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CHAPTER I

INTRODUCTION

The Definition and Importance of Materisls Handline

In order that the reader may understand the positive need
for materials handling equipment, he must be fully aware of
the value to modern soclety of the function of materials
handling as an integral part of physical distribution.

The dynamics of modern marketing places an increasing inme
portance on the physical distribution functions. The
population explosion, the resulting increase in numbers of
buying units, and the outward thrust of these groups fromn
the central parts of the cities into the burgeoning suburdbs,
has strained the ingenuity and ability of the distributive
agencies to keep pace, Production has demonstrated its
power to spew forth an infinite variety of consumer and
industrial goods in an ever-increasing stream, a stream
which has been met by demand backed by apparently limitless
bank accounts, stimulated by consumer oriented marketing
managers alded by motivational research specialists, The
problem of meeting the demands of America's consumers has
become one of physical distribution and physical distribu.
tion 1s an integral part of marketing. 1In the words of one
authority, "You can't really separate a company's physical

distribution system from its marketing system, except to



talk about it. The policles, goals, and strategles are
inter~related. The marketing department and the distribu~
tion departments ... work together and exchange information
to maximilze proflts.“1 The management of physical distribu=~
tion has received a larger and larger share of attention

from marketing men as competition has emphasized the need

for creating additional time and place utility.

The writer has chosen to concentrate on the specialized area
of materials handling equipment which bears the major burden
of the storage function of physical distribution. "Tradi-
tionally, product storage has been an important part of
economlc activity. Originally performed by consumers for
personal needs =- later this function was transferred to
retallers, wholesalers, and manufacturers."2 Another

source comments, "The primary purpose of storage is to ad=-
Just supply and demand through the creation of time utility.
Through storage, goods are made avallable at the time

needed and in the proper conditlon."3

l1Kkramer, Walter, "Physical Distribution and Marketing"

Handline and Shipping, vol. 13, Feb. 1964, Cleveland,
Ohlo; %ﬁe Industrial Publishing Corp., pp. 32=33.

2Smykay, Edward W., Bowersox, Donald J., and Mossman, Frank

H.y Physical Distribution Management, New York;
The ﬁc&IIIan COey 1931, P. 202,

3Ph111ps, Charlea F., and Duncan, Delbert J., 5th ed.,
Marketing, Princlples and Methods, Homewood, Illinois;
RIchard D. Irwin, Inc.s 190G; D» 667+




Another asuthority states, "All materials handling is trans-
portation and all transportation 1s materials handline, but
the latter refers usually to movement within a plant, mine,
warehouse and so f’ort:h."1 Another emphasis 12 given to the
problems of physical distribution by the stestement, An area
that represents the greatest drain on profits for United
States industry ... the handling snd dlstribution of goods
in warehouse, factory and mine.”z St111 another source 1is
quoted, "It has been sald today that the greatestoppor-
tunity for the reduction of industry costs ... lles in the
more economical hendling and transportinc of materials,

The continuous flow of goods 1is 1mportant."3 The fact that
the writer 1s concerned here with the equipment to be used
in the handline of materials, makes an understanding of the
concept of materials handling important to the reader.,

John R. Immer comments as follows: "Haterials handling 1is
the means by which the poal of sreater efficiency mey be
attained not only in industry but wherever materiasls must

be moved."“

Stocker, Merry E., laterials Randling, New York; Prenticee
Holl, 1043, by T

2‘I‘homas. Dena L., "Good for the Long Haul®,?arron's,vol.l3,
Sept. 9,1963,New Yorks Dow Jones COe.,iNMGs, Ds Je

3Be‘chel, Lawrence L. Atwater,Franklin P,,Smith, Georre, H.F.
and Stackman, Rarvey A., Jr., Indugtrinl Orsanization
and Manarement,New YorksMoGTraw=tlLll, 3rd €des1050sps 30%,
Tmmar, John R., Materinls HandAling, New VYorks: Mefranr-1ill,
19539 Pe3e - '




Immer defines materials handling as, "The preparation,
placinzg and positioning of materials to facilitate their
novement or storage,"1 It should be realized by the reader
now that the storage function can be efficient only if the
handling of goods within the storage area 1s efficlient and
that planning for the handling in advance of storage eases
the problem of movement in and out of storage. The value

to the industry of efficlient materials handling may be

more fully sensed from another statement, "From the stande
point of labor, improved methods of materials handling
offer the greatest prospects for higher wages and better
working éonditions.“2 And agailn, "The warehouse industry

1s based almost entirely on handling and storage of materie.
als. A change of 10% in handling costs ... to the warehouse,
may be a matter of 1ife or death. Materials handling now
requires specialized knowledse and there emerges the materi-
als handling engineer."3 (The writer points out that a
change in costs 1s reflected in Gross Profit and therefore

in Net Profit,)

Now that the reader 1s aware of the important place which
materials handling occupies in present day physiocal distri-
bution, the next step i1s to outline the historical growth
and development of materlals handling methods and equipment

in the succeeding section.

Trv1a, p. 3

2Ibld, pe §
3 8

Ibid, p.



A Brief History of Materlals Handling

One of the most interesting facts to be uncovered by the
student of materials handling 1s the early appearance in
history of equivment and methods to replace manpvower, and
the relatively rapid tempo of development during the past
fifty years.

The development of materials handling equipment nmay be
divided into three periods of time. The first period begins
with the earliest records found in ancient Britain, Greece,
Rome, and Peru and ends at 1900 A D¢ During these many
centuries, materials were moved by manpower with the assis-
tance of crude oranes, hoists and other 1lifting devices,
These mechanical means, however, were generally used only

when the objects were too heavy for manpower alone.

The second period covers the years 1900 A, Ds - 1940 A, D.
during which we find movement of materials being carried out
by mechaniocal means wherever possible in preference to man-
power, There is no absolute delineation between these
periods for there 1s an over-lapping due to the evolution of

mechanical devices,

The third period includes the years since 1940 because of
the rapid development of materials handling equipment as
the result of the need for speed in handling during

World War II and the carry-over into the post war years,



Period Prior to 1900 A. D.

The examples still to be seen of ancient materials handling
oapacity must include the Great Pyramids of Egypt, the
obelisks of both Egypt and RBome, and the Stonehenge in
England, where blocks of stone welghing eight to twelve tons
and standing fifteen feet high are thought to have been
moved over water by raft then over land by sledes In the
building of a pre-Inca temple near Cuzco, Peru, individual
stones of twenty tons were raised 2,000 feet from the valley

floor, probably, it 1s thought, by a series of canal locks.

The late President Nerbert C. Hoover and his wife, Lou H.
Hoover are responsible for the translation from the Latin
first edition, dating from 1546 or 1556, of a work titled
De Ra Wetallica, written by Georglus Agricolas This trans=-
lation was made and published privately in 1912, Althourh
. this translation has not been available to the writer, ex~
cerpts from this are found in later writings.. Reprints of
some of Agricola's, drawings, found in the work of

John R. Immer1

s 8ho¥ a hand windlass with a flywheel for
stability. This curious equipment was occasionally geared,
using manpower by means of a treadmill. Another device shows
water being raised from a mine by means of a chalin carrying
metal dippers with both the chain links and dippers removable

for replacement, -- the whole operated by manpower.

I1b44, chap. 2



5t111 another, reveals a suction pump and various types of
forece pumps, one being desecribed as a serles of balls of
horsehalilr with a sewn leather covering, fastened to a chain
at six foot intervals, drawn through a vertical pipe. The
chaln was then run over a 24 foot wheel powered by elther
man or horse on a treadmill, generating enough energy to
pull water from a depth of 210 feet. Other drawings show a
four wheeled wooden cart running on wooden rails, a wheelw
barrow and a jJib crane. Immer states that De Re Metallica
wag used as a standard text on metallurgy for 200 years.1
In 1770, Josiah Wedgewood is reported to have experimented
in England with a factory layout to improve materials
handling. In 1785, Thomas Jefferson reported from France
that muskets were being produced with inter-changzeable parts.,
Plctures reveal that in 1796 an Fnglish foundry used & Swing-
ing crane., %11 Yhitney, in 1800, was mass producing muskets

by means of a bench assembly line, the partially completed

firearms being passed from hand to hand,

Lewls Humford? refers to early German drawings reproduced by
courtesy of the "Deutsches Museum Munchen,® revealing a mine
interior utilizing a wooden ore cart bound with iron straps
and a rudimentary version of an automatic revolving screw

coal stoker.

1rmia

ZMumford, Lewls, Technics of Civilization, New Yorks
Harcourt, Brace % CO., 1930, Ds 1073,




Period 1900 -~ 1940

Beginning about the turn of the century, manpower was being
replaced by equipment; with production based on the use of
conveyorized machine or assembly line. Described by Lewls

1 18 the manufacture of wooden flat cars in 1890,

C. Oxd
each car made by a single gang of workmen, then the use of
separate gangs of workmen for each section of the car,
bringing higher output with reduced sosts of production ale
though accompanied by increased costs of materials handling.
At this time, nine hours constituted one work shift, seven
hours were required to complete one car and eleven cars
could be produced each day on six separate tracks.

Ralph C. Davis quotes T. B. Copley as stating, "Bethlehem
Steel, at the turn of the century moved pig iron by hand.
Investigation showed that workmen handling 92 1lbs. of pilg
iron can be under load only 43% of the time. Today, pig

iron 1s moved by modern oonveyors."2

Further reference to the use of manpower instead of mechani-
cal devices is commented on by Edward W, Smykay, "The re~
ported intermal operation of early warehouses i1llustrates
the general neglect of efficlency concepts. These ware=
houses received merchandise ... which was manually moved to

the storage area, ... then hand piled on the floor.

lord, Lewis C., Secrets of Industry, London; George Allen &
UnWln. Ltdo, Igﬁa, Pe .

2Copley, T« B., Fred W. Taylor, vole ii, p. 41, quoted in
Davis, Ralph C., Industrial %ﬁganization and Management,
New York; Harper & Bros., 19 PDs 1806-87.




Because of cheap labor rates, manpower was freely utilized
with 1little consideration of efficlency in space utiliza-

tion, work methods, or materials handllng."1

Finally, the point was reached, where, in May 1913, Henry
Ford used a continuous assembly line with the men remain-
ing in one place while the materials flowed past. The
Ford Motor Company established the first progressive
assembly line which was followed by numbers of other con-
veyor lines. During World War I, this method was widely
used, with fixed path equipment, and this remained the
main production technique until World War II. During the
1920s there was a conversion to conveyors and to parts
kits, both of which were used in several automobile plants
in the United States. In the 1930s these systems were
adopted by Standard Automoblle Company in England.

Period Post = 1940

Tne advent of World War II necessitated increased produc-

tion without regard for cost. Many plants invested in
materlials handling equipment and the economiecs of pro-
duction resulting continued this development into the post
war perlod. One form of materlals handling equipment which
had evolved from the Henry Foxd assembly line was the con-

veyor in a wide variety of types and forms. As a partial

1Smykay, op. cit., p. 203.
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explanation of the problems faced by materials handling
manifacturers in the post World War II period, the writer
refers to a recent article by Dana L. Thomas which offers
the following significant statement, "In the years before
World War II, materials handling came to be taken for
granted but management was more interested in high speed
production. Materlals handling as such added nothing
tangible to the value of goods sold +.. so we found it
increasingly difficult to induce businessmen to put money
into improving thelr conveyors, reminlsced a sales execu=
tive. This situation has changed. Soaring labor costs
and narrowing profit margins have forced business to take
another look at conveyors. The oritical sale of materlals
handling has been intensified by glant advances in automa-
tion. Now, computers are linked to storage and automatic
conveyors.Bl Further in the same article, Mr. Thomas
comments, "However, push button warehouses are unlikely to
mushroom until several difficulties are overcome. They
are costly, and once installed, hard to alter. They must
repay investment early, for they may become obsolete with-
in ten years. Moreover, selling the idea to labor unions
1s very difficult. Some experts forecast that, over the
next decade, the installation of automated systems could
cause the loss of 50,000 unskilled Jobs while creating
positions for 2,000 skilled analysts.“2

l1Thomas, ope oltey D+ 3o
21b1d, p. 5.
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In 1956, the rapid trend to automatic equipment was noted

in a remark by Lawrence L. Bethel, who stated, "Certainly,
the most significant trend in materials handling today 1s
that directed toward operatorless handling equipment and
systems."1 Today, in 1965, the materlals handling engl-
neer finds that there is almost no 1limit to his opportunity
to improve materlials handling methods in the average ware-
house. One recent development currently offered by a manue
facturer of industrial equipment 1s metal flooring for ware-
houses, trucks and rall cars within which alr 1s circulated,
forced upward through vents on contact with objects pushed
across its surface, the alr supporting heavy loads which can
be pushed by a man instead of being placed on wheeled
vehicles. The same company offers pallets (platforms), on
wnich loads are plled, the pallets having thelr own contalned

cushions of alr forced downward agalnst the floor.

One materlials handling equipment salesman remarked that most
warehouses are inefflclent because they have elther outgrown
thelr space and have not concentrated thelr efforts on hand-
ling large enough unit loads or they have thought they could
solve thelr problems by increasing space without increasing
thelir utilization of space. Another made the startling
comment that 1f warehousemen really tried to solve thelr

problems effectively, the materials handling salesman would

TBethel, et al, ODs cit.’ P. 3120
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be out of business because direct shipments from manu=-
facturers to users would eliminate the need for a great

deal of warehousing.

Having given the reader a brief history of the growth and
development of materials handling methods and equipment,
in the following section the writer will suggest a set of
sound principles to gulde those who are responsible for

the solving of materials handling problems.

Principles of Materlals Handling

It 18 important to establish principles governing the
solving of materials handling problems in order to think
clearly about the different areas of problems and to cone
centrate attention on each one separately. As one author-
ity states, "These principles provide a convenient frame-
work for the mass of information, examples, techniques
and methods, also serve as a test of the values of these
examples."1 The principles seem to fall naturally into
four major olassifioations, the first three of which will
be discussed here. These classifications are,

Principles of Planning

Principles of Operating

Principles of Equipment

Prinoiples of Costing

1Immer, op. c¢lt., Chap. 3.



13

The last of these principles, Costing, will not be discussed
in this paper because it involves so many variables which
are unrelated to the acstual application of equipment to a
specifio materials handling problem. For example, the
purchase of equipment will be partly governed by the amount
of money avallable even though the cost of the best equlp-
ment for the purpose may exceed the budget. Sinece informa-
tion of this kind could not be made avallable the question

of cost of equipment was omitted from this4paper.

Principles of Planning

Outlined below are some acceptable principles concerning

the planning of materials handling functions.

1, It is important to plan for the over-all economy of
handling materials. Maximum economy in handling
materials 1s obtalned by reducing the terminal time
(walting time) of equipment to the minimum. Walting
time is lost time. "Greater economy 1s obtalned as
the ratlio of equipment investment to units of
materials handled 1s reduoed."1 For this reason,
power units should be separate from load carrying
units in order that one may be moving while the other
is being loaded or unloaded. If the power has to
walt for the loading, time and money are lost.

1Stocker, ops citey Pe 74



2.

3.

4.

6.
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It is important to sell to the staff the philosophy
of materials handling. Everyone must be made aware
that not only is walting time lost time, as stated in
the preceding paragraphy but that every unnecessary
movement adds to the cost of production. Carefully

planned motion should be the objective.

Warehouse layout should be studied continuously in

oxder to reduce handling.

Responsibility for materials handling should be dele-
gated to one person so that the problems of production
or storage willl not interfere with the objective analye

sis of the problems of materials handling.

