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This is the third cf five reports to he published by the
Agricultural Marketing Service from data submitted by the Wash-
ington State Apple Commission in fulfillment of its contract
with the U. S. Department of Agriculture. The first two reports
are Marketing Research Report No. ^9 "Apple Handling Methods and
Equipment in Pacific Northwest Apple Packing and Storage Houses/'
and Marketing Research Report No. 68 "Innovations in Apple Han-
dling Methods and Equipment." The other reports are expected
to cover: (l) The effect of apple handling methods on storage
space utilization, and (2) pxantwiae materials -handling costs.
After these reports are issued, a summary is planned.

"Methods and Costs of Loading Apples in the Orchard in the
Pacific Northwest," Marketing Research Report No. 55^ published
by the Agricultural Research Service of the Department in January
195^^ summarizes another phase of the study.

Some of the results of this research are available now in

summary form through the U. S. Department of Agriculture film
entitled "Apple Handling Methods." A print of this film may be
obtained on a loan basis from:

Visual Aids Service
University of Illinois

7I3I South Wright Street
Champaign, 111.
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SUMMARY

Methods and equipment for moving and handling empty apple boxes at
storage houses in Washington State were studied to provide a guide to the
industry in utilizing the practices that are most efficient and least
expensive. Handling of empty boxes accounts for a substantial part of the
costs of the apple storage operation.

Moving empty apple boxes from storage and loading them on road trucks
or orchard trailers is accomplished in three ways: Manually, or by using
clamp-type 2-wheel hand trucks, or by using industrial fork-lift trucks
and pallets. In the manual operation, boxes are moved out of box houses
and loaded on trucks. By the other two methods, boxes are moved from
storage points inside the warehouse.

When the manual method is used, 2.99 man-hours of labor per 1,000
empty boxes are required. Labor and equipment costs by this method are

$3.^^ per 1,000 empty boxes, which is the highest cost of the three methods
tested in this study.

Clamp-type 2-wheel hand trucks provide the least expensive method for
placing boxes on roaid trucks and orchard trailers. Costs by this method
are $1.35 per 1,000 empty boxes. These costs relatively are low because
the hand trucks can handle l8-box unit loads and incur very low cost for
equipment

.

Industrial fork-lift trucks and pallets are relatively efficient for
this operation, requiring only O.8O man-hour of labor per 1,000 empty boxes
However, equipment costs are high, amounting to $1.20 per 1,000 empty boxes
Combined labor and equipment costs of this method total $2.2^, or $0.89
higher than the method using the 2-wheel hand truck.

Four combinations of equipment are used for moving empty boxes from
storage to the packing line: (l) Clamp-type 2-wheel hand truck and mono-
rail conveyor; (2) industrial fork-lift truck, pallets, and monorail
conveyor; (3) clamp-t>^e 2-wheel hand truck and gravity roller conveyor;
and (U) industrial fork-lift truck, pallets, and gravity roller conveyor.
Labor requirements by the 2 hand truck methods --(l) and (3) --are the samxe,

1.96 man-hours per 1,000 empty boxes. The 2 methods utilizing fork-lift
trucks and pallets-- (2) and (U)--also are the same, I.65 man-hours. Total
costs for labor and equipment are highest for the fork-lift truck in
combination with the monorail conveyor, and lowest for the clamp-type
2-wheel hand truck in combination with the gravity wheel conveyor.

Of the 3 methods used to move empty containers from the dumping area
at the beginning of the washing and packing line to storage, 1 is paced
by the rate at wb-i^^h the boxes are emptied of their fruit--abcut 3OO boxes
per hour per line. This method involves the use of belt conveyors in

combination with clam.p-type 2-wheel hand trucks. When this operation is

« • •
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performed oy the other 2 methods^ which utilize hand trucks alone and
fork-lift trucks and pallet-s^ it is assumed that the workers and equipment
are shifted to other duties when boxes are not available for handling.

Only 0.50 man-hour of labor is required to move 1,000 empty boxes
from the dumping area to storage by an industrial fork-lift truck. To per-
form these operations by belt" conveyors and hand trucks, 2.^0 man-hours of
labor are required. But, in spite of the superior ability of the industrial
fork-lift truck in keeping labor costs down, the use of clamp-type 2 -wheel
hand trucks alone shows a cost of $1.79 p^r 1,000 empty boxes for labor
and equipment, or $0.63 less than for fork-lift trucks. Costs for the
method using belt conveyors and hand trucks total $3-66 per 1,000 boxes.

At packing and storage houses where field boxes are used, empty boxes
usually are moved from the dumping area to storage by road trucks or
orchard trailers. These boxes are moved from the dumping area onto the
road trucks or orchard trailers by hand trucks . The loaded trucks or
trailers are driven to the storage point where the empty boxes are removed
manually and placed in box houses. Exclusive of driving time between
packinghouse and box -house storage point and the cost of operating the
road truck or orchard trailer, this method requires ^.^9 man-hours of labor
per 1,000 empty boxes and costs $5.l3 for labor and equipment.

Labor and equipment costs per 1,000 empty boxes for performing the

3 cycles of operations --moving empty boxes from storage to road trucks or
orchard trailers, moving empty boxer; from storage to the packing line, and
moving boxes from dumping area to storage --by use of the 3 principal t^^es
or combinations of types of equipment are as follows:

T^^e of equipment and method Costs
Dollars

Manual handling and clamp -type 2-wheel hand truck. . 11. 63
Clamp-type 2-wheel hand truck. ... 6. 15
Industrial fork-lift truck and pallets 8.22

At higher wage rates than those used in computing these costs, the
advantage of the clamp-t}^e 2-wheel hand truck decreases. At a wage rate
of $0.25 per hour above the current rate, the difference in cost between
this method and that using fork-lift trucks is reduced from $2.07, when
current wage rates are used, to $l,6s Der 1,000 empty boxes handled.
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HANDLING EMPTY APPLE BOXES IN PACIFIC NORTHWEST
PACKING AND STORAGE HOUSES

By D, Loyd Hunter, industrial engineer
Raoul S. Duerden, industrial engineer
Francis Kai'er, research analyst
Washington State Apple Commission

and

Joseph F. Herrick, Jr., agricultural economist
Transportation and Facilities Branch
Marketing Research Division
Agricultural Marketing Service

INTRODUCTION

Millions of boxes and other containers are used each year to market
the Nation's apple crop. As apples for the fresh market seldom are handled
in bulk, some of these boxes are used to handle the fruit all the way from
the orchard through the packinghouse and on through the terminal market.
These boxes, as well as cartons and baskets, must be handled many times
before they are packed with apples and transported to consuming areas.

in Washington State where about hO million boxes of loose or unpacked
apples are harvested each year, an equivalent number of empty containers
must be handled between packinghouse storage areas and the orchard. As
most of this fruit moves directly from the orchards into storage, for pre-
cooling before packing, boxes generally are used only once during the
season to bring fruit from the orchard. The standard Northwest apple box
used for moving packed fruit to terminal markets also is used as a field
container.

Empty boxes are hauled first from storage to the orchard by road
trucks or trailers. These boxes usually are stored in large outdoor box
piles or box houses (fig. 1). The houses are constructed during or at the
end of the previous packing " season as boxes are emptied in the packinghouse
or made by boxmakers. Some empty boxes are stored in packinghouse cold-
storage rooms after the fruit has been shipped out (fig. 2).

At the orchard these boxes are scattered about under the fully laden
trees. After the boxes are filled, they are hauled to the warehouse and
placed in storage. Later in the season they are moved to the packing line.
After the apples are dumped in the washer the empty boxes are sent either
to the packing line to be used as containers for packed fruit or, in the
case of old standard boxes and field boxes, are returned to box houses or
storage rooms. Although much of the work of handling empty containers,
other than that required during the harvesting and packing seasons, can
be done during periods when speed is not one of the primary considerations.
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figure 1. --Empty boxes stored in houses at apple packing

plant.

Figure 2. --Pallet loads, each containing 72 empty apple

boxes, stored in cold-storage room.

as when fruit is being moved into storage, these handlings are necessary
and constitute one of the significant items of cost to plant operators.

Although a number of different t;>'pes of containers are used for han-
dling apples, the standard Northwest apple box is the principal container
used in Washington State. Cartons, which generally come flat or knocked
dovm, usually are handled with other supplies as part of the packing
operation. Therefore, in the sections that follow only the standard
apple box and field box are considered.
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The standard apple box is used both for picking and as a shipping
container. Eut^ if it becomes weatherbeaten, soiled^ or otherwise damaged
in the course of its use as a field box, it will quite likely serve only
in shuttling back and forth between the packinghouse and the orchard.

The standard apple box has inside dimensions of loi by 11^ by lij inches.
It is made of shook 9/32 of an inch thick on the sides and II/16 of an
inch on the ends (fig. 3) » The bottom is made of thinner shook. The field
box has the same inside dimensions as the standard box but the bottom and
ends are made of thicker material and the corners are reinforced with corner
posts (fig. h) , In the operations discussed in this report, all empty boxes
are handled without tops

.

Figure 3 '--Standard apple box. Figure ^. --Field apple box.

