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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 & hook vp
and over the side of & ship and Into the hold, Consequently,
this operation remains a perennial bottleneck,

For example, immediately following World War || larger &nd
faster cargo ships were put into service. Tonnage figures,
however, did not reflect this Increased speed and capacity be-~
cduse the rate at which material could be put through the hatch
did not Increase, and it took longer 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 S50 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; f.e.
to accommodate & wide variety of commodities,

A ship earns no revenve 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. Revenve comes from the charges on the
transportation of goods by water, not from storege on shipboard
at the dock, In wartime, the extremely heavy demands on shipping
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and the easy target that & docked ship provides glive additional
reasons for reducing the turn around time.

There Is considerable "know-how", of course, but Iittle
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,
matertal-handling specialists, economists, and others, but a

R et

systematic analysis has not been made of the system as 8 whole.

Realtzing the need for a8 study of the subject, the Depart-
ment of Engineering at the University of California, Los Angeles,

In 1951, proposed 8 cargo-handiing research project that recelved
the financlial support of the Office of Naval Research and the
Maritime Admintgstration, This Is the first of a serles 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 f '
was to order these complexities and find the relatlons between
the variables; t,e., to formulate equations that state these re-
lations, After these relations are known and understood, they
can be vsed to solve many specific cargo-handling problems, o

Part | of this report outlines the steps necessary to de-
termine these relations: a study of the background of cargo
handling, & definition of the system, & formal analysis of it,
and observations of actual cargo-handling operations,

Part 1| shows how specific cargo-handling problems can be
solved ofter the relations between the varitables 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 bibllography of cargo handling Is Included as well as

i

8 l1st of references to literature 'n such related fields as
materials handling, motion study, stetistics, operations

anelysis, network &nalysis, loglistics, transportatton, econ-
omics, ond labor relations,

-
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The next report will glve in detail the results of exten~

slve observations of actual cargo-handling operations during
the summer of 1953,




PART I,

SECTION |, BACKGROWND

A brief outline of the history of cargo handling is in-
cluded here &8s a necessary preliminary to the report itself,
An understanding of this backaround makes 1t possible to view
the present situvation as & dvnamic system, with aspects that
are not always visible,

In discussing the changes that have taken place in cargo
handling over the vears, 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,

Faclilities

There were very few piers or quays iIn 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
ald of harbor lighters, Shortly after the Civil War, the Port
of New York hired General George McClellan to lay out a piler
system on the water fron+4*. He designed what is known as the
"American Pler Sy;¥em", an arrangement that Is now used In New
York, Boston, Philadeliphia, and Sean Francisco. In this arrange-
ment piers are about 1000 ft, long and 100 to 200 ft, wide, with

*Supcrscrlpf numbers refer to references listed at the
end of this report,
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slips approximately 250 ft, wide between the plers, Four S500-
ft, vessels can tie up at each of these plers.

An alternative to the pier Is the quay, which 1s 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 quavs, there are spur
rallroad tracks, transit sheds, and possibly warehouses. An ad-
vantage of the quay 1s the accessibility of the working area to
ratl and truck, However, this design requires a8 sizeable body
of navigable water or a large area of marginal land that can be
edsily dredged,

Recently, there have been moves to combine some of the
features of the pier and quay design Into 8 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, Rallroad tracks and access roads lead into this additional
dred, The objective is to allow for a large number -of freight
cars or trucks to be held conveniently at the pier area and to

glve easier 8ccess to the entire length of the transit shcds.8

One other design that Is being used more frequently in
modern ports is the 500 ft, by 500 ft, square pler, A transit
shed covers the entire pler area with the exception of an apron
that varles tn width from 20 to 35 ft. A pier of this type can
handle ships on three sides., These piers uvsuvally have spur
railroads and adequate access for trucks, Several new plers of
this type have recently been completed In Bosfon.ll

Before 1850, piers in this country were uncovered; if
goods were left on the pler overnight, they were protected by
tarpavlins, By 1865, a few skeleton sheds had been bullt and,
by 1876, practically all the large plers on the North River In
New York were covered., After World War |, several 2- and 3-
story concrete sheds were built, 1In most cases the first story
of these sheds was used for incoming cargo and the second was
vsed for outgoing cargo, The third story was used as warehouse

4 cm—— &
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space.

The trend In the newest facilitles ts to return to the

l-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 Wiimington,
N.C., Providence, R,1,, and Long Beach, Celifornia.

J e

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 ts of permanent type and Is fairly rugaed.

t 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 |imited ?'
to the handling of bulk commodities such as coal, ore, qrain, ‘
sugar, etc. Speciallized 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
q transferring cargo between the warehouse or transit shed, and ‘1
ship or river bargc.4 It has found some use, however, In American ¢
ports where direct access to the pier cannot be made edsily by '
rallroads or motor trucks.

The wharf crane Is another plece of equipment that has never
found much acceptance iIn American ports although these cranes
are common in European facilities, and have been in use in cer-
tatn German ports since the l4th ccnturv.‘ In place of gantry
i cranes many American ports use the house fall from the steel
girder structure above the transit shed roofs, This s less ex-
pensive than using the shoreside crane, but the house fall lacks

- the flexibility and maneuverabllity of the cranc.'3

To summarize: ¢the port facilities In the United States
have changed considerably in the last century., Terminals have
been modifled to accommodate the truck, the larger vessel, and

T —
p "
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mechanized material-handling equipment,

Sea Transport

While there are many factors that determine the design
of a8 merchant vessel, of prime Interest In this study are the
cargo-carryling 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 1t
does not directly affect the cargo-carrving characteristics,
determines the frequency of the sailings and the overall rate
at which cargoes are transoorted so it too is Important In %his
s tudy,

There has been 8 substantial increase in vessel size dur-
ing the last century, In the 1860's, merchant ships had a capac-
Ity of about 1000 net registered tons (NRT), (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=-2's
and C-3's 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 |1, had & 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 vears 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 |, the cargo booms were usually supported
on & boom table 8 feet above the main deck. During World War
i1, 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.'g The salient festure of this
tvype of gear is that 1t 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 amidships, 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,
Stide ports that allow the direct loading by fork truck or trailer
have replaced hatches on some vessels operating on the Grest
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-
borlous 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 iInto the wing recesses. The remaining
space directly under the hatch opening can then be loadcd.l2
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 Il to 14 knots, The C-2's and C-3's
were built after that time and their steam turbine or diesel
engine power plants produce maximum speeds of 15-1/2 to 17
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knots. The Liberty ship of Worlid War |l is powered by a recip-
rocating steam engine ond Its maximum speed is || knots, The
faster Victory ship uses & geared turbine engine of the type
used In the C-3, and has & maximum speed of |7 knots. The new

Mariner class vessels have 8 maximum speed of over 20 knofs.3

More drastic changes have been made in the design of ships
that are vsed 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 75% of the cargo going through
the average port and almost 1007 of the cargo through some ports,
such as Norfolk, Va,, and Port Arthur, Tcxas.s This requires a
large amount of space in the port area for switching and mar-
shalling vards. 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 slize and shape of railroad cars has
changed very little over the years, the method of freight hand-
ltng has remained fairly constant, One exception to this was
brought about by the introduction of the forklift, which can
enter a raitlroad car and remove a palletized load, However,
the variations in freight car dimensions and door widths have

restricted its use.