In the storage of materials it 1s important to utilize
fully all three dimensions 1n space, namely, depth,
width, and helght. For example, the full utilization
of vertical space may eliminate the obstruction of one
row of materlal by a second row, reducing the need for
lateral space and lateral movement thereby reducing the

time required for movement.

Live storage must be utilized: By this 1s meant having

goods in motion on equipment which is filling a necessary

movement funotion to facilitate handling. For example,
the amount of goods in motion on conveyors or assembly
lines reduces the amount of handling time needed and

increases storage space avallable.
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Principles of Operating

The following paragraphs set forth eleven principles governe
ing the operation of materials handling funotions.
1. Productivity is increased as working conditlons provide

safegsuards for the health of the workmen.

2. Efficilent handling i1s safe handling. Accidents through

carelessness reduce production and increase costs.

3. Productivity of men 1s increased as fatigue 1s reduced
by the use of mechanical equipment and other alds to the

reduction of fatigue.

4. Work should be planned to avold re-handling. This re=-
quires an analysis of the flow of materials into storage,
time in storage, and removal from storage, starting with
the receliving platform and ending with the delivery plat-

form.

5. Econony is obtalned as the size of the load unit handled
1s increased with the use of mechanical equipment. This
is true whether the package handled 1s prepared by the
shipper or made up by the warehouse. Thus, the unltized

load"becomes important.

6. HMake use of gravity wherever possible in the movement

of materials.

7. Where gravity 1s not sufficient, use mechanical means for

moving materials.



16

8. Productivity of equipment 1s increased 1f repalrs and
replacements are anticipated and schedules and proce~

dures are established for the malntenance of equipment.

9. The unit expense of materlals handling increases as the
quantity to be transported exceeds the capaclty of the

plant .

10, Economy in handling materials 1s obtalned Af they are
moved in a straight line.

11, The determination of the best practice under particular

conditions 1s necessary to maximum economy.

Principles of Equipment

In the succeeding paragraphs, the writer has stated a number
of principles to govern the selection and use of materlals
handling equipment.

1. Economy in materials handling is obtalned by the use of
mechanlcal equipment for handling heavy units of
materials. Thus, the use of alr or vertical space be~
comes a way of utilizing heavy equipment to conserve
space while handling larger unit loads, reducing move-
ment of materlals, increasing the speed of handling

and reducing the use of manpower.



2.

3.

b,

5.

17

Select the proper equipment for a particular job.

Each plece of equipment has both specific uses and
general uses but none is sulted to all jobs. It is
necessary to kxnow the advantages and the limitations

of each plece of equipment, the materials it can handle
and i1ts operating characteristics and ablilities.
Equipment not suited to the Job in hand may be elimi~
nated in the beginning.

It 1s important to select equipment and to use methods
which are flexible in use and application because to

do so 1s economical. Thus, as examples to 1llustrate,

a swing boom may be preferable to a rigid boom because
it can cover a wider area thereby solving more than

one problemy or a fork 1ift truck with a pallet (plat-
form) may be superior to a hand 1ift with a skid because
it will 1ift more pounds of materials to greater helghts

in a shorter time.

It 1s important to integrate equipment into the
materials handling system of the plant.

As the dead welght of equipment 1s reduced in relation
to the load carried,y, unit costs of equipment and main-

tenance are reduced.
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6. It is important to cooxdinate the operation of
materials handling equipment, to synchronize men

and equipment.

7« BReduce the terminal time of power units, -« plan

thelr use to keep them working.

Summarx

In this chapter the importance of the place which materials
handling occupies in the area of physical distribution has
been explained. Thls has been followed by a brief histori-
cal sketch of the development and growth of materlals
handling methods and équipment together with a set of princi=-
ples to gulde the planning, operation; and use of equipment

necessary in carrying out the materials handling functions.

In Chapter II, which follows, an attempt is made to enlarge
the understanding of the reader by discussing the factors
which enter 1nfo the selection of materials handling equip~

ment.



CHAPTER II

FACTORS IN SELECTION OF
MATERIALS HANDLING EQUIPMENT

Analxsis of Materlals Movement

The first step in the selection of equipment is to analyze
the requirements of the business in order to form an ideal
pattern for the movement of materials from the point of
recelving to the point of shipping. This analysis should
include the following three factors:

1. The path the materlals will follow and the

areas of the warehouse involved.

2. The methods to be employed in handling the
materlals and the preparations necessary for

handling.
3+ The equipment to be used.

Path Materials Will Follow

With respect to the first factor, one source has stated,
"In planning a materlals handling operation, the objective
1s to determine how to transport in the shortest possible
time with the least expenditure of money and energy so as

to obtaln the maximum productive efficiency.“1

13tocker, Harry E., Materials Handling, New York;
Prentice-Hall, Inc., 1943, p. 1.

19
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It is appropriate to refer here to one of the Principles

of Operating, stated on page 16, "Economy in handling
materials is obtalned if they are moved in a straight
line." The modern and efflcilent warehouse manager or
materials handling engineer will design his layout so that
each unit of material will be moved only once into storage
and once out of storage. One of the Principles of Planning
to be found on page 1%, states, "Warehouse layout should

be studied continuously in order to reduce handling." To
do this would probably require a series of flow charts.

If materials are to be divided and distributed at once,
they may be moved directly to a distribution area as close
as possible to the shipping platform without being placed
into storage. Re-handling of materials adds time and labor
to the costs. Agaln, refer to one of the Prinociples of
Operating on page 15, "Work should be planned to avoild ree
handling."

Warehouse areas are generally classifled into three or more
divisions based on the time that the materlals are expected
to be in storage. For convenience, speed, and economy of
handling, fast moving goods ¥%lll be assigned one area,
slower moving goods a second area, and so forth. Goods
expected to be 1n storage without movement for more than a
brief time are separated from the others. The fastest

moving goods generally will be placed nearest to the shipping
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department and the distance of the others from the shipping
department will be proportionate to their decreasing rate

of shipment, considering, however, factors of load unit,
welght and size. The reason for this 1s that the fastest
load carrying equipment is severely limited in load capacity,
therefore, 4t may be utlilized most economically when speed
of movement due to frequency of movement, 18 more important

than size or welght of load.

Slow moving equipment with large capacity may be utilized
most fully when speed is not ﬁhe first issue. Since move=
ment into storage generally occurs with less frequency but
in larger volume of car load lots than removal from storage
of case loads, the storage placement factor calls for care-

ful study.

Methods to be Employed
The second factor to be considered 1s that of methods to be

employed in the movement of materials. It is fitting to re=
fer to one of the Princlples of Operating and quote from
page 154 "Productivity of men 1s increased as fatigue 1s
reduced by the use of mechanical equipment and other alds

to the reduction of fatigue." And a second principle,

"make use of gravity wherever pessible in the movement of

materials."

In keeping with these principles quoted mechanical means
of moving goods wlll be used wherever possible with gravity
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recelving first consideration, and as few men as possible
will be utilized. It will be necessary to plan and prepare
the receiving platform to provide space for the quantities
of goods to be anticipated and to select the methods which
will result in the handling of large unit loads in the short-
est possible time with the least effort. Each area of the
warehouse willl be planned with the following objectives in
mind: prepare to handle the largest possible quantities in
the smallest possible space, moving materials the shortest
possible distance with the smallest possible expernditure of

manpowers

Eaquipment to be Used

The third factor to be considered 1s that of equipment to be
used. On page 15 1s stated the following Principle of
Operating: “Economy is obtained as the size of the load
unit handled is increased with the use of mechanical equipe
ment. This is true whether the package handled 1s prepared
by the shipper or made up by the warshouse. Thus, the
unitized load becomes important.”

Plans should be made for equipment which can handle large
unit loads, to move goods without power dbut by gravity
wherever possible, to utilize vertical space for storage
and equipment which can 1lift heavy loads to great heights,
Based on the Principle of Equipment found on page 17, "It
is important to select equipment and to use methods which

are flexible in use and application because to do so



23

1s eoconomiocal®, the decislon should be made to select that
which has a wide range of uses. Thus, the decision might
be made to use a fork lift truck with a high load capacity,
with a telescoping mast to reach 18 feet in the alr and a
variety of attachments so that it could handle boxes, bales,
bags, rolls of paper or carpet as well as a multitude of
other materials, moving in and out of rall cars or trucks

and placing in or removing from storage.

Having analyzed briefly, in this section, the basic problems
involved in the movement of materials, the succeeding section
discusses the factors to be considered in the choosing of

specific types of equipment.

Detexrmination of Cholce

ggeoific gxpes of Eguinment

Materlal to be Moved

One of the first considerations must be the general charac-
teristics of the material to be moved. Materlals may be
divided into bulk goods and packaged goods for the purpose
of the discussion. Bulk materials such as coal, lumber,
furniture, llquids and soft substances, including grains,
which would be handled in c¢ar load lots, may be classified
or divided by the amount or quantity to be moved, the size
of the object or unit load, and the flow-ablility of the
material.
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Packaged goods, including crates, cases, cartons, bozes,
barrels, bags and rolls, may be classifled by welght, size,

shape and the strength of the contalner.

A second consideration willl be the physical state of the
material. By this is meant the fragility or durability of
the material. With respect to the bulk goods, the shape and
hardness of the particles and possibility of damage to the
shape should be considered. Conslidered also should be the
possible effect of atmospheric conditions, such as dust,

temperature, moisture and the need for protection from those

elements.

Other considerations may be, possible chemical action, such
as corrosion of metal, damage to palnted or polished sur-
faces, fire hazards from spontaneous combustion of coal or
grain. Here also, must be protection from changes in temper-
ature and molsture conditlions. Perishable goods will require

special protection from many of these hazards.

Speclalized equipment will be needed to handle quantities of
small contaliners, small or large crated or cased goods,
cylindrical objJects, perhaps light but cumbersome or heavy
and compact, irregular shaped objects, round, square or flat

objects.

Having discussed the problems of the nature of the materials
themselves, problems revolving around the materials flow are

discussed in the succeeding section.
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Nature of the Operation

There are six factors worthy of consideration, all of them
concerned with the movement or flow of materials, which are
discussed in the succeeding paragraphs. The six factors are:

1. The relative permanency of the operating problem
"~ to be solved.
2. The sequence of the operatlions.
3. The volume of production to be handled.
4, The continuous or intermittent flow of the materials.
5. The nature and extent of the movement of the
materials.
6. The distance the materials are to be moved.

Relative Permanence of Problem
The first factor is the relative permanency of the operating

problem to be solved. If a materials movement path is a
permanent one, fixed path equipment may be installed. Under
this classification are included, elevators, hoists, and
fixed conveyors of all types. A temporary or changing prob¥
lem, however, does not Justify the expense of permanent
equipment but calls instead for flexible use and perhaps
portable equipment which may be set up and moved quickly.
Segﬁenceygg the Operations

The second factor concerns the sequence of the operations.
Where the flow of work involves a pre-determined series of
movements, the materlals will flow in a fixed path. The
cholce of equipment to support the flow of materials will
be determined by the plant layout, which may have to be
preceded by a methods and flow study handled by competent

materials handling engineers.
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Volume of Productlon to be Handled

The third factor is the volume of production to be handled.
Heavy, bulky, or awkwardly shaped materials resulting in a
slow movement, will call for a different type of equipment
from that needed for small, easily handled goods, The con=-
cerns here are with the welght, size, and capacity of the

equipment.

Continuous or Intermittent Flow

The fourth factor 1s whether the flow of materials 1is
continuous or intermittent. A constant flow will require a
different type of equlipment from a varylng or intermittent
flow. This difference 1s partly the result of the rate or
speed of flow as well as the sequence of operations but
needs to be consldered separately. A continuous flow 1s
more likely to use fixed path equipment although non-fixed
equipment may be set up if properly scheduled to sult the
flow of materlals. Equipment may be operated continuously
or intermittently to adapt to production requirements. The
normal requirements of general merchandise warehouses pre-

sent intermittent flow problems for the most part.

Nature and Extent of Materials Movement

The fifth factor concerns the nature and extent of the move-
ment of materials. The first consideration here, must be

how the goods are to be moved, whether by manmial or mechani-
cal means, whether by gravity or power equipment. The next

step 1s to consider in what direction the materials are to
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be moved. The final step 1s to determine whether the
materials are to be moved horizontally, verticallys or by a
combination of these movements. It will be found that strict
vertical movement has a higher cost factor on account of
technlcal complexity and cost of equipment and load factors.
In addition, most vertical movement 1s needed only inter-
mittently which increases the cost per unit of materials
handled. It 1s well to point out here that some equipment
normally used for horizontal movement may be easlly adapted
to situations where inclined movement wlll eliminate the

need for and expense of vertical movement.

Distance Materlals are to be Moved

The sixth factor i1s the distance that materlals are to be
moved. Here it should be kept in mind that time is money
and that the'objectives of sound practice should be to move
the largest possible loads the shortest possible distance
in the shortest possible time. It wlll be meade clear in a
latex section of thils paper that some types of power equip-
ment are better sulted to the transport of large quantities
of goods over longer distances than other types. The ‘'down'
time of expensive power equipment, meaning the time during
which it 1s not in motion to move a load, 1s wasted time.
For thils reason, the use of powered but also load carrying
equipment must be limited to relatively short runs in order

to reduce to a minimum its non-productive time. For this
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reasony, it i1s important to operate powered, load carrying
equlpment with full capaclty loads within relatively short
distances and replace this equipment with other types for

longer distances.

The next step in thls discussion i1s to consider the problems

of plant facilitles.

Plant Facllities

Structural Problems

The selectlon of equipment is frequently restricted by the
inefflclencles presented by the bullding in which materilals
are to be handled. The obsolescence factor 1s one of the
most common, for such rapild changes have taken place in the
development of materials handling that bullding construction
has fallen far behind. Harry E. Stocker remarks, "Some
industrial structures have actually been obsolete in certain
operating particulars the day they were completed, owlng to
lack of thoroughness in studying requirements for the most
economlcal handling of materials."1 Another major problem
1s the age-0ld one of attempting to adapt a structure built
for one purpose to another purpose. Modifications of old
structures may be made, often, however, at great expense.
Factors such as the locatlon, load capacity, speed, and
number of elevators and holsts in a multi-floored bullding
furnish one example of a serious problem due to the expense

of changing.

1stocker, op. oit., p. 211.
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Moors and Cellings

Congtruction characteristiocs offer a problem with respect to
the load bearing capaclty of floors. For example, a ware-
house might be prevented from using 1ts vertlcal space for
ralsing its storage level by an insufficient floor load
capacity. Akin to the problem of floor load is that of
celling load. Overhead conveyors, suspended from the cell=-
ing, require inherent strength in the celling supports.
General merchandlse warehouses normally use only light
welght overhead oconveyors so that this 1s not often a
problem for this group. The floor and ceiling load problems

are combined into one for a multi-floored warehouse.,

Lack of sufficlent celling height may be a problem by limite
ing the warehouse ablility to utillize vertical space for
additional storage even when the floor supports allow the
added weight. One warehouse, seen by the writer in Richmond,
solved the problem of floor load by suspending a mezzanine
from the celling. The problem of 1lifting loads to meZzanine
helght was solved by the use of a portable powered holst set
in a fixed position.

Columns supporting the celiling of a warehouse may be found
to be spaced awkwardly for the desired width of alsles, walls
may lnterfere with space planning, doors may be too narrow or

theilr helght may be too low for load carrying equipment.
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Another often seen failure of planning even in new bulldings
is to find the level of the floor of the recelving and de~
livery platforms too low or too high for the floor of the .
average truck. Equlpment is avallable to meet this situation
in the form of ramps, called dock boards or dock plates, both
fixed and portable ms well as manual or power operated.

