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It is planned to publish the data from the report
submitted by the Washington State Apple Commission, in ^

fulfillment of its contract obligation, in five separate
publications. This report covering "Apple Handling Methods
and Equipment in Pacific Northwest Packing and Storage Houses"
is the first to be published. Other reports are expected to
cover: (1) Innovations in apple handling methods and equip-
ment; (2) handling empty containers; (3) utilization of space
in cold storage rooms; and (h) plant -wide materials -handling
costs.

After these reports are issued, a summary report is planned.
Some of the results of this research are available now in
"summary" form in the Department of Agriculture film "Apple
Handling Methods."

For sale by the Superintendent of Documents, U. S. Government, Printing Office

Washington 25, D. C — Price S1.50 " '
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HANDLING COSTS CAN BE REDUCED

Marketing the products of the Nation's farms, ranches, and groves

requires the physical handling and the movement of millions of tons of

commodities each year. Some of these products are handled as many as

25 or 30 times between producer and consumer. These operations require

thousands of workers and millions of man-hours of labor. Currently the

labor required for marketing some products exceeds that necessary to

produce them. This emphasizes the importance of the efficient use of

meuipower.

This report is one of a series designed to guide operators of apple

and other fruit packing and storage houses in reducing labor required for

various physical handling and warehouse operations. It outlines some of

the methods by which labor can be made more productive. Although it

evaluates methods and equipment used for handling boxes of apples in

Pacific Northwest apple houses and appraises some of the methods and

equipment developed during the research in that area, the results should

be applicable to commercial fruit packing and storage houses in all areas

.

Because the report is intended as a manual or guide for plant managers

and other supervisory workers, the methods, type of equipment used, and

conditions influencing their use are described in some detail. In con-

nection with the selection of methods, the cost data shown include only

the costs of productive labor and equipment. Therefore, they cannot

properly be used as a basis for comparison with actual plant costs for

performing handling operations or for budgetary purposes.
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SUMMARY

The research which is the basis for this report was conducted in
Washington State, which annually markets about one-third of the national
supply of fresh apples. Each year more than 40 million boxes of unpacked
apples are moved from orchards into the State's 252 packing and storage
houses, which pack out about 27 million boxes. Exclusive of packing-line
operations, each box of fruit is handled from 25 to 30 times during its
movement into, within, and out of the storage house, and during an
average season the total number of individual box handlings required
approximates 500 million. To do this work during the peak season, when
apples are being received and shipped at the same time, apple houses
employ from 5 to 60 workers per 8- or 9-hour shift. This does not
include workers in packing-line operations.

In addition to their concern over large and increasing labor costs,
plant operators also are concerned over the availability of the needed
number of workers for performing warehousing operations by more conven-
tional methods, particularly daring the harvest season when plants
compete with growers for labor. Another concern is the amount of storage
life lost by fruit because of relatively slow rates of receiving at the
plants by the older and more widely used methods. Directly associated
with loss of storage life is the amount of bruising and other damage
caused by rough and excessive handling.

To assist plant operators in meeting these problems, research was
undertaken: (1) To determine, under variable conditions of significance
to the industry, the comparative efficiency of various types and combi-
nations of types of materials-handling equipment currently used in
Washington State apple houses for performing the different handling or
warehousing operations and to evaluate current methods of using these
types of equipment, (2) to develop and test improved methods for using
present equipment, (3) to introduce and test, under actual operating
conditions in apple houses, some new types of equipment not in current
use in Vifashington State plants, and (4) to develop and test new or
improved types of equipment where needed to increase the efficiency with
which specifjc operations are performed.

In Washington State plants, apples usually are: (1) Unloaded from
road trucks or orchard trailers and placed in storage, (2) moved from
storage to the dumper at the head of the packing line, (3) moved from the
stamping or marking station at the end of the packing line back to
storage, and (4) moved out of storage and loaded into refrigerator cars
or road trucks. Relatively small volujnes of apples are: (1) Unloaded
from road trucks and orchard trailers and moved directly to the packing
line, and (2) moved from the packing line to refrigerator cars and trucks
for loading out. In the first two of these cycles or groups of opera-
tions, unpacked apples are handled and stored in standard northwest apple
boxes having inside dimensions of 10|- by lli by 18 inches, or in field
crates of comparable size, which when filled loose weigh roughly 35 pounds,
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In the last two cycles of operations, packed apples are handled in the

same standard boxes or in fiberboard cartons. The carton used for tray-

pack fruit has inside dimensions of 11-3/4 by 12-1/8 by 19-7/8 inches.

The weight of a packed standard box is 50 pounds.

Six principal types and combinations of types of materials-handling
equipment are used in Washington State apple houses: (1) ClaaiQj-type

2-wheel hand trucks alone, (2) clamp-type 2-wheel hand trucks and belt
conveyors, (3) clamp-type 2-wheel hand trucks and floor chain conveyors,

(4) clamp-type 2-wheel hand trucks and elevators, (5) industrial clamp-

type trucks, and (6) industrial fork-lift trucks and pallets. Other
types of equipment used in certain cycles of operations are gravity-type
roller conveyors, stackmakers, stackbreakers, pallet transfer dollies,

and low-lift pallet transporters.

By use of clamp-type 2-wheel hand tirucks, 6-high stacks of boxes of
unpacked fruit are handled as unit loads, as packed boxes are handled
and stored on their sides, unit loads of these boxes sometimes are

reduced to 5 boxes. This method of handling, in conjunction with which
boxes above the original 5- or 6-high stacks in storage were manually
high-piled and broken out of high piles, led to the development of a

portable mechanical lift or high-piler which, since the completion of
this research, has become a major type of equipment used in Washington
State plants.

Industrial clamp-type lift trucks handle either 24 or 36 boxes of
unpacked fruit as unit loads in 6-box high-stacks and tier 12 boxes high.

Dunnage strips are used between loads in the stack. Packed boxes of
apples are handled in 20- and 30-box unit loads of 5-box-high stacks.
This type of powered lift truck is being used in a number of older houses.

Industrial fork-lift truck and pallet use is confined to newer
houses designed for use of this equipment. Pallet loads of 36 or 48 boxes
are handled. Pallet loads generally are tiered 3 loads high (18 boxes).

Gravity-type roller conveyor sections are used in belt conveyor
plants for unloading fruit from trucks and trailers and in nearly all
plants for segregating packed boxes of fruit en route from the packing
line to storage.

Time studies of operations performed by use of various methods and
types of equipment in selected plants provide data on the elapsed times
required, or the rates of performing the cycles of operations that are
not paced by the packing line, and the total labor and equipment require-
ments in terms of specified outputs. Time studies also show the frequency
and duration of delays and wait time occurring by use of different methods
and provide the basis for developing improved methods. Data on labor and
equipment requirements obtained through time studies, wage rates based on
1951-52 levels, and estimates of per hour equipment costs based on assumed
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annual hours of use, are used to compute total labor and equipment costs
for the various cycles of operations by use of different methods and
types of equipment. Management and facility costs are not included,

"Current" vrage rates are an average of wage rates paid during the
1951-52 season in Vfashington State apple houses. These rates are

•J1.15 per hour for unskilled labor and $1,30 per hour for semiskilled or
"key" workers such as industrial truck operators. To show cost relation-
ships if wage rates should increase further, "assiimed" wage rates provide
an increase of 25 cents per hour in "current" wage rates for both
unskilled and semiskilled workers. Total labor and equipment costs have
been recomputed on the basis of "assumed" rates.

Equipment costs include the costs of both ownership and operation,
prorated on a per- hour basis. Ownership or fixed costs, which include
interest, taxes, insurance premiums, and depreciation, are prorated on
the basis of assumed annual hours of use in apple packing and storage
houses. Operating or variable costs include inspection, servicing,
maintenance, repairs, overhaul, and energy. Equipment cost estimates
range from 2,4 cents per hour for clamp-type 2-wheel hand trucks to

^3.21 per hour for freight elevators. Industrial truck costs range from
$1.42 per hour for a 1,000-pound (24 box) capacity electric clamp-type
truck to $2.28 per hour for a 4,000-pound (48 box) capacity electric
fork-lift truck. Pallet costs are estimated on the basis of the time
they are involved in handling operations rather than on storage time.

Unloading and Moving Apples into Storage

Seven combinations of types of materials-handling equipment are used
for unloading boxes of unpacked fruit from road trucks and orchard
trailers, transporting the fruit from the transportation equipment to
storage points, and stacking in storage: (1) Clamp-type 2-wheel hand
trucks, (2) belt conveyors and clamp-type 2-wheel hand trucks, (3) floor
chain conveyors and clamp-type 2-wheel hand trucks, (4) belt conveyors,
stackmakers, floor chain conveyors, and clamp-type 2-wheel hand trucks,

(5) elevators and clamp-type 2-wheel hand trucks, (6) industrial fork- -

lift trucks and pallets, and (7) industrial clamp-type lift trucks. A
number of different methods are used in connection with each equipment
combination. Variations in methods principally are in crew sizes and in
the use of temporary banks or blocks to break the sequence of operations
in a cycle. In analyzing methods for receiving apples into storage, a
standard transportation distance of 100 feet is used. "When temporary
banks are used, transportation distances are increased to allow for

movement into and out of the banks.

Mien 48-box pallet loads are built on road trucks in the orchard and

these loads are removed from the road trucks at the plant and placed on
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an apron for later movement to storage, the labor required by use of
fork-lift trucks to unload and place 1,000 boxes of fruit in storage is

0.96 of a man-hour. Pallet loads are stacked 3 high, or 18 boxes high.

Labor and equipment costs when this method is used are .$3.95 per

1,000 boxes. When apples are moved directly from the road truck to

storage, costs are increased $0.10 per 1,000 boxes.

Industrial clamp trucks also are relatively efficient for receiving
fruit from road trucks. The lowest cost method, using the 24-box-
capacity truck, involves the use of clamp-type 2-wheel hand trucks to

move 6-high stacks of boxes from the road truck bed to the receiving
platform, where four of the stacks are picked up by the industrial truck,

which transports them to and stacks them 12 boxes high in storage. Labor

requirements per 1,000 boxes by this method are 2.86 man-hours. Labor

and equipment costs are $5,72 per 1,000 boxes.

The highest cost method of receiving fruit and placing it in storage
is by use of elevators and clamp-type 2-wheel hand trucks. Fruit is

manually high-piled above the 6-high stacks handled by hand trucks. Use
of a method that involves only one elevator requires 11.92 man-hours of
labor per 1,000 boxes to receive into storage, including manual hi^-
piling in 12-box-high stacks. Labor and equipment costs for handling
this voliime are |18.71. When fruit is mechanically hi^-piled, these
costs are reduced to $16.33 per 1,000 boxes.

Belt-conveyor and hand-truck methods, plus manual high-piling, used
in about 47 percent of the Washington State plants, also are relatively
high-cost methods. By one of these method, which involves a 10-man crew,

10.10 man-hours of labor per 1,000 boxes are required to unload, move to
storage, and manually hi^-pile 12 boxes high. Labor and equipment costs
are 112.54. These costs are reduced to $9.66 per 1,000 boxes vriien one
worker and the portable mechanical lift are substituted for four WDrkers
manually .high-piling.

Rates of receiving also are an important measure of the desirability
of different equipment combinations and methods. When 48-box pallet
loads are received and moved directly to storage, a 2-man crew with an
industrial fork-lift truck can receive 8,600 boxes of fruit during an
8-hour day. However, vitien boxes must be palletized at the plant, the
rate drops to 2,300 boxes. Industrial clamp trucks of 24-box capacity,
when used by a 2-man crew, receive about 4,600 boxes per day, which is in
line with receiving rates for other types of equipment. Floor chain con-
veyors and hsind trucks used by an 8-man crew permit the highest receiving
rate of the more conventional types of equipment, 6,300 boxes per 8-hour
day.

When fruit is received at the plant on orchard trailers, labor and
equipment costs per 1,000 boxes range from $3,58, irfien 24-box industrial
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clamp trucks are used, to $20.14 for hand trucks and elevators.
Industrial fork-lift trucks also are relatively efficient. Costs for
unloading lihen boxes arrive partially palletized are $3.81 per
1,000 boxes.

TlVhen boxes are unloaded from orchard trailers, receiving rates are
somewhat slower than ifrfien received from road trucks. The highest rate
of 8,000 boxes per 8-hour day is by use of industrial fork-lift trucks
and pallets. This rate is attained only when boxes are completely
palletized in the orchard. When none of the boxes are palletized, the
rate drops to 3,200 boxes. Belt conveyors and hand trucks are relatively
slow, and with them and a 5-man crew, only 3,400 boxes can be received
per 3-hour day.

Unloading and Moving Apples to the Packing Line

With belt conveyor and hand truck methods, five fewer handlings are
required when fruit is unloaded and moved directly to the packing line
than when fruit is moved to storage and later moved to the line. However,
most plants prefer not to pack fruit as received warm from the orchard.

The operations involved in unloading fruit and moving it directly to

the dumper at the packing line are paced by the rate of the line, usually
300 boxes per hour. However, to release road trucks as soon as possible,
all methods make use of ten^jorary banks near the dumper to break the
sequence of operations and permit road trucks to be unloaded at normal
rates. The same combinations of equipment are used for this cycle of
operations that are used for receiving into storage. Gravity-type roller
conveyors also are used for unloading from orchard trailers and moving to
the packing line when the distance is not too great. Except for the

gravity-type conveyor method, the transportation distance from the road
truck or orchard trailer to the dumper has been standardized, for pur-
poses of analysis, at 70 feet.

Of the methods used for unloading from road trucks and moving to -

the packing line, the method requiring the least labor and incurring the
lowest labor and equipment costs is that using industrial fork-lift
trucks handling 48-box pallet loads which were built on the road truck
in the orchard. Labor requirements are 1.21 man-hoxirs per 1,000 boxes.
Labor and equipment costs are $4.78 per 1,000 boxes. Industrial clamp
trucks are not relatively as efficient for use in this group of operations
as in receiving into storage. Costs by this equipment are among the
highest at $7.75 per 1,000 boxes.

Because of the relatively short distance involved and low equipment

costs, 2-wheel hand trucks are more efficient for this cycle of operations
than other more widely used types of equipment. Costs by use of hand

trucks are |6.28 per 1,000 boxes.
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Fruit can be unloaded from orchard trailers and moved 50 feet to the
packing line by use of gravity roller conveyors at a total cost for labor

and equipment of $2.60 per 1,000 boxes. For this method, equipment costs

are low and wait time, inherent in most other methods, is eliminated.

The conveyor lines serve as accumulators or banks of supply. Ihen hand

trucks alone are used for unloading from orchard trailers, labor and

equipment costs are higher than for unloading from road trucks, |8.23 per
1,000 boxes as compared with ^6.28. Industrial fork-lift trucks, handling
48-box pallet loads built after arrival of the ti*uck at the plant, incur
costs of 16.02 per 1,000 boxes.

Moving Apples from Storage to the Packing Line

The operations required in breaking out boxes of unpacked fruit

from storage stacks and moving them to the packing line also are paced
by the rate of about 300 boxes per hour at i/rtiich fruit is run through
the line. All methods and types of equipment used for performing this
group of operations involve the use either of temporary banks or blocks
near the dumper, or accumulators which break the interdependence of
operations performed in direct sequence and minimize wait time. Trans-
portation distances are standardized at 190 feet for analytical purposes.

Only 0.67 of a man-hour of labor is required to break out and move
1,000 boxes of apples to the packing line in 48-box pallet loads by use
of an industrial fork-lift truck v*ien an accumulator, consisting of
30 feet of gravity-type roller conveyor, is used at the dumper. However,
if the truck and operator must remain or duty full time to move pallet
loads of apples to the dumper as they are required, labor is increased to
3.33 man-hours per 1,000 boxes and the truck is required for the same
period. Labor and equipment costs per 1,000 boxes by use of the first
method are ii4.06. By use of the latter method, costs are increased to
413.27. The 24-box industrial clamp truck is almost as efficient when
used with a floor chain conveyor accumulator at the dumper. Costs are
.;>4.53 per 1,000 boxes.

Viilien 500 of each 1,000 boxes moved to the line are manually broken
out of 12-box-high stacks, the highest cost method is by use of hand
trucks and a single elevator. Labor and equipment costs are $21.08 per
1,000 boxes. Substitution of the mechanical break-out method for the
manual method does not materially reduce these costs.

Among the more conventional types of equipment, the combination of
equipment in #iich the hi^-piler is used for breaking out boxes from
12-high stacks, and floor chain conveyors and hand trucks are used for
transporting, incurs the lowest costs. By use of this combination of
equipment, labor and equipment costs are $8.33 per 1,000 boxes. This
method eliminates one worker from the usual 3-man crew and uses the
floor chain conveyor as an accumulator.
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Moving Apples from the Packing Line to Storage

In moving fruit from the packing line back to storage, six basic
types and combinations of types of equipment are used. They are:

(1) Clamp-type 2-yrtieel hand trucks ajid gravity roller conveyors,
(2) belt conveyors, clamp-type 2-wheel hand trucks, and gravity roller
conveyors, (3) elevators, clan^j-type 2-wheel hand trucks, and gravity
roller conveyors, (4) industrial fork-lift trucks, pallets, and gravity
roller conveyors, (5) low-lift pallet transporter, industrial fork-lift
truck, pallets, and gravity roller conveyors, and (6) industrial clamp-
type lift trucks and gravity roller conveyors.

After boxes have been packed, the practice is to handle them on
their sides. This is necessary with bulge-packed fruit because stacking
the boxes one on top of the other, right side up, would result in much
bruised fruit. However, since the width of the standard box is 1 inch
greater than the height and because of the increased weight of packed
boxes, they generally are handled in 5-high stacks instead of the 6-high
stacks used when handling loose fruit. This stacking height is followed
when apples are handled with industrial equipment as well as clamp-type
2-wheel hand trucks.

In performing the sequence of operations in taking the boxes from
the packing line back to storage, it is necessary to segregate the fruit
by grade, size, and variety. This segregation is usually done in a
special area. Boxes are conveyed to this area and the worker doing the
segregation picks up each box manually off a gravity conveyor, which
serves as an accumulator, and places the packed boxes in appropriate
stacks or unit loads. The rate at which this work can be performed is
geared to the production rate of the packing line, which is about
210 packed boxes per hour. As a result, the segregator must wait for

work dxiring much of the day.

For purposes of comparing the different methods of performing this
cycle of operations, the following assumptions are made: (1) One
15-foot section of gravity roller conveyor for segregation is included
in all operations, and (2) transportation distance is standardized at
160 feet, or a total of 175 feet.

Labor requirements for ths different methods ranged from a low of
5,43 man-hours per 1,000 packed boxes by the fork-lift truck and pallet
method to 19,04 man-hours per 1,000 packed boxes by both clan5)-type
2-wheel hand truck method and elevator- and clamp-type 2-wheel hand truck
method. The belt conveyor and clamp-type 2-Triieel hand truck method
required 14.28 man-hours, vrtiereas the industrial clamp-type lift truck
and low-lift pallet transporter, fork-lift truck, and pallets took
respectively 6.31 and 6,22 man-hours per 1,000 packed boxes.
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The lowest cost— ^9.41 per 1,000 packed boxes—for equipment and

labor combined—was obtained with the industrial fork-lift truck and

pallets. The costs for the industrial clamp-type lift truck almost
equaled this, being only li;0.47 higher. The hi^est cost method involves

use of the elevator in combination with the clamp-type 2-wheel hand

truck. Costs with this method amounted to $32.25 per 1,000 boxes; almost
three and one-half times the cost of the most efficient method. Total
costs for the clamp-type 2-wheel hand truck method were $22.43 per
1,000 boxes, for the belt conveyor and clamp-type 2-wheel hand truck
method, |20.79, and for the low-lift pallet transporter, fork-lift truck,

and pallets, $12,71.

Moving Apples Out of Storage and Loading Out

The cycle of operations involved in moving packed boxes of apples
from storage and loading them out into refrigerated railroad cars was
performed with nine different types and combinations of types of equip-
ment. These include: (1) Clamp-type 2-wheel hand trucks, (2) belt
conveyors, gravity roller conveyors, and clamp-type 2-wheel hand trucks,

(3) floor chain conveyors and clamp-type 2-wheel hand trucks, (4) elevators
and clamp-type 2-wheel hand trucks, (5) industrial fork-lift truck and
pallets, (6) industrial fork-lift truck, pallets, belt conveyors, and
gravity roller conveyors, (7) industrial fork-lift truck, pallets, and
pallet dolly, (8) industrial fork-lift truck, low-lift pallet transporter,
pallets, belt conveyors, and gravity roller conveyors, and (9) industrial
clamp-type lift truck, belt conveyors, and gravity roller conveyors.

Refrigerated railroad cars usually are loaded with 798 standard
boxes before being moved to a consuming area or in-transit storage.
However, some cars are loaded with 756 boxes and others with 840 boxes.
The 798-box load is used for comparative purposes. In the cycle of
operations in placing these loads in refrigerator cars, it is necessary
that: (1) The load be blocked out, (2) load be manifested for shipment,
(3) boxes be moved from storage point to the railroad car, (4) boxes be
stowed, (5) boxes be stripped for stability in transit, and (6) boxes be
braced on either side of the doorway or filled in solid to keep the load
from shifting. Occasionally, it is necessary that boxes, not already
labeled, be labeled in the car during the loading.

For compsurative purposes, it is assumed for all methods that:

(1) The fruit is blocked out and reac^ to bring to the car so that the
carloading crew will not be delayed by the crew bringing up the fruit,
and (2) the fruit is assumed to be moved a distance of 110 feet from
storage to car.

When industrial fork-lift truck, pallets, belt conveyor, and gravity
roller conveyor were used for this cycle of operation the lowest labor
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requirements—7.40 man-hours per 1,000 boxes—were obtained. This"

method was followed closely by all other methods which employed
industrial fork-lift trucks or industrial clamp-type lift trucks.

Labor for these methods ranged from 7,69 man-hours per 1,000 packed
boxes to 8.58 man-hours. The elevator and clamp-type 2-wheel hand truck
method was the least efficient—requiring 13,40 man-hours per 1,000 packed
boxes.

Costs for both labor and equipment combined varied only ^7.40 per
1,000 packed boxes. The clamp-tj^^e 2-wheel hand truck method had the
lowest cost, $15,37 per 1,000 packed boxes, whereas the elevator and

clamp-type 2-wheel hand truck method showed the highest cost, $20.77,
The rest of the methods, with one exception which showed a cost of $17,
fell into a very narrow range between the two extremes mentioned.

The loading out of refrigerated highway trucks is quite similar to

that of refrigerated railroad cars. Loads vary a great deal, much more
than with railroad cars, ranging from 600 to 800 standard boxes.
Blocking out fruit as well as other operations are essentially the same, '

except that no stripping or bracing needs to be done.

Moving packed boxes of apples from storage and loading out highway
truck was performed by the following: (1) Clamp-type 2-wheel hand
trucks, (2) belt conveyor and clamp-type 2-wheel hand trucks, and

(3) industrial fork-lift truck and pallet dolly. Transportation dis-
tance from blocking out point to highway truck was standardized at
130 feet.

Of these methods, the industrial truck required the least amount of
labor, 5.51 man-hours per 1,000 packed boxes. The clamp-type 2-Tfrtieel

hand truck was next with 9,83 man-hours, and the belt conveyor and clamp-
type 2-wheel hand truck was highest with 11.73 man-hours. Because of the
high equipment costs for the industrial fork-lift truck, the clamp-type
2-wheel hand truck was the lowest cost method—$11,42 per 1,000 packed
boxes.

Moving Apples from the Packing Line and Loading Out

Moving apples directly from the packing line and loading them
directly into refrigerated railroad cars or highway trucks is not a

practice commonly followed in Washington State. However, when it is
done two methods are used: (1) Move the fruit through a segregation
area, and set aside in a block-out area the boxes T^ich are to be loaded,
and (2) move part of the flow of fruit from the packing line into the
carrier.

The common practice is to follow the first method; that is, to run
the fruit through the segregation area and select the sizes needed for
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the load. These boxes are moved to the blocking-out area and the rest

are sent to storage. The labor involved in this method is no different

from that in regular carloading ifshen the fruit is moved from storage.

In using the latter method, the rate of loading is geared to the

rate of the packing line, which is about 210 packed boxes per hour.

Depending on the sizes and grades called for in the manifest, it would
require 4 to 8 hours of elapsed time to load a 798-box car.

This method requires 5.88 man-hours per 1,000 packed boxes and a

total labor and equipment cost of $10.90 per 1,000 boxes. The labor

requirements are low but elapsed time is high. However, one advantage

is that one handling operation, moving the packed fruit back to storage,

is eliminated.

Moving Apples Into, Within, and Out of Storage Houses

Labor and equipment costs per 1,000 boxes for performing all four
of the cycles of operations required in receiving from road trucks,
moving fruit through the plant, and loading into refrigerator cars, when
both packed and unpacked boxes of fruit are stored by common and improved
methods, by use of the five principal types or combinations of types of
equipment are:

Costs

56.03 48.94
60.28 50.23

54.62 46.56
37.75 35.55
31.99 31.89

Common : Improved
Type of equipment and method: method ; method

Dollars Dollars

Clamp-type 2-wheel hand trucks
Belt conveyors and clamp-type 2-wheel hand trucks
Floor chain conveyors and clamp-type 2-yriieel hand
trucks (belt conveyors and hand trucks are used for
moving packed boxes to storage)
Industrial clamp-type lift trucks— 24-box capacity
Industrial fork-lift trucks and 48-box pallets

When apples are moved directly to the packing line from road trucks,
moved from packing line to storage, and then loaded into railroad cars the
labor and equipment costs per 1,000 boxes for the three cycles of opera-
tions are:

Type of equipment and method: Costs
Dollars

Clamp-type 2-wheel hand trucks 39.30
Belt conveyors and clamp-type 2-wheel hand trucks 36.56
Floor chain conveyors and clamp-type 2-wheel hand
trucks (belt conveyors and hand trucks are used for
moving packed boxes to storage) 36.85
Industrial clamp-type lift trucks—24-box capacity 32.50
Industrial fork-lift trucks and 48-box pallets 28.66
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' PACKIMG AMD STORAGE HOUSES~ ^'

"- • - - '"^L^t^iiStiBy Earl W. Carlsen, director of^es'eStch,
D. Loyd Hunter, industrial engineer, and
Raoul S. Duerden, industrieil engineer,
Washington State Apple Commission

and

Joseph F. Herrick, >Jx^ , agricultural economist
Marketing and Facilities Research Branch
Production and Marketing Administration

INTRODUCTION

Marketing the Nation's apple crop involves the physical handling each
year of millions of boxes of fruit . In the marketing channel these han-
dling operations begin when the fruit leaves the orchard and end when it

leaves the retail store. Between these stages of the marketing channel
for fresh apples, each box of fruit is handled from 25 to 30 times, the
exact number depending on the methods of handling used and the kinds of

facilities through which it is moved. These handlings occur in trans-
porting fruit from the orchard to the plant, in the storage and packing
plant, in transporting fruit from producing areas to consuming centers,
in the terminal markets, in transporting fruit from the wholesale market
to retail outlets, and in the retail stores. A relatively large number
of these handlings take place in packing and storage houses. In these
facilities, handlings are necessary in receiving fruit from the orchard
and placing it in storage, moving unpacked boxes of fruit from the stor-
age room to the packing line, moving packed boxes from the packing line
to storage, and finally moving packed boxes out of storage and loading
into refrigerator cars and motortrucks. These handlings do not include
dumping, cleaning, sorting, sizing, packing, lidding, and other operations
in the packing line

.

The total work involved annually in apple -handling operations in
producing areas throughout the United States can be indicated by the
size of the job in Washington State, which markets about one -third of
the national supply of fresh apples. Each season in that State more
than kO million boxes of apples are moved from the orchards, placed in
storage in packing houses, and later moved out of storage to the packing
line . Most of the 27 million boxes of fruit packed out from this volume
goes back into storage and later is moved out of storage and loaded out
for shipment to terminal markets. During each of these four cycles or
groups of operations in the plant, each box is handled from one to three
times, depending on the types of materials -handling equipment used. Thus,

259298 0-53-2
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in a typical season the total number of individual "box handlings,
excluding operations in the packing line, approximates 500 million.

To perform these physical-handling operations, each of the 252
packing and storage plants operating in the State during the 1950-51
season employed, at the peak of their operations (the period when fruit
was being received, stored, packed, and shipped), from 5 to 6o workers
per 8- or 9-houT shift. Workers employed for packing -line operations
were in addition to these numbers. Of the total labor, other than office
workers, employed in these plants, it is estimated that roughly kO percent
is used for performing materials -handling or warehousing operations and
6o percent for packing line operations

.

However, the total of wages paid to this labor, which is one of the
largest items in the cost of marketing apples, is not the only problem in
connection with handling operations that concerns plant operators. Plant-
handling operations, particularly during the harvest season, must proceed
with dispatch since the market quality of apples is affected adversely if

the fruit remains in the orchard for any substantial time after it is

picked. For each day apples remain in the orchard after they axe picked,
or remain in the open at usual orchard temperatures, 10 days of storage
life is lost. For this reason, during the period when apples are being
received at the plant, plant operators may be more interested in reducing
the elapsed time of receiving than they are in increasing the efficiency
of operations. The addition of crews at the plant to increase the rate
of receiving operations means that plants are in competition with orchards
for the labor needed to pick fruit at its proper stage of maturity.

The necessity for obtaining adequate labor at the proper time for
harvesting apples is indicated by the fact that Delicious varieties, which
account for roughly 6o percent of the total tonnage in Washington State,
should be picked and moved into storage within a 10-day period to retain
the potential storage life of the fruit . If the full storage life is not
retained, the Delicious will not keep for the late marketing season euid

may become unsalable.

Even when apples are harvested at the proper stage of maturity and
moved promptly into storage, maintenance of quality is an important con-
sideration in handling smd storage operations. Each of the 10 or 15
separate handlings of a box of apples causes some bruising or other damage
to the fruit. Research by the Washington State Apple Commission, in which
shock recorders were placed in boxes of fruit, showed that when boxes of
fruit are handled individually, by use of most methods, they nearly euLways

receive a serious impact that bruises some of the fruit. By reducing
the nvunber of handlings, through adoption of the unit- load principle and
improving or simplifying work methods, much of the fruit quality lost
through bruising and other injuries can be retained, l/

1/ H. T. and S. Office Report No. 211, "Investigation of Apple
Bruising," Bureau of Plant Industry, Soils, and Agricultural Engineering,
USDA, Wenatchee, Wash., 19U8-i4-9.
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Although it might appear that the large, and increasing, costs of

materials handling in apple -packing and storage houses by use of current

methods, and the resultant loss of q^uality, would force adoption of im-

proved methods, this has not been the case, since the type of box, method

of refrigeration, plant design and layout, type of packing layout, type

of packing equipment, and fruit- handling practices, in most cases, have

evolved a somewhat integrated system. The industry has been tooled up in

this speciauLized way for 20 or 30 years, malting it difficult to initiate

a change in one operation without changing the entire system. Few private

firms in the apple industry, where the size of the individual business is

relatively small, are in position to finance research needed to develop

improved methods and equipment and to measure the comparative costs of

various methods and innovations on an industry-wide basis.

Objectives of the Research

The research which is the basis for this report was undertaken to
find ways, on an industry-wide basis, for increasing the productivity of

labor employed in apple -packing and storage houses for performing fruit
handling operations, thus making possible increases in the rates for per-
forming critical operations during harvest periods, and reductions in

total labor costs. Since one of the ways for making labor more productive
is by reducing the number of times individual boxes of fruit are handled,
the research eLLso was aimed at maintaining fruit quality.

The specific objectives of this research were: (l) To determine,
under variable conditions of significance to the industry, the compara-
tive efficiency of various types and combinations of types of materials-
handling equipment currently used in Washington State apple houses for
performing the different handling or warehousing operations and to
evaluate ciirrent methods of using these types of equipment, (2) to develop
and test improved methods for using present equipment, (3) to introduce
and test, under actual operating conditions in apple houses, some of the
new types of equipment not in current use in Washington State plants, and
(k) to develop and test new or improved types of equipment where needed
to increase the efficiency with which specific operations are performed.

Although this research was conducted in Washington State, where a
relatively large nvimber of types of materials -handling equipment was
available for study in apple packing and storage houses under a wide
variety of conditions that affect the efficiency with which handling
operations are performed, the data developed should have applicability
to commercial (non-farm) apple houses in other areas. With interpola-
tions, these data also may be applicable to operations in farm storage
houses, which usually are of smaller capacity than commercieLL houses.
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Research Methods and Techniques

Materials -handling research was conducted in apple packing and
storage houses selected to provide coverage of all basic types of equip-
ment that were currently in use and all significant variables that affect
the use of the equipment. Included among these variables are; (l) The
layout and design of the plant, (2) types of packages handled, and

(3) "types and sizes of trucks, trailers, and refrigerator cars from which
apples are unloaded or into which they are loaded. Variables in plant
layout and design include such factors as: (l) The number of floors on
which or between which apples are handled (single story versus multistory
handling); (2) the dimensions of the plant, which affect in-plant trans-
portation distances; (3) ceiling heights of storage rooms, which govern
stacking heights; (k) number and spacing of columns; (5) surface of floors
over which equipment is operated; (6) height and width of platforms, and

(7) height and width of doors.

To obtain data on these variables, which would provide a basis for
selecting plants for case studies, a survey was conducted of a sample of

plants, using the following procedure:

On the basis of plant layout and design and types or combinations
of types of equipment used in performing materials -handling operations,
preliminary observations and secondary information indicated that there

are five different types of commercial apple packing and storage plants
in the State of Washington. To determine the significant variables
that should be considered in materials -handling research, it was pro-
posed to sample at the following rates:

Number of plants of
given type in population

12 or fewer

13 - 15
16 - 20
21 - 25
26 - 30

31 - 35
36 - I4-O

kl - 45
k6 - 50

more than 50

In the event that more than five basic types of plants
were discovered, it was decided that these would be included in the

survey and sampled at the same rate as indicated above.

This survey corroborated preliminary observations with respect to

the five basic types of plants and showed that a sixth type existed. It

Number to be
included in sample

all
12
Ik

IT
19
20
22

23
2k

25
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also provided data on variables applicable to each of the six types which
were needed in selecting case study plants.

Time studies of fruit -handling operations, as performed by various

methods, were made in selected plants to: (l) Determine the elapsed time

required, (2) determine the total man-hours of labor required and the

total machine -hours of equipment use required, (3) determine where delays,

wait time, and other unproductive time occurred during the performance of

the operation, and (k) develop improved methods for performing the

operation.

Elapsed times were determined as a basis for comparing the speeds or

rates at which given operations are performed by various methods--a factor
that is highly important in receiving fruit at the storage plant during
the harvest season. Elapsed times also provide a basis for computing
total labor and equipment inputs. These input data were computed as a
basis for comparing the relative efficiency of methods for performing the
same operation.

A determination of the sequence and magnitude of delays, wait time,

and other unproductive time, in part, provided the basis for developing
improved methods in which either the same types of equipment are used or
in which new types are introduced.

Time studies were conducted in accordance with approved techniques
by use of stop watches. As a means of obtaining comparability of data
from time study observations, four men spent an initial period working
together during which special emphasis was given to the rates at which
workers performed. Estimates of these rates were used as a basis for
leveling time study data in terms of a "normal" rate. Extraneous factors
were eliminated in making time studies so as to avoid the effect of dis-
ruptions to work procedures. As many as 15 different time study observa-
tions were made of some methods for performing warehouse operations.
Data from these studies were frequently checked for reliability. 2/

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
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.

Data on prevailing wage rates in Washington State apple plants during
the I95I-52 season, which have been used for computing total labor costs
for performing handling operations, were obtained through interviews with
plant managers, labor union officials, and others.

2/ Standard error of the mean was used most commonly.
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In the sections of the report that follow, labor and equipment costs
for performing various fruit- handling operations by use of specified
methods and types of equipment have been computed. These costs provide a
basis for comparing the relative efficiency of different methods and types
of equipment under variable conditions. They were computed because valid
comparisons cannot be made solely on the basis of physical labor and equip-
ment inputs. That is, man-hours of labor and machine -hours of equipment
use cannot be totaled as a basis for making comparisons. Nor can valid
comparisons be made solely on the basis of labor requirements, unless
equipment costs are constant.

Labor costs shown in these computations are based on the productive
labor required to perform the operation, plus the amount of idle time
inherent in the method. The amount of time lost by workers in moving
from one job to another, waiting for trucks to arrive for unloading, and
other idle time not inherent in the method, is not included in these costs.
Since nonproductive time may, in some instances, account for as much as

50 percent of the total man-hours of labor employed in a plant, the inclu-
sion of unproductive time, not inherent in the method, would destroy the
cost relationships.

Moreover, because of the variability of management and facility costs
between plants of the same capacity and output, these costs have not been
included in the costs shown for performing fruit- handling operations by
use of different methods and types of equipment. Therefore, the cost
data shown do not reflect total costs to the plant and should not be used
by plant managers for budgetary pxirposes. However, in plants that allo-
cate labor and equipment costs to various operations, these costs might
serve as desirable goals to be attained in achieving cost reductions.

Principal Types of MaterisU-s -Handling Equipment Used

One of the principal types of fruit -handling equipment used in
Washington State apple houses is the clamp-type 2-wheel hand truck with a
stevedore frame (fig. 1). Instead of using a stevedore lip as a meajis

of supporting the boxes, the clamp truck has two arms which grasp the
boxes smd clamp in from the sides when motivated by a foot-operated lever.
These arms have a sharp blade or prong on their inside edge which jabs

into the end of the box or slips underneath the edges of the box ends
(fig. 2). With this type of hand truck, six boxes usually are handled as
a unit load. Occasionally seven or even eight boxes of unpacked fruit are
handled per load, but when packed fruit is being handled the load may be
limited to five boxes.

Belt conveyors used in the Washington State apple houses usually are
constructed of wood or metal frames, with wood or steel rollers, over
which 12- to 1^-inch belts are pulled to provide the conveying surface.
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Figure 1.- -Clamp- type 2-wheel hand truck. Figure 2- --Clamping onto a stack of boxes

with a hand truck.

Figure 3. --Belt conveyor carrying boxes

of apples.

These conveyors are built in

sections that vary considerably in
length, depending on the layout of
the plant and the capacity of the
motors used (fig. 3)'

A 100-foot section of belt
conveyor usually is composed of
the following parts: (l) 205 feet
of ^-ply rubber-impregnated canvas
belting about 12 inches wide,
(2) one gear head 2 horsepower
electric motor, (3) one drive
roller, (k) two idle end rollers.
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(5) nine metal or wooden supports
to hold the conveyor about 2k inches
above floor level, and (6) 10-foot
sections of metal or wooden rollers
about l6 inches wide. To the
standard belt conveyor can be added
such attachments as "dip and load"
sections, "curved end" sections,
"power chain turns" and "dead
roller" sections (fig. k) . Boxes
may be moved from one conveyor to
another either by gravity or power
curves which carry boxes around
corners, or by a section of curved
dead rollers between the two con-
veyor units . Belt conveyors are
used extensively to move the boxes
of fruit between floors . In recent
years a few firms have made use of

sections of flexible dead roller
conveyors for car loading.

^"7^^

Figure ^, --Roller conveyor extension

to a belt conveyor used in unloading

a truck.

Among the newer types of materials -handling equipment in use in
Washington State apple houses are the industrial fork-lift truck, indus-
trial cleimp truck, and floor chain conveyor. These are now in commercial
use in a few plants. In addition, other types of equipment, used experi-
mentally during the course of this research project, are just being put
into commercial use and will be discussed in the body of the report

.

Fork-lift trucks used in apple houses are of the same general design as

fork-lift trucks used in other industries (fig. 5)' They usually are

Figure 5. --Industrial fork-lift truck.
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equipped with four-inch forks of sufficient length to lift and transport
IjO-by U8-inch or 36- by i4-0-inch pallets. The trucks handle pallet loads
of unpacked apples stacked six boxes high, and packed fruit stacked five
boxes high.

The industrial clamp truck has the same body and chassis as the
fork-lift truck. The forks have been replaced by a set of arms that can
be spread and narrowed hydraulically (fig. 6). When the lift truck is

rolled forward, these clamps grasp a unit load of boxes with hydraulically
regulated pressure. While the boxes are squeezed closely together the
load is lifted and transported. Some industrial clamp trucks have broad
clamps surfaced with rubber, to permit more secure handling of boxes and
for handling cartons

.

Figure 6. --Industrial clamp- lift truck.

Industrial clamp trucks are either of 36- or 2^-box unit load
capacity when handling loose fruit. When handling packed fruit, the
load is limited to 20 or 30 boxes stacked 5 high.

The floor chain conveyor consists of a pair of link chains that run
in parallel channels countersunk in the floor (fig. 7)- The two chains
travel at the same speed and are capable of moving a series of stacks of
boxes along a floor between two fixed points. This is more or less
auxiliary or supplementary equipment, and is usually, if not always,
employed in combination with the clamp-type 2-wheel hand truck.
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Figure 7. --Floor chain conveyor in a cold

storage room.

Among the less Important types
of equipment used are the stack-
maker, the stackbreaker, and the
pallet transfer dolly. Stackmakers
remove boxes, one at a time, from
the end of the belt conveyors and
build them into 6-high stacks. One
plant uses the stackmaker to build
unit loads going into a stack-
dumper. 3/ Another plant uses this
equipment to build unit loads at
the end of a belt conveyor on the
third floor of the building, at

which point the stacks move onto a

floor chain conveyor.

The stackbreaker breaks down
6-high stacks of boxes so that they
can be conveyed one box at a time

.

In some cases, stackbreakers are
used to breaJc stacks going into
automatic dumpers.

Pallet transfer dollies con-
sist of a set of rollers with a

small frame on top. A pallet load
placed on top of the frame can be
moved inside refrigerator cars.

It is used in only two or three
plants to assist with car loading.

T;>^es of Packages Handled

The standard Northwest apple box is the principal type of container
used in Washington State for handling both packed and unpacked fruit

.

Its inside dimensions are 10-^ by 11-^ by I8 inches (fig. 8). This box
is made of shook, usually 9/32 inches in thickness on the sides and
11/16 inches on the ends . Tops and bottoms are made of thinner shook so
that the wood will spring over the bulge of the fruit as it is lidded.

The industry practice is to use the standard Northwest apple box
both as a field box and as a shipping container. After boxes are made

3/ A stackdumper is an automatic dumper used by a number of

Washington State apple houses. Stacks of boxes are moved on a floor
chain into the dumper mechanism. After a stack of boxes is in the dump-

ing position, individual boxes are lifted mechanically off the stack and
their contents dumped into the washer.
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up they are taken to the orchard
and distributed under the trees.
The fruit is picked and placed in

boxes with no fruit higher than the
top level of the box. The boxes of

apples are then moved to storage.
Later, after the fruit has been
dumped from the container at the
packing line, the same box is sent
forward on conveyors, and the
packers wrap and pack fruit into
them. Packed boxes are then lidded
and either moved to storage or
directly to a refrigerator car for
shipment (fig. 9).

Figure 8. -Standard apple box.

Because of the increased use of
cartons for packed fruit, a special field box is now being used more
extensively. These boxes usually have the same inside dimensions as the

standard apple box. The bottom and ends are of thicker material, and
the inside corners usually are reinforced with corner posts (fig. 10). k/

Figure 9. -Standard apple box (packed

and I idded)

.

Figure 10. --Fie Id apple box.

The weight of an unpacked standard box of apples is roughly 35 pounds.
Boxes of unpacked fruit are not lidded and must be handled accordingly.
The weight of a packed standard box is 50 pounds. Packed boxes are
lidded before leaving the packing line and are handled and stacked on
the side

.

k/ A few firms in the Yakima area use a shallower and longer field
container for their pear operations. These are mostly for cannery
fruit . In some seasons , pear lugs may be available for handling apples

.
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Another type of container used for shipping apples is the cardboard
carton. This carton is of regular slotted design (flap top) introduced
hy the Washington State Apple Commission Research Department, in 19^9
(fig. 11). The greatest use of this carton is for tray-pack fruit
(fig. 12). Molded pulphoard trays are used to hold apples in place dur-

ing shipping. This carton usually has the following inside dimensions;
11-3/i^ by 12-1/8 by 19-7/8 inches.

^

Figure 11. --Regular slotted carton. Figure 12. --Cross -sect ion of a tray

packed regular slotted carton.

Introduced recently as a master container for consumer-size packages
is another carton having inside dimensions of 23-u" by 11 by 12-^ inches,
which is referred to as a bonding carton. Its use has been limited.
Most firms prepackaging apples use tray packed cartons as master con-
tainers. In addition to these, a few other package types are used in

Washington State, but none of major importance in connection with
materials -handling operations.

Description of Fruit -Handling Operations
in Apple Packing and Storage Houses

In Washington State, apples are moved from the orchard to the
packing plant either by orchard trailers or road trucks, and are unloaded
there. When brought in by orchard trailers the usual load is Ikk boxes,
stacked in 3-iiigh tiers on the trailer bed. When transported on road
trucks, the usual load is 288 boxes stacked in 6-high tiers. After the
fruit is unloaded, it usually is moved into cold storage rooms where it

is stored for a time or "pre-cooled" before being moved to the packing
line. In some houses, to avoid extra handling, fruit is moved directly
to the packing line as it is being received. In either case, receiving
consists of unloading the fruit from road trucks or orchard trailers as

it arrives from the orchard and moving it into cold storage or to the
packing line (fig. 13)-
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Many plants try to schedule
their operations so that all fruit
is received into designated cold
storage rooms, later moved to the
packing line, packed, and returned
to different cold storage rooms

.

Thus in receiving to storage during
the harvest season, one room, or
part of a plant, may handle many
more boxes of fruit than its abso-
lute storage capacity.

In a relatively large number of
plants, boxes of fruit must be high-
piled in storage rooms as they are
received. High-piling usually con-
sists of manually lifting boxes of
fruit and stacking them on top of

rows of original 6-high stacks of

boxes . Many plants store unpacked
boxes of fruit 12 boxes high--a few as high as ih. Other plants high-
pile 8 or 9 iiigii^ depending on storage room designs. The high-piling
operation consists of elevating boxes to the top of the stacks, which is

usually done by one worker handing boxes up to another, who in turn
places them on top of the stacks to complete building the high pile
(fig. 1^). When the stack is not higher than 8 boxes, the operation
usually is performed by one worker on the floor who lifts and positions
the boxes on top of the stack. One operation was observed where a tall
man was used to high-pile 9 boxes from the floor.

Figure 13. --Unloading a road truck at a

belt conveyor-hand truck plant.

~,mm>tfm§'

Figure lU. --High-piling unpacked boxes of fruit 12 high.
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When the fruit is moved from storage to the packing line, the
high-piled fruit usually is broken out by workers handing boxes down to
other workers who build 6-high stacks on the floor. In a hand truck
operation, these stacks are hand trucked to the washer, and in the belt

-

conveyor operation they are trucked to a belt conveyor where workers
place the boxes one at a time on the belt carrying the fruit to the pack-
ing line. In fork-lift truck and industrial clamp truck operations, the
trucks break out boxes of fruit from the stack and transport them to the
packing line.

After they are packed, the boxes of apples are returned to storage
or moved for loading out to refrigerator cars and motortrucks . In either
case, the fruit usually must be segregated unless an unusual sale has
been made of a natural run of sizes and grades. As they leave the pack-
ing line, packed boxes already are on a belt conveyor which can be
connected with other conveyors, and the fruit usually is moved either to
the railroad car or to the segregation area.

In plants where industrial trucks are used for handling apples, the
segregation area is a special room or part of a room. In the conventional
older-type plants, segregation is done in the cold storage room where the
fruit is to be stored.

Segregation consists of removing packed boxes of fruit from the belt
conveyor and placing each box, in accordance with grade and size, in
separate stacks. Some plants segregate the fruit into individual sizes,
other plants group two or three sizes. When the belt -conveyor -hand-
truck methods are used, segregated fruit is stacked five or six boxes
high (fig. 15 )• In industrial truck operations, the segregated stacks

Figure 15. -Segregating packed cartons of apples in a belt

conveyor-hand truck plant.
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are blocked into unit loads of 20, 30, or kO boxes, depending on the
capacity of the industrial truck used.

When fruit is moved directly from the packing line to the refrigerator
car or motortruck for loading, segregation consists of removing from the belt

conveyor the grades and sizes that are not to be loaded. The conveyor is

set so that fruit moves continuously into the car. The fruit removed from
the conveyor is moved into storage

.

Moving packed boxes of fruit from storage for loading out is similar
to operations previously described. Boxes are broken out of high piles
and transported with hand trucks or industrial trucks to the refrigerator
car, or placed on belt conveyors leading to the car.

Fruit that is to be shipped is "blocked out" before the loading
operation begins. Blocking out consists of setting aside in a separate
area the proper number of boxes of each grade, size, and variety, as
specified by the sales manifest. In some cases, this operation may entail
moving considerable fruit in the cold storage room to obtain the specified
grades and sizes. In other cases, it may involve nothing more than
designating the rows and number of stacks of boxes that are to be moved
from the storage position.

In addition to blocking out, carloading includes manifesting.
Manifesting is the preparation of a tally sheet showing the number of
boxes of each grade and size that go into the blocked-out load. It must
check with the sales manifest. If it does not check, other boxes of cer-
tain sizes or grades from storage must be added to the block-out, and the
unwanted boxes moved from the blocked-out unit back to storage. Mani-
festing may take place while the car is being loaded, and, depending on
how the fruit has been segregated or sold, blocking out may be performed
simultaneously with carloading operations, particularly when industrial
trucks are used.

Classification of Plants by Types of
Equipment Used

On the basis of the principal types or combinations of types of
materials -handling equipment used, the 252 Washington State apple pack-
ing and storage houses, in operation during the 1950-51 season, can be
classified as those using: (l) Clamp-type 2-wheel hand trucks, (2) clamp-
type 2-wheel hand trucks and belt conveyors, (3) clamp-type 2-wheel hand
trucks and floor chain conveyors, (k) clamp-type 2-wheel hand trucks and
elevators, (5) industrial clamp trucks, and (6) industrial fork-lift
trucks and pallets. Most of these plants use other less important types
of equipment, such as sections of gravity-type roller conveyors or pallet
dollies, in addition to the more basic types.
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Hand Truck Plants

Most of the 90 plants that used hand trucks ;^redominantly during the

1950-51 season are the smaller Washington State plants. As indicated,
they handle fruit, in most operations, with 2-wheel hand clamp trucks.
These plants usually are near the orchards and may have unrefrigerated
storage area only. Multistoried hand truck plants use belt conveyors to
move fruit between floors. Physical construction of the plants is usually
frame or a combination of frame and concrete, depending on whether the
storage area is refrigerated or unrefrigerated.

In hand truck plants, fruit usually can be received either directly to
the dumper or into the storage area. When the packed boxes of fruit leave
the packing line, conveyors move them into the storage area where the
boxes are built into 6-high stacks and hand trucked to storage position. .

Such a plant usually operates only a single packing line. The typical
plant uses only seven hand trucks and a belt conveyor footage varying up
to 280 feet . The belt is used for moving fruit between floors or from
the packing line

.

Belt Conveyor and Hand Truck Plants

The older apple packing and storage plants are multistory buildings
located in towns near rail facilities. These plants, which are among
the largest in the State, use power-driven belt conveyors for moving
boxes of fruit into storage and between floor levels. Clamp-type 2-wheel
hand trucks are used to move the stacks of boxes on each floor to and
from the belts. The 120 houses in this group in 1950-51 are sometimes
referred to as "conventional" plants.

Plant construction is of frame, brick, reinforced concrete, or
combinations of the three. Nearly all roofs and intermediate floors are

supported on beams and columns. Some of the plants have no platforms
for receiving fruit and use small openings in the sides of the building
which permit the belt conveyors to be extended out so that trucks can be
unloaded directly to the cold room. Two different belt conveyor arrange-
ments are used in this type of plant --one with belts through the center
of the room, the other with the belt conveyors placed along one of the
walls. The first arrangement minimizes the distances boxes are moved to
and from the conveyor, while the second requires less space and permits
unrestricted travel across the cold room. These plants have from one to
six packing lines

.

Hand Truck and Floor Chain Conveyor Plants

During the 1950-51 season, four apple packing and storage plants
used floor chain conveyors in combination with hand trucks for receiving
fruit. Floor chain conveyors also are used in a few plants to feed the
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packing lines. Usually a short length of floor chain conveyor leads into

a mechanical stackdximper

.

\-

The physical construction of floor-chain-conveyor plants is similar

to that of helt conveyor plants, since all floor chain conveyor type

plants are belt conveyor plants that have been converted.

Floor chain conveyors installed in these plants usually lead from the

truck unloading area into cold rooms. In large rooms two floor chain

conveyors leading in from two different entrances are sometimes used.

Nearly all of these conveyors are on ground floors. One plant uses the

chain for moving fruit from storage to the dumper, another for moving
stacks of boxes the length of the cold room on the third floor of the
plant . Two plants use floor chain conveyors for moving fruit within and
between cold rooms

.

Plants using floor chains had from one to three packing lines and
great variations in the quantity of other handling equipment. All of
these plants used belt conveyors to some extent, as well as hand clamp
trucks , and all had at least 100 feet of floor chain conveyor

.

Hand Truck and Elevator Plants

During the 1950-51 season, there were four plants that might be
classified as hand-truck-elevator plants since the handling of fruit
between floors was by use of elevators rather than belt conveyors. How-

ever, there were no plants in the State that used elevators exclusively
for interfloor movement of fruit. Three of these four plants have only
one elevator.

Industrial Clamp Truck Plants

The eight plants using industrial clamp trucks in 1950-51 varied
widely with respect to types of layout and plant design. These plants
were either former belt -conveyor and hand-truck plants or hand-truck
plants. Since ceiling heights of storage rooms in these plants are
relatively low, fruit is not tiered as high as it is in the newer fork-
lift truck plants. Most of the industrial clamp-truck plants have
obstructions that interfere with handling operations . Low-hanging air
ducts or coils, beams, and columns are typical of the older plants.

In many of these older structures, the distance between the point
where loose fruit is supplied to the dumper and the area where packed
fruit is segregated for storage is so great that one machine cannot
perform both phases of handling.

259298 O - 53 - 3
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In clamp-truck plants, fruit usually is segregated in the cold
storage room off a belt conveyor, as in belt conveyor plants. Also, vhen
the industrial clamp truck is used for moving packed fruit to storage, it

must operate within cold rooms which frequently are on upper floors of
the plants, which necessitates transferring the truck between floors.
Such transfers are difficult without an elevator.

Pallet and Fork-Lift -Truck Plants

Most of the 26 fork-lift-truck and pallet plants in the State are

one-story structures. A few of these plants are remodeled buildings and
part of the plant also is served by belt conveyors. These plants are of
concrete or concrete block construction with few beams or columns; the
truss roof is universal except in plants that have been converted from a
belt and hand-truck operation.

At present, many of the dumping and segregation areas in the
palletized plants are separated by a considerable distance, making it

difficult for one fork-lift truck to service both ends of the packing
line.
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CURRENT AND ASSUMED WAGE RATES USED IN
COMPUTING LABOR COSTS

Except for workers used during the harvest and peak handling season,
labor employed in the Washington State apple packing and storage plants
is recruited largely from local sources . Although a relatively large
number of itinerant workers formerly were employed, in recent years the

industry has come to rely less on transient labor, mainly because of the
decreased supply. Many local people employed in apple houses are kept
on as year-round or "key" workers, and serve as foremen during the fruit-
handling season. 5/ During the remainder of the year they axe assigned
miscellaneous repair and maintenance duties. In some instances "key"

workers are shifted to orchard work during the summer, usually on the
plant owner's ranch. In some of the plants, particularly in the northern
part of the State, experienced itinerant workers hold "key" or supervisory
positions. Most of these workers are professional fruit workers, who are
employed part of the year in citrus or other fruit plants and part of the
year in apple plants

.

The degree of skill required of workers who handle apples is not very
great. Only brief instructions on methods and duties are necessary for
most recruits. However, less supervision is necessary for experienced
workers. Plant managers usually are willing to pay experienced workers
more than they pay recruits. "Key" workers receive from 6 cents to
12 cents per hour more than regular or unskilled workers.

In the Yakima area, most of the apple houses operated during the
I95I-52 season under an agreement with the Fruit and Vegetable Packers
and Warehousemen's Union. This agreement, which covered 30 plants, pro-
vided for wage rates of $1.12 per hovir for regular workers and $l.l8 per
hour for "key" workers. In the Wenatchee -Okanogan area, apple houses
were not operating under union agreements at the time this study was
made. The Wenatchee Valley Traffic Association reported that prevailing
wage rates, during the 1951-52 season, in the Wenatchee -Okanogan area
were $1.08 for regular workers and $1.20 for "key" workers.

A wage rate of $1.15 per hour is, therefore, assxamed 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.

Industrial-truck operators usually are "key" workers and can be
classified as semiskilled employees, since a greater degree of skill is

5/ A "key" worker is one who is familiar with the warehouse, can
direct the storage of fruit in the various cold rooms, and oversee the
segregation and storage of packed fruit.
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required to operate a lift truck, without spilling apples, than is

required to operate some other types of equipment. Lift 4:ruck operation
involves accurately judging distances either when driving the truck in

the cold room or when maneuvering the truck in crowded areas . Packing
plants pay industrial-truck operators from 10 to 20 cents per hour more
than they pay regular workers. The highest rate paid lift-truck opera-
tors during the 1951-52 season was $1-32 to $l.i^2 per hour. Firms in
the Yakima area paid $1.10 to $1.30 per hour. In the Wenatchee -Okanogan
area, $1.25 per hour was more common.

A wage rate of $1.30 per hour is, therefore, assumed to be the
average rate for semiskilled workers and this rate is used in the sections
that follow for computing labor costs under "current" conditions.

Because of current trends in wage rates, cost compeirisons made by use
of current wage rates may not adequately reflect the comparative effi-
ciency of various methods and types of equipment during some future
period. Therefore, to show cost relationships if wages should increase
further, an increase of 25 cents per hour has been made in "current"
rates both for unskilled and semiskilled workers. Wage rates under these
assumed conditions are $1.^4-0 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.



- 21 -

COSTS OF OWNERSHIP AND OPERATION OF
MATERIALS -HANDLING EQUIPMENT

The costs incurred when materials -handling equipment is employed in

fruit handling can he grouped into two major categories: (l) Ownership
costs, which are considered to be fixed or relatively stable from year to
year over a wide range of equipment use; and (2) operationeQ. costs, which
are variable and fluctuate in direct relationship with the hours of use
of the equipment

.

Equipment ownership costs include depreciation, taxes, interest, eind

insurance. When equipment is purchased, the owners are entitled to re-

cover, on an annual basis, the purchase price of the equipment and
accessories by the time it reaches the end of its economic life. This

useful life, in years, varies for different types of materials -handling
equipment and the use to which it is put. For purposes of straight line

depreciation, the method used in this research to obtain the annual rate
of depreciation is to divide the total cost of equipment by the niimber of
years of estimated life. State and municipal taxes, interest on the
capital invested, and insurance premiums covering fire, disaster, and
other forms of protection applicable to the materials -handling equipment,
are the other items that round out the ownership costs, and are paid on
an ajinual basis regardless of hours of use.

Costs of operation include fuel and oil in the case of equipment
powered by internal combustion engines, and electricity for equipment
powered by electric motors. These costs also include labor and parts
for maintenance, repair, and overhaul of the equipment and inspection
and servicing, such as lubrication. Theoretically, if equipment is not
in use, and is kept protected from the weather, it does not accumulate
operating costs. However, it should be recognized that if equipment is

not used for an extended period some wasting of the equipment will be
incurred due to the ravsiges of time in the form of deterioration of such
parts as tires, hose connections, and batteries. This time element is

recognized in the depreciation rate for the equipment.

Costs of Ownership

Interest

Most Washington apple plants use an interest rate of 5 percent to
estimate their capital costs. This is the rate for money borrowed to
make an investment, or the rate that should be returned on an investment
Although some packing houses pay more than 5 percent on borrowed funds,
cooperatively owned packing houses and some others usually obtain funds
at a lower interest rate. Therefore, an interest rate of 5 percent has
been used as a basis of computations of interest costs.
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Taxes and Insurance

The tax rates were computed by obtaining official rates of evaluation
and assessment at the Yakima County Assessor's Office and applying the
tax rates to the assessed valuation. Insurance rates were obtained from
published rates of insurance companies . 6/

Insurance rates on apple packing and storage plants, including the
equipment, vary relative to a number of factors, such as the location of
the plant and its accessibility to fire protection equipment and its
location relative to other plants and fire hazards. The construction of
the plant euLso is a factor in determining the insurance rate. Construc-
tion features that are considered in determining rates include the plant
layout, the number of floors and rooms, and the ways in which the rooms
are connected to each other. In some plants and locations, a watchman
service is available. Other plants have warning devices and automatic
fire protection equipment. All of these factors affect rates. The prin-
cipal differences in insurance rates appear to be associated with pleint

locations in municipal areas auid locations in rural areas. Insurance
rates are lower in municipal areas but taxes are higher them in rural areas
These two factors tend to offset each other, but as a whole, costs are

slightly higher in rural areas . Average insurance and tax rates for
plants located in rural and municipal areas are shown in table 1. A
2 percent allowance for taxes and insxirance appears to be ample, since
the combined rates in municipalities and rural areas were, respectively,
1.8 percent and 2.0 percent.

Table 1. --Annual cost per $1,000 of assessed value of materials -handling
equipment for taxes and insurance in Washington State apple
packing and storage plants in specified locations -- 1952

Location ; Taxes Insurance Total
Allowance based on

' assessed valuation

J*inicipal

Rural

Dollars

11.16

. 9.^7

Dollars

6.75
10.80

: Dollars

: 17.91
1 20.27

Percent

1.8
2.0

Depreciation Allowance

Depreciation allowances on equipment which are used in this report
for computing costs of ownership are not necessarily the same as those
used by plants. The periods used are in general longer, partly because

6/ Various suggested rates by Washington State Surveying and
Rating Bureau.
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of the relatively short time equipment is used each year. Depreciation
allowances used herein are based on the useful life of the equipment. As

an illustration, the life of a hand truck is almost perpetual, with only
a minor amount of repair and upkeep being required. The practice in many
plants is to depreciate equipment such as hand trucks over a very short
period, sometimes even one year. However, to more closely represent the
useful life of a hand truck, 20 years has been taken as the depreciation
period.

Depreciation rates on industrial trucks, which have been used for
only a few years in Washington State apple houses, cannot be determined
from actual experience based on accounting records. Based on the experi-
ence of plant operators, a life of more than 10 years for industrial
trucks may be expected.

Manufacturers of industrial trucks indicate that electric -powered
equipment should have approximately twice the life of gasoline -powered
equipment . Based on the length of operating season in the apple houses
and the perfonnance of the oldest trucks now in use, the estimate of
depreciation life of gasoline -powered equipment is 10 years. Electric-
powered equipment, assuming double the life of the gasoline engine-driven
trucks, would be 20 years. 7/

Costs of Operation

Inspection and Servicing

Much of the equipment in conventional plants requires little
inspection and servicing. Hand trucks and belt conveyors usually are
checked once or twice a year. Such service usually is limited to greas-
ing and oiling. Much of this work is done by regular workers during the
off-season. Although full charges for this work have been estimated,
plant maneigers generally feel that the labor charge is incidental since
such jobs are a means of occupying year-round workers who might otherwise
be idle

.

Industrial trucks require considerably more servicing them other
equipment. The amount of service work varies with the number of hours

7/ The Electric Industrial Truck Association states: "Among users
of electric trucks it is rare to find reserve accruals higher than 10^
per year, and often a l6 year life is assumed for profit and loss cost
accounting. This is two to three times the write-off period applied to
engine -driven industrial trucks." "Handbook of Materials Handling with
Industrial Trucks," 1950. Page 65.
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the machines are used and with the individual plant . Equipment service
includes lubrication, changing oil, supplying fuel, charging "batteries,

and inflating tires. Based on estimates of actual operations, weekly-

service work requires slightly less than one hour per machine

.

Maintenance, Repairs, and Overhaul

Maintenance work on equipment in the Washington State apple houses
usually is done during the off-season except in cases of emergency break-
downs. The maintenance crews frequently consist of year-round workers
who, during the active fruit season, are assigned to supervisory or
regular duties in the plants. Therefore, many plant managers do not con-
sider maintenance labor costs to be a direct charge. Frequently, these
workers do repair work that would be considered unnecessary or too costly
if special workers were employed.

Common repairs to hand trucks include welding new tips on the clamping
arms and replacing hard rubber tires . Common repairs to belt conveyors

include splicing the belts, replacing pieces of worn belts, and replacing
broken rollers. Repair and maintenance costs of floor chain conveyors
were difficult to determine because most of these installations are not
more than three years old. Some of them still are being serviced by the
manufacturer's agent as part of the original guarantee and, to some ex-
tent, the installations were experimental with maintenance problems to be
worked out as experience was gained. However, by drawing on the experience
of plant operators, an estimate of maintenance cost has been made as a
basis for computing repair ajid maintenance costs.

Costs of maintenance and repair of industrial lift trucks is

relatively high. Maintenance work on industrial equipment consists of

such work as replacing an engine, motor, or hydraulic parts; overhauling
an engine; changing or repairing tires; "tuning up" an engine; and re-
placing electrical connections. Plant records show that, in general, -

electrically-powered trucks and equipment require relatively little repair
or maintenance, but gasoline -powered equipment requires an engine overhaul
about every four or five years. A number of plants send their industrial
trucks to distributors or to the man\ifacturer ' s agent for complete
overhaul jobs.

Energy Costs

Energy costs in plants using electric- or battery-powered industrial
trucks are generally uniform with respect to the charges the plants pay
per unit of power for electricity. Gasoline was 2^4-. 8 cents per gallon
in the winter of 1951-52 in the main fruit areas. Outlying areas in the

northern part of the State paid slightly more. A cost of 25 cents per

gallon has therefore been assumed as a basis of computations in this
report. The cost of motor oil was ^0 cents a quart.
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studies revealed that a truck consumed from two to six gallons of

gasoline a day, depending on the extent to which a machine was used, but

consumption ranged from 1 to 1.25 gallons per actual operating hour.

This consumption rate reflects the relatively short runs and the tiering

of pallet loads. Energy costs for electric -lift trucks were relatively
low. On the basis of scheduled charges in different brackets of power
consumption and the indicated power consumption of packing and storage
plants supplied by the Pacific Power and Light Company, most apple pack-

ing plants would be in a high-consumption bracket, paying 0.9 or 0.6 cents

per kilowatt hour. The average packing plant paid about one cent per
kilowatt hour, averaging in the lower rate brackets. 8/

Summary of Costs of Ownership and Operation

The costs of ownership and operation of various types of materials

-

handling equipment shown in table 2 reflect the manufacturer's quoted
prices for the different capacities of equipment f.o.b. Yaicima, Wash.

To estimate costs per hour, the annual hours of use for each type of
equipment for the season were estimated. The assumed hours of use are
based on observation in various plants on the quantity of fruit that can
be handled and the length of the fruit -handling season. The assumed
hours of use have been checked against the quantity of fruit that could
be physically handled in a given period to judge whether the estimates
were within reasonable limits. Any one plant actually might use its
equipment more or less than the assumed hours and should adjust its own
costs accordingly. In most plants, the annual hours of use probably
would be slightly less than the estimate providing a basis for this
assumption, since most plants have sufficient equipment to handle their
peak work loads without delay.

8/ Net monthly electric rate of Pacific Power and Light Company,
Yakima, Wash.

:

75*0 cents for the first l6 kw.-hrs., or less

3.2 cents per kw.-hr. for the next 28U kw.-hrs.*
2.7 cents per kw.-hr. for the next 300 kw.-hrs.

1.3 cents per kw.-hr. for the next 1,400 kw.-hrs.
0.9 cents per kw.-hr. for the next 15,000 kw.-hrs.
.6 cents per kw.-hr. for the next 50,000 kw.-hrs.

.3 cents per kw.-hr. for all additional kw.-hrs.

Where the demand exceeds 7 kw.-hrs., add 30 kw.-hrs. for each
kilowatt over 7 kilowatts. Monthly rates for plants located in rural
areas are slightly higher.
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HOW COSTS FOR PERFORMING FRUIT-HANDLING
OPERATIONS CAN BE COMPARED

In the sections of the report that follow, total labor emd equipment
costs for performing various operations or groups of operations with
different types or combinations of types of equipment have been computed.
Obviously these costs do not reflect the value of the loss in quality
that may result from rough and excessive handling, or the loss in storage
life that may result from failure to move fruit into storage promptly.
Retention of fruit quality in connection with the physical handling of

apples usually is associated with prevention of bruises and damage to the

apples and with attainment of prompt refrigeration. The first step in

decay control is the prevention of bruising, since research results show
that decay most frequently starts from a bruise and the larger the bruise
the higher the incidence of decay. 9/ Studies also show that bruised
apples tend to mature more rapidly.

Delays in moving apples into cold storage may be directly associated
with the methods and equipment used. Delicious apples, the major variety
in Washington State, lose approximately 10 days' storage life for each
day they are left in the orchard after picking, lo/ Thus the cost of
handling apples by a given method may be exceptionally high if the stor-
age life of the fruit is shortened to the point where the market value of
the fruit is impaired or the late-market price cannot be realized.

However, since materials -handling operations involve the handling of
rigid containers of fruit, rather than the handling of the fruit itself
(as is necessary in connection with packing-line operations), and since
improved methods and equipment for performing physical-handling opera-
tions usually reduce the number of times packages are individually
handled, studies were not made, in connection with this research, to
evaluate bruises and other injuries occurring during handling operations
by the various methods. Although comparisons -of the amount and extent
of bruises and other injuries caused by various methods and types of
equipment are desirable, losses in quality would be difficult to evaluate
in economic terms. Therefore, cost comparisons have been limited to the
direct costs of labor and equipment.

9/ USDA, Bureau of Plant Industry study, "Blue Mold Decay of
Delicious Apples in Relation to Handling Practices," December 19^6,
Circular No. 751.

10/ Reprint from the Washington State Horticultural Association
proceedings, "Physiology and Dessert Quality of Delicious Apples as
Influenced by the Handling, Storage, and Simulated Practices" by
Fisk Gerhardt and Edwin Smith, USDA, Bureau of Plant Industry,
Wenatchee, Wash.
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Cycles of Fruit -Handling Operations

All fruit -handling operations in an apple packing and storage plant,
except the operations in the packing line, may be grouped as follows:

1. Unloading and moving apples into storage.

2. Unloading and moving apples directly to the packing line.

3

.

Moving apples out of storage to the packing line

.

k. Moving apples from the packing line hack to storage.

5

.

Moving apples out of storage and loading out

.

6. Moving apples from the packing line and loading out.

These six groups or cycles of fruit handling will be discussed in
the sections that follow.

Time study data show that the elapsed time and the labor required to
handle these standard boxes of unpacked fruit and specially constructed
field boxes were identical. Therefore, discussions of methods and equip-

ment for handling loose or unpacked fruit are applicable to either type
of box.

Time study data also show that when packed boxes are handled
individually or in unit loads, the elapsed time and the labor required
per box or per load were the same as for unpacked boxes. However, when
packed boxes are hand trucked, a unit load may consist of five boxes
rather than six boxes as for loose fruit, and it is necessary to adjust
the time and labor accordingly. These studies revealed the same rela-
tionships for larger unit loads handled by industrial equipment . Packed
boxes and loose boxes were picked up and transported in the same time
per unit load. Additional details are shown in the Appendix.

Definitions of Terms

The tables in the sections that follow show the amount of productive
labor required by workers to perform a particular activity, operation,
or group of operations. Productive labor is taken from the tables of
comparative data shown in the Appendix. Productive labor is adjusted
for differences in rate at which men work, and contains unavoidable
delays --delays that are inherent in the method when using a certain
type of equipment or crew size under variable conditions. Productive
labor is the amount of work time necessary to complete an operation or
cycle of operations.
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In certain materials -handling operations, the capacity of the worker
is affected by the strenuousness of the activity so that either the
worker finds it necessary to pause to rest or his working pace slows down

as the working day progresses. To adjust for this factor, an allowance
has been made for fatigue, ll/ This allowance has been arrived at through
experience and observations. Fatigue allowance is the estimated time
allowed because of exertion required in doing a job.

Another allowance included in some of the tables is for crew
interference, particularly in hand -trucking operations. 12/ Interference
occurs when one member of a crew halts the work of or interferes with
one or more of the other members. I3/ Crew interference is the time
resulting from one member of a hand-trucking crew unavoidably delaying
another worker.

One of the methods of analyzing the efficiency of an operation is to
observe and record the wait time that results from a particular method
or crew arrangement. By studying the wait time, it frequently is possi-
ble to determine ways in which the crew or method can be changed to
increase efficiency. This loss in wait time is inherent in the crew size
or method of doing the work. There are, of course, delays in an opera-
tion that are of a personal nature, such as when one worker stops to
smoke. Wait time is the time one member or members of a crew spend in
waiting on another member or members

.

In many of the tables that follow, the total of productive labor,
fatigue allowance, and wait time are added in a column called total
labor. Total labor is the total labor inputs, expressed in man-hours or
man-minutes, required for the performance of an operation or cycle of

operations

.

The time required to perform an operation also may be expressed as

elapsed time. Elapsed time is especially important in the receiving
cycle of operations because it determines the length of unloading time
of a road truck or orchard trailer. Elapsed time is the length of
time in minutes or hours from the beginning to the end of an operation
or cycle of operations.

11/ See page 267 of the Appendix.

12/ See page 277 of the Appendix (fig. 133).

13/ Interference usually occurs in an area with narrow aisles, at
a doorway, or at a bridgeplate.
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METHODS AND EQUIPMENT FOR UNLOADING
AND MOVING APPLES INTO STORAGE

The most important group or cycle of apple -handling operations in
Washington State plants is unloading and moving the apples into storage.
This cycle of operations is usually referred to as "receiving" and may
include "receiving to storage" or "receiving to the packing line."
Receiving is important because it requires the use of a great deal of
labor and involves prompt storage which is highly essential in preserving
the keeping quality of apples . During the receiving period there is a
general scarcity of labor in apple packing plants, since harvest operations
are carried on simultaneously with the warehouse work. Packing houses
compete with the orchards for the labor

.

In Washington State approximately UO million boxes of unpacked apples
are moved into storage or to the packing line each harvest season in a
period of not more than eight weeks. In some areas the harvest season for
apples may be even shorter. Warehouse operators usueilly are willing to
sacrifice efficiency in handling to be able to receive fruit in a short
period of time, for it is to the interest of both the grower and the ware-
houseman to preserve the storage life and quality of the fruit. Therefore,
one of the interests of warehouse management in different types of handling
equipment is to bring about more prompt and rapid receiving.

An important factor affecting the costs of unloading and moving apples
into storage is the length of the receiving season, particularly with the
newer types of equipment which involve relatively high capital investments.
A short season does not pennit ownership costs to be spread; consequently,
capital cost per box may appear high to a number of those who consider new
types of materials -handling equipment. Some of the receiving equipment in

the industry has remained in good operating condition for more than twenty
years, and is almost as valuable as new equipment, except for obsolescence.
Until recent years fruit -handling equipment in the State has been rather
standard, with few innovations being introduced, and it was not until the
use of industrial equipment came into the picture that obsolescence was
considered as a factor in determining costs.

In Washington State, as the harvest gets under way in the fall, the

receiving season starts off slowly. Only a few of the earlier varieties,
or the main varieties from early orchards, arrive at the warehouse. As

the season progresses the niimber of road trucks arriving at the ware-
houses increases. At some plants with limited receiving capacity, loaded
road trucks must wait in line for their turns to unload. This causes
considerable loss of orchard labor. The harvest season usually is at its

peak three to four weeks after the picking of the earlier varieties be-
gins. Then, for two to three weeks, the number of boxes received daily
at warehouses decreases rather gradually. In heavy crop years, this
slow-down permits readjusting of some of the boxes in cold storage, so

that space can be made for a few more boxes.
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Considerable loss of time of receiving crews could be avoided if the

arrival of fruit from the orchards could be scheduled. However, circum-
stances in the orchard in harvesting are so varied that a schedule cannot
be followed. It is sometimes found that certain lots of fruit in the

orchard develop a tendency to drop from the trees, and picking must be
rescheduled. There may be a variation in the number of pickers in the

crews from day to day, changes in weather that affect the volume of fruit
ready to haul to the warehouse, and other factors. Inability to schedule
the receiving of apples interferes with warehouse operations in ajiother

way. Good cold storage practice requires that lots of apples be segre-
gated as they are received. Fruit that is to be sold on the early market
must be treated differently than fruit that is to go to the late market

.

Certain parts of the cold storage rooms may be more accessible or have

lower handling costs than others. Grower's lots of fruit must be moved
to these storages as requirements indicate . A grower ' s lot of fruit may
be all of the fruit from a small orchard, or from a large orchard; it

may be a3J. the fruit coming from one section of the orchard, or all of
the fruit received on a certain day. The identity of each lot must be
maintained unless it is pooled.

Usually fruit picked near the beginning of the season has better
keeping qualities than fruit picked late in the season. The fruit picked
late should be moved into the parts of storage facility where it is

accessible for packing after the first few weeks of storage. In the
first two weeks of the season, many houses ship a large part of their
fruit directly to the terminal markets.

Field boxes of apples are transported from orchards to packing and
storage houses by two types of equipment : Road trucks and orchard
trailers, which usually are loaded with 288 field boxes and lM4- field
boxes, respectively. Unloading these trucks and trailers and moving the
fruit to storage involves the following cycle of operations: (l) Picking
up boxes, (2) transporting the boxes to the stacking or storage point,

(3) stacking or placing in storage, and (k) returning with the materials-
handling equipment empty to pick up the next load.

In performing this cycle of operations, a nvimber of variations occur.
For example, two types of equipment may be used in combination, such as a
belt conveyor and 2-wheel hand trucks. With this equipment, boxes are
unloaded eind moved to a given point by belt conveyor, removed from the
conveyor and stacked into 6-high stacks, and at that point picked up by
a 2-wheel hand truck and moved to the warehousing point. Another example
is a cycle in which pallet loads of apples are removed from the motor-
truck and temporarily placed on £in apron by a fork-lift truck and later
picked up and transported to permanent storage. In these examples, cer-
tain operations are repeated to complete the cycle of unloading and
moving to storage.
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For the piorposes of this report, the operation of picking up boxes
consists of positioning tjie forks, clamps, or arms of the materials-
handling equipment; setting the clamps; picking up, or, in the case of
industrial trucks, lifting the load; and moving a short distance in the
direction of travel. For the purpose of time study observations, pickup
time started when the operator began positioning his equipment and ended
when he was in position to begin the next operation in the cycle, trans-
portation; or, in the case of industrial equipment, when the load
cleared its original position.

Transporting boxes to the stacking point begins as soon as the
worker with the hand truck is in position to move or the unit load cleared
its original position, and ends when the worker with the hand truck or
industrial truck reaches the storage point and starts to maneuver for the
purpose of placing the stack or unit load in storage

.

Stacking , or placing in storage, begins when the worker begins to
maneuver the truck into position, and ends when the hand trucker begins
to return empty or when the forks or clamps of the industrial trucks clear
the load.

Returning empty with the transportation equipment begins when the
hsmd trucker has completed his backing and turn and starts his return to
pick up the next load or when the fork or clamps of the industrial truck
clear the load, and ends when the trucker begins to position the forks or
clamps for the purpose of picking up a load. Labor required in returning
empty with transportation equipment is not shown separately in this re-
port but is combined with transporting loaded and the combination is

shown as transportation labor.

A special case exists when conveyors are used for performing certain
handling operations . Actually, there are only two points at which labor
is involved- -at the loading and unloading ends of the conveyor. Picking
up the boxes amd placing them on the conveyor is the operation associated
with the pick-up when other types of equipment are used. Removing boxes
from the conveyor and placing them in 6-high stacks is the counterpart
operation of placing boxes in storeige with other types of equipment . For
time study purposes, both of these operations begin when the worker starts
to pick up the first box either on the truck or from the conveyor and ends
when he sets the last box down either on the conveyor or into a 6-high
stack. Transportation between loading etnd unloading points of the con-
veyor does not involve any labor, although equipment costs are inc\irred.

The cycle of operations involved in unloading and moving apples into
storage, usuaJ-ly referred to as receiving of apples, includes the work
that is performed in unloading boxes of loose apples from road trucks or

orchard trailers and moving the boxes into the cold rooms with different
types of equipment. This cycle of operations includes releasing the unit
load on the floors of the storage room and tiering the boxes, either
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manually or mechanically, above the usual height of the stack brought in

by the materiaJLs -handling equipment. In the manual receiving cycle, this
operation is referred to as high-piling. Manual high-piling, and mechani-
cal high-piling with a newly introduced mechanical lift, are performed
when fruit is received with the older conventional equipment . High-
piling is discussed as a separate cycle of operations.

The types of equipment used to unload and move apples into storage
are: (l) Clamp-type 2-wheel hand truck, (2) clamp-type 2-wheel hand
truck and belt conveyor, (3) clajnp-type 2-wheel hand truck and floor chain
conveyor, {k) belt conveyor, stackmaker, floor chain conveyor, and clamp-
type 2-wheel hand truck, (5) clamp-type 2-wheel hand truck and elevator,

(6) industrial fork-lift truck and pallets, and (7) industrial clamp-type
lift truck. These equipment types and the methods involving their use
are discussed in the sections that immediately follow.

Clamp-Type 2-Wheel Hand Trucks Alone

The clamp-type 2-wheel hand truck has been a standard type of

handling equipment in the Washington State apple houses for a number of

years (fig. 1). It is convenient for handling the Northwest standard
apple box, and the capital investment required is relatively small. The
hand truck probably is the most important single item of handling equip-
ment used in apple houses. In plants where it is not used as the sole

means of handling apples, it is used in conjunction with other equipment,
such as belt conveyors, floor chain conveyors, and elevators. Only in a

few of the newer plants that use industrial trucks has the importance of
the 2-wheel hand clamp truck diminished, but even in these plants there
usually are one or more hand trucks for standby use

.

One of the features of the hand truck that makes it desirable for
unloading operations is that it can be wheeled onto a highway truck or
orchard trailer to pick up a load and transport it to the storage or
stacking point. Unloading begins when a bridgeplate is put in place
after the truck or trailer has backed up to the receiving dock. The
bridgeplate is used as a floor from which to pick up the first stacks at
the end of the road truck. After the first stacks have been removed,
hand trucks can work directly from the bed of the vehicle. When unload-
ing road trucks with clamp-type 2-wheel hand trucks, 6 boxes of unpacked
apples always constitute a load and this load is handled as a unit.
Since boxes are stacked 6 high on road trucks, no rebuilding of stacks
is necessary. At the storage point, 6-high stacks are positioned and
released as a unit (fig. I6). Boxes on orchard trailers usually are
stacked 3 tiigti and. these stacks are built 6 high preparatory to
unloading with hand trucks

.

There are a number of circumstances that €iffect the efficiency with
which the 2-wheel hand truck can be used for receiving fruit. Perhaps
the most important of these is the number of workers assigned to

259298 0-53-4
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hand-truck crews. If the transpor-
tation distance is short, and hand
truckers tend to Interfere with each
other, delay time results. Delays
occur where the hand truckers must
traverse narrow aisles and cannot
pass each other freely in going to
and from picking up and releasing
their loads. Similar delays occur
when the bridgeplate is narrow and
hand truckers either wait or pace
themselves, so as to permit one
worker at a time to cross the
bridgeplate (fig. I7). In some
plants posts interfere with the re-
lease of the load at the storage
point, which affect the time and
labor required to handle boxes of
fruit

.

In a few plants differences in
floor levels or elevations between
one part of the plant and the other,
or between the platform and storage
rooms, may slow down operations,
but where these differences are not
too great they usually had little
effect on transportation time. How-
ever they may require extra effort

Figure 16.—Releasing a 6-high stack of
boxes from a hand truck in a storage
room.

Figure 17. --Waiting occurs when there are too many hand
truckers.
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on the part of hand truckers. In those places where the platform is

higher than the bed of the truck, the worker usually pulls his load off

of the truck backward rather than pushing it forward. Allowances have

been made for these factors in the standard time values.

Transportation distances vary considerably during receiving operations
in different plants. In a few cases, fruit was transported not more than
25 feet from the road truck or orchard trailer into storage. In other
instances, fruit was transported as far as 200 feet with 2-wheel hand
trucks. However, transportation distances usually were roughly 100 feet.