The vse of the river barge as & means of transferring
cargo between iInland areas and & port facility has increased
steadily, However, the greatest proportion of this traffic
has always been in bulk commodities such as coal, oil, cement,
etc,, oand since the river barge is restricted to navigable
waters, only a limited number of ports can vtilize this con~-

nection,

Supplementing the railroads and barges In the I19th 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

dbout the same size and could use the dray-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

o

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 :
drdVS.

Commodity

Changes In types of commodities padssing 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-
credsed from about 257 of the total exports in 1900 to more
than 50% in 19517210
materials, the greater the percentage of packaged cargo. This

The greater the percentage of finished

has resulted in the development of unit loads and & decrease in
the overall density of the cargo in the hold,

The unit load Is & group of commodities that remain In a
container or on & pallet during shipment and is of & 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 a8 commodity., The palliets
may be permanent (returnable! or expendable. Although there
are many sizes of pallets they do not vary greatly from 4 ¢¢,
by 3 ft, by 6 In, The containers that are used vary a great
deal from one situation to &nother, A number of companies have
developed general containers that have capacities between 4000
and 12,000 Ibs, Larger contalners are used in special trades
such as the barge shipment of loaded |19-ton trailer vans by
the Alaska Freight Lines® and the shipment of loaded freight
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cars In the Atlantic and Gulf coastwise trades by Seatrain Lines,
Inc,

The Increadse in the amount of packaged cargo with the sub-
sequent decrease In the density of the shipments has resul ted
in vessels leaving port full but not down, A discussion of this
problem can be found in section |V, The development of new pack-
aging materials and new types of packages has helped reduce
breakage to a certain extent, Cargo 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 longshoremen's unions, the
marine unions, the Iand-c;rrier unions, and the various manage-
ment and port associations., The longshoremen, 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 & permanent nature was organ-
ized in Boston iIn 1847, During the next 50 vears, other unions
were organized at various ports, and by the turn of the c:nfury

some of the unions had been formed on an iInterport basis, In
1909, the International Longshoreman's 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 Unlon (ILWU), formed iIn 1938, represents the myjority

of longshoremen on the West coast,

The two unions differ considerably In their contractval
relations with management. For example, the ILA contracts call
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for no skill-differential pay, straight-time pay between 8 AM,
and 5 P,M,, an average gang size of about 2| men, and the hirling
of labor on & casval basis. The ILWU contracts on the other !
hand call for skill-differential pay for certaln jobs, time
and one-half for all hours in excess of 6 between 8 A,M, and

S PsM,, an average gang size of about 16 men, and the use of o

hiring hall for obtaining labor,

Labor also serves &s & transporting agent and as a source
of energy for the system and, consequently, Is In the position

of beling an Important part of the facility as well as & part of
control, However, 1ts role as a transporting agent iIs continu-

vally being reduced by the increased use of mechanical equipment,

The shipping companies operate the vessels and iIn 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-
vies: these three are the dominant variables in programming
problems. Since the shipping In this country Is highly competi-
tive, the leaders seldom sct in concert and, thus, there is

considerable vartation In their control pollclcs.'4

The contract stevedores work with the shippina 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 working level and vartations
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 very from those exerting mild influence

to those that are direct agents of controil. ‘

Government through its many channels, establishes limits

[PUTRSIFERRPWRT
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on the range of the control, The Iimitations come from laws
such as the Merchant Marine Acts of 1920, 1928, and 1936, which
were 3imed at developing an American merchant fleet for vuse In
forefign trade and as a military suxiliary In case of national
emergency, The result of the 1920 act was the establishment i
of American shipping services in the more important trade i

rovtes, 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,

aims at economic parity for American ship operators, 'This is .
dccomplished by two types of subsidies, the construction and 4
operating differential subsidies.> Government also, through ;

labor and business legislation, exercises control over wages,
hours, safety, and rates.

S
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SECTION 11, 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 iIn undertaking this study were twofold:

(1) To determine the time, space, energy, and cost 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 fnterrelationships, Such proved to be the case,

On the basis of interviews with military and civiltan 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,

Control
| Facility 1
* ——————\ pr XXX XX eem—
" S~
Inlond S~ -
Transport —<o Ses Transport
”’ S
. Commodi ty
FIGURE 1

The cargo-handling system is defined here 8s consisting of
five major elements: the facility (l,e, the physical equipment,




cargp

e e s g

15

structures, and sources of energy), the transportation rouvtes
that are its inland connections, Its sea connections, the com=-
modities that flow through 1t, and the control of the system-~

& combination of management, labor, and government,

Since this system Is based on & single facility and there-
fore does not take Into account the iInterdependence that exists
between facilities, the system shown Iin Figure | may be too
speciflc and, possibly, at the same time, too general for ade-
quate study., Therefore, 1t 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
s 8 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 specific 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, 1t Is first necessary to find the relations
existing between the system variables, This knowledge will make
1t possible to predict the effects of any change 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

realistic 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 stete 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, 1t Is not necessary to formulate equations
that take into account all variables: & knowledge of only the
more significant elements 1s 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 Iimit of the behavior
of the fdeal system (1,) as the idealization Is extended,

Iy ——=~ Behavior of Actual System

P

where n represents the number of the idealizatlions, each pro- :
gressively including the more variables, « « o (or &t least )
more accurately describing their effect) "2

The first step in determining the relations between the
components Is to make & formal description of the system and to
develop 8 working model of it,

B S
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SECTION 11, A FORMAL ANALYSIS CF CARGC HANDL ING

The following formal analysis of the cargo-handling s{s-
tem at first glance may seem elementary and over-simplified,
but It Is 8 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 cargo between & land car-
rier and the hold of & 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 @ land carrier and & ship by men
with machines, The major elements in this system are shown
In Flaure |, They are defined as followss

FACILITY (F) consists of the structures, materlais-handliing
equipment, and sources of energy at the terminal, and the phys-
tcal features of the port. Structures include the man-made
improvements |like roads, rails, and outside storage. Materials
handling equipment fincludes 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, 1In general, these are natural, but they may be al-
tered, i,e. by dredging or the construction of breakwaters,

SEA TRANSPORT (S) ts the vessel that carries the cargo to
another facility., The cargo-hendling gear on the ship is in=
clfydedy

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,

COMMODITY (C) 1s the Ttem that is shipped, including the package
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or crate, Dunnage, however, is considered to be 8 separate
commodi ty,

CONTROL (M) ts the communication of Information that regulates
the movement of the commodity through the facility, The record
system 1s included in control and both |abor and management are
Iinvolved.

The commodity follows & unique path through the factlity,
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} ts the space-time coordinates of the path taken
by the commodity or the transporting agent,

Symbolically, the principal elements of the sys tem may

be represented as vectors with components as follows:

Factitty: Fo=tf,fg,eeeef)
Sea Transport: S = ($),80,00008,)
inland Transport: L = (l',IQ,....ln)
Commodt ty: C = (cl,CQ,....cn)
Control: M= (m ,mp,eeeem |
Process: P = (p',pQ,....pn)

where f', fQ,....fn, for example, are numbers that describe
the facility; f| may be the number of berths, fQ the net vs-
able area, etc. There will be n different components ordered
according to their importance. Thus, the first of the F com=
ponents may be uvsed 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,

I+ 1s postulated that these six elements completely define
the cargo~handling system and are necessary and sufficlent for

J ‘




’@W%‘: A i w

B Y T

the transfer of cargo between & land carrier and the hold of

a ship at this junction In the transportation network, Recall
that PROCESS 1s the dependent element, and as such is & func-
tion of the independent elements F, S, L, C, and M, One of
the components of PROCESS 1s time, & basic meadsure.

