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INTRODUCT ION

Despite the progress made by the shipping industry over

the years, one of its key operations, cargo handling, has re-

mained essentially the same since the days of the wooden ships.

Cargo Is still taken piece by piece and hoisted with a hook up

and over the side of a ship and Into the hold. Consequently,

this operation remains a perennial bottleneck.

For example, immediately following World War II larger and

faster cargo ships were put Into service. Tonnage figures,

however, did not reflect this Increased speed and capacity be-

cause the rate at which material could be out through the hatch

did not increase, and It took lonqer to load the larger holds.

This offset the faster speed of the ships.

The only significant Improvement In cargo handling has been

made In the loading of bulk cargo such as ore and oil. Convey-

ors and other automatic equipment can load specially-designed

ships with these commodities at rates as high as 2000 to 3000

tons per hour. Contrast this with the rate of loading general

cargo, which Is approximately 10 to 20 tons per hour per hatch

or a maximum of 50 to 100 tons per hour if five hatches are

loaded simultaneously. Opportunities for the use of mechanical

loading methods on the ordinary cargo ship, however, are limited

by the fact that the ships are designed for flexibility; I.e.

to accommodate a wide variety of commod'itles.

A ship earns no revenue while It Is tied up In port and,

in addition, the average cargo ship has a fixed port cost of

$2000 to $3000 per day. Revenue comes from the charges on the

transportation of goods by water, not from storage on shipboard

at the dock. In wartime, the extremely heavy demands on shipping
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and the easy target that a docked ship provides give additional

reasons for reducing the turn around time.

There Is considerable "know-how", of course, but little

formulated information on the subject of cargo handling. Sev-

eral of the components of the system have been subjected to

systematic analysis by naval architects, terminal designers,

material-handling specialists, economists, and others, but a

systematic analysis has not been made of the system as a whole.

Realizing the need for a study of the subject, the Depart-

ment of Engineering at the University of California, Los Angeles,

in 1951, proposed a cargo-handling research project that received

the financial support of the Office of Naval Research and the

Maritime Administration. This Is the first of a series of tech-

nical reports on the project.

Since the subject of cargo handling is extremely complex

and includes many variables, the first objective of the study

was to order these complexities and find the relations between

the variables; i.e., to formulate eouations that state these re-

lations.' After these relations are known and understood, they

can be used to solve many specific cargo-handling problems.

Part I of this report outlines the steps necessary to de-

termine these relations: a study of the background of cargo

handling, a definition of the system, a formal analysis of it,

and observations of actual cargo-handling operatIons.

Part II shows how specific cargo-handling problems can be

solved after the relations between the variables have been de-

termined. It also describes the techniques used In obtaining

data and the conceptual models that were developed to aid in

the research.

A bibliography of cargo handlinq Is Included as well as

a list of references to literature In such related fields as
materials handling, motion study, statistics, operations

analysis, network analysis, logistics, transportation, econ-

Somics, and labor relations.



The next report will give In detail the results of exten-
sive observations of actual cargo-handling operations during
the summer of 1953.
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PART I.

SECTION I, BACKGROLND

A brief outline of the history of cargo handling Is in-

cluded here as a necessary preliminary to the report Itself.

An understanding of this backaround makes It possible to view

the present situation as a dynamic system, with aspects that

are not always visible.

In discussinq the chanqes that have taken place In cargo

handling over the years, it is convenient to consider the major

elements of the system separately, although these elements are

Interrelated and some developments have affected more than one

component.

Facilities

There were very few piers or quays In existence before the

Civil War. Much of the cargo handled in the United States at

that time was transferred between ships and the shore with the

aid of harbor lighters. Shortly after the Civil War, the Port

of New York" hired General George McClellan to lay out a pier

system on the water front 4 * . He designed what Is known as the
"American Pier System", an arrangement that Is now used in New

York, Boston, Philadelphia, and San Francisco. In this arrange-

ment piers are about 1000 ft. long and 100 to 200 ft. wilde, with

*Superscript numbers refer to references listed at the

end of this report.



slips approximately 250 ft. wide between the piers. Four 500-

ft. vessels can tie up at each of these piers.

An alternative to the pier Is the quay, which Is parallel

with the basin and has water only on one side. This arrangement

has been developed In the ports of Long Beach, San Diego, New

Orleans, Galveston, and elsewhere. On the quays, there are spur

railroad tracks, transit sheds, and possibly warehouses. An ad-

vantage of the quay is the accessibility of the working area to

rail and truck. However, this design requires a sizeable body

of navigable water or a large area of marginal land that can be

easily dredged.

Recently, there have been moves to combine some of the

features of the pier and quay desiqn Into a new type of facility.

Examples of this can be found in San Francisco where both the

American President Lines and the Matson Lines are using facil-

ities with the slip between the two conventional piers filled

In. Railroad tracks and access roads lead Into this additional

area. The objective Is to allow for a large number of freight

cars or trucks to be held conveniently at the pier area and to

give easier access to the entire length of the transit sheds. 8

One other design that Is being used more frequently In

modern ports Is the 500 ft. by 500 ft. square pier. A transit

shed covers the entire pier area with the exception of an apron

that varies In width from 20 to 35 ft. A pier of thls type can

handle ships on three sides. These piers usually have spur

railroads and adequate access for trucks. Several new piers of

this type have recently been completed In Boston. I I

Before 1850, piers In this country were uncovered; if

goods were left on the pier overniqht, they were protected by

tarpaulins. By 1865, a few skeleton sheds had been built and,

by 1876, practically all the large piers on the North River In

New York were covered. After World War I, several 2- and 3-

story concrete sheds were built, In most cases the first story

of these sheds was used for incoming cargo and the second was

used for outgoing cargo. The third story was used as warehouse
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space.

The trend In the newest facilities Is to return to the

I-story shed. These new sheds are high roof, clear span, steel

arch construction. Many of them are about 200 ft. wide and more

than 500 ft. long. This type of shed can be seen In Wilmington,

N.C., Providence, R.I., and Long Beach, California.

The modern forklift truck, which was Introduced about 1930,

Is now used universally In the United States for cargo handling

In conjunction with another Important piece of equipment, the

pallet. The pallet Is of permanent type and Is fairly rugqed.

It Is used over and over again for storing or for transferring

loads from one point to another within the limits of a facility.

Other types of equipment used extensively include conveyors,

grain trimmers, ore unloaders, etc. However, these are limited

to the handling of bulk commodities such as coal, ore, grain,

sugar, etc. Specialized machinery has also been developed for

loading and unloading bananas.

The harbor lighter has been largely overlooked In the United

States, but, in European ports, It Is the principal means of

transferring cargo between the warehouse or transit shed, and

ship or river barge. 4  It has found some use, however, In American

ports where direct access to the pier cannot be made easily by

railroads or motor trucks.

The wharf crane Is another piece of equipment that has never

found much acceptance In American ports although these cranes

are common in European facilities, and have been in use in cer-

tain German ports since the 14th century.4  In place of gantry

cranes many American ports use the house fall from the steel

girder structure above the transit shed roofs. This is less ex-

pensive than using the shoreside crane, but the house fall lacks

the flexibility and maneuverability 
of the crane.

1 1

To summarize: the port facilities In the United States

have changed considerably In the last century. Terminals have

been modified to accommodate the truck, the larger vessel, and
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mechanized material-handling equipment.

Sea Transport

While there are many factors that determine the design

of a merchant vessel, of prime interest In this study are the

cargo-carrying characteristics of ships. These Include the

ship's carrying capacity, the equipment for handling, the de-

sign of the holds, the shape and size of the hatches, and the

various safety devices. The speed of the vessel, though it

does not directly affect the cargo-carrying characteristics,

determines the frequency of the sailinqs and the overall rate

at which cargoes are transoorted so it too is Important In this

s tudy.

There has been a substantial Increase in vessel size dur-

Ing the last century. In the 18601s, merchant ships had a capac-

Ity of about 1000 net registered tons (NPT). (The net register-

ed tonnage of a ship Is defined as the cargo carrying volume of

the ship In cubic feet divided by 100.). This tonnage Increased

slowly until the passage of the Maritime Act of 1936. Then C-21s

and C-31s were built with capacities between 9000 and 12,000 NRT.

The Liberty and Victory ships, which were turned out in great

quantities during World War II had a capacity of approximately

10,500 NRT. The new Mariner class vessels have continued the

trend of Increasing capacity and can carry 12,900 NRT. 3

There have been few changes In the gear used In general or

package cargo handling operations. The winches and booms on a

present day cargo ship differ little from those found on vessels

built 50 years ago. However, electric winches have replaced

some steam winches, winch controls have been grouped so that one

man can operate two winches, and Jumbo booms have been installed.

Before World War 1, the cargo booms were usually supported

on a boom table 8 feet above the main deck. During World War

II, the boom was pivoted at the deck level. This trend has now

been reversed, and the cargo boom Is again being pivoted above

the deck level.
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Among the new kinds of ship's gear recently Introduced are

the Farrell and the Calmar gears. 19  The salient feature of this

type of gear Is that It allows the load to move In more than one

plane, thus Increasing the area on the apron and In the square

of the hatch that can be serviced by the hook without topping the

booms.

The contours of the holds are determined by the hydrody-

namic requirements of the hull and the location of the engine

room. The majority of the general cargo vessels have their

machinery amidshios. This means that the aft holds are broken

up by the shaft alley and therefore require more careful stowage.

Hatch size has Increased somewhat over the years and the

number of hatches has gone up as the vessels have grown larger.

Side ports that allow the direct loading by fork truck or trailer

have replaced hatches on some vessels operating on the Great

Lakes, but there is no trend toward the adoption of side ports

for ocean-going vessels.

Even though hatches have increased In size, It Is still

necessary to stow the cargo in the wings of the hold. This la-

borious operation requires many man hours. Farrell Coordinated

Rolling-Wing Decks have been proposed to eliminate the movement

of the Individual units of cargo to the wings: the rolling

decks are loaded while they are directly below the hatch open-

Ing and are then rolled Into the wing recesses. The remaining

space directly under the hatch opening can then be loaded. 12

A prototype of the rolling wing decks has been Installed by

the Army Transportation Corps In two vessels.

The speed of merchant vessels has Increased significantly

since the Introduction of the steamship. The maximum speed

of the average steam ship of the 1860's was about 6 or 7 knots.

The power plants in these ships were reciprocating steam en-

gines. By 1936, the maximum speeds of ships with reciprocating

engines had increased to II to 14 knots. The C-q's and C-3s

were built after that time and their steam turbine or diesel

engine power plants produce maximum speeds of 15-1/2 to 17



knots. The Liberty ship of World War II Is powered by a recip-

rocating steam engine and Its maximum speed Is 11 knots. The

faster Victory ship uses a geared turbine engine of the type

used In the C-3, and has a maximum speed of 17 knots. The new

Mariner class vessels have a maximum speed of over 20 knots. 3

More drastic changes have been made In the design of ships

that are used for bulk cargoes like the ore boats of the Great

Lakes and the very large intercoastal oil tankers. Radical de-

signs for general cargo ships have been proposed and a few

prototypes, e.g., the Seatrain and Car Port, have been built.