Added equipment means added expense which good planning could
have lessened, if not eliminated. Those buslnesses which
have found 1t advisable or necessary to continue the occu-
pancy of old bulldings as well as to spread wlth growth into
ad jolning old buildings, usually find that each bullding has
1ts owm floor level. The different floor levels create a
problem for load carrying truoks, which problem may be

partially solved by ramp construoction.

A problem of conslderable consequence 1s the texture of the
floor surface. A rough surface 1s hard on trucks. Con-
versely, soft floors may be injJured by the trucks. To solve
these problems, truck tlres may be made of metal, wood,
solid rubber or pneumatic alr-filled to sult the floor sur-

facc, exlsting or planned.

Nunber of Levels

Posslbly the source of the greatest number of plant facllity
problems arlses from the square foot size of the warehouse
and whether 1t is a2 single or multi-level warehouse. A

warehouse on one level wlll reduce the need for high vertical
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1ifting. Many warehouses, however, are located in congested
areas where suffiolent lateral space 1s very expensive and
possibly unavailable at any price. Each situation presents
its own problems. The large, one-~floor facllity faces the
question of how to reduce the travel time of power equipment
and the multi-level warehousey, how to overcome the bottleneck
end offset the expense of vertical intermittent flow. One of
Rlichmond's largest soft goods warehouses is planning a bulld-
ing program to double its space this year in a five story
downtown bullding, sacrifiocing operating ease to convenlence

of location.

Platforms

One final note about plant facilities must be added, name=-
ly, the importance of suffielient platform space for un-
loading and loading of trucks and rall cars. Off street
facllities for trucks should be provided wherever possible,
with platform space to allow simultaneous handling of as
many vehlcles as are normally plenned for at any one time.
To do so this usually calls for a long platform set at

truck floor level. Ideally, the platform should be en-
closed to protect goods from weather condlitions, preserve
heat 1n the warehouse and provide comfort for the warehouse
personmnel. A warehouse built to the street line may cut into
1ts storage space on a diagonal to provide platform area and
to conserve spases. A warehouse with extremely limited space

is faced with a difficult truck scheduling problem to avold
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traffic congestion. Provision for a rall siding may be
necessary with the same platform problem as with trucks, to
allow for easy and rapld access to more than ‘one car at a
time within the bullding in order to reduce handling charges

and to offer protection.

Equipment, then, must be selected which will not be too
large for restricted space in alsles, on elevators and of
door openings nor too heavy for weak floors or cellings or
elevators but still be able to handle the required volume of
production with the least expenditure of manpower and time

without damage to goods or property.

James M. Moore sets forth the objective of plant layout by
stating, "The objectives are to reduce costs by decreasing
inventory costs, utilizing space, and increasing productive
1tys to reduce waste by eliminating danger to material during
handling and by being flexible to meet specific handling re-
quirements; to 1nofease productive capacity by increasing
productivity per man hour, increasing machine productivity
through reduction of *down' time, smoothing out the work flow
and improving production control; finally, to improve distri-
bution by decreasing damage to the product, by improving
routing, location of storage and increasing the efficlency

of receiving and shipping.“1

14oore, James M., Plant layout and Design, New York; The
MecMillan Company, 1962, pp. 305«25.
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From the problems revolving around plant facilities, this

discussion moves on to the questions of equipment use.
Use Factors

"The materials handling engineexr must mechanlze a movement

of goods operation with the objlectives of,

(1) minimizing handling thereby providing increased pro-
tection for the material,

(2) developing speed in the movement of goods by obtalne
ing maximum unit loads, also by keeping equipment
working constantly at maximum potential, and by

(3) obtaining the maximum use of warehouse space and
transportation equipment as well as selecting the
most guitable materials handling equipment for the
Job."

The quotation above covers a broad field of problems from
which may be selected certaln ones for emphasis to which may
be added others of equal importance.

Protection of Material

Protection of the material to be moved by handling as 1little
as possible requires the selection of equipment which will
handle large unit loads with care for the nature of the
material and type of contalner. Selection could profitably
be preceded by a flow study to insure that materlals are
moved directly to thelr objectives as pointed out in a pre-

vious section of this paper.

Tco1lton, Hichard C. and Ward, Edmund S. of Traffic Service
Corp.s Practical Handbook of Industrial Traffic Manage-
ment,arev.,Baltlmore, Md.; Lord Baltimore Press, 1959,
p. 128.
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Speed in Movement

Speed in the movement of goods, meaning the correst speed
for the type of materials and the demands of production,
wlll require equipment capable of handling large quantitiles
of goods on schedules of constant flow.‘ It is fitting to
réfer here to a Principle of Operating mentioned on page 15
to be reminded that, "Work should be planned to avoid re-~
handling," and to the Principle of Equipment on page 18,
"Reduce the terminal time of power units, we« plan thelr

use to keep them working.®

Safety Factors

Safety is a factor which must be considered as equal in im~
portance to the others. Speed wilthout safety is of small
value. Safety must be thought of as involving several as-
pects, first, safety to the materlals handled, second safe=-
ty to the operator of the equipment, and, thixd, safety to
other persons who may come into contact with the equipment.
Mechanized equipment is consldered by the materlals handling
experts to be safer for personnel than manual equipment, al-
though 1t 1s pointed out that any injuries resulting are apt

to be of greater severity.

Noise Factors

The problem of nolse from equipment must enter into any
planning. In general merchandise warehouses, nolse 1s a less
significant factor than in manufacturing plants, but every
plece of moving apparatus creates nolse which produces fa-

tligue among persommel. Muchlms been done by equipment



manufacturers to reduce the noise level by developing and
installing ball bearing axles on wheeled trucks and on cone
veyors of all types and rubber tires on mobile equipment.
Motor nolse has been reduced by the use of electric motors
in place of gasoline or dilesel fueled motors. Anyone who
has been in an enclosed space with belt conveyors has been
conscious of the rumble from the friction of the belt on the
power or gulding rollers. The modern electric powered fork
1ift truck of 5,000 1lb. capacity, however, moves with only a

swish to indicate 1ts presence.

Fume Factors

The problem of fumes from industrial equipment has furnished
the industrial engineer with a challenge. Gasoline and
diesel powered trucks may be used without concern in oute
door handling areas but in enclosed areas, electric motors
have replaced them almost exclusively. Obviously, the elim=~
ination of noise and fumes has, however, added the mainten=
ance problem of battery re-charging which needs to be done
daily in an active warehouse. Iiquid propane gas fuel is
currently used in some warehouses as a compromise between
the noise and fumes of gasoline and diesel and the need for
re-charging batteries.

Flexibility An Use
Flexibility in use of equipment furnishes an opportunity to

save operating expense. Among the Principles of Equipment
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on page 17, 1s stated; "It is important to select equipment
and to use methods whish are flexible in use and appliocation,
becauge to do so is economiocal«" Actually, gasoline powered
equipment is more flexible than the electric because it can
be used in a greater variety of places although a problem in-
doors. The fork 1ift truck 1s more flexible than the simple
11t truck because there are so many attashments available
which allow it to handle a great variety of materials. A
ocrane with a swing boom is more .flexible than one with a
fixed boom. Another example 1s a tractor equipped with a
roller in front to push heavy reels of wire. To achleve
maximum flexibility, 1t is advisable to provide equipment
with capaclty to handle loads ranging from the average mini-

mum to average maximum.

Reliabillity Factor

Finally, the factor of reliability must be considered. Reli-
abllity 1s dependent upon proper maintenance but also on
durabllity to minimize the amount of malntenance necessary
thereby keeping the equipment in use for longer perliods of
time. Acocoxding to a survey made by the magazine Industry
and Power in 1940, reliability governs the selection of equip-
ment in 66% of all plants.t

1immer, John R., Haterials Handling, New York; MoGraw-H1ll
Book Company, Ino., 1953, Chap. 7.
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Before leaving the consideration of equipment selection

factors, 1t is fitting to examine briefly the problems of

equipment costs,

Cost Conslderations

Althougzh the writer has not undertaken to discuss in detail

the cost factors of equipment selection, it is fitting to

point out the areas which might be included in such a study.

i.

2e

3.

I,

First, there is the decision regarding initisl
cost since there are generally several types of
equirment avallable for any purpose. Included
in the initial cost will be that of the equip-
ment and installation, gllowance for time lost
during installation and the probable lower pro-
duction until workmen become accustomed to the

new equipment.

Second, 18 the rate of depreclation and ob-
solescence. In the case of pallets, for example,
purchasers have a choloce between wood and steel,
balancing initial cost against cost of mainten=-

ance and depreclation.

Third, 1s the factor of operating costs related
to use and production, such as fuel and labor,
maintenance, repailrs, replacements, and cost or

savings due to damage.

Fourth, is the factor of equipment unit load



38

carrying power, speed in relation to load and

the saving of manpower.

5. Some other cost consliderations must include taxes
as well as the flnanclal position of the business
together with the competitive pressures of its
position in the industry and business community.

6. All cost determinations should be based on the con=-
cept of present values of the investment covering

the life expectancy of the equipment.

Any statement regarding the conslideration of equlpment costs
should include a reminder to the reader that the acquisition
costs of equipment constitute fixed costs which will show a
reduction per unit load of materlals handled as production
increases. The varlable costs incldental to the use of
equipment will, in turn, increase per unit load handled.
Thus, the determination of a break even point for any plece
of equipment would ald in determining its economy in a

particular materials handling situation.

In the final analysis, ﬁhe establishment of a continued
strong materials handling improvement program 1s a basic

responsibillity of management.

Summagg

In this second chapter, some important factors to be given
consideration in the selection of materlials handling equip-

ment have been reviewed and discussed. Following a brief



analysls of the directions of materlals movement, the rcader
has been introduced to the problems based on the differences
betwean typnes of nmaterlals, next, the six factors of, the
permanencey the sequence, the volume, the continuity, and
the method and dlstance of materials movement. From that
point, the chapter presented some of the problems involved
in the physical facllitles of the warehouse, & discussioﬁ

of the‘problems surrounding the use of the equlpment itself,
endy Tinally, some reminders with respect to the factors of

costse.

The succeeding chapter presents the major clazslfications
of fixed path equipment together with the use applicatlions
of specific types of equlpment falling into these classi=

fications.



CHAPTER III

CLASSIFICATION AND APPLICATION
FIXED PATH EQUIPMENT

Introduction

Authors differ in thelr methods of classifylng materials
handling equipment so that thls wrliter has chosen to com-
bine the ideas of four sources1 in the way he feels willl be °

most expressive of the functions of the equipment.

Equlpment may be divided generally into the three follouing
distinct classiflcations:

1, Fixed Path Equipment

2. HNMoblle or Non-Fixed Path Equlpment

3. Mlscellaneous Warehouse Equipment
Thlis chapter will be confined to the presentatlion of the
first classiflcation and the succeeding chapter wlll present
the second and thlxrd classifilcatlons. Fixed path equlipment
is a term appllied to materials handling equipment which is
set into position in order to accomplish a specific Job.

1General Service Administration, Federal Supply Service,
-Warehouse Operator's Handbook, Washington, D. C.3 U. S.
Government Printing Office, 1958.
Immer, John R., Materlals Handling, New York; McGraw-H11ll
Book Company, Inc., 1953, Chaps. 8«12,
Moore, James ., Plant Layout and Design, New York; The
licMillan Co.y Inc., 1962, Chap. 14,

Reed, Ruddell, Jr., Plant Layout, Homewood, Ill.; Richard
D. Imin, 1961, Chaps‘ 8, 9, 10,

Lo
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The position may be a permanent one or it may be a temporary

position filled by a portable unit of equlpment.

The path followed in the movement of materials may be hori-
zontal, vertical or a combination of both. The route taken
in the movement may be underground, on the surface or over-
head or combinations of these. The movement itself may be

continuous, intermittent, regular or irregular. The equip=-
ment may be classifled as covering a wlde area or a limlted

area.

Each of these sub-divisions of equipment will be presented
in this chapter with a description and explanation of the
speceific types of equipment included.

Horizontal Movement

Conveyors

Conveyors furnish one of the most flexible and valuable
methods of moving materials because of the great variety of
types of equlipment avallable and the application of this
method to so many different kinds of materials. Technlcally,
a conveyor is an unattended mechanlcal device used for trans-
porting materials from one point to another, faster and more
efficiently than men could do it. "Dollar for dollar, con=

veyors often show & higher return on capital investment than
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other forms of statlionary mechanization."1

There is a type of conveyor avallable for any material in
any form to move it any direction and in almost any quantity.
One great advantage of the conveyor 1s the large quantitles
of materials 1t willl hold in temporary storage. This form

of storage is often referred to as *'live' storage.

Conveyor equipment must be planned with great care and talle
ored to fit the precise need. The bibllography of thils paper
lists the names of some of the most important manufacturers
of conveyor equipment from which the wrlter obtailned valuable
information. Since the writer has confined himself to equlp-
ment partlicularly suited to general merchandlse warehouses,

the digcussion herein will be limited to this area of use.

Gravity Conveyors
One of the Princlples of Operating on page 15, states, "Make

use of gravity whenever posslible in the movement of
materials.” It is obvious that the use of gravity eliminates

the need for the use of power and 1sy4 therefore, economical.

Gravity conveyors are generally found in the three following

forms:
1., Rollers
2. ©Skate wheels
3. Plpe rall

1Small Business Administration, Technlcal Alds for Small
Manufacturers, Ho. 63, WashIngton, D. C.; U. 8.
Government Printing Office, 1958, p. 1.
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The first form utilizes cyclindrical rollers which may be

set between rigid frames on elther horizontal or inclined
planes. A second form utilizes skate wheels on roller
bearings set within rigid frames. The third form of gravi-
ty conveyor 1s a simple iron pipe which may be suspended over-
head from ceiling supports or supported by uprights from

the floor.

Both the first and second forms of conveyors are often seen
set into the tops of work tables, as in the Recelving De-
partment where the packages are opened and checked. (see
figure 1) Another common use for these forms of gravity
roller 1s to move materials for long stretches between work
locations with gravity sections of conveyors linked at in-
tervals with powered units, to ralse materlals to a higher
level at which point gravity agaln takes over. The rigidi-
ty of the material moved must be considered in using these
types of conveyors, since the material rests on the surface
of the rollers or wheels. For this reason, these will be

seen used for all sizes and shapes of packaged goods.

Any material which can be suspended from a hook may be

moved over a plpe conveyor (see figure 2). All the conveyors
may be of different widths, with or without sides, depending
upon the degree of guldance required to keep the material on

the conveyor. These conveyors may be stralght or curved.
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Powe;gd COnvexors

Powered conveyors open a much wider range of use than the
gravity forms because they are not restricted to short
distances or to form of material. The roller (see figure 3),
"and skate wheel types are often powered to achleve greater
distances than gravity allows, with the power furnished by

‘a belt in contact with theilr under surfaces. The powered
conveyor offers the benefit of being able to stop 1t easlly
without friction thus creating less possibility of demage to

‘the material being moved.

So0lld surfaced belts are in common use with flat surfaces
for packaged goods or V-shaped, forming a trough, for moving
bulky, loose material. The belt is supported on the under
slde by rollers or wheels. The solild surface of the belt

is ideal for moving small items or delicate items which
would not move safely on rollers or wheel surfaces. A belt
conveyor may be openy with or without sides, or enclosed, if
the material is a type which would be injured by exposure or
create dust. The belt may also be resting on springs when

heavy material 1s being moved.