For the purpose of this analysis, transportation distances have been
standardized at 100 feet.

Unloading Boxes of Apples from Road Trucks
and Moving to Storage

2-man crew .- -A 2-man crew usually is employed for unloading road
trucks by use of 2-wheel hand trucks (fig. I8). In plants where an effort
is being made to reduce elapsed time for unloading, a 3-niari crew or.

Figure 18>- -Receiving to storage with a 2-man hand- trucking crew.

Stacks of boxes are transported from, road truck to the stacking

point.

occasionally, a if-man crew is used. When a 2-man crew is used, each
crew member operates a hand truck and each performs comparable duties.
Each hand trucker, in turn, wheels his empty hand truck onto the road
truck bed, clamps and picks up a 6-high stack of boxes as a unit, turns,
and wheels the stack to the storage point inside the plant. At the
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storage point he positions and releases the stack of boxes, again as a
unit, and returns to the road truck to repeat the cycle.

As shown in table 3j "the labor requirements for unloading from a
road truck and moving into storage 1,000 boxes of unpacked apples by use
of 2-wheel hand trucks, when a 2-man crew is used,, are 2.9k man-hours.
Of this total, 2 hours, or 68 percent, are spent in transporting fruit.
Pickup requires slightly more time than releasing the fruit. Pickup and
release account for 28 percent of the total labor.

Table 3.—Labor required for a 2-man crew to unload 1,000 unpacked boxes of apples from a road
tmck and move them into storage by use of clamp-type 2-wheel hand trucks 1/

Operation Workers Productive
labor

: Fatigue :

: allowance:
Wait
time ,

Total
labor

Number Man-hours

0.12
.39

: 1.82
: .35

Kan-hours

0.0
.04
.18
.04

Man-hours Miin-hours

Set up and clean up
Pick up stack with 2-wheel hand truck
Transport 100 feet with 2-wheel hand truck
Release stacks with 2-wheel hand truck

2

2

2

2

0.12
.43

2.00
.39

Total man-hours _ 2.68 .26 2.94

Elapsed time—hours 2/ 1.47

1/ Boxes of fruit are handled in unit loads consisting of 6-high stacks. Labor require-
ments shown do not include piling boxes above 6-high stack.

2/ A road truck load of 288 boxes cam be unloaded in 25 minutes.

The elapsed time required to unload 1,000 boxes from road trucks and
move into storage by this method is 1.^7 hours, or 25 minutes per truck
lo£ui of 288 boxes. At this rate, approximately 5^000 boxes or 17 truck-
loads of apples could be received per crew per 8-hour day.

3 -man crew . --The elapsed time to unload road trucks and move fruit
into storage can be reduced by increasing the size of the crew. A 3-man
crew reduces the elapsed time to 1.05 hours per 1,000 boxes. Thus, a
road truck with a load of 288 boxes would be tied up at the receiving
platform approximately l8 minutes

.

However, at a standard transportation distance of 100 feet, the
amount of delay time increased as the crew became larger. With a 2-man
crew, no time was lost because of delays during the unloading of a truck.
With a "^-mBin crew, more than 6 percent of the labor was accounted for by
wait time (table k)

.
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Table 4.—Labor required for a 3-inan crew to unload 1,000 unpacked boxes of apples from a road

truck and move them into storage by use of clamp-t/pe 2-wheel hand trucks 1/

Operation Workers'
Productive: Fatigue : Wait : Total

labor rallowance: time : labor

Number Man-hours Man-hours Kan-hours Man-hours

Set up and clean up
Pick up stack with 2-vrtieel hand truck
Transport 100 feet vri.th a 2-viriieel hand truck
Release stacks with a 2-wheel hand truck

3

3

3

3

0.12 0.0 0.06 0.18

.39 .04 .0 .43

1.32 .18 2/ .14 2.14

,35 .04 .0 .39

Total man-hours 2.68 .26 .20 3.14

Elapsed time—hours 3/ 1.05

1/ Boxes of fruit are handled in unit loads consisting of 6-high stacks. Labor require-

ments shown do not include piling boxes above 6-high stack.

2/ V^aiting time caused by crew interference.

3/ A road truck load of 268 boxes can be unloaded in 18 minutes.

Comparison of 2-man crew and 3-nian crew . --As shown in table 5^ on
the basis of "current" wage rates, the cost of unloading 1,000 boxes of
apples from road trucks by use of a 2-man crew is 23 cents less than
when a 3-Ki8'n crew is used. However, because the elapsed time to unload
is less, a number of plant operators find it advantageous to use a 3-nis-i^

crew, at least during the peak periods of activity in the receiving
cycle of operations.

Table 5.—Comparative labor and equipment costs for unloading from road trucks and moving into
storage 1,000 unpacked boxes of apples by use of clamp-type 2-wheel hand trucks when crews

of specified sizes are employed 1/

Elapsed
time

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

;
Total

• labor

= '• Labor = ^°^^^ °°^^
:Equipment: g/ : Current: Assumed

: — : wages : wages
Hours

1.47

1.05

Machine-hours Man-hour 3 Man-hours Dollars Dollars Dollars Dollars

2-man hand truck crew

3-man hand truck crew

2.94

3.14

0.0

.20

2.94

3.14

[ 0.07 3.38 3.45 4.19

.07 3.61 3.68 4.47

1/ Boxes of fruit are handled in unit loads consisting of 6-high stacks. Costs shown do
not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet.

2/ Computed from "current" wage rates.

Unloading Boxes of Apples from Orchard
Trailers and Moving to Storage

3-man crew . --Two -wheel hand trucks also are used to unload orchard
trailers at the plant. As shown in figure 19, boxes of apples are
stacked 3 high on the trailer bed. After a trailer has been backed or
pulled into place at the storage house, the tractor driver or a ware-
house worker builds the 3-tilgh stacks of boxes into 6-high stacks
(fig. 20). As soon as the first stack has been completed, a 2-man crew
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^Jfe*

Figure 19. --Orchard trailers waiting at a storage plant

to be unloaded, Note that boxes of apples are stacked

three high.

Figure 20. --Building stacks six boxes high on an orchard

trailer. Hand trucks move the stacks to storage.

begins hand trucking the stacks from the trailer to the storage room.

One worker continues to build 6-high stacks

.

Of the total labor required when a crew of three men, two hand
truckers and one worker building stacks, is used, 27 percent of the
productive labor is required for building stacks. Transportation over
a distance of 100 feet requires slightly more than twice as much labor
as is required in picking up and releasing the stacks. As shown in

table 6, a 3-nian crew can unload and move 1,000 boxes into storage in

3.63 productive man-hours. Added to this labor should be an allowance
for fatigue and delays due to waiting, which brings the total to more
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Table 6.—Labor required for a 3-inan crew to unload 1,000 unpacked boxes of apples from an

orchard trailer and move them into storage by use of clamp-type 2-wheel hand trucks 1/

Productive : Fatigue : Wait : Total
Operation Workers

labor : allowance: time : labor

Number . Man-hours

0.10

Man-hours

0.0

i;an-hours

0.05

Man-hours

Set up and clean up 3 0.15

Build 6-high stacks of boxes from 3-high stacks
on orchard trailer 1 .97 .19 .25 1.41

Pick up 6-high stacks vrith a 2-wheel hand truck 2 .39 .04 .0 .43

Transport 6-high stacks 100 feet with a 2-wheel
hand truck 2 1.82 .18 .0 2.00

Release 6-high stacks with a 2-wheel hand truck 2 .35 .04 .0 .39

Total man-hours _ 3.63 .45 .30 4.38

Elapsed time—hours 2/ 1.46

1/ Labor requirements shown do not include high-piling boxes above 6-high stacks in storage
rooms.

2/ A trailer load of 144 boxes can be unloaded in 12-| minutes.

than i4-.00 man-hours per 1,000 boxes. Seven percent of the time is

unproductive, but much of this idle time stems from the fact that the
full time of the worker building stacks is not utilized. If the trans-
portation distance is less than 100 feet, two hand truckers will keep
the stackbuilder fully occupied. If the distance is great enough, the
stackbuilder can keep three hand truckers occupied.

^-man crew . --When a ii-man crew is used to unload boxes of apples
from an orchard trailer and move them into storage, one worker builds
6—high stacks and three workers unload and transport the fruit to
storage. Delays occur when three workers unload and move fruit because
their capacity to hand truck is greater than the capacity of one man to
build stacks. In this method, l6 percent of the total man-hours required
to handle 1,000 boxes is lost because of wait time.

A 2-man hand-truck crew can, under specified conditions, unload
1,000 boxes from trailers in l.kS hours elapsed time, or approximately
13 minutes per trailer load. As shown in table 7* "the 3-niQ'n hand-truck
crew reduces this elapsed time by 15 minutes per 1,000 boxes, or about
2 minutes per trailer load of ikk boxes. At the peak of the receiving
season, when there is pressure to move as much fruit as is possible, it

may be desirable to use a 3-man hand-truck crew to unload trailers.

Comparison of 3-i"8-i^ crew and 4-man crew . --As shown in table 8, the
costs of receiving apples from orchard trailers is approximately 50 cents
per 1,000 boxes greater when a U-man crew is used them when a 3-man crew
is employed. Most of this increase is the result of increased labor
costs.
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Table 7.—Labor required for a 4-man crew to unload 1,000 unpacked boxes of apples from an orchard
trailer and move into storage by clamp-type 2-wheel hand trucks 1/

Operation _ Workers
Productive

labor
Fatigue
allowance

. Wait
; time

: Total
: labor

: Number Man-hours Kan-hours Man-hours Man-hours

Set up and clean up : 4 0.10 0.0 0.10 0.20
Build 6-high stacks of boxes from 3-high stacks
on orchard trailer : 1 .97 .19 .0 1.16

Pick up 6-high stacks with a 2-wheel hand truck : 3 : .39 .04 .51 .94

Transport 6-high stacks 100 feet with a 2-wheel
hand truck : 3 1.82 .18 2/ .14

^

2.14

Release 6-high stacks with a 2-wheel hand truck 3 .55 .04 .0 .39

Total man-hours _ 3.63 .45 .75 4.83

Elapsed time—hours 5/ 1.21

1/ Labor requirements do not include high-piling boxes above 6-high stacks in storage rooms.

2/ Waiting time caused by crew interference.

3/ A trailer load of 144 boxes can be unloaded in 10-J minutes.

Table 8.—Comparative labor and equipment costs for unloading 1,000 unpacked boxes of apples from
orchard trailers and moving into storage by use of clamp-type 2-wheel hand trucks when

using crews of specified sizes 1/

Labor and equipment required Labor and equipment costs
Elapsed
timeMethod Equipment '

time
Wait = Total
time '• labor

: T.K.. : Total cost
Equipment: g/ :Current:Assumed

: — : wages : wages
Hours .Machine-hours Man-hours Man-hours Dollars Dollars Dollars Dollars

3-man crew (2 hand
! :

truckers—1 worker
builds 6-high
stacks) 1.46 2.92 0.30 4.38 0.07 5.04 5.11 6.20

4-man crew (3 hand
truckers—1 worker
builds 6-high
stacks) 1.21 3.63 .75 4.83 .09 5.55 5.64 6.85

1/ Costs do not include high-piling boxes above 6-high stacks in storage rooms. Except for
building 6-high stacks from 3-high stacks on trailer bed, all boxes are handled in unit loads
consisting of 6 boxes.

2/ Computed from "current" wage rates.

Clamp-Type 2-Wheel Hand Trucks and Belt Conveyors

A larger volume of apples is received in Washington State plants by
use of belt conveyors and 2-wheel hand trucks than by any other types of
equipment. The belt conveyor equalizes transportation distances and is
used extensively in multistoried buildings for moving fruit between floors
After boxes of fruit are placed on the belt, they can be transported
various distances without adding to the labor required for handling the
fruit . Figure 21 shows a belt conveyor plant in which the fruit is

received through a portal into the storage room.
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At storage houses using belt

conveyors in combination vith clamp-

type 2-wheel hand trucks, field
boxes of apples are transferred one

box at a time from the road truck
to a belt conveyor that moves the

boxes into a cold storage room. As

the working surface moves toward
the front of the motortruck, sec-

tions of gravity roller-type or

wheel-type conveyors are joined to
the belt conveyor to eliminate the
need for carrying each box to the
belt (fig. 22). Inside the storage
room, one or two workers, the num-
ber depending upon the speed of the
belt and other factors, remove the
boxes from the conveyor and build
6 -high stacks (fig. 23). Other
workers using clamp-type 2-wheel

hand trucks pick up the stacks and transport them to the stacking point
or final storage position (fig. 16).

Figure 21. --Road truck waiting to be un-

loaded at a plant that uses belt con-

veyors and hand trucks for receiving

apples. Note conveyor head in wall

back of motortruck.

Belt conveyors always are constructed to fit a particular job or
layout. In plants where belt conveyors are used for moving boxes of
fruit from one floor to another the framework is constructed so that the
belt will move at an incline of not more than 35 percent. Obviously,
this type of construction requires considerable space. Most installa-
tions are constructed so that the belts are reversible, the same belt
being used to move fruit into or out of storage.

Figure 22. --A view of the motortruck

end of a receiving operation using

belt conveyors in combination with

clamp- type 2-wheel hand trucks.

Figure 23. --Worker inside the storage

room removing field boxes of fruit

from the be 1 1 conveyor and p lac ing

them in 6-high stacks.
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Belt conveyors usually operate at speeds of from 65 to 95 feet per
minute. For most operations a speed of from 75 "to 85 feet per minute is

most desirable. The rate of operation of the belt conveyor tends to set
the pace for other operations in the receiving cycle. However, there is

a tendency to space boxes about the same distance apart on a conveyor
regardless of its speed. At the faster speeds off-loading boxes from the
conveyor is difficult. They are likely to move beyond the worker's reach
before he is in a position to remove them.

When boxes of fruit are unloaded over the tailgate of the road truck,
sections of gravity-type roller conveyors frequently are used to bridge
the distance from the work face to the belt conveyor head. Two different
lengths of extensions are used while unloading, to minimize the distance
the workers must move the fruit. First a short roller conveyor section
is used, then a longer section, and finally the short is added to the
longer section. The roller conveyor sections are slightly elevated at

the rear or truck end to help convey the boxes to the powered belt
conveyor

.

In some plants fruit occasionally is unloaded from the side of the
road truck or trailer (fig. 2^). The road truck and orchard trailer are
not of sufficient width to necessitate the use of a roller conveyor.
When unloading from the side of a truck or trailer the driver of the

Figure 2^. --Unloading boxes to a belt conveyor from the

side of a road truck.

truck or tractor pulls the vehicle forward after the first half of the

boxes have been unloaded, so that the second half of the load can be

removed without walking to place it on the roller conveyor. Trailers
are more frequently unloaded from the side than are road trucks

.



- ^3 -

In most plants the unloading operation takes place over a receiving
platform. However, some of the belt conveyor plants have portals cut

into the side of the storage rooms for use in receiving fruit, rather than
platforms. These portals are approximately two feet square, just suffi-

cient for a belt or extension conveyor to carry a box through. Unloading
at receiving portals usually is from the side of the truck.

While unloading, either one or two workers are stationed on the road
truck or trailer to lift and place boxes of fruit on the conveyor (fig. h)

.

Inside the plant, one or two, or occasionally three, workers remove the

fruit from the belt conveyor by graspd-ng the boxes on the belt, swinging
them to the side, and building 6-high stacks (fig. 25). Because the work
of placing boxes on a conveyor in unloading and the work of off-loading
the conveyor is nearly equal (under normal conditions), the same number
of workers used to place boxes on a belt is employed for removing them.
However, during peak receiving periods some plants use an additional
worker for off-loading the conveyor because of the steady work Involved
and the pace that must be maintained. Part of the unloading usually is

done by the driver of the road truck or trailer.

Figure 25. --Two workers building a double row of stacks with boxes from

a belt conveyor.

In some plants where space for removing fruit from the bfelt and
building stacks of boxes beside the belt conveyor is limited, stacks
are built in double rows alongside the belt. However, in most cases
only a single row is built. Hand truck operators remove these stacks
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as the unloading proceeds and transport them to the storage point where
they are positioned and released as a unit. If there are not enough
hand truckers, or if the distance from the belt conveyor to the storage
point is fairly long in relation to the size of the hand-trucking crew, a
double row of stacks alongside the belt is more likely to be used. The
double row of stacks serves as a temporary storage supply for the hand
truckers and may prevent delays while the next road truck or trailer is

pulling into place for unloading.

Occasionally workers are unable to off-load fruit from the belt
conveyor as rapidly as boxes are placed on the opposite end because of
delay in hand-trucking operations, the use of a faster-than-normal belt
speed, or the dropping of a box of fruit. The use of a section of
gravity roller conveyor connecting with the belt conveyor near the off-
loading position avoids these problems. By use of this arrangement, if

a worker is unable to remove a box from the belt, it bypasses him and
"accumulates" on the section of the roller conveyor.

Receiving fruit by use of 2 -wheel hand trucks and belt conveyors
requires close coordination or synchronization of three, and, in some
cases, four different crews. These crews consist of the workers placing
fruit on the belt, those removing fruit from the belt, the hand truckers,
and, in some instances, the high pilers. Under some circumstances, one
of these crews may be operating to capacity when the other crews are not

.

Unavoidable delays occur which add to the amount of time required to
handle the boxes. Some plants avoid the necessity for balancing the
work of receiving crews by moving fruit to be high-piled into a temporary
storage bank. Later when the unloading of the road truck has been com-
pleted, a special crew high-piles boxes above the original 6-high stack.

Analyses of methods for receiving by use of belt conveyors and hand
trucks are based on a standard transportation distance of 100 feet. This
distance is made up of 50 feet of conveyor sections and 50 feet of trans-
portation by hand trucks after the fruit is removed from the belt. Belt
conveyors are assumed to move at 80 feet per minute. For the purposes
of the analyses, no consideration has been given to the movement of fruit
from one floor to another, because the labor and time required would be
the same for the distance shown. (The summary of receiving to storage
will present a comparison of receiving in single- and multi-floored
plants

.

)

Unloading Boxes of Apples from Road Trucks
and Moving to Storage

The principal variation in the use of belt conveyors and 2-wheel
hand trucks for receiving unpacked boxes of apples is in the crew size.

Four different crew sizes are used.
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3 -man erev . --When a 3-nian crew is used, one worker on the road truck
places "boxes on the belt conveyor, one worker removes fruit from the con-

veyor inside the storage room, and the third worker hand trucks 6-high
stacks, usually over about a 50-foot distance, from the conveyor belt to
the storage point

.

The workers placing fruit on and taking fruit off the belt wait
0.89 man-hours per 1,000 boxes received for the hand trucker to perform
his duties. The 1.21 man-hours of nonproductive labor per 1,000 boxes
involved in this method (table 9) accounts for 21 percent of the total
labor required to receive 1,000 boxes.

In terms of total labor requirements, 30 percent is used for hand
trucking and 6I percent is almost equally divided between placing fruit
on the belt and removing it from the belt. As shown in table 9^ a- 3-^^^
crew can unload 1,000 boxes in an elapsed time of 1.9'+ hours, or 3^+ min-
utes for a 288-box truckload. At this rate I3 or Ik road trucks can be
unloaded at one receiving station per day.

Table S.—Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of belt conveyors and clamp-type 2-wheel hand trucks 1/

Operation Workers
Productiv€

labor
i: Fatigue :

: allowance:
Vlait

time
Total
labor

Number Man-hours

0.16

) Man-hours

0.0

Man-hours

0.32

Man-hours

Set up and clean up 3 0.48
Place boxes on belt conveyor (conveyor moves
boxes 50 feet) 1 1.09 .22 .47 1.78

Transfer boxes from belt conveyor to 6-high
stacks 1 1.15 .23 .42 1.78

Pick up 6-high stacks by use of clamp-type
2-wheel hand trucks 1 .29 .03 .0 .32

Transport 6-high stacks 50 feet by use of
2-wheel hand trucks 1 .97 .10 .0 1.07

Release 6-high stacks from 2-wheel hand trucks 1 .35 .04 .0 .39

Total man-hours _ 3.99 .62 1.21 5.82

Elapsed time—hours 1.94

1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size crew
can receive 13 road truck loads of 288 boxes each per 8-hour day.

^-man crew . --Another method of unloading and moving fruit to storage
with belt conveyors and hand trucks involves the use of a ^-man crew.
One worker on the road truck places fruit on the belt conveyor, one
worker inside the storage room removes boxes from the belt, and two
workers hand truck 6-high stacks of boxes to the storage point.

Approximately the same amount of labor is required to receive 1,000
boxes of fruit with a i4--man crew as are required with the 3-man crew
(table 10). However, the elapsed time is reduced to 1.52 hours per

1,000 boxes, or 26 minutes per highway truckload.
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The use of a i|--man crew results in 1.1+7 hours wait time per 1,000 "boxes.

Most of this waiting occurs in the hand-trucking operation either during

pickup or transport of boxes . Because the method is not properly balanced

for a 50-foot transportation distance, hand truckers must wait for the

stacks to "be built from the belt conveyor. For greater distances the wait

time of the hand truckers would be decreased.

Table 10.—Labor required for a 4-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of belt conveyors and clamp-type 2-viheel hand trucks 1/

Operation iVorkers
Productive

labor
Fatigue

allowance
: Wait
: time

: Total
: labor

Number Man-hours

: 0.16

Man-hours

0.0

Man-hours

0.48

Man-hours

Set up and clean up 4 0.64
Place boxes on belt conveyor (conveyor moves
boxes 50 feet) 1 • 1.09 .22 .05 1.36

Transfer boxes from belt conveyor to 6-high
stacks 1 1.13 .23 .0 1.36

Pick up 6-high stacks by use of clamp-type
2-wheel hand trucks 2 .29 .03 .86 1.18

Transport 6-high stacks 50 feet by use of
2-wheel hand trucks 2 .97 .10 2/ .08 1.15

Release 6-high stacks from 2-wheel hand trucks 2 : .35 .04 .0 .39

Total man-hours _ 3.99 .62 1.47 6.08

Elapsed time—hours 1.52

1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size
crew can receive 17 road truckloads of 288 boxes each per 8-hour day.

2/ Waiting caused by crew interference.

6-man crew . --When an effort is being made to receive fruit more

rapidly than is possible with a U-man crew, some plants use a 6-man crew.

Two workers on the road truck place fruit on the belt conveyor, two

workers inside the storage room remove boxes from the belt and build

6-high stacks, and two workers transport the stacks on hand trucks to

storage

.

As shown in table 11, the total labor required for a 6-man crew to

receive 1,000 boxes of fruit is 6.06 man-hours, but the elapsed time by

this method is 1.01 hours, or l8 minutes for a road truckload of

288 boxes.

At the standard transportation distance of 50 feet, 17 percent of

the total labor is lost by waiting, which is rather equally divided

between time lost by the men putting fruit on the belt and taking it

off, because two hand truckers cannot transport stacks as rapidly as

they can be built by two workers. Approximately 33 percent of the wait

time is lost because foxir of the crew members are idle during setup.

For a transportation distance of less than 50 feet, the labor of the

entire 6-man crew would be more productively utilized; for a transporta-

tion distance of 100 feet, it would be more efficient to add a third

hand trucker.
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Table 11.—Labor required for a 6-man crew to unload and move 1,000 unpacked boxes of apples into

storage from a road truck by use of belt conveyors and clamp-type 2-wheel hand trucks 1/

Operation Workers Productive
labor

: Fatigue
: allowance

: Wait
: time

: Total
; labor

Number Man-hours

0.16

lian-hours

0.0

Man-hours

0.32

Man-hours

Set up and clean up 2/ 6 0.48

Place boxes on belt conveyor (conveyor moves
boxes 50 feet)

:
2 1.28 .25 .33 1.86

Transfer boxes from belt conveyor to 6-high
stacks 2 1.51 .26 .29 1.86

Pick up 6-high stacks by use of clamp-type
2-T*heel hand trucks 2 .29 .03 .0 .32

Transport 6-high stacks 50 feet by use of
2-irtieel hand trucks 2 .97 .10 3/ .08 1.15

Release 6-high stacks from 2-wheel hand trucks 2 .35 .04 .0 .39

Total man-hours
' _ 4.36 .68 1.02 6.06

Elapsed time—hours 1.01

1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size crew
can receive 25 road truckloads of 288 boxes each per &-hour day.

2/ Two of these workers do the setup work at the road tmck while 4 workers spend most of
their time waiting.

3/ Waiting caused by crew interference.

3 -man crev .--Some plants occasionally use a "^-majn. crew for receiving
fruit with belt conveyors and hand trucks. When this size crew is used,
one worker is assigned to place boxes of fruit on the belt conveyor, two
workers to remove the fruit, and two workers to hand truck it to storage
position. One reason for using this method is that the road truck driver
is used to place fruit on the belt and it is assumed that he can maintain
a faster pace than regular plant workers . The storage plant provides the
four workers inside the plant • The total labor required to receive
1,000 boxes is T«35 man-hours (table 12). Roughly 37 percent of the
labor is lost in wait time. Most of the wait time is accounted for by
the fact that the two workers who remove fruit from the belt are not
supplied boxes at a rate that will keep them busy. They lose more time
than is spent working. The two hand truckers also have considerable
wait time. This method would be more efficient if either an additional
man were added to help place fruit on the belt or two men were dropped,
one from taking fruit off the belt and one from hand trucking.
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Table 12.—Labor required for a 5-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of belt conveyors and clamp-type Z-fiheel hand trucks 1/

Operation ' Workers [Productive
t labor ;

Fatigue
allowance

: Wait
: time

: Total
: labor

'N'omber : ilan-ho\irs

i 0.16

Man-hour s

0.0

Man-hour

0.64

3 Man-hours

Set up and clean up [ 5 0.80
Place boxes on belt conveyor (conveyor moves
boxes 50 feet) 1 1.09 .22 .0 1.31

Transfer boxes from belt conveyor to 6-high _

stacks 2 : 1.13 .23 1.26 2.62
Pick up 6-high stacks by use of clamp-type
2-T"rtieel hand truck 2 .29 .03 .76 1.08

Transport 6-high stacks 50 feet with 2-wheel
hand truck 2 : .97 .10 2/ .08 1.15
Release 6-high stacks from 2-wheel hand truck : 2 : .35 .04 .0 .39

Total man-hours _ 3.99 .62 2.74 7.35

Elapsed time—hours 1.47

1/ Labor requirements shown do not include piling boxes above 6-hi^ stacks. This size
crew can receive 17 road truckloads of 288 boxes each per 8-hour day.

2/ Waiting caused by crew interference.

Comparison of four crev sizes . —As shown in table I3, total labor and
equipment costs for receiving 1,000 unpacked boxes of fruit range from
approximately $7 '89 with a 6-man crew to $9-80 when a 5-man crew is

Table 13.—Comparative labor and equipment costs for unloading from road trucks and moving into storage
1,000 unpacked boxes of apples by use of belt conveyors and clamp-type 2-wheel hand trucks

when crews of specified sizes are employed 1/

Elapsed
time

Labor and e ^uipment required Labor and equipment costs

Method
Equipment

time
Wait
time

'. Total
I labor

Equipment Labor
2/

: Total cost
:Current:A3sumed
: wages : wages

Hours Machine-hours Man-hours Man-hours Dollars Dollars Dollars Dollars

One man places boxes on, 1 man
stacks boxes off conveyor,
and 1 man hand trucks 1,94 3/ 5,82 i,a 5,82 1,74 6.69 8.43 9,89

One man places boxes on, 1 man
stacks boxes off conveyor,
and 2 men hand truck 1.52 4/ 6.08 1.47 6.08 1.39 6.99 8,38 9.90

Two men place boxes on, 2 men
stack boxes off conveyor,
and 2 men hand truck 1,01 5/ 4.04 1.02 6,06 .92 6.97 7.89 9,41

One man places boxes on, 2 men
stack boxes off conveyor,
and 2 men hand truck . 1,47 6/ 5.88 2,74 7,35 1,35 8,45 9,80 11,64

1/ In all hand-trucking operations, boxes of fruit are handled in unit loads consisting of 6-high
stacks. Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized
at 100 feet, 50 feet by use of belt conveyor and 50 feet by use of hand trucks.

2/ Computed from "current" wage rates,

3/ Clamp-type 2-wheel hand truck 1,94 machine-hours, 100- foot belt conveyor 1.94 machine-hours,
15- foot gravity roller conveyor 1,94 machine-hours, total 5.82 machine-hours,

4/ Claii5>-type 2-wheel hand truck 3.04 machine-hours, 100-foot belt conveyor 1.52 machine-hours,
15-foot gravity roller conveyor 1.52 machine-hours, total 6.06 machine-hours,

5/ Clamp-type 2-wheel hand truck 2.02 machine-hours, 100-foot belt conveyor 1,01 machine-hours,
15-foot gravity roller conveyor 1,01 machine-hours, total 4,04 machine-hours,

6/ Clamp-type 2-wheel hand truck 2.94 machine-hours, 100-foot belt conveyor 1.47 machine-hours,
15-foot belt conveyor 1,47 machine-hours, total 5,88 machine-hours.
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employed. The most costly method has an unbalanced arrangement of

workers with only one worker placing fruit on the belt and two workers

removing it. The least costly method uses the largest crew--six workers.

This method has another advantage which may be more important than its

cost; that is, its reduced elapsed time to unload. The elapsed time is

1.01 hours per 1,000 boxes, 69 percent of the next-best method. One
reason a lower cost is obtained by use of the larger crew is that the

method reduces machine time; to unload a truck the belt conveyor is em-

ployed for a shorter time. If a plant is equipped to receive on the basis

of some other crew arrangement, this saving in capital cost could not be

realized in actuality. A possible disadvantage of the 6-man crew is that

during periods of critical labor supply there may be difficulty in obtain-
ing the number of workers needed. Moreover, during slack work periods and
between the arrival of truckloads, the plant operator either must find
work for the crews or permit them to remain idle . When smaller crews are

employed, fewer man-hours of labor are lost because of idle time between
jobs.

Unloading Boxes of Apples from Orchard Trailers
and Moving to Storage

The methods of receiving fruit from orchard trailers at the belt-
conveyor and hand-truck plant are not greatly different from the methods
of unloading from road trucks. The amount of setup and cleanup time is

smaller when unloading from orchard trailers but the total amount of time
in either case is not very great. Trailers usually are pulled up along-
side the receiving portal or belt extension and are unloaded from the
side (fig. 26). Thus, no labor is used in arranging extension conveyors.

Figure 26. --Unloading boxes of apples from an orchard trailer

to a belt conveyor.

259298 0-53
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Another difference in receiving from road trucks and from trailers is

that boxes on the trailers are stacked only two or three boxes high,
which results in more lifting as the worker places the boxes on the belt.
On road trucks when boxes are stacked 6-high, the upper boxes are lifted
and swung down to the belt. Consequently, 29 percent of the productive
labor required for unloading a trailer is used in placing fruit on the
belt as compared with 27 percent when unloading boxes from 6-high stacks
on road trucks

.

3 -man crew .—The labor requirements per 1,000 unpacked boxes of

apples for unloading from an orchard trailer and moving into storage by
use of a 3-ni8J^ crew are shown in table 1^4-.

Table 14.—Labor required for a 3-maji crew to unload and move 1,000 unpacked boxes of apples into
storage from an orchard trailer by use of belt conveyors and clanqj-type 2-Tiheel hand trucks 1/

Operation ' Workers
Productive:

labor :

Fatigue
allowance

¥ait
time

: Total
: labor

Number ; Man-hours Man-hours

0.10 0.0

Man-hours Man-hours

Set up and clean up 3 0.52 0.42
Placing boxes on a belt conveyor (conveyor
moves boxes 50 feet) 1.18 .24 .36 1.78
Transfer boxes from belt conveyor to 6-high
stacks 1.15 .25 .42 1.78

Pick up 6-high stacks by use of a-irtieel hand
truck .29 .05 .0 .52

Transport 6-high stacks 50 feet by use of
Z-wheel hand truck ! .97 .10 .0 1.07

Release 6-high stacks from 2-iiheel hand truck .55 .04 .0 .39

Total man-hours ^ 4.02 .64 1.10 5,76

Elapsed time—hours 1.92

1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size
crew can receive 27 orchard trailer loads of 144 boxes each per 8-hour day.

Comparative Labor Requirements for Unloading
from Road Trucks and Orchard Trailers

Crew sizes and arrangements for unloading at the belt conveyor plant

usually are the same when unloading from trailers as when unloading from

road trucks. Labor requirements per 1,000 boxes to transfer the fruit

from the belt to stacks and to wheel it to storage position are identical.

The principal differences in labor requir'jments for other parts of the

operation are shown in table 15 . When unloading from road trucks, 0.09

of a man-hour less labor is required to place boxes on the belts. How-

ever, the setup and cleanup labor is reduced 0.06 man-hours, which makes

a very small net difference of O.O3 mein-hours per 1,000 boxes.
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Table 15.—Coinparative labor requirements for specified operations performed in unloading
1,000 unpacked boxes of apples from road trucks and orchard trailers by use of

belt conveyors and a 5-man crew 1/

Operation ;

Transportation equipment
Placing
boxes on
belt con-

veyor

: Stacking :

s boxes off :

: belt con- :
^^^ ^P

: veyor :

Clean up!

Total
labor

Ifan-hours

1.09

: 1.18

Man-hours Man-hours

I.IS 0.09

1.13 .05

Man-hours, Man-hours

Unloading a road truck at the warehouse

Unloading an orchard trailer at the

warehouse

0.07 :

.05

2.38

: 2.41

Increased labor for unloading from
orchard trailer : .09 .0 - .04 - .02 't .03

1/ Although only 1 worker of 3-man crew unloads truck or trailer, all 3 help in set up and
clean up.

Comparative Costs of Receiving from Road
Trucks and Orchard Trailers

Table l6 shows the estimated labor and equipment costs of receiving
from orchard trailers as slightly less than the costs of receiving from
highway trucks . Differences in labor required are accounted for in the
operations involved in placing fruit on the belt, and in setup and
cleanup. With a 3-nia'n crew, the cost per 1,000 boxes when unloading from
trailers is $8.3^; which roughly is 1 percent less than when unloading
from road trucks. The principal consideration in the use of road trucks
or trailers should be the possible economy in the hauling to the warehouse

Table 16.—Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into
storage by use of olaaqj-type 2-wheel hand trucks and belt conveyors with a 3-man crew receiving from

orchard trailers and from road trucks 1/

Elapsed
time

Labor and equipment required Labor and equipment costs

Transportation equipment and method Equipment
time

Wait : Total
time • labor

: i^y^r. : Total cost
Equipment: 2/ -.CurrentiAssumed

; : wages : wages
Hours

1.94

1.92

Machine-hours Kan-hours Man-hours Dollars Dollars Dollars Dollars

Road truck
One man places boxes on, 1 man
stacks boxes off conveyor, 1 man
hand tnicks

Orchard trailer
One man places boxes on, 1 mar
stacks boxes off conveyor, 1 man
hand trucks

3/ 5.82

4/ 5.76

. 1.21 5.82

1.10 5.76

1.74 6.69 8.43 9.89

1.72 6.62 8.34 9.78

1/ In all hand-trucking operations boxes of fruit are handled in unit loads consisting of 6-high stacks.
Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet,
50 feet by use of belt conveyors, and 50 feet by use of hand trucks.

2/ Computed from "current" wage rates.

3/ Clamp-type 2-wheel hand truck, 100-foot belt conveyor, and 15-foot gravity roller conveyor 1.94 machine-
hours each, total 5.82 machine-hours.

4/ Clan^j-type 2-wheel hand tmck, 100-foot belt conveyor, and 15-foot gravity roller conveyor 1.92 machine-
hours each, total 5.76 machine-hours.
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Clamp-Type 2 -Wheel Hand Trucks
and Floor Chain Conveyors

The floor chain conveyor is a relatively new type of equipment in
Washington State apple houses. Only four plants in the State were using
this equipment during the 1950-51 season. Floor chain conveyors are used
for receiving fruit at the warehouse; moving fruit from the cold storage
rooms to the washing and packing line; and feeding boxes into stack-
"breakers, stackmakers, or mechanical dumpers.

As shown in figure 27, the
floor chain conveyor consists of two
separate endless chains resting in
channel irons imbedded in the floor

.

The conveyor is powered by an elec-
tric drive unit also installed in
the floor, which is operated by an
automatic cut-off switch. Six-high
stacks of boxes are released and
picked up from the chain with clamp-
type 2-wheel hand trucks . Chain
speeds vary from 10 to 30 feet per
minute

.

For receiving boxes of unpacked
fruit at the storage plant , the
floor chain conveyor frequently is

used to accumulate a supply of stacks
which it moves into a stackdumper

.

Ik/
Placing stacks on a floor chain
tends to even out the work load In
supplying the dumper and avoids the

extra handling of boxes that occurs
when the boxes are fed to the dumper
one at a time.

Figure 27.- -A floor chain conveyor in a

storage room.For use in receiving, floor
chain conveyors usually range from
50 to 125 feet in length. These conveyors operate in only one direction,
and chains for receiving cannot be used for other operations.

When floor chain conveyors are used for receiving fruit, 6-high
stacks of boxes are hand trucked off the road truck or trailer a distance
ranging from 20 to 35 feet from the road truck to floor chains which
extend from the receiving platform to some point inside the cold storage

Ik/ See footnote 3, page 10.
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room and are released on the conveyor (fig. 28). The stacks, resting on
the conveyor, are moved through swinging doors into the cold storage
room (fig. 29). Adjacent to the point where the fruit is to be stored,

tf

.:'*.

Figure 28. --Hand truck being used to

deposit a stack on a floor chain

conveyor.

Figure 30. --A stack approaching the un-

loading end of a chain conveyor. When

the stack reaches the switch the con-

veyor stops.

Figure 29. --Stacks being conveyed into

cold storage.

hand truckers pick up the slowly
moving stacks from the chain and
wheel them to the storage point
where they are positioned and
released. The automatic cut-off
switch near the end of the chain
is provided in the event workers
inside the plant are unable to
keep abreast of the moving stacks
and the stacks bypass them. The
switch, shown between the chains
in figure 30, is activated by a
stack of boxes passing over it,
thereby stopping the conveyor. When
the stack resting on the switch is

removed, the conveyor starts again.

When the floor chain is temporarily
stopped because of an oversupply of

stacks available to the inside
crew, several feet of floor chain
on the receiving platform usually
are unoccupied and this space serves
as accumulation space which avoids
the necessity for stopping the crew.

This makes possible a flexible sys-
tem of continuous work.

The layouts of plants using
floor chain conveyors for receiving
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are rather varied. However, the cold storage rooms served b;y' these
conveyors usually are similar . Usually the areas served by floor chain
conveyors are relatively long and narrow. The width of the cold storage
room usually determines the number of conveyors installed since it is

desirable to keep to a minimum the distance fruit is hand trucked from
the side or the end of the chain to the storage point

.

To obtain maximum utilization of floor chain conveyors for receiving
fruit, most plants that do not have installations in all their cold stor-
age rooms attempt to move unpacked fruit out of the rooms having conveyor
installations as promptly as possible. This fruit is moved to the packing
line during the receiving season. Because of this practice, floor chain
conveyors may handle more fruit during a season than the capacity of the
cold rooms they serve.

When unloading a road truck or trailer to floor chain conveyors,
workers first place bridgeplates from the receiving platform to the bed
of the vehicle and begin unloading 6-high stacks with hand trucks . The
method used is identical to that of unloading fruit in a clamp-type
hand-truck plant. However, stacks are not hand trucked to storage posi-
tion but are moved to and released on the floor chain conveyor. Since
these conveyors can accommodate the equivalent of two or more truckloads
in 6-high stacks, there seldom are stacks of boxes or other factors that
interfere with this release. It is necessary for the workers to release
the stack of boxes so that the outer edges or cleats on the box ride on
the chains. This factor requires no extra time in making the release.

The floor chain conveyor breaks the sequence of operations of the
crew unloading fruit from the vehicle and the workers inside the plant.
The men unloading the highway truck use hand trucks to move stacks a
distance of 10 to 30 feet, which permits rapid unloading of the truck.
As pointed out, the chains usually are of sufficient length to hold one
or two truckloads of boxes. Thus, the workers outside the plant can
begin work on a second load before the inside crew has completely re-
moved the first load of boxes from the floor chain to a final storage
position.

The part of the crew inside the plant consists of hand truckers who
move fruit from the conveyor to storage position. The hand-trucking
operation in the storage room is the same as in the belt conveyor plant
except that when unit loads are picked up from the floor chain conveyor,
the pickup occurs under relatively "free" conditions, permitting a
slight reduction in labor as compared to that required for belt -conveyor
hand trucking.



- 55 -

Unloading Boxes of Apples from Road Trucks
and Moving to Storage

When unpacked boxes of apples are received from highway trucks, at a

floor chain conveyor plant, three different methods, hased on differences
in crew sizes, are used. The efficiency of a large crew depends in part

on the distance fruit is moved from the floor chain conveyor to its

storage point . At the standardized transportation distance of 100 feet
used for comparative analysis, it is assumed that hand trucking fruit
from the road truck to the floor chain conveyor accounts for 20 feet, the

floor chain conveyor 50 feet, and hand trucking from the conveyor to the

storage point 30 feet.

One worker .--In a floor chain conveyor plant, fruit can he unloaded
and moved into storage by one worker. This worker trucks fruit to the
floor chain conveyor until the road truck is unloaded. The truckload
accumulates on the chains (fig. 31)* After the truck leaves, the same
worker hand trucks the fruit to storage.

Figure 31.- -A truckload of boxes

accumulated on a floor chain

conveyor.

About 5 percent of the produc-
tive labor of one worker is spent
in setup and cleanup. No time is

lost in delays or waiting. More
productive labor is required to
transport the fruit away from the
floor chain conveyor where the
transportation distance is greater
than for moving the fruit onto the
conveyor. As shown in table I7,

the elapsed time required for one

worker to handle 1,000 boxes is 2.63

hours. However, the road truck is

not tied up for this length of time.

It is held only for the unloading
time. The actual elapsed time for

unloading a truck is approximately

1.31 hours per 1,000 boxes or 23 min-

utes for a 288 -box truckload. Plants

do not use one worker alone during the

peak receiving season for unloading
since a road truck would be delayed
while the worker emptied the floor
chain conveyor.

2 -man crew . —A 2-raan receiv-
ing crew is used more frequently
at a floor chain conveyor plant

.

One worker unloads the truck and
releases the fruit to the conveyor,
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Table 17.—Labor required for 1 worker to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of claxnp-type 2-irtieel hand trucks and

floor chain conveyors 1/

Operation Workers Productive: Fatigue : Wait : Total
. labor : allowance: time : labor

Number Man-hours Man-hours

! 0.12 0.0

Man-hours

0.0

Man-hours

Set up and clean up 1 0.12
Pick up 6-high stacks on road truck bed by use
of 2-Tiheel hand truck 1 .39 .04 .0 .43

Transport 6-high stacks 20 feet by use of
-

2-wheel hand truck 1 .45 .05 .0 .50

Release 6-high stacks on floor chain conveyor
by use of 2-Trtieel hand truck (conveyor moves
stack 50 feet) : 1 .24 .02 .0 .26

Pick up 6-high stacks off floor chain conveyor
by use of 2-T»heel hand truck • 1 : .23 .02 .0 .25

Transport C-high stacks 30 feet by use of
2-i»heel hand truck : 1 : .62 .06 .0 .68

Release 6-high stacks in storage by use of
2-Tiheel hand truck . 1 .35 .04 .0 .39

Total man-hours ^ 2.40 .23 .0 2.63

Elapsed time—hours 2.63

1/ Labor requirements shown do not include piling boxes above 6-high stacks. One worker
can receive 10 road truckloads of 288 boxes each per S-hour day.

and another inside the plant removes stacks from the conveyor and hand
trucks them to storage position or to a high-piling crew.

The distribution of the work done by a 2-man crew is almost identical
with that of one worker, except that a small amount of wait time develops.

The wait time in hand trucking is a result of the greater hand-truck
distance inside the storage room, and the labor required to unload the

truck is increased. The wait time in the setup operation is the time

required for the first stack to reach the inside worker after unloading

starts.

As shown in table l8, 1,000 unpacked boxes can be unloaded and moved
to storage with 3.0U man-hours of labor. The elapsed time required is

roughly 1.52 hours per 1,000 boxes or 26 minutes per truckload.

|+-man_crew.--When a i<--man crew is used, two workers place fruit on
the floor chain conveyor from the road truck and two workers hand truck
stacks from the conveyor to the storage point inside the storage room.

Table I9 shows that O.87 man-hour of labor per 1,000 boxes was lost
in wait time, or slightly less than 25 percent of the total labor re-
quired. The majority of this wait time is in the setup and cleanup
operations. The total labor to receive 1,000 boxes was 3-50 man-hours.
The elapsed time to unload a highway truck is I6 minutes per highway
truckload of 288 boxes or 0.88 man-hour per 1,000 boxes.
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Table 18.—Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into

storage from a road truck by use of clamp-type 2-wheel hand trucks and floor chain conveyors 1/

Operation Workers Productive:
labor :

Fatigue :

allowance:
Wait
time

: Total
labor

Number Man-hours Uan-hours

0.12 0.0

Man-hours

0.28

Man-hours

Set up and clean up 2 0.40

Pick up 6-high stacks on road truck bed by use
of 2-wheel hand truck 1 .39 .04 .0 .43

Transport 6-high stacks 20 feet by use of
2-wheel hand truck 1 .45 .05 .0 .50

Release 6-high stacks on floor chain conveyor
by use of 2-wheel hand truck (conveyor moves
stacks 50 feet) 1 .24 .02 .13 .39

Pick up 6-high stacks off floor chain conveyor
by use of 2-wheel hand truck 1 .23 .02 .0 .25

Transport 6-high stacks 30 feet by use of
2-wheel hand truck 1 .62 .06 .0 .68

Release 6-high stacks in storage by use of
2-wheel hand truck > 1 .35 .04 .0 .39

Total man-hours _ 2.40 .23 .41 3.04

Elapsed time—hours 'i 1.52

1/ Labor requirements shown do not include piling boxes above 6-hi^ stacks. This size
crew can receive 17 road truckloads of 288 boxes each per 8-hour day.

Table 19.—Labor required for a 4-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road tnick by use of clamp-type 2-wheel hand trucks and floor chain conveyors 1/

Productive Fatigue : Wait : Total
Operation Workers labor : allowance : time : labor

Number . Man-hours

! 0.12

Man-hours

0.0

Man-hours

0.52

Man-hours

Set up and clean up 4 0.64
Pick up 6-high stacks off the road truck bed by
use of 2-wheel hand truck 2 .39 .04 .0 .43
Transport 6-high stacks 20 feet by use of
2-wheel hand truck 2 ! .45 .05 2/ .12 .62

Release stacks on floor chain conveyor by use !

of 2-wheel hand truck (conveyor moves stacks
50 feet) : 2 : .24 .02 .12 .38

Pick up 6-high stacks off floor chain conveyor
by use of 2-wheel hand truck 2 t .23 .02 .0 .25
Transport stacks 30 feet by use of 2-wheel
hand truck 2 : .62 .06 2/ .11 .79

Release stacks in storage by use of 2-wheel
hand truck 2 .35 .04 .0 .39

Total man-hours <iB 2.40 .23 .87 3.50

Elapsed time—hours : .88

1/ Labor requirements shown do not include piling boxes above 6-hi^ stacks. This size
crew can receive 29 road truckloads of 288 boxes each per 8-hour day.

2/ Waiting caused by crew interference.

Comparison of different size crevs .- -Equipment costs incurred in
receiving fruit by use of floor chain conveyors are relatively high.
When only one worker is employed for receiving, equipment costs are
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almost as great as labor costs. When labor costs are computed on the
basis of "current" weige rates, the total cost for receiving 1,000 boxes
of apples is lowest for a i<--man crew. During slack receiving periods,
the use of only one worker for receiving probably would be most efficient

.

However, there is always the possibility of three or four trucks arriving
about the same time and use of only one worker would mean considerable
wait for the trucks. Therefore, considering all factors involved, most
plants probably will find that a 2-man crew is most desirable because of
the elapsed time factor.

During the peak of the receiving season when the reduction of elapsed
time for unloading road trucks is important, the if-man crew probably would
be most desirable. It is possible that when high-piling operations are
performed, coordination of receiving and high-piling operations might alter
other considerations involved in these crew sizes. Table 20 presents a
comparison of labor and equipment costs for three sizes of crews.

Table 20.—Comparative labor and equipment costs for unloading from road trucks and moving into storage
1,000 unpacked boxes of apples by use of clamp-type 2-Tiheel hand trucks and floor

chain conveyors when crews of specified sizes are employed 1/

Elapsed
time

Labor and equipment required Labor and equipment costs

Crew size and method
Equipment

time
Wait : Total
time ' labor

: : Total cost
Equipment: g/'" : Current :Assumed

: =' : wages : wages
Hours

2.63

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

1 worker
1 worker transports 20 feet to

chain and 30 feet from chain to
storage 3/ 5.26 0.0 2.63 3.11 3,02 6.13 6.79

2-man crew
1 worker transports 20 feet to
chain, 1 worker transports
30 feet from chain to storage

"

1.52 4/ 4.56 .41 5.04 1.84 3.50 5.34 6.10

4-man crew
2 workers transport 20 feet to
chain, 2 workers transport
30 feet from chain to storage .88 5/ 4.40 .87 3,50 1.10 4.02 5.12 6.00

1/ In all hand-trucking operations, boxes of fruit are handled in unit loads consisting of 6-hi^ stacks.

Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet,

50 feet by use of hand trucks and 50 feet by use of floor chain conveyor.

2/ Computed from "current" wage rates.

3/ Clamp-type 2-wheel hand truck 2.63 machine-hours, 100-foot floor chain conveyor 2.63 machine-hours,
total 5.26 machine-hours.

4/ Clamp-type 2-wheel hand truck 3.04 machine-hours, 100-foot floor chain conveyor 1.52 machine-hours,
total 4.56 machine-hours,

5/ Clamp-type 2-wheel hand truck 3.52 machine-hours, 100-foot floor chain conveyor 0.88 machine-hours,
total 4.40 machine-hours.

Unloading Boxes of Apples from Orchard Trailers
and Moving to Storage

When apples are received from orchard trailers at floor chain
conveyor plants an additional operation is involved, since boxes of
apples on the trailer are in stacks two or three boxes high. (This
analysis is based on 3-high stacks.) These stacks must be built to
6-high stacks before they are hand trucked to the floor chain. The
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cost of this additional operation must be added to the costs of the road

truck unloading operation. Delay time also is greater than in road truck

unloading, because of extra work involved in unloading trailers.

2-man crew .—^When a 2-man receiving crew is used to unload trailers
at a floor chain conveyor plant, one worker (usually the tractor driver)

on the trailer stacks the boxes 6 high. The other worker hand trucks

stacks from the trailer onto the floor chain conveyor at the trailer end

and hand trucks them off in the storage room. This size crew for unload-

ing trailers is equivalent to one worker for unloading road trucks.

As shown in table 21, the total labor required for the two-man crew

is approximately the same as the labor required for one worker to unload
road trucks, but the elapsed time is slightly less. The time the trailer
is tied up at the plant for unloading is 11 minutes per Ikk boxes . It

should be pointed out that with a 1-man crew, if several trailers arrive
at the warehouse simultaneously there will be considerable waiting to
unload while the stacks of boxes are being removed from the floor chain
conveyor

.

Table 21.—Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of a{)ple3 Into
storage from an orchard trailer by use of cla]iq)-type 2-iiheel hand trucks and

floor chain conveyors 1/

Operation Workers
Productive

: labor
I Fatigue J Wait
:alloirance: time

: Total
: labor

Number [Man-hours Man-hours Man-hours

0.0 0.10

Man-hours

Set up and clean up • 2 ! 0.10 o.ao
Build 3-high stacks of boxes into 6-high stacks ! 1 : .97 .19 .03 1.19
Pick up 6-high stacks off orchard trailer by
use of 2-Tiheel hand truck 1 : .39 .04 .0 .43
Transport 6-high stacks 20 feet by use of
2-Tiheel hand truck ! 1 .45 .05 .0 .50

Release 6-high stacks on floor chain conveyor
by use of 2-irtieel hand truck (conveyor moves
stacks 50 feet) ! 1 .24 .02 .0 .26

Pick up 6-high stacks off floor chain conveyor
by use of 2-irtieel hand truck 1 ! .23 .02 .0 .25
Transport 6-hi^ stacks 30 feet by use of
2-triieel hand truck • 1 .62 .06 .0 .68

Release &-high stacks in storage by use of
2-irtieel hand truck 1 ! .35 .04 .0 .39

Total man-hours ^ 3.35 .42 .13 3.90

Elapsed time—hours
!

'

2,61

1/ Labor requirements shonn do not include piling boxes above 6-higb stacks.

3 -man crew . --When the 3-man crew is used to receive apples from
orchard trailers at a floor chain conveyor plant, one worker, usually
the tractor driver, builds 6-high stacks of boxes from 3-lii6ii stacks.

One worker hand trucks stacks of boxes from the trailer bed and releases
them on the floor chain conveyor. The third worker, inside, removes
stacks from the floor chain conveyor and transports them to cold storage
position.
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This crew size and arrangement provides a fairly well balanced
operation. However, there are delays, the majority of which occur in
setup and cleanup. The amount of wait is large on a 1,000-box basis
because the average trailer hauls about ikk boxes. There also is some
delay on the part of the worker hand trucking from trailer to conveyor,
because one worker inside the storage room cannot remove stacks from the
conveyor as rapidly as they arrive, since he transports 30 feet compared
with 20 feet for the worker loading onto the conveyor. Of the total
labor 2k percent is unproductive because of delays. The elapsed time to
unload a trailer with this size crew is 1.66 hours per 1,000 boxes or

approximately Ik minutes per l4^-box trailer load (table 22).

Table 22.—Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into
storage from an orchard trailer by use of clamp-type 2-wheel hand trucks and

floor chain conveyors 1/

Operation Workers
Productive-

labor
Fatigue
allowance

Wait
time

: Total
: labor

.Number Mcin-hours

0.10

Kan-hours

0.0

Han-hour s

0.92

lian-hours

Set up and clean up 3 1.02
Build 3-high stacks of boxes into 6-high
stacks 1 • .97 .19 .16 1.32

Pick up 6-high stacks off orchard trailer by-

use of 2-wheel hand truck 1 : .39 .04 .0 .43

Transport 6-hi^ stacks 20 feet by use of
2-wheel hand truck 1 .45 .05 .0 .50

Release 6-high stacks on floor chain conveyor
by use of 2-wheel hand truck (conveyor moves
stacks 50 feet) 1 .24 .02 .13 .39

Pick up 6-hi^ stacks off floor chain conveyor
by use of Z-itheel hand truck 1 : ,23 .02 .0 .25
Transport 6-high stacks 30 feet by use of
2-wheel hand truck 1 .62 .06 .0 .68

Release 6-hi^ stacks 30 feet by use of
2-wheel hand truck 1 : .35 .04 .0 .39

Total man-ho\irs , _
: 3.35 .42 1.21 4.98

Elapsed time—hours 1.66

1/ Labor requirements shown do not include piling boxes above 6-hi^ stacks.

Comparison of 2-man crew and 'j-XQB.n crew . --As shown in table 23, labor
and equipment costs of receiving from orchard trailers are lower with a

3-man crew than a 2-man crew. During the peak receiving period when the
rate of unloading is important, a 3-man crew would be the best arrange-
ment. During the slack receiving period the smaller crew would be more
efficient

.

Comparative Labor Requirements for Unloading and Moving
Boxes of Apples into Storage from Road Trucks

and Orchard Trailers

The crew sizes and their arrangement employed for unloading orchard
trailers conform closely to those employed for unloading highway trucks
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Table 23.—CoBparative labor and equipment costs for unloading from orchard trailers and moving into storage

1,000 unpacked boxes of apples by use of clamp-type 2-wheel hand trucks and floor chain

conveyors when crews of specified sizes are employed 1/

Elapsed
time

Labor and equipment required ' Labor and equipment costs

Crew size and method
Equipment

time
Wait = Total
time labor

: y„v,„^ : Total cost

Equipment: g/ :Current:A53umed
: -^ : wages : wa ;es

Hours Machine-hours Wan-hours Kan-hours Dollars Dollars Dollars Dollars

2-man crew
1 worker hand stacks boxes from
3 to 6 high on the trailer bed.

Another worker hand trucks stacks
onto the floor chain and later
the same worker trucks the stacks
from the chain to storage position 2.61 3/ 5.22 0.13 3.90 3.09 4.49 7.58 8.55

3-man crew
1 worker hand stacks boxes from

3 to 6 high on the trailer bed.

Another worker hand trucks stacks

to the floor chain conveyor. At
the same time, the third worker :

trucks the stacks from the chain

to storage position 1.66 4/ 4,98 . l.a 4.98 2.01 5.73 7.74 8.98

1/ In all hand-truck operations, boxes of fruit are handled in unit loads consisting of 6-high stacks.

Go3ts""shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet,

50 feet by use of hand trucks and 50 feet by use of floor chain conveyor.

2/ Computed from "current" wage rates.

3/ Clamp-type 2-wheel hand truck 2.61 machine-hours, 100-foot floor chain conveyor 2.61 machine-hours,

total~5.22 machine-hours.

4/ Clamp-type 2-wheel hand truck 3.52 machine-hours, 100-foot floor chain conveyor 1.66 machine-hours,

total 4.98 machine-hours.

Table 24.—Comparative labor requirements under speciHed conditions for unloading 1,000 boxes of
apples from road trucks and from orchard trailers by use of claB5>-type 2-wheel

hand trucks and floor chain conveyors 1/

Method and equipment Vtorkers
Productive

time
! Fatigue :

: allowance:
Wait
time

: Total
: labor

[Number Man-hours Man-hours Man-hours Man-hours

Total labor required to unload 1,000 boxes
from orchard trailers and move to storage

—

2-man crew 2 3.35 0.42 0.13 3.90
Total labor required for building 3-high
stacks to 6-high stacks on the trailer bed

—

including the allowance and wait time for
this operation (1,000 boxes) : 1 : .97 .19 .03 1.19

Total labor required to unload 1,000 boxes
from orchard trailers and move to storage
by use of 2-man crew minus labor required
for building 3-high stacks to 6-high . 1 : 2.38 .23 .10 2.71

Total labor required to unload 1,000 boxes
from road trucks and move into storage

—

1 worker 1 2.40 .23 .0 2.63

1/ In all hand-trucking operations, boxes of fruit are handled in unit loads consisting of
6-high stacks. Labor requirements shown do not include piling boxes above 6-high stacks.
Transportation distance standardized at 100 feet, 50 feet by use of hand trucks aind 50 feet by
use of floor chain conveyor.
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except for the additional worker required on trailers for stacking boxes
6 high. Thus, a 2-man crew unloading "boxes from trailers requires about
the same man-hours of labor as one worker unloading for road trucks, after
the labor of the stackmaker is subtracted (table 2k-). The difference in
productive labor required for unloading the two types of vehicles, after
this adjustment is made, is only 0.02 man-hour per 1,000 boxes. When
wait time is included, the difference in total labor amounts to 0.08 man-
hour per 1,000 boxes.

Belt Conveyor, Stackmaker, Floor Chain Conveyor
and Clamp-Type 2-Wheel Hand Truck

In seeking to reduce labor requirements during harvest, the manager
of one belt -conveyor emd hand-truck plant has installed a stackmaker and
floor chain conveyor. This equipment was used experimentally during
I95O-5I and I95I-52 seasons. This stackmaker operates on the third floor
of the plant. Single boxes of apples are moved from the receiving plat-
form to this floor on a belt conveyor by the method described for this
type of equipment . As the boxes reach the third floor they are fed by
the belt conveyor into the stackmaker, which builds them into stacks
6 boxes high (fig. 32).

'f

Figure 32. --Boxes from a belt conveyor going into stackmaker.

Stacks automatically move out onto the floor chain conveyor

after they are built 6 boxes high.
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When a stack contains six boxes, the stack automatically moves to a
floor chain conveyor. The conveyor moves the stack toward the storage
position (fig. 33)^ where it is picked up by clamp-type 2-wheel hand
trucks and trucked to storage position or the high-piling crew. The
stackmaker eliminates the workers who ordinarily would be used to off-
load the belt conveyor and manually build the boxes into 6-high stacks

.

The floor chain conveyor transports the stacks toward the desired storage

point, thereby reducing the distance the clamp-type hand truck operators
move the fruit to storage.

Figure 33. --A stack moves on the floor chain conveyor

where it will be picked up by a hand truck and moved

to storage position.
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Unloading Boxes of Apples from Road Trucks
and Moving to Storage

2 -man crew . --Two different crew sizes and arrangements have been
tried with this combination of types of equipment --belt conveyor, stack-
maker, floor chain conveyor, emd clamp-type 2 -wheel hand truck. When a
2-man crew is used, one worker places boxes on the belt conveyor at the
receiving platform and one worker picks up stacks from the floor chain
conveyor and transports them to storage position. Nineteen percent of
the total labor is lost by delays (table 25). Most of this delay occurs
when the worker placing fruit on the belt cannot proceed because the belt
is shut down by the worker picking up stacks from the floor chain con-
veyor. This temporary work stoppage is necessary because stacks of boxes
move onto the floor chain conveyor too fast for one worker to remove them
and are transported beyond his pickup station. That is, if the worker
hand trucking stacks away from the floor chain conveyor does not remove
a stack of boxes at the proper time, the stack rolls to the end of the
floor chain conveyor where it touches the limit switch stopping the
conveyor. Rather than permit the boxes to roll past, the hand truck
operator removing fruit from the conveyor intermittently stops the chain,

which automatically stops the belt conveyor. One of the ways of reducing
this delay would be the use of a portable limit switch so constructed
that the hand truck operator could place it at various points along the
floor chain conveyor. When such a switch is used, the stacks of boxes
will not proceed beyond his pickup point. However, with such an arrange-
ment there is a possibility that a hand truck operator would tend to
reduce his rate of trucking. Labor requirements for a 2-man crew are
shown in table 25.

Table 25.—Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of belt conveyor, stackmaker, floor chain conveyor,

and clamp-type two-wheel hand truck 1/

Operations Workers'
Productive

labor
: Fatigue :

: allowance:
Wait
time

: Total
: labor

Number Man-hours

0.16

Man-hours 1/

0.0

[an-hour£! Man-hours

Set up and clean up 2 0.34 0.50
Place single boxes on belt conveyor (conveyor
moves boxes 25 feet) 1 1.09 .22 .40 1.71

Machine stackmaker builds stacks 6 high and
feeds onto floor chain conveyor (conveyor
moves stacks 25 feet) 2/
Pick up 6-high stacks by use of 2-wheel hand

.0 - - -

truck 1 : .23 .02 .0 .25
Transport 6-high stacks 50 feet by use of
2-wheel hand truck 1 .97 .10 .0 1.07

Release 6-high stacks by use of 2-wheel hand
truck 1 .35 .04 .0 .39

Total man-hours _ , 2.80 .38 .74 3.92

Elapsed time—hours 1.96

1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size
crew can receive 13 road truckloads of 288 boxes each per 8-hour day.

2/ The stackmaker is an automatic machine that requires 0.92 of a machine-hour to build
1,000 boxes of apples into 6-high stacks.
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U-man crew . --Two workers on the road truck place fruit on the "belt

and two workers hand truck the stacks from the floor chain conveyor to

storaige. As shown by comparing tables 25 and 26 the total man-hours of

labor were increased approximately one-half of a man-hour per 1,000 boxes
by use of a ^-man crew. Part of this increase was delay or wait time
which occurred because the additional crew members stood by during setup

and cleanup and while the first boxes were traveling on the belt and
being built into stacks

.

Use of a ii--man crew, when compared with a 2-man crew, reduces the
elapsed time required to unload 1,000 boxes of apples from I.96 to
1.12 hours. The larger crew unloaded and moved a road truckload of

288 boxes into storage in a little over I9 minutes

.

Table 26.—Labor required for a 4-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of belt conveyor, stackmaker, floor chain conveyor, and

clamp-type 2-wheel hand trucks 1/

Productive : Fatigue : Wait : Total
Operation Workers labor : allowance : time : labor

Number Man-hours

0.16

Man-hours

0.0

Man-hours

0.64

Man-hour 3

Set up and clean up 4 : 0.80
Place single boxes on belt conveyor (conveyor
moves boxes 25 feet) 2 1.28 .26 .30 1.84

Machine stackmaker builds stacks 6 high and
feeds onto floor chain conveyor (conveyor
moves stacks 25 feet) .0 - - -

Pick up 6-high stacks by use of 2-wheel hand
truck 2 : .23 .02 .05 .30

Transport 6-high stacks 50 feet by use of
2-wheel hand truck 2 .97 .10 2/ .08 1.15

Release 6-high stacks hy use of 2-wheel hand
truck 2 .35 .04 .0 .39

Total man-hours ^, 2.99 .42 1.07 4.48

Elapsed time—hours 1.12

1/ Labor requirements shown do not include piling boxes above 6-high stacks. This size
crew can receive 24 road truckloads of 288 boxes each per 8-hour day.

2/ Wait time caused by crew interference.

Comparison of 2-man crew and U-man crew . --On the basis of labor and
equipment costs a ^-man crew can receive 1,000 boxes of apples at $1.92
less than a 2-man crew (table 27). The savings are a result of decreased
equipment costs. The larger crew receives more boxes in a given length
of time than the smaller crew and equipment costs are distributed over a
larger number of boxes. However, if a plant has a certain number of
boxes to receive by use of this equipment I5/, fixed costs (which account
for the majority of the total costs) will remain the same. In other

15/ The boxes being stored in one cold storage room or on one
floor level.

259298 0-53-6
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words, the hourly cost rate used is based on a certain number of hours
of annual use. Therefore, the savings attributed to the larger crew axe
based on the assumption the equipment would be used to receive a greater
total number of boxes than the smaller crew.

Table 27.—Con5)arative labor and equipment costs for unloading from road trucks and moving into storage
1,000 unpacked boxes of apples by use of belt conveyor, staokmaker, floor chain conveyor, and

clamp-type Z-iiheel hand trucks when crere of specified sizes are employed 1/

Elapsed
time

Labor and equipment required Labor and equipment costs

Crew size and method
Equipment

time
Wait
time

: Total
.

] labor

• Labor = '^°**^ °°^^
Equipment: ""r/* :Current:A3sumed

; -/ : wages : wages
Hours Machine-hours Man-hour s Uan-hours Dollars Dollars Dollars Dollars

Two-man crew
One Wo'ricer places boxes on the
belt conveyor leading into the
stackmaker. After stacks are . !

made, they are wheeled to

storage from the floor chain
conveyor by 1 hand trucker 1.96 3/ 9.80 0.74 3.92 : 6.02 4.51 10.53 11.51

Four-man crew :

Two workers place boxes on the
belt conveyor leading into the
stackmaker. After stacks are
made, they are wheeled to
storage from the floor chain .

conveyor by 2 hand trucks . 1.12 4/ 6.72 1.07 4.48 3.46 5.15 8.61 9.73

1/ In all hand-truck operations boxes of fruit are handled in unit loads consisting of 6-high stacks.
Costs shown do not include piling boxes above 6-high stacks. Transportation distance standardized at 100 feet,
25 feet by use of belt conveyor, 25 feet by use of floor chain conveyor, and 50 feet by use of clamp-type
2-wheel hand trucks.

2/ Computed from "current" wage rates. ^

3/ Clamp-type 2-wheel hand trucks, 50-foot belt conveyor, 50-foot floor chain conveyor, stackmaker, and
15-foot gravity roller conveyor 1.96 machine-hours each, total 9.80 machine-hours.

4/ Clamp-type S-wheel hand trucks 2.24 machine-hours, and 50-foot belt conveyor, 50-foot floor chain con-
veyor, stackmaker, and 15-foot gravity roller conveyor 1.12 machine-hours each, total 6.72 machine-hours,

Unloading Boxes of Apples from Orchard
Trailers and Moving to Storage

Although apples could be received from orchard trailers by use of
stackm6Lkers in combination with belt conveyor, floor chain conveyor, and
clamp-type 2-wheel hand trucks, the one plant using the stackmaker did
not receive fruit on trailers. The required labor could easily be ascer-
tained by combining data on the use of the stackmaker when unloading
road trucks, previously discussed, with data on unloading orchard
trailers at a belt conveyor plant . The labor required to receive apples
with a stackmaker in combination with other equipment may be calculated
in a similar way when the fruit is unloaded from road trucks.
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Clamp-Type 2-Wheel Hand Trucks and Elevators

None of the four Washington State apple packing and storage plants
that use elevators for moving fruit between floors depend entirely on
this type of equipment for interfloor transporation. That is, elevators
are installed to serve only parts of these plants. None of the elevators
in use are of the automatic type. Therefore, an operator is required to
ride with the load. The speed of the elevators ranges from 27 to 59 feet
per minute. The number of boxes carried by elevators, in the plants
studied, ranges from 72 to l62 boxes. Other Washington State plants have

elevators that carry loauis of from 12 to l8o boxes.

In elevator plants, fruit is unloaded by use of clamp-type 2-wheel
hand trucks either from orchard trailers or from road trucks. Therefore,
the method of unloading is the same as that previously described for
clamp-type 2-wheel hand truck operations either alone or in combination
with floor chain conveyors.

When only one elevator is available, fruit may be handled on the
elevator by either of two methods. By the first method, the fruit is

(l) hand trucked to a temporary bank or block on the first floor near
the elevator shaft, (2) then moved onto the elevator in stacks of boxes,

(3) lifted to the floor on which they are to be stored, (h) trucked again
to a temporary bank on the storage floor, and (5) hand trucked in stacks
to "permanent" storage. The work of the crews in moving the fruit to
and from the elevator is coordinated with the cycles of the elevator.
By the other method, fruit is unloaded directly onto the elevator, lifted
to the storage floor, and moved from the elevator directly to storage.
Either of these methods, with modifications, is applicable in a plant
using two elevators.

Unloading and Moving Boxes of Apples into Storage
from a Road Truck by Use of a Single Elevator !

li

Freight elevator installations are relatively expensive. Their costs I

vary greatly but the assumed cost of a single elevator installation for
|f

the purpose of this analysis is $13,375. Because of the investment, only i^

one Washington State plant has more than one elevator. The use of a ;i

single elevator is more difficult to coordinate than the use of two
|

elevators

.

'^

c

f

Fruit moved directly to elevator to storage . --The simplest method
of using a single elevator in combination with hand trucks is to move
6-high stacks of boxes directly from the road truck and release the
stacks onto the elevator. For purposes of analysis this distance is
assumed to be 30 feet. When the elevator is loaded, the three hand fe

truckers, with their equipment, ride the elevator to the upper floor
where they hand truck the fruit 70 feet to storage (the distance
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remaining from the 100 feet assumed as standard for the purpose of the
analysis). l6/ After the elevator has been unloaded and the fruit moved
to storage position, the three workers ride down to pick up the next load
and repeat the cycle.

By use of this method, a '^-ma.n crew works k.'JO man-hours to receive

1,000 boxes (table 28). Most of this labor was spent in productive effort.

Wait time and fatigue accounted for 2k percent of the total labor. Of the

Table 28.—Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of a single elevator and clamp-type 2-wheel hand

trucks iriien fruit is moved directly to elevator to storage 1/

Operation
]
Workers"

Productive
labor

: Fatigue
: allowance:

Wait
time

: Total
: labor

Niimber • Man-hours

! 0.12

Man-hours

0.0

Man-hour

!

0.06

3 Man-hours

Set up and clean up 5 • 0.18
Pick up 6-high stacks off the road truck bed by
use of a 2-T»heel hand truck : 3 i .39 .04 .0 .43
Transport 6-high stacks 30 feet to elevator by
use of a 2-t»heel hand truck 3 : .62 .06 2/ .27 .95
Release 6-high stacks on elevator by use of a
2-wheel hand truck 3 : .29 .03 .0 .32

Elevator cycle 5/ ! 3 : .20 .0 .40 .60
Pick up 6-high stacks off the elevator by use
of a 2-wheel hand truck 3 : .29 .03 .0 .32

Transport 6-high stacks 70 feet from elevator
to storage point by use of 2-wheel hand trucks 3 ! 1.31 .13 2/ .07 1.51

Release 6-high stacks at storage point by use
of a 2-T»heel hand truck 3 : .35 .04 .0 .39

Total man-hours ^ 3.57 .33 .80 4.70

Elapsed time—hours ! 4/ 1.57

1/ Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above
6-hign stacks.

2/ Wait time caused by crew interference.
Z/ Vertical transportation distance is not included in 100-foot standardized distance.

4/ This size crew can receive 16 road truckloads of 288 boxes each per 8-hour day if
arrivals are closely coordinated.

productive labor required to do the work, 36 percent was used to move

the fruit to the elevator from the road truck and 55 percent to move it

from the elevator to storage.

The elapsed time required to unload 1,000 boxes is 1.57 hours or

27 minutes per 288-box truckload. Thus, only about I6 road trucks can

16/ Vertical distance, or distance traveled by elevator, is not

included. This distance might be included and the total horizontal
distance adjusted accordingly to retain the standardized transportation
distance of 100 feet.
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be unloaded per day provided there is close coordination of the arrivals

at the warehouse

.

Fruit moved to temporary bank; to elevator, to a temporary bank, and

to storage .--To minimize the delays inherent in single elevator opera-
tions, some plants use temporary banks of supply near the elevator to
break the sequence of operations and the interdependence of various opera-
tions in the cycle . The first of these temporary banks or blocks is set

up near the elevator shaft on the main floor. Stacks of boxes 6 high are

first moved from the road truck and placed in this bank. These stacks
later are moved a short distance onto the elevator. When the elevator is

unloaded the stacks are again placed in a temporary bank as near the ele-
vator head as possible. While the elevator is returning for another load,
hand truckers move the stacks from the second temporary bank to storage.
While the elevator is being unloaded, hemd truckers continue to move
stacks from the road truck to the temporary bank on the main floor.

Because of the two temporary banks 50 feet additional transportation
distance is required to move the stacks 100 feet horizontally from the
road truck to the storage point, or a total of 150 feet. Of the I50 feet,

30 feet is for moving stacks out of the first temporary bank onto the
elevator and 30 feet is for moving stacks off the elevator to the second
temporsiry bank. This method involves the use of a 'J-mein crew. Two workers
move fruit from the road truck to the first temporary bank and three men
move it onto the elevator. The three workers who move the boxes onto the
elevator ride the elevator to the storage floor. At this point they move
the fruit 30 feet to a temporary bank and return on the elevator to repeat
the cycle. Two workers stationed on the storage floor move the fruit the
remaining 60 feet to storage

.

A total of 8.68 man-hours is required to receive 1,000 boxes using
the banks of supply, 3*98 man-hours more than by the "direct" method
(table 29). There are two added pickups and releases in moving the fruit
to and from the temporary banks of supply, plus the additional transpor-
tation disteince.

The elapsed time required to unload and store the fruit amounts to
22 minutes per truckload of 288 boxes compared with 27 minutes for the
method previously described. The reduction in total elapsed time has
been accomplished by a larger crew, seven men in place of three. The
most important advantage, however, is the reduced time that the truck
must remain at the plant

.
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Table 29.—Labor required for a 7-man crew to unload and move 1,000 unpacked boxes of apples into storage from a
road truck by use of a single elevator and clamp-type 2-wheel hand trucks when fruit is moved into and

out of 8 temporary banks 1/

Productive : Fatigue : Wait : Total
Operation ! Workers labor : allowance : time : labor

Number Man-hours'* lian-hours Mar -hours Man-hours

Set up and clean up 2 0.12 0.0 0.0 0.12
Pick up 6-high stacks off the road truck bed by use of 2-wheel
hand trucks 2 .39 .04 .0 .43

Transport 6-hlgh stacks 50 feet to a temporary bank near the
elevator by use of 2-wheel hand trucks 2 .62 .06 2/ .11 .79

Release 6-hi^ stacks in bank by use of 2-rtieel hand trucks 2 .24 .02 .88 1.14
Pick up 6-hi^ stacks in bank by use of 2-wheel hand trucks 3 .29 .03 .0 .32
Transport 6-hi^ stacks 30 feet to elevator by use of 2-wheel
hand trucks 3 .62 .06 U .27 .95

Release 6-high stacks in elevator by use of 2-wheel hand trucks 3 .29 .03 .0 .32

Elevator cycle 3/ 3 .20 .0 .40 .60

Pick up 6-high stacks off elevator by use of 2-wheel hand trucks 3 .29 .03 .0 .32

Transport 6-high stacks 30 feet to a temporary bank by use of
2-wheel hand trucks 3 .62 .06 u .27 .95

Release C-high stacks in bank by use of 2-wheel hand trucks 3 .24 .02 .0 .26

Pick up 6-hig)i stacks in bank by use of 2-wheel hand trucks 2 .29 .03 .44 .76

Transport 6-high stadcs 60 feet to the storage point by use of
2-wheel hand trucks 2 1.14 .11 n .08 1.33

Release C-high stacks at the storage point by use of 2-wheel

hand trucks 2 .35 .04 .0 1.39

Total man-hours _ 5.70 .53 2.45 8.68

Elapsed time—hours 4/ 1.24

1/ Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above 6-high stacks.

Because of handling in and out of 2 temporary banks or blocks, the 100-foot standardized transportation distance
from road truck to storage point is increased to 150 feet.

2/ Wait time caused by crew interference.
"%! Vertical transportation distance is not included in total in-plant transportation distance.

4/ This size crew can receive 20 road truckloads of 2B8 boxes each per 8-hour day.

Unloading and Moving Boxes of Apples to Storage
from a Road Truck by Use of Two Elevators

Work flows smoother when two elevators are available . Two elevators
permit on- and off-loading to be alternated so that one elevator is in
loading or unloading position most of the time.

Fruit moved directly to elevators to storage . —One of the methods of
receiving apples when two elevators are available is to unload stacks of
boxes from the road truck and move them directly to the elevators. On
the floor where they are to be stored, the stacks are moved from the
elevators directly to storage. This method involves the use of a 5-iQan

crew. Two workers transport the fruit 30 feet from the road truck and
release it onto the elevator. When the elevator is loaded, a third
worker takes the elevator to the off-loading floor. On this floor the
elevator operator assists two workers stationed on the storage floor in
unloading the elevator and moving the fruit the remaining 70 feet into
storage. Thus, three workers hand truck fruit from the elevator. When
the elevator has been unloaded the elevator operator takes it down and
leaves it at the main floor. The elevator operator then takfes the second
elevator, which has been loaded while the first was being unloaded, to
the storage floor to repeat the cycle

.
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Tatle 30 shovs that a 5-nian crew, using two elevators, works 5 •25

man-hours to unload and move 1,000 boxes into storage. Of this time

25 percent is lost in wait time. A little more than one-third of the
productive time is spent in loading the elevators. The elapsed time re-

quired to unload a road truckload of 288 boxes and move the fruit to
storage is I8 minutes.

Table 30.—Labor required for a 5-iiian crew to unload and move 1,000 unpacked boxes of apples
into storage from a road truck by use of 2 elevators and clamp-type 2-irtieel

hand trucks irtien fruit is moved directly to elevator to storage 1/

Operation
\
Workers]

Productive
labor

: Fatigue
:allowance

: Wait
: time

: Total
: labor

Number s Uan-hotirs

0.12

Man-hours

0.0

Man-hour.

0.18

3 Man-hours

Set up and clean up
i

5 ! 0.30

Pick up 6-high stacks off the road truck bed
by use of 2-wheel hand trucks 2 .39 .04 .0 .43

Transport 6-hi^ stacks 30 feet to the
elevator by use of 2-wheel hand trucks 2 .62 .06 2/ .11 .79

Release 6-high stacks in the elevator by use
of 2-wheel hand trucks 2 .29 .03 .44 .76

Elevator cycle 3/ J 3 .25 .0 .50 .75

Pick up 6-high stadcs off the elevator by use
of 2-irtieel hand trucks 5 .29 .03 .0 .32

Transport 6-high stacks 70 feet from the
elevator to the storage point by use of
2-wheel hand trucks : 5 : 1.51 .13 2/ .07 1.51

Release 6-high stacks at the storage point by
use of 2-wheel hand trucks ! 3 .35 .04 .0 .39

Total man-hours ; _
i 3.62 .33 1.30 5.25

Elapsed time—hovirs

!

'i 4/ 1.05

1/ Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above
6-hign stacks.

2/ Wait time caused by crew interference.

3/ Vertical transportation distance is not included in 100-foot standardized distance.
t/ This size crew can receive 24 road truckloads of 288 boxes each per 8-hour day.

Fruit moved to temporary banks, to elevators, to temporary banks, and
to storage .--Another method when two elevators are available involves the
use of temporary banks of supply. A 9-°i&J^ crew is employed. Two workers
hand truck fruit off the road truck to a temporary bank of supply near
the elevators . Two workers move the stacks from the temporary bank of
supply onto the elevators. At the off-loading floor two workers hand
truck the stacks to a temporary bank. After one elevator is unloaded
one of these hand truckers takes the elevator to the on-loading floor
and brings a loaded elevator to the off-loading floor. Three workers
stationed on the storage floor transport the stacks of boxes 60 feet to
permanent storage.

By use of this method 8.^5 man-hours of labor are required to receive
1,000 boxes to storage, which is 3*20 man-hours greater than when the
fruit was loaded directly to two elevators (table 3I). The additional
productive labor is required because of two extra pickups and releases,
and transporting 50 feet added distance.
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The elapsed time required to unload a truckload of 288 boxes was
reduced to about l6 minutes, compared with l8 minutes when the two
elevators were used without the temporary bank of supply.

Table 31. —Labor required for a 9-man crew to unload and move 1,000 unpacked boxes of apples into storage from a
road truck by use of 2 elevators and clamp-type 2-i«heel hand trucks when fruit is moved into

and out of temporary banks 1/

Operation Workers Productive
labor

. Fatigue
: allowance

: Wait
: time

: Total
: labor

Number Kan-hours Kan-hours Man-hours

0.0

Man-hour s

Set up and clean up 2 0.12 0.0 0.12
Pick up 6-high stacks off the road truck bed by use of 2-wheel
hand trucks 2 .39 .04 .0 .43
Transport 6-high stacks 30 feet to a bank near the elevator by
use of 2-iiheel hand trucks 2 .62 .06 2/ .U .79
Release 6-high stacks in bank by use of 2--wheel hand trucks 2 .24 .02 .28 .54
Pick up 6-high stacks in bank by use of 2-wheel hand trucks 2 .29 .03 .0 .32
Transport 6-high stacks 30 feet to the elevator by use of
2-wheel hand trucks 2 .62 .06 2/ .11 .79

Release 6-high stacks in the elevator by use of 2-wheel hand
trucks 2 .29 .03 .44 .76

Elevator cycle 3/ 2 .25 .0 .25 .50
Pick up 6-hi^ stacks off the elevator by use of 2-wheel hand
trucks 2 .29 .03 .0 .32

Transport 6-hi^ stacks 30 feet to a bank by use of 2-wheel
hand trucks 2 .62 .06 2/ .11 .79
Release 6-high stacks in the bank by use of 2-wheel hand trucks 2 .24 .02 .0 .26

Pick up 6-high stacks in the bank by use of 2-wheel hand trucks 5 .29 .03 .66 .98
Transport 6-hlgh stacks 60 feet to the storage point by use of
2-wheel hand truck 3 1.14 .11 2/ .21 1.46

Release 6-high stacks at the storage point by use of 2-wheel
hand trucks 3 .35 .04 .0 .39

Total man-hours _ 5.75 .53 2.17 8.45

Elapsed time—hours .94

1/ Elevator load is 168 boxes. Labor requirements shown do not include piling boxes above 6-high stacks.
Because of hamdling in and out of 2 temporary blocks or banks, the 100-foot standardized transportation distance
from road truck to storage point is increased to 150 feet.

2/ Wait time caused by crew interference.
5/ Vertical transportation distance is not included in total in-plant transportation distance.

Comparison of Single -Elevator and
Two -Elevator Methods

The costs of using elevators to receive fruit to storage are
comparatively large, especially because of the high capital cost of the
equipment. When a single elevator is used, the more economical method
is to move the fruit directly to the elevator and off to storage.
Table 32 shows that the cost per 1,000 boxes by use of the direct method
is $10.56 compared with $1^4-. I8 when temporary banks of supply are used.
Under some conditions the use of temporary banks of supply might prove
superior. The temporary bank of supply method reduces the time of the
road truck at the plant because of the relatively short distance from the
receiving platform to the first temporary bank.