Inland Transport

Railroads handle from 50 to 71 of the cargo going through

the average port and almost 100I of the cargo through some ports,

such as Norfolk, Va., and Port Arthur, Texas.5  This requires a

large amount of space in the port area for switching and mar-

shalling yards. In most cases, the cars are loaded or unloaded

adjacent to Inside or outside storage areas. Rarely Is the cargo

transferred directly between ships and freight cars.4

Since the general size and shape of railroad cars has

changed very little over the years, the method of freight hand-

ling has remained fairly constant. One exception to this was

brought about by the Introduction of the forklift, which can

enter a railroad car and remove a palletized load. However,

the variations In freight car dimensions and door widths have

restricted Its use.

The use of the river barge as a means of transferring

cargo between Inland areas and a port facility has Increased

steadily. However, the greatest proportion of this traffic

has always been In bulk commodities such as coal, oil, cement,

etc., and since the river barge Is restricted to navigable

waters, only a limited number of ports can utilize this con-
3nection.

Supplementing the railroads and barges in the 19th Century
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were horsedrawn drays. The ports built during that period were

designed to accommodate these vehicles and dray-ways were In-

corporated Into the transit sheds. The early motor trucks were

about the same size and could use the drav-ways with no trouble.

Today, however, the trucks In common use are large diesel trac-

tors pulling one or more 10-ton trailers. All of the new transit

sheds are, of course, equipped with large platforms to facilitate

the loading and unloading of the modern vehicles but except for

the assistance of the forklift, trucks are loaded and unloaded

today by the same procedures that were used with horse-drawn

drays.

Commodity

Changes In types of commodities passing through American

ports have had considerable effect on the cargo handling oper-

ations. The most significant change is the increase in the

amount of finished manufactures exported. This category In-

creased from about 2 ? of the total exports in 1900 to more

than 501 in 1951.7,10. The greater the percentage of finished

materials, the greater the percentage of packaged cargo. This

has resulted In the development of unit loads and a decrease in

the overall density of the cargo in the hold.

The unit load Is a group of commodities that remain In a

container or on a pallet during shipment and Is of a size and

weight that can be handled as a unit by the equipment Involved.

Containers and pallets are noted here because with the unitiza-

tion of loads they become a part of a commodity. The pallets

may be permanent (returnable) or expendable. Althouqh there

are many sizes of pallets they do not vary greatly from 4 ft.

by 3 ft. by 6 in. The containers that are used vary a great

deal from one situation to another. A number of companies have

developed general containers that have capacities between 4000

and 12,000 lbs. Larger containers are used In special trades

such as the barge shipment of loaded 19-ton trailer vans by

the Alaska Freight Lines6 and the shipment of loaded freight



II

cars In the Atlantic and Gulf coastwise trades by Seatrain Lines,
Inc.

The Increase In the amount of packaged cargo with the sub-

sequent decrease In the density of the shipments has resulted

in vessels leaving port full but not down. A discussion of this

problem can be found in section IV. The development of new pack-

aging materials and new types of packages has helped reduce

breakage to a certain extent. Carqo containers in addition to

their usefulness as unit loads, have been used to reduce pilfer-

age.

Control

The control of the cargo handling system Is a combination

of management, labor and government. The management and labor

groups Involved Include the shipping firms, the stevedoring

companies, the land carriers, the lonqshoremen's unions, the

marine unions, the land-carrier unions, and the various manage-

ment and port associations. The lonqshoremen, the shipping and

stevedoring firms, and the management associations are most di-

rectly concerned with control. The limits of control may In

many cases be prescribed by the government.

The conditions under which labor works are the results of

arbitration and agreement between the unions and the management.

The first longshoremen's union of a permanent nature was organ-

Ized in Boston in 1847. During the next 50 years, other unions

were organized at various ports, and by the turn of the century

some of the unions had been formed on an interport basis.1 In

1909, the International Longshoremants Association (ILA) was

founded. This union is now the dominant one on the Atlantic

and Gulf coasts. The International Longshoreman's and Ware-

houseman's Union (ILWU), formed In 1938, represents,the mfJorlty

of longshoremen on the West coast.

The two unions differ considerably in their contractual

relations with management. For example, the ILA contracts call
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for no skill-differential pay, straight-time pay between 8 A.M.

*. and 5 P.M., an average gang size of about 21 men, and the hiring

of labor on a casual basis. The ILWU contracts on the other

hand call for skill-differentlal pay for certain jobs, time

and one-half for all hours In excess of 6 between 8 A.M. and

5 PoM., an average gang size of about 16 men, and the use of a

hiring hall for obtaining labor.

Labor also serves as a transporting agent and as a source

of energy for the system and, consequently, Is In the position

of being an Important part of the facility as well as a part of

control. However, its role as a transporting agent Is continu-

ually being reduced by the Increased use of mechanical equipment.

The shipping companies operate the vessels and In some

cases manage the terminals. In all cases, they are Important

elements of control and their policies have a direct Influence

on cargo-handling operations. For example, they decide on the

nature of the cargo and Its origin, destination, and time sched-

ules: these three are the dominant variables In programming

problems. Since the shipping In this country Is hiqhly competi-

tive,. the leaders seldom act In concert and, thus, there Is

considerable variation in their control policies. 4

The contract stevedores work with the shipolno companies

and the longshoremen. They usually provide the cargo-handling

equipment (other than the ship's gear) and supervise the opera-

tion. Their control is at the workinQ level and variations

may be as great as the Individual differences of the men In-

volved. The Increased use of mechanical equipment, by requir-

ing the stevedore to Increase his capital investment, has re-

duced the number of stevedoring companies.

All these groups have associations, with objectives ranging

from professional fellowship to contract negotiation for re-

gional areas, and they vary from those exerting mild Influence

to those that are direct agents of control.

Government through its many channels, establishes limits

Lk
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on the range of the control. The limitations come from laws

such as the Merchant Marine Acts of 1920, 1928, and 1936, which

were aimed at developing an American merchant fleet for use in

foreign trade and as a military auxiliary In case of national

emergency. The result of the 1920 act was the establishment

of American shipping services In the more important trade

routes. The Merchant Marine Act of 1928 set up ocean-mail con-

tracts as an aid to shipping firms in overcoming the differen-

tial In operating costs between American and foreign ships.

This act also increased and liberalized the Construction Loan

Fund. The Merchant Marine Act of 1936, which is still in effect,

alms at economic parity for American ship operators. This Is

accomplished by two types of subsidies, the construction and

operating differential subsidies. 3  Government also, through

labor and business legislation, exercises control over wages,

hours, safety, and rates.

FL_



SECTION Ii. THE PROBLEM

The foregoing background Information Indicates some of the

complexities of the cargo handling system and serves as an In-

troduction to the problem Itself.

The objectives In undertakinq this study were twofold:

(I) To determine the time, space, energy, and cos.t relation-

ships for the loading and unloading of ships; and (2) to pro-

pose changes In packaging, mechanisms, and procedures to mini-

mize the costs, time, energy, and space required. The wording

of these objectives was intentionally broad since it was sus-

pected that the transportation system would include many com-

plex Interrelationships. Such proved to be the case.

On the basis of interviews with military and civilian ship-

ping leaders and observations on military and civilian piers, it

was decided to limit the scope of the study, for the time being

at least, to the basic system shown In Figure I.

iControl

Commod ity

F IGURE I

The cargo-handling system is defined here as consisting of

five major elements: the facility (i.e. the physical equipment,
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structures, and sources of energy), the transportation routes

that are its inland connect;ons, Its sea connections, the com-

modities that flow through it, and the control of the system--

a combination of management, labor, and government.

Since this system is based on a sinqle facility and there-

fore does not take Into account the Interdependence that exists

between facilities, the system shown in Figure I may be too

specific and, possibly, at the same time, too general for ade-

quate study. Therefore, it Is anticipated that, as research

progresses, there will be revisions and further analysis of the

basic system.

An analysis of the cargo-handling system as defined above

Is a complex and formidable procedure. For one thing, the Inter-

relations that exist within the system present a major diffi-

culty. An Immediate answer to a specif;c problem would affect

the future solution of many others. Determining the present

optimum size of the hatch opening, for Instance, would affect

all future attempts to design larger cargo containers.

Thus, it is apparent that, to avoid such premature solutions

of specific problems, It Is first necessary to find the relations-

n lsting between the system variables. This knowledge will make

It possible to predict the effects of any chanqe In one part on

the rest of the system and at the same time, It will be possible

to decide which specific problems to attack first.

The standards of measurement adopted for measuring the de-

pendency between these variables were time and cost. In any

realilstic transportation problem, there Is always some combin-

ation of both that must be taken into account.

Therefore, the first objective In this study Is to formulate

equations that state the relations between significant components

of the cargo handling system In terms of time and cost.

After these relationships are known and understood, It will

be possible to predict the effect of changes on the system and

to design optimum systems.
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Fortunately, It is not necessary to formulate equations

that take into account all variables: a knowledge of only the

more significant elements Is all that Is required to realize

reasonable predictability. Of course, the equations can be
made more accurate by Including more variables since ...

the behavior of the actual system is the limit of the behavior

of the Ideal system (In) as the Idealization is extended,

I Behavior of Actual System

as n

where n represents the number of the idealizations, each pro-

gressively including the more variables. *" (or at least

more accurately describing their effect)." 2

The first step In determining the relations between the

components Is to make a formal description of the system and to

develop a working model of It.
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SECTION III. A FORMAL ANALYSIS OF CARGO HANDLING

The following formal analysis of the cargo-handling sys-

tem at first glance may seem elementary and over-simplified,

but it Is a necessary first step toward the primary objective

of this study, to devise equations that state the relations

between the significant components of the system.

To begin with, the transfer of carqo between a land car-

rler and the hold of a ship occurs at what may be called a

junction in the transportation network. The cargo handling

that takes place at this junction is defined as the transfer

of physical objects between a land carrier and a ship by men

with machines. The major elements in this system are shown

in Flaure I. They are defined as followst

FACILITY (F) consists of the structures, materials-handling

equipment, and sources of energy at the terminal, and the phys-

Ical features of the port. Structures Include the man-made

improvements like roads, rails, and outside storage. Materials

handling equipment Includes the harbor lighters and barge

cranes. The energy sources available for the transportation

of cargo are electrical, mechanical, and thermal as well as

manpower. Physical features are the contours, tides, and

weather. In general, these are natural, but they may be al-

tered, i.e. by dredqing or the construction of breakwaters.

SEA TRANSPORT (S) Is the vessel that carries the cargo to

another facility. The cargo-handling gear on the ship is In-

cludedf

INLAND TRANSPORT (L) Is the carrier that connects the facility

to the Inland area. This may be truck, train, airplane, or

• river barge. All the material-handling equipment attached to

the carrier Is Included,

COv&UITY (C) Is the Item that Is shipped, Including the package



or crate. Dunnage, however, Is considered to be a separate

commodi ty.

CONTROL (M) Is the communication of Information that regulates

the movement of the commodity through the facility. The record

system Is Included In control and both labor and management are

involved.

