port of Seattle has pro­
vided computer diagnostic capabilities on its 
cranes. The computer monitors cr i tical parameters 
such as tempera t ure, current draws, and voltage 
drops to identify components that might fail. This 
warning system allows the component to be replaced 
before a breakdown during operation occurs, thus im­
proving productivity by reducing equipment unavail­
ability during critical periods. 

These and other approaches that enhance crane 
production result in cranes achieving a production 
level of 40 moves/hr or greater. 

LONG-TERM VIEW 

over the next 15 to 20 years, terminal systems will 
evolve in response to industry demands for increased 
terminal productivity and more effective integration 
with street and rail vehicles. The terminal systems 
of the future (such as the Paceco Speed-tainer sys­
tem shown in Fi gure 5) will depart radically from 
those we see today. Technology will be used to the 
fullest extent possible as a vehicle for generating 
a large number of these changes. The termina l of 
the future will be more complex and more capital in­
tensive, but it will also achieve higher levels of 
production and lower throughput costs. 

In many respects, the modern container terminal 
may evolve in the same way as the modern bulk termi­
nal of today~a sophisticated, high-volume, low­
throughput-cost marine process plant that is fully 
integrated with its supporting railroad system. 

Furthermore, the superior economies (but high re­
quired throughput levels) of these next-generation 
systems will combine with the possible emergence of 
2,000 forty-foot equivalent unit (FEU) class vessels 
and a more rational regulatory environment to create 
a network of high throughput ports. Because the 
total volume of U.S. import and export traffic over 
the next decade probably will not grow substanti­
ally, the emergence of these ports will have to 
develop from a centralizing process. The innovative 
6 to 12 ports that have access to the required rail 
networks and make the investment in technology will 
emerge as the future container load centers of the 
United States. 

Notice: Tile Transportation Research Beard does not endorse products or 
111a1111fact11rers. Trade a11d ma11ufact11rets ' names appear in tills paper be­
cause they are considered essential to its object. 
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Analysis and Comparison of Rail and Road Intermodal 

Freight Terminals that Employ Different 

Handling Techniques 

ERWIN HEJJ 

Tho purpose of this paper is to dotermlno tho poHlblo advantages for roil and 
road lntermodal freight torminals of eight different handling techniques by 
comparing them with transfer by gantry crane. Design concepu wore drown 
u11 for each technique for throe typiC'll terminal tizos that were d11$ignod for 
the forecaS"t vofumo of lntermodol freight in Wott Germany in 1990. Fune· 
tional capability ond con wore the basoJ for comparison. The terminals woro 
abo vlowod within the context of the West German t renaport system os o whole. 
Although all of the techniques studied wore found to copo with the peak-hour 
work load, there oro mojor difforencei In terms of capital outlay and funo:tlonal 
propertle$. Tho coslJ ur terminals with handling tochnlquos that Involve little 
or no vertlc.il movement arc significantly higher then 1hc at.hors. None of the 
new techniques off ors any advantages over the gantry crane. Tho u·nit handling 
co1U of lerlJI! terminals are not lower than those of mcdium-siiod termlnuls. 
Tho handling costs in terminals are Inferior to tho total cost of in.land inter· 
modal freight transport. Based 011 capacity assumpticms m11de for tha typical 
terminals considered in this t tudy, the optimum number of terminnls for West 
Germany is 50 in terms of the total cost of the intermodal freight transport 
system. 

Intermodal freight transport varies markedly from 
one country to the next. This is due, among other 
things, to di ffering statutory regula tions, dis­
tances that have to be covered, and admissible di­
mensions and weights. These differences are partic­
ularly pronounced between the United States and Eu­
rope. Thus, only limited transfer of e xperience and 
know-how is possible. 

A welcome exception is the international stan­
dardization of shipping container sizes, which has 
led to the establishment of uniform container han­
dling techniques throughout the world. For inland 
freight traffic, however, transport units are still 
being used for which there are, at most, only na­
tional standards. [It suff ices here to ment ion the 
swap bodies widely used in west Germany and the 
trailers-on-flatcars (TOFCs) used in the United 
States.] Terminals in the United States have to 
perform different tasks than do terminals in west 
Germany and are accordingly designed and equipped 
differently. 

Despite the differences from country to counti::y, 
the publication of major findings in one country can 
be useful to other countries. This is the case for 
the study of intermodal transport in West Germany 
carried out over the past few years by the Krupp Re­
search Institute foi:: the Federal Minister for Trans­
port <!>· The or ig inal aim of this study was to es­
tablish whether handling techniques that deviate 
from the conventional use of gantry cranes offered 
any advantages. The study was not restricted to 
freight terminals but covered the entire west German 
intermodal transport system, including rail trans­
port and road haulage to and from the terminals. 
This was necessary beca use an isolated study of han­
dling techniques or terminals could have produced 
misleading results. 

Studies of various handling and transportation 
techniques for inland intermodal fre ight have also 
been undertaken in other countries, e.g., the united 
States (2,3) and the United Kingdom (4). It was not 
possible - t"O include their results in -this paper be­
cause both their objectives and terms of reference 
were different. The procedure employed in and the 

results gained from this study are, however, worthy 
of note because they are in part unique and in part 
generally applicable. They could thus provide food 
for thought in other countries. 

HANDLING TECHNIQUES STUDIED 

In all , nine handling techn.iques were included in 
the study. Eight of them were either selected from 
previous studies as being promising or were put for­
ward at the beginning of the study (in 1978). The 
n inth technique, which furni s hed t he basis for com­
parison, was transfer by rail-mounted gantry cranes 
such as that applied by Deutsche Bundesbahn in its 
freight terminals. 

The handling techniques studied can be divided 
into three main groups. Classified into the first 
group are those techniques in which handling in­
volves pronounced vertical movemen of the load 
units. One example is transfer by gantry crane. 
This group is therefore des igna ted vertical han­
dling. The four members of this group are as fol­
lows: 

1. System DB: In this system, gantry cranes 
straddle the tracks, road-vehicle lanes, and storage 
areas (see Figure l). Transfer is by spreade r for 
container s or grappler arms for swap bodies or semi­
trailers. (Note that system DB is used as the basis 
for compar ison with the other systems .) 

2. system DA: This is a rail-mounted gantry 
crane (see Figure 2). It differs from system DB in 
that it features an L-shaped lifting attachment that 
is capable of operating under overhead wires. How­
ever, this imposes restrictions on the layout of the 
terminal. 

3. System AC: This system is for loading and 
unloading rail vehicles by using a special-purpose 
gantry crane that can operate underneath overhead 
wires (see Figure 3). It can handle intermediate 
storage of load units, and there is an additional 
rail-mounted gantry crane for subsequent loading 
onto road vehicles and also into storage. 

4. System SF: This system is similar to system 
AC; the difference being that the gantry crane can 
serve a very large storage area so that the load 
units do not need to be stacked (see Figure 4) . 

The second group comprises the three following 
handling techniques, which entail little or no ver­
tical movement and in which horizontal movement is 
predominant. This group is therefore called hori­
zontal handling. One example of this technique--al­
though it was not included in this study because of 
its impracticability i n Europe (insufficient loading 
gage)--is the transport of TOFCs with road vehicles 
driving onto and off of rail vehicles. The horizon­
tal handling systems are described below: 

1. System R: Vehicles and r amps are fitted with 
powered roller conveyors (Figure 5) for the s imul­
taneous tcansfer of al.I. .l.oad unit:s to the 111: l1:1 hbor­
ing lane. In addition, the gantry crane serves the 
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Figure 1. System DB handling technique. 

Figure 2. System DA handling technique. 

Figure 3. System AC handling technique. 

Figure 4. System SF handling technique. 

Figure 5. System R handling technique. 
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storage yard and is used for transfers to road vehi­
cles. 

2. System H: This system includes rail-mounted 
transfer equipment that picks up the load units from 
the neighboring track by lifting from below and sub­
seque ntly loads onto road veh icles in the neighbor­
ing lane or vice versa (see Fi g ure 6). To facili­
tate p ickups , l oad units are i n a r aised position. 

3. System W: •rhe load units are swap bod ies, 
which are unloaded from the road vehicle and posi­
tioned a bove t he track so t hat t he rail ve h i c le can 
move underneath and take the load (see Figure 7). 

The third group is made up of two techniques that 
cannot be classified as clearly belonging to either 
of the other two g r oups: 

1. System SH: This is a combination of handling 
equipment and high bay racks for the load units (see 
Figure 8). 

2 . System LS: Th is system is similar t o system 
H, with t he differenc e being t hat the tr:ansfer 
e q u i pment grabs t he load units at t he top a nd can 
a lso put them down at gro und l evel (see Fig ure 9 ) • 

TERMINAL ASSUMPTIONS 

A c omparison can o nly be objective if underlying 
conditions are unifo r m. Toward t h is end, the tasks 
and capac ities of typical termi nals were exac tly de­
fi ned in this s t udy. The terminals were designed to 
accommodate the various techniqi.Jes , and it was as­
s umed that all t he terminals would have to be built 
from scratch . The c omparison was then made o n the 
basis of a fu nctional a nd a c ost a na l ysis . 

I n line with conditions pr evailing i n West Ger­
ma ny , three capacity classes for te r minals we r e en­
tered. These were defined as the number o f load 
uni t s t hat arrive a t t he terminal monthly by ra il 
vehic les . On the basis of the forecas t (5 ) t hat by 
1990 a total of 23 million t onnes o f goods will be 
t r a nsported by combined modes , 500 , 3 , 000 , a nd 
10, 00 0 load units per mon th were set as the capaci­
ties o f the s mall, med ium, and large terminals , r e ­
spec tively (sizes A, B, and CJ . Daily density , 

Figure 6. System H handling technique. 

Figure 7. System W handling technique. 
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Figure 8. System SH handling technique. 

Figure 9. System LS handling technique. 

peak-hour and peak-day work load, and the respective 
volumes of freight carried by container or swap body 
and semitrailers were projected for 1990 on the 
basis of data from current terminals. 

Freight terminals, particularly those of high 
capacity, require a lot of space and involve consid­
er<Jble expense. As Pigure 10 shows for the large 
system DB terminal, seven gantry cranes are required 
over two 9roups of track. Efficient use of equip­
ment will keep costs, and possibly the amount of 
equipment needed, low. 

SIMULATION USED FOR COMPARISONS 

To examine efficiency and to determine the space and 
equipment requirements, the peak hour is usually 
considered. By determining equipment capacity use 
during the peak hour, a good reference value is ob­
tained. Although this enables major errors in di­
mensioning to be recognized, the realist'ic examina­
tion of terminal concepts is only possible by compu­
tational simulation. A complex Simulation program 
was therefore developed to look into all operations 
within the terminal, and this has proved an effec­
tive tool for analysis. Its structure and some of 
the results achieved are mentioned here because of 
thei r genera l mportance. 

A total of 12 origin-to-destination connections 
are possible in transfer operations between rail and 
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Figure 10. Layout of intermodal freight terminal size C, system DB. 

System DB/C 

Figure 11. Peak time capacity use. 

- - ------· ---------111111-=o---I u 
0.. 

~----~---------lillll--•111-.... ...-1 
c 100--­
.!! 

] 
~ 
c • 

-

·-
~ 50 -t--ll!l!IHllll--l!!!i._-D 
-~ 

II'" 
w 

-
A B c 

ii. -- - --
·-

E 
-

- -
-
- -
- -
,_ 

A 8 c 
Sys I em DB System SF 

e main equipment 
D storage crane 

- .... -

A B C . 
System R 

road as well as storage and intermediate stotage 
means in a freight terminal. Some of the events in 
these connections run parallel, but load units, 
times, routes, handling equipment, and priorities 
may differ considerably. 

The various functions of the terminal are simu­
lated in several quasi-parallel processes via event 
control. These functions include the physically ac­
tive items (such as handling equipment, trains, and 
road vehicles) as well as administrative tasks (such 
as management of vehicles in the parking area or of 
container-a in the intermediate storage yard await.ing 
transfer to the main storage yard) t hat have to be 
carried out independently of physical events. The 
necessary linking of the individual modular proces­
ses is effected by a central control unit. 

The results furnished by the simulation program 
include the following items: 

1. Sptlcifi time value s (such as load un t: r an-
s it times, road veh icle turnaround times, train 
s topping times, and handling equipment cycle times), 

2. Load capacity utilization (e.g., handling 
equ i pment, and duty factor of in-terminal vehicles 
and various terminal a reas), and_ 

3. Sensitivity of the complex to changes in pri­
orities, allocations, sequences, loading, and equip­
ment breakdowns. 

RESULTS OF SIMULATIONS 

Functional analysis on the basis of equipment use in 
the peak hour and by simulation showed that all 27 
concepts ( 9 handling techniques for each of the 3 
terminal sizes) are able to perform the tasks set. 
Because of the characteristics of the individual 
techniques, there are major differences in the ca­
pacity use of the equipment in the peak hour. For 
example, Figure 11 shows that the gantry cranes in 
system DB are used to a large extent in all three 
terminal sizes. Although the equipment in system SF 
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is in some cases badly underused, the equipment in 
system R is overloaded. The amount of equipment 
needed to cope with the work load differed consider­
ably. As will be demonstrated, this has a major 
bearing on costs and capital spending. Unfortu­
nately, only a few examples from the wide range of 
realistic results of the simulation calculations can 
be cited here. 

Figures 12 and 13 represent the daily density 
diagrams of the handling jobs that employ systems DB 
and AC measured at half-hourly intervals in a size B 
terminal. Comparisons of the target and actual 
density curves show that both terminals satisfy the 
requirements. The fact that the target and actual 
lines are at times out of synchronization stems from 
bringing forward scheduled handling jobs. The 
higher volume of work in Figure 13 reflects the ex-

Figure 12. Daily density diagram of handling jobs for system DB, terminal size B. 
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Figure 13. Daily density diagram of handling jobs for system AC, terminal 
size B. 
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tra yard movements caused by the separation of the 
container storage yard from the intermediate storage 
yard and by the use of different equipment to serve 
these yards. 

Better insight into the performance and potential 
of the terminals is afforded by comparing terminal 
transit times. In the case of trucks, the transit 
time is identical with the turnaround time, i.e., 
the time spent in the terminal. Figure 14 shows a 
few examples for the mean turnaround times of the 
road vehicles and the transit time of the direct­
transfer load units (rail and road and road and 
rail). Note here that terminal size B, which em­
ploys the LS technique, and terminal size C, which 
employs the AC technique, compare favorably with the 
others. 

The selection of the correct operating strategy 
has a major influence on terminal productivity. 
Figure 15 shows the simulation results for the truck 
turnaround times in the size B terminal for three 
different working sequences in accordance with three 
priorities: Pl, P2, and P3. Although system AC re­
mains virtually unaffected by the changes in working 
sequence, the turnaround times in system DB show a 
steady drop as the working sequence changes from Pl 
to P2 to P3. In system LS, however, strategy P2 
brings a substantial deterioration on Pl and strat­
egy P3 brings a slight improvement. 

figure 14. Turnaround times of road vehicles and direct-transfer load units. 
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The costs of simulation depend greatly on the 
specific circumstances of the terminal to be simu­
lated. However, they are much less than, for ex­
ample, the cost of a gantry crane that could be 
saved by optimizing terminal operations with the aid 
of simulation. 

TERMINAL COSTS 

Given adequate functional capability, profitability 
plays a decisive role in the comparative assessment 
of alternative terminal concepts. Everything else 
being equal, this is determined by the costs in­
curred. These in turn largely depend on investment 
expenditure. For all 27 terminal concepts, capital 
expenditure was therefore determined on the basis 
that all would have to be set up from scratch, in­
cluding land, building, plant, and equipment. The 
total cost was then calculated by adding deprecia­
tion, interest payments, operating costs (util it ies, 
repairs, maintenance, and so on) , personnel costs 
(management, loading and unloading, superv1s1on, 
operation of equipment) , and miscellaneous costs 
(e.g., shunting). (Note that the figures given in 
the following grapho reflect prices and interest 
rates for 1978.) 

Figure 16 compares the annual costs of the indi­
vidual techniques for the medium-sized terminal. 
Costs for plant and equipment in terminals of the 
horizontal handling group are pushed •JP by the fact 
that the vehicles, load units, or both require extra 
features (e.g., rolle• conveyors, supporting blocks) 
that are proportionally allocated to the investment 
cost for the terminal. 

It is also noticeable that, for some techniques, 
equipment costs are far higher than land and build­
ing costs, whereas for other techniques the latter 
predominate. 

Terminal sizes A and C exhibit the same ratio. 
It can be seen that the horizontal handling group 
involves, in part, substantially higher costs than 
the two other groups, which are roughly of the same 
order of magnitude. 

It can prove very interesting to determine spe­
c if ic terminal costs, i.e., the annual costs that 
refer to the load units arriving at the terminal by 
rail. Figure 17 shows the specific terminal costs 
for the three groups as a function of monthly arriv­
als by rail. The poor position of the horizontal 
handling group is noticeable, but much more impor­
tant is the finding that, from about 3,000 arriv-

Figure i6. Annual cost of size B terminal. 
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als/month and more, specific terminal costs (unit 
costs) stop decreasing. This means that bigger ter­
minals can no longer by advocated on grounds of 
cost. This finding is to be welcomed, at least in 
West Germany with its high population density, be­
cause proposals for the construction of large termi­
nals are encountering ever-increasing difficulties. 

COST-BENEFIT ANALYSIS 

As a final assessment of the alternative terminal 
concepts, a cost-benefit analysis was undertaken. 
To determine the benefit, a number of criteria re­
lating to efficiency, reliability, and flexibility 
were defined and weighted according to their rela­
tive significance. The alternative concepts were 
given points according to how well they fulfilled 
these criteria. These were set against the cost 
ratio. Figure 18 shows that, for the size B termi­
nal, a strange situation applies whereby system DB 
(the basis of comparison) provides the highest bene­
fits and also involves the lowest costs. This find­
ing also applies for the two other terminal sizes. 

NETWORK EXAMINATION 

Viewing the terminal in isolation (i.e., separate 

Figure 17. Specific terminal costs. 
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Figure 18. Cost-benefit com­
parison for size B terminals. 
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Figure 19, Total cost comparison. 
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Figure 20. Terminal work loads. 
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from the transport system as a whole) can lead to 
wrong conclusions. Such errors are liable to occur 
when, for example, the basis of comparison--the 
three terminal sizes as def ined--are out of line 
with future circumstances. To avoid such an error, 
the terminal study was followed by an examination of 
the transport system as a whole. The rail network 
that connects the terminals, optimizes rail trans­
port, and connects the road links for forwarders and 
consignees with the terminals was studied. The 
total costs for several alternatives, which differ 
in the number of terminals, were determined. The 
details of this study cannot be dealt with here, but 
some of the significant and interesting findings are 
highlighted. 

The annual cost of running the entire intermodal 
freight transport system is made up of the costs for 
rail transport (including operational service) , for 
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the terminal itself, and for road haulage. The cost 
for the terminal demands only 10 to 15 percent of 
the total costs against the cost of rail transport, 
which takes up by far the higher share. For a small 
number of terminals, the same is true of road haul­
age. Although the level of costs for rail transport 
increases with the number of terminals, road haulage 
costs rise inversely to the number of terminals. 
There is thus an optimum number of terminals at 
which the annual cost of west Germany's intermodal 
freight transport system, based on the assumptions 
made for this study, is at its lowest. 

CONCLUSIONS 

As revealed by the cost-benefit analysis (Figure 
18), none of the alternative handling techniques ex­
amined offers advantages over the base technique 
practiced by Deutsche Bundesbahn, and some are much 
less favorable. 

The optimum number of terminals at which the an­
nual costs of the transport system studied is at its 
lowest was determined to be approximately 50. 

Although the terminal costs are inferior to the 
total costs of transport, the overall optimum was 
determined for comparing handling technique DB with 
techniques H and R (both horizontal). As can be 
seen from Figure 19, the technique employed has no 
significant bearing on the optimal number of termi­
nals. By contrast, the total costs for systems H 
and R rise substantially as a result of the higher 
terminal costs. 

The final check was to determine whether the 
terminal sizes used in the comparison reflect real 
circumstances. For the optimum rail network with 50 
terminals, the work load of the individual terminals 
was calculated. Figure 20 shows the results, in­
cluding the situation as it was in 1976 (46 termi­
nals). It is clear that the capacities selected for 
the typical terminals match very well the work loads 
expected for 1990. The graph also shows that capac­
ity of the current terminals will have to be sub­
stantially increased to cope with future volumes of 
goods. 
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Large or Small Terminals in lntermodal Transport: 

What Is the Optimum Size? 

S.G. HOWARD 

lntermodal terminals are frequently large and serve wide catchment areas. 
Whereas many believe these terminals must be large in order to be cost effec· 
tive, in this paper the advantages of small terminals and a denser network of 
terminals than most systems currently enjoy are discussed. In many countries 
the largest flows of traffic are over relatively short distances (400 miles and 
often less), where road collection and delivery account for between a third and 
a half of the overall costs of an intermodal movement. Research in Britain and 
West Germany suggests that a much denser network of container or trailer-on· 
flatcar terminals could substantially reduce these road costs without an equal 
increase in rail movement costs. Such a network would require small terminals 
with a suitable pattern of rail services, perhaps linked through one or more 
container or trailer sorting centers. Freightliner's experience during almost 20 
years of service is that small and medium-sized terminals are less costly per unit 
to operate and provide tha shipper with a higher quality of service than do 
large terminals. Also, they are unlikely to be more costly to build per unit of 
capacity pr.ovided. lntermodal operations, which now face growing competi· 
tion from road carriers and the effects of world recession, require Innovation 
in order to remain viable and to expand. Successful features of existing sys­
tems, such as Freightliners' high-speed fixed-formation trains, need to be 
welded together with new and radical ideas. 

Intermodal terminals for container-on-flatcar (COFC) 
and trailer-on-flatcar (TOFC) are frequently large, 
and it appears that their average size is growing. 
Many people believe that, like breweries or super­
markets, they need to be big in order to be econom­
ical. However, the experience of Freightliners, the 
large British intermodal operator, is that the 
larger the terminal, the higher the unit costs and 
the lower the quality of service to the shipper. 

Freightliner has been in operation for almost 18 
years and now handles around l million containers 
[measured in twenty-foot equivalent units (TEUs)] 
annually at the 25 terminals it owns and an addi­
tional 10 that it serves (mostly container ports). 
The Freightliner company (Freightliners Limited) is 
a fully-owned subsidiary of the British Railways 
Board but enjoys much autonomy in management. 
Freightliner does not undertake the movement of 
trailers (TOFC) by rail, nor does any other operator 
in the United Kingdom, because of restricted clear­
ances and the arched design of railway tunnels and 
bridges, which are mostly less than 12 ft above rail 
level as compared with mainland Europe. 

The various attributes of intermodal terminals of 
various sizes are examined in this paper by drawing 
on Freightliner' s experience. These include econo­
mies of scale in terminal operation and construction 
and service quality. Terminal coverage is also con­
sidered. This is the density of terminals in urban 
and rural situations in relation to market require­
ments, train size and rail operational strategies, 
the rail network, and land availability. In a tran­
sit of up to 500 miles in Europe, road-collection 
and delivery costs are frequently the major cost 
element in an intermodal movement and are greatly 
influenced by terminal coverage. 

ORIGINS OF FREIGHTLINER 

Rail terminals or freight stations developed in 
Europe in the 19th century at intervals of around 5 
miles, which was considered a suitable distance for 
goods to be collected and delivered by horse and 
cart. Although some freight railheads in Britain 
closed in the 1930s as a direct result of the devel­
opment of the motor lorry (truck), big changes in 

the pattern of rail terminals did not occur until 
the 1950s and 1960s. Initially at least, the lorry 
was seen as complimentary to rail as it was able to 
collect and deliver goods over longer distances than 
the horse and cart. The number of rail terminals 
contracted and some lines closed altogether in this 
later per i od as freight rat i onalization, as it was 
euphemistically called, was carried out. 

Gradually, times changed and the truck became as 
much a competitor as a conveyor to and from rail 
terminals. When Freightliner emerged in the mid-
1960s, it was designed to combat competition from 
the trucker for the throughput (origin-to-destina­
tion) movement of freight. British Rail planned a 
Freightliner grid that would saturate the country 
with container terminals--more than 100 in all--yet 
most of these terminals were never built. 

There is no single answer to why Freightliner 
developed as it did and not as it was planned. 
First, the weight and size of lorries were increased 
dramatically, beyond what was anticipated at the 
time of planning: and second, the national motorway 
(expressway) network began to develop. Both of 
these developments increased road competition with 
rail, which was further intensified with the aboli­
tion of road carrier licensing and full deregulation 
in 1969. At the same time, motorways and larger 
lorries allowed collection and delivery of contain­
ers over greater distances. 

Freightliner terminals exist in the main conurba­
tions (metropolitan areas) and principal cities 
only, with many relatively large centers being 
served from terminals 20 or more miles distant. The 
network is shown in Figure 1. Examples of this are 
Stoke, which has a population of 257 ,000 and is 43 
miles from Manchester, and Plymouth, which has a 
population of 256,000 and is 120 miles from 
Bristol. Certain less-heavily populated parts of 
the country, north Scotland, north and central 
Wales, and the Southwest do not have terminals at 
all. Yet, the original plans assumed terminals 
would be built in all of these areas. 

The decision to use fixed-formation (unit) trains 
has been a major factor in determining the share of 
the market that Freightliner has obtained, and this 
in turn has influenced the shape of the terminal 
network. These high-quality trains have helped 
Freightliner carry the large, relatively long­
distance flows efficiently. But they have pre­
scribed the market to the extent that the network 
does not provide adequately for smaller or more 
fragmented flows. Thus, there is no requirement for 
a diffuse network of terminals. Modifications to 
the fixed-train concept have progressively devel­
oped, with trains usually comprising 20 wagons 
(cars), each 60 ft in length, that are now capable 
of being split into 5 wagon sections so as to serve 
a wider spread of terminals. 

Clearly, had road competition been less strong, 
Freightliner might have captured higher market 
shares and thus been able to operate more direct 
services than it does currently, including those 
over shorter distances. The reverse has been true, 
and as road competition has increased, the domestic 
container business has declined in 10 years from 
406,000 to 315,000 containers/year. This decline, 
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Figure 1. Freightllner network. 
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though, has been more than matched by the most im­
pressive growth in deep-sea maritime traffic, which 
has risen from 104,000 to 364,000 containers/year 
over the same period. 

TERMINAL OPERATING COSTS 

Freightliner has many types and sizes of terminals, 
all of which, except those at ports, are designed 
for the transfer of containers between road trans­
port and rail wagon. Three particular types of in­
land container terminals, which are readily de­
scribed as large, medium-sized, and small, have been 
selected for examination. All have rail-mounted, 
electrically driven portal cranes. Large terminals 
have wide-span cranes, with six lanes between the 
crane rails and two or three more lanes on either 
side served by cantilevers. These are described as 
having a 2.6.2 or 2.6.3 configuration (see Figure 
2). The cranes at the medium-sized and small termi­
nals that do not have cantilevers and serve only 
four lanes are described as 0.4.0. The 2.6.2, 
2.6.3, and 0.4.0 cranes at medium-sized terminals 
are rated as class III, with a theoretical capacity 
of 3,000 operating hr/year. The small 0.4.0 cranes 
are rated class II and have a capacity of 2,000 
operating hr/year. In practice, all types of cranes 

operate for longer periods, often up to 22 hr daily. 
As far back as 1976, the Transport and Road Re­

search Laboratory (TRRL) published a report (ll that 
concluded that unit costs were not lower at large 
terminals 1 indeed, they were higher. Comparison of 
unit costs between terminals operating at different 
levels of capacity is liable to create distortions, 
so the report also compared the three types of 
cranes already mentioned operating at maximum theo­
retical capacity. This gave the lowest unit cost 
for the class III 0.4.0 crane; followed by the class 
II 0.4.0 crane, which was 4 percent higheri and then 
the large 2.6.2 and 2.6.3 cranes, which were as much 
as 24 percent higher [see Table 1 (1)). 

The earliest terminals on the Freightliner sys­
tem, which were built almost 20 years ago, used 
Drott travelifts, which had rubber tires running on 
fixed heavy-duty concrete runways. As many as four 
were used in one terminal, although seldom did more 
than two operate· at any one time. Throughputs in 
these terminals reached 250 containers/day, but the 
orotts were fully stretched in meeting operational 
requirements, and it was decided to standardize on 
electric rail-mounted cranes. The basic design of 
the terminal has proved durable, with a crane trans­
fer area (similar in length to the usual size of 
trains handled), one-way road circuit, and separate 
vehicle parking. 
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Apart from Kings Cross in London and Dundee whe r e 
small class II portal cranes were used (so as to fit 
existing yard layouts), Freightliner's initial 
choice was class III 0.4.0 cranes, with 30 being 
supplied for use throughout the country from Edin­
burg in Scotland to Swansea in west Wales . For the 
conurbations, the much larger 2.6.2 or 2.6.3 cranes 
were used, with 13 going to inland terminals. 