When two elevators are used, the most economical method of receiving
also is to move the fruit directly to the elevators and from the eleva-
tors to storage. Receiving costs are increased $3*05 per 1,000 boxes
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when the fruit is moved through temporary banks of supply. This cost,
however, could be affected by shorter transportation distances to the
temporary storage points. The use of temporary banks reduces elapsed
time for receiving 0.11 hour per 1,000 boxes.

The decision to use one elevator or two would rest quite leirgely on
the length of the receiving season and the total voliime of fruit that
would be handled by use of elevators . The cost data shown in table 32
are based on assumptions of ^00 hours of annual use for the elevators.
If these hours are not realized, the costs would be higher per box.
Another cost item that should be taken into account when two elevators
are used is the additional space required which otherwise would be used
for cold storage

.

High-Piling Unpacked Boxes of Apples

In plants that use the types and combinations of types of materials

-

handling equipment discussed in previous sections of this chapter for
receiving apples, 6-high stacks of boxes are positioned and released, as
unit loads, at the storage position. However, much of the fruit that
goes into storage is stacked or high-piled on these original 6-high stacks.

High-piling is therefore the piling or stacking of boxes on top of the
6-high stacks brought to storage position by hand truckers. High-piling
is done by several different methods and under various conditions. In the
conventional type, multistory plants, boxes usually are stacked 9> 10> or
12 high. A few plants have ceiling heights which either limit or permit
stacks 8, 11, 13, and even as high as 15 boxes.

High-piling operations may be performed concurrently with or following
the completion of the receiving cycle of operations. At what time the
operation is performed depends on plant practices, available labor, har-
vest period, and other factors. Usually, high-piling is done during the
unloading of each truck, immediately following the unloading of each
truck, or during the late evening when no more fruit is being received.

High-piling operations begin after the 6-high stacks are in place in

a specified floor area. Boxes are high-piled manually by different
methods and crew arrangements, but usually two workers perform the opera-
tion. In some plants, four men are employed to work in a single high-
piling crew of two teams. In each 2-man crew the worker on the floor
lifts or hands the boxes to a worker on top of the stacks who places
them in position, completing the high-pile.

When fruit is not stacked higher than 10 boxes, some high-piling
methods make use of a bench. One worker standing on the bench stacks
boxes handed up to him by the worker on the floor. When high-piles are

not more than 9 boxes high, one tall man working alone may be used to
lift and stack the boxes from the floor. In all manual methods, each
box of fruit is handled individually.
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During the course of the research, the research workers developed a

mechanical high-piler and tested it under actual operating conditions.

Although several types of equipment for high-piling have been tested

previously under operating conditions, they either failed to achieve the

desired production or required too much valuable cold storage space to

make their use economical. The new mechanical lift will be described in

connection with mechaxiical high-piling.

Manual high-piling is burdensome work. Boxes are lifted one at a

time, frequently above the worker's head and shoulders, which makes it

difficult for workers to handle the fruit gently, especially after they

have tired. Moreover, the workers on top of the stacks must balance

themselves on the edges of the boxes which requires additional effort and

makes occasional slips unavoidable. As a consequence, workers are reluc-

tant to accept high-piling work if other jobs are available.

Not only is high-piling heavy work, but percentagewise it accounts for

a relatively large part of plant handling costs. When field boxes of

apples are received at storage houses by use of belt conveyors and hand

trucks and are stacked 12 high, 38.5 percent of the total labor required

for receiving is used for manually high-piling the upper 6 boxes in the

stack (table 33). When stacked 10 boxes high, 3I percent of the total
labor required for receiving is used for stacking the upper ^4- boxes.

Several factors affect the amount of labor required to high-pile
boxes. Among these factors are the height of the ceilings in the cold
storage room and the amount of space taken in some storage rooms for
refrigerator coils or air ducts. In some storage plants, high-piling

Table 33. --Comparative labor requirements for receiving and stacking to 2 specified helg}its 288 field boxes of
apples (1 road truckload) at storage houses by use of powered belt conveyor and olanp-type 2-T»heel

hand trucks 1/

Operation Workers
Labor required for receiving

when boxes are stacked in storage
10 boxes high 12 boxes high

Number Man-hours 2/ Percent of total Uan-hours 2/ Percent of total

Placing boxes on belt conveyor (unloading)
Removing boxes from belt and building 6-high
stacks

Transporting from belt to storage position
and positioning 6-high stacks 3/

High-piling 4/

1

1

1
2

0.41 21.5

.59 20.5

.51 27.0

.59 31,0

0.41 19.2

.39 18.3

.51 24.0

.82 38.5

Total 5 1.90 100.0 2.13 100.0

1/ Receiving is the following cycle of operationss (1) Unloading field boxes of apples from liie road track,
(2) transporting the boxes from the road truck to the storage point, and (3) stacking the boxes at the storage
point.

2/ The man-hours of labor shown are the productive time required in performing the operation plus allowances
for fatigue and crew interference. Idle and nonproductive time between truokloads received, changing Job assign-

_ ments, and other delays are not included. Therefore, costs computed on the basis of the man-hours of labor shown
should be used for coiqiaratlve purposes only since they may be somewhat lower than costs computed by usual methods
in the warehouse,

3/ Boxes are transported in 6-high stacks from the end of the belt conveyor inside the plant to the storage
point with claii5>-type 2-wheel hand trucks, where they are released and positioned as a unit. Transportation dis-
tance standardized at 50 feet.

4/ Boxes are manually lifted and stacked above the original 6-high stack. Of the 288-box load, 115 boxes
are high-piled when boxes are stacked 10 hi^. In 12-bl^ stacks 144 boxes are high-piled.
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conditions are siffected by the decision of management to high-pile during
the receiving operations, or after hours using overtime crews. High-piling
after hours is possible by placing the boxes to be high-piled in temporary
storage until the end of the day.

Because of the many variable conditions under which high-piling
operations are performed, a number of factors affecting efficiency will be
eliminated or held constant. High-piles of 9; 10, and 12 boxes high are
used for comparative purposes. Variables and circumstances affecting
these heights will be noted.

Manual High-Piling

2 -man crew . - -Manual high-piling is performed by one worker on the
floor who lifts and hands boxes of fruit to another worker on top of the
stack who places them on the high-piled stacks. When the stack is not
more than 9 or 10 boxes high, the worker who completes the stacks may stand
on a bench. When the stacks are higher than 10 boxes, a high-piler stands
on top of the boxes, usually on pieces of plywood to give firmer footing.
At other times, he balances himself on the edge of the boxes (fig. 3^)«

Figure 3^. --The hand trucker wheels stacks to the 2-man crew who high-
pile the boxes.
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Total labor required to high-pile 9 boxes high is k.92. man-hours per

1,000 boxes stacked above the original 6-high stack (table 3^)' Nearly

17 percent of the labor required for high-piling 9 high was an allowance

for fatigue. This fatigue is less than when high-piling to 10, 11, or

12 boxes high.

High-piling in 10-high stacks required an additional 0.20 of a man-
hour of labor per 1,000 boxes all of which is accounted for by a larger
fatigue allowance. Twelve-high stacks required 0.7^ of a man-hour of

labor more than 9 high. Thus, it is relatively less efficient to high-pile
to the higher heights.

Table 3i4^. --Comparative labor requirements for a 2-man crew to manually
high-pile 1,000 unpacked boxes of apples to specified heights l/

Height of stack
Productive

labor
: Fatigue :

; allowance :

Total
labor

9 boxes high 2/
10 boxes high 3/
12 boxes high 5/

Man-hours

I+.IO

: i+.lO

Man-hours

0.82
1.02
1.12

Man-hours

k.92
5.12
5.66

1/ Labor requirements shown do not include unloading, transporting,
and releasing the boxes of fruit high-piled nor the 6-high stacks on
which they are high-piled.

2/ Three boxes in each 9-high stack are high-piled.

3/ Four boxes in each 10-high stack are high-piled.
^/ Six boxes in each 12 -high stack are high-piled.

The labor required for high-piling boxes of apples may be stated in
two different ways: (l) In terms of the n\imber of boxes high-piled, or

(2) in terms of the total boxes received. When boxes are high-piled
9 high, only 33-3 percent of the total fruit received is high-piled.
Similarly, when boxes are high-piled 10 high, ^0 percent of the total
boxes received are high-piled. Plant operators usually are more interested
in knowing how much labor will be needed to high-pile the number of boxes
that must be high-piled as the fruit is received. The total labor re-
quired to high-pile 1,000 boxes adjusted in proportion to the percentages
of the boxes high-piled is shown in table 35.
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Table 35 '--Comparative labor and elapsed time required for a 2-man crew
to manually high-pile a total of 1,000 unpacked boxes of apples to
specified heights and to high-pile the required proportion of each

1,000 boxes received to these heights

Height of stack
Labor required
per 1,000 boxes

high-piled

Labor required
per 1,000 boxes

received

Elapsed time
per 1,000 boxes

received

9 boxes high
10 boxes high
12 boxes high

Man-hours

i^.92

5.12
5.66

Man-hours

1/ 1.6i^

2/ 2.05

1/ 2.83

Hours

0.82
1.02
l.iH

l/ Labor required for high-piling 333 boxes.

2/ Labor required for high-piling ii-OO boxes.

^ Labor required for high-piling 500 boxes.

Another important factor in high-piling is the elapsed time. This
rate is necessary in scheduling work loads and in arriving at decisions as
to whether the high-piling should be performed during receiving operations
or whether to move the fruit to be high-piled into temporary storage for
high-piling after hours.

The determination by plant operators of the height to which boxes are
to be stacked is not based exclusively on the labor or the elapsed time
required by each of the various heights. Rather, the ceiling height of

the storage rooms is likely to be the determinant of how high the boxes
are to be stacked. Usually, fruit is stacked as high as the ceiling height
permits. However, during years when total production is relatively small,
fruit may be high-piled to less than ceiling heights.

U-man crew . - -The time studies
show that a U-man crew is as effi-
cient as a 2-man crew. In practice a
it—man high-piling crew works as two
teams of two workers each (fig. 35 )•

Use of the U-man crew cuts in half
the elapsed time to high-pile 1,000
boxes but does not increase labor
requirements. The larger crew has
a definite advantage in warehousing
operations when receiving must be
carried on with dispatch.

Comparative labor costs for
various stacking heights. --The labor c-v^,,^^ oc u^^,.^i u-:„u •;• •*!. /— °

^ ^ ,^ rigure 3o. --Manual high-pi Ling with a 4-man
cost per 1,000 boxes of fruit re- ^^^^
ceived for manual high-piling ranged
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from $1.88 when stacked 9 boxes high to $3.25 when stacked to 12 high.
Table 36 shows the costs for three specified stacking heights computed on
the basis of both current and assumed wage rates.

Table 36 .--Comparative elapsed times and labor costs for manually high-
piling, by use of a 2-man crew, the volumes high-piled from each
1,000 boxes of apples received when stacked to specified heights

: Total cost
Height of stack Elapsed Total

: Current : Assumed
time . labor

: wages : wages
Hours , Man-hours : Dollars Dollars

9 boxes high (333 boxes ;

high-piled) 0.82 : 1.6k : 1.88 2.30
10 boxes high (^00 boxes :

high-piled) : 1.02 J 2.05 2.36 2.87
12 boxes high (5OO boxes ;

high-piled) : l.iH : 2.83 3.25 3.96

Mechanical High-Piling

Mechanical high-piling is done with a portable lift. The lift
consists of a simple, light-weight superstructure mounted on casters to
provide mobility. Its width is such that the lift operates within the
space occupied by one row of boxes. The lifting mechanism consists in
part of clamps, one on either side of the machine, which grip or squeeze
the ends of the boxes to be lifted in a manner comparable to the clamp-
type industrial truck. The thickness of the clamps and the outrigger is

no greater than the amount of space normally left between rows of boxes
for air circulation. The lift mechanism operates hydraulically from a
small electric motor which in turn operates from a storage battery.
(Although an automobile storage battery operated the lift during test
runs, a larger capacity, industrial-size battery may be preferable.)

The prototype of this machine, used in earlier tests, is capable of
lifting two 6-high stacks of boxes simulteuieously, or a total of 12 boxes
of fruit. Following the earlier tests, a single-stack lift was placed on
the market. A later model was tested. It is powered by an electric motor
connected to the house line

.

2-stack lift . --In using the mecheuiical lift, four 6-high stacks of
boxes are first placed side by side in the same row by use of 2-wheel
hand trucks. These stacks are handled as units as in the methods previous-
ly described. The lift is then pushed into position, straddling two of the
stacks, the operator motivates the clamping arms, and lifts the load
(fig. 36). The stacks to be high-piled either can be pushed forward on the
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lift while they are being elevated or after they have been lifted enough
to clear the top of the two base stacks (fig. 37) • After moving the lift

Figure 36. --Operator activating clamping

arms to grasp the load. After clamping

the stacks, the boxes are lifted to

stacking height.

Figure 37. --With the stacks elevated, the

operator pushes the loaded lift forward

to move the load over the lower stacks.

forward, with its load over the stacks on which they are to be released,
the operator motivates a valve releasing the load (figs. 38 ^^^ 39)' One
worker operates the lift. While the mechanical lift is high-piling boxes
in one row, hand truckers place four 6-high stacks of boxes in an adjacent
row to which the lift is moved to repeat the cycle . This is a balanced
operation and crew interference is minimized.

When boxes are stacked 9 high, the original 6-high stacks must be
broken into 3-iiiSii stacks for high-piling. When stacked 10 high the
original stacks are built 5 high rather than 6 high.

The elapsed times and labor requirements for high-piling 1,000 boxes
of fruit to various heights are shown in table 37.



81

Figure 38.- -A worker pushes the load for-

ward until the top stacks are over the

lower stacks. The worker then operates

the hydraulic lever which lowers the

top stacks into position.

Figure 39. --After the top stacks are

lowered the worker withdraws the machine

from the stacks and the clamping arms

are lowered for another pick up.

Table 37. --Comparative labor and elapsed time required to high-pile 1,000 unpacked boxes of apples
to specified heights and to high-pile the required proportion of each 1,000 boxes received to

these heights by use of a 2 -stack portable mechanical lift l/

1/ A fatigue allowance of 10 percent is included.

2/ Labor required for high-piling 333 boxes.

3/ Labor required for high-piling 1+00 boxes.

5/ Labor required for high-piling 500 boxes.

Height of stack
Labor required
per 1,000 boxes

high-piled

: Labor required
: per 1,000 boxes
: received ,

Elapsed time
per 1,000 boxes

received

9 boxes high
10 boxes high
12 boxes high

Man-hours

3.21
2.1+1+

1.78

Man-hours

2/ 1.07

3/ .98

!/ .89

Hours
t

1.07
.98

.89

259298 0-53-7
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single-stack lift ,—Two views of a single-stack lift, which Is now
manufactured commercially, are shown in figures ^4-0 and kl.

Figure kO.--A single-stack high-piler

lifting a stack of 6 boxes.

Figure Ui, —A stack being released in

storage position.

Table 38. --Comparative labor «uad elapsed time required to high-pile 1,000 unpacked boxes of apples
to specified heights and to high-pile the required proportion of each 1,000 boxes received to

these heights by use of a single-stack portable mechanical lift l/

1/ f. fatigue allowance of 10 percent is included.

2/ Labor required for high-piling 333 boxes.

/ Labor required for high-piling lt-00 boxes.

/ Labor required for high-piling 500 boxes

.

I

Height of stack
Labor required
per 1,000 boxes

high-piled

: Labor required
: per 1,000 boxes
: received

Elapsed time
per 1,000 boxes

received

9 boxes high
10 boxes high
12 boxes high

Man-hours

3.72
2.57
1.89

Man-hours

2/ 1.2it

3/ 1.03

V '9h

Hours

1.2l^

1.03
.9^^
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Labor requirements for high-piling 1,000 boxes of fruit by use of a

single-stack lift are greater than with a 2-stack lift, or 3-72 man-hours
per 1,000 boxes when stacked 9 high compared with 3.21 using a 2-stack
machine. The elapsed time also was slightly greater than with the 2-stack
lift. The performance of a single-stack lift is shown in table 38.

Comparison of 2-stack and single-stack lifts . --The comparative efficiency,
based on labor and equipment costs, of the 2-stack and single-stack lifts is

shown in table 39

Table 39.—Comparative labor and equipment costs for hi^-piling by use of specified types of mechanical lifts,
the volumes high-piled from each 1,000 boxes of apples received when 3taoi<Bd to specilled heights

Elapsed
'

time

Labor and equipment
required

Ubor and equipment costs

Hei^t of stack and type of equipment
Equipment

time
Total
labor

Equipment
Labor

: Total cost
: Currant :Assumed
: wages : wages

Hours

: 1.07
1.24

liachine-hoturs

1.07
1.24

: Man-hours Dollars

0.63
.73

Dollars

1.23
1.43

Dollars DoUars

9 boxes hl^ (535 boxes hi^-piled):
2-3tack lift
Single-stack lift

1.07
1.24

1.86 2.13
2.16 2.47

10 boxes high (400 boxes high-piled):
2-stack lift
Single-stack lift

: .98
1.03

.98
1.05

: .98
1.03

.58

.61
1.13
1.18

1.71 1.95
1.79 2.05

12 boxes high (500 boxes hi^-piled):
2-stack lift
Single-stack lift

.89

.94
.89
.94

.89

.94
. .53

.55
1.02
1.08

1.56 1.78
1.63 1.87

1/ Computed from "current" wage rates.

Comparison of Manual and Mechanical High-Piling

As shown in table ^40, manual high-piling to a height of 9 boxes is

just as efficient as mechanically high-piling by use of the 2-stack lift
and is more efficient than the single-stack lift. However, mechanical
high-piling can be accomplished by use of a smaller crew, one worker, and
the fruit is handled more gently. It would therefore appear to be
advantageous to a firm to use the machine when going to this height.

When stacking 10 or 12 boxes high, the 2-stack mechanical high-piler
shows a definite saving over the manual method, amounting to $0.65 per
1,000 boxes received when stacking boxes to 10 high, and $1.70 per 1,000
boxes when stacking 12 high. Even though this saving is obvious, the
decision as to whether high-piling should be done manually or mechanically
may depend upon other factors such as the layout of the plant, the inter-
ference of ducts and posts and other factors which may prohibit the
mechanical high-piler from being used to full capacity. Moreover, the
mechanical high-piler would have to be used enough each season to defray
its ownership and operating costs. 17/

17/ Operating 3OO hours a year these costs are estimated to be $177.45.
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Table 40.--Compaxative costs for high-piling, hy use of specified methods,
the volumes high-piled from each 1,000 boxes of apples received when

stacked to specified heights l/

Total labor and equipment costs
based on current wage rates

Methods : when stacked •
•

9 boxes : 10 boxes: 12 boxes
high : high : high

Dollars Dollars Dollars

High-piling boxes manually by use of ;

2-man crew 1.88 2.36 3.25
High-piling boxes mechanically by use
of 2 -stack lift and 1 operator 1.86 . l.Tl 1.55
High-piling boxes mechanically by use
of single -stack lift and 1 operator 2.16 1.79 1.63

1/ Costs shown include labor costs, and for mechanical high-piling
equipment costs.

-
.1

Effect of Manual High-Piling on Wait Time
in Other Operations in Receiving Cycle

One of the crew arrangements used for unloading and moving apples to
storage by use of belt conveyors and 2-wheel hand trucks is to station
two workers on the road truck to place fruit on the belt conveyor, two
workers to off-load the conveyor, two hand truckers to transport stacks
to storage position, and two men to high-pile (fig. ^4-2). High-piling is

done simultaneously with unloading and storage operations. Thus a delay
in one operation in the cycle may be transmitted to and cause a correspond-
ing delay in each of the other operations.

By use of this method the 2 -man high-piling crew could not manually
stack boxes of fruit at the rate they were brought to the storage posi-
tion. Therefore, the hajid truckers found it necessary to delay their
operations occasionally to wait for the high-pilers to catch up. This
wait in turn delayed the workers removing boxes from and placing boxes
on the belt conveyor. These delays totaled i4-.10 man-hours per 1,000
boxes received or 3^ percent of the total labor required (table kl)

.

To minimize wait time and obtain a better balanced operation the
question arises as to whether or not adding high-pilers would permit a
better balanced operation. However, high-pilers work in teams of two,
so an increase would require the addition of two workers, making a

total of 10 in the crew. With this larger receiving crew, the amount of

wait time by the hand truckers is reduced to a nominal amount and the
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(A)BOXES OF APPLES BEING
UNLOADED FROM A ROAD
TRUCK TO A BELT CONVEYOR.

U-Ufl**w

(B)BOXES BEING STACKED
6-HIGH FROM A BELT CON-
VEYOR FOR HAND TRUCKING.

(C) STACKS BEING HAND TRUCKED
TO THE STORAGE POSITION
WHERE PART OF THE BOXES
ARE BEING HIGH-PILED.

Figure 42.--8~inan crew receiving boxes of apples from road truck by use of belt

conveyors and 2-wheel hand trucks. High-piling is a manual operation^



86 -

Table 41.—Labor required for an &-man crew to unload and move 1,000 unpacked boxes of s^plea into

storage from a road truck by use of a belt conveyor and clamp-type 2-wheel hand
trucks and manually hi^-pile boxes 12 hi^ as fruit is being received

Operation Workers

_

Productive
labor

: Fatigue
: allowance

: Wait
: time

: Total
: labor

Number Man-hours

0.16

Uan-hours

0.0

Man-hour

£

0.52

1 Man-hours

Set up and clean up 1/ 8 0.68

Place boxes on belt conveyor (conveyor moves
boxes 50 feet) 2 1.28 .25 1.29 2.82

Trwisfer boxes from belt conveyor to 6-high :

stacks 2 l.Sl .26 1.25 2.82

Pick up 6-hi^ stacks \iy use of 2-iiheel hand
trucks 2 .29 .05 .0 .32

Transport 6-high stacks 50 feet by use of
2-wheel hand trucks 2 .97 .10 2/ .08 1.15

Release 6-high stacks from 2-«heel hand trucks 2 .35 .04 .96 1.35
Hi^-piling boxes 12 hi^ (500 boxes) 2 . 2.27 .56 .0 2.83

Total man-hours
• . 6.65 1.24 4.10 11.97

Elapsed time—hours 5/ 1.50

1/ Two of these workers do the setup woric at the road truck while 6 workers spend

their time waiting.

2/ Waiting caused by crew interference.

3/ This size crew can receive 17 road truckloads of 288 boxes each per 8-hour day.

most of

Table 42.—Labor required for a 10-man crew to unload and move 1,000 unpacked boxes of apples into
storage by use of a belt conveyor and clamp-type 2-wheel hand truck and manually

high-pile boxes 12-high as fruit is being received

Operation Workers .Productive : Fatigue s Wait : Total
! ! labor : allowance : time : labor
[Number • Man-hours

0.16

Man-hours

0.0

Man-hour

0.69

s Man-hours

Set up and clean up 'V 10 0.85
Place boxes on belt conveyor (conveyor moves
boxes 50 feet) 2 : 1.28 .25 .55 1.86
Transfer boxes from belt conveyor to 6-high
stacks 2 1.31 .26 .29 1.86

Pick up 6-high stacks by use of 2-irtieel hand
trucks 2 .29 .03 .0 .32

Transport 6-hi^ stacks 50 feet by use of
2-wheel hand trucks : 2 ' .97 .10 Z/ .08 1.15

Release 6-high stadcs from 2-wheel hand trucks 2 .35 .04 .0 .59
Hi^-piling boxes 12 hi^ (500 boxes) 4 2.27 .56 .89 5.72

Total man-hours ^ 6.65 1.24 2.28 10.15

Elapsed time—hoars 5/ 1.01

1/ Two of the workers do the setup work at the road truck while 8 workers spend most of
their time waiting.

2/ Waiting caused by crew interference.
S/ This size crew can receive 25 road truckloads of 288 boxes each per 8-hour day.

delay time of high-pilers is increased to about 1 man-hour per 1,000
boxes received. Delay time also is reduced for workers placing fruit on
the belt and removing it from the belt by nearly 2 man-hours. This
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reduction is partly off -set by delays of the high-pliers so that the
total lahor required to move 1,000 boxes into storage is 10.15 man-hours,
a reduction of 15 percent from the labor used by an 8 -man crew (table ^2).

This saving results entirely from the elimination of nearly 2 man-hours of

wait time. The elapsed time required to unload also has been reduced to

1.01 hours per 1,000 boxes.

Comparative Labor Requirements, and Labor and Equipment Costs,
of Various Methods of Unloading €uid Moving to Storage When

Boxes Are High-Piled as Received by Use of Meinual

and Mechanical Methods

In previous discussions of various types and combinations of types of

materiaJLs -handling equipment for receiving apples, the labor requirements
and cost data have not included stacking boxes above the 6-high stacks
released as unit loads in storage position. Table ^3 shows, for selected
methods that previously have been discussed, labor and elapsed time re-
quired for receiving unpacked boxes of fruit when manual high-piling is

included. High-piling operations shown are for 12-high stacks. Transpor-
tation distances are standardized at 100 feet except for two elevator
methods

.

When the fruit is not being high-piled, the least labor, 2.63 man-hours
per 1,000 boxes, is required with the floor chain conveyor and 2-wheel
hand truck operated by 1 worker. This still requires the least labor for
receiving, or 5*55 man-hours per 1,000 boxes, when a 2-man crew is added
for manual high-piling. Without high-piling the combination of a single
elevator and 2-wheel hand trucks, operated by a 7-nian crew, moving boxes
through temporary banks of supply requires the largest labor inputs, or
8.68 man-hours per 1,000 boxes. In high-piling, the labor requirement is

greatest, 12.20 man-hours per 1,000 boxes, when using two elevators and
temporary banks.

The elapsed time required to receive 1,000 boxes for each of these
methods with and without the high-piling, is the same in nearly all cases

.

This is because the rate of receiving tends to be set by the pace at which
the fruit is placed on the conveyors or is hand trucked, so that the
capacity to handle the boxes by other parts of the receiving crew does not
regulate the number of boxes moved into storage. In all cases, the wait
time by various crew members increases when high-piling is added to the
receiving operation. In some cases, the increases are rather large.

The addition of manual high-piling to receiving operations usually
increases the amount of wait time and alters the relative efficiency of
different methods and types of equipment. Mechanical high-piling, by use
of the portable mechanical lift, can be used as a substitute for manual
high-piling in nearly all methods. Because the mechemical. high-piling
is performed by one worker using one machine and proceeds at a different
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rate from the manual high-piling operation, the desirability of different
crew sizes and arrangements for receiving is altered.

For most of the methods shown in table ^3, the additional wait time,

when high-piling is performed concurrently with other receiving operations

,

is reduced by use of the mechanical high-piling method. Table kk shows
elapsed times and labor requirements for these methods when fruit is

mechanically high-piled in 12-box-high stacks. The total labor required
to receive 1,000 boxes of apples when mechanically high-piled is in every
case less than with the manual methods of high-piling. These savings
range from 1.46 to 3*36 man-hours per 1,000 boxes.

As shown in table k'^, the use of the mechanical high-piler in receiving
reduces costs in all cases below costs for manual high-piling in 12-box-
high stacks. This savings in cost, however, does not represent the full
saving that should be realized by use of mechanical stacking. A larger
saving should be possible through eliminating the idle and unproductive
time of three workers in a 4-man high-piling crew. This fact again calls

attention to the mechanical high-piler 's ability to reduce the labor force
required during the critical harvest period.

Obviously, equipment costs axe increased when a mechanical high-piler
is used rather than manual high-piling. When fruit is received by hand
trucks, equipment costs account for only a fraction of total costs. The
addition of the mechanical high-piler greatly increases machine costs on a
percentage basis.

High-Piling Methods Used When Boxes Are Not
Stacked as Received

The necessity for baJ.ancing high-piling operations with other operations
in the receiving cycle, when fruit is high-piled as it is received, pre-
viously has been discussed. However, when operations are balanced, frequent
delays occur because of the interdependence of these operations which makes
it possible for one operation to set the pace for all others. One way of
avoiding these delays is to high-pile separately from other receiving
operations, by placing one-half of the boxes received (in a 12-high stacking
operation) into temporary storage. After regular receiving hours, a special
crew removes the fruit placed in temporary storage and high-piles it.

However, additional work is involved in high-piling ed'ter the regular
receiving operation. This work is caused by the necessity of moving the
boxes by hand truck to the high-piling point. For the purpose of this
euaalysis, the added transportation distance is assumed to be 30 feet.

High-piling after receiving is frequently done by use of sections of
gravity-type roller conveyors. These extensions are placed on top of the
6-high stacks. The worker stationed on the floor places each box on one
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Table U5.—Comparative labor and equipment coste for unloaillng from road tmcke and morlng to storage 1.000 unpacked boxes of soples. by
use of specified methods and types of equipment, when fruit Is not high-piled, and when required volume Is high-piled by use of

manual and mecbanclal methode In 12-box high etacke as fruit is received Xj

1 Labor cost :Total cost : Total cost
"iyp* of eqalpnent and method Equipment

I current : current > assumed
cost 1 wage rates iwaee rates I wa^ rates

Dollars Dollars Dollars Dollars

Cleop-type 2-wheel band tmcliei

Two workerB hand-truck 100 feet, and
Ho hlgh-pHlng (table 5) 0.07 J.38 3.'t5 U.19
2 vorkere nianuell7 Mgb-pile .07 6.77 6.8U 8.32
1 worker and mecbanlcal lift hlgb-plle .91* 5.07 b.Ol 7.11

Three workers hand-truck 100 feet, and
Ho hlgh-plllcg (taklo 5) .07 3.61 1.68 I4.U7

U workers manually hlgb-plle .07 8.U3 8.50 10.33
1 worker and mechanical lift high-pile .70 U.82 5.52 6.57

Belt conyeyore and clamp-tiTe 2-wheel hand truckei

One w<vker places boxes on conveyor, 1 woricer transfers boxes from conveyor.
1 worker hand-trucks ^0 feet, and
Ho high-piling (table 13) I.7U 6.69 8.I43 9.89
2 workers manually high pile 1.7'* 11.16 12.90 15.32
1 worker and mechanical lift high-pile 2.88 8.92 11.80 13.7"

One worker places boxes on conveyor, 1 worker transfers boxes from conveyor.
2 workers hand-truck 50 feet, and
Ho high-piling (table 13) l.jg 6.99 8.38

i2:l?2 workers manually high-pile u/ i."*? 10.86 12.31
1 worker and mechanical lift high-pile 2.29 8.7U 11.03 12.93

Two workers place boxes on conveyor. 2 workers transfer boxes from conveyor.
2 workers hand-truck 50 feet, and
Ho high-piling (table 13) .92 6.97 7.89 9.U1
U workers manually high-pile .92 11.62 12.5'*

9.66
15.06

1 worker and mechanical lift high-pile 1.53 8,13 11. 1*3

Floor chain conveyors and clamp-typo 2-wheel hand trucks:

One worker hand-trucke 20 feet to conveyor and 30 feet from conveyor to
storege, and
Mo higtt-pillng (table 20) 3.11 3.02 6.13 6.79
2 workers manually high-pile U/ 3.23 6.38 9.61 11.00
1 worker and mechanical lift high-pile 3.89 U.51* 8. 1*3 9.U2

Two workers hand-truck 20 feet to conveyor end 2 workers hand-truck 30 feet
from conveyor to storage, and
Ho high-piling (table 20) 1.10 U.02 5.12 6.00
U workers manually high-pile 1.10 8.05

6.0C
9.15 10.90

1 woiker and mechanical lift high-pile 1.91* 7.98 9.29

Belt conveyor, stackmaker. floor chain conveyor, and clemD-tyne S-wh-iel hand
trucksi

One worker places boxes on belt conveyor, 1 worker hand-trucke 50 feet from
floor chain conveyor to storage, and
Ho high-piling (table 2?) 6.02 U.51 10.53 11.51
2 workers manually high-pile 6.02 9.02 15. OU 17.00
1 worker and mechanical lift high-pile 7.1« 6.76 13.9^ 15. Ul

Two workers place boxes on belt conveyor, 2 workers hand-truck 50 feet from
floor chain conveyor to storage, and
Ho hlj^-Dlling (table 2/) 3.U6 5.15 8.61 9.73
4 workers aanually hl^-plle 3.U6 10.30 13.76 16.00
1 worker and mechanical lift high-pile U.12 6.Wt 10.56 11.96

Elevatore and cleap-type 2-wheel hand trucks: 2/

Three workers hand-truck 30 feet into single elevator, ride elevator, and
hand-truck 70 feet to storage, and
Ho high-piling (table 32) 5.15 5.U1 10.56 11.73
2 workers manually high-pile 5.15 9.02 IU.17 16.13
1 worker and mechanical lift high-pile 6.08 7.21 13.29 IU.86

Two workers hand-truck JO feet to bank, 3 workers hand-truck 30 feet from
bank into single elevator and ride elevator then hand-truck 30 fe^t to bank.
2 workers hand-truck 60 feet to storage, and 2j
Ho high-piling (table 32) U.20 9.98 IU.I8 16.35
2 workers manually high-pile u/ 5.00 13.71 ie.71 21.69
1 worker and mechanical lift hl^-pile U.92 11. Ul 16.33 18.81

Two worki^rs hand-truck 30 feet into one of two elevatore. 1 worker operates
elevatore, 3 workers hand-truck 70 feet from two elevators to storage, and
Ho high-piling (table 32) 6.87 6.0U 12.31 IU.22
U workers manually high-pile 6.87 10.87 17-7'* 20.10
1 woiker and mechanical lift high-pile 7.U9 7.25 1U.71* 16.31

Two workers hand-truck 30 feet to bank. 2 workers hand-truck 30 'aet from
bank into one of two elevators, 1 worker operates elevator. 2 workers
hand-truck 30 feet from elevators to bank, 3 workers hand-truck 60 feet
from bank to storage, and ^
Ho high-piling (table 32) 6.2U 9.72 15.96 18.07
U workers manually high-pile 6.24 IU.03 20.27 23.32
1 wopfeer and mechanical lift high-pile 6.79 10.80 17-59 19.9'»

1/ Cost data for mechanical high-piling covers use of one 2-etack portable 1 Ift. Cost data for both manual and mec hanical high-piling
cover costs of unloading, transporting, and releasing 6-hlgh stacks at storage pos tion plus costs of high-piling 500 boxes. Sxcept as other-
wlee noted, all transportation dlntancee standerdlred at 100 feet.

2/ Vertical transportation distances are not Included in elevator methods.

3/ Standardifed transportation distance of 100 feet Incrpased to 15O feet because of H«thod.

4/ Equipment costs were increased bf^ceuse of additional elapsed tine required when high-piling was performed as fruit was received.
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end of the roller conveyor and gives it a push. The high-piler, who stands
at the end of the row or at the point where the high-piling is being done,
picks each box up from the roller conveyor and places it in the stack.
Sometimes the fruit is placed in temporary storage so that high-piling caji

be done by handing boxes up alongside of the rows being high-piled, thus
eliminating the use of roller conveyors. 18/

When high-piling is done after regular working hours, using a 3-man
crew, the wait time in the high-piling operation is kept to a nominal
0.03 man-hours per 1,000 boxes because the wait times that occ\ir in other
operations in the receiving cycle are not transmitted to high-piling opera-
tions. Moreover, the elapsed time required to receive a truckload is not
increased by this method of high-piling. As shown in table ^4^, to receive
1,000 boxes by this method takes 10. 3I man-hours using a 2-man high-piling
crew and one hand trucker to supply the high-pilers.

Table 46.—Labor required for crews of specified sizes to unload from road trucks and move
1,000 boxes of apples into storage by use of a belt conveyor and clan?)-type 2-nbeel

hand trucks, and to manually hi^-pile required volume of boxes 12-hi^ after
fruit has been received

Operation Workers_ Productive
labor

Fatigue
allowance

•

Wait
time

: Total
: labor

.Number Man-hours

0.16

Man-hours

0.0

Man-hours

0.32

Man-hours

Unloading and placing in temporary storage:
Set up and clean up 6 0.48
Place boxes on belt conveyor (conveyor moves
boxes 50 feet) 2 . 1.28 .25 .35 1.86
Transfer boxes from belt conveyor to 6-high
stacks . 2 1.31 .26 .29 1.86

Pick up 6-high stacks by use of 2-wheel
hand trucks 2 .29 .05 .0 .52
Transport 6-high stacks 50 feet by use of
2-iiheel hand trucks 2 .97 .10 .08 1.15

Release 6-hi^ stacks from 2-Tiheel hand trucks 2 .35 .04 .0 .39

Subtotal ^, 4.36 .68 1.02 6.06

High-piling after regular hours:
Pick up 6-hlgh stacks by use of 2-irtieel hand
trucks 1 .29 .03 .0 .32

Transport 6-high stacks 30 feet by use of
2-Tiheel hand trucks 1 .62 .06 .0 .68

Release 6-high stacks from 2-wheel hand trucks 1 .35 .04 .03 .42
Manually high-pile boxes 12-hi^ (500 boxes) 2 2.27 .56 .0 2.85

Subtotal . 3.55 .69 .03 4.25

Total man-hours ^^ 7.89 1.37 1.05 10.51

Elapsed time—hours 1/ 1.01

1/ This size crew can receive 25 road truckloads of 288 boxes each daring an 8-hour day.

18/ The time studies showed no significant difference in man-hovirs

required to high-pile with the use of roller conveyor extensions.
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A comparison of high-piling after receiving with high-piling during
receiving shows that wait time is reduced kQ percent and total labor is

increased by 8 percent. The elapsed time required to receive is less by
0.56 hours per 1,000 boxes or 10 minutes per truckload. Reduction of

elapsed time is very significant, especially during the peak season when
the warehouse may have difficulty in receiving fruit as fast as it arrives.
High-piling after hours should permit about eight additional truckloads to
be received per day.

The reduction in elapsed time also has the effect of reducing the
length of time equipment is used during receiving. Consequently, equip-
ment costs are reduced $0.52, but labor costs increase $1.00, with the
result that total costs increase $0.U8 net per 1,000 boxes received at

current wage rates (table ^7).

Table 47.—Comparative labor and equipment costs of unloading road trucks and moving 1,000 unpacked boxes of
apples into storage by use of belt conveyor and clamp-type Z-wheel hand truck, and manually

high-piling required volume 12 high during receiving and after receiving

Elapsed
time

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

; Total
[ labor

: Total costs
:Equipment: ^^°°'^ cCurrent-.Assumed

: i/ : wages : wages
Hours

1.57

1.01

Machine-hours Kan-hour s Man-hours Dollars Dollars Dollars Dollars

Belt conveyor and 2-wheel hand
truck:
Two men high-pile boxes 12 high
while receiving

Belt conveyor and 2-wheel hand
truck;
Two men high-pile boxes IZ high
after receiving

2/ 6.28

3/ 4.04

2.00

1.05

9.44

10.31

1.45 10.86 12.31 14.67

:

:

1 .93 11.86 12.79 15.36

1/ Computed from "current" wage rates.

2/ Clamp-type 2-wheel hand trvck 3.14 machine-hours,. 100-foot belt oonv^or 1.57 machine-hours, 15-foot
gravl^ roller conveyor 1.57 maudilne-hours, total 6.28 machine-hours.

5/ Clamp-type 2-wheel hand truck 2.02 machine-hours, 100-foot belt conveyor 1.01 machine-hours, 15-foot
gravity roller conveyor 1.01 machine-hours, total 4.04 machine-hours.

Another factor that should be considered is the necessity for paying
"overtime" wages for after-hours work. If a crew is used overtime, the
cost would be higher in proportion to the rates of pay. Furthermore,
men working long hours during the day might not work at usual efficiency
on an overtime basis. These two factors could easily offset other
advantages of high-piling after hours.

An improved practice might involve the adoption of a combination of
the two methods of high-piling, or to high-pile when the fruit is re-
ceived if the work schedule permits, and during the time of the day when
trucks are arriving frequently, part of the fruit would be set aside to
be high-piled when intervals between truckloads permitted later in the
day. After -hour high-piling would be performed when the crews were
unable to do all the high-piling during the fill-in hours.
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Industrial Fork-Lift Trucks and Pallets

Tovard the end of World War II, labor shortages had become so acute

that many Washington State apple houses were seeking means for reducing

the need for manual labor. At that time, one plant constructed an addi-

tion to its facilities in which handling operations were performed with
fork-lift trucks and pallets. Two years later, two or three additional
plants were using fork-lift trucks. However, shifting to mechanized
equipment involved many problems of plant remodeling. Consequently, the
industrial-lift truck has not completely solved the industry's problems
of handling apples except where new storages were built or additions were
made to old storages.

Industrial fork-lift trucks used in Washington State apple houses
usually are of 2,000-, 3^000-, and ^, 000-pound capacity. Both gasoline-
powered (fig. 43) and electric -powered (fig. hh) lift trucks currently are

Figure U3.--A gasoline fork truck carrying a pallet load of boxes to

storage. Driver beginning lift for second or third release in a stack.

in use and both are used to do essentially the same work. However,
wise selection of equipment involves several considerations. Some
of these are money available for capital outlay, interior or exterior
operation, plant layout and operating conditions, tasks to be performed,
and volume of work. Although it may be possible that both types of
machines might work equally well in an individual plant, there usually
are one or more controlling factors

.



- 95 -

The gasoline- powered truck
requires less capital outlay than
the electrio powered truck but the

latter type is more economical to

operate and has approximately twice

the life of the former. In the cost

estimates shown in table 2, the

gasoline-powered trucks are depreciated
over a period of 10 years, whereas the

electric trucks are depreciated on a

20-year basis. Electric trucks should
be operated a minimum of 200 days a
year for optimum efficiency.

In apple -storage houses, electric
trucks are more desirable for interior
operations because gasoline- powered
trucks, operating inside a plant for
any appreciable time, may throw off
dangerous fvunes. There also is the
unexplored effect these fumes might
have on the fruit. However, a new
inhibitor that is claimed to render
exhaust gas harmless, odorless, and
colorless to workers may make the
gasoline truck suitable for interior
use. Either gasoline or electric
trucks are suitable for exterior
operations. Long grades and rough
surfaces favor the gasoline truck.
It usually has faster lifting and

lowering speed, and in general operation gasoline -powered trucks usually
are faster than electric trucks. Gasoline trucks also exert the same
power at the end of 8 hours of work that they do at the beginning.

Figure i^. --Electric fork truck releasing

a pallet load in a cold storage room.

Electric lift trucks excel in short distance hauls where there are
many starts and stops. They are used to best advantage on small grades
or inclines. The fact that the electric truck has relatively few moving
parts and no gears or clutch makes it desirable for use under these
conditions. Electric trucks do not have nearly as much "down time" for
repairs and maintenance.

The workloads in individual plants are closely related to ownership
costs. A plant that buys a single lift truck for handling a small volxime

usually cannot afford to buy an electric truck and charger if a gasoline
truck could do the same work. However, if several machines are to be
purchased, the unit cost of electric trucks and charging apparatus would
tend to decrease.
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Many of the first pallets used in apple houses were war surplus
property. Their sizes varied from kO- by 36-inch to k3- "by 64-inch
pallets. As pallet sizes, and the consequent weight of pallet loads, vary,

so must the capacities of fork-lift
trucks used for handling loaded
pallets.

The trend has been to standardize
on a ii-0- by 36-inch pallet (36-box
load) etnd a ^4-0- by 48-inch pallet
(48-box load). I9/ Figures ^5 and k6
show respectively the arrangement of
apple boxes on the two different
pallets. Studies of pallet handling
show that labor and equipment require-
ments per 1,000 boxes on 48-box pallets
and on 36-box pallets had a relation-
ship of 4 to 3

.

Stability of pallet loads has
been an important factor in the selec-
tion of pallet sizes by individual
plants. Unpacked boxes of apples are
stacked 6-high on pallets. In the
48 -box pallet load, the two middle
rows of boxes stabilize the load,
while in a 36-box load there is only
one row of boxes in the center to
give the load stability. Another
factor in determining the pallet
size for each plant is the structural
strength of the floors. Hemdling a
36-box pallet load requires a fork-
lift truck of at least 1-ton capacity.
This capacity truck ranges in service
weight from 3,200 to 5,100 pounds,
depending on the make and model. A
1-5-ton to 2-ton capacity truck which
weighs approximately 6,000 pounds is

Figure ^5. --36-box pallet load.

19/ When the fruit is packed the load is reduced usually from 36 and
48 to 30 and 40 boxes. Apples received loose in boxes from the orchard
weigh approximately 35 pounds per box. After they are packed the weight
per box is increased to a gross of approximately 50 pounds. Thus, the
total weight of the packed-box load with fewer boxes is approximately
equal to the loose -box unit load.
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required for handling l+S-box pallet
loads. Consequently, plants that
have converted from belt conveyors
and hand trucks to pallets and indus-
trial fork-lift trucks usually pre-
fer the smaller unit load and
lighter lift truck, because of the
structural strength of the floors.
The smaller lift truck also has
greater maneuverability which is an
important factor in utilizing maxi-
mum storage capacity in the cold
storage rooms . Use of smaller lift
trucks permits savings in aisle
space, space around posts, emd space
adjacent to air ducts.

An important consideration in
handling pallet loads is the differ-
ent sides that a fork-lift truck can
approach when the pallet is being
picked up. Pallets are classified
as 2-way and if-way pallets, depend-
ing on whether the forks of the lift
truck can enter from two sides or

from all four sides of the pallet.
Two-way pallets are more generally
used in apple houses. When this type
pallet is received on a road truck,
the pallets must be placed across
the bed of the truck so the fork-lift
truck can remove the pallets from the side of the road truck (fig. ^7)

Figure A6. —48-box pallet load.

When the 2-way pallet is used, each row of pallet loads across the
bed of the truck must be tied with rope to the bed of the motortruck to

r v--^

1

}i
I lu^^

f V---^'J\^^-
::: il

I /--^i)

TWO-WAY PALLET FOUR-WAY PALLET

Figure U7.--The position of loaded pallets on a road truck.

259298 O - 53 - 8
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prevent boxes from tipping off the pallets during their trip to the
plant. These ropes are in addition to the two cables running the length
of the truck bed.

Four -way pallets usually are of the i<^-box size. When palletized
loads are placed on road trucks, the pallets are placed lengthwise on the
truck bed. Because the load is picked up from the side a "hold bar" is

required during unloading operations to keep the stacked boxes from
tipping off the i4--way pallet. 20/

Two cables running the length of the load hold the pallet loads in
place during the trip from the orchard to the cold storage area.

Fruit is received at the plant by use of fork-lift trucks either
peilletized or unpalletized. When received, unpalletized boxes are placed
on pallets after they arrive at the warehouse. When the palletized boxes
of fruit arrive on road trucks, the fork-lift truck always removes the
fruit from the sides of the truck, usually from the alternate sides.
When unpalletized boxes are received on road trucks, which is rare, the
fruit is placed on the pallets either on a receiving dock, or on the
elevated forks of the lift truck while the first pallet load is being
built, then on the road truck bed. When fruit is brought in on orchard
trailers, loads either are unpalletized or only partially palletized,
since trailers ordinarily carry fruit only three boxes high. The unit
load, therefore, must be completed at the warehouse. When no part of
the load is palletized, pallets are placed on the apron near the trailer
and the boxes stacked one at a time onto the pallets.

At some plants when fruit is received on pallets the unit loads are
lathed or tied. Laths are nailed the length of the unit load to prevent
boxes from tipping off while handling the fruit (fig. kQ), Other plants
tie the load with heavy cord. When the unit loads are removed from the
side of the road truck with the stacks across the forks, hold bars are
placed on top of the boxes before the unit load is removed to the apron.
There are a nximber of plants that neither lath nor tie the loads and
reportedly handle peillet loads without difficulty. However, the boxes
usually are newer and of Uiore ixniform construction.

For the purpose of analyzing methods of receiving apples by use of
fork-lift trucks, total transportation distance is standardized at 100 feet,

U6-box loads are the standard loads carried, and electric -powered equipment

20/ A hold bar is a piece of iron pipe the length of a pallet load
which has a metal plate the shape of a triangle or square welded to each
end. The plates project over the sides of a pallet load and prevent the
stacks from spreading.
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is used. Analysis of labor and equipment requirements shows that there is

little difference in the handling of the 36- or 1+8 -box load other than

those proportionately due to the size of the load. (See Appendix.) In

addition, little variation in transportation time was found, there being

only one instance in which a truck was found operating at a speed differ-

ent than the standard. (in this instance, a gasoline truck was operating
without a governor .

)

It is assumed that fruit is tiered three pallet loads, or I8 boxes,
high (fig. ^9). The average times for tiering the three loads are con-
solidated in the tables . A breakdown of tiering times is shown in the
Appendix

.

When orchard trailers are used to haul fruit to a fork-lift truck
pallet plant, boxes usually are not stacked on pallets until they arrive
at the warehouse. In contrast when fruit is hauled on road trucks, it is

placed on pallets at the orchard. When fork-lift truck and pallet handling
was first introduced into apple houses, road trucks frequently hauled

„v»V—*^

Figure ^9. --Placing the third tier on a

stack in a pallet storage room.

Figure k8.--A lathed pallet load of boxes.
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unpalletized boxes of fruit to the warehouse. Although this practice is

seldom followed now, a grower who "brings his fruit to a fork-lift truck
plant for the first time may bring in unpalletized loads.

Unloading from Road Trucks and Moving to Storage

Unpalletized loads . --After the road truck is backed up to the receiving
platform, empty pallets are placed on the platform at the end of the truck.

Boxes of fruit are stacked in unit loads on the pallets. The fork-lift
truck operator removes these pallet loads as they are completed, leaving
room for additional pallets. 21/ After the first two pallets have been
removed the remainder of the pallets are placed on the road truck bed.

Boxes of fruit are manually lifted and carried by the truck driver to the
pallet. Thus, considerable effort is involved in building unit loads,
especially on the last pallets.

This method of unloading road trucks to pallets at the warehouse
required a total of 3*15 man-hours of labor to place 1,000 boxes on pallets,
pick up, transport, and stack the pallet loads in storage by use of a fork-
lift truck. Elapsed time required was 2.70 hoiirs (table k3)

.

Table 48.—Labor required for a Z~man crew to unload and move 1,000 unpacked boxes of apples into
storage from a road truck by use of pallets and fork-lift truck when boxes

are received unpalletized

Productive : Fatigue : Wait : Total
Operation .Workers labor .allowance : time : labor

Number Man-hours

0.12

Man-hours

0.0

Man-hours

0.0

Man-hours

Set up and clean up 1 0.12
Transfer boxes from road truck bed to 48-box
pallets 1 2.15 .43 .0 2.58

Pick up 48-box pallet load by use of a
fork-lift truck 1 .05 .0 .0 .05

Transport pallet load 100 feet . 1 .29 .02 .0 .31

Release pallet load in cold storage room
(average Ist, Snd, and 3rd tier—18 boxes high) : 1 .09 .0 .0 .09

Total man-hours ^
: 2.70 .45 1/ .0 3.15

Elapsed time—hours : 2.70

1/ Although no wait time is shoim, some wait time would occur by use of this method if the
fork-lift truck and operator waited while pallet loads are built.

21/ It is possible that wait time would occur if the fork-lift truck
operator should be busy when the pallet load is ready to be removed from
the end of the road truck. Similarly, there could be considerable wait
time on the part of the fork-lift truck driver if he stood by waiting for
the worker to build the pallet load. On the studies taken there was an
average of 0.^0 man-hours of wait time per 1,000 boxes.
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Palletized loads . --When boxes of apples are received palletized, the
pallet loads are built on the road trucks at the temporary storage area
in the orchard. On arrival at the warehouse, tie ropes and boards are
removed from the road truck and the lift-truck operator unloads the fruit.
In receiving loaded pallets from road trucks, two different methods are
used. By use of one method all pallet loads are removed from the road
truck and deposited on the receiving apron, thus freeing the road truck as

promptly as possible for return to the orchard (fig. 50). Later, the fork-
lift truck operator moves the unit loads into storage.

Figure 50. --Pallet loads of boxes resting on the receiving apron.

By use of the second method of receiving palletized loads, the lift
truck operator removes pallet loads from the road truck one at a time and
transports them directly to storage (fig. 51)- Thus, when the road truck
is ready to return to the orchard, all except the last unit load is

already in storage.

Each method has its advantages and disadvantages. When pallet loads
are unloaded to the apron one additional pickup and release is required
of the fork-lift truck operator, thus using more of the lift truck
operator's time (fig. 52). However, the time the road truck and its
driver spend in unloading is reduced and the road truck is freed more
promptly for return to the orchard. When the unit loads are moved direct-
ly into storage, the time of the fork-lift truck and its operator is

conserved at the expense of the road truck driver.
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Figure 51. --A fork truck removing a loaded

pallet from a road truck preparatory to

taking it directly to the storage area.

Figure 52.- -A fork truck picking up a

pallet load from the receiving apron.

As shown in table k^, when pallet loads are unloaded to the apron
before they are transported the 100 feet into storage, a total of O.96 of
a man-hour is required to receive 1,000 boxes of apples. The largest
part of the productive labor is used for transportation. When the fruit
is unloaded and moved directly to storage, the fork-lift truck operator's
time is reduced, but the road truck operator must stand by while pallet
loads are transported to storage. If the road truck driver's time is

included, the total man-hours are 0.2^4- greater, or 1.20 man-hours per
1,000 boxes.

The most significant comparison in the two methods is in the elapsed
times for the two methods. The time the road truck is at the plant nearly

Table U9.—ConparetlTa labor requirements for unloading end
by use of pallets and fork lift truck when specified

ooring 1,000 unpacked boxes of apples Into storage
methods are used for rscelTln^ palietlred loads 1/

from roo4 trucks

* Unloading to apron, then to storage Unloading and coring directly to storage

: 1 labor
I Fatigue
lallowance

1 Walt
I time

1 Total

I labor
Workers

""roductlve
1 labor

I Fatigue
lallowance

: Walt

1 time

I Total
1 labor

: Simber : Kca-hrc. Han-tire.

0.0 0.19

Man-hrs.

0.32

Bunber I KPn-hrB. H?n-hrf.

0.0

Man-hrs. Man-hrs.

Set tip and clean up ill O.I3 2 I 0.13 O.U7 0.60

Pick op a Itg-box pallet loEd off tbe i :

road track bed by use of a fork l i

lift track III .07 .0 .0 .07 1 I .07 .0 .13 .20

Transport pallet load 10 feet b/ aee t 1

of n fork lift truck : 1 : .07 .01 .0 .08 I - - -

Eeleeae pallet load on ^ron by use 1 :

of fork lift truck i 1 : .Oh .0 .0 .OU I - - -

Pick up pallet load off the apron by ; I

use of fork lift truck ill .05 .0 .0 .05 1
- - -

Transport pallet load 100 feet by : :

use of fork lift truck : 1 1 .29 .02 .0 •Jl 1 1 .29 .02 .0 •31

Eelease pallet load In ttie cold i I

storage roos (average let, 2nd 1 1

and 3rd tier - 18 boxes high) ill .09 .0 .0 .09 1 1 .09 .0 .0 .09

Total man-hours ' - . 0.7*^ 0.03 0.19 0.96
I

0.58 0.02 0.60 1.20

Elapsed tine — hours * 2/ 0.32 0.60

"ly The tlae of the road truck operator is included in this tAble dtiring set up an*! cleen up. Part nf the tloe he Is etandiag by waiting.

£/ SlApoed time to perform unloading and placing In storage Is 0.77 hfmre per 1,000 boxes.
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doubled when fruit is moved to storage directly from the road truck.
However, during heavy receiving when road trucks are waiting and the
apron is full of pallets, the elapsed time required to unload to the
apron increases to 0.6ii- hour per 1,000 boxes, because pallet loads on the
apron must be moved to storage before others can be deposited on it.

Comparison of receiving unpalletized and palletized loads . --On the
basis of current wage rates, labor and equipment costs for unloading and
moving 1,000 boxes of apples to storage were $4.05 when the fruit was
unloaded from the truck and moved directly to storage, $3.95 when the
fruit was unloaded to the apron and then to storage, and $5* 6^4- when pallet
loads were built at the plant (table 50). If a plant operator does not

Table 50.—Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of tuples into

storage from road trucks by use of pallets and fork-lift trucks when 3 specified methods are used 1/

Elapsed
time

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

; Total
' labor

• ; Total costs
Equipment: ^} :Current:A3sumed

; i/ : wages : wages
Hours Machine-hours Man-hour s Man-hours Dollars Dollars Dollars Dollars

Receiving unpalletized loads 1 worker
stacks boxes on pallets, 1 fork-lift
truck operator transports and stacks
pallet loads 2.70 3/ 0.90 0.0 3.15 1.94 3.70 5.64 6.43

Receiving palletized loads to apron
to storage using pallets and fork-
lift truck .32 4/1.28 .19 .96 2.75 1.20 3.95 4.19

Receiving palletized loads to storage

. .60 5/1.20 .60 i.aousing pallets and fork-lift truck . 2.58 1.47 4.05 4.35

1/ The time of road truck operator during set up and clean up is included. Part of the time he is standing
by, waiting.

2/ Computed from "current" wage rates.

3/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (4&-box), 0.45 machine-hours each, total
0.90 machine-ho\irs.

4/ 4,000-pound capacity electric fork-lift truck and 20.8 pallets (48-box), 0.64 machine-hours each, total
1. 28 machine-hours.

5/ 4,000-pound capacity electidc fork-lift truck and 20.8 pallets (48-box), 0.60 machine-hours each, total
1.20 machine-hours.

pay for the truck driver's time, it would be to his advantage to receive
palletized loads directly to storage. From the grower's standpoint, it

would be much more desirable to receive to the apron. The best practice
appears to be to unload to the apron during slack receiving and to unload
directly to storage during peak receiving or at times when the fork-lift
trucks are rushed. The final decision as to which method would be the
best during a slack period depends on whether it is desired to use the
road trucks at the highest capacity. Sixty-six percent of the cost of
receiving apples when truckloads were unpalletized was for labor.
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Unloading from Orchard Trailers and Moving to Storage

Unpallet i zed loads . - -Apple s are more frequently received unpalletized
on orchard trailers than on road trucks. Orchard trailers are seldom
loaded more than 3 tioxes high. Therefore, labor is required for "building

the 3-tox-high pallet loads to 6 boxes high when the trailers are partially
palletized. The trailer driver usually removes the fruit from the trailer
by placing it on pallets after the load arrives at the warehouse.

When the loaded trailer arrives at the warehouse it is stopped at one
of a number of different locations on the unloading apron. The tractor
operator obtains empty pallets and places them around the trailer. 22/ ^

(in practice he may only place one pallet at a time and build a unit load
before he gets another empty pallet.) The tractor operator stands on the
ground and removes the boxes from the edge of the trailer and places them
on the pallets (fig. 53)' After boxes on the pallet are built up to the
height of the trailer bed, the worker then stands on the trailer bed, moves
the boxes from the middle of the trailer with a swinging motion, and
completes the unit loads (fig. 5^)'

Figure 53. --Tractor driver stacks boxes

from trailer to pallet.

Figure 5^. --Boxes from the middle of the

trailer are swung into place by the

worker standing on the trailer.

The lift truck operator may move the pallet loads into storage as each
load is completed, or he may perform other work until all of the unit loads
have been completed and then place all of the unit loads into storage con-
secutively. As shown in table ^1, this method of receiving fruit unpallet-
ized on orchard trailers at the pallet plant required 2.48 man-hours per
1,000 boxes. None of this time was lost in waiting. 23/ Only a small

22/ One operation was observed where the fork-lift truck operator
trucked the empty pallets to the trailer and spread them.

23/ Some delays could occur on the part of the lift truck operator
if he should stand by waiting for unit loads to be completed.
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Table 51.—Labor required for a 2-iiian crew to unload and move 1,000 unpacked boxes of apples into
storage from orchard trailer by use of pallets and fork-lift truck nhen boxes are

received unpalletized

Operation Workers' Productive : Fatigue Wait : Total
labor ralloirance time : labor

Nuidser Uan-hours

• 0.24

Man-hours

0.0

Uan-hours U

0.0

an-hours

Set up and clean up 1 0.24
Transfer boxes from orchard trailer to 48-box
pallets 1 1.49 .30 .0 1.79

Pick up a 48-box pallet load with fork-lift
truck 1 .05 .0 .0 .05

Transport pallet load 100 feet on fork-lift
truck ! 1 .29 .02 .0 .31

Release pallet load in cold storage room
(average 1st, 2nd, and 3rd tier—18 boxes
high) 1 .09 .0 .0 .09

Total man-hours ^ 2.16 .32 .0 2.48

Elapsed time—hours IL 2.03

1/ The elapsed time required to unload a 144-box trailer load is 18 minutes.

amount of time is required by the fork-lift truck operator- -O.U5 man-hour
to handle 1,000 boxes. Most of this is used in transporting pallet loads.
The elapsed time required for receiving by this method is 2.03 man-hours
per 1,000 boxes.

Partially palletized loads . --Most pallet plants in Washington State
receive road trucks at the warehouse with the boxes stacked into unit loads
on pallets, which has proved to be the most efficient method of receiving.
However, when fruit is hauled on trailers, the efficiency of palletizing in
the orchard is not as readily apparent. Most orchard trailers now in use
cannot haul fruit completely palletized, as trailer loads are stacked only

3 boxes high, but the unit load can be partly completed.

When boxes of fruit are partially palletized on orchard trailers, they
are placed on the pallets between the tree rows, but the pallet loads are
not completely built. Only half enough pallets are placed on the trailers
to cover the surface of the bed, which permits enough unpalletized boxes
to be hauled in so that the unit loads can be built from 3- "to 6 -boxes
high after arrival at the warehouse (fig. 55) • On arrival at the ware-
house, the trailer operator drives onto the apron in a convenient location
for unloading and completes the pallet load on the trailer. In some
plants the partially palletized loads are lifted from the trailer bed by
use of a fork-lift truck and deposited alongside the trailer bed,

where the trailer operator completes building unit loads from the

unpalletized boxes on the trailer. As shown in figure 56, pallet loads

are then transported to storage by use of a fork-lift truck.

The total labor required to receive partially palletized boxes of
apples is I.56 man-hours per 1,000 boxes (table 52). Most of this labor
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Figure 55. --A partially palletized trailer load of boxes.

is performed by the trailer operator to complete building the unit loads.
By this method 1.11 hours elapsed time are required to receive 1,000 boxes.

Figure 56. --A fork truck transporting a loaded pallet into cold storage.
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Table 52.—Labor required to unload and move 1,000 iinpacked boxes of apples into storage from
orchard trailers by use of pallets and foric-lift trucks ifhen boxes are received

partially palletized

Operation Workers'
Productive

labor
: Fatigue :

: allowance:
Wait
time

: Total
: labor

Number Man-hours Man-hours

: 0.10 0.0

Man-hours

0.0

Man-hours

Set up and clean up 1 0.10
Transfer boxes from orchard trailer to 48-box
pallets 1 : .84 .17 .0 1.01

Pick up of pallet load by fork-lift truck 1 : .05 .0 .0 .05

Transport pallet load 100 feet 1 : .29 .02 .0 .31

Release unit load in cold storage room
(average 1st, 2nd, and 5rd tier—18 boxes
high) 1 .09 .0 .0 .09

Total man-hours . '

: 1.37 .19 .0 1.56

Elapsed time—hours' '. 1.11

Completely palletized loads .--Completely loaded pallets are received
from an orchard trailer at one plant in Washington State. This method
involved the use of a special trailer which hauled fruit from the orchard
with boxes in unit loads 5 hoxes high. This trailer was constructed so

that the trailer bed or frame was especially low (fig. 57 )• The spacing

Figure 57. --The specially built pallet trailer.

"between some of the tree rows and the terrain in the orchard must be
favorable for a trailer of this type. In the orchard, between the tree
rows, boxes are loaded onto pallets resting on the bed of the low trailer
The trailer is loaded from either side. Pallet loads are tied, to permit



- 108 -

Figure 58-- -A pallet load being untied and another being removed from the

special pallet trailer.

hauling to the warehouse. At the warehouse the fork-lift truck operator
lifts the pallet loads directly from the trailer and moves them into
storage (fig. 58)-

By use of this method of receiving palletized boxes on an especially
built trailer, only 1.22 man-hours per 1,000 boxes were required (table 53)'

The elapsed time required per 1,000 boxes was 0.6l hour. During the time
the trailer was being unloaded, the driver stood by waiting, except for the

brief period during which he prepared for unloading, and cleaned up
afterward. 2k/

Table 53.—Labor required to unload and move 1,000 unpacked boxes of apples into storage from
orchard trailers by use of pallets and fork-lift truck in unit loads 5 boxes

high (40 boxes) whai boxes are received completely palletiied

Operation Workers Productive : Fatigue : Wait : Total
t labor : allowance time : labor

Number : Uan-hours

0.23

Man-hours

0.0

Kan-hours Man-hours

Set up and clean up 1 0.38 0.61
Pick up 40-box pallet load off orchard trailer
bed by use of fork-lift truck 1 : .08 .0 .04 .12

Transport pallet load 100 feet to storage by
use of fork-lift trudc 1 .35 .03 .0 .38
Release pallet load in cold storage by use of
fork-lift truck (average 1st, 2nd, and 3rd
tier—15 boxes high) 1 : .11 .0 .0 .11

Total man-hours ^ = .77 .03 .42 1.22

Elapsed time—hours .61

2k/ This operation was observed at a plant owned by the growers.

Sometimes the trailer driver engaged in some other activities during the

unloading operation. In fact, with a slight addition in total time, the

scale of their operations might have permitted the trailer driver to

operate the fork-lift truck also and to move the fruit into storage.
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Comparison of receiving unpalletized loads, partially palletized loads
,

and completely palletized loads . --The labor and machine costs of unloading
apples at a pallet plant when fruit is received palletized or partially
palletized on trailers show that receiving the fruit partially palletized
can be done at less total expense, although it involves a slightly greater
labor cost, than when the loads are completely palletized (table 5^') The
extra cost of the trailer for handling the completely palletized trailer
load raises the machine cost to a point where some advantage is offset.
However, the elapsed time for unloading the completely palletized load is

approximately one-half as great. This may have sufficient advantage to
make it worthwhile where orchard conditions will permit using a special
trailer.

Table 54.—Comparative labor and equipment costs of unloading and moving 1,(X)0 unpacked boxes of apples into

storage from orchard trailers by use of pallets and fork-lift truck when boxes are received
unpalletized, partially palletised, and completely palletized 1/

Elapsed'
time

I.abor and equipment required Labor and equipment costs

Uethod :

Equipment
time

Wait
time

Total =

1
labor

: Labor : Total cost
Equipment: „/ : Current: Assumed

:
-> : wages : wages

Hours

2.03

Uachine-hours Man-hours Uan-hours Dollars Dollars Dollars Dollars

Unpalletized—1 worker stacks boxes
on pallets, 1 fork-lift truck
operator transports and stacks unit
loads 3/ 0.90 0.0 2.48 1.94 2.95 4.87 5.49

Partially palletized—part of the :

boxes are on a trailer stacked on :

pallets. At the warehouse the re-
mainder of the boxes are stacked on :

the partially filled pallets and the :

loaded pallets moved into storage by •

fork-lift truck 1.11 5/ .90 .0 1.56 1.94 1.87 3.81 4.20

Completely palletized—a specially
built trailer with pallet loads
stacked 5 boxes high. Loads are
untied at the plaint and the fork- ;

lift truck takes the pallet loads
from the trailer into storage . .61 4/ 1.22

!

.42 1.22 2.62 1.49 4.11 4.42

1/ All methods involve the handling of 48-box pallet loads »*iich are tiered 3 pallets, or 18 boxes, high,
except when completely palletized loads are received. This method involves handling 40-box pallet loads (boxes
are stacked 5 high rather than 6 high) and are tiered 3 pallets or 15 boxes high.

2/ Computed from "current" wage rates.

3/ 4,000-pound capacity electric fork-lift ttnick and 20.8 pallets (48-box) 0.45 machine-hours each, total
0.90 machine-hours.

4/ 4,000-pound cs^acity electric fork-lift truck and 20.8 pallets (48-box) 0.61 machine-hours each, total
1. 22 machine-hours.

Industrial Clamp-Type Lift Trucks

The industrial clamp truck is similar to the industrial fork-lift
truck except that the forks have been replaced by a pair of hydraulic
arms. These arms extend to either side of the load and squeeze the stacks
of boxes together so that they can be lifted and carried as a unit load.
Industrial—clamp trucks used in Washington State apple houses at the time
the study was conducted were of two sizes or capacities--!, 000-pound trucks
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that handle a 2^-'box load, and 2,000-pound trucks that handle a 36-box
load. Both the 1,000-pound and the 2,000-pound industrial-lift truck are
powered by either gasoline or electricity. Both the gasoline and the
electric power units were studied in the 1,000-pound size and no differ-
ence in the performance was observed. In the 2,000-pound size, only
gasoline -powered trucks were studied, although one 2,000-pound electric
clamp-type lift truck was used by one warehouse . The time required to
handle boxes in 2i<--box and 36-box unit loads was found to be approximately
the same per load. Thus, it requires two-thirds as much time to handle
1,000 boxes in 36-box units as in 2^-box units.

The 1,000-pound capacity industrial- clamp truck, which handles a

2if-box load of unpacked fruit, is lighter and more maneuverable than the
larger industrial trucks (fig. 59)' Because of its limited capacity and

i^Jiii& 1

Figure 59. --A 1,000-pound capacity industrial clamp-lift truck carrying a 2^-box load.
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the heavier weight of packed boxes, this truck can carry only 20 boxes of
packed fruit . This truck can travel on floors that are not as heavily
reinforced as the floors in the plants using the heavier truck. The
lighter truck can maneuver more easily in storage rooms having a number of
columns or posts. The 2,000-pound capacity truck carries 36 boxes of loose
fruit per load or 30 boxes of packed fruit. It weighs approximately 4o per-
cent more than the smaller truck and requires about a 20 percent larger area
in which to maneuver (fig. 60)

.

Figure 60. --A 2,000-pound capacity industrial clamp-lift truck carry-

ing a 36- box had.

By use of one method, the industrial-clamp truck can perform all
receiving operations. By use of another method, it performs only part of
the receiving work. When fruit is brought to the plant on trailers, the
clamp truck is used to tier the 3-high stacks of boxes to unit loads
6 boxes high. This truck also is used to lift these unit loads off the
trailer, or similar unit loads off a road truck bed if the truck bed has
been stabilized, and transport them to storage. In the cold storage rooms,
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the truck releases the first tier or
elevates the second tier, and in

connection with the latter, performs
all of the functions of a manual high-

piling crew. The usual practice in

stacking the second tier on the first
tier is to place divider boards on
top of the first tier in order to
build a more stable base. These
boards also prevent the second tier
stacks from spreading.

Two types of dividers are used in

industrial -clamp truck plants. One
type consists of a sheet of plywood
having the same dimensions as the top
of the unit load (fig. 6l). The other
type consists of three wood slats

placed between the tiers and on the
box edges (fig. 62). The latter type
is more economical, since scrap lum-

ber can be used.

Figure 62. --Wood slats used as divider

between tiers.

Figure 61. --Plywood divider to place

between tiers.

One plant uses a box grip
instead of dividers. This grip was
a metal plate, 3- by l-3/U-inches,
with four fingers extending from it,

one from each corner. It is used on
24-box loads at the junction of the
top four boxes, one finger grabbing
the corner of each box.

With one exception, a standard transportation distance of 100 feet
into storage is used in analyzing and comparing methods. The exception
is when the industrial- clamp truck is used in combination with 2-wheel
hand trucks for receiving. The industrial-clamp truck is assumed to
transport 80 feet into cold storage and the hand trucks transport 30 feet
from the road truck bed to a temporary bank. It is also assumed that all
divider boards (scrap lumber) are placed between the first and second
tiers by the industrial-clamp truck operator.
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Cost data for the 24-box industrial-clamp truck are based on the

ownership and operation of electric -pouered machines. Costs of the 36-box

industrial-clamp truck are based on gasoline-operated machines.

Unloading and Moving to Storage

There are two methods of receiving fruit at the plants using industrial-
clamp trucks. One method involves the use of a clamp-oype 2-wheel hand truck

to unload the fruit from the road truck to the receiving platform, after
which unit loads are picked up by the industrial truck and moved into cold
storage. The other method is to stabilize road truck beds and have the
industrial clamp truck roll directly on the bed of the road truck to pick
up unit loads and move them to storage.

Industrial clamp-type trucks and clamp-type 2-wheel hand trucks . - -The

most widely used method of unloading apples and moving them into storage
in industrial-clamp-truck plants is to back the road truck up to the re-
ceiving platform and remove the fruit from the truck bed by use of 2-wheel
hand trucks. The hand truck operators release the fruit in blocks on the
receiving platform where the industriaJ.-clamp truck operator picks up
24-box unit loads, squeezing them close together with the clamping arms,
and transports them to storage (figs. 63 and 6i+). The reason for using

'SR-

Figure 63---A hand trucker wheeling stacks to the platform

where an industrial- clamp truck picks up a unit load and

takes it into storage.

hand trucks to remove fruit from the road truck is that the weight of the
industrial truck springs the road truck bed down as it rolls out onto it

.

Since the road truck bed is then several inches below the platform height,

259298 0-53-9
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Figure 6^. -Stacking a unit load in storage with an

industrial clamp-type lift truck.

the loaded industrial truck cannot move off the road truck bed to the
platform

.

By use of this method, one worker hand trucks boxes of apples from
the road truck to the platform and one worker operates the industrial
truck. A total of 2.86 man-hours of labor is required to receive 1,000
boxes of apples, in an elapsed time of I.U3 hours (table 55)' Thus, a

road truck (288 boxes) can be unloaded in 25 minutes. Half of the time
required to move the fruit into storage is used in hand trucking the
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stacks onto the receiving platform. The small amount of wait time is due

to the industrial truck operator waiting for unit loads to be made up by
the hand trucker.

Table 55.—Labor required to unload and nove 1,000 unpacked boxes of apples Into storage ftoB a
road truck by use of clamp-type 2-irtieel hand truck and 24-box capacity

Industrial claap^type lift truck

Operation 'workers.
Productive!

labor :

Fatigue :

allowance:
Wait
time

: Toial
: labor

iNumber : Man-hours Han-hours Uan-hour:

0.12 0.0 0.0

1 Man-hours

Set up and clean up 2 0.12
Pick up 6-high stacks on road truck bed by
use of 2-wheel hand trudcs i 1 .39 .04 .0 .45

Transport stacks 30 feet by use of 2-irtieel

hand trucks t 1 .62 .06 .0 .68
Release stacks from 2-iiheel hand trucks on
receiving platform 1 .24 .02 .0 .26

Pick up 24-box unit load by use of industrial
clamp-type trucks 1 .16 .0 .21 .57

Transport unit load 80 feet by use of clamp- t

type lift trucks 1 .48 .06 .0 .54
Release unit load by use of claqp-type lift
trucks (average 1st and 2nd tier—12 boxes
high) 1 .39 .0 .0 .59

Place boards between 1st and 2nd tier 1 ! .07 .0 .0 .07

Total man-hours 2.47 .18 .21 2.86

Elapsed time—hours 1/ 1.43

1/ The 24-box industrial clamp-type lift tiruck and 2-wheel hand truck can receive 18-road
truckloads of 288 boxes each dviring an 8-hour day.

Industrial clamp-type truck and truck bed stabilizer .--At a processing
plant, research workers found a method of receiving in which the indus-
trial-clamp truck rolled directly from the platform onto the road truck
bed to pick up unit loads. This method involved the use of a hydraulic
stabilizer which lifted the road truck bed up to the height of the receiv-
ing platform and held it at that height, thus preventing the truck bed
from springing up and down. This method was tried for receiving apples
and observations were made of the performance of industrial trucks at an
apple packing and storage plant. By use of this method, the road truck
backed into a depression in front of the receiving platform. A hydraulic
lift of the type shown in figure 65, elevates the loaded road truck bed
off the truck springs and holds it firmly underneath a metal plate pro-
jecting from the edge of the receiving platform. The truck operator
drives the industrial truck onto the road truck bed to pick up unit
loads (fig. 66). Unit loads are trajisported directly from the road truck
to storage .

This operation proceeded with considerable dispatch--requiring
1.28 man-hours elapsed unloading time per 1,000 boxes or 22 minutes per
truckload. Total labor requirements were 2.56 man-hours (table 56).
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Figure 65---The hydraulic stabilizer works

by forcing the bed of a road truck up

against a metal plate projecting from

the receiving platform.

Figure 66. --The industrial clamp truck

rolling onto a truck bed to pick up a

unit load. After picking up a load, it

backs off the truck bed and transports

the load into storage.

Nearly half of this labor is wait
time which occurs because the road
truck operator stands by except for
the time spent in setup and cleanup. 25/ Nearly half of the industrial-
clamp-truck operator's time is used for transporting loads from the road
truck to storage. A large part of the industrial-clamp-truck operator's
time also is epent tiering. Placing the stabilizer boards on top of the

Table 56.—Labor required to unload and move 1,000 unpacked boxes of tuples Into storage fron a
road truck hj use of 24-box capacity Industrial claap-type lift

truck and a hydraulic stabilizer unit

Productive- Fatigue : Wait : Total
Operation Workers, labor i allowance: time : labor

Musiber Uan-hours Man-hours

0.15 0.0

Man-houi

1.13

s Uan-hours

Set up and clean up : 1.28
Pick up 24-box loads off road truck bed by
use of industrial clamp truck .11 .0 .09 .20

Transport 24-box unit load 100 feet by use
of Industrial truck 1 .56 .06 .0 .62

Release In cold storage by use of Industrial
truck (average Ist and 2nd tier—12 boxes
high) .39 .0 .0 .39

Place boards between first and second tier : .07 .0 .0 .07

Total BaD-bours ^
t 1.28 .06 1.22 2.56

Eli^sed time—hours 1/ 1.28

1/ The Industrial claqp-type lift truck used with a hydraollc stabilizer unit can receive
20 road truckloads of 288 boxes each during an 8-hour day.

25/ Some plants do not require the road truck operator to do

productive work while the truck is unloaded so that some allowance for

this time could justifiably be made.
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first tier and releasing in a cola storage room with numerous posts and
air ducts accounts for the relatively large percentage of time devoted to
these operations.

Comparison of methods .--Labor and equipment costs of unloading road
trucks "by these methods show that the costs "by hand truck and industrial-
clamp-truck methods are less than the costs when the truck bed stabilizer
is used—$5-72 per 1,000 boxes compared with $6.27 (table 57). The costs
of the latter method are affected largely by extra machine costs. 26/ The
older method, however, has a disadvantage of requiring a longer time to
unload road trucks. Although the "stabilizer" method costs more, it re-
sults in the fruit having one less handling ajid it should be noted that
the road truck operator is standing by most of the time.

Table 57.—Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into
storage from road trucks by use of clamp-type 2-?rheel hand truck in combination with 24-box capacity
electric industrial clamp-type lift truck and by use of hydraulic stabilizing unit in combination

with 24-box industrial damp-type lift truck

Elapsed
time

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

: Total
' labor

• Labor • Total coat
Equipment: TT : Current: Assumed

J -' : wages : wages
Hours

1.4S

1.28

Kachine-hours [Man-hour 3 Man-hours Dollars Dollars Dollars Dollars

One worker hand trucks from road truck
30 feet. Clamp-type lift truck moves
fruit 60 feet to storage

One worker and clamp-type lift truck
transport 100 feet from road truck
bed, stabilized by use of hydraulic
unit, to storage

2/ 4.29

5/ 3.84

o.a

1.22

2.86

2.56

2.22 3.50 5.72 6.44

3.14 3.13 6.27 6.91

1/ Computed from "current" wage rates.
'z/ Clamp-type 2-wheel hand truck, 1,000-pound capacity electric industrial clamp-type lift truck, and

41.6 board-feet of dunnage 1.43 machine-hours each, total 4.29 machine-hours.
3/ Clamp-type 2-wheel hand truck, 1,000-pound capacity electric industrial clamp-type lift truck, and

41.6 Board-feet of dunnage 1.28 machine-hours each, total 3,84 machine-hoxu's.

Unloading from Orchard Trailers and Moving to Storage

From conventionally loaded trailer .--When orchard trailers are loaded
in conventional manner, that is, with no spacing between stacks, and

26/ The cost of the hydraulic stabilizer amounts to $0.92 per hour
of use. Also, the road truck driver is idle except for setup and
cleanup but his idle time is charged to the improved method.
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moved to the warehouse, the boxes must "be built into 6-high unit loads
consisting of 36 boxes of unpacked fruit. This work is done by the
tractor operator after the trailer has been parked on the receiving apron.
These unit loads are moved by the industrial-clamp truck from the trailer
bed 100 feet to storage where the boxes are tiered.

The total labor required to receive 1,000 boxes of apples by use of
this method is 1.92 man-hours (table 58). An elapsed time of 1.26 hours,
or 11 minutes per ll+U-box trailer load is required. Over half of the
total labor, I.I6 man-hours, is required to build the boxes from 3 -high
to 6-high stacks.

Tabln 5^.—-CoaparatlTa labor requlrenento for unloading and moving l.fJOO unpacked boxes of applies into 8tcrag« by ne« of
36-box capacl ty cXaffi]>-t7pa industrial lift truck when orchard trailers are loaded In specified arrangeoeats

Oparation
Conventionally loaded trall'-re Sneclally loaded trailer!

Koriceri
:ProductlTe
I iBbor

: Pftlgue : Valt
t tlie

1 Total :

t labor :

Workere ProductlT*
labor

I Fatigue
!allovenco

! Walt
; time

: Total
: labor

Number : f'rn-hro. I'.fr-hr?. Han-hre. Man-nra.i SssbjE «pn-hrr. V^n-krf. Han-hra. Maa-hre.

Set ap and clean iip 1 I 0.10 0.0 0.0 0.10: 1 0.10 0.0 0.93 1.03

Menanlly build 6-M£l> ataeka froa
3-bl^ BtacJca on trailer bed 1 i .97 .19 .0 1.16 1 - _ - . -

Clcap-typ« lift truck ballda 6-hlgh
etacka from J-hlgh atacka oq trailer
bed . 1 . . . i 1 .35 .02 .0 .37

Pick up 36-boi unit load by use of
clanp-type lift truck 1 : .12 .0 .0 .12 I 1 .12 .0 .0 .12

Tranaport unit load 100 feet by nae of

clajsT>-t7pa lift truck 1 1 .>»0 .03 .0 .'*3
'>

1 .ho .03 .0 .1*3

Eeleaae unit load vltb a clanp-t/pe
lift truck (aTerage l»t and 2nd
tlera - 12 bozee Ugh) 1 1 .11 .0 .0 .11 1 1 .11 .0 .0 .11

Total nan-taoura -
! 1.70 0.22 0.0 1.92 1

- i.oe 0.05 0.93 2.06

Elapaed time — hours 1.26
;

1.03

From specially loaded trailer .—The industrial-clamp truck appears to
be particularly efficient for receiving fruit if a relatively large volume
of receipts arrive on orchard trailers, because this type truck can be
used to tier boxes from 3 high to 6 high on the trailer bed.

V/hen the fruit is to be tiered by an industrial-clamp truck, the
trailer is loaded with sxifficient space between unit blocks for the clamp-
ing arms of the lift truck to be inserted. Thus, the industrial-clamp
truck can efficiently double tier the 3-high blocks, depending on the
trailer dimensions and whether or not it has boxes built for wheel housings.
Some of the larger trailers have boxes in the middle of the trailer bed
beyond the reach of the industrial-clamp truck arms. 27/ These boxes must

27/ This occurs most often with a 2U-box industrial-clamp truck
because the arms are only 24 inches long while the 36-box clamp-lift truck
has 36-inch arms.
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"be lifted to one side and built into ixnit loads by hand. Figures 67 to

72, inclusive, show, in sequence, the operations involved in unloading
36-box unit loads from specially loaded trailers by use of an industrial-

clamp truck.

Some growers find it inconvenient to space the stacks in their
trailer loads which may be due to the dimensions of the trailer. The
dimensions of some trailers do not permit extra space between stacks with-
out reducing the number of boxes that can be hauled per load. Also, there
is the problem of maintaining this space while the trailer is in transit.
At the plants studied, 3-high stacks rode fairly well on the trailer when
separated into unit loads. However, there was a little less stability.

One grower developed a small metal clip bent into a "U" which was inserted
over the ends of boxes in the unit load to hold them in place until they
arrived at the warehouse

.