The commodity follows a unique path through the facflIty,

determined by all of the elements defined above. If F, S, L, C,

and M are considered causes, the path is the effect. The ef-

fect may be observed in the field and subsequently used to

induce Information about the causes. Thus, the dependent ele-

ment Is defined as follows:

PROCESS (P) is the space-time coordinates of the path taken

by the commodity or the transporting agent.

Symbolically, the principal elements of the system may

be represented as vectors with components as fol lows:

Facility: F = (fl'f2,....fn!

Sea Transport: S = Is 2,....n}

Inland Transport: L = (Il,12,....In)

Commodity: C = (Clcc 2 ,....Cn)

Control: M = (ml ,m2 ,....mn

Process: P = l P 2,....P n )

where fl, f2'****fn' for example, are numbers that describe

the facility; fI may be the number of berths, f 2 the net us-

able area, etc. There will be n different components ordered

according to their Importance. Thus, the first of the F com-

ponents may be used to describe the facility within some pre-

determined level of completeness. This Is also true for the

components of S, L, C, M, P, although the number of components

may be different for each element.

It Is postulated that these six elements completely define

the cargo-handlIng system and are necessary and sufficient for
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the transfer of cargo between a land carrier and the hold of

a ship at this Junction In the transportation network. Recall

that PROCESS Is the dependent element, and as such is a func-

tion of the independent elements F, S, L, C, and M. One of

the components of PROCESS is time, a basic measure.

When a transporting agent is used to move the commodity,

the operation Is cyclic. The transporting agent, which may

be a forklift, hook, lonqshoreman, etc., moves with the com-

modity from one point to another and then returns to the

starting point to repeat the operation. By this definition,

pipelines, chutes, and certain types of conveyors such as

roller conveyors are not considered to be transporting

3gents. Belt conveyors, however, are cyclic and consequently

are considered transporting agents. A-schematic diagram of

a specific cyclic process is shown in Fioure 2.

F IGURE 2

A commodity, cases of canned peaches, arrives at point I

by rail. These cases are unloaded by four men, one case at

a time, to a pallet at 2. The transporting agent here is a

person. There are four transporting agents completing the

same cycle. The unit of commodity is one case of canned

peaches, described by the dimensions, weight, strength of

AI
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carton, etc.

A forklift oicks up 36 cases stacked on the pallet In a

definite pattern and moves the pallet to the transit shed.

The unit of commodity Is now a pallet of 36 cases. In addi-

tion to the dimensions, weight, etc., the maximum allowable

acceleration Is an Important characteristic since the cases

should not topple from the forklift en route. Point 3 Is the

location of the stack In the transit shed. The strength of

the carton may become an important component of commodity dur-

Ing storage because it Influences the height to which the com-

modity may be stacked.

After a period of time In storage, the commodity, still

a pallet load of peaches, Is moved by forklift to the apron,

4. The pallet Is hoisted over the side of the ship and Into

the hold, 5. In the hold the pallet Is unloaded by the hold

men, one case at a time, and stowed in the wings, 6.

The loading of peaches can be shown schematically In the

generalized cycle diagram shown below, In Figure 3.

Transport Trnprt
_.. 1 2 "r 3  -02=n_ Q n ..-

F IGURE 3

Each link in the chain represents the space time trajec-

tory of the transporting agent. The trajectory of thWe com-

modity is, of course, unidirectional and is represented by

either the upper or lower segment of the link. At the nodes

(i.e. points) 1,2,3...n. the commodity is transferred from

one transporting agent to another. It Is not necessary that

the transfer take place at a point in space or time: ie.,
the commodity may be moved some distance by a gravity chute

or roller conveyor or It may be put In storace for a period

hA
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of time. See F lqures 4 and 5.

Cycle 1-2

Cycle 0-1

F IGURE 4

Cycle 0-I Cycle 1-2
F IGURE 5

It Is also possible for the unit of commodity to be

changed at these nodes; e..q a case of peaches to a pallet

load. Between two consecutive nodes, the commodity is

moved by a transporting agent. The unit of the commodity

does not change and there are no storage states. If the

commodity stops, it is In a delay state. The inland and

sea transport are shown as open cycles in Figure 3. How-

ever, the Inland transport cycle is closed If the Inland

origin or destination of the commodity Is considered, and

the sea transport cycle is closed if other facillties are

included In the system. In the first case, the box car,

barge, or truck is the transoorting agent, and, In the sec-

ond case, the vessel Is the transporting agent.

The receiving dock, transit shed, apron, and hold of
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the ship are nodes, and an analysis of the material flow

through the facility may be based on a material balance at

each node. The amount of commodity in storage at a node at

the end of a specified Interval of time Is equal to the amount

in storage at the start of the Interval, plus that delivered

by the transporting agent of the preceding cycle, less the a-

mount of commodity taken away by the following cycle. The In-

puts and outputs can be expressed as Fourier series and their

sum is an analytical expression of the quantity In storage.

This Is developed further In section IX.

The amount of the commodity stored at any node can obvi-

ously never be less than zero or greater than the maximum ca-

pacity of the node. Storage areas are limited by the allowable

floor loads, ceiling heights, net usable areas, etc. Instabil-

Itv of the stack, allowable compressive stress, etc., also

limit capacity as does the release and pick-up characteristics

of the transporting agent. For example, the hook with married

fall rigging can only pick up a load from a limited area on

the apron. Thus, it is not possible to build a stockpile on

the apron that can be hoisted over the side of the ship without

additional handlinq. The vertical travel of the platform of

a fork truck is another limitation imposed by the transporting

agent.

Consequently, the maximum and minimum allowable storage

at the nodes are bounds on the cargo-handling process. No

goods can be taken from a node If the quantity in storage is

zero and no goods can be deposited if the maximum amount is

already In storage. Thuspthere is the feedback situation il-

lustrated in Figure 6. In this example, cargo is picked up

at node I by a transporting agent and transferred along path

1-2 to node 2, where It is set down. The transporting agent

returns along path 2-1 to node I, where it can proceed to

pick up another load. If there Is no cargo present at trans-

fer node I, this Information is given to the returning trans-

porting agents. They are delayed until some minimum quantity
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of cargo has been deposited at node I. The path for this
information Is represented by b. On the other hand, should

node 2 be loaded to capacity, that Information Is given to

the approaching transporting agents via path c. This delays

them until there Is room to deposit the load at node 2. Path

a carries the overloading message of node I to the preceding

cycle. Path d carries the message of the quantity at node 2

to the following cycle. A more detailed analysis Is given in

section X, which describes an electric analog of the cyclic

process, a °a

F IGURE 6

A material balance at each node may be supplemented by

an analysis of' material flow between nodes. The commodity is

picked up by the transporting agent, carried to the next node,

and released. The transporting agent then returns empty to

the starting point. At any point in the cycle, there may occur

a delay. The delay can originate outside or inside the cycle.

If" the delay is caused by the storage condition at either node,

it is called an induced delay. All others are called internal

delays. The total time that it takes to complete one round

trip of' the transporting agent can be broken down into element

times as shown in Figure 7. The operation time, TO is the sum

of" the element times of" the particular cycle, internal delays

are Included because there are always certain delays associated

with the operation. Induced delays, on the other hand, are

not charged to the cycle. When the transporting agent makes

several round trips in succession, the element times are the

K2
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average values.
Pick-up (T p

Induced

Delay
(Td )

18irna Loaded
ay (T Operation Time

(T)

Transport

Empty
(Te )

Release (Tr

F IGURE 7

The rate at which the commodity is moved from one node

to the next Is defined as the weight of the commodity carried

by the transporting agents per trip divided by the average

time required to make the trio. If during an interval of time,

the net change In the amount of storage at a node Is zero, the

average rates of flow In the preceding and succeeding cycles

are equal. However, the operating rate of each cycle may be

different. It is defined as the weiqht transported divided

by the average operating time To. The operating rate Is deter-

mined by the characteristics of the particular cycle only and

is not Influenced by the restrictions imposed by the adjacent

cycles. The cycle with the lowest operating rate controls

the rate at which commodity Is moved from one point of storage

to another. For examole, In F lQure 2 the rates between nodes

I, 2, and 3 are equal and the rates between 3, 4, 5 and 6 are

equal. Furthermore, there is one cycle In each series of

cycles that controls the remainder. All other cycles must have

induced delay.
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The element cycle times can be used as the dependent

variable for one set of relations between the major elements.

If the element times can be determined as a function of a

-reasonable number of parameters, the total time required can

be calculated for a soecific cycle. With additional informa-

tion about the storage conditions at the nodes, the time re-

quIred for an en tire cargo handlIng operation can be predicted.

To sum up: It has been possible to devise equations for

the flow of material throuQh a particular ideal cargo-handling

system. These equations can be used for the prediction of the

time required to load or unload cargo or for the development

of optimum methods and desiqns. They could be extended to the

prediction of energy requirements and dollar costs by a trans-

formation of the coordinates.



SECTION IV. METHODS OF PROBLEM SOLUTION

The scientific method of problem solution can be roughly

divided Into four major steps: (I) Idealization of the system,

(2) data gathering, (3) data processing, and (4) comparison

of the Idealization with the results. This Is the aporoach

that has been used here to solve the cargo-handling problem

outlined In section II. A brief description of the methods

used In these four steps is niven below as an Introduction

to the following sections, where solutions for sample cargo-

handling problems are worked out.

Before starting any Investigation, It Is necessary to

formulate a model system to use as the basis for the inquiry.

In this project, the model or Idealization Is based on the

flow of materials. It could be based on the flow of energy

or the flow of information. If all three models were formu-

lated, the result would be a set of networks that could be

superimposed upon each other. As stated earlier, these Ideal-

izations will approach the behavior of the actual system as

they progressively Include more variables and describe them

more accurately.

In data gathering, the primary sources of data are the

existing drawings, files, and reports kept by the various

management, labor, and government- groups that are concerned

with cargo handling but the Information derived from these

sources consists mainly of cost data and past performances.

Other sources are very limited and, In most cases, the data

available do not coincide with the data required. It was

necessary, therefore, to obtain field data from observation

of cargo-handling operations.

There are a number of techniques that could be used to

obtain actual time data of cargo-handling operations but the
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work-sampling technique discussed in section VII has been
found In most situations to be less time-consuming, cheaper,

and more acceptable to employees than the conventional stop-

watch time study. The forms used for both of these procedures

are shown In the appendix along with a sample facility survey
sheet and a process chart. The next report on this project
will give a detailed description of these observational tech-

niques.

The data obtained In these ways are then processed In

accordance with the hypotheses to be tested, I.e., to check
the Idealization aqainst the observed results. Processing

consists of sorting and classification, computing statistics,

multiple correlations, and fitting curves analytically and

graohically. An example of the processing of cost data Is

shown In section VI. The processing of actual element time

data and the development of postulates explaining the results

will also be covered In the next report.

i4



PART I I.