When a transporting agent is used to move the commodity,
the operation Is cyclic, The transporting agent, which may
be 8 forklift, hook, longshoreman, etc,, moves with the com=
modity from one point to another and then returns to the
starting point to repeat the operation, By this definttion,
pipelines, chutes, and certain types of convevors such as
roller conveyors are not considered to be transporting
agents, Belt conveyors, however, are cyclic and consequently
are considered transporting agents., A-schematic diagram of

& specifle cycllec process is stown in Fiaure 2.

FIGURE 2

A commodity, cases of canned peaches, arrives at point |
by rail, These cases are unloaded by four men, one case at
a time, to a pallet at 2, The transporting agent here is 2
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
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carton, etc,

A forklift picks 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 & palliet 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 1s the
location of the stack in the transit shede The strength of

the carton may become an important component of commodity dur-
Ing storage because it Influences the height to which the com- 3
modity may be stacked,

After 8 period of time In storage, the commodity, still
8 pallet load of peaches, 1s 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
generdlized cycle diagram shown below, In Figure 3.

Inland
Transport
| 2 3 == -

FIGURE 3

Sea
Transport

Each link in the chain represents the space time trajec-
tory of the transporting agent, The trdjectory of the com=-
modity is, of course, unidirectional and is represented by
either the upper or lower segment of the link. At the nodes
{1eee points) 1,2,3,..n, the commodity is transferred from

. one transporting agent to another, |t is not necessary that
the troansfer take place at a point In space or time: i.ec.,
the commodity may be moved some distance by a gravity chute
or roller conveyor or 1t may be put iIn storage for a period

Pee e



of time, See Figures 4 and S,

Cycle 1=2
Cyvcle O-1I

FIGURE 4

L1 L 1
1
i O I A

Cycle O-1 Cycle 1-2
FIGURE S

It is also possible for the unit of commodity to be
changed at these nodes; e.g. a case of peaches to & pallet
load, Between two consecutive nodes, the commodity is
moved by & transporting agent, The unit of the commodity
does not change and there a8re no storage states, [|f the
commodity stops, it is in a delay state. The inland and
sed transport are shown as open cvcles in Figure 3, How-
ever, the inland transport cvcle 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 transporting egent, and, in the sec-
ond case, the vessel Is the transporting agent,

The receiving dock, transit shed, apron, and hold of

N
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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
esdch 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

less the a-
The in-

puts and outputs can be expressed as Fourier series and their

by the transporting agent of the preceding cvcle,
mount of commodity taken away by the following cycle,

sum Is an analytical
This

expression of the quantity in storage.

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-
Storage areas are limited by the allowable
Instabil-
ity of the stack, allowable compressive stress, etc., also

pacity of the node,
floor loads, ceiling heights, net usable areas, ectc.

limit capacity as does the reledse and pick=up characteristics
the hook with married
rigging can only pick up & load from a |imited area on

Thus, 1t
the apron that can be hoisted over the side of the ship without
additional
a fork truck

of the transporting agent, For example,
fall
the apron, is not possible to build a stockpile on

handling, The vertical travel of the platform of

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 & node iIf the quantity in storage is
zero and no goods can be deposited If the maximum amount is
Thus ,there is the feedback sitvation il-~

in this example, ca8rgo is picked up

dlready in storage.
lustrated in Figure 6.
at node | by a transporting agent and transferred along path
1-2 to node 2, where 1t
returns along path 2-|

Is set down, The transporting agent
to node |, where 1t can proceed to

pick up another load, |If there Is no cargo present at trans-
fer node |, this Information is given to the returning trans-

porting agents, They are delaved until some minimum quantity

L1
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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 gliven to
the approaching transporting agents via path c. This delays
them until|l there Is room to deposit the load at node 2. Path
8 carries the overloading message of node | to the preceding
cycle, Path d carries the message of the quantity at node 2
to the following cvycle. A more detaliled analysis is gliven in
section X, which describes an electric analog of the cvclic

process, 2

{L—‘?/

1-2 <

FIGURE 6

A material balance at each node may be supplemented by
an analysis of matertal fiow between nodes. The commodity is
picked vp by the transporting agent, carried to the next node,
and released. The transporting agent then returns empty to

the starting polnt, At any polint in the cvcle, there may occur

8 delay, The delay can originate outside or inside the cycle.

If the delay 1s caused by the storage condition at either node,

it 1s colled an induced delay, All others are called internal
delays. The total time that 1t takes to complete one round

trip of the transporting agent can be broken down Into element
times 8s shown In Figure 7, The operation time, T° iIs the sum

of the clement times of the particular cycle, Internal delays

are Included because there are always certain delays assoctated

with the operation, Induced delays, on the other hand, are
not charged to the cvycles, When the transporting agent makes
several round trips In succession, the element times are the

|
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dverage values.

- T
Pick=up | b

Induced
Delay
(Td)

Transport
Loaded
(T‘)

Operation Time
(To)

Transport
Empty
(T

Release (Tr)

FIGURE 7

The rate at which the commodity Is moved from one node
to the next 1s defined as the weight of the commodity carried

by the transporting agents per trip divided by the average
If during an interval of time,
the

time required to make the trip.
the net change in the amount of storage &t &8 node is zero,
dverage rates of flow In the preceding and succeeding cycles
are equal. However, the operating rate of each cycle may be

different. 1t |s defined as the weight transported divided

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

mined by the characteristics of the particular cvcle only and
s 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 example, in Filqure 2 the rates between nodes

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

Furthermore, there is one cycle In each series of

equal,
All other cycles must have

cycles that controls the remainder,
induced delay.,




The element cycle times can be used as the dependent
vartable for one set of relations between the major elements,
If the element times can be determined as & function of @
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 entire cargo handling operation can be predicted,

To sum up: 1t has been possible to devise equations for
the flow of material through 8 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 designs., They could be extended to the

prediction of energy requirements and dollar costs by a trans-

formation of the coordinates,
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SECTION 1V, METHODS OF PROBLEM SOLUTICN

The sclentiflic method of problem solution can be roughly
divided Into four major steps: (1) idealization of the system,
(2) data gathering, (3) data processing, and (4) comparison
of the 1dealization with the results, This Is the aporoach

[T S

that has been used here to solve the cargo-handling problem
outlined In section 1, 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, 1t Is necessary to
formulate a8 model system to use as the basis for the Inquliry.
In this project, the model or Idealtization Is based on the
flow of materials, It could be based on the flow of energy
or the flow of Information, |If 8!l 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- A
1zattons 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 dats are the
existing drawings, files, and reports kept by the various
management, labor, and government groups that are concerned
with cargo handling but the informatfon derived from these
sources consists mainly of cost data and past performances,
Other sources are very lIimited and, In most cases, the data
avallable do not coincide with the date required, |t 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 dates of cargo-handling operations but the

-
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work=sampling technique discussed In section VII has been
found Tn most sttuations to be less time-consuming, cheaper,
and more acceptable to employees than the conventional stop-
wadtch time study, The forms used for both of these procedures
dre shown In the appendix along with a sample facility survey
sheet and a process chart, The next report on this project
will give a8 detalled description of these observational tech=

niques,

The data obtained In these wavs are then processed In
dccordance with the hypotheses to be tested, 1.,e., to check
the tdealtzatlon against the observed results, Processing
consists of sorting and classiflication, computing statistics,
multiple correlations, and filtting curves analytically and
graohically, An example of the processing of cost data is
shown fn sectton VI, The processing of actual element time
data and the development of postulates explaining the results
will also be covered In the next report,
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The following sections show how
sample problems can be solved

by using the techniques outlined
In part |, Also itncluded 1s a
descriptlion of the procedures
developed to obtain fleld data

and a description of an electrlcal
| analog that was designed to serve 1
as a4 conceptual model of the

system,
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SECTION V, MAXIMIZING REVENUE TONS

!
The following is an illustration of a programming prob- 1
lem where a known relationship between certain variables Is 2
vtilized, The specific problem Is to maximize the revenuve %
tons carried by &8 cargo vessel, Before proceeding to the ac- ]
tval solution of the problem, It may be helpful to define and .