As shown in table ^Q, when the clamp-type lift truck builds the unit
loads, 2.06 man-hours are required per 1,000 boxes which is a 7 percent
increase above the requirements for the other method. However, the
elapsed time is reduced to I.03 man-hours per 1,000 boxes and there is no
manual labor. The total labor required to unload the trailer would be
reduced considerably if it did not include 0.93 man-hour per 1,000 boxes
spent by the trailer driver standing by during the unloading operation.

Figure 67. --Field trailers waiting at

the warehouse to unload.

Figure 68. --Boxes are stacked from 3 high

to 6 high on the trailer bed.
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Figure 69. --The 36-box unit load in 6-high

stacks is ready to be removed from the

trailer.

Figure 70. --The 36-box unit load is picked

up by industrial truck.

Figure 71. --The industrial clamp truck

removes 36-box unit load from the

trailer bed.

Figure 72. --The load is off the trailer bed

and on its way to storage without manual

handling.
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Comparison of methods .--The labor and equipment costs of unloading
and moving 1,000 "boxes of apples to storage from trailers by use of indus-

trial-clamp trucks are $3*58 when the boxes are stacked 6 high by hand
(table 59). This is $0.93 less than when the industrial-clamp truck does
the tiering. The total cost of the latter method is higher because the
industrial-clamp truck was used 0.37 of an hour more, and because the
trailer driver is idle and his time is included in the labor cost. The
method in which the lift truck builds 6-high stacks reduces the elapsed
time to unload a trailer, and by eliminating the manual stacking, which
is relatively strenuous, does not require that regular orchard labor be
used for driving the trailer to the warehouse. When the unit loads are
built manually at the storage, the fruit as a whole is handled more
roughly than when only one -half of the boxes are lifted and stacked into
place one at a time.

Table 59,—Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of apples into

storage from orchard trailers using 36-box capacity gasoline clamp-type industrial truck when orchard
trailers are loaded in specified arrangements

Elapsed
time

Labor and e(juipment required Labor and equipment costs

Method
Equipment

time
Wait
time

; Total

i
labor

: =
I •

h Total cost
Equipment: -.°F tCurrent:Assumed

: -' : wages : wages
Hours

1.26

1.03

Machine-hours Man-hout s Man-hours Dollars Dollars Dollars Dollars

Conventionally-loaded trailer clamp-
type lift truck and 1 man stacking
boxes from 3-high into 6-high stacks,
36-box unit loads stacked Z loads or
12 boxes high

Specially-loaded trailer clamp-type
lift truck stacking and moving the
fruit, 36-box unit loads stacked
2 loads or 12 boxes high

2/ 1.32

3/ 2.06

0.0

.93

1.92

2.06

. 1.27 2.31 3.58 4.06

1.99 2.52 4.51 5.03

1/ Con5>uted from "current" wage rates.

2/ 2,000-pound gasoline industrial clamp-type lift truck and 41.6 board-feet of dunnage 0.66 machine-hours,
total 1.32 machine-hours.

3/ 2,000-pound gasoline industrial clamp-type lift truck and 41.6 board-feet of dunnage 1.03 machine-hours,
total 2.06 machine-hours.

The costs of receiving fruit by use of industrial-clamp trucks from
orchard trailers is not greatly different from those of receiving from
road trucks. Because the elapsed time in unloading a road truck is roughly
the same as the elapsed time in unloading an equivalent number of boxes
from an orchard trailer, the relative advantage of either vehicle over the
other lies in the costs of loading in the orchard and in the distance from
the orchard to the warehouse

.
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Comparisons of Selected Methods and Types of Equipment
for Receiving from Road Trucks

Comparative Labor and Equipment Costs

Table 6o shows the comparative labor and equipment costs, normally
borne by the plants, of receiving 1,000 boxes of unpacked apples by use of

the seven different basic types and combinations of types of equipment
previously discussed. The costs of at least two different methods are
shown for each equipment category. For the equipment types, other than
industrial trucks, the methods for which cost data are shown present com-
parisons of manual and mechanical high-piling. For these equipment types,
the methods selected for comparative purposes are not in all cases the
most efficient methods, in terms of costs, either before or after mechan-
ical high-piling is substituted for manual high-piling. The methods
selected are those most generally used in Washington State plants based on:

(l) Costs of performing operations, (2) rates of receiving, and (3) avail-
ability of equipment. As an illustration, the lowest cost method of using

Table 60.—Comparative labor and eaulpoeat costs for onloadlnf from ro&d trucks aad norlng to etorac* 1.000 unpacked bozee of ^rplet by aie of tpeclflad aethod*
and t7p«s of equlpoeot 1/

^rp« of equlnneat and method
Equlpmat

cott g/

Labor cost— t

current !

wfege rate!
"^f

1

Total coat-
current

»a<e rate

a

Total coat—
»acajBed

Clanp-tTPo 2-»heel head trocka : 3 woikora hand-tmck 6-hlsh dtacki 100 feet freti

ro«.d tmck and rele&ee 1q atora^e;
1. ^ workere manually hl^:t-plXe 12-bQx lilgh etacka
2. 1 wrkpr and Bech?-nlCBl lift high-pile 12-boi high itacke 5/

Belt conTeyora and clama-trpe 2"VhBel hand trocka : ? norfcera on roed truck place bo^a
on conveyor. 2 workere remove boxes from conveyor and build 6-high atacln. 2 workers
band-treok 50 feet ^nd relense In storage;
1. U vorkera manually Mgh-plle l?-box9» high
2. 1 worker uid nachanlcnl lift hl^~pUe 12-box high stacks ^

floor chain conveyors fend clagi^tTpe 2-wheel hand trucks; 2 workers hand truck 6-hlgJi

stacks of boxns 20 feet fron road truck, relf^ase on conveyor, and 2 workers hand-truck
30 feet froB conveyor and relenae In storage;

1. h workera aanually hl^i-plle 12-box high stacks
2. 1 worker and o«:h(inlcal lift hlgh-nlle 12-box high dtecks

Belt cotWJjQ ,

!^
,

^ stBckaiaker, floor chain conveyor, wnd elamp-tyne S-whael hand trucks;

2 workers on road truck place boxes on belt conveyor, stackmaker builds 6-Mgh stacks and
rplo^c'^pon floor chain conveyor, 2 workera hand-true^ 30 feet and release In storage;

1. U workers manually hlgh-pllo 12-box high stacks

2. 1 worker and oechanlcal lift hlgh-T>lle l?-boz high etachs ^
Elevators and elaap-type g-wheel hand ^trucks ; 6/ 2 workers hand-truck 6-hlgh stacks

30 feet froQ road truck to temporary bank; 3 workers hand-truck 30 fsat from bank into
elngle elevator, ride elevator, and band-truck 3^ feet from elevator to tempor&i7 bank on

Btcrege floor; 2 workers hond-truck 60 feet and release la storage;

1. 2 workers manually high-pile 12-box high stacks

2. I worker and uechanlcal lift high-pile 12-box high stacks 5/

Industri
^

al fork-lift tracks and palletsi
pppalie'tlged loads; 1 worker builds ^-box pallet loads on road truck;

1. 1 worker and fork-lift truck transports pallet loads 100 feet, stacks 3~high (Ig boxes)
PtLlletlted loads ; US-box pallet loads made up in orchards;

1. 1 woiiter and fork-lift truck transports U8-boi pallet loads 100 feet froB road truck
directly to storage, stacks pallet loads >-high (18 boxes), 1 worker mostly waits

2, 1 worker end fork-lift truck oniouis Ug-box pallets to apron (transports 10 feet)

later transports 100 feet to apron to storage and^trcl^s T}allet loads 3'high (IS boxes),
1 worker nostly welts Jj

Industrial c
_
lfiiti>- type lift trunks; (2U box capacity—unpr^ked fruit)

"T^ 1 worlce'r hand-trucks b-higb stacks 50 feet from road truck bed to platfons, 1 woi*er
and induetrial cloap truck transports 2U-box unit load 60 fe^t to storage and stacks
2-hlgh (12 boxes) S/

2. Boad truck bed stabillr»d by use of hydrpullc unit. 1 worker and Industrial clanp
truck transports 2^box unit load 100 feet fron roed truck bed to storage and stacks

2-hlgh (12 boxes), 1 »orker oostly xaite

10

7

0.07
.70

.92
1.53

1.10
1.9U

3.U6

U.12

Doliars

11.62
«.13

8.05
6. (A

10.30
6.IA

5.00
U.92

13-71
11. Ul

I.9U 3-70

2.5« i."*;

?.75 1.20

3.22 3.50

3.1" 3.13

8.50
5.52

12. 5U
9.66

9-15
7-98

13-76
10.56

18.71

16.33

5.6U

U.05

3-95

5.72

6.2T

Dollars

10.33
6.57

15.06
11. U3

10.90

9-29

16.00
11.96

21.69
18.81

6.U3

'*.35

U.19

6.I4I1

6.91

l/ Except as otherwise aoted. all transportation distances are standardized at 100 fer>t. By use of conveyor methods, conveyor eccounts for 50 feet of

transportation dlatance.
2/ Bou^paent coats coBpated fron data on ownership and operating costs shown In table 2.

i/ "Current" labor costs computed from wage rates of $1,15 per hour for unskilled labor and $1.30 per h^ur for lemlskilled workers (key workers such as

industrial truck operst-^re).

U/ Assumed labor coets cwputed from wage rates of $1.1*0 per hour for unskilled labor and $1.55 F**" hour for seniakllled wort'srs.

5/ Ccet data for «9chaniCBl hl^-plllng covf^rs use of one 2-stack portable lift.

S/ Stondnrdlted tran<TDortotlon distance of iriO feet Increased to I50 feet because of necessity for hand trucking Into and out of two teaporary banks tt

supply. Vi^rtical tranFport^tlon distance is not Included.

1J Ten feet additional treneportatlon dletarce Is neeessnry to move pallet loads 100 feet because of unloading to apron.

8/ Ten f'"-t additional transportation distance is necessary to more boxes 100 feet because of unloading to platforo by use of hand tr^ick.
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floor chain conveyors and clamp-type 2-wheel hand trucks involves the use
of one worker for unloading, transporting (other than transportation on
conveyors), and releasing 6-high stacks in storage, and one worker for
mechanically high-piling boxes. However, the rate of receiving is rela-
tively low and the method is not used except during slack receiving periods.
A comparison of receiving rates is shown in the next section.

The highest cost method involves the use of elevators and hand trucks.
Labor and equipment costs per 1,000 boxes, when boxes are manually high-
piled 12 boxes high, are $l8.71. These costs are reduced to $16.33 per

1,000 boxes when mechanical high-piling is substituted for the manual
method. Obviously the use of the elevator -hand-truck method is applica-
ble only to operations in multistory plants.

Of the older and more conventional types of equipment, the clamp-type
2-wheel hand truck used alone appears to be the most economical with labor
and equipment costs of $8.50 per 1,000 boxes when boxes are manually high-
piled 12 boxes high, and $5.52 per 1,000 boxes when mechanically high-piled
to the same height . Some of the reasons for these relatively low costs
follow: (1) Equipment costs are low; (2) except for high-piling manually,
boxes are handled in unit loads consisting of 6-high stacks; (3) each
worker in a crew works independently of other members and wait time is

minimized; and (U) no movement of boxes between floors is involved. Obvious-
ly this method is applicable only in single story plants.

The lowest costs of all equipment types are incurred by use of industrial
fork-lift trucks and pallets when boxes are received palletized. Total labor
and equipment costs are $3-95 per 1,000 boxes when boxes are received in

UB-box pallet loads, are unloaded to the apron and later transported to stor-
age, and stacked 3 pallets high (18 boxes). When unloaded and moved directly
to storage, these costs were $U.05 per 1,000 boxes.

With the exception of methods of receiving palletized loads by use of
industrial fork-lift trucks, labor costs account for the larger part of the
receiving costs. Equipment costs per 1,000 boxes of fruit ranged from $0.07
by use of hand trucks alone to $5.00 by use of elevators and hand trucks.
For selected methods, labor costs and machine costs are presented graph-
ically in figure 73.

In connection with each of the categories of equipment, except one,
shewn in table 60, the second described "improved" handling method proved
less costly than the first described method. The single exception occurs
where industrial -clamp trucks and hydraulic stabilizers are used. Costs
were slightly higher with the stabilizer because of increased equipment
costs, and the labor cost of the road truck driver who stood by while the
trucks were being unloaded. However, the elapsed time required to unload
was reduced three minutes per truckload.
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EQUIPMENT AND METHOD

Clamp-Type 2 -Whe e 1 Hand Truck: 3 men hand

truck 100 ft. to storage, 4 men high-pile.

Belt_Conveyor_and_Hand_Truck: 2 men place

boxes on conveyor, 2 men transfer boxes from

conveyor, 2 men hand truck 50 ft., 4 men high-

pile .

5!l°2£_Q!l^i!l_Q2"Y.£X2£ --'^ Hand Truck: 2 men

hand truck 20 ft. to chain, 2 men hand truck

30 ft. from chain, 4 men high-pile.

Be H_Conveyorj^ Stackmaker , Floor Chain

92!^I£i2£_£S^_y^Q^_X£Ii£h' ^ men place boxes

on conveyor, 2 men hand truck 50 ft., 4 men

high-pile

.

§l2X.^''°£_?.2^ ^?.Sl_T£H2!^ • ^ men hand truck

30 ft. to bank, 3 men hand truck 30 ft. from

bank to elevator, ride elevator and hand truck

30 ft. from bank, 2 men hand truck 50 ft. to

storage, 2 men high-pile.

Indus tria 1 Fork" Lift _Truckj y£E?.ll5.£i^®^'

1 man builds pallet loads, fork-lift truck

transports 100 ft. to storage.

Industrial Fork-Lift Truck, Palletized: Fork-?

lift truck transports 100 ft. to storage,

1 road-truck driver waits.

'•!ldH£t£i2.1_91^5!ElTyE2._t^lS._T£H£^ 5!l^_!i?.n^_X£H£li

'

1 man hand trucks 30 ft. to bank, 1 industrial

clamp truck transports 100 ft. to storage.

Labor cost m

CREW
S I ZE

10

1

22

A

V/

<A

(A

Equipment cost

4 8 12 16 20

Dollars per 1,000 boxes

Figure 73. --Labor and equipment costs, per 1,000 unpacked boxes of apples, for receiving

from road trucks and high-piling or tiering by use of specified methods and types of

equipment.
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Improved methods (second method In each case) reduced labor costs

of receiving fruit in all cases. This is a highly desirable objective,

since the increasing scarcity of labor and rising wage rates emphasize the

need for using labor more economically. The lowest labor cost per 1,000
boxes is $1.20. Even in the conventional plants, the labor saving by
improved methods is large, amounting to as much as $3«6l P^^ 1,000 boxes

(^3 percent) in hand truck operated plants. Improved methods in most

cases reduced the amount of wait time, thus using labor more economically
by keeping workers more fully occupied.

As shown in figure 7^^ except for the "improved method" of receiving
by use of industrial-clamp trucks, reductions in the cost of receiving by
the second method shown ranged from $0.10 to $3.26 per 1,000 boxes. In

the "conventionally equipped" plants, savings ranged from $1.17 to $3.26
per 1,000 boxes. These savings resulted from the use of the mechanical
high-piler in lieu of manual high-piling. This improvement should save

over $500 annually in a medium-sized, conventionally equipped plant with-
out modification of the facilities.

One of the important advantages in connection with the improved methods
is the reduction of the number of workers in the receiving crew. The
advantages of a smaller receiving crew are obvious when it is difficult to
recruit and supervise workers during the harvest peak.

Comparative Rates of Receiving

One of the criteria for indicating the desirability of different types
of equipment for receiving from road trucks is the elapsed time required
to receive . One method of receiving by use of industrial fork-lift trucks
when the fruit must be palletized at the warehouse requires more elapsed
time to unload than any other method (fig. 75) • However, when the fruit
arrived at the warehouse palletized, the industrial fork-lift truck re-
quired the shortest elapsed time --only 10 minutes per truckload. By use
of floor chain conveyors and 2-wheel hand trucks, a road truckload could
be received in I5 minutes. The methods of receiving with the more con-
ventional types of equipment require less elapsed time than the method of
receiving unpalletized truckloads by use of fork-lift trucks and also less
than the method of receiving with an industrial -clamp truck when fruit
must be hand trucked to the platform. However, increasing the size of the
hand trucking crew when the industrial-clamp truck is used would decrease
the elapsed time. Figure 76 shows the elapsed times required with the
various combinations of equipment after the methods were improved.

The number of boxes of apples that can be received per receiving crew
during an 8-hour day, allowing two 15-ininute rest periods, varies con-
siderably with the different equipment and methods. The volumes range
from 2,300 boxes in a fork-lift truck plant receiving fruit unpalletized
to 8,600 boxes in a fork-lift truck plant receiving fruit palletized
(fig. 77 )• The more conventional methods of receiving are somewhat
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EQUIPMENT AND METHOD

Clamp -Type 2JVhee l_Hand_Truc k : 3 ^^^ hand

truck 100 ft., 4 men high-pile. Improved

Method - 1 mechanical high-piler.

Belt Convenor _and_Hand_Truck: 2 men place

boxes on conveyor, 2 men transfer boxes from

conveyor, 2 men hand truck 50 ft., 4 men high-

pile. Improved Method - 1 mechanical high-

piler .

"^IS^E-QbS^S-Q^EXSiPE ^"^_y2''^_^Lii*^''- 2 men

hand truck 20 ft. to chain, 2 men hand truck

30 ft. from chain, 4 men high-pile. Improved

Method - 1 mechanical high-piler.

Belt Convenor
,

_Stackmaker , Floor Chain Con-

veyor_and_Hand_Truck: 2 men place boxes on

conveyor, 2 men hand truck 50 ft., 4 men high-

pile. Improved Method - 1 mechanical high-

piler .

Elevator and Hand Truck: 2 men hand truck

30 ft. to bank, 3 men hand truck 30 ft. from

bank to elevator, ride elevator, and hand truck

30 ft from elevator to bank, 2 men hand truck

50 ft. to storage, 2 men high-pile. Improved

Method - 1 mechanical high-piler.

1 man builds pallet loads, 1 fork-lift truck

transports 100 ft. Improved Method - 1 fork-

lift truck transports 100 ft.

Industrial^_Fork-Lift_Truck^_Pa21etized:

1 fork-lift truck transports 100 ft. to

storage. Improved Method - 1 fork-lift truck

transports to apron and later to storage.

Industrie l_Clam2-T^£e Lif t_XE''£h-

1 man hand trucks 30 ft. to bank,

1 industrial clamp truck transports

80 ft. to storage. Improved .Method -

hydraulic stabilizer unit.

]

f- f-

-.50 12 3

Reduction in costs. Dollars per 1,000 boxes,

Figure 7^. --Amount of reduction in labor and equipment costs for receiving 1,000 unpacked

boxes of apples by use of specified methods and types of equipment.
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EQUIPMENT AND METHOD

Clam£-Ty£e 2-Wheel_ Hand Truck: 3 men hand

truck 100 ft. to storage, 4 men high-pile.

Belt_ConveYpr_and_Hand_Truck: 2 men place

boxes on conveyor, 2 men transfer boxes from

conveyor, 2 men hand truck 50 ft., 4 men high-

pile.

Floor_Chain_Conve^or_and_Hand Truck; 2 men

truck 20 ft. to chain, 2 men hand truck

30 ft. from chain, 4 men high-pile.

§£^i_Q2"^®X2L'^§i^£!i!D5''?''"i_?^22^_9h®i" Con-

X5X2£_?."^_y^nd_X£H£!5" 2 '"®" place boxes on

conveyor, 2 men hand truck 50 ft., 4 men

high-pile

.

Elevator and Hand Truck: 2 men hand truck

30 ft. to bank, 3 men hand truck 30 ft. from

bank to elevator, ride elevator and hand truck

30 ft. from bank, 2 men hand truck 50 ft. to

storage, 2 men high-pile.

Industrial Fork-Lift Truck, Lngalletized

:

1 man builds pallet loads, 1 fork'lift truck

transports 100 ft. to storage.

Industrial Fork-Lift Truck, Palletized: Fork-

lift truck transports 80 ft. to storage,

1 road-truck driver waits.

Industrial Clamg2XZE?._tii£_TEH£!i_®S^_y?.''*^

Truck: 1 man hand trucks 30 ft. to bank,

1 industrial clamp truck transports 100 ft.

to storage.

CREW
SI ZE

10

io

Elapsed time in minutes

Figure 75---Elapsed times required to receive one road truck load of 288 unpacked boxes

of apples by use of specified methods and types of equipment before improvements were
made.
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EQUIPMENT AND METHOD
CREW
SI ZE

Clam£2Ty£e 22Wheel_ Hand Truck: 3 men

hand truck 100 ft., 1 mechanical high-

pi ler .

Belt_Conveyor_and_Hand Truck: 2 men

place boxes on conveyor, 2 men transfer

boxes from conveyor, 2 men hand truck

50 ft., 1 mechanical high-piler.

Floor_Chain Conveyor and Hand Truck:

2 men hand truck 20 ft. to chain, 2 men

hand truck 30 f t > from chain, 1 mechanical

high-pi ler .

Be lt_Convej^or^
§L?.£!i!2?.!i5.£i Ei''2^_?!l^iQ

Convenor 3nd_Hand Truck: 2 men place boxes

on conveyor, 2 men hand truck 50 ft.,

1 mechanical high-piler.

Elevator and Hand Truck: 2 men hand truck

30 ft. to bank, 3 men hand truck 30 ft.

from bank to elevator, ride elevator, and

hand truck 30 ft. from elevator to bank,

2 men hand truck 50 ft. to storage,

1 mechanical high-piler.

Industrial Fork-Lift Truck^ Eiil?,ii^^l-
Fork-lift truck transports to apron and

later 100 ft. to storage. 1 road-truck

driver waits.

Industr ia 1 Clamg2XXP£._til^_l£.!i*^h_?.!ld

Hydraulic Stabilizer: 1 industrial clamp

truck transports 100 ft. to storage.

1 road-truck driver waits.

1/ Time to unload truck and place pallet loads

on apron

.

1/

li ife

Elapsed time in minutes

Figure 76. -Elapsed time required to receive one road truck load of 288 unpacked boxes

of apples by use of specified methods and types of equipment after improvements were

made.
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EQUIPMENT AND METHOD

Cla mp -Type 2^Wheel Hand_Truck: 3 „,£„ hand

truck 100 ft., 4 men high-pile or 1 mechanical

high-piler .

Belt_Conveyor_and_Hand_Truck : 2 men place

boxes on conveyor, 2 men transfer boxes from

conveyor, 2 men hand truck 50 ft., 4 men high-

pile or 1 mechanical high-piler.

Floor Chain Convenor and Hand Truck: 2 men

hand truck 20 ft. to chain, 2 men hand truck

30 ft. from chain, 4 men high-pile or

1 mechanical high-piler.

Belt_Conveyor
,
_Stackmaker^_Floor Chain Con-

^£X££_^D^_y5B^_X£y£h ^ '°^'* place boxes on

conveyor, 2 men hand truck 50 ft., 4 men

high-pile or 1 mechanical high-piler.

Elevator_and_Hand_Truck: 2 men hand truck

30 ft. to bank, 3 men hand truck 30 ft. from

bank to elevator, ride elevator, and hand

truck 30 ft. from elevator to bank, 2 men

hand truck 50 ft. to storage, 2 men high-pile

or 1 mechanical high-piler.

Industrial Fork-Lift Truck: 1 road-truck

driver, transports 100 ft. to storage. Road-

truck driver builds unit load unpa llet ized

.

Unit loads moved directly to storage,

palletized. Unit loads moved to apron to

storage, palletized.

transports 30 ft. to bank, 1 industrial

clamp truck transports 80 ft. to storage, or

hydraulic stabilized unit, 1 industrial

clamp truck transports 100 ft. to storage.

com^'on method

Improved method

CREW
SI ze

7

4

10

6

8

5

8

5

9

8

2

2

2

2

2

^.^.s.,s.o////^

5.600

.^5,600^'

5,800

4,300

J

2/00 6/000
Number of boxes unloaded
PER crew per 8 hour day,

1/ Based on 13 minutes elapsed time per truckload to unload and place in storage.

Figure 77. --Volumes of unpacked boxes of apples that can be received from, road trucks

per crew of specified size during an 8-hour day by use of specified methods and

types of equipment. (Assumed 5 minutes between road trucks).

259298 0-53-10
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uniform in the amount of fruit that can be received daily, ranging from
approximately U,000 to 6,300 boxes.

Of equal importance is the volume of fruit that can be received per
worker during an 8-hour day by use of various methods and types of equip-

ment. These data are shown in figure JQ, With the smaller crew, there
is less interference among the crew members and less delay. The smaller
crew also serves the industry better because of the decreasing labor
supply.

Comparisons of Selected Methods and Types of Equipment
for Receiving from Orchard Trailers

Comparative Labor and Equipment Costs

The decision as to whether fruit will be hauled to the warehouse on
trailers or road trucks depends largely on the transportation distance
involved. There are, of course, a number of different methods of receiv-
ing the fruit from orchard trailers by use of various types of materials

-

handling equipment. The older, more widely used methods (shown as method
No. 1 under each equipment category in table 6l), show total labor emd
equipment costs, at current wa^e rates, ranging from $3.58 to $20.1^4- per
1,000 boxes received. These costs usually are higher than those when
fruit is received by road trucks, because the unit load on the trailer is

smaller, increasing the amount of setup and cleanup time per 1,000 boxes.
Also, more hand labor is involved, especially in those plants using equip-
ment for which the unit loads must be stacked by hand before transporting
to storage. 28/ In belt conveyor and hand truck plants, a slight increase
in labor is necessary to unload the trailer where atll of the boxes are at

a low level requiring the workers to do more lifting. Labor and equipment
cost data on these methods are presented by graph in figure 79

•

In the conventional plants, improved methods (shown as method No. 2

under each equipment category in table 6I) made use of the mechanical
high-piler. In the plants using industrial trucks, the improved methods
used the most efficient methods of palletizing the fruit and the elimina-
tion of hand stacking with the industrial-clamp truck.

Improved methods of receiving fruit from orchard trailers reduced the
costs per 1,000 boxes for receiving apples except that complete palletiza-
tion of trailer loads and the building of 6-high stacks by use of an

28/ Some handling of boxes is avoided in the orchard when fruit is

hauled on trailers, thereby changing the relationship of the total work
when hauling on trailers compared with road trucks.
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EQUIPMENT AND METHOD

Clamp-Type 2 -Wheel Hand Truck: 3 men trans-

port 100 ft. to storage, 4 men high-pile, or

1 mechanical high-piler.

Belt Convej[or_and_Hand_Truck: 2 men place boxes

on conveyor, 2 men transfer boxes from conveyor,

2 men transport 50 ft., 4 men high-pile or

1 mechanical high-piler.

Floor Chain Q2'*I£X2£_S!i^_!i*"l_XLH£''- ^ "*'*

transport 20 ft. to chain, 2 men hand truck

30 ft. from chain, 4 men high-pile or

1 mechanical high-piler.

Belt_Conve^or^_Stackmaker
,
_Fl22£_Qh*in_Con-

^2X2£_50*^_!i'2^_X'' "£''£• ^ ^^^ place boxes on

conveyor, 2 men transport 50 ft., 4 men high-

pile or 1 mechanical high-piler.

^l2^ii2£_iS^_!i£D^_^£H£B' ^ '"®'* hand truck

30 ft. to bank, 3 men hand truck 30 ft. from

bank to elevator, ride elevator, and transport

30 ft. to storage, 2 men high-pile or

1 mechanical high-piler.

Industrial Fork-Lift_Truck: 1 road-truck

driver, transports 100 ft. to storage. Road-

truck driver builds unit load unpal letized.

Unit loads moved directly to storage,

palletized. Unit loads moved to apron to

storage, palletized.

Industrial 9l5!5£iT]jrge_Lif t Truck: 1 man

transports 30 ft. to bank, 1 industrial

clamp truck transports 80 ft. to storage or

hydraulic stabilized unit, 1 industrial

clamp truck transports 100 ft. to storage.

Common method
Improved method

CREW
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^^:mm
2]*000" rt4.000

Number of boxes unloaded per

RECEIVING worker PER 8 HOUR

DAY.

Figure 78. --Volumes of unpacked boxes of apples that can be received from road trucks per

worker during an 8-hour day by use of specified methods and types of equipment.
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.

industrial-clamp truck increased costs. The industrial-clamp truck method
increased the labor cost because the tractor driver was standing by while
the industrial-clamp truck tiered the stacks on the trailers to 6 high.

This may not be an important disadvantage since the elapsed time to receive
by this method was reduced and the fruit was handled more gently when
tiered 6 high by the clamp-type lift trucks.

Reductions in costs per 1,000 boxes ranged from $0.76 to $1.5^ (fig- 80)
In the industrial truck plants no saving resulted. To the contrary, fruit

Teblp 61 --ConDPrPtive leb'^r '"I'l ^fiulnn'^nt costs for unlo-dint" irct ^rcherc^ trr-llerR tad inovlng to storage 1,000 unnec'icfd boxee of f^vlee. oy ufe of specified

irethide f.nd types of eouioment 1/

TjTje of eouiunpnt nnd Tethod

HpTib"

r

: ^Qur'

21ap8?d^

time

Clp.jnp-tyT)p g-wheel hr.pd tnicka i 1 worker Iralldfl 6-Wfh etecke from

Vhi.-^ ef-chs. 2 ^ori^ors h-ind-truck 100 fe'-t from tr'll-^r rnd
relesse In Btorcge:

1. 2 wcrkfrF iripnuplly hlch-T'll''— I'-hcx high stacks
2. 1 worker and njechatilc.'O, lift hlgh-oilc—IP-box hlph stocks ^f

Belt CDnveyorE nnd clcmp-trop ?-whi°°l hand tnickg; 1 wori^^r on

trailer nl^ce^ b-x-^a jq cmvi^yoT . 1 worker r€r.3v^9 boxeq from

ronveyor and balldn 6-hlgh etackB. 1 worker hflnd-trucks ^0 fe»*t

and relfEPOB in storage;

1. 2 workerc m.-'aually high-pile— l?-boi high stecke
2. 1 vforker ond icpcheiiicfll lift high-pile—ir-boi high st-^cks ^

TlooT chf-ln coDvyors and elcap-tyce g-vhr°l ^-"P^ truck* : 1 workerbiiilde^ 1 wfTkT hpri'i-truckB

et^ckp 20 fe"t end rpleeeee on c'nvt'yor. 1 worker hand-truckE
30 leet from conveyor and relpi^ees stpcks Ir. etorpge;

1. 2 workers '^cjiually high-pllp—12-boT high atecka
2. 1 worker pjid mechanical lift hl^-pile~12-box high stacks ^/

E-whPwl b«n^ trucke:

fluor cliflln conveyor, and clpnrp-type

irker on trailer plecee boxee on belt
ccnveyjr. FtPc'.oaak'T builde 6-higii stacks snd r'^lerppB oa floor
chp.in or.veyor. 1 workor hand-truckB ^'^ feet end releasea In
Bt^rs^o;

1. ? workers mftmmlly hlfi:h-t>lle—ir-box hl^h stacko
2. 1 taork^r pnd nechsnlctl lift hl^-pile—Ic-box high eteckR 5/

Elevator and clamp-tj'pe 2-wheel h -jid tracks; 1 worker builde &-hlgh
;

stacks frorn 3-hlgh etacke, 1 i-orVer hs,nd-truckB stacke 30 feet to

bank at elpvrtor; J w.>rkerB htnd-truck ptacke 3''^ ffet from bank Into

elevator, ride elevetcir, t-nd hcnd-truck stacks 30 feet froD

elevator tr> bank, 2 workers hand-truck etscka 60 fe^t ^nd rrleese

in storage; 1^
1. 2 workers manually hlgh-pil*»— l?-box high stpcke

2. 1 worker end nechanlcrl lift hlgli-plle— 12-b-'x high stecys ^
Industrial fork-lift truck and palletg;

Unpplletlfed lopde ; 1 worker builds Ug-bix pallet loads on opron.

1. 1 worker end fork-lift truck traceporte pallet loads 100 feet.

etackB 3-high (18 boxes)
Psllgtlged loade:

1. Partlclly palletized loads— 1 v:orker cimpl'-tes U?-box pellet
loads on trailer bed. 1 worker end fort-lift truck transp'yts
pallet loads 100 feet and etacko Vhlgh {IS bf>xeo)

2". Coapletely palletlred Icedo—Cenecisl trailer) 'lO-bDX ppllet
loads On trailer. 1 worker oad foric-tift tnick transporte 100
fnet and atacks 3-hlgh (I5 boxes)

InduetrlPl clenp-type j^^ft truck : {36-box capacity—unpacked fnilt)

1. 1 --orker on trailer bed builds b-hlgh PtackE fron }-high Ptpcks,

1 worker and induEtrlai cl/imp truck transports }S-box. unit lories

100 feet EJid etncks 2-hlgh (12 boxee)

2, 1 worker and industrial clp-inp truck builds 6-high ^tacV-s froa

3-hlgh PtQckc on trailer bed. transports 3^^"*-"'!^' loi^ds 100

feet and etncks 2-high (12 boxen), 1 worker mostly wtlts

I.U7
1.U6

1.9L'

1.92

1.75
1.66

2.0?

2.0?

l.l;7

1.^7

Labor end equipment renuired

Equipment

time

Kalt

tl-ne

Total

labor

Hschine-hourgiMan-hoTirp Man-h^urfl

lOj

5.76
7.6s

5.J5
6.6it

11/ 10.10

12/ 12.1?

lU/ 10.39

15/ 11. ts

?.0' aS/ .°n

.61

1.26

'.-5

9?

2.11
2.1'

2.15
l.fiS

2.28
2.20

7.?6

0.60

7.6s

E.7?
6. fit

s.cs
6.06

1'.23
11.76

Lnbor find poulpnent costs

Soulcraent

C3Bt 2/

T)ollp-r6

L^tior coGt:TrjtF.l coet:Tot?l cOEt
current : current : assu-n^d

r£tPC ^/ : ratag : rr.tee U/

Dollnrs DollerB DollarB

1.72

2.85

2.11

2.93

6.20
7.39

U.C7

6.7?

11. ou

10.06
7.6it

9.29
6.97

15.21
13. '^2

16/ .90 •W> 1.56 ! l.Jll 1.87

16/ 1.22 1 .1)2 1.22 : 2.62 1.1)3

ill l--'2 .00 1.92 1-27

7.65

12.76
11.6s

12.17

10.63

111.76

20. lU

19.32

.00 2.U8 : I.9I) 2.93 ''•87

3. 61

3.55

1.03 tuJ 2.06 ; .93 ?.o6 ! 1.5? 2.52 i-.^l

10.37
9.11

15.16

13.60

12.25

17-51
15.87

23
--I22.26

5.1.9

I1.20

1^.1.2

U.06

5.03

17 Except ae uthcrwlee noted, all tranap-jrtfitl ?Q dletfmcee ere Bt&i.'lerdlred at 100 fwet. By ufle of conveyor Bi«thT-is. conveyor eccouflts for 50 feet tf

tr^naportati^n dlatPnce.

2/ Equipment coata computed from data on ohnarahlp end operating coeta shown In table 2.

2/ "Current" labor coeta coanuted froa wage ratea of $1.15 per h-jur for uuakllled labor end JI.3O per hour for eenl skilled labor (key workers such as

Industrial truck operators).
U/ Assumed Irbor costs computed frcm wsge rotes of $1.1)0 per hour for unBtllled labor end 31.55 V'=r hin:r for iPTilBi'illed lebor.

5/ Cost data for mechenlcal hi^li-plllog corers use of one 2-stack portable lift.

6/ Clnap-type 2-wheel hand truck 2.92 irach*. ne-houre, mechanlcnl lift 1.1)6 tcachlne-hours. total I-.3B machine-hourB.

Jj Clcnp-type ?-wheel hand truck. 15 fo?t gr vlty roller c \ovey)r end 100 foot belt conveyor 1.92 machinc-hiurB each, total 5.76 lechiac-houre.

8/ Clr-m[^type 2-whoel h.ir.d truck. 15 f 3 t gravity roller conveyor. 100 foot belt conveyor, and mechenlcal lift I.92 .aechlne-houTB each, t^tel 7.68 mcchlne-hourp.

2/ Clamp-type 2-wheel hand trick 3. 50 n^jchlne-hourfi. 100 foot floir chain conveyor 1.75 machine-hours, total 5.25 machlne-houra.

10/ Clamp-type 2-wheel hand truck 3.32 machine-hours, loo foot floor chain conveyor 1.66 mpcMne-houre. mechanical lift 1.66 p»cchine-hours, total 6.6U machlae-

houTB.
n/ Clamp-type 2-wheel hand truck. 15 fo-,t gravity roller conveyor. 50 foot belt conveyor, stackmftker and 50 foot floor chein conveyor 2.02 machi.ie-houra each,

total 10.10 mf chine-hours.

12/ ClPmp-type 2-fheel hand truck. 15 foot gr'.vity roller conveyor. 50 foot belt conveyir, stackmnker. 50 foot floor chain conveyor, and mechanical lift

2.02 machine-hours Bach, total 12.12 machine-hours.

13/ fifty feet addttlinal traneportation distance la neceesery to m-ve 6-hleh stpcks of boxee ino feet becouce of two temporary benko which Increep- h-nd

truck dletftnce. Vertical traaoportation .Jlftrnce le not included,

1!;/ Clpjpp-type 2-wheel hand truck 8.82 machine-h .nirs . B-OOtV-ound capacity elevatcr 1.1;7 mechlap-hours. total 10.29 machine-hours.

15/ Clamp-type 2-wheel hend truck 6.82 oachlne-hours, 8.000-nound capacity elevator l.'l? "i^chlne-bourc. mechanical lift 1.1)7 m-chine h'-ure, total 11. 76 mechine-

hours.
16/ For equiomeat time ooe teble 5^*.

17/ For eilulpmput time eeo teble 59.
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EQUIPMENT AND METHOD

Cl amp -Type _2;Wheel |i£Il^_Tr uc k : 1 man builds

stacks, 2 men hand truck 100 ft., 2 men high-

pile .

Belt_Conve^or_and_Hand_Truck: 1 man places

boxes on conveyor, 1 man transfers boxes from

conveyor, 1 man hand trucks 50 ft., 2 men high-

pi le

.

El22£_9b5iD_92!!X£i[2£_2.D^ 3£n^ Truck: 1 man

builds stacks, 1 man hand trucks 20 ft. to

chain, 1 man hand trucks 30 ft. from chain,

2 men high-pile.

Belt Conveyor, Stackmaker, Floor Chain Con-

veyor and Hand Truck: 1 man places on con-

veyor, 1 man hand trucks 50 ft., 2 men high-

pile .

Elevator and_Hand_Truck : 1 man builds stacks,

1 man hand trucks 30 ft. to bank, 3 men hand

truck 30 ft. from bank to elevator, ride

elevator, and hand truck 30 ft. to bank,

2 men hand truck 60 ft. to storage, 2 men

high-pile

.

1 man builds unit load on pallets from orchard

trailer, 1 man transports 100 ft.

^I^l"£i£i^I_'^°'^''"'^^^'' Truck, Palletized: 1 man

builds unit load on pallets on orchard

trailer, 1 man transports 100 ft.

lQ^Hii.Ei^l_Ql£!DEl'^XE2_^if''_X'"2'^^ •
^ "'^^ builds

unit loads on the orchard trailer, 1 man

transports 100 ft.

Labor cost EqU I PMENT COST

CREW
SI ZE

V7\

1

1

^
1̂0 20"

Dollars per 1,000 boxes

Figure 79. --Labor and equipment costs per 1,000 unpacked boxes of apples for receiving
from orchard trailers and high-piling or tiering by use of specified methods and
types of equipment.
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EQUIPMENT AND METHOD

Clamp-Type 2-Whe el Hand Truck: l man builds stacks,

2 men hand truck 100 ft., 2 men high-pile. Improved

Method - 1 mechanical high-piler.

Belt_Conve^or_and Hand Truck: 1 man places boxes on

conveyor, 1 man transfers boxes from conveyor, 1 man

hand trucks 50 ft., 2 men high-pile. Improved Method

1 mechanical high-piler.

El2££_9^Bili_92SX£X5£ i!l^_lJl£24_X£H'^b- ^ '"^" builds

stacks, 1 man hand trucks 20 ft to chain, 1 man hand

trucks 30 ft. from chain, 2 men high-pile. Improved

Method - 1 mechanical high-piler.

Belt_Conve^or^_Stackmaker^_Floor_Chain_Conve^or and

Hand Truck: 1 man places boxes on conveyor, 1 man

hand trucks 50 ft., 2 men high-pile. Improved

Method - 1 mechanical high-piler.

Elevator and_Hand_Truck: 1 man builds stack, 1 man

hand trucks 30 ft. to bank, 3 men hand truck 30 ft.

from bank to elevator, ride elevator, and hand truck

30 ft. to bank, 2 men hand truck 60 ft. to storage,

2 men high-pile. Improved Method - 1 mechanical high-

piler .

Industrial Fork-Lif t_Truck, Unpal l^tized : 1 man

builds unit loads. Improved Method - completely

palletized.

1 man builds unit loads. Improved Method -

completely palletized.

Industrial Cl^^mg-^TxE^.tii^ X£"£'* ^ ""^^ builds unit

loads on trailer, 1 man transports 100 ft. Improved

Method - 6-high stacks built by worker using

industrial truck.

Decreased cost -
.50 LOO 1.50

CREASED COST Cost saving in dollars for
unloading by improved .

methods (per 1,000 boxes)

Figure 80. --Amount of reduction in labor and equipment costs for receiving 1,000 unpacked

boxes of apples by use of specified methods and types of equipment.
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was received from the trailers at an additional cost of $0.30 per 1,000
boxes in the fork-lift truck plants and $0.93 P®r 1,000 boxes in the clamp-
truck plants. These increases resulted because longer use was made of the
machine. If it were assumed that the industrial truck was already available
and that the improvement consisted of using it more fully, no added capi-
tal charge should be made for the improved operation. In that event, the
improved method would show no increase in equipment costs, nor would an
increase in labor cost be shown if the idle time of tt ; trailer driver was
not included as a cost figure

.

Comparative Rates of Receiving

As shown in figure 8l, there were no appreciable differences in the
elapsed times required to receive fruit by use of the two methods listed
under each equipment category, except in the case of completely unpalletized
loads received in plants using fork-lift trucks.

The quantity of fruit received per crew from orchard trailers by use of
different methods did not vary greatly. The relationship between methods
is shown in figure 82.

The advantages of the improvements are found in the reduction of one
in number of workers needed on the receiving crew in all of the improve-
ments except those using industrial equipment. By use of industrial trucks
an increased quantity of fruit was handled by the same size crew. There-
fore, all of the improved methods increased the quantity of fruit handled
per receiving worker. This greater efficiency in the use of labor is

desirable, not only from the standpoint of reducing costs, but also in
increasing the ease of supervising receiving operations (fig. 83).

Comparative Costs of Receiving by Various Methods When
Orchard-Handling Costs Are Added

Receiving operations at apple storage and packing plants ordinarily
are considered to cover only the work carried on at the plant . Actually,
additionaJ. time and labor may be required in arranging the load in the
orchard so that it could be received by certain methods at the plant.
Thus, the receiving of apples from road trucks by use of 2-wheel hand
trucks required k-.l^ man-hours per 1,000 boxes, but when the orchard

-

handling operations were included, 5*77 man-hours of labor were added,
making the total 9*96 man-hours (table 62).

When the orchard phases of the receiving cycle are added, the elapsed
time required to handle 1,000 boxes of apples is increased about three
times, regardless of the method used, and all of the costs are about
doubled or more than doubled except for the belt -conveyor-hand-truck
operation, and the floor-chain-conveyor-hand-truck operation.
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EQUIPMENT AND -METHOD

Cj.anip-Ty£e 22Wheel Hand Truck: i man builds

stacks, 2 men hand truck 100 ft., 2 men high-

pile or 1 mechanical high-piler.

Belt Conveyor and Hand Truck: 1 man places

boxes on conveyor, 1 man transfers boxes from

conveyor, 1 man hand trucks 50 ft., 2 men

high-pile or 1 mechanical high-piler.

Floor Chain_Convey or and Hand Truck: 1 man

builds stacks, 1 man hand trucks 20 ft. to

chain, 1 man hand trucks 30 ft. from chain,

2 men high-pile or 1 mechanical high-piler.

Belt_Conveyor
,
_§tackmaker^_Floor_Chain Con-

X.£Z2£ ?."^_!1?.2.^_Z'"^2.''' ' '^^^ places boxes on

conveyor, 1 man hand trucks 50 ft., 2 men

high-pile or 1 mechanical high-piler.

El.evator_and_Hand_Truck: 1 man builds stack,

1 man hand trucks 30 ft. to bank, 3 men hand

truck 30 ft. from bank to elevator, ride

elevator, and hand truck 30 ft. to bank,

2 men hand truck 60 ft. to storage, 2 men

high-pile or 1 mechanical high-piler.

Industrial Fork-Lift Truck and Pallet:

1 tractor operator, transports 100 ft. to

storage. Tractor operator builds unit loads,

unpalletized . Tractor operator builds unit

loads, partly palletized. Tractor operator

waits, palletized.

builds unit loads. Industrial truck trans-

ports 100 ft. the 6-high stacks built by

worker using industrial truck.

^^^
Common method

Improved method

CREW
SIZE

5

4

5

4

9

8

2

2

2

2

'y////////////.

y//////////////////A

V//////////////A

y//////////////////A

y/////////////A

^
'^////////A

t
_L

20 4(

Minutes per road truck
equ

i

valent

Figure 81. --Elapsed time per road truck equivalent by common and improved methods to

unload from orchard trailers, move boxes to storage and tier by use of specified

types and combinations of types of materials-handling equipment.
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EQUIPMENT AND METHOD

Clamp-Type _2 -Wheel _Hand_Truck: 1 man builds

stacks, 2 men hand truck 100 ft., 2 men high-

pile or 1 mechanical high-piler.

^?l£ Conveyor_and Hand Truck: 1 man places

boxes on conveyor, 1 man transfers boxes from

conveyor, 1 man hand trucks 50 ft., 2 men

high-pile or 1 mechanical high-piler.

02°E_91i£i"_92nX.^X2£_^"l_y^!l^ Truck: 1 man

builds stacks, 1 man hand trucks 20 ft. to

chain, 1 man hand trucks 30 ft. from chain,

2 men high-pile or 1 mechanical high-piler.

Belt_Conveyor^ Stackmaker, Floor Chain Con-

X?X2£_^!l^_y^n^_T£!i£h' ' "^^^ places boxes on

conveyor, 1 man hand trucks 50 ft., 2 men

high-pile or 1 mechanical high-piler.

Elevator and Hand Truck: 1 man builds stack,

1 man hand trucks 30 ft. to bank, 3 men hand

truck 30 ft. from bank to elevator, ride

elevator, and hand truck 30 ft. to bank,

2 men hand truck 60 ft. to storage, 2 men

high-pile or 1 mechanical high-piler.

Industrial Fork-Lift Truck and Pallet:

1 tractor operator, transports 100 ft. to

storage. Tractor operator builds unit loads,

unpal let ized . Tractor operator builds unit

loads, partly palletized. Tractor operator

waits, palletized.

Indus trial_Clamp-T^£e L,ift_Truck: 1 man

builds unit loads. Industrial truck trans-

ports 100 ft. the 6-high stacks built by

worker using industrial truck.

Common method

Improved method

CREW

SJ_ZE

5 4,300

4 v/Aswrn

5

4

5

4 ^^^°°^

4

3 ^

9

8

2

2

2

2

2

3,400
, > > )

//3.

3,500

3,200

.3,200/^4

4,300

^,^:3.o.o^

3,200

5,200

y//A;^^^y/////////^7^z^

4,600

'i^^y///////A

2,000 6,000

Number of boxes received per
CREW per eight-hour DAY

Figure 82. --Volumes of unpacked boxes of apples that can be received from orchard
trailers per crew of specified size during an 8-hour day by use of specified
methods and types of equipment. (An allowance of 5 minutes was made for each
equivalent road truckload of 288 boxes.)
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EQUIPMENT AMD METHOD

Clamp-Type 2-Wheel yand_Truck: 1 man builds

stacks, 2 men hand truck 100 ft., 2 men high-

pile or 1 mechanical high-piler.

Belt_Conveyor_and_Hand_Truck: 1 man places

boxes on conveyor, 1 man transfers boxes from

conveyor, 1 man hand trucks 50 ft., 2 men high-

pile or 1 mechanical high-piler.

builds stacks, 1 man hand trucks 20 ft. to

chain, 1 man hand trucks 30 ft. from chain,

2 men high-pile or 1 mechanical high-piler.

Be lt_Conveyor , Stackmaker, Floor Chain Con-

veyor_and Hand Truck: 1 man places boxes on

conveyor, 1 man hand trucks 50 ft., 2 men

high-pile or I mechanical high-piler.

§l®Iii2'^_^!il Hand Truck: 1 man builds stack,

1 man hand trucks 30 ft. to bank, 3 men hand

truck 30 ft. from bank to elevator, ride

elevator, and hand truck 30 ft. to bank,

2 men hand truck 60 ft. to storage, 2 men

high-pile or 1 mechanical high-piler.

Industrial Fork-Lift Truck and Pallet:

1 tractor operator, transports 100 ft. to

storage. Tractor operator builds unit loads,

unpalletized . Tractor operator builds unit

loads, partly palletized. Tractor operator

waits, palletized.

I"l!iit£i2.i_Qi5.EElXZE5._^^^t_T^"*^'^' ^ "^^ builds

unit loads. Industrial truck transports

100 ft. the 6-high stacks built by worker

using industrial truck.

Common method

Improved method

CREW
Sj_ZE

5

4

5

4

5

4

4

3

9

8

2

2

2

2

/850V
' ' ' ' '^

860

'1,075/^

680

700
/I ' ' J VI

V< 77 /<

800

/I, 070-^

480
J > >

1,600
I

2,600

^///////.4.000-^//////^

2,300

y///A'j^.'//////A

2.000 4,000

Number of boxes received per

worker per eight-hour day

Figure 83. --Volumes per vmrker of unpacked boxes of apples that can be received from orchard

trailers during an 8-hour day by use of specified methods and types of equipment.
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Table 62,—Comparative elapsed time, Inbor requlremeste. Dad labor aod equlpaont coeto, for aeaembilug and loading onto road trucks la

the orchard, and unloading and moving to gtorage at the nlnnt, 1,000 xioDacked boxes of applne, by ueo of specified
methods and types of equipment 1/

Type of eqaipnpnt and method Worker

f

Elaosedj

tin© 2/

Labor re-

quirements

Labor and equipment costE

I Lnbor at :Total costs: Total coats
Equipment^ current : current : assumed

3/ :wage rates U/;wage rates i wage rates 5/

Hnmber

Orebard i ? worlrers Bteck bozps on edge of trailer and
slide stacks Into position, unload on orchard platform.
Stacks built 6-boxea hl^h on trailer and hand-tracked to

platform* Lat^r hand-trucked to roctd truck
Plant 1 ClaiBP|-type g-vhe^l hEnd l^nicke ; 3 workers hand-
truck 6-hleh stacks 100 feet and release In storage,
1 worker mechanically hl^-^lles 6/

Total

Orcha.rdi ? wortcers stack boxes on edge of trailer and
olide stacks Into position, unload on orchard platform.
Stacks built 6-hlgh on trailer and band- trucked to plat-
form. Later hand-trucked to road trucks

Planti Bplt conTeyors and claap-t^Tje 2-wheel hand trucks;
2 workers on road truck place boxes on conveyor. 2

workers remove boxes and build 6-rl^ stacks, 2 workers
hand-truck ^0 feet and release In storage. 1 worker
mechanically high-piles 6/

Total

Orchard ! 2 woricers stack boxes on edge of trailer and
slids stacks Into position, unlofd on orchard platform.
Stacks built 6-high on trailer and hand-trucked to plat-
form. Later hand-trucked to road trucks

Plenty; rioor chain cpnye^ore and
^
clflmp^̂ t/pa T-wheel hand

trucks; 2 workers hand-truck 6-high etacke 20 feet from
road truck release on conveyor. 2 workers hand-truck 30
feet from conveyor and rel'^'ceB in atorrg-e, 1 workpr
mechanically hl^-plles 6/

Total

Orchard i 2 workers stack boxes on edge of trailer and
elide stacks Into poeitlon. unload on orchard platform.
Stacks built 6-hlgh on trailer and hand-trucked to plat-
form. Stacks hfind-trurked onto pall<*ts nn road truck and
pallet loads tightened by us« of box Jack

Plant; Industrial foi^-llft truck and pallets ; 1 worker
and fork-lift truck xinlopds U6-box pallet loads to apron
(treneports 10 feet), loter transTiorte 100 feet arron to
storage cmd stacks loads }-hi^ (16 boxes). 1 worker
mostly waits. Jj

Total

prchardi 2 workers stack biies on edge of trailer and
elide stacks into position, unload on orchard platform.
Stacks built 6-boxee high on trailer and band-trucked to

platform. Later hand-trucked to road truck
Planti Industrial clam?-type lift truck (2U-box capacity );

road tnck bad stabilized by use of hydraulic unit, 1

worker and industrial clamp truck tmnsporte ?li-box unit
loads 100 feet from road truck bed to storage and stack
2-hlgb (12 boxes). One worker mostly waits.

Total

2.86

X-0?

Man-hoars

5.77

U.iq

3.91

2.g6

1.01

?.87

2.86

.1-05.

3-91

3.67

J2.

3.9D

2.86

1.28

U.lU

9.96

5.77

7-07

12. sU

5.77

^^'i

11.02

7.35

ai.

5.77

2.56

8.33

Eollara

0.06

70

DollflrB

6.6U

u.gz

Pollart

6.70

5.52

0.76

0.06

JU51.

11. U6

6.6U

g-13

12.22

6.70

q.66

1.59 1'<.77

0.06 6.6U

l.qU 6. pit

16.36

6.70

2.00 12.68

0.22 8.'»6

2.7S 1.20

lit. 68

3-9'?

2.97 9-66

0.06

3-
.

1'*

6.6i»

3-U

6.70

b-g7

3.20 9-77 12.97

Bollare

8.IU

6.57

1U.71

8.1U

11. '43

19.57

8.IU

9.29

17. U3

«.68 10.51

It.lQ

12.63 lit. 70

S.IU

»,9i

15.05

y Sjtcept as otherwie. Dot.d. all traneportatlon distanced In plant standerdlred at 100 feet. By use of conTfyor methods, conyayor
^cTonte for 50 feet if transportation distance. Coets of orchard handling operations are froa unpublished data supplied by ttas WashlngtOB
State Apple Comoleston.

2/ Does not includ* time road truck la in transit.
Equipment costs comouted from data on ownership and operating costs shown in table 2.

"Current" labor costs conputed from wage rates of $1.15 per hour for unskilled labor and $1.30 per hour for senlskllled labor.
Aseuned labor costs computed from wage rates of $1,140 per hour for unelcllled labor and $1.55 per hour for eemlBiclllPd labor.
Cost data for iMchaiilcal hlg^-plling covers use of one 2-etack portable lift.
Ten feet eddltlonal tmnsportatinn distance is neceeepry to mnv«» pallet ItBde 100 feet because of unloading to aroron.
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The use of industrial trucks for receiving fruit at the warehouse shows
definite advantages over the use of older and more conventional types of
equipment. However, when the cost of orchard operations is included some
of these advantages are lost. The orchard cycle of operation increased
the total labor time when receiving at the warehouse by use of pallets and
fork-lift truck, but the clamp-type lift truck required the same orchard
work as the more conventional warehouse receiving equipment. It is partic-
ularly significant that when the costs of orchard-handling operations,
including the palletization of loads, is added to the costs of receiving
by use of industrial fork-lift trucks and pallets, total costs exceed the
costs when 2-wheel hand trucks alone are used.

A comparison of the costs of receiving apples on road trucks and on
orchard trailers when orchard-handling costs are added is shown for various
methods in figure 8^4-.
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METHODS AND EQUIPMENT FOR UNLOADING AND MOVING
APPLES DIRECTLY TO THE PACKING LINE

Most Washington State apples are first moved into cold storage before
going to the packing line and the trend continues in that direction.
Physiologically it is desirable to move apples into cold storage before
packing to remove the field heat from the fruit. Research results show
that precooled fruit has less tendency to develop decay. These advantages
of first moving fruit into storage must be weighed against the added ex-
pense involved as compared with that of moving the fruit directly to the
packing line

.

Orchard-packing plants can move fruit directly to the packing line
before it goes into cold storage more successfully than the larger plants,
because they can schedule the flow of fruit from the orchard better. There
are, however, many large plants, particularly in the northern part of the
State, with sufficient packing equipment to receive a larger proportion of
their fruit directly to the packing line for packing "hot." This practice
not only keeps costs at a minimum but permits economies in the use of stor-
age space, since large early shipments can be made, enabling the plant to
handle a greater tonnage of fruit

.

For most types of equipment, the operations involved in unloeuiing

apples and moving them directly to the packing line are similar to those
Involved in moving the fruit to storage. The main difference is that when
the fruit is moved directly to the packing line it usually is placed in a

temporary bank of supply rather than in permanent storage . When the belt
conveyor is used to receive directly to the packing line a temporary bank
of supply may be built by hand truckers before the fruit is placed on the
conveyor, or the road truck may be unloaded to a belt conveyor in the
usual manner and the boxes taken off the belt and placed in temporary
storage. Boxes of fruit are moved from the temporary storage banks to the
dumper as they are needed.

One of the important advantages of moving fruit directly to the packing
line is that it reduces the number of handlings, thereby reducing handling
costs. Fewer handlings tend to preserve the quality of the fruit. In a
belt -conveyor plant three handlings are involved when the apples are moved
directly to the packing line, as compared with eight handlings by the pre-
vailing practice of moving them into and out of storage before packing
(fig. 85).

In moving fruit to the packing line, the pattern of work is governed
considerably by the fact that packing lines utilize fruit at a relatively
slow rate. For this report a packing line rate of 3OO boxes an hour has
been assumed. Since boxes of fruit can be hand trucked or placed on a

belt conveyor at more rapid rates than they can be dumped, workers perform-
ing handling operations either must slow down the rate of their operations
or wait for the dumper to catch up. The effect of these delays may be
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â
-Q

_gJ
tt)

s
s.

o
>»
4>
a
e
o
y
to «}
'*^ C
0) •rJ

.o -W

»> bO
-c e
•M •rJ

-«i
"^-, O
o O

Q,
<u
Co 4)
3 -C

io
>-,

-o o
+J

"W
<u >^
L. •o

•»-> M
3 o
Cy< «J
«j 1^
L. •»J

-o
ID

C5 §
-c

</) Ho
bo
c ;.

•rJ <u
»*^J -C
"W •io

2 3
o L.

-c
•o

<*—

i

V)

o L.

e 'fO

o '+-.
•lO

•w 4J
•lo 00
•c 3
t: L.

c o
+J

«> to

»
•rJ O
U, -to

1 -3
«)

lO s>
00 o

s
<u
i.. u
3 L.

00 3



- Ikk -

offset by use of tanporary banks of supply or by other devices which
Intermittently provide the worker with odd jobs.

For this cycle of operations it is assumed that the average transportation
distance is 70 feet from the road truck or orchard trailer to the dumper at

the beginning of the packing line

.

Except for unloading from orchard trailers, using clamp-type 2-wheel
hand trucks, gravity roller -type conveyors, and industrial fork-lift
trucks and pallets, this section is confined to unloading from road trucks.

Clamp-Type 2-Wheel Hand Truck Alone

The most widely used method of unloading and moving fruit directly to
the packing line involves the use of clamp-type 2-wheel hand trucks --a
method that maintains unit loads intact. In nearly all plants the transpor-~
tation distance between the receiving platform and that part of the plant in
which the washing and packing line is housed is relatively short. Although
this cycle of operations is used in a number of plants, receiving directly
to the line by use of hand trucks is more common in orchard type or smaller
packing plants

.

Sometimes the operations of moving fruit to the packing line with hand
trucks are combined with other work such as moving empty boxes away from
the dumping area, utilizing some of the extra time of the hand trucker.
The use of hand trucks to receive directly to the line is varied by changes
in crew size and arrangement. 29/ Some of the small plants use only one
worker for receiving fruit directly to the line. The larger plants nearly
always use more workers in the crew to reduce the elapsed time required
for unloading.

Unloading from Road Trucks and Moving
to the Packing Line

Two workers unload a road truck by use of 2-wheel hand trucks. After
putting a bridgeplate in place, the hand truckers pick up 6-high stacks of
boxes on the road truck bed and release the stacks in a temporary storage
area approximately 50 feet from the road truck. A third worker moves the
fruit 20 feet from the temporary storage area to keep the dumper supplied.
The work of the third worker must be coordinated closely with that of the
dumper because a large bank of supply cannot be built within easy reach of
the dumper. Since the dumper uses the fruit at a comparatively slow rate,
this haind truck operator is idle a considerable part of the time.

29/ The crew arrangement is related more to distance than to any other
factor. For detail on the effect of distance, see the Appendix.
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As shown in table 63, by use of a 3 -man crew, 1,000 boxes of apples

are received in 5*35 man-hours, but kk percent of this is idle time.

Nearly all of the idle time occurs because the worker supplying the dumper

from the temporary bank is paced by the washing and packing line . Part of

this idle time could be avoided if odd jobs were assigned to the worker,

as is done in some plants. Thirty-eight percent of the labor is used for

unloading the road truck in an elapsed time of 1.01 hours per 1,000 boxes

(17 --^ minutes per truck). Labor and equipment costs for this method are

shown in the summary for this section.

Table 63.—Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of tuples to

the washing and packing line from a road truck ly use of clamp-type i2-wbeel hand trucks

Operation Workers ProductiTe
labor

: Fatigue :

{allowance:
Wait
time

: Total
: labor

.Number Uan-hours

0.12

Han-hours

0.0

Uan-hours

0.0

1 Uan-hours

Set up and clean up 2 0.12
Pick up 6-high stadcs on road trudc by use
of hand trudcs 2 . .39 .04 .0 .43

Transport 50 feet to bank by use of hand trucks 2 .97 .10 .08 1.15
Rele£ise in bank 2 .29 .05 .0 .32
Pick up 6-hi^ stacks in bank by use of hand
trucks 1 .29 .03 .0 .32

Transport 20 feet by use of hand trucks 1 ! .45 .05 .0 .50

Release at dumper 1 .24 .02 2.25 2.51

Total man-hours ^ 2.75 .27 2.33 5.55

Elapsed time—hours ; 1/ 1.01

1/ Truck unloading only.

Unloading from Orchard Trailers and Moving
to the Packing Line

As previously pointed out, 2-wheel hand trucks are used more frequently
to move fruit directly to the packing line when the packing house is in the
orchard area. This practice coincides with circumstances under which or-
chard trailers are more frequently being used to haul to the packing house.

When fruit is hauled to the plant on trailers, the most widely used
method of unloading and moving to the packing line employs a U-man crew.
One worker, usually the tractor driver, builds 6-high stacks from 3 -high
stacks on the trailer bed while two workers place a bridgeplate and begin
hand trucking the stacks 50 feet to a temporary storage bank in the dumping
area. The fourth worker moves the fruit 20 feet from the temporary storage
area to the dumper.

As shown in table 6k, when fruit is moved directly to the packing line
from trailers 7*01 man-hours of labor per 1,000 boxes are required, or
1.66 man-hours more than when the fruit is moved from road trucks. The
total amount of delay time in unloading from a trailer is 2.85 man-hours

259298 0-53-11
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or ^1 percent of the total labor, which is greater than when unloading
from a road truck. Most of the delay, 79 percent, is due to the slow
dumping rate. If the work arrangement in the plant permits, some of this
lost time may be avoided by assigning odd jobs to the worker.

Table 54. --Labor required for a 4-man crew to unload and move 1,CXX) unpacked boxes of apples to

the washing and padcing line from an orchard trailer hy use of clamp-type 2-wheel hand trucks

Operation Workers
Productive: Fatigue :

labor :allowance

:

Wait
time

: Total
: labor

Nunber • Uan-hours Man-hours Man-hour

0.10 0.0 0.10

s Man-hours

Set up and clean up 2 o.ao
One worker builds boxes into 6-high stacks 1 .97 ,19 .0 1.16
Pick up 6-hi^ stacks off trailer bed by use
of a-wheel hand truck 2 .39 .04 .42 .85

Transport 50 feet by use of 2-wheel hand truck . 2 .97 .10 .08 1.15
Release in bank by use of 2-wheel hand truck 2 .29 .03 .0 .52
Pick up 6-high stacks in bank by use of
2-wheel hand truck 1 .29 .03 .0 .32

Transport 20 feet by use of 2-wheel hand truck 1 .45 .05 .0 .50
Release near dumper by use of 2-wheel hand
truck 1 .24 .02 2.25 2.51

Total man-hours ^ 3.70 .46 2.85 7.01

Elapsed time—hours 1/ 1.26

1/ Truck unloading only.

Gravity Roller -Type Conveyors

Some plants that receive fruit directly to the packing line by use of
clamp-type 2-wheel hand trucks might reduce handling costs by use of an
improved method observed in one packing plant which employs four sections
of gravity (dead) roller -type conveyors behind the dumper making up four
separate conveyor lines (fig. 86). These conveyor sections were placed
at an incline so that by gravity the boxes would roll to the dumper . The
dumper picks up the boxes off the conveyor, turns, and dumps the apples
into the washer. When he has emptied one 50-foot section of the dead
roller he begins dumping from another.

The standardized 70-foot transportation distance is reduced to 50 feet
in this illustration. However, it is possible that the layout of the

plant would permit using 70-foot sections of roller conveyor. The four
50-foot sections of conveyors used provide enough conveyor space to accom-
modate I-I/3 to l--^- trailer loads and approximately a full road truckload.

By use of this method, one worker on the trailer places boxes on the

conveyor sections. No other workers are used. In practice, a warehouse
could use more than one worker to place fruit on the conveyors to reduce
the elapsed unloading time.
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Figure 86. --Transferring boxes from an orchard trailer to gravity conveyors leading to

the dumper.

Table 65 shows that by use of the improved method, 1,000 boxes of
apples can be moved to the washing and packing line from trailers with
1.52 man-hours of labor. With the use of only one worker no delay time
resulted, making this a highly efficient operation. Furthermore, the
number of handlings was reduced, since the boxes were handled only ouce
when they were lifted onto the conveyors

.

Table 65.—Labor required for 1 worker to unload and move 1,000 unpacked boxes of apples to the
packing line from an orchard trailer by use of gravity roller conveyors

Operation Workers
Productive

labor
: Fatigue
rallowaiice-

Walt
time

Uan-houi

0.0

1

•
•

12*

Total
labor

Nuiriaer Man-hours

0.10

1.18

Man-hoiir3

0.0

.24

[an-hours

Set up and clean up

One worker place 5 boxes on gravity roller-type
conveyors

! 1

1

0.10

1.42

Total man-hours . 1.28 .24 .0 1.52

Elapsed time—hours 1.52
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Clamp-Type 2-Wheel Hand Truck and Belt Conveyor

More Washington State apple plants are equipped with belt conveyors
than any other type of equipment . The belt conveyor brings boxes of apples
to the packing line one at a time which is convenient for hand dumping of
fruit --the most common method of dumping fruit. By use of manual dumping,
the only method used until the last few years, boxes of fruit were lifted
one at a time.

When fruit is being received to storage by use of belt conveyors the
first operation is to place boxes of fruit on the belt. However, when
apples are moved directly to the packing line the first operation is hand
trucking the boxes to temporary storage a distance of approximately 30 feet
from the road truck. Two workers usually do this. Later, one worker hand
trucks the fruit approximately 10 feet from temporsury storage area and
places the boxes on the belt conveyor. A 3-nian crew is used; one worker
works rather continuously, the other two only during unloading.

In moving the fruit to and from the bank of supply, ko feet of

transportation distance is covered. The remaining 30 feet of transporta-
tion is on the belt conveyor. In practice, the distance on the belt
conveyor may be much greater. Although this added distance would not
affect the length of time to carry on the operations, it would affect the
machine cost.

Using the hand trucks and belt conveyor to unload and move fruit
directly to the packing line requires ^.99 man-hours of labor per 1,000
boxes (table 66). A little more than one-fourth of this labor is lost

Table 65.—Labor required for a 3-inan crew to unload and
the packing line froai a road truck by use of clamp-type

move 1,000 unpacked boxes of apples to
2-iiheel hand truck and belt conveyor

Operation Workers i Productive:
labor ,

Fatigue
allowances

Wait
time

: Total
: labor

Number Uan-hours Man-hours

0.12 0.0

Uan-hours

0.0

Man-hour

8

Set up and clean up 2 0.12
Pick up 6-high stacks on road truck bed by
use of 2-wheel hand trucks 2 .59 .04 .0 .43
Transport 30 feet to bank by use of 2-*heel
hand trucks 2 ! .62 .06 .11 .79

Release in bank by use of 2-Trtieel hand trucks 2 .29 .03 .0 .32
Pick up 6-higJi stacks in bank by use of 2-irtieel

hand trucks 1 .29 .03 .0 .52
Transport 10 feet to belt conveyor 1 .28 .03 .0 .31
Release at conveyor by use of 2-iiheel hand
trucks 1 .24 .02 .0 .26

Place boxes on belt conveyor 1 .90 .18 1.36 2.44

Total man-hours : . 3.15 .59 1.47 4.99

Elapsed time—hours 1/ .83

1/ Truck unloading only.
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when the man placing fruit on the belt must wait to keep pace with the
packing line. It is possible that part of this wait time would be avoided
if the transportation distance from the temporary storage to the belt con-

veyor were greater, the transportation distance for the truck-unloading
operation shorter, and the two unloaders were assigned to other work. The
elapsed time required to unload by this method is O.83 hour per 1,000
boxes, less than by the other method. The worker placing fruit on the
belt conveyor moves continuously at the pace of the machine which would
require 3*33 hours to receive 1,000 boxes to the washing and packing line.

Since the man supplying the dumper usually works on another floor level or
at a distant point from the washing and packing line, the problem of uti-
lizing his wait time is difficult. Most of the odd jobs are in the
vicinity of the packing line. For this reason, the usual arrangement of
the belt conveyor with roller extension going onto the road truck bed,
allows the bank of supply to be in the dumper area which provides more
opportunity for assigning work to the hand trucker supplying the dumper.

Clamp-Type 2-Wheel Hand Trucks and Floor Chain Conveyor

Floor chain conveyors in combination with 2-wheel hand trucks are used
to move fruit directly to the packing line. The floor chain conveyor is

installed as a means of feeding the mechanical stackdumper. Usually these
floor chain conveyors are relatively short, approximately I5 feet. How-
ever, there undoubtedly would be advantages to using a longer chain. The
advantages of a longer conveyor are explored in the improved method in
which it is assumed that 100 feet of floor chain conveyor is installed.
From the standpoint of labor required the floor chain is a means of evening
out the work load and of keeping pace with the packing line.

3 -Man Crew and 15-Foot Conveyor

The most widely used method of receiving to the packing line by use
of hand trucks and floor chain conveyor involves a total transportation
distance of 70 feet. Forty-five feet of this distance is covered by two
men hand trucking fruit to a temporary bank of supply. A third worker
moves the fruit an additional 10 feet onto a 15-foot floor chain conveyor.
(When the chain is nearly empty he transports the full distance of the
chain conveyor.) After the two workers have unloaded the road truck into
a bank of supply, they either move to other productive work or begin
unloading a second road truck.

By use of this method 5.25 man-hours of labor are required to receive
1,000 boxes (table 67). Nearly one-half of this labor is lost through
waiting, due almost entirely to delays in moving fruit from the temporary
bank of supply to the floor chain conveyor. It is possible that assign-
ment of odd Jobs to this worker would reduce the wait time.
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Table 67.—Labor required for a 3-man crew to unload and move 1,000 unpacked boxes of apples
directly to the packing line from a road truck by use of cla]i^>-type 2-wheel

hand trucks and a 15-foot floor chain conveyor

Operation Vforkers
.Productive : Fatigue • Wait : Total

labor .allowance time : labor
Wumber , Man-hours

0.12

Man-hours

0.0

Man-hours

0.0

Man-hours

Set up and clean up \ 2 • 0.12
Pick up 6-hlgh 8tad£3 on road truck by use of
hand truck 2 .39 .04 .0 .43
Transport 45 feet to bank by use of hand truck 2 .88 .09 .08 1.05
Release In bank by use of hand truck 2 .29 .03 .0 .32
Pick up 6-hl^ stacks In bank by use of hand ;

truck 1 .29 .03 .0 .32
Transport 10 feet to floor chain by use of
hand truck 1 .26 .03 .0 .31

Release on floor chain liy use of hand truck 1 .24 .02 2.44 2.70

Total man-hours _ 2.49 .24 2.52 5.25

Elapsed time—hours 1/ .96

1/ Truck unloading only.

2-Man Crew and 100-Foot Conveyor

An improved method of moving fruit to the packing line vith floor
chain conveyor uses a 2-man crew and a 100-foot floor chain conveyor.
These men work only intermittently while the road truck is being unloaded.

They move the fruit a distance of 70 feet by use of hand trucks and re-
lease it on the floor chain conveyor. When the conveyor is nearly empty
the transportation distance is 100 feet, when it is partly full this
distance is proportionately less. After unloading the road truck to the
floor chain conveyor, the two workers are assigned to other work.

The improvement in this method centers around the installation and
use of a much longer floor chain conveyor. A 100-foot floor chain con-

tains space for approximately 600 boxes of apples in 6-high stacks, a

little more than two road truckloads and an amount sufficient to keep the
packing line supplied for two hours . The bank of supply on the floor
chain conveyor feeding the packing line permits the workers to move to
other work rather than having one of them continuously employed supplying
the packing line. Because the distance between the packing line and the

receiving platform must be a straight distance of 100 or more feet, few
plants could utilize this method.

This method of unloading and moving apples to the packing line

reduces the labor requirement 56 percent. Only a nominal amount of wait
time occurs. It will be noted from table 68 that the elapsed time of

1.16 hours required to unload the road truck is greater than for the

common method since the hand truckers must transport fruit a longer
disteince. This elapsed time could be reduced through the use of a
3-man crew.
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Table 68.—Labor required for a 2-man crew to unload and move 1,000 unpacked boxes of apples to

the packing line from a road truck by use of clamp-type Unheal hand trucks
and a 100-foot floor chain conveyor

Operation Workers
Productive

labor
: Fatigue :

: allowance:
Wait
time •

Total
labor

Number : Man-hours Man-hours

0.12 0.0

.39 .04
1.51 .13

.24 .02

Man-hours li

0.0

.0

.08

.0

Ian-hours

Set up and clean up
Pick up 6-high stacks on road truck by use of
hand truck
Transport 70 feet to bank by use of hand tru«ic

Release on floor chain conveyor

2

: 2

2

2

0.12

.43
1.52
.26

Total man-hours j . 2.06 .19 .08 2.33

Elapsed time—hours : 1.16

Comparison of Hand Truck—Floor Chain Conveyor Methods

Labor and equipment costs incurred by the method of using a temporary
bank of supply and short length of floor chain conveyor to supply apples
directly to the packing line are $6.75 per 1,000 boxes handled (table 69).
Most of this cost is labor cost. The improved method reduced total cost
only $0.15 per 1,000 boxes, but reduced labor cost by more than 50 percent.

Thus, the advantage of the improved method largely is in reducing the size of

the crew. Moreover, the elapsed time with the improved method is greater
than with the common method.

Table 69.—Con^arative labor aid equipment costs of 2 specified methods of unloading and moving 1,000 unpacked
boxes of apples to the packing line from road trucks by use of 2-nheel hand trucks and floor chain conveyor

Method Elapsed
time

Hours

2/ 0.96

1.16

Labor and equipment required

Equipment
time

Machine-hours

Wait
time

Total
labor

Man-hours Man-hours

Labor and equipment costs

Equipment
; Total cost

Labor :Curront:Assumed
i/ : wages : wagesfes_jTirage

ars DollaDollars Dollars Dollars Dollars

0.71 6.04 6.75 8.06

Two men hand truck 45 feet to bank,
1 man hand trucks 10 feet to 15-foot
floor chain conveyor

Two men hand truck 70 feet to 100-foot
floor chain conveyor

3/ 8.58

4/ 5.66

2.52

.08

5.25

2.33 3.92 2.68 6.60 7.18

Computed from "current" wage rates.1/
z/ Truck unloading only.

5/ Clamp-type 2-wheel hand truck 5.25 meichine-hours, 15-foot floor chain conveyor 3.33 machine-hours, total
8.56 machine-hours.

4/ Clamp-type 2-wheel hand truck 2.33 machine-hours, 15-foot floor chain conveyor 3.33 machine-hours, total
5.66 machine-hours.

Industrial Fork-Lift Truck and Pallets

The use of industrial trucks and pallets to move fruit directly to
the packing line is rather limited. VHien fruit is received unpalletized
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from orchard trailers, pallet loads are built on the receiving apron at
the warehouse before the fruit is moved to the packing line. Apples
received at pallet plants on road trucks usually are on pallets or in
palletized loads which are built in the orchard.

Unloading from Road Trucks and Moving
to the Packing Line

Fruit may arrive at the warehouse on pallets on road trucks or
partially palletized on trailers. Usually, completely palletized loads
of fruit arrive at the plant only on road trucks. The usual method of
moving palletized loads of fruit directly to the packing line is for the .

fork-lift truck operator to lift a unit load from the road truck, trans-
port it approximately 50 feet to the diomping area, and place it in a
temporary bank of supply. Usually pallet loads are tiered two unit loads,
or 12 boxes high, in the temporary storage area. Later, another worker, or
the same lift-truck operator, moves the unit loads from the bank of supply
to the dumper, a distance of approximately 20 feet.

By this method of using fork-lift trucks to move i+8-box pallet loads
of fruit directly to the washer, 1.21 man-hours of labor are required per
1,000 boxes (table 70). Of the total labor, 33 percent is lost in wait-
ing. Most of the wait time, 80 percent, is attributed to the road truck
driver standing by while the road truck is being unloaded. The elapsed
time to unload 1,000 boxes is relatively low, 0.14-5 of an hour.

Table 70.—Labor required to unload and move 1,000 unpacked boxes of apples directly to the
packing line from a road truck hy use of pallets and industrial fork-lift truck when

boxes are received in 48-box pallet loads

Operation Workers
[Productive
: labor

: Fatigue :

: allowance:
Wait
time

: Total
: labor

Number Man-hours

0.13

Man-hours

0.0

Man-hours

0.32

J Man-hours

Set up and clean up 1 ! 0.45
Pick up 48-boi pallet loads off road truck bed
by use of fork-lift truck 1 : .07 .0 .08 .15

Transport 50 feet to temporary bank 1 : .22 .02 .0 .24
Release or tier unit loads in temporary
storage—average 2-pallet loads hi^ 1 : .06 .0 .0 .06

Pick up unit loads in temporary bank : 1 : .06 .0 .0 .06
Transport 48-box pallet loads 20 feet to dumper
area 1 .13 .02 .0 .15

Release unit load at dumper 1 .10 .0 .0 .10

Total man-hours _ .77 .04 .40 1.21

Elapsed time—hours : 1/ .45

1/ Truck unloading only.
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Unloading from Orchard Trailers and Moving
to the Packing Line

When apples are hauled to the warehouse on orchard trailers, pallet

loads are built by the trailer operator after the pallets have been
placed around the trailer. (Sometimes the fork-lift truck operator assists

in placing empty pallets around the trailer. In other cases, the tractor

operator obtains and manually carries each empty pallet from the plant to

the trailer after he has finished building the previous pallet load.) The

fork-lift truck operator picks up completed pallet loads and moves them
either directly to the packing line or to a temporary storage area. In

the method shown, it has been assumed that the lift-truck operator does

not place the empty pallets. The trailer driver builds unit loads on the

trailer and the lift-truck operator moves the unit loads approximately
50 feet to the temporary storage area. Later, the lift-truck tremsports
the fruit the additional 20 feet keeping the dumper supplied.

This method of using the lift truck requires 2.69 man-hours of labor
to unload and move 1,000 boxes to the packing line (table 71) • Because

Table 71.—Labor required to unload and move 1,000 unpacked boxes of apples into storage from an
orchard trailer by use of pallets and industrial fork-lift truck

when boxes are received unpalletized

Operation Workers
Productive: Fatigue :

labor : allowance:
Wait
time

: Total
! labor

Number Man-hours Man-hours Man-hours

0.24 0.0 0.0

5 Man-hours

Set up and clean up 1 0.24
One man builds unit loads from orchard trailer 1 • 1.49 .30 .0 1.79
Pick up 48-box unit load by use of fork-lift
truck 1 .05 .0 .0 .05

Transport unit load 50 feet to bank 1 .22 .02 .0 .24
Release or tier unit load in bank of supply

—

average 2 pallet loads high : 1 : .06 .0 .0 .06
Pick up 48-box unit load ty use of fork-lift !

truck ! 1 : .06 .0 .0 .06
Transport unit load 20 feet to dumper 1 : .13 .02 .0 .15
Release unit load at dumper : 1 : .10 .0 .0 .10

Total man-hours ^ 2.35 .34 .0 2.69

Elapsed time—hours ! 1/ 2.03

1/ Truck unloading only.

the work involved in building pallet loads occupies the time of the
trailer operator, there is little delay time. It has been assumed that
the fork-lift truck and operator are occupied in other work between times
when moving fruit to the dumper. This assumption is based upon the fact
that some plants have one fork-lift truck supplying the line, moving
packed finiit away from the line, moving empty boxes to storage, and
transporting the culls to a storage point somewhere in the warehouse.
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Industrial Clamp-Type Lift Truck

By use of Industrial clamp-type lift trucks, fruit arriving at the
plant on road trucks is unloaded and moved to a bank of supply in the
dumping area. 30/ Hand trucks axe used to move fruit from the temporary
bank of supply to packing line . This method is the most widely used
method because most industrial clamp-truck plants have been converted
from belt conveyor or hand-truck operations.

A second method of moving fruit directly to the packing line with
industrial clamp-lift trucks is to use a set of accumulation conveyors
(gravity-type). The lift-truck operator places part of the boxes as they
are unloaded on the conveyor and builds a temporary bank of supply for
the remaining boxes. Later the lift-truck operator removes the fruit from
the temporary bank to the rollers . This operation is in many ways not the

most practical, for few plants in the industry have sufficient industrieil-

clamp trucks and it is difficult to coordinate the supply of fruit unless
a large lot of fruit is going directly to the packing line . If the grower '

s

lot of fruit is large, it would probably necessitate building a large bank
of supply anyway, so the operation would usually be one of working from
the bank.

When the clamp-type industrial-lift truck is used in combination with
2-wheel hand trucks xo move fruit directly to the packing line, the indus-

trial truck moves fruit approximately 50 feet from a road truck bed that
has been stabilized by use of a hydraulic lift . The hand truck operator
moves the boxes from this temporary bank of supply 20 feet to the dximper.

By use of this method, i<-.93 man-hours are required to receive 1,000 boxes
(table 72). Sixty-one percent of this labor is accounted for by idle or

Table 72.~Labor required for a 2-inan crew to unload and move 1,000 unpacked boxes of apples to
the packing line from a road truck by use of industrial clamp-type lift truck

and 2-iiheel band truck

Operation Workers
Productive

labor
: Fatigue :

: allowance:
Wait
time

: Total
: labor

jNumber : Man-hours

0.15

Uan-hours

0.0

Man-hours

0.65

Man-hours

Set up and clean up 1 0.80
Pick up 24-box unit load on road truck bed by
use of industrial clanp truck • 1 .11 .0 .09 .20

Transport 50 feet to bank by use of industrial
clamp truck 1 : .58 .03 .0 .41

Release in bank by use of ind'« trial clanp
trudc 1 .19 .0 .0 .19

Pick up 6-hi^ stack by use of 2-wheel hand
truck 1 .29 .05 .0 .32

Transport 20 feet with 2-wheel hand truck 1 .45 .05 .0 .50
Release at dumper area with 2-wheel hand truck ; 1 ! .24 .02 2.25 2.51

Total man-houra : * • 1.81 .15 2.99 4.93

Elapsed time—hours : 1/ .80

1/ Truck unloading only.