The following sections show how

sample problems can be solved

by usinq the techniques outlined

in part I. Also Included Is a

description of the procedures

developed to obtain field data

and a description of an electrical

analog that was designed to serve

as a conceptual model of the

system.
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SECTION V. MAXIMIZING REVENUE TONS

The following is an illustration of a programming prob-

lem where a known relationship between certain variables Is

utilized. The specific problem is to maximize the revenue

tons carried by a cargo vessel. Before proceeding to the ac-

tual solution of the problem, It may be helpful to define and

illustrate some of the terms and concepts that are used.

Cargo vessels may be considered to have two measures of

capacity. There is the volume capacity, measured by the num-

ber of cubic feet of goods that can be stowed, and the weight

capacity measured In tons of stowed goods. The weight capac-

Ity is determined by the safe depth to which a vessel may be

loaded.

The commodities to be transported by general cargo vessels

have a rather wide variation in density, or its reciprocal, the

more commonly used stowage factor. Since some commodities are

very dense, while others are less so, a problem exists In pro-

gramming the cargo to be carried so that the vessel will be

full and down at the time of sailing: i.e., all the cargo space

filled and the ship down to its draft limit marks. If the en-

tire cargo were cotton, the vessel would be full but not down.

If, on the other hand, the entire cargo were lead ingots, the

ship would be down but not full. There is a combination of

cotton and lead, however, that will both fill the ship and

bring It down to Its draft limit marks.

There are a number of ways of selecting cargos that meet

this requirement. For purposes of military logistics, where

cost is of less consequence than the scarcity of ships, the

maximum quantity must be delivered by each ship in the least

amount of time. However, for commercial purposess the total

revenue to be derived Is the primary consideration. The unit
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used Is the revenue ton, which is defined as the actual weight

of the commodity in lonq tons or one fortieth of the volume

In cubic feet, whichever Is hiaher. Generally, revenue tons

for commodities with a stowage factor greater than forty are
computed on the basis of the volume, while for commodities with

stowage factors less than forty, the revenue tons are computed

from the weight. An additional factor Is the shipping charge

In dollars per revenue ton prevailing for each class of commod-

Ity. Hence, when a steamship company has some leeway In the

selection of cargo, certain selections will yield higher values

of revenue tons than others, and some will yield higher total

revenue than others.

Any combination that results in a vessel being full and

down Is an "efficient" solution. The programming problem of

maximization of revenue tons can be solved readily as fol lows:

Let f = stowage factor of a commodity I that Is available

for loading and that is greater than 40 ft 3/ton.

Thus f > 40 and I = I, 2, 3,....n

Let ,= stowage factor of a commodity J that is available

for loading and that is less than 40 ft 3 /ton.

Thus g, - 40 and I = I, 2, 3, *,,,n

Then for all fI Is, revenue tons are computed by volume.

Let = revenue tons of commodity I

X I where v Is the volume occupied In ft 3  (I)

For all s revenue tons are computed by weight.

Let yj = revenue tons of commodities I

= d where d Is the long tons of saltwater (2)
displaced when the commodity is stowed.
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The total revenue tons for a given ship will be

n m
R Lx + EY (3)I I

where values of xI = 0 and Y, = 0 are not excluded. Negative

values of xI andy. are excluded for physical reasons. A prop-

erly loaded cargo vessel will be one for which R Is a maximum.

The limiting factors are of course the maximum values of any

x I and y,, the volume of the cargo spaces, and the net displace-

ment of the vessel available for cargo.

These limitations may be expressed as follows:

n m
i + V The net cargo capacity

I' I by volume (4)

E.d + Ed, D The net cargo capacity (5)
S- by weight

The optimum of this system is obviously reached when both

equalities are obtained, I.e.:

E I + E = V (6)

II
di  Ldj =-D (7) **

where

v = 40 x I  II

(8)

di = 40 x/f, (9)

and d1  = (2)

JP &L4
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therefore the equations

n mV -- 40xl +.I G ,j (,0)

n m

D 403t + Y Ii

represent a ship loaded full and down, that Is, all cargo space Is

fil'led and the ship is down to the draft limit marks.

The number of revenue tons loaded will be given by the sum

n m
R = I2 + Yj(3)

with x and y subject to equations (10) and (I11).

For a ship loaded with a single commodity, equations (10)

and II1) are independent and R will be determined sol ely by

either the volume capacity of the vessel or its displacement

capacity as the stowage factor is either greater or less than

40 cu. ft. per ton.

A vessel may be loaded with two commodities In any combin-

ation. If both commodities have a stowage factor greater than

40., or if both are less than 40, then the optimum load would

be a homogeneous cargo of one or the other, as for a single

commodity. If, however, one is f and the other Is g., a

programming is possible to determine the optimum amounts of

each commodity to be carried. Equations (10) and (11) now

read:

40x I + gjyj = V (12)

40x1 /f I + = D (13)

These equations are not Indeoendent and a solution for

xI and y] Is possible that will result in the vessel being

AL
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full and down.

Eliminating x I we lave

= fl D- v14)

f

X. f _ gj 115)

As an example of equations (14) and (15), consider the

problem of loading a vessel, which, after allowance for stores,

fuel, etc., has a gross tonnaqe of 7,000 and a deadweight ca-

pacity of 10,000 tons. The vessel is to be loaded with cotton

and steel with stowage factors of 100 and 10 respectively.

Substitution In equations (14) and (15) vields:

x = 16,666 revenue tons of cotton

V = 3,333 revenue tons of steel

so that the total revenue tons carried,

R = 20,000 tons

This quantity Is considerably greater than either the

nominal displacement or nominal volumetric capacity of the

vessel by a substantial amount. It Is apparent that there is

an Important economic reason for a ship owner to attempt to

maximize revenue tons In this way.

The next question that may be raised Is: what should

the values of fI and 9] be to make R a maxImum?

Substituting equation (14) and (I15) Into (3)

f ( V-a fD-V 16)

(disregarding the subscripts)

L&
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(No+e ihaf Ir equation (161 f g except for a one-commodity

system In which P Is determined by either weight or volume,

whichever Is larger.)

Differentiating (16) with respect to f and g with V and

D as parameters gives

R f; "4-6- 1 =o ,7

- +. .f (V D. + f-V] - o (18)

One porsIble sogution Is

g (19)

This solution represents maximum revenue tons since It

represents a ship loaded with two hypothetical materials, one

which has volume but no weight and the other which has weight

but no volume. The alternative solution represented by the

quantity In the brackets can be shown to be f - g------O. There-

fore, both f and g wl!! approach the same value and the situa-

tion wfll be similar to that of a single commodity, In this

case, the revenue tons will be equal to either the first or

second term of equation (3). Thus, the first solution,

I------0 represents the solution for max!mIzIng a two-

commodity system.

Now consider the general system consisting of commodities

available for loading of f,, f2 t f3 "***fn, and gl, g20 g3 *"

,g,, Since f > 40 > g,0 we may arrange the f 1S Iin descend-

Ing order of magnitude while the g ts may be ordered In In-

creasing values.
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fl f > f60 > f

S1  2 ~ 3 n 9
11I < 92 < 93 " 4" gm

Since a combination of fI and g, will give a greater value

of revenue tons than any other combination, It f6l lows that the

general solution to equations (10), (II), and (3) will be ob-

tained when the highest and lowest density materials available

are loaded until one or the other ceases to be available. In

this case, the remaining displacement and volumetric capacity,

together with the remaining commodity selection, form a new

programming problem whose solution Is obtained In exactly the

same manner.

The Implications of this solution are that very high or

very low density commodities might have a lower cost per

revenue ton, since they yield a higher total revenue tonnage

when they are shipped together. This problem, however, Is

further complicated by the fact that the cost per revenue ton

for various commodities Is dependent on many other factors

that have not been considered here. Future study along this

line will probably be fruitful and, of necessity, more com-

pl icated.

I"



- .~ -. ,,-°

36

SECTION VI. ANALYSIS OF LOADING COSTS

There are many costs associated with the loading of a ship.

The manner In which they are broken down varies with the dif-

ferent shipping companies. For the following analysis, the

costs are divided Into the same categories used at one of the

Installations under study. These costs are of two types: the

fixed costs, which are not dependent on the tonnage being

loaded, and the variable costs, which are dependent on the ton-

nage being loaded. They Include:
Fixed Costs

Tug Service

Pilotage

Dockage

Ship Operating Expense

Office Expense

Variable Costs

Handling and Clerking

Dunnage and Shoring Material

Lashing Labor

The following is a discussion of the actual values of these

costs and Is representative for one port and for the loading

of a Liberty type vessel.

Tug service: The total charge for tug service for a ship

inbound and outbound is $100, providing there Is no shifting

from berth to berth.

Pilotage: The pilotage charge Is $0.005 per gross regis-

tered ton Inbound, and the same charge outbound. For Liberty

type vessels, which have an average gross registered tonnage

of around 7200, this charge Is $72 total, Inbound and outbound.

Dockage: This cost Is computed as $12 for 1000-1500 net

registered tons per 24 hours or fraction thereof, and $3 per
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24 hours for each additional 500 net registered tons or frac-

tion thereof. For simplicity, the turn around time of a ship

will be reported In this analysis to the full day above any

fraction of a day. Therefore, the dockage cost can be approx-

Imated as:

dockage = T + 3 N 1500 (20)

where T = turn around time (in 24 hours)

N = net registered tonnage

Since the net registered tonnage of a Liberty Is 4414, equation

(20) reduces to:

dockage = 30 T (21)

Ship Operating Expense: This Is the expense that the ship

Incurs while In port, I.e., wages, food, fuel, etc. This cost

Is estimated to be $2200 per day for a Liberty type vessel.

Thus, In equation form, the ship operating expense Is:

ship operating expense = 2200 T (22)

Office Expense: This cost can be charged as a fixed

cost per long ton loaded. This assumes that office expense

Is Independent of the turn around time. Therefore, the office

expense can be expressed as:

office expense = ((23)

where L = long tons

E =office expense per year

R - tonnage per year

Since the amount of tonnage per year I) Is confidential

for the facility i question, this cost has not been included

in the analysis. The only effect of this cost would be to
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shift the resulting family of curves upward on the ordinate

scale.

Handling and Clerking: Certain assumptions must be made

In order to evaluate the handling costs. First of all, a uni-

form loading rate of 2. long tons per gang hour Is used for

all commodities and all working time. An 18 man gang with the

required clerking aid Is assumed, with a maximum of 5 gangs

on any one ship. It Is also assumed that the least costly

arrangement of working time Is chosen. This means that the

amount of overtime is minimized. Analytically, the handling

and clerking cost is expressed as:

handling = AD CD + AO CO (24)

where AD = number of "day time" gang shifts

AO = number of overtime gang shifts

CD = cost per "day time" gang shift
(i.e., 6 hours straight time and
2 hours overtime)

CO  = cost per overtime gang shift
(I.e., 8 hours overtime)

and CD  < CO  (25)

From the assumptions made above It Is also seen that:

AD < ST (26)

and AD+AO L L (27)
25(8) 1M

Thus to obtain minimum cost In handling:

AD = ST (28)

Substituting equations (27) and (28) Into (24) and the

resulting handling cost Is also expressed as:
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handling =5TC D + 5 5T) C 0  (29)

The following numerical example Illustrates these equa-

tions.

