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IntroductionIntroductionIntroductionIntroduction    
The nodes and links associated the transportation network are convenient for the purposes of network 
analysis and design, but these are not terms that are common when one talks with personnel involved in 
transportation management. 

Instead, one hears of infrastructure and equipment and, even more often, specific kinds of infrastructure 
and equipment.  We take up these items in this note. 

The network is generally considered to be infrastructure inasmuch as the links and nodes are, in most 
cases1, in a fixed position and representative of significant long-term investment.   

Equipment is what operates on the network and provides the transportation service.  Like infrastructure, 
equipment represents assets, but it is movable and representative of less-significant and shorter-term 
capital investment.  For purpose of this note I am going to further classify equipment as primary (e.g., 
truck) if it is used to directly provide the transportation service, or secondary (e.g., a fork lift) if it is used 
in support of the primary equipment. 

Nodes and links are abstract; infrastructure and equipment are concrete. 

I will, in this note, as in 4. Networks2, confine the discussion to the truck, ocean, and rail modes.  I will 
not strive to cover every existing example of infrastructure and equipment. 

TruckTruckTruckTruck    

InfrastructureInfrastructureInfrastructureInfrastructure    

NodesNodesNodesNodes    

The destination for the truck may be the shipper, the consignee, a warehouse or distribution center, a rail 
terminal, and an ocean terminal. 

                                                      

1  Exceptions to this statement would most likely be found in the shipping and air industries where shipping lanes and air corridors 
may change. 

2  James Drogan, "4. Networks,"  (2007), vol. 
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The shipper generally operates from a warehouse or distribution center that maintains an inventory of 
the goods being shipped. 

 

Figure Figure Figure Figure 1111 Distribution Center Distribution Center Distribution Center Distribution Center3333    

Figure 1is an aerial view of a Supervalu distribution center.  The operation of the DC (distribution center) 
is beyond the scope of this note.4 

To the extreme lower right there is what looks to be a three line highway (a link) to which the DC (a 
node) is connected.  A characteristic of large-sized DCs is that they are often located next to a 
high-capacity link. 

The two quadrants to the right encompass what appears to be the employee parking lot and, in the 
upper-right quadrant one can see what appears to be the main entrance to the DC. 

Starting at the upper right corner of the lower left quadrant is a dark band running along the side of the 
DC.  This band represents a large number of doors which allow trucks, which have backed up to the 
doors, to load and unload freight. 

The consignee could be, as intimated above, another DC or the consignee’s loading dock (I have never 
heard it called an unloading dock and, more often than not, it is simply referred to as the dock). 

                                                      

3  http://www.supervalu.com/sv-webapp/images/media_library/Distribution_Center_Arial_view.jpg [February 22, 2007] 

4  The reader is referred to James R. Stock and Douglas M. Lambert, Strategic Logistics Management, Fourth ed. (McGraw-Hill, 
2001). for further information on distribution centers. 
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Figure Figure Figure Figure 2222 Loading Dock Loading Dock Loading Dock Loading Dock5555    

This dock happens to have three bays.  Trucks back into position and the freight is unloaded into the 
consignee’s receiving area. 

Trucks that have a rail or ocean terminal as a destination generally pick-up or deliver containers. 

 

Figure Figure Figure Figure 3333 Container on Chassis and Positioned at the Dock Container on Chassis and Positioned at the Dock Container on Chassis and Positioned at the Dock Container on Chassis and Positioned at the Dock6666    

Figure 3 is particularly informative.  Here is a 20-foot (TEU or Twenty-foot Equivalent Unit) in position at 
a dock.  The container is affixed to a chassis (I’ll show a picture of a chassis below).  Inasmuch as the 
container is owned by Hyundai (a major Korean company) it likely contains or contained or will contained 
freight destined for or originated from a foreign country via ocean.  Whether the container is going to or 
from a rail terminal or an ocean terminal is not evident in this picture. 

                                                      

5  http://recap1.princeton.edu/recap/loading.JPG [February 22, 2007] 

6  http://people.hofstra.edu/geotrans/eng/ch3en/conc3en/img/roadcontainer.JPG [February 22, 2007] 
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Figure Figure Figure Figure 4444 Container Chassis Container Chassis Container Chassis Container Chassis    

Here is a picture of a container chassis used for TEUs. 
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Figure Figure Figure Figure 5555    Long Beach Container TerminalLong Beach Container TerminalLong Beach Container TerminalLong Beach Container Terminal7777    

Here is another very informative picture.  This terminal is an interface between truck and rail on the one 
hand, and ocean on the other. 

Trucks enter and leave this ocean terminal through in and out gates (the building at the lower right of the 
figure).  These trucks then pick-up or drop containers in the portion of the facility that is used for the 
storage of containers.   This area occupies the majority of the right side of the picture. 