1llustrate some of the terms and concepts that are used, ;

Cargo vessels may be considered to have two measures of
capacity, There 1s the volume capacity, measured by the num=
ber of cubic feet of goods that can be stowed, and the weight
capaclity measured In tons of stowed goods. The weight capac-
ity is determined by the safe depth to which a vessel may be
loaded. .

S e b e -

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 o
very dense, while others are less so, &8 problem exists in pro- !
gramming the cargo to be carried so that the vessel will be l
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 iIs a8 combination of
cotton and lead, however, that will both fill the ship and
bring 1t down to 1ts draft limit marks.

There are 8 number of wavys 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 purposes, the total

; revenve to be derlved 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 lona tons or one fortieth of the volume

In cubic feet, whichever is hiaher. Generally, revenve 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 shippling charge

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

lty, Hence, when & 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
revenve 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 follows:

Let f'= stowage factor of a commodity 1| that is available
for loading and that iIs greater than 40 ff3/fon.

Thus f' > 40 and | = l, 2, 3,....”

Let 9; = stowage factor of a commodity J that is available
for loading and that is less than 40 ff3/fon.

Thus 9 < 40 and J =1, 2, 3, eeeen
Then for all f"s, revenve tons are computed by volume,
Let X, = revenve tons of commodity 1

M

Y (o] where v Is the volume occupied In ff3

4]

x, {1

For all g]'s, revenue tons are computed by weight,

Let yl = revenue tons of commodities |

L 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 & given ship will be

R = Eg' + ;v] (3)

where values of x, = O and Y, = O are not excluded, Negative
values of x, and \ dre 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, and ']’ the volume of the cargo spaces, and the net displace-
ment of the vessel available for cargo,

These Iimitations may be expressed as follows:

—M:

m
v, + z:v] f V The net cargo capacity
| by volume (4)

n m
2.d + >d < D The net cargo capacity {5S)
1 j - g
| | by weight

The optimum of this system Is obviously reached when both
equalities are obtained, 1.e.:

v, + Zv, =V (61

Ld + Zd =0 (71
where

v, = 40 x, (1)

o= o9, (81

d, = 40 x,/f, | (9)
and d] =Y (2)

e, o s
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therefore the equations
n m
vV = ;40:, + ; 8, (10)
n m
D = X4ox, + I vy e
| |

represent a ship loaded full and down, that is, all cargo space Is
filled and the ship is down to the draft |imit marks.

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

R = %:x' + Z:y] (3)
!

with X, and y] subject to equations (I10) and (I1),

For a ship loaded with & single commodity, equations (10)
and (11) are independent and R will be determined solely by
elither the volume capacity of the vessel or its displacement
capacity as the sfowagc 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 stowsge 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 9]’ a
programming is possible to determine the optimum amounts of
each commodity to be carried, Equations (10) and (Il1) now
read:

40:i + qu] =V (12)
40";/’: ty, =D (13)

These equations are not independent and a solution for
X, and yl s possible that will result in the vessel being
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full and down.
Eliminating X, we ‘dvc
f£f. D-vVv
T
f' vV - ng
x., = (15)
®| T

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 tonnage 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 tn equations (14) and (I5) vyields:

X 16,666 revenue tons of cotton

Y} 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, |t Is apparent that there is
an important economic reason for a ship owner to attempt to

maximlize revenue tons In this way,

The next question that may be raised is: what should
the values of f' and 9, be to make R & maximum?

Substituting equation (14) and (I5) tnto (3)

’ g (v -gD 0 -V
. , R = T5( -8 +(—,-_—‘-> (16)

(disregarding the subscripts)

po—
Enmmw RS
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{(Note that In equatlon (16 f # g except for & one-commodity
system In which R Is determined by elther welight or volume,

whichever ts larger.)

Differentiating (16) with respect to f and g with V and
D as parameters glves

3R _ { V=g _ § V - gD fO=-V | _
® T 5 gv 5 <_?:53-)+ D = 0 (17)
- pus
AR 1 —4' f f£D ]
oR . : - : v - g0 V=
X *F=5 |7 tw® (r~g > M = IR
One poesible soivticon g
i —
3 =0 (19)

This solutlon represents maximum revenue tons since It
represents a ship loaded with two hypothetical matertials, one
which has volume but no welght and the other which has weight
but no volume, The alternative soiutton represented by the
quantity In the brackets can be shown to be f = g—»0, There-
fore, both f and g wiil approach the seme value and the situva-
tton will be simtiar to that of & single commodity, In this
case, the revenue tons will be equa! to either the first or
second term of equatfon (3i, Thus, the first solution,

?-{—31-—--0 represents the solutfon for maximizing & two-
commod!ity system,

Now consider the general system consisting of commodities

avallable for loading of f|, fQ, 63 ....f", and 9ys 99s» 930
Ry Stnce f' > 40 > gy we may arrange the f"s in descend-

ing order of magnitude while the g,'s may be ordered in In-
creasing values.
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i >fa>f3 eeue > 9

9 <9g €93 «o00 < g

Stnce & combination of f' and 9, will give a8 greater value
of revenuve tons than any other combination, It f8llows that the
general solution to equations (10}, (11), 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 reméining displacement and volumetric capaclty,
together with the remaining commodity selection, form a new
programming problem whose solutton Is obtalned In exactly the

same manner,

The Implicattions of this solution are that very high or
very low density commoditles might have & lower cost per
revenve ton, since they yield @ higher total revenve tonnage
when they are shipped together, This problem, however, is
further compllicated by the fact that the cost per revenve ton
for varlous commodities 1!s 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-
plicated,

- e st
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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. Ffor the following analysis, the
costs are divided Into the same cotegories used at one of the
Iinstallations under study. These costs are of two tvpes: 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
Offlce Expense

Variable Costs
Handltng ond 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 regls-
tered ton Inbound, and the same charge outbound, For Liberty

type vessels, which have an average gross reglistered 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 SOO net reglistered tons or frac-
tton thereof. For simplicity, the turn around time of & ship
will be reported In this analysis to the full day above ony

fraction of a day, Therefore, the dockage cost can be approx-
Iimated as:

dockage = T [i2 + 3 '-"—-‘ga',ﬂg (20)

where T = turn around time (In 24 hours)
N

net registered tonnage

Since the net registered tonnage of & 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, f,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 = L(%) (23)

where L = long tons

E = offilce expense per vyear
R = tonnage per vear

Since the amount of tonnage per yvear (R) Is confidential
for the facllity In question, this cost has not been Included
In the analysis, The only effect of this cost would be to

| NS W
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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 evalvate the handling costs. First of all, a uni-
form loading rate of 25 long tons per gang hour is used for
8!l commodities and all working time. An 18 man gang with the
required clerking aid Is assumed, with & 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. Analvtically, the handling
and clerking cost is expressed as:

handling AD CD + ﬁb CO (24)

where Ay number of "day time" gang shifts
AO = number of overtime gang shifts

Cpo = cost per "day time" gang shift
{i.e., 6 hours stralight time and
2 hours overtime!