Assume that a Liberty type vessel is to be loaded with

2000 long tons of average commodities. The total gang shifts

required for this operation, as determined from equation (27),

are:

2000
AD + A 2 0 = 10 total gang shifts (30)

If the turn around time Is one day, then the maximum

number of "day time" shifts Is determined from equation (28).

AD  = 5(l) = 5 "day time" gang shifts (31)

and AO  = 10 - 5 , 5 overtime gang shifts (32)

Assuming that the CD = $475 and Cc = $600, substituting

these values In equation (24) gives:

handling $5375 (33)

If, however, the vessel can remain in port for 2 days,

then equation (30) still holds but the value of AD changes.

AD = 5 (2) = 10 "day time" gang shifts (34)

and A0  = 10 - 10 = 0 overtime gang shifts (35)

The cost of handling now becomes:

handling -$4750 (36)

Thus, the extra day In port has reduced the handling
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costs but the other costs, such as ship operating expense,

would have nullified this saving.

Dunnage and Itoring Material: This cost Is determined from

data obtained at the facility. If a linear relation Is assumed

between these costs and the long tons, then, In the facility

under study, the relationship has been found to be approximated

by the following equation:

dunnage = 300 + 1.11 (L) (37)

Lashing Labor: This cost Is primarily a function of the

commodity and cargo plan as well as the tonnage loaded, but

since It Is quite variable and less significant than many of

the other costs, it Is omitted In this analysis.

The resulting total cost for loading a Liberty type vessel

can then be expressed as:

total cost = tug service + pilotage + (38)
dockage + ship operating
expense + handling and clerking
+ dunnage and storing material

Substitutinq the values discussed above, equation (38)

now becomes:

total cost = 100 + 72 + 30T + 2200T

+ (3L - 625T) + (300 + 1.11 L 1 (39)

By dividing both sides of equation (39) by the long tons

(L) being loaded the equation for cost per long ton Is found

to be:

cost -100 +72 +30T +2200T + 3+ 2
long ton T

+ - + ! (40)
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Gathering terms reduces equation (40) to:

cost 472 (1 + 3.4T) + 4.11 (41)
long ton -

Equation (41) Is plotted In Figure 8 with cost per long

ton vs. the tonnaqe loaded, and turn around time (T) as the

parameter of the family of curves. For the examole being

studied, these curves show that with a given tonnage the most

economical time to load In Is the shortest time. It also shows

that, for a given turn around time, the optimum tonnage to

load Is the largest possible tonnage. This conclusion can be

derived directly from equation (39), which shows that the only

costs varying with turn around time are dockage, ship operat-

Ing, and handling costs. Both dockage and ship operating

costs are Increasing straight line functions of time. Handling

cost, on the other hand, is a decreasing step function of time

as Illustrated above In the discussion of handling costs because,

for two-thirds of a day, the handling costs are charged with

overtime penalty. However, the decrease In the handling cost

with time Is always smaller than the Increase In ship ooerat-

Ing and dockaqe costs. This situation exists for the assump-

tions and limitations made In this analysis, I.e., a specific

longshore pay structure, a particular ship type, etc. It Is

obvious that the smal ler the ship operating cost (and dockage

cost), the smaller the saving becomes from using a minimum

turn around time. Thus, a break-even point may exist for cer-

tain low-operatinq cost vessels.

In addition to the factors mentioned above, there are

others that are Important. They Include the cost of the In-

creased period of the commodity In transit and the loss of

potential business while a ship Is tied up In port. These

may be appreciable and further stress the Importance of short-

ening the turn around time by working overtime.



42

28____

24

,A 20

0

o. 12

0

U6

05

4

0- _ _ _ _ _ _ _ _ _ _ _ _

1 2 3 4 5 6 7

Tonnage Loaded (Thousands of Long Tons)

FIGURE 8



43

SECTION VII. WRK-SAMPLIING

TECHNIQUE FOR DETERMINING CYCLE ELEMENT TIMES

The work-sampling technique, originated by L.H.C. Tippet

in 1935, suggests Itself as a possible tool for obtaining

actual time data of cargo loading and unloading operations.

The use of work-sampling In this situation Is a good deal more

complicated than In the usual Industrial situation. For one

thing, the technique has usually been used for observations

on Individual workers; In the present study It Is being used

on gang or group activities. The resulting complications

arc, however, of a practical rather than a theoretical nature,

and result mainly from the physical layout of the work place.

The work-sampling method Itself Is based on the random

sampling theory employed In statistical qualitv control. The

procedure is to select samples at random from the population,

and, when a sufficient number of observations have been

taken, a prediction Is made for the population. The predic-

tion Is based upon the theory that the percentaqe of readings

recording the activity In a certain state of operation Is an

estimate of the percentage of time spent In that operation.

Before proceeding to the actual design of the work sampl-

Ing method, it is necessary to review and expand the model of

the cargo-handling operation developed In section 1II 1 In

that section, the cargo operations are recognized and defined

as a series of adjoining cycles. Each of the cycles is broken

down Into six time elements:

T = picking up load

T I  -- transport loaded

T r transport release

Te  transport empty

!C

k
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T = Internal delay

Td = induced delay

From Figure 7, It Is seen that the sum of these elements

equals the total cycle time T):

T T + T + T + T + T + T (42)P I r e a d

Also, from Figure 7, the cycle operating time (TO ) is de-

fined as:

T= T + TI + T + T + Ta  (43)

The element times can be used In determining the effect

that changes In the components have on the system. These ele-

ment times can also be used In determining the rate at which

the commodity Is moved between nodes. For example, the rate

of movement of a commodity between nodes I and 2 (r _2) is de-

fined as:

r nw)(44)
1- (1)-2

where n = number of transporting aqents

w = weight of commodity carried by a transporting
agent during each cycle

If a series of cycles have no storage nodes, then the

rates of commodity movement are Interdependent and

r 1-2 = r2 - 3  r 3-4 r

However, the operating rates (ro ) are different and

(ro) 1-2 = (46)
1-2

! I
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The cycle with the slowest operating rate (min ro ) and,

therefore, the one with longest operating time, Is the con-

trolling cycle in the series of cycles. This relationship can

be expressed as:

r < min ro (47)

Turning now to the work-samoling method of obtaininq the

element times the following definitions are required:

N = number of random observations of picking
P up load

N = number of random observations of trans-

port loaded

N = number of observations of transport release
r

N = number of observations of transport empty
e

N = number of observations of Internal delay

Nd = number of observations of induced delay

Similarly to equation (42), the total number of random

observations (N) is

N =N + N I + N e + Na + N(d 48)

Also, the number of random observations of cycle operat-

Ing time Is defined as

N = N + N + N + N + N (49)0 p I r e a

By hypothesis from the statistical theory underlying work

sampling,

Na = Ta  = (50)

where N = number of random observations of elementa(ie., pickup, transport loaded, release,etc4)

L
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T time required for element

pa the (z time element's percentage of total
cycle time

Before any actual observations can start, It Is necessary

to obtain descriptive data on the type of ships, facilities,

commodities, schedules, etc. that affect the systems being

studied. It Is then possible to make random observations of

the activities with the more important activities receiving

proportionately more observations. Therefore, the first step

In designing the sampling plan consists of an analysis of the

operation to be studied.

The next step is to determine the number of samoles to

be taken. This number Is a function of the risk, the maximum

size of confidence, the lenqth of the time Interval, and the

variance, If a blnomiallv distributed population is assumed,

the number of samoles can be determined from the formula for

the standard error of a binomial.

op = ( [-EI(51)

p p

where p = a time element's percentage of the total cycle time.

If a percent of accuracy (P) Is required In the determin-

ation of p, and If a percent of confidence (7) Is also re-

quired, then the usual statistic fol.lows:

-Mp 17 a (52).

Equations (51) and (52) can be combined to give

2

N J I7 (53)

Equation (r,3) is plotted In Figurv 9 with ~3and 7at

I1
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parameters. The resulting relationship between p and N is

hyperbolic and N decreases greatly with Increases In p (le.,

increases In the length of the element time Interval).

The Important effect of this can be Illustrated by an

example. Assume a maximum allowable variance of * 5'9 fn the

calculated p, and a confidence Interval of 95%. If the value

of p = 0.1, then 11,800 observations are required. However,

If p = 0.5 then only 1500 readinas are reauired. Thus, in a

sampling plan with several ps, It Is necessary to balance

the reliability requirements and the practical number of ob-

servations that can be made. Since N Is theoretically based

on the smallest estimated p, It Is sometimes necessary to

combine some of the sinai ler elements or compromise on the re-

liability of prediction of the less Important elements.

After the number of samples has been determined, the next

step Is the actual observation. Training procedure has been

developed so that all observers will define the time elements

In the same manner. The work sampli ng observation sheets I

and II, as Illustrated In the appendix, have also been devel-

oped as an aid In standardizing the procedure.
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SECTION VIII. OPTIMUM WEIGHT TIANSPOPT PPOBLEM

The following is also an illustration of the way in

which a relationship between variables can be utilized to

find an optimum solution of a oroblem.

Suppose that a forklift Is used to move cargo from one

point on the pier to another as shown in Figure 10.

/
/ \

/ /

F IGURE 10

The time required for each round trip Is the total of

the time required to pick up the load, transnort It from

one place to the other, set down the load, and return to

the startinn ooint. The time required for certain of the

steps, e.g., the return trio, will not deoend upon the size

of the load. The time required for the other steps, how-

ever, may depend upon the size of the load. If It takes

longer to make the round trip as the load carried per trip

gets heavier, there may be some optimum load that allows aL.
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higher rate In tons moved per hour than lighter loads carried

faster or heavier loads carried slower.

It seems reasonable to postulate that the time required

for a round trip is some function of the load

t = f (w) (54)

where f = round trip time

w = weight carried per trip

In many cases, the function could be expanded Into a power

ser Ies,

t=a 0 + alw + a + a. . +awl + (55)

where aI = constant for I = 0, I, 2 ... n

Consider the sl tuation that can be described by the first

three terms. (Often the higher power terms can be omrted

without seriously reducing the value of the solution.)

t a0 + aw + a2 w2  (56)

Equation (6) can be made dimensionless by letting

a = w , time number and (57)aw

wt = , weight number (58)a 0

Note that t t and w? are dimensionless numbers.

Equation (S6) becomes
I aoaa

- +I + 02  wt  (59)
wt  a,

1r



Equation (56) is represented in Figure II as a family of
2cureswith a0 a2 /a I as the parameter. Note that there is a

minimum number t' for each value of a0 a2/a 2

To fInd the expre.ssion for the curve drawn through these

minimum points, the standard me-thod of calculus is used.

dt' I + a0 a2  0 (60)=-+ = 0
dw' (w') a l

aI
(w') - a, 61)opt

Substitute equation 161) into equation 159) and eliminate the2
parameter aOa 2/aI .

2
t') = I + 162)mln (w))ot

Equation (62) Is represented by Figure 12. This shows

the relation between minimum time number and optimum weight

number for the condition postulated In equatIon (56).
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SECTICN IX. AN ANALYSIS OF THE

QUANTITY OF COMMODITY AT A STORAGE NODE

In section III It was pointed out that the quantity of

commodity that Is In storage at any node depends on the

amount delivered and the amount taken away. The following Is

a more detailed treatment of the conditions that exist at the

node.