To the left one can see a container ship at berth where it is discharging and loading containers.  The area 
between the ship and container storage looks to be a container staging area.  Staging is about placing the 
container that are to be loaded aboard the next several ship in close proximity to the ship.  Containers 
are moved from the storage to the staging areas, and off and on the ship by secondary equipment. 

A small railway terminal is shown to the extreme right in the picture.  Running to the left alongside the 
tracks is a staging area for the containers outbound via rail.  Containers are moved from the storage to 
the staging areas, and off and on the railway by secondary equipment. 

                                                      

7  http://explorer.altopix.com/gimages/hwmfix/10004-lbct_aerial.jpg [February 22, 2007] 
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LinksLinksLinksLinks    
The principal links in truck transport range from complex super highways to country dirt roads. 

 

Figure Figure Figure Figure 6666 Super Highway Super Highway Super Highway Super Highway8888    

                                                      

8  http://www.chbe.gatech.edu/current/resources/Photos/Atlanta%20Photos/interstate%20traffic%20by%20tech.jpg [February 22, 
2007] 
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Figure Figure Figure Figure 7777 Dirt Road Dirt Road Dirt Road Dirt Road9999    

Trucks of every size and shape are used to provide transportation service over every sort of highway and 
road imaginable (and some that can’t be imagined).  The relationship between the freight to be carried, 
the truck required to provide the service, and the characteristics of the road represent one of the 
clearest and easiest to understand examples of Sussman’s Key Point 30.10 

“The integrality of vehicle/infrastructure/control systems investment, design, and operating 
decisions is basic to transportation systems design.” 

                                                      

9  http://imagecache2.allposters.com/images/LPIPOD04/BN631_2003.jpg [February 22, 2007] 

10  Joseph M. Sussman, Introduction to Transportation Systems, Artech House Its Library (Boston: Artech House, 2000). 
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EquipmentEquipmentEquipmentEquipment    

PrimaryPrimaryPrimaryPrimary    

Coyle11 gives good descriptions of the types of primary equipment used in the trucking industry.  To most 
of us, trucking equipment is defined by the 18 wheeler at one end of the spectrum 

 

Figure Figure Figure Figure 8888 18 Whee 18 Whee 18 Whee 18 Wheelerlerlerler12121212    

and the seemingly ubiquitous UPS delivery van at the other. 

 

Figure Figure Figure Figure 9999 UPS Delivery Van UPS Delivery Van UPS Delivery Van UPS Delivery Van13131313    

                                                      

11  John J. Coyle, Edward J. Bardi and Robert A. Novack, Transportation, 6e, Sixth ed. (Thomson Southwestern, 2006). 

12  http://wvs.topleftpixel.com/photos/2006/07/18_wheeler_clouds_01pc.jpg [February 22, 2007] 

13  http://jcwinnie.biz/wordpress/imageSnag/ups_hydralic_1.jpg [February 22, 2007] 
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In between, and all around are all sorts of other trucks whose characteristics are designed to provide the 
best solution to the transportation opportunity at hand. 

SecondarySecondarySecondarySecondary    

Most trucks, such as shown in Figure 8 18 Wheeler on page 8, are not loaded by manual means, but 
rather by means of the ubiquitous forklift. 

 

Figure Figure Figure Figure 10101010 Forklift Forklift Forklift Forklift14141414    

In Figure 10 it can’t be determined whether the freight is being loaded or unloaded into the truck.  What 
can be clearly seen, however, is that a forklift can enter a truck to load or unload freight.  The freight is 
normally on a pallet. 

                                                      

14  http://www.handiramp.com/Material%20Handling/TR-Loadin%20Truck.jpg [February 25, 2007] 
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Figure Figure Figure Figure 11111111 Palletized Freight on a Forklift Palletized Freight on a Forklift Palletized Freight on a Forklift Palletized Freight on a Forklift15151515    

The forklift comes along, places its tines into the slots that you see at the bottom of the pallet, the leifst 
the pallet slight above ground and moves it to where it need to go. 

In the case of the UPS van (Figure 9 UPS Delivery Van) the packages are loaded by hand. 

OceanOceanOceanOcean16161616    

InfrastructureInfrastructureInfrastructureInfrastructure    

NodesNodesNodesNodes    

The reader is referred to Figure 5 Long Beach Container Terminal on page 5 for a view of a typical node 
in ocean transportation.  

LinksLinksLinksLinks    

The ocean is, of course, the link that ties the nodes together. 

                                                      

15  http://www.iqsdirectory.com/info/fork-lift-trucks/images/fork1.jpg [February 25, 2007] 

16  Our discussion of ocean transportation is limited to container carriage.  
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Figure Figure Figure Figure 12121212 The Sea The Sea The Sea The Sea17171717    

It is not just a matter of sailing off, but a rather more complicated selection of routes based on a number 
of factors.  Some of these factors are predictable; channel depth, ship beam, surrounding ship traffic, 
demand from containerized service.  Some, most notably weather, are not. 