30/ IndustriaJ. clamp-type trucks are either of 2h- or 36-box capacity.
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wait time. Most of the wait time arises from the hand truck operator
waiting to bring fruit to the dumper because the packing line does not

utilize the fruit as rapidly as the hand trucker can move it to the

dumper. Assignment of odd jobs would reduce wait time. Twenty-two per-
cent of the wait time results from the road truck operator standing by
while the road truck is being unloaded.

Industrial Fork-Lift Truck, Low-Lift Pallet
Transporter, and Pallets

The low-lift pallet transporter is not widely used in the Washington
State apple plants. At the time field work was under way, there was only
one plant that occasionally used this type of materials -handling equip-
ment. This plant did not follow the practice of stabilizing truck beds.

Instead, a fork-lift truck removed unit loads from the road truck bed,
transported the load 20 feet and released it on the receiving platform.
The low-lift pallet transporter picked up the unit load and transported
it approximately 50 feet to the dumper.

By use of the industrial fork-lift truck in combination with the
low-lift pallet transporter, 3*99 man-hours of labor were required to
move 1,000 boxes to the packing line (table 73)* Seventy-six percent of

Table 73.—Labor required to unload and move 1,000 unpacked boxes of apples directly to the
packing line from a road truck by use of pallets, industrial fork-lift tnick, and

low-lift pallet transporter

Operation Workers
.Productive

labor
Fatigue :

; allowance:
Wait
time

: Total
: labor

Number : Man-hours

0.13

Man-hours Man-houi

0.0 0.20

3 Han-hours

Set up and clean up 2 : 0.33
Pick up 48-box pallet load off road truck bed
by use of fork-lift truck 1 .07 .0 .08 ,15

Transport 20 feet to bank on platform 1 .13 .01 .0 .14
Release pallet load on platform by use of
fork-lift truck i 1 .04 .0 .0 .04

Pick up 48-box pallet ftom bank on platform by
use of low-lift pallet transporter 1 ! .11 .01 .0 .12
Transport 50 feet by use of low-lift pallet
transporter 1 .28 .03 .0 .31

Release at dumper by use of low-lift pallet
transporter 1 .12 .01 2.77 2.90

Total man-hours - .88 .06 3.05 3.99

Biased time—hours
!

1/ .33

1/ Truck unloading only.

this labor was accounted for by wait time. Most of the wait time, 91 per-

cent, resulted from the low-lift pallet transporter standing by waiting
to keep the dumper supplied. Part of this wait time could be avoided if
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the operations in the plant could be so arranged that the low-lift pallet
transporter and operator could be assigned to intermittent odd jobs.

Comparison of Methods emd Types of Equipment
for Unloading from Road Trucks and Moving

Directly to the Packing Line

Of the different methods and types of equipment previously discussed
for unloading from road trucks and moving boxes of apples directly to the
packing line, the most economical is fork-lift trucks and pallets, with
labor and equipment costs of $ii-.78 per 1,000 boxes (table 7^)« The second

Table 7U.—CcanparetlTe labor and eqalpneiit coete for unloading fron road tmcke cad BOrlng 1,000 anpacked boxee of aprlei to the locking line by nae of specified

aethodB end tyoBB or cooblnatlon* of tTpee of eqiiipneiit 1/

iworkepH

I

• Slapted
• tins

:

Icbor and -qiilpoent reqnlr^d Izibor iad tquipoent coat.

\ Ecralrffient

! tlce

] Halt

1 time

; Total

; lobor
. &tulOT«Jlt

. 2/

': lebor ij
I

: Total cost.
: CurrflCt 1

: K«;»8 1

! Huaber

1 3

! .Hour.

:5/ 1.01

iMaii-hour. Hpn-bvjre

5.35

: Dollar.

; 0.13

Dollar.

S.I5

Dollar.

6.28

D<.llBr.

Claaii>-type 2-wlieel hand truck! 2 w^riEerB hand-

truck 50 feet ti bank. 1 wcrker hand-truck* 20
feet to dumper 5.35 ! 2.33 7.62

Belt conTsjor »>nd hand tmck: 2 work-^re hand-truck

50 feet to baiik. 1 nan hand-tmcki 10 feet to belt

conreyor and places on cjnTcyor 6/ J 3 = i/ •«3 i u g.32 i 1.U7 1».S9
:'

.95 5.7'» 6.69 7.94

Floor chain conveyor and hand trucki 2 workers
hand-tniclc U5 feet to banX, 1 san hand-tmcke
10 feet to 15-foot floor chain conveyor '

3 = 5/ .96 i 5/ 8.56 \ 2.52 5.25 : .71 6.01. 6.75 8.06

?loor chain conTe7or tnd hand truck: 2 workers
hand-tnck 70 feet to a 100-foot floor chain
conTcyor %/

': 2 1.16 iio/ 5.« ': .08 2.33 i ^.92 2.6« 6.60 7.1s

Industrial foric-llft truck, nalletiyed: i voric^r

and fork-lift truck- trpneport US-boz pallet loads

50 feet to bank and then 20 feet to dumper. 1

worker aostly valts. : 2 is/ .1.5 \n] 1.52 ! .40 1.21 i 3.27 1.51 U.7S 5.08

IndustrtfiJ. claop-t;-ne lift truck; 1 worker and
IndoBtrlal-claaip truck transpcrt 50 feet to bank,

1 work'^r hend-trocfcB 20 feet fron bank to duso^r 1 a 5/ .80 !l2/ h.n 1 2.99 U.93 ! 1.96 5-79 7.75 8.98

InduBtrlal fork-lift truck, low-lift pallet
trpnstorter and pallets: 1 worker and fTk-lift
truck transport 20 fept n bank. 1 vcrker and
low-lift pallet transporter transport 50 feet to

dunper : 2 is; •33 ili/ i.."^? I 3-05 3-99 i 7.5" U.6U 12.18 I3.I6

1/ Except as otherwise noted, all trpufiportetlon ili^tnnc"^ are standardlfed et 70 fe*t.

2/ Squipcent costs computed from data on ownership and op<>ratln£ costs shown In table 2.

^ "Ourrent" labor coats conpoted from wa^ rates of vl.l5 per hour for unskilled labor and Sl.JO per hour for semlskllied labor (k^ vorkera eoch as

Indnetrlal truck Tnerfctore).

1*/ AeeuBied labor coets cooputed fran wage ratee of $1.U0 per hoiir for onskllled worker* tnd $1.55 P^r hour fop seHlekllled labor.

5/ Truck unloading only.

5/ Conveyor transporte fruit 3^ f***-

Xl ?0-foot belt conveyor 3.33 machlfle-h-Tura . clamp-type 2-wh«el hand truck lt.99 machine-hours, total 8.32 mpchlne-houre.

g/ 15-foot floor chain conveyor 3-33 aachlae-hours. clamp-type 2-wheel h£nd truck 5-2^ Bftchlne-hourt . total 8.58 aachlnf^-h^mrs.

2/ Tranepoptetlon dlftaace Increased to I70 feet. 100 feet of which Is by use of floor chain conveyor. Conveyor serves e« an accuffolator. lacreased distance

adds equlpsent costs but does not increase labor costs.

10/ 100-foot floor chain conveyor 3.33 nachlne-hours . clanp-type 2-Tfheel hand truck 2-33 oachlne-hours , total 5.66 iMchlne-hrnips.

U/ U.OOO-pcund capacity electric fa-k-llft truck O.76 aschlne-hourB. 20.8 pallets (Ua-box) O.76 oaehine hnurs. total I.52 machine hours.

12/ 1.000-pound (24-boi) capacity electric clamp-typc truck 0.80 nachlna-h-airs, hydraulic stablllrer unit O.SO Bachlne-hours. clasp-type 2-wheel hand truck

3.33 Btechine hours . total ^.^3 eiachlne-hours.

VJ/ A li,0-X>-pound capacity electric fork-lift truck 0-3? nachine hours. U.OOO-oound capacity electric lov-iift pallet transoorter 3.33 Bachlae-hours.

20.8 pallets (U8-bor) 0.89 machine-hours, total U.55 oachlne-hTurs.

most economical method uses the 2-wheel hand truck. There is a marked
contrast in labor and machine costs of hand truck and fork-lift truck
methods. Receiving by use of hand trucks had the highest labor cost of

all methods, a factor that should be considered when there is difficulty
hiring sufficient workers to operate a plant . The highest cost method
of receiving was the combination of equipment using a fork-lift truck and
low-lift pallet transporter.
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With the exception of fork-lift truck and pallet methods, floor chain

conveyor plants use less labor to move fruit to the packing line than any

other method. Other methods of moving apples directly to the line incurred

labor costs of from $5,00 to $7.00 per 1,000 boxes received.

When fork-lift trucks are used to move fruit directly to the packing

line, the elapsed time required, as well as the costs, was relatively low.

However, the use of the pallet transporter with the fork-lift truck re-

duced the elapsed time, so that only O.33 of an hour was needed to unload

1,000 boxes from road trucks. The floor chain conveyor which showed rela-

tively low labor cost had the disadvantage of requiring the longest
elapsed time to unload.

Comparison of Methods and Types of Equipment
for Unloading from Orchard Trailers and
Moving Directly to the Packing Line

The method of unloading apples from trailers and moving directly to

the packing line, in which gravity roller conveyors replace the hand trucks,

resulted in a large saving. At current wage rates, the total labor and
equipment costs by the improved method were $2.60 per 1,000 boxes compared
with $8.23 by the hand truck method (table 75). Savings in labor with the
improved method were greater than the actual savings because there was
additional machine cost; yet this machine cost is not great, amounting to
only $0.85 per 1,000 boxes. The greater efficiency of the improved method

Table 75. --Comparative labor and equipment costs for unloading from orchard trailers and moving 1,000 unpacked
boxes of apples to the packing line by use of specified methods and types of equipment 1/

Labor and equipment required Labor and equipment costs

Method Elapsed
: : Total costs

time Equipment Wait . Total Equipmeiil,. Labor -currentiAssumad
time time . labor -' : 1' : wages -.wages 4/

Hours Machine-hours Man-hours Man-hours Dollars Dollars Dollars Dollars

One worker biiilds stacks on trailer,
Z workers hand truck 50 feet to
bank, 1 worker hand trucks 20 feet
from bank to dumper 5/ 1.26 7.01 2.85 7.01 0.17 8.06 8.23 9.98

One worker transfers boxes from
trailer to 50-foot long roller
conveyors 6/ 1.52 7/ 1.52 .0 1.52 .85 1.75 2.60 2.98

One worker builds unit loads or
pallets, 1 fork-lift truck trans-
ports 50 feet to bank, 20 feet to
dumper 5/ 2.03 8/ 1.32 .0 2.69 2.83 3.19 6.02 6.69

1/ Except as otherwise noted, all transportation distances are standardized at 70 feet.
y Equipment costs computed from data on ownership and operating costs shown in table 2.

3/ "Current" labor costs computed from wage rates of 11.15 per hour for unskilled labor and $1.30 per hour
for semiskilled labor (key workers such as industrial truck operators).

4/ Assumed labor costs computed from wage rates of 11.40 per hour for unskilled workers and $1.55 per hour
for semiskilled labor.

5/ Trailer unloading only.

6/ Transportation distance is 50 feet. Decrease of 20 feet in standard distance does not affect labor
costs.

7/ Four 50-foot roller conveyors 1.52 machine hours.

8/ 4,000-pound electric fork-lift truck 0.66 machine-hours, 20.8 pallets (48-box) 0.66 machine-hours,
total i. 32 machine-hours.
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also is shown by the elimination of all wait time. It would appear
desirable to use gravity roller conveyors in place of 2-wheel hand trucks
in all plants that can make use of this method of receiving. If it is

impossible to install conveyors with sufficient incline, the worker who
removes culls and empty boxes may need to assist in moving the boxes on
the rollers to the dumper.

Labor ajid equipment costs per 1,000 boxes by use of industrial-lift
truck and U8-box pallets are $6.02 at current wage rates. These costs are

about equally divided between labor and equipment

.

Comparison of Costs for Unloading, Moving to Storage ,

and then to the Packing Line with Costs for
Unloading and Moving Directly to the Line

To a limited extent, apple houses have a choice of moving fruit
directly to the packing line or into storage and then to the packing line

.

From the cost standpoint, it is much more economical to move fruit directly
to the packing line. However, to handle a relatively large volume of fruit
in this way requires a much lajrger investment in packing house facilities.
The decision on the amount of fruit that can and should be moved directly
to the line should be made in light of this and other factors previously
discussed.

To illustrate comparative labor and equipment requirements and their
costs, a belt -conveyor -hand-truck operation requires a total of U.99 man-
hours to move fruit directly to the packing line . If the fruit is moved
into storage first and then to the packing line, approximately 3-^ times
as much labor is required, 17-^2 man-hours per 1,000 boxes (table 76).
In addition, the number of handlings the fruit must undergo is greatly
increased.

The time spent waiting when the fruit is moved to storage and then
from storage to the packing line is 2-^ times as much as when the fruit
is moved directly to the packing line. However, percentagewise the wait
time involved in moving fruit to storage and later to the packing line

is 21 percent of its total man-hours, while the wait time in moving fruit
directly to the packing line is 29 percent of the total man-hours.

When using belt conveyors and hand trucks, labor and equipment costs
are increased $l8.2^ (at current wage rates) per 1,000 boxes by moving
fruit to storage before it is brought to the packing line (table 77 )•

Offsetting this extra cost, less packing house equipment is required,
the fruit is cooled more promptly, and packing operations axe spread
through a longer season.
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Table 76.—Comparative labor requirements for unloading from road trucks and moving 1,000 unpacked

boxes of apples directly to the packing line and for moving boxes of apples to storage and

then to the packing line ty use of belt conveyor and 2-T»heel hand trucks

Operati on Workers
Productive

labor
Fatigue :

allowance:
Waii
time

: Total
: labor

Number Man-hours Man-hours lian-hour s Man-hours

Move apples directly to washing and packing line
Set up and clean up Z 0.12 0.0 0.0 0.12

Hand truck 30 feet to bank 2 ! 1.30 .15 .11 1.54

Hand truck 10 feet to belt conveyor ! 1 .81 .08 .0 .89

Place boxes on belt conveyor 1/ 1 .90 .18 1.36 2.44

Total man-hours 3.13 .39 1.47 4.99

Move apples to storage first and then to
washing and packing line .

Set up and clean up 10 .16 .0 .69 .85

Place boxes on belt conveyoi* :! 2 1.28 .25 .33 1.86

Transfer boxes from belt conveyor 2/ 2 1.31 .26 .29 1.86

Hand truck 50 feet to storage 2 1.61 .17 .08 1.86

High-pile boxes to IZ-high 4 2.27 .56 .89 3.72

Break down stack from 12-high to 6-high 2 2.02 .40 .0 2.42

Hand truck 35 feet to bank 2 1.29 .13 .10 1.52

Hand truck 15 feet to belt conveyof 1 .90 .09 .0 .99

Place boxes on belt conveyor 3/ i 1 .90 .18 1.26 2.34

Total man-hours ; - 11.74 2.04 3.64 17.42

I

Conveyor transports fruit 30 feet.

Conveyor transports fruit 50 feet.
Conveyor transports fruit 140 feet.

Table 77.—Con^jarative labor and equipment costs for unloading and moving 1,000 unpacked boxes of apples directly
to the packing line from a road truck and for moving apples into storage and then to the

packing line by use of belt conveyor and 2-wheel hand trucks 1/

Workers

Labor and equipment required Labor and equipment costs

Method Equipment
time

Wait = Total F.qnip™.nt.: L^hf.,. ! Total costs

time labor
'

Z/ -3/ : Current: Assumed
^

: -^ : wages :wages 4/
Number Kachine-hours Man-hours Man-hours Dollars Uollars Dollars Dollars

Unload road truck and move boxes of
apples directly to washing and
packing line 3 5/ 8.32 1.47 4.99 0.95 5.74 6.69 7.94

Unload road truck, move boxes of
apples into storage and tier, and
later move to washing and packing
line 13 6/12.82 3,64 17.42 4.90 20.03 24.93 29.29

1/ Transportation distance when apples are moved directly from the road truck to the packing line is
70 feet. When moved to storage and then to the packing line the total transportation distance is 290 feet.

2/ Equipment coats computed from data on ownership and operating costs shown in table 2.

3/ "Current" labor costs computed from wage rates of $1.15 per hour for unskilled labor and $1.30 per hour
for semiskilled labor (key workers such as industrial truck operators).

4/ Assumed labor costs computed from wage rates of $1.40 per hour for unskilled workers and $1.55 per hour
for semiskilled labor.

5/ Clamp-type 2-wheel hand truck 4.99 machine-hours, 30-foot belt conveyor 3.33 machine-hours, total
8.32 machine-hours.

6/ Clamp-type 2-wheel hand truck 6.87 machine-hours, 100-foot belt conveyor 1.01 machine-hours, 140-foot
belt conveyor 3.35 machine hours, 15-foot gravity roller conveyor 1.01 machine-hours, total 12.22 machine-hours.
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METHODS AND EQUIPMENT FOR MOVING APPIES
FROM STORAGE TO THE PACKING LINE

The practice in Washington State of placing most apples in cold storage
before they are packed has led to the construction of ample storage facili-
ties in most areas. As a result, most apples are received into cold storage,
even when the apples are not to he held long, since many firms precool fruit
before packing. Precooling takes the field heat out of the apples and
slows down the ripening process. Precooling involves no special processes
other than moving the fruit into cold rooms where it will be held briefly,
usually a few days. Since much of the tonnage is moved into cold storage
prior to packing, moving fruit out of cold storage to the packing line is

an important and costly cycle of handling operations.

Moving fruit from storage to the packing line is not done under the
pressure of harvest season operations. This work is spread over the pack-
ing season which varies in length with the size of the crop, the nature of
the market, and practices in different localities.

During some seasons, a number of firms do not find it desirable to
pack a great quantity of fruit in advance of sale, so that buyers can be
provided the type of pack or the variety of fruit demanded. Frequently,
to meet market demand, apple houses pack intermittently for the first few
months of the season and then shut down for a few weeks . Some firms stop
and start their packing operations several times in a season. In the
Wenatchee and Okanogan areas, most firms pack as rapidly as possible in
the hope of completing operations before the onset of cold weather.

Unpacked fruit is moved from storage to the packing line either in

standard boxes, which are later used for packed fruit, or in field boxes.
In either case, these are the boxes in which apples are received. Generally,
moving apples from storage to the line involves the following cycle of

operations: (l) Picking up boxes; (2) transporting boxes from the stack-
ing or storage point to the packing line; (3) releasing the boxes in a
temporary bank or in the dumping area; and (k) returning empty with the
materials -handling equipment to pick up the next load. Where boxes of
fruit are stacked in storage more than 6-boxes high and are to be heindled

with materials -handling equipment other than industrial fork-lift type or
clamp-type trucks, all boxes above the 6-high stacks must first be
removed or "broken out."

When industrial fork-lift trucks are used in combination with
clamp-type 2-wheel hand trucks, these operations are repeated to complete
the entire cycle. When belt conveyors are used in combination with other
equipment, there are two additional operations --placing boxes on and
removing them from the conveyor.

As used in this report, the operation of picking -up boxes is identical,

with that described for the cycle of operations performed in unload.ing and
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moving apples into storage. Pickup time starts when the operator begins
positioning his equipment and ends when he is In position to move to or

start the next operation in the cycle.

Transporting boxes to the packing line begins as soon as the worker
with the hand truck is in position to move or the unit load clears its

original position and ends when the worker with the hand or industrial
truck reaches the temporary bank or the area adjacent to the dumper and
starts to maneuver to release the stack or unit load.

Releasing the boxes in the temporary bank or at the dumper consists of

setting the boxes down in position either for subsequent movement or for
dumping. The operation begins when the worker starts to maneuver the truck
into position and ends when the hand trucker begins to return empty or when
the forks or clamps of the industrial truck clear the load.

Returning empty with materials -handling equipment begins when the
hand truck operator has completed his backing and turn and starts his re-
turn to pick up the next load or when the forks or clamps of the Industrial
truck clear the load and ends when he begins positioning the forks or
clamps to pick up a load. For purposes of this report, labor Incurred in

transporting boxes to the packing line and returning empty is combined and
shown as transportation labor.

A single packing line utilizes from 2,000 to 4,000 boxes of loose or
unpacked fruit per day. Handling operations involved in moving apples
from storage to the line are paced by the rate of the packing line . Fruit
handling crews frequently are delayed waiting for the packing line to use

the fruit. As a result of delays and other wait time, supplying fruit to
the line is a relatively costly operation. However, there are possibilities
for improving methods to avoid delays and reduce costs. Crews moving fruit
to the packing line usually are made up of more experienced workers and are
smaller than the crews used for some other operations, facilitating
supervision.

The most widely used equipment for moving fruit from storage to the
packing line is the clamp-type hand trucks In combination with belt con-
veyors . Some plants that use hand trucks entirely during the receiving
operation use belt conveyors to move fruit to the packing line. Part of
the advantage of belt conveyors is that in diAmping boxes the loads or
stacks must be broken down for dumping one box at a time. There is little
difference in the labor required to break the stacks in the cold room when
the boxes are placed on the belt and that required when the stacks are

transported to the dximper and broken as part of the dumping operation.
Some of the smaller plants use the hand trucks for supplying dumpers.
Except for new methods of handling by use of industrial equipment, the use
of other types of equipment for moving fruit to the line is not widespread
in Washington State plants.

259298 O - 53 - 12
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Moving fruit to the packing line may involve breaking out high-piled
boxes in the storage room. In high-piling plants, the fruit moved to the
packing line by equipment other than industrial trucks first must be re-
moved from above the 6-high stacks. (The upper boxes are lowered to the
floor and built into 6-high stacks so that they can be hand trucked to the
packing line or belt conveyor.) Stackbreaking is discussed as a separate
operation for all types of equipment except industrial trucks. The types
and combinations of types of equipment used for moving apples to the pack-
ing line covered in this report are

:

1. Clamp-type 2-wheel hand trucks alone.

2. Clamp-type 2-wheel hand truck and belt conveyor.

3. Clamp-type 2-wheel hand truck and floor chain conveyor.

k. Clamp-type 2-wheel hand truck, floor chain conveyor and stackbreaker

,

5. Clamp-type 2-wheel hand truck, belt conveyor, stackmeiker and
floor chain conveyor

.

6. Clamp-type 2-wheel hand truck and elevator.

7. Industrial clamp-type truck.

8. Industrial fork-lift truck and pallets.

9. Industrial fork-lift truck, low-lift pallet transporter, and
pallets.

The methods of using these types or combinations of equipment are
discussed in the following sections of the report. l€ is assumed that the
packing line uses approximately 3OO boxes of loose fruit per hour. The
rate at which the packing line handles fruit determines the elapsed time
required to supply 1,000 boxes to the line, in this case 3-33 hours.
Therefore, elapsed time is not shown in the analysis of the method of mov-
ing fruit to the packing line from storage. Except as noted in connection
with certain methods, a standardized transportation distance of I90 feet
is used for analytical purposes

.

Clamp-Type 2 -Wheel Hand Trucks Alone

Hand trucks alone are used to move fruit to the packing line only when
relatively short transportation disteuaces are involved. When the distance
is great, most plants have installed belt conveyors which they use in

combination with 2-wheel hand trucks. However, for purposes of analysis
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and to provide comparative data, the 190-foot distance is adhered to for

all discussions in this section. 31/

When apples are moved to the packing line by hand truckers, a crew of

two or more workers picks up 6-high stacks of boxes in the storage area and

releases them to build a bank of supply near the dumper. Another hand

trucker moves the fruit from the temporary bank or block into position for

the worker dumping fruit into the washer (fig. 87). In practice there are

two variations of this method. One in which a large bank of supply is

Figure 87.- -A hand trucker supplies a dumper from a temporary bank.

built and the crew trucking from storage is assigned to other work while
boxes are supplied to the dumper. The other is to have a small crew
continuously bringing fruit to the bank of supply. The work elements in

the two variations are similar and for that reason the most widely used
method of building large banks of supply is used in the analysis that
follows

.

In plants having more than one packing line, one worker may be used to
supply two lines, but he works from two banks of supply, since one grower's
lot of fruit is seldom run over two lines at the same time. Supplying two
lines at once is not a method widely used. So, it is assumed that the
hand trucker supplying the dumper works at only one packing line.

31/ Transportation distance will not alter the organization of the
method materially, except that at a shorter distance fewer hand truckers
will be needed.
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The time of the hand trucker supplying the dumper usually is not
fully occupied because the packing line does not use fruit at as rapid a
rate as it can be hand trucked to the dumper from a nearby bank of supply.
The resulting wait time might be eliminated by locating the temporary
banks of supply a little farther from the dumper or nearer to the original
storage point. However, because of the layout of most plants, this cannot
be done. Elimination of wait time, therefore, depends on arranging the
work so that the hand trucker may be assigned odd jobs of short duration.
Some of the odd jobs that might be assigned to him are moving empty boxes
away from the dumper, handling culls from the packing line, and removing
leaves from the washer. Since the assignment of odd jobs varies by pack-
ing houses, it is assumed that the wait time of the hand trucker supplying
the diomper is not productively utilized.

For a distance of 170 feet from the storage point to the dumping area,
two hand truckers are usually employed. Six-high stacks of boxes are
picked up in storage, hand trucked I70 feet, and released in a temporary
bemk of supply near the dumper. (Although some of the fruit trucked to
the dumping area may be broken down from high-piled stacks, breaking out
high-piled boxes is not considered here as part of this group of opera-
tions.) Supplying the dumper is completed when a third worker picks up
the 6-high stacks from the temporary storage area and moves them 20 feet
into position for the worker dumping the fruit (fig. 88). After the
temporary bank of supply is built large enough to keep the packing line
supplied for the desired period, the two workers moving fruit from storage
are assigned other work.

Figure 88. --Worker hand trucking stacks from a bank of

supply to a dumper.

The labor required by this method is 7 '28 man-hours per 1,000 boxes
(table 78) --a little more than 50 percent in transportation, and 3I percent
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Table 78.—Labor required for a 5-man crew to move 1,000 unpacked boxes of apples from storage to

the packing line by use of clamp-type 2-wheel hand trucks 1/

Operation Workers' Productive: Fatigue :

labor :allowance;

Wait
time

: Total
: labor

«-
Nximber Man-hours Man-hours

0.29 0.03
3.01 .30
.29 .03

't
.29 .05

.45 .05

! .24 .02

Man-hours

0.0
.0

.0

.0

.0

2.25

Man-hours

Pick up 6-high stacks by use of hand truck
Transport stacks 170 feet to temporary bank
Release stacks at temporary bank
Pick up 6-high stacks by use of hand truck at
temporary bank

Transport stacks 33 feet to dumper
Release stacks at dun^jer

2

: 2

2

1
1
1

0.32
3.31
.32

.32

.50
2.51

Total man-hours „ 4.57 .46 2.25 7.28

1/ Labor requirements do not Include breaking out boxes above 6-hlgb stadcs in storage
rooms.

in wait time . A large part of the wait time is due to delays of the man
supplying the dumper. Depending on the practices and layouts of individual
plants, part of this wait time might be utilized by assigning this worker
odd jobs. Labor and equipment costs by use of this method are shown in
table 79.

Table 79.--Labor and equipment costs for a 3-man crew to move 1,000 unpacked boxes of apples from storage
to the packing line by use of clamp-type Z-nheel hand trucks 1/

Vethod

Labor and equipment required

Equipment
time

Machine-hours

Wait
time

Total
labor

Man-hours Man-hours

Labor and equipment costs

Equipment labor
2/

: Total costs
: Current : As sumed
wages : wages

Dollars Dollars Dollars Dollars
fes_jwage
ars Dolla

Two iwrkers hand truck stacks 170 feet
from storage to build up a day'

s

supply in bank near the dumper, then
move to another job, 1 worker supplies
dumper from the hank 20 feet away by
use of hand truck 7. 28 2.25 7.28 0.18 8.37 8.55 10.37

1/ Costs do not Include breaking out boxes above 6-high stacks in storage rooms.
Z/ Computed from "current" wage rates.

Clamp-Type 2-Wheel Hand Trucks and Belt Conveyors

Most of the older type plants in Washington State use hand trucks in
combination with the belt conveyor to move fruit to the packing line.
Belt conveyors are arranged so that the fruit can be conveyed from all
parts of the storage plant with only a short transportation distance by
use of hand trucks. This distance is assumed to be 50 feet. The belt
conveyor moves boxes the remaining li<-0 feet to the dumper. Moving fruit
to the packing line with this equipment combination consists of hand
trucking 6-high stacks of boxes from the storage point, or from the stack-
breaking crew, to the belt conveyor and placing boxes, one at a time, on
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the conveyor. Boxes axe removed from the conveyor "by the dumper. One
variation of the method uses a crew to move up a large temporary "bank of
supply close to the belt, after which the crew does other work, while
another worker trucks the boxes the remaining distance and places them on
the belt, keeping the dumper supplied. By another variation in the method,
a small crew (the size depending on the distance) brings fruit up to the
belt (50 feet) as it is placed on the conveyor, but at the expense of an
additional wait time of about 2.50 man-hours per 1,000 boxes. Only the
first of these variations is presented here.

3 -Man Crew Using Temporary Bank

By use of this method, two workers hand truck fruit 35 feet from the

storage point or from the "stackbreakers," and release loads in a temporary
bank of supply near a belt conveyor. 32/ When sufficient boxes are in the
bank, these workers are assigned to other jobs. A third worker hand trucks
stacks 15 feet to the belt conveyor and places boxes on the conveyor which
moves them li<-0 feet to the dumper (fig. 89).

This method requires ^.85 man-
hours for moving 1,000 boxes to the
packing line --27 percent of it (1.29
hours) for transportation and 28 per-
cent for wait time (table 80). Al-
most all of this wait time is incurred
by the worker placing boxes on the
belt conveyor --the work being done in
the cold storage room where it would
be impractical to fill in with other
assignments. If the plant layout
permits and if there is vacemt space
in the storage room the transporta-
tion distance to the temporary bank
of supply can be decreased, leaving
more distance for the worker supply-
ing the belt to cover. This increase
might decrease the delay time by
shifting more work from the men build-
ing the bank of supply to the third worker. The extent to which such a

shift could be made is governed by the fact that boxes must be placed on
the belt at regular intervals to avoid the dumper being supplied inter-
mittently which would result in a delay in the operations of the grading
crew.

Figure 89. --Placing boxes from 6-high

stacks onto a belt conveyor.

32/ The term "stackbreakers" refers to the men manually lowering the
previously high-piled boxes to a stack height which can be moved by
2 -wheel hand truck.
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Table 80.—Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to

the packing line by use of clamp-type 2-nheel hand trucks and belt conveyor 1/

Operation
i
Workers Productive: Fatigue

labor : allowance
: Wait
: time

: Total
: labor

; Number • Man-hours Man-hours Man-hours Man-hours

Pick up 6-high stacks at storage position by
use of hand trucks ! 2 . 0.29 0.05 0.0 0.52

Transport stacks 35 feet to temporary bank 2 .71 .07 2/ .10 .88
Release stadcs at bank . 2 .29 .03 .0 .32
Pick up 6-high stacks from bank by use of
hand truck ! 1 .29 .03 .0 .52

Transport stacks 15 feet to belt . 1 .37 .04 .0 .41
Release sticks at belt conveyor 1 " .24 .02 .0 .26
Place boxes from single row stacks on belt
conveyor 1 .90 .18 1.26 2.34

Total man-hours ^ 3.09 .40 1.36 4.85

1/ Labor requirements do not include breaking out boxes above 6-high stacks in storage
rooms.

2/ Wait time caused by crew interference.

One Worker and Accumulator Device

A method for moving boxes of apples to the packing line might be
developed by building accumulator space on the belt conveyor near the
dumper in which a supply of fruit could be accumulated to supply the pack-
ing line for a short period. 33/ It is assumed that such an accumulation
device would permit the hand trucker placing fruit on the belt to trans-
port fruit a distance of 50 feet . The remaining l^+O feet of transportation
would be by use of the belt conveyor. This device should permit the crew
size to be reduced to one worker who would transport several stacks from
the storage point to the belt and place the boxes from these stacks on the
belt conveyor moving to the packing line. Accumulator space on the belt
conveyor should permit the worker to place the boxes from several stacks
on the conveyor before repeating the cycle. By this method the total
labor required to supply the dumper should be reduced to 3.33 man-hours
per 1,000 boxes, the rate at which the d\imper uses the fruit (table 8I).
Theoretically, no additional reduction in labor could be achieved, even
though 18 percent of the total labor would be wait time.

Comparison of 3 -Mail Crew and One Worker

At current wage rates, the method employing only one worker, might
reduce total labor and equipment costs of moving fruit to the packing line
by $1.79 per 1,000 boxes, or from $9.56 to $7.77 (table 82). Perhaps more

33/ Although such an accumulator is not used for this purpose in the
industry, small sections are used in supplying some of the mechanical
dumpers

.
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Table 81.—Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to the
packing line by use of clamp-type 2-wheel hand truck, belt conveyor, and accumulator 1/

Productive: Fatigue : Wait t Total
Operation Workers labor : allowance: time : labor

Nuniier Man-hours Man-hours Man-hour s Man-hours

Pick up 6-hi^ stacks at storage position by
use of hand truck 1 0.29 0.05 0.0 0.32
Transport 50 feet to side of belt conveyor 1 .97 .10 .0 1.07
Release stadis at belt conveyor 1 .24 .02 .0 .26
Place boxes on belt conveyor from single-row

-

stacks 1 .90 .18 .60 1.68

Total man-hours _
: 2.40 .33 .60 3.35

1/ Labor requirements shown were developed from standard data. These req\iLrements do not
include breaking out boxes above 6-hi^ stacks in storage rooms.

Table 82.—Conparative labor and equipment coats of 2 specified methods of moving 1,000 unpacked boxes of apples
from storage to the packing line by use of clamp-type 2-wheel hand trucks and belt conveyors 1/

Labor and equipment required Labor and equipment costs

liethod
Equipment

time
Wait ; Total
time labor

• : Total costs
Equipment: p/'" :Current:A3sumed

: =1 : wages : wages
Machine-hoars Man-hours Man-hours Dollars Dollars Dollars Dollars

Three-man crew
Two hand truckers move stacks 35 feet from
storage to build up a day's supply in bank
near the belt, then move to another job.
One man places boxes on belt to diimper and
hand trucks stacks 15 feet to belt 3/ 8.18 1.36 4.85

:

;

: 3.98 5.58 9,56 10.77

One worker
One hand trucker wheels stacks 50 feet from
storage position to a place beside belt,
then places boxes on belt to dunqjer.

Accumulator device used on belt

•

4/ 6.66 .60 3.33 3.94 3.83 7,77 8,60

1/ Costs do not include breaking out boxes above 6-high stacks in storage rooms.
"y Computed from "current" wage rates.

3/ Clamp-type Z-wheel hand truck 4,85 machine-hours, 140-foot belt conveyor 3,33 machine-hours, total
8.18 machine-hours.

4/ Clamp-type 2-wheel hand truck and 140-foot belt conveyor 3.33 machine-hours each, total 6.36 machine-hours.
No allowance included for accumulator device.

important is the reduction in the number of men required for this work.
Although the method using a belt conveyor accumulating device might permit
one hand trucker to supply the dumper, its use would be limited if the
distance from the belt to the storage point is greater than 50 feet. The
distance the fruit is hand trucked from storage points to the belt conveyor
may vary considerably during a day. Therefore, although one hand trucker
might be able to handle the work at one time, he might not be able to keep
up with the packing line if the distance became greater. The widely used
method of building a temporary bank of supply by a 2-man crew affords
management a rather standard procedure to offset the effects of changing
transportation distances. However, the installation of an accumulator
device would be beneficial in most plants since it should bring about the
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consolidation of what otherwise would be idle time into intervals long
enough to permit other productive work to be done.

Clamp-Type 2-Wheel Hand Trucks and Floor Chain Conveyors

Hand trucks and floor chain conveyors are used in only a few Washington
State plants for moving boxes of apples from storage to the packing line.

None of these plants use this equipment for the standard distance of I90
feet . Usually floor chains are used only to supply mechanical dumpers

.

However, they could be used to supply a manual dumper. The length of a
floor chain conveyor used for supplying a dumper is rarely more than
50 feet.

The current method of supplying the packing line by use of a floor
chain conveyor involves the use of hand trucks for transporting stacks to
the conveyor. Workers build a temporary bank of supply near the floor
chain conveyor and another worker places the stacks on the floor chain.
A second method, which is not in use, is to use a hand trucking crew of

one or more men to place stacks on the conveyor and use it as an accumula-
tion device. After filling the chain conveyor these workers could be

assigned for a short period to other work.

3 -Man Crew Using Temporary Bank

When a temporary bank of supply

is built near the floor chain conveyor,

two workers hand truck 6-high stacks
of boxes from storage I70 feet to a
temporary bank in the dumping area.
After accumulating part or all of a

day's supply, these hand truckers are

assigned to other work. One hand
trucker in the dumping area moves the
stacks from the temporary bank 20 feet
to the floor chain conveyor, thus con-
tinuously supplying the dumper (fig. 90)

Wait time by use of this method
makes up almost one -third of the total
labor required. Total labor required
is 7«28 man-hours per 1,000 boxes of
which transportation requires 3-31
man-hoxirs or ^5 percent of the total
(table 83). Figure 90. --Hand trucking a

stack to a floor chain from

a temporary storage bank.
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Table 83.—Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to
the packing line by use of olamp-type 2-Trtieel hand trucks and floor chain conveyor 1/

Productive: Fatigue : Wait : Total
Operations Workers

labor : allowance

:

time : labor
Number Man-hours llan-hours Man-hours

0.29 0.03 0.0

Man-hours

Pick up 6-high stacks by use of hand trucks 2 0.32
Transport 170 feet to temporary bank 2 • 3.01 .30 .0 3.31
Release stacks at temporary bank 2 .29 .03 .0 .32
Pick up 6-high stacks at tenporary bank by use
of hand trucks 1 .29 .03 .0 .32
Transport 20 feet to floor chain i 1 : .45 .05 .0 .50
Release stacks on floor chain : 1 ! . 24 .02 2.25 2.51

Total man-hours > . 4.57 .46 2.25 7.28

1/ Labor requirements do not include breaking out boxes above 6-high stacks in storage
rooms.

2 -Man Crew Using Conveyor as an Accixmulator
.

A floor chain conveyor-hand-truck method that might be used for moving
fruit to the packing line would be to use the floor chain as accumulation
space for stacks of boxes . This method should permit all productive work
to be performed at a normal pace and at one time, thus avoiding delays.

By this method two workers would hand truck stacks 170 feet from the stor-
age and release them on the floor chain conveyor. A 50-foot length of

chain conveyor would provide space for approximately one hour's supply of

fruit. After filling the chain, the two hand truckers would be assigned
to other work such as carloading or breaking down stacks

.

This method should reduce the total labor required to 3 89 man-hours
per 1,000 boxes, or kj percent less than the common method (table 8^4-).

Wait time is eliminated and the elapsed time is reduced below the rate at

which the dumping machine operates, or 1.95 hours compared with 3*33 iiours

per 1,000 boxes.

Table 84.—Labor required for a 2-man crew to move 1,000 unpacked boxes of apples from storage to

the packing line by use of clamp-type 2-wheel hand truck and floor chain conveyor 1/

Operation Workers.
Productive

labor
: Fatigue
: allowance

Wait
time

: Total
: labor

Number Man-hours

0.29
3.01

: .24

Man-hours

0.03
.30

.02

Man-hours

0.0
.0

.0

Man-hours

Pick up 6-high stacks by use of hand truck
Transport 170 feet to floor chain conveyor
Release stacks on floor chain conveyor

2

2

2

0.32
3.31
.26

Total man-hours « 3.54 .35 .0 3.89

1/ Labor requirements do not include breaking out boxes above 6-high stacks in storage
rooms.
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Comparison of 3 -Man Crew and 2-Man Crev

By use of the 2-nian crew for moving fruit to the packing line in which
the floor chain conveyor serves as an accumulator, labor requirements might
he reduced from 7.28 man-hours to 3.89 man-hours per 1,000 boxes (table 85)
This represents a dollar saving of 38 percent at current wage rates. In
addition, the crew size would be reduced from three to two men. The same
crew could be used to break out high-piles for there is sufficient time to
add this operation to their duties. Thus, the use of the chain conveyor as
an accumulator should even out the work load and consolidate time that
might otherwise be idle.

Table 85.—ConqDaratlve labor and equipment costs of two specified methods of moving 1,000 unpacked boxes of apples
from storage to the packing line bj ude of clamp-type Z-wheel hand trucks and floor chain conveyor 1/

Labor and equipment required Labor and equipment costs

lletbod
Equipment

time
Wait
time

Total
labor

: : Total costs
Bquipment: ^"^J^

:Current:As3umed
: i' : wages : wages

Machine-hours Man-hours Uan-hours Dollars Dollars Dollars Dollars

Three-man crew
Two hand truckers move stacks 170 feet from
storage to build up day's supply in bank
near floor chain conveyor. One man hand
trucks 20 feet from bank and releases on
chain 5/ 10.61 : 2.25 7.28 2.11 8.58 10.49 12.30

Two-man crew

•

4/ 7.22 .0 3.89

Two hand truckers place stacks on a floor
chain 170 feet from storage. (Approxi-
mately an ho\ir'8 supply.) Hand truckers
then move to another Job. Later fill up
chain again 2.02 4.47 6.49 7.47

1/ Costs do not Include breaking out boxes above 6-high stacks in storage rooms.
2/ Computed from "current" wage rates
3/ Clanp-type 2-wheel hand truck 7.28 machine-hours, 50-foot floor chain conveyor 3.33 machine-hours, total

10.61 machine-hours.

4/ Claap-type 2-wheel hand truck 3.89 machine-hours, 50-foot floor chain conveyor 3.33 machine-hours, total
7.22 sachlna-hours.

Clamp-Type 2-Wheel Hand Trucks, Floor
Chain Conveyor and Stackbreaker

One Washington State apple plant uses a stackbreaker in combination
with floor chain conveyors and hand trucks to supply a special mechanical
dumper that dumps single boxes. Six-high stacks first must be broken down
before boxes are fed into this dumper.

By use of this combination of equipment the same procedure for supplying
the packing line is followed as when hand trucks and floor chain conveyors
are used without the stackbreaker. Fruit is moved from storage either by a
crew accumulating a bank of supply near the floor chain conveyor or by
workers who place stacks on the conveyor. The rfork elements and labor
requirements are identical to those shown in tables 83 and Qk. Because of
increased equipment costs, a cost analysis is presented in table 86.
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Table 86.—Comparative labor and equipment costs of Z specified methods of sovlng 1,000 unpacked boxes of apples
from storage to the packing line by use of claop-type Z-nfaeel hand trucks,

floor chain conveyor, and stackbreaker 1/

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait ; Total
time [ labor

: Labor =
'^°'^ °°^*^

Equipment: „/ : Current:Assumed
: - : wages : wages

Machine-hours Man-hours Man-hours Dollars Uoiiars Dollars Dollars

Three-man crew
Tiro hand truckers move stacks 170 feet from
storage to build up a day's supply in bank
near floor chain conveyor. They then move
to another job; 1 man hand trucks 20 feet
from bank to chain 3/ 13.94 2.25 7.28

s

! 4.47 8.38 12.85 14.66

Two-man crew
Two hand truckers place stacks on a floor
chain 170 feet from storage. (Approxi-
mately an hour's supply.) Hand truckers
then move to another job. Later fill up
chain again

!

. 4/ 10.55

!

.0 3.89 i 4.38 4.47 8.85 9.83

1/ Costs do not include breaking out boxes above 6-high stacks in storage rooms.
Z/ Computed from "current" wage rates.

V Clamp-type 2-wheel hand truck 7.28 machine-hours, stackbreaker 3.33 machine-hours, 50-foot floor chain
conveyor 3.33 machine-hours, total 13.94 machine-hours.

4/ ClaB5>-type 2-wheel hand truck 3,69 machine-hours, stackbreaker 3.33 machine-hours, 50-foot floor chain
conveyor 3.33 machine-hours, total 10.55 machine-hours.

By use of the temporary bank method, stacks are hand trucked from
storage to a bank near the floor chain where they are moved by another
hand trucker to the floor chain conveyor. As the stacks move along the
chain, they are fed into stackbreaiing machine which breaks down the
stacks and permits one box at a time to move into the diomper mechanism
(fig. 91).

Figure 91. -Stacks moved from a temporary bank on the

floor chain conveyor are fed into a stackbreaker.
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A saving of about 30 percent may be realized by using the accumulator

method. Equipment costs in both methods are considerably higher than
they are when the stackbreaker is not used.

Clamp-Type 2-Wheel Hand Trucks, Belt Conveyor ,

Stackmaker, and Floor Chain Conveyor 3V

One Washington State plant uses a combination consisting of hand trucks,

belt conveyors, stackmaker, and floor chain conveyor to move fruit to pack-
ing line. Stacks are hand trucked from the storage point 35 feet to a bank
beside the belt conveyor. Another worker hand trucks the fruit 15 feet and
places single boxes on the belt. The belt conveyor feeds the boxes into a
stackmaker where they are built into 6-high stacks, are moved out of the

stackmaker onto a floor chain conveyor, and are moved onto a stackdumper.

The methods used in this combination of equipment are the same as

those described when hand trucks and belt conveyors are used without other
types of equipment to supply the packing line. Work elements and labor
requirements are identical to those shown in tables 80 and 8I. For this
reason, a cost analysis only is shown in table 87.

Table 87.—Comparative labor and equipment costs of 2 specified methods of moving 1,000 unpacked boxes of apples
from storage to the packing line by use of clamp-type 2-wheel hand truck, belt conveyor, stackmaker, and

floor chain conveyor 1/

Labor and equipment required Labor and equipment costs

Method Equipment
time

Wait
time

= Total

1
labor Equipment

: , ,y,^j. : Total costs

- : 2 7 :CurrentsAssumed
: - : wages -. wages

Vachine-hours llan-hovirs Man-hours Dollars

7.27

Dollars Dollars Dollars

Three-man crew
Two hand truckers move stacks 35 feet from
storage to build up a day's supply in bank
near the belt. They then move to another
Job; 1 man hand trucks stacks 15 feet to
belt and places boxes on belt to dumper 3/ 14.84 1.36 4.85 5.58 12.85 14.06

One worker
One hand trucker wheels stacks 50 feet
from storage position to a position beside
belt. He then places boxes on belt to
dumper 4/ 13.32 .60 3.33

;

7.23 3.63 11.06 11.89

1/ Costs do not include breaking oub boxes above 6-hig)i stacks in storage rooms.
2/ Computed from "ciirrent" wage rates.
?/ Clamp-type 2-Hheel hand truck 4.85 machine-hours, 140-foot belt conveyor 3.33 machine-hours, stackmaker

3.33 machine-hours, 10-foot floor chain conveyor 3.33 machine-hours, total 14.34 machine-hours.
4/ Clamp-type 2-wheel hand truck, 140-foot belt conveyor, stackmaker, and 10-foot floor chain conveyor

3.33 machine hours each, total 13.32 machine-hours.

3V Stackmaker generally used in receiving. When used in storage to
line it is estimated to operate 35O hours instead of I50 as shown on cost
summary in Appendix. New cost of $0.87 per hour when stackmaker is used
in storage to line based on 350 hours of use, $2,500 capital cost, and
15 years depreciation.
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The costs of both methods are relatively high, for the equipment cost
is increased with the inclusion of a stackmaker and floor chain conveyor.
Equipment costs by either method are greater than labor costs.

Clamp-Type 2 -Wheel Hand Trucks and Elevator

Washington State apple plants that use hand trucks and elevators for
receiving fruit do not, as a rule, use these elevators for moving fruit
from storage to the packing line . Usually a belt conveyor is used in
place of elevators. However, one plant in which studies were made used
the elevator to move fruit to the packing line part of the time.

When an elevator is used, fruit is hand trucked by two workers from
storage into the elevator, the elevator moves the fruit to the off-loading
floor, and it is again trucked to temporary storage in the dumping area.
A third worker is used to keep the dumper supplied from the temporary
supply bank.

Hand truckers move the 6-high stacks 70 feet from the storeige point
into a single elevator. The elevator moves the fruit to the off-loading
floor where the same two hand truckers move the fruit from the elevator
100 feet to the temporary bank of supply in the dumping area. These two
workers repeat this cycle of operations until a day's supply of fruit is

accumulated at the dumping area and are then assigned to other jobs. One
hand trucker moves the fruit 20 feet from a temporary bank to the dumper.

A total of 8.51 man-hours of labor per 1,000 boxes is required to
move fruit from storage to the packing line by this method (table 88 )

.

Table 88.—Labor required for a 3-man crew to move 1,000 unpacked boxes of apples from storage to

the packing line by use of clamp-type 2-wheel hand truck and elevator 1/

Productive : Fatigue : Wait : Total
Method .Workers labor : allowance : time labor

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

Pick up 6-high stadcs in storage by use of
hand trucks 2 0.29 0.03 0.0 0.32

Transport 70 feet into the elevator 2 1.31 .13 ll .06 1.50
Release stacks in elevator 2 .29 .03 .0 .32
Elevator cycle 3/ 2 ! .20 .0 .20 .40
Pick up 6-high stacks in elevator by use of
hand trucks 2 : .2S .03 .0 .32

Transport 100 feet to a bank near the dumper 2 . 1.82 .18 .0 2.00
Release stacks in bank 2 .29 .03 .0 .32

Pick up 6-high stacks in bank by use of a hand
truck 1 .29 .03 .0 .32

Transport 20 feet to the dumper 1 .45 .05 .0 .50

Release stacks at dumper 1 .24 .02 2.25 2.51

Total man-hours . 5.47 .53 2.51 8.51

1/ Labor requiresnents do not include breaking out boxes above 6-hi^ stacks in storage
rooms

.

2/ Wait time caused by crew interference.

%! Vertical transportation distance is not included.
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Almost one-half of this total labor was required for transporting fruit.
Thirty percent of the total labor was wait time.

Total labor and equipment costs on the basis of current wage rates
are $18.30 per 1,000 boxes (table 89). About one-half of these costs are
equipment costs, which largely are elevator costs. It is possible with
certain elevator installations that these costs could be reduced, but it

is unlikely that this combination of equipment could compete costwise with
other combinations of equipment in moving fruit from storage to the
packing line

.

Table 89.—Labor and equipment costs for a 5-man crew to move 1,000 unpacked boxes of apples to the packing
line by use of clamp-type 2-wheel hand trucks and elevator 1/

Labor and equipment required Labor and equipment costs

Uethod
Equi.pment

time
Wait ; Total
time '. labor

: : Total costs
Equipment: Labor :Current:Assumed

: ^' : wages : wages
Machine-hours Kan-hours uan-tiours Dollars Dollars Dollars Dollars

Two hand truckers move stacks 70 feet
from storage to elevator, then
100 feet from elevator to bank near
dumper. After moving a day's supply
they move to another job. One man
hand trucks 20 feet to the dumper
from the bank 3/ 4/ 11.10 2.51 8.51 8.51 9.79 18.30 20.42

1/ Costs do not include breaking out boxes above 6-high stacks in storage rooms.
"Z/ Computed from "current" wage rates.
3/ Vertical transportation distance is not included.
4/ Clamp-type 2-wheel hand truck 8.51 machine-hours, 6,000-pound capacity elevator 2.59 machine-hours,

total 11.10 machine-hours.

Breaking Out Unpacked Boxes of Apples from High Piles

Most Washington State apple plants store part of the fruit in stacks
higher than the 6-high stacks handled by use of clamp-type hand trucks.
High-piling, or stacking boxes of fruit more than 6 high in plants that
do not use industrial-lift trucks, has previously been discussed. When
the fruit is moved out of storage by use of equipment other than industrial-
lift trucks, the high pile must be broken down to the 6-high stacks, and the
boxes removed from above this height must be built into 6-high stacks.

Breaking down the high pile is an operation that may be performed
simultaneously with moving fruit to the packing line, or it may be per-
formed slightly in advance of these operations. In either case, the
methods of breaking down high piles and the work involved eire the same.

As the fruit is moved from the high pile, it is placed in temporary stor-
age near a conveyor belt or an elevator, depending on which type of

equipment is used for subsequent operations.

The operation of breaking boxes out of high piles is the reverse of
high-piling. Boxes are lowered rather than elevated. Stackbreaking is

performed by a relatively small crew of workers who usually are more
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experienced than the high-piling crews, since stackbreaking is carried on
during the entire packing season. Stackbreaking is performed more inter-
mittently than high-piling, because the packing line sets the pace for the
operation.

A 2 -man crew is used to break down high-piled stacks to 6 high. One
worker standing on a bench or on top of 6 -high stacks lifts and hands
boxes down to a worker on the floor. These stacks are hand trucked to a
temporary storage bank. When the storage bank has been built, the crew
is assigned to other work.

As with high-piling, manual breaking out of boxes from high piles is

fatiguing work. Since one worker must stand either on a bench or on top
of 6-high stacks and lower the boxes to a worker on the floor, there is

considerable reaching and stooping involved. Moreover, this method of
lowering boxes of fruit is conducive to rough handling. This manual method
of stackbreaking has been improved by use of the mechanical high-piler
developed through the research program.

Breaking out boxes from high-piled stacks is an important part of the
job of moving apples to the packing line. When high-piled 12 boxes high,
^4-0 percent of the total labor required to move apples to the packing line
is accounted for in breaking down stacks (table 90 ) . Thirty-three percent
of the total labor is used in breaking down stacks when the boxes have
been stacked 10 high.

Table 90,—Comparative labor requirements for breaking out of stacks of specified heights and moving
1,000 unpacked boxes of apples from storage to the packing line by use of manual

break out method, 2-wheel hand trucks, and belt conveyor 1/

Operation Workers
Labor requiranents

. 10-box high
stacks 2/

Percent
of total

12-box high
stacks 2/

Percent
of total

Number Man-hours

1.75

1.52

2.07

Percent

33

28

: 39

Man-hours

2.42

1.52

2.07

Percent

Breaking out high-piled boxes 3/
Transport 6-high stacks from storage point to
temporary bank near belt conveyor 4/

Transport 6-high stacks from temporary bank to
the belt and place boxes on the belt 5/

2

2

1

40

25

35

Total _ 5.34 100 6,01 100

1/ Moving boxes from storage to line includes: (1) Breaking out high-piled boxes and building 6-high
stacks, (2) transporting to a bank near the belt conveyor, and (3) moving from the bank to the belt and
placing boxes on the belt,

2/ Man-hours shovm are the productive time required plus fatigue allowance and crew interference.

V Boxes are manually lifted from the high-piled stacks and built into 6-high stacks on the floor.
From 10-high stacks 400 of the 1,000 boxes are broken out or removed from the high pile. From 12-high
stacks 500 of the 1,000 boxes are broken out.

4/ Boxes are transported 35 feet from the storage point to the temporary bank. Includes pick up and
release of stacks.

5/ One worker transports the 6-high stacks 15 feet from the temporary bank to the belt and places the
boxes on the belt. Includes pick up and release of stacks.



- ITT -

Breaking Out Boxes Manually

Boxes are broken out manually from high piles by one worker standing

on top of a bench or on top of 6-high stacks, and handing boxes down to
another worker standing on the floor, who places them on the floor in

stacks 6 high to be hand trucked
away (fig. 92). Boxes from 9-high
stacks are always broken out from
a bench. 35/ Ten-high stacks may be
broken out either by the worker
standing on a bench or on top of

the stacks . Stacks more than 10
boxes high usually are broken out by
workers standing on top of the stack.
The crew size and arrangement,
whether the fruit is broken out from
a bench or from the top of 6-high
stacks, is the same.

The labor required to break out

1,000 high-piled boxes ranges from
U.20 to k.Q'i man-hours, depending on
the height of the stack. 2^/ The
labor required for breaking out high-
piled boxes may be stated in two
different ways; in terms of the total
number of boxes broken out, or in
terms of the total number of boxes
moved to the packing line . Where
boxes are stacked 12 high, 50 per-
cent of the boxes moved to the
packing line are broken out . Where
stacked 10 high, ^0 percent of the
boxes are broken out of high piles.

Figure 92- --Manually breaking out high-

piled boxes of apples.

For breaking out boxes from 12-high stacks, k.Q"^ man-hours of labor are
required per 1,000 boxes broken out (table 91)' The elapsed time required
to break out boxes from high piles ranges from O.TO to 1.21 hours per 1,000
boxes moved to the packing line, depending on the height of the stack
(table 92).

35/ Nine -high stacks in storage were not widely used. Data on break-
ing out boxes from 9-iii6li stacks were developed from elements of other
operations.

36/ No studies were made of high-piling and breaking out T and 8 boxes
high which can be done by one man from the floor.

259298 O - 53 - 13
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Table 91.—Comparative labor requirements for a 2-man crew to manually break out
1,000 unpacked boxes of apples from stacks of specified heights 1/

Productive
labor

Hei^t of stack
Fatigue
allowance

Total
labor

9 boxes high 2/
10 boxes high 3/
12 boxes high ?/

Man-hours

3.65
3.65
4.03

Man-hours

0.55
.75

.80

Man-hour s

4.20
4.38
4.83

1/ Labor requirements do not include moving finiit to the packing line.

2/ Three boxes from each 9-hi^ stack are broken out.
"3/ Four boxes from each 10-high stack are broken out.
Xj Six boxes from each 12-high stack are broken out.

Table 92.—Comparative labor and elapsed time required for a 2-man crew to manually
break out a total of 1,000 unpacked boxes of apples and to break out the

proportion of each 1,000 boxes moved to the packing
line when stacked to specified heights

1/ Labor required for breaking out 333 boxes.
2/ Labor required for breaking out 400 boxes.

3/ Labor required for breaking out 500 boxes.

Height of stack
Labor required :

! per 1,000 boxes :

broken out :

Labor required •

per 1,000 boxes
moved to line •

Elapsed time
per 1,000 boxes
moved to line

9 boxes high
10 boxes high •

12 boxes high

: Man-hours

4.20
! 4.38
! 4.83

Man-hours

1/ 1.40
11 1.75 !

3/ 2.42 :

: Hours

\ 0.70
.88

1.21

The cost of the manual method of breaking out boxes from high piles
at current wage rates ranged from $1.6l, when broken out of 9-tiiSii stacks,
to $2.78, when broken out of 12-high stacks, per 1,000 boxes moved to the
packing line (table 93)' All of this cost is labor cost.

Table 93.—Comparative labor costs for a 2-man crew to break out boxes of apples
manually from stacks of specified heights based on 1,000 unpacked

boxes moved to the packing line

. Elapsed
time

Total ;

labor
required

Total cost

Height of stack Current : Assumed
wages : wages

9 boxes high (333 boxes broken out) :

10 boxes high (400 boxes broken out)

12 boxes high (500 boxes broken out) :

Hours

0.70
.88 :

> 1.21

Man-hours

\ 1.40 i

1.75 :

2.42

Dollars Dollars

1.61 1.96
2.01 2.45
2.78 3.39
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Breaking Out Boxes by Use of Mechanical Lift

The mechanical method of breaking out boxes from high piles resulted
from the development of a mechsuiical high-piler. The mechanical high-
piler breaks out boxes from the stacks by grasping and lifting the high-
piled boxes which then can be pulled back with the high-piler and lowered
to the floor. Breaking stacks by the high-piler is not as rough on the
fruit and is not as fatiguing as the manual method. Moreover, use of the
mechanical method reduces the niunber of workers required for moving fruit
to the packing line

.

2-stack lift .—To break out boxes from a 9-liigli stack, the 2-stack
high-piler is pushed forward toward the high stacks and the top three
boxes from the two stacks are elevated. The high-piler is pulled back,
and the boxes are lowered to the floor. From adjoining stacks, three
additional boxes are removed from each of two stacks and placed on top of
the first boxes broken out, thus building two stacks of six each. Stacks
are then 6 high and are ready for hand trucking to the temporary storage
bank or the belt conveyor.

The 9-tiigh stackbreaking operation might begin by lifting six boxes
off the stacks, or the 9-liisb stacks might be broken into one U-high and
one 5-lii6li stack and hand trucked to the belt conveyor in loads of these
sizes. The latter procedure is unlikely.

Ten-high stacks are broken down by dividing the pile into two 5 -high
stacks (fig. 93)* The high-piler is pushed forward, the top five boxes

r
!

'

'^(k

L,-
i ^

Figure 93. --The high-piler pushed into

place and two stacks being lifted

enough to clear the lower stacks.

Figure 9^. --The load being pulled free

from, the two bottom stacks. After this

the stacks are lowered to the floor.
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in two stacks are gripped and elevated, and the high-piler is pulled back
to deposit the boxes on the floor (fig. 9^). In a 12-high operation, the
high piles are divided into two stacks of six boxes each and the stacks
are handled as in the 10-high operation.

As shown in table 9^, a total of 0.93 man-hour of labor is required
to break out 1,000 boxes from 12-high stacks by use of the 2-stack
mechanical high-piler. A total of U.83 man-hours of labor are required
by use of the manual method. The mechanical method requires only O.k'J hour
elapsed time—about one-third the 1.21 hours required for the msuiual method.

The mechanical high-piler is relatively more efficient for breaking
down high piles than for high-piling. Also, the fruit -moving crew is

reduced by one man.

Table 94.—Comparative labor and elapsed time required for 1 irorker to break out
1,000 unpacked boxes of ^ples from stacks of specified heights

by use of a 2-stack portable mechanical lift

Height of stack
Labor required"

per 1,000 boxes
broken out
kan-hours

Labor required
per 1,000 boxes
moved to line
Uan-hours

Elapsed time
per 1,000 boxes
moved to line

9 boxes high
10 boxes high
12 boxes high

Hours

0.82
.52
.47

I
Labor required for breaking out 333 boxes.
Labor required for breaking out 400 boxes.
Labor required for breaking out 500 boxes.

Single -stack lift . —Late during the 1951-52 season, a 6-box high-piler
was developed which operates similarly to the 12-box machine (figs. 95 and
96). When boxes are broken out of 12-high stacks, use of the single-stack
high-piler requires additional elapsed time of approximately O.3O of an
hour per 1,000 boxes moved to the packing line. Labor requirements are

1.5^ man-hours to break out 1,000 boxes compared with 0.93 man-hour for
the 2-stack high-piler (tables 9^ and 95)* The extra capacity of the
2 -stack machine may be a means of achieving a better balanced hemdling
operation. However, the larger machine is slightly heavier and is not as
maneuverable as the smaller machine. The single -stack high-piler has an
advantage over the larger machine when moved from location to location,
particularly if moved up and down stairways. Actually, the compsirative

advantages of the two high-pilers cannot be determined until more commercial
experience has been obtained.
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Figure 95. --The single-stack mechanical

high-piler.

Figure 96. --The single-stack machine

lowering a stack of boxes.

Table 95- --Comparative labor and elapsed time required for 1 worker to break 1,000 unpacked boxes of
apples from stacks of specified heights by use of a single-stack portable mechanical lift

l/ Labor required for breaking out 333 l^oxes

.

2/ Labor required for breaking out 1^00 boxes

.

2/ Labor required for breaking out 500 boxes.

Height of stack
Labor required
per 1,000 boxes
broken out

: Labor required
: per 1,000 boxes
: moved to line

Elapsed time
per 1,000 boxes
moved to line

9 boxes high
10 boxes high
12 boxes high

Man-hours

3-37
2.12
1.5»^

Man-hours

1/ 1.12
2> .85

3/ .77

Hours

1.12

.85

.77
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Comparison of 2-stack and single -stack lifts . - -The comparat ive
efficiency, based on labor and equipment costs, of the 2-stack and single-

stack mechanical high-pilers is shown in table 96

•

Table 96. -Comparative labor and equipment costs for breaking out the required volumes from each 1,000 unpacked
boxes of apples moved to the line from stacks of specified heights by-

use of specified types of mechanical lifts

Elapsed
time

. Labor and equipment
: required Labor and equipment costs

Height of stack and type of equipment
Equipment

time
Total
labor

: : Total— : Total—
"Equipment: ^P^' ; current : assumed

: y :wage rates: wage rates
Hours

0.82
1.12

.52

.85

.47

.77

liachine-hours kan-hours Dollars Dollars Dollars Dollars

9 boxes high (333 boxes broken out)
2-stack lift
Single-stack Uft

10 boxes high (400 boxes broken out)
2-3tack lift
Single-stack lift

12 boxes high (500 boxes broken out)
2-stack lift
Single-stack lift

0.82
1.12

.52

.85

.47

.77

0.82
1.12

.52

.85

.47

.77

0.48 0.94 1.42 1.63
.66 1.29 1.95 2.23

.31 .60 .91 1.04

.50 .98 1.48 1.69

.28 .54 .82 .94

.45 .89 1.34 1.53

1/ Computed from "current" wage rates.

Breaking Out Boxes by Use of Gravity Conveyors

This method of breaking down stacks involves the use of gravity-type
roller conveyors to move the high-piled fruit from the stacks to a belt
conveyor. By this method, the first row of stacks is broken down to
approximately h boxes high, and a roller conveyor is piled on top of this
row with the end of the conveyor near the high-piled boxes slightly ele-
vated while the other end of the conveyor is attached to the belt conveyor.
When breaking down from 10 high, the rows of stacked boxes next to the con-
veyor are placed on the conveyor by a worker standing on the ii—high
stacks (fig. 97)' Boxes are given a slight push and they are then con-
veyed by gravity to a worker at the intersection of the roller and belt
conveyors (fig. 98 )• The worker at the belt conveyor turns the boxes of
fruit from the gravity conveyor onto the powered belt conveyor, thus
eliminating hand trucking and placing the boxes on the belt. Three or
four rows of high-piled boxes can be broken down to h high before it is

necessary to move the gravity conveyor.

When boxes are broken out from 12 high, the gravity conveyor is

inclined from the belt conveyor to 6-high stacks. The worker on top of

the 6-high stacks follows the same procedure as previously described.

A gravity conveyor can be used to break high-piled boxes only when
the distance from the high-piled stacks to the belt conveyor is relatively
short. If the distance is too great, the angle of incline of the gravity
conveyor does not permit boxes to roll to the belt conveyor and considerably
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Figure 98. --Roller inclined from high-

piles to belt. Boxes go on belt to the

dumping area.

more time is required to move and
set up the conveyor. In addition,
use of the method assumes that boxes
are stacked off the "belt conveyor
near the dumping area. The boxes
are hand trucked to a temporary
bank and then to the dumper. Table

97 presents a comparison of labor
requirements for breaking out the

required volumes from each 1,000 boxes and moving the 1,000 boxes to the

packing line by use of roller conveyor and manual methods for breaking out

Table 97.—Comparative labor requiranents for 2-man crew to break out the required volumes from
high piles and move 1,000 boxes of unpacked apples from storage to

packing line by use of 2 specified methods

Figure 97. --Top man places high-piled

boxes on roller conveyor. Bottom man

turns boxes from roller to belt conveyor

Type of equipment and description of operation

When broken out
from 10-high stacks ;

When broken out
from 12-high stacks

Boxes
handled

Labor
required ;

Boxes :

. handled :

Labor
required

Breaking out by use of roller conveyor
Breaking out upper 6 boxes of stacks and placing
boxes on belt conveyor
Hand truck lower part stacks 12.5 feet to belt :

Place hand trucked boxes on belt conveyor

Number •

!

600 i

1/ 400 !

400 :

Man-hours

1.33
.57
.43

Number ;

! 500 'i

2/ 500 :

! 500

Man-hours

1.33
.47

,54

Total ^^ 2.35 ::
. , 2.12

Breaking out manually using bench
Breaking out upper part of stack and placing boxes
in 6-hi^ stacks

Hand truck 6-high stacks 12.5 feet
Place hand trucked boxes on belt conveyor

't 400
. 1,000
: 1,000

!

': 1.75
.95

. 1.03

! 500
: 1,000
: 1,000

I 2.42
! .95

i 1.03

Total . 3.73 _ 4.40

1/ Hand trucked in unit loads of 4 boxes each.

2/ Hand trucked in unit loads of 6 boxes each.
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Comparison of Methods and Equipment for Breaking Out
Boxes from High Piles

As shown in table 98^ plant operators should save $1.96 per 1,000 boxes
moved to the packing line by substituting the 2-stack mechanical high-piler
for manual methods. When the fruit is stored 9 high, the mechanical high-
piler saves only $0.19 per 1,000 boxes. While the savings with a 9-iiigh

stack are not great, it must be recognized that the fruit is not handled as
roughly and a smaller crew is needed. Thus, it probably would be desirable
for a firm to use the mechanical high-piler in 9-liiSii storage, provided the
job is of sufficient volume.

Table 98.—Comparative labor and equipment costs for breaking out, by use of specified methods,
the required volumes from each 1,0CX) unpacked boxes of apples moved

to the line when stacked to specified heights 1/

Total labor and equipment co sts based

Method '

on current wage rates when stacked
9 boxes : 10 boxes : 12 boxes
high high : high

Dollars Dollars Dollars

Breaking out boxes manually by use of 2-man crew 1.61 2.01 2.78
Breaking out boxes mechanically by use of 2-3tack
lift and 1 operator 1.42 .91 .82

Breaking out boxes mechanically by use of single-stack
lift and 1 operator ! 1.95 1.48 1.34

Breaking out boxes by use of gravity roller conveyors
and 2-man crew t

— 2/ 1.42 1.19

~T/ Costs shown include labor and equipment costs.

2/ Because of the method, 600 boxes are broken out of 10-box-high stacks for each 1,000 boxes
moved to the packing line rather than the 400 boxes broken out by use of other methods.

Comparative Labor Requirements, and Labor and Equipment
Costs, of Various Methods of Moving Apples from Storage
to the Packing Line When High-Piled Boxes Are Broken

Out by Use of Manual and Mechanical Methods

In previous discussions of various types and combinations of types of

equipment used for moving unpacked boxes of apples from storage to the

packing line, the labor and equipment requirements and cost data shown
have not included breaking out boxes from high piles, or boxes from above

the 6-high stacks handled as unit loads by use of hand trucks. Table 99
shows for each of these methods the total labor requirements for moving

1,000 unpacked boxes of apples to the packing line when 500 of the 1,000
boxes are manually broken out of 12-box -high stacks. In the break -out

operation, the upper six boxes in each stack are removed by use of a

2-man crew and are placed into 6-high stacks on the floor for pickup by
hand trucks. As shown in table 99^ ^se of a 2-man crew for manual break-
out operations adds 2.42 man-hours of labor, per 1,000 boxes moved to the

packing line, to the labor required when boxes are not broken out of high

piles. In addition, inability to coordinate these operations fully
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Tpble 99.—ComparBtlTe labor reqalrenente for mMiually breaking out rsoulred Tolture of boxfn from l^-bnx-hlgh ctaclrs end moving 1,000 unof eked

boxes of apples to the packing lln»» by use of sueclfled methods and tynes of equipment 1/

Labor required:
Increased labor

For manually :.WditlonBl welt time

breaking out :w>:en manually break-

requirements
Typo of equipment and method When boxes not

Total *
for manually

brok en out of boxes from : Ing boxes from breaking out
high piles 2] hieh-Tiiles rt: hi?h nlles

He.Q-hours Men-h-uTB Man-hnurfl Men-houra: Percent

ClpmTj-tyne o-vheel hand truck

1, 2 workers break out high-rtlled boxes, 2 workers hand-truck
6-hlgh stacks 1/0 feet to temporary bank. 1 worker hand-trucks
20 feet from bank to duaper 7.28 2.li2 0.29 9.99 ;

37-2

Clamp-tyne P-whrtel han<l truck cud belt conveyor

1. 2 workers break out high-piled boroe. ? workers hand-tmck
6-hlgh stacks 35 feet to temporary bank. 1 worker hajid-trucks

15 feet from bank to conveyor end placee boxes on belt h.g5 2.U2 7.27 : 1*9.9

2. 2 workerB break out hlgh-pll«d boxes. 1 worker hand-trucks
6-hlgh stacks 50 feet to belt conveyor and placee box on belt
(conveyor has accumulator device) 3.33 ?.1*2 5.75 : 72-7

Clamp-type 2-wheel hand trucV and floor chain conveyor
1. 2 workers break out high-piled boxes. 2 workers hand-truck
6-hlgh stacks 170 feet to temporary bank, 1 worker hand-trucks
20 feet from bank to conveyor 7.28 ?.n? .29 9.99 : ?7.2

2, 2 workers break out high-piled boxes. 2 workers hfiud-tnick

6-hlGh Btacke 170 feet to end release on 50-foot floor chain
cnveyor which serves ee accumulftor 3.89 2.1*2 .35 6.6b \ 71.2

Clamp-tyDS 2-wheel hand truck, floor chain conveyor, and
stackbreaker
1. 2 workers break out high-piled boxes. 2 workers hand-truck
6-hlgh stacks 170 feet to temporary bank, 1 worker hand-trucks
20 feet fr;m bank and releEsee on conveyor—conveyor feeds
Into Btackbreaker—breaks down 6-hlgh stacks 7.28 2.U2 .89 9.99

I

37-2

2. 2 workers break out high-piled boxes, ? workers hand-truck
5-hlgh BtP-cks 170 feet to end release on 50-foot floor chain

conveyor '-hlch serves afl accumulator, Btackbreaker breaks
down 6-hlgti stackB 3.89 2.'*2 .35 6.66 : 71.2

Clamp-tyne 2-wheel hand truck, belt conveyor, etcckmeker, and
floor chein conveyor
1. 2 workers break out hlgh-pllod boxes, 2 workers hand-truck
6-high stacks 35 feet to temporary bank. 1 worker hfnd-trucks
15 feet to and places boxes on belt conveyor. Belt conveyor

fe^dB boxes into strckmeker which bullde 6-high stacks end
releases on floor chain conveyor li.g5 2.1)2 7.27 : 1*9.9

2. 2 work-rs brenk out hlgh-nlled boxes, 1 worker hend-trucke
6-high stacks 50 feet to and places boxes on belt conveyor.
Belt conveyor feeds boxes Into steckraaker which bulldp 6-hlgh
etacks and releases on floor chain 3-33 2.1*2 5.75 : 72.7

Clejnp-type 2-wheel head truck and elevator
1. 2 workers break out hl^-plled boxee, 2 woitero hand-truck
6-hlgh stacks 70 feet into single elevator, ride elevator end

hand-truck 100 feet from elev.otor to temporary bank, 1 worker
hand-trucks 20 feet from bank to dumper U/ 8.51 2.1*2 10.93 1 28.

U

1/ Tranaporlatl -n dletance from storage etacke to dumper EtanoBrdized at l^O feet.

2/ Labor required for plckiag U'l fi-high stacks of boxes In Btorage, tronflportatl:)n. and releeelng stacke.

Inclndes placing boxes singly on conveyor. Also includes wait time involved in perforwlng these operations.

^ Labor required to break out 500 boxes from 12-box liigh etacks.
ji/ Vertical transportation distance not included.

In bftlt conveyor methods.

increases the wait time when the manual break-out method is used in
connection with five of the methods for moving the fruit from the storage
point to the line.

Manual break -out operations increase labor requirements by 28.14- to
72.7 percent over requirements of the other methods --the lesser increase
when using the elevator -and-hand-truck method, and the greater percent
when using the belt -conveyor and hand-truck methods. The former general
method has particularly high labor requirements aside from the break-out
operation.

However, the methods showing the greatest percentages of increase in
labor requirements still maintain their relative positions as the methods
requiring the least labor. The belt -conveyor -hand-truck method, with
an accumulator device added to the conveyor, requires 5 '75 man-hours of
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labor per 1,000 boxes. The addition of a stackmaker and floor chain
conveyor in this basic method does not change labor requirements and,
considered only from the viewpoint of labor inputs, the methods using the
stackmaker and floor chain conveyor are more efficient than others dis-
cussed. The elevator -hand-truck method is least efficient with labor
requirements of 10.93 man-hours per 1,000 boxes.

Total labor and equipment requirements for moving 1,000 unpacked
boxes from storage to the packing line by various methods, when half of
the boxes are mechanically broken out of 12 -box -high stacks, are shown
in table 100. In all methods, breaking out the upper six boxes in 12 -box-

high stacks by use of the 2-stack mechanical high-piler adds O.k-'J of a
main-hour and O.^i-T of a machine -hour to previous requirements. Moreover,
the idle time of the high-piler and other equipment must be added. This
idle equipment time results from the use of one of the hand truckers,
already employed, for breaking out high-piled boxes. However, when
boxes are mechanically broken out as they are moved to the line, wait
time previously involved in two methods actually is reduced O.^i-T of a
man-hour. However, this reduction in wait time does not reduce the
machine -hours required.

The two methods in which wait time is reduced are those using hand
trucks and belt conveyor, and this equipment in combination with a
stackmaker and floor chain conveyor. No increase in labor requirements
is involved when mechanical stackbreaking is added to the use of these
methods. Labor requirements remain at 3.33 man-hours per 1,000 boxes.
The method employing hand trucks and an elevator has the highest labor
requirement, 8.98 man-hours per 1,000 boxes.

Table 101 shows the labor and equipment costs for moving 1,000 unpacked
boxes of apples to the packing line by the various methods, when half the
boxes are broken out manually, and also when they are broken out mechani-
cally. When one hand trucker stops at the storage stacks to break out
boxes with the mechanical lift, equipment costs for some methods are
sharply increased because of idle equipment time that must be charged to
the operation. However, total labor and equipment costs are lower by all
methods when breaking out boxes from high piles with the mechanical lift
rather than manually. On the basis of current wage rates, the lowest cost,

$8.33 per 1,000 boxes, is obtained by use of clamp-type 2-wheel hand
trucks, floor chain conveyor, and mechanical high-piler. This method re-
quires only two workers. The floor chain conveyor serves as an accumulator.
The highest cost, $21. 08 per 1,000 boxes, is obtained when using hand trucks,
elevator, and manual break-out . Use of the mechanical lift reduces costs
of this method only $0.08 per 1,000 boxes.
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Table 101.- -Coaparativa labor and equlpaent coets for breaking out the reqiilred number of boxea froes 12-higfa Etecks and ooviog to the pactclog line
1,000 unpacked boieB of apnles by use of cpoclfled aethoda and types of eculpment 1/

Labor cost Total cost Total cost
TyTic of equlnment and method Equipment

current wage current wage assujuett wage
"

rates rt-tes rfltea

Dollars Dollsrs DoHare Dollars

Claaip-tyne 2-wheei hand track
1. 2 workers hand- truck b-hlgh etacfce 170 fept to teimoraxy b^nk. 1 worker hand-
trucke 20 f'-et fron bank to damper, and
Ho box'>e broken out from high pile 0.18

ll!U9
8.55 10.37

2 of the hend trucfcere aenufllly break out boxee s/ .?U 11.73 11*. 23
2 of the hand truckers and mechanical lift break oat boxes I.U9 8.91 10. UO 12. 3U

Claam-tyoe 2-wheel hend truck and belt conveyor
1. 2 workere hand-truck b-hlgh stacks 35 ^^^t to tempf^rfiry bonk, 1 wnrk«»r hand- -

trucks 15 feet from benk to conveyor and plecps boxea on conveyer, end
Ho boxee broken out from high pile ,'•98 5.5s 9.56 10.77
2 of the hend truckers nfloually break out boxoe 2/ It.* «.36 12.1*0 ll*.21

2 of the hfind truckers and mechanical lift break out boxes U.58 6.12 10.70 12.03
2. 1 worker hand- trucks 6-hl^ stacks 50 feet to belt conveyor and places boxee on

belt (conveyor has nccunulator device), and
Ho boxee broken out frna high pile 3.9"* 3.83 7.77 8.60 "

2 workers QPnually break out boxee 3.0U 6.61 10.55 11.99
2 hand trackers :znd sechanical lift breeJc out boxes 5.qo 3.83 9.73 10.56

Cl«=n>-tyDe 2-wheel hand truck -wd floor chain corrveyor

1. 2 workers hand-truck S-hlgh atacka 170 feet to tempcrory bank, 1 worker hand-
trucks 20 feet froD benk to cnnveyor, and

Ho boxes broken out from hl^ pile ?.u 8.38 10.149 12.30
The 2 hand trucfcere manually break out boxee 2/ 2.17 11.1(9 13.66 16.16
The 2 hand truckers and mechanical lift break out bnxoe ?.ll2 g.91 12.33 11*. 27

2. 2 workers hand-truck .6-hlsh stactrg I70 feet and release on 50-foot floor chain
conveyor which aervee ee accumilator. nnd
No boxee broken out from hlg^ pile 2.02 U.U7 6.119 7.17
The 2 hand tmck^re manually breek out boxes 2/ 2.09 7.66 9.75 11.1*1

The 2 hand truckers and mechanical lift bri&k out boxes 3.32 5.01 g.37 9.1*2

Clanp-tme 2-wheel hand truck, floor chadn conveyor, and etackbreaker
1. 2 workers hand-tmck 6-high stacka I70 feet to temporary bank, 1 worker hand-
trucka 20 feet fron bank end releaees on conveyor, conveyor feede into FtrcVbreaker
which breftke down 6-hl^ stacks, and
Ho boxee brokPn out from high pile li.i»7 8.38 12.85 11*. 66
2 of the h£did truckers manually breek out boxee £/ ".53 11. ''9 16.02 18. '52

P hand trackers «nd meoh.'^nical lift breek out boxef 5.78 8.91 lit. 69 16.63
2. 2 worfcftra hand-truck 6-hlgh stacks 170 feet and releae- on 50-fortt floor chain
conveyor which eerves as accumuletor. stackbrecker breads stacke, nnd
No boxes broken out from high pile

it!i5

11.1(7 8.85 3.83
The 2 hand trucfcere manually break out boxwe 1/ 7.66 12.11 13.77
The 2 hand truckers and mechanical lift breek out boxe*" 5.68 5.01 10.69 11.78

Clanp-type 2-wheel hsnd track, belt convoyor stackmaker. end floor chain conveyor
1. 2 workers hand-truck 6-high stacks 35 ^^fi* to temporary bank. 1 worker hj'nd-

trucks 15 f"Rt to c^d plocee boxee on belt conveyor, which feeds into etackmaker.
Stacka rebuilt 6-hlgh and released on floor chain, ind

Ho boxes broken out from high pile 7.27 5.55 1P.85 IU.06
2 of the hand trackers oanually break out boxes 7.27 8.36 15.63 17. 1*1*

2 of the hand truckere and mechanical lift break out boxes 7.33 b.l? 13.1*5 11*. 78

2. 1 worker hond-trucke *>-hi^ etacka 5*^ tffrt to end pl«ces boxes on belt conveyor,
which feeds Into etackmaker. Stacks rebuilt 6-high and released on floor chain, end
Ho boxee broken out from high pile 7.23 3.83 11.06 11.89
2 workere manually break out boxee 7.23 6.61 13.81* 15.28
The hand trucker and mechanical lift break out boxes 8.65 3.83 12.1*8 13.31

Clamp-type 2-wheel h^nd truck and elevator
1. 2 work-rs hand-truck 6-hlgh stacks 70 feet into single elevator, ride elevator
rnd hand-truck 100 feet from elevator to temporary bank, 1 worker hand-trucke
20 feet from benk to dumper, and
llo boxes broken out from high pile 8.51 9.79 18. 30 20.1*2

2 of the hand trackers manually break out boxee 8.51 12.57 21.08 23.81

2 of the hend truckers and mechanical lift break out boxes 10.67 10.33 21.00 23.21*

1/ Cost data for mechanical break out of boxes from high pile covers use of ?-Ptrck portpble lift. Cost data for both manual and oechanlcal

break out of boxes from l?-hlgh stacks Include breaking out 5OO boxes of ftach 1,000 moved to r>acMng line, pick uid of 6-hlgh stacks, transportation,

end release at temoorery bank or at dumper. Trensportetlon distances standardised at I90 feet.

2/ Increr?6ed because of 2.1^2 machine-hours of clanp-type 2-whBel hend tnick time.

Industrial Clamp-Type Truck

As previously pointed out, with respect to handling unpacked boxes of

apples, industrial-clamp trucks are of two sizes, handling 36 and 2h boxes,
respectively. When these trucks handle packed fruit, the sizes of the
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unit loads are reduced respectively to 30 and 20 boxes, because packed
fruit weighs approximately 30 percent more than loose fruit.

The relatively light weight of the smaller truck permits its use on
floors in many storage plants that cannot support heavier equipment. This
size truck also is quite maneuverable and can be operated where posts or

other obstructions normally interfere with the operation of larger
equipment

.

The industrial-clamp truck is used either to transport fruit directly
to the dumper from storage or to build a bank of supply in the dumping
area from which a hand trucker supplies the dumper.