Assume that the upper curve In Figure 13 is a graphical

representation of an Input and output to a node, and that the

lower curve represents the resulting storage.

r n n n n nl n n n n n n
to t ]L _ ]L] t

-f.f. -2

t 0

FIGURE 1 3

Both curves have time It) as the abscissa. However, the

ordinate of the upper curve Is the rate of commodity movement

In quantity per unit time Ir), and the ordinate of the lower

curve Is the quantity of storage at node I (Q ). In Figure 13,

the positive portion of the upper curve Is the Input to node I.

This can be thought of as representlng .delivery trucks that
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arrive periodically at the node and are then unloaded at the
rate ro-i. The output rate from the node, or the negative

portion of the upper curve, can represent ships that arrive

periodically and are loaded at the rate rl 2. The lower curve

now represents the quantity that Is in storage at node I at
any time. This curve Is obtained by Inteqrating the upper

curve from t0  to t, plus the storaqe existing at to . In the
example chosen, the storaqe existinq at t0  Is assumed to be

zero.

The foregoing graphical representation can be developed

analytically by simply expressing the periodic Input and out-

put as Fourier series. For example, assume the input to a
storage node I to be that shown In Figure 14.

r0 .

A! I
I I I
I II p

-b -a a b

FIGURE 14

Similarly, assume the output from storaqe node I to be

that shown in Fiqure IS.

Ar -

-d - c2

-B

F IGURE I 5



55

From Fiqure 14 It Is seen that

0(-b < t I -a)

r fit I1 I ' At-a < t a) (63)

Ota < tI < b)

Since an even function is assumed, a cosine series can be used.

r + a 0K cos - (641
0-i Kln b

where a0 and a K are the Fourier coefficients. When these are

determined in the usual way, the expression becomes

r A + KiT cos -- t (65)
LE in K=I Kcb b

Similarly from Flcure I It Is seen that

0(-d < t 2 < -C)

r 1-2 gtt 2 ) = -B(-c < t 2 < c) (66)

LO (c < t2 4 d)
2i

Again, an even function Is assumed and a cosine series

Is used.

°0Ki
r + aK cos t 2  (67)

K-I

r_ + sin - -co0s -t (68)
1 -2 itB K=I 2

In the foregoing, it was assumed that the Input and out-

put are timed separately with times tI and t2 , If they are

timed simultaneously, then tI = t 2 - t and the total rate of

storage at node I Is

KL A
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dQ I
dT r 0-1 + r 1-2 (69)

Substituting equations (65) and (68) into (69) and the

resulting rate of storage is

I - SB snb cos KR

B sin dcos (70)

The storage is the inteqral of the equation (70):

QbA Kitas sIn Kitt
it = =l K2 t b

dB s n c Kisin -g- cos -T (71)

Since there is a maximum and a minimum storage, there can

be no continuous increase of storage with time. Thus, -

aA - cB 0 (72)
T d

and the first term of equation (71) drops out. This relation-

ship can then be utilized In solvinq for the constants in the

remainder of the equation.

The foregoing analvsis is also useful In solving for max-

Imum storage areas required for specific cargo handling situa-

tions. The use of the Fourier series makes it possible to

express any of the complex Input and output rates In analytic

form If they are periodic.

k
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SECTION X. AN ELECTRICAL

ANALOG OF THE CARGO-HANDLING OPERATION

The electrical analog shown in Fiqure 16 Is useful as

a conceptual aid In depicting the cyclic operation described

In section I II. The portion of operations Illustrated In-

cludes parts of two connectinq cycles, A and B, and the trans-

fer node between them. The node Is represented by the boxed-

In area. To explain the operation of the circuit, a few of
the many possible cases encountered In the transfer of cargo

are discussed below.

The first case Is a situation where the commodity Is

loaded by longshoremen directly on a tractor-trailer combina-

tion. The setting down of the commodity by the men occurs

simultaneously with the Pick-up by the tractor-trailer. To

simulate this situation, switch I Is In position m and

switch 2 Is In position p. Pulse generator I In cycle A

and Its counterpart in cycle B, pulse generator 2, deliver
a number of pulses corresponding to the number of transport-

Ing agents In the particular cycle. Supoose a pulse, repre-

senting a longshoreman and his load, arrives from the previous
node at storer I. The longshoreman may be held up until a

tractor-trailer combination arrives. Thus, the Initial pulse

remains In storer I and also energizes the lower path Into and-

gate I. This condition remains until there is at least one

pulse, representing the tractor-trailer, In storer 2. If

there Is a pulse In storer 2, a signal Is sent over path *

which energizes the upper jIdie Into and-gate I. The operation
of the and-gate Is such that it allows a pulse to go through

it only If both Input lines are energized. Therefore, whenSthere Is a pulse In both storer I and storer 2, It allows a

pulse to pass through and-gate I and to continue on through
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switch 2, delay I, and regenerator I. Delay I represents

the unloading time and regenerator I restores the energy

that has been dissipated In the circuit. Each Impulse that

passes throuqh and-gate I acts to subtract one from the

count on storer I. However, for the sake of simplicity,

this part of the circuit Is not shown In Figure 16. In addi-

tion', the pulses from and-gate I also energize pulse genera-

for 3, which In turn delivers to counter I the number of

units of cargo for each pulse received. In this case, there
Is one unit of commodity carried by each transporting agent

or pulse going through and-qate I. Therefore, pulse genera-

tor 3 serves no purpose in this particular example. When

the pulses stored in counter I reach a specified number,

representing a fully-loaded tractor-trailer combination, it

energizes andrgate 2, allowing the pulse In storer 2 to be

released. This pulse passes on through delay 2, representing

pick-up time, and delay 3, representing transit time. The

pulse from andrgate 2 also acts on counter I and storer 2 In

order to subtract one unit from each of them. Again, this

subtracting circuit Is not shown In Figure 16. Delays 2

and 3 can, of course, be combined, but they are separated

here to clarify their function. The return path of the pulse

In cycle B Is through regenerator 2 and delay 4. Pegenerator

2 restores the energy that Is dissipated In the circuit, and

delay 4 Is set to correspond to the time of the return trio.

From this example, It Is seen that the heavy lines can

be thought of as representing the paths of the transporting

agents, the li ht lines the transfer of the commodity from

one cycle to the next, and the broken lines the paths of the

various energizing or Information signals.

The second case Is the situation in which the arriving

transporting agent deposits Its load and returns Immediately,

thus leaving the commodity until it Is picked up by the sub-

sequent carrier. In this case, a forklift brings its cargo

to a point on the pier where the cargo Is set down. The'fork-I
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lift then returns to the place where It can pick up another

load to be delivered to the pier. Meanwhile, the commodity

that Is on the pier remains until the ship's hook can carry

it away. The analogous electrical operation exists when switch

I Is In position n and switch 2 Is In position p. Counter I

now records the units of commodity that are on the pier where

the hook may pick them up. In most operations, the hook can

pick up from only one point on the pier, thus the maximum stor-

age at counter I Is one unit. If there are no units at counter

I, then a signal Is sent from complementer I over path b that

energizes the upper line Into and-gate I. This occurs because

a complementer reverses whatever signal It receives. With the

upper path into and-qate I energized a pulse in cycle A, which

arrives at storer I, will continue on throuah and-gate I and

will return to the previous node as in the first case. How-

ever, if counter I shows that there Is a unit of commodity on

the pier, then complementer I sends no signal over path b and

In turn does not energize the upper line into and-gate I. There-

fore, the arriving pulses will be held In storer I until counter

I Indicates zero. Counter I also controls and-gate 2. Thus,

one unit on counter I energizes the upper line into and-gate 2,

and zero units on counter I fall to energize it. A pulse in

cycle B, representing the hook, arrives at storer 2 and remains

there or passes on depending on whether the upper line into

and-gate 2 is energized or not. The delays and regenerators

In this example have the same functions as those described in

the first case.

The third case Is the situation that occurs when long-

shoremen are unloading a tractor and trailer combination. In

the electrical analogy, switch I Is In position n and switch

2 Is In position r. The pulses In cycle A represent the

tractor and trailer combinations and the pulses In cycle B

represent the longshoremen. An impulse arriving at storer I

will be held there unless counter I Indicates zero units.

This Is a similar condition to the one described In the second

4 case, If counter I has zero units, the Impulse In storer I can
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proceed Into the path to storer 3 and Into the path to pulse

generator 3. Pulse generator 3 will then deliver to counter I

the number of units of commodity corresponding to one arriving

impulse. For example, a tractor and trailer combination are

represented by one pulse in cycle A, but this same tractor-

trailer may carry a dozen drums, which are then moved Individu-

ally by the longshoremen. Therefore, for every pulse that

enters pulse generator 3, twelve pulses will be delivered to

counter 1. And-gate 2 is control led by counter I and the
pulses that enter storer 2 can only proceed If there are one

or more units of commodity Indicated on counter I. When

counter I Indicates zero a signal Is sent via path c from

complementer 2, which energizes and-gate 3. This allows the

pulse, which has been held at storer 3, to continue on Its
return trip. As noted In the other examples, there must also

be a subtracting circuit to storer 3 In order to reduce the
count on It after the pulses pass throuqh and-gate 3. The de-

lays and regenerators In this case again have the same func-

tions as those described In the first example.

Aside from the three cargo-transfer operations described

above, there are many other transfer operations that can be

simulated by the same electrical analoq. A series of these

analogs could be set up to reproduce an entire loadinc opera-

tion from the storage in the transit shed to the storage in

the ship, the storage points beinq counters that can stop the

flow when a predetermined maximum Is reached. Although the

usefulness of this type of model is mainly conceotual, it is
also possible to utilize It In determining loadina times for

commodities that have not been handled before.

I-

A
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APPENDIX

FORMS AND THEIR UTILIZATION

Several of the following forms were developed especially

for this project to record data obtained from field observa-

tions of actual cargo-handling operations; the others are com-

monly used In the work-sampling technique. The forms Include

the following:

I. FaclIfty Questionnaire

2. Process Chart

3. Work Sampling Observation Sheet I
4. Work Sampling Observation Sheet II

5. Cycle Times Sheet

6. Tally Sheet

7. Time Study Sheet

I. Facility Questionnaire

The Facility Questionnaire (pages 66, 67 and 68) is used

for obtaining Information concerninq the physical characteristics

of the facility. The forms are self-explanatory and are com-

pleted for each facility at which studies are conducted.

2. Process Chart

The Process Chart (page 69) Is the basic form for record-

Ing data on any seauence of operations. The symbols and the

test used In the Process Chart are standard for forms of this

type.

Some of the information from the Facility Questionnaire

and the Process Chart are combined into a flow diagram, which

can be drawn on the back of the Process Chart form. This dia-

gram need not be as detailed as the customary flow diagrams;

its main purpose Is to Indicate the number of obstacles the

transporting vehicle must circumvent, the congestion It must
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pass through, and the places where It picks up and releases

its load.