Freightliner was not alone in buying these very 
large portal cranes; a number of other European 
railways also ordered cranes of broadly similar con­
figurations. These "golia th s ," as they are called, 
are truly massive machi nes, weighing around 250 
tons. On the face of it they have certain clear 
advantages over the 0.4.0 designs. Accommodation 
for trains can be increased with up to six being 
under the cranes at once, which is des irable given 
the train pattern in the United Kingdom of overnight 
movement between terminals, with trains standing in 
the daytime . Also, there is more container storage, 

Figure 2. Examples of crane types and configuration used on Freightliner 
system. 

263 

Table 1. Freightliner portal cranes: theoretical costs per lift. 

Capital Cost (£000s) Annual Cost (£000s) 

Equipment: Inst al- Life Deprecia- Mainte-
Portal Cranes' Equipment lationb (years) ti on nance 

Class III 0.4.0 JOT 140 112 15 17 4 
rigid mast 

Class Ill 2.6.3 30T 350 280 15 42 IO 
rigid mast and 
turntable 

Class II 0.4.0 30T 70 56 16 2 
rope hoist 

Note: AU costs are at October 1974 prices, 
8For an explanation of configurations 0.4.0 and 2.6.3, see Figure 2. 
hrnstallation costs for portal cranes are assumed to be 80 percent of capital ·costs of equipment. 
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and experience ha s showed that this had been greatly 
underestimated in the original planning. The can­
tilever provided the ideal means of servicing trucks 
without requiring them to cross one of the crane 
rails, as with 0,4.0 or similar cranes. These 
cranes also were designed with an ability to turn 
containers when lifted, not quite in a complete cir­
cle, but through 340°, which is a feature that the 
cantilever design made possible. Containers could 
thus be turned so as to ensure that e nd doors were 
positioned appropriately for both rail and road 
movement. 

The large cranes have generally proved mor e 
costly to operate and maintain and have proved less 
reliable, with overall maintenance costs being 20 to 
100 percent higher than for the class III 0 . 4.0's. 
At many terminals the high dynamic l oadings caused 
rail and beam failures and the costs of redesign and 
reconstruction have been high. Increased sophisti­
cation (partly untried) in electronic control equip­
ment led to poor initial reliability, but advances 
in technology have allowed subsequent replacement of 
components at reasonable costs. 

Throughputs and costs at selected Freightliner 
terminals are given in Table 2, together with a 
brief description of the transfer equipment used. 
To reduce the table to a mana geable s ize, not all 
terminals have been included. The highest unit 
costs arise at the two largest terminals, although 
costs at Liverpool are appreciably lower t han those 
at Manchester. Particularly interesting is the sim­
ilarity in unit costs for medium-sized terminals, 
with throughputs ranging from 54, 000 containers in 
1981 at Leeds to as little as 23,500 at Nottingham. 
At Aberdeen, unit costs, which are well within the 
range of the other terminals, are achieved with a 
throughput as low as 9, 800 containers/ year. Kings 
Cross, surprisingly, achieved the lowest unit costs 
of all--10.2/ container--and yet handled 31,100 boxes 
in 1981 with very basic equipment: class II 0.3.0 
cranes. Freightliner unit costs are compiled on a 
comparable basis for all terminals. Comparison of 
costs with terminals in other countries is likely to 
be far less meaningful because different cost ele­
ments may have been included. There are two main 
elements in Freightliner terminal costs: basic 
handling costs and joint costs. These are as 
follows: 

1. Handling costs--wages and other costs of 
handling staff, internal motor drivers, and mainte­
nance staff associated with handling equipment; also 
included are repairs carried out by outside contrac­
tors , fuel and power, depreciation (of handling 

Working Rates Other 
Working Hours Operat- Cost 
per Year Maximum ing Coste Total per 

Lifts (lifts (£000s/ Co std Lift 0 

Rated Actual per Hour per day) yr) (£/hr) (£) 

3,000 5,000 20 380 94 25 _7 1.35 = 
100 

3,000 5,000 25 475 115 40.l 1.68 = 
124 

2,000 5,000 15 285 74 19.8 1.39 = 
103 

CQther operating costs= (FreJghtliner terminal handling costs- depreciaHon and maintenance costs at throughputs equal to maximum working rate)/1.5 Lifts per container. 
dTotal cost per hour= [total operating costs +interest at 10 percent (on average) annual investment) /number of hours working. 
ecost per lift= total cost per year/(maximum number of lifts per day x 250). 
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Table 2. Selected Freightliner terminals: traffic volumes and unit costs in 1981. 

Through- Unit Cost 
put per Con-

Handling Staff Shifts 
(daily) 

Main Ancillary 
Terminal (OOOs) tainer (£) Cranes Equipment Main Transfer Equipment• Ancillary Llfting Equipmentb 

Loading Area Ser­
viced by Cranes< 

Large 
Llverpool 77.9 14.7 6 3 2 x class III 2.6 .3; rail mounted, 2 front-loaders (IL and IE) 5400 (6x900) 

5400 (6x900) 
electrically driven 

Manchester 73.0 18.4 s 4 2 x class II 2.6.3; rail mounted, 1 straddle carrier (L) and 1 
front-loader (E) (Trafford Park) electrically driven 

Medium-sized 
Leeds 54.4 10.9 6 2 x class III 0.4.0; rail mounted, 1 front-loader (E) 2700 (3x900) 

2700 (3x900) 
electrically driven 

Nottingham 23.5 12.8 2 2 x class III 0.4.0; rail mounted, None 
electrically driven 

Small 
London (Kings 3 l.l 10.2 4 2 x class II 0 .3.0; rail mounted , None 1200 (2x600) 

1200 (2x600) 
Cross) electrically driven 

Aberdeen 9.8 12.1 1.5 2 x class II 0.4.0; rubber-tired, None 
diesel powered 

8Cr1me conng:ur"lion 2.6.3 and 0.4.0 are shown in Fl1ure 2. The 0·.3.0 cnna. .spnn1 3 lane1 Al compared with the 0.4.0, which spans 4. 
b AncllJary llfllng equipmcint is provide1d for storing either loaded cont!U.ncrs (L) or empty cont ainers (E). 
CLoadlng area is length of rail sidings (in feet). 

equipment), and the hiring of any additional equip­
ment; and 

2 . Terminal joint costs (of which only a propor­
tion is attributable to terminal handling)--adminis­
tration, management, and staff salaries; establish­
ment costs (rents, rates, gas, water, and so on); 
maintenance of the terminal infrastructure; and ter­
minal depreciation. 

A major reason why economies of scale do not 
arise in terminal operations is that large terminals 
with large wide-span cranes are much more expensive 
to construct and operate than smaller terminals but 
do not give an increase in throughput of the same 
magnitude. Wide-span portal cranes do not have 
double the working capacity of class III 0.4.0 
cranes; indeed , cycle times may sometimes be longer 
with the greater multiplicity of tasks to perform 
and wider span. The effect of this is that, at 
large terminals, the cranes are frequently unable to 
meet all the various requirements for lifting at 
periods of peak demand. This problem is usually 
overcome either by accepting delays in servicing 
trains and turning around (loading and unloading) 
road vehicles or providing additional container 
storage with separate lifting equipment away from 
the main transfer area. In Freightliner, most con­
tainer storage at large terminals is now carried out 
away from main transfer areas, despite the fact that 
spare space to stack containers under the main 
cranes is available. This is costly and is more 
responsible than anything else foe pushing up costs 
at large terminals to much higher levels than were 
anticipated. 

It is significant that TRRL calculations give 
theoretical costs per lift for the wide-span portal 
cranes that are 20 percent higher than those of 
smaller cranes, and that more recent Freightliner 
studies show that large terminals that use these 
cranes incur unit costs (per container handled) and 
storage that are some 17 percent above those at 
smaller terminals. This suggests that the large 
terminal with large cranes is inherently more costly 
per unit of output than the small terminal . It does 
not, of course, exclude the possibility that cost­
effective large terminals exist or can be designed. 
At the same time, it is of some importance to have 
demonstrated that small terminals are likely to be 
more cost effective than many large terminals, 
rather than the reverse, which is commonly supposed. 

The figures on Freightliner unit costs (Table 2) 

demonstrate a further important characteristic of 
small and medium-sized terminals: broadly similar 
unit costs at a wide range of throughputs (9,000 to 
54,000 containers/year) in respect to the terminals 
in the table. This is achieved by closely matching 
labor costs, which account for between 50 and 7 5 
percent of total costs, to work load. The progres­
sive increases in shifts worked and time periods 
over which cranes are scheduled to operate are given 
in Table 2 for the various terminals. The slight 
step effect on costs of introducing or withdrawing 
handling-staff shifts is usually offset by varia­
tions that may occur at other levels of throughput, 
such as in the numbers of other staff, i.e., admin­
istrative, sales, maintenance, and supervisory. 

TERMINAL CONSTRUCTION AND EQUIPMENT COSTS 

Of the earliest Freightliner terminals, only Aber­
deen remains virtually unchanged. At other termi­
nals, Drott travelifts have been replaced by elec­
tric cranes, and large areas for containers and 
lorry parking have been added over the years. The 
majority of electric cranes were installed in the 
period between 1967 and 1971, when the major expan­
sion of Freightliner took place, and are still in 
operation. During the past 10 years, inflation has 
greatly increased construction and labor costs, 
which are a large element in construction and have 
risen substantially in real terms. This and tech­
nology have changed relations between the different 
elements in construction costs as compared to when 
the terminals were built. 

There are many reasons why exactly similar termi­
nals would not be built today. Yet most of the re­
search carried out in other container transfer sys­
tems has not produced any new method that is 
obviously more economical than overhead cranes. The 
Research and Development Division of British Rail, 
after examining most commercially built mobile han­
dling equipment, along with various novel forms of 
horizontal and end transfer, concluded that only a 
rail-mounted transfer car (Linercrane) would produce 
sign i ficantly lower unit operating costs than over­
head cranes. Advances in technology over the past 
10 years have brought improvements in the cranes 
that would be applied in the construction of new 
terminals, particularly in the electronic field. 
Control gear would be less costly and more reliable, 
and the microchip makes automation readily attain-
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Table 3. Hypothetical terminal construction and capacity costs. 

Construction Cost (£000 OOOs) Lift Unit Cost per 
Container Capacity I Container per 
Capacity• Main 

Terminal (per year) Cranes Otherb Total 
per Year0 Year Capacity Main Transfer 
(OOOs) (£) Equipment 

Large 90,000 1.9 2.28 4.18 247 46.4 2 x class IV 2.6.3 
Medium-sized 60,000 I.I 1.32 2.42 168 40.3 2 x class III 0.5 .0 
Small 30,000 0.4 0.48 0 .88 108 25.1 2 x class II 0.4.0 

8Capaclty &Uun1cd le btt.sed on c.x.porJcmec and MJumcs some double Ufc!ng of containen by the main cranOR, as well as un.avoldable ltllo time. 
bother cosb hovo b~n based on multlplylng main crane co!lta hr a f•Clor of 1.2, but they are Rimllar to notional costs, w hich are ca lculated to cover infra­

i lru c11.1 rc (mu10 beotU.J, roacb 1 rail Unc.J, and o ffices), power supply , and and Unt)' llfllng equipment for the v11rlous sizes .or t.ctmlntlt. 
cun tng capRO-ICy per yoair ls bued on 225 working daya/ycu and the following poJ'formirnce fac tora: class IV eranti = 25 li fl1{J1r x 22 hz/day; class Ill 

cr1ncs • i o Ufl1fhr x 18 hr/d•yand oliw U cranes= IS lifts/hr x 16 tu/day. 

able. Computers can also be used to control opera­
tions hour by hour. 

It is difficult to estimate accurately the cost 
of building an intermodal terminal today without 
designing it first and then pricing the materials 
and the work involved. That can be a long process 
and is itself costly. In using notional costs to 
compare the costs of building terminals, it is nec­
essary to accept appreciable margins of error, but 
tentative conclusions can be valuable pointers for 
decision making and the need for further research. 

It is commonly supposed that large terminals, al­
though more expensive overall to construct, are sig­
nificantly less costly in unit terms (cost per unit 
of capacity). This is not supported by the compari­
sons given in Table 3 between hypothetical terminals 
of various sizes, based on Freightliner practice. 
The levels of capacity that have been selected are 
in all cases less than 40 percent of the theoretical 
lift capacity available. Lift capacity has been 
calculated by multiplying the number of hours worked 
daily by the number of lifts possible per hour (as­
sumed cycle times), both of which are also given in 
Table 3, and then multiplying this figure by 225, 
the likely number of days in a year that a terminal 
might operate. This margin of some 60 percent cov­
ers the double nandling of containers--at most 
Freightliner terminals, containers are lifted be­
tween 1.5 and 2 times by the primary transfer equip­
ment--and idle time, which is often unavoi dable, 
particularly at night. 

The prices shown for the various cranes are esti­
mates of what they might cost if purchased today. 
Other costs include virtually everything else at a 
terminal apart from main cranes. The main items are 
rail lines, roadways, supporting crane beams, 
trailer parking, container storage (with ancillary 
equipment at the large terminal), power supply, 
lighting, offices, workshop, and so on. The figures 
used are somewhat arbitrary and are obtained by mul­
tiplying the costs of the main cranes by 1.2, but 
accord closely with estimates produced by Freight­
liner engineers of what existing Freightliner termi­
nals might cost to build today at current prices. 

Firm conclusions on economies of scale in termi­
nal construction cannot be drawn without further and 
much more detailed research, but this preliminary 
work does suggest that small and medium-sized termi­
nals can be built at no greater cost per unit of 
capacity provided than large terminals and most 
probably much more cheaply. A small terminal may 
also be able to make use of existing rail infra­
structure, roadways, and rail sidings so as to re­
duce further expenditures. This had not been as­
sumed in Table 3. At Kings Cross in London and 
Aberdeen, existing rail sidings, roadways, and offi­
ces were used, whereas at no large or medium-sized 
terminal has this been possible. 

SERVICE QUALITY 

Rail services that compete directly with road trans­
port must match service quality as well as price to 
be competitive. The consequences of not doing so 
may be serious and result in a much lower rate 
(charge) level, up to 15 percent perhaps, than might 
otherwise have been obtained or a substantially re­
duced market share. Intermodal rail services oper­
ate in markets that are particularly vulnerable to 
road competition. 

In recent years, as the road network in most 
countries has dramatically improved, so has vehicle 
technology. This, coupled with the simplicity of 
road haulage as compared with intermodal operations 
and the highly personalized service road operators 
are able to give, frequently gives road the competi­
tive edge. Road businesses tend to be relatively 
small and sensitive to customer needs, whereas rail 
and intermodal operations are normally large and are 
all too often institutionalized and less responsive 
to the market. 

An intermodal service is like a chain with many 
links: all must hold together for the service to 
perform efficiently. A recent study by the Research 
and Development Division of British Rail into ser­
vice quality on Freightliner reached the following 
conclusions: 

1. Road collection and delive ry are the areas of 
activity where most failures occur, 

2. Failures are most frequent where activities 
are operating close to capacity, and 

3. Service failures are heavily concentrated in 
the largest terminals. 

A road-collection and delivery service has many 
attributes, with some independent of terminal opera­
tions, but others--such as the ability to perform 
timed collections and deliveries efficiently--are 
closely linked to terminal performance. In Freight­
liner, as many as 50 percent of the shippers in the 
domestic business require timed (scheduled) collec­
tions and deliveries, which can only be achieved if 
vehicles are not unduly delayed at terminals. 

Sixty percent of the complaints examined in the 
research study of service quality arose at only 
three terminals, all of which were large. As more 
traffic is handled (in aggregate) at large rather 
than small terminals, this is not surprising: but 
the position revealed was that complaints were be­
tween two and five times more likely at large than 
small terminals per unit of business actually 
handled. 

An external consultant brought in to assist in 
establishing meaningful criteria for the assessment 
of system and terminal performance came to conclu­
sions that were not too different from earlier work 

--
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by the Research and Development Division. It was 
found that shipper appreciation of the service was 
influenced particularly by the following attri­
butes: ease of booking, on-time collection of con­
tainers, on-time delivery of containers, container 
delivery in good condition, container contents com­
plete and undamaged, quick turnaround of road vehi­
cles at the terminal, trouble-free documentation, 
and prompt information in the event of problems. 

The consultant then proposed various means of 
assessing performance in these critical areas of ac­
tivity. Performance indicators were constructed 
that would measure the turnaround of private vehi­
cles in the terminal , conta iners forwarded on the 
days scheduled, train punctuality, and security of 
the container and its contents. These were all con­
sidered important in relation to the service given 
shippers, because their perception of an intermodal 
service is influenced by performance in these areas. 

The system has only been operating a few months, 
so it is too early to draw firm conclusions. To en­
sure an acceptable overall performance, terminals 
will need the ability to handle current traffic, 
ev~n in the busiest periods, with sufficient re­
serves of capacity to cushion shippers from all but 
major disruptions--and at a realistic cost. 

The turnaround of private vehicles achieved at 
the various terminals in November 1982 is given in 
the table below: 

Terminal 
La r ge 
Medium-si zed 
Small 
Networ k avg 

Trucks Detained 
More Than 45 Min (%) 
17 
13 

3 
16 

That small terminals appear to produce the best re­
sults, with medium-sized terminals next and large 
terminals last, should come as no surprise, but it 
must be emphasized that these are from the early 
days in the performance measurement. Overall, there 
is an improvement as compared with a study under-
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taken in 1975 by TRRL, which concluded that the 
average dwell time for road vehicles (including 
Freightliner's own) was between 50 and 60 min. Fig­
ure 3 shows that now only 16 percent of the private 
vehicles entering terminals are detained more than 
45 min. The figures are not, strictly speaking, 
comparable because the current results exclude 
Freightliner vehicles, but an improving trend is 
nevertheless apparent. 

TERMINAL COVERAGE 

The reasons why the Freightliner terminal network 
comprises large and widely spaced terminals, given 
the industrial nature of much of Britain, have al­
ready been discussed. The direct, permanently 
coupled trains have achieved a high quality of ser­
vice and wagon use, but the large terminals have 
proved inherently expensive to operate in terms of 
unit cost. Widely spaced terminals also involve 
road collection and delivery of containers over long 
distances, which is more expensive (obviously) than 
delivering from closely spaced terminals. 

The competitive situation in the United Kingdom 
has not favored rail in recent years. Whereas deep­
sea (world-wide) and European (short-sea) container 
traffic have been reasonably buoyant, the effect of 
increased competition from road transport on inland 
traffic has been great. In short, carryings have 
fallen and margins have become depressed. This is 
not a recent phenomenon; the development of a na­
tional motorway network and increases in road vehi­
cle efficiency and carrying capacity have been pro­
gressive over the past 10 years, but now these 
factors, which are exacerbated by recession, have 
depressed margins as never before. Road transport 
rates have not risen appreciably, and in some areas 
they have actually fallen over the past 12 months. 
In May of this year, the gross permitted weight for 
road vehicles was further increased from 32. 5 to 38 
tons. 

Freightliner has pruned its costs with vigor, but 
unfortunately this has not improved margins by the 

. Figure 3. Comparative line-haul costs by size of block train for diesel and electric traction . 

160 

100 
> 
~ 
l 
" 8. .. 
:i: 

8. ... 
50 

100 200 

/ 
/ 

/ 
/ 

/ 

/ 

/ 
/ 

A - 10 wagon train - diesel hauled 

B - 10 

c - 15 

D - 15 

E - 20 

f' - 20 
(car) 

t• - elec t rically hauled 

- diesel hauled 

- electrically hauled 

- diesel hauled 

- elP.ctrically hauled 

!!!?!!. :- All wagons a re 60ft i n length 

and when fully l oaded wei9h 

80 ton s g ross weight 

300 

Distance (mi181I 

400 600 



"" -

20 

required amounts. Road collection and delivery 
costs that absorb around half the revenue--and this 
may be true of other intermodal networks--are a 
prime target for reduction. Road vehicles are now 
more expensive (in real terms) to purchase, operate, 
and maintain than 5 years agoi and whereas the 
motorways have increased the productivity of vehi­
cles operating over long distances, urban traffic 
congestion has worsened the productivity of vehicles 
operating from Freightliner terminals. 

Road-collection and delivery costs have to be 
reduced if intermodal operators are to remain in 
business on the short-haul routes of up to 400 
miles. In Freightliner, great efforts are being 
made to improve the efficiency of the vehicle fleets 
based at the various terminals. This is important, 
but by itself it is unlikely to transform the eco­
nomics of the inland services. An expansion of ter­
minal coverage through a denser network of smaller 
terminals could reduce road-collection and delivery 
costs by as much as 30 percent, according to the 
Research and Development Division. A national study 
showed that the current 25 inland terminals would be 
replaced by around 100. In greater London--one of 
the largcBt urban areas in the world--the current 3 
terminals would be replaced by 12. The small ter­
minals, as we ha•1e seen, need be no more costly to 
build or operate than large terminals. 

Rail movement costs in the United Kingdom are 
around one-sixth of the road movement costs, so if 
rail movement is increased and road costs reduced, 
overall costs of intermodal transit should be re­
duced. In theory, increasing terminal density or 
coverage should have that effect, but in practice it 
is not quite so simple. There are implications for 
rail line-haul costs of fragmenting traffic between 
a greater number of terminals. Line-haul costs for 
different sizes of trains that use electric and 
diesel haulage over various distances are shown in 
Figure 3. The aim must be to provide wider terminal 
coverage with reduced costs of road collection and 
delivery, without appreciably increasing line-haul 
costs, through using less-economic sizes of trains 
or increased shunting (sorting) of wagons. 

On the European continent, there generally exists 
a denser network of container terminals than in the 
United Kingdom, although there has been a trend in 
recent years toward closing smaller terminals and 
concentrating traffic in the larger terminals. The 
European railways achieve this denser terminal net­
work by continuing to send individual container 
wagons by conventional freight services and sorting 
them at intermediate marshaling yards. 

Research in the United Kingdom and in west 
Germany has supported this wider terminal coverage 
but has rejected the individual movement of wagons 
and the use of marshaling yards for sorting. 
Schwanhauser (2) of Aachen Technical University 
argued that container transfer stations were nec­
essary in West Germany because the movement of wag­
ons through marshaling yards was slow and expensive 
and uncompetitive with road transport. He went on 
to describe a container transfer station where a 
mobile transfer machine mounted on rail tracks (con­
tainerumschaggerat) would exchange containers be­
tween trains. 

In the United Kingdom, research has been under­
taken in container network design, with the princi­
pal aims being to reduce the break-even distances at 
which Freightliner is competitive with road, to in­
crease the density of terminal coverage, and to per­
mit the movement of containers between any pair of 
terminals. The most obvious way of achieving this 
denser terminal coverage and wider choice of desti­
nation is through sorting containers, preferably at 
terminals built especially for that purpose. 
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There are a number of forms that these terminals 
or sorting centers might take, where Schwanhauser' s 
ideas differ in detail, if not entirely in concept, 
from those researched in the United Kingdom. The 
basic ingredients in a sorting center are low cost 
and rapid transfer of containers between trains. 
Trains would remain coupled during the sorting or 
exchange of containers and no wagons would be 
shunted. In a small country there might be one cen­
tral sorting center, whereas in a large country 
there might be a number that cover defined regions. 
All terminals would forward all containers, except 
those in sufficient quantities to justify direct 
rail services, to a sorting center. In the United 
Kingdom it is unlikely that containers would need to 
pass through more than one sorting centeri in a 
large country, though, it is possible that they 
might need to be sorted more than once. 

A sorting center might have one or more (probably 
two) container transfer areas where wide-span portal 
cranes would serve six trains standing alongside 
each other, among which containers would be ex­
changed. No containers would be transferred from 
rail wagon to road or vice versa. In the United 
Kingdom, research has shown that a· typical sorting 
center might need to be capable of handling 820 con­
tainer wagons and 1,500 containers in 24 hr. The 
table below compares the cost and efficiency of a 
container sorting center with modern marshaling 
(classification) yards in Switzerland (note that 
marshaling yard figures are based on Muttenz II, 
Basle, and Limmental in Switzerland): 

Item 
Capital cost 

(£000 ,OOOs) 
Unit cost (£) 

Area (acres) 

Container 
Sorting Center 
6.5 

5.8 
20 

Marshaling 
Yard 
25 

16.4 
300 

A sorting center requires only 10 percent of the 
land of a marshaling yard, and construction and 
operating costs are calculated to be 25 and 33 per­
cent, respectively, of marshaling yard costs. Also, 
there would not be the damage to wagons and merchan­
dise that frequently arises from the impact of wag­
ons striking each other during shunting. 

Sorting centers should reduce overall transit 
costs, thus reducing break-even distances for con­
tainer services by shortening the distances over 
which containers are collected and delivered by road 
and by improved use of rolling stock. It is calcu­
lated that overall costs would fall by 12 percent on 
a movement of 250 miles, and collection and delivery 
costs, which are currently 50 percent of overall 
Freightliner costs, would fall by 40 to 34 percent 
of the total, as given in the table below (note that 
operating costs are for a typical transit of 250 
miles): 

Item 
Rail haulage 
Wagon and container provision 
Terminal handling 

Operating 
Costs (%) 
20 
16 
14 

Road collection and delivery 50 

CONCLUSIONS 

The fear of reproducing the complex network of rail 
terminals that existed before intermodal transport 
and the perceived economies of large and small ter­
minals have led to a wide spacing of terminals in 
some countries. This simplifies the rail operation 
and increases road-collection and delivery dis­
tances, which is perhaps what some operators had 
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intended to achieve. Yet rail movement costs are 
substantially lower than road movement costs, and 
road collection and delivery of containers or trail­
ers are particularly expensive because of the low 
level of use of the motor units usually obtained. 
On the other hand, a denser terminal network could 
substantially reduce that cost without necessarily 
increasing rail costs by an equal amount. 

After describing why the development of Freight-
1 iner took the form that it has today, the extent to 
which economies of scale have been achieved in ter­
minal operation (by contrasting costs and perfor­
mance at terminals of various sizes) was examined. 
The results of work undertaken by TRRL in 1976 and 
by the Research and Development Division of British 
Rail and Freightliner more recently show that unit 
costs for small or medium-sized terminals that are 
between 15 and 25 percent lower than those at large 
terminals. Interestingly, both theoretical studies, 
which cover per-lift costs for different sizes of 
cranes and average costs per container of throughput 
for various sizes of terminals, show broadly the 
same magnitude of difference between the large ter­
minal, which uses the large crane, and small or 
medium-sized terminals. Average costs per container 
are a relevant measure of cost-effectiveness, pro­
vided that terminals are not operating well below 
rated capacity. Such costs reflect field condi­
tions, where the pattern of terminal activity is 
influenced by the characteristics of rail and road 
traffic movement. 

Small terminals with small cranes appear to be 
inherently less costly, the equipment and infra­
structure required being much less elaborate and 
less expensive both to provide and maintain. At 
small terminals, labor costs are a higher proportion 
of total costs, but providing these can be varied to 
match throughputs: relatively uniform levels of unit 
costs can be achieved at almost any level of 
throughput. Initial performance measurements car­
ried out at Freightliner terminals also appear to 
point to higher-quality service to the shipper at 
small rather than large terminals. 
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It needs to be said that perhaps these conclu­
sions apply only to large terminals as Freightliner 
has designed them. It is likely that there are 
parallels elsewhere, but this has to be demon­
strated. It is also likely that large terminals 
could be designed so as to avoid many of the defects 
discussed. However, that is a subject in itself. 
Freightliner experience does suggest that large ter­
minals, if they are to be built at all, should not 
have just a few sophisticated and expensive cranes, 
but a greater number of smaller transfer devices. 

The significant point about the comparisons is 
that it is the small terminal that both exhibits the 
lowest unit costs and offers the best opportunity 
for reducing road-collection and delivery costs 
through increased terminal coverage or density. 

Increased terminal coverage need not result in 
dramatically increased rail haulage costs or in sac­
rificed service quality. The central sorting of 
containers or trailers at specially designed inter­
change centers facilitates a network of small termi­
nals and pr iv ate sidings that are served by inten­
sively used low-cost block trains that operate to 
and from the centers. 

As the recession continues and competition grows, 
intermodal operators must pursue not only technical 
innovation, but must also thoroughly explore new 
concepts and ideas in terminal and system design. 
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Intermodal Freight Terminal-An Open System: 

The Infrastructural Perspective 
JEROLD B. MUSKIN 

Attention is focused on those people who are involved with the planning, de­
sign, and operation of intermodal freight terminals and their essential sup­
port systems, i.e., their infrastructures. The interface role of intermodal termi­
nals is significantly constrained by the quality of the related infrastructure, how 
it is operated, how access to it is controlled or regulated, and what pricing prac­
tices are applied. The intermodal freight terminal is a characteristically com­
plex system operating, as it does, between two dissimilar modes of transporta­
tion. This means that terminal performance is affected by at least two separate 
operating policies. The terminal's administration must accommodate to the 
scheduling and performance standards of the management of the two modes and 
at the same time achieve acceptable levels of throughput-at a profit. Confound­
ing these and other related matters is the infrastructure issue. Where two modes 
are involved, there are, necessarily, two dissimilar rights-of-way. Each may 
have different capacities and restrictions, neither of which is under the control 
of the intermodal terminal operator. For example, an ocean container terminal 
may be faced with uncertain channel depths, custom delays, tugboat and pilot 
shortages, and limited crane capacities on the waterside and, on the landside, 
traffic congestion, length and weight limits, clearance restrictions, and oppres-

sive traffic regulations. Other infrastructural elements of concern include com­
munications; labor quality and availability; services such as refrigeration, chan­
dlery, fire, and police; medical services; and line-haul and distribution networks 
for the modes in question. The infrastructure concept is presented descrip­
tively along with systems planning and analysis. Examples of intermodal freight 
terminals in the context of their infrastructure are offered to illustrate the need 
to take infrastructure into account in planning, designing, and operating inter­
modal freight terminals. 