Industrial Clamp -Type Truck and Clamp-Type
2-Wheel Hand Truck

By this method, the industrial truck operator picks up fruit in
storage, transports it I70 feet, and releases it in a temporary storage
bank. A hand truck operator moves the fruit the remaining 20 feet as it

is needed by the dumper. The labor required for performing this operation
with a truck handling 2k boxes at a time is analyzed in table 102.

Table 102.—Labor required for a 2-nian crew to move 1,CXX) \inpacked boxes of apples from storage
to the packing line by use of clamp-type industrial truck and clamp-type E-wheel hand truck

Productive : Fatigue : Wait , Total
Operation Workers labor : allowance: time . labor

Number Man-hours Man-hours Man-hours Uan-hours

Pick up a 24-box unit load in storage by use
of industrial clamp truck 1 0.22 0.01 0.0 0.25

Transport load 170 feet to a bank near the
dumper 1 .77 .04 .0 .81

Release load in bank 1 .19 .01 .0 .20
Pick up a 6-high stack in the bank by use of
a hand truck 1 .59 .04 .0 .45
Transport 20 feet to the dumper ! 1 .45 .04 .0 .49
Release load at the dumper : 1 .24 .02 2.15 2.41

Total man-hours _ 2.26 .16 2.15 4.57

This method requires ^.57 man-hours of labor to move 1,000 boxes to
the packing line, most of this being wait time by the hand trucker. It
is assximed that the industrial truck operator moves to other assigned
work after he has completed the bank of supply, avoiding wait time. If
odd jobs were available to the hand truck operator, a 3O- to UO-percent
reduction in total labor requirements could be achieved.

Industrial Clamp-Type Truck Alone

By use of a second method, the industrial truck moves the fruit
directly to the dumper, transporting the full distance of I90 feet from
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storage. The industrial truck operator transports a unit load from storage
and places it in position by the dumper. He then moves a second load from
storage to the dumping area and delays positioning it until the first load
is dumped. This cycle is repeated for subsequent loads. The work of the
industrial truck operator is determined by the rate of dumping. The method
requires 3*33 man-hours of labor and an equivalent n\imber of machine -hours
per 1,000 boxes (table 103)^ 63 percent of this being wait time. Some
savings could have been made if the truck operator could intermittently
perform other tasks or supply two packing lines

.

Table 103.- -Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to
the packing line by use of clamp-type industrial truck

Operation Workers
Productive

labor
: Fatigue :

: allowance:
Wait
time

: total
! labor

Number • Man-hours

0.22
.83

.15

Man-hours Man-hours

0.01 0.0
.04 .0

.01 2.09

Man-hours

Pick up 24-box unit load in storage by use
of industrial truck j

Transport load 190 feet to the dumper
Release the load behind the dumper :

1

1

1 :

0.23
.87

2.23

Total man-hours
•

. 1.18 .06 2.09 3.33

Industrial Clamp-Type Truck and Floor Chain Conveyor

Each load of 2k boxes is released onto a section of dual floor chain
conveyor in front of the dumper and the boxes are brought up to position
for the dumper without additional labor by the truck operator. A 15 -foot

floor chain conveyor keeps the dumper supplied for approximately one -half

hour, during which the industrial truck operator is free to do other work.

The labor required to supply the dumper by this improved method
requires 1.24 man-hours. This is less than the 3*33 or h,31 man-hours
that are required, respectively, by the other two methods of supplying
the dumper (table lOif). Furthermore, wait time is eliminated, and the
allowance for fatigue is small because of mechanization.

Table 104.--Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to

the packing line by use of clamp-type industrial truck and floor chain accumulator

Operation 'Workers
Productive:

labor :

Fatigue : Wait
allowance: time

: Total
: labor

Number Man-hours Man-hours Man-hours

0.22 0.01 0.0
.83 .04 .0

.13 .01 .0

Man-hours

Pick up a 24-box unit load in storage by use
of industrial truck

Transport load 190 feet to the dumper
Release the load on floor chain accumulator
back of the dumper

1

1

1

0.23
.87

.14

Total man-hours _ 1.18 .06 .0 1.24
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Comparison of Industrial Clamp-Type Truck Methods

The method of supplying boxes to the packing line by an industrial-
clamp truck with a floor chain conveyor serving as an accumulator reduces

labor requirements 63 percent from the most efficient of the other two
methods. The improved method reduces the amount of truck time more than
enough to offset the added cost of a floor chain conveyor. Under some
circumstances, installation of a floor chain conveyor might make the

purchase of an additional clsunp truck unnecessary. Comparative labor and
equipment costs are shown in table IO5.

Table 105.—Comparative labor and equipment costs of moving 1,000 unpacked boxes of apples from storage to the
packing line by use of 3 specified methods involving clamp-type industrial truck

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

Total
labor

= Labor
' '^°^^ °°^''^

Equipment: ~ w" :Current:Assumed
: - : wages : wages

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

Industrial truck moves 24-box unit loads
170 feet from storage to a bank near the
dumper. Industrial ti-uck goes to other
Jobs. Hand trucker moves 6-high stacks
20 feet to the dumper 2/ 4.57 2.15 4.57 1.84 5.44 7.28 8.42

Industrial truck moves 24-box unit loads
190 feet from storage to dumper (truck
keeps pace with the dumper) 3/ 3.33 2.09 3.33 4.73 4.33 9.06 9.89

Industrial truck moves 24-box unit loads
190 feet from storage to a floor chain
accumulator behind the dumper 4/ 4.57 .0 1.24 2.92 1.61 4.53 4.84

1/ Computed from "current" wage rates.
2/ Clamp-type 2-wheel hand truck 3.33 machine-hours, 1,000-pound capacity electric industrial clamp-type lift

truck 1.24 machine-hours, total 4.57 machine-hours.
3/ 1,000-pound capacity electric industrial olamp-type lift truck 3.33 machine-hours.
4/ 30-foot floor chain conveyor 3.33 machine-hours, 1,000-pound capacity electric industrial clamp-type lift

truck 1,24 machine-hours, total 4.57 machine-hours

Industrial Fork-Lift Truck and Pallets

Industrial fork-lift trucks are used only in specially designed plants.

Most of these plants are of new construction, but some are remodeled plants.

In most cases, transportation areas are level and hard surfaced. However,
differences occur in the transportation distances because of plant layouts

.

In most plants fork-lift truck operators can do additional work when
supplying the packing line if the periods of inactivity are great enough
to make it worthwhile to shift to other jobs. This stresses the need of
laying out a fork-lift truck plant so that this time can be utilized. A
number of plants use fork-lift trucks to bring pallet loads from storage
and accumulate a supply of boxes on gravity roller conveyors or roller
dollies at the dumper. After the loaded pallets are positioned, the fork-
lift truck operator moves to other work. Management is generally aware of
the possibilities in such plants for maximum use of the truck operator's

time

.
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Industrial Fork-Lift Truck Alone

By use of the fork-lift truck alone, pallet loads of 48 boxes are
transported I90 feet from storage as they are used by the dumper. If the
transportation distance is not too great, the lift-truck operator can do
small odd jobs such as removing empty boxes from the dumper between cycles.
However, the frequency with which unit loads must be brought to the dixmper

greatly limits this possibility. Therefore, it is assumed that for I90
feet the lift-truck operator's time is fully spent supplying the dumper.

By this method (table IO6) of supplying the packing line directly
with a fork-lift truck, 3*33 man-hours of labor are required to handle
1,000 boxes. Eighty percent, or 2.66 man-hours of this labor is wait
time

.

Table 106,—Labor reqaired for 1 worker to move 1,000 unpacked boxes of apples from storage to
the packing line by use of pallets and fork-lift truck alone

Operation Workers
rProductive

labor
Fatigue :

allowance

:

Wait
time

. Total
: labor

Number Man-hours Man-hours

0.09 0.01
.44 .02
.10 .01

Man-hours

0.0
.0

2,66

Man-hours

Pick up pallet load of 48 boxes in storage by
use of fork-lift truck

Transport 190 feet to the dumper :

Release the load at the dumper

1
• 1

1

0.10
.46

2.77

Total man-hours «. .63 .04 2,66 3.33

Industrial Truck and Gravity Conveyor Section

The most widely used method by which fork-lift trucks move apples to
the packing line involves the use of gravity conveyor sections in front
of the dumper. These sections permit several unit loads of fruit to be
acciimulated at a time and there is sufficient fruit to keep the packing
line supplied for about one -half hour.

By this method, fruit is picked up in storage, transported I90 feet,
and released on the gravity roller conveyor at the rate of 1,000 boxes
per 0.67 of a man-hour (table I07). Most of this time is required for
transportation.

Table 107.—Labor required for 1 worker to move 1,000 unpacked boxes of apples from storage to

the packing line by use of pallets, fork-lift truck, and gravity conveyor sections

Operation Workers Productive: Fatigue : Wait
labor : allowance : time

: Total
: labor

Number Man-hours Man-hours Man-hours

0.09 0.01 0.0
.44 .02 .0

.10 .01 ,0

Man-hours

Pick up unit load (48 boxes) in storage by use
of fork-lift truck

Transport 190 feet to the dumper
Release the load on the roller conveyors at
the dumper

1
1

1

0.10
.46

.11

Total man-hours _ ,65 .04 .0 ,67
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Comparison of Methods

The method of moving apples to gravity conveyor sections at the
packing line is the lowest cost method (table 108). Labor and equipment
costs are approximately three times as much when the roller accumulator
is not used. This saving is so important and obvious that most Washington
State plants use the accumulator method.

Table 108.—Comparative labor and equipment costs of moving 1,000 unpacked boxes of apples from storage to the
packing line by use of 2 specified methods involving pallets and fork-lift trucks

Uethod

Labor and equipment required

Equipment
time

iVait

time
Total
labor

Labor and equipment costs

Equipment
Labor

1/

Total costs
Current: Assumed
Wages : wages

Dollars Dollars Dollars DollarsMachine-hours Man-hours Man-hours

Move 48-box unit loads 190 feet from storage
to the dumper. Pallet loads released on
floor behind dumper

Move 43-box unit loads 190 feet from storage
to the dumper. Pallets released on tiro

15-foot gravity roller conveyor sections
which accumulate 4- pallet loads

2/ 4.00

3/ 4.67

2.66 3.33

.67

8.94

3.19

4.33

.87

13.27 14.10

4.06 4.22

1/ Computed from "current" wage rates.
2/ 4,000-pound capacity electric fork-lift truck 3.33 machine-hours, 20.8 pallets (48-box) 0.67 machine-hours,

total 4.00 machine-hours.

3/ 4,000-pound capacity electric fork-lift truck 0.67 machine-hours, 20.8 pallets (48-box) 0.67 naohlne-hours,
30 feet of gravity roller conveyor 3.33 machine-hours, total 4.67 machine-hours.

Industrial Fork-Lift Truck, Low-Lift Pallet Transporter ,

Belt Conveyor, and Pallets

One apple plant in Washington State uses a low-lift pallet transporter
in combination with the fork-lift truck and belt conveyor. To move apples
to the packing line, the fork-lift truck is used in a new section of the

building to remove pallet loads of kQ boxes from storage, transport and
release them on the platform of the old section of the building in which
the packing line is located (fig. 99). The low-lift psillet transporter
picks up the pallet load and transports it to a point near the packing
line where one worker breaks out boxes from unit loads and places them
on the belt conveyor (fig. 100).

The fork-lift truck moves the fruit approximately 6o feet into the
old part of the building where the low-lift pallet transporter picks up
the load and moves it an additional 60 feet. After the fruit is placed
on the belt conveyor it is transported the remaining 70 feet of the
190-foot standard distance. The fork-lift truck driver and the operator
of a low-lift pallet transporter are occupied only part time in this
operation. The man placing fruit on the belt is occupied full time. A
total of U.28 man-hours of labor is required to move 1,000 boxes to the
line by this method. More than three -fourths of this labor was used by
the man placing fruit on the belt conveyor, who spent more than one -half

of his time waiting (table 109).

259298 O - 53 - 14
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Figure 99. --Fork-lift truck releasing a

pallet load for a low-lift pallet

transporter to pick up and move to line.

Figure iOO.--The low-lift pallet trans-

porter moving a U8-hox pallet load of

apples.

Table 109.—Labor required for a 2-nian crew to move 1,000 unpacked boxes of espies from storage
to the packing line by use of pallets, fork-lift truck, low-lift pallet trans-

porter, and belt conveyor

Operation Workers :Productive
labor

: Fatigue
: allowance:

Wait
time

Total
. labor

Number Man-hours Uan-hours Man-hours Uan-hours

Pick up 4S-box pallet load in storage by use
of fork-lift truck . 1 0.09 0.01 0.0 0.10

Transport 60 feet to section of old building 1 .23 .01 .0 .24
Release unit load on platfora 1 : .04 .0 .0 .04
Pick up 48-box pallet load by use of lo-w-lift
pallet transporter 1 .11 .01 .0 .12

Transport 60 feet to the dumper 1 .30 .02 .0 .32
Release unit load at the belt conveyor to -Uie

dunqper . 1 .12 .01 .0 .13
Place boxes on belt to the dumper 1 . 1.30 .26 1.77 3.33

Total man-hours _ 2.19 .32 1.77 4.28

In this operation, the low-lift pallet transporter was utilized to
move packed boxes of fruit back to storage at the time it was bringing
unpacked fruit to the packing line. Thus, the time of the machine was
fully utilized. Even though the transporter did not travel empty,
machine costs are more than twice as great as labor costs. The total
cost to move 1,000 boxes to the packing line by this method was $10.65
(table 110).
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Table 110. —Labor and equipment costs of moving 1,000 unpacked boxes of apples from storage to the packing line ty

use of pallets, fork-lift truck, low-lift pallet transporter, and belt conveyor

Labor and equipment required Labor and equipment costs

Kethod
Equipment

time
Wait ; Total
time labor

: - : Total cost

equipment: , / :Current:As3umed
: - : wages : wages

Machine-hours Man-hours Uan-hours Dollars Dollars Dollars Dollars

Fork-lift truck moves pallet load of 48 boxes
60 feet to a point in an old building, low-

lift transporter transports 60 feet' to a
belt conveyor. Another worker lifts boxes
from pallets to belt going to diimper 2/ 5.23 1.77 4.28 5.58 5,07 10.65 12.21

1/ Computed from "current" wage rates.
Z/ 4,000-pound capacity electric fork-lift truck 0.38 machine-hours, 4,000-pound capacity low-lift pallet

transporter 0.57 machine-hours, 20.8 pallets (48-box) 0.95 machine-hours, 70-foot belt conveyor 3.33 machine-hours,

total 5.23 machine-hours.

Comparison of Selected Methods and Types of Equipment
for Moving Apples from Storage to the Packing Line

Table 111 presents the comparative labor and equipment costs
incurred in moving 1,000 unpacked boxes of apples from storage to the
packing line, over a distance of I90 feet, by selected methods previously
discussed. For all methods involving hand trucks, the costs, per 1,000
boxes, cover breaking out half of the boxes from 12 box high stacks.

At current wage rates, the lowest cost, of $^.06 per 1,000 boxes, is

obtained by use of industrial fork-lift trucks transporting U8 boxes per
pallet load and releasing the loads on two 15-foot sections of gravity
roller conveyors at the dumper. The conveyor sections serve as acc\imu-

lators . If the fork-lift truck must bring up pallet loads at the rate
boxes are dumped at the beginning of the paqking line, costs are increased
to $13.27 per 1,000 boxes.

Of the various methods utilizing hand trucks, the combination of
floor chain conveyor, hand truck, and mechanical high-piler incurs the
lowest labor and equipment costs, or $8.33 P^r 1,000 boxes.

Moving apples to the packing line by hand trucks and elevator is

the highest cost method, at $21. 08 per 1,000 boxes.
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Tabla 111.—Conparatlve labor end equiiaiaiit c'iet9 fcr aoving 1,000 nnpactfid boiee of apples frcoi etora^ to the packing line by use of Bpecifivd
aethods and tyres of Eaterial»-handlliig equipnient 1/

Type of eqolpment and ffiethod

ClpBip-typ« 2-vheeX hand tracke
1. 2 workera breaV: down stacks from l?-hleh and hand-truck 1/0 feet to
a temporary bank. 1 woritpr hflnd-tmcks 20 feet from bank to duoper

2. 2 worters break Aii^ stpcke from 12-hl^ with nwch=jiical hlgh-niler
and hand-truck 170 f«»et to *» frrporary bank. 1 woi*-^r hand-trucke 20 feet
frwi benV- to doaip^r

Belt conveyor and hand track
1. 2 woriere break down etecke from 12-hlgh and hand-truck 35 feet to a
temporery bank, 1 vorfc?r hand-trucks If feet fron benk to belt and
places boxes ou the belt

2. 2 workers break down stacks fron 12-hl^ with mechanicel hlgh-Ml»r
and hand-truck 35 feet to a tecroorary bank, 1 worker h^ind-trucks IS feet
from bank to belt and pieces boxes on s belt

Koor chain
^
conveyor and hand truck

1. 2 workers break down stacks froa 12-hi^ end hand-truck I70 feet to
a teTBporary bank. 1 vorter hftnd-trucke 20 feet from a bank to a flo<^
chain

2, 2 workers break down rtpcks frtra 12-hl^ vrith mechanical hl^-Ml*-r
and h^nd-truck stejiks I70 feet to a floor chain conveyor

Floor chain conveyor, stac^br^akertand hand truck
1. 2 Koricers break down stecks from 12-high and hand-truck I70 feet to
a temporary bank, 1 worker hand-trucks 20 feet from a bank to a floor
chain

2. 2 workers break down stacks from 12-hlgh with mechenleal hlgb-pller
and hand-truck stacks I70 fct to a floor chain conveyor

Belt conveyor, etackm-Ucer floor chain conveyor, and hand truck
1. 2 workers break down stacks from 12-hlgh and hand-truck 3S feet to
a temporary bank. 1 worker hend-trucka 15 feet from bank to belt and
places boxes on a belt

2. 2 workers break down stacks from 12-hlgh with mechanical hlgb-pller
end hand-truck 35 feet to a tejnporary bank, 1 worker hand-trucks 1^ feet
from bank to belt and places boxes on a belt

Zlevator
,
and hand truck ^

1. 2 workers break down stacks from 12-hlgh, 2 workers hand-truck 20 feet
to eleretor, and 100 feet from elevator to temporary benk, 1 worker hand-
trucke 20 feet from bank to dumper

2. 2 woricers break down stacks from 12-hl6h with aechEnical hl^-pller,
hand-truck the stacks 10 feet to an elevator, end 100 feet to a temporary
bank, 1 vorfcer hand-trucks 20 feet from benk to dumper

Clagp-type industrial lift track
n Industrial truck moves 2'+-boi loe^s I70 feet from storage to a
teaporery bank, 1 worker hand-trucks 20 feet from bank to dunper

2. Industrial lift truck m'>veB 2lf-boi loads I9O feet from storage to
floor chain Accumulator behind dumper

Pallets end fork-lift truck
1. Pork truck m'J7e9 US-box loads I90 feet to the dunper. pallets released
on floor behind dumper

2. Pork truck moves U6-box unit loads I90 feet from storage to the

dumper, pallets released on two 15-foot roller conveyors

Pallets and fork-lift trucks, low-lift pallet transr^orter. and belt c-'oveyor

Tl Fork track moves US-boi loads 60 feet to "old building, low-lift
transporter movoe fruit 60 foot to a belt conveyor. 1 worker places boxes
fr^Mi pallet to belt

Workers :
Bq«lTH»nt

Kuab^r I Pollers
iL

Labor co«t

—

current

0.2U

l.itg

U.oi*

"1.58

?.17

3-32

l*.53

5.62

7.?7

7.33

Dollare

11.U9

8-91

g.36

6.12

11. U5

5.01

11.1*9

5.01

g.36

6.12

-^

Total coat-
current

wpy rftte»

3 5.58 5.07

11.73

10.1*0

12.140

10.70

13.66

8.33

16.02

10.69

15.63

13.1*5

10.65

Total c 03 t-

aeaiuDCd

v&ge ratea
Erllart

11».23

12.31*

IU.21

12.03

16.16

9.1*2

18.52

11.78

17.

W

11*. 78

ii-

8.51 12.57 21.08 23.81

10.67 10.33 ?1.00 ?3.2l(

1.3U 5.U* 7.23 8.1*2

2.9? 1.61 ''.53 U.81*

8. 91* '»-33 13.27 11*. 10

3.19 .87 i*.o6 U.22

y Transportation dlgtances are standardised at I90 feet.

2/ Squlument costs computed from data on ownership and operating costs shown In table 2.

^ "Current* labor costs computed from wage i^tes of $1.15 P"!^ hour for unsklllod labor and SI.30 p^r hour for Bemlsklll-d workers (key
workers such as industrial truck operators).

UJ Assuaed labor coats computed from wage rates ot Sl.UO per hour for unskilled labor and t1-55 V^ hour for ee'nlE'<Hled workers,

5/ Vertical transportation dlatence not lacladed.
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METHODS AND EQUIPMENT FOR MOVING APPLES
FROM THE PACKING LINE TO STORAGE

Nearly all Washington State apple packing houses are equipped with
weight -type sizing equipment having two rows of tuhs into which different
sizes of apples are automatically tripped. Apples from these tubs are
packed in containers by packers stationed alongside the tubs in a narrow
aisle. Directly opposite, and not more than five or six feet from the
tubs, is a drag chain conveyor line on which each packer places the packed
boxes of apples. The conveyor moves the packed boxes of apples to the end
of the packing line where workers stamp and mark the boxes according to
variety, grade, and size of fruit. From the stamping and marking station,
boxes are conveyed a few feet to a lidding machine.

The operator of the lidding machine usually permits a number of boxes
to accumulate before commencing the lidding operation. 37/ Thus, the
boxes usually move intermittently from the lidder in groups unless one
lidding machine is being used to lid boxes for more than one packing line.
Not only is the flow of fruit from the lidding machine intermittent in the
single -line plant, it also is slow. When 3OO unpacked boxes per hour are
dumped into the cleaner, only 210 to 220 boxes an hour are packed. 38/
Even when one machine lids boxes for more than one packing line, a rela-
tively small number of boxes arrive at a given storage room, since the
fruit from each line usually is a different grower's lot and may be stored
in different rooms.

However, in some plants having multiple packing lines, fruit from two
or more lines may sirrive in the same cold storage room and, depending upon
the storage practices of the organization, usually must be segregated on
the basis of growers' lots. In some cooperatively-owned plants, fruit is

pooled after it is packed. That is, grower's identity is lost. This
practice has possibilities for increased efficiency in moving fruit back
to storage, but even when the fruit is pooled, growers' lots frequently
are kept separate to determine the keeping quality of the fruit and
determine whether the sales return would be averaged in an early or late
pool

.

Although unpacked apples axe handled in only one type of container,
insofar as inside dimensions are concerned, packed fruit may be handled
either in standard wood boxes or corrugated paper cartons. 39/ The handling

37/ The operator of the lidding machine is referred to in this industry
as a lidder.

38/ Two-hiindred and ten packed boxes per hour assumed for the calcula-
tions in this section of the report. The amount could be greater, depending
on the number of sorters, size of fruit, and quality.

39/ A few apple packing houses pack miniature or half box?s which are
one -half the size of standard box.
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of packed boxes of apples does not differ materially from handling
unpacked boxes except that packed standard boxes always are handled and
transported on their sides, which increases the height of a stack of
boxes. (The standard box is one inch wider than it is deep.) The packed
box also weighs more than a box of loose fruit. However, the fact that
the apples in packed boxes are lidded and do not spill out in handling
permits them to be moved more freely and seems to compensate for these
factors

.

There are no significant differences in the length of time, labor
requirements, and equipment requirements, for handling packed standard
boxes and cartons of apples. For further details see the Appendix.

A relatively large percentage of the apples packed in cartons are
tray packed, koj Instead of going through the lidding machine, tray pack
cartons either are glued by hand, or in plants turning out large quanti-
ties, sealed with automatic case -sealers. In either instance, the
handling proceeds the same as with the standard pack except that tray pack
cartons usually are not high-piled. When used for handling tray pack car-
tons, 2-wheel hand trucks have larger lips or blades on the clamping arms
so that they will slip underneath and distribute the weight of the carton
over a greater surface. Studies of handling operations by use of hand
trucks and fork-lift trucks show that there is no significant difference
in the time required to handle and transport cartons as compared with
standard packed boxes

.

Some packed boxes of fruit are high-piled when returned to storage.
However, high-piling is not as common with packed fruit as with loose
fruit. Packed fruit most often is high-piled during the receiving season
or during a period of light shipping. After all fruit is \inder cover emd
shipping has been carried on for a time, there usually is storage space
enough so that high-piling is unnecessary. In years when the apple crop
is relatively small, very little packed fruit is high-piled.

Packed boxes of apples usually are not high-piled to the same height
as unpacked fruit because of the increased height of the stack when the
boxes are turned on their sides. Also, the need for storage space, at

least during the latter part of the packing season, is not as great as
during the receiving season, kl/ In plants using industrial fork-lift
trucks, packed boxes of fruit are stacked only 15 boxes high instead
of 18. Industrial-clamp trucks stack 10 high instead of 12 high.

40/ Cartons are also used for consumer packaged apples and loose fruit
but neither of these packs is common and both are almost universally
fresh packed, that is, the fruit is shipped out as it is packed. Consumer
packages are packed in either tray pack or a bonding-type carton.

4l/ Use of the mechanical high-piler makes it relatively more desirable
to high-pile to greater heights

.
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In moving packed boxes of fruit to storage from the packing line, it

is necessary that the segregating operation he performed prior to other
operations comprising this cycle of operations, which are: (l) Pick up
unit loads hy use of clamp-type 2-wheel hand trucks or industrieil-clamp

or fork-lift trucks, (2) transport loaded which consists of moving unit
loads to temporary hanks or points of permanent storage, (3) set down
unit loads, and (k) return empty with the hand truck or industrial truck.

The pickup operation is performed at the segregating area where the
unit loads of 5^ 6, 20, 30* or ^0 boxes have been made up by the segre-
gator. This operation begins when the truck operator starts to maneuver
his truck to pick up a load, and ends when he is in position to begin
the next operation; or in the case of industrial equipment, when the unit
load cleeLTs its original position.

Transport loaded begins when the truck operator starts to move toward
the temporary bank or point of permanent storage with the loaded hand
truck, or when the unit load clears its original position, and ends when
the operator stops the forward motion or begins his maneuvering to set

down, position, or release the load being transported.

The stacking, positioning, release, or set-down operation begins when
the truck operator stops the forward motion, begins maneuvering for re-
lease, or when the unit load on the transportation equipment arrives at
the storage point. The operation includes lowering or positioning the
load, releasing the clamping arms, or withdrawing the forks. The opera-
tion ends when the hand -truck operator starts his travel to return empty
to pick up the next load or when the forks or clamps of the industrial
truck clear the load.

The return-empty operation consists of returning with the empty
equipment to pick up the next load. The operation begins when the hsind-

truck operator starts this travel to pick up the next load or when the
forks or clamps of the industrial truck clear the load, and ends when he
starts to maneuver to pick it up. For purposes of analysis, return-empty
and transport -loaded operations are combined and shown under transporta-
tion in the tables that follow.

When conveyors are employed, two operations usually are involved:

(1) Placing single boxes on the conveyor and (2) removing boxes from the
conveyor. Both of these operations begin when the first box is picked up
and end when the last box is set down. Between the pickup and set down,
it may be necessary for the worker to turn and move the box into an appro-
priate position in a stack, unit load, or on the conveyor.

The transportation distance in moving fruit back to storage varies
from 100 to I90 feet. For the purposes of analysis, it has been assumed
that the distance is 175 feet, 15 feet of which is accounted for by
transportation on gravity roller conveyor sections from which the segrega-
tion operation is performed. In the belt conveyor method, it is assumed
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that the fruit is moved 100 feet by belt conveyor and 6o feet by hand
trucks. 42/ In actual practice, belt conveyors are usually longer than
60 feet.

Costs of most of the methods of moving packed boxes of fruit back to
storage other than by industrial trucks may be reduced by use of the
mecheuiicaJ. high-piler. The full extent of the savings cannot be accurately
determined until commercial use of the machine has been studied. However,
estimates are possible by use of the time study data.

The six combinations of types of equipment used for moving packed
boxes of apples to storage are: (l) Clamp-type 2-wheel trucks and gravity
roller conveyors, (2) clamp-type 2-wheel hand trucks, belt conveyor, and
gravity roller conveyors, (3) clamp-type 2-wheel hand trucks, elevator,
and gravity roller conveyor, {k) industrial, fork-lift truck, pallets,
and gravity roller conveyor, (5) low-lift pallet transporter, industrial
fork-lift truck, pallets, and gravity roller conveyors, and (6) industrial
clamp-type lift truck and gravity roller conveyors.

Segregation of Packed Boxes of Apples

An important part of the work of moving packed boxes of apples to
storage is the segregation on the basis of grade, size, and variety. As
a physical handling operation, segre-
gation is the separation of boxes in
a lot euid the building of \init loads

.

Unit loads contain 5 or 6 boxes when
the fruit is handled by 2-wheel hand
tinicks, and 20, 30, or kO boxes when
handled by use of industrial trucks.

If storage rooms are crowded,
packed boxes usually are not segre-
gated into exact sizes or in lots of
only one size to the lot. In such
cases, two, three, or more sizes are
mixed in each unit load of one grade.
On a sellers' market more sizes caji

be mixed into the segregated unit,
since buyers are less critical of
obtaining a mixture of sizes. On a
buyers' market, it frequently is necessary to sort the segregated boxes
again to eliminate certain sizes. The second sorting can be avoided by
not mixing sizes in the same stack when performing the initial segregation.

Figure 101. --One man segregating packed

boxes of apples from gravity-type con-

veyor section.

kz/ The belt conveyor method is by far the most common method of
moving fruit back to storage. Even in plants where hand trucks or indus-
trial-clamp tnicks do all other handling, belt conveyors are used to
return the fruit to storage

.
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Segregation is frequently from sections of gravity roller conveyors
(figs. 101 and 102). A power unit forces the boxes onto the conveyor.

The use of these sections permits several boxes to accumulate and give

the segregator time to exercise choice as to the order in which he will
handle the boxes. In a single-line plemt, one worker usually is employed
to segregate and one or more workers to truck the fruit away from the

segregation area, the actual number depending on the transportation
distance (fig. IO3).

BELT'

HAND TRUCKERS

SEGREGATOR

ROLLER CONVEYOR

Figure 102. --One to three groups of sizes are placed in each segregated unit at

the plant shown in figure 101.

Figure 103. --In this plant part of the

fruit is segregated to either side of a

conveyor, depending on the size of the

fruit. One hand trucker and one segre-

gator vx>rk as a team on each side.
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Segregation in belt conveyor plants usually is performed in the room
in which the fruit is to be stored, which is convenient for hemd trucking
boxes to the final storage position. In some cases, certain sizes or
grades may be removed from the conveyor in one storage room and other
grades in other rooms. In plants using industrial fork-lift trucks, fruit
usually is segregated in a special room or area, which in most of these
plants adjoins the packing room (figs. 10^4- and 105). The industrial
truck transports segregated unit loads into the storage rooms

.

Figure 10^, --Large segregation area with

one or two sizes on a pallet.

Figure 105- -Segregating three or more

sizes to a pal let.

Clamp-Type 2 -Wheel Hand Trucks and
Gravity Roller Conveyors

Many of the smaller plants in Washington State use clamp-type 2-wheel
hand trucks to move fruit from the packing line back to storage . Usually
packed boxes of fruit are segregated at or near the packing line from
which point the fruit is hand trucked to storage . The transportation
distance in some pleuits is not as great as the l6o feet used for comparative
analyses

.

Hand Trucks and Manual High-Piling

In the most widely used method of moving packed boxes of apples from
the packing line to storage by hand trucks, one worker segregates fruit
into unit -load stacks of boxes 6 high and transports these 30 feet to a
temporary storage bank, keeping the segregation area clear, and two workers
transport the fruit from the temporary bank the remaining I30 feet and pile
it 10 boxes high. The top four boxes, made up in the segregating area, are
manually high-piled.

As shown in table 112, the hand-truck method of moving fruit to storage
from the packing line and manually high-piling it requires 19.0^ man-hours
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Table 112.—Labor required for a 3-man crew to move 1,000 packed boxes of apples from the packing

line to storage and pile 10- boxes high by use of clamp-type 2-wheel hand trucks,
gravity roller conveyor, and manual high piling

Operation Workers
Productive

labor
: Fatigue :

.allowance:

Wait
time

Total
labor

Number Man-hours Man-hours Man-hours Man-hours

One worker segregates boxes at roller conveyor
and builds 6-high stacks 1 2.19 0.44 2.13 4.76

Pick up 6-high stacks of boxes in segregation
area by use of 2-iriieel hand truck . 1 .23 .02 3.51 3.76

Transport 30 feet by use of 2-wheel hand truck 1 .62 .06 .0 .68

Release stacks in bank by use of 2-'Hheel hand
truck 1 .29 .03 .0 .32

Pick up 6-high stacks of boxes in bank by use
of 2-wheel hand truck 2 .29 .03 4.20 4.52

Transport 130 feet by use of 2-wheel hand truck 2 2.33 .23 .0 2.56

Release 6-high stacks in storage 2 .35 .04 .0 .39

Manually high-pile boxes in 10-high stacks 1/ 2 1.64 .41 .0 2.05

Total man-hours ^ 7.94 1.26 9.84 19.04

1/ The 4 boxes above the original 6-high stacks, or 400 of each 1,000 packed boxes moved to

storage, are high-piled.

of labor per 1,000 boxes. Of the total labor required, 52 percent is

lost in wait time. The segregator waits 2.13 man-hours because the pack-
ing line does not tvirn out fruit fast enough to keep him occupied. The
worker trucking to the temporary supply bank loses 3*51 man-hours, almost
three times as much time as he spends in productive work. The two workers
hand trucking from the temporary bank of supply to storage and high-piling
lose 4.20 man-hours. Consolidation or rearrangement of the workers should
permit the release of one worker.

Hand Trucks and Mechanical High-Piling

By use of a mechanical high-piler, the 3-nia'n crew can be rearranged
as follows: One worker segregating boxes, moving fruit 80 feet to a bank
of supply; one worker moving fruit 80 feet to storeige; and one worker
mechanically high-piling. By use of this method, packed boxes would be
handled in 5 hox high stacks as unit loads, to facilitate mechanical
high-piling.

By use of the mechanical high-piler, the labor required to move 1,000
packed boxes to storage is reduced by nearly 5 man-hours from the labor
required by the previously described method. As shown in table 113* labor
requirements are 14.28 man-hours per 1,000 boxes. Wait time is reduced
almost one -half . The man trucking fruit to the temporary bank of supply
loses 2.10 man-hours in wait time, which would permit him to transport a
greater distance.
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Table 113.—Labor required for a 3-man crew to move 1,000 packed boxes of apples from the packing
line to storage and pile 10 boxes high by use of gravity roller conv^or,

clamp-type 2-irtieel hand trucks, and mechanical high-piler 1/

Productive : Fatigue Wait : Total
Operation Workers.

labor E allowance time : labor
Number Uan-hours Man-hours Uan-hours Man-hours

One norker segregates boxes at roller conveyor
and builds 5-high stacks 1 2.19 0.44 2.13 4.76

Pick up 5-high stacks of boxes in segregating -

area by use of 2-Trheel hand truck 1 .28 .03 2.10 2.41
Transport 80 feet by 2-wheel hand truck 1 1.78 .18 .0 1.96
Release stacks in bank by use of 2-wheel hand
truck 1 ! .35 .04 ,0 .39

Pick up 5-high stacks of boxes in bank by use .

of 2-wheel hand truck 1 .35 .04 .97 1.36
Transport 80 feet by use of 2-wheel hand truck 1 : 1.78 .18 .0 1.96
Release stacks in storage 1 .42 .04 .0 .46
High-pile mechanically to 10 boxes high 1/ . 1 .89 .09 .0 .98

Total man-hours 8.04 1.04 5.20 14.28

1/ Lower 5 boxes in 10-high stacks are released as a unit load in storage position l?y

clamp-type 2-wheel hand truck. Upper 5 boxes are high-piled by mechanical high-piler.

Comparison of Methods

Total labor and equipment costs for moving 1,000 packed boxes to
storage by the method involving manual high-piling is $22.^3 (table 114)

Table 114.—Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to

storage and pile 10 boxes lii^ by use of 2 specified hand -truck methods

Labor and equipment required Labor and equipment costs

Type of equipmait and method
Equipment

time
Wait ; Total
time 1 labor

Equipment
'

Labor =
'^°^^^ °°^^^

: £T : Current:Assumed
: - : wages : wages

Machine-hours Man-hours Kan-nours Dollars

0.53

Dollars Dollars Dollars

Clamp-type 2-wheel hand truck and gravity
roller conveyor
One worker segregates and hand trucks
30 feet to bank, 2 workers hand truck
150 feet to storage and high-pile 10 boxes
higti 2/ 19.04 9.84 19.04 21.90 22.43 27.19

Claop-tyj>e tv.-o-wheel hand truck, gravity
roller conveyor, and mechanical high-piler
One worker segregates and hand trucks
60 feet to temporary bank, 1 fi-orker

hand trucks 80 feet to storage and
1 worker mechanically hi^-piles 3/ 19.04 5.20 14.26 3.23 ie.42 19.65 23.22

1/ Computed from "current" wage rates.

^/ Clamp-type 2-wheel hand truck 14.28 machine-hours, 15-foot gravity roller conveyor 4.76 machine-hours,
total 19.04 machine-hours.

3/ Clamp-type 2-wheel hand truck 9.52 machine-hours, 15-foot gravity roller conveyor 4.76 machine-hours,
mechaniccd lift 4.76 machine-hours, total 19.04 machine-hours.

Equipment costs account for only 2.4 percent of the total cost. The
improved method reduces these costs to $19.65. Labor costs are reduced
^^.k&, but the machine costs are increased. Machine costs are high be-
cause the mechanical high-piler stands idle most of the time. It is

possible that the high-piler might be used intermittently for operations.
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thus reducing some machine costs. A further improvement in the method
might involve stacking the fruit higher, which permits the machine to

work more efficiently.

Clamp-Type 2-Wheel Hand Trucks, Belt Conveyor ,

and Gravity Roller Conveyor

The belt-conveyor-hand-truck method is the one most widely used for
moving fruit from storage back to the packing line. Segregation of packed
boxes is by a gravity roller conveyor. All plants that use belt conveyors

for receiving and other operations, and many plants that use floor chain
conveyors, industrial-clamp trucks, or 2-wheel hand trucks alone for other
operations, use the belt -conveyor -hand-truck combination for moving packed
boxes to storage. The use of belt conveyors for moving fruit to storage
ties directly in with packing -line operations, because as the fruit leaves
the packing line on a conveyor no additional labor is required for moving
it to the storaige room.

When belt conveyors are used to move fruit to storage, packed boxes
usually are segregated in the cold
room, usually from a section of

gravity roller conveyor, but occasion-
ally from a live belt, the latter re-
quiring more effort (fig. 106). After
the fruit is loaded off of the belt
into the segregated units, it is hand
trucked to storage position or to the
high-piler. As shown in figure 107,
sections of gravity-type roller con-
veyors are sometimes used in manually
high-piling packed boxes.

-jd

Figure 106' —Segregating and hand trucking

cartons into storage using a belt con-

veyor and hand trucks.

Figure 107. --High-piling packed

boxes with the aid of a roller

conveyor.
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,It is assumed that the transportation distance on the belt conveyor
is 100 feet, that 15 feet of gravity roller conveyor is used, and that
the fruit is hand trucked 6o feet.

Usually the total transportation distance, when belt conveyors are
used to move fruit to storage, is much greater than 175 feet since belt
conveyors extend into all storage rooms . Although labor requirements are
not altered by the transportation distance, machine costs axe affected.

Method Employing 3 -Man Crew

In the most widely used method of moving apples from the packing line
to storage, one worker in the cold room segregates and builds stacks
6 high, and two workers hand truck the stacks 6o feet to the storage posi-
tion and high-pile the fruit in stacks 10 boxes high.

For a S-nia-n crew to move apples to storage by hand truck and belt
conveyors required 1^4-. 28 man-hours of labor (table 115). Over one-half
of this labor was accounted for by wait time. About 72 percent of this
idle time occurred through the delays of the two workers hand trucking
and high-piling fruit largely because fruit does not move from the pack-
ing line rapidly enough to keep the workers occupied. The delay time
of the two hand truckers, who also high-pile, is of such magnitude that
one of the workers could be released if the mechanical high-piler were
used. However, if manual methods are used, two workers axe necesseiry for
high-piling.

Table 115,—Labor required for a 3-man crew to move 1,000 packed boxes of apples from ttie

packing line to storage and pile 10 boxes high by use of clamp-type 2-wheel hand
trucks, belt conveyor, and gravity roller conveyor

Productive : Fatigue : Wait : Total
Operation Workers, labor : allowance: tiine : labor

Number . Idan-hours Man-hours Man-hour

i

3 Man-hours

One worker segregates boxes at roller
conveyor and builds 6-high stacks . 1 ! 2.19 0.44 2.13 4.76

Pick up 6-high stacks of boxes in
segregation area by use of 2-wheel
hand truck ! 2 .23 .02 5.51 5.76

Transport 60 feet by use of 2-wheel
hand truck 2 1.14 .11 .07 1.32

Release stacks in storage by use of
2-wheel hand truck 2 .35 .04 .0 .39

Manually high-pile boxes in 10-high stacks 2 1.64 .41 .0 2.05

Total man-hours » 5.55 1.02 7.71 14.28

Method Employing 2 -Man Crew

An improved method of moving apples to storage eliminates the worker

assigned solely to segregating. By use of the improved method, boxes
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are segregated by the two workers who hand truck and high-pile the fruit.

The change in crew size and arrangement is accomplished by an accumulator
section of dead roller conveyor sufficient in size to hold enough boxes
to permit the two workers to leave the segregation area intermittently
while high-piling. Since kO percent of the boxes are high-piled, approx-
imately 22 percent of the time must be spent high-piling. The accumulator
space must be large enough to hold about 50 boxes . If the transportation
distance is more than 6o feet, it would not be possible to use this
method unless an additional hand trucker were added or the two workers
performed at above normal rates

.

The improved method of moving fruit to storage by belt conveyor,
hand trucks, and gravity roller conveyor requires 9' 52 man-hours per 1,000
boxes handled, a saving of 33 percent compared with the method employing
a 3-nian crew (table ll6). Wait time is reduced k.'jS man-hours.

Table 116.—Labor required for a 2-inan crew to move 1,000 packed boxes of apples from the
packing line to storage and pile 10-boxes high by use of clamp-type
S-wheel hand trucks, belt conveyor, and gravity conveyor accumulator

Operation Workers
Productive

labor
: Fatigue
: allowance

Wait
time

: Total
: labor

Number Man-hours Man-hours Man-hours Man-hours

Tiro workers segregate boxes at roller con-
veyor and build 6-high stacks 2 2.19 0.44 1.44 4.07

Pick up 6-high stacks of boxes in segregation
areas by use of 2-wheel hand truck 2 .23 .02 1.44 1.69

Transport 60 feet by use of 2-irtieel hand :

tnick 2 1.14 .11 .07 1.32
Release stacks in storage by use of 2-wheel
hand truck 2 .35 .04 .0 .39

Manually high-pile boxes in 10-high stacks 2 1.64 .41 .0 2.05

Total man-hours ^ 5.55 1.02 2.95 9.52

Comparison of Methods

The improved method of moving fruit to storage by belt conveyors,
hand trucks, and a gravity conveyor accumulator costs $15-32 per 1,000
boxes compared with $20.79 ^y "the method employing a 3-man crew (table 117).
All of this saving is made possible by the reduction in labor. The accumu-
lator roller, which is added behind the lidding machine, would replace the
power conveyor at no additional cost. Some extra work is involved in push-
ing the boxes from the accumulator roller. However, the lidder, whose work
is intermittent, can do it.
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Table 117.—Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the packing line
to storage by use of 2 specified methods employing belt conveyor, clamp-type Z-i&ieel hand trucks,

and gravity conveyor sections 1/

Labor and equipment required " Labor and equipment costs

Method Equipmeit
time

Wait
time

= Total
• labor

: T^-r =
'^°^^ °°=*^

Equipment: j^V : Current : Assumed
-

: wages : wages
Machine-hours Man-hour s lian-hours Dollars Dollars Dollars Dollars

Three-man crew
One worker segregates, 2 workers hand
truck 60 feet and manually high-pile
10 boxes hi^

Two-man crew
Two workers segregate, hand truck
60 feet and manually high-pile
10 boxes high

2/ 19.04

2/ 19.04

7.71

2.95

14.28

9.52

4.57 16.42 20.79 24.36

. 4.37 10.95 15.32 17.70

1/ Computed from "current" wage rates.

^/ Cldmp-type 2-wheel hand trucks 9.52 machine-hours, 100-foot belt conveyor 4.76 machine-hours, 15-foot
gravity roller conveyor 4.76 machine-hours, total 19.04 machine-hours.

Clamp-Type 2-Wheel Hand Trucks, Elevator ,

and Gravity Roller Conveyor

Elevators are not commonly used in Washington State plants to move
packed boxes to storage, but are used occasionally in one or two plants.
Fruit usually is hand trucked from the segregating area to a temporary
storage bank and then to the elevator. At the off-loading floor, a crew
unloads the elevator and moves the fruit to storage. Because elevator
cycles are relatively slow, it is necesseu:y to use a temporary beuik of
supply to keep the segregation area clear. That is, the completed unit
loads that have been segregated must be moved away from the segregating
conveyor in order to leave room for additional unit loads of packed boxes.

When elevators and hand trucks sire used to move boxes of apples from
the packing line to storage, one worker is used to segregate and one
worker to move fruit approximately 30 feet from the segregating area to
the temporary storage bank. This worker and two others move the fruit
approximately 50 feet from temporary storage into the elevator. Two of
these workers ride the loaded elevator to the off-loading floor and hand
truck the apples the remaining 80 feet to storage. These two workers
also do the high-piling.

The labor required by a 4-man crew using elevators and hand trucks to
move 1,000 packed boxes of fruit from the packing line to storage is

19.04 man-hours (table II8). Forty-seven percent of this labor is wait
time. The wait time was divided, 2k- percent by the segregator, 32 per-
cent by the worker moving fruit to temporary storage, 38 percent by the
other two crew members, and 6 percent was due to crew interference.

Total labor euid equipment costs for moving 1,000 packed boxes of
apples from the packing line to storage and piling in stacks 10 boxes
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high hy an elevator and hand trucks Ib $32.25 (table 119). Both lahor

and equipment costs are high. Machine costs account for 32 percent of the

total.

Table 118.—Labor required for a 4-man crew to move 1,000 packed boxes of apples from the

packing line to storage and pile 10 boxes high by use of elevator, clamp-type
2-wheel hand trucks, and gravity roller conveyor

Operation ^oj.ljgj.g: Productive: Fatigue : Wait : Total
labor :allowances time : labor

Man-hours Man-hours Man-hours Man-hour'sNumber

One worker segregates boxes at roller conveyor
and builds 6-high stacks

Pick up 6-high stacks in segregation area by
use of 2-wheel hand truck

Transport 30 feet by use of 2-wheel hand truck
Release from 2-wheel hand tnack in bank
Pick up 6-high stacks in bank by use of
2-wheel hand truck

Transport 50 feet to elevator by use of
2-wheel hand truck

Release stacks in elevator from 2-wheel hand
truck

Elevator cycle
Pick up 6-high stacks in elevator by use of
2-wheel hand truck

Transport SO feet to storage by use of 2-wheel
hand truck

Release stacks in storage from 2-wheel hand
truck

Manually high-pile boxes to 10 high

Total man-hours

1
1

1

3

3

3

2

2

2

2

2

2.19

.23

.62

.29

.29

.97

.29

.20

.29

1.48

.35
1,64

0.44 2,13 4.76

.02

.06

.03

2.86
.0

.0

3.11
,68
.32

.03 3,40 3.72

.10 1/ ,23 1.30

.03

.0 y
.0

.20

.32

.40

.03 .0 .32

.15 1/ ,04 1.67

.04

.41
,0

.0

.39

2.05

8.84 1.34 8.86 19.04

1/ Wait time caused by crew interference.

Table 119.—Labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to storage
and piling 10 high by use of elevator, 2-wheel hand trucks, gravity roller conveyor and 4-man crew

:Workers

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

: Total
\ labor

: : Total costs
Equipment: ^"'^^ :Current:Assumed

:
-'

: wages : wages
Number Machine-hours Man-hours Kan-hours Dollars Dollars Dollars Dollars

Elevator, 2-wheel hand truck, and

4 2/ 22.10 8.86 19.04

gravity roller conveyor

One worker segregates, 1 worker
hand trucks to bank, 3 workers
hand truck from bank to eleva-
tor, 2 workers ride elevator,
hand truck 80 feet to storage,
and high-pile boxes 10 high 10.35 21.90 32.25 37.01

1/ Computed from "current" wage rates.
2/ Clamp-type 2-wheel hand trucks 14.28 machine-hours, 15-foot roller conveyor 4.76 machine-hours,

8,000-pound capacity elevator 3.06 machine-hours, total 22.10 machine-hours.

259298 O - 53 - 15
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Gravity Roller Conveyor, Industrial Fork-Llft
Truck and Pallets

When industrial fork-lift trucks are used to move packed boxes of
apples to storage, boxes are segregated in a special area. Gravity roller
conveyors, from which boxes are segregated, bring the fruit to the segre-
gation area and a worker builds the unit loads of kO boxes each. The lift-
truck operator picks up the fruit and moves it to storage and stores it in
tiers three unit loads (15 boxes) high. The lift-truck operator who moves
packed fruit to storage usually brings loose fruit back to the packing
line. For this reason, it has been assumed in this analysis that there is
no wait or delay time on the part of the lift-truck operator.

By the fork-lift -truck method, one worker segregates the packed boxes,
and a second man, working part time, operates the fork-lift truck. The
segregation operation is paced by the supply of fruit from the packing
line, but the work of moving fruit to storeige is not affected directly by
this pace because the lift-truck operator transports loose fruit to the
packing line after placing a load of packed fruit in storage.

The labor required to move 1,000 boxes to storage, in pallet loads of
40 boxes, is 5.U3 man-hours (table 120). A little less than one-half of
thJs time is lost in waiting because the rate of segregating is paced by
the packing line

.

Table 120.—Labor required by a 2-man crew to move 1,000 packed boxes of apples from the padcing
line to storage by use of gravity roller conveyor, pallets and industrial foric-lift truck

Operation Workers
Productive

labor
: Fatigue
: allowance

Wait
time

: Total
: labor

Number Kan-hours Man-hours Man-hours Man-hours

One worker segregates boxes at roller conveyor
and builds 40-box pallet loads 1 2.27 0.45 2.04 4.76

Pick up 40-box pallet load in segregation areas
by use of fork-lift truck 1 .06 .0 .0 .06

Transport 150 feet by use of foric-lift truck 1 .47 .03 .0 .50
Release pallet in storage with fork-lift truck
(average Ist, 2nd, and 3rd tiers) 1 .11 .0 .0 .11

Total man-hours ^ 2.91 .48 2.04 5.43

Labor and equipment costs of $9«^1 per 1,000 boxes are incurred for
the segregator and a fork-lift truck to move fruit to storage (table 121)
Thirty-three percent of this is machine cost.
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Table 121.—Labor and equipment costs for moving 1,000 packed boxes of apples from the packing line to storage

by use of gravity roller conveyor, pallets, and fork-lift truck 1/

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait ; Total
time labor

= Labor • '^°^^-'- °°^^^

fequipment: -, / : Current; Assumed
: -' : wages ; wages

Machine-hours Kan-hours lian-hours Dollars Dollars Dollars Dollars

Fork-lift tiruck and pallet
One iiorker segregates onto pallets,
1 fork-lift truck transports 160 feet
to storage 2/ 6.10 2.04 5.43 3.07 6.34 9.41 10.77

1/ Computed from "current" wage rates.

2/ 15- foot gravity roller conveyor 4.76 machine-hours, 4,000-pound capacity electric fork-lift truck
0.67 machine-hours, 20.6 pallets (48-box) 0.67 machine-hours, total 6.10 machine-hours.

Gravity Roller Conveyor, Low-Lift Pallet Transporter ^

Industrial Fork-Lift Truck, and Pallets

In one method studied a low-lift pallet transporter was used in
combination with a gravity roller conveyor for segregating and a fork-lift
truck was used to move fruit from the packing line to storage . The pallet
transporter and fork-lift truck also moved unpacked boxes of fruit to the
packing line in connection with this operation. If it were not possible
for the equipment to be used in a dual capacity, both cycles of operation
would be inefficient. In the plant in which this method was used, the
segregation operation was performed in an older part of the plant where
the fork-lift truck could not maneuver because of low ceiling heights and
inadequate structural, strength of the floors

.

By this method one worker segregates packed boxes and builds 40-box
pallet loads, one worker, part-time,
porter and another worker, part-
time, operates the fork-lift truck.
The pallet transporter moves the
unit loads approximately 8o feet
from the segregating area to a point
where they are transferred to the
fork-lift truck, which transports
the unit loads another 8o feet to
storage (fig. 108).

A total of 6.22 man-hours of
labor are required to move 1,000
boxes to storage by this method
(table 122). Of the total labor,
2.26 man-hours are wait time, most
of which results from the segrega-
tor waiting for the fruit. Nine-
teen percent of the productive time

operates the low-lift pallet trans

-

Figure 108. --The low-lift pallet trans-
porter picking up a pallet load of
packed apples.
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Table 122.—Labor required for a Snnan crew to move 1,000 packed boxes of jpples from the packing
line to storage by use of gravity roller conveyors, fork-lift ti*uck,

low-lift pallet transporter, and pallets

Productive Fatigue : Wait : Total
Operation Workers. labor allowance

:

time : labor
Number Man-hours Idan-hours Uan-hours Man-hours

One worker segregates boxes at <x>nveyors and
builds 40-box pallet loads 1 2.27 0.45 2.04 4.76

Pick up 40-box pallet load in segregation area
by use of lofli^lift pallet transporter 1 .12 .01 .0" .13

Transport 80 feet to storage by use of low-lift
pallet transporter . 1 .40 .04 .0 .44

Release pallet on floor in cold storage room by
use of low-lift pallet transporter 1 .14 .02 .0 .16

Pick up 40-box pallet load in storage by use of
fork-lift truck 1 .06 .0 .22 .28

Transport 80 feet to storage point by use of
fork-lift truck ! 1 ! .32 .02 .0 .34

Release in storage with fork-lift truck
(average Ist, 2nd, and 3rd tiers—15 boxes
high) • 1 : .11 .0 .0 .11

Total man-hours .
. 3.42 .54 2.26 6.22

was accounted for by the pallet transporter operator and Ik percent by the

fork-lift-truck operator. It is assumed that the lift-truck operators axe
utilized for bringing unpacked fruit to the line and that the time they
normally would wait between pallet loads of packed fruit is fully utilized,

As shown in table 123, when the low-lift pallet treuisporter is used in
combination with the fork-lift truck and conveyor for moving fruit to

Table 123.—Labor and equipmait costs for moving 1,000 packed boxes of apples from the packing line to storage by
use of gravity roller conveyor, low-lift pallet transporter, fork-lift truck, pallets, and a 3-man crew

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait Total
time ! labor

: : Total costs
Equipment: Lo^^"'

: Current:Assumed
: ±' : wages : wages

L'achine-hours Man-hours Man-hours Dollars Dollars Dollars Dollars

Gravity roller conveyor—low^lift pallet
transporter, fork-lift truck, and pallets
One worker segregates onto pallets, one low-
lift pallet transporter, and one fork-lift
truck 2/ 7.46 2.26 6.22 5.45 7.26 12.71 14.27

1/ Computed from "current" wage rates.
2/ 4,000-pound capacity electric fork-lift trucks 0.73 machine-hours, 4,000-pound capacity electric low-lift

pallet transporter 0.73 machine-hours, 15-foot gravity roller conveyor 4,76 machine-hours, 20.8 pallets (48-box)
1.24 machine-hours, total 7,46 machine-hours.

storage, 1,000 boxes could be handled for $12.71; ^3 percent being
equipment costs. These costs might be reduced by keeping the boxes on
the belt conveyor from the packing line for a distance sufficient to do
the segregating where the fork-lift truck could pick up the pallets.
However, plant renovation and extension of part of the conveyor system
would be necessary in most of the older plants. Another possibility is

for one worker to operate both the pallet transporter and fork-lift truck,
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Gravity Roller Conveyor and Industrial
Clamp-Type Lift Truck

Wlaen moving fruit from the packing line to storage the industrial-
clamp truck picks up unit loads in the segregating area which either may
be a special area, near the packing line, as with fork-lift truck handling,
or in a cold storage room from the belt conveyor, as in the belt conveyor
handling method. The latter method of segregating the fruit in the cold
storage room and moving it to cold storage position by use of an indus-
trial-clamp truck is convenient in plants that have converted from belt
conveyor handling. The industrial-clamp truck handles unit loads of

20 boxes of packed fruit (30 boxes by use of the larger size truck). A
comparable unit load of loose fruit is 2k boxes.

A problem in handling packed boxes of apples is that labels are usually
pasted on the end of the apple box shortly after the fruit leaves the
lidding machine. For a short time care must be exercised in handling the
box or the label will be pushed out of place or torn. When the industrial-
clamp truck lifts a box with a fresh label, the label may tear and the box
slip out of place. This difficulty can be avoided by turning the label
end of the box inward, providing an unlabeled gripping surface outside.

The industrial-clamp truck can be used to handle packed cartons by
using broad, rubber-padded clamping arms which spread their pressure over
a wider surface and thus acquire enough friction surface.

In stacking packed boxes of apples by industrial-clamp trucks, dunnage
strips are unnecessary. Packed boxes are turned on their sides and are
flatter and more -stable than boxes of loose fruit. ^3/

As with other methods, when fruit is moved from the packing line by
industrial-clamp trucks the work is paced by the rate of the packing line,
or 210 packed boxes an hour. Therefore, unless the plant layout and work
arrangements permit the truck ajid operator to do additional work between
trips of moving fruit to storage, considerable idle time will result.

One worker is required for the segregating operation, and one to
operate the industrial-clamp truck. It is assumed that the truck opera-
tor's extra time is used in other materials -handling operations.

By this method, with a 2-man crew, it required 6.3I man-hours of labor
to move 1,000 boxes to storage (table 12U). Approximately one-third of

^3/ The bottom of the standard apple box is made of thin shook held
together with cleats. Cleats make it necessary to have the top row of
the unit load in almost exact alignment with the bottom load or the cleats
of the top stack do not nest on the edges of the boxes on the bottom
stack.
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Table 124.—Labor required for a 2-man oreir to move 1,000 packed boxes of apples from the packing
line to storage by use of gravity roller conveyor and industrial claH5>-type truck

Productive Fatigue : Wait : Total
Operation Workers labor allowance: time : labor

Number Man-hours lian-hours Man-hours Man-hours

One worker segregates boxes at conveyor and
builds 20-box unit loads 1 ! 2.27 0.45 2.04 4.76
Pick up 20-box unit load in segregation area
by use of clamp-type lift truck : 1 .13 .0 .0 .13

Transport unit load 160 feet by use of clamp-
type lift truck 1 .88 .07 .0 .95

Release unit load in storage with clamp-type
lift truck (average 1st and 2nd tiers—10 boxes ,

high) 1 : .47 .0 .0 .47

Total man-hours _ 3.75 .52 2.04 6.31

this time is lost by waiting, since the flow of fruit from the packing
line is insufficient to keep the segregator occupied. Only 1.55 man-
hours, or 25 percent of the total labor, is required to transport the
fruit to storage position. The lift truck and operator could be used for
other work over two-thirds of the time.

Industrial-clamp trucks could move apples to storage at a cost of

$9.88 per 1,CX)0 boxes. Machine costs were nearly one-fourth of the labor
costs (table 125).

Table 12S.—Labor and equipment costs for 2-man crew to move 1,000 packed boxes of apples from the packing line to
storage by use of gravity roller conveyor and industrial clamp-type truck

Tahor and equipment required Labor and equipment costs

Method
Equipment

time
Wait ! Total
time ! labor

: : Total costs
Equipment: La^or :Current:Assumed

: ±/ : wages : wages
Kaohine-hours Man-hours lian-hours Dollars Dollars Dollars Dollars

Industrial clanp-type lift truck
One worker segregates, 1 industrial clamp-
type lift truck transports 160 feet 1/ 6.31 2.04 6.31 2.39 7.49 9.88 11.46

1/ Computed from "current" wage rates.
"z/ 15-foot gravity roller conveyor 4.76 machine-hours, 1,000-pound electric clamp-type lift truck l.SS

machine-hours, total 6.31 machine-hours.

This method of moving fruit to the packing line could be modified by
segregating the fruit in the cold storage room from a belt conveyor
(fig. 109). The industrial-lift truck usually would have a shorter
transportation distance than the l6o feet assumed in the method previously
discussed. However, this method is not used unless loose fruit is being
moved to the packing line from the room in which the "to-storage opera-
tion" is being carried on, or an adjacent room.
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£,-.>i;jiiis;«skaX..'*j '.i^i-i

Figure 109. -Segregating packed boxes from belt conveyor. Boxes are moved away by the

industrial clamp truck.

Comparative Labor and Equipment Costs of Selected
Methods and Types of Equipment for Moving

Packed Boxes of Apples to Storage

The costs of moving apples back to storage from the packing line by
various methods and types of equipment ranged from $9.^1 to $32.25 per
1,000 boxes (table 126). Lowest costs were obtained by use of industrial-
clamp trucks

J
highest costs, by use of elevators and hand trucks. The

low-lift pallet transporter method cost 135 percent as much as the fork-
lift truck method. The costs with the fork-lift truck were slightly
lower than with the industrial-clamp truck.

Equipment costs are lowest when hand trucks are used to move fruit to
storage. However, labor costs are greatest when hand trucks are used
alone or in combination with elevators. Highest equipment costs are
associated with the use of elevators

.

Determining the most efficient method for moving fruit from the
packing line to storage must be on an individual plant basis. The most
efficient method, using fork-lift trucks, cannot ordinarily be used in
older plants. However, many of the older plants now using "conventional"
equipment could use industrial clamp-type trucks and reduce labor costs
by more than half --somewhat more than this, in fact, in plants adapted
to the use of a 36-box industrial-clamp truck.
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Tbble 126.—Comparetlvp labor 5Qd equipnfint costs for moviiig l.OOO packed boipe of epTsles from the pftckln^ ^^^^ *° storfige tj use of BTieclfied
nethods and trneo of eoulpmeat 1/

"liorkers

Ifibor and equlpoent req»iIred ; Lf»bor and eon Itraent costs

^po of equlpnent end method Equipment

tlce tlce

; Total :

Inbor

Sanlp^ont;

2/ i

Lflbor

3/

: Total coFtB
: Current : .^.seufflBd

: wft^es : «igeB U/
ITuaber Ilachlne-hiure Kan-hcmre Van-h'Jurs : Dollars Dollars Dollars Dollftrp

Gravity-tyoo roller conveyor and clairo-tyT:e ?-wheel
hand truck

One worker oegregEtas and hand-tnickB 3O fe»t to bani.,
2 workers hand-truck I30 feet to Btora^ and high-
pile boxes 10-hlgh (table II7) 3 15. ou g.gu 19. OU : 0.53 21.00 2?.ii3 27,19

Oravlty-tyne roller conveyor, belt conveyor r-nd hand
truck

'-

One worker eegreg^tes. 2 woikera hand-truck 60 feet to
otoraje and high-pile boiee 10-hlgh (table 117) 3 19.OU 7.71 lit. 25 : '*.37 16.U2 20.79 2U.36

Grovity-tyrje roller conveyor, elevator, end hand truck
V

One worker eegregatee. 1 worker hand-trucke 30 feet to

bank. 3 workers hand- track 50 feet fron bank to
elevator. 2 workers off-load elevator, hand-truck
go feet to storage end hlgh-pllo (table II9) 5/ U 22.10 8.86 19. Oh i 10.35 21.90 32.25 37.01

Grevlty-type roller conveyor, fork-lift truck and
pallets

Cne worker segregates onto pallets. 1 fork-lift truck
transports I60 feet to storage (table 121) 6/ 2 6.10 2.0l( 5.U3

;

J.07 6.3I4 g.iii 10.77

Oravlty-tTDe roller cinvpyor. low-lift nnllet trans-
porter, fork-lift truck and pallets -

i

Cne woricer segregates onto pallets, 1 low-lift pallet
transporter trfjisports gO feet, and 1 -f oiSc-llft

truck transports SO feet (tcble 123) §/ 3 7.U6 2.26 6.22 i 5.115 7.26 12.71 lU.27

Gravity-type roller conveyor aixA Induetrlel clajnp-type

lift truck

One worker sfigregatae. 1 clamp-type lift truck
transports 150 fe-^t (t?ble 12S) 6/ 6.31 2.0U 6.31 2.33 7.^9 9.S8 u.i+6

17 Transportation dletrjaces are etendardlzed p.t 175 feet of vhlch 1^ feet Is by gravlty-typc roller conveyor In eegregetlng operation.

2/ Equipment coete comnuted froD data on ownprahlp and ouTatlng coate shown in tflble 2.

2/ "Current" labor costs coniputed froin wage r«tofl of il.l5 ppr hour for unskilled labor and $1-30 -oer hour for semiEkilled workers (key workers
such as Industrial truck operators).

kj AsBuiaed Icbor coete conputed from wage ratoe of jl-'^O oer hour for unskilled labor and $1-55 F" h^ur for semiskilled workere.

5/ Vertical trf^neportatlon dlatanc? is not included.

bj Libor requlreiaents shown for these nethods are based on the asEumption that lift trucks end their operators will work Dart-time only in
fflcving packed boxes of fmlt to storage and that the reEainder ')t the tine "f the worker and equipment will be used for othsr productive work.
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METHODS AND EQUIPMENT FOR MOVING APPLES OUT OF STORAGE
AND LOADING REFRIGERATOR CARS AND HIGHWAY TRUCKS

Most Washington State apples are loaded out for shipment from storage.

Packed fruit may remain in storage several months before it is shipped.

Occasionally, especially during the fall months, some cars are loaded as

the fruit comes off the packing line. However, loading cars with boxes
moving directly from the packing line is slow because carloading operations

are paced by the rate at which the packed boxes move away from the lidding
machine. This cycle of operations is discussed in the section that follows.

This section covers moving boxes of apples out of storage and loading
refrigerated highway trucks or railroad cars

.

Most Washington State apples are shipped out in refrigerated railroad

cars. Although some cars are shipped with loads varying in size from

756 to 8i*-0 boxes, the usual load consists of 798 boxes. Because of the

size of loads, analyses of labor and equipment requirements and costs, on

the basis of 1,000 boxes, do not give the costs per carload or truckload.
However, costs for a carload of 8OO boxes are 80 percent of the costs per

1,000 boxes.

Shipping is a cycle of operations performed in the following sequence:

(1) Blocking out the load, (2) manifesting the shipment, (3) transporting
fruit from storage points to the carrier, and {k) loading the car or truck.
Loading a refrigerator car in a divided load consists of a number of
operations: (l) Stacking the boxes, (2) stripping the boxes for stability
in transit, (3) bracing the boxes on either side of the doorway of the car,

euid, at times, (4) labeling the boxes. When loading cars or trucks solid,
some of these operations are not performed.

There are a number of variations in the manner of loading refrigerator
cars and trucks. To simplify the analysis of loading operations and to
facilitate the discussion, all of the methods have been grouped into the
most common types and comparative data are presented for these types.
The different types and combinations of types of equipment used for mov-
ing apples out of storage and loading cars or trucks are: (l) Clamp-
type 2-wheel hand trucks, (2) clsunp-type 2-wheel hand trucks and belt
conveyor, (3) clamp-type 2-wheel hand trucks and floor chain stack
conveyors, {k) clamp-type 2-wheel hand trucks and elevators, (5) indus-
trial fork-lift trucks and pallets, (6) Industrial fork-lift trucks,
pallets, axid belt conveyors, (7) Industrial fork-lift trucks, pallets,
and pallet dolly, (8) industrial fork-lift trucks, low-lift pallet
transporters, and belt conveyors, and (9) clamp-type industrial truck
and belt conveyor.

In the sections that follow, loading operations are divided into
two groups of operations for analytical purposes: (l) Blocking out the
load and manifesting the shipment, and (2) transporting packed boxes
from temporary blocks or other storage points into the carrier and
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loading the carrier. Labor and equipment requirements under the various
methods and types of equipment are first shown for the latter group of
operations only. In the section covering comparisons of methods, the
labor and equipment requirements for blocking out and manifesting have
been added to determine total requirements per 1,000 boxes.

All methods of loading refrigerator cars apply only to divided and
braced loads, except that 2-wheel hand truck methods cover both solid and
divided loads. All methods of loading refrigerated highway trucks apply
to solid loads

.

In discussing the various methods and types of equipment, it has been
assximed that boxes of fruit have been blocked out and are ready to be

moved to the car so that the fruit-handling crew will not delay the car-
loading crew. The number of workers in the carloading crews and their
duties are based on usual industry practice. However, in actual practice,
carloading cein be done by one worker if necessary and under some circum-
stances one or two additional men may be added to the crew if there is a

need to get the car loaded out by deadline or if there are workers in
the warehouse who otherwise are not occupied.

Blocking Out the Load

Blocking out a load consists of searching through stacks of boxes in
storage to locate and break out the niimber of boxes of each grower's lot
by variety, grade, and size required to make up the load. Because of the
variability between loads shipped, it is difficult to .determine a standard
time for the operation, kk/ The load may be blocked out either during a
carloading, or at any time varying from a few minutes to many days before
the carloading actually begins. When blocked out during carloading, the
boxes to be loaded are selected and transported directly to the car or
truck for loading. When blocked out before carloading, the boxes to be
loaded are selected and transported to a central location where the fruit
is accumulated in a block or bank. Because blocking out before loading
frequently is done by the crew during its spare time, the entire load
usually is not blocked out in a continuous operation.

The labor required for blocking out is materially affected by the
method of segregating grades and sizes of fruit in the storage house and

hk/ The operations in blocking out which vary with each load are
looking for the lot, size, and variety needed and digging into the stacks
for different sizes when the boxes have been segregated into stacks con-
taining two or thre3 sizes of fruit. The other operations of blocking
out--breaking out stacks, picking up, transporting and releasing by the
transporting unit --are standardized.
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by the type of sale. An order may include two or more varieties of

apples, a number of sizes of each variety, and even two or three different
grades of apples. Another factor affecting blocking-out time is plant
layout. Average labor requirements for blocking out 1,000 boxes of apples
are shown in table 127.

Table 127.—Labor required to block out 1,000 packed boxes of apples by
use of specified types of equipment

Type of equipment Average labor requirements

Cleimp-type 2-wheel hand truck
Industrial fork-lift truck
Industrial clamp-lift truck ;

Man-hours

3.58
.95

1.79

When fruit is moved directly from the end of the packing line to the
car for loading, the loads are blocked out while the packed boxes are
being segregated, provided the plant is packing the variety of apples
being shipped on advance sales orders, and the management prefers to ship
the fruit being packed instead of fruit packed earlier in the season.
Instead of moving the fruit to storage from the segregating area, hand
truckers build the carload lots in storage near a belt conveyor or shipping
platform. Usually this method of blocking out takes place late in the
packing season, since earlier in the season the warehouse usually does not
have enough space in the cold storage rooms.

Manifesting the Shipment

Manifesting a shipment is the preparation of a check or tally sheet
showing the niimber of boxes going into a shipment by variety, size, and
grade. Frequently, the manifest is made up of certain sizes and grades
and considerable time is spent in locating the necessary number of boxes
of each grade and size to go into the blocked -out load.. Usually the
manifest is made up of the normal run of sizes of a certain grade in a
certain lot, excluding only very large or very small sizes.

The manifest can be made up while the load is being blocked out
before loading or during loading. In either case, one or two workers
usually prepare the manifest. When this operation is performed during
carloading it is performed in connection with blocking out the fruit.
One worker counts and records the stacks as they are moved out of the
cold storage area. Occasionally, manifesting is done after boxes are
placed in the car. A worker obtains a tally of each tier as it is placed
in the car by having one of the carloaders call out the sizes and grades
to him.
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An analysis of memifesting operations shows that labor requirements are

lowest for "check manifesting/' in which the worker only counts the niimber

of stacks of different sizes rather than individual boxes . When individual
boxes were counted by one worker and called off to another worker, the
labor required is 0.^5 man-hour per 1,000 boxes (table 128).

Table 128. --Labor required to manifest 1,000 packed boxes of apples when
check manifested and when completely manifested

Type of manifest
[
Plants

•

Studies
•
«

Labor requirements
High : Low : Average

Check manifesting
Complete manifesting

: Number

3

: 5

Number

3

5 i

Man-hrs. Man-hrs. Man-hrs.

0.1? 0.09 0.10
.50 .35 M

Transporting Fruit from the Storage
Point to the Carrier

For the purposes of analysis, transportation begins when packed boxes
of fruit are picked up in the blocked-out bank or from its storage posi-
tion for movement into the car and ends when the fruit arrives in the car,
or at a stacking point in the car. For the transporting vehicles this
includes the operation of picking up in the cold storage room, transporting
to the railroad car and releasing in the railroad car. By use of the belt
conveyor method, boxes are tretnsferred to the belt after the stacks of
boxes have been moved to the conveyor. Transportation distances from the
storage point to the release point inside the car or truck cure standardized
at 110 feet.

Loading Refrigerator Cars

Loading refrigerator ceurs consists of the following operations:
(l) Stacking or stowing the boxes, (2) stripping boxes for stability,

(3) bracing boxes on either side of the doorway or filling the doorway
solid, and {k) labeling the boxes.

Two different loading patterns are used commonly for stacking packed
boxes of apples in refrigerator cars. The first of these is shown in

figure 110. Boxes are stacked 6 high in rows across the cars that are

7 stacks wide, with 19 rows making up the carload. When the boxes are

stacked in this pattern, the load is stabilized by nailing lath across
the top of the second, fourth, and sixth tiers of boxes, or on the third
and sixth tiers in the car.



- 221 -

Figure 110. --A divided refrigerator carload of apples stripped with lath and braced

in the doorway. Each of the 19 rows across the car contains 42 boxes--6 boxes high

and 7 boxes wide.

In the second loading pattern, which is shovn in figure 111, boxes are

stacked 5 high and 8 wide across the car for a total of 20 rows. When

this pattern is used no lathing is needed. Boxes are loaded against the

sides of the car, thereby preventing the side shift that is a problem in

the other pattern.

Figure 111.--A solid loaded refrigerator carload of apples loaded sideways and length-

wise. Each of the 20 rows contains UO boxes.

When cars are not loaded solid, stripping the load by lathing or

slatting the boxes is necessary to give stability to the load in transit.

Specifically, stripping is the nailing of strips of lath across the ends

of boxes in the rows of boxes. These strips extend to each side of the

car to give sideway stability. Stripping every third tier of boxes in

a stack requires less time than stripping every second tier.

Stripping the rows of boxes in the car must be closely integrated

with stacking fruit or delays will be caused by one worker waiting on

the other. The first laths are nailed in place after the first eight

boxes in a 2-high, U-wide row, or 12 boxes in a 3-high, if-wide row, have

been stacked. Four pieces of lath are nailed on top of the first section

of stacked boxes (two on the front end of the box and two on the back of

the box.) This operation is repeated on the second and fourth tiers,

but on the sixth tier only two laths are nailed in place across the
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front of the box because of the limited working space between the top of
the boxes and the car ceiling.

Refrigerator cars are loaded either in solid loads or in divided loads.

Divided loads are braced by use of a wood framework to take up slack space
in the car. In a solid load slack space is eliminated by arranging the

boxes in such a way that they completely or almost completely fill the
car. Bracing the doorway of the car, or filling in the doorway of the
car solid with boxes of fruit, is the final carloading operation.

The first step in bracing a load is the construction of two gates
which are placed against the stacked boxes in the doorway of the railway
car. As shown in figures 112 and 113 > these center gates usually are
made of 2- by ii-inch and 1- by i<--inch lumber. (Some plants build the
gates inside the car. Other plants have a jig on which the gates are
built

.

)

Figure 112. --An approved type of car

brace (Type A) with the main support

horizontal.

Figure 113. --An approved type of car

brace (Type B) with the main support

vertical.
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After the gates are placed against the stacks of boxes in the car, the

carloader jacks or wedges the gates back and places 2- by 4-inch spreaders

to maintain the position of the boxes. These spreaders usually are placed
individually after each row of boxes has been moved back as far as possi-
ble and they occupy most of the space that was left between rows while the
car was being loaded. This type of bracing is shown in figure 112.

Another type of center gate bracing is similar to the type previously
described except that the main supports are across the boxes or horizontal
rather than vertical to the stacks (fig. 113). The two types of gates

require the same time to build and install. 4^/

When cars are loaded solid, the necessity for bracing is eliminated.

If the carload of boxes has been stripped, additional work must be done in

order to load the car solid lengthwise. With the load stacked 6 high,

7 stacks wide across the car, the load would be in excess of 798 boxes if

this stacking arrangement continued into the doorway. Therefore, the
6-high stacks are reduced to five boxes high near the doorway.

Since a drop from a 6-high to a 5-high stack would leave the top row
of boxes on the 6-high stacks free to shift during transit, a rack, con-
structed of 2- by U-inch lumber, 8 feet long and about l8 inches wide,
is usually placed under the first lower row; sometimes the rack is placed
between the fourth and fifth tiers of boxes. Thus, the lower stacks over-
lap the top boxes of the higher stacks by about 3 inches (fig. Il4). The
next row is stacked 5 high, on the regular floor rack, overlapping the
racked-up stack. This ties the entire load together, and with the de-
sired number of boxes in the loewL. With a two-way solid load (8 wide and

5 high throughout the car, including the doorway) it is unnecessary for
the stacks to be broken out near the door.

When either of the lengthwise solid loading methods is used the boxes
must be pushed back from the doorway to insure a compact load. After the
stacks have been pressed back into the car as far as possible the remain-
ing space in the doorway is filled with boxes. Because the dimensions of
refrigerator cars vary, the pattern of stacking in the center cannot be
completely standardized. From 35 to Qk boxes can be placed in the center,
depending on the size of the car. If extra space is left in the doorway,
this space is taken up by a single gate or dunnage filler.

k^J Specification of standard containers and loading rules for fresh
fruit and fresh or green vegetables (not cold packed or frozen), freight
container tariff No. 1-C, Pacific Coast and Transcontinental Territories

—

J. J. Quinn, Agent, Chicago, 111., November 1950.
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SIDE VIEW

Figure 11U.--A railroad carload of fruit stripped with lath and loaded solid in the

doorway. This car has lU rows, 7 wide and 6 high, 3 or U rows 7 wide and 5 high and

20 boxes in the doorway.

Less labor is required when cars axe loaded solid than vhen they are
loaded in divided loads and braced (table 129) • By use of belt conveyors
3.33 iMin-hours of labor are required inside the cars per 1,000 boxes vhen
the loeid must be braced. The solid load requires only I.91 man-hours.
However, additional time may be required by workers outside of the car
when loading solid because the rate of carloading is slowed down while
the center area in the doorway of the car is solidly filled. Sometimes
a man inside the plant, putting fruit on the belt or bringing up to the
car, is delayed during this period. In building the braced load, the
pace of carloading continues until the braces are ready to put in place,
at which time the workers moving fruit to the car are assigned to other
work and one or two workers build the braces

.
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Table 129.—Comparative labor requirements for operations performed inside the car in loading

1,000 packed boxes of apples in refrigerator cars when loads are divided and braced and when
loaded solid, by use of belt conveyor to supply the carloading crew

Labor requirements

Operation Solid loads ; Divided and braced loads
Productive

labor
: Fatigue :

rallowance*
Total
labor

Productive: Fatigue ; Total
labor : allowance: labor

Man-hours

1.09

.55

Man-hours Man-hours Man-hours Man-hours Man-houi's

Stack boxes in proper loading
position

Strip each 2nd tier of boxes
Brace load or fill in doorway solid

0.22

.05

1.31

.60

1.19 0.24 1.43
: .90 .09 .99

.83 .08 .91

Total man-hours 1.64 .27 1.91 2.92 .41 3.33

The solid load requires slightly less labor for stacking boxes in

place because the last few boxes are stacked solid in the center of the
car. The labor required for stripping is eliminated by use of the solid
load, saving almost one man-hour, and filling in the center of the car

requires less labor than putting in braces.

The choice of either of these two types of Joeids may depend upon factors
other than the amount of labor required. Loading regulations designate the
divided and braced load as the approved method of carloading. However,
freight claim statistics show that recoopering and bad order damage are not

great enough to offset the extra cost of the braces. 46/ Furthermore,
some shippers who regularly ship in solid loads indicate that the arrival
condition of these cars is very good provided all slack is removed from
the load.

Although boxes usually are not
labeled in the car, in some cases
fruit is held unlabeled and sold

subject to the buyer's label or a

specified label being placed on the
box. In such cases, boxes are
labeled as they are loaded (fig. 115).

However, this operation cannot be
considered a part of carloading
since labeling is regularly per-
formed at the packing line

.

Except for those boxes loaded
in the doorway, boxes are labeled
after they are placed in the car.

Otherwise, the worker's hand would

- ;]

Figure 115. --Labeling boxes of apples in

refrigerator car.

h6/ "Car Bracing," Apple Research Digest No. 24, September, 19^8,

Yakima, Wash.

259298 O - 53 - 16
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tend to push the wet labels out of place or tear them. Labeling usually
begins after the first row of boxes has been placed in the car emd lathed.
While the labeler is placing the labels on the boxes, the stacker and
lather proceed to the other end of the car and begin stacking and stripping.
In this manner the stacker and lather change positions in the car after each
row and the labeler follows them.

Because boxes are only rarely labeled inside the car, a standard time
value for this operation is not included in the analysis

.

Loading Refrigerated Highway Trucks

Refrigerated highway trucks are loaded in a greater variety of ways
than refrigerated cars, with loads varying from 600 to 800 boxes. Methods
used, including crew arrangements, and labor requirements for blocking out

and the transporting of fruit from the storage point into a highway truck
are the same as when loading refrigerator cars. However, no bracing or

strippi.ig is used in loading motortrucks. Therefore, the differences be-
tween loading highway trucks and refrigerator cars are not great and only
a limited amount of adjusting of refrigerator car data is necessary to
present an adequate analysis for the trucks. These adjustments are based
on differences in operation of the loading crew.

In loading highway trucks, the carrier is entered from one end of the
truck body rather than from a center door as in the refrigerator cars.

Highway trucks always are loaded solid and usually the rows across the
truck bed are broken dovm to distribute an extra amount of weight over
the rear wheels of the truck. The stacking pattern varies, with the front
parts of the load being only 2 boxes high and gradually increasing in

weight to the rear of the truck bed where the rows are 7 boxes high.

Clamp-Type 2 -Wheel Hand Trucks

Refrigerator Cars in Solid Loads

Restacking boxes in car . --The common method of loading cars by use of
2 -wheel hand trucks is for 6-high stacks of boxes to be transported from
the temporary block or storage point into the car and released in that
end of the car in which the carloading crew is working. Boxes are lifted
from the stacks one at a time and stowed into final storage position.
(This method is used for loading either a solid or a divided load.)

Five men are employed in the crew. Three men transport 6-high stacks
110 feet to the car and into it releasing the fruit in front of the men
stacking boxes. Two workers inside the car manually lift the boxes, just

delivered, one at a time, and build 5-high stacks in the proper loading
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positions (fig. Il6). This cycle is

repeated until 91 percent of the
boxes have been placed. The remain-
ing boxes are then used to fill in

the doorway solid.

By this method, 8.04 man-hours
of labor are required per 1,000 boxes
loaded—33 percent of it in waiting,

57 percent (or ^.6l man-hours) in

transporting (table I30). The
elapsed time required is I.61 hours.

Jacking stacks of boxes into
position.—An improved method of
loading cars by hand trucks requires
a ii-man crew. Three workers hajid

truck 5 -high stacks into the car and one worker, by use of a jack, jacks
the stacks into tight position. Two of the men in this crew fill in the
doorway solid when that point in carloading is reached.

Figure 116. --Loading boxes of apples solid

across the car.