Ey most handling methods, empty standard and field boxes are nested or
built into 3~hox units by placing 1 box inside of 2 boxes that are fitted
together. (illustrations are shown in some of the figures of handling
operations.) Nesting the boxes permits 3 hoxes to be handled as a unit,
and in storage 3 boxes occupy the space of 2.

The study on which this report is based was undertaken to develop
methods for increasing the productivity of workers employed in apple pack-
ing and storage houses to handle empty containers. The comparative effi-
ciency of various methods and tj^^pes or comibinations of t^y-pes of materials

-

handling equipm.ent, currently used in Washington State apple houses for
performing the different operations, was measured under variable conditions
of significance to the industry.

Although this study was made in Washington Sta.te, the data should be
applicable to commercial (nop-farm) apple houses in other areas. If adjusted
and interpolated these data also may be applicable to operations in farmi

storages which usually are of smaller capacity.
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Time studies of handling operations of empty "boxes, as performed "by

the use of various methods and types of equipment, were made at selected
plants to determine: (l) The elapsed time required to handle given volumes
of "boxes; (2) the total man-hours of labor required; (3) the total machine

-

hours of equipment use; and (k) the causes and magnitude of delays, wait
time, and other unproductive time occurring during the performance of these
operations. Elapsed times were determined to provide a basis for comparing
the speeds at which identifiable operations are performed by the use of
various methods, and for computing labor and equipment inputs. Labor and
equipment inputs provide at least one basis for comparing the relative effi-

ciency of methods used for performing an operation. Standard data on labor
requirements per 1,000 empty boxes for identifiable operations are shown in
the Appendix. These data were compiled through time studies of actual
operations.

Data on prevailing wage rates in Washington State apple plants during
the 195I-52 season were obtained through interviews with plant managers,
labor union officials, and others. Based on these data, a wage rate of

$1.15 per hour is assumed to be the average rate for unskilled workers and
this rate is used in the sections that follow for computing labor costs
under current conditions. As the operation of industrial lift trucks in-
volves accuracy in judging distances, either when driving the truck in the
cold room or when maneuvering it in crowded areas, packing plants usually
pay operators of industrial trucks from $0.10 to $0.20 per hour more than
they pay regular workers. A wage rate of $1.30 per hour is, therefore,
assumed to be the average rate for semiskilled workers. This rate is used
for computing labor costs under current conditions where semiskilled labor
is employed.

Because of trends in wage rates, cost comparisons made by use of
current wage rates may not adequately reflect the comparative efficiency
of various methods and t;>'pes of equipment during some future period.
Therefore, to show cost relationships if .wages should be increased further,
an increase of $0.25 per hour was made in current rates both for unskilled
and sem.iskilled workers. Wage rates under these assumed conditions would
be $l.i^-0 per hour for unskilled workers and $1.55 P^r hour for semiskilled
workers. These rates are used in the sections that follow for computing
labor costs under assumed conditions, l/

The costs of ownership and operation of various types of materials

-

handling equipment, which have been used for computing total equipment
costs for performing handling operations, were obtained through accounting

1/ For a more complete discussion of wage rates, see "Apple Handling
Methods and Equipment in Pacific Northwest Packing and Storage Houses,"
Marketing Research Report No. h^, U. S. Dept . of Agr., Prod, and Mktg.
Adm., June 1953

.
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analyses made in selected plants and through cost records maintained on
special forms by cooperating plant operators. Other data were obtained
through surveys of equipment manufacturers, insurance companies, and tax
officials. Combined hourly costs of ownership and operation of selected
types of equipment used for handling empty boxes are shown in table 1.

Table 1.—Estimated costs of ovmership and operation of specified types of materials-handling equipment used for handling empty containers in
(Washington State apple -packing and -storage plants, 1952 _l/

Type of equipment
Amount of

equipment

: Unit

Clamp-type 2-v»heel hand trucks : 1

Belt conveyor : 75 feet

Gravity wheel conveyor : 100 feet

Monorail conveyor ; 100 feet

Industrial fork-lift truck (ij.,000-pound capacity—eleotric), : 1

Pallets (UO- by U8-inoh) : 7/ 20.8

Replacement
cost

Dolleu's

7U.10

1,200.00

385.00

U3O.OO

7,271.00

62.70

Assumed
annual
use

Hours

2/ Uoo

V675

ii/675

14/675

2/ Uoo

y 3.6U

Cost of ovmership

Per year . Per hour

Dollars

3/ 7.05

3/ llU.OO

5/ 1+1.99

t 5/ 1+8.02

6/ 8O7.I6

y 7.02

Dollara

0.017

.17

.062

.072

2.02

1.92

Cost of
operation

Per hour

Dollars

0.007

.095

.015

.028

.26

.10

Total
oost
per
hour

Dollars

0.021+

.265

.075

.100

2.28

2.02

storage

allowano

%

For additional details and other types of equipment, see "Apple Handling Methods and Equipment in Pacific Northwest Packing tuad

Houses," Marketing Research Report No. U9» 'J« S. Dept. Agr., fMA, June 1953-
Estimated hours that equipment is used annually.
Based on 20-year depreciation period, interest on investment at 5 percent, and 2-peroent allowance for insuranoe and taxes.
Based on a packing period of 90 days at 7S hours per day.

Based on 15-year depreciation period, interest on investment at 5 percent, and 2-peroent allowance for insuranoe and taxes.
Based on 20-year depreciation period for chassis and 73-year life of battery, interest on investment at 5 percent, and 2-peroent

e for insuranoe and taxes.
This is the number of pallets required to handle 1,000 unpacked boxes of apples, U8 boxes per pallet.
Based on the number of hours of labor required per 1,000 boxes in all groups or cycles of handling operations.

Labor and equipment costs for handling empty boxes by specified
methods and types of equipment have been computed to provide a basis for
comparing the. relative efficiency of the several methods. These cost 'com-

putations were necessary because comparisons cannot be made on the basis
of physical inputs of labor and equipment; that is, man-hours of labor and
machine -hours of equipment use cannot be totaled as a basis for making
comparisons. Therefore, the labor and equipment inputs were converted to
dollar costs and comparisons are between methods on the basis of combined
costs for labor and equipment.

The 5 principal types of equipment used to handle empty containers
are: (l) Clamp-type 2-wheel hand trucks; (2) belt conveyors; (3) gravity
roller conveyors; (^) monorail conveyors; and (5) industrial fork-lift
trucks and pallets. Manual handling methods also are used to perform some
operations.

' Clamp-type 2-wheel hand trucks probably outnumber all other types of

equipment used for handling empty boxes (fig. 5)« The clamp truck has two
armis which grasp the boxes and clamp in from the sides when motivated by a

foot -operated lever. By use of this equipment I8 empty boxes usually are
picked up, transported, and released as a unit load (fig. 6).

Belt conveyors in apple packing and storage houses in the State of

Washington usually are constructed of wood or metal frames, and have wood
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Figure 6*--The nesting of boxes--l box

placed inside of 2--makes it possible

for a hand truck to hold a unit load

that extends beyond the clamping arms.

or steel rollers, over which 12- to
Figure 5. —Clamp-type 2-wheel hand truck. l4-inch belts are pulled to provide

the conveying surface. When used
for handling empty boxes, these con-

veyors are generally built to specifications required by plant conditions.

Gravity-type wheel conveyors also are used for handling empty boxes
in some operations. The boxes roll on small diameter wheels mounted sev-

eral inches apart on two parallel metal rails. In general, this type of

conveyor is used to move empty boxes from the dumping area to the packing
stations.

A monorail conveyor system is comprised of an endless overhead chain
conveyor equipped with hooks or carriers on which empty boxes are hooked
for transporting them to the packing stations. This t;vTS of conveyor
moves at a ra^e which permits boxes to be put on or taken off at any point
along the route it serves. An advantage of the monorail system is that it
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can be used to carry all types of empty containers to the packers. Monorail
conveyors also are utilized to carry "boxes to and from outside storage areas
adjacent to the packinghouse.

Industrial fork-lift trucks used in the apple packing and storage
houses are of the same general design as those used in other industries
(fig. 7). They usually are equipped with ii--inch forks of sufficient length
to handle the standard kO- by ii-8-inch and 36- by ^0-inch pallets. Pallet
loads of 72 empty standard boxes can be handled by this equipment.

Figure 7.-- Industrial fork-lift truck.

Data were developed for the following cycles of operations: (l) Moving
empty boxes out of storage and loading them on road trucks and orchard trail-
ers; (2) moving empty boxes from storage to the packing line; (3) moving
empty boxes from the dumping area, at the beginning of the washing and pack-
ing line, to storage; and (k) moving empty boxes from the dumping area to
storage by road trucks and orchard trailers.

Before the harvest season, empty boxes are removed from storage piles
and loaded on road trucks and orchard trailers for transit to the orchard. 2/
Various methods are used to load the boxes, all of which involve manual
handling. In one of these methods, one worker hands boxes to another worker

2/ The number of boxes hauled by road trucks and orchard trailers
varies, but generally the trailer hauls about as many boxes a trip as the
road truck. The usual load is ^32 boxes.
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who in turn passes them along in "bucket brigade" fashion from the top or
various parts of the box pile to a worker on the road truck or trailer who
stows them in. hauling position. Boxes also are loaded on road trucks and
trailers from storage rooms or from small piles that are made by boxmakers

.