The so0lid belt conveyor has one advantage over some of the
other types in that it 1s easy to divert paokﬁgﬁs from the
conveyor by mechanical means. The belt is considered par-
ticularly good for large quantlties of materials at speeds
from 2 to 200 feet a minute. The belt may be one-way or

two-way.
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Another form of conveyor utilizes wooden slats fixed between
parallel chains. This type 1s used particularly for moving
heavy and bulky packaged goods. In the constant movement

of packaged goods, the apron conveyor is often used. ' This
conveyor 1s foxmed by a serles of overlapping metal plates,
valuable because 1t 1s flexible enough to move around curves
elthexr laterslly or vertically. The apron conveyor is most
useful in the handling of small items during the process of
production and, therefore, less useful in general merchan=

dise warchouses than in the speclalty goods handling.

Power driven belts and roller conveyors are frequently used
to move cartons from the receiving platform into the check-
ing area of a general merchandise warehouse. The power may
be directed and actuated from a central station to regulate

the flow of materials.

An interesting form of continuous movement conveyor 1s the
rotating cable. This 1s a spiral shaped cable rotating
within a pipe, open at the top to expose the cable. On the
cable garments are hung from clothes hangers which are
caught and moved forward by the splrals in the cable. This

type may be used over great distances and in any dlrection.

A variation of the rotating cable 1s the twin-screw con-
veyor. This consists of parallel, revolving, spiral flanged
metal tubes, particularly sulted to moving soft bagged

materials on horizontal or inclined planes.



b7

Conveyors

On Wheels and Powered

In this divislion the most signifiocant plece of equipment 1is
the traller or cart which 1s a 4 or 5 wheeled metal framed
vehlcle roughly 30 by 60 inches, sometimes bullt with two
platform shelves and sometimes as a high~sided metal ocage.
This equipment 1s seen in large warehouses where small
packages are being moved out of storage to flll orders or
in transportation terminals where small packages are being

trans-shipped. (see figure 4)

The advantages of the use of carts are that they may be
moved from place to place by hand, then, when loaded,
connected with an overhead or underground powered chain or
cable and moved automatically to a designated location.

This ocable or chaln movement 1s known as a dragline. An
entire dragline system may be 1500 or more feet in length,
covering a wide area of warehouse space, with a multitude

of spur tracks for temporary storage at designated locatlons,
elther on the way into storage or at the shipping platform,
and may be directed by remote control from a central
dispatcher's desk. Each :cart, when set into the dragline,
1s directed to its destination by the manual setting of a
dial or a rod on the side of the cart, which, in turn, trips
a mechanical or a magnetic contact set into the warehouse

floor at the correct switching point.



48

Pneumatio Tubes

The tube in a general merchandise warehouse i1s generally
used for the transmission from the merchandise control
office of purchase orders and recelving invoices to the
receiving platform or of order filling instructions to

that department. 1In addition. however; tubes'may be adapted
to bulk materials where dust control or exposure forme
hazard. This situation, obviously, applies to the process=-
ing of goods rather than to the handling of packaged mater-
1alss The fact that tubes may be fitted to any space,
direction of movement and size of material makes the tube
a practical and flexible type of equipment. Even small
tools may be sent through tubes with ease.

Chutes

The package chute was one of the earliest forms of gravity
materials handling equipment because 1t can handle a volume
of packaged goods quickly. The chute is usually found in a
combination of horizontal and inclined movement. One dis-
advantage of the chute 1s that contalners must be strong to
stand collision at the turns or at the bottom. The obvious
problem 1s to avold sending delicate or fraglle goods dowm
the chute. One advantage of the chute 1s that the friction
of movement slows material if the incline 1s not too steep.
The chute may be open at the top or fully enclosed and in
any size needed. A ochute may be made of metal for hard

surfaced goods or of canvas for soft materlals.
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Temporary Fixed Path Equlpment

In this group are found conveyorss; both gravity and powered,
in all forms, developed into portable units. These units
may be of any desired length as well as bullt wlth several
telescoplng sections to be adapted quickly to changing con-
ditions. These portable conveyors are also mads in folding
seotions. On a receiving platform or delivery platform, &
roller or skate wheel conveyor may be inserted the length
of a truck body so that cartons or cases may be pushed by
hand 1in a continuous line to unload ox load. Portable con-
veyor sections are stored generally on a movable rack to be

pushed quickly to the point needed. (see figure 5)

load-Glide Systems

A fascinating, new, and as yet unproven, materials handling
method has been launched by the Industrial Truck Division of
the Clark Equipment Company of Battle Creek, Michigan. One
phase of this new method is called the Alr-in-Floor System.
Thls oconsists of the permanent installation of hollow metal
flooring through which 1s circulated alr under pressure. It
i1s claimed by Clark Equipment that 1,000 pounds of material
loaded on a pallet may be moved by five pounds of manual
pressure because the load 1s supported by the alr whieh 1is
released upward from the floor by the downward pressure of
the load on numerous protruding ball-shaped valves set into
the floor surface. This flooring may be installed in trucks,

rall cars and on the floors of all or part of a warehouse.
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The use problem, according to statements made by local ware=-
housemen, 18 that its successful operation requires the oco=-
ordination of the trucker with the warehouse. Speciflcally,
unless the truck were equipped with Ailr-in-Floor, the un=-
loading would still have to be done by the present methods,
and, since full pallet loads may bBe unloaded directly by fork
1ift trucks now, no time would be saved. Apparently, wlth
full coordination, handling of quantities of materials for
short distances not requiring powered load carrying equipe

ment, would be consideradly improved. (see figure 6)

The second phase of this system is the Alr-in-Pallet. This
consists of a metal platform {(pallet), on which packaged
goods are loaded but which contains 1ts own independent alr
pressure unit releasing a downward draft agailnst the floor
thereby supporting the weilght of the load and allowing it to
be pushed by hand thus replacing power equipment. (see fig-
ure 6) Unfortunately, none of this equipment is yet in use

so that the writer has been unable to see this in operation.

Boller Floor Systems

Thls system utilizes rollers set into fremes in the floor,
allowing heavy objects to be moved by slight hand pressure,
from location to location. This system would be useful
chlefly in a situation where objeots were belng processed
whéle held in temporary storage. For example, large pleces
of furniture or heavy appliances being inspected or re~
finished, could be handled easily in this manner.
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Overhead Movement

imited Area uipment

General merchandise warshouses have very little use for
equipment in this classification, most of which consists of
cranes or derricks, valuable for very heavy lifting.
Occaslonally,; however, an overhead reil carrying a manually
operated or powered hoist will be used for moving heavy

household appliances.

Longer Distances « Continuous or

Intermittent Movement

Trolley or Monorail

This 18 a very common type of installation in most general
merchandise warehouses. Platform trucks for both small
packaged goods and for hanging garments ere suspended from
wheeled trolleys running on an overhead rall. These are
used in the work areas where merchandise 1s being checked
Ainto temporary storage for inspection, sorting, marking, and
in order-«ploking sections prior to shipment. A system of
this kind may fill a large area with a serles of spur ralls
leading from the opening section to separate department lo-
cations. From the preparatory work areas, the rall system

may lead directly to the shipping platform. (see figure 7)
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One chlef advantage of the overhead rall i1s its capaclty for
storage. As mentloned earlier with respect to conveyors,
this form of storage 1s frequently referred to as ‘'live!
storage. A second advantage 18 the ease wilth which large
quantities of materials are moved by hand with 1little effort.
A thixrd advantage 1s the saving of floor space and the
clearing of the floor for other equipment.

Pive Rall
A variation of the monorall is the so0lid plpe over which
garments may be moved in groups suspended from clothes
hangers. Sometimes the hangers are hung directly over the

pipe and sometimes from a wheeled trolley. (see figure 8)

Rotating Cable Convevor

A third type 18 the rotating cable which was described in
the sectlon under Horlzontal Powered Conveyors. This type
may be extended for great distances. One in a Rlchmond
warehouse carries hanging garments 165 feet between depart-
ments located in separate bulldings. The M-H Standard Corp.
of Hamllton, Ohlo, manufactures this type of equipment under

thelr trade name Monoflo.

Belt Conveyors

The belt method, using solid, roller or wheel surfaces,
carries large quantities of all types of materlals any re-

quired distance without obstructing the floor area.
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Materlals may be diverted by automatlic gates or by remote

control from a central point.,

The fully automatlc warehouse is successfully 1in operatlion
in a number of case goods warehouses throughout the Unlted
Statesy; although there 1s none in Richmond. This system
would include materials flow in all directions. The
Alvey=-Ferguson Co. of Cincinnati, Ohlo, has placed automatiec
installations in the distributlon warehouses of at least 27
large manufacturers and processors. Another flrm has dew
veloped what it calls the 'Memory' conveyor belt for auto-
matic package sorting. This firm 1s Goodyear's Industrial
Products Division. (see figure 9)

Chain Draglines
The overhead chain sometimes replaces the underground

installation and As particularly useful when there 1s a need
to keep the floor area unobstructed. In this varlation of
the dragline, the load-carrying carts are hooked onto the
chain and may be switched automaticsally as in the under-

ground method.

Vertical Movement

Irre ar Movenent

Frelght Elevator

This elementary form of equlipment 1s found in every nmulti-

floor bullding designed to carry large load~carrying
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-coded dispatching methods.

The drawing above illustrates a -
typical application of the belt in
an automatic package sorting and
dispatching system of Maitrol Prod-
ucts Division of Magnetics, Inc.
Ferro-magnetic materials embed-
ded in the belt enable it to “listen”
and then “‘remember” as it stores
caded information and automati-
cally escorts items to predetermined
unioading points. (Ttem 42).
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equipment with large quantitles of materials. Its chief
limitations are its lack of load capacity and the walting
time necessary between trips. For these reasons, it has

been replaced by conveyors for constant flow movement.

Dumb Waiter
For small items, not needed in a continuous flow, this form

of small 1ift sexrves as a convenient accessory in a multi-

floor bhullding.

Hydranlie Platform
This equipment is useful where a rise of only a few feet is

needed. Thils takes the form of an independent platform unit
which may be raised to the level of a truck floor and onto
which the truck may be unloaded, after which the platform is
lowered to the ground level or carried, in the case of a

moblle unit, to a place of storage.

Self-leveling or Adjustable Dock Board
A dock board serves as a bridge between the recelving or de=

livery platform and the level of a truck floor. The board
1s fitted into the lip or forward edge of the platform.
When the truck backs to the platform, the self-adjusting
type moves to keep above the tall gate of the tiuck, then
settles down on top of the gate. The adjustable board 1is
moved into place by hand actuated mechanism, with the power
sometimes furnished by hydraulic system or by electricity.
Still another very modern board is governed by counter-

welghts. (see figure 10)
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Mobile Elevator

This 1s a portable vertical framework supporting upright
ralls on which moves a platform for 1lifting materlals to

an upper level above the reach of a fork 1li1ft trucks. One
Richmond warehouse utilizes thls method to reach a mezzanine
floor. (see figure 11) This equipment would be most useful
where a permanent elevator could not be installed or where
the need might be temporary. The 1lift could be expected to
handle limited quantities of materials. Power is usually

electric.

Repular Movement

Packaze Iift -

This equipment forms part of a continuous movement, start=-
ing with a horizontal section, leading into a vertical
shaft, with shelves or small platforms gulded betieen
parallel ralls.  Large quantities of small packaged goods
may be handled by this lift which may also be moved by hand

or powered by hydraulic or eleotrlc systems.

Continuous Vertical with

Horizontal lMowvement

Rotating Cable

Agaln there 1s a need to mention this cable conveyor be=-
cause of 1ts flexibllity of use. Thls may carry materlals
in both horizontal and vertical directions at both low and

overhead levels. Refer to pages 46 and S4.
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Developed in 1957 by the Kelley Co., Inc.,
the Adjust-A-Lip is the largest selling
dockboard in the world. The culmination

R

l of 10 years of research, it offers, exclusively,
six-way adjustment in a simple mechanical
dockboard. It provides unparalleled safety and
flexibility to solve every dock height problem.

T YN

o

KELLEY
'Adjst-A-Lip
DOCKBOARDS

The Adjust-A-Lip protects the truck, cargo, and itself,
Patented, hinged lip section retracts automatically

, after each truck is serviced, guaranteeing safe spotting

of next truck. Nothing oxtends bevond bumpers,

except when actually-sarvicing a truck. lmpact of backing :
truck is absorbed_ by duck ... nut by dockboard. i

Figure 10
Adjustable Dock Board
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Figure 11
Mobile
Elevator




60

Automated Systems

This form of conveyor system offers continuous movement
carrying large quantities of packaged materials. It may be
directed to all points of flow, may be partly or fully auto-
mated and may use both gravity and power. This system is
highly flexible to the size of contalner, offers unlimited
'live!' (moving) storage facllitles, saves time and eliml-

nates manpower.

Chutes

Again attention 18 drawn to the widely used metal or canvas
chutes. (refer to page 48) These may be strailght, curved
or spiral as well as fitted into any glven space for any
size of materlal. Packaged goods brought from storage to
shlpping department by overhead belt conveyor may be di-
verted onto a chute for quick assembly at a packing desk or

delivery route sorting table.

Roller and Wheel Conveyor

Here also is a repeated .reference to the common conveyor
which may be combined in horlzontal and vertioai movements
of large quantlities of materlals. The reader may refer to

pages 42 and 46 for details.
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Borizontal and Vertlcal Movement

with Moblle Uhts

Portable Belt Conveyors

Belt conveyors have been described previously on page U4,
Portable forms of this equipment are moved from truck to
truck on a recelving or delivery platform by hand or power,
although the movement of the belt 1s by power. This type of
equipment 1s one of the mosf flexible and valuable for hand-

ling un-palleted packaged goods. (see figure 12)

Portable Elevating Platforms

This moblle powered unit is for use in an area wlthout a

delivery platform« It was described previously on page 57
as useful in unloading trucks under the name of Hydraullc
Platform. Lifting power may be furnished by hydraulic or

electric energy and propulsion by gas or eleetric energy.

‘Foxk Lift and Skid Lift Truoks

These pleces of equipment have been developed in so many
vérlatlons that space would not be avallable in this paper
for all of them. A number of these will be deseribed in
greater detall in a later section under Mobille Equipment.
Briefly, the fork 1lift truck 1s a moblle 1lifting and carry=-
ing unit, the propulsion furnished by gasoline, diesel oil,
liquid propane gas or electricity, with the 1lifting power
actuated by hydraullc power. Unlts range from 500 to
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40,000 pounds in theilr 1ift capacity. Units may 1ift 3,000
pounds to a helght of 19 feet to take advantage of vertlical
space for storage. In the words of one authority, "Compact,
more méneuverable equipment 1s baing employed to store highe
er in the air with narrower alsles. The fork 1lift has emerged
as industry's nunber one work horse. The almost infinite
variety of attaschments now avalladble ... makes it truly a

universal handling machine."1

The fork 1lift is designed to 1lift all types, sizes and
shapes of materials often to considerable heights loaded on
a platform called a pallet, or wlth its attachments, all
forms of materials. The skid 1lift, on the other hand, is
designed only to handle materlials placed on a low platform
called a skld and only to a few feet above the floor.