Intermodalism is the fusion of the services of dis­
tinct carrier types designed to improve the physical 
distribution performance of freight movements, 
thereby achieving less costly and wider access to 
product markets and supply sources. Intermodal 
applications apply to freight movements that may 
require or benefit from transfers of freight between 
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the modes. A principal factor that distinguishes 
intermodalism from the simple cooperation of trans­
portation modes is the method by which the freight 
transfer is accomplished. Current intermodal tech­
nology employs the highway trailer or the modes­
adaptable container to achieve the transfer. Coop­
eration is achieved by the transfer of individual 
packages or unitized groups of packages from one 
modal container to another (_!). 

The freight-bearing equipment, the transporting 
units, and the mechanical interfacing apparatus by 
which the intermodal transfers are accomplished are, 
necessarily, viewed and dealt with as a system: that 
is, system in the interacting elements sense. The 
design, capacity, and operating characteristics of 
each of the elements are constrained by the design, 
capacity, and operating characteristics of the com­
panion elements. As the design or operation of one 
element is altered, some other elements are af­
fected: therefore the system is altered, and the 
outcomes produced through the system are changed. 

Intermodal freight terminals (IFTs) provide the 
location, mechanical devices, space, and operating 
conditions under which the transfer functions take 
place. Site selection, facility design, transfer 
technology, and administrative and operating prac­
tices are intended to achieve efficient container 
transfer. Space and structure considerations should 
reflect storage requirements, freight congestion 
avoidance for vehicle operations, and growth expec­
tations. All of these elements fit together to 
represent the IFT subsystem of what is the wider 
total system. Usually, the IFT subsystem is seen as 
a costly constraint on the wider intermodal system 
and is responsible for backups and delays. To make 
such a judgment suggests that there is some standard 
by which IFT performance can be measured. If mea­
surement is possible, can reliable design criteria 
for the handling of intermodal units at IFTs be 
established? There are several reasons why this 
will not be likely. The one considered here is that 
IFTs cannot be designed, operated, or evaluated 
according to valid performance standards until the 
total system in which IFTs function is identified 
and brought under scrutiny. 

TOTAL SYSTEM 

The panorama of intermodal freight system elements 
can best be viewed from the vantage point of the 
marine container terminal. We can observe the di­
versity of modes, factors, and considerations that 
influence the elements and their interactions. That 
is, we can identify and thus evaluate the entire 
commercia~ intermodal system, taking into account 
the widest range of modal alternatives. Further, 
the intermodal system can be placed into the context 
of the physical distribution system. [Note: Ref­
erence is made to the commercial system to recognize 
that additional interactions exist. These include 
environmental, political, recreational, and commu­
nity considerations, both as inputs and products of 
IFTs. Awareness of these elements establishes the 
IFT as an open system (not self-contained or closed) 
and points to another area that requires analysis.] 

System Goals and Standards 

As expressed at the outset, intermodalism is em­
ployed to improve the physical distribution perfor­
mance of freight movements in situations in which 
the attributes of two or more transportation modes 
are necessary to accomplish the move or are desir­
able for efficiency reasons. The physical distribu­
tion performance considerations normally include 
time in transit, security and reliability of de-
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livery, handling and administrative costs incurred 
by the users of the transportation services, and 
transportation charges assessed by the carriers. 

The two measures that can most clearly be applied 
to the performance of the intermodal system as it 
relates to its physical distribution efficiency goal 
are described as 

1. Throughput, which expresses the number of 
freight-bearing equipment units that pass through 
the system in a specified time frame [for rail and 
ship or truck and ship operations, the term used is 
the twenty-foot equivalent unit (TEU), which re­
flects the increments in which intermodal units 
occur: one wonders, however, if the 20-ft standard 
will survive the 1983 U.S. law that permits 28-ft 
double trailers on major highways: the change also 
raises questions regarding the systems effect of 
such a growth in the container and trailer stan­
dard], and 

2. Transportation-related charges assessed sys­
tem users (i.e., the total of inland transportation, 
handling, accessor ial, and ocean transportation 
charges that apply to an intermodal movement) . 

Users understand their physical distribution 
costs to be time (and reliability) sensitive (the 
consistently quicker the delivery, the lower the 
interest charges, the lower the inventory require­
ments, and the higher the user's sales success). 
Transportation charges reflect, to some degree, the 
costs of providing intermodal services. Costs, in 
turn, depend on freight volume handled, shipment 
sizes, shipment frequency, level of service quality 
provided, technology employed, and compatibility and 
cooperativeness of the companion elements of the 
system. They are, therefore, variables that must be 
measured and managed in order to achieve the goals 
of intermodalism. From the transportation pro­
viders' side, it means an optimal balance of 
throughput and cost. System users, on the other 
hand, see the intermodal goal as an optimal balance 
of service quality and transportation charges, i.e., 
minimized physical distribution costs. 

Infrastructure: The Economic Catalyst 

Infrastructure is the group of facilities and ser­
vices that underpin economic and social activity. 
Infrastructures catalyze and facilitate productive 
activity. Some examples of the infrastructure of 
any urban community are health services, communica­
tions, transportation, and electric power. For 
desirable quality of life, economic prosperity and 
growth, and cultural enhancement, infrastructure of 
a quality, magnitude, and scope to support them must 
be in place. 

Infrastructural facilities may be provided by the 
private or public sector or by joint funding ar­
rangements. Access to components of the infrastruc­
ture may be provided at zero monetary pr ice to the 
user, at market price, or may be subsidized to per­
mit access at a less-than-market price (~). Ex­
amples of each of these funding and pricing situa­
tions are given, and the effects of the diverse 
functions are assessed as the specifics of the in­
frastructural component of the intermodal freight 
system are discussed in more detail. 

Intermodal Infrastructure 

The infrastructure associated with the intermodal 
system of which the marine container terminal is a 
part is, in turn, composed of a set of supportive 
facilities and services. The aggregate of the in-
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termodal subsystems is a part of the physical dis­
tribution infrastructure that functions responsively 
to a core of demand, which is the group of product 
storage, transportation, and delivery conditions 
placed on the product's supplier by its customers. 

The infrastructural components are given in Table 
1. Each major component is identified, and its sup­
portive facilities and services are outlined. An 
example is subsequently employed to illustrate the 
concept and to suggest the system effects. 

Table 1 is intended to be an exhaustive listing 
of the elements of the interrnodal freight system and 
the infrastructural components that underpin each of 
the elements, but other observers, particularly 
those intimately involved with the system elements, 
will be able to add to the list. Those who design 
new systems or their elements, or evaluate those 
that now exist, will want an exhaustive list so that 
a comprehensive planning and design job can be 
done. The missing variables in the table are the 
quality, magnitude, capacity, and interactions of 
the items indicated. These dimensions are the ones 
that investors, planners, and designers attempt to 
define through their respective arts. My purpose is 
to suggest the character of the investment planning 
and design problem by emphasizing the system, pub­
lic, and infrastructural dimensions of the problem. 
The remainder of this paper is meant to underscore 
some of the planning issues that should be taken 
into account in designing or redesigning IFTs. 

QUALITY AND CAPACITY OF INTERMODAL FREIGHT 
SYSTEM COMPONENTS 

Ideally, the total intermodal freight system will be 
designed as a unit. Those involved in planning and 
decision making can specify the design and opera­
tional character of subsystems over which they have 
direct control. The ability of outsiders to influ­
ence subsystems not under their control depends on 
their negotiating power. Nonetheless, the system 
will succeed best if the components are effectively 
integrated. 

To illustrate, consider the hypothetical example 
of a steamship company that proposes to provide tri­
weekly, large container ship service, one from each 

Table 1. Infrastructure of intermodal freight system. 
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of three northern European ports to a major eastern 
United States port. The proposal hinges on a 40-ft 
channel depth being maintained and a 24-hr turn­
around with a minimum 80 percent load factor in both 
directions. The steamship company notified port 
officials that the line will not pay more in port 
service charges than are current at any time at the 
port's two principal competitors, both of which are 
less-well situated than the port receiving the 
proposal. 

This offer by the steamship company has poten­
tially wide-ranging implications. Not only must 
there be the commitment to maintain the required 
channel depths, but there must be a marine container 
terminal with available berthing capacity and suff i­
cient storage, equipment, and operating capacities 
to provide the throughput required to turn the con­
tainer ship around in 24 hr. (Note: Terminals of 
the future, which would handle "pods" of containers 
by "six packs," should be considered. This would 
not only change throughput, but would affect the 
entire system.) The marine container terminal's 
storage capacity should be augmented by the se­
quenced arrival and departure of barges, railcars, 
and highway vehicles delivering and picking up con­
tainers in coordination with the container ship's 
arrival. Further, port-related costs assessed to 
the ocean carrier had to be pegged to that of com­
petitive ports. 

Customs services must be in place, as must facil­
ities for handling and storing cargoes that must be 
"stuffed" in containers at the marine terminal. 
Documentation, communications, financial, and insur­
ance services, as well as tugboat and pilotage ser­
vices, must also be on hand to accommodate the time 
and quality needs of these high-cost, time-sensitive 
ships. 

A large group of agencies and firms must respond 
to the conditions set--the u.s. Army Corps of Engi­
neers for channel maintenance; other federal units, 
states, municipalities, and regional authorities 
where these government uni ts affect locational, en­
vironmental, funding, administrative, and pricing 
decisions; and private firms that provide direct and 
support facilities and services. It is certainly in 
the steamship company's decision domain to initiate 

Intermodal System Components Supporting Facilities and Services 

Inland transportation system of modal alternatives 
in which highway trailers or containers are 
employed 

Motor carriers 

Railroads 

Barges 

Ocean transportation capability to transport high­
way trailers and containers: steamships and 
ocean-going barges 

Ports 

Intermodal freight terminals 

Companion terminals' intermodal freight system• 

Highways, bridges and tunnels, interchanges and access roads, vehicular control systems, freight and vehicle 
handling facilities, communications, and control systems 

Rights-of-way, bridges and tunnels, train and car processing yards, freight handling facilities, communications, 
and control systems 

Inland waterways, docking facilities, locks and dams, control systems, communications, and navigational sys­
tems 

Tugboats, navigational aids, and communications 

Pilotage, channels, navigational aids, safety, tugboats, cargo handling facilities, recreational facilities, cus­
tomer-related agencies and firms, financial institutions, chandlery and repair capability, communications, 
turning basins, breakwaters, control sy_stem, insurance adjustment capability, health care delivery, storage 
and bonded warehouses, anchorage, air and surface passenger transportation, brokers and forwarders, fire­
fighting, and bridge locations and clearances 

Access to principal modal rights-of-way, container and trailer loading and unloading facilities, storage areas, 
control systems, communications, maintenance and repair facilities, processing capability, security, piers and 
other berthing structures, container lifting gear, trained personnel, heavy lift gear, freight handling struc­
tures and equipment, vehicle and equipment maintenance, closed and open storage for cargo, location with 
respect to cooperating modes, and accessibility to major inland routes and sea lanes 

Similar supporting facilities and services as listed under intermodal freight terminals 

8Companion ports represent constraints on the system, thus influencing the desjgn, capacity, and performance of the remaining system el~ments. For example, the lack of lift capability 
or adequate depths at berths in certain ports may dictate the use of Ro-Ro or LASH ships at the origin and destination ports. This imposes the need for Ro-Ro ramps at the uncon­
strained intermoda.J terminal or, if depths are at issue, the need for LASH handling capability. In either case, investment, capacity, and performance for the system are affected(~). 
For a view of port characteristics and hinterland issues (such es road capacities that might limit container sizes and weights), a helpful compendium of ports and their characteristfcs is 
available ~). 



24 

and sustain the proposed service, but only if it is 
supported in its decision by its .companion elements 
in the total intermodal freight system. And yet, 
what types of negotiating power can it bring to bear 
to gain the required support? 

The answer comes principally in terms of incen­
tives offered to those who provide the services and 
facilities or influence those who do. If sufficient 
employment and investment benefits to the region 
(state and so on) are anticipated, decisions with a 
political component can be influenced. If the ex­
pectation of acceptable profitability can be tied to 
the required facilities and services provided by the 
private sector, those facilities and services will 
be forthcoming. [Note: Suggestive of a port's 
interest response to infrastructural barriers to 
profitable business is the action of the Phila­
delphia Port Corporation, a quasi-public organiza­
tion charged with developing, constructing, manag­
ing, and marketing the Port of Philadelphia. The 
Port Corporation is funding track and tunnel clear­
ance improvements for the Consolidated Rail Corpora­
tion (Conrail) antl lb~ Chessie System. Distori­
cally, oversized loads have been excluded from the 
port. With the improvement, it is expected that the 
port's potential will be greatly enhanced. Because 
of the spill-out benefits, the Philadelphia Port 
Corporation has chosen to underwrite the risk (~) .] 

Loadcenter Concept 

Sufficient cargo must be available to the port to 
justify the volume requirements of large container 
ships. To comprehend the significance of this vol­
ume requirement, certain aspects of the technology 
and economics of container ships and their opera­
tions must be understood. Specifically, because of 
the significant costs per day of owning and operat­
ing large container vessels, and their great poten­
tial for generating revenues as each trip segment is 
accomplished, such vessels are most efficiently 
employed by operating from a single origin port to a 
single destination port. There are significant 
economies associated with container ship size. 
These scale economies spill over onto the require­
ments for correspondingly large-scale marine con­
tainer terminals (.§_) • 

The result is the development of the loadcenter 
concept, in which containerized cargoes originating 
from (and destined to) very wide regions are focused 
on a single origin port (and destination port) so 
that frequent, direct sailings can be achieved. 
This assumes that the efficiencies gained for single 
port container ship operations are not overwhelmed 
by the higher inland transportation costs, the pos­
sibly higher shipment delay costs (taking into ac­
count costs at both ends of the movement) , and the 
higher costs imposed on other parts of the infra­
structure. Physical distribution performance, in 
other words, should be improved rather than im­
paired. Other planning questions that should there­
fore be asked, and answered, are as follows: 

1. What are the scale economies (or disecono­
mies) of the companion elements to the large con­
tainer ship? 

2. Are there joint positive or negative effects 
on any of the intermodal freight system's infra­
structural components from the presence of other 
types of demands on those infrastructural components 
(e.g., does bulk cargo shipping or use of rails and 
rail yards for domestic container and other traffic 
improve the quality of rail service, or does it 
cause congestion)? 

3. If bottlenecks or other infrastructural in­
adequacies in the system exist, how should they be 
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dealt with? If added investment is called for, who 
decides and who pays? 

4. If physical distribution performance affects 
port choices made by shippers, which variables in­
fluence that performance? Also, what factors in­
fluence carrier choices of ports on which to concen­
trate services? How should the affecting variables 
be weighted? 

5. What are the determining factors in shippers' 
and carriers' port choices (i.e., tradition, regula­
tions, or convenience)? 

Responses to these questions will emphasize the 
implications of the design and operation of complex 
systems that are further complicated by the condi­
tion in which the system components are under the 
control of separate decision makers. Further, the 
circumstances occur in the changing contexts of 
technology, markets, economics, politics, and geo­
politics. Any large-scale investment problem is 
difficult, particularly if it is risky. The ensuing 
discussion suggests a way to characterize and ap­
proach the difficulties. 

The term scale economies has two dimensions. 
FlrsL, Lhe Lerm defines the threshold of demand that 
must be projected in order for a facility or service 
to be offered in a market. Second, it describes the 
influence that changing levels of activity have on 
the unit costs of operating the facility or provid­
ing the service. To justify the construction and 
continued operation of a ramp-style rail piggyback 
terminal, for example, cailroad decision makers, 
according to Beier ( 7) , must be able to predict a 
minimum of 10,000 lifts/year. Minimum costs are 
estimated at 20,000 lifts/year, with costs rising 
quickly beyond that volume. Mechanized terminals 
are reported as having threshold volumes of 20, 000-
30, 000 units/year, with minimum cost levels for 
small mechanized terminals at 40,000 units. 

With such data in hand for waterborne container 
operations (8), the impact of three large container 
ship arrival; and departures per week (which amounts 
in our hypothetical example to 7, 500 TEUs arriving 
and an equivalent number departing the port) can be 
projected. Can the current system tolerate the 
additional volume? Can new or improved facilities 
now be justified? What effects would the new volume 
have on unit handling costs at terminals and other 
facilities? Will costs increase or decrease? Will 
congestion occur at certain facilities? What are 
the time and dollar costs of such effects? 

Determinants of Port Choice 

Shippers or consignees have the right to specify 
port, carriers, and methods of transport. However, 
inland carriers can influence these choices by 
advice, price, and service quality provided between 
inland points and the various ports. Ocean carriers 
may influence choice by restricting their service to 
specific ports or by providing through rates between 
origins and destinations. This is a central issue 
in evaluating and dealing effectively with the load­
center concept. 

What variables affect user choice of carriers and 
ports? Because of the influence that carriers have 
over user choice, the more important question is: 
What variables affect inland and ocean carrier port 
choice? If a carrier chooses to offer preferred 
service and price levels at one port, this may limit 
or even foreclose the options available to users. 
For example, twice-weekly sailings and favorable 
rail rates involving port X with respect to much of 
port Y's hinterland forecloses port Y as a choice to 
those shippers, particularly if, at the higher rate, 
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port Y has only weekly sailings. This allows port X 
to encroach on port Y's natural market area. 

The length of the time intervals consumed by 
intermodal freight system components, and by the 
system as a whole, is determined by the following 
characteristics of the components: 

1. Quality-- location (in terms of accessibility 
to and distance from other interacting facilities) , 
technology, state of repair, and design; 

2. Capacity--potential for accepting, process­
ing, holding, releasing, or transmitting the volume 
levels or unit types involved; 

3. Control--efficiency and responsiveness with 
which the system component, given its quality and 
capacity, is operated; 

4. Coordination--ease and speed with which sys­
tem elements achieve their required interactions or 
transfers of functions from one element to another; 
and 

5. Integration--formal or tacit organization 
plan (including communication links) through which 
system elements interact to facilitate coordination. 

The extent to which inland carriers, marine ter­
minals, and other private-sector elements of the 
intermodal freight system possess various levels of 
these characteristics depends on factors such as 
capital availability, investment alternatives, mana­
gerial proficiency, communication situation, facili­
ties already in place due to historical traffic 
flows and transportation practices, and freight vol­
ume projections. 

The characteristics of public-sector components 
of the system may be influenced by the same factors 
listed for the private sector, but other factors 
probably predominate. These include "pork barrel" 
investments, investments due to special-interest 
lobbying efforts, public interest concerns, and na­
tional security considerations. In fact, certain 
private-sector components of the system may directly 
or indirectly be affected by government for those 
reasons. 

The system components' characteristics for both 
the private- and public-sector components are influ­
enced--and perhaps determined--by the use of the 
facilities and services for diverse purposes. Vol­
ume thresholds for the financial institutions that 
provide services required by international trade 
would be different if it were not for the other uses 
to which their services are put. The same is true 
of highways, rail rights-of-way, port services, 
channel depths, and most other elements of the 
system. 

The net effect of these influences and considera­
tions is a group of system components with capabili­
ties and constraints that represent efficiency­
affecting, time-absorbing, and cost-creating 
functions in the intermodal freight transportation 
process. Does the resulting system function or can 
it be made to function within cost, capacity, relia­
bility, and time standards that users require in 
selecting routes, carriers, and ports? If the sys­
tem components can be created, modified, or organ­
ized to function acceptably in these terms (particu­
larly those most influential in affecting the 
choice) , the likelihood of loadcenter volumes being 
generated is greatly enhanced. And this is the 
"name of the game." 

Correspondingly, the physical distribution infra­
structure tends to rise where its historical and 
projected demands are greatest. Thus, the quality 
of the system that enables the East Coast port to 
make the volume and turnaround rate minimums will 
be, in part, the product of its past activity levels 
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and the perceived long-term future demand levels on 
its services. 

Cost Component 

All of this appears to overlook the capital invest­
ment issues as they affect the investors in and 
operators of the components and, ultimately, the 
users of the system, as costs become reflected in 
transportation charges and, more broadly, in distri­
bution costs. The quality and capacity of the com­
ponents; terrain and spatial considerations; the 
durability of the facilities; the performance of the 
personnel who construct, operate, and manage the 
facilities; and, finally, the volume of activity 
calculated for and the actual activity of the system 
will be important cost determinants. 

The problem of circularity is obvious here. The 
prices associated with the use of a system are an 
important determinant in attracting volume to the 
system. Conversely, the use level that exists on 
the system is a principal determinant of cost and 
therefore price. Circularity is resolved by volume 
forecasting; by marketing efforts to attract freight 
volumes (and qualities) to routes, carriers, and 
ports; and by risk bearing, in which investors com­
mit capital to facilities and services in advance of 
actual dollar or nondollar returns. 

Private investment in infrastructure is influ­
enced greatly by public investment in cooperating 
facilities that are (a) installed for extra-econom­
ically (i.e., socially or politically) motivated 
purposes and (b) priced at levels that do not re­
flect the economic costs or demand conditions of the 
component. Where cooperating facilities of higher 
quality, higher capacity, and lower price than the 
market would provide are available, the tendency is 
for private investors to direct larger investments 
toward these projects than would be justified if the 
cooperating facilities were provided on purely eco­
nomic grounds. Where this condition exists, user 
prices, tolls, freight rates, and so on will be 
lower than market-determined prices for the govern­
ment-benefited components. Thus, additional demand 
can be expected to be attracted to the system. 

The effects of these conditions are noteworthy. 
Theoretically, the extra-economic investment and 
pricing practices push the economy away from its 
economic efficiency position. In practice, favored 
routes, facilities, carriers, and ports are overused 
and benefit at the expense of those that fail to be 
favored. These outcomes are not a basis for criti­
cizing the application of extra-economic criteria to 
investment and operational decision making. Con­
sider, for example, the effects of the conscious 
federal effort to relieve the isolation and poverty 
in Appalachia through the Interstate highway pro­
gram. The purpose of this discussion is to suggest 
the nature of the decision processes, influences, 
and relations that lead to the development and use 
of the intermodal freight system. Governments are 
often best equipped to promote the long-term, hiqh­
r isk, high-cost investments for its jurisdictions 
(2_). 

An additional point, one that deals with the 
interaction of components, is that of subsidized 
investments and operations. The effects as well as 
the reasons for the subsidies are similar to those 
of other government investment and pricing prac­
tices. Subsidies, however, can be used to offset 
the effects of inadequate facilities, high-cost 
operations, disadvantageous location, distortions 
caused by regulation, and other reasons for under­
use. Our hypothetical East Coast port could meet 
the container line's demands by subsidizing certain 
port use costs, and would be advised to do so if it 



26 

were less costly than new investments or if it were 
laboring under disadvantages in some port selection 
criteria. Assume, of course, that the new sailings 
are sufficiently beneficial to justify the subsidy 
costs. 

SUMMARY AND CONCLUSIONS 

Returning to our hypothetical example, note that the 
array of considerations and options relating to the 
port in question in responding to the steamship com­
pany's proposal illustrates the nature of the system 
in which the IFT exists. 

The central point is that the IFT is a component 
of a wider intermodal freight system (part of the 
physical distribution infrastructure, which is an 
even wider system) • Because of the interdependence 
of the various components, the characteristics 
(quality, capacity, performance, pricing practices) 
of the IFT cannot be judged separately but must be 
evaluated in the context of the whole system. 

The port's ability to respond affirmatively to 
the proposal of thrice-weekly container ship service 
requires a wide-ranging inquiry of system cost and 
service performance, projections of user volume, and 
response to pr ice, performance, and promotional op­
tions engaged in by the port . It is also affected 
by the prospects of various levels of government af­
fecting the system's costs and service performance 
by altering applicable rules, by investing in or 
underwriting a facility's improvement efforts, by 
subsidizing capital or operating costs of certain 
system components, or by subsidizing the users them­
selves. 

Planning and evaluation where IFTs are involved 
are particularly troublesome areas. The investor, 
planner, and analyst are faced with the problem of 
hitting a moving target with a shaky weapon firing 
an unbalanced bullet. Uncertain demand, coordina­
tion requirements, shifting technology, and govern­
ment involvement in the system are but some of the 
elements that make decision making in the intermodal 
area so difficult. In spite of this, the complexi­
ties must be taken into account in making decisions 
involving IFTs, and planning must be done. 

The theoretical ideal solution to the problem is 
to merge all of the parties to the intermodal system 
into a single entity so that a single decision maker 
can balance all of the interests and arrive at an 
optimal solution. In a system of interacting ele-
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ments, to optimize the system some of the ~lements 

are apt to have reduced rewards as a consequence of 
an improved system outcome. Therefore, only a 
single firm can engross the net effect. Given the 
system of federalism, modified capitalism, and con­
stitutional guarantees in the United States, this is 
not about to happen. We have to settle for an in­
ferior solution. In recognition of this, planning 
at the highest level of professionalism is essen­
tial. Broad-based membership and participation by 
regional, interregional, and international authori­
ties, which focus on information sharing and plan­
ning, appear to be the best substitutes to the sin­
gle firm solution. Let competition among the carri­
ers, ports, and so on continue, but bring them under 
the banner of complementary subsystems for the sake 
of efficiency and progress. 
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TANDEM: Marine and Rail Container Terminal 

Simulation Model 
PETER J. WONG, ANDREW R. GRANT, AND ROBERT G. CURLEY 

SRI lnternational's terminal analysis, desion, and evaluation model (TANDEM) 
is a computer-based tool that assists designers in the planning, design or re­
habilitation, and operational evaluation of marine or rail container terminal 
facilities. The unique characteristics of each terminal facility dictate that 
engineering judgment and past experience be augmented by systematic analy­
sis methods such as TANDEM. The use of TANDEM permits the designer to 
evaluate and explore alternative designs and methods of operation for inter­
modal terminals so that the optimum design can be selected. An example is 
presented of the use of TANDEM to determine the effect of a change from a 
two-ship-a-week to a three-ship-a-week schedule on operations at a hypo­
thetical terminal. 

In the 1950s, full container ships were introducerl 
and the use of trailers-on-flatcars (TOFCs) and 
containers-on-flatcars (COFCs) became widespread. 
To take advantage of the economies made possible by 
these intermodal operations, ports, shipping lines, 
and railroads modified their old facilities or de­
signed and constructed new ones. Little prior expe­
rience existed at that time to guide designers, and 
tools for economical iterative analysis of design 
alternatives were unavailable. The manner of con­
ducting operations changed constantly as improved 
methods evolved through experience. Consequently, 
most existing intermodal facilities have been de­
s igned--unwi ttingly but necessarily--for less-than­
optimum operational and economic results. 

The cost of rehabilitating an old container ter­
minal facility or constructing a new facility can be 
tens of millions of dollars. Furthermore, after the 
facility has been constructed or modified, its de­
sign will influence operations, and hence the profit 
and loss of the operating company, for decades. 
Thus, design trade-off analysis and operations plan­
ning studies must be performed before construction 
or modification to ensure that the design will meet 
forecast demands. 

Engineering judgment and experience in designing 
similar terminal facilities have been the primary 
bases for designing a new terminal. In many in­
stances, however, because of different land con­
straints and traffic demands, terminal facilities 
must be custom-tailored. Engineering judgment and 
experience therefore must be supported by systematic 
analysis methods. 

To provide analytical support for terminal design 
decisions, some designers developed rules-of-thumb 
that were encoded into simple formulas, tables, or 
graphs. For example, Frankel and Liu (ll developed 
simple formulas to estimate the requirements for a 
marine terminal storage area and the number of pier 
cranes as a function of traffic to be handled by the 
terminal. 

The modern computer now enables the terminal de­
signer to develop a model of a proposed terminal 
design and to perform experiments and modify the 
design rapidly. The terminal designer thus can use 
the computer model to develop the optimum design for 
a particular site location and traffic condition. 
Such a computer simulation model--the terminal 
analysis, design, and evaluation model (TANDEM)-­
which is useful for the design, rehabilitation, or 
operational improvement of either a marine container 
or a rail piggyback terminal, is described in this 
paper. 

DESIGN AND OPERATIONAL TRADE-OFF ISSUES 

The fundamental issue in terminal design is to en­
sure that the capacity is sufficient to handle the 
projected demand. Beyond that basic consideration 
are many design and operational trade-off issues 
that must be addressed in the planning or rehabili­
tation of a terminal. These issues concern 

l. Storing containers on chassis or stacking, 
2. Basic terminal operating method, 
3. Terminal layout, and 
4. Quantity and types of materials handling 

equipment. 