CO = cost per overtime gang shift
{1cee, 8 hours overtime)

and S < (25) ]

From the assumptions made above It Is also seen that:

Ap = ST (26)

" L L
and * = = (27)
* * %o 25(8) 200
Thus to obtain minimum cost in handling:

AD = 5T (28)

Substituting equations (27) and (28) Into (24) and the
resulting handling cost Is also expressed as:
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handling = STC, + (75‘6 - 57) Cq (29)

The following numerical example I1llustrates these equa-
ttons,

Assume that a Liberty type vessel 1s to be loaded with
2000 long tons of average commodities. The total gang shifts
required for this operation, as determined from equation (27),
are:

%%%g = |0 total gang shifts (30)

AD + AO =

If the turn around time Is one day, then the maximum
number of "day time" shifts is determined from equatton (28),

Ap =StIh =5 "day time" gang shifts (3N

and AO = |0 - 5 =5 overtime gang shifts (32)

Assuming that the Cy = $475 and Cy = $600, substituting
these values in equation (24) glives:

handling = $5375 (33)

If, however, the vessel can remaln in port for 2 days,
then equation (30) still holds but the value of Ay changes.

Ap = S (21 = 10 "day time" gang shifts (34)
end AO = |0 - |0 =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 §toring 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
vnder study, the relationship has been found to be approximated
by the following equation:

dunnage = 300 + |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 I's quite variable and less significant than many of
the other costs, It Is omitted tn this analysis,

The resulting total cost for loading a Liberty type vessel

can then be expressed as:

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

Substituting the values discussed above, egquation (38)

now becomes:

total cost = 100 + 72 + 30T + 22007
+ (3L - 6257T) + (300 + 1,11 L) (39)

By dividing both sides of equation (39) by the long fons
(L) being loaded the equation for cost per long ton Is found
to be:

cost . 100 72 307 22007 6257
TOngfon—L+T+l+ L-+E+[]

300
+ET_+ I.I_I—J (40)




e

5 ) ‘ . e ehonin . e cm—— - ot —— e g e

41
Gathering terms reduces equation (40) to:
cost - 472 + +
Tong ton = T (! 3.47) 4,11 (41)

Equation (41) ts 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 a8 given tonnage the most
economical time to load in is the shortest time, |t 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 1llustrated 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 iIncrease In ship operat~
ing and dockage costs, This situvation exists for the assump~
tions and timitations made in this analysis, l,e,, & specific
longshore pay structure, 8 particular ship type, etc. It Is
obvious that the smaller the ship operating cost (and dockage
cost), the smaller the saving becomes from using 8 minimum
turn around time. Thus, a break-even point may exist for cer-

tain low-operating 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 tn transit and the loss of
potentlal 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,

N
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SECTION VIIl, WORK=~SAMPLING
TECHNIQUE FOR DETERMINING CYCLE ELEMENT TIMES

The work-sampling technique, originated by L, H.C, Tippet
in 1935, suggests 1tself as a possible tool for obtaining
actval time data of cargo loading and unloading operations,
The use of work=sampling In this sttuvation Is & good deal more
compllicated than fn the usua! Industrial situation, For one
thing, the technique has uvsually 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 fs based on the random
sampling theory employed in statistical quality 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 pooulation, The predic-
tion ts based vpon the theory that the percentage of readings
recording the activity In & 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 iIs necessary to review and expand the model of
the cargo-handling operation developed in section 111, In
that section, the cargo operations are recognized and defined
as a serles of adjolining cycles., Each of the cycles is broken
down Into six time elements:

| ' T = plcking vp load

T| = transport loaded

Y
]

trangsport release

—4
]

trangport empty
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T‘ = Internal delay

Td = induced delay
From Figure 7, It 1s seen that the sum of these elements

equals the total cycle time (T):

T = Tp + T| + Tr + Te + Ta + Td (42)
Also, from Figure 7, the cycle operating time (To) Is de-

fined as:

T = T+ T+ T +T +T, (43)
The element times can be used In determining the effect
that changes in the components have on the system, These efe-
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 a8 commodity between nodes | and 2 (r'_Q) is de-

fined as:
_ [nw
where n = number of transporting agents

welght of commodity carried by a transporting
agent during each cycle

If 8 series of cycles have no storage nodes, then the

rates of commodity movement are Interdependent and

= r = e =T ‘45)

However, the operating rates (rO) are different and

- [nw
% -9
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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 cvcle In the serles of cycles, This relationship can

be expressed as:

TR

r < min N (47)

Turning now to the work-sampling method of obtaining the

element times the following definitions are required:

iy i,

N = number of random observations of picking f
P vp load ;
N, = number of random observations of trans- :
port loaded :
N. = number of observations of trensport release !
Nc = number of observations of transport empty ?
Na = number of observations of internal delay |
-

Nd = nuymber of observations of Induced delay

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

observations (N) is fY
.
N = Np + N| + Nr + Nc + Na + Nd {48) ' )
Also, the number of random observations of cycle operat- .
ing time Is defined as :
No = Np + N' + Nr + Nc + Nd {49)

By hypothesis from the statistical theory underlying work
sampling,

a = '@ = P (50)

~ T Too

where Na = npymber of random observations of element
(teee, plckup, transport loaded, release,etcy)
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time required for element

the a time element's percentage of total
cycle time

0
i

Before any actual observations can start, it Is necessary
to obtain descriptive data on the tvpe of ships, facilities,
commodities, schedules, etc. that affect the sys tems being
studied. 1t 1s then possible to make random observations of
the activities with the more Important activities receiving
propor tionately more observations, Therefore, the first step
in designinag 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 & functlion of the risk, the maximum
size of confidence, the length of the time interval, and the
variance, If a binomially distributed population is assumed,
the number of samples can be determined from the formula for

the standard error of a binomial,
o = elizpl (S1)

where p = 8 time element's percentage of the total cycle time,

If a percent of accuracy (B) is required in the determin-
ation of p, and 1f a percent of confidence (77 Is also re-
quired, then the usual stotistic follows:

-.-gbp = Zp o, (52) .