Every warehouse handling large quantitles of materials will
utilize a fork 1lift truck for unloading and loadlng of
trucks, trallers and rall carse. Some fork lifts are bullt
in a size which allows them to drive into a truck to plck up
or deposlt a load. There 1s a type designed for almost every.
purpose although thelr adaptabllity to different forms of

materlals glves each one a wlde range of uses.

lzethel, Lawrence L., Atwater, Franklin P., Smith, George
He Eey Stackman, Harvey A., Jre.y, Industrial Organizatlion
and Menagement, 3rd. ed., New Yorx; FcGraw-HIIl Book
Coey Iinc., 1956, Pe 312.
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In a large warehouse handling chiefly packaged goods, there
might be seen a low mast fork 1ift used for serviocing
truoks and moving goods into nearby low stacked storage as
well as a high mast 1ift plcking up a load outside a truck,
carrying it 300 feet and placing 1t in storage at the 19
foot level. Materials handling engineers generally place a
distance limitation on the economical use of a fork 1ift be-
cause it 1s a powered load-carrying unit with limited carry-
ing capacity. This distance is placed at about 300 feet
because the unloaded return time or 'wasted' time 1s too

great beyond that distance.

For greater distances, equipment authorities recommend the
use of powered tractors which will haul a train of trallers
with a carrying capaclty far exceeding that of the fork 1lift.
Tractor traller systems are discussed in a later section of

this paper under Moblle Equipment.

Summary

In this third chapter, the reader has been introduced to the
first general classification of materials handling equipment,
namely, fixed path equipment. The chapter has discussed the
varlations of direction of movement, the route followed, the
regularity of movement and the materials to be handled. The
succeeding Chapter IV will present specific types of mobile
or non-fixed path equipment with thelr applications to
materials handling problems.



CHAPTER IV

CLASSIFICATION AND APPLICATION
MOBILE OR NON=-FIXED PATH EQUIPMENT
AND MISCELLANEOUS EQUIPMENT

Introduction

In this chapter are included the second and third general
classifications of materials handling equipment with a de-
scription of the many types and thelr specific applications
to problems. Moblle or non-fixed path equipment identifies
those types which are not set in a permanent position but
which, instead, are moved by hand or mechanical power from
place to place in order to fulfill thelr assigmments.
Accordinglys all of this equipment may move or be moved
horizontally, and may move or assist in moving materials,
horizontally or vertically or in both directions, over
elther a wide area or a limited area. Miscellaneous equip-
ment includes several types of accessories used to assist

the mobile equipment to carry out its functions.

Horizontal Movement

Limlted Area Equipment

Wheels
There are many types of small wheeled vehicles designed to

fit an almost endless number of speciflc Jobs and materials
65
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handling problems. Some are powered, some without power.
For purposes of distinctlion, these are divided first by the

number of wheels on which they move.

One=-Two«Three Wheels

Wheel Barrow
This 18 probably the oldest form of wheeled hand truck, the

common garden variety of one-~wheeled load-carrying vehicle.
Due to the ease with which 1t handles falrly heavy loads of
miscellaneous materlials, the wheel barrow may be found in
many warehouses filling the need for a quick, short move-
ment of goods. It is limited in its application to small

quantities of goods of small size.

Hand Trucks

Here 1s another basic type of equipment. A steel frame in

H or inverted A form with two wheels in front and two handles
in back, a metal blade extending forward from the wheels to
be slid under a large case, box or barrel. The bed of the
frame may be flat or rounded to fit different shapes of
materials. This plece of equipment is often referred to as
the 'stevedore's hand truck® and constitutes a very fast way

of handling a single unit loading Jjob.

Hand Operated Fork and Skid Lift

This i1s sometimes called a Jacklift and may be a hydraulic
or mechanical 1ift powered unit. (see figure 1) This is
essentlially a three-wheeled vehlcle with two arms or central

narrow frame, each side supported on a wheel and a single
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wheel unit in the front to be used for steering by means of
a handle serving also as the means for manual propulsion.
The arms of the fork lift are set very low so that they may
be slid under an object resting on the floor or through a
loaded pallet. The skid 1ift may have arms or a platform
raised several inches from the floor, allowling 1t to be

slid under a skid platform which rests on metal legs.

Four-Five-§ix Wheels - No Power
Hand Trucks

This type of equipment offers the largest variety of forms
of any of the small materials handling equipment avallable.
Baslcally, the hand truck is a platform, generally on four
wheels although a fifth or sixth wheel may be added to offer
stablility and strength for heavy loads.

The variations 1h the superstructure of the hand truck are
numbered by one author at 56} although the simple platform
is greatly used. Commonly seen forms are the metal, wood
or canvas box, with or without top, the platform with one
or two sldes, boxes with solid sides, slat sldes or lattlce
work sides or merely upright stakes at each of the four

corners. (see figure 2)

A second area of flexibility in the hand truck 1s the wheel

arrangement. Wheels may be fixed or rotating in different

1stocker, Harry E., Materials Handling, New York; Prentice-
Hall, Inc., 194 9 Pe .
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Hydraulic Hand Fork

Figure 2
Caovered Metal Box Truck
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combinations to provide easy turning within a small radius.
It is possible to replace the flat wheel by flanged wheels
for use on ralls or by cylindrical rollers for use with

heavy materials.

Special Service Trucks

It 1s probably true that every warehouse operator eventually
develops some speclal form of equipment to fill a particu-
lar need for which no equipment manufacturer has provided.
Furni ture and bedding warehousemen have developed several
types of interesting speclalty equipment. The first of these
is the Bed Truck, which 1s a small l-wheeled platform with a
superstructure of pipe rods forming a shelf with a central
dividing wall. The bed ralls are placed on the platform,

the head and foot boards resting on the shelf and leaning

against the central wall. (see figure 3)

A second speclalized type 1s the Mattress Truck. This 1s a
two-wheeled hand truck of a size to fit a single mattress of
any size with iron ralls to support the mattress. This
truck 1s used to move one mattress within the storage area

when fi1lling an order. (see figure L)

A third type 1s a dolly or wheeled platform with a padded

upper frame for moving a single chalr. (see figure 4)

A fourth type 1s a dolly with a three-tlered structure to
hold and move three sofas. (see figure 5)
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A fifth type 18 a pallet or platform with an iron rail sac-
tion at one end for supporting a mattress, the platfoim
large enough to carry four or five mattresses standing on
end., Thls pallet, when loaded, would be moved by a fork
11ft truck. (see figure 6)

A slxth type 1s a Lamp Truck designed to hold lamp bases and

shades without movement to avoid damage.

A seventh type is a small metal-framed hand truck on a base
wlth four castor wheels. The truck includes a low shelf
above which i1s a box. Bullt on one end of the truck is a
three~step ladder wlth separate supporting wheels and two
large clrcular handles at the top of the ladder. This truck
1s used for filling oxrders of small packaged goods, the
ladder allowing the order flller to reach high shelves.

(see figure 7)

Wheeled Rack Truck

This is a variation of the hand truck used for moving hanging
garments. A seven foot length of iron pipe is supported by
uprights at each end. Sometimes this plpe rack moves on
four small castor wheels fastened into a metal frame and
sometimes the rack is constructed over a shallow wooden box

fitted with wheels.

Thls form of equipment is essentlal in moving hanging goods
within a 1limited work area and 1s often loaded on a truck to

transport garments from warehouse to stores. As a point of
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interest, those readers who have visited the New York City
Seventh Avenue garment digtric¢t will recall having to dodge
hundreds of these plpe raocks, heavily loaded, being pushed
along the sldewalks and in the streets.

When prepared for truck transport, the rack truck often is
enclosed in a coveringz of canvas or comparable material to
protect the garments from dust and posgible demage.,

(see figure 8)

Trallers

This equipment 1s a four wheel vehicle with body form vary-
ing from a simple platform to a box, cage, or series of
shelves to fit the kind of material handled. The traller
may be hooked into a 1line or traln of trallers to be hauled
by a tractor or 1t may be set into an overhead or undergound

dragline for automatioc delivery to a pre-determined locatlon.

Dollles

Here 1s another rudimentary form of meterials handling equip-
ment used for bulky, awkward or heavy goods. . The dolly ocon-
sists of a small wooden or metal platform or sometimes only
an open square or rectangular frame resting on four castor
wheels which allows 1t to move freely in any direotion by
hand power. In a warehouse it would be used to move a heavy
or bulky object for a short distance between work areas or

to a point where a fork 1lift truck could take over.
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Roller Tables

This 1s a table on wheels used in work areas for moving
1light goods from locatlion to location. These will be seen
uged in marking areas and in upholstery workrooms of general

merchandlse warehouses.

TAft Trucks wlthout Power

This type of equipment 1s used for moving quantities of
packaged goods or large bulky goods for short distances by
hand. It is baslcally like the 1ift truck described earlier
in the 3-wineel sectlion. This has four wheels, however, to
glve greater stabllity and to support more welght. It may
be designed as a fork 1ift or as a skid 1lift. Some of these
will 11ft only a few inches, others several feet. The 1lift-

ing power 1s usually hydraulic.
Powered ~ Non-Lift

Platform Truck

The platform truck 1s commonly seen in transportation termin-
als carrying baggage of all kinds. These have long high
platforms and are powered by dlesel or electric motors.

The truck may be designed to allow for the operator to walk

or to ride.

Car=liover
This 1s a small tractor designed to move a rall car in oxrder
to allow for unloading. This obviates the need for a rail-

road locomotlve to shift cars and speads the turn around of
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cars thereby reducing the cvost of demurrage.

Wide Area Equipment

Four Wheel Powered Lift Trucks

Fork Lift and Skid IAft
These baslc¢ 1lift truocks were described briefly in a preceding
section on page 61. Here the more important varietions will
be enuﬁerated. Mrsty Lt is necessary to understand that a
1ift truck may be designed for the operator to walk behind

1t at a low speed or to ride on the truck at speeds up to

six miles per hour. Models are designed to allow the opera-

tor to stand and some to sit on the vehicle.

A second basie éifference involves the use of a counter-
welghted and balanced body to offset the load welght.
Welghting increases the sizZe of the body thereby making it
impossible to turn.ln narrow alsles but glves the truck the
capaclty to reach forward in order to pick up or deposit a
greater load with its mast extended upward to full height.
The so=called ‘'narrow ailsle' or 'straddle arm' 1ift trucks
have much smaller bodles, can 11ft as high as any plece of
equipment but are limited in their ability to reach forward
easily compared with the heavier bodied trucks. They are
very useful spsce=-savers. Tne *'straddle armm' truck is de-
signed with two arms extending forward, supported by wheels
in front to offset the 1lifted welght. (see figure 9)
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Low Lift FPlatform and Pallet Trucks

The low 1lift trucits are like the non-powered trucks except
for the additlon of power propulsion. The flat platform is
for 1lifting loaded skilds, the forktruck for 1lifting pallets.
The 1ifting helght of these does not exceed four or five

inches.

Louw Mast Fork Lift
Thnis 11ft 1s designed with a mast from 50 to 70 inches high
which is low enough to allow it to be drlven into a treller

or truck or under low doorways. (see figure 10)

High Magt Foxrk LAft
For use in high-tiered warehouses with maximum vertlcal

stacking of goods, this 11ft truck has a mast with double
or triple telescoping sections. : When fully eztended the
load 1ift can be as high as 18-19 feet.

TAlt Mast Fork Lift

On these trucks the mast is designed to tilt 5 degrees
forward or backward from the perpendicular. With the mast
tilted back, the load center is pulled toward the body of
the machine, allowing 1t to carry greater loads. When mast
1s tilted forward, the truck may reach to 1lift and deposit

a load, but sacrifices load capacity.
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Side Loading Lift

This is a large truck capable of great 1lifting oapacity
designed %o pick up and carry on one side, long sections of
materials such as metal heams or lumber. A speclalty of
this kind 1s not common in general merchandise warehouses,

but avallable, Af needed.

Straddle Lift

Here is another speclalty type of truck which actually
straddles its load, 1ifts 1t and carries it undermeath the
body. As is the sildeloader, the straddler is good for long
objects and 13 less useful in the general msrchandise ware-
house than in the construction fiecld. The limitation of this
truck 1s in respect to its height of 1lift.

Bemote Control Jackstacker

For very high tiered stacks, this 1lift provides a high level
platform for the operator which allows him to select objects
more easily by means of an automatic control mechanlsn.

This 1s a good machine to have in a warehouse where small

orders are filled by hand.

Ordexr Picker

Another varlation is a telescoping mast fork 1lift which
provides a platform, 1f wanted, on which the operator may

1ift himself to plck merchandise, by hand, from high shelves.
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Attachments for Lift Trucks

The versatility of the fork 1i1ft truck 1s due not only to

its 1lifting power but also to the number and variety of the

attachments avallable for adapting to different materials.

Types of forks in common use aret

1.

2.

L.
5

6.

8.

9.

the Saber - a thin knife edge blade to slide under
unpalleted cases resting on the floor.

the Chisel =~ a heavy blade with sharp edge for slid-
ing under slightly ralsed cases or boxes.

the Standard - for lifting pallets where openings
are already available.

the Shovel - for handling looss bulk material.

the Clamp - a two-armed attachment which grips a
large case, box or bale or any unitized materials
from both sides. This saves the time of forking
and may also save the time of loading on a pallet.
the Scoop = a double Jawed attachment for gripping
any large cyllﬁdrioal object, such as an oll drum
or roil of newsprint. These jJaws can be rotated
for greater ease in handling.

the Ram ~ a stralght, heavy, round steel bar which
may be inserted into the center of any rolled
material such as rugs, carpets or paper.

the Crane = a 1lifting armm for use with bulky,
heavy objects.

Rotating Forks = these enable the lifting of objeots

resting on an angle.
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10. Side Shifting Forks - these enable the truck oper-
ator to move the forks independently of the truck
in order to get directly in front of the object to
be lifted.

11. Sclssor or Extension Forks = these enable the forks
to be extended forward to reach an object.

12. the Pusher - enabling the truck to push a solid

object without danger of injury to the material.

Power Sources for Fork Lifts

Gasoline and diesel fuel may be used in outdoor areas but
thelr fumes make thelr use dangerous indoors. To offset the
fume problem, liquid propane gas is used by some warehouses
but the safest form of power is electricity. The disadvant-
age of electric motors 1s the need for dally re~chaming of
batteries and a second or replacement battery. Thls factor

obviously creates an expense factor.

Tractor-Traller Systems

For the movement of large quantities of materials for dis-
tances over 300 feet, the most efficlent method 1s the use
of four.wheeled traller trucks of any type sulted to the
material. The traller will be connected in a line with
other trallers and pulled by a tractor. The tractor drops
the train of trallers at a designated location and returns
for a second train. Fork 1lift trucks may then 1lift the

materlials from the trallers to place them in storage.
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This method follows one of the cardinal principles of mater-
lals handling which 18 to reduce to a minimum the traveling
time of powered ioad carrying equipment and haul maximum
quantities of materlals with a minimum use of power.

(see figure 11)

Personnel Carriers

For the movement of supervisory personnel or for transport-
ing the work staff to and from distant work stations, small
electric powered carriers are in common use. These are

avallable in one, two, and four man sizes. (see figure 12)

Miscellaneous Equivnment

Pallets

A pallet 18 a platform generally three or four feet square
on which material 1s loaded into a compact mass so that 1t
may be lifted and moved as a unit by a fork 1ift truck.

The pallet 1tself may be constructed of wood, steel, or a

combination of wood and heavy corrugated paper.

The economical method of handling materials in shipment 1s
for the shipper to pre-load his merchandise on pallets so
that 1t may be unloaded on arrival in maximum unit loads
with a minimum of time and effort. More and more of this is
being done through the efforts and cooperation of shippers
and buyers. This method of preparation or packing 1s called
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‘palletizing' or referred to as the 'unitized' method of
shipment. If materlal reaches its destination unpalletized,
1t 18 carefully loaded by hand on pallets in prescribed ways
referred to as the *pattern! in order to insure its remaining
in a single unit mass so that it may be handled by a fork
11ft truck. The writer has seen a shipment of bagged materi=
al glued together to foxrm a palletized load.