3. Work Sampling Observation Sheet I

The Work Sampling Observation Sheet I (page 70) Is used

for recording data from the work sampling study. This form

Is designed for use on cycles such as the hook, tractor, or

forklift cycle. Further Information on the use of this form

can be found in section VII, Work Sampling Technique.

4. Work Sampling Observation Sheet II

The Work Sampling Observation Sheet II (page 71) Is sim-

ilar to the Work Sampling Observation Sheet 1, but it Is de-

signed primarily for use with the hold cycle. It can also be

used for the shed cycle.

5. Cycle Times

The Cycle Times sheet (page 72) is designed to accommodate

data so that the variation between cycle rates from hour to

hour, day to day, and month to month, can be studied. This

variation Is to be studied by statistical techniques. The form

is designed so that as many as three Independent cycles can be

studied simultaneous ly.

6. Tally Sheet

The Tally Sheet (page 73) Is desiqned so that information

on the rote of loading, tons/hour, can be obtained without de-

pending on the checkers or clerks. The sheet is also designed

so that a multitude of commodities In numerous hatches can be

studied on the same sheet. The Tally Sheet, when used with

the Process Chart, will give the loadinq rate.

7. Time Study Sheet

The Time Study Sheet (page 74) is a modification of a

standard form used in conventional time-studies.

k A!
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Na of

F acl 1tfv

Operator Date By

Nature of faclity I general description and/or sketch)

El ement s
I. Range of tide

2. Yearly weather

Characteristics and dimensions of wharves

Wharf

Type

Length

Wi1dth

Aoron width

Net cargo
a r e a _ _- -_- -_I

No.
Berth -

Length

Dock or slip
dimen sl ons

Water depth

No. of railroad
tracks on
apron

Location of
other trucks
on wharf

_ _ _ _ __ _ _ _
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Characteristics and
dimensions of transit sheds.

Transit shed
Outside

dimen sions

No. of decks
Heights of

decks

IOta area Of
decks

Net usable area

Net usable
vol ume

Max. floor load

No. and location 4of doors

Door dimensions

Characteristics and dimensions of warehouses

Warehouse

Stories

Height/s tory

Area/story

Net usable area

Net usable

vol ume

Max. floor loads

Elevator
capacities

Characteristics and dimensions of outside storage areas

Area number

Area ( f',,_,_ 
_ _

Distance fromi aaron _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Surface

&L
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Supply Facilities Facility __"

Ra I I road

Departure or
Receivinq or Classification Car-Storaqe

breakup yard yard tracks

mjpskqtch or
hOIOdes igna-

capac Ity
(cars)

Car working track.

Name Platform Width Length Covered length

Truck-Loading and unloading facilities
Truck have access to:

Platform Covered Width of Width of
Name width Lenqth length roadway turning areas

Description and use of handling eculoment.

IL
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WORK SAMPLING OBSERVATION SHEET I

Sheet NO. - -- - of - Observer - - - Cod* No.

Hatch No.and Co... _

Units/Load - .....
No. Trans. -

, .. ____ t ______ ____ _____
Time -- --- I

:00 s a 5 12 .4 . ~.
00' 55 46.I _ _ _

01l 57 -47.
57_ .. . i, - _4 - ---- -04 59 50;171 -

0 , :01-
7 02 .52 i{ -

07 02I52- - -- -1-t T r-2

06. . _ .. . . . . _ _63-T _

08) : O!. 60 _- - - - -, . -

10 0 5

5006 :0,1------ 142 I
12 07 03
W o , . . . :.1 - -- -- - I t

20 10 08

211 12 t . .--- j
*2 -6 . . - " if-- ..
26 J; 13I I 3T'--

a 26 13 14I -

nT -- - .. : . .. . ' *... " - - 4 :
II - 17 -- . .. . ..... i.- -.....L - -.-- -a__i ,--7 . -. _ - -k 

--  - ------ - -ifz

2s - --.
25 2' -

.7 26 26 1-

ii 2 8 __.1  I i

38 22 i - .

3. I .
I1 soo IV a. ~ ..5

162 40 35Z Z

No). of Cycles1" Gross

J111110 1 jTlm
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WORK SPrPLING OBSEVRATION ShI.Er !I

Sheet No..... - of-. . Observer... C.de No.

Hatch & C000. m_____ atch & Co..___
UnitelLoad / ,Trans.Agents Units/Load No. Trans. Agents

Cycle Cycle

Time Corn Icowni O i C x 0 S cow ClXI I ~
7. ... . . -7 -

01 02__ ,- - -
o-1------ __ - - -I- i -- ...

05 __0-

05 _ _06 _

07_ 07
07 .. 08...

09 it
06o__ _ - 06 ___

10 J - 12 _ _

12 - -- 12 _i-

17 1 IT.. .

_ _ zzz l.+~z
211214 1

336250-i- -- - - - - -------. ..-#
5- + t ~ -.. -- t- -

522

s, 19 , _ ______ _.,____-
Cy I ie I.Gos Ccl Tm

$637 2

37

1127

56 52

I"L ',
I~m~I

kV 4,,o," alet, __.mi Avg. ArmaCycle nTi....

IL



CYCLE TIMES

USeet Nk._____- of_____Observer :-Xde o

Cycle __Cycle Cycle

Notch NoHtch: Notch
Cle Tie_____j___ Cycle Time _____ ____Cycle Times____

Stat F"iish -Total Start Finish Total Start Finish Total

A _ - _ _ _ _
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TALLY SHEET
Sheet No.--of -- Observer- N ____ -____ odeH.

_________________ ATCH AND COMMODITY

Start: Start: ________Start: IStart: __________

F In Ie F In Ish: ____ Fn Ish: _IFinish:
Units/Load _______d Units/Load Units/Load:
Code No, ____ i~do oen:4~i o

gTotal Tim alTe: Total Time: ______ Total Time:
*No. Un Ite8: N1o. Units: -- No. units! '- 11N. units!

Time/u-Nit. Time/Unit: Time/Unit:TieUt________

Start: Start:____Srt__________
Finish: Finish: Finish: Finish______
Unite/Load: Units/Load: ___Unite/Load: Unitsh:ad

Code No* Code No:NSO: Code No:No

Total Tie: Total Tie: Total Time: *Total Time:
No. Units: No. Units: o., uits: No0. units:
Y.Iaanit L.... 'Time/Unit: Time/Unit: -TimejUnit:

Start: Start: Start: Start:
Finish: Finish: Finish: Fin__ I nsh: _____

Unite/Load: Units/Load: 'units/Load: Units/Load: -

Cods No. Code No: Coo No. Cod

Total Time: ITotal Tie: ____Total Time: Total Tim: ______
No. unite: o.Units: NO. units: No._Units:
T Ime/Uvn It: Time/Unlt: - , u T Iit. Tm/unit:
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B IBL IOGRAPHY

A. Abruzzi, Work Measurement (New York: Columbia University
Press, 1952).

Describes and discusses the limitations of current time
study procedures. The author suggests new approaches
to the problem of measuring productivity. Extensive
use of statistical data and methods Is made to support
the author's conclusions.

L. P. Alford and J. R. Banqs, Production Handbook (New York,
The Ronald Press Co., 1953), Section 14, "Materials Handling,
pp. 935-1027.

An example of the apolication of time and motion study
techniques to a materials handling system. In particular,
the loading of drums Into a cargo vessel. In addition,
a package classification code Is shown.

K. J. Arrow, Mathematical Models in the Social Sciences,
Cowles Commission Papers, New Series, No. 48. University of
Chicago, 1992, 25 pp.

Discusses the usefulness of mathematical reasoning,
the use of models, and the theory of games.

K. J. Arrow, T. Harris, and J. Marshak, "Optimal Inventory
Policy," Econometrica, Journal of the Econometric Society 19:
3, July, 1951, pp. 250-272.

A discussion of the derivation of an optimal Inventory
policy.

G. S. Becker, A Problem In Programming: A Theoretical Analysis
of the Bayonne Naval Supply Depot, Logistics Research Division,
Naval Supply Depot, Bayonne, N.J., June, 19r2, 24 pp.

The activities of the base are defined. The flow of a
typical good Is followed through the base. The relation
between Input rate, storage rate, and output rate Is
s4tudled. The case where the flow of goods is variable
is also considered.

A. H. J. Bown, and C. A. Dove, Port Operation and Administration,
~1915.

Deals with the organization and design of ports, cargo
*handling methods, and dock labor situation. Examples

are primarily from the port of Calcutta.
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ACharnes and W. W. Cooper, An Introduction to Linear Program-
ming (New York: John Wiley and Sons, Inc., 1953).

An exposition of the mathematical theory of linear
programming. Introduced by a detailed solution of
an elementary problem.

S. M. Davidson, Notes on the Powe r-Seed-Weight Relationship
for Vehicles, E. T. T. Tech. Memo. No. 97, Steven Itnst'fute
of Technology, March, 1951, 4S pp.

Description of the steps taken In an effort to estab-
lish a single frame of reference within which to view
potentialities and limitations of widely differing
types. Dimensionless numbers and ratios are used In
comparing planes and ships.

C. Denison, Cargo Handling Improvement Program, First Draft
(Unpublished), U.S. Department of Commerce, January, 19"2,
IS pp.

Present carqo handling situation; recommendations for
improvement program.

F. M. Du-Plat-Taylor, The Design, Construction, and Mainten-
ance of Docks, Wharves, and Piers, (London: Eyre and
Spottiswoode, Publishers, Ltd., V. K. 1949).

A complete coverage of harbor design, construction,
and maintenance procedures, with emphasis on British
and European Ports. Includes a history of harbor
building from 2000 B.C. to the present. Also includes
descriptions of machinery used in port operations.

J. L. Fly, L. L. Black, and F. Harper, Report and Recommenda-
tions of the Pacific Coast Longshore Fact Finding Board,
Washington, U.S. Department of Labor, May, 1946.

A. G. Ford, Handling and Stowage of Cargo.

Text on stowaae principles of general cargo, methods,
stowage factors, regulations, and documentation.

P. Ford, Work and Wealth in a Modern Port (London: Allen and
Unwin, 193).

An economic survey of Southhampton, England.

P. Garoche, Stowage, Handling and Transport of Ship Cargoes,
1941.

Discusses many aspects of shipoing, In'cluding opera-
tional costs, world-wide port facilities, and theory
of stowage.
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W. Gorter and G. H. Hildebrand, The Pacific Coast Maritime
Shipping Industry, 1930-1948, Vol. I - An Economic Profile,
University of California Press, 1952.

C. Kerr and L. FIsher, "Conflict on the Waterfront," Atlantic
Monthly, September, 1949, pp. 17-23.

A discussion of the possible causes and effects that
are related to the new management-labor harmony on
the West Coast waterfront.

T. C. Koopmans, Activity Analysis of Production and Allocation
(New York: John Wiley and Sons, 1951).

Chapter 14, "A Model of Transportation, considers
the problem of the proaramming of first two, and then
fn" ports.

C. D. Lane, What You Should Know About the Merchant Marine
(New York: W. W. Norton and Co., Inc., 1943).

A history of the U.S. Merchant Marine from colonial
times to World War II.