EquipmentEquipmentEquipmentEquipment    

PrimaryPrimaryPrimaryPrimary    

Inasmuch as we are limiting the discussion of the ocean mode to container shipping, we shoud start with 
the current queen of the seas, the Emma Maersk. 

 

Figure Figure Figure Figure 13131313 Emma Maersk Emma Maersk Emma Maersk Emma Maersk    

                                                      

17  Left: http://www.angelfire.com/art3/bloodwings/stuff/thumbnails/400x300/ocean-storm.jpg [February 25, 2007]. Right: 
http://www.anger-management-programs.net/images/fr-calm-ocean-pic.jpg [February 25, 2007] 
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‘It’s longer than the Eiffel Tower is tall, wider than the width of a football field and it can officially 
hold 11,000 20-foot-long shipping containers, though some suggest it can pack in even more. 

And it floats. 

Next month, the Emma Maersk, the world’s largest container ship, will enter service between 
Asia and Europe, hauling toys, electronics, clothing, and whatever else can be packed into steel 
boxes. The vessel, bigger than an aircraft carrier, will hold at least 1,400 more containers than 
any of the other 3,700 container-carrying vessels now plying the seas. Its capacity will greatly 
exceed the size of vessels regularly calling on the port of Hampton Roads; those vessels typically 
can hold between 4,000 and 5,000 20-foot-long containers. 

“That’s a lot of containers,” David Tozer said of the Emma Maersk’s 11,000-container capacity as 
reported by its owner, Maersk Line. Tozer oversees the worldwide container ship inspection 
program for London-based Lloyd’s Register, which certifies the seaworthiness of ships. 

Yet Tozer and other industry experts say Maersk’s figure understates the ship’s true capacity. 
Based on its 1,303-foot length and 184-foot width, they estimate it could carry up to nearly 
15,000 20-foot containers. 

Still, don’t expect the Emma Maersk or a similar-sized vessel in Hampton Roads any time soon, 
owing to geography and port capacities.’18 

Ships the size of the Emma Maersk pose new sets of problems for the ocean ports of the world, and the 
inland transportation infrastructure that connects customers to the ports. 

SecondarySecondarySecondarySecondary    

In the discussion of Figure 5 Long Beach Container Terminal on page 5 I described in a very general way 
how containers move from the truck onto the ship.  A bit more detail is provided here as a means of 
introducing some of the secondary equipment one will find in a ocean terminal. 

 

Figure Figure Figure Figure 14141414 Entry Gate Entry Gate Entry Gate Entry Gate19191919    

                                                      

18  Gregory Richards, "Emma Maersk May Be as Big as a Cargo Ship Can Get," The Virginian-Pilot August 23, 2006.  

19  New York Container Terminal, http://nycterminal.com/gallery/yard_operations/DSCF0203 [February 25, 2007] 
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Figure 14 shows trucks entering the marine terminal through the in/out gate carrying either empty or 
loaded containers. 

 

Figure Figure Figure Figure 15151515 Sideloader and Truck Sideloader and Truck Sideloader and Truck Sideloader and Truck20202020    

The sideloader, a secondary piece of equipment, has captured the container and is either lowering it on 
or lifting it off the chassis.  In the first situation the sideloader will take the container and place it in a 
stack of containers (shown behind the truck, containers, and sideloader); in the second case it is the 
opposite. 

Let’s assume for purposes of this discussion that the container is being off-loaded to the storage area of 
the yard. 

When it comes time for the container to be moved into position for loading aboard ship, the sideloader is 
again pressed into service. 

                                                      

20  New York Container Terminal, http://nycterminal.com/gallery/yard_operations/DSCF0160 [February 25, 2007] 
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Figure Figure Figure Figure 16161616 Sideloader and Hostler Sideloader and Hostler Sideloader and Hostler Sideloader and Hostler21212121    

The sideloader takes the container from a stack and lowers it onto a special chassis (aka “the bomb rack”) 
and power unit (hostler) combination (this combination is used only in the terminal and is outlined by the 
white rectangle in Figure 16) that will then move the container elsewhere in the terminal. 

 

Figure Figure Figure Figure 17171717 Hostler Alongside the Ship Hostler Alongside the Ship Hostler Alongside the Ship Hostler Alongside the Ship22222222    

Here is a good view of the hostler with a container on the bomb rack (the combination on the left) pulled 
up alongside the ship. 

                                                      

21  New York Container Terminal, http://nycterminal.com/gallery/yard_operations/DSCF0021 [February 25, 2007] 

22  New York Container Terminal, http://nycterminal.com/gallery/vessel_operations/DSCF0074 [February 26, 2007] 
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Figure Figure Figure Figure 18181818 Ship and Crane Ship and Crane Ship and Crane Ship and Crane23232323    

The crane is one of the most critical of the secondary pieces of equipment associated with the maritime 
mode.  The crane will lift the container from the bomb cart and place it in position on the ship. 