Steel pallets will last longer than wooden pallets, but cost
more. As an 1llustration of the probable expense problem,
the reader may be interested to kmow that one Richmond ware-
house now has approximately $75,000.00 invested in 26,000
wooden pallets.' (see figure 13) Some shippers are using
disposable pallets made of soft inexpensive wood ocross bars
enclosed in two sheets of corrugated paper, satisfled for

them to last one trip.

The size and construction of pallets differs depending upon
the weight of the material to be loaded, the method of ship-
rings manner of handling and the storage methods used. Size
is partly governed by the space avallable in storage. In
principle, the large pallet is better because it will carry
a larger load and save handling time. For exampley shipping
done by truck and rall meanskreasonably careful handling in-
cluding the use of forklift trucks, therefore is not hard on
the pallet. Outside storage of pallets requires a sturdier

product than would be required for inside storage.




Flgure 13
Wooden Pallets
Stored Outdoors
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There are several important varlations in the types of
pallets commonly used. The 'single face' pallet has three
parallel wooden bars roughly 3 by 5 inches, connected on only
one side by 1 by 5 inch strips of hard wood. This 1s a 1light
welght pallet. - The 'double face' pallet has both sldes
covered or fastened together by wood strips which glves 1t
greater strength. Both single and double face pallets may
be 1ifted by a fork truck from only two directions since the
forks must enter between the bars of wood. The '2=way’
pallet 1s constructed of square wood blocks instead of bars
to allow entrance of the forks from any one of the four sides
of the pallet. The '!solld face' pallet has a top of plywood
to provide greater strength and longer 1life plus less danger
of injury to soft covered materials from splinters or rough
wood edges.

Dock Boards and Ramps
As mentloned previously under Vertlcal Movement on page 57,
a dock board serves as a bridge between a warehouse floor
and the floor of a truck or rall car to provide passage for

men and equipment.

A portable dock board 1s a one.piece metal ramp which is
moved from place to place as needede It is light enough to
be moved by hand. This board is usually not adjustable in

any way.

A fixed posltlon dock board is set into the forward edge of
the recelving or dellivery platform and may be adjusted to
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the level of the truck or car floor by mechanlcal means.

The 1lifting of the board may be accomplished by hand control
of hydraulic power, or of counter-welght mowement or by push
button control of electrlc power. The forward edge of the
board is protected from injury by a truck through buffers
fastened on the face of the platform to absorb the shock of
any contact wlth. the truck.

A ramp 18 an inclined platform used to offset the differences
in floor levels between parts of a plant to provide a smooth

path for wheeled vehicles.

Sumna

In this chapter, the wrlter has endeavored to glve the reader
a conclse but clear explanation of the most frequently used
applications of non-flxed path equipment considered to be of
major sizniflcance in the moving of general merchendise.

The effort has been made here as well as in the preceding
chapter to descrlibe the actlon of the equipment in a way
which would convey to the reader some of the impact received
by an observer of the equipment at work. The writer
reoonmends that any reader, intrigued by his descriptlions,
arrange for the opportunity to see these fasclnating ma-
chines in action. In the followlng chapter, the writer will
draw comparisons between the use of materlals handling

equipment as demonstrated in Richmond, Virginia warehouses.



CHAPTER V

A COMPARISON AND EVALUATION OF
GENERAL MERCHANDISE WAREHOUSES
RICHMOND, VIRGINIA

Purvose of the Study

The purpose of this study was to determine what materials
handling methods and types of materials handling equipment
were being used in general merchandise warehouses in

Richmond, Virginia.

Objectives of the Study

The objectives of thls study were a8 follows:

1. To determine what methods of materials handling
were being used,

2., To determine what types of materials handling
equipment were being used,

3. To compere both methods and equipment with
acceptable standards set by authoritlies on the
subjecte, ond,

b, To evaluate the present use of methods and

equipment by means of the standards.

87
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The Research Plan and Area Covered

In oxder to keep the research within attalnable limits
restricted by time and subject, the writer has concen-
trated on carefully selected general merchandise warehouses
in Richmond, Virginla, which would be representative of the
area. These 1limits were establlished with the realization
that there might be warehouses outside of Richmond that
were larger or more modern but with the expecotation that
the methods and equipment being used in Richmond could be

comparedwlth those generally accepted and avallable for use.

To obtaln the necessary primary source data, the writer has
visited six general merchandise warehouses, one public ware-
house and one truck transportation terminal. Three of the
general merchandise warehouses are operated by two major
department stores, one by a wholesale dry goods company,

one by a manufacturer of men's clothing and the last by a

large retaller-owned wholesale food cooperative.

Public warehouses and transpvortation teruminals were purpose=-
ly excluded from the study in order to limit the scope of
the research to omerations involved as closely as possible
in the same kinds of problems. Two new faoillitles, a public
warehouse and a transportation temlnal, owned by the same
parent corporation, were visited by the writer, because he

believed that these would enable him to observe methods and
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equipment in use applying equally well to general merchan-
dise warehouse operations. References to these two organe

izations will be made only for purposes of i1llustration.

Secondary source data has been accumulated by the reading
of avallable published material in Richmond public or
institutional 1libraries as well as private collections
together with avallable articles published in periodicals
during the pest several years. In additlon, the writer has
obtalned a considerable amount of valuable information

through correspondence with equipment manufacturers.

Having explained why and how this study was carried out,

the writer attempts, in the succeedlng seotion, to prepare
the reader to achleve a better understanding of the problems
of materlials handling and the differences to be found in

the use of methods and equipment.

Problems of Materials_Landlinz

Before engaging in a desoription and comparison of the
actual use of methods end equipment, the wrlter believes
that 1t willl &ssist the reader to & tetter understanding of
the problems Snvolved by referring to comments made by seve
eral authorities on this subjJect. John R. Immer has
commerited as follows: "An understanding of the nature of
the movement of materisls is a pre~requisite to any use or
consideration of spescific types of equipment. Without

this, the equipment may be technloally adequate but not be
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the specifioc type of equipment or method which should be
applied.”1

A second authority, Edward W. Smykay, states, “The fact must
always be kept in mirnd that handling per se adds no value to
the product. The objlective in selecting a glven materlals
handling system les to accomplish necessary product handling
with a minimun of movement."2 Further, Mr. Smykay, says,
"Because of the vast smounts of equipment avellable and the
different cheracterlstiocs of each movement problem, the
selection of o materiesls handling system must remain a

tallored operation."3

Sti1ll a third well knowvn suthority writes, *Installation of
nmechanical equipment generally brings reductions in handling
costs amounting to 20-90%, as well as equally large savings
of time. TFor example, the Westinghouse Lamp Company,
Trenton, N« J., reported that by increasing handling equipe
nent 509, production wes doubled without any increase in

floor space.“4

1Immer, John R., Materials Handling, New York; McGraw-H1ll
Book Co., Inc., 1953, v. J.

2Smykay, Edvard W., Physioal Digtribution Wenagewent, New
York; The MciilIan To., 1901, pe 20b.

3Ibid, p. 245.

uStocker, Harry E., laterlals Handllng, Wew York; Prentlce-
Hall. Inco’ 19’4’3, P 1.
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The National Retall Merchants Assoclstion has stated as &
policy for recelving, freight handllng and distribution,
the following, "To receilve and distribute merchandise with
the greatest accuracy, least amount of time and cost and
the best nhysical handling which will give the fullest

support to merchandising and oparating."1

From the foregoing quotations, the reader should be con-
sclous of the possibllity that while observed differences
in the use of methods and equipment may not signify a
difference in efficlencys mechanizetion is a constituent
of efflciency in materials handling. In the following
section, the writer will identify and describe briefly,

the organizations and the warehouses included in this study.

TTraff.’v.o Group, National Retall Merchants Assocliation,
Raceliving Dewartment Onsratlons Hanual, New Yorks
Traffle Group, National Retail Merchants Associlation,
19609 Do 550
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Identification of Organizatlons

and Warehouses

Miller and Rhoads, Inc.

This organization is a department store with a published
anmial sales volume of approximately forty million dollars.
The two Richmond warehouses serve the main downtown store
and one branch store in Richmond in addition to six out of
town stores. A buylng staff, located in Richmond, buys
merchandise for all eilght stores, most of which 1s brought
into and distributed to all stores from the two warehouses.
One of the warehouses (Hermitage Road), handles furniture,
rugs and carpets, mattresses and homefurnishing bulk items,
the second warehouse (4th Street); handles all of the
apparel and textlile lines. Customer deliveries of bulk

items are made from the Hermitage warehouse.

Thalhirmers

This organization is a department store with a published
annual sales volume almost identical with that of lMiller
and Rhoads. Here, however, the buying division is or-
ganized on a different basis. All of the nine out of town
stores buy independently, with thelr purchases shipped
directly to them from the vendors. This method eliminates
the need for a central warehousing and distribution point
in Rlchmond. The Richmond warehouse handles the merchan-

dise purchased by the Rlchmond buyers for the loecal stores,
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distributes this to the mailn store, five branches and one
*twig' (limited lines) in the Richmond metropolitan area.
Before the installation of the present buying and distribu-
tion system several years ago, £ll merchandise was funneled
through the Richmond warehouse, as 1s still being done by
Miller and Rhoads. This innovation has eliminated the need
for warehouse space in Richmond, as a result of which almost
two=-thirds of the original warehouse has been turned into
the Westmoreland branch store. Although additional space
i1s being planned for the warehouse, a great part of the
original non-productive warehouse space has been turned
into productive selling space. All local customer delive
eries are made from the Richmond warehouse, the Richmond

stores forwarding purchases to this point for distribution.

Richmond Dry Goods Company, Ince

This organization is a wholesale distributor of nationally
branded items, chiefly in the children's wear and related
textile lines. This company was formed a few years ago
following the dissolution of a general line wholesale house
affiliated with a chain of retall stores. As a wholesale
distributor, the Richmond Dry Goods Company serves 1its
customers throughout Virginia and in North Carolina east of
Greensboro, from the Richmond warehouse. In addition to the
Richmond warehouse, the company operates five other

warehouses.
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Richmond Food Stores, Ing.

Thirty years ago thirteen food retallers formed this organi-
zation on a cooperative basis. Members now number more than
600 and this cooperative expects sales 1in 1965 in excess of
fifty million dollars. About half of the members are located
in the Richmond area, the other half in other sections of
Virginia, the Distriot of Columbia, Maryland and North
Carolina. Thils cooperative warehouse handles all kinds of
case goods, fresh vegetables, frults, frozen foods and is
currently engaged in bullding its owm milk processing plant.

The warchouse covers an area of eight and one-half acres.

Friedman-Marks Manufacturing Company

This company 1s engaged in the manufacture of men's sults,
slacks and Jjackets with a present capaclty of about 11,000
sults a ¥eek. Its stock room has a capacity of 80,000
garments. The writer has included this company in hils study
because of the interesting methods and equlipment used in the
handling of finished garments. None of the materials hand=~

ling of work-in-process has been included.

Foremost Warehouse Corporation

This 1s the one public warehouse which was visited by the
writer for the purpose of comparison with the general mer-
chandlse warehouses. Foremost is a wholly owmed subsidiary
of the Overnlite Transportatlon Company with a large, new,

modern warehouse handling a wide varlety of merchandise.
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Overnite Transportation Company

This company operates thirty truck terminals with a fleet
of 1672 moblle units. In 1963, Overnite's operating revenue
was slightly less than 21 million dollars. In 1964, a new
terminal was opened in Richmond with a platform area of
25,000 square feet capable of handling 56 truck trallers

at the same time.,

Having identified the organizations whose warehouses have
been included in this study, the writer will undertake, in
the succeeding section, to compare and evaluate the ware=
house operations wlth respect to thelr materials handling

nethods and equipnent.



Comparison of Warehouse Operationg

In oxder to draw a direot and objective comparison between
the warehouse operations studied, each of the three major

funotional areas wlll be discussed separatelye.

First, the Recelving Operations,
Second, the Storage Operations, and

Third, the Shipping Operations.

Each. of the three major functional areas willl be presented

in a series of three charts as outlined belowe.

Bege Operations

Chart A-1 Comparison of Faollitles
A=~2 Evaluation Point System
A=3 Evaluation Score Board

Storacze Operations

Chart B-1 Comparison of Faollitles
B-2 Evaluation Point System
B=3 Evaluation Score Board

Shipoing Operations
Chart C=-1 Comparison of Faocllitles

C=2 Evaluation Point System
C~3 Evaluation Score Board

To preserve the anonymlity of the organizations, each of the
slx general merchandlise warehouses compared 18 identified

only by a letter A through F on the charts numbered 1 and 3.
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Comparison of Faclilities
Explanation of the Charts numbered 1
In each of the three funoctional areas, the first chart lists

the type of faclility to be compared, then shows, in tabular
form, the use belng made of this facllity in each of the six
warehouses. The faocllities offered for comparison are those
now being used by at least one of the warehouses. When
equipment 18 compared, a number indicates the pleces of equip-
ment being used, where the number 1s of wvalues Where the
number of pleces of equipment 18 not considered important,
the word ‘'yes! indicates that the equipment is in use. The
name of a partiocular plece of equipment 18 used where this
18 of value. Shown also on this chart are warehouses G and
H for use as reference although they are not included in the

evaluation.

Evaluation Point System

Explanation of the Charts numbersd 2

Each chart numbered 2 1lists the facllitles offered, corre«
sponding to those in charts numbered 1, and identifiles each
of these facllities by a number. Following this 1s an expla-
nation of the way in which each facllity is to be Judged, and
finally, the minus point value assigned to the facility. The
reader will notice that under the explanation section of

this chart, certain facllities have been listed with no minus
point value assigned. This has been done to indilcate that
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this method 1s considered i1deal with varlations from this
ideal assigned minus values. In other facilities, minus
values have been assigned when a particular type of equip-
ment 18 laoking, if needed. This form of evaluation takes
into oonsideration the need or lack of need for this equip~
ment under certain operating conditions. If a warehouse
could use a plece of equipment but does not provide it, a
minus point value 1s debited to the warehouse. On the other
hand, 1f certain equipment i1s lacking but could not be used
to advantage, no minus value 1s given. The author realizes
that oriticism might be made of this evaluation on the
grounds that 1t i1s subjective, since 1t 1s the author who

i1s making the judgment, but believes that he has achleved

a considerable degree of objeotivity after close observation
and study of the warehouses themselves and avallable litera=~

ture dovering the subject.