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

Z
7 '—'—9) (53)

A2 I

Equation (53) 1s plotted In Figure 9 with B and 7 as
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parameters. The resulting relationship between p and N 15

hyperbolic and N decreases greatly with Increases in p (1,e,,

increases In the length of the element time Interval),

The itmportant effect of this can be 1llustrated by an

example, Assume a maximum allowable variance of & S% In the ‘
calculated p, and a confidence Interval of 957, If the valuve %
of p=0,1, then 13,800 observations are required, However,
If p=0.,5 then only 1500 readings are required, Thus, In a
sampling plan with several p's, 1t Is necessary to balance b
the rellability requirements and the practical number of ob- d
servations that can be made. Since N is theoretically based
on the smallest estimated p, It Is sometimes necessary to

combine some of the smaller elements or compromise on the re- :
ltabiltty of prediction of the less Important elements, j

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 sampling observation sheets |
and 11, as illustrated In the appendix, have also been devel-
oped as an aid In standardizing the procedure,
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SECTION VIIl, OPTIMUM WEIGHT TRANSPORT PPOBLEM

The following is also an illustration of the way In
which a relationship between variables can be utillized to
find an optimum solution of a problem,

Suppose that a forklift Is used to move cargo from one
point on the pler to another as shown in Fiqure 10,

/
\\ X /

FIGURE 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 starting point, The time reaquired for certain of the
steps, ¢.g9., the return trip, 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 1t takes
longer to meke the round trip as the load carried per trip
gets heavier, there may be some optimum load that allows &

[ S
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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 8 round trip iIs some function of the load

t = flw) {54)

...
]

where round trip time

weight carried per trip

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

series,

t = °0 + alw + 62'2 + a3w3 eee + A v' eeo + onw" {S5)

where &, = constant for 1 =0, |, 2 ,.. n

Consider the situation that can be described by the first
three terms, (Often the higher power terms can be omTt ted
without serfously reducing the value of the solution,)

b=ag + 8w+ apw (56)
Equation (56) can be made dimensionless by letting
tv = . time number and (57)
aw
aw
w! = o , weight number (58]
0
Note that t' and w'! are dimensionless numbers,
Equation (56) becomes
a.a
o= v+ 52w (59)
" C'

— S
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Equation (56) is represented In Figure || as & family of
curves with 0002/o|2 as the parameter, Note that there 1s o
minimum number t' for each value of aoa2/a|2.

To find the expression for the curve drawn through these
minimum points, the standard method of calculus is used.

, 3,0
.d_t_. = - -.—!——Q. + __O—Q_Q. = 0 (60)
dw!' (w') a,

4

| R
(w )opf Vmag; (61)

Substitute equation (61) into equation (59) and eliminate the
parameter 0002/0'2.

2

= | 4 ——— {62)
(")oof

(f')m'n
This shows
the relation between minimum time number and optimum welight
number for the condition postulated in equation (56),

Equation (62) Is represented by Figure 12,
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SECTION 1X, AN ANALYSIS OF THE
QUANTITY OF COMMODITY AT A STORAGE NODE

In sectton 11l 1t was pointed out that the quantity of
commodity that is in storage ot any node depends on the
amount delivered and the amount taken away, The following is

4 more detailed treatment of the conditions that exist at the
node.

Assume that the upper curve iIn Figure I3 Is 8 graphical
representation of an input and output to a node, and that the
lower curve represents the resulting storage.

,'l* []’ll['l HD’HI'I Ln 0 [ 0
° T

FIGURE 13

Both curves have time (t) as the abscissa, However, the
ordinate of the upper curve is the rate of commodity movement
in quentity per unit time (r), and the ordinate of the lower
curve Is the quantity of storage at node | Q). In Figure 13,
the posttive portion of the upper curve is the input to node |.
This can be thought of as representing delivery trucks that

T+
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drrive periodically at the node and are then unloaded at the
rate ro_ . The output rate from the node, or the negative

portion of the upper curve, can represent ships that arrive
perlodically and are loaded at the rate r
now represents the quantity that Is in storage at node | at
any time, Thls'curvc is obtained by integrating the upper

curve from ’0 to t, plus the storage existing at fo. In the

example chosen, the storage existing at ’0 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 | to be that shown in Figure |4,

Aro-

A

FIGURE 14

Similarly, assume the output from storage node | to be
that shown in Fiqure 1S,

[P~

-8

FIGURE 15

j=0° The lower curve
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From Figure 14 It Is seen that
O(-b < t| < -3)
fo-1 = fit) =9Al-a < t, <) (63)

Ola < t, < b)

|
Stnce an even function |s assumed, 8 cosine series can be vsed,

a QO
= -QQ + 2 ay cos%f' (64)

r
0-' ﬂ=|

where aq and a are the Fourler coefficlents, When these are

determined in the uvsual way, the expression becomes

- . a 2 T Kna Kn
ro-| = A[-s#-; K§| ¥ sin —b—cosTfJ (65)

Similarly from Flqure IS5 It Is seen that

Ol-d < fQ < -¢)
= g(fQ) ={ -Bl-¢c < tQ < ¢) (66)
Ole < %2 < d)

M1-2

Again, an even function Is assumed and & cosine serles

Is vsed,

r = + 2 &, cos t (67)
1-2 77 2 g "2
and
x
2 | Knc Kx
r = -B|S + = sin =3~ cos =3 f:] (68)
-2 [é. T éEh 13 2

In the foregoing, It was assumed that the input and out-
put are timed separately with times 0' and tQ. If they are
timed simul taneously, then t| = ’Q = t and the total rate of
storage at node | 1Is

| F—

B L o R R e

e e -

[,

s e S <1 aen




V.

e e

L e R

- D e e e e e o e

56

T fo-1 t Mi-2 (69

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

resulting rate of storage Is

QR faa_ eB).2| S | Kxa Kn
=t (% - TF) = ,?-},w("*'"“’é”“’?'

B stnﬁ’a‘icos-’%’i +) (70)

The storage 1s the inteqral of the equation (70);

<o
A cB ? | bA Kna Kn

Q, = (4 - t + = - — sin stn —¢t -
| <,5 d T = KQ n b b

%g sin 5%3 cos %f {) (711

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

be no continuous increase of storage with time, Thus,

#.L=0 (72)
and the first term of equation (71) droés out, This relation-
ship can then be utilized In solving for the constants in the

remainder of the equation,

The foregoing analysis Is also useful in solving for max-
imum storage areas required for specific cargo handling sitva-
ttons, The use of the Fouriler serfes makes It possible to
express any of the complex Input and output rates In analytic
form If they are perliodic,

[P S |
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SECTION X, AN ELECTRICAL
ANALOG OF THE CARGO-HANDL ING OPERATION

The electrical analog shown in Flqure 16 1s useful as
a conceptual atd In depicting the cyclic operation described
In section 111, The portion of operations tllustrated iIn-
cludes parts of two connecting cvcles, 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 8 sltuation where the commodity Is
loaded by longshoremen directly on a8 tractor-trailer combina-
tton, The setting down of the commodity by the men occurs
simultaneously with the pick=up by the tractor=-traiter, To
stmylate this sttuation, switch | 1Is in position m and
switch 2 1s in posttion p. Pulse generator | In cycle A
and 1ts counterpart In cvcle B, pulse generator 2, deliver
a8 number of pulses corresponding to the number of transport-
Ing agents In the particular cvcle., Suppose a pulse, repre-
senting a longshoreman and his load, arrives from the previous
node at storer |, The longshoreman may be held up until a
tractor-trailer combination arrives, Thus, the Inittial pulse
remains In storer | and also energizes the lower path into and-
gate I, This condition remains until there Is at least one
pulse, representing the tractor-trailer, tn storer 2. If
there 1s & pulse In storer 2, a signal Is sent over path @
which energizes the upper {lde into and-gate |, The operation
of the and-gate 1Is such that it allows a pulse to go through
it only If both Input lines are energized, Therefore, when
there Is a pulse In both storer | and storer 2, It aliows &
pulse to pass through and-gate | and to continue on through

e e o o
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switch 2, delay |, and regenerator |, Delay | represents

the unloading time and regenerator | restores the energy

that has been dissipated In the circult, Esch Impulse that
passes through and-gate ! acts to subtract one from the

count on storer |, However, for the sake of simplicity,

this part of the circuit Is not shown in Figure 16, In addi-
tton, the pulses from and-gate | also energlize pulse genera-
tor 3, which In turn dellvers to counter | 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-gate |, Therefore, pulse genera-
tor 3 serves no purpose In this particular example. When

the pulses stored In counter | reach a specified number,
representing 8 fully-loaded tractor=traltler combination, It
energlzes andrgate 2, allowing the pulse In storer 2 to be
reledsed, This pulse passes on through delay 2, representing
plck=-up time, and delay 3, representing transit time. The
pulse from andpgate 2 also acts on counter | and storer 2 in
order to subtract one unit from each of them, Again, this
subtracting circult 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, Regenerator
2 restores the energy that is dissipated In the circuit, and

delay 4 1s set to corresoond to the time of the return trio.