Table 130.—Labor required for a 5-man crew to move 1,000 packed boxes of apples out of storage
and solid load refrigerator cars by use of clamp-tjrpe 2-^eel hand trucks when boxes

are restacked 1/

Operation "Workers
[Productive: Fatigue ;

labor -.allowance:

Wait
time

: Total
: labor

Number Man-hours Man-hours Man-hours

0.26 0.0 0.09
.29 .03 .0

1.88 ,19 .14
.50 .05 1.53

1.30 .26 .32
.50 .10 .60

Man-hours

Set up and clean up
Pick up 6-high stacks by use of hand trucks
Transport 110 feet to stadcing point in car
Release 6-hi^ stacks in car in front of carman
Stack boxes in railroad car
Fill in dooirway solid mith boxes

5

3

3

3

2

2

0.35
.32

2.21
2.08
1.88
1.20

Total man-hours j
^ 4.73 .63 2.68 8.04

Elapsed time—hours 1.61

1/ Labor requirements shoim do not cover b] j King out and manifesting loads.

The box jack is a small pry bar with a hinged metal brace used as a
heel to give leverage in prying the stack into place. One worker posi-
tions the 5-high stacks by placing his foot against the heel of the jack
and pulling back on the pry bar (fig. 117). Usually the hand truck
releases the load as closely as possible to the loading position, so a
minimum of jacking is required.

This method requires 'J .kO man-hours of labor to load 1,000 boxes
(table 131). Of the total labor required, 23 percent was lost in wait
time. Sixty-four percent of the labor required was used in transporting
fruit to the car.
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Figure 117. --Hand jacking stacks of boxes into position.

Table 131.—Labor required for a 4-man crew to move 1,000 packed boxes of apples out of storage
and solid load a refrigerator car by use of clanqj-type 2-wheel hand trucks and box

Jack when stacks are jacked into position 1/

Productive : Fatigue Wait : Total
Operation yjorkers labor ; allowance time : labor

.Number . Man-hours

: 0.22

Man-hours

0.0

Man-hours

0.06

Man-hours

Set up and clean up : 4 0.28
Pick up 5-high stacks bj use of 2-wheel
hand trucks 3 .35 .04 .0 .39

Transport 110 feet to the stacking point in
car 3 2.26 .23 .14 2.65

Release 5-high stacks in car for positioning .

by use of box jack 3 .78 .08 .86 1.72
Position stacks in place by use of box jack 1 1.06 .11 .01 1.18
Fill in doorway solid with boxes 2 .50 .10 .60 1.20

Total man-hours mm 5.17 .56 1.67 7.40

Elapsed time—hours 1.85

1/ Labor requirements shown do not cover blocking out and manifesting loads.

Comparison of hand-truck methods for solid loading of refrigerator
cars. --The improved method of loading ceirs by hand trucks and a box jack
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incurs labor fiuid equipment costs of $8.63 per 1,000 boxes, which is

$0.73 Isss than by use of the common method (table I32).

The improved method of loading cars by use of the box jack saves
0.6k man-hours. Offsetting this saving, the improved method requires

15 percent more elapsed time to complete the loading operation. However,
it should not be assumed that all of the advantages and disadvantages of
these two methods are shown by these figures . The improved method is more
desirable from the standpoint of preserving fruit quality. The unit loads
of five boxes each are not broken out and each box is not roughly handled
which is in contrast to the common method by use of which each box is

lifted individually smd put into place.

Table 152.—Comparative labor and equipment costs for movir.g 1,000 packed boxes of apples out of storage and solid
loading refrigerator cars by use of 2 specified clamp-type 2-wheel hand truck methods 1/

liethod Workers

Number

Elapsed
time

Labor and equipment required

Equipment
time

Wait
time

Total
labor

Labor and equipment costs

Equipment
Labor

2/

Total costs
Current :Assumed
wages : wages

Dollars Dollars Dollars DollarsHours Machine-hours Man-hours Man-hours

Boxes restacked in car
Three workers hand truck
110 feet into the railroad
car; 2 workers stack boxes
and fill in doorway solid
with boxes

Boxes positioned with hand

Three woiicers hand truck
110 feet to the railroad
car; 1 worker jacks stacks
into place, and fills in
doorway solid with boxes

1.61 4.82 2.68 8.04 0.11 9.25 9.36 11.37

1.85 4.95 1.67 7.40 .12 8.51 8.63 10.48

1/ Costs shown do not cover blocking out and manifesting loads.
Z/ Computed from "current" wage rates.

Refrigerator Cars in Divided Loads

The practice of loading refrigerator cars with divided and braced
loads is more widespread than with solid loads. The usual method of
loading a car by hand trucks, when the load is divided and braced, is to
wheel 6-high stacks into the car and release them in the end where the
loading crew is working. The carloeuiing crew manually lifts each box
from the 6-high stacks and rebuilds stacks of the same height at the
proper position in the row. The rows are built across the car so that
each row can be stripped at each second tier of boxes, hf/ Boxes are
stacked into position until they reach the doorway where space is left
to insert or construct two braces which are wedged apart holding the load

k'j/ In practice, some firms strip only two tiers rather than three.
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solid in both ends of the car. A 6-inan crew is used--3 hand truckers,
2 carloaders, and 1 worker to strip each row and construct the braces to
fill in the doorway.

A hand truck can be used for loading cars only when the height of the
shipping platform permits fruit to be hand trucked across a bridgeplate
into the railroad car.

As shown in table 133^ 7*50 man-hours of labor are required per
1,000 boxes to load refrigerator cars when the load is braced and hand
trucks are used for transporting. Only 9 percent of this labor was wait
time. Of the total labor required, 3*08 man-hours, or kl percent, was
required for hand trucking. The elapsed time required to load by this
method, using a 6-man crew in part of the work, was 2.01 hours.

Table 133.—Labor required for a 6-man crew to move 1,000 packed boxes of apples out of storage
and load a refrigerator car by use of clamp-type 2-wheel hand trucks when the load

is divided, braced, and stripped 1/

Operation •Workers Productive Fatigue : Wait : Total
labor allowance; time : labor

Number Man-hours

0.26

Man-hours

0.0

Man-hours

0.16

Man-hour s

Set up and clean up 6 0.42
Pick up 6-high stacks by use of a-wheel
hand trucks 3 . .29 .03 .0 .32

Transport 110 feet to the stacking point
inside car 3 . 1.88 .19 .14 2.21

Release stacks in car in front of carloaders 3 • .50 .05 .0 .55

Stack boxes in the railroad car 2 ! 1.43 .29 .34 2.06
Strip every 2nd tier of boxes in railroad car • 1 .90 .09 .04 1.03
Brace doorway : 1 : .83 .08 .0 .91

Total man-hours . • 6.09 .73 .68 7.50

Klapsed time—hours 2.01

1/ Labor requirements shown do not cover blocking out and manifesting load.

Loading Refrigerated Highway Trucks

The size and arrangement of the crew outside the truck, when boxes
are loaded into highway trucks by hand trucks, is the same as when load-

ing refrigerator cars. However, in practice the number of hand truckers

used depends on the transportation distance involved. In this case, a

distance of I30 feet is assumed, since 20 feet additional transportation
distemce are necessary, above the 110 feet, when refrigerator cars are

loaded, because the hand trucker must travel the length of the highway
truck bed. Even though the distance is increased, three hand truckers
can supply the two workers inside the highway truck who stack the boxes
in a solid load.
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The use of hand trucks and a 5 -man crew to load a highway truck
requires 5«80 man-hours of labor per 1,000 boxes and an elapsed time of
l.l6 hours (table 13^). Less labor is required than in loading a similar
number of boxes into refrigerator cars because no gate is placed in the
center of the highway truck. The operation is fairly efficient with
only slightly less than 10 percent delay time.

Table 134.—Labor required for a 5-man crew to move 1,000 packed boxes of apples from storage and

solid load refrigerated highway trucks by use of clajnp-type 2-irtieel hand trucks 1/

Operation
[
Workers;

Productive
labor

! Fatigue :

: allowance:

Walt
time

: Total
: labor

Number : Man-hours

0.26

Man-hours Man-hours

0.0 0.09

Man-hours

Set up and clean up 5 : 0.35

Pick up 6-high stacks in storage by use of
2-wheel hand trucks 3 .29 .03 .0 .32

Transport 130 feet to stacking point inside

motortruck 3 2.33 .23 .0 2.56

Release stacks at stacking point inside truck 3 .35 .04 .0 .39

Stack boxes in highway truck : 2 1.43 .29 .46 2.18

Total man-hours ; 4.66 .59 .55 5.80

Elapsed time—hours ] 1.16

1/ Labor requirements shown do not cover blocking out and manifesting loads

Clamp-Type 2-Wheel Hand Trucks, Belt Conveyors ,

and Gravity-Type Roller Conveyors

The most widely used combination of equipment for loading refrigerator
cars and motortrucks consists of gravity-type roller conveyors, belt con-
veyors, and clamp-type 2-wheel hand trucks. Even in industrial-truck
operations conveyors are used in combination with industrial trucks which
replace hand trucks. When hand trucks are used to bring fruit to the
conveyor, the method is the same as that used for performing other cycles
of operations in which fruit is placed on a belt conveyor. The use of
the belt conveyor permits fruit to be moved from any floor or storage
room to the carrier

.

Sections of gravity-type conveyor are used inside the car or motortruck
as a means of moving boxes of fruit from the belt conveyor to the end of
the car. As one end of a car is loaded, the conveyor is gradually with-
drawn to the other end and finally removed, a small section at a time, as
the second end is loaded.

Loading Refrigerator Cars in Divided Loads

6-man crew using "turn man ." --The more common method using hand truck,
belt conveyor and gravity roller conveyor in loading a refrigerator car
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Figure 118. --Placing packed boxes of
apples on a belt conveyor in a cold

storage room.

Figure 119. --Packed boxes of apples

being transported by a belt conveyor.

employs a 6-man crew, one member of
which is stationed at the car door
as a turn man. Two men hand truck
6-hlgh stacks of boxes 50 feet and
release the stacks beside a belt con-
veyor. One worker places fruit on
the belt which conveys boxes to the
car door (figs. Il8 and 119). The
turn man standing In the doorway of
the car transfers the boxes from
the belt conveyor to a portable
roller conveyor and gives each box
a slight shove so that It rolls to
the carloader In one end of the cax
(fig. 120). The carloader removes
boxes of fruit from the roller con-
veyor and stacks them in loading position, while another worker strips
each required row of boxes to keep them from shifting crosswise of the
car.

Figure 120. --The turn man and stacker in

a refrigerator car.

This method of loading cars in divided and braced loads requires
9.00 man-hours per 1,000 boxes, and an elapsed time of 2.kk hours
(table 135 )• Sixteen percent of the labor is required for transferring
boxes from the belt conveyor to the roller conveyor and 3-22 man-hours
for moving boxes to the car, which is 36 percent of the total labor.

5-man crew using curved section of gravity conveyor . —An improved
method of loading cars by hand truck, belt conveyor, and gravity roller
conveyor, makes use of Inclined, curved sections of gravity roller con-
veyor or box accelerators (figs. 121 and 122). Use of either of these
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Table 135.—Labor required for a 6-man crew to move 1,000 packed boxes of apples out of storage
and load refrigerator cars by use of clamp-type 2-irtieel hand truck, belt conveyor,

and gravity roller conveyor iihen loads are divided, braced, and stripped 1/

Operation 'Workers
Productive

labor
Fatigue

allowance
Wait
time

Total
labor

Niimber Man-hours

: 0.21

Man-hour s

0.0

Man-hour s

0.37

Man-hour s

Set up and clean up ! 6 0.58
Pick up 6-high stacks by use of 2-iih8el

hand truck Z .29 .03 .0 .32
Transport 50 feet to belt conveyor 2 ! .97 .10 .08 1.15
Release stacks beside belt conveyor in
double rows 2 .29 .03 .0 .32

Place boxes on belt conveyor 1 1.05 .21 .17 1,43
Transfer boxes from belt conveyor to gravity :

roller conveyor 1 1.04 .10 .29 1.43
Stack boxes in the railroad car 1 ! 1.19 .24 .0 1.43
Strip every 2nd tier of boxes stacked in :

railroad car 1 : .90 .09 .44 1.43
Brace doorway of railroad car 1 : .83 .08 .0 .91

Total man-hours . 6.77 .88 1.35 9.00

Elapsed time—hours \ 2.44

1/ Labor requirements shown do not cover blocking out and manifesting loads.

two devices under proper conditions eliminates the need for a turn man.
Except for this difference the procedure and arrangement of workers is the
same for this method and the method previously described.

Figure 121. --Curved roller conveyor

slanted to carry boxes to stacker.

The inclined, curved sections
of roller conveyor can be used only
where the height of the loading dock
and the car are such that an incline
will allow the boxes to roll around
the curve and onto dead conveyor
sections by gravity. Where the

"nil'

Figure 122. --Box accelerator

used in car loading.
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loading dock is too low in relation to the top of the floor rack in the
C6u: to provide the proper inclination, a box accelerator is used. The
box kicker or accelerator is a short section of powered chain conveyor
which adds momentum to the boxes as they move from the belt conveyor, so
they will roll over the dead section of roller conveyor to the stowing
point in the car. The box kicker also spaces the boxes so that they do
not arrive too fast or irregularly for handling by the carloader (fig. 123)

Figure 123. --Box accelerator sending boxes through car door to stacker.

Table 136.—Labor required for a 5-man crew to move 1,000 unpacked boxes of apples out of storage
and load refrigerator cars by use of clamp-type 2-wheel hand truck, belt conveyor, and

gravity-type roller conveyor (including straight and curved sections) liaen loads
are divided, braced, and stripped 1/

Operation "Workers
Productive

labor
: Fatigue :

: allowance:
wait
time

: l-otal

: labor

Number Man-hours

G.a

Ifan-hours tan-hours

0.27

Man-hours

Set up and clean up 5 0.48
Pick up 6-high stacks ty use of 2-wheel
hand trucks 2 .29 0.03 .0 .32

Transport 50 feet to belt conveyor 2 .97 .10 .08 1.15
Release stacks beside belt conveyor in double
rows 2 .29 .03 .0 .32
Place boxes on belt conveyor 1 1.05 .21 .17 1.43
Stack boxes in railroad car 1 1.19 .24 .0 1.43
Strip every 2nd tier of boxes stacked in the
railroad car 1 .90 .09 .44 1.43

Brace doorway of railroad car • 1 .85 .08 .0 .91

Total man-hours . 5.73 .78 .96 7.47

Elapsed time—hours 2.44

1/ Labor requirements shown do not cover blocking out and manifesting loads.
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As shown in table I36, J .hj man-hours of labor are required to load
L,000 boxes. The elapsed time is the sajne as by use of the common method.

Comparison of Hand-Truck-Conveyor Methods for Divided
Loading of Refrigerator Cars

When a 6-man crew, which includes a turn man, is loading refrigerator
cars, labor and equipment costs are $1.76 more per 1,000 boxes than when
a 5-nian crew using a curved down section attached to the roller conveyor

is employed (table I37). This saving is due to a reduction in labor. The

use of the box kicker, when the height of the loading platform is insuffi-

cient for use of the curved conveyor section, would be of advantage.
However, too great a speed and rhythm in bringing boxes to the worker
stacking them in the car induces rough heindling. There is no assurance
that a turn man would not be inclined to set a rhythmic pace also.

Table 137.—Comparative labor and equipment costs for moving 1,000 packed boxes of apples out of storage and
loading refrigerator cars ty use of 2 specified clamp-type 2-wheel hand trucks,

belt conveyors, and gravity-type roller conveyor methods when
loads are divided, braced, and stripped 1/

Uethod i Workers Elapsed!
time .

: Number Hours ;

.' 6 2.44 i

! 5 2.44 :

Labor and equipment required

Equipment
time

Wait
time

Total
labor

Labor and equipment costs

Equipment Labor

2/

; Total costs
: Current :Assumed
wages : wages

Machine-hours Kan-hours Kan-hours Dollars Dollars Dollars Dollars

Turn man
Two workers hand truck 50

feet to belt conveyor,
1 worker places on, 1

worker stacks boxes off the
belt conveyor, 1 worker
strips load and braces
doorway

Wo turn man
Two workers hand truck SO
feet to belt conveyor,
1 woricer places on, 1

worker stacks boxes off
belt conveyor, 1 worker
strips load and braces
doorway

3/ 4.65 1.35 9.00 1.29 10.35 11.64 13.89

3/ 4.65 .96 7.47 1.29 8.59 9.88 11.75

1/ Costs shown do not include blocking out and manifesting loads.

"z/ Computed from "current" wage rates.

3/ Clamp-type 2-wheel hand truck 1.79 machine-hours, 100-foot belt conveyor 1.43 machine-hours, 15-foot
gravity roller conveyor 1.43 machine-hours, total 4.65 machine-hours.

Loading Refrigerated Highway Trucks

When highway trucks are loaded by conveyors, slightly longer sections
of roller conveyor are used in the truck than are used in refrigerator
cars, since the conveyor must reach from one end of the truck to the
other. In refrigerator cars the conveyor extends only one -half the length
of the car. A small increase in setup time is necessary because of the



- 236 -

extra length of roller conveyor used and the method of setting up the
conveyor in the truck. Belt conveyors are as widely used for loading high-
way trucks as for refrigerator cars because belt conveyors used in receiving
are available later for out -loading. However, in some belt -conveyor and
hand-truck plants it may be necessary to move the fruit to ground floor
on belt conveyors and then hand truck it into the highway truck, when load-
ing is done in an area not serviced by belt conveyor.

6-man crew using box spacer .—When belt conveyors are used to load
highway trucks, one worker, usually the truck driver, spaces the boxes as

they roll into the truck, thus making it more convenient for the worker
stacking fruit into position to perform this operation. The truck driver
usually is not employed by the apple house and is not obligated to assist
with loading operations but wishes to see that the truck is satisfactorily
loaded

.

When belt conveyors are used to load highway trucks, two workers hand
truck fruit 60 feet from the storage position to the belt and one worker
loads boxes on the conveyor. At the highway truck, one worker (the truck
driver) pushes boxes onto the roller conveyor as they move by, thus serving
as a "turn man and box spacer," two workers stack the boxes. By use of this
method 1,000 boxes can be loaded into highway trucks with 7*70 man-hours of
labor and in an elapsed time of l.kk hours (table I38). Delays that occ\ir

in the operation account for 20 percent of the total labor. Most of it is

by the workers stacking boxes inside the truck. About 3*22 mem-hotirs or

k2 percent of the labor are required for moving fruit to the truck.

Table 138.—Labor required for a 6-nian crew to move 1,000 packed boxes of apples from storage and
solid load highway trucks by use of belt conveyor, clamp-type 2-iiheel hand truck, and

gravity-type roller conveyor 1/

rProductive : Fatigue Wait : total
Operation .Workers

! labor : allowance time : labor
.Number • Man-hours

0.55

Man-hours

0.0

Man-hours

0.55

Man-hours

Set up and clean up 4 0.70
Pick up 6-high stacks by use of 2-iiheel

hand trucks 2 .29 .03 .0 .32
Transport stacks 60 feet to belt conveyor 2 1.14 .11 .07 1.32
Release stacks beside belt conveyor 2 .29 .03 .0 .32
Place boxes on belt conveyor 1 1.05 .21 .0 1.26
Push boxes along roller conveyor leading into
truck 1 1.04 .10 .12 1.26

Stack boxes inside highway truck 2 1.25 .25 1.02 2.52

Total man-hours ^ 5.41 .73 1.56 7.70

Elapsed time—hours 1.44

1/ Labor requirements shown do not cover blocking out and manifesting loads.

U-man crew without box spacer . --An improved method of loading a
highway truck eliminates the worker spacing boxes as they enter the truck
and one of the loaders inside the truck. This reduction in crew size is



- 237 -

accomplished by having the worker who places boxes on the belt conveyor
space them at regular intervals and by setting up the belt conveyor so

it will force the boxes on the roller conveyor to the loading area (fig.

By this method two workers
hand truck 6-high stacks 6o feet

from the storage point to the belt
conveyor, one worker Inside the plant
places boxes on the belt, and one

worker stacks boxes as they arrive
inside the truck. The improved
method of loading highway trucks
using only one loader and no box
spacer reduces the labor required to

load 1,000 boxes to 5 •51 man-hours,
or 28 percent below that required by
use of a 6-man crew (table 139)*
Wait time is reduced to 9 percent of

the total labor requirements. Al-
though the labor requirement for
moving fruit to the carrier by this
method is the same, proportionately
more labor is required because of the
Although the total man-hours of labor
the elapsed time required to load the

Figure 12^. --Boxes moved into a highway

truck by belt conveyor. The belt forces

the boxes on the roller conveyor to the

end of the truck.

smaller total labor requirements,
are reduced by the improved method,
carrier is increased 2k percent

.

Table 139.—Labor required for a 4-man crew to move 1,000 packed boxes of apples from storage and
solid load highway trucks by use of belt conveyor, clamp-type 2-wheel hand truck,

and gravity-type roller conveyor 1/

Operation Workers'
Productive

labor
: Fatigue :

: allowance:
Wait
time

: Total
: labor

Number Han-hours Man-hours

0.0

.03

.11

.03

.21

.25

Man-ho\irs

0.20

.0

.07

.0

.24

.0

Man-hours

Set up and clean up
Pick up 6-hi^ stacks by use of a-wheel !

hand trucks
Transport stacks 60 feet to belt conveyor
Release stacks beside belt conveyor
Place boxes on belt conveyor
Stack boxes inside highway truck

2

i 2

: 2

2

1

. 1

0.35

! .29
. 1.14

.29
1.05

• 1.25

0.55

.32
1.32
.32

1.50
1.50

Total man-hours ^^ 4.37 .63 .51 5.51

Elapsed time—hours 1.78

1/ Labor requirements shown do not cover blocking out and manifesting loads.

Comparison of Hand-Truck-Conveyor Methods
for Loading Highway Trucks

The improved method reduces labor costs substantially but increases
the elapsed time of loading the truck about 20 minutes and, therefore.
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increases machine cost slightly. The net saving in combined costs of
labor and machines is $2.31 per 1,000 boxes (table l4o).

Table 140.—Comparative labor and equipment costs for moving 1,000 packed boxes of apples from storage and solid
loading highway trucks by use of specified belt conveyor, clamp-type S-nheel hand truck,

and gravity roller conveyor methods 1/

Workers Elapsed

Labor and equipment required Labor and equipment costs

Method : : Total costs
time Equipment Wait . Total Equipment: Labor

; Current :Assumed
time time . labor

: ~f : wages ; wages
Number Hours L'achine-hours Man-hours Man-hours Dollars Dollars Dollars Dollars

Using box spacer
Two workers hand truck 50
feet to conveyor, 1 worker
places on conveyor, 1 ?rorker

pushes boxes on roller.
2 workers stack boxes inside
truck 6 . 1.44 : 3/ 4.48 1.56 7.70 1.21 8.86 10.07 11.99

Without box spacer
Two Borkers hand truck 60
feet to conveyor, 1 worker
places on conveyor, 1 worker
stacks boxes inside highway
truck 4 1.78 4/ 4.96 .51 5.51 1.42 6.34 7.76 9.13

1/ Costs shown do not cover blocking out and manifesting loads.

2/ Computed from "current" wage rates.

3/ Clamp-type 2-wheel hand truck 1.96 machine-hours, 100-foot belt conveyor 1.26 machine-hours, 30-foot
gravity roller conveyor 1.26 machine-hours, total 4.48 machine-hours.

4/ Clamp-type 2-wheel hand truck 1.96 machine-hours, 100- foot belt conveyor 1.50 machine-hours, 30-foot
gravity roller conveyor 1.50 machine-hours, total 4.96 machine-hours.

Clamp-Type 2 -Wheel Hand Trucks emd
Floor Chain Conveyors

Floor chain conveyors in combination with hand trucks were not used
to load refrigerated cars and motortrucks at the time field studies were
conducted. However, this equipment could be used for loading carriers
and its comparative efficiency determined by constructing a method by
use of elemental data. Because a large volume of fruit must be handled
over a floor chain conveyor to keep ownership costs within reasonable
limits, it is doubtful whether many plants have a large enough volume of
fruit moving from one floor, and from one part of that floor, so that
the floor chain conveyor could be utilized efficiently.

A possible floor chain conveyor and 2-wheel hand truck method for
loading would employ one man for hand trucking boxes 30 feet to a con-
veyor, and one worker removing stacks of boxes from the conveyor etnd

hand trucking them 20 feet into the car. Two workers would be used for
stacking and stripping boxes inside the car and installing the braces.

As constructed from elemental data from other operations, use of

this method of loading cars would require a total of 6.62 man-hours per
1,000 boxes (table lUl). The elapsed time would be 2.33 hours. The

amount of delay would not be great, for only k percent of the total labor
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is wait time. While the total man-hours to load are less than when
using the hand truck aJ-one, this saving in labor will tend to be offset
by increased cost of eauiDment

.

Table 141.—Labor that would be required for a 4-man crew to move 1,000 packed boxes of apples out
of storage and load refrigerator cars by use of floor chain conveyor and clan5>-type 2-wheel

hand trucks when loads are divided, braced, and stripped 1/

Operation .Workers
rProductive

labor
Fatigue :

allowance:
Wait
time

: Total
: labor

:Number : Man-hours

0.22

Uan-hours

0.0

Uan-hour

:

0.06

! Man-hours

Set up and clean up 4 0.28
Pick up 6-high stacks by use of 2-wheel
hand trucks s 1 : .29 .03 .0 .32
Transport 30 feet to floor chain conveyor : 1 : .62 .06 .0 .68

Release stacks on fLoor chain conveyor 1 .24 .02 .10 .36
Pick up 6-high stacks by use of 2-wheel
hand trucks 1 .23 .02 .0 .25

Transport 20 feet from floor chain conveyor to
stacking point inside car 1 .45 .05 .0 .50

Release stacks in car in front of carloader 1 .50 .05 .06 .61

Stack boxes in refrigerator car 2 1.43 .29 .0 1.72
Strip every 2nd tier of boxes in railroad car 2 .90 .09 .0 .99

Brace doonray 1 .83 .08 .0 .91

Total man-hours . . 5.71 .69 .22 6.62

Elapsed time—hours 2.33

1/ Labor requirements shown were determined throu^i use of elemental data from other
operations. These requiremaits do not cover blocking out and manifesting loads.

Clamp-Type 2 -Wheel Hand Trucks and Elevators

Elevators are seldom used by Washington State apple houses in
carloading, because most plants that have elevators move the fruit to
carriers by use of belt conveyors. Elevators usually are in parts of the
building not used in carloading. However, for comparative purposes an
elevator -hand-truck method is constructed by use of elemental data. In a
possible method for using elevators and hand trucks, it is assumed that
three workers would be required to transport fruit from storage 60 feet
to the elevators. These workers would ride the elevators to the off-
loading floor where they would transport stacks of boxes 50 feet into
the railroad car and release the stacks. A 2-man stacking and stripping
crew would complete the carloading.

As shown in table 1^2, 9*37 man-hours would be required by this
method to load 1,000 boxes. Labor requirements would be larger than by
other methods. The elapsed time of 2.53 hours would be slightly longer
than by other methods. More wait time would occur than by some methods,
for l6 percent of the time is lost in waiting. Of the total labor,
4.87 man-hours (52 percent of the total) are used when transporting fruit
to the car.
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Table 142.—Labor that would be required for a S-man crew to move 1,000 packed boxes of apples
from storage and load refrigerator cars by use of an elevator and clamp-type 2-wheel

hand trucks when loads are divided, braced, and stripped 1/

Operation Workers
Productive

labor
Fatigue ;

allowance:
Wait
time

: Total
. labor

Number Man-hours

0.26

k'an-hour s

0.0

Man-hours

0.09

Man-hours

Set up and clean up 5 0.35
Pick up 6-high stadcs by use of 2-wheel -

hand trucks 3 .29 .03 .0 .32
Transport 60 feet into elevator : 3 : 1.14 .11 .21 1.46
Release stacks in elevator 3 .29 .03 .0 .32
Elevator cycle 3 .20 .0 .40 .60

Pick up 6-hi^ stswks by use of 2-wheel
hand trucks 3 .29 .03 .0 .32

Transport 50 feet to stacking point inside car : 3 .97 .10 .23 1.30
Release stacks in front of carloader 3 .50 .05 .0 .55

Stack boxes in refrigerator car 2 1.43 .29 .26 1.98
Strip every 2nd tier of boxes stacked in
refrigerator car 2 •: .90 .09 .27 1.26

Brace doorway ! 1 .83 .08 .0 .91

Total man-hours . 7.10 .81 1.46 9.37

Elapsed time—hours ; 2.53

1/ Labor requirements shown do not cover blocking out and manifesting loads.

Industrial Fork-Lift Truck and Pallets

Loading Refrigerator Cars

Industrial fork-lift truck plants use several different methods of
loading refrigerator cars. By one of these methods the pallet load of
packed "boxes is set in the doorway of the car and boxes are carried to
the loading position. By use of a second method a short belt conveyor is

run into the car from the loading platform and pallets are off-loaded to
the belt conveyor. A third method makes use of the pallet dolly. Pallet
loads of packed boxes are placed on the dolly in the doorway of the car
and rolled to the carloading position. While it might seem desirable to
carry pallet loads into the car by industrial fork-lift truck, this is

not done because the floor racks in the refrigerator cars will not
support the weight.

Industrial truck and pallets alone or with sections of conveyor . --By
this method the fork-lift truck transports pallet loads of packed boxes
to the car and releases them either on the floor of the car or on a
roller conveyor which is arranged so that the pallet load can be pushed
by the lift truck into the car doorway. Inside the car members of the
loading crew weuLking to the center of the car lift each box from the
pallet and carry it back to the end of the car where it is stacked into
position. It is necessary for the fork-lift truck to wait on the
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Figure 125. --Moving a packed box from a

pallet in the middle of a railroad car

to its loading position.

carloading crew during the loading

operation because the rate of car-

loading governs the speed of the

fork-lift truck's operation. It is

assumed that the fork-lift truck

transports the fruit 110 feet to the

car door and pushes the pallet load

as far as possible into the

doorway (fig. 125).

This method employs a 'J-m&n

crew, four workers who stack boxes

in position in the car, two workers

who strip each row of boxes, and

one fork-lift truck operator. When

pallets and fork-lift trucks are

used to load cars by the method of

placing the pallet load in the door-

way, 6.72 man-hours of labor are

required to load 1,000 boxes with an

elapsed time of 1.?^ hours (table 1*4^3)

Only 0.76 of a man-hour is required

to transport fruit. The bulk of the

labor is used by the men walking to

and from the center of the car to

carry boxes to loading position.

Table 143.—Labor required for a 7-man crew to move 1,000 packed boxes of apples out of storage
and load refrigerator cars by use of industrial fork-lift truck and pallets when the

load is divided, braced, and stripped 1/

Operation Workers Productive: Fatigue : Wait
labor : allowance: time

: Total
: labor

Number Man-hours Uan-ho\irs Man-hour

0.18 0.0 0.31
2/ .12 .0 .0

.37 .03 .0

.11 .0 .13

. 2.43 .61 .0

.90 .09 .53

.83 .08 .0

3 Man-hours

Set up and clean up :

Pick up 40-box pallet load in storage
Transport 110 feet to refrigerator oar door
Release pallet load in doorway of car
Walk to stacks average distance of 10 feet,
handle empty pallets, and stack boxes in car
Strip every 2nd tier of boxes in refrigerator
car

Brace doorway

7

: 1

! 1

1

4 :

2

: 1

0.49
.12
.40

.24

3.04

1.52
.91

Total man-hours s - 4.94 .81 .97 6.72

Elapsed time—hours 1.74

1/ Labor requirements shown do not cover blocking out and manifesting loads.

2/ Taken from data in tabulation on page

259298 O - 53 - 17
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Industrial truck, pallets^ and conveyor . --One of the current methods
of loading cars involves the use of lift trucks in combination with helt
conveyors and gravity-type roller conveyors. By this method the fork-lift
truck transports and releases the pallet load on the loading platform
beside an extension of belt conveyor. One man off-loads the boxes from
the pallets onto the conveyor which moves the fruit into the car where
one man lifts the boxes off the conveyor and stacks them into loading
position. A fourth worker strips the loads.

One of the advantages of using this method is that the worker placing
fruit on the belt conveyor from the pallet loads can, when necessary,
assist in blocking out and placing on the conveyor only the sizes listed
on the manifest. After the car is loaded unneeded boxes are returned to
storage

.

Labor requirements by this method of loading refrigerator cars are
6.00 man-hours per 1,000 boxes (table l44). The elapsed time required

Table 144.—Labor required for a 4-man crew to move 1,000 packed boxes of apples out of storage
and load refrigerator cars by use of fork-lift truck, pallets, belt conveyor, and

gravity roller conveyor when the load is divided, braced, and stripped 1/

Productive : Fatigue : Wait . Total
Operation Workers. labor : allowances time ; labor

Number : llan-hours

0.21

Man-hours

0.0

Man-hours

0.11

Man-hours

Set up and clean up 3 : 0.32
Pick up 40-box pallet load by use of fork-lift
truck : 1 :2/ .12 .0 .0 .12

Transport 60 feet to belt conveyor : 1 .28 .03 .0 .31
Release pallets beside belt conveyor : 1 .05 .0 .0 .05
Place boxes on belt conveyor : 1 1.05 .21 .17 1.43
Stack boxes in refrigerator car : 1 1.19 .24 .0 1.43
Strip every other tier of boxes in refrigerator
oar

: 1 .90 .09 .44 1.43
Brace doorway ! 1 .83 .08 .0 .91

Total man-hours ^ 4.63 .65 .72 6.00

Elapsed time—hours : 2.45

1/ Labor requirements shown do not cover blocking out and manifesting loads.

2/ Taken from data in tabulation on page 286.

is 2.14-5 hours. Slight wait time occurs because of delays in stripping

operations. Total wait time amounts to 12 percent of the total man-hours,

As with all industrial methods of handling, transportation labor require-

ments are small--only 8 percent of the total labor.

Industrial fork-lift trucks, pallets, and pallet dollies . --By this

method the fork-lift truck transports unit pallet loads 110 feet from
storage and releases the load on a pallet dolly in the doorway of the

refrigerator car (fig. 126). In releasing the load the operator must

make a "double release," since the forks of the truck do not extend far

enough into the doorway of the car to set the load directly on a pallet

dolly. Therefore, the fork-lift truck operator releases the load and
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Figure 126. --Pallet dolly used to trans-

port loaded pallet inside car.

Figure 127. -Stacking boxes of apples from,

pal let.

reverses the truck so that the unit load is left on the outer end of the

forks, then moves forward and releases the load on the pallet dolly. Two
workers inside the car push the loaded pallet dolly to the end of the car

in which boxes are being stacked (fig. 127). These workers stack the

boxes and strip the load.

The use of the pallet dolly eliminates the necessity for lifting
boxes one at a time to place on a belt conveyor, since the unit load is

held intact until it reaches the working face inside the car. This method
reduces the niunber of handlings of boxes and helps maintain the quality of
the fruit.

By use of the fork-lift truck and pallet dolly, 6.29 man-hours are
required for loading 1,000 boxes, in an elapsed time of 2.65 hours
(table 1^5 ). Delays occur in this operation and 19 percent of the labor
is lost in waiting. Most of the wait time occurs because the fork-lift
truck and operator must be present during the entire carloading, which
increases both labor and equipment costs

.

Comparison of fork-lift truck pallet methods . --Of the three methods
which employ industrial fork-lift trucks and pallets, the method in which
they are used in combination with belt conveyors and gravity roller con-
veyors shows the lowest labor cost, $6.97 per 1,000 packed boxes, and
lowest total cost, $9«80 (table 1^). The highest cost method involves
the use of fork-lift truck and pallets alone.
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Table 145.'—^Man-hours required for a 3-man crew to move boxes of apples from storage and load a

refrigerator car b7 use of pallets, fork-lift trucks, and psillet dolly triien the load
is braced and stripped 1/

Operation Workers

_

Productive
labor

: Fatigue :

sallowance:
Wait
time

: Total
: labor

Number : Man-hours Man-hours

0.0

Man-hours

0.12

Man-hours

Set up and clean up 3 0.27 0.59

Pick up 40-box load by use of fork-lift truck 1 2/ .12 .0 .0 .12
Transport 110 feet to railroad car doorTray 1 .37 .03 .0 .40

Release unit load on dolly in refrigerator car 1 .15 .0 .99 1.14
Push loaded dolly to stacking point and remove
empty pallets from car 2 .53 .07 .0 .40

Stack boxes in refrigerator car 2 1.57 .51 .06 1.94
Strip every 2nd tier of boxes in refrigerator

car : 2 .90 ,09 .0 .99

Brace doorway : 1 .83 .08 .0 .91

Total man-hours i 4.54 .58 1.17 6.29

Elapsed time—hours i 2.65

1/ Labor requirements showi do not cover blocking out and manifesting loads.

2/ Taken from data in tabulation on page 286.

Table 146.—Comparative labor and equipment costs to move 1,000 packed boxes of apples out of storage and load
refrigerator oars by use of 3 methods which employ fork-lift trucks, pallets, belt conveyor,

gravity roller conveyor and pallet dollies 1/

Workers Elapsed
time

Labor and equipment required Labor and equipment costs

Method
Equipment

time
Wait
time

; Total
'. labor

Equipment
: Total costs

^^"^ :Current:ii.ssumed

1' : wages : wages
Number Hours

1.74

Kachine-hours Kan-hours Kan-hours Dollars

3.00

Dollars Dollars Dollars

Fork-lift truck and pallets 7 3/ 1.39 0.97 6.72 7.85 10.65 12.53
Fork-Uft truck, pallets, belt
conveyor, and gravity roller
conveyor 4 E.45 4/ 3,82 .72 6.00 2.83 6.97 9,80 11.31

Fork-lift truck, pallets, and
pallet dollies 5 2.65 5/ 3,99 1.17 6.29 3.04 7.51 10.55 12.12

1/ Labor and equipment costs do not cover blocking out and manifesting loads.
"Z/ Computed from "current" wage rates.
3/ 4,000-pound capacity electric industrial fork-lift truck 0.76 machine-hours, 20.8 pallets (40- by 48-inch)

0.63 machine-hours, total 1.39 machine-hours.

4/ 4,000-pound capacity electric industrial fork-lift truck 0.48 machine-hours, 20.8 pallets (40- by 46-inch)
0.48 machine-hours, 50-foot belt conveyor 1.43 machine-hours, 15-foot roller conveyor 1.43 machine-hours, total
3.82 machine-hours.

5/ 4,000-pound capacity electric industrial fork-lift truck 0.67 machine-hours, 20.8 pallets (40- by 48-inch)
0.67 machine-hours, pallet dolly 2.65 machine-hours, total 3.99 machine-hours.

Loading Refrigerated Highway Trucks

The newer plants using fork-lift trucks usually load highway trucks
on the receiving apron (fig. 128). The fork-lift truck transports pallet
loads of fruit from storage, about 100 feet, and releases the unit load
down inside the tailgate of the truck. The usual practice is to release
the unit load on a pallet dolly (fig. 129). Two workers push this dolly
to the front of the truck and proceed to stack the boxes into loading
position.
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Figure 128. --Pallet load being hoisted into highway truck parked on

receiving apron.

When Industrial trucks are used
with pallet dollies to load highway
trucks, ii.ll man-hours of labor per
1,000 boxes are required- -the small-
est labor requirement for loading
either highway trucks or refrigerator
cars by any method. Even though the
labor requirements are relatively
low, part of this labor is lost in
wait time of the lift-truck operator
because the workers stacking boxes
in the car cannot keep pace with the
fork-lift truck bringing unit loads
to the highway truck.

If this wait time could be
eliminated, it would reduce both
machine costs and labor costs.
Eighteen percent of the time was
lost in waiting. The fork-lift
truck time was low, only 1.2i<- man-
hours per 1,000 boxes, but percent-
agewise this is 30 percent of the
total. An important advantage of
the fork-lift truck in loading
highway trucks is that it takes
only 1.37 hours to load 1,000 boxes
(table li+7).

Figure 129. --Pallet load being lowered

onto pallet dolly in highway truck.
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Table 147.—Labor required for a 3-man crew to move 1,000 packed boxes of apples from storage and
solid load hl^way trucks hj use of fork-lift truck, pallets and pallet dollies 1/

:Productive : Fatigue : Wait : Total
Operation [Workers labor : allowance: time : labor

Number Man-hours

0.27

Man-hours

0.0

Man-hours

0.12

I Man-hours

Set up and clean up 3 0.39
Pick up 40-box unit load in cold storage by
use of fork-lift truck 1 2/ .12 .0 .0 .12
Transport 110 feet to tailgate of higjiway truck , 1 .37 .03 .0- .40
Release unit load on pallet dolly in highway
truck 1 .15 .0 .57 .72

Push dolly to stacking point and remove empty
pallets from truck 2 .41 .08 .06 .55
Stack boxes in highway truck 2 1.61 .32 .0 1.93

Total man-hours _ 2.93 .43 .75 4.11

Elapsed time—hours 1.57

1/ Labor requirements shown do not cover blocking out and manifesting loads.

2/ Taken from data in tabulation on page 286.

Industrial Fork-Llft Truck, Pallets^ Lov-Lift
Pallet Transporter, Belt Conveyor and

Gravity-Type Roller Conveyor

The equipment combination consisting of fork-lift truck, low-lift
pallet transporter, belt conveyor, and gravity-type roller conveyor was
not used to load refrigerator cars at the time field studies were con-
ducted. A possible method is described below. The labor requirement by
this method has been pieced together from pertinent details of other
methods

.

A low-lift pallet transporter would be used only if the fork-lift
truck could not move the pallet loads to the belt conveyor. Such a
situation might occur when a pallet addition has been built onto an older
warehouse. The floors inside the older part of the warehouse may not
support the heavy fork-lift truck. If this were the case and the belt
conveyor used for loading out was in the original building, the low-lift
transporter could be used to move pallet loads from a point at the edge
of the storage room to the belt conveyor.

This combination of equipment is assumed to operate by the fork-lift
truck breaking out pallet loads from the stacks and moving them approxi-
mately Uo feet to a point where the low-lift truck transporter picks up
unit loads and transports them kO additional feet to release on a belt
conveyor. The operators of the pallet transporter and the fork-lift
truck must closely coordinate their transportation cycles. After pallet
loads have been released at the belt conveyor, one worker places boxes
on the conveyor to be moved into the car. In the car, one worker stacks
the boxes into position and another worker strips the load.
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This combination of equipment and method would require 6.96 man-hours
to load 1,000 boxes in 2.U5 hours of elapsed time (table 1^4^). Sixteen
percent of this labor is for wait time, 39 percent (2.71 man-hours) for

transporting the fruit from storage to the car.

Table 148.—Labor that irould be required for a 5-inan crew to move 1,000 packed boxes of apples out
of storage and load refrigerator cars by use of fork-lift truck, low-lift pallet transporter,
gravity-type roller conveyor, and belt conveyor when loads are divided, braced, and stripped 1/

Operation Workers Productive
labor

: Fatigue ;

•allowance;

Wait
time

: Total
: labor

Number ; Man--hours Man-hours

O.a 0.0

Man-hours

0.27

Man-hours

Set up and clean up : 5 0.48
Pick up 40-box unit load by use of fork-lift
truck 1 2/ .12 .0 .0 .12

Transport 40 feet to doorway of storage room 1 .24 .02 .0 .26
Release on floor of storage room 1 .04 .0 ,22 .26
Pick up 40-box unit load by use of low-lift
pallet or a transporter 1 .13 .0 .0 .13

Transport 40 feet to belt conveyor
: 1 .31 .06 .0 .37

Release unit load beside belt conveyor ! 1 .14 .0 .0 .14
Place boxes on belt conveyor . 1 1.05 ,21 ,17 1.43
Stack boxes in refrigerator car . 1 1.19 .24 .0 1.43
Strip every 2nd tier in refrigerator car ! 1 .90 .09 .44 1.43
Brace doorway 1 .83 .08 .0 .91

Total man-hours ^ 5.16 .70 1.10 6.96

Elapsed time—hours 2,45

1/ Labor requirements shown do not cover blocking out and manifesting loads.

2j Taken from data in tabulation on page 286.

Industrial Clamp-Type Lift Truck, Belt Conveyor ,

and Gravity-Type Roller Conveyor

Industrial clamp-type lift trucks were not used in Washington State
apple houses for loading refrigerator cars until tests were conducted as
part of the research program. One of the reasons this equipment had not
been used for loading out was that the clamping arms of the lift truck
marred the labels on the boxes. This difficulty was avoided by turning
the labeled ends of two of the bottom boxes so that they faced inward
away from the clamping arms

.

To permit the efficient use of industrial-clamp trucks for loading-
out operations, packed boxes of fruit must be suitably arranged in storage
stacks and suitably segregated when returned to storage from the packing
line. First, if boxes are hand trucked from the segregation area to
storage, space must be left after every second row of stacks in storage to
permit the insertion of the clamp truck arms. Second, packed boxes must
be specially segregated as they are stored, placing in adjacent rows the
varieties, grades, and sizes that are usually marketed together.
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When the industrial clamp truck is used it is assumed that the truck
moves the fruit 50 feet to the belt conveyor where it is released. When
sufficient fruit has been moved up to keep the carloading crev occupied,
the industrial truck moves on to other operations. One worker places
boxes of apples on the belt conveyor which moves them into the car. One
worker inside the car stacks the boxes in loading position, while another
worker strips the load.

As shown in table 2h9, this method of using industrial clamp trucks,
belt conveyors, and roller conveyors to load 1,000 boxes requires S.k-k

man-hours of labor. An elapsed time of 2.45 hours is required per 1,000
boxes. Some time is lost by the worker who strips the load, bringing the
total wait time to 12 percent of the total labor. Thirty-five percent of
the total labor, or 2.27 man-hours, is used in moving fruit to the car.

Table 149.—Labor required for a 4-man crew to move 1,000 packed boxes of apples out of storage
and load refrigerator cars by use of industrial clanp-type lift truck, belt conveyor,

and gravity roller conveyor when loads are divided, braced, and stripped 1/

Operation Workers'
Productive

labor
: B'atigue :

: allowance

•

Wait
time

: Total
: labor

Number • Man-hours

0.21

Man-hours

0.0

Man-hour,

0.19

3 Man-hours

Set up and clean up : 4 0.40
Pick up 20-box load by use of clamp-type ;

lift truck .26 .0 .0 .26
Transport 50 feet to belt conveyor .46 .04 .0 .50

Release unit load beside belt conveyor .08 .0 .0 .08
Place boxes on belt conveyor 1.05 .21 .17 1.45
Stack boxes in refrigerator car 1.19 .24 .0 1.43
Strip every 2nd tier of boxes stacked .90 .09 .44 1.43
Brace doorway .83 .08 .0 .91

Total man-hours . 4.98 .66 .80 6.44

Elapsed time—hours 2.45

1/ Labor requirements shown do not cover blocking out and manifesting loads.

Comparison of Methods and Types of Equipment for
Loading Out Refrigerator Cars

Table I50 shows the comparative labor and equipment costs for loading
out 1,000 packed boxes of apples by use of various methods and types of
equipment previously described. The data apply to the loading of refrig-
erator cars when loads eire divided, braced, and stripped. Cost for a
carload of 80O boxes would be approximately 80 percent of the cost per
1,000 boxes. Of the three major types and combinations of types of
equipment used for loading out refrigerator cars, when loads are divided,
braced, and stripped, the costs are lowest by use of 2-wheel hand trucks.
However, the use of hand trucks alone is limited to one-story plants.
Moreover, plants that use industrisLL trucks for other operations would
hardly consider loading out by use of hand trucks since they must obtain
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Table 150.—Conipcratlve labor ond equipment coats by use of pppcifled oethoue end typec of equipment for mjvlng 1,CX)0 pack**d b-

from Btoragp find lopdlng refrlgprctor cp^e when loads nre divided, broced, p.nd fltrinpnd 1}

ixpft M" Pnples

Typn of oqulrmflnt and method
Elapsed

tlse

Labor end equipment required Labor and equlpnipnt costs

Equlnmrnt Wnit

tlip

Totnl

lnb?r

FqT3inm*'nt

zJ

Lib or

jL

T'^tfll coetR

I Houre Machine-hours :Mfln-houre Man-hours Do lie re Dollare Dollprp

CIsjDp-tyTpe 2-tfheeI hand tnicke: 3 workere hand-

truck 110 feet to refrigerator car, 2 worfcere etack
boxes, 1 worker strips loed and brecee do-irwey

When blocking out and nenlfestlng ;:re ndded

Belt conveyor, gravity-type roller conveyor and
hend trucke: 2 workers hand-truck ro feet to belt
conveyor. 1 worker places on belt c'onv.^yor. 1

work'^r Btecke off belt conveyor, 1 worker strips

load and braces doorway
When blocking out and Dftnlfeatlnp are added

Floor chain conveyor and hand trucks ; 1 worker
hend-truCr-e 30 feot , 1 worker hejid-tnicke 20 feet

from floor chain conveyor, 2 workers stack and
strip load, 1 worker brficeeload
When blocking out and manifesting ere added

Elevator and hand trucks ; jj 3 wcrkers hand-truck
bo feet to elevator, ride elevator, hand-truck 50
feet to refrigerator c^r. 2 workers st^ck and
strip boxes, 1 worker braces load,

When blocking out and manifesting are added

Fork-lift truck and pallets alone ; I worker and
fork-lift track transports l|0-boi load 110 feet to

refrigerator cer, ^ workers stack boxes, 2 workers
strip boxes, 1 worker brrces load
When blocking out and manifesting ore added

Fork-lift truck, pallets, belt conveyor, and
gravity-type roller conveyor ; 1 worker and fork-

11ft tnicfc transports UO-boi load 50 feet to belt

conveyor. 1 •.orker places on belt conveyor, 1

worker stacks off conveyor. 1 worker stripe and
braces load
When blocking out end aanlfestlnfi ^vf added

Fork-lift truck, pallets, and piglet dollieei 1

worker and fork-lift truck transpTts 110 feet to

refrigerator car. 2 workers push dolly, stack end
strip boxes. 1 worker braces load
When blocking out and manifesting ^ re edded

Fork-lift truck, low-lift pallet trmiSTiorter .

pallets, belt conveyor, fnd gravity- type roller
conveyor; 1 wrV^r end fork-lift truck transports
UO feet. 1 worker and low-lift pallet transporter
transports UO feet. 1 worker places on conveyer,
1 worker stacks off conveyor. 1 worker strips and
braces load
When blocking out and manifesting are added

Industrial clamp-tyT^e lift truck, belt conveyor and
jO'Svity-type rollr conveyor; 1 worker ^Tid clonp
truck transports 50 feet. 1 worker places on

conveyor, 1 worker stacks off conveyor. 1 worker
strips and braces load
When blocking Dut and manifesting are added

2.01
?.ni

2.1A
2.m

2-53
2-53

2.65
2.65

2.1*5

2.U5

5/

5/

57

5/

2/

a/

2/

3. 08
1».(!7

I1.65

6.i*i(

U.08

5.67

6.U9
8.28

1-39
2.2U

3. 82
'1.77

3-99
'4.11*

10/

2/

5/

5.20
6.15

3.70
5.U9

0.68
.81

.q6

1.09

.22

.35

1.U6

1.59

.97

.97

.72

.7?

1.17
1.17

.80

7.50
11.53

7.'t7

11.50

6.62
10.65

9-37
n.ito

6.72
B.12

6.00
7.'-J0

6.29
7.69

6.96
8.36

6.Ui»

8.68

0.07
.11

1.29
l-.'3

2.6"^

2.69

5.32
5.36

3.00

5.17

2.83

5.00

?.oit

5.21

it.qs

7.15

1.96
h.50

8.63
13.26

8.59
13.22

7.61
12.21*

10.78
15. Ill

7.85
0.6c

6.97
8.72

7.51
1.26

8.10
9.85

7. "^3

10.37

8.70

13.37

9.88
11*. 55

10.26
11*. 9'

16.10
20.77

ics*;
11*. 77

9. 80

13.7?

Irt.?"^

11*. 1*7

13.08
17.00

9.1*9

11*. 87

10.58
16.25

11.75
17.1*2

11. °2

17-59

18.1)1*

2U.12

12.53
16. 80

11. n
15.57

12.12
16.39

llf.82

19.09

11.10
17.01*

ed at 100 feet when iaduetriol trucks ere used and at 50 fe-^t1/ Transportation distances Involved in blocking out loads are standBrdi?
when clamp-tyne 2-v'hpel hand trucks are used. In the loadlng-out opr^ratlnne th^t follow blocking out. *.rpncpor tptlon distances are stenderdl^ed
at 110 feet, meking a totnl of 210 feet by use of Industrial truck methods and a total of l50 feet by use of hand truck methods,

2/ Equipment costs computed from data on ov/npre.hin and operating coats shown In table 2.

2/ "Current" l=bor costs computed from wage retee of $1.15 per hopr for onekllled labor end $1.30 per hour for semiskilled workers
(key worker? such oe industrial truck operators).

kj Aseuaed labor costs computed from i.'ege rates of $1.1*0 per hoijr for imskllled lebor end 51.55 ?="> hour for semiskilled work~rs.

5/ Increase is accounted for by additional hand truck time of 1.79 machine-hours.
6/ Clamp-type 2-wheel hend truck 2.72 innchlne-houre . 100 foot belt conveyor 1.36 me-chine-hours. tot?l U.08 machine-hours,

Ij Vertical transportation distance is not Included.

8/ Clamp-type 2-wheel hiind truck 1*.87 mF-chlne-houra. 8.000-pouiid capnclty elevetor 1.6? machine-hours, totel 6.*t9 mechlne-houre.
°y Increase is accounted for by additional fork-lift tmck time of 0.<55 machine-hours,
10/ 1*. 000-pound capacity electric fork-lift truck 0.61* machlna-houre, li.ooo-pound capacity electric low-lift pallet transporter

0.6U machlne-bours. 20,8 pallets (l*6-box) I.06 m'chlne-hours . 30 foot belt conveyor 1.1*3 mF.chlne-hours, 1^ foot roller conveyor 1.1*3 iiachine-
hours. total 5.20 machine-hours.

11/ 1,000-pound capacity electric clemo.tjrpo lift truck O.Sl* mechlne-hourc . .60 foot belt conveyor 1.1*3 machine-hours, 15 foot gravity
roller conveyor 1.1*3 machlne-hourc, total 3.70 machine-hours.

the maximum amount of use from their equipment . There are advantages in
using industrial trucks for carloading that cannot he evaluated in
monetary terms. For instance, more gentle handling tends to retain fruit
quality. Smaller crew sizes are another important non-monetary advantage
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to lift truck handling. When fork-lift trucks and pallets are used with
either pallet dollies or roller conveyors, a crew of only three men is
needed for operations following "blocking out

.

The pallet and fork-lift truck method of loading "by depositing pallet
loads in the car doorway, and having workers carry the "boxes to loading
position, requires the lowest elapsed time .to load a car. It also requires
the largest crew size. In contrast, the fork-lift truck using a pallet
dolly required the longest elapsed time but a crew of only three men.

In multistory plants where fruit is moved from one floor level to
another, the conveyor -hand-truck method is most efficient, and the
elevator-hand-tioick method least efficient.

Since blocking out and manifesting loads are a part of the cycle of
loading out operations, labor and equipment costs in table I50 are shown
separately for those operations that follow blocking out, and when block-
ing out and manifesting are included. The costs are shown separately
because the amount of labor required to block out and manifest loads is
not directly associated with the particuleir method used for subsequent
operations.

Use of fork-lift trucks requires 0-95 man-hour per 1,000 boxes for
blocking -out operations, and industrial-clamp trucks, 1.79 man-hours.
Use of 2-wheel hand trucks requires 3.58 man-hours. Transportation
distances of 100 feet by the industrial trucks and 50 feet by hand trucks
represent industry practices. To the labor required for blocking out,
0.^5 man-hour has been added to cover the average labor for manifesting.

Comparison of Methods and Types of Equipment
for Loading Out Highway Trucks

Comparative labor and equipment costs by use of the three major
combinations of equipment used to load highway trucks are shown in ta-
ble 151. The 2-wheel hand truck method is the lowest cost method. The
method using the fork-lift truck and pallet dolly has the lowest labor.
Equipment and labor costs were almost equal in this case. It should be
noticed that the elapsed time as well as the cost to load a highway truck
was less than to load the same number of boxes into refrigerator cars.

In the conventional-type plant, when storage on the main floor is

not too distant from the loading platform, the hand truck method is the
most efficient for loading highway trucks . If fruit is to be moved from
floors other than the main floor the belt -conveyor method is the most
desirable in the conventional-type plant, especially if the conveyor
brings the fruit directly onto the highway truck. Newer-type plants
using industrial equipment would find the use of pallet dollies efficient
in their loading operations.
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Table ISI.- -Coinp-ratlvA labor and equipment costs by U8*i of rpnelflerl ni?t>*«i^B pnt' tyo^s of pqulpment for moving 1,000 nsolcRd boxan of pdpIpb out

of fitorpge and solid loading M^jhway trockn 1/

Elapsed

time

Labor and pqulpment required Labor and e^uir^neDt coste

Meth-id
Equipment

time
; V.'ait

i

Total
' time ! labor

Equipment '

2/
;

Labor '

Total rictp

Current
wneee

; AsRumed

Hours Hrchlne-hours Man-hours Man-houre Dollere Dollars DollarB Dollarc

ClaiLp-type P-wheel haod truck

Three workpre hand-truck 13O feet to stacking
point. 2 workers etack boxes

When blocking out and manlfeflting nro added
1.16
1.16

3.27

^ 5.06
0.55 5.?0
.6g 9.83

O.OB
.12

6.67
11.30

6.75
11.1,2

g.20
13.88

Belt conveyor and hand truck

Two workers hPnd-trucfc 60 fe^t to conveyor. 1

worker placee on, 1 worker pushes boxes. 2

w^rkTB etack inside truck
When blocking out and manifflstiug are added

l.UU
1.U4

U.Ug

^ 6.27

1.56 7.70
1.69 11-73

1.21

1.2?

8.g6
13. U9

10.07
IU.7U

11-99
17.67

r-Tk-llft truck Pad o^'llet rtolly

One fork-lift truck tranaports 110 feet. 2
workers push dolly and ptrck boxes in tnick

When blocking out and manifesting are added
l-V 1 6/ 3.?8 .75 U.ll ! U.25 U.q3 9.18 10.21

1-37 1/ lt.?3 .75 5.51 : 6.U2 6.68 13.10 li|.l*6

y Transportation dtatances Involved In blocking o^it loads are etendardlzed at 100 feet when Industrlfl trucka are used and at 50 feet when
clemp-type 2-wheel hand trucks ere used. In the loading oxit oppratlcn? that follow blocking out. traneoortf tl-^n dlstancea arc et^ndardlr-ed at

130 fapt. 20 fept of which le inside the carrier. The total traneport*^tlf*i dletence when industrial trucks pre used le 23O feet, ^hea li.n^ tnicUc

are used the total dintance is ISO feet.

2/ Equipment costs computed fr^n deta on ownership nnd opprfting costs shovTi In table 2.

2/ "Current" l?bor costs cinrr^ted from wage rates of $1.15 ner hour for unaMlled labor and -*1.30 p-^r hour for cenlsJrllled workers (key
workprs such as industrial truck op'-ratore).

4/ Assumed labor costs computed from wnge rates of Sl.lj-0 ner hnur for unskilled labor and $1.^5 P^r hour for nomlekllled workpre.

^ Increase is due to additional hand truck tl^p nf 1.79 'n-^chlne-houre.

6/ U. 000-pound capacity electric f^rk-llft truck 1.2U irechlne- hours, pallet dolly I.37 machine-hours, 20.8 pallets (US-box) O.67 machine-
hours, total 3*28 nachlne-houre.

Jj Increase is due to additional fork-lift tnick tlmo of 0.95 mRchlne-hours.
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METHODS AND EQUIPMENT FOR MOVING APPLES DIRECTLY FROM
THE PACKING LINE AND LOADING REFRIGERATOR CARS

Loading apples directly from the packing line is not a conmon practice
in Washington State, largely because the rate at which packed "boxes of
fruit move off the packing line is too slow a pace for extensive carloading
operations. A single packing line turns out approximately 210 hoxes per
hour so that from four to eight hours are required to load a railroad car,
the exact time depending on the nximher of sizes and grades listed on the
manifest.

The more usual practice of loading out fruit from the line is first to
move the packed boxes through the segregation area to select the sizes to
be loaded out. These sizes are then hand trucked to a temporary block as
part of a blocked-out load. When this procedure is followed, loading
operations are performed by use of the methods described in the previous
section. Although this practice may be referred to as loading directly
from the packing line, it makes use of a temporary storage block so that
all of the work elements are identical to the various loading methods
described in moving fruit from storage and loading out except that high-
piled boxes are not broken out.

The extent to which boxes of apples are loaded directly from the
packing line into refrigerator cars depends somewhat on market conditions
and, occasionally, on the market connections of shippers. In a sellers'
market, buyers are more likely to accept the normal run of sizes which
permits more of the fruit from the packing line to be loaded directly
into a car. Some firms have market outlets which accept a larger range
of sizes than others . Such firms load out a larger number of cars of the
fruit directly from the packing line.

Usually more cars of apples are loaded directly from the packing line
early in the season because at that time shippers endeavor to place as

mginy carloads of apples as possible on the early market. This period may
last from two to three weeks before heavy receiving gets under way.

When boxes of apples are loaded directly from the packing line they
follow the regular path to the segregation area where boxes of sizes and
grades that are not on the manifest are removed and placed in segregated
stacks to go to storage. The remaining boxes are moved to the carrier.
The range of sizes and grades to be loaded directly affects the number
of boxes arriving at the refrigerator car per hour, and the elapsed time
required to load a car is relatively short or long depending on these
factors. However, there is considerable delay time on the part of the
carloader in any case

.

The work elements involved in loading a refrigerator car or highway
truck are about the same as for methods previously discussed except for
work inside the car. Methods for loading refrigerator cars directly
from the packing line can be adapted to loading highway trucks by
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referring to previous analysis. However, highway trucks are not loaded
from the packing line as frequently as refrigerator cars, because highway
trucks cannot be detained any great length of time since they are usually
being used to capacity in the season of the year when most loading is

done directly from the packing line. A one-half day tie-up of a highway
truck may mean 200 or 3OO miles of travel, thus reducing the number of
loads and the return on the carrier investment.

Belt conveyors and gravity-type roller conveyors, which are joined to
provide a conveyor line from the segregating area to the working face in
the car, are used almost exclusively for loading boxes directly from the
packing line. Figures I30 and I3I show how conveyor lines are set up for
loading refrigerator cars

.

Figure 130. "-Boxes on a roller conveyor going into a refrigerator car directly from the

end of I ine.
. •

When boxes are loaded directly
from the line only one worker is
used to carry out all phases of
carloading, placing the boxes, lath-
ing and doing the bracing. Boxes
already are on conveyor lines in
the segregating area so that no
loader is required. In analyzing
this method the plant is assumed to
have one packing line with an output
of 210 boxes per hour. It al.so is
assvimed that all of the boxes
packed, regardless of size and grade, figure 131. --Boxes of apples ntoving
are loaded into one car. Under these ^^^ ^^ ^j ^ packing line into a

refrigerator car.

from
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assumptions the minimum amount of labor would be required for loading a
railroad car directly from the washing and packing line

.

Under the conditions assumed, this method requires 5«88 man-hours to
load 1,000 boxes in an elapsed time of 5 •88 hours (table 152). Waiting
accounted for kO percent of the time. The delays occiirred because boxes
were not arriving in the car fast enough to keep the one worker occupied.

Table 152.—Labor required for 1 worker to move 1,000 packed boxes of apples from the packing
line and load refrigerator cars by use of belt conveyor and gravity-type roller

conveyor -when loads are divided, braced, and stripped

Operation Workers
! Productive
t labor

Fatigue
allowance

Wait
time

: Total
: labor

Set up and clean up
Stack boxes in the railroad car
Strip every other tier in the car

Brace doorway of the car

Number

1
1
1
1

• Man-hours

0.21
1.19
.90
.83

Man-hours

0.0
.24

.09

.08

Man-hours

0.0
2.34

.0

.0

Man-hours

0.21
3.77
.99
.91

Total man-hours . 3.13 .41 2.34 5.88

Elapsed time—hours 5.88

The cost of moving apples directly from the packing line and loading
out by use of this method is $10.90 per 1,000 boxes at current wage
rates (table 153)^ over one-third of this being machine cost for use of
a belt conveyor and roller conveyors

.

Table 153.—Labor and equipment costs for 1 worker to move 1,000 packed boxes of apples from the packing line and
load refrigerator oars by use of belt conveyor and gravity-type roller

conveyors when loads are divided, braced, and stripped 1/

Labor and equipment recjuired Labor and equipment costs

Method
Equipment

time
Wait ; Total
time ! labor

: : Total costs
Ecjuipment: ^^^ :Current:Assumed

: ^' : wages : wages
Machine-hours Man-hours Man-hours Dollars Dollars Dollars Dollars

Loading from the end of the line with belt
conveyor and sectional rollers, 1 worker
loading inside the railroad car 3/ 9.52 : 2.34 5.88 4.14 6.76 10,90 12.37

hours.

1/ Costs shown do not cover blocking out and manifesting loads.
k/ Computed from "current" wage rates.
3/ 100-foot belt conveyor and 15-foot gravity roller conveyor 4.76 machine-hours each, total 9.52 machine-
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COMPARISON OF COMBINATIONS OF TYPES OF MATERIALS -HANDLING
EQUIPMENT USED FOR MOVING APPLES INTO, WITHIN, AND

OUT OF STORAGE HOUSES

Tables 15^ and 155 show respectively for common and improved methods

the comparative labor and equipment requirements, and the labor and equip-

ment costs, for moving 1,000 boxes of apples into, within, and out of

storage houses by use of the six principal combinations of materials

-

handling equipment used in Washington State houses when both packed and

unpacked boxes of fruit are stored. The storage of fruit, both before and
after it is packed, necessitates four cycles of operations, two of them
within the plant, both of them paced by the rate of the packing line.

However, no such limitations apply to the cycles of operations involved in

moving fruit into and out of the plant.

Although labor and equipment costs have been computed for 1,000 boxes
of apples, two of the cycles of operations cover the handling of unpacked
boxes and two of these cycles cover packed boxes. In computing costs on
a plant-wide basis consideration should be given to the fact that for each

1,000 boxes of unpacked fruit handled, there would be only TOO boxes of

packed fruit to handle, which could materially alter the cost relationships
shown

.

When pallet loads of fruit are built on road trucks in the orchard,
labor and equipment costs for handling 1,000 boxes of apples, at the plant,
by industrial fork-lift trucks and pallets are $31*99 for the common
methods and $31.89 for the improved. Even if the plant operator pays the
increase in orchard-handling costs of $1.98 per 1,000 boxes for building
pallet loads in the orchard, handling costs at the plant by use of fork-
lift trucks and pallets still would be less than handling by use of 24-box
capacity industrial clamp-type lift trucks, which is the next best
combination of equipment.

Both types of powered lift trucks are relatively efficient for performing
receiving operations and for moving fruit from storage to the packing line,
provided loads have been properly built before arrival and provided further
that in supplying the packing line some type of accumulator device is used.
However, neither type is as efficient in loading-out operations as are
clamp-type 2-wheel hand trucks, which permit the handling of 6-box unit
loads into the car and throughout the loading operation. As previously
pointed out, industrial trucks cannot enter a refrigerator car for loading
principally because the car floor will not support it. Pallet or unit
loads, therefore, must be deposited in the car door and either broken
down box by box at that point for stowing, or pushed on pallet dollies to
the loading face and broken down for properly stowing boxes.

Use of the types of equipment applicable to handling operations in
multistory buildings result in the highest labor and equipment costs.
These are: (l) Elevators and hand trucks with costs of $92. 8I per
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Tflblft ISU.—Comooratly*' lubor end equlpcein. coetp fr>r handling 1.000 boTfts of STj^lce through fonr sppclfled cyclpe of opTPtlons Involved by co^Tmoo methods,
when moving fml t Into, within, and out of ntorrge hoaees by nee of epeclfled types and carablnatlonB of types of eo'ilpment 1/

Type of ''Culpmrnt end cycles of operati-^ne

Clapp-tyDe g--whe°l hand trucka
Unloading 'jinpacked boxee from road tmcke sjid moving Into store^e
(12-box hl^ i^tacke)

Moving unpackRd boxes from fltorrg« to the packing line (broken oat of
12-bOI high BtBCiEo)

Moving packed boxes fron pocking line to storage (ninunl hlgh-plllng In
10-b-ii high etcckfl) ^

HoTlag pac^r^d boxee from otorage end loading rcfrlgTrttor care (tnclud(»e
blocking out end manifesting)

Totals

Clatip-type g-whe**! hflnd trucks and belt c-:n7qyore
Unlorjilng unnackfid boxes frno rosd trucks end moving Into 9tor«^-€

(12-boT high stacks) iJ
Moving unpacked bax^n frxa storage to th» packing lice (br-^ken out of
12-boi high etfckfl)

Moving packed boxes from packing line to storage (manual hlgh-olUng in
l(%.box hl^h Ptacks) ^

Moving packed boxea frsm storage and loading rffrlgerotor ere (includwe
blocking out -nd icanifeeting)

Totals

Clugq^-type P-whfpl h--^nd tracks pnd floor chein _C'"'nypy or6
Tnlo. ding unpacked b^xen from road trucka and moving Into storage
(l?-box high f?tackfl)

Moving unpacked boxee from storage to the packing line (bro'ten out of
12-box high etficke)

Moving p=LCkpd boxes from packing line to storage (manual hlgh-plllng in
IfVboi high stacks) 5/ S/

Moving packed boxea from ntora^e and loading refrigerator cars (Includes
blocking out and nanlf«pting)
Totals

Clejpp-typg 2-_whe e
_
l hgnd trucks Pnd elevetor 2/

TTnlo'dlng unpacked boxes from rood trucks and moving Into etorage
(12-boi high stBCks) 10/

Moving un-n.-ackpd boxes from storege to the packing line (broken nut of
12-box high ftf'cke)

Moving packed boxee from packing linn to storage (manual high-nlllng In
10-box high stacks) 5/

Moving packed boxes from storage and loading refrigerator cars (includes
blocking out and manifesting

Totals

InduBtrlel fork-lift tmcke and 1^-box pallets
Unloading unpacked boxes from roed trucks and moving Into st ira^e
(18-boi or 3-pp.ll.^t load high stacks) 11/

Moving unpacked boxes from storage to tha packing line (ssllet lo^da
removed from "^-hl^ PtRcks) 12/

Moving packed box-^o frim packing line to stora^ (15-box or 3-''"^llpt

lopd hl^ stacks) 5/
Moving packed boxes from storage and loading r*»frlgorntor csrs (Includes
blocking out aija manifesting) 1^

Totals

Indnstripl clr-mn-typ** lift trucks (2U-box capacity—unnacked fruit)
Unloading unpacked boxes from road trucks end moving Into stor^^e
(12-box or ?-»inlt lo'-.d high stacks) lU/

Moving \mpacked boxes from storage to the pncking lln* (2'J—box led
removed bb unit)

Moving packed boxes from oeckln? llnw to storage (?0-box unit loads

—

10 boxes high) 5/
Moving packed boxes out of storage end loading refrigerator cars
(includes blocking out and ii>pnlf«stlng) Ig/
TotUfi

i/-L

10

3

3

6/ 6

2

3

6/ 5
J IS

9

3

U

6/ 6

22

2

1

2

2

1

2

6/ h

Labor pji4

ftoulpient, reouired

^'"jipir-ent I Labor

Maehlne-h Dure: 1-lan-h our*

3.11.

9-70

19. OU

'i-S7

36.75

ll.oU

10.60

19.0^

S.ltU

7.35

q,oo

19.011

Labor and equipment costs

Enuipmect

2/

L»*bor
Totf-l costs

Sollers Eollors

Current : Afl?utn(»d

Un.i2

It.UO 7.00

9.6U 6.66

19. ou 11). ?!

5.37 10.65

38.95

1O.U3

11.10

22.10

8.28

';7-?9

1

I

10.10 1

7.27

1U.2S

11.50

0.07

.2U

•53

11

.95

•92

U.Ol*

l*.37

1.3

8.'J3

11. U5

21.90

13.26

B.50

11.73-

22.1*3

13.37

3-15 s-

51.91

1.20

U.67

6.10

16^91

32.55

11.92

10.93

19.0*

13.'I0

10.

1.10

2.09

'*.37

2.69

55.06

11.62

e.36

l6.l42

Uq.6?

8.05

7.66

l6.1»2

12. gU

~55to3

12. 51*

12.1*0

20.79

lit. 5"^

10.33

lit. 23

27.19

l6.?5

55.29

1.20

.6?

5.it3

7.69
1I1.95

10.25

5.00

8.51

10.35

13.71

12.57

21.90

15.ltl

60. ra

9.15

9.75

20.79

63.00

15.06

lit. 21

2it.36

17. '12

29.22

2.58

3.19

3-07

111. 05

63-59

l-lt7

.87

6.311

9-?6
17.9^

18.71

21.0s

32.25

20.77
92.81

I1.05

11.06

9.111

II1.I17

71.05

10.90

11. Ul

2U.36

21.69

23. 81

37.01

2lt.l2

31.99

106.63

li.35

It. 22

10.-77

16- ?9

U.29 I 2.86

U.57 I 11.57

I t

6.31 : 6.31 I

I

5.119 1 8.68
20.66 ~: 2?.li2

2.2? 3.50 5-72

l.?ll 5.
It It 7.28

2.39 7.I19 9.S8

It.50 10. T7 111.87

10.55 26.80 37.75

35-73

6.U1-

11. U6

17.011

liii-'S
"

1/ Except as Otherwise noted trensportetlon dlatajicee hsve b«en stendnrdlRed e« followB: (l) Unlo.'^dlng unpacked boxes find moving into storage 100 feet;

(2) moving unnacked boxes from storage to the pecking line 190 f^et; ('^) moving pocked bajtes from the pecking line to «torpge 175 fe^t; (li) novlng pecked
bix^p Out of storage end loading refrigerator cnrs 210 fe-'t by use of indnstrlel trucks and I60 feet by use of oth-^r tyrses of eoulpnent. Befrlgerator ccrs
are loaded In divided loads which are stripped and bracpd,

2/ Equipment coots comnuted from data on ownership ^nd oporeting cop to ohown in table 2.

_2/ "Current" labor coetp computed from wage rptee of $1.1? pT h^ur for unskilled labor and $1.30 p^r hour for eemlekllled workers (key -orkcra such
as InduotrlM. truck on-^ratorB),

kj Assumed Inbor costs computed from wage mtes of $1,U0 pf»r hour for unskilled libor «nd $1-5? per hour for semiskilled workers.

5/ Sections of gravity-type rollrr conveyor ere used with «11 foutpment comblnetlone shown for segregating nacked boxes of fruit while thes'? boxes ere

cinf r,"fC: fro-i t^= (•''-in*; Ht:? to storage.
hj~ ><hen bloiwking out rnd sr-nliewtlng are p-^rrorzied slmultfineously with loading suidltlonol wortrers would be required, '^sn. locds rre blocked out -ricr

to loading, th«69 onerfitlonn pre performed by one or more vork'-rs from lopdlng crew,

1J In equipment time and costs, nllowance Is made for 15 fe**t of gravity roller conveyor.
8/ Floor chain c^nv^yore are not used for moving packed boxee to storage. Costs and othT datft shown for perforalng this cycle ^t operations cott the

use of belt conv^'yor''. pr'vl ty-tyne roller conveyors, and hand trucks.

^ Vertical tr.--nsportatI on distance not Included In elevator method*.
10/ Standard transportation distance increased to I50 foet becruse 50 feat additional distance Is involved In moving stacfca Into and out of two temporary

storage blocks or bnnks.
11/ Boxe« received oalletized. , , ,, . i^-j_
12/ Sections of grpvlty-type roller conveyor owed at durnner if accumulator for pallet loaaa.

IJ/ Pell-t loads released In err door on pallet dollies.

\)xj Six-high atarks of boxes hand truck'^d from road truck bea to receiving platform. Standard transnortation distance increased to 110 f^et becauue
10 feet cdditlonf-1 dlstcnce Is Involved In use of temnorary storage block on platform.

1^7 Industrial-clamp trucks Mre used for loading out refrigerator care In combination with belt conveyor and grsvlty-tyiM roller conveyors.
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Table 155.—Comparative labor and equipment costs for handling 1,000 boxes of apples through four specified cycles of operations involved by Improved methods
when moving fruit into, within, and out of storage houses by uae of specified types and combinations of types of equipment 1/

jWorkere

; Labor and
: equipment reouired

Labor arxl equipment costs

Type of equipment and cycles of operations ; Equipment; I^bor
Total costs

. Current : Assumed
i Equipment Labor

; ^ ; 2/ waRes : wages 4/
:N»imber :Machine-hours Man-hours : Dollars Dollars Dollars Dollars

Clamp-type 2-wheel hand trucks and mechanical hlEh-piler
Unloadinf? unpacked boxes from road trucks and moving into storage
(12-box hi£h stacks)

: k ': 4.19 4.19 : 0.70 4.82 5.52 6.57
Moving unpacked boxes from storage to the packing line (broken out of
12-box high stacks)

: 3 i 9.96 7.75 i 1.49 8.91 10.40 12.34
Moving packed boxes from packing line to storage (mechanical high-piling
in 10-box high stacks) y i 3 i 19.04 U.28 3.23 16.42 19.65 23.22

Moving packed boxes from storage and loading refrigerator cars (includes
blocking out and manifesting) \bll ': 4.87 11.53 .11 13.26 13.37 16.25

Totals 17 : 38.0i 37.75 5.53 43.41 48.94 58.38

Clamp-type- 2-wheel hand trucks, belt conveyors, and mechanical hiah-piler
Unloading unpacked boxes from road trucks and Dxjving into storage
(12- box high stacks) 2/ : 7 : 5.05 7.07 1.53 8.13 9.66 U.43

Moving unpacked boxes from storage to the packing line (broken out of t :

12-box high stacks) : 3 ! 9.65 5.32 4.58 6.12 10.70 12.03
Moving packed boxes from packing lino to storage (manual high-piling in :

lO-box high stacks ^ : 2 : 19.04 9.52 4.37 10.95 15.32 17.70
Moving packed boxes from storage and loading refrigerator cars (includesi :

blocking out and manifeating) :6/ 6 : 6.44 11.50 1.33 13.22 14.55 17.42
Totals 18 40.18 33 .U U.81 38.42 50.23 58.58

Clamp-type 2-wheel hand trucks, floor chain conveyors, and mechanical
hiRh-pilar
Unloading unpacked boxes from road trucks and moving into storage
(12-box high stacks) 5 6.30 5.25 1.94 6.04 7.98 9.29

Moving impacked boxes from storage to the packing line (broken out of
12-box high stacks) 2 9.87 4.36 1 3.32 5.01 8.33 9.42

Moving packed boxes from packing line to storage (manual high-piling in
10-box high stacks) y 8/ 2 19.04 9.52 : 4.37 10.95 15.32 17.70

Moving packed boxes from storage and loading refrigerator cars (includes
blocking out and manifesting) 6/ 5 5.87 10.65 ! 2.69 12.24 14.93 17.59

Totals U 41.08 29.78 : 12.32 34.24 46756 54.00

Clamp-type 2-wheel hand trucks, elevator, and mechanical tiifih-piler %l
Unloading unpacked boxes from road trucks and moving into storage
(12-box high stacks) 10/ 8 U.16 9.92 : 4.92 11.41 16.33 18.81

Moving unpacked boxes from storage to the packing line (broken out of
12-box high sUcks) 3 14.62 8.98 • 10.67 10.33 21.00 23.24

Moving packed boxes from packing line to storage (manual high-piling in
10-box high stacks) y : 4 : 22.10 19.04 : 10.35 21.90 32.25 37.01

Moving packed boxes from storage and loading refrigerator cars (includes: :

blocking out and manifesting) : 6/ 6 i B.28 13.40 : 5.36 15 .U 20.77 24.12
Totals : 21 : 5i.U 51.34 : 31.30 59.05 90.35 103.18

Industrial fork-lift trucks and 48-box pallets :

.'

Unloading unpacked boxes from road trucks and moving into storage : :

(la-box or 3 pallet load high stacks) 1^/ 2 : 1.28 .96 : 2.75 1.20 3.95 4.19
Moving unpacked boxes from storage to the packing line (pallet loads :

removed from 3-high stacks) 12/ : 1 :' 4.67 .67 i 3.19 .87 4.06 4.22
Moving packed boxes from packing line to storage (15-box or 3-pallet :

load high stacks) y : 2 i 6.10 5.43 i 3.07 6.34 9.41 10.77
Moving packed boxes from storage and loading refrigerator cars (includes: :

blocking out and manifesting) ly : 6/ 3 : 4.94 7.69 i 5.a 9.26 U.47 16.39
Totals : 8 : 16.99 14.75 : 14.22 17.67 31.89 35.57

Industrial clamp-type lift trucks (2i,-box capacity—unpacked fruit) :

Unloading unpacked toxes from road trucks and ncvlng into storage :

(12-box or 2-unit load high stacks) Vj : 2 : 3.84 2.56 i 3.14 3.13 6.27 6.91
Moving unpacked boxes from storage to the packing line (24-box load : :

removed as unit) ly : 1 i 4.57 1,24 : 2.92 1.61 4.53 4.84
Moving packed boxes from packing line to storage (20-box unit loads— :

10 boxes high) y : 2 : 6.31 6.31 : 2.39 7.49 9.88 U.46
Moving packed boxes out of storage and loading refrigerator cars : : :

(includes blocking out and manifesting) 16/ : 6/4 : 5.49 : 8.68 : 4.50 10,37 U.87 17.04
Totals : 9 :

:

20.21 = 18.79 : 12.95 22.60 35.55 40.25

l/ Except as otherwise noted transportation distances have been standardized as follows: (1) Unloading unpacked boxes and moving into storage 100 feet;

(2) moving unpacked boxes from storage to the packing line 190 feet; (3) moving packed boxes from the packing line to storage 175 feet; (4) moving packed
boxes out of storage and loading refrigerator cars 210 feet by use of industrial trucks and I60 feet by lise of other types of equipment. Refrigerator cars
are loaded in divided loads which are stripped and braced,

2/ Equipment costs computed from data on ownership and operating costs shown in table 2,

^ "Current" labor costs computed from wage rates of $1,15 per hour for unskilled labor and Ol,30 per hour for semiskilled workers (key workers such
as industrial truck operators).

/j/ Assumed labor costs computed from wage rates of $1.40 per hour for unskilled labor and $1,55 per hour for semiskilled workers,

^ Sections of gravity-type roller conveyor are used with all equipment combinations shown for segregating pacted boxes of fruit while these boxes are
being moved from the packing line to storage,

6/ When blocking out and manifesting are performed simultaneously with loading additional workers would be required. When loads are blocked out prior
to loading, these operations are performed by one or more workers from loading crew,

2/ In equipment time and costs, allowance is made for 15 feet of gravity roller conveyor,

8/ Floor chain conveyors are rot used for moving packed boxes to storage. Costs and other data shown for performing this cycle of operations cover the
use of belt conveyors, gravity-tyjie roller conveyors, and hand trucksa

^ Vertical transportation distance not included in elevator methods,
10/ Standard transportation distance increased to 150 feet because 50 feet additional distance is involved in moving stacks into and out of two ten^jorary

storage blocks or banks.
11/ Boxes received palletiaed. Standard transportation distance increased to 110 feet because pallet loads are unloaded to apron in temporary block,

later removed to storage,
12/ Sections of gravity-type roller conveyor used at duiq)er as accumulator for pellet loads,

X^ Pallet loads released in car door on pallet dollies,
1A/ Road truck bed stabilized by use of hydraulic unit,
15/ 24-box unit loads released on floor chain accumulator behind dumper,

lo/ Industrial-clamp trucks are used for loading out refrigerator cars in combination with belt conveyor and gravity-type roller conveyors.

259298 O - 53 - 18
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1,000 boxes, and (2) belt conveyors and hand trucks with costs of $6o.28
per 1,000 boxes. When the improved methods are used these costs are
respectively reduced to $90.35 and $50.23.