Often the trade-off is between a capital-intensive 
design with lower operating costs and a less­
capital-intensive design with higher operating costs. 

In many cases, land is extremely expensive or its 
availability is limited. Consequently, a major con­
sideration is whether the containers are to be 
stored on chassis or whether they are to be stacked 
and how high. The chassis system is the least com­
plicated and least expensive to operate; the rela­
tive capital investment in land and chassis, how­
ever, is high. Alternatively, the stacking system 
is more complicated and can be more expensive to 
operate unless automated, and it requires more ex­
pensive materials handling equipment; but, the rela­
tive land costs are less. In many situations, the 
land constraints dictate the method of operation. 

Once the decision to store on chassis or to stack 
has been made, many alternative operational methods 
are available that apply different layouts and need 
different operational equipment to accomplish the 
same end. For example, in the chassis system, the 
highway tractors can move directly to and from the 
dockside (or railside) to pick up or deliver con­
tainers, or the highway tractors can stop in a tem­
porary parking area to transfer the container and 
chassis to a yard hostler. In the latter alterna­
tive, the operational consideration is to minimize 
the movement of highway tractors within the terminal 
area because the drivers' lack of familiarity with 
the terminal layout might cause disruption of oper­
ations. 

In a stacking operation, movements between the 
dockside (or railside), the storage area, and the 
gate can be accomplished with various types and com­
binations of materials handling equipment, including 
Jib cranes, gantry cranes, transtainers, straddle 
carriers, side-loaders, and yard hostlers. [For 
example, Matson Terminals, Inc., has designed a 
highly automated and sophisticated stacking system 
for its facilities at the Port of Richmond and the 
Port of Los Angeles <l>·l 

Fouliard <ll analyzed the operation of four types 
of materials handling systems for a hypothetical 
terminal, Port Utopia. This article is useful as a 
guide for evaluating and selecting a materials 
handling system. The circumstances that favor the 
reconunended materials handling system for Port 
Utopia, however, may or may not apply to a specific 
terminal because of different land and labor costs, 
availability of capital, and the operating and ser­
vice philosophy of the operating company. 
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Figure 1. Example of prooes.ing in a marine terminal. 
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The trade-off issues in the design and operation 
of a terminal clearly are complex; each terminal 
must be analyzed in its own right. Because design 
and operational decisions can affect the financial 
performance of the operating company well into the 
future, the designer must use the best analytical 
tools available. The use of a computer simulation 
model enables the designer to try alternative de­
signs in the computer and select the best alterna­
tive. In this way, the likelihood that the most 
cost-effective and efficient design will be devel­
oped is maximized. 

DESCRIPTION OF TANDEM 

The operations of a terminal can be viewed ab­
stractly as the processing of containers through 
various queues (e.g., waiting area, storage area) by 
servers (e.g., gate, materials handling equipment). 
The network of queues and servers corresponds to the 
processing of containers to and from the gate and 
the ship (or railcar), as depicted in Figure 1. 
Such an abstract representation is cal led a queuing 
system. The computer simulation language [general 
purpose simulation system (GPSS)] was originally 
developed by IBM to easily construct models that 
could be represented as a queuing system. The 
TANDEM model is constructed by using GPSS and is a 
fully stochastic model to account for randomness in 
processing rates, traffic demand, and the like. 

Types of Containers 

TANDEM is capable of monitoring the processing of 
and requirements for many separate categories of 
containersi e.g., 20- and 40-ft containers, refrig­
erated containers (reefers), flats, and containers 
for dangerous cargo. The user can specify up to 16 
different container types in the model. 

Terminal Layout 

To represent the terminal layout in TANDEM, the de­
signer identifies all the activity areas in the ter-
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Figure 2. Sample layout of marine terminal. 

t 

20' 
Containers 

1 Reefers 

~ 

Gates 

I I 1.1 
I 

t 
I 

... ' 
-1-~1 
~' t Trucks ' .. ,_.,._ __ 
I I 
I I 

,/ t'----

-·-" 
/ 

JI 

Yard Hostlers --

Container Freight 
Station 

40' Containers 

'") 
_J 

minali these include dockside (railside), storage 
areas for various types of containers, container 
freiQht station (r.Fs), nnd gntPR. ~hP. dP.signer must 
specify the average travel distance from the center 
of gravity of each activity area to that of every 
other activity area. This travel distance must re­
flect the specified route of travel, which depends 
on the planned traffic circulation pattern (see 
Figure 2). 

Inaccuracies arise when the travel distance to 
the center of gravity of a large storage area is 
used to represent the travel distance to a particu­
lar spot; the inaccuracies can be compensated for in 
TANDEM in one of two ways. First, the storage area 
can be subdivided into smaller areas so that the 
travel distance to the center of gravity more nearly 
represents the travel distance to any spot in the 
storage area. As the number of storage areas in­
creases, however, the computer requirements also 
increase exponentially. At one extreme, each spot 
can be represented as a separate storage area in the 
model; in this case, the computer requirements would 
be considerable. The other way to overcome the 
inaccuracy problem is to add or subtract a random 
component to or from the av·erage travel distance to 
represent the distance associated with traveling to 
a random spot in the storage area. 

In the marine version of TANDEM, the position of 
the dockside crane is essentially represented as a 
stationary point on the dock. In the rail version, 
the position at which containers (or trailers) are 
removed from the train is represented as a moving 
point along the railside. 

Processing Rates and Specification of 
Materials Handling Equipment 

The number of entry and exit gates must be speci­
fied. The processing rates of highway vehicles at 
the entry and exit gates are represented by proba­
bility distributions, which must reflect not only 
nominal processing rates but also occasional lost 
papers. 

The user must specify the quantity and types of 
materials handling equipment. The capability must 
be specified for each type. The user specifies the 
capability of stationary materials handling equip­
ment, such as dockside cranes, in terms of a con­
tainer lifting or cycle rate. The capability of 
mobile materials handling equipment, such as yard 
hostlers, is specified in terms of a container lift­
ing or cycle rate and the speed along the ground. 
If containers are to be stacked in storage, a random 
component must be added to the basic cycle rate to 
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account for the time necessary to access the con­
tainer in the stacki the position of the container 
is also chosen randomly. A randomness can also be 
added to the average travel time of the materials 
handling equipment to account for random delay due 
to conflicts in the traffic pattern. 

The user also must specify the operational strat­
egy for the materials handling equipment. In a 
specialized operation, one type of equipment might 
operate from the dockside (railside) to the storage 
area, ana another type might operate from the 
storage area to a point of transfer to a highway 
tractor. Alternatively, an operation might be 
specified in which all pieces of equipment can work 
throughout the terminal. The specialization of 
equipment is specified in terms of the routes and 
activity areas where the equipment can work. 

Terminal Demand and Traffic 

The TANDEM user specifies the arrival schedule of 
ships (or trains) into the terminal and the total 
container-carrying capacity of each ship (or train) 
by container type. 

The number of trucks arriving at the terminal 
during each time increment of the day (currently at 
10-min increments) must be specified. For each 
arriving truck, the user indicates the container 
type and the assigned departing ship (or train). 

TANDEM begins with an empty terminal. The con­
tainer inventory is built up over the first few days 
of arriving and departing ships (or trains) and 
trucks. Output statistics ace therefore meaningful 
only after buildup of the inventory. 

The active elements in the TANDEM model are com­
puter entities that represent the physical entities 
in the system being simulated, that is, trucks, 
materials handling equipment, ships (or trains), and 
containers. The program generates these entities at 
the proper moment in simulated time and then pro­
ceeds in a manner that simulates the handling of the 
physical entities in the real system. The program 
prescribes the events that will take place and the 
length of simulated time needed for the appropriate 
action. For instance, the computer entity that rep­
resents a truck would be generated to appear at the 
entry gate at a particular simulated time. The 
truck would spend some time there for processing and 
then might proceed to the storage area, taking a 
certain amount of simulated time to do so. Whatever 
action was taken at the storage area would take 
additional simulated time. The disposition of the 
truck would depend on the overall situation at the 
time, as determined by the program. The operating 
rules are built into the program, with varying 
levels of choice available at each moment and place 
in the program. 

Output Statistics and Utilization Reports 

The TANDEM model provides utilization statistics for 
each type of materials handling equipment, both sta­
tionary and mobile. By adjusting the quantity and 
types of equipment, the user can determine the opti­
mum number and mix of equipment to keep the equip­
ment utilization rate high and still -process con­
tainers through the terminal in a timely manner. 

Statistics are provided on the use of storage for 
each type of container. This information will en­
able the user to determine the optimum storage space 
for each category of container. 

TANDEM provides information on the total terminal 
detention time of each type of container. Further­
more, the time waiting in storage or in a queue 
waiting to be processed is indicated. 

The time to load or unload a ship (or train) is 
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output from the model. 
ing time of highway 
waiting. 

Also indicated are the wait­
tractors and where they are 

USING THE MODEL: PARAMETRIC ANALYSIS 

TANDEM simulates in the computer the operation of 
the terminal as specified by the input data. Each 
run of the model is a performance evaluation of a 
particular set of terminal design and operational 
characteristics. Thus, to find the optimum set of 
terminal characteristics, the user must make a 
series of runs in which the input parameters are 
varied systematically. This process is called pa­
rametric analysis or sensitivity analysis. 

In parametric analysis, the designer must estab­
lish criteria for terminal improvement: this is 
likely to include cost calculations performed man­
ually by using model data. The designer makes small 
incremental changes to the model input parameters 
and evaluates the results. The direction and magni­
tude of change in a parameter for the subsequent 
model run are dictated by the change in terminal 
improvement from the preceding model run. When no 
further improvement can be obtained, the model pro­
vides the optimum terminal characteristics. 

By varying the appropriate parameters to the 
model, numerous questions concerning the terminal 
design and operation can be answered, including, 

1. How much space is needed for containers? How 
much space is required for each category of con­
tainer? 

2. What type and how many of each type of mate-
rials handling equipment should be provided? 

3. What should be the terminal layout? 
4. How many cranes are needed? 
5. What is the effect of work shift variations? 
6. Can the results be improved by changing the 

arrival rates or the arrival patterns of trucks or 
by varying the schedules of ships (or trains)? 

7. What is the effect of irregularity in ship 
(or train) arrivals? 

8. What is the effect of changes in operating 
procedures, such as storing on the ground instead of 
on chassis? 

9. How many entry and exit gates are needed? 

The TANDEM program requires a GPSS V package on 
the computer. On a CDC 6400 or the equivalent, the 
cost of a complete run for a given set of operating 
parameters would be between $15 and $35, depending 
on the number of entities involved and the length of 
the simulated time period. 

CASE STUDY OF HYPOTHETICAL TERMINAL FACILITY 

Central Bay Terminal is operated by a large shipping 
company. The company is interested in determining 
the effect on the terminal of changing from a two­
ship-a-week schedule to a three-ship-a-week sched­
ule, where each ship has a capacity of 700 con­
tainers. 

The terminal has two berths and two dockside 
cranes. Containers are stored on chassis. Three 
types of container storage areas are provided in 
Central Bay Terminal: 40-ft containers, 20-ft con­
tainers, and reefers. The terminal has six gates, 
which can be used interchangeably as entry and exit 
gates, depending on demand. The maintenance facil­
ity has three lanes where departing trucks with con­
tainers can check gasoline, oil, tire pressures, and 
the like before arriving at the exit gate. Figure 3 
is an approximate layout of the hypothetical ter­
minal. 
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After processing and checking for bad papers at 
the gate, inbound trucks are directed to a proper 
storage spot where they either unload or pick up a 
container (and chassis) i then they leave the yard 
via an exit gate. (We assume that the percentage of 
trucks that both off-load and on-load a container on 
the same trip to the terminal is low.) Trucks do 
not serve the ships directlyi yard hostlers are used 
to move containers between the storage areas and the 
ships. A container arriving by ship is placed on a 
chassis, which is brought to the ship by a yard 
hostler i the yard hostler then moves the container 
to a storage location. Containers to be shipped out 
are picked up by a yard hostler and delivered to the 
ship, at which point the container is removed from 
the chassis and the chassis is returned to a storage 
area. Off-loading and on-loading activities at the 
ship proceed simultaneously as soon as a sufficient 
number of containers have been off-loaded so that 
space is available for containers to be on-loaded. 

We assume that containers begin arriving at the 
terminal about 6 days before the arrival of the 
iHIAignet'I ship and that the arrival rate increases 
inversely with the time rema1n1ng until the ship 
arrives. (The container arrival rate increases rap­
idly as the ship's arrival time nears.) Container 
types are determined randomly, but we assume that 
about 65 percent are 40-ft containers, 25 percent 
are 20-ft containers, and the remaining 10 percent 
are reefers. Figure 4 shows the arrival rate of 
containers for both the two- and three-ship-a-week 
schedules. 

Table 1 gives the maximum, minimum, and median 
travel distances between the activity areas in the 
terminal (see layout in Figure 3). In the model, 

Figure 3. Layout of hypothetical case study marine terminal. 
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the actual probability distributions of each spot in 
the various storage areas are used. Table 2 gives 
some of the operational parameters assumed for the 
case study. 

Table 3 summarizes the quantitative results of 
the computer analysis. These results indicate that 

Table 1. Container travel distances. 

Container Travel Distance (ft) 

Route Median Maximum Minimum 

Gate to 20-ft container storage 575 1,100 300 
Gate to 40-ft container storage 760 1,100 150 
Gate to reefer storage 790 900 650 
Dock to 20-ft container storage 350 1,100 300 
Dock to 40-ft container storage 750 1,500 350 
Dock to reefer storage 930 1,400 600 

Table :.z. Hypothetical terminal operation parameters. 

Parameter 

No. of yard hostlers 
Avg time dockside crane handles containers (sec) 
Avg yard hostler speed (ft/sec) 
Avg time yard hostler handles containers (sec) 
Avg time for trucks at entry gate (sec) 
Avg time for trucks at exit gate (sec) 
Bad papers (%) 
Avg delays for bad papers (sec) 
Avg time for trucks at maintenance (sec) 

Table 3. Results of case study analysis. 

Item 

Container storage requirements 
Maximum 40-ft containers on hand 
Maximum 20-ft containers on hand 
Maxim um reefers on hand 

Total 
Avg time containers are in terminal (hr) 

Containers arriving by truck 
Containers arriving by ship 

Availability of yard hostlers 
Containers waiting for hostlers(%) 
Avg wait time of containers, if waiting (min) 

Gate processing 
Trucks waiting at entry gate(%) 
Trucks waiting at exit gate (%) 
Avg W(lit time at exit gate (min) 

Maintenance processing 
Trucks waiting for maintenance (%) 
Avg wait time of trucks, if waiting (min) 

Av~ time to load and unload ship (hr:min) 

Ship 1 Ship 2 Ship 3 Ship 4 

Value 

20 
140 
15 
JOO 
250 
300 
5 
300 
300 

Ships per Week 

Two Three 

484 621 
202 241 
....§2 _.2§. 

775 960 

47 47 
24 24 

II 12 
9 10 

I 1 
47 48 
5 

0 0 
0 0 
17:51 17:55 

Ship 5 Ship 6 

4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 
DAYS 

- Schedule of 3 Ships a Week 
--- Schedule of 2 Ships a Week 
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the principal effect on operations of changing from 
a two- to a three-ship-a-week schedule would be that 
the maximum requirements for container storage would 
increase by 25 percent. The case study also re­
vealed that, under either schedule, 

1. Containers arriving by truck would spend 
approximately 2 days in the terminal, whereas con­
tainers off-loaded from the ship would spend approx­
imately 1 dayi 

2. More than 10 percent of the containers would 
be delayed, on average, 10 min because of waiting 
for a yard hostleri more yard hostlers might be re­
quired during peak periods when the ships are in the 
terminali 

3. Truck delays at the entry gate would be min­
imal, but almost half of the departing trucks would 
be delayed at the exit gatei consequently, providing 
more gates may be appropriate. 

4. The maintenance facilities appear to be more 
than adequate to service the traffici and 

5. The time to load and unload a ship would be 
approximately 18 hr. 

This case study demonstrates only one type of 
parametric study that can be performed by using 
TANDEM. The purpose is to illustrate the type and 
quality of data produced from the TANDEM computer 
model. In a full-scale analysis effort, all param­
eters of the terminal would be varied to develop t~e 
optimum terminal operating characteristics. For 
example, the following terminal characteristics 
would be varied: the number of gatesi the number of 
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yard hostlersi the rate, volume, and mix of arriving 
containers by trucki the size of shipsi the arrival 
schedule of ships (assumed to be equally spaced dur­
ing the week)i and the layout of the terminal. 

CONCLUSION 

A computer simulation model such as TANDEM offers 
the terminal designer the opportunity to plan, de­
sign, or modify container terminals with less risk 
and more confidence. Specifically, the designer can 
use the model to develop the optimum system design 
and then to test the response of the design to vari­
ous traffic levels and operational scenarios. Be­
cause the cost of capital is high, and because the 
terminal design can affect the profitability of the 
operating company for decades, terminals must be 
planned and designed by using the latest available 
techniques. 
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Simulation of Railway Piggyback Terminals 

LOUIS DUBE 

The computer model described in this paper almulatos trailer handlln9$ In rail­
way top-lift piggyback terminals. It allows a fast and accurate evaluation of 
operating trade-offs by quantifying the use of tracks, storage area1, cranes, and 
tractors. Tho input comprises key physical charac1eri1tics, machineschodulos, 
and train end !roller arrivals and departures according to specified distributions. 
Output tables describe tho machine tlmo spent In loading, unloading, traveling, 
or idling, and they also describe an hourly distribution of cari on eaoh track 
and trailers in storage. Time-distance charts of machine positions on each track 
give a detailed log of operations performed for each trailer. The simulation has 
been usod lo evnluete modlfioatfons to existing terminals and for the design of 
proposed terminals. It has general applicability to o wide va.riety of terminal 
configurations, equipment types and speeds, and traffic volumes. It ls written 
in Simscript 11.5 and requires 400·600 K of core and 1-5 sec/simulated day to 
execute, depending on the size of traffic. 

A computer simulation model of operations in a rail­
way piggyback terminal, where trailers are lifted on 
and off railcars, is presented. Such terminals pro­
vide the link between the long-distance haul of 
trailers on railway cars and the delivery of those 
trailers by road to customers. 

The following points are covered in this paper: 

1. Objectives of simulation, 
2. Events simulated, 
3. Events not simulated, 
4. Inputs required, 
5. Outputs generated, 
6. Technical considerations, and 

7. Applications for (a) modification of an ex­
isting terminal, and {bl design of a proposed ter­
minal. 

OBJECTIVES OF SIMULATION 

Simulations of operations have always been a power­
ful tool in designing intermodal terminals. They 
allow a systematic evaluation of various designs 
under different traffic levels and operating condi­
tions. Two major difficulties have held back the 
full use of simulations: (a) the high level of de­
tail required to model reality adequately, and (b) 
the long time spent in performing simulations man­
ually and recording pertinent information for fur­
ther analysis. 

The computer simulation described here attempts 
to overcome these difficulties. It includes the 
most relevant features of a piggyback terminal, sim­
ulates its activities in detail, and produces re­
ports on its performance, thus allowing many alter­
natives to be analyzed quickly. It may be used to 
evaluate changes in loading tracks, handling equip­
ment, traffic volumes, and train schedules. 

EVENTS SIMULATED 

In a piggyback terminal, trailers change modes of 
transportation from road to rail and vice versa. 
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Figure 1. Physical elements of typical intermodal terminal. 
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The elements of a typical terminal (shown in Figure 
1) are: 

1. The gate, where trailers enter or exit the 
terminal by the road; 

2. Rail tracks, where trailers are loaded or 
unloaded on or off the railcars; 

3. Trailer parking, where trailers are stored 
until railcars are ready to be loaded or (for un­
loaded traffic) until a tractor picks them up for 
delivery ; 

4. Lifting equipment, which lifts trailers on or 
off railcars from or to the trackside; and 

5. Tractors, which pull trailers between parking 
and trackside. 

The events simul a ted modify the status of the 
rail tracks, gate, and trailer parking. Status is 
expressed as the number of trailers at the abOve 
locations over time. 

Events may be externally generated according to a 
train schedule or gate arrival distribution for 
train arrivals on the tracks (loaded with trailers) 
or trailer arrivals at the gate (individually by 
road) , or they may be internally driven, i.e . , un­
loading of trailers from the car (after train ar­
rival) or loading of trailers onto the car (after 
gate arriva l). 

The s e que nce of events simulated for arriving 
trains is as follows: 

1. Arriving train selects the best track: It 
must be free of cars, accept the largest number of 
cars from the train, and waste the least space on 
the track. If the whole train or part of the train 
cannot be placed on the tracks, the remaining cars 
are considered to be on storage tracks until a track 
is free. 

2. Cranes unload trailers off railcars: As soon 
as the train arrives, unloading may start, provided 
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that a lifting machine is available for unloading on 
that track. If more than one machine are free, the 
nearest one will be dispatched. Unloading will tend 
to be performed sequentially along the track, where 
the machine moves to the closest (and adjacent) 
trailer on the track. 

3. Yard tractors bring trailers to parking 
area: Trailers may stay at trackside until an out­
side tractor picks them up for delivery or until the 
trackside must be freed for loading trailers; un­
loaded trailers are then brought by yard tractors to 
a parking area in the yard. Trailers depart from 
the yard according to a given probability distri­
bution. 

The sequence of events simulated for departing 
trains is as follows: 

1. Trailer arrives by road at the gate: It is 
processed there according to a given service time. 
It then proceeds to a section of a track reserved 
for one of the final destinations of the train it 
will be loaded on. If the track is not yet ready to 
accept trailers, the arriving trailer proceeds to 
the parking areii. 

2. Yard tractors bring trailers to trackside: 
When the track is made ready to receive trailers, 
tractors will start to bring trailers in the parking 
area for that train to sections of track allocated 
for each destination. 

3. Cranes load trailers on railcars: When empty 
railcars have been placed on the track, a crane will 
load trailers at trackside onto the adjacent rail­
car. The crane will move to the closest trailer to 
load on that track or any other track. This may 
result in substantial (and unavoidable) traveling if 
the track is blocked into a number of destinations 
and trailers arrive randomly at the gate for each 
destination. 

4. Trains depart according to schedule: When 
the train must leave, trailers that have not yet 
been loaded on it remain on the ground. They will 
be brought to the parking area by yard tractors and 
remain there until the next train for that destina­
tion is placed on the tracks. 

EVENTS NOT SIMULATED 

Two types of events, railc a r avai l abili ty and 
trailer and railcar sizes, we r e not i ncluded in the 
simulation. They were considered too complex to 
simulate because they required too much detailed 
input and affected terminal operations in unpre­
dictable or insignif i cant ways. 

1. Railcar availability: In the simulation, it 
is assumed that empty railcars are always available 
in sufficient number to load all of the expected 
trailers. This is not necessarily the case in real 
life; there may be a lack of railcars, and some 
trailers would then remain on the ground. Simulat­
ing railcar ava i l ability requires tha t the whole 
fleet of cars acr o s s the country be simu l ated, which 
is outside the scope of this model. 

2. Trailer and railcar sizes: Trailers come in 
different lengths ( 26, 40, and 45 ft long) , as do 
railcars (holding a 40-ft and a 45-ft trailer, or 
two 26-ft trailers, and so on). The simulation does 
not match trailers to railcars by sizes. It matches 
them only by destination. Taking sizes into account 
would require that they all be input individually 
and that the transportation yard itself be modeled. 
Instead, an average trailer and car length are used 
to determine the number of trailers that can be 
loaded on a given track. 
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INPUTS REQUIRED 

A brief description of the input may give an appre­
ciation of the level of detail that is incorporated 
in the model. An example of such input is shown in 
Figures 2-5. The input detail is as follows: 

1. Simulation parameters--day and time simula­
tion starts and ends, percentage change in volume 
over stated traffic, average time to find a trailer 
in the storage area, average time between removing 
cars on the track and placing other cars, average 
car (and trailer) length, average distance between 
tracks, trailer-to-gate processing time, number of 
gates, and time between last trailer arrival and 
train departure; 

2. Tr::ack--track number and length, distance from 
track position no. 1 to trailer parking, and other 
track numbers that share the same roadway; 

3. Tractor--tr::avel speed (in miles per hour), 
coupling and uncoupling time to trailer (in sec­
onds) , detailed schedule of working hours or down­
time, and particular:: assignments to specific track 
or train; 

4. Lifting equipment--type (gantry straddling 
track or side-loader), travel speed (in miles per 
hour), loading and unloading time cycles (in sec­
onds) , time to change tracks (for gantry cranes) , 
detailed schedule of working hours or downtime, and 
particular:: assignments to specific track or train 
(if any); 

5. Trains--train name, arrival 
time, number of trailers on train, 
(if any) it should be assigned to, 
arriving trailers should be left at 
before departure at which trailers 

Figure 2. Input example-run parameters and track. 

DAY AND TIME S IMULATION STARTS MON 

SIMULATED TIME : 1.00 DAYS 

or departure 
specific track 
time at which 

trackside, time 
may be brought 

% CHANGE IN VOLUME OVER STATED TRAF'FIC : 0. (EG. 5 F'OR 5\) 
CHANGE: CAN BE NEGATIVE (I.E. DECREASE IN VOLUME) 
EG. -S. 5 F'OR A DECREASF. OP S. 5% 

TRACTOR TIME IN STORAGP. : l.O MINUTES 
TRAC'l'OR TIME IN C LUDES THE TlMP. REQUIRED TO flND TH E 
DESIRE!() TRAILER OR TO F'IND AN EMPTY SPOT TO PARK THP. 
TRAILER, ANY lNTERF'ER£NCF.: llET\lEP.N TRACTORS IN STORAGE, 
THE PARKING AND PLACING TIMES l:::XCLUDING THF: 
COUPLING/UNCOUPLING. 

AVERAGE TIME F'OR SH ITCH ING 30. MINUT!:":S 

AVERAGE CAR LF:NGTH : 50.0 F'EE'r 

PAD HITH : 100, 0 PEET 

GATE ~ROCESSrNG TIME 2.0 MINUTES 

NUMB£R OP GATF; S 

TIME AETWEEN CUT OPP AN D PULL : ts.a MINUTES 

TRACK IN FORMATION 

PI ELD DEP !NITION 
TRACK 

PAD LENGTH 
ACCESS 

INTEGEH RF.PRESENTING THE TRACK NUMBP.R 
INTEGER REPRESENTING PAO LENGTH {FEET) 

DF.SCRIBE:S TRACK AC CESS AS F'OLLOWS 

DISTANCE 

CONNNECTION 

PAD LENGTH 

3000 

1 - ONE END ONLY 
2 - TWO END S 
D!S'rANCF.; IN PEET BETWEEN BEGINNING or TRACK 
AND STORAGE AREA. 
OTHER TRACK CON NECTE D TO Bi' S HARED ROADWAi' 
(ENTER 0 IP NOT CONNECTED) 

~ CONNECTlON 

500 .o 

END OP TRACK INPORMATION 

Figure 3. Input example-machine definition. 

TRACTOR DEFINITION 

FIELD DEFINITlON : 
TRACTOR 1.D. i UP TO B CHARACTER UNIQUE TRACTOR 

I DENT IF !CATION 
TRAVEL SPEED 

COUPLING/UNCOUPLING TIME 1 

REAL NUMBER REPRESENTING TRAVELLING 
SPEED IN MPH OF TRACTOR IN YARD 
REAL NUMBER REPRESENTING EITHER 
COUPLING/UNCOUPLING TIME OF A 
TRACTOR TO f\ TRAILER IN S ECONDS. 

TRACTOR I .D. 
TRAVEL SPEED 

( MPH ) 
COUPLING/UNCOUPLING TIME 

(SECONDS I 

TRACTOR l 15. 0 60 

ENO OF TRACTOR DEF lNITION 

HEAVY EQUIPME NT DEFINITION 

FIELD DEFINITION : 
EQUIPMENT I.D. UP TO 8 CHARACTER UNI QU E EQUIPMENT 

I DENT If I CATION 
REAL NUMBER REPRESENTING TRAV EL LING 
SPE ED OF EQUIPMENT IN YARD 
INTEGER REPRESENTING ONE PULL CYCLE 
TIME FOR LOADING OPERATIONS 
INTEGER REPRESENTING ONE FULL CYCLE 

T IM.E FOR UNLOADING OPERATIONS 
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TRAVEL SPEED 

LOAD TIME 

UNLOAD TIME 

CHANGE TRACKS TIME 

TYPE 

TIME REQUIRED BY MACHINE TO CHANGE PADS 
(MINUTES) 
MACHINE CAN BE OF ONE OF TWO TYPES, 
CRANES OR FRONT LOADERS 
(USE CRANE OR LOADER KEYWORDS) 

CHANGE 
'rRAVEL SPEED LOAD TIME UNLOAD TIME TRACK TIME 

EQUIP. I.D. (MPH) (SECONDS) (SECONDS) (MINUTES) TYPE 

CRANE-1 6. 0 136 115 CRANE 

END OF HEAVY EQUI PMENT DEFINITION 

MACHINE I.D. TIME FROM ~ 
CRANE-1 HON l 18 HON l 22 00 
TRACTOR! HON l 18 MON l 22 00 

SELECTED AREA 
MACHINE I.D. TIME TRACKS TRAINS POSITIONS 

CRANE-1 HON l 18 0 ANY ANY ANY 

END OF MACHINE ASSIGNMENTS 

Figure 4. Input example-distributions and inbound train. 