When the loading is by clamp -type 2 -wheel hand trucks or by industrial
fork-lift trucks, boxes are handled in l8- and 72-box units, respectively.

Only when fruit is moved to the packing line in field boxes or old
standard boxes is it necessary to move empty standard boxes from storage
to the packing line to supply the packers with the necessary new boxes.
Boxes are moved to the packing line from storage by use of: (l) Overhead
monorail conveyor alone; (2) industrial fork-lift trucks in combination
with overhead monorail conveyors; (3) clam.p-type 2-wheel hand trucks in
combination with gravity wheel conveyors; or (k) fork-lift trucks in com-
bination with gravity wheel conveyors.

After fruit is brought from storage to packing line and dumped, the
"dumper" 2/^^ plants that do not use pallets generally places the new or
clean boxes on a gravity conveyor or an overhead monorail conveyor which
carries the boxes to the packers. Field boxes or old boxes are nested and
stacked for hand trucking to storage. In plants that use pallets ("pallet-
ized" plants), empty boxes are handled in the same way as in unpalletized
plants, except that the boxes are placed on pallets instead of in stacks
and are removed by industrial fork-lift trucks. These boxes are stored in
fruit storage rooms or in large open storage areas where they are held
until the next harvest season.

The last cycle in handling operations of empty boxes involves the
miovemient of boxes to storage by a road truck or orchard trailer. These
operations are required when boxes are stacked in box houses some- distance
from the packing plant (fig. 1). Boxes are placed on the road truck or
orchard trailer by an industrial fork-lift truck and pallets or clamp-t^^e
2-wheel hand trucks. When boxes are unloaded into a box house for storage,
the road truck backs up to the desired unloading position and the boxes are
handed in 3~'^ox units from one worker to another in a bucket brigade until
they are placed in the correct position in the box house.

Methods of handling empty containers by clamp -t>^e 2-wheel hand trucks
and industrial fork-lift trucks are similar to methods used for handling
boxes of fruit by this equipment. Obviously, the productive labor required

3/ The worker responsible for dumping the fruit from the boxes on the

conveyor, which carries the fruit to the washing equipment, is called the

"dumiper." In some plants this dumping operation is performed automat ically

by a machine

.
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per 1,000 boxes differs considerably because both types of eq^uipment

carry a greater number of empty boxes than full ones. However, the pro-
ductive labor on a per-trip basis was found to be so nearly alike for empty
containers and loose -packed boxes that no significant difference could be
detected. For this reason, the productive labor requirements, for han-
dling empty boxes by use of hand trucks and fork-lift trucks, have been
derived from the productive labor requirements for handling loose fruit by
the same type of equipment (see Appendix).

Time studies were made of the various phases of handling empty
containers and the data obtained were supplemented with data from ratio-
delay studies, hj Ratio-delay studies were used to obtain averages over
a longer period than would have been practicable by time study techniques
and are, therefore, based on a much larger sample. 5/

No attempt is made in this report to determine the costs of handling
empty tray-pack cartons and bonding -type cartons, as the work involved is

done largely as a packing-room operation. Carton handling involves mov-
ing the stock of unassembled cartons from storage points into the packing
room. When the cartons are brought as "flats" to the packing area, the
packer forms the cartons just before packing apples in them. When cartons
are set up before being brought to the packing area, a worker other than
the packer forms the carton by stapling or gluing the bottom. The han-
dling of the flat cartons within the packing room is not assigned a standard
time as this task is usually performed by a worker who also does other
miscellaneous jobs.

h/ The ratio -delay study (more recently called work sampling) refers
to a method by which the relative time that equipment, materials, or

personnel are in specified states in the course of an operation or process
is estimated on the basis of a sample of random observations of the
activity.

5_/ Handling boxes was an integral part of ratio-delay studies, be-
cause empty boxes were frequently handled by workers from other work crews

in the plant. Ratio-delay observations covered details of empty box han-
dling, such as placing empty boxes on monorail, removing boxes from

monorail, and waiting for work. Therefore, data en specific operations
can be "broken out" and combined.
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METHODS AND EQUIPMENT FOR MOVING EMPTY BOXES FROM STORAGE
AND LOADING THEM ON ROAD TRUCKS AND ORCHARD TRAILERS

Empty boxes are coinmonly moved to and loaded on road trucks and
orchard trailers from two t\T^s of storages --large box houses or regular
cold-storage rooms that have been emptied of fruit (figs. 3 and 2). When
box houses are being broken down, the roof of the house must be removed,
broken boxes mended, and the nails in the roof boards reiLOved (fig. 9)«
These operations are in addition to the loading of trucks and trailers.
The roofs of box houses usually are made by overlapping boards of 1-inch
lumber laid to make a "bat and board" roof. Occasionally box houses are
not roofed, a practice that may not be advisable where precipitation is

heavy and humidity high.

Figure 8. --Box house storage with roof at a commercial

apple packing and storage plant,

A 2 -day log kept of all the work performed at 1 box house shcw^ed that
the actual loading of boxes on road trucks and orchard trailers required
about 50 percent of the crew's time. Large crews are used for this opera-
tion because of the assignment of w^crkers, hired in advance of the approach-

ing warehouse receiving season, who are not needed at the time for other
tasks.

Timie required to load boxes from these houses on road trucks and
orchard trailers m-ay vary considerably because of the different methods
used. For example, when boxes in the upper part of the box house are
being loaded on the road truck, the 3 -box units usually are handed down
from one worker to another and then stacked by hand on the road truck bed.
But, when boxes from the lower part of a house are being loaded on the
truck, the 3"'20x units usually are handed by a worker on the ground to a

worker on the road truck, who in turn places the boxes in position on the
truck bed.
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Figure 9'--Workers removing the roof from a box house

When boxes are moved from a warehouse storage room and loaded on a
road truck or orchard trailer by clamp-type 2-wheel hand trucks or indus-
trial fork-lift trucks, they are carried in unit loads of l6 and 72 boxes,
respectively. Although road truck and orchard trailer loads of empty
boxes vary in the number of boxes, it is assumed for purposes of this
analysis, that a truck or trailer load consists of 432 empty boxes.

Manual Method

The manual method of breaking out empty apple "boxes from storage in
box piles and loading them on road trucks or orchard trailers involves
the lifting of 3~^o>^ units from the stack, handing or passing the units
along for conveyance, and positioning them on the truck or trailer bed.
Occasionally roller conveyors are used in the loading operation (fig. 10).

Because of variations in elapsed times required to load trucks and
trailers when boxes are removed from different sections of box piles,
establishing "standards" was found to be impractical. Therefore, average
data are used as a basis for computing labor requirements.

The manual method illustrated in table 2 employs a ^-man crew. These
workers take their respecti\^e positions on the box house and on the road
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Figure 10. --Loading empty boxes on a road truck.

Ifeble 2.—Labor required for a $-msn crew to remove manually 1,0CX) empty boxes from outdoor box
storage piles and load them on road trucks and orchard trailers

Operation Workers
. Productive : Wait : Total

: time : time : labor

SetuD and cleanuD :

Number

5

5 '

Man-hours Man-hours Man-hours

0.1^ 0.21 0.35

Remove roof of box house • .40 .0 ,^0

Manually load boxes by parsing 3-box units from
1 worker to anc+her \mtil the empty boxes are
stacked on the truck bed • 1.95 1/ .29 2.24

Total man-hours • 2.A9 .50 2.99

Elapsed time 2/ .52

1/ Caused by crew interference.

2/ Elapsed time shown does not include time required for removing the roof of the box
house.

truck or orchard trailer and pass the 3""'^o^ units along froni one worker to

another, until they reach the man on the truck. This worker places the

3 -"box units in position on the truck bed. Before boxes are broken out of

a box house it i s necessary to remove at least part of the roof. As addi-
tional boxes are removed, it is necessary to remove more of the roof.

As shown in table 2, 2.99 man-hours of labor are required for a crew
of 5 workers to remove 1,000 empty boxes from a box house and load them, on
road trucks. Only 17 percent of the total labor is unproductive. Az this
rate, a load of ^32 boxes can be removed from the box house and loaded on
trucks or trailers in an elapsed time of 1^ minuT:es.



- 13 -

Clamp-T^^lje 2 -Wheel Hand Truck

The distance that boxes are moved from storage rooms to road trucks
or orchard trailers varies in each plant with each load. Crew sizes also
vary in different plants. For purposes of this analysis^ however, transpor^
tation distances are standardized at 100 feet and a 3-man crew is used.
Eighteen boxes, in 3-box units stacked 6 boxes high, are moved as a unit
load DY clamp-type 2-wheel hand trucks (figs. 11 and 12). Because the
damp-type 2-wheel hand truck can handle a fairly large number of boxes at
one Lime its efficiency is relatively high (fig. 6). As shown in table 3,
a 3-man crew can remove 1,000 boxes from storage and load them on a
motortruck with a labor input of 1.15 man-hours. The elapsed time is
10 miinutes for a truckload of ^132 boxes.

Figure 11, --Transporting 18 empty boxes

by use of a clamp- type 2-wheel hand

truck.