Evaluation Score Board

Explanation of the Charts numbered 3

Each chart identified as 3 lists the facilities, using the
identifiocation number shown on chart 2, In succeeding
columns, one for each warehouse, the minus point wvalue, if
any, assigned to each faollity, 1s shown, with a total for
each warehouse shown at the bottoms In accordance with the
minus point value system, the warehouse with the lowest

number of points 1s established as the most efficient.
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RECEIVING OPERATIONS
COMPARISOW (W _FACTITTIES CHARY 8~1
TYPS
OF ORGANIZATIONS
| PACILITY . & o A & 7 e "
Platform 15 3 6 3 15 3 10 56
Cepacity | orpansion | full Ml poeal expansion | full expansion | expanslon
Trucks possible possible possible | possible
PlatZorm Covered | 2 Enclosed| EBnclosed | Enclosed | Covered  [ot Covered[Not Covered | Covered
Condition | Not 1 Open Not Not Part Not A1l A1l
Separated| Not Sep'd Separated| Separated | Separated [Separated [Separated Separated
IRail Siding 5 A 5
Gapagity Covered None None None Enclosed None Covered None
an
Condition
Dock Boards 1 1 Xone 1 2 1 2 Hone
Portable
Fixed None None None None None None
Elsc, 1 -—
C-W. amwa oo ’ 56
Lifts
Hand — 3 3 2 6 1 3 —
High 1 —_— Ko No 12 Need - 1l -—
Gas 1- No Keed Need -— -
Elec. 1 1 all —_— 2
Attach~| stand=rd standard standard standard | standard
ments| ynifre — knife knife knife
ram ram —_— ram
chisel _ chisel
side shift side shift
: 2325p
Band Trucks
Steve yes. yes yos yes yes yes ves yes
Hgmpi': —_ canvas metal _— _ canvas -— —
ac . amanay 2 —— —— — -cmme —
yes yes 1




100

RECEIVING OPERATIQNS

100

COMPARISON OF FACILITIES
—{oont-inued) QMH
ng QOROANTZATIONS
{FACILITY A B c ) E F G Y
Conveyors
Portable —— 1 Skate 1 Skate -— 1 Roller — — 1 Roller
No Powar Waoeel Wheel N Sk,Wheel
Portable - —— 1 Belt — — — —_— —
- Power
Fixed . —— Roller + Belt —_— - — —_— —
" Power Belt ,75ft.
1Tow Trucks — — —_— — Platform — — Plat fora
‘ Shelf
. Cae
Tractor- e — — —— I.ewia—? — —
Trailers Shepard
; Electrie
Dragline — — 7 — — 1500 feet — — 14,00 feet
chain wnde chain under
no switch autcmatic
switch
gersmn'el : — — — —— 1 man —— —_— —
arrisrs | 2 man
Pneumatic _— — — — —_— —_— -— yes
Tube
Pallets
; None o _ None Hcne
Wooden yes Ho yes None %,mo No yes No
Dispoaable — en -— yes °
1-Hay yes - yes yes
| 2-Way yes yes yes yes
1-51ded ves Jes yes yes
2-3ided yes yes yes Jes
Solid yes es
yes - Jes ¥ yes
oklds yes yes —_— —_ yos : e— yes —
 ROLLeTS yes yes —_— — — pus— — —
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EVALUATLON POINT SYSTEM CHART A-~-2
NO. |FACILITY EXPLANATION MINUS
, VALUE
1 Platform | Room for prans’.on ooo(o.ooqoooooooo None
Capacity | operating at capacity,but sufficient |1
Operating at capacity,but insufficient | 2
2 |Platform | Enclosed - bays separated eesceccces None
Condition| knclosed - bays not separated 1
Covered =~ bays separated ececececceccece 2
Not cogered -tseparatg doors eecees e
R R e A T T P I+
3 Rail Enclosed - sufficient capacity .ee. None
» 8i1ding |EBnclosed - insufficient capacity .. 1
Capacity|Covered -~ aufficient capacity se.e 2
Conditick Covered =~ insufficient capacity .. 3
1+ Dock Fixed and adJuBtable sev0e0sccecss e None
Boards Portable Only 000ecceccccccccccccce L
Insufficient for needs ceceececcecces 1
None ® O 0 0000008 000000000000 900000000 2
5' Lirts La°k1ng ha.nd lirt ® 00 060000000000 000 1
Lacking low mast (if needed) ..eeee 1
' Lacking high mast (if needed) «eese 1l
[ Hand | Lacking (if needed) seeececesccecses 1
Trucks Wooden or canvas instead of metal , 1
T Conveyo Lacking portable,power or gravity 1
' Lacking fixed,power or gravity.... 1l
2] Tow Lacking (1fneeded) cc....eecceeceoe 1
Trucks
9 Personnel|! Lacking ( if needed) ecceececececcsces 1l
Carrier
10 |Pneumatic| Lacking (if noeded) ...eceeeeececas 1
,iﬂube
11 Pallets Lacking (if needed) ceeecececcoccoces 1
Wooden instead ofmetal c..ceceecves 1
12 Skids Lacking ( if needed) eeeeeceeseses 1
I3 | Rollers | Lacking (if needed) .............. 1
;l-l‘. 1)011168 L&cking (if needed) @000 000 0000009 1




RECEIVING OPERATIONS

EVALUATION SCOHE BOARD CHART A-3
FACILITY | ORGANIZATIONS
yo. (A B J¢ D | B | ¥
1 - 2 1 1 -
2 3 2 1 1 3 N
3 2 _ - - - -
N 2 2 3 1 2 1
s T [ - - ==
6 - 1 - - - 1
1 1 - - 1 - 1
o) 1 - - - - -
9 1 - - - - -
10 - - - - - -
11 1 - 1 - - -
12 - - N - - -
13 - - - - - -
ll'- - B - B - - .
Totals 12 T 6 L S 8

102
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Comments on Results Showm on

Receiving Operations Evaluatlon Score Board

Based on the score, warehouse D is operating mcst efficient-
ly. This should be interpreted as meaning that this
warehouse has adapted 1ts methods and equipment to its ocur-
rent problems most adequately of all the warehouses. In
examining Chart A-l, Comparison of Faocilities, it will be
noted that warehouse D 18 not a large operation. It has
platform space for three trucks with the space enclosed,

but the bays are not separated. This facllity could be
improved. There 18 no rail siding because it 1s not needed.
Only one dock board is provided although more than one would
save time and iabor. D uses hand 1ifts and does not need
fork 1ifts because the inflow of goods is not rapid enough
or in suffioclent quantities to require this. D also uses
hand trucks. No conveyors are used although there should be
at least one portable gravity or power conveyor. D does not
use pallets or skids because the rate of inflow allows
freight to be handled without this facility. In summary,

1t would be falr to state that although warehouse D 1s now
doing a competent Job, a substantial increase in the amount

of merchandise handled would require increased mechanization.

Now look at warehouse A which shows the largest total of
minus values. This 18 a large warehouse wlth a covered plate
form for 15 trucks without bay separations. A has a rall

siding for 5 cars, covered but not enclosed. Here there 1is
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one portable dock board although it should have fixed and
adjustable boards; it has only one hand 1lift, only one
portable gravity conveyor and no power conveyor. Warehouse
A does not use tow trucks which would assist materially in
taking the load of work from its one low mast and one high
mast fork 1lift trucks. Wooden pallets are used rather than
metal. In this large warehouses; a personnel carrier would
make 1t possible for the supervisory staff to move quickly
from point to point, but this has not been provided. 1In
summary, warehouse A 18 a large operation, with room for
expansion, but, with respect to the receiving operation, it
18 being operated as though it were considerably smaller

than is actually the case.

Summary

From this evaluation of the receiving operations of the six
geﬁeral merchandise warehouses, the writer moves on to con=-
sideration of the storage operations, beginning with the
chart on the following page showing a comparison of
facllities.
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STORAGE OPERATICNS 105
COMPARISON OF FACILITIES CHART B-1
- TYPB ORGANIZATIONS
OF .
FACILITY A B Y D B F G H
Smuare .
‘Footage 120,000 57,000 130,000 25,000 335,000 . 20,000 127,000 Hone
Cubie 2 million | 685,000 | 1% milldion | 375,000 7% million | 300,000 23 m14
Footage pnl level |
134 m1ldon 4
_  pbn2 levels 1 v
Storage 19 feet - 12 feet 12 feet 15 feet ? 19 feet 15 feet 19 feet-
Height 30 leet !
Storage |12 feet _ | 7 feet | 12fect | 7 fest | 19 feet | 15 feet |19 feet
‘Height 18 feet
Use —
o o 3 s d
Lifts ) !
Hand - 7es yes . h:1 yes. yeos yes yes
+ . Fork ) ‘ © T
: Low 1 Net - 1l Not - .3 Not - . - 2.
' High 2 Needed s -Needed | 12 Needed 1.
Elecs 2 1 12 ——
Btationary
Elec, 1 1
Hand
Trucks
Steve, | yes yos yes —_ ~— ~— yes
Plat., yes —— yes yes yes —_— —
Hsampeh ]}' ¥yes yes — — — Jyos —_—
BOX_ P 68 . —
Trucks _ Not - Not Not
' 2 Wheels |matiress Needed — Needed Needed
4 Wheels | bed Hot package’
lamp Needed -
1: Dolly chairo,zg_ofas
. mre
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STORAGE OPERATIONS

106
COMPARISON OF FACILITIES
(Continued) ~
YT ) "n 9
or- OR A T2AT} AN Q
| PACILITY A B ¢ D E F ) :
| Conveyors
Power ‘None None None None Rone
Belt yos Yeos yes
Roller — —— —
Cable — — yes
No Power Naone None None None Hone
Pips yes Yyeos yes
Rail — yos —
Gravity Neone - Neme None ¥ane
Roller yes gt yes 1 —
b Whesl yes — —_— : yes
Chute — yes — f —
PTractor —-—— — — TawTa= = an S—
Trailer B Shepard .
{Elec,Systen
Dragline e — — — 11500 feeb. — —
;i chain unde®
no switch »
Pallets wood — —_— — wood -— “wood
Skids yes. yes yes yes yes | yoa yes
Roller
Tables yes — yes — —_— —-— —
Personnel 1 man
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EVALUATION PQINT SYSTEM CHART B~2
NO. FACILLTY EXPLANATION INUS
ALUE
l. pNtorage 19 feet ~highest reached by 1ift one
Height equipment
lb feet o000 ver00ses 0000000
15 feet 9 © 60 09 09 00 9000 000600000000
12 reet © 0 0000 0P s 0s000 POt 00 0 00
2 Storage All Used ® @00 0600000000000 0000% luone
Heig}lt 66% Used 00 9 00 P 00 0s a0 OO o l
Used 6% Used et esvsntsessetenstencoe 2
50)’ Used ®0posceone0sanuroroonoe o j
3 Aisle 6 feet,using narrow aisle lifts [None
Width overbfeet eeevcsescocevscscssue l
L Lifts se of gasoline 1ndoors .escceece
acking hand 1ift ...cececccccee 1
acking low mast 1lift,if needed L
Leacking high mest 11ft,if needed {1
5 Hand Lacking stevedore truck .......
Trucks Lacking any other type needed . f
6 [Conveyors Lecking gravity,if needed ..... [L
Lacking power,if needed seeceee 1
Lacking #no power?,if needed .. 1
7 Tow Lacking,if needed cc.cececscescse I8
Trucks :
3] Tractor- | Lacking,i1f needed seecseccceccccce i
Traller
) Dragline | Lacking, if needed ecccceccacces 1%
10 {Pallets Lacking, 1f needed ceececccease 1
Wooden instead of metal ceeceee 1
11 | Skids Lacking, 1f needed ..oeceeesocos
IZ T RoIler [ ,Lacking, 1 Needed eeceecocesss
Tebles
13 |Personnel | Lacking, 1f needed ecceceesccece
Carrier
1, | Special | Lacking, if needed eseececoccees [L
Trucks
Special Extra credit for ingenulty Plus
15 | Extras Bridged aisle, mezzanine 1 each
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STORAGE OPERATIONS
EVALUATLON SCORE BOARD CHART B - 3
FACILITY | ORGUANIZATIONS

NO+ A B D | B | F
i - 3 2 - 2

2 2 |1 3 | - | -

3 1| - 1] - | -
L 1 - - - -
5 - |- 1 |1 | -

6 - | - - | = | -

7 1 | - -1 -

8 S R N

9 - - - - -
10 1] - 1 |1 | -
11 - | - - |- |-
12 - | - - - 1-
13 1 | - - - 1-
1L T AR B B
15 +1 - - - -
Totals | b |k 8 |2 |2
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Comments on Results Shown on
Storage Operations Evaluation Score Board

Two warehouses are tied with the lowest minus point values,
warehouse E, the largest of the six, and warehouse F, the
smallest of the six. Warehouse E 18 well equipped with the
only item of equipment needed being a small hand truck, and
the only major improvement needed 1s the techniecal one of
replacing wooden pallets with metal pallets. Warehouse F
suffers chiefly from a lack of celling height which, if
greatery; would enable it to store more goods in a smaller

square foot space by making avallable more cublec foot space.

Warehouse D shows the highest minus point value. This ware-
house is the second smallest in square footage. Warehouse D
lacks oceiling helght, falls to utilize fully its present
celling height, proiides wlder alsles than needed, lacks
one type of common but useful hand truck, and falls to make
use of the un;tized load method of handling materials.

Warehouse A shows the second highest minus point value.

- Thls warehouse 1s the thiid largest in square foot space but
falls to make use of i1ts celling height potential, provides
wider alslesthan necessary, uses a gasoline powered fork
11ft partly indoors, fails to make use of tow truocks to
carry large loads with a minimum of power, uses wooden
pallets instead of metal and does not provide personnel

carriers for 1ts supervisory staff. This warehouse does
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offer certain plus values through its ingenuity in bridging
alsles, suspending = mezzanine from the warehouse roof to
add space, together with its use of a group of speoial duty
hand troeks for specifio types of hard~to-handle merchandise.

Warehouse C, the seaond largest of the six warehouses, shows
the thixd highest minus point value due to lack of celling
height, alsles that are too wide, and the lack of certain
speclal duty truocks.

Summaxry
The third and last functional area for consideration is that
of shipping operations whioch is discussed beginning on the

next page with Chart C-1.
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SHIPPING CPERATI(NS

n

1
COMPARIS(N OF FACIILITIES CHART 1
- TYPB ORGANIZATIGCN S
oF ? "
FACILITY A B c D i B F G H
Platform 9 3 6 large 6 12 3 10 56
Capacity expansion | full 2, small expansion  expansion |expansion [expansion |expansion
Trucks possible insufficiert ezxpansion | possible | possible not possib,|possible possible
possible [ sufficient
Platform |BEnclosed |2 Enclosed | Enclosed | Enclosed { Covered HNot Covered | Covered Covered
Condition (Net k1 Open Not Not Part [Not A a1
Separated |Not | Separated | Separated)| Separated |Separated |Separated |3eparated
Dock Boards
' Portable yes yes yes , yes yes yes — -—
Hydr, 2 —_—
Blec. 1
c‘-w. -——— gB‘-
Lifts
Hand yes yes - yes yes yes yes yos yes
Fork yes — — —_— yes . —_— yes yes
{Hand Trucks
© 2 Wheel yes yes — yes yes yes yes yes
"k Wheel yes .yes yes yes yes yes yes yes
- Conveycrs
'Portable Hene Hone None None
gravity -— nkate wheel | skate wheel skate wheel
power yes —_— —_ -
Fixed None Nane None None Nane None
powez —_—
belt yes
‘No-power
chute —_— yés
 pipe yes ves
i)ollies ye8 yes yes yes yes yos8 — -_—
Pallets — — —_— —_— yes — yes —
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10

Lacking, 1f needed ....cccc0eve

EVALUATION POINT SYSTEM CHART C-2
' NO. | FACILITY EXPLANATION MINUS
VALUE
3 |Platform {Room for expansion ....ceee.. .o None
Capaclity {Operating at capacity,.sufficient |1
V Operating at capacity,insufficient|?2
2 Platform |Enclosed -~ bays separated .... None
 Condition! Encleosed - bays not separated. 1
Covered -~ bays separated .... 2
Not covered -geparate doors .. 2
Covered - not separated ...... 3
1 Not coversd - not separated .. L
3 Dock Fixed and adjustable ..cc.cce. None
Boards Portablﬁ Only I EEREEREREEEREEEEEYE) l
Ingsufficlient for nesde ....... 1
NOVE 4 s sts e s ot v o snessoassnss . 2
b Lifts Lacking hand 11ft ceeerveencnn 1
Lacking low mast, 1f needed .. 1
Lacking high mast, if needed . 1
5 Ha*nd Lacking’ 1f needed ® © 06 00 0 % 0 0 0O l
Trucks Other than metal ..ceeeccsccos 1
é Conveyors|Lacking portable, gravity or power|l
Lacking fixed, gravity or power 1l
Dollisz jLacking, if needed ..cecevceeece. 1l
Rollers {[Lacking, 1if needed ...c..ccceese 1l
9 Pallets {Lacking, if needed .....cvvvees 1
|%ooden instead of metal ....... 11
Skilds 1l
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SHIiPPING OPERATIONS

EVALUATLON SCORE BOARD CHART C-3
FACILLTY
NO. ORGANIZATIONS
}\ Al Bl ol o]l E]|F
1 - 2 - - - {1
2 1 2 1 1 24
3 2 1 1 I T I
l‘_ - - - - - -
5 - - L_J - L -
6 1 - - 1] 1 -
7 - - - - - -
8 - - - - - -
9 - - - - 1 -
10 - - - -—h - L
Totals iy 5 2 3 58| ©
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Comments on Besult o¥n on
Shipping Operations Evaluation Score Board

In this final stage of operations, warehouse ¢ leads with
the smallest minus point score of 2, gilven because it has
not separated its truck bays and because 1t does not provide
fixed and adjustable dock boards on its shipping platform.
Warehouse D is the next lowest in minus values based on
fallures identical to those of warehouse C but with the
additional failure to provide any kind of conveyor for
loading goods,

The least efficlent is warehouse F due to its poor facili-
ties for handling trucks. Note that this warehouse has no
room for expansion of its truck facllitles, does not provide
an enclosed or covered platform or separated truck bays, nor

does it provide fixed dock boards.