From this example, 1t is seen that the heavy lines can
be thought of as representing the paths of the transporting
agents, the liaht 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 1t ts picked up by the sub-
sequent carrier, In this case, a forklift brings 1ts cargo
to a point on the pler where the cargo Is set down, The fork=~
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lift then returns to the place where It can pick up another
load to be dellivered to the pler, Meanwhile, the commodtity
that ts on the pler remains until the ship's hook can carry

it away, The analogous electrical operation exists when switch
| 1s tn position n and switch 2 is In position p. Counter |
now records the units of commodity that are on the pier where
the hook may pick them up., 1In most operations, the hook can
pick up from only one point on the pler, thus the maximum stor-
age at counter | Is one unit, If there are no units at counter
I, then & signal Is sent from complementer | over path b that
energlzes the upper line Into and-gate |, This occurs because
8 complementer reverses whatever signal it receives. With the
vpper path into and-gate | energlzed & pulse In cycle A, which

arrives at storer |, will continue on through and-gate | and
will return to the previous node as in the first case, How=
ever, if counter | shows that there is a unit of commodity on

the pier, then complementer | sends no signa! over path b and

In turn does not energize the upper lfne Into and-gate I, There-
fore, the arriving pulses wili be held in storer | until counter
| indicates zero, Counter | also controls and-gate 2. Thus,

one unit on counter | energlzes the upper lfine into and-gate 2,
and_zero units on counter | fall to energize it, A pulse in
cycle B, representing the hook, arrives a8t storer 2 and remalns
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 & tractor and traller combination, In
the electrical analogy, switch | Is In position n and swlitch
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 |
will be held there unless counter | Indicates zero units, '
This 1s & similar condition to the one described In the second
case, If counter | has zero units, the Impulse In storer | can

| I
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proceed into the path to storer 3 and Iinto the path to pulse
generator 3, Pulse generator 3 will then deliver to counter |

the number of units of commodity corresponding to one arriving

Impulse, For example, a tractor and trailer combination are
represented by one pulse itn cycle A, but this same tractor-
tratler may carry & 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 |, And-gate 2 is controlled by counter | and the

pulses that enter storer 2 can only proceed If there are one
or more units of commodity Indicated on counter |, When
counter | indicates zero & signal Is sent via path ¢ from
complementer 2, which energlzes and-gate 3, This allows the
pulse, which has been held at storer 3, to continue on I1ts
return trip., As noted In the other examples, there must also
be 8 subtracting circuit to storer 3 in order to reduce the
count on It after the pulses pass through 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 analog. A series of these
analogs coulcd be set up to reproduce an entire loading opera-
tion from the storage In the transit shed to the storage iIn
the ship, the storaqge points being counters that can stop the
flow when a predetermined maximum is reached, Although the
vsefulness of this type of model Is mainly conceotual, it is
also possible to utilize it In determining loading times for
commodities that have not been handled before.
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C. B, Barnes, The Longshoreman, (New York: New York Survey
Assoctates, Inc,, 1915},

A study of the conditions surrounding the lonashoreman prior ‘
to 1915, especially wages, working conditions, manaqgerial
policy and untons,

Le M, K, Boelter, "A Technlique of Probiem Solution,”" The
Journal of Philosophy XL: S, March 4, 1943, pp, 127-132,

A discussion of methods of problem solutions, iIncluding
the experimental method, the method of models, the analytic ,
method, and the method of analogy. :

Jo Go. Glover and W, B, Corness, The Development of American
Industries (New York: Prentice-Hall, 1941}, !

Chapter 29, "The Shipbutlding and Shippina Industries”,
traces the history of the two iIndustries, discusses the
present-day situation with reaard to leaislation and present
and projected ships, and considers the industries' futures.

-

R, S. MacElwee, Ports and Terminal Facilities (2nd edition,
New York: McGraw-HI111, 1926),

An extensive study of the various methods of handling carqo
and of port-facillity desians,

G. Fo. Mott, A Survey of U,S, Ports (New York: Arco Publish-
ing Co., 19511},

Part 1, "Finishings and Conclusions,” contains a general

summary of economic role of ports, factors affecting trade
flow, intervening control factors, etc.

Part 11, "Evidence Measured and Weighed," is & more de-
tailed discussion of the above. It contains statistics on
trade of ports, wage and tax rates, etc,

Part 111l gives an account of 30 ports regarding trade
attractiveness, harbor uvtilization, ownership and operation,
commerce, and operational effectiveness, Contalns glossary
of port terminology.
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portation, Land Truck Lines," The Marine Digest, July 26,
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Discussion of the use of barqges In moving trailers,

The American Merchant Marine, The American Bureau of
Shipoing, April, 1943,

General information on the Merchant Marine, including data
on Imports and exports.

"Converslon of Two Plers Makes Modern Quay Type Factility,"
World Ports, February 1952, p, 18,

Discussion of a conversion of two piers into a8 quay type
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"Isthmian's Farrell Gear Experience,” Marine Engineering
and Shipping Review, October, 1951, pp, 67-70,

A description of the use of the Farrel! Improved Burtoning
Gear, ‘

Merchant Marine Statistics, 1952, U, S, Treasury Department,
Bureau of Customs, 1953,

Tonnage and other statistlcs on various commodities shipped
In 1952,

"Mystic Pier No, I," World Ports, Auqust, 1952, pp. 20-21,

Description of the design of Mystic Pler No. | iIn Boston.

"National Transportation Award," National Defense Transpor-
tation Journal, September-Cctober, 1950, po. |4-50,

A discussion of the Inventions of Capt, V.C, Farrel!l, which
include the Farre!l Coordinating Wing Decks and the Improved
Burtoning Cargo Gear.

Productivity Report on Frelght Handling (London: Anglo-
Amertican Council on Productivity, 1951,

Report on freight handling methods and equipment in the U,S.

"fhe Shipping Men,™" Fortune, March, 1949, pp, 99-134,

A discussion of the men who own and operate the Amerlican
shipping companies,
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APPEND I X o

FORMS AND THEIR UTILIZATION

Several of the following forms were developed especially
for this project to record data obtained from field observa-
ttons of actual cargo-handling operations; the others are com=-
monly vused In the work-sampling technique. The forms include
the following:

l. Facility Questionnaire

2, Process Chart

3. Work Sampling Observation Sheet |

4, VWork Sampling Observation Sheet I!I

5. Cycle Times Sheet

6. Tally Sheet ‘
7. Time Study Sheet

le Facility Questionnaire
The Facility Questionnaire (pages 66, 67 and 68) is used
for obtaining information concerning 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) 1Is the basic form for record-
Ing data on any sequence of operations, The symbols and the
test used In the Process Chart are s tandard 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;
fts main purpose Is to Indicate the number of obstacles the
transporting vehicle must clircumvent, the congestion It must
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pass through, and the places where 1t picks up and releases
its load,

3. Work Sampling Observation Sheet |
The Work Sampling Observation Sheet | (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 11!