Figure 12,- -Empty boxes being loaded on

an orchard trailer by use of clamp-

type 2-wheel hand truck.

Table 3.— labor required for s 3-nian crew to move 1,000 emoty boxes from storage rooms and load
them on road trucks or orchard trailers by clamo-type 2-wheel h&nd trucks

Operation

Setup a"d cleanup.

Pick up 18-box loads by clamp-type 2-wheel hand
trucks

Transport 18 boxes 100 feet from storage to

carrier by clamp-type 2-wheel hand trucks . . .

Release 18-box loads on carrier bed by clamp-
type 2--»ri:ieel hand trucks

Total man-hours

Elapsed tline. .

Workers
: Productive :

: time
Wait
time

Man-hours

: Total

: labor
Nurriber : Man -hours Man-hours

3 0.14 0.07 0.21

3 .11 .0 .11

3 .67 1/' .05 .72

3 .11 .0 .11

. 1.03 .12 1.35

.38

1/ Caused by crev; interference.
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Industrial Fork-Lift Truck and Pallets

During the packing season and
at the end of the receiving season
in plants using pallets and fork-
lift trucks^ empty boxes are placed
on pallets and stored in vacant cold-
storage rooQis until the next harvest
season (fig. 13) • When boxes are

moved out to the field again these
pallet loads are taken from the
storage room and placed on road
trucks or orchard trailers by fork-
lift trucks (fig. Ik) .

By a commonly used method^ the
fork-lift truck picks up pallet loads
of 72 boxes each^ transports them
100 feet from the storage room to the
truck or trailer, and releases the
pallet loads on the bed of the car-
rier. Use of this method, when a
2 -man crew is used, requires only
0.80 man-hour of labor per 1,000
boxes (table k) . By this method a
road truck or orchard trailer load of

432 boxes is loaded in an elapsed
time of 12 miinutes.

Figure 13. --New boxes stacked on pallets

in a cold-storage room and ready to be

moved to the orchard.

T^ble 4..—Labor required for a ?-inen crew to m.o\re 1,000 empty boxes out of storage rooms of

plant and load them on road trucks or orchard trailers by pa.llets and
industrial fork-lift trucks

Operation * Workers

: Number

Setup and cleanup . . . : 1

Pick up oallet load (72 boxes) of empty boxes ;

in storage room by fork-lift truck : 1

Transport oal] et load 100 feet from storage to

carrier by fcrk-] if t truck : 1

Release load fron fork-lift truck on carrier :

bed 1

Total man-hours :

Elapsed time . . :

1/ Worker waits during handling by fork-lift truck.

Productive
time

Wait
time

Man-hours

0.1/.

.06

.20

.07

.47

Man-hours

1/ 0.33

.0

.0

.0

22.

Tots]

labor
Man-hours

0.47

.06

.20

.07

.80

.47
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Figure 1^. --Transporting 72 empty boxes on a pallet

from storage room to road truck by fork-lift truck-

CoE.parison of Methods and T:;^es of Equipment for Moving
Empty Boxes from Storage and Loading Theoi on Road

Trucks or Orchard Trailers

CotLparative labor and equipment costs for moving 1,000 empty boxes
from storage and loading them on road trucks and orchard trailers by the

3 methods discussed are shown in table 5» The first 2 of these methods,
which involve loading m^anually and by clamp-t\^e 2-wheel hand trucks,
cover the moving of empty boxes from box piles and storage rooms and
loading them on road trucks or orchard trailers, and are typical of the
methods used in conventional-type plants. The fork-lift truck and pallet
method involves moving em.pty boxes fromi cold-storage rooms of the plant
to the road truck. As a rule, plants that use fork-lift trucks do not
store empty boxes in outdoor box piles.

Although these mxethods are not strictly comparable because of
differences in storage conditions, m^anual loading from box piles shows
the greatest costs. The most economical method of moving empty boxes out
of storage is by use of the clamp-type 2-wheel hand truck. The fork-lift
truck and pallet method requires an expenditure of $2.2^ to move 1,000
empty boxes out of storage --$0.89 per 1,000 empty boxes more than the
hand-truck method. But, if a plant uses fork-lift trucks for fruit

-

handling operations and has no hand trucks, the low labor cost of moving
boxes by industrial trucks would make it desirable to use this equipment.
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Table 5-—Comparative labor and equipment costs for moving 1,000 empty boxes from storage eoid loading them on road truoks and ofohard trailers,
by 5 specified methods

Method
Slapsed
time

Labor and equipment
required

Equ ipment
time

Total
labor

Labor and equipment oosts

Equipment
Labor

i/

Total coat
! Current
: wages

Assumed
wages

Manual loading boxes from box pile

Hours

0.52

liaohine-hours Man-hours

5 workers hand-truck stacks (18 boxes) 100 feet from
storage room

1 fork-lift truck moves pallet loads of 72 boxes from
storage room

.38

.1+7

0.0

2/ 1.15

3/ .66

2.99

1.15

.80

Dollars

0.0

Dollars Dollars Dollars

3.hh 3.Uk U.I9

.03 1.52 1.35 I.6I4.

U/ 1.20 I.OU 2.2i| 2.i4l4.

1/ Computed from current wage rates.
"2/ Clamp-type 2-wheel hand truck only.
3"/ U.^OO-pound capacity electric industrial fork-lift truck requiring 0,33 machine-hoiu- and 15.9 pallets, UO- by US-inoh, requiring

0.33 machine-hour , or a total of 0.66 machine-hour. Does not include setup and cleanup time.

k/ Calculated as follows: 0.53 machine-hour x §2.28 / 0.53 machine-hour x $1.35 (hourly cost per 13. 9 pallets) = $1.20.
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METHODS AOT) EQUIPMENT FOR MOVING E14PTY BOXES
FROM STORAGE TO THS PACKING LINE

As most of the apple packing plants in Washington State use new
standard boxes as field "boxes, fruit is packed in these boxes after loose
fruit has been dumped from them (figs. 15 and l6). Therefore, at some

plants empty boxes seldom are moved from storage to the packing line.

However, plants that pack apples in cartons and plants that store loose
fruit in old boxes or field containers but pack the fruit for market in
new boxes, must move the cartons or new boxes from storage to the packing
line. Because cartons are handled as flats in the storage room and not
as made-up boxes, they are considered to be packing supplies and, as men-
tioned earlier, the handling methods used are not covered in this report.

Figure 15 '--After the worker dumps fruit

from new standard boxes, the empty

boxes are placed on a roller conveyor

which carries them to the packing

stations.

Plants in which new wooden boxes
are moved from storage to the packing
line use hand trucks or fork-lift
trucks in combination either with
m.onorail conveyors or wheel conveyors
for this cycle of operations.

The rate at which the fruit is
dumped into the washer determines
the rate at which ooxes are to be
brought to the packing line. This
rate usually approximates 250 to 300
boxes per hour. Because of this relatively slow pace, workers assigned to
the task usually fill in some of their time by doing other work. When
these workers cannot be assigned to other tasks, considerable wait time
results. Variations in the rate at which boxes must be supplied to the
packing line, depending on the size of fruit being run, the number of

Figure 16.- -A dumping station at which

the worker who dumps the fruit hangs

the empty boxes on an overhead monorail
conveyor.
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sorters, the number of packers, and the number of sizing tubs on the packing
line, also influence this wait time. For purposes of analysis, it is

assumed that 210 empty boxes are delivered to the packing line per hour
over a transportation distance of 50 feet.

Clamp -T;^^e 2 -Wheel Hand Truck and Monorail Conveyor

The method commonly used to move empty boxes from storage to the
packing line by use of 2 -wheel hand trucks and monorail conveyor, utilizes
one man to truck the empty boxes in l8-box loads to a bank near a monorail
conveyor where the load is released. This worker then hangs the empty
boxes from the stack on the hooks of the monorail conveyor (fig. l?)-

Figure 17. --A worker hanging empty boxes from a bank on the hooks of
a monorail conveyor.

When a worker is assigned full time to this task and only one line is

supplied by the monorail conveyor, considerable wait tim,e results. In
table 6, which shows the labor required for this particular method, it is

assumed that the worker is also assigned other tasks. Therefore, only that
part of his time required to do the productive work involved is shown.

Use of this mxethod requires I.96 man-hours of labor to hand truck
1,000 boxes from a storage position and place them on the monorail con-
veyor. As a plant that dumps apples at a rate of 3OO boxes per line per
hour requires only 210 empty boxes per hour for packing operations
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Table 6.— Labor required for 1 worker to move 1,000 empty boxes from storage to the packing line
by clamp-type 2-wheel hand truck and monorail conveyor

Operation Workers
. Productive
; time

: Wait
: time

: Total

labor
Number . Man-hours Man-hours Man-hours

Pick up 18-box loads in storage area by clamp-

tyoe 2-wheel hand truck (crowded area) 1 ; 0.11 0.0 0.11

Transport 18-box loads 50 feet from temporary
storage to monorail conveyor by clamp- type
2-wheel hand truck : 1 : .35 .0 .35

Release 18-box loads at monorail conveyor by :

clamp-type 2-wheel hand truck (open area) . . . : 1 .09 .0 .09

Remove new boxes from bank and hang on hooks of :

monorail conveyor ; 1 : i.a .0 i.a

Total nan-hours 1.96 .0 1.96

the worker who trucks the boxes and hangs them on a conveyor has more than
one-half of his time available for other Jobs.