TRAILER DISTRIBUTIONS 

GENERAL DISTRIBUTION OF TYPE l (ALWAYS NEEDED) 

FIELD DEF IN IT ION : 
HOURS FROH TRAIN TIME NUMBER OF HOURS BEFORE TRAIN 

DEPARTURE TIPiE 
FRACTION TRAILERS FRACTION Of' TRAILERS ARRIVING OR 

l.EAVING DURING GIVEN ttOUR. 
APPLIED TO NUMBER OP TRAILERS IN 
BLOCK. 

DISTRIBUTION NUMBER : 

HOURS FROM T.IUUN TIME FRACTION TRAILERS 

.10 

.10 

.20 

. 30 

.30 

END OF GENERAL DISTRIBUTION 

INBOUNO SCHEDULE (START INC ON A "OHDllY ! 

FIELD DEFINITIONS : 
ARRIVAL TIME 

TRAIN 
NO. OF UNITS 

TRACKSIDE TIME 

WORK OFFSET 

DIST 
TRACK NO . 

OF THE FORMAT HON l 08 25 
INTEGER NUMBER REPRESENTING ARRIVING TRAINS 
INTEGER NU,..BER REPRESENTING 'ftfE NU!lt.BER or 
TRAILERS OR CONTAINERS ON THE ARRIVING 
TRAIN 
A R£AL NUP18ER REPRESENTING THE TI .. E, IN 
HOURS THE TRAILERS WILi.. BE LEFT ALONG '11(£ 
S 10£ OF 'mE TRACK TO BE PICKED UP DIRECTLY 
BY 'nfE CUSTOMERS. 
TIME (P11NUTES) TO HAIT DEFORE STARTING tlORK 
ON 'l"RAIN 
DISTRIBUTION SELECTION P'OR TRAIN 
REPRESENTS THE SELECTED TRACK NUMBERS 
ASSIGNED TO 111E ARRIVING TRAIN CAN BE OP' 
THE FOLLCMING PORKATS : 01 

(02 46 47) 
l\NY 

NO. TRACKSIOE \.IORK 
ARRIVAL TIHE TRAIN TRAILERS ~ ~ ~ TRACK NO. 

MON 2 10 30 201 37 5.00 o. llNY 
END OF SCHEDULED INBOUND TRAINS 
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Figure 5. Input example-outbound train schedule. 

OUTOOU~D SC HEDULE (STllRTlllG 011 II llONDAY) 

FIEGD DEFINITION : 

PULL 

PULL TIME 
TRAIN 

(BLOCK) 
NO. Of' UNITS f 

(UNITS I 

CAR PLACED 

TRACKSIDE TIME 

DIST 
TRACK NO. 

OF TUE PORMAT ~10N l l') JO 
INTE;GER NUMBER REPRESENTING DEPARTING 
TRAIN 
DESTINATION BLOCK NUMBER 
INTEGER NUMBER REPRESENTlNG THE TOTAL 
NUMBER OF TRAILERS OR CONTAINERS ON THE 
DEPARTING TRAIN 
INTEGER NUMBER REPRESENTING THE NUMBER OF' 
UNITS ON EACH DESTINATION BLOCK 
OF THE FORMAT MON 1 17 30 
REPRESENTS THE TIME AT WHICH EMPT'l CARS 
ARE PLACED ON THE TRACK 
REAL NUMBER REPRESENTING THE NUMBER OF 
HOURS BEFORE DEPARTURE THE UNITS HILL BE 
BROUGHT DIRECTL'l BESIDE TRACK 
DlS'l'MHJU'l'LUN ~t::L~L'.'l'lUN l"UK 'l'l{A!N 
REPRE:SENTS THE SELECTED TRACK NUMBER( S) 
ASSIGNED TO 'rHE DEPARTING TRAIN CAN BE OF' 
THE FOLLOWING FORMATS 01 

(02 46 47) 
ANY 

NlJolllER C>" 
'MAIN/ UNITS/PlACFS 

TIMe 
CAR TRACKSIDE: ',lJRK TRACK 

-..!!!:!L ~ !c.llTS/P!AC!Sl PlACED ~ ~ Q!2'.!: .!!£:...... 
Mctll220 100 

BWCK l 
BlOCK 2 
BWCK J 
BWCK 4 

60 
15 
15 
15 
15 

60 ~1180 

U<ITS 
UNITS 
U<ITS 
UNITS 

END OF SCHEDULED OUTBOUND TRAIN 

Figure 6. Output example-gate report. 

MAX[MUM TIM.£ AT GA.TE 
MEAN TIME AT GATF.: 
PROCESSING Tllo\£ 

4.00 

7 MIN UT ES 
2.6 MINUTES 
2, 0 MIN UT ES 

o. 

PERCENTAGE TIME AT GATE 
QUEUE LENGTU 

7 
8 
9 

10 

OF TIME 

• 978 
.018 
.002 
.001 

0. 
0. 
0. 
o. 
0. 
o. 
o. 

(MINUTeS) 

O .::: "" T < 1 
l c • T - 2 
2 <'.'. = T - J 
3 < = T ~ 4 
4 < = T < 5 
5 <= T < 6 
6""' = T < 7 
7 < = T - 8 
B < = T < 9 
9 <"' T < 10 
q <-= T c. 10 

10 < = T < 11 
11 < • T < 12 
12 <= T < lJ 
13 <..• T < 14 

Figure 7. Output example-other reports. 

CRANE-1 
ALL 

135 
135 

47 
47 

58 240 
58 240 

56 . 
56 . 

TRAILERS ARRIV)J, AND lEPARIURE BY RAIL 

NUMBER or 
TRA l~ERS 

0 
0 

40 
~ 
9 
0 
1 
I 
0 
0 
0 
0 
0 
0 
0 

o. 20. 
o. 20. 

24 . 
24. 

TIMe I TRAIN I TRA!LeRS I TRAILERS I '!Url\L I REMAINING 

Ill«'\ I 
2200 I 

I 
DAY '!ml\L I 

I 
I 

GIWID '!ml\LS I 

~ 

Mm 16 0 
M{ll/ 22 0 

1 

I Ill I arr I 
) I I 

lOO I o I 60 I 
I I I 
I 0 I 60 I 
I I I 
I I I 
I 0 I 60 I 
I I I 

SWI'ICH LISTING FOR SlHULATirn 

~ 18 0 
"""' 22 15 

~ TRAIN 

!'LAC!,., 100 
REJ.IOVING 100 

I "l'RA!LER!l 
I 

60 I 
I 

60 I 0 
I 
I 

60 I 
I 
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directly to trackside 
empty cars are placed, 
loading may be started 
destination blocks and 
hlor.k; i'lnn 

by customer, time at which 
time at which loading or un­
on that train, and number of 
number of trailers for each 

6. Trailers--trailer-arrival-to-gate probability 
distribution (expressed as a percentage of total 
trailers or exact number of trailers arriving ran­
domly within an hour at any given hour of day or 
hour before train departure), trailer-departure­
from-gate probability distribution (expressed in the 
same manner as arrivals), and any other number of 
probability distributions (they are referred to by 
number) • 

OUTPUTS GENERATED 

Outputs summarize the various key statistics that 
help to evaluate different plant and operating meth­
ods (see Figures 6 and 7). Some outputs are also 
available that, on demand, give a detailed log of 
each event in the simulation. A description of the 
main outputs is given below: 

1. Echo of input data; 
2. Distribution of actual gate arrivals and de-

partures by hour of day; 
3. Trailer queues at the gate; 
4. Trailer arrivals and departures by rail; 
5. Hourly distribution of cars on each track; 
6. Number of trailer's in storage by hour of day; 
7. Crane and tractor use by hour of day; 
8. Machine time spent in loading, unloading, 

traveling, and idling; 
9. Time-distance chart of machine position on 

track with operation performed; and 
10. Track status at given hour that shows empty 

track, empty cars, loaded cars, and trailers by 
trackside by position. 

TECHNICAL CONSIDERATIONS 

The simulation is written in Simscript II.5, a com­
puter language designed s peci f ically for discrete­
event s i mul ations. It requi res from 400 to 600 K of 
core and l to 5 sec/simulated day to execute, de­
pending on the number of trains simulated. The cost 
per average run ranges from $10 to $20. 

The reports process a log file created by the 
simulation. They require various compilers, e.g., 
COBOL, FORTRAN, and Data Analyzer. 

APPLICATIONS 

Two types of applications are discussed in this sec­
tion--one on existing terminals and the other on 
proposed terminals that use results of a parametric 
anal~,rsis of key phys ica l e l ements in a terminal. 

Railway intermodal terminals are supported by a 
rail yard, where trains arrive and depart and where 
cars are sorted by destination. This simulation 
does not model any of these car classification oper­
ations. The actual configuration of the rail sup­
port yard may restrict the design of the intermodal 
terminal where trailers are loaded on railcars. 

Modifications of Existing Terminals 

This simulation has been applied to determine what 
modifications would be required if Canadian National 
Railway's (CN Rail) Toronto intermodal terminal were 
to handle 8 additional trains per day of 40 trailers 
each. This represents an increase of 80,000 trail­
ers/year in and out of that terminal, or 100 percent. 

The number of trailer lifts would double as com­
pared with the cur rent number. This does not mean 
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that the terminal would have to expand to twice its 
current size to handle the extra traffic. It now 
has slack capacity, with two ):rain arrivals in the 
morning and one in the evening and three train de­
partures in the evening. The additional traffic is 
expected to be evenly distributed during the day, 
f illing up the morning and. early afternoon slack, 
but putting a strain on the fairly busy evening op­
erations . 

The question to resolve, then, is how many more 
tracks or machines would be required to handle this 
additional traffic. The length of additional tracks 
i s fixed at about 2 , 500 ft because of existing 
t rackage length. The type of machine i s also prac­
t ically fixed to ensure compati bility with gantry 
c ranes currently used. 

The terminal now operates two gantry cranes on 
three tracks. Most of the time only one crane is 
necessary. The second crane is used mainly as a 
backup. 

Current plant and machines can easily handle the 
additional traffic during night and morning shifts. 
However, the table below shows that , during the 
evening shift, three cranes are required; two cranes 
cannot load all the traffic (note that the statistic 
for trailers remaining shows that the cranes did not 
have enough time to load those trailers before de­
parture) : 

Plant 
Three Tracks and Three Tracks and 

Item Two Cranes Three Cranes 
Time spent (%) 

Loading 55 35 
Unloading 20 15 
Idling 9 45 
Traveling 16 5 

Trailers re- 15 0 
maining 

As can be seen , travel time decreases, when using 
three cranes, from 16 to 5 percent. Eac.h crane may 
be assigned to just one track; no traveling from 
track to track need occur . 

Three cranes on three tracks are thus considered 
the minimum operating plant to handle the extra 
traffic. One more track and crane may be recom­
mended in the final design to provide slack capacity 
for railcar switching a nd crane breakdowns. 

Design of Proposed Terminals 

Proposed termina.ls do not have as many space or 
equipment constraints as does the extension to 
existing terminals. '!'rack length and number , and 
machine t ype or number, may be allowed to vary more 
f r eely . The basic input to this mode l can be 
changed easily to test many different situations. 

As an example, the simulation was used to test 
machine travel time as a percentage of loading time, 
given d ifferent track number, length, destination 
per track, and level of traffic. 

Figure 8 shows the re sults Qf simulating the 
loading of 60 trailer!il for 6 destinations in 4 hr by 
us ing l , 2 , 3, or 6 tracks o f , respectively, 3 ,000, 
1, 500 , 1 ,000, or 500 ft each. Total track length in 
al l cases i s 3 , 000 ft . Each destination has 10 
trailers that use up to 500 ft of track. 

Two types of lifting equipment are being tested: 
the gantry crane that straddles a track and the 
side-lift that moves freely on one side of the 
track. The main difference between the two machines 
is that the gantry crane must travel to either end 
of the track it is straddling to change track, 
whereas the side-lift may move directly to an ad-
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Figure 8. Travel time for different track lengths. 

llQI!l: 60TllA ILERS LOADf; O FO~ 6 OESTINATIONS IN 4 llOUltS 

TRACKS 

3000' 1500' 1000 1 500' LONG 

jacent track without having to run to the end of the 
track. Therefore, use of the side-lift results in 
less traveling time . 

Tr ailers arrive randomly at the tracks as 10 , 20 , 
20, 20, and 30 percent of total trailers (60) at l 
to 5 hr before train departure for each destina­
tion . Thus, 3 hr before departure , 12 trailers will 
arrive , with 2 (on average) for each destination. 
•rhe lifting equipment must load them as they arrivP. 
in their proper block . 

Traveling between destination blocks is inevi­
table. The machine cannot wait for all trailers for 
one destination to arrive, because such an event 
will happen for all destinations separately shortly 
before train departure . A.s trailers arrive , the 
machine loads all adjacent trailers (for one desti­
nation) , travels past empty rail cars, and loads the 
next series of adjacent trailers (which have already 
arrived for another specific destination). 

Given those conditions, Figure 8 shows how both 
types of machines travel less needlessly as the num­
ber of tracks increases . Improvements are rela­
tively slow for the gantry crane ( 50 to 30 percent 
for 1 to 6 tracks). They are more drama·tic for the 
side-loader at two tracks (50 to 10 percent for l to 
2· tracks) but do not improve further for a large 
number of tracks. They e ven worsen for 3 tracks (18 
percent) , which is understandable, as track 1 and 2 , 
but not track 3, share the same roadway . An even 
number ot tracks thus reduces traveling time as com­
pared to an odd number. 

Figure 9 shows how traveling time is sensitive to 
the number of destinations per track; e . g ., loading 
60 trailers in 4 hr on on.ly 1 track for 6, 4, 3, 2, 
and l destinations. Traveling time as a pei::centage 
of loading time goes .from 50 to 5 percent for runs 
of 6 to 1 destinations on 1 track. Ideally , at one 
destination per track, traveling time should be 
zero . 'l'his is not the case because some tr-ailers 
(3 0 percent) arrive l hr before loading star ts. 
They are stored i n the parking area and brought to 
trackside when t he lifting equipment is ready. 
Space is reserved at the beginning of the trac k for 
those trailers that arr ived early . The lifting 
equipment must travel between trailers brought to 
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Figure 9. Travel time for different destination blocks. 

NOTE' NLY ONE T ACK OF LEN TH EQUAL T 3000" 

DESTINATION 
BLOCKS 

trackside by the tractors and those arriving di­
rectly from the gate. 

Because it is assumed that gantry cranes and 
side-loaders lift and travel at the same speed, 
there is no difference between those two types of 
equipment when loading on one track. 

It is concluded from this example that it is best 
to have the least number of destinations for the 
traffic. That, however, is not a fac~tor that can 
normally be changed at the terminal level because it 
is a traffic characteristic. 

Figure 10 shows that lifting equipment travel 
time goes down as the number of trailers per hour 
goes up. This is to be expected , because the number 
of adjacent trailers is likely to be higher for any 
destination if the frequency of arrivals is greater. 

This test was done with 60 trailers going to 3 
different destinations to be loaded on 1 single 
track. Trailer arrivals were equal in each hour 
within each run and varied from 12 to 30 trailers/hr 
for different runs. 

Not all trailers were loaded for frequencies of 
20 and 30 trailers/hr. There was not enough time to 
load all of them before train departure. This im-
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Figure 10. Travel time for different traffic levels. 

10 

NOTE' ONLY ONE TRACK WITH 3 DESTINATIONS BLOCKS 
-- AN060TRAILERSTOLOAD 

15 20 2~ 
TRAILERS 
PER HOUR 

)0 )5 

plies that, for a given traf f ic pattern, there is a 
time to start loading before train departure that 
will minimize traveling time and at the same time be 
long enough to load all trailers. Lifting equipment 
utilization would then be maximized. 

CONCLUSIONS 

This parametric analys is shows how this model can be 
used to optimize track length and number and machine 
utilization. In any concre te applications for a 
proposed terminal, current and forecasted trains 
would have to be simuiated under different sce­
narios. Particular traffic patterns would affect 
the results of this pat:ametric analysis. 

The model is limited to the analysis of plant and 
operating conditionR of an intermodal terminal . It 
may be used to evaluate changes in opet:ations quan­
titatively . It shows how well-used tracks a nd 
machines perform under different situations. But it 
does not perform an economic analysis on the size of 
the plant or the number or types of machines. That 
step comes after the operating analysis. 
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Incorporation of Operational Decision Making in 

lntermodal Terminal Simulation Models 

DOUGLAS P. SMITH 

The mldel structure outlined in this paper provides a framework for the analy­
sis and improvement of certain terminal operating procedures. The foundation 
of the model is a procedure for forecasting and updating the volumes of trailers 
to be handled. The short-term uncertainty relating to outbound trailer volumes 
can be one of the major causes of terminal inefficiency, particularly with re­
spect to hitch use. This uncertainty is incorporated into the model structure 
and is used in the assignment of railcars to hitches. A combination of auto­
matic and interactive methods are used by the simulator to allocate terminal 
resources. These resources include loading equipment, tracks, railcars, and 
switching facilities . This allocation process simulates the management com· 
ponent of the terminal. The physical component is represented by a series of 
queues, buffers, and processors, each with specified capabilities and availability. 
Unloading activities, the gate, and storage are not included. Results that indi­
cate the accuracy and potential applicability of the model are not yet available. 
Testing is being done by using Canadian National Railways' Brampton Terminal. 
which is located on the northwest corner of Toronto. 

Simulation models have been touted as a tool that 
can aid in the development and planning of inter­
modal terminals and systems. The complexity of most 
intermodal operations makes it difficult to evaluate 
alternatives by using simple analytic methods, but 
it is reasonable to assume that a well-developed set 
of simulation models will allow the intermodal oper­
ator to test a variety of system configurations 
quickly and at low cost. Simulations are appropri­
ate because of the time-varying nature of terminal 
activities and the intensity of peaks. The charac­
teristics of a mode l currently being developed to 

Table 1. Characteristics of representative intermodal terminals. 

Terminal Railroad Apron Tracks Car Spots" 

South Kearney Consolidated Rail Corpora- 153 
tion (Conrail) 

47th Street Conrail 3 91 
West Springfield Conrail 2 52 
Beacon Park Conrail 4 82 

Detroit Norfolk and Western (N&W) 10 so 
1 5 

Calumet N&W 2 79 

Luther N&W 3 82 

Ogden Burlington Northern 2 52 
1 25 

Chicago Missouri Pacific (MP) and 10 166 
Louisville and Nashville 

St. Louis MP 9 51 
I 5 

Chicago Illinois Central Gulf 4 140 
Corwith Santa Fe 5 200 

1 12 
Detroit Grand Trunk Western 2 48 
Detroit Detroit, Toledo, and Ironton 7 38 
Chicago Sao Line 3 35 

Alexandria Southern 2 38 

Montreal Canadian Pacific (CP) 4 57 
Toronto Canadian National (CN Rail) 3 90 
Montreal CN Rail 10 40 

2 40 

Note: TEU =twenty.foot equivalent uniU. 

perform detailed analyses of the loading operations 
in intermodal terminals are discussed in this paper. 

TERMINAL OPERATIONS 

In order to identify characteristics of typical ter­
minal operations, many intermodal terminals were 
visited during summer 1982. These covered a wide 
range of sizes, layouts, and operation policies. 
Attributes of some of these terminals are given in 
Table 1. Although their physical characteristics 
may vary widely, analysis of the operations at these 
terminals reveals a number of consistencies in both 
the work-load pattern and the methods used to handle 
the work load. 

Most terminals have two distinctive types of 
peak, one recurring on a daily basis and the other 
recurring weekly. The daily peaks follow from a 
terminal being i n the load mode in the eve ning and 
the unload mode in the morning. Most trailers are 
loaded by customers during the day and delivered to 
the railway in the late afternoon and early evening: 
outbound train schedules reflect this pattern. S i m­
ilarly, customers want to have their trailers avail­
able to unload during the day: thus, the early morn­
ing period is characterized by train arrivals and 
unloadings. 

Although these patterns are generally true, other 

Loading Method Parking Spaces General Commentsb 

5 side-lifts, 1 crane 1,800 TOFC and COFCc; high volume 

1 side-lift, 1 crane 700 TOFC; high volume 
2 side-lifts 310 TOFC; medium volume 
3 side-lifts 550 TOFC and COFCc; medium vol-

ume 
Circus 200 TOFC; low volume 
1 side-lift 200 TEU COFC; low volume 
3 side-lifts 1,200 TOFC and COFC; medium vol-

ume 
2 side-lifts 850 TOFC and COFC; medium vol· 

ume 
3 cranes 600 TOFC; high volume 
2 side-lifts COFC 
3 cranes 1,000 TOFC and COFCc; high volume 

Circus 400 TOFC; low volume 
Rail-mounted crane COFC; low volume 
3 cranes 1,000 TOFC and COFCc; high volume 
6 cranes 4,200 TOFC; very high volume 
I side-lift COFC 
2 cranes 500 TOFC; low volume 
Circus 500 TOFC; low volume 
2 side-lifts 120 TOFC and COFC; low volume 

200 TEU 
2 cranes (rail 300 TOFC; medium volume 

mounted) 
7 side-lifts 3,000 TEU COFC; medium volume 
2 cranes 2,000 TOFC; medium volume 
Circus 260 TOFC; medium volume 
I crane, 9 side-lifts 3,600 TEU COFC; medium volume 

8Flgurea for car spo11 arc based on 89-ft cars. 
bro Fe ., tr.11iler·on-fl.1Ucar and COFC = container-on-flatcar. Volumes are divided as follows: Jow = 0-200/day (load and unload), medium = 200-500, high= 500-1,000, and very high= 

1,000 or more. These volumes are based on typical heavy days and are based, for the most part, on estimates rether than actua1 operating records. 
CJndicates no ground storage for containers. 
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factors (such as multiple daily departures) will 
result in some variation about the daily norm. The 
weekly pattern is characterized by high levels of 
storage early in the week a nd high loadings toward 
the end of the week. This reflects a shipper ten­
dency to move higher volumes toward the end of the 
week, which results in higher loading volumes on 
Thursdays and Fridays. Trailers that arrive at a 
terminal over a weekend are not likely to be picked 
up until the following Monday, which results in 
higher storage requirements during the early part of 
the week. These regular cycles simplify the analy­
sis of individual terminals because they allow one 
to focus on particular periods during the day ur 
week. 

The reported decision-making process at the ter­
minal level was also consistent over the terminals 
visited. When asked how they made operational de­
cisions, most of the operators interviewed indicated 
that they would "play it by ear." They elaborated 
on this by saying they had a general idea what the 
demand pattern for a day (or week) would be, but 
that there was too much uncertainty to make a fixed 
set of resource allocations at a very early stage. 
Over-the-road arrivals of intermodal trailers are 
not controlled by the terminal nor is complete in­
formation on future trailer arrivals available, so 
all decisions are based on estimates of the daily 
volumes. An initial set of decisions is made and 
updated as the day progresses. Consistent with the 
scheduled timing of different services, these up­
dates will be used for decisions with an ever­
changing set of possible alternatives. An example 
of this change could be the feasibility of switching 
at different points in a loading schedule. 

These character is tics of intermodal terminal 
decisions demonstrate the critical importance of 
human factors and local management in terminal oper­
ations. The uncertain environment of short-term 
decision-making activities requires carefully de­
signed decision support systems together with appro­
priate operations policies, particularly with 
respect to the loading component of terminal opera­
tions. It is the loading component of the terminal 
that is affected strongly by complexity, and for 
this reason the current analysis focuses on load­
ing. This emphasis is justified by the relative 
importance of the loading function to both terminal 
and overall system performance. 

Examination of a terminal in the context of the 
overall rail network indicates that the level of 
effectiveness of' that terminal in delivering service 
depends on the ability of the loading component to 
block trains appropriately and to assemble them 
quickly. The unloading component is important with 
respect to making trailers available to customers, 
but it is a relatively simple procedure with no 
blocking or hitch use issues as well as marginally 
faster cycle times, and therefore it is less likely 
to affect system performance. Other areas such as 
the gate, hostling, and storage are important for 
the support they give to loading. The lack of suf­
ficient support could easily be the limiting factor 
for a specific terminal. 

LOADING DECISIONS 

The loading process for outbound trailers involves 
four general groups of decisions: (a) the assign­
ment of apron tracks to specific trains, (b) the 
assignment of railcars to blocks for loading, (c) 
the determination of switching requirements, and (d) 
the determination of loading and unloading se­
quences . These are ou tii ned below. 

Track assignment refers to the selection of a 
specific track or tracks for assignment to each 

Transportation Research Record 907 

train. Track assignment is based on train length, 
e xpected track availability, a nd , in mechanized ter­
minals, cra ne movement restrictions. r.ocal condi­
tions, such as the proximity to storage areas, the 
.location of internal road crossings, and the physi­
cal characteristics of the apron, may also favor 
specific track assignments. 

Cars are assigned to outbound blocks through the 
selection of appropriate strings of empty cars and 
their allocation to specific destinations. Antici­
pated volumes are the major decision factor. · The 
assignment is normall y done iteratively and c an be 
reassessed as traile rs arrive throughout the load ing 
period. Blooks are located relative to one another 
in a way that facilitates train makeup. 

Switching is required on outbound trains when 
there is a need to add railcars to the original 
allocation or to switch those for which there is 
nothing to load. Additional switching will be re­
quired if it is not possible to properly block the 
train during loading. 

r.oading sequence refers to the assignment of 
trailers to specific hitches on railcars. Sequence 
assignments are normally made so as to optimize some 
measure of hitch use; these assignments are made 
either in the gate office during check-in or by the 
crew during loading. 

These decision groups are either preset as stan­
dard practice or are made by terminal staff on an 
informal basis. In many terminals, track or block 
allocations will not vary from day to day. This 
standard allocation stems from an earlier decision 
on operation procedures and may be adjusted, given a 
significant change in circumstances. Switching will 
commonly be done on a scheduled basis, but extra 
switches may be requested as required. The sched­
uled switch is part of current practice , but the 
decision for an extra switch is normally based on an 
informal assessment of the current situation. 
Hitch-assignment decisions are made continuously as 
trailers arrive at the terminal; this decision mak­
ing is done on an informal basis. 

MODEL STRUCTURE 

The translation of informal decision rules into a 
form that can be used by a computer simulation can 
be done in two ways. The first is to allow interac­
tion between the computer and the operator. This 
type of simulation, known as "man in the loop," has 
been recommended for the simulation of intermodal 
terminals ( 1) and is used by CN Rail to test and 
develop designs for c l a ssification yards (~) • The 
computer is used primarily for bookeeping purposes, 
and all decisions are made by the operator in the 
same manner that they would be made in the ter­
minal. This method effectively removes the require­
ment of spec1rying decision rules in machine 
formats, but it is disadvantageous in terms of simu­
lation time and cost. The second method is to de­
velop a structured set of rules that closely approx­
imate the observed decision-making process and can 
be coded into a computer algorithm. These rules 
will usually involve selecting the decision that is 
optimal according to some predetermined criterion. 

Decision making in the computer model is achieved 
through a combination of interactive and automatic 
methods. Those decisions that are repetitive are 
made automatically consistent with a predetermined 
set of rules, and those that are seldom repeated are 
handled by an experienced operator. The decisions, 
their criteria, and the methods used for each are 
described below. 

Track assignment is handled via the interactive 
interface. These decisions are made at the start-up 
of a simulation and at pauses in the simulation 
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(also known as interrupts) , which are generated 
whenever the status of a track changes. Examples of 
status changes include completion of unload i ng or 
loading. The operator assigns tracks on the basis 
of anticipated volumes, the relation between apron 
tracks and storage areas, and the physical charac­
teristics of individual tracks. 

Block assignment is handled via the interactive 
interface, with some updates made automatically and 
others interactively. A preliminary block assign­
ment is made during track assignment, and the rela­
tive location of blocks is a function of train 
makeup considerations and expected volumes. Ini­
tially, only the starting point and the loading 
direction (or directions) for a block are set. The 
finishing point remains flexible, which reflects the 
uncertainty in volumes. Automatic decisions would 
include the release of sets of cars for loading in a 
block. Essentially, this means that the adjustment 
of block assignments will reflect changes in the 
expected volume due to variations in the trailer 
arrival pattern. If volumes are higher than ex­
pected, it may be necessary to reallocate railcars 
and possibly require a change to either the block or 
track assignment. This decision is made interac­
tively, and the required simulation interrupt is 
generated when there is a conflict in the automatic 
updating of block assignments. 