Warehouse E is the second least efficlent operation due to
1ts covered platform but only partly separated truck bays,
its fallure to provide fixed dock boards and its lack of
power conveyors. Warehouse B 1s close to E in minus points

due chiefly to its poor facilities for handling trucks.

This concludes the separate evaluations of the three major
functional areas of operations of the six general merchane
dise warehouses. In the succeeding pages, the writer will
summarize the functional evaluations of the warehouses,

showing a composite total score for each and make relevant

comments regarding the conclusicns to be reached.
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“Evalustion Summary

A summary of the three Evaluation Score Boards followss

OBGANIZATIONS
A B C¢C D E F
Recelving Operations 12 9?2 6 4 s 8
Storage Operatlons 7 4 5 8 2 2
Shipping Operations L 5 2 3 5% 6
Totals + » » ¢ ¢« ¢« » 23 16 13 15 12% 16

-2
Efficlency Standing 5 4 2 3 1 4

In studying the warehouse operations to determine the reasons
for the comparatively good performance of warehouse E and
that of the rumner-ups warehouse Cy certain significant

facts stand out. Warchouse E is the largest of the six ware=~
houses with an almost continuous flow of merchandise into and
out of storage. The facts stated above have enabled this
warehouse management to utilize the most modern methods of
materials handling and to justify the mechanization of its
equipment wlth the greatest edvantage. In addition, manage-
ment has provided up-to-date types of equipment to handle
materials with a minimum use of manpowery, to handle maximum
unit loads with a minimum use of powered equipment and to
reduce walting time of both men and equipment. The large
volume of goods handled enables this warehouse to reduce

warehouse handling time by arranging for the pre-palletizing
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of goods before receipt at the warehouse and to unitize
materials after receiving. By making maximum use of vertie
cal, one-level storage space obtainable through the use of
high 1ift equipment, this warehouse has accomplished the
following:

1. ¢the increase of cubla foot storage space,
2. the reduction of the need for square foot

storage space, and,
3. the reduction of time consuming horizontal
movement of materials and equipment.
Warehouse C, the runner-up, operates within a restricted
space, andy although 1t lacks sufficient celling height, it
utilizes fully the existing height. Warehouse C is more
fully mechanized than several of the other warehouses which

enables it to handle larger quantities of materials more

rapldly and efficliently.

In the opinion of the writer, all six of these warehouses

are operated with a considerable degree of efficlency when
each 1s examined separately. One conclusion reached by the
author i1s that a warehouse is in the position to operate most
effiolently when 1t has provided room for expansion when
needed but does not spread itself into more space than it
actually requires at any given time. By providing and util-
izing maximum vertical storage space to obtain the maximum
cubic foot space, thereby limiting the need for square foot
space, the warehouse is able to concentrate its use of

mechanical equipment with maximum efficilency and to handle
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maximum unit material loads in the shortest possible time

with the least expenditure of manpower.

Additional Comments

There are many interesting and revealing detalls of the indi-
vidual warehouse operations some of whioh the writer feels

are worthy of further explanation in the following pages.

The author visited for observation and study, the six gener~
al merchandise warehouses, the one public warehouse and the
one transportation terminal described earlier in this study.
The first visits were to the public warehouse and the trans~
portation terminal. Of the eight facllities visited, these
were the most recently constructed and probably, for this
reason, included some of the most modern equipment of all
eight. For example, only these two have receiving and ship~
Ping platforms equipped with built«in self-adjusting dock
boards. Each of the 56 truck bays in the transportation
terminal 1s equipped with a selfeadjusting doock board manue
fastured by the well known Kelley Company of Milwaukee,
Wisconsin. These dock boards operate by hand with a counter=-
welght mechanism. The public warehouse platform is equipped
with two different types of doock boards, all self-adjusting,
some actuated by hand with hydraulic power,; others by a
push«button electric mechanism. Not all of their bays, how-
every are so equipped. Obviously, it is easy to install
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permanent dock boards at the time a platform is under cone
struction but difficult to do so after completion. The olde
er warehouses, therefore, have been satizfled to do without

rather than incur the expense.

Both of the ¢rganizations mentioned above are the only ones
of the eight to have separated their truck bays so that
thexrs 13 a minimum of wasted platform space. The truck
traller 18 backed into an opening which it fills entirely so
that most of the bad weather is ocut out and the merchandise
and personnel protected. On the other hand, nelther of these
platforms has enclosed bays as do two of the general merchan-
dise warehouses. Apparently, there is a difference of opine
ion regarding the advantages of the enclosed bay over the

‘open or covered and separated space.

T™wo other points of interest to be seen in the transportation
terminal axe the automatic, self switoching carts in the chain
dragline, sontrolled from a central dispatcher's desk, and
the use of metal cage package trucks which are carried in the
traller trucks, then, after reaching the recelving platfornm,
are set into the dragline for transfer to another traller.
This dragline was installed by the SI Bandling Systemsys Inc.
of Easton, Pa. The only other dragline in use among the six
general merchandise warehouses is a continuous track without

switches,

The only pneumatioc tube in use in Richmond, as observed, by
the writer, is in the transportation terminal, carrying
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shipping orders from the office at one end of the platform
to a ventral point on the platform. It 1s possible that
this method could be used by at least two of the warchouses
visited which are large enough to require their maintaining
a separate file of orders at the receiving platform to be

ocheoked against involces.

It was in the publie warehouse that the writer observed a

pallet load of heavy paper bags glued together in order to
fom a unitized load which could be handled by a fork 1lift
truck. This is8 a method which could be applied elsewhere

to similar types of goods.

It is the oconclusion of the author that much may be learned
from the warehouse and terminal operators because they are
in the business of making a profit chiefly from the handling
of goods yather than from the sale of goods with the ware-
housing function as an auxiliary, as is true in the case of
the warehouse of a wholesaler or retaller. The writer was
informed by a public warehouseman that he makes very little
profit from the storage of goods so that he depends, for the
bulk of his profity upon his ability to handle goods effici=-
ently in end out of storage.

The most efficlent of the six general merchandise warehouses
has only reocently installed a2 tractor traller system, follow=

ing a large addition to its floor area. This system enables
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the warehouse to pull, by a small trastor, 5 platform trucks,
each capable of carrying a 2,000 pound load. One trip of
this tractor train equals five trips by a fork lift truck.
And yet; this warehouse was operating 235,000 square feet of
space with fork 1lift trucks only. This is referred to as an
experiment by the warehouse staf'f. Obviously, this should

be oconsidered a very valuable experiment.

This tractor vs fork lift discussion brings up the question
of the limjted ocapacity of powered load«carrying equipment
and the time required for it to make a round trip between
the platform and the storage area. A valuable comparison of
the savings to be made from the use of tractor trains rather
than fork 1ifts is offered in a study by Harry E Stooker.l
This study shows that, at 1943 costs of equipment eand wages
of $1.00 an hour,; there was a saving of $0.55 per day for a
100 ton iift (1 ton earried 100 feet), during an 8 hour
working day, through the use of a tractor pulling only 8 tons
per trip; Ain comparison with the use of a fork 1ift carrying
2 tons pex trip.

The use of fork 1ifts in the storage function presents worth-

while comparisons. The most effisient warehouse studied by

the writer, requires the use of 12 high 1ift forks because

1stocker, Harry E., Materials Hanfing, New York; Prentioe=
Hall, Ince.y 1943’ P 279.
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of its heavy flow of goods and 1its full use of its potential
vertical storage space. Two othexr warehouses, however, have
failed to use their full vertical storage potential and two
others lack seiling height, whish accounts for the fact that
they have made little or no use of high 1ift equipment.

Warehousea B and C are utilizing powered bslt sonveyors very
effectively to carry goods long distances from the recelving
platform into handling areas and both warehouses provide
elaborate systems of overhead pipe gravity conveyors for
moving hanging goods from the order pilcking areas to the
delivery platforms.

Another instance of well planned and efficient handling and
the only equipment of its type observed in Richmond, was
seen in warehouge F. Here there 1s & rotating cable, overe
head conveyor moving hanging goods into storage for a distance
of 165 feet: This equipment is produced by the M-H Standard
Corp. of Hamilton, Ohio; under the trade name Monoflo. In
the same warehouse, & second unique installation, 18 a
narrow, notched rubber, overhead belt conveyor moving gare
ments to the order filling section from storage. This
effioclent equipment, called the V~Matic, is produced by
Juengel V~Matioc System; Inc., of Charlotte, N. C.

The shipping operations in the six warehouses present most of

the same problems that are seen in the receiving operations.
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Speoifically, these problems are the enclosed vs covered
platforms, the separated vs non-separated truck bays, and

the fixed vs the portable dock boards.

This evaluation summary reveals the operating advantage to

a warehouse, of a steady incoming and outgoing flow of goods,
enabling the full application of mechaniocal and powered
equipment, of providing maximum oeiling heights afforded by
the use of high 1ift equipment and the full use of vertical
storage potential, of the concentration of storage into the
smallest possible square foot space by utilizing fully, cublc
foot space. A previously unmentioned but possible solution
to the space problems of a warehouse serving widely spread
customers or 1ts own branch stores, 1s to inorease 1ts use
ofy (1), direct shipments from manufacturers to branches
through consolidated truck shipments or, (2), the contalne
erization provisions of rallroads in order to maintain 1its

lower oar load freight rates.

Summag

Chapter V completes the comparison and evaluation of the six
general merchandise warehouses included in this study. The
succeeding and final chapter will summarize the areas cove
ered by the study, csonclusions reached by the author, and

suggestions for further research.



CHAPTER VI

SUMMARY

The Study Attempted

Like most persons exploring a new and unknown field, the
wrlter did not know, at the start, in whish directions his
research might take him, how far 1t might lead or what he
would find.

The stated purpose of the study was to leayn what methods
and which types of equipment for handling materials were
being used surrently in general merchandise warehouses in
Richmoni, The stated objectives were to make a comparison
between methods and equipment being used in Richmond and to
evaluate them in light of these methods and types of equipe-
ment whioch were considered best by the authorities on these

subjects.

The author csonsidered it probable that he would find differ-
ences in points of view and actions taken to solve similar
situations and problems and in this respect he was not mis-
taken. It was the hope of the writer that he would be able
to make direot comparisons of methods and equipment which
would lead to definite conclusions, establishing that certain

warehouses were superlor to others in particular respects.

123
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The writer hoped also, to be in a position to be definitive
with respect to suggested changes for the improvement of

currently used methods and equipment.

There has been no attempt to evaluate methods and equipment
from the point of view of costs, as the author has explained
in Chapter II4 under the seotion, Cost Considerations.
Early in his research, the author realized that an evalua-
tion of the decisions of management with fespeot to the
selection of methods end equipment was too involved for him

to attempt in the time and space allowed for this study.

Limitg of The Study and Conclusions Reached

The first step taken by the author was to accumulate as much
background information as possible to provide himself with
an understanding of the texrminology, the problems, the
methods and the types of equipment concerned with materials
handling. To do this, the writer reviewed avallable texts
bearing on these subjects together with the articles which
had appeared in issues of the periodiocals dealing with this
area, published during the past several years. Following
this, the author visited and observed the operations of the
six general merchandise warehouses, the public warshouse and
the transportation terminal. A complete comparison and
evaluation of the facilities offered, and the use being made
of these facilities has been made in the preceding chapter.



125

Suggestions have been offered by the writer which he bellieves
might be an aid to greater effiolency in one or more of the
warehouses studied. In summary, the author concludes that a
nunber of improvements in the existing warehouse facillities
18 possible {as discussed in the Evaluation Summary of
Chapter ¥ beginning on page 115) if each is preceded by a
study to determine the specific applications of materials
handling methods and equipment to the problem.

Areas for Addltional Study

It 1s falr to assume that every author wishes he had the time
and space to pursue his study more deeply into the same chan~
nels or to dig into new channels which his research has
opened. This writer suggests the following areas of research
‘whioh should bring valuable information to the student of

warehouse operations.

1. Cost considerations of the equipment as outlined
-briefly in Chapter II of thls study. The result
should be the determination of a breek even point

of unit load for each plece of equipment.

2« A study of inventory control methods and space
ellocation to types of merchandise,

3. A study of interior warehouse locations for goods,
considering their rates of inflow, outflow, travel
distances from recelving into storage and from stor-

age to shipping and unit load oapacity of equipment.
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4, A study of ideal oceiling height in one level
warehouses considering factors of oconstruction

costs, equipment costs and equipment capacity.

5. A study of reocelving and shipping platform
methods and equipment including experimental
work with the Alr-Glide Systems (air-in-floor
and alre~inepallet) of the Industrial Truck
Division of the Clark Equipment Company of
Battle Creek,; Michigan.

6. A time study of order filling to determine
warehouse costs and expense allocations to
types of merchandise and size of order, thus
determining falr proportional charges to

users of the warehouse.

From this 1list of possible research areasy the reader will
reallze the complexity of warehouse operations, the need for
ocontinued and constant study to stay abreast of new develope
ments in improved methods and applications of equipment and
to reduce operating costs. The oconstant improvements in
methods and equipment through technologleal advances places
a responsibility on the warehouse operator to remain
militantly alert for opportunities to inorease effiociency

and to reduce costs.
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MATERIALS HANDLING
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The Bas)g Concepts of Industrial Materials Handling
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Meese, Ins., Madison, Indiana
Uge Shamyock Canvas Baskets, Hampers

M=-H Standard Corporation, Hamilton, Ohlo
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Rapids~Standard Company, Inc., Grand Rapids, Michigan
Rapistan Full~Dimension Sexrvice
.stan Hlaterials Handling Egulpment and Services

Riohmond Materials Handling Corporation, Hichmond, Virginia
Ya%e Industrial LAft Truoks

ale 1oy Hoistin% E%uigment
Jervis B. Webb, Un ravity Conveyors

KelXey Dockboards; Backbone Racks
0 Amerloan ror S

axes lTUucks an rallers

SI Handling Systems, Ino., Easton, Pa.
Getting the Most out of Dragllnes
Switch-Cart Systems in Warehousing
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