Industrial Fork -Lift Truck, Pallets^ and Monorail Conveyor

In the method using fork-lift trucks, 72-box pallet loads are picked
up in the storage area, transported a distance of 50 feet from storage
position to a location near the monorail conveyor, and released. At this
point a second worker transfers the boxes from the pallets to the monorail
conveyor. Because considerable extra time is available it is assumed that
both workers are assigned to other jobs when not productively engaged in
these oioeration;liD

.

Tcible 7.— Labor required for a 2-nian crew to move 1,000 empty boxes from storage to the oacking
line by industrial fork-lift truck, pallets, and monorail conveyor

Opera tion Workers
r Productive : Wait : Total

time : time : labor

Pick up 72-box pallet load of empty boxes in

storage area, bv fork-lift truck

: Number ;

: 1

1

1

1

Man-hours Man-hours Man-hours

0.06 0.0 0.06

Transport 72-box load 50 feet from temoorary :

storage to monorail conveyor, by fork-lift
truck ; .15 .0 .15

Release 72-box load at monorail conveyor, by
fork-lift truck

Remove new boxes from pallet and hang them on :

hooks of monorail conveyor

.03 .0 .03

l./il .0 l.zll

Total man-hours 1.65 .0 1.65
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When a fork-lift truck is used in combination with a monoraij. conveyor
for moving empty "boxes from the storage point to the packing line^ I.65 man-

hours of lahor are req_uired per 1,000 boxes, which is O.3I man-hour less
than the time required to do the Job with 2-wheel hand trucks (table 7).

ClaiTip-Type 2 -Wheel Hand Trucks or Industrial Fork-Lift
Trucks and Pallets, and Wheel Conveyors

Although monorail conveyors are used in some plants to move empty
boxes to the packers, gravity-t;>^e wheel conveyors are more commonly used
for this purpose. Wheel conveyors extend from a point outside the packing
room, where empty boxes are placed on them, into the room^ alongside the
packing stations. Packers rem.ove empty boxes from the conveyor line as

needed.

Under comparable conditions, and when used in combination with hand
trucks or fork-lift trucks, labor requirements per 1,000 boxes by wheel
conveyors are no greater to move empty boxes to the packing line than with
monorail conveyors. The labor necessary to place boxes on a wheel conveyor
or to hook them on a monorail conveyor does not differ greatly, therefore,
the amount of time required for each operation is assumed to be the same.
Although labor requirements are the same, there is a difference in equip-
ment costs.

Comparison of Methods and T;y^es of Equipm.ent for Moving
Empty Boxes from Storage to the Packing Line

Moving empty boxes from storage to the packing line by clamp-t;^^e
2-wheel hand trucks in combination with monorail or wheel conveyors is less
expensive than by fork-lift trucks and pallets in combination with conveyors
(table 6). Furthermore, the, cost of using wheel conveyors is less than the
cost of using monorail conveyors. The difference in cost of using the tv/o

t;^^es of conveyors under the current wage-rate assumption amounts to $0.72
per 1,000 boxes, and is due to costs of equipment. Even though fork-lift

-

truck m.ethods are more expensive than the hand-truck methods, and mionorail
conveyors are more expensive than wheel conveyors, these costs are not the
only factors that should enter into the determination of which method to
use for handling empty containers. If equipment is already on hand for
use in handling fruit, it also may be desirable to use this equipmient to
handle empty boxes. In addition, the convenience of the monorail conveyor
for handling different types of packages at the same time also should be
considered.
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Table 8. --Comparative labor and equipment oo8t8 for moving 1,000 empty boxes from storage to the packing line, by U specified methods

Method Viorkers

Labor and equipment
required

£quipmsnt
time l/

Total
labor

Labor and equipment costs

Equipment
Labor Total cost

Current : Assumed
wages I wages

Number Machine-hours Man-hours i Dollars Dollars Dollars Dollars

IS-box unit loads hand trucked by worker 50 feet from tempo-

rary storage to monorail conveyor, 'r/orker hangs empty
boxes on monorail conveyor

72-box pallet loads moved by foik-lift truck 50 feet from
temporary storage to monorail conveyor. Second worker
hangs empty boxes on monorail conveyor

l9-box unit loads hand trucked by worker 50 feet from tempo-
rary storage to wheel conveyor. Worker places boxes on and
pushes them down wheel conveyor

72-box pallet loads moved from temporary storage by fork-lift
truck 50 feet to wheel conveyor. Second worker places boxes
on and pushes them down wheel conveyor.

5/ 6.72

I4/5.2U

1/6.72

6/ 5.2'+

1.96

1.65

1.96

1.65

1.U8 2.25 3.75 U.22

2.50 1.93 U.23 U.61+

.76 2.25 3.01 3.50

1.58 1.93 3.51 3.92

1/ Conveyor equipment time used is based on the assumption that 210 boxes per hour are needed at the packing line.

2/ Computed from current wage rates.

3/ 300-foot monorail conveyor I4..76 machine-hours, clamp-type 2-wheel hand truck I.96 machine-hours, total 6,72 machine-hours.

%/ 300-foot monorail conveyor 4.76 machine-hours, U,000-pound capacity electric industrial fork-lift truck 0.2L|. machine-hours, 13«9
pallets (UO- by 14.8-inch) 0.21). machine-hour, total 5«2i4. machine -hours.

5/ 200-foot gravity wheel conveyor u.76 machine-hours, olamp-type 2-wheel hand truck I.96 machine-hours, total 6.72 machine-hours.

6/ 200-foot gravity urtieol conveyor i4..76 machine-hours, .'4,000-pound capacity electric fork-lift truck O.2I4. machine-hours, 13«9 pallets

(UO- by US- inch) 0.2!). machine-hour, total 5"8i4. machine-hours.
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IVETHODS AM) EQUIPMENT FOR MOVING EMPTY BOXES FROM
THE DUMPING AREA AT THE BEGINNING OF THE

WASHING ANT) PACKING UNE TO STORAGE

A common practice in Washington State apple packing and storage houses
is to pack apples into the same boxes from which loose fruit has been
dumped. Exceptions are plants that use cartons for shipping containers and
plants that use a special field container. In plants that pack apples in
the boxes from which loose fruit is dum.ped, there is an accumulation of

extra boxes because one -third fewer boxes are required for packed fruit
than for loose fruit. These extra boxes must be moved from the dum:ping

area to storage

.

>yEm.pty boxes usually are mioved from the dumping area to storage b;

clamp-type 2-wheel hand trucks alone or fork-lift trucks and pallets.
Occasionally they are m.oved by belt conveyors in combination with clamp-
t\^e 2-wheel hand trucks. The worker who dumps the fruit nests the empty
boxes in 3~''^ox units and stacks the units 6 high either on pallets or in

single stacks beside his station (fig l8). After stacks are built ^ emipty

Figure 18. --Damper nesting empty boxes. Three-box units are stacked
6 boxes high, either on pallets or in stacks for hand trucks.

boxes usually are set aside near the dumping area In a temporary bank of
supply. Later they are moved to perm.anent storage. For the purposes of
analysis it is assumed that a transportation distance of kO feet is
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required to move the boxes from the dumping area into temporary storage
position and 110 feet to move them to final storage.

Clamp -T.A^e 2 -Wheel Hand Truck

The
tyipe 2-w
temporar

method of moving empty boxes from the dumping area by the clam.p-

heel hand truck requires only 1 worker to move fruit into the

y bank (fig. 19)* As boxes accumulate slowly^ 1 worker is adequate,

It is assumed that when this worker
is not productively occupied by this
task, his time is utilized by perform-
ing other jobs. Otherwise the work-
er waits a considerable part of the
time. When the stacks of empty boxes
are moved to final storage 110 feet
away, 3 hand truckers are used.
Empty boxes usually are not tiered
or piled high in storage rooms unless
there is an unusually large number of

boxes to be stored.

By this method 1.52 man-hours
of labor are required to move 1,000
empty boxes from dumping area to
storage (table 9)» Nearly one-
third of this labor is used in mov-
ing fruit from the dumping station
to temporary stora^^e position.

Industrial Fork-Lift Truck
and Pallets

When fork-lift trucks and
pallets are used to move empty boxes
to storage, it is assumed, as with
the clamp-t;^'ije 2 -wheel hand-truck
method, that a fork-lift truck picks
up pallet loads of empty boxes in

the dumping area and moves them ^0

feet to temporary storage. Later
pallet loads are moved 110 feet to
permanent storage. It also is

Figure 19*--An 18-box load of empty boxes

being moved from dumping area to

temporary storage by clamp- type 2-wheel

hand truck.

assumed Lhat the time of the fork-
lift truck operator is fully occupied by assignment to other work when he

is not producti^/ely engaged in these operations. Under this assumption only
the time actually used in moving empty boxes from dumping area to storage
is charged against the operation. The work of both the man who dumps fruit
and that of the operator of the fork-lift truck proceeds more smoothly if

gravity-t^'-pe conveyors or roller dollies are used to accumulate, more than
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Table 9.—Labor required for a 3-nsn crew tc move 1,000 empty boxes frcm the dumping area to
storage by clamp-type 2--?rtieel hand trucks

Operation Workers
Productive : Wait

time : time
Tota]

labor
Number

Pick up 18-box loads of empty boxes by clamp-
type 2-wheel hand truck at conveyor (open

area) . . . .