The Work Sampling Observation Sheet 1l (page 71) Is sim-
iIlar to the Work Sampling Observation Sheet 1, but it Is de-
signed primarily for use with the hold cycle., It can also be

vsed for the shed cvcle.

S¢ 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, cen be studied. This
variation is to be studied by statistical technliques. The form
is designed so that as many as three independent cycles can be
studied simultaneously,

6, Tally Sheet
The Tally Sheet (page 73) is designed so that information

on the rate 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 loading rate.

7. Time Study Sheet
The Time Study Sheet (page 74) is a modificatlon of o
standard form used In conventional time-studies,

}
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FaciiTty

Operator Date By.

Nature of faclility (general description and/or sketeh)

Elements
1, Range of tide

2. Yeorly weather

Characteristics and dimensions of wharves

Wharf

Type

Leng th

Width

Apron width

Net cargo - 1

| area —d

No .,

Berth J
Length

Dock or slip
dimensgions

Water depth

No, of rallroag
tracks on \
apron

Location of
other trucks
on wharf
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Characteristics and
dimenstons of tramsit sheds,

Facliitty

Trans it shed

Outside
dimenslions

No, of decks

Helghts of
decks

otal ared ot
decks

Net vsable ares

Net vsable
volume

Max, floor load

No. and location
of doors

Door dimensions

Charecteristics and dimensions

of warehouses

Warehouse

Stories

Helght/s tory

Arec/sfory

Net uvsable ares

Net vsable
volume

Max, floor loads

Eleveator
copacities

Characteristics and dimensions

of outside storaege areas

Ares number

Ares (f’Q)

Distance from
. ARC00

Surface
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Facilitty b

Supply Faclilitles

Railroad
Departure or
Classification

yard

Receiving or Car-Storaqge
tracks

breakvp vard

map.sketeh or
?58:0 gcslgno-

ceapacilty
(cars)

Car working track,

Name Platform Width Length Covered length

Truck=lLoading and unioading factliities
Truck have access to:

Covered | Vidth of |Width of

Platform
Leng th length | rosdway turning aress

Name wid th

Description and uvse of handling equioment,
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CYCLE TIMES
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[ ; U.S. Naval Supply Research and Development Facility, Naval g
Supply Depot, Bayonne, N,),, 1952,

: An analysis of the procedures used In a Naval
i Supply Depot, especially in relatlonship to Increas-
Ing speed and efficiency,

Merchant Ma;lne Act, 1936, revised to January 12, 1951,
Washington, GPO, 1951,

Regulattons governing the Merchant Marine Industry,
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Merchant Marine Statistics, 1931-1936, U,S, Department of
Commerce, Bureau of Customs, GPO, 1036,

Import and export data, ship tonnage data for
the vears 1931-1936,

Merchant Marine Statistiecs, 1943, U,S, Treasury Department,
Bureau of Customs, GPO, 1944,

Tonnages and other statistics on various commodities
shipoed In 1943,

Monthly Newsletter (pertlodical), Bureav of Supplies and
Accounts, U.S, Navy,

Distributed to offlcers of the Supoly Corps for thelr
professional tnformattion,

Navy Handbook on Packing and Materials Handling - Packing,
Marking and lLoading Methods for Steel Products for Overseas
Shipment, U,S, Navy Department, Bureau of Suoplies and
Accounts, September, 1044,

Illustrations and specificatlions of subject material,

Navy Handbook on Packing and Materials Handling, Palletizing
for Overseas Shipment, NAVSANDA Publication No. 20, Navy
Department Bureau of Supolies and Accounts, 1044,

ITlustrations ancd specifications of subject material,
Including methods of shipment utilizing pallets.

Noavy Shipment Marking Handbook, Bureau of Supolies and Accounts,

NAVSANDA Pyblication No, 9, 1950,

Navy procedures for marking articles for shipment,
Written tn handbook form,

Navy Standard Storage Plan, GPO, 1948,

Manuval 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 1934 to the present,

Pacific Coast Marine Safety Code, Pacific Coast Marine Safety
Code Committee, 1940,

Paciflc Longshore Industry, 1934, U,S, Department of Labor,
Bureau of Labor Statistics, 1953,

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
T9467, Naval Ordnance Materials Handling Laboratory, U,S, «
Naval Ammunition Depot, Hingham, Mass, Lo

Materials handling and cargo handling tcchnlqués.

The Ports of Los Angeles and Long Beach, California, Corps
of Englineegs, U.5, Army, GPO, 47,

A description of the Los Angeles Harbor Area, fncluding
data on faclilitles and tonnages shipped.

Port Series No, 2, Corps of Engineers, U,S., Army, GPC, 1930, ?

A description of varlous U.S, ports, covering location,
facilities, volume of shipping handled.

Practices to be Followed in Unitt Load Shipments, Bureau of
Supplies and Accounts, NAVSANDA Publiication 57, 1945,

| Methods for processing commodities as unit loads per-
| tatning to Navy shipments,
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Principles of Stabllity in Shiploading, NavPers 91076,
Washington, Bureau of Naval Personnel, 1949,

A study of the physical princioles in the loading of
cargo ships, ship stabllity, cargo vessel characteristics,

A Problem In Programming: A Theoretical Analysis of the
Bayonne Naval Supply Depot, Loglistics Research Division,
U.S. Naval Supply Research and Development Faciltty, Naval
Supply Depot, Bayonne, N}J.

-

The development of a mathematical model of the NSD
at Bayonne, N,J., with special emphasis on the capacity
problem,
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Proceedings = American Merchant Marine Congress, vol, 17,
Propeller Club of the United States, 1951,

Arttcles on varlous aspects of the Merchant Marine.

Report of the President's Advisory Committee on the Merchant
[ Marine, GPO, 1947,

Safety In Longshore and Harbor Work, Committee on Education
and labor, House of Representatives, GPO, 191,
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b shoring with other occupations,
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Station Storage, Veterans Administration Manual MiI1-202,
September, 1950,

Manual of warehouse storage principles.

The Storage Picture, Defense Transport Administration,
September 5, 1052,

A survey of the public qgeneral merchandise and house-
ho!d qoods warehouses in the United States., The report
excludes port facilities, etc, Defines terms used in
warehousing,

Symposium on Linear lnequalities and Programming, Washington,
Planning Research Division, Director of Management Analysis
Service Comptroller, Headquarters U.,S, Alr Force, April 1,1952,

Papers presented at symposium, June 14-16, 1951,

Troade by Commodity, U.,S, Foreign Trade, Department of Commerce,
Bureau of the Census, 1951,

Trade by Commodity, U,S, Foreign Trade, Department of Commerce,
Buredu of the Census, 1953,

Monthly import and export fiqures by commodity,

Water Transportation, Stevedoring, and Stowing, War Depar tment
=381, July 1942, ’

Terminology, descriptions of cargo-handling eauipment,
r . tratning materials,

16th Census of the U,S, - Population Vol, IIl, Labor Force,
U.S. Department of Commerce, GPO, 1943,

Statistics on numbers of people Involved in waterfront
'Qbor .
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