 

Figure Figure Figure Figure 19191919 The Lift The Lift The Lift The Lift24242424    

In Figure 19 the crane operator has latched onto the container and is lifting it either on or off the bomb 
cart (it’s difficult to tell from this picture). 

                                                      

23  New York Container Terminal, http://nycterminal.com/gallery/vessel_operations/DSCF0054 [February 26, 2007] 

24  New York Container Terminal, http://nycterminal.com/gallery/vessel_operations/DSCF0126 [February 26, 2007] 
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Figure Figure Figure Figure 20202020 Containers Aboard the Ship Containers Aboard the Ship Containers Aboard the Ship Containers Aboard the Ship25252525    

Now the job the crane operator, if loaded the container aboard the ship, is to place the container in a cell 
position as called for by a load plan.  You can see two empty cell positions to the right in Figure 20. 

Please go to http://nycterminal.com/gallery/albums.php for more pictures regarding ocean marine 
container infrastructure and equipment. 

RailRailRailRail    

InfrastructureInfrastructureInfrastructureInfrastructure    

NodesNodesNodesNodes    

The principal node for the rail mode of transportation is the railway yard. 

                                                      

25  New York Container Terminal, http://nycterminal.com/gallery/vessel_operations/DSCF0117 [February 26, 2007] 
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Figure Figure Figure Figure 21212121 Railway Yard Railway Yard Railway Yard Railway Yard26262626    

Railway yards are generally at the intersection of major railway lines (links) and serve the role of 
intramodal (rail to rail) interchange of railway cars.  The also serve to facilitate the intermodal (e.g., rail to 
ocean see Figure 5 Long Beach Container Terminal on page 5) interchange of shipments (most often 
containers). 

Their operation is analogous to that of an ocean marine terminal where a ship arrives, its containers are 
off-loaded, and some may be loaded aboard a different ship in order to continue their journey.  Other 
containers may be transferred to rail or truck to continue their journey. 

LinksLinksLinksLinks    

Track provides the links essential to rail mode of transportation. 

                                                      

26  http://www.transsib.ru/Photo/Bran/zs-inskaya1.jpg [February 26, 2007] 
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Figure Figure Figure Figure 22222222 Railway Track Railway Track Railway Track Railway Track27272727    

EquipmentEquipmentEquipmentEquipment    

PrimaryPrimaryPrimaryPrimary    

The rail car is the asset that carries the freight for the customer. 

                                                      

27  http://www.deepbluesclub.org.uk/photos/RailwayTrack.jpg [February 26, 2007] 
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FigureFigureFigureFigure    23232323 Double Double Double Double----Stacked Containers in a Rail WellStacked Containers in a Rail WellStacked Containers in a Rail WellStacked Containers in a Rail Well----CarCarCarCar28282828    

Here two 40-foot (FEU) containers are stacked in a well-car.  The well-car lowers the center of gravity 
for the load and improves the clearance distances between the top of the containers and any structures 
above the rail. 

Containers are moved on and off a well-car using, amongst other things, equipment similar to the 
sideloader shown in Figure 15 Sideloader and Truck non page 13. 

Railway cars are then coupled together into trains. 

 

FigureFigureFigureFigure    24242424 Container Train Container Train Container Train Container Train29292929    

                                                      

28  http://people.hofstra.edu/geotrans/eng/ch3en/conc3en/img/doublestackrail.JPG [February 26, 2007] 

29  http://www.horizonsunlimited.com/tstories/maher/images/train.jpg [February 26, 2007] 
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The trains need to have power attached. 

 

FigureFigureFigureFigure    25252525 Railway Locomotives Railway Locomotives Railway Locomotives Railway Locomotives30303030    

Two locomotives are at the head of the train in Figure 25. 

The Key QuestionsThe Key QuestionsThe Key QuestionsThe Key Questions    
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FigureFigureFigureFigure    26262626 Busi Busi Busi Business Driverness Driverness Driverness Drivers and Critical Questios and Critical Questios and Critical Questios and Critical Questions; Themesns; Themesns; Themesns; Themes    

You will recognize the graphics in Figure 26 as being introduced in 1. Introduction to the Course and to 
Transportation Management.31 

Having a better understanding of the infrastructure and equipment involved allows us a better 
understanding of the range of answers to the key questions. 

James Drogan 
February 26, 2007 

                                                      

30  http://pantransit.reptiles.org/images/1996-07-28/bn_gp30-railroad.png [February 26, 2007] 

31  James Drogan, "1. Introduction to the Course and to Transportation Management,"  (2007), vol. 
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