Transport 18-box loads /.O feet to temporary
bank

Release 18-box loads at temporary storage
(crowded area)

Pj.ck up 18-box loads at temnorary storage by
c] amp-type 2--»rtieel liand trucks (crowded area) .

Transport 18-box loads 110 feet by clamp-type
2-wheel hand trucks from temporary bank to

storage area

Release 18-box loads in storage area (congested
crowded area)

3

Man-hours

0.09

.29

.11

.11

Man-hours Man-hours

Total man-hours 1.47

1/ Caused by crew interference,

0.0

.0

.0

.0

1/ .05

.0

.05

0.09

.29

.11

.11

.79

.13

1.52

Figure 20, --Pallet loads of empty boxes are accumulated on roller

dollies.
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1 pallet load of empty iDoxes at a time (fig. 20). But the use of the
conveyors or dollies has little effect on labor requirements and only
little extra expense is involved.

Labor required to move 1^000 em.pty boxes from the dumping area to
storage by fork-lift truck and pallets amounted to O.5O man-hour (table lO).
This is only one -third of the labor required by the method using the clamp-
type 2 -wheel hand truck.

Table 10.—Labor required for 1 worker to move 1,000 empty boxes from the dumping area to

storage by fork-lift truck and pallets

Operation

Pick up 72-box pallet load by fork-lift truck
at dumping area ,

Transport 72-box pallet load AO feet by fork-
lift truck to temporary bank ,

Release 72-box pallet load at temporary storage

Pick up 72-box pallet load by fork-lift truck
at temporary storage area

Transport 72-box pallet load 110 feet by fork-

lift truck to storage room. ....

Release load in storage (average 1st, 2d, and
3d tiers)

Total man-hours

Workers

^'^l!ribe^

1

1

Productive
time

Man-hours

0.03

.03

.03

.21

.06

Wait
time

0.0

.0

.0

.0

.0

.0

Total
labor

Man-hours Man-hours

0.03

.U

.03

.03

.21

.06

.50 .0 .50

Belt Conveyor in Combination with Clamp -T:>^e 2 -Wheel Hand Truck

In a few plants em-pty boxes are moved from the dumping area to storage
by belt conveyors in combination with clamp-type 2-wheel hand trucks. All
these plants operate 2 or more packing lines. In this m^ethod a belt con-
veyor is installed to run overhead in front of a mechanical dumper or a
worker who dumps fruit (fig 21). This worker^ after dumping the fruit,
places the empty boxes on the belt conveyor which moves themi to storage.
For comparative purposes it is assumed that the boxes are conveyed 75 feet
by the belt conveyor to a work table where they are removed by a worker
who also builds the boxes into units of 3 boxes each and stacks them 6 high
(fig. 22). They are then moved by hand truck to a storage position 75 feet
avmy.

Moving empty boxes from the dumping area to storage by belt conveyor
in combination with clamp-type 2-wheel hand trucks requires 2.^0 man-hours
per 1^000 boxes (table 11). Of the total labor, 70 percent is used in
rem.oving the boxes from the belt conveyor, nesting them in groups of 3^
and stacking them^ 6 high. In this operation some wait timie occurs because
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Figure 21*--A mechanical dumper feeding empty boxes onto

a belt conveyor which moves them to the storage room.

Figure 22*--Worktable to which boxes are carried by a

belt conveyor. On arrival at this table, boxes are

removed, nested, and stacked 6 high,

the worker removing the boxes from the belt does not receive the boxes ai

a fast enough rate to keep him fully occupied. It is assumed that the
worker performing the hand-trucking operation is transferred to other
work when not productively employed in handling empty boxes, so no wait
time on his part occurs.
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Table 11.—-Labor required for a 2-ujan crew to move 1,0C0 empty boxes from the dumping area to
storage by a belt conveyor and clamp-type 2-wheel hand trucks

Operation

Nest (at woric table) empty boxes into 3-box
units and stack them into 18- box ijnit loads
on floor

Pick up 18-box load at work table by clamp-
type 2-wheel hand truck (open area) . . . ,

Transport 18-box load 75 feet to storage . .

Release load in storage room (congested area)

Total man-hours

Workers

Number

]

1

1

Productive : Wait
time : time

Total
labor

Man-hours

1.25

Man-hours Man-hours

.09

.51

Al.

0.^2

.0

.0

.0

1/ 1.67

.09

.51

'21.

1.98 .^2 2.40

1/ Assuming worker receives boxes from 2 packing lines where the rate of dunoing for each
line is 300 boxes per hour.

Comparison of Methods and Equipment for Moving
Enip^y Boxes from the Dumping Area to Stora^^e

Of the 3 methods of moving empty boxes from the dumping area to
storage the use of hand trucks is the most economical. The hand-truck
method incurs labor and equipment costs of $1.79 per 1,000 boxes com-pared

with $3«66 by belt conveyor in combination with the clamp-type 2-wheel
hand trucks (table 12). Labor costs are lowest by fork-lift trucks--only
$0.65 per 1,000 boxes. Where the labor factor is relatively important
the fork-lift xruck method would probably be best, but the decision to
use fork-lift trucks would depend primarily on whether or not a plant has
found fork-lift trucks to be desirable for other materials -handling
operations. Handling only empty containers by fork-lift trucks and pal-
lets could not be .justified because of fairly high cost of the equipment.
The equipment costs would need to be shared by other operations.
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Table 12. --Comparative labor and equipment costs for moving 1,000 empty boxes from the dumping area to storage, by 3 specified methods

Method (I'orkers

Labor and equipment required

iqu ipment

time
.lait

time
Total
labor

Labor and equipment costs

Equipment
Labor

1/

Total cost
Current
wages

Assumed
wages

Number Machine-hours Llan-hours Man-hours

1 worker hand trucks 18-box loads 1+0 feet from
dumping area to temporary storage. Later, 3

workers hand-truck boxes 110 feet to
storage

1 fork-lift truck operator moves 72-box pallet
loads UO feet fran dumping area to temporary
storage. " Later, fork-lift truck operator moves
pallet loads 110 feet to storage

Boxes moved by belt conveyor 75 feet from dump-
ing area to worktable. One vrorker nests boxes
into 3 -box units and builds loads 6 high for
hand trucker. One worker hand-trucks 18-bcx
loads 75 feet to storage

i/ 1.52

3/ 1.00

h/ U.06

0.05

.0

1.52

.50

Dollars

O.OU

1.82

Dollars Dollars Dollars

1.75

.65

J42 2.]i0 .90 2.76

1.79

2.U7

3.66

2.17

2.60

(..26

1/ Computed from current wage rates.

2/ Clamp-type 2-wheel hand trucks only.

3/ U,000-pound capacity electric fork-lift trudc requiring O.5O machine-hour, and 13.9, UO- by 1+8- inch, pallets requiring O.5O machine-
hour or a total of 1,00 machine-hour.

UJ 75-^°°'*' belt conveyor 3.33 machine-hours, ol amp-type 2-wheel hand truck 0.73 maohine-hour , total [4..06 machine -hours.
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METHODS Am EQUIPMENT FOR MOVING EMPTY BOXES FROM THE DUMPING
AREA TO BOX-HOUSE STORAGE BY USE OF ROAD TRUCKS OR

ORCHARD TRAILERS

Road trucks and orchard trailers frequently are used to haul empty
boxes from the packinghouse to permanent storage in box houses, particu-
larly at the conventional-t^'^e plants where industrial trucks are not used.
Plants using fork-lift trucks and pallets apparently find it more desirable
to store empty boxes on pallets in a cold-storage room or outside in an
open area rather than in box houses (fig. 23).

Figure 23'--Pallet loads of 72 empty boxes stored near a warehouse.

In moving empty boxes by road
trucks or orchard trailers, from the
dumping area to box houses for stor-
age, the loading of trucks and trail-
ers is accomplished by clamp-try-pe

2-wheel hand trucks. One worker hand-
trucks 18 -box unit loads from the
dumping area to a temporary bank.
Other workers hand-truck these unit
loads from, the temporary storage bank
into position on the truck or trailer
bed (

-Pic- 2^). The carrier is then
driven to the location selected for
the box house, where 3-^0^^ units are
handed from 'worker to worker and
finally placed into the box house
(fig. 25.)

Figure 2^,- -Hand- trucking 18-box stacks

of empty boxes into position on an

orchard trailer.
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Figure 25, --Moving 3-hox units of empty boxes from an orchard trailer

into a box house.

For purposes of this analysis it is assumed that 1 worker hand-trucks
l8-bcx stacks from the dumping area to the temporary storage position, a

distance of ^0 feet. As the worker's time is not completely occupied in

performing this task, his extra time is chargeable against other opera-
tions to which he is assigned. When the orchard trailer or road truck is

in a position for loading, 2 workers hand-truck the boxes 30 feet from
the temporary bank onto the vehicle. When the vehicle a.rrives at the box
house, 3 ^en remove the boxes from the trailer or truck and place themi in

final storage position. The operation of building the box house is the
reverse of tearing it down. There are a numiber of variations in the
method of building the house; some workers stand on the ground or truck,
the remainder at various heights on the box house.