Switching decisions are handled interactively, 
while the switch itself is handled automatically. 
The factors leading to a switch include a require­
ment to spot cars for loading and for postloading 
train makeup. Any of the simulation interrupts used 
to make decisions on track or block allocation can 
be used for switching and, in addition, any indica­
tion of future railcar shortages will generate an 
interrupt. This reflects the advantage inherent in 
being able to schedule switches early rather than 
waiting until the last minute when it may be physi­
cally impossible to load the newly placed cars be­
fore cutoff. 

Hitch allocation is done automatically in con­
cordance with a specified set of rules. Three basic 
rules are used . The first is "first suitable 
hitch," in which a trailer will be assigned to the 
first space within which it will fit. A 40-ft 
trailer, for example, could be placed in either a 
40- or a 45-ft position, but not a 27-ft position. 

A second rule is "best hitch," in which a trailer 
is placed on the best hitch available. By using 
this rule, the 40-ft trailer would be placed on the 
first 40-ft position or, if none were available, on 
the first 45-ft position. 

The final rule is "minimize excess train 
length.• Hitch positions would be assigned accord­
ing to expectations of volume and trailer mix. If a 
relatively high proportion of 40-ft trailers were 
expected, the optimum allocation could have some of 
them placed on 45-ft hitches. The determination of 
the expected increase in train length is based on 
the probability associated with specific trailer 
arrival events. 

Table 2. Sample hitch-assignment calculations. 
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A simple example of the approach concerns a situ­
ation where nine railcars each have one 40-f t 
trailer loaded on the 40-ft hitch at 1 hr to cut­
off. A tenth 40-ft trailer arrives and the current 
decision concerns whether to put it on the first 
45-ft spot or load it on the tenth railcar in the 
40-ft position. Based on past arrival patterns, the 
probability of more 45-ft trailers arriving in the 
last hour is as given in Table 2. (For simplicity, 
we assume that there will be no more 40-ft trail­
ers.) The table shows that it is known with cer­
tainty that at least five 45-ft trailers are coming, 
so a minimum of five spots can be saved with no risk 
of penalty. The expected penalty associated with 
only five arrivals is calculated by determining the 
empty spaces that would remain and multiplying their 
total length by the probability of the event "five 
more trailers." A similar calculation is performed 
for each of the other arrival events with nonzero 
probability, and the sum of these products gives the 
expected excess train length associated with each 
decision. In this example, loading the 40-ft 
trailer in the 45-ft spot offers a clear advantage, 
even though an automatic 5-ft penalty is incurred. 

These calculations are not suitable for a ter­
minal clerk to perfor·m each time a trailer arrives, 
but t hey a r e a r easo nable representat ion of the type 
of i ntuitive r easoning an i nd i v idual would make. 
Essentially, the individual would recognize that the 
likelihood of a large number of trailer arrivals is 
not high enough to warrant reserving many more posi­
tions. In the actual terminal simulations, the 
arrival events are much more complicated than the 
example, and frequently include compound events such 
as six 45-ft trailers, three 40-ft trailers, and 
three 27-ft trailers. Rather than summing over six 
possibilit ies , as i s t he case i n the example , it may 
be necessar y to consider hundreds of possibilities 
as is done i n the s imulation model. 

The major requirements for the implementation of 
the minimum e xcess t ra i n l eng t h hitch-as s i gnment 
rule are the probabil ities associated with t he vari­
ous arrival events. These are determined by the 
analysis of historical information on trailer ar­
rivals. Trailers will be grouped by de s tination, 
trailer length and weight, departure t ime , day of 
week, and plan ( l, 2, 3, and so on) ; and the con­
sistency and predictability of their arrival pat­
terns will be determined. Ideally, these patterns 
would differ only in terms of timing and magnitude. 
This would greatly simplify the forecasting and 
data-collection tasks for a specific simulation. It 
is expected, however, that specific variations in 
pattern will be associated with different departure 
times and with plan 2 traffic. 

Departure time or cutoff time may affect arrival 
patterns because of its relation to the times wher· 
shippers make trailers available. Most trailers 
will become available from mid-afternoon through the 
evening after being loaded by the shipper during the 
day. Clearly, shippers with multishift operations 
can delay or advance trailer releases with greater 

Excess Space 
Expected 45-
ft Units Probability Load Car I 0 Load 45-ft Spot 

0-4 
5 
6 
7 
8 
9 

10 

0 
0.2 5 • 45 = 225 ft • 0.2 = 45 
0.3 4•45=180ft•0.3=54 
0.2 3 • 45 = 135 ft • 0.2 = 27 
0.1 2. 45 = 90 ft. 0.1 = 9 
0.1 45 ft. 0.1 = 9 
0.1 0 

3 • 45 = 135 ft • 0.2 = 27 
2 • 45 = 90 ft • 0.3 = 27 
45 ft. 0.2 = 9 
0 
40 ft • 0.1 = 4 
2. 40 = 80 ft. 0.1 = 8 

Note: The total expected excess space for .. Load Car 10" and "Load 45-ft Spol" is 144 and 7 5, re­
spectively, The latter column incurs a 5-ft penalty , which brings the mfnimum up to 80. 
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freedom than can single-shift operations, but they 
form only part of the market. It is unlikely, 
therefore, that the arrival pattern for a 2200 cut­
off can be represented by a 3-hr shift in the pat­
tern for a 1900 cutoff. Similarly, it is not likely 
that plan 2 traffic, which is railway controlled, 
will have a pattern that matches non-rail-controlled 
traffic. The impact of finite pickup and delivery 
resources would be the primary reason for this vari­
ation. 

Given that a consistent set of arrival patterns 
has been identified, it is possible to develop esti­
mates that describe the probabilities of certain 
trailer arrival events and use these probabilities 
to identify optimal hitch assignments. Depending on 
the nature of the patterns, it may be possible to 
update the estimates as the day proceeds. The up­
date of volumes for a specific train may depend on 
the volume of earlier arrivals for that train or 
possibly arr i vals for a benchmark train. If, for 
example, a 1500 departure was expected to have 60 
trailers and 80 turned up, it may be reasonable to 
increase the estimates for later trains by some f ac­
tor. Similarly, plan 2 traffic may be a useful 
indicator of overall volumes because its magnitudes 
are known earlier in the day. The accuracy of the 
updates will depend on the consistency of arrival 
patterns and the relations between them. If these 
patterns turn out to be essent ially random, then 
updating will not improve performance, but it should 
be recognized that the use of probabilities in hitch 
allocation would still result in long-run optimality. 

There is a range of methods that can use addi­
tional information about a process to update the 
estimate of the final result. These range from 
simple look-up tables to complex techniques used in 
feedback control systems. Bayesian updating is used 
in this model; it essentially takes an initial esti­
mate of trailer arrival probabilities, adds the 
information, and then produces an adjusted estimate 
of these probabilities. This adjustment is intended 
to approximate the intuitive updating done by ter­
minal staff as the day progresses. 

The decision-making algorithms described above 
will simulate the management portion of the ter­
minal. The physical component will be handled in a 
manner similar to standard simulation models, which 
represent terminals by a series of queues, buffers, 
and processors (e.g., lines of trucks, parking lots, 
and cranes) with spec ified capabilities. Expected 
throughput is determined by calculating the expected 
availability of terminal resources that have known 
processing rates. Availability is a function of 
delays, which includes, for example, switching 
interference during respots or train makeup, nonpro­
ductive crane travel for the purpose of track 
changes, or waiting time during a changeover from 
loading to unloading. Where the forecast demand 
exceeds the short-term capability for processing, an 
interrupt will be generated so that more resources 
can be allocated if this is feasible. 

The construction of a highly detailed terminal 
model is a large endeavor. To reduce the overall 
effort required, this model will focus on the train­
loading and makeup activities, whereas the gate and 
parking will be considered as external factors. The 
trailer arrival pattern at the apron will be assumed 
to be the same as that at the gate. This assumption 
is reasonable in many situations, but it should be 
examined carefully, particularly where hostling 
requirements are severe or gate delays are highly 
variable. Similarly, the impact of off-loading 
requirements on loading can be ignored where a ter­
minal follows a morning unload and afternoon and 
evening load cycle. If this is not the case, the 
analysis must become more complex. 
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The programming languages used for the model are 
BASIC and Assembler and all programming has been 
done by using an IBM personal computer with 512 K of 
memory. Actual memory requirements for the finished 
version will be less. 

The model is being developed by using the CN Rail 
TOFC terminal in Brampton, which is located at the 
northwest edge of Toronto. This facility serves the 
southern Ontario market. The Brampton Intermodal 
Terminal (BI'r) has a number of advantages that favor 
the development of this type of model. The terminal 
follows a simple morning-load and afternoon-unload 
pattern; there are no space restrictions in the 
facility; and each ot the three a.1,1ro11 Lracks is of 
similar size and accessibility. Hostling require­
ments are minimal, and gate delays are not a factor 
in the loading operation. BIT uses two overhead 
cranes. Three of the four daily trains are blocked 
by destination and respots may be required during 
the loading period. The need to load 8 to 10 major 
blocks over three tracks creates conflicting demands 
on the cranes and requires appropriate blocking pat­
terns. 

CN Rail operates a much wider variety of railcar 
types and carries a more complex mix of trailer 
sizes than other North American railroads. Hitch 
use is extremely important to terminal operations, 
and the assignment rules will have many more alter­
natives than would be the case with 89-ft cars and 
either 40- or 45-ft trailers. Experience gained in 
this analysis may provide valuable insights into 
what may happen in the United States, given a mix­
ture of 89-ft and multiplatform articulated cars 
together with 40-, 45-, 48-, and possibly 27-ft 
trailers in the system. 

POTENTIAL APPLICATIONS 

Three possible applications for a model of the type 
described are presented here: (a) the development 
of a simple decision support system for clerical 
staff in loading operations, (b) the identification 
of optimal blocking and switching strategies, and 
(c) the evaluation of alternative railcar fleets. 

There is a simple relation between the minimize 
excess train length hitch-allocation method used in 
the model and the simple best-hitch or first-hitch 
rules. Depending on the expected trailer arrival 
patterns, the minimization of train length could 
cause switching between the two simpler rules. A 
diagram similar to Figure 1 could help the clerk in 
this switching process. The vertical axis repre­
sents the time remaining until cutoff and the hori-

Figure 1. Points of equivalent effectiveness of best-hitch and first-hitch rules. 
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Figure 2. Alternative blocking arrangements for apron tracks. 
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E· 
zontal axis represents the total volume expected for 
that train or block. The curved lines on the graph 
represent the railcar length that can be skipped in 
order to load an arriving trailer on the best hitch 
available. 

For example, if 20 trailers were expected, and 48 
min remained until cutoff, it would be feasible to 
leave up to 110 ft of the train empty in anticipa­
tion of future trailer arrivals in order to use the 
best-hitch rule. If selection of the best hitch 
required leaving more than 110 ft, then the first­
hitch rule would be used. The simulation model 
would be used to determine the nature of the trade­
off for each terminal, as well as for each block and 
trailer type if this level of detail was necessary. 
In addition, the potential benefit of this decision 
aid could be evaluated. This would depend on the 
consistency of trailer arrival patterns and the com­
plexity of the trailer and railcar fleet. 

A second application of this model is related to 
the development and testing of alternative arrange­
ments for the loading and assembly of trains. Fig­
ure 2 shows two possible methods for the loading of 
three trains, each of which has three blocks. Three 
tracks are available in the terminal. In the first 
method, each train is loaded on a single track, 
which can result in either empty cars or insuffi­
cient cars, both of which require switching. The 
other method assigns one block per track but re­
quires that all tracks be shut down during switch­
ing. The relative advantage of a method depends on 
volume characteristics, schedule timings, and 
switching, and it could be determined by repeated 
simulation. 

A final application of the model could be to de­
termine the impact on hitch use of changes in the 
character of the trailer and railcar fleet. This 
would involve changing the characteristics of the 
operating environment of the model, which includes 
the trailer arrival distributions and the strings of 
cars that are available for loading. The loading 
activity could then be simulated to determine the 
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impact of these changes and the results used in the 
evaluation of the effectiveness of various additions 
to the current railcar fleet. 

These three examples indicate the potential of 
the model for providing decision support in situa­
tions that require repetitive short-term decisions, 
medium-term operating policy decisions, and long­
term capital investment decisions. In each case, 
the e valuati on is based on a detailed analysis of 
t he sttuation that e xists at a terminal during the 
l oa d i ng phase . 

SUMMARY 

The model structure that has been outlined in this 
paper provides a framework for the analysis and 
improvement of certain terminal operating pro­
cedures. The foundation of the model is a procedure 
for forecasting and updating the volumes of trailers 
to be handled. The short-term uncertainty relating 
to outbound trailer volumes can be one of the major 
causes of terminal inefficiency, particularly with 
respect to hitch use. This uncertainty is incorpo­
rated into the model structure and is used in the 
assignment of railcars to hitches. 
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TOFC Terminal Simulation Model 

DOUGLASS. GOLDEN AND CARLTON F. WOOD 

A trailer-on-flatcar (TOFC) terminal simulation model (TSM) is currently 
undor development, and it Is being used in concc.rt with the trucking sub-
1idlary of a major class I U.S. railroad. TSM will provide a detailed slmul&­
tion of the oporation of nn Individual.rail-highway lntermodal terminal. 
tu purpose wlll be to support analyses of productivity and throughput of 
trains and trailers by the terminal foclllty. It will bo able to address a 
variety nf fflrminal configurations, terminal equipment types, and train 
service and traffic patterns. TSM will support both report and computor­
grephlc outputs. It will bo e bRSlc ovont-queuo·procanor simuletion model, 
running against a 24-hr clock in daily lncroments. The model will bo run 
from start-up through a designated number of dally increments; start-up 
and shutdown periods will then bo discarded in order to analyze the 
terminal in a steady-stato environment. As its primary output, TSM will 
gen orate n do tailed audit filo of all simulated activities; this file can thon 
be used as input Into a v8fiety of postprocessor reporting and analytical 
programs. TSM will be written in FORTRAN in order to maximize its 
portability and installation options. 

Given the recent increases in trailer-on-flatcar 
(TOFC) traffic moving on the railroads and the long­
term opportunities for intermodal traffic growth 
driven by current and projected fuel costs, it is 
evident that virtually every major railroad is em­
barking on new programs. These programs are aimed 
at (a) diverting boxcar traffic to TOFC; (b) insti­
tuting dedicated intermodal train corridors; (c) 
eliminating low-volume TOFC terminals, especially 
norunechanized ones; (d) upgrading or replacing 
existing intermodal terminals with new mechanized 
facilities; and (e) improving the overall profit­
ability of intermodal traffic. 

Transportation and Distribution Associates, Inc., 
has developed the terminal simulation model (TSM) to 
provide managers with an .analytical tool that will 
al low them to answer t he following questions: 

l. What is the most efficient way to operate an 
existing terminal, in terms of use of tracks, 
loaders, jockeys, and so on, with existing train 
service? Conversely, how will changes in train 
schedules, facilities, or personnel affect the pro­
ductivity of a terminal? 

2. What is the best configuration for a new ter­
minal to serve some planned intermodal service? 

3. What changes in the operation of a terminal 
will optimize the servicing of priority traffic with 
the least degradation of service to other traffic? 

4. How will major changes in traffic volumes 
through a terminal be accommodated? 

5. What is the cost of operating a terminal 
under any of the options and configurations dis­
cussed above? 

All of these questions are currently being or 
will be asked of railroad managers as the industry 
attempts to position itself in the transportation 
marketplace for the last two decades of the 20th 
century. Given the lead times for facility con­
struction, and the capital costs and durability of 
such facilities, investment decisions for the inter­
modal sector must be made now, and coc cectly, in 
order to be in place when needed. 

TERMINAL SIMULATION MODEL 

TSM provides a detailed simulation of an individual 
intecmodal terminal. It performs an analysis of the 
productivity and throughput of trains and trailers 
and containers at a terminal. It can support a 
variety of terminal configurations, train and traf-

fie loadings, and report and graphic outputs. TSM 
permits evaluation of the productivity of a TOFC 
terminal (e.g., throughput rate and facility use) 
under a variety of configuration modes. TSM is a 
basic event-queue-processor simulation model. The 
simulation clock is a 24-hc one, advancing at fixed 
1-min incrP.mP.nts. The model is run from a start-up 
for some number of daily increments, such as for 21 
days (3 weeks). The start-up and shutdown periods 
(first and last day) may then be discarded in order 
to analyze the terminal in a steady-state environ­
ment. All model input tables and parameters are 
stored in permanent files that can be modified to 
change the model's envirorunent. 

Work Units 

Work units ace the material that flows through the 
simulation. Work units are characterized by type 
and identity, as described below. 

1. Flatcars are characterized as loaded (by 
stanchion count) or unloaded. They are placed in 
the main line, yard, or storage queues and are moved 
by switch engines. When cars are loaded, they are 
designated for a specific outbound train and for a 
specific destination block on that train. Cars are 
character ized by length (used for track capaci ty) 
and by a car-type desc riptor. Each type or car can 
be loaded only with specific types or mixes of 
trailers and containers (i.e., containers only, a 
45-ft t railer plus a 40-ft trailer, two 45-ft trail­
ers, a single 48-ft trailer, and so on). The size 
limitations are maximums within a trailer type1 
thus, a car that can spot a 45-ft t~ailer could in­
stead car ry a 40-ft trailer in the same position. 

2. Trains are identified by train symbol and 
date (in simulation); thus, TV-15 00950710 would be 
train TV-15 arriving on the 9th week, Thursday (day 
5) at 7:10 a.m. Arriving loaded cars carry their 
train identification until unloaded. Departing 
loads receive a train designation when loaded. 
Train symbols can be given a priority to be applied 
to their traffic. Traffic characteristics are a 
function of each train and determine statistically 
the number and type of cars and trailers for each 
train. Trains that have the same symbol but run 
dissimilar schedules on different days are treated 
as separate trains by the model. Day of the week 
peaking of ar riving or departing traffic (by desti­
nation) can be specified for each train. 

3. Trailers are the basic work unit of TSM . 
They are character ized as inbound ( from street to 
train) or outbound (from train to st reet) , and by a 
block code that indicates a destination point for 
train-dispatched trailers. Trailers can be charac­
terized as trailers, containers (not on chassis), or 
other unspecified equipment types. Each trailer can 
be given a statistically sampled length (up to five 
foe each equipment type) , such as 20-, 40-, 45-, 
48-, and 50-ft trailers. Further, each trailer can 
be given a priority code, ranging from 0 to 10, to 
indicate priority handling of the traffic. 

Events are externally supplied and cause the inser­
tion of work units (cars, trailers, trains) into one 
or another of the processor queues, as follows. 
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1. Train arrival is set for each train and is 
driven by a Monte Carlo sampling of earliest-likely, 
latest-likely, and most-likely arrival time, which 
is shaped into the so-called Beta (normal) distribu­
tion. Arrival time can be totally fixed, or it 
might be permitted to be nonoccurring on some proba­
bility basis. 

2. Train departure is the scheduled departure 
time for originating trains. This serves as a 
target, with actual departure time resulting from 
the simulation outcome. Whei:e the terminal is an 
intermediate point for a train, the departure time 
is a function of the simulated arrival plus pro­
cessing time, so as to be ready for departure. 

3. Trailer arrival is when the driver arrives at 
the gate with a trailer for loading. This event is 
driven by a Foisson distribution sampling mechanism, 
which is most appropriate for generat-ing a random 
distribution of N events (trailer arrivals) over a 
fixed time period. The number and identity of ar­
riving trailers are determined separately by a Monte 
Cai: lo sampling procedure. 

4. Trailer departure is when the driver becomes 
available to remove a trailer from the terminal. 
Driver arrivals to pick up trailers that have come 
in on trains are normally distributed over a time 
interval that is offset from either the scheduled 
arrival or actual arrival time of each train. 

5. Random events are subsequent refinements of 
TSM that are selectively introduced into the simula­
tion. Such events encompass equipment failures, 
weather impacts (reduced processing rates), train 
nonarrivals, and so on. Also, trailers moving in 
and out of the termina~ for storage and loading will 
be generated through this mechanism. This rep.re­
sents the additional load on the terminal imposed by 
the necessity to maintain an inventory of trailers 
for outbound loadings. 

Queues hold work units that are awaiting some pro­
cessor's attention. Queues are characterized by a 
capacity, which may be infinite. When a queue is 
full, work units must wait in a previous queue until 
space in the next queue is available. Queue catego­
ries are described below. 

1. The main line, which is the holding area for 
inbound trains, is assumed to have infinite capacity 
but may be characterized as a first-come, first­
served queue or one in which any train in the queue 
may be processed next, based on its priority. The 
former situation would be applied where trains must 
in fact line up for access to the terminal; the 
latter would be applied where adjacent siding or 
yard capacity would permit storage of trains and 
access when required. 

2. Yard tracks are represented by the number and 
capacity (in cars and equivalent feet) that are 
available. Cars are placed on these tracks to be 
loaded or unloaded. The capacity used must include 
allowances for breaking cuts to keep crossings 
open. Additional support tracks for car and locomo­
tive storage are not included in this queue category. 

3. Storage tracks may be of infinite capacity 
and are external to the terminal simulation itself. 
Cars may be sent to storage tracks or fetched from 
storage without queue capacity or volume con­
straints. The problem of having sufficient flats 
available for required loading, or, conversely, of 
disposing of surplus cars, is beyond the current 
functionality of TSM. However, an inventory of sur­
plus cars can be defined to act as a constraint on 
outbound loadings. If this inventory is defined as 
sufficiently large, then no constraint of flatcar 
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availability would be imposed. However, TSM will 
contain a processor time for switch engines to move 
cars to or from such storage . The model will keep 
running if a flatcar shortage occurs, but it will 
record when and how many additional flatcars would 
be required by the terminal in order to keep the 
traffic moving. Also, if too many flatcars accumu­
late in the storage yard or yards because of inbound 
and outbound loading imbalances, surpluses of these 
cars will be dropped periodically from the storage 
yard to keep the model running . A message indicat­
ing that this has occurred will be issued. 

4. The inbound gate (also called the street) 
holds trailers that arrive from the street that are 
awaiting clerical and inspection processing before 
entering the terminal. The capacity of this queue 
is infinite. 

5. Outbound gate areas hold trailers that driv­
ers have picked up while they are awaiting clerical 
and security checkout before leaving the terminal. 
Their capacities reflect the size of the interior 
gate areas. 

6. Parking areas hold outbound trailers awaiting 
pickup by drivers for departure. They also hold 
inbound trailers awaiting loading onto flats. There 
may be several parking areas, and they are generally 
used in conjunction with the loading tracks closest 
to them. 

7. Tarmac (or pad) areas provide trackside pack­
ing for trailers that have just been grounded by 
packers or cranes or that are awaiting loading. 
Generally, the capacity of the tarmac area is equal 
to the track capacity of the adjacent loading 
tracks. However, more than one yard track may be 
forced to use a single tarmac strip in a congested 
terminal. 

8. Track queues are the trailer equivalent of 
the yard tracks for flatcars. Each yard track has a 
matching track queue, which represents the trailers 
loaded aboard the flatcars placed in the yard track 
queue. When cars from arriving trains are placed on 
their yard tracks, the trailers carried on the cars 
are placed in the matching track queue. 

Processors 

Processors move work units from one queue to an­
other. Processors are characterized by the rate (in 
minutes) that they require to perform one such ac­
tion and the numbers of each processor available. 
Although the TSM clock moves in 1-min intervals, 
processor work times may be specified in tenths of a 
minute. If a process is indicated to require an 
average of 8.3 min/cycle, then the model will use a 
process time of 8 min (7 out of 10 times) and 9 min 
(3 out of 10 times) , which results in a average 
processing time of 8.3 min. A random-number gen­
erator is used to produce this fractional average. 
Processor times have a fixed time component (per 
operation) and a variable time component (per unit 
handled). In practice, this Ax + B process time is 
only used for switching, where a number of cars will 
be handled at the same time. Other processors 
handle single units only. 

Processors are assigned crews, machines, day of 
the week availability, and starting and stopping 
times (including up to 10 breaks). Processors are 
essentially crew assignments (rather than machine 
assignments) that have defined shifts and breaks. 
If a processor is in the middle of a work process 
when a break occurs, it will complete the task and 
then extend the break period to make up the time 
worked. Similarly, if a crew is working, it can be 
relieved by another crew at break time or quitting 
time, and the relieving crew will finish any work 
task currently under way. Provision for crew over-
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time can be made if (a) work remains for the crew, 
and (b) there is no relieving crew available. There 
can be multiple processors of each type, which have 
different characteristics and processing rates. 

Loading and unloading of trailers from flatcars 
can be performed by any combination of overhead 
cranes, sideloaders (packers), or circus ramps. The 
loading function moves trailers from the trackside 
tarmac queue to a flatcar. The processing rate in­
cludes actual loading time plus tie-down time. The 
unloading function removes trailers from a flatcar 
onto the trackside tarmac queue. The processing 
rate includes tie-down release, safety inspection, 
and actual grounding of the trailer. All loader and 
unloader processors must be explicitly moved from 
one trackside location to another. Where fixed 
overhead cranes are used, these cranes can only work 
designated tracks. Processor attributes are de­
scribed below. 

l. Packers load and unload trailers from track­
side. Several packers can work a single track if 
necessary. Also, packers provide the maximum flexi­
bility in their use through their greater mobility. 

2. Cranes function similarly to packers in being 
able to load or unload at any spot on a track, but 
suffer from mobility problems when moved from one 
track to another. 

3. Ramps, especially the loading and unloading 
rates for circus ramps, are a function of the number 
of cars standing at the ramp and the number of empty 
spots to be backed over to reach the farthest spot. 
Thus, the loading rate would speed up as the cut is 
filled, while the unloading rate would increase as 
the spots closer to the ramp were cleared. Ramps 
may be fh:ed in place or portable, and thus movable 
from one track to another. 

4. Jockeys are used to move trailers between 
parking lots and trackside (tarmac). They are also 
used as part of the loading or unloading process by 
ramps or when handling containers (which require the 
jockey to position the container bogie) • 

5. Drivers are draymen or other drivers from 
outside the terminal who deliver or pick up trailers 
to or from the street. Drivers may fetch their 
trailers directly from the tarmac or from a parking 
lot. Drivers may take trailers directly to track­
side for loading (if their train is being loaded 
next) or leave t hem in a park ing area. 

6. Gates handle the rec ipt of trailers from the 
street and the dispatch of trailers to the street. 
The gate crews perform clerical, inspection, and 
security processes on each arriving and departing 
trailer. 

7. Train crews may be used to •yard" trains or 
pull them from yard tracks to the main line. Work 
rules or terminal layout may preclude their use at 
all or limit access by train crews to only some of 
the yard tracks. Generally, train crews will not be 
used if the train is not yarded within an hour of 
its arrival or if the train must be broken up to (or 
pulled from) more than one yard track. In lieu of 
using the train crew, a switch engine would have be 
be employed. 

B. Switch engines are used to move cars from the 
main line to yard tracks (train breakup), from yard 
tracks to storage, from storage to yard tracks, and 
from yard tracks to the main line (train a ssembly). 
Each movement is characterized by a fixed time in­
crement plus additional time per car handled in each 
movement. An additional switch engine process would 
be to "drill" a yard track, i.e., adding in more 
cars or digging one or more out. 

9. Stanchion setup may be required before cars 
can be loaded. This processor uses a random-number 
generator to determine the probability of having to 
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Figure 1. Sample report of utilization and productivity of packer crews. 
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raise a stanchion (for a trailer) or lower it (for a 
container). A rate per stanchion is specified. 
Further, stanchion processing may be assigned to a 
packer crew or jockeys, or it can use a separate 
crew. 

MODEL OUTPUTS 

The basic output of the simulation model program is 
the generation of three files that contain (a) a 
record of the terminal queue status whenever work 
units enter or leave a queue, (b) a processor ac­
tivity file that records the completion of each 
activity undertaken by a processor, and (c) a work 
unit history £ile that shows tbe activities per­
formed on each work unit. All files carry a stan­
dard time stamp (WWWDHRMN) and can be sorted to 
analyze the history of each work unit or processor 
or to display the concurrent activities of the 
terminal. 

These files provide input to a series of program 
repor t generators. The report generators permit 
flexibility i n both reporting format and content. A 
highly graphi c output format i s d.esired, although 
output a nalyses o f mean a nd s tandard deviation per­
formance, and minimum and maximum pt:!tformancs, are 
also included. 

By using work unit history files and processor 
activity files of the generated detail, it is possi­
ble to build up a large population of terminal ac­
tivity observations for use in analyzing the simula­
tion r esult s . such results should be treated 
statistically because they are generated by using 
the Monte Carlo techniques of the simulation. The 
sample report in Figure l shows the results of a run 
in terms of the utilization and produc t ivity of 
packer crews. The same report could be produced for 
a single crew, for traffic from a single train, or 
other options. Such man-machine diagrams are ex­
tremely useful in developing or changing crew 
shifts, breaks, personnel levels, and machine main­
tenance time. 

Figure 2 shows the processing times for an arriv­
ing train on a ±90 percent scale of the observed 
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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. 