E. H. Lederer, Port Terminal Operation (New York: Cornell
Maritime Press, 1945T.

Port terminal management, stevedoring methods, stowage
principles, lighterage, and harbor boats.

J. Leeming, Modern Ship Stowage (Washington, D.C.: Government
Printing Office, 1942).

Descriptions of cargo-handling equipment, and a complete
coverage of cargo stowage, with an extensive list of
stowage factors.

R. S. MacElwee, Port Development.

Physical and economic aspects of ports; consideration
of future port location.

J. Marshak, "Statistical Inference from Non-Experimental
Observation: An Economic Example," The Proceedings of the
International Statistical Conference, Vol. III, 1947,
pp. 289-298.

Statistical Inferences made for the situation that
exists when the government fixes the price of a
commodi ty.
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0. Morgenstern, Note on the Formulation of the Study of
Logistics (Santa Monica, Ca ifornia: Rand Corporation,
RM-614, May, 1951).

Discussion of the place of logistics and definitions
of related terms. In relation to military situations
the task Is to obtain adequate descriptions before
the formulation of the model can be made.

0. Morgenstern, Prolegomena to a Theory of Organization
(Santa Monica, California: Rand Corporation, fRM-734,
December, 1951).

Descriptive discussion leading to a theory of organ-
Ization. Only centrally directed organizations
are analyzed. They are analyzed In terms of activities,
-communications, learning, Inout-output, costs and size
of organization.

A. Newell, The Capacity of a PaIlroad Freight Yard (Santa
Monica, California: Rand Corporation, PM-555, June, 1950).

Discussion and survey of the problem. A number of
models are attempted without any solution. Conclu-
sion Is that further work with empirical studies is
necessary.

C. F. Palmer, G. C. Bonnall and L. A. Wheeler, A Study of a
Movement Control System for Materials Destined to and Through
Tidewater Areas, U.S. Navy, March, 1951.

Report of Navy project on subject material.

M. W. Potts, Materials Handling Equipment (New York: Pitman,
1946)

Descriptions and illustrations of many types of handling
equ I pmen t.

L. H. Quackenbush, "An Analysis of General Cargo Handling,"

The Nautical Gazette 142: 4, April, 1948, pp. 10-36; no.6,
June, 1948, pp. 76-1; no. 7, July, 1948, po. 17-35.

An extensive discussion of many of the factors that
affect cargo handling and specifically the equipment
and procedures used In placing the cargo aboard ship.

S. Relter, Technological and Organizational Structure of
Production In Activity Analysis, 'echnical Report No. 4,
Stanford University, July, 1952.

This paper Is concerned .with the study of technological
and organizational structure of production by the
use of the activity analysis model.t •
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M. E. Salveson, "On a Quantitative Method In Production Plan-
ning and Scheduling," Econometrica, Journal of the Econometric
Society 20: 4, October, 19r2, p. 554-590.

H. A. Simon, "On the Apolication of Servomechanism Theory in
the Study of Production Control," Econometrica, Journal of
the Econometric Society 20: 2, April, 1952, pp. 247-268.

Dealing with servomechanisms used in analogs of pro-
ductlon processes.

H. E. Stocker, Materials Handling (2nd edition, New York:

Prentice-Hal I, 1951).

Textbook of materials handlincq principles, equipment
and methods.

E. E. Swanstrom, The Waterfront Labor Problem (New York:
Fordham University Press, 1978).

Economics of casual labor, schemes for decasualization,
and unemployment situation In this country and abroad.

J. Walsh, Report on Stevedorina (Unoublished), Bayonne, N. J.,
U.S. Naval Supply Research and Development Facility, Naval
Supply Depot, 19rl.

Stevedorinc practices on East, \est, and Gulf Coasts,
and in Hawaii; ganq size, assionments, union practices
and wages.

Army Shlpln Document, TM 38-70 , War Dept. Tech. Manual,
TPO, 1948, 0 .p,

A description of documents used by the Army in con-
nection with land and sea shipping.

Bibliography on Pallets Used In Modern Materials Handling,
New York Engineering Societies Library.

Articles and books on subject material published from

1937 to 1949.

Cargo Handling, NayPers 10124, GPO, 1948, 266 pp.

Terminology, descriptions of carqo handling equipment,
and material necessary to train men to handle cargo.

Decasuallsatlon of Dock Labour, International Labour Organiza-
tion, Inland Transport Committee, Geneva, International Labour

Office, 1949, 36 pp.

Discussion of the need for decasualization and the
measures taken for its assomplishment.
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The Dock and Harbour Authority (Periodical)

Port design, dock railway layout, dredging, quay and
pier design, cargo-handling methods, and labor-
management relationships.

Employment Outlook In the Merchant Marine, U.S. Department of
Labor, Bureau of Labor Statistics, GPO, 1951, 38 pp.

Further Analysis of the Data of Gabriellf and Von Karman on the
Power-Speed-Weight Relationship of Vehicles, E.T.T. Note No.
154, Stevens Institute of Technology, October, 1951, 5 pp.

Supplemental notes to E.T.T. Tech. Memo. No. 97,
Stevens Institute of Technology. Specifically this
report develops a "weighf limit line" In addition
to the "speed limit line" developed previously.

Handling Petroleum Products, 'M 10-466, War Dept. Tech.
Manual, GPO 1946, 99 pp.

Army methods of supply, distributil g and storing oetro-
leum products.

Hearings before a Sub-Committee on Labor and Public Welfare,
United States Senate, 81st Conqress.

Hearings on aspects of the waterfront labor situation.
Dealing especially with safety.

International Longshoremen's Union Pacific Coast Longshore
Agreement 1952-53 (San Francisco: Allied Printing Co., 19l). 4
Material Distribution Capacity and War Potential, Naval
Supply Facilities, LonqIstIcs esearch DIvU.. Naval
Supply Research and Development Facility, Naval Supply Depot,
Bayonne, N.J., 1952, 62 pp.

A basic analysis of Naval supply facilities, particul-
arly as apolled to NSD BYRON.

Material Distribution Capacity and War Potential, Naval Supply
Facilities, Progress Report, Logistics Research Division,
U.S. Navi l Supo y Research and Development Facl.litv, Naval
Supply Depot, Bayonne, N.J., 1952.

An analysis of the procedures used In a Naval

Supply Depot, especially In relationship to increas-L Ing speed and efficiency.

Merchant Marine Act, 1936, revised to January 12, 1951.
Washington, GPO, 1951.

Regulations governing the Merchant Marine Industry.



Merchant Marine Statistics, 1931-1936, U.S. Department of
Commerce, Bureau of Customs, GPO, 1916.

Import and export data, shlp tonnage data for
the years 1931-1916.

Merchant Marine Statistics, 1943, U.S. Treasury Department,
Bureau of Customs, CPO, 1944.

Tonnages and other statistics on various commodities
shIp~,ed In 1943.

Monthly Newsletter (periodical), Bureau of Supplies and
Accounts, U.S. Navy.

Distributed to officers of the Supoly Corps for their
professional information.

Navy Handbook on Packing and Materials HandlIng - PackIng,
Marking and Loading Methods for Steel Products for Overseas
Shipment, U.S. Navy Department, Bureau of Suop1les and
Accounts, September, 1944.

Illustrations and specifications of subject material.

Navy Handbook on Packing and Materials Handling, Palletizing
for Overseas Shipment, NAVSANDA Publication No. 90, Navy
Department Bureau of Supolles and Accounts, 1944.

Illustrations and soeclfications of subject material,
Including methods of shipment utilizing pallets.

Navy Shipment Marking Handbook, Bureau of Supolles and Accounts,
NAVSANDA Publication No. 9, 1950.

Navy procedures for marking articles for shipment.
Written In handbook form.

Navy Standard Storage Plan, GPO, 1948.

Manual of warehouse storage principles.

North Atlantic Longshoring, 1934, U.S. Department of Labor,
Bureau of Labor Statistics, 1953.

Wage procedures and wage rates on the North Atlantic
Coast from 1914 to the present.

Pacific Coast Marine Safety Code, Pacific Coast Marine Safety
Code Committee, 1949.

Pacific Longshore Industry. 1934, U.S. Department of Labor,
Bureau of Labor Statistics, 93.

Wage procedures and wage rates on the Pacific Coast
from 1934 to the present.
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The Palletizer (periodical) (published from February 1944 to
1946). Naval Ordnance Materials Handlinq Laboratory, U.S.
Naval Ammunition Depot, Hinqham, Mass.

Materials handlinq and cargo handlinq techniques.

The Ports of Los Angeles and Long Beach, California, Corps
of Engineeqs, U.S. Army, GPO, 1947.

A description of the Los Angeles Harbor Area, including
data on facilities and tonnages shipped.

Port Series No. 2, Corps of Engineers, U.S. Army, GPO, 1910.

A description of various U.S. ports, covering location,
facilities, volume of shipping handled.

Practices to be Followed In Unit Load Shipments, Bureau of
Supplies and Accounts, NAVSANDA Publication 57, 1945.

Methods for processinq commodities as unit loads per-
taining to Navy shipments.

Principles of Stability In Shiploading, NavPers 91076,
Washington, Bureau of Naval Personnel, 1949.

A study of the physical principles In the loading of
cargo ships, ship stability, cargo vessel characteristics.

A Problem In Proqramming: A Theoretical Analysis of the
Bayonne Naval Supply Depot, Logistics Research Division,
U.S. Naval Supply Research and Development Facility, Naval
Supply Depot, Bayonne, NIJ. 4

The development of a mathematical model of the NSD
at Bayonne, N.J., with special emphasis on the capacity
probl em.

Proceedings - American Merchant Marine Congress, vol. 17,
Propeller Club of the United States, 1951.

Articles on various aspects of the Merchant Marine.

Report of the President's Advisory Committee on the Merchant
Marine, GPO, 1947.

Safety In Lon shore and Harbor Work, Committee on EducationandLabor, House of Representatives, GPO, 19'-1.

Safety problems along the waterfront. Comparing long-
shoring with other occupations.
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_tatwon.Sorage, Veterans Administration Manual M11-902,
S eptember, 1950.

Manual of warehouse storage principles.

The Storage Picture, Defense Transoort Administration,
September , 191!.

A survey of the public qeneral merchandise and house-
hold goods warehouses in the United States. The report

excludes port facilities, etc. Defines terms used In
warehousing.

Symposium on Linear Inequalities and Programming, Washington,
Planning Research Division, Director of Management Analysis
Service Comptroller, Headquarters U.S. Air Force, April 1,1952.

Papers presented at symposium, June 14-16, 1951.

Trade by Commodity. U.S. Foreign Trade, Department of Commerce,
Bureau of the Census , 1951.

Trade by Commodity. U.S. Foreign Trade, Department of Commerce,
Bureau of the Census, 1953.

Monthly Import and export flgures by commodity.

Water Transportation, Stevedoring, and Stowing, War Department
TM -381, July 1942.

Terminology, descriptions of cargo-handlinc equipment,
training materials.

16th Census of the U.S. - Population Vol. I11 Labor Force,
U.S. epartment of Commerce, GPO, 1943.

Statistics on numbers of people involved In waterfront
labor.
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