Total labor required to move 1,000 -empty boxes from the dumping area
to box -house storage is k.k^ man-hours, when the boxes are moved by clam.p-

t;^rpe 2 -wheel hand trucks from the dumping area to temporary storage and
from temporary storage to position on an orchard trailer or road truck,
and are unloaded from the trailer or truck and manually placed in a box
house by a 3-^1^9-1^ crew (table I3). The time required to move the trailer
or road truck between the packinghouse and box house is not included.

Most of the labor required for moving boxes to box -house storage --

about 57 percent--is used in building the box house. The small amount of

wait time involved in building the box house and a small amount of time
lost because of crew interference in hand tracking from temporary storage
to the orchard trailer or road truck bring the total wait tin.e to 0.37 n^-an^

hour, about 8 percent of the total labor.
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iable 13.—Labor required for a 3-man crew to move 1,000 empty boxes from the dumping area to

box-house storage by clamp-tyoe 2-wheel hand truck and manual method, when trucks and
orchard trailers are used to cart boxes from the packinghouse to the box house 1/

Operation Workers
Productive : Wait

time : time
Total
labor

Munber

Pick up 18-box loads at dumping area by clamp-

type 2-wheel hand truck (open area) . , . . .

Transport loads 10 feet from dumping area to
temporary storage

Release loads at temporary storage (crowded
area)

Pick up 18-box loads at temporary storage by
clamo-type 2-wheel hand trucks (crowded area)

Transport 30 feet to road truck.

Release loads on road truck or trailer bed
(crowded area)

Manually unload box units from truck or trailer
and place them in box house

Put on box house roof,

Total man-hoiirs

2

2

3

3

^'an-hours

0,09

.29

.11

.11

.23

.11

2.23

.95

Man-hours Man-hours

0.0

.0

.0

.0

2/ .03

.0

.3^

.0

0.09

.29

.11

.11

.26

.11

2.57

Z.12 ^JI A'Jil.

1/ Labor requirements shovn do not include transit time of workers between the packing-
house and box house.

2/ Crew interference.

At current wage rates ^ labor and equipment costs for moving 1,000
empty boxes from the dumping area to the storage point and building the
box house are $5.l8. Equipment use accounts for only a very small part of
these costs as the operation is almost com.pletely manual (table Ik) . The
cost of the road truck or the orchard trailer is not included.

Table li|., --Labor and equipment oosts for moving 1,000 empty boxes from the dumping area to box-house storage by clamp-type 2-wheel hand truck
and manual method, when road trucks and orchard trailers are used to cart boxes from packinghouse to box house

V/orkers

Labor and equipment required Lab or and equ ipment costs

Method
Equ ipment

time

'; V/ait
[

Total
time

\
labor

Equipment
Labor

; 1/

! Total cost
: Current ; Assumed
: wages : wages

Number Machine -hours Man-hours Man-hours Dollars Dollars Dollars Dollars

1 worker hand-trucks 16-box loads l+O feet from
dumping area to temporary storage. Two men
hand-truck loads 30 feet to truck or trailer.
Three men unload truck or trailer to box pile. , 3 2/ 0.97 0.37 U.U9 0.02 5.16 5.18 6.31

1/ Computed from current wage rates

.

Clamp-type 2-wheel hand truck only.w
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COMPARISON OF COMBINATIONS OF TYPES OF MATERIALS -HANDLING
EQUIPMENT USED FOR HANDLING EMPTY BOXES

Comparative labor and equipment requirements and their costs for
handling 1,000 empty boxes through 3 specified cycles of operations by
the materials -handling methods discussed, are shown in table 15 . The

3 cycles of operations are: (l) Moving empty boxes from storage and load-
ing them on road trucks and orchard trailers; (2) moving empty boxes fromi

storage to packing line; and (3) moving empty boxes from dumping area to
storage. Costs for the 3 cycles of operations have been combined for the
methods that might be used by plants equipped with certain types of equip-
ment. These groupings are: (l) Manual labor and clam.p-type 2-wheel hand
truck; (2) clamp -t^'pe 2-wheel hand truck; and (3) industrial fork-lift
truck and pallets. As these groupings are somewhat arbitrary, an individual
plant operator should recombine the data for the operations as performed in

his plant before deciding to shift to other methods. One of the m.ajor fac-
tors that should be considered by plant operators in selecting the type of

equipment for handling empty boxes is its potential efficiency for fruit

-

handling operations. For example, a plant operator should not invest funds
in costly equipm^ent for handling only empty containers if other equipment
is used for handling unpacked and packed boxes of fruit

.

Labor and equipment costs are lowest for handling 1,000 empty boxes
through the 3 cycles of operations when clamp-type 2-wheel hand trucks are
used, the total cost being $6.15. When industrial fork-lift trucks and
pallets are used, these costs are increased to $8.22 per 1,000 empty boxes
even though the labor costs are the lowest of the 3 equipmxent combinations.
Manual handling at the box house combined with the use of clam.p-tv'pe 2-wheel
hand trucks increases the costs for performing these 3 cycles of operations
to $11.63 P^r 1,000 emipty boxes, or $5.^B above the lowest cost method.

According to these figures, the clamp-t;^'-pe 2-wheel hand truck has the
advantage over other t\'pes of equipment by a fairly wide margin. But this
advantage decreases as the cost of labor increases and, at a wage rate of

$0.25 per hour above the current wage rate, the advantage of the hand
truck is reduced to $lo6s per 1,000 empty boxes handled.

6 U. S. GOVERNMENT PRINTING OFFICE : 1954 O - 304219
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Table I5.—Comparative labor and equipment costs for handling 1,000 empty boxes through 3 specified cycles of operations, by use of specified
types and combinations of types of equipment l/

.

: Labor and equipment
required

Labor and equipcent costs

Type of equipment and cycles of operations Workers

\
Equipment Labor

Equipment Labor
Total cost

Current : Assumed
wages : wages

3/ : V

Manual labor and clamp-type 2-¥^eel hand truck:

Moving from storage and loading onto road trucks and
orchard trailers (manuallv) ^/ . .

Number

5

1

3

Machine-hours Man-hours

0.0 2.99

6.72 1.96

.97 U.U9

Dollars Dollars Dollars Dollars

0.00 3.I4J4 3.W4 U.19

.76 2.25 5.01 3.50

.02 5.16 5. 18 6.31

moving from storage to packing line (hand trucks a^d
wheel convevor) .•..•.•••<>

Moving from dumping area to storage by use of road trucks
or orchard trailers (hand truck and manually) 6/. . . .

Totals (3 cycles of operations) Q ".69 9.Ui4 .78 10.85 11.63 lii.OO

Clamp-type 2-wheel hand truck:

Moving from storage and loading onto road trucks and

3

1

1

3

2

1.15 1.15

6.72 1.96
6.72 1.96

1.52 1.52

U.06 2.UO

.03 1.32 1.35 1.6U

.76 2.25 3.01 3.50
I.I48 2.25 3.73 U.22

•oU 1.75 1.79 2.17
.90 2.76 3.66 U.26

Moving from storage to packing line:

In combination with gravity wheel conveyor

Moving from dumping area to storage:

In combination with belt conveyor

Totals (3 cycles of operations) 7/

Industrial fork-lift truck and pallets:
Moving from storage and loading onto road trucks and

7 9.39 U.63 .S3 5.32 6.15 7.31

2

2

2

1

.66 .80

5.2U 1.65
: 5.2U 1.65
: 1.00 .50

1.20 I.OU 2.2U 2:^

1.58 1.93 3.51 3.92
2.50 1.93 U.23 h.^
1.82 .65 2.U7 2.60

Moving from storage to packing line:

In combination with gravity wheel conveyor

Moving from dumping area to storage

Totals (3 cycles of operations) 7/ : 5 0.90 2.95 U.60 ^.62 8.22 3.96

1/ Except as otherwise noted, transportation distances have been standardized as follows: (1) ''ovin^ from storage sind loading onto

trucks 100 feet; (2) moving from stcrage to packing line 250 feet (including 200 feet by conveyor); and (,3road trucks 100 feet; (2) moving from stcrage to packing line 250 feet (including 200 feet by conveyor); and (,3) moving from dumper to stor-

age 150 feet.
2/ Equipment costs computed from data on ownership and operating costs shovm in table 1.

3/ Current labor costs computed from wage rates of $1.15 psr hour for unskilled labor and 51.30 per hour for semiskilled workers (key
workers such as industrial truck operators).

U/ Assumed labor costs computed from fage rates of ^l.ij-O per hour for unskilled labor and 51.55 psr hour for semiskilled workers.

5/ Actually no transportation distance is involved except the distance moved in passing the boxes from '/rorker to worker.

"of Transportation distance to load the road trucks is 70 feet. In unloading trucks the same condition holds as in footnote 5.