46 

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. 
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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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throughput capacity of 
raised by a factor of 2 
later. 

the loading track can be 
or more, as will be shown 

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. 



52 

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. 
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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 
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further inside the terminal. It serves the purpose 
of completing the transaction for the transfer of 
responsibility for cargo and equipment, which in­
cludes weighing the vehicle and checking the accom­
panying papers. 

Figure 1. Flow diagram for optimization of a container terminal. 
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Figure 2. Terminal gate flow representation. 
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The purpose of the procedure that follows is to 
determine the number of lanes and waiting areas re­
quired at each gate (security and main) for a vari­
ety of traffic volumes. It is assumed that the 
gates are reversible and that there is no delay in 
terminal operations caused by space unavailability, 
seasonal variations, cargo handling equipment, per­
sonnel, and other factors. The following conditions 
also are assumed: 

1. The traffic generated at the gate 
checking time required are independent of 
tainer handling and marshaling system or 

and the 
the con­

systems 
within the yard and the sizes and types of contain­
ers accepted by the terminal; 

2. With the exception of service and private 
vehicles, the gate complex serves all exiting vehi­
cles; empty containers and bobtails (tractors with­
out trailers) use separate entrances, which do not 
affect the design; 

3. The arrivals of vehicles are random and Pois­
son distributed; and 

4. The service rate at both gates is random and 
exponentially distributed. 

DESIGN BY QUEUEING THEORY 

The above assumptions, which have been verified with 
actual time measurements at a major terminal, indi­
cate that a queuing model would be ideal for the 
situation depicted in Figure 2. 

According to the queuing theory, delays and 
queues at a service station depend mainly on the 
following ratio: 

P = 11./Sµ 

where 

A arrival rate, 
µ service rate, and 
s number of servers. 

(I) 

As p approaches 1, service deteriorates rapidly, 
and when p = 1, there is a complete service break­
down with infin i tely l ong queues and delays. 

For insta nce , if each lane of a mai n gate serves 
1 vehicle every 5 min, or 12 vehicles/hr, and vehi­
cles arrive at the rate of 100/ hr, then at least 9 
service lanes are required (100 / 12 = 8. 88]. Eight 
lanes would serve up to 96 vehicles, which is less 
than the arrival rate, and will make p = 1.04. 

As a general rule, p should never be allowed to 
exceed (roughly) the value of 0.9. Also, letting 
p fall below 0.5 will make the service facilities 
unnecessarily underused, as will be seen later. 

The probability that a facility is idle is 

I S-1 I 
Po = I/ /3,o [(/l./µ)° /n!] + [(/l./µ)5/S!] · [1/(1 -p)] (2) 

The total time (in minutes) that a unit (vehicle) 
spends in the system (waiting and in service) is 

(3) 

The total number of units in the system (being 
served and queued up) is 

L = {[Po (/l./µ)s · p]/S!(J-p)2} +(A./µ) (4) 

COMPUTATIONS AND RESULTS 

in order to perform 
obtaining P0 , T, 
for arrival rates 

A computer program was written 
the calculations necessary for 
and L as shown in Equations 2-4 
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(A) between 60 and 180 vehicles/hr in increments 
of 10 and for a variety of service lane numbers for 
the security and main gates. 

The computation results are tabulated in Tables 
1-3. The output variable (Ttl is the total time 
(in minutes) that a vehicle needs to pass through 
both gates (waiting time included) as it enters or 
leaves the terminal. 

The waiting areas listed in Tables 1-3 are as 
follows: 

1. The area required to accommodate the queue of 
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the entering vehicles in front of the security gate 
(outside the terminal) 1 

2. The area required to accommodate the queues 
between the two gates, i.e., exiting vehicles wait­
ing before the security gate and entering vehicles 
waiting before the main gate; and 

3. The area required to accommodate the queue of 
the exiting vehicles before the main gate (inside 
the terminal) . 

Table l is produced under the assumption that the 
security gate consists of 3 lanes and the main gate 

Table 1. Values for waiting line at entrance of container terminal as function of arrivals or departures of vehicles(}..), with values set at 3 lanes for gate A and 14 lanes 
for gate B. 

Arrivals or Entering Exiting 
De par-
tures, A Gate A Gate B Gate B Gate A Waiting Areas 
(vehicles/ 
hr) p L T Po p L T Po T, p L T Po p L T Po T, 2 

60 0.333 I.I 1.2 30.8 0.357 5.0 5.0 0.67 6.17 0.357 5.0 5.0 0.67 0.333 1.1 1.2 30.8 6.17 I 6 5 
70 0.389 1.3 1.2 25.2 0.417 5.8 5.0 0.29 6.23 0.417 5.8 5.0 0.2·9 0.389 1.3 1.2 25 .2 6.23 I 7 6 
80 0.444 1.6 1.3 20.7 0.476 6.7 5.0 0.13 6.31 0.476 6.7 5.0 0.13 0.444 L6 1.3 20.7 6 .31 2 8 7 
90 0.500 1.9 1.4 17.0 0.536 7.6 5.0 0.05 6.42 0.537 7.6 5.0 0.05 0.500 1.9 1.4 17.0 6.42 2 9 8 

100 0.556 2.2 1.5 13.9 0.595 8.5 5.1 0.02 6.51 0.595 8.5 5.1 0,02 0.556 2.2 1.5 13.9 6.57 2 11 8 
110 0.611 2.6 1.6 11.3 0.655 9.4 5.2 0.01 6.79 0.655 9.4 S.2 0.01 0.611 2.6 1,6 11.3 6.79 3 12 9 
120 0.667 3.1 1.8 9.1 0.714 10.6 5.3 0 7.12 0.714 10.6 S.3 0 0.667 3. 1 1.8 9. 1 7. 12 3 14 II 
130 0.722 3.7 2.1 7.2 0.774 12.0 S.6 0 7.65 0.774 12.0 S.6 0 0.722 3.7 2.1 7.2 7.65 4 16 12 
140 0 .778 4.7 2.5 5.S 0.833 14.0 6.1 0 8.57 0.833 14.0 6.1 0 0.778 4 .7 2.S 5.5 8.57 5 1g 14 
150 0.833 6.2 3.2 3,9 0.893 17.7 7.2 0 10.44 0.893 17.7 7.2 0 0.833 6.2 3.2 3.9 10.44 6 24 18 
160 0.889 9.2 4.7 2.5 0.952 29.5 11.5 0 16.22 0.952 29 .5 11.S 0 0.889 9.2 4.7 2.5 16 .22 9 39 30 
170 0 .944 18.2 9.1 1.2 1.010 0 1.010 0 0.944 15.2 7.6 1.5 18 
180 1.000 0 1.070 0 1.070 0 1.000 15.2 7.6 l.S 

Table 2. Values for waiting line at entrance of container terminal as function of arrivals or departures of vehicles (}..),with values set at 3 lanes for gate A and 15 lanes 
for gate B. 

ArrivalBor Entering Exiting 
De par-
tures, i\ Gate A Gate B Gate 8 Gate A Waiting Areas 
(vehicles/ 
hr) p L T Po p L T Po T, p L T Po p L T Po T, 

60 0.333 I.I 1.2 30.8 0.333 5.0 5.0 0.67 6.17 0.333 5.0 5.0 0.67 0.333 I.I 1.2 30.8 6.17 I 6 5 
70 0.389 1.3 1.2 25.2 0.389 5.8 5.0 0.29 6.23 0.389 5.8 5,0 0.29 0.389 1.3 1.2 25.2 6.23 I 7 6 
80 0.444 1.6 1.3 20.7 0.444 6.7 5.0 0.13 6.30 0.444 6.7 5.0 0.13 0.444 1.6 1.3 20.7 6.30 2 8 7 
90 o.soo 1.9 1.4 17.0 0.500 7.5 5.0 0.05 6.40 0.500 7.5 5.0 0.05 o.soo 1.9 1.4 17,0 6.40 2 9 7 

100 0.SS6 2,2 1.5 13.9 0.556 8.4 5.0 0.02 6.53 0.556 8.4 5.0 0.02 0.556 2.2 1.5 13.9 6.53 2 II 8 
110 0.611 2.6 1.6 11.3 0,611 9.3 5.1 0.01 6.71 0.611 9.3 5.1 O.oI 0.611 2.6 1.6 11.3 6.71 3 12 9 
120 0.667 3.1 1.8 9.1 0.667 10.3 5.2 0 6.97 0.667 10.3 5.2 0 0.6°67 3.1 1.8 9.1 6.97 3 13 10 
130 0.722 3.7 2.1 7 .2 0.722 11.4 5.3 0 7.38 0.722 11.4 S.3 0 0.722 3.7 2.1 7.2 7.38 4 IS 11 
140 0.778 4,7 2.S S.5 0.778 12.8 5.5 0 8.03 0.778 12.8 5.5 0 0.778 4.7 2.5 5.5 8.03 5 17 13 
ISO 0.833 6.2 3.2 3.9 0.833 14.7 5.9 0 9.17 0.833 14.7 5.9 0 0.833 6.2 3.2 3.9 9.17' 6 21 15 
160 0.889 9.2 4.7 2.5 0,889 18.1 6.9 0 11.58 0.889 18 .1 6.9 0 0.889 Q,2 4.7 2.5 J 1.58 9 27 18 
170 0.944 18 .2 9.1 1.2 0.944 27.3 10.0 0 19.10 0,944 27.3 10.0 0 0.944 18.2 9.1 1,2 19.10 18 45 27 
180 1.000 0 1.000 0 1.000 0 1.000 0 

Table 3. Values for waiting line at entrance of container terminal as function of arrivals or departures of vehicles (}..),with values set at 3 lanes for gate A and 16 lanes 
for gate B. 

Arrivals or Entering Exiting 
Depar-
tures, A Gate A Gate B Gate 8 Gate A Waiting Areas 
(vehicles/ 
hr) p L T Po p L T Po T1 p L T Po p L T Po T, 

60 0.333 I.I 1.2 30.8 0.312 5.0 5.0 0.67 6.17 0.312 5.0 5.0 0.67 0.333 I.I 1.2 30.8 6.17 I 6 5 
70 0.389 1.3 1.2 25.2 0.36S 5.8 s.o 0.29 6.23 0.36S 5.8 s.o 0.29 0.389 1.3 1.2 2S.2 6.23 I 7 6 
80 0.444 1.6 1.3 20.7 0.417 6.7 5.0 0.13 6.30 0.417 6.7 s.o 0.13 0.444 1.6 1.3 20.7 6.30 2 8 7 
90 o.soo 1.9 1.4 17.0 0.469 7.5 5.0 0.05 6.39 0.469 7.5 5.0 0.05 0.500 1.9 1.4 17.0 6.39 2 9 8 

100 O.SS6 2.2 1.5 13.9 0.524 8.4 5.0 0.02 6.51 O.S24 8.4 5.0 0.02 0.5S6 2.2 1.5 13.9 6.SI 2 II 8 
110 0.611 2.6 1.6 11.3 O.S73 9.2 5,0 O.oI 6.67 0.573 9.2 s.o O.oI 0.611 2.6 1.6 11.3 6.67 3 12 9 
120 0.667 3.1 1.8 9.1 0.625 10.1 5. I 0 6.90 0.62S JO.I S.I 0 0.667 3.1 1.8 9.1 6.90 3 13 10 
130 0.722 3.7 2.1 7.2 0.677 I I.I S.1 0 7.24 0.677 11. l S. I 0 0.722 3.7 2.1 7.2 7.24 4 IS 11 
140 0.778 4.7 2.S 5.5 0.729 12.3 S.3 0 7.78 0.729 12.3 S.3 0 0.778 4.1 2.5 5.5 7.78 s 17 12 
ISO 0.833 6.2 3.2 3.9 0.781 13.6 S.5 0 18.70 0.781 13.6 s.s 0 0.833 6.2 3.2 3.9 8.70 6 20 14 
160 0.889 9.2 4.7 2.5 0.833 15.5 5.9 0 10.53 0.833 IS.5 5.9 0 0.889 9.2 4.7 2.S IO.S3 9 25 JS 
170 0.944 18.2 9.1 1.2 0.885 18.6 6.7 0 15.78 0.88S 18.6 6.7 0 0,944 18.2 9.1 1.2 IS .78 18 37 19 
180 1.000 0 0.937 26.1 9.0 0 0,937 26.1 9.0 0 1.000 0 26 
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of 14. As p increases and approaches 1, the 
queues, delays, and waiting area requirements in­
crease drastically and P0 drops quickly to zero. 
When A reaches 180 (p = 1), the service breaks 
down completely. 

When the number of service lanes is increased to 
3 and 15, the terminal can handle up to 170 arrivals 
or departures and service breaks down at A • 180, 
as can be seen in Table 2. 

It is therefore imperative that all gates operate 
close to the same value for p, because improving 
service conditions in one of them alone will simply 
create bottlenecks in the other. In general, the 
ratio of the number of service lanes in each facil­
ity should be equal to the inverse ratio of their 
service ratesi namely, (Ss/Sml = (µm/µsl, where s re­
fers to the security gate and m to the ma i n gate. 
For the case in discussion, (µmf µ6) = (12/60) = 
(1/5). Therefore, ·the number of main gate lanes 
should be five times that of the security gate lanes. 

If the relation (Ss/Sml = Cµmfµsl does not hold, 
then service at one of the gates will break down 
before the other, as indicated in Tables l and 3, 
where the security and main gate lanes are 3 and 14, 
and 3 and 16, respectively. 

All of the above calculations were made for con­
stant rates of arrival, which should be the peak 
demand for the terminal regardless of time of day, 
day of the week, or season of the year during which 
it occurs. 

OPTIMIZATION OF GATE COMPLEX 

With the aid of Tables 1-3 it is now possible to 
optimize the operation of the gate complex, i.e., to 
determine the number of lanes at each gate that will 
minimize the overall cost for the terminal operators 
and users. The flow diagram of the optimizing 
algorithm is presented in Figure 3. Starting at the 
first gate and given the arrival rate (A) and the 
service rate (µ) per lane, the nl!mber of lanes (S) 
is determined in such a way that p = (A/Sµ) ~ 0.9. 
Then an attempt is made to reduce or increase the 
number of lanes by one. If the overall savings (S) 
from the subtraction or addition of the lane are 
greater than the overall costs (C), then the action 
is taken and further subtractions or additions are 
investigated. Otherwise, the analysis proceeds with 
the next gate until the lane requirements for all 
gates have been determined. 

The lane subtraction or addition is determined by 
the following factors: 

1. The difference in total annual cost from the 
delay of vehicles (6cT), which may be expressed 
as follows: 

flcT = ± [EV1 · T1 · HW · D · CD -(1/60)] s 

+ [EV1 · T1 · HW · D ·CD· (1/60)] s• 1 (5) 

where 

Vi = number of vehicles that pass through gate i, 
Ti average delay at gate i (min), 
HW s number of working hours per day, 

D number of work days per year, and 
CD cost of delay per vehicle per hour. 

When adding a lane, the upper signs are used and the 
value of Equation 5 shows the yearly difference of 
savings from the decrease in delays. When subtract­
ing a lane, the lower signs are used, and Equation 5 
shows the yearly difference in cost from an increase 
in delays. Therefore, the value of Equation 5 is 
always positive. 

2. The difference in total annual cost of land 
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Figure 3. Flow diagram of algorithm for analysis and optimization of landside 
subsystem of a container terminal. 
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for the waiting areas, which may be expressed as 
follows: 

t.cL = ± (EQ1 · A· CL)s + (EQ; ·A · CL)s± 1 (6) 

where 

Qi average queue of waiting vehicles in gate i, 
A area occupied by one vehicle, and 

CL = cost of land per unit area. 

The upper signs are for the addition of a lane, and 
the lower signs for the subtraction. Therefore, the 
value of Equation 6 is always positive and shows the 
yearly savings when a lane is added and the yearly 
cost when a lane is subtracted. 

3. The difference in total annual cost of the 
idling gates (6cIGl , which may be expressed as 
follows: 

Lic1G = + (EPo; ·Si · CPLi)s ±(~Poi· S · CPLi)s± 1 

where 

Poi percentage that gate i will be idle, 
Si number of lanes in gate i, and 

CPLi = cost of each lane in gate i. 

(7) 

Noteworthy is the fact that Equation 5 refers to 
users of the terminal, whereas Equations 6 and 7 
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refer to the management of the terminal. Also, 
Equations 5 and 6 move as a function of the number 
of lanes in a direction opposite of that of Equation 
7. When lanes are added, the savings that result 
for users from Equation 5 and for the terminal from 
Equation 6 increase, whereas Equation 7 shows in­
creasing cost for the terminal. When lanes are ~uU­

tracted, the increasing costs for the users and the 
terminal are shown by Equations 5 and 6, whereas 
Equation 7 shows the increasing savings for the ter­
minal. 

4. The cost of the added or subtracted lane is a 
function of the cost of its construction and main­
tenance, the salaries of its personnel, and all of 
its necessary equipment. The cost must also be 
taken into consideration. 

The four cost components presented here are sum­
marized schematically in Figure 4. The optimal num­
ber of lanes in a gate is the one that produces the 
smallest total cost for the terminal and its users. 

NUMERICAL EXAMPLE 

For this example, the algorithm of Figure 3 will be 
applied to the situation depicted in Figure 2. Ob­
servations and time measurements made at a major 
container terminal of the Port of New York gave a 
service rate (u) of 12 vehicles/hr for gate B 
(main gate) and 60 vehicles/hr for gate A (security 
gate). Assuming an arrival rate (A) of 160 vehi­
cles/hr, the lane requirements for p ~ 0.9 become 

S = 160/(0.9 x 12) = 14.81, or 15 lanes for gate B, 

and 

s = 160/(0.9 x 60) = 2.96, or 3 lanes for gate A. 

At this point we must examine the possibility of 
adding or subtracting one lane in gate B. 

Figure 4. Cost of gate activities of container terminal as function of number of 
lanes in gate. 
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Note that the reduction to 14 lanes at the main 
gate is permissible because 
0.952, which is less than 1. 
the reduction by one lane in 
possible because p = 1.33. 

if S = 14, then p = 
In the case of gate A, 
qate A (S = 2) is im-

The table below gives the necessary information 
the table extracted from Tables 1-3. [Note that 

gives the results from varying the number of lanes 
(S) by 1 for gate B (main gate); arrival and depar­
ture frequency (A) is taken as 160 vehicles/hr]. 

Total No. of 
No. of Lanes Time Waiting Idle Gate Time (%) 
!main gate) (min) Places Gate A ~ 
14 16.22 44 2.5 o.o 
15 11.58 18 2.5 o.o 
16 10.53 11 2.5 0.0 

The total time corresponds to the total time a vehi­
cle needs to pass through both gates A and B. The 
waiting places are the total number of places that 
correspond to the numbers of waiting vehicles shown 
in Tables 1-3, minus the number of corresponding 
lanes, because Equation 4, which refers to the num­
ber of units (vehicles) in the system, counts the 
waiting vehicles as well as those being served. The 
percentage of time that a gate remains idle is the 
probability P0 • 

It is apparent from the above table that, by 
increasing the number of lanes, the total passing 
time and the necessary waiting time are decreasing. 
The percentage of idle time varies also but not to 
the accuracy of decimals shown in Tables 1-3. 
Therefore, by adding a lane, the cost for waiting 
decreases but the cost of service increases. 

Furthermore, suppose that the marginal cost of 
one lane is $40,000/year and we want to find out if 
the addition or the subtraction of one lane in gate 
B is economically justified. Also assume that 

1. The terminal gate works 260 days/year and 8 
hr/day, 

2. Each vehicle needs an area of 500 ft 2 

( 10x50 ft) , 
3. The cost of land is $2.00/rt 2 /year, and 
4. Vehicle delay costs are $20.00/hr. 

Table 4 is based on the basis of the above as­
sumptions. As can be seen in this table, the total 
marginal savings of service from adding one lane is 
$123,480, and the total marginal cost from subtract­
ing it is $90, 341. Because the cost of the lane is 
$40,000, the lane should not hP. subtracted. How­
ever, the addition of a lane is economically justi­
fied because the marginal savings are greater than 
the marginal cost. 

To complete the analysis, one should investigate 
whether one more lane should be added. All remain­
ing gates in the terminal should be examined with 
the same method. The landside will operate opti­
mally when the analysis of all gates is completed. 

Difference Yearly Cost Yearly Cost 
Total in Time for Time 

No.of Time Waiting per Difference Difference" 
Item Lanes (min) Places Vehicle in Space ($) 

Base 15 11.58 18 0 0 0 
Addition 16 10.53 11 -1.05 -7 -116,480 
Subtraction 14 16.22 44 +4.64 +26 + 64,341 

3Yr:n.r l)' cost for tjme difference= [ (c.ll(foranc:: l!l fo time per vehicle x 160 x 8 x 260)/60 l x $20. 
bvcntl)' cost for land difference= difr\lnmce: In space x 500 x $2. 

for Land Yearly Cost 
Differenceb for Difference 
($) of P0 ($) 

0 0 
- 7,000 0 
+26,000 0 

cTotal cost of difference= yearly cost for time difference+ yearly cost for land difference+ yearly cost for difference of P0 • 

Total Cost 
of Difference0 

($) 

0 
-123,480 
+ 90,341 

-
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DESIGN BY SIMULATION 

Under the same assumed conditions as in the design 
by queuing theory, the situation depicted in Figure 
2 was simulated by using the general purpose simula­
tion system (GPSS/360) language for 200 terminations 
(i.e., 200 vehicles passed through the complex). 
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The service rate at the security gate was random 
with a mean of 60 sec and a spread of 10 sec (i.e., 
50 to 70 sec) . The service rate at the main gate 
was random with a mean of 300 sec and a spread of 60 
sec (i.e., 240 to 360 sec). The results are almost 
identical to those shown in Tables 1-3. 

Productivity at Marine-Land Container Terminals 

JOAN AL·KAZILY 

Productivity at marine terminals can be viewed from several different points of 
view. To the owners of vessels, terminal productivity implies the rate at which 
containers can be discharged and loaded. On the national level, productivity 
may be viewed as the number of containers or tonnage of freight handled per 
year by a terminal. This is also influenced, both directly and indirectly, by the 
container handling rate, which is the aspect of productivity reviewed in thi• 
paper. The effect of the container handling rate on system costs and produc­
tivity is first demonstrated. Data for container handling rate are presented to 
demonstrate how widely it varies. The need to be able to model container 
handling rates is suggested and a model is presented. The model is used to 
demonstrate how the wide variation in container handling rates can occur. The 
variables used in the model are discussed. Data for some of the variables are 
not readily available. Some need to be modeled themselves. The importance 
of models for system components to aid in modeling entire systems is stressed. 

The transportation researcher is frequently called 
on to analyze the operations of a transportation 
system. In marine transportation, the system in­
volves the collective functioning of a set of ports 
and the vessels that operate between them. It is 
clear that fast turnaround of vessels in port is a 
major factor in the optimum operation of this trans­
portation system. The researcher needs to be able 
to model the time the vessel spends in the port and 
is therefore obliged to study terminal productivity 
and attempt to analyze all of the factors that af­
fect that productivity. 

Productivity at marine terminals can be viewed 
from several different points of view. To the 
operators of vessels, terminal productivity implies 
the speed with which loading and discharge are im­
plemented. On the national or regional level, pro­
ductivity of a terminal might be viewed as the num­
ber of containers or tonnage of freight handled per 
year by a container terminal. The point of view of 
terminal operators would be a combination of both of 
these. 

There are several separate, although interactive, 
components in the operation of an intermodal ter­
minal. Each of these components can individually 
limit productivity. This concept--the modular ap­
proach--has been used by Moffatt and Nichol (,!.) to 
predict terminal capacity in the Port Handbook for 
Estimating Marine Terminal Cargo Handling Capa­
bility. The modules or components defined by Mof­
fatt and Nichol are ship size and frequency, ship 
and apron transfer, apron and storage transfer, 
storage yard capacity, and inland transportation 
processing capability. For each of these modules 
there are certain parameters that influence both 
capacity and productivity. 

Although these components are interactive, in 
that a slowdown in one process can directly affect 
another process, they can be studied separately. The 
ship and apron component is examined in this paper. 

The ship and apron transfer rate directly affects 
the turnaround time of vessels, which in turn af­
fects system productivity. The efficiency of the 
ship and apron component may also affect the fre­
quency of vessel calls and hence the overall pro­
ductivity of the terminal itself. 

EFFECT OF CONTAINER HANDLING RATE ON SYSTEM 
PRODUCTIVITY 

The turnaround time of vessels in port has three 
components: (a) the time taken to get into port, 
berth the vessel, and later leave the port; (b) the 
time spent discharging and loading vessels; and (c) 
the time a vessel is at berth without discharge and 
loading taking place (idle time) • Components b and 
c are a direct product of the ship and apron trans­
fer module of the terminal. Component a is also in­
cluded in this paper because it affects the turn­
around time of vessels in port. 

Productivity of container terminals, as it af­
fects the turnaround time of vessels, can be ex­
pressed as the container cargo handling rate, which 
is the topic of this paper. In order to more clear­
ly define the scope of this topic, the meaning of 
container cargo handling rate must be clarified. 
Container cargo handling rate can be expressed in 
many different ways, including 

1. Container moves made per crane hour, 
2. Container moves made per gang hour, 
3. Container moves made per hour of discharge 

and loading time, 
4. Container moves made per hour of vessel time 

at berth, 
5. Containers discharged and loaded per hour of 

vessel time at berth, 
6. Twenty-foot equivalent load units (TEUs) dis­

charged and loaded per hour of vessel time at berth, 
and 

7. TEUs discharged and loaded per hour of vessel 
time in port. 

Although TEUs per hour is not a measure of con­
tainer handling rate and is not a direct measure of 
terminal efficiency, it is a measure that is needed 
to determine system capacity. The conversion from 
containers per hour to TEUs per hour is based on 
knowledge or assumption of the mix of container 
sizes involved. 

For the purpose of research that requires mea­
surement of system capacity in TEUs, four measures 
of cargo handling rate can be defined: 
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h number of container moves made per crane by 
one crane working alone (base crane eff i­
ciency), 
number of containers discharged and JoadP.d 
per hour by all cranes assigned to a vessel 
during the time that a vessel is at berth, 
number of TEUs discharged and loaded per 
hour during the time the vessel is at berth, 
and 
number of TEUs discharged and loaded per 
hour of vessel time in port. 

In the f inal analysis, it is the final measure of 
cargo handling rate (hp) that determines system 
productivity and system costs through its effect on 
ship time in port. The effec t of hp on voyage 
costs in dollars per TEU car r ying capacity is demon­
strated in Figure 1. Voyage costs include fuel, 
vessel capital and maintenance, crew and housekeep­
ing, and conta iner re nt al . The figures are based on 
the follow i ng unit coats: fuel cost = $160/long 
ton, all vessel and crew costs = $19/day/TEU capac­
ity, container rental = $2/day/TEU, and specific 
fuel consumption of 0.4 lb/shaft horsepower-hour. 
Vessel speeds used were 20 knots for the 2, 500-TEU 
vessel and 18 knots for the 1,000-TEU vessel. Ves­
sels were assumed to be discharged and loaded twice 
on a round trip. 

The comparative costs pee TEU of vessel carrying 
capacity for different cargo handling rates depend 
on vessel size. If hp is 40 TEUs/hr, cos ts are 
less by $263/TEU for the 1,000-TEU vessel and $525/ 
TEU for the 2, 500-TEU vessel. As a percentage of 
total costs, these dollar values also vary with the 
round-trip dis tance . If hp is 40 and the vessel 
size is 1,000 TEUs, costs are less than costs with 
hp of 10 by 12 pe rcent for a 25, 000 nautical mile 
(nm) round trip and by 34 percent for a 5,000 nm 
round trip. For a 2,500-TEU vessel, these percent­
ages ace 22 and 49 percent, respectively. This is 
significant and would be higher if vessels dis­
charged and loaded each container slot more than 
twice on a round trip. 

A model for hp can be developed and will be 

Figure 1. Effect of cargo handling rate per hour of vessel time in port (hp) on 
vessel plus container costs. 
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demonstrated later in this paper. In the model, 
hp is a f unction of the p revi ous ly defined base 
crane eff i ciency (h) and o t her parameter s . In a 
case study of a container transportation system (~), 

the effect of variations in base crane efficiency on 
total costs and system capacity was found to be con­
siderable. The total system costs (vessels, con­
tainers, and ports) for h of 10, 15, 20, and 25 con­
tainers/hr are compared in Figure 2. There is an 
average $200 difference, or a 20 percent increase in 
cost, for h = 10 over h = 25 containers/hr. 

Another striking effect that can be seen from 
this figure is the limit of the system output. Foe 
the particular case study, h = 10 conta i ners/hr re­
duced the system capacity to 50 percent of that for 
h = 25 containers/hr. The case study represented 
here is service to five Arabian Gulf ports from 
Europe, Japan, and the United States. The results in 
this figure are for direct service to all five 
ports. All parameters that affect the cargo han­
dling rate were kept constant except the base crane 
efficiency. This figure is presented to demonstrate 
the effect of container handling rate on costs and 
system capacity. 