7/ ;i"here 2 methods are s/iown for performing a f;i'''9ii cycle of operations, the lower cost method is the one included in the total.
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APPENDIX

Standard Data

Average labor requirements per 1,000 empty boxes for performing handling operation by different types and
combinations of types of materials -handling equipment

Base
time

Fatigue
allowance

Productive
time

Man-hours Man-hours Maji-hours

Setup and cleanup when loading empty boxes on road truck or orchard trailer.
Setup begins when the truck driver starts to remove the tie ropes, end gates,
or V-boards from the road truck or orchard trailer. Consists of removing tie
ropes, end gates, or V-boards; placing bridge plate \'dien necessary; obtaining
handling equipment i^ used; smd when manual handling is performed the time of

workers to get into position. Ends when the vehicle is ready to receive empty
boxes. Cleanup begins when the last box, stack, or pallet load has been put

into position. Consists of moving materials-handling equipment to temporary
storage; removing bridge plate; placing end gates, or V-boards in position on

vehicle; and tying down the load. Ends when the truck driver walks toward the

cab of the road truck or toward the tractor o.iU 0.1I4.

Setup and cleanup -vriien unloading empty boxes from road truck or orchard trailer.
Setup begins when the truck driver starts to remove the tie ropes, end gates,
or V-boards from the road truck or orchard trailer. Consists of removing the
tie ropes, aid gates, or V-boards; placing bridge plate when necessary; obtain-
ing handling equipment if used; and when manual handling is performed, the time
of workers to get into position. Ends when the vehicle is ready to be unloaded.
Cleanup begins when the last box, stack, or pallet load has been removed from
the vehicle. Consists of moving materials-handling equipment to temporary
storage; removing bridge plate; placing end gates or V-boards in position on

vehicle; and tying ropes. Ends when the truck driver walks tov^-ard the cab of

the road truck or toward the tractor .08

Manually load boxes from box house to road truck or orchard trailer by passing
3-box units from 1 worker to another until the empty boxes are stacked on tte
truck bed 1.77

Take the roof, made of 1- by 10-inch or 1- by 12-inch boards, off box house.
Consists of prying boards free from boxes, removing nails from boards, and
placing boards in stacks

Take ne-fi empty boxes from stacks placed near a monorail conveyor and hang them
on the conveyor. •.

Take empty field boxes from a monorail conveyor, nest into 3-hox units, and
stack near conveyor.

Talce empty field boxes from a monorail conveyor, nest into 3-box units, stack
near conveyor, and take new empty boxes from stacks near conveyor and hang on
conveyor 1,29

Take empty field boxes from a monorail conveyor, nest into 3 -box units, stack
near conveyor, take new empty boxes from stacks near conveyor, smd hang them
on conveyor, and move all stacks (13 boxes) by clamp-type 2-wheQl hand truck
an average distance of 25 feet 1,63

Take boxes delivered to -/rork table from dijmper (automatic or manual) by belt
conveyor, nest into 3-box units and stack 6 units high (18 boxes) for hand
tx-ucking l,lU

Take boxes delivered to a gravity roller conveyor from dumper (automatic or
manual) by belt conveyor, nest into 3-box units, and stack 6 units high
(18 boxes) near conveyor for hand trucking. Includes time to move along the
roller conveyor to reach boxes 1«51

Manually unload boxes from road truck or oroliard trailer by passing 3-box units
from 1 worker to another until the empty boxes are stacked in the box house. . 2,03

Put the roof, made of 1- by 10-inch or 1- by 12- inch boards, on a box house.
Consists of taking the boards from stacks, placing them on the box house, and
nailing the boards to the boxes ,96

0,13

.15

.17

.11

.15

.20

.09

,08

1.95

.36 .04 .ho

1,28 .15 l.iil

1,11+ .11 1,25

1,U2

1,85

1.25

1.66

2,23

.95
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Average labor requirements per 1,000 empty boxes for performing handling operations by use of
olamp-type 2-wheel hand trucks

Base
time

Fatigue
allovranoe

Productive
time

Pick up iS-box loads by use of olamp-type 2-v^heel hand trucks j \J
In croiwded area where surrounding stacks of boxes make maneuver-
ing necessary, or v/here lack of space between stacks does not
permit the clamps of the hand truck to enter conveniently (for
example, in storage) ,

In relatively crowded area where boxes were originally placed in
position by hand truck or stacked with adequate spacing between
stacks for clamps to enter (for example, beside belt conveyor or
in storage) ,

In an open area with sufficient room for easy maneuvering (for
example, beside belt or in open at dumping area)

Transport 18-box loads by use of clamp-type 2-wheel hand trucks and
return the truck empty: 2/
One-way distance;

10 feet

15 feet
20 feet:

25 feet

50 feet

UO feet

50 feet •! .

60 feet

70 feet
30 feet , . . .

90 feet
100 feet

125 feet

150 feet

175 feet

200 feet

225 feot

250 feet

Release 18-box loads by use of clamp-type 2-wheel hand trucks; 3/

In crowded area where surrounding stacks of boxes make maneuvering
necessary (for example, stacks placed in storage position). . .

In relatively crowded area (for example, on road truck bed). . . .

In an open area with sufficient room for easy maneuvering (for

example, beside belt, gravity roller, or monorail conveyors). .

Man-hours Man-hours Man-hours

0.13

.10

.08

.12

.10

.08

0.01

.01

.01

.01

.01

.01

0.11+

.11

.09

.09 .01 .10

.12 .01 .13

.15 .02 .17

.18 .02 .20

.21 .02 .23

.26 .03 .29

.32 .03 •35

.38 .oU .U2

.H^ .oJ+ .i+8

.U9 .05 .51+

.55 .06 .61

.61 .06 .67

.75 .08
'

.83

.89 .09 .98
1.03 .10 1.13
1.18 .12 1.50
1.32 .13 l.i+5

1.146 .15 1.61

.13

.11

.09

1/ <if'ork perfonned by a worker in picking up a load by use of clamp-type 2-wheel hand truck.
Begins when worker starts to position hand truck for the pickup or when the clamps pass the front of

the load, ends when the hand truck begins forward motion.

2/ .York performed by a worker in moving unit loads of 18 boxes from piclcup point to point of re-
lease and returning the truck empty. Transport time for rotmd trip based on the following formula;

t = 0.0057d / 0.036, where d = distance in feet from pickup point to release point and t = time in man-

hours per 1,000 boxes to transport the truck loaded smd return it empty.

3/ iVork performed by a worker in releasing a load by use of a clamp-type 2-wheel hand truck.
Begins -when forward motion ends or when maneuvering for release begins, ends i^en the hand truck begins

forward motion to retiirn empty.
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Average labor requirements per 1,000 empty boxes for performing handling operations by use of a

ii,000-pound capacity electric industrial fork-lift truck _l/

Base
time

Fatigue
allov/ance

Productive
time

Llan-hours Man-hours ^'an-hours

Pick up 72-box pallet loads of empty boxes by use of industrial

fork-lift truck: 2/
From road true-, or orchard trailer bed

From floor level surface

From storage area stack (average of Ist, 2d, and 3d tiers) ....

Transport 72-box loads of empty boxes by use of industrial fork-lift

truck and return empty: 3^
One-way distance:

5 feet. . .

10 feet

20 feet

31 feet

kO feet

50 feet
60 feet
70 feet
SO feet
90 feet
100 feet

125 -set

150 feet
200 feet

250 feet

300 feet

350 feet
ii-OO feet

500 feet
^

Over 500 feet '

Release 72-box pallet loads of empty boxes by use of industrial fork-

lift truok:

On road truok or orchard trailer bed ...
On floor level surface
In storage area (average of 1st, 2d, and ^d tiers)

o.oU 0,0 o.oU
.03 .0 .03

.06 .0 .06

.03 .0 .03

.oU .0 .oU

.08 .0 .08

.12 .01 .13

.13 .01 .lU

.11; .01 .15

.15 .01 .16

.16 .01 .17

.17 .01 .18

.13 .01 .19

.19 .01 .20

.22 .01 .25

.25 .01 .26

.30 .02 .32

.35 .02 .37
,ko .02 .U2
• h5 .02 ..'47

.50 .02 .52

.61 .03 .6U

V

.07 .0 .07

.025 .0 .025

.06 .0 .06

17 These handlings are performed in 72-box pallet loads on i+O- by 1^8- inch or UO- by 36- inch
pallets

.

2/ /iork performed by a worker in picking up a load by use of an industrial fork-lift truck.
Begins when the fork-lift truck operator starts to maneuver for pickup or when the forks pass the front
of the load, consists of raising the load, ends when pallet clears original position.

5/ 't'iork performed by industrial fork-lift truok operator in transporting pallet loads of 72 boxes
from pickup point to point of release and returning empty. Transport time for roxmd trip based on the
following formulas: t = 0.0027d / 0.009 (for distances from through 30 feet), t = 0.00103d / 0,09
(for distances 31 feet and above), where d " distance in feet from pickup point to release point, and

t = time in man-hours per 1,000 boxes to transport loaded and return empty.

l\./ iVork performed by a worker in releasing a load by use of industrial fork-lift truck. Begins
when the forward motion of the industrial fork-lift truck stops or vAien maneuvering for release starts,
consists of setting the load in position, ends when the forks are withdravai from the pallets.