The effect of ship and apron transfer rate on an­
nual terminal throughput is also demonstrated by 
Moffatt and Nichol [Fiqure 3 (1)). Note that here 
the time frame is terminal operating hours, not ves­
sel hours in port, and the result is therefore some­
what obvious. 

TYPICAL CONTAINER HANDLING RATE 

Given the importance of container handling rates to 
system costs and productivity, the next step is to 
look at data for container handling rates. In a 
1976 publication <ll, the United Nations Committee 
for Trade and Development (UNCTAD) published such 
data, some of which are summarized in Figure 4. 
These data are the average number of containers dis­
charged and loaded per hour of vessel time at berth 
(hb) collected from 21 terminals around the 
world. The average rate is 442 containers per 24 
hr, or 18. 4 containers/hr. The range of handling 

Figure 2. Variation of cost with base crane efficiency. 
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rates is wide, going from 9.9 to 45.4 containers/hr. 
All of the terminals involved had two container 
cranes . 

A similar range of container handling rates is 
demonstrated in data for 1 year of operation of a 
two-crane container terminal in Oakland, California 
(Table 1). The average for the terminal is 26 con­
tainers/hr of vessel time at berth, _ and the range is 
9.0 to 47.4 containers/hr. 

Data collected from ports around the world by 
Plumlee <i> are also of interest. Several per­
formance ~ndices are defined by Plumlee: 

Port PI tons of cargo loaded or discharged per 
hour of ship time in port, 

Berth PI ~ tons of cargo loaded or discharged per 
hour of ship time at berth, and 

Cargo PI tons of cargo loaded or discharged per 
hour of ship net working time. 

There is close similarity between these indices and 
the container handling rates defined earlier, except 
that Plumlee uses tons instead of TEUs. 

Figure 3. Effect of ship and apron transfer rate on annual terminal throughput. 
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Notes : Cargo handling rate = transfer rate, 
expressed in tons per hour. 
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Data are presented by Plumlee for ports in sev­
eral categories. Large and small ports are sepa­
rated, and ports in industralized nations are sepa­
rated from ports in developing nations. Table 2 (4, 
pp. 35-39) gives the average performance indices and 
the upper and lower bounds for each category. Fig­
ures are shown in tons and also converted to TEUs, 
assuming an average of 10 tons of cargo per TEU. 
This data source, like the previous two, indicates 
that container handling rates vary over a wide range 
of values. Plumlee has suggested some basis for 
classifying terminals, so that variation within the 
class (industrialized large, industrialized small, 
and so on) may be less. 

When dealing with a widely varying parameter in a 
systems study, two approaches can be taken. One is 
to treat the parameter as a stochastic variable 
without investigating the reasons for the varia­
tions. The other is to model the parameter as fully 
as possible so that variation of the dependent vari­
able of interest is explained by changes in other 
exogneous variables. These exogenous variables may 
in turn be predictable or may have to be treated as 
stochastic events. Modeling systems with stochastic 
events can be costly because computer simulation is 
often required. The researcher, therefore, has the 
responsibility to learn as much as possible about 
the factors that affect container handling rates so 
that deterministic models can be used insofar as 
this is possible. Such a deterministic model has 

Table 1. Container handling rate (hbl at a single berth: two-crane terminal. 

c hb c hb c hb 

766 36.5 470 33.6 319 13.7 
707 26.6 469 47.4 299 27.8 
673 31.9 467 29.2 296 28.2 
637 38.6 459 36.7 287 17.5 
619 11.3 455 31.2 286 22.7 
601 19.4 452 33.5 268 24.4 
582 28.0 446 33.0 267 24.3 
555 37.0 444 23.4 257 20.2 
543 23.9 425 24.9 247 21.5 
539 30.8 420 23.3 245 22.3 
535 36.6 414 20.4 244 11.3 
520 35.0 410 17.8 238 23.7 
518 25.0 402 17.9 227 13.7 
493 24.0 373 28.2 223 17.2 
492 27.7 364 22.8 220 16.6 
491 26.2 357 17.9 219 29.9 
489 27.9 355 17.3 212 20.9 
488 10.7 344 21.5 193 26.1 
473 31.5 337 29.3 167 9.0 

Note: c =number of containers discharged and loaded for one vessel. 

Figure 4. Container handling rates at existing 
terminals. 

Notes: 1. Source of data : UNCTAD (Ref 3), from 
a survey of 21 terminals 
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2. Container handling ra1e is expressed per 
hour of vessel time at berth 

3. Mean hand I ing rate = 18.4 containers discharged 
and loaded per hour 

0 -1-~'--~--'~+---'~~-L~f--....... --''---'---l'---'--L~.L.._~~~..L..--''--~-L~..L..~~ 

200 300 400 500 600 700 BOO 

CONTAINERS DISCHARGED AND LOADED PER 24 HOURS 



60 Transportation Research Record 907 

Table 2. Cargo hand! ing rates reported 
by world ports. 

Cargo and Containers Loaded or Unloaded per Hour of 

Net Ship Working Time Ship Time at Berth Ship Time in Port 

Tons per Containers 
Port Hour per Hour 

Industrialized 
Large 202 20 
Small 67 7 

Developing 
Large 418 42 
Small 47 5 

Upper bound, all ports 555 56 
Lower bound, all ports 44 4 

Tons per Containers 
Hour per Hour 

219 22 
67 7 

138 14 
25 3 

436 44 
25 3 

Tons per 
Hour 

152 
44 

92 
27 

402 
24 

Containers 
per Hour 

15 
4 

9 
3 

40 
2 

Note: Container handlina: rates are calcuJated by assuming an average of IO tons/container. 

Table 3. Range of container handling rates 
per hour of vessel time at berth predicted 
by model. 

Stage 
Predicted Handling Rate 
(containers/hr) 

One crane alone (h): lost time assumed to range from 10 to 50 percent 
Multiplied by the number of cranes (n), ranging from I to 2 

15-27 per crane-hour 
15-54 

Multiplied by the crane interference factor (k), where k = 0.85 for 2 cranes and 
I. 0 for I crane 

15-46 per hour of working time 

Multiplied by the ratio of working time to berth time, ranging from 0.4 to 0.9 
Multiplied (1-R), where R (the proportion of container moves that are restow 
moves) ranges from 0 to 20 percent 

6-41 per hour of berth time 
5-41 per hour of berth time 

been developed and is demonstrated in the following 
section. 

MODELING THE CONTAINER HANDLING RATE 

If n represents the number of cranes assigned to a 
vessel during a working period and h is the base 
crane efficiency as described earlier, then nh is 
the number of container moves per hour made during 
the working time. If a crane is used during only 
part of the working period, n can be expressed as a 
fraction. For example, one crane working for a full 
working period and a second crane working for only 
one-third of the working period results in n = 1.33. 

Because two or more cranes working together may 
interfere with each other, the number of container 
moves made during a working period must be modified, 
where knh is the modified number of container moves 
per hour made during the working time, and k is the 
crane interference factor (k = 1 for one crane, and 
k < 1 for more than one crane) . 

Because the vessel time at berth is usually 
longer than the working time, a va r i able (w) is de­
fined as the ratio of working time to berth time. 
Thus, knhw is the number of container moves made per 
hour of vessel time at berth. 

Finally, because some container moves are not 
productive but are restow moves, 

he =knhw(l - R) (I) 

where R is the proportion of container moves that 
are restow moves, and h0 is the number of con­
tainers discharged and loaded during vessel time at 
berth. 

For the purpose of transportation system analy­
sis, the model is expanded to 

111, =he (1 +P) (2) 

where hb is the number of TEUs discharged and 
loaded per hour during the vessel time at berth, and 
p is the proportion of containers that are 40-ft 
boxes (assuming only 20- and 40-ft boxes), and 

hp = c/(c/hb + t) (3) 

where 

c = 

t 

number of TEUs discharged and loaded per 
hour during the vessel time in port, 
number of containers discharged and loaded 
per port visit, and 
time vessel spends entering and leaving port 
(hours). 

The independent variables were arrived at through 
discussions with terminal operators. It was assumed 
that the time taken to discharge or load a 40-ft box 
is the same as that for a 20-ft box. Certain terms 
are clarified as follows: 

1. The base crane efficiency is the rate that 
can be achieved by a single crane working alone. 
This reflects the efficiency of operations at the 
terminal. It is expressed as containers per hour of 
crane time. 

2. Working time is the time that cranes are 
assigned to work on a vessel: it includes all lost 
time. 

3. Lost time refers to unscheduled breaks in the 
discharge and loading process. Such breaks may be 
due to equipment failure, bottlenecks elsewhere in 
the discharge and loading process, work stoppage due 
to weather, and slowdown due to labor problems. 

4. Idle time refers to the difference between 
the time a vessel is at berth and the actual working 
time. 

5. Idle time includes scheduled 
breaks between shifts, and the time a 
berth before and after discharge and 
place. 

work breaks, 
vessel is at 
loading take 

We now have a set of exogenous variables, some of 
which can readily be predicted, whereas others must 
be considered as stochastic events. A deliberate 
attempt has been made to separate these. For ex­
ample lost time is unscheduled and largely unpre­
dictable, whereas idle time can be predicted. Idle 
time depends on the working hours of a terminal, the 
arrival time of a vessel, and the number of con­
tainers to be discharged and loaded. 

The cumulative effect of these variables on con-
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tainer handling rate per hour of vessel time at 
berth (hbl is given in Table 3. Assuming that a 
container crane is capable of handling 30 container 
moves pee hour, then allowing for lost time, number 
of cranes, crane interference, ratio of working time 
to berth time, and restow moves, results in handling 
rates of 5 'to 41 containers/hr of vessel time at 
berth. This explains how the wide range of values 
for container handling rates occurs; by comparing 
this range of values with data in Table l, the model 
is to some degree verified. 

NEED FOR FURTHER RESEARCH 

In Table 3 certain ranges of values have been as­
sumed for the independent variables. These were ar­
rived at through consultation with terminal opera­
tors and from the literature. The ranges are be­
lieved to be realistic, but more data and research 
are needed to improve the prediction of values of 
these variables for specific cases. 

One variable that is of particular interest and 
is by itself a candidate for modeling is R--the pro­
portion of restow moves. More specifically, R = 
NR/(NR + NDLl• where NR is the number of re­
stow moves and NDL is the number of containers 
discharged and loaded. In earlier work (_?) , the 
percentage of restow moves was assumed to vary 
linearly with the number of poets of call as fol­
lows: R% = 3 (np - 2), where np is the number 
of ports of call on a vessel (round trip). Data for 
modeling R, although undoubtedly in existence, have 
not been available. 

Summarizing the need for further research, the 
following tasks are identified: 
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l. Develop a model for the percentage of restow 
moves (R) , 

2. Develop a model for predicting base crane ef­
ficiency (h) , 

3. Develop a crane assignment model (i.e., num­
ber of cranes assigned (n)], and 

4. Develop a model for the ratio of working time 
to berth time (w). 

Other variables such as proportion of containers 
that are 40-ft boxes (P) , time spent entering and 
leaving port (t), and number of containers dis­
charged and loaded per port visit (c) are specific 
to the kind of trade and the itinerary of the vessel. 

REFERENCES 

l. Moffatt and Nichol. Port Handbook for Estimating 
Marine Terminal Cargo Handling Capability. Office 
of Port and Intermodal Development, U.S. Maritime 
Administration, Sept. 1979, pp. 68-161. 

2. J. Al-Kazily. Choice of Technology for Con­
tainerized Shipping--A Study of Interaction Be­
tween Vessels and Ports. Univ. of California, 
Berkeley, Dec. 1979, pp. 66-117. 

3. Technological Changes in Shipping and its Effect 
on Poets: The Impact of Unitization on Port 
Operations. United Nations Committee foe Trade 
and· Development, New York, Rept. TE/B/C.4 129, 
1976. 

4. C.H. Plumlee. Port Performance Index--1979. Pub­
lic Works Consultants, Carmel Valley, CA, 1979. 

5. J. Al-Kazily. Modeling Containerized Shipping for 
Developing Countries. Transportation Research, 
July 1982, pp. 271-284. 

Handling and Storage of Empty Chassis 

SCOTTS. CORBETT, JR. 

The reasons that intermodalism is growing and will continue to grow are briefly 
outlined, and the problems inherent in current designs are discussed. One prob­
lem-the handling and storage of empty chassis-is identified. Current methods of 
handling and storing chassis are discussed, and new equipment, which places the 
chassis in a vertical position, is presented. The methods shown indicate that 65 
to 700 tt2 of land can be used per chassis. Thus, the use of land for chassis 
storage can vary from 60 to 650 chassis/acre. Brief reference to the economics 
of this new concept, and the capit'al investment required, is made. 

The intermodal industry comprises sever al definite 
and separate individual operating sections. Aic 
transport is an important part of intermodalism, but 
the intermodal industries considered in this paper 
are railroads, trucking firms, and water shipping; 
i.e., where containers and their empty chassis exist. 

Each mode has its own functional and mechanical 
operating problems, and because an individual unit 
usually operates within its own forum, it often does 
not come in contact with the other segments. In 
fact, domestic intermodalism is extremely competi­
tive and often deliberately separate. 

There have been efforts at cooperation, such as 
through the National Railroad Intermodal Association 
and the Uniform Intermodal Interchange Agreement, 
but generally it has been each mode--rail, truck, or 
ship--solving its own problems. And if by chance 

another mode was helped, 
than by design. However, 
or later each mode comes 

it was more by accident 
in intermodalism, sooner 
into contact with other 

modes, and in doing so is forced to handle an iden­
tity that is not compatible with its original termi­
nal design or equipment capabilities. 

INTERMODAL GROWTH 

The overall industry is a true material handling in­
dustry, and because the material is assembled into 
larger container forms, the physical problems of 
weight and dimensions necessitated, and still re­
quire, the recognition of specialized handling 
equipment. This industry, despite its rapid expan­
sion, is young in its hardware technology. 

There are many internationally recognized manu­
facturers of material handling equipment, such as 
LeTourneau, Hatachi, Drott, Raygo Wagner, and 
Paceco. This list does not cover the entire indus­
try, but it does point out that many capable and 
competent suppliers are involved. 

Thus, tools have been developed and are available 
to fit into the intermodal segments of the various 
modes. By rapidly passing over the other individual 
advances in this industry (i.e., container ships, 
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larger trailers) to arrive at what is happening 
today virtually ignores an intense period of mate­
rial handling development by the individual segments 
of this industry and the various manufacturers. 
From this development comes material handling equip­
ment used by rail, truck, and ship that is efficient 
and relatively economical, which has allowed the in­
dustry to expand. This expansion is natural because 
of the economic values this method of material 
handling offers; however, expansion has been accel­
erated by the energy crises. Deregulation has also 
stimulated some innovative ideas and interchange 
aqreements; the land-bridge, minibr idge, and micro­
bridge concepts are prime examples. 

All indicators point to continued growth. This 
industry grew rapidly in the late 1950s, and even 
had a steady increase during the 1981 to 1982 de­
pressed era. However, today some major problems 
have arisen, such as space, room, and area in which 
to operate the intermodal business in interchange 
areas. 

NECESSARY STEPS TO EXPANSION SOLUTIONS 

The intermodal industry has to grow, yet it is tied 
to the transfer points of packages--primarily rail­
road terminal yards and ports. Most were originally 
built to solve the problems of the individual modes, 
with no real understanding of other modal problems 
or foresight of the expansion that has taken place. 

It is recognized that a new terminal design in a 
new location can meet many of the problems of logis­
tical space construction. However, it is also rec­
ognized that this can constitute some capital in­
vestment problems that are in some cases almost 
insurmountable. Thus, current terminal designs, if 
possible, should be modified. Also, all modes need 
new tools in order to increase efficiency and allow 
for continued expansion. Therefore, it is impera­
tive that management seek and recognize these new 
technocracies for immediate profitability and possi­
bly survival. 

EMPTY CHASSIS PROBLEM 

Tens of thousands of containers and trailers are 
handled every day. When a container is put aboard a 
ship or on a railroad flatcar, its chassis or under­
carriage is left behind. Within the railroad indus­
try today there is a massive program of development 
of specialized railcars to handle these containers. 
An example is the "double pack" of the Southern Pa­
cific Railroad and the "10-pack" of the Santa Fe 
Railroad. In fact, it is believed that domestic 
containerization is inevitable, which will compound 
the storage problems at these interchange points, 
including the problem cf storing the empty chassis. 

In theory, the use of a container requires a 
chassis at each end of the haul or, on a worldwide 
basis, at each port. Many approaches are being 
taken to handle cargo and empty container problems, 
yet few terminals can handle the storage problems of 
empty chassis. 

An empty chassis is an undesirable item: it does 
not produce any income, is easily damaged, needs to 
be repaired often, takes up space, and, when one is 
wheeled out of the way or stacked on top of another 
one, it creates continuous operational labor prob­
lems. 

If customers are pressured to move a chassis out 
of the yard before they are prepared to do so, a 
customer-relations problem is created, and the prob­
lem of what to do with the chassis is intensified. 
Increasingly, the owner or shipper is asking that 
this problem be faced by the actual intermodal unit 
itself, whether rail, truck, or ship. 
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CURRENT APPROACHES TO EMPTY CHASSIS 
HANDLING AND STORAGE 

Some firms have reached the conclusion that, because 
of the logistical problems of empty chassis and de­
livery practices, when the container is off-loaded 
from the ship and in domestic use it should be 
locked to the empty chassis. When the terminal 
storage area is large enough, there are many advan­
tages to this method. However, there are also some 
major disadvantages, which will continue to create 
the same operational problem of storage space. Ul­
timately, the storage of the empty container, 
whether or not on an empty chassis, has to be ap­
proached and looked at in a method other than that 
of the single horizontal technocracies that exist 
today. Even so, there must be a group of empty 
chassis, usually no less than 300, in order to start 
unloading a ship. And 300 empty chassis in a single 
horizontal position take up 210,000 ft 2 , or 5 
acres. 

The owners' approach to the handling of empty 
chassis is usually influenced by the number that 
they are responsible for or the size or location of 
the fleet. Many owners have so many chassis that 
they operate their own terminals for empty chassis 
storage and repair. Others depend on what are known 
as satellite or privately owned storage yards, which 
operate in most port areas. Thus, an owner can have 
the container, trailer, or empty chassis handled by 
a third party. Bear in mind that the problem of 
space, although it is accentuated at the terminals 
(whether rail or port), also exists at the privately 
owned third-party yard. The use of these satellite 
yards is a common method, yet it is puzzling that 
the owners of chassis are not more aware of the 
problems of the handling by some of these private 
yards from the standpoint of chassis repair costs. 

The technology of handling chassis in most areas 
consists of putting them in the air in a highly un­
safe manner by a front-end forklift truck and stack­
ing them on top of each other. In addition, chassis 
owners will send a truck to get a chassis and toler­
ate as much as a 3- to 5-hr wait while a chassis is 
dug out of storage. 

Basically, what takes place today, whether it is 
in a private satellite yard or in a large owner's 
yard, is that chassis are stacked on top of each 
other by forklift trucks in a horizontal plane or 
parked in a single horizontal system with random ac­
cess. 

In the discussion of storage, it is beneficial to 
have some knowledge of the physical characteristics 
of empty chassis. There are at least five major 
chassis manufacturers. Commonalities of measure­
ments include the same frame heights and widths. 
However, frame depth'> V!lry by as much as 100 per­
cent. There are other factors related to the empty 
chassis that affect storage, no matter what method 
is used. The primary one is axle setting, which is 
the most variable factor. Although axle setting is 
not too important when using the horizontal-type 
storage system, it is of major importance for some 
mechanical systems when chassis are stored on top of 
each other. Basically, there are some chassis that 
are so specialized that there is only one way to 
handle them, and that is to leave them flat on the 
ground. There are also variations in chassis 
lengths: the basic 40-ft chassis down to the basic 
20 ft, with 24- and 35-ft chassis in between, and 
also the new 45- and 48-ft chassis. However, the 
chassis used today are usually 20 and 40 ft and are 
easily handled by the mechanical devices described 
in this paper. 

Following is a study of current conventional 
storage systems used for empty chassis, both 20 and 
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40 ft. All of the examples have allowed for working 
room and use a 40x8-ft chassis in the diagrams. 

System 1 : Convent'ional Random-Acces s, 
Ground-Level, Hori zontal System 

The advantages of system 1 are as follows: 

1. No lifting (handling) equipment is needed, 
2. It is sometimes possible to have owners park 

and pick up their chassis, 
3. There is minimum chassis damage, and 
4. It is relatively safe. 

The disadvantages of this system are as follows: 

1. It uses a great deal of space, 
2. Inventory control is difficult, 
3. Hostling search time is high, and 
4. Security is poor. 

The space used for system 1, based on 40-ft chas­
sis (which are generally used throughout the indus­
try) with access and roadways also accounted for, is 
677 ft 2 /chassis . Figure 1 s hows system 1, which 
is for 48 chassis and uses 32,500 ft 2 • 

System 2A: One-on-One Stacking and Side Pick 

One-on-one stacking and side pick are horizontal 
systems. The advantages are as follows: 

1. It reduces the space requirement of system 1 
by at least 50 percent or more, 

2. It is relatively safe when compared to stack­
ing higher, 

3. No stickers are needed because of reduced 
weight, and 

4. There is better security. 

The disadvantages of system 2A are as follows: 

1. More labor and equipment are needed; 
2. There is some damage to chassis; and 
3. Three chassis may have to be moved in order 

to get to one. 

Side pick uses a standard 15,000- to 20,000-lb 
forklift. The space used for system 2A is 430 
ft 2 /chassis. Figure 2 shows system 2A, which is 
for 96 chassis and uses 41,300 ft 2 • (Note that in 
Figure 2 , each line represents two chassis, one on 
top of the other.) 

Sys t em 2B: End Pic k 

System 2B, like the one-on-one concept, is horizon­
tal. It is necessary to have a chassis flipper for 
this method (the flipper is illustrated later), and 
to move only one chassis to get to any other one. 
This system allows the possible use of land that is 
not normally accessible. The space used for system 
2B is 313 ft 2 /chassis. Figure 3 shows system 2B, 
which is for 96 chassis and uses 30,000 ft 2 • 

System 3 : Two- on- One 

System 3 is also a horizontal system. It has simi­
lar space requirements to systems 2A and 2B, except 
that in system 3 the chassis are stacked in a two­
on-one configuration (see Figure 4). [System 3 is 
subdivided into 3A (side pick) and 3B (end pick).] 
The main advantage of system 3 is that it takes up 
33 percent less space than either system 2A or 2B. 
The disadvantages of the system are as follows: 
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1. Stickers are needed (dunnage); 
2. More damage is done to chassis: 
3. It is more dangerous; 
4. More time is spent on operations: and 
5. Five chassis may have to be moved in order to 

get to one chassis in 3A, and two chassis may have 
to be moved in order to get to one chassis in 3B. 

Therefore, system 3A (side pick) needs 270 
ft 2 /unit for stacking chassis three high and sys­
tem 3B (end pick) needs 200 ft 2 /unit for stacking 

Figure 1. Diagram for system 1. 
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Figure 2. Diagram for system 2A. 
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three high. sometimes the procedure of stacking 
chassis four high is used, but it fs not recommended 
because it could be damaging and dangerous. 

Dieouocion of Sys tems 

The manpower required in all three examples is ap­
proximately the same. The only capital equipment 
required to get chassis on top of each other is the 
aforementioned 15,000- to 20,000-lb forklift truck. 
There is a damage factor that increases proportion­
ately, and there are time and labor factors, depend­
ing on density. 

By placing chassis in a tighter density, there 
may be situations in which as many as 30 to 40 chas­
sis may have to be moved in order to get to a par­
ticular one. In general, the practice of seeking a 
specific chassis is not common. It is common for a 
general storage yard to keep an individual custo­
mer's chassis together in one group, which is the 
sensible procedure. Therefore, in using an acre of 
land as the criterion--whether it is leased land or 
land that is needed for the horizontal method--count 
on 60 chassis (40x8 ft} to an acre; when stacked two 
high, 120 chassisi and when stacked three high, 180 
chassis. 

With respect to the application of land costs, 
obviously costs vary in different areas. On the 
East Coast, an annual rental of $17,000/acre is com­
mon, and on the West Coast, and in Seattle in par­
ticular, it is $47,000/acre. Thus, if all factors 
were maximal--if there was the ability to store 180 
chassis/acre, the annual rental was $47,000, and the 
requirement was for storing 1,000 chassis--there 
would be probably about 6 or 7 acres involved, 2 or 
3 forklifts, and an annual rental cost of $300,000 
to $350,000 for the land. On the other hand, by us­
ing system 1, as much as 17 acres and $900,000 in 
rental costs could be involved. 

In most port areas, putting chassis one on top of 

Figure 5. Chassis flipper system. 

Figure 6. Chassis flipper attachment. 
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the other is not acceptable because of the time fac­
tor involved in getting them up and down, and also 
because of the search and storage requirements. In 
most port areas the single storage system is used. 
However, as ports become more crowded, chassis have 
to be placed on top of each other. 

NEW EMPTY CHASSIS STORAGE CONCEPT 

The mechanical system described in this section is 
an improved method from the standpoint of land use 
and least damage to chassis. The value to customers 
of this system is based entirely on how they view 
the acquisition of new land. If, for example, a 
major railroad wanted to put more volume through a 

Figure 7. Flipper picking up a unit. 

Figure 8. Placement in storage rack. 
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Figure 9. Chassis in a bundler. 

piggyback terminal, this could mean new business for 
the company. But for a stevedoring company, it 
could also mean a reduction in the amount of land 
needed for handling chassis. 

With respect to labor, the farther the traveling 
distance (if using a single system) and the more 
hostling tractors used, the more time that is needed 
to search because of inventory control. In putting 
chassis on top of each other, there is the factor of 
labor in hoisting them up by the lift trucks and 
then taking them down. Also, although there may be 
savings on a hostling tractor, more will be spent on 
labor for the forklift truck operator, and there 
will be a higher damage factor. 

The turnover time, or the ratio of time spent 
taking a chassis from storage to its final use, 
varies inunensely--from as much as four or five 
months between uses to four or five times a month. 

The system described below is the chassis flipper 
system, which is manufactured by Multi-Sort, Inc., 
of Portland, Oregon. The advantages of this system 
are as follows: 

l. It has the best possible land use, 
2. It is the best system for safety reasons, 
3. There is reduced hostling time, 
4. There is no stacking damage, and 
5. There is better security and inventory con­

trol. 

The disadvantages of the system are the costs for 
the storage racks and the requirements for moving 
several chassis in order to get to a specific one. 

The space used for this system, which is designed 
for 8- to 10-ft-wide front-axle forklift trucks with 
a T-bar rack design, is 74 ft 2 /chassis. Figure 5 
shows the system for an 8-ft-wide lift truck. It 
can handle 180 units and uses 13,000 ft 2 • 

Figure 6 shows the chassis flipper attachment, 
which will fit on any standard forklift truck of 
30,000 lb or more, as it approaches the chassis when 
the chassis is in the horizontal position. Figure 7 
shows the flipper picking up the unit, and Figure 8 
shows the chassis being placed in a storage rack . 

In this system, each individual chassis in the 
upright position takes up 55 ft 2 • However, to al-
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Figure 10. Rotator or uprighter at work. 

low for the open working space needed to get the 
chassis in and out of storage, an e s timate of 650 
chassis/acre is used. For example, in Seattle a 
little less than 2 acres is used as compared to 17 
acres, and at $47,000/acre, this is a significant 
factor. On the other hand, there is a capital in­
vestme nt required f o r t he lar ge r lift truck , the 
flippe r attac hment itsel f , a nd t he sto rage rac ks . 
The s t orage rac ks operate a u t oma t i cally , so t ha t 
ground personnel are not needed . The racks should 
be good for many ye a r s, a nd probably can be amor­
tized o n a 7-year sched ule. They also are movable; 
however, this would necessitate the building of new 
footings for the next location. The advantages of 
this system from the standpoint of inventory control 
are obvious. However, capital investment is consid­
erably g reater when compared to other systems . 

Some operators need to move chassis f rom one lo­
cation to another because of an imbalance. and they 
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usually move the chassis in bundJ.es. Rotati ng or 
turning over a chassis can present labor and damage 
problems. The following figures depict the rotator 
or upr ighter that helps alleviate these problems. 
Again, these are manufactured by MuJ.ti-Sort, Inc. 
Figure 9 s hows the chassis in a bundler, and Figure 
10 shows the rotator or uprighter in action. 

CONCLUSIONS 

The handling and storage of chassis are factors that 
have been greatly neglected in the planning and 
thinking of most operational entities, whether by 
the owner or the operator. Extra efforts in this 
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area can be of material advantage to the company 
that seizes the opportunity to use the available 
tools to enhance its own position in the field of 
intermodalism, whether for obtaining new business, 
reducing current costs, or supplyinq customers with 
needed facilities. 

Notice: The Transportation Research Board does nor endorse products or 
manufaclilrers. Trade and manufacturers' names appear in rhis paper because 
they are considtt~d essential ro its object. 