In the smaller one -floor plants where the annual hours of use of
equipment might be less than those shown in table 2 and where transporta-
tion distances might be shorter than the standard distances used for
analytical purposes, clamp-type 2-wheel hand trucks should be about as

efficient as industrial trucks. Labor and equipment costs by use of hand
trucks are $56.03 per 1,000 boxes when the common methods are used and
$48.9^ when improved methods are employed. These costs are significantly
above the industrial truck costs but this difference could be narrowed
considerably by shorter transportation distances.

I

i

J

Conversely, for longer distances than those used for analytical -j

purposes, the relative advantage of industrial trucks would increase. , 1

Moreover, in the event of increases in wage rates, industrial trucks
would become relatively more efficient.

Obviously handling costs could be reduced if some of the pre -shipment
storage operations (for both unpacked and packed boxes) could be eliminated.
Table I56 shows comparative labor and equipment costs by use of the six
combinations of equipment when apples are moved directly to the packing
line. Apples can be received directly to the packing line from orchard
trailers, by use of sections of gravity-type roller conveyor, and loaded
into refrigerator cars directly from the packing line, by use of belt con-
veyors and gravity-type roller conveyors, for $13.50 per 1,000 boxes.
However, the elimination of all storage operations is possible only for
the early varieties and then only to a limited extent.

Packing all or most of the apples as they are received also is

desirable from the viewpoint of reducing handling costs. By use of most
of the combinations of equipment fruit can be received to the packing
line at about the same costs incurred in receiving to storage. Receiving
directly to the line therefore eliminates the costs involved in moving it

from storage to the line. However, as previously pointed out, receiving
directly to the packing line also has its disadvantages which in many
plants offset the savings in handling costs

.

In multiple -story plants belt conveyors and 2-wheel hand trucks axe
the most efficient types of equipment unless plant can be renovated to
permit use of industrial trucks . Plants that have elevators should find
that the use of light weight industrial-clamp trucks would materially
reduce handling costs. By use of elevators, these trucks could be moved
from floor to floor and permit considerable flexibility in their use.

Figure I32 shows an industrial-clamp truck operating in an older
building. However, ceiling heights and floor structures may determine
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Table 1^6.— Con-ppratlve inljor pjid ftoulpment eostfi for hnndllng l.OM boxos of apples through thrflfi specified cycles of operptlf^ne Involved In mavlng fruit

Into, within, and out of etor.-ige h-mses by uee of opeclfled typr*e ^nd corcblnatl one of tyoea of ?piilpmnnt l/

Workers

Labor and

e(;ulpni«nt reaulred
Lnbor end equ pment costs

Eoul pmput Labor
Soulpment*

2j ;

Labor
: TotBl costs

Tyne of equlpmeat and cyclee of opTatlons
: Cnrrpnt : Assumfd

wappe 1*/

Number

3

3

6/7

M&chlne-hourE Knn-hours Dollarfl Drtl'.ers

6.15

16.1*2

1^.26

Dollcrp

6.28

19.65

11.37

EiUBrn

Clairrp-tyue S-vhe^l hanti truclcp «nd nechniilcfil hl^ith-DilT

Unloading snd movlnR enplee directly to the packing line

Mowing pocVfid boxcB fr-im uacking line to storage (machanlcol hl^h--^lllng

In IfVbox otpcke) ^
Moving pp.clced bojpp from 6torag»» and loeding rofrlgerator csre
(Includep blofklnc out anri mpnlfoctlng)

5.?5

19. ou

1.87

5.''5

llt.?8

11.55

o.n

3.23

.11

7.62

23.22

16. ?5

TotPlB

ClflnT>-tme 2-whepl hnnd trucka , belt convpyors Pnd mechanlc.l blrfi-ullT
Unloading end moving t'^plee directly tn thf oaclrlng line
Moving poclcfld boxep from pscHns lino to atoree** (manual hltb-plllng
in lO-box high FtQckB) S/

Moving. neckfld boxes from Btornge and loading refrigerator care
(includes blocking out and insnlfeating)

13

3

2

6/6

29.26

iq.ou

6.1)1)

31.16

U.99

9-52

11.50

3.U7

.95

"•37

15.93

5.71*

10.95

13.22

"9.30

6.69

15.32

11*. 55

1*7.09

7. 91*

17.70

17. '*2

Totalt

ClainT>-trD« rt-whoel hand trucks, floor chsln cinveyors ond Tnechralcnl
M.h-fll^r
Unlo^dlne and moving avT^lea directly to the packing line jj
Msving packed boiea from parking line to Btorage (manual hlgh-plllog
la 10-box hl^ BtBcke) 5/

Moving ppcked boiee fnn ?t^rpge and loading rcfrlgerEtor cgtb
(includes blocking out ond manlfeetlng)

11

?

2

6,'V

33. ?o

5.66

19.014

5.e7

26.01

2.33

9.52

10.65

6.^5

3.92

''•37

2.69

2;. SI

2.68

10.95

12.21*

3?.5T

6.60

15.32

11.. -,3

1*3.oT^

7.18

17.70

17.59

Total

6

Clemp-ti-pe 2-vheel hrnd trucks , elevator ond mechanical hlt;h-pller e/

Unloftdint; fnd taoving apples directly to the packlEg line 2/
Moving pAcked boxes from packing line to storage (manual high-piling in

10-box nigh stacks) 5/
Moving packed boxes from etora^e and l'3cding rpfrlgerator cars
(Includes blocking out pnd menlfaetlng)

5

3

U

6/6

5.35

22.30

B.2g

22.50

5-35

19.01*

1-.I)0

10.58

• 13

10^35

5^36

25.27

6.15

21.50

15.UI

36. S5

6.28

32.25

20.77

1*2.1*7

7.62

37.01

21). 12

Totels

Industrial fork-lift trucks and 1+6-box pnllets
Unloading end moving epples dlmctly to the packing line 10/
Moving pprkpd boxes from packing line to storage (15-box or 3~psHp*
lead high steckfi) ^

Moving packed boxes from storrx^ end loading refrigerator cptp
(includes blocking out fnd srxifestlng) 11/

13

2

2

6/T

35-73

1.52

6.1C

i).9U

37.79

1.21

5.1*3

7.69

15. ZU

3^27

3.07

i.21

l)3.W

1.51

6.3U

55.30

1).78

9.1*1

l'*.l;7

5.06

10.77

16.39
Totals

InduBtrlfil clecm-type lift trucks {?U-box ceoeclty—unnp.cVed fruit)
Unloading and m^lng applea'dlr-^ctly to the packing line
Moving packed boxes from packing line to storage (20-box unit loade—
lO-boxes high) ^

Kovlag packed boxes out of storage and lf»ding refrlgerotor cars
(iLcludes blocking out and manifesting) 12/

7

2

2

6/2

1?.?6

U.93

6.31

5.1)9

IU.33

6.31

«.6g

11.55

1.96

2.39

D.50

17.

n

5^79

7^i*9

10.37

2?. 66

7-75

9.88

11). 87

12. 21*

e.5E

11.1*6

17. d*

Tottas 6 16.73 19.92 8.85 23.65 32.50 37 -He

1/ Sicept SB otherwise noted tranpnortetlon fllstancee have been ctandardl 'ed as foHowe: (T) Unlcfidlag ond moving apnles directly to the rrecking

lice 70 foet: (2) moving packed boxes from the packing line to storage 175 fe'^t; {.1) moving pack'=>d byxps out of ntorage end loaaing refrigerator cars
210 fe^t by use of industrial trucks Pnd 160 feot by uee ^f othpr typee of equipment. HefrlgTator c^rs ere lopded In divided lords which ere stripped
and brpced.

2/ Equipment costs conputed fron data on ownership emi oppratlng costB shown in tpble 2.

^ "Current" labor coBta computed from wage rates of $1,15 P^r hour for unskilled labor and $1.30 per hr.ur for sonisbilled workers (key workers
such P8 industrial truck operntors).

Uf Apfmmed lab^r cocte corsnuted from wage rates of $1.1|0 cpt hour for unekllled labor snd $1.5? T^^r hour for eeplskilled workers,

^ SectioQB of gravl ty-tyoe roller conveyor are used with ell equipment combiratl*ne shovTi for flogregptlng packed boxes of fruit while these boxes
ere being m^ved from thn packing line to Btoraije.

6/ When blycklrg oijt pnd menlfestlng rre performed elnriltaneoualy with loading additional workers would be required. When loads ?re blocked out
prior to loading, these operatioue are perform^':! by one or more workers from loeding crew.

jJ TrPnflportPtl.-.n dlPtenee Incrersed to I70 feet (70 fe^-t by hand truck. 100 fe^t by floor chain conveyor).

8/ Tertlccl transportation dletance not Included in "levator methods.

2/ Elevators are not used for thie operation.
10/ Boxes received palletired.
11/ Pallet loade released In car door on pellet dollies,
12/ Industrlal-claiDp trucks are used for loEding out refrigeretsr errs In coobinetlon with belt conveyor snd grevity-type roller conv'-ycrs.

whether or not industrial-clamp trucks can be used in an existing plant.
Plant renovation must be considered in connection with the use of
industrial trucks in older buildings.

It is possible that the efficiency of handling operations in multiple-
story plants can be increased by using industrial trucks to elevate fruit
to upper floors and using light weight trucks to move fruit to storage.
The possibility will be explored in a subsequent report, which will
cover innovations in apple handling methods and equipment.

When labor is plentiful and only a small investment in equipment is

to be made, the hand -truck method of handling is most practical. However,
hand trucks are not adapted to larger sized plants because transportation
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Figure 132. --An industrial clamp truck being used in an older building.

distances become too great. Generally, the scarcity of labor during the
harvest season makes it inadvisable to construct plants equipped with
hand trucks

.

The industrial-clamp truck appears to have definite advantages over
the fork-lift truck and pallets. When pallet costs are included, capital
costs are less for the industrial-clamp-truck operation. Data shows that
the 2U-box industrial-clamp truck operated at approximately the same
efficiency as the i43-box fork-lift truck. The 36-box clamp truck should
be more efficient than a 48-box pallet operation. More extensive remodel-
ing must be done usually to convert a conventional plant to a fork-lift

-

truck operation than to industrial-clamp-truck operation. For that
reason, in a plant- remodeling program it undoubtedly would be proportion-
ately more desirable to use the clamp-type lift truck. However, when new
storage facilities are being constructed other factors should be taken
into consideration.

The industrial-clamp truck can stack boxes efficiently only 12 boxes
high. 48/ The fork-lift truck can efficiently tier three high or

kS/ It is possible with use of top pallet or tying type pallet that
industrial-clamp trucks could tier 3 high.
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18 boxes high. The cost of constructing a plant probably is less on a per
box basis for a plant tiering 3 high than for a plant tiering 2 higho
Therefore, part of the decision as to whether clamp trucks or fork-lift
trucks should be used depends upon the construction costs of new storage
facilities.

Another important consideration is that the elapsed time to unload
with the larger industrial fork-lift truck is notably less than the small

industrial-clamp truck. Elapsed time is especially important in receiving
because it is desirable that trucks not be held long at the plants.

A possible additional factor that might enter into the decision to use

industrial fork-lift trucks or clamp trucks hinges on the growing use of

cartons. It is difficult to store cartons higher than two tiers, which
means that in the future it might be desirable to construct storage plants
for two -tier operations.
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APPENDIX

VJashington State Apple Packing and Storage Plants
in Which Research was Conducted

Allen Brothers, Naches
Brewster Cooperative Growers, Brewster
Cashinere Fruit, Growers, Cashmere
Congdon Orchards, Yakima
Cowiche Growers, Cowiche
Cubberly, F. H. , Fruit Company, Tieton
Forney Fruit and Produce Company, Yakima
Garret son, Lloyd, Company, Yakima
Gilbert Orchards, Wiley City
Hi-Line Growers, Westbrook
Karr Warehouse, Yakima
Lake Chelan Fruit Growers, Wenoka House, Chelan
Larabee Packing Company, Tonasket
Mahre Brothers, Groraore

Methow Valley Growers Service, Incorporated, Pateros
Monitor Federated Growers, Monitor
Ninth Street Skookum, Wenatchee
Okanogan Cooperative Growers, Okanogan
Okanogan Growers Union, Okanogan
Oroville United Growers, Oroville
Pacific Fruit and Produce, Yakima
Perham Fruit Corporation, Tieton
Peshastin Fruit Growers, Peshastin
Prentice Packing and Cold Storage Company, Westbrook
Ranier Fruit Company, Yakima
Scogin Orchards, Yakima
Snow King Orchards, Tieton
Thomdyke and Sons, Oroville
Tonasket Ellisforde Growers, Tonasket
Wenatchee-Wenoka Growers, Wenatchee
Yakima Fruit Growers Association, Wapato
Yakima Fruit Growers Association, Weikel

Equipment Manufacturers and Distributors Who
Cooperated in Research

Ai.V'-Ma.ck Equipment Company, Seattle, Wash,
Clark Equipment Company, Grand Rapids, Mich,
Food Machinery Corporation, Yakima, Wash,

Grand Specialties Company, Chicago, 111,

Materials Handling Company, Seattle, Wash.
Mathews Conveyor Conpar^y, San Carlos, C-alif,
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Preston Faller Company, Seattle, Wash.

Transitier Truck Company, Portland, Ore.

Van Doren Machine Shops, Wenatchee, Wash,

Yoiings' Iron Works, Seattle, Wasti.

Equipment Costs

In order to make comparisons between different types of equipment
for performing the various cycles of operations in apple packing and
storage houses, it was necessary to arrive at an hourly cost figiire for
each of the types of equipment included in the study. These figures were

applied against the machine~hours required in performing the different
operations. The product of the machine-hoiars times the hourly cost of the

equipment gives the equipment cost for the operation. Tables 157 to 160
are self-explanatory and show the basis for the development of the hourly
cost for each type of equipment.

Table 157.—Yearly taxes per |il,000 of acquisition cost of equipment used
in operating apple packing and storage plants in

Washington State, 1952 1/

Location

t : Levy per s Annual tax
: Assessed : $1,000 per s per $1,000
: valuation 2/ : assessed : of acquisi-
: : value 3/ : tion

Municipal j

Rural '
!

Average !

! Dollars ; Dollars ; Dollars

! 24^.80 : ^6.00 : 11.16

s 242.80 : 39.00 : 9.47

: 242.80 : /,/,,00 : 10.68

1/ Acquisition prices are interpreted as fair replacement costs,

2/ Assessed valuation equals 35 percent of acquisition price for the
first 2 years, 20 percent for the next 5 years. |242,80 is average yearly
assessed valuation per $1,000 of acqiiisition price for 7 years,

3/ Levies will vary as a result of special circumstances in the
immediate area.

Source: Office of Yakima County Assessor,
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Table 158.—Yearly insurance premium per $1,000 of appraised value of warehouse and equipment for

Washington State apple packing and storage plants 1/

Location
'

Range
,

Construction Fire area
Insiorable:
value

Premiiaa : Premium
per $100 :per $1,000
insurable: appraisal
value : vsilue

Central muni-
cipal

Rural agri-
cultural

minimum
\ mode
; maximum

! minimum
: mode 2/
! maximum

reinforced concrete
; masonry and wooden
! frame

: reinforced concrete
! masonry and wooden
: frame

protected industrial

; protected Industrial
! protected industrial

: unprotected agrioultxiral

! unprotected agricultural
: unprotected agricultural

Dollars

. 900.00
900.00
900.00

\ 900.00
! 900.00
i 900.00

Dollars : Dollars
•

0.50 : A.50
.75 : 6.75

1.15 : 10,35

\ 1.00 : 9.00
: 1.20 : 10.80
! 1.75 : 15.75

•

1/ Appraised value is the valuation placed by independent appraisers. This valuation is of

special benefit in placing a value on older plants and equipment as it considers replacement, not new

cost, and takes into consideration condition and age. 90 percent of the current appraised value is

equal to the insured value. 80 percent of the appraised value is equal to the maximum recovery.

2/ A number of plants of conventional construction had rates of around $1.50. The figure of

$1.20 is the result of most rural plants being grouped in small communities.

y This plant is a ranch structure located in the orchard and of frame construction.

Source: Advisoiy rates by Washington State Surveying and Rating Bureau.

Table 159.—Insurance premium on industrial trucks in use in Washington State apple packing and
storage plants 1/

Term of policy
Acquisition

price
\ Insurable
! value

Premium
per $100
insurable
value

Premium per
• $1,000
, acquisition

price

Premium per
year per

: $1,000 acqxii-

. sition price

1 year

3 years

Dollars

! 1,000

\ 1,000

! Dollars

! 900

! 900

Dollars

1.00

2.87

Dollars

9.00

\ 25.83

: Dollars

: 9.00

• 8.61

1/ Itost of the industrial truck insuraJice policies are written on separate riders covered by
automotive insiirance companies. The 3-year policy is not as advantageous as it appears because the
amount recoverable decreases each year. The same factor in the 1-year term policies would be repre-
sented by less insurable value and a reduction in premium.
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Table 160.—Coat of ownership and opflration of various types of materials-handling equlpnent used in apple packing and storage plants, 1952

Type of equipment

lAmount of
lequipment;

Initial
cost 1/

Years
depreci-
ation

Aooumed
use per

Ownership cost per year

Depreci-
ation

I Interest : Insurance :

: at t and taxes :

:p percent:at 2 percent:

; Total ownership

Operation cost per year : and operating

!
cost

Gas, oil,: „ , . i

Total :and elec- i
«ainto-. ^^^^^

itricitT 2/:
f^^" •

Cost
per year

Per hour
of use

r

Clamp-type 2-^eel hand truck

Belt conveyor (lOO feet)
Belting ($2,30 per foot)
Dip and load section
Curved end section
Motor
Drive
Idle ends
Floor supports
Roller eections
Installation (5 percent)

Total

Floor chain conveyor (100 feet)
Chain
Drive
Idle ends
Installation (10 percent)
Freight

Total

Roller conveyor (lOO feet)
Sections
Floor supports
90^* curve

Freight
Total

Poi-table mechanical lift
Machine
Batteries

Total

Industrial clamp truck (800-pound

capacity—gas—12-box load)
Machine
Freight

Total

Stackmaker ^
Machine

Stackbreaker 6/
Machine

Elevator 8/

Booster to accelerate packed boxes going
into refrigerated car 2/
Motor
Labor end material

Total

Hydraulic device to stabilize road truck
bed 1^
Hydraulic units
Motor
Switch and wiring
Installation

Total

Innovation to stabilize road truck bed 12/
Material
Labor

Total

Industrial clami>-type lift truck
Cl,00O-pound capacity— gas—2A-box load)
Machine
Clamp
'Freight

Total

Industrial cl&mp^type lift truck
(1,000-pound capacity—electric—2A-boi
load)
Machine
Clamp
Battery
Charger
Freight

Total

Industrial clamp-type lift truck
(2,000-pound capacity—gas—36-box load)i
Machine
Clamp
Freight

Total

Industrial clamp-type lift truck
(2,000-pound capacity—electric—36-box
load)
Machine
Clamp
Battery
Charger
Freight

Total

See footnotes at end of table.

205 feet
one
one

one
one
two
nine
ten

/»71.50

99.75
i.9.75:

222,00:

U2.50r
63.00;
5/..00

395.00;
75.87;

:200 feet
t one

one

ten
eleven

one

one
four

one

one

one
one

one
one
one
one

one
one

one
one
one
one

one :

one 1

1,593.37

1,650.00:

780.00
162.00
259.00;
67.00:

2,918.00:

325.00;
55.00;

35.75
76.50;

i*92.25

600,00

1

60.00
680.00

1,080.00:
72.00:

15
25
25
25

25

25
25
25

15-25

Dollara

3.70

I 31.U3
3.99
1.99
8.S8

5.70
3.32
2,16

15.80

4tQ2_

Dollara Dollara Dollara: Dollara Doliars Dollara i Dollara Dollara

,7.03: 2.50

76.30 31.86 U7.99 : 4.00 15.00 19.00: 166.99 oTsJ"

58.36 6.00 21.00: 3W.84 1.16

32.85

60.00
W.OO

12.31 1.50;

17.00 isTJo 130.60

56.50

2/ W.eS: 177.45 0759~

1,152.00: 10 : 250
: :

; :

2,500.00: 15 I 150

2,000.00;

13,375.00

100.00
300.00

15

20

2/ 350

400

U5.20

166.67

133.33

668.75

28.80 23^04 167.04

62.50 50.00 279.17

34.00 30700 64.00: 231.04

2.25 ^ 20.00 22.25:

50.00 40.00 223.33 : 5.25 i/ 20.00 25.25i

334.37 267.50 1,270.62 : 5.00 10.00 15.00

2&.i7 44.67

850.00;
100.00:
100.00;

100.00

20.00;

30.00;

50.00;

2,227.00;
627.00;
178.00;

76.67 28.75 23.00 128.42

2,472.00;
627.00;

762.00;

450.00
182.00:

4,493.00

20
20

7J
20

7J-20

2,641.00:
627.00:
292I0O:

3,560.00: 10

3,567.00:
627.00:

1,092.00;
450.CO
328.00;

6,064.00: 7J-20

20

20

7i
20

3.33 1.25 1.00 5.58

20.00 22.00;

n/ 0.20 9^ 10700

301.42 2.01

248. 5a .71

1,235.62 3.21

66.67 0.33

138.42 0.92

5.58 0.04

303.20 7O0 SoTS 439.64

123.60
31.35
101.60
22.50
9.10

124.00 88.00 i2/2127oa

TI5 112.32 eOZ 490.33 : 57' ~sr 76.00

356.00 89.00 71.20 516.20 131.50 80.50 212.00

178.35 >

31.35 I

145.60 I

22.50 :

16.40 !

394.20 151.60 121.28 667.08 : 38.00

651.64 1.63

566.33 n42"

728.20 1.82

38.00 76.00: 743.08

O

Continued
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Table 160.—^ost of ownership and operation of various types of materials-handling etjulpcient used in apple packing and storage plants, 1952 - Continued

Type of equipment

:

:

:Ajiiount of
:equipliient

:

:

: Initial
: cost 1/

Years
depreci-

. ation

Assumed
use per
year

Ownership cost per year Operation cost per year
Total ownership

. and operating
cost

Depreci-:
ation 1

Interest : Insurance :

at : and taxes :

5 percentrat 2 percent:
Total

Gas, oil,

and elec-
tricity 2/

"^^
; Total

nance ;
^^^-^^

Cost ;

;per year;
Per hour
of use

: Dollars Nunber Hours Dollars Dollars Tnllarfl Dollars Dollars Dollars . Dollars Dollars

Industrial fork-lift truck (2,000-pound
capacity—gas—36-box load) 1^
Machine
Freight

:

one

•

16/ 2,741.00
292.00

Total : 3,033.00 10 400 303.30 75.82 (cM 439.78 : 131.50 80.50 212.00 651.78 1.63

Industrial fork-Uft truck (2,000-pound
capacity—electric—36-box load) 1^
Hachine
Battery
Charger
Freight

one
one

one

16/ 3,667.00
1,092.00
450.00
328.00

20

7i
20

183.35
U5.60
22.50
16.40

-

.

Total 5,537.00 7i-20 400 367.85 138.42 110.74 617.01 38.00 38.00 76.00 693.01 1.73

Industrial fork-lift truck (4,000-pound
capacity—gas—/tfl-box load)
Machine
Frei^t

one 3,598.00
444.00

V

Total 4,042.00 10 400 404.20 101.05 80.84 586.09 165.00 91.00 256.00 842.09 2.10

Industrial fork-Uft truck (1,,000-pound

capacity—electric—i!tS-box load)
Machine
Eattoiy
Charger
Freight

one
one
one

4,729.00
1,397.00

690.00
455.00

20

7J
20

236.45
166.27
34.50
22.75

-

Total 7,271.00 7J-20 400 479.97 181.77 U5.42 807.16 48.05 55.95 104.00 9U.16 2.28

Low-lift pallet transporter (4,000-pound

capacity—electric—4fi-box load) 1^/
Machine
Battery
Charger
Freight

one
one
one

1,326.00
289.00
345.00
137.00

20

20
2D

66.30
38.53
17.25
6.85

Total 2,097.00 7^20 200 128.93 52.42 a.94 223.29 iV Ut/ 76.00 299.29 1.50

Dunnage strips used between industrial
clamp truck unit loads to stabilize

stacks In storage (24-box loads—2-loads

high) 1 ijich by h inches by 2-foot

strips for 1,000 boxes at $50.00 per

1,000 board feet U.6
bd. ft.

2.08 5 18/ 4.69' 0.42 0.05 0.04 0.51 0.51 0.11

PaUets—36-box (36 inches by 40 inches)
Pallets for 1,000 boxes at 2.30 27.8 77.84 15 18/ 4.74! 5.19 1.95 1.56 6.70 0.46 12/ 0.46 9.16 1.93

Pallets—4fi-box (40 inches by 4fl inches)
Pallets for 1,000 boxes at 83.00 20.8 62.70- 15 : 18/ 3.64! 4.18 1.57 1.27 7.02 0.35 12/ 0.35 7.37 2.02

Pallet dolly for loading out
Dolly one 42.85' 5 200 !

:

8.57 1.07 0.66 10.50 1.00 1.00 11.50 0.06

1/ Based on cost in Washington State,

2/ Average costs in the Industry—gasoline at $0,25 a gallon, oil at JO.W) a quart, electricity at $0.01 a kilowatt hour,

2/ Operation costs cover recharging storage battery after every 2 hours of use for stacking, after every 8 hours for brealdng out high-piled boxes, at rate of 50,50

per battery charge (150 hours stacking, 150 hours stackbreaking). This cost may be reduced if a plant installs its own charger.

t^ Hachine builds single boxes into 6-high stacks of boxes,

5/ Cost may be reduced with improved models,

6/ Machine breaks down 6-high stacks of boxes to single boxes,

7/ Relatively large number of hours because machine breaks stacks for (jacking line,

8/ Eight-thousand pound capacity, lift UO feet, 10 horsepower motor, push button "dead man" control, lift speed 2D feet per minute, platform 8 ly 10 feet,

2/ Made by plant, not available comnercially. Used instead of a man to push boxes on a roller conveyor from the doorway to the ends of a refrigerator car,

10/ A hydraulic unit which holds truck bed solid against a loading dock and allows industrial equipment to operate on truck bed.

11/ Electric motor runs only part of the time that the hydraulic dock is in use,

12/ Hade by plant. Metal frame wedge projecting from the loading dock. As truck is backed up, the metal frame pries the end of truck bed to an even height with loading

dock to allow industrial equiiment to operate on road truck bed, (Will usually operate properly vdth only the one or two road trucks it is nade for,)

2^ The operation cost for this 1,000-pound gasoUne powered industrial clamp-type lift truck appears hi^ compared to the 2,0C0-pound and /.,000-pound machines. Costs

taken from plant using two 1,000-pound lift trucks over period of U years,

14/ No actual costs available; taken from 2,000-Found electric industrial lift trucks.

15/ Recently there has been a trend toward buying the 4,00&.pound capacity fork truck in 36-box pallet plants which tier pflllets 3 high, because extra lift height

must be added to the standard 2,000-pound model. The additional cost of about SlOO between the Z„000~pound and 3,000-pound model makes the Jump to /,,000-pound trucks

worthwhile to nost operators,

16/ One hundred dollars added for extra lift necessary,

17/ Operator walking type, ^ _i, ^ _^
16/ Estimated hours of use arrived at by counting the time during which the pallets or dunnage strips are being handled, based on the nist>er of hours of work requlrea

per 1,000 boxes in ^1 1 phases of handling. (Storage time not considered,)

Miscellaneous Total man-hours

Receiving to storage Storage to line Line to storage Storage to shipping out (culls, aapty boxe s, etc.) per 1.000 toxes

Dunnage strips
36-box pallet
^e-box pallet

1.04
.72

.55

1.13
.78
.62

l./*B

.85

.63

1,04
.81

.63

1,58
1.21

4.69
4.74
3.64

12/ Maintenance at $0.25 per pallet life
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Standard Data

Fatigue allowances for performing various jobs in apple
packing and storage houses

Job Fatigue allovrance

Percent

Manual stacking of boxes on to or off of orchard
trailers and road trucks 20

Handling empty pallets 20
Jacking stacks of boxes into position on pallets
in a railroad car 10

Manual unloading of boxes from orchard trailers and
road trucks to belt conveyor and pallets or hand
stacking loads for a liand truck 20

Manual stacking boxes on to or off of a belt conveyor 20

Manual high-piling 10, 11 or 12 high 2$

Manijal high-piling 9 high 20
Ifenual breaking out high-piled boxes from 10, 11 or
12-high stacks 20

Manual breaking out high-piled boxes from 9-high stacks 15
Operating a mechanical high-piler in high-piling or
breaking down high-piled boxes 10

I%nual stacking boxes in loading out 20
Manual stripping of a carload with lath 10
Hand trucking boxes of apples or empty boxes 10
Moving fruit by industrial fork-lift truck or
industrial clamp truck 5

Average labor requirements per 1,000 unpacked boxes of apples for
set up and clean up before and after unloading road trucks and
orchard trailers by use of various types of equipment at apple

packing and storage plants 1/

Labor required
Man-hours

Unloading road truck by use of hand tinacksj

Hand truck crew:

Set up ; Begins when ropes holding boxes on trucks
are released. Consists of removing ropes, end gate
or V-boards 2/, and center tie ropes, placing bridge-
plate, and getting hand truck. Ends when hand trucker
begins to take stacks from road truck bed, 0,07

See footnotes at end of tabulation Continued -
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Labor required
Man-hours

Clean up ; Begins when hand trucks placed in a
storage area. Consists of removing bridgeplate,
placing end gate or V-boards on truck bed, and
adjusting tie ropes. Ends when road truck is
free to leave receiving area, 0,05

Unloading road truck by use of belt conveyors and hand
trucks:

Truck crews

Set up ; Begins when hold ropes are released. Con-
sists of removing hold ropes, end gate or V-boards,
and center tie ropes, and positioning extensions.
Ends when worker begins to place boxes on belt
conveyor, .09

Clean up ; Begins when worker picks up extensions.
Consists of removing extensions, placing end gate
or V-boards on truck bed, and adjusting tie ropes.
Ends when road truck is free to leave receiving area, ,07

Warehouse crew;

Set up; Begins when worker starts belt conveyor.
Consists of waiting for boxes to arrive in work
area on belt conveyor. Ends when worker begins
to stack boxes off belt conveyor, ,13

Clean up ; Begins when last box is off belt con-
veyor. Consists of stopping belt conveyor. Ends
when belt conveyor stops, ,01

Hand truck crew;

Set up ; Begins when belt conveyor starts. Con-
sists of hand trucker bringing hand truck to work
area and waiting for first stack. Ends when hand
trucker begins to take stack from work area, ,13

Clean up ; Begins when last stack is placed in
storage. Consists of placing hand truck in storage
area. Ends when hand trucker leaves his hand truck, .01

See footnotes at end of tabulation Continued -
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Labor required
Man-hours

Unloading orchard trailer "by hand trucks or belt con-

veyors and hand trucks:

Truck crews

Set up ; Begins when tractor operator walks to
trailer. Consists of walking to trailer and
positioning himself on trailer bed. Ends when
first box is picked up, 0,05

Clean up ; Begins when last box is stacked off
field trailer. Consists of walking to tractor.
Ends when tractor engine starts, .05

Warehouse crew:

Set up ; Begins when worker starts belt conveyor.
Consists of waiting for boxes to arrive in work
area on belt conveyor. Ends when worker begins
to stack boxes off belt conveyor, .13

Clean up ; Begins when last box is off belt con-
veyor. Consists of stopping belt conveyor. Ends
when belt conveyor stops. .01

Hand truck crew:

Set up ; Begins when belt conveyor starts. Consists
of hand trucker bringing hand truck to work area
and waiting for first stack. Ends when hand trucker
begins to take stack from work area, ,13

Clean up ; Begins when last stack is placed in
storage. Consists of placing hand truck in
storage area. Ends when hand trucker leaves
his hand truck. .01

1/ Set up consists of labor required to prepare road truck or
orchard trailer for unloading at warehouse. Clean up consists of labor
required to prepare road truck or orchard trailer for return to the
orchard. Labor requirements cover 288 boxes per road truckload and
14^ boxes per orchard trailer.

2/ Two boards held together and parallel by straps of leather.
Boards folded in shape of a V and are used to hold stacks of boxes in
place on the road truck bed.
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Average labor requirements per 1,000 unpacked boxes
of apples for set up and clean up before and after unloading

road trucks and orchard trailers by use of industrial clamp type or
fork-lift trucks at apple packing and storage plants 1/

Labor reqiu.red

Man-hours
Unloading road truck by use of industrial clamp truck:

Set up; Begins when tie ropes are released. Consists
of removing tie ropes, V-boards 2/, and stabilizing
truck bed by activating a hydraulic unit. Ends when
truck bed is held rigidly in place, 0.09

Clean up s Begins when V-boards are picked up. Con-
sists of adjusting tie ropes and V-boards on truck
bed, and releasing hydraulic unit. Ends when
hydraulic unit is depressed and truck is free to
move away from dock, .06

Unloading orchard trailer ty use of industrial clamp
truck:

Set up: Begins when tractor operator walks to
trailer. Consists of walking to trailer and
positioning himself on trailer bed. Ends when
first box is picked up, .05

Clean up; Begins when last box is stacked off
field trailer. Consists of walking to tractor.
Ends when tractor engine starts, ,05

Unloading road truck by fork-lift truck;

Set up ; Begins when tie ropes are released.
Consists of removing tie ropes and V-boards,
Ends when ropes and boards are positioned under
road truck, 3/ .08

Clean up; Begins when V-boards are picked up.

Consists of adjusting tie ropes and V-boards
on truck bed. Ends when road truck is free to
leave receiving area. ^ ,05

Unloading orchard trailer by fork-lift truck:

Unpalletized field trailer ij

See footnotes at end of tabulation Continued -
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Labor required
Man-hours

Set up ; Begins when tractor operator gets first
pallet. Consists of carrying pallets to trailer
and positioning pallets around trailer. Ends
when last pallet is positioned.

Clean up ; Begins when last box is stacked off
field trailer. Consists of walking to tractor.
Ends when tractor engine starts.

Unpalletized field trailer '2J:

Set up ; Begins when fork-lift truck picks up
pallets. Consists of fork-lift truck moving
pallets to trailer, fork-lift truck placing
pallets around trailer and tractor operator
positioning pallets. Ends when last pallet is

positioned.

Clean up ; Begins when last box is stacked off
field trailer. Consists of walking to tractor.
Ends when tractor engine starts.

Partly palletized field trailer ^x

Set up ; Begins when tractor operator walks to
trailer. Consists of walking to trailer and
positioning himself on trailer bed. Ends
when first box is picked up.

Clean up ; Begins when last box is stacked off
field trailer. Consists of walking to tractor.
Ends when tractor engine starts.

Completely palletized field trailer lJ;

Set up; Begins when tractor operator walks to
trailer. Consists of removing tie ropes and
V-boards. Ends when V-boards are positioned
under trailer.

Clean-up: Begins when tractor operator picks
up V-boards, Consists of adjusting tie ropes
and V-boards on trailer bed. Ends when tractor
engine starts.

0.19

.05

.12

.05

.05

.05

.18

See footnotes at end of tabulation

.05

Continued
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Footnotes to tabiilation

1/ The set up consists of time taken to prepare road truck or

field trailer for unloading at the warehouse; the clean up consists of

time taken to prepare read truck or fie]d trailer for return to orchard.

These times are applicable to the urJ-oading of all trucks when industrial
clamp trucks or fork-lift trucks are used regardless of capacity,

2/ V-boards are two boards held together parallel by straps of
leather. Boards folded in shape of a V and are used to hold stacks of
boxes in place on the road truck bed.

3/ When tie ropes across the width of the truck bed are used in
addition to the two ropes running the length normally used to secure the
loads the respective set up and clean up times amount to 0,14- man-hour
and 0,06 man- hour.

LJ The tractor operator performs all the set up and clean up work,
including m.oving pallets to trailer when needed.

^ The fork-lift truck does most of the work in distributing
pallets. Tractor operator merely adjusts pallets.

Note: Times recorded are for a 1-man crew. However, the man-hours
per 1,000 boxes for a larger crew would be the same as the 1-man crew,

if the men worked independently and did not unavoidably interfere
with one another. Times assume 288 boxes per truckload.

Comparative labor requirements per 1,000 unpacked
boxes of apples for performing selected operations associated

with unloading from orchard trailers and road trucks at apple packing
and storage plants

Description of operation 2/:

Labor required 1/
Man-hours

Hand stack boxes from trailer to belt conveyor. Boxes
lifted from position on trailer to belt conveyor, 1.18

Hand stack boxes 3 to 6 high on trailer bed for hand
tinickers, .97

Hand stack boxes 6 high on pallets placed beside trailer
on apron. Worker stacks most of the boxes on each
pallet while standing on the ground. Boxes in the
middle of the trailer are svaing to the partially
loaded pallets by the worker standing on the trailer
bed. y 1.^9

Hand stack boxes to pallets when load is partially
palletized. Usually about half of the boxes on the
trailer are resting on pallets which are staggered
on the trailer bed. The remainder of boxes are

See footnotes at end of tabiilation. Continued -
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Labor required 1/
Man-hours

stacked on the pallet at the receiving area, (Fork

truck may remove the partially loaded pallets and
place them beside the trailer for more convenient
stacking by worker.) 3/ O.84.

Hand stack boxes from a road truck to a belt con-
veyor. Boxes lifted from position on the truck
bed to belt or roller conveyor.

One-man crew. 1,09

Two-man crew, ij 1.28

Hand stack boxes from a road truck to a pallet rest-
ing on the platform. The stacker gets pallet and
places it near the end of the truck bed. Each box
handled individually and placed on pallet. As room
is made on the truck bed, pallets are placed near the
end of the truck bed. 3/ 2.15

1/ Labor shown is Tor one worker unless otherwise noted; however,
the man-hours per 1,000 boxes for a larger crew would be the same as
for one worker if the crew members worked independently and did not
interfere with one another.

2/ Hand stacking begins when worker starts to move first box and
ends when last box b^s been released.

3/ Either 36- or A8-box pallet loads.
ij Greater time for a 2-man crew is due to interference at point

where boxes are placed on the belt.

Comparative labor requirements for a warehouse crew
to stack 1,000 unpacked or packed boxes of apples on to and off of a

belt or roller conveyor at apple packing and storage plants

Labor required 1/
Man-hours

Description of operation 2/:

Lift boxes of unpacked fruit from, their position
in stack and place on conveyor, j/

Stack beside conveyor in single row, 0.90

See footnotes at end of tabulation Continued
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Labor required 1/
Man-hours

Stack beside conveyor in double row. 1.10

Lift boxes of unpacked fruit from their position
on pallet and place on conveyor, /j/

Stack beside conv^or on pallet. 1.30

Lift boxes and cartons of packed fruit from their
position in nearby stack and place on conveyor. 2/

Stack beside conveyor in single row. .94-

Stack beside conveyor in double row, 1.05

Lift boxes of unpacked fruit from conveyor and
place in stacks near conveyor. 5/

Stack beside conveyor in single row. 1.13

Stack beside conveyor in double row. 1.31

Lift boxes of packed fruit from conveyor and
place in proper stack (segregation). 6/

Segregating into 3 or 4- stacks. 1.56

Segregating into 5 to 8 stacks, 1.91

Segregating into 9 or more stacks. 2,19

Segregating into 4- or 5 pallets 2,27

1/ Times recorded are for one worker linless otherwise noted; however,
the labor per 1,000 boxes for a larger crew would be the same as for one

worker if the crew members worked independently and did not unavoidably

interfere with one another.

2/ The operations begin when the worker starts to reach for the first
box, consists of stacking boxes on (or off) the conveyor, and ends when the
worker releases the last box,

3/ Time for stacking boxes on conveyor from stacks, two rows wide,
along the conveyor is greater than time for stacking from a single row
because the worker must swing the boxes a greater distance,

J^ Boxes on pallets placed alongside the conveyor, with sides of
boxes parallel to conveyor and rows four deep. Does not include time to
handle pallets of 0,09 man-hour per 1,000 boxes for 36-box pallet smd
0,07 man-hour per 1,000 boxes for 4-8-box pallet.

Continued -
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^ Time for biiilding two rows of stacks along the conv^or is

greater than time for building a single row, because worker must swing

boxes a greater distance and this msikes placement more difficult,

6/ The segregation area is only position where packed boxes are

stacked off conveyor except in carloading. Stacking off when segregating

consists of noticing the size marked on the box and placing in the proper

stack, A great mar^ conditions can alter the time required to segregate,

and the times presented here are general averages. The times are
separated according to the niamber of stacks to which the worker must

carry boxes.

Comparative labor requirements per 1,000 unpacked boxes to high-pile
and break out high-piled boxes by use of manual method in

apple packing and storage plants

Labor required
Man-hours

Description of operation

High-piling boxes: 1/

Two workers piling boxes from 6 high to 10 high 4.. 10
Two workers piling boxes from 6 high to 12 high A»5A

Breaking out high-piled boxes: 2/

Two workers breaking out boxes from 10 high to
6 high (Top worker stands on bench) 2/ 3.65

Two workers breaking out boxes from 12 high to
6 high 4.03

One worker breaking out boxes from 9 high to
6 high 2.50

Two workers breaking out boxes from 10 high to

4 high using a roller conveyor 4/ 1,85

1/ Work performed by a 2-man warehouse crew in stacking boxes
above the sixth tier by hand. The top worker stands on top of the
6-high stacks and positions the boxes, while the bottom worker stands
on the floor and lifts the boxes to the top worker,

2/ Work performed ty a 2-man warehouse crew in breaking out the
stacks of boxes by hand. The top worker stands on the 6-high stacks
and lifts down the boxes above the 6-high stacks to the bottom worker
who builds stacks on the floor,

3/ At warehouse where boxes are high-piled to 10 high or less,
the top worker sometimes stands on a bench while the bottom worker
stands on the floor.

Continued -
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tj The roller conveyor is placed upon the ^.-high stacks between the
belt conveyor and the top worker. A slight slope of the conveyor allows
the boxes to roll down to the bottom worker. The botto.m worker merely
swings the boxes from the roller conveyor onto the moving belt conveyor.

Table 161.—Comparative labor requireaents to high-pile and break out high-piled boxes to and
in apple packing and storage

from various stacking heights
houses

by manual methods

9-hiKh stacks 10-hiKh stacks 11- liiKh stacks 12-high stacks

Workers
, ^ :Labor per:
Ubor per 3,, ^^

1,000 bo»,3/^^^
Elapsed
tijne

, ^ :I.abor per:„
Labor per.^oo boxes:Elapsed

1,000 boxes, handled : *!"«
Labor per
1,000 boxes

:Labor per:

:455 boxes:
: handled :

Elapsed
time

Labor per
1,000 boxes

;Labor per
:500 boxes
: handled

Elapsed
tiJUe

Number Man-hours Han-hours Hours Man-hours Man-hours Hours Man-ho\iro Han-hours Hours Man-hours Mai>-ho\irs Hours

Hifih-piUnR: 1/

2

4
4.92 1.64
4.92 1.64

0,82 5.12 2.05 1.02
5.12 2.05 ..51

5.12
5.12

2.33
2.33

1.16
.57

5.66
5.66

2,83
2.83

1.41
.70

Breaking out boxes: 1/ i

2

4

4.20 1.40
4.20 1.40

.70

.35

4.38 1.75 .88

4.38 1.75 .44
4.38
4.38

2.00
2.00

1.00
.50

4.83
4.83

2.42
2.42

1.21
.60

1/ These times include the fatigue allowance noted in tabulation on page

Table 162. —Comparative labor requirements per operation to high-pile
and break out high-piled stacks of boxes of apples by use of

one- and two-stack portable mechanical lifts 1/

: 11-high stacks ;: 12-high stacks
Operation !: 1 stack— :

: 5 boxes :

2 stacks—

J

10 boxes !

: 1 stack— :

: 6 boxes :

2 stacks—
12 boxes

\ Man-minutes

: 0.0ii7

! .159
: .230
! .127

Man-minute s!: Man-minutes

: 0.047
: .191
: .230
! .152

Man-minute s

High-piling :

Pick up !

Elevate i

Release :

Lower j

0.130 \

.330 1

.464 !

.145 :

0.130
.396
.464
.174

Total !\ 0.563 1.069 : 0.620 1.164

Breaking out \

Elevate j

Pick up J

Lower \

Release j

\ 0.14/.

! .205
! .065
: .048

0.185 J

.272 !

.071 J

.042 J

i 0.173
: .205
: .078
: .048

0.222
.272
.085
.042

Total ;! 0.462 0.570 i: 0.504 0.621

1/ Portable mechanical lifts are available in capacities of one
stack and two stacks. One worker using a one- or two-stack portable
mechanical lift can high-pile or break out boxes of apples.
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Table 163.—Comparative labor requirements to high-pile and break out high-piled boxes to and from varlcus stacking heights by use of a portable

mechanical lift in apple packing and storage houses 1/

Type of portable
mechanical lift

High-pilln;;

One stack
Two stack

Breaking out

One stack
Two stack

9-hiRh atacks

Ubor per i^^r^P^^lElapsed
1,000 boxes:^^-'^/

;
time

Kan-ho\ira Man-hours Hours

3.72
3.21

3.37
2.47

1.24
1.07

1.12
.82

1.24
1.07

1.12
.82

10-hiRh stacks

Labor per ''^l P*""' Elapsed
, ^«« . :400 boxes: ^j
1,000 boxes;^^^^ tijne

Man-hours Man-hours Hours

ll-hif^h stacks 12-hiKh stacks

.Labor per: : :Labor per:
Ubor per .^55 boxcstElapsed. Labor per ; 500 boxes: EOapsed
1,000 boxes. 2/ ;

^-"^ ; 1,000 boxeS; 2/ ' *'^^°°

Man-hours Man-hours Ham's : Man-hours Man-hours Hours

2.57
2.44

2.12

1.31

1.03
.98

.85

.52

1.03
.98

2.07
1.96

0.94
.89

0.94
.89

1.89
1.78

0.94
.89

0.94
.89

.85

.52

1.69
1.04

.77

.47

.77

.47

1.54
.93

.77

.47

.77

.47

1/ These times include fatigue allowance. See page 267of the Appendix.

2/ Labor required for the number of boxes involved in handling 1,000 boxes into and out of storage.

WAIT TIME IN

MAN-HOURS

.20

.10 -

O/?

M'4/1/

^4^0 ^^U
i^4

9^
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?^
t!A No

^W

iRi
'Ok

£?e w

J.

20 40 60 80

DISTANCE IN FEET

100 20 140

Figure 133. --Additional wait time required per 1,000 boxes because of crew interference

when moving boxes in 6-high stacks various distances by use of clamp-type 2-wheel hand

trucks and three different crew sizes at apple packing and storage plants. (Note: There

was no definite difference in wait time of 3 and It-man crews.)
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Comparative labor requirements per 1,000 packed boxes for performing
certain operations in moving boxes of apples out of storage by use of

different types and combinations of types of materials-handling
equipment, and loading refrigerated railroad cars and refrigerated
highway trucks at apple packing and storage plants 1/

Description of operation ;

Hand stack boxes of apples in refrigerated railroad
car 2/:

Hand stack boxes from stacks placed by 2-wheel
hand truck in railroad car.

Push 5-high stacks backward and sideways into
position with hand box jack, 3/

Hand stack boxes from belt conveyor to railroad
car.

Transfer boxes from belt conveyor to roller con-
veyor in the doorway of the car.

Hand stack boxes from pallets to railroad car
floor.

Labor required
Man-hours

1.A3

1.06

1.19

1.0/^

1.57

F^nd stack boxes of apples in refrigerated highway
truck 2/:

Hand stack boxes from telt conveyor to highway
truck.

Hand stack boxes from pallets to highway truck.

Strip stacked boxes of apples in refrigerated
railroad car ijx

Nail lath to 2nd, 4th, and 6th tiers of boxes in
railroad car. Four pieces of lath needed on 2nd
and LXti tiers, and 2 pieces on 6th tier.

Nail lath to 3rd and 6th tiers of boxes in railroad
car. Four pieces of lath needed on 3rd tier and
2 pieces on 6th tier.

1.25

1,61

.90

.61

See footnotes at end of tabulation Continued -



- 279 -

Labor required
Man-hours

Move pallet dolly and handle empty pallets in re-
frigerated railroad car ^:

Push loaded dolly to position for stacking in
railroad car. Remove empty pallet, place pallet
beside carrier and retiirn dolly to doorway,

30-box 0,i^
i^O-box .33

Move pallet dolly and handle .empty pallets in
highway truck ^:

Push loaded dolly in position for stacking in
highway truck. Remove empty pallet, place
pallets beside carrier and return dolly to
doorway,

30-box ,IS
/I^O-box ./U

Fill in doorway of railroad car with brace or
boxes 6/:

Build 2 X A inch brace in doorway of car. Nail
two 2x4- inch gates together and place against
boxes in car doorway. Hand jack gates apart to
remove slack and nail 2 by 4^ inch braces between
gates, ,83

Stack 70 boxes in doorway of car. Take up slack
in car, stack boxes and place dvmnage to make
load tight, ,50

Two-wheel hand truck releases unit load inside re-
frigerated railroad car or highway truck l/i

Two-wheel hand truck operator releases 6-high
stacks of boxes in front of carloader. ,50

Two-wheel hand truck operator releases 5-high
stacks of boxes in position for worker to
hand jack stacks, ,78

See footnotes at end of tabulation Continued -
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Fork-lift truck releases unit load inside re-
frigerated railroad car 8/:

Fork-lift truck operator releases unit load on
dolly. Fork-lift truck is on ground level.
Double release needed to place pallet in
position.

30-box pallet
4.0-box pallet

Fork-lift truck operator releases unit load on
roller conveyor that extends out car door about
3 feet. Fork-lift truck is on about the same
level as the railroad car floor rack.

Labor required
Mian-hours

0.18

.15

30-box pallet
i40-box pallet

Manifest refrigerated railroad car or highway
:ruck load 2/:ti

Manifest load by counting and tallying every
box in load.

Manifest load by counting and tallying stacks
of unit loads.

Set up preparatory to loading a refrigerated
railroad car:

Set up railroad car for 2-wheel hand trucks.
Open car door, place bridgeplate and get hand
trucks.

Set up railroad car for belt conveyor. Open
car door and placa roller conveyor extensions.

Set up railroad car for fork-lift truck and
pallets. Open car door and place roller dolly
in car.

.07

.06

.A5

.10

.16

.18

Clean up preparatory to shipping a refrigerated
railroad car:

See footnotes at end of tabulation Continued -
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Labor required
Man-hours

Clean up railroad car when loaded by 2-wheel
hand trucks. Remove bridgeplate, shut door
and return hand trucks, 0.03

Glean up railroad car when loaded by belt con-
veyor. Remove roller conveyor and shut door
of car, ,05

Clean up railroad car when loaded by fork-lift
truck and pallet dolly. Remove pallet dolly
and shut car door, .07

1/ Only those comparative times are included in this tabulation
that reflect a different condition due to carloading (i, e,, hand truck
release is included, but pick up and transport are on later tabulations).

2/ Stacking boxes from either a belt conveyor, a pallet, or a stack

of boxes placed by hand trucks. Begins when the carloader reaches for
the box. Includes transferring the box and stacking the box for transit.

Ends when the worker reaches for another box,

3/ Work done by worker hand jacking 5-high stacks of boxes into
position for transit. Begins when the hand truck operator releases
load in position. Includes jacking the boxes backward and sideways into
position. Ends when the stack of boxes is in position.

tj Work done in placing lath across the top of the boxes begins
when the carloader goes for lath, nails, and hammer. Includes nailing
4. pieces of lath on the designated tiers, 3 or 4- nails to a lath. Ends
when the worker returns the hammer to the center of the car,

2/ Work done by carloader s in handling pallets loaded and empty
inside the car or highway truck. Begins when carloader pushes dolly
under pallet load. Includes steadying the load while the fork-lift
truck releases on the dolly, pushing the dolly to the stacking point,
removing the empty pallets and pushing the dolly to the doorway of the
car or highway truck. Ends when the empty dolly is near the center of
the car or at the end of the highway truck,

6/ Work done by carloading crew in filling the center of the car
with a brace or packed boxes. Begins when the regular stacking is done.
Includes building a brace in the doorway, or squeezing back the load and
stacking boxes in the doorway. Ends when the clean up operation begins,

7/ Work done by hand truck operator in releasing boxes inside
railroad car. Begins when the hand trucks pass doorway of the car
going into the car. Includes all of transportation, maneuvering, and
releasing inside the railroad car. Ends when the hand truck passes the
doorway of the car going out of the car.

Continued -



- 282 -

8/ Work done hy fork-lift truck operator in releasing unit load
on dolly. Begins when the fork-lift truck operator moves the unit load
past the doorway of the car. Includes releasing the unit load on the
floor of the car, moving the fork-lift truck back about 1 foot, picking
up the load, moving forward, and releasing unit load on dolly. Ends
when the fork-lift truck has completely withdrawn the forks,

2/ Work done by worker counting and tallying the carload of apples
by size, grade, and variety. Begins when the workers reach for the
tally sheets. Includes counting the boxes by size, grade, and variety.
Ends when all the boxes in the carload have been tallied.

Comparative labor requireaenta per 1,000 bowes to perform variouB operations by use of clamp-type 2-wheel hand trucks at apple packing and storage plants

Pick up stack with clajpi>-trpe 2-wheel hand truck 1/ Transport load to stacking point and return 2/

Labor required
6-high 5-high
stacks stacks

Man-boUTB Han-hours

Pick up stack of boxes in crouded
area where surrounding stacks of boxes
make maneuvering necessary, or
where there la not adequate space
between stacks for clamps to enter
conveniently, e, g., in a storage
room or on a road truck bed, 0.39 0,^7

Pick up stack of boxes In relatively
croMded area where boxes were
originally placed In position by
hand truck or stacked with adequate
spacing between stacks for clamps
to enter, e. g., on a road truck
bed, by belt, in an elevator or in
cold room. ,29 .35

Pick up stack of boxes in an open
area with sufficient room for easy
maneuver, e, g,, on floor chain
conveyor or at open segregation area, .23 .28

Labor required y/
6-hlgh 5-high
stacks 3tack_5

Man-hours Han^hours
Dietance
Feet

10
15
20
25

30
kO
50
60
70
80
90

100
125
150
175
200

225
250

(For additional transportation
distances see footnote U below.)

0.28 0.31.

.37 .44

.1.5 .54

.51, .65

.62 .75

.60 .95

.97 1.16
l.U 1.36
1.31 1.57
l.W 1.77
1.65 1.98
1.82 2.18
2.25 2.7D
2.68 3.21
3.10 3.72
3.53 4.24
3.96 4.75
4.39 5.26

Release stack with damp-type 2-wheel hand
^
truck_at

8tora^e_ points j/

Labor required
6-hlgh 5-higJi

stacks stacks
Hait-hours Han-hoors

Release stack of boxes in crowded
area where surrounding stacks of
boxBs r^ke maneuvering necessary,
e. g., stacks placed in storage
poslUon. 0.35 0,U2

Release stack of boxes in relatively
crowded area, e. g., in an elevator
or on a road truck bed, ,29 ,35

Release stack of boxes in open with
sufficient room for easy maneuver,
«• e-* ty a belt or roller conveyor,

by the washer and dunqier, or on a
floor chain conveyor. .2A ,29

1/ Work perforned by the clamp-type 2-wheel hand truck operator in picking up a load with the hand truck. Begins when operator starts to position truck for the pick up

or when the clamps pass the front of the load, and ends when the hand truck begins forward motion,

2/ Work performed by the clamp-type 2-wheel hand truck in transporting a unit load from the pick up area to the storage point and returning empty,

^ Work performed by the cLamp-typo 2-wheel hand truck operator 1ji releasing a load with hand truck. Begins when forward motion ends or when positioning coninences, and

ends when the hand truck begins forward notion.
i^ Clamp-type 2-wheel hand truck transport time for 6-high stacks: t " 0.0171d + 0,11

Clamp-type 2-wheel hand truck transport tlice for 5-hlgh stacksi t = 0,C2052d + 0.132
(Where d " one way distance in feet and t = time in man-hours per 1,000 boxes—Includes transport empty and transport loaded,)
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How to Use Elemental Data to Build Synthetic Standard
Time Values for Combinations of Equipment

Time-study techniques were used which permitted the development of
standard time values for each of the various materials-handling operations.

Standard time values for appropriate operations can be regrouped or
synthesized for a cycle of operations which includes similar operations
from several other cycles. To illustrate, a standard time for the pickup

operation by use of a hand truck was established and noted separately
from the release operation. Standard times for transportation operations
also were kept separately. Therefore, the total time required to handle
boxes of apples with hand trucks through a given cycle of operations
can be calculated regardless of transportation distance. This calcu-

lation is made by taking the pickup time plus the release time and adding
to it a standard time for the appropriate transportation distance.

When one type of equipment is to be combined with another type for
the purpose of exploring the relative efficiency of the combination, the

standard time for the group of operations can be built synthetically by

using the time required of the one type of equipment and adding the times
of the other type. Thus, if hand trucks are used with fork-lift trucks
the time requirements for pickup, releasing and transportation with the
hand truck for a specified distance may be added to the pickup, trans-
portation, and release time of the industrial fork-lift truck. The time
values for all operations by use of all types of eq;iipment studied in
the industry are found in the standard data, pages 267 to 290.

In combining various types of equipment, an important factor to be
considered is whether or not the one type of equipment can handle boxes
in the same elapsed time as another type. The equipment requiring the
longest elapsed time tends to set the pace for the entire operation.
Equipment that handles fruit more rapidly when combined with the slower
equipment stands by idle part of the time. "This wait time must be added
to the elapsed time for performing the operation.

In a number of instances plant operators using the data will find
that when various types of equipment are combined the wait time with
one type of equipment may be rather large. If the wait time is great
enough (as in a machine paced cycle or operation) it may be possible and
desirable to arrange the work so the operator of the equipment being paced
can intermittently perform other work, thus reducing idle time.

In the course of the studies every practical combination of equipment
now being used in the industry has been explored and developed in this
report, making it rarely necessary to show synthetic times for combinations
of equipment not already covered in the report. For this reason, some of
the actual combinations of equipment observed and studied will be used as
examples, illustrating the ways in which labor requirements of various
operations were combined to arrive at the total labor required to perform
a specific materials-handling operation. These are developed in the
tables which follow.
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Table 164.. Labor required for a 3-nian crew to unload and move 1,000 unpacked boxes of apples into

storage from a road truck hy use of belt conveyors and clamp-type 2-wheel hand trucks 1/

Operation
\

Workers^
Produc- : Fatigue : Wait : ToteU.

tive labor: allowance 2/: time : labor

Number Man-hours Man-hours Kan-hours Man-hours

Set up and clean up

Place boxes on belt conveyor (conveyor moves
boxes 50 feet)
Transfer boxes from belt conveyor to 6-high
stacks

Pick up 6-high stacks hy use of clamp-type
2-wheel hand trucks

Transport 6-high stacks 50 feet try 2-wheel
hand trucks

Release 6-high stacks from 2-wheel hand truck

3

1

1

. 1

'. 1

: 1

3/ 0.16 0.0 7/ 0.32 0.4S

4/ 1.09 .22 8/ .47 1.78

5/ 1.13 .23 2/ -^ 1.78

6/ .29 .03 .0 .32

! 6/ .97 .10 ' .0 1.07 >•

. 6/ .35 .04 .0 .39

Total man-hours 3.99 0.62 1.21 5.82

Elapsed time — hours ': 10/1.94

1/ In body of report this is table 9, page 4^5. labor requirements shown do not include piling

boxes above 6-high stack. This size crew can receive 13 road truckloads of 288 boxes each per 8-hour

day.

Page 267 of Appendix.

Page 268 of Appendix.
Page 273 of Appendix.
Page 274 of Appendix.
Page 282 of Appendix.
Page 268 of Appendix. 0.28 of the 0.32 man-hour is set up and clean up for the two men inside

0.04 is the time taken for the boxes to reach the stacking off point. (50/80 dividedthe warehouse.
by 60 times 1,000/288)—50 feet of belt conveyor traveling at 80 feet a minute divided by 60 gives

hours and assviming 288 boxes per truckload gives man-hours per 1,000 boxes.

8/ This is obtained by subtracting (1.09 + 0.22) from 1.78. The 1.78 is the governing time set

by the hand trucker.

2/ This is obtained by subtracting (1.13 + 0.23) from 1.78.

10/ This is obtained ty adding (1.78 + 0.16). The 1.78 is the hand trucking time and 0.16 is the

set up and clean up time.

Table 165.—Comparative labor and equipment costs of a common method for unloading from road trucks and
moving into storage 1,000 unpacked boxes of apples by use of belt conveyors and clamp-type

2-wheel hand truck when a 3-mfln crew is employed 1/

Elapsed
time

Labor and equipment required
Labor and equipment costs

Method
: : Total costs

Equipment : Wait : Total
time : time : labor

Equipment: Labor -Current:
'

: wapes :

Assumed
wages

Hours

.2/ 1.94

^^achine-hrs.Man-hrs. Man-hrs. Dollars Dollars Dollars

'.

ij 1.74 5/ 6.69 6/ 8.43

Dollars

One worker places boxes •

on, one worker takes
boxes off conveyor,
and one worker hand
trucks

: i

:

:

'i 3/ 5.82 2/ 1.21 2/ 5.82 7/ 9.69

1/ Taken from table 13, page 48 in body of report. In hand trucking operation, boxes of fruit are
handled in 6-high stacks. Costs shown do not include piling boxes above 6-high stacks. Transportation
distance 100 feet, 50 feet by use of belt conveyor and 50 feet by use of hand truck.

2/ Taken from table 9.
"y Clamp-type 2-wheel hand truck, 100-foot belt conveyor and 15-foot roller conveyor 1.94 machine

hours each, total 5.82 machine-hours.

lJ The machine-hours are multiplied by the machine costs as foxind in table 2.

'2J The "cTirrent" wage rate of 5il.l5 per hour times the man-hours of labor.

6/ Equipment cost plus the labor cost at current wags rates of $1.15 per hour.

7/ Equipment cost plus the labor costs at a wage rate of $1.40 per hour.
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Table 166. labor required for a 3-man creu to unload and move 1,000 unpacked boxes of apples into

storage from a road truck by use of a single elevator and clamp-type 2-wheel hand trucks

when fruit is moved directly to elevator to storage 1/

Operation 'Workers
Productive: Fatigue : Wait

labor ; allowance 2/; time
Total
labor

Set up and clean up

Pick up 6-high stacks off the road truck bed hy

2-uheel hand truck

Transport 6-high stacks 30 feet to elevator by
2-wheel hand truck

Release fc-high stacks on elevator by 2-wheel

hand truck

Elevator cycle

Pick up 6-high stacks off the elevator by

2-wheel hand truck

Transport 6-high stacks 70 feet from elevator

to storage point by 2-wheel hand truck

Release 6-high stacks at storage point by

2-wheel hand truck

Total man-hours

Elapsed time—hours

; Man-hours Man-hours Man-hours Man-hours

V 0.06-i/ 0.12

-i/ .39

':!/ .29

is/ .20

iz/ .29

li/ 1.31

is/ .35

0.0 0.18

.0/,

.06 6/ .27

.03 .0

.0 2/ .40

.03 .0

.13 6/ .07

.04 .0

.53

.95

.32

.60

.32

1.51

.39

3.57 0.33 0.80 4.70

10/ 1.57

1/ In body of report this is table 28, page 68. Elevator load is 168 boxes. Labor ?equirements

shown do not include piling boxes above 6-high stacks. Transportation distance standardized at

100 feet does not include vertical transportation distance of the elevator cycle.

2/ Page 267 of the Appendix.

2/ Pages 267 and 268 of the Appendix.

^ The elapsed time for the set up is 0.06 because the productive time for the work is 0.12 and

only two can perform the work at the same time. Therefore, one man stands ly while the other two men

work.

5/ Page 282 of the Appendix.

6/ Page 277 of the Appendix (fig. 133).

7/ Page 290 of the Appendix.

8/ This is the amount of time required for an operator to move the elevator from one floor to

another and return. It is determined by the following: (1,000/162 x 14/267 x 1/60 x 2) +
(0.017/162 X 1,000) = 0.20. 162 boxes per load, 14 is the footage between floors, 26.7 is the feet

per minute travel of the elevator, 60 is used to convert time to hours, 2 is used because the elevator

has to go up and down, 0.017 is time given to open and close the elevator doors per elevator trip.

2/ Two workers wait 0.20 hours during the elevator cycle.

IQ/ This is the total labor in man-hours divided by 3.

Table 167. Comparative labor and equipment costs for unloading from road trucks and moving into

storage 1,000 unpacked boxes of apples by use of one elevator and clamp-type 2-wheel

band trucks into storage from road trucks l/

Method :WorkJ Elapsed:

ers : time :

Hours tMachine-far3.:Man-hrs. Man-hrs. ; Dollars Don«rs Dollars Dollars

One elevator

Three men hand
truck stacks
from road truck
onto elevator.
Elevator taken
to off-loading
floor where the

3 men hand
truck stacks to
storage
position

labor and equipment required"
Labor and equipment costs

Equipment :

time ;

Walt
time

Total
labor

: Equipment: Labor :

Total cost
Current: Assumed

wages: wages

y 6.28 2/ 0.80 2/ 4.70 ^ 5.15 i/ 5.41 6/ 10,56 7/ 11.73

1/ Taken from table 32, page 73 in body of report. Boxes of fruit are handled in unit loads
consisting of 6-high stacks. Costs shown do not include piling boxes above 6-hlgh stacks. Hori-
zontal distance standardized at 100 feet; vertical distance not Included.

2/ Taken from table 2S.

2/ Equipment time is made up of 3 X 1.57 for the clamp-type 2-wheel hand trucks and 1.57 for
the 8,000-pound capacity elevator.

^ The machine hours are multiplied hy the machine cost shown in table 2.

5/ The "current" wage rate of $1.15 per hour times the man-hours of labor.
6/ Equipment cost plus the labor cost at current wage rate of $1.15 per hour.

7/ Equipment cost plus the labor cost at a wage rate of $1.40 per hour.
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Table 168.—Labor reqviired for a 2-man crew to unload and move 1,000 unpacked boxes of apples into
storage from orchard trailer by use of pallets and fork-lift truck when boxes are received

unpalletized 1/

Operation ; Workers:
T, J xj : Fatigue: Wait : „ . ,
Productive^^^^^ time :

Jotal
labor

, 2/ • 3/ •
l^^r

Number! Man-hours Man-hours Man-hours Man-hoxirs

Set up and clean up !

Transfer boxes from orchard trailer to ^-box
pallets

Pick up a ^-box pallet load by a fork truck

Transport pallet load 100 feet by a fork-lift
truck

Release pallet load in cold storage room
(average 1st, 2nd, and 3rd tier—18-boxes
high)

. 1

'. 1

1

• 1

: 1

4/ 0.22^ 0.0 0.0 0.2ii

!5/ l.'i9 .30 .0 1.79

•6/ .05 .0 .0 .05

'.6/ .29 .02 .0 .31

^6/ .09 .0 .0 .09

Total man-hours ! 2.16 0.32 0.0 2.4S

Elapsed time—hours • 7/ 2,03

1/ In body of report this is table 51, page 105.

2/ Page 267 of the Appendix.

2/ Some wait time may occur for the fork-lift truck operator during the receiving cycle of
operations.

4/ Page 271 of the Appendix.

^ Page 272 of the Appendix.

6/ Page 237 of the Appendix.

7/ The elapsed time is labor of the worker hand stacking the boxes from the trailer bed to
pallets including set up and clean up.

Table 169.—Comparative labor and equipment costs of unloading and moving 1,000 unpacked boxes of
apples into storage from orchard trailers ty use of pallets and fork-lift trucks when

boxes are being received unpalletized 1/

:

: Elapsed*
! time !

Labor and equipment required
Labor and equipment costs required

Method
: : Total cost

Equipment : Wait
time : time

: Total •

: labor
Equipment: Labor :Chirrent:Assxmed

: : wages : wages
! Hours !

: i

i

'-.2/ 2.03'

Machine-hrs. Man-hrs, Man-hrs.' Dollars Dollars Dollars Dollars

Orchard trailer

One man stacks boxes
on pallets, 1 fork-
lift truck operator
transports and
stacks unit loads

i

!

y 0.90 2/ 0.0

J

J

2/ 2.^8-V 1.9/; 5/ 2.93 6/ 4.87 7/ 5.49

1/ Taken from table 54, page 109 in body of report. The handling is done in 48-box pallet
loads which are tiered 3 pallets, or 18-boxes high.

2/ Taken from table 51.

2/ Equipment time is made up of 0.45 hours for 20.8 pallets (48-box), 0.45 hours for 4,000-pound
capacity electric fork-lift truck.

ij The machine hours are multiplied by the machine costs as found in table 2.

"iJ The "current" wage rate of $1.15 per hour unskilled labor and |il.30 per hour skilled labor
(fork-lift truck operator) times the labor hours required.

6/ Equipment cost plus the labor costs at current wage rates of $1.15 per hour and |1.30 per
hour.

7/ Equipment cost plus the labor costs at wage rates of $1.40 and $1.55 per hour.
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Table 170. Labor ^eq^li^ed for a 3-m£Ln crew to move 1,000 unpacked boxes of apples from storage

to the packing fine by use of clamp-type 2-wheel hand trucks and belt conveyor 1/

Operation 1 Workers
Productive:
labor :

Fatigue
allowance 2/

'. Wait ;

: time ;

Total
labor

[Number •:Man-hours Man-hours

0.03

Man-hours

0.0

Man-hours

Pick up 6-high stacks at storage position ly

hand truck

!

! 2 2/ 0.29 0.32

Transport stacks 35 feet to toraporary bank ! 2 !^ .71 .07 Ij .10 .88

Release stacks at bank ! 2 !y .29 .03 .0 .32

Pick up 6-high stacks from bank by hand
truck ! 1 : y .29 .03 .0 .32

Transport stack 15 feet to belt : 1 y .37 .04 .0 .a

Release stack at belt conveyor ! 1 •y .2U .02 .0 .26

Place boxes from single row stack on belt
conveyor \ 1 • y .90 .18 6/ 1.26 2.34

Total man-hours

1

! !

3.09 O.ilO 1.36 4.85

1/ In body of report this is table 80, page

2/ Page 267 in the Appendix.

2/ Page 282 in the Appendix.

y Page 277 in the Appendix (fig. 133).
^ Page 273 in the Appendix.

6/ This figTore is obtained ty adding the time for the worker to hand truck stacks from the
bank to the belt (0.32 + 0.41 + 0.26) plus the time to place the boxes on the belt conveyor (1.08)
and subtracting this amoiint from the number of hours req\iired to supply 1,000 boxes to a line
dumping at assumed rate of 300 boxes per hour (3.33 man-hours per 1,000 boxes).

Table 171.—Comparative labor and equipment costs of one specified r-.ethod of moving 1,000 unpacKeu

boxes of apples from storage to the packing line by use of clamp-type 2-wheel hand trucks
and belt conveyors 1/

Method

Labor and equipment required

Equipment
time

Wait
ti.^e

Total
labor

Labor and equipment costs

Equipment
Total cost

Labor ; Current: Assumed
wages ; wages

Machine-hrs. Man-hrs. Man-hrg Dollars Dollars Dollars Dollars

Two hand truckers move stacks

35 feet from storage to tuild
up a day ' s supply in bank near
the belt, then move to another
job, 1 worker places boxes
on belt to dumper and hand
trucks stacks 13 feet to belt. 2/ 8.18 2/ l-3<^' 3/ -4.85 V 3.98 5/ 5.58 6/ 9.56 7/ 10.77

1/ Taken from table 82, page 1(^,8 in body of report. Costs do not include breaking out boxes
above 6-high stacks in storage room.

2/ Equipment time is made up of 3.33 machine-hours for the 140-foot belt conveyor and 4.85 machine-
hours for clarap-type 2-wheel hand trucks.

y Taken from table 80.
ij Machine hours are multiplied by equipment costs shown in table 2.
5/' The "current" wage rate of $1.15 psr hour times man-hours of labor.
6/ Equipment cost plus labor cost at ciu-rent wage rate of S^l.lS per hour.
7/ Equipment cost plus labor cost at a wage rate of $1.40 per hour.
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Table 172.—Labor required for a 3-nian crew to move 1,000 packed boxes of apples from the packing

line to storage and pile 10-boxes high tjy use of clar^i-type 2-wheel hand trucks, belt
conveyor, and gravity roller conveyor 1/

Operation Workers
Productive:
labor :

Fatigue
allowance 2/

: Wait
: time

: Total
: labor

Number Kan-hours Man-hours

o.u

Man-hour;

U 2.13

3 Man-hours

One worker segregates boxes at roller conveyor
and builds 6-high stacks 1 \y 2.19 5/ 4.76

Pick up 6-high stacks of boxes in segregation •

area by 2-wheel hand truck 2 •6/ .23 .02 7/ 5.51 5.76

Transport 60 feet by 2-wheel hand truck 2 !6/ l.U .11 8/ .07 1.32

Release stacks in storage with 2-wheel hand
truck 2 \y .35 .04 .0 .39

Manually high-pile boxes in 10-high stacks 2 :2/ 1.64 .41 .0 2.05

Total man-hours 5.55 1.02 7.71 10/U.28

1/ In body of report, this is table 115, page 206,

2/ Page 267 of the Appendix.

3/ Page 274. of "the Appendix.
ij This figure is obtained tty subtracting the productive labor to segregate plus the fatigue

allowance from the total hoiors per 1,000 boxes (4.76 = 1,000/210) required for packed boxes to come
from the packing line at an assumed rate of 210 per hour. 4.76 minus (0.44 + 2.19).

^ Assuming a shrinkage factor of 70 percent and a dumping rate of 300 boxes per hour the
number of packed boxes per hour is 210. (1,000 divided by 210 gives 4-. 76.)

6/ Page 282 of the Appendix.
7/ This figure is obtained by adding the productive labor, wait time, and the fatigue allowance

of the two workers who hand truck and high-pile the packed boxes and subtracting this total from two
times the number of hours per 1,000 boxes required for packed boxes to come from the packing line at
an assumed rate of 210 per hour.

8/ Page 277 of the Appendix (fig. 133).

2/ Page 276 of the Appendix.

IQ/ Total man-hours is (3 x 4.76 =) 14.28.

Table 173.—Comparative labor and equipment costs for moving 1,000 packed boxes of apples from the
packing line to storage by use of belt conveyor, clamp-type 2-wheel hand trucks, and

gravity conveyor section 1/

\
Labor and equipment required

Labor and equipment costs

Method
Equipment

: s Total cost
: Equipment : Wait : Total
: time : time : labor

: Labor : Current: Assumed
: : wa^es : wages

,Machine-hrs. Man-hrs. Man-hrs.- Dollars

V 4.37

Dollars Dollars Dollars

Three-man crew—1 worker
segregates, 2 workers hand
truck 60 feet and maniwlly
high-pile 10 boxes high •2/ V^.Ok 3/ 7.71 y 14.28: y 16.42 d/ 20.79 7/ 24..36

1/ Taken from table 117, page 208, in body of report.
2/ Equipment time is made up of 4.76 machine-ho-ors for the 100-foot belt conveyor plus 2 x 4.76

machine-hours for the clamp-type 2-wheel hand trucks, plus 4.76 machine-hours for the 15-foot gravity
roller conveyor.

y Taken from table 115.
The machine-hours are multiplied \sy equipment cost as shown in table 2.
The "current" wage rate of $1.15 per hour times the labor hours required.
Equipment cost plus labor cost at current wage rate of ^.15 per hour.
Equipment cost plus labor cost at wage rate of $1.4.0 per hour.2/
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Table 17/*.—Labor required for a 6-man crew to move 1,CXD0 packed boxes of apples out of storage and load a railroad car by use of clamp-type
2-wheel hand trucks, belt conveyor, and gravity roller conveyor when the load is braced and stripped 1/

Operation * V-orkers
: Productive

labor
: Fatigue
: allowance 2/

Wait
tinE

Total
labor

: Number Man-hours Man-hours Man-hours Man-hours

Set up and clean up : 6 2/ o.a 0.0 V 0.37 0.58

Pick up 6-high stacks in storage by 2-wheel hand truck 2 i/ .29 .03 .0 .32

Transport 50 feet to belt conveyor : 2 1/ .97 .10 6/ .08 1.15

Release 6-high stacks beside belt conveyor in double rows 2 1/ .29 .03 .0 .32

Place boxes on belt conveyor 2/ 1.05 .21 8/ .17 1.43

Transfer boxes from belt conveyor to gravity roller conveyor ^ l.Oi. .10 10/ .29 1.43

Stack boxes in the railroad car 2/ 1.19 .24 .0 1.43

Strip every second tier of boxes stacked in the railroad car 2/ .90 .09 11/ .U. 1.43

Brace doorway of railroad car 12/ .83 .08 .0 .91

Total man-hours 6.77 0.88 1.35 9.00

Elapsed time—hours 12/ 2.44

1/ In body of report, this is table 135.
2/ Page 267 of the Appendix.

y Pages 280 and 281 of the Appendix.
ij During the clean up tine of 0.16, which is done by 2 workers in an elapsed time of 0.08, 4 workers wait giving a wait time of 0.32 man-

hour.. During the clean up of 0,05 2 hand truckers are assximed to have left and the clean up is done by 2 workers in an elapsed time of 0,025.

Therefore, 2 workers wait for a total of 0.05 man-hour, adding time 0.05 and the 0.32 gives a total of 0.37 man-hour wait time.

5/ Page 282 of the Appendix.

6/ Page 277 of the Appendix (fig. 133).

2/ Page 274 of the Appendix.

8/ This is obtained by subtracting the productive labor (1.05) 4 the fatigue allowance (0.21) from the total labor required to stack boxes

in the railroad car (1.43).

y Page 278 of the Appendix.
10/ This is obtained by subtracting the productive labor (1,04) + the fatigue allowance (0,10) from the total labor required to stack boxes

in the railroad car (1.43).
11/ This is obtained by subtracting the productive labor (0,90) the fatigue allowance (0.09) from the total labor required to stack boxes

in the railroad car (1,43).

12/ Page 279 of the Appendix.

13/ This is obtained by adding the elapsed time for the set up and clean up (0.10) + the total labor required to stack boxes in the railroad

car Tl.43) + the total labor required to brace the doorway of the railroad car (0,91).

Table 175.—(Comparative labor and equipment costs for moving 1,000 packed boxes of apples out of
storage and loading a railroad oar ty use of clamp-type 2-wheel hand trucks, belt

conveyor, and roller conveyor when the load is braced and stripped 1/

Elapsed
tijne

Labor and equipment required Labor and equipment costs

Method
: : Total cost

Equipment : Wait : Total Equipment : Labor :CXirrent: Assumed
time : time : labor : : wages : wages

Hours ^fechine-h^s. Man-hrs. Man-hrs. Dollars Dollars Dollars Dollars

Two workers hand truck
50 feet to belt con- !

veyor, 1 worker
places on, 1 worker
transfers boxes from !

and 1 worker stacks !

boxes off the belt !

conveyor, 1 worker !

strips load and braces !

doorway •2/ 2.U : y ^.65 2/ 1.35 2/ 9.00 ! Lj 1.29 5/ 10.35 6/ 11.6^ 7/13.89

1/ Tkken from table 137, page 235 in body of report.

2/ Taken from table 135.

2/ Equipment time is made up of 1.4^3 machine-hours for the 100-foot belt conveyor, 1,4.3 machine-
hours for the 15-foot gravity roller conveyor and 1.79 machine-hours for the clamp-type 2-wheel hand
trucks.

ij Machine hours multiplied by equipment costs as shown in table 2,

f/ The "current" wage rate $1.15 an hour times the labor hoxirs required.
6/ Equipment cost plus the labor cost at current wage rate of $1.15 an hour.

7/ Equipment cost plus labor cost at a wage rate of $1.40 an hour.
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Comparisons of Labor Required to
Handle Packed Cartons and Packed Standard Boxes

Time studies show that the labor required to handle cartons of
apples does not differ greatly from that required to handle standard
boxes. By comparing the various handling operations, it is possible to
show that the differences are not statistically significant. Comparisons
of the labor required to pick up, transport, and release loads are pre-
sented in table 176.

For each of the three operations involved in handling cartons, all
the elements are identical to the operations in handling standard boxes.
Because of this there are no great differences in the labor required to
handle cartons and standard boxes. Table 176 shows that the average time
to handle standard boxes falls within the range of the average time required
to handle cartons plus or minus two standard errors. Therefore, it is
reasonable to conclude that there is no significant difference between
the labor required to handle cartons and standard boxes.

Table 176,—Comparative labor requirements to pick up, transport, and
release 1,000 packed cartons of apples and 1,000 packed standard
boxes of apples by use of clamp-type 2-wheel hand trucks

Operation
[

: Cartons !: Standard boxes
: Average : Range 1/ j; Average

Pick up ;

Transport 105 feet 2/ j

Release !

: Man-hours Man-hours :

5 0.31 0.28 to 0,3-^ ;

t 1.91
I .31 .28 to ,3/V

•

! Man-hours

i 0,29
! 1,91
'. .29 -

1/ The range is equal to the average plus and minus two standard
errors of the mean,

2/ At this distance the two times were identical so there is no
cause to make a statistical test, A more adequate comparison, if the
data were available, woxold be to compare the times over a wide range of
distances or to compare the regression equations for transporting both
types of containers. Because the weights of the containers are approxi-
mately equal and they are handled in the same manner, there is no reason
to suspect that differences would exist.

Pallets and Fork-lift Truck

Studies made at two plants using fork-lift trucks and pallets
indicate that there is no significant difference in the labor required
to handle unit loads of cartons of apples and standard boxes of apples
on pallets. Since fewer packed cartons than standard boxes are placed
on pallets to make up a pallet load, the man-hours per 1,000 boxes are
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correspondingly higher for cartons. Packed cartons are seldom tiered

in cold storage. As a consequence comparisons of labor requirements to

handle cartons and boxes can be made only on the basis of first tier

pick ups and releases. The times per unit load for pick up, transport,

and release are the same for cartons as for standard boxes.

The average time for a first tier pick up per unit load of cartons

was 0.13 minute per unit load with a standard error of 0.0039 minute.

This compares with a first tier pick up time of 0.134^ minute per unit

load for standard boxes. Because the difference is less than one standard
error it can be concluded that there is no significant difference between
the two.

The average time for individual unit load releases was 0.10 minute,
with a standard error of 0.0059 minute. The comparative time for releases
of standard boxes was 0.106 minute. This small variation indicates that
no significant difference exists.

The transportation time per unit load logically should be very close

for both types of containers. Difference in weight and stability of the

unit loads is not great enough to affect the speed of the fork-lift
truck. Thus, the times established for standard boxes being applicable
to cartons, it is only necessary to adjust the times in proportion to
the nximber of cartons per unit load. In table 177 comparisons for
handling boxes and cartons are made on the basis of man-hours per
1,000 containers. This was done to make these data comparable with
other data in this report.

Table 177.—Comparative labor requirements to pick up, transport, and
release 1,000 packed cartons of apples and 1,000 packed standard

boxes of apples by use of pallets and fork-lift trucks

Operation ]

! Cartons 1/ :; Standard boxes
: Average : Range 2/ ;; Average

Pick up !

Transport 4.5 feet 3/ j

Release >,

t l^n-hours Man-hours ;

: 0.045 0.041 to 0.0^9!
: .205 :

i .035 .031 to .039 !

; Man-hours

: 0.046
t .210
: .037

1/ An eqxoal namber of boxes per unit load was assxjmed for two types
of cartons in order to make the comparisons.

2/ The range is equal to the average plus and minus two standard
errors of the mean.

3/ At this distance, the labor requirements for cartons and boxes
were so close there was no cause to test the significance of the
difference. A more adeqiiate comparison, if the data were available,
would be to compare the times over a wide range of distances or to
compare the regression equations for transporting both types of
containers.
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Belt Conveyor

In four different apple packing and storage plants, seven time
stiidies, averaging 606 cartons per study, were made of workers placing
fiberboard cartons on a moving belt conveyor. Studies also were made in
three plants of the same operation when standard boxes were being
handled. The size of the sample was relatively large and the labor
required per 1,000 cartons was so close to that for standard boxes that
no test was made of the difference (table 178).

Table 178.—Comparative labor requirements for placing cartons and
standard boxes on a belt conveyor

Containers j: Plants !: Studies !

: Average \

\ containers
; per study •

' Totnl
' labor

Cartons !

Standard boxes

; Niomber

\ 3 !

! Number

\ 7 !

! 3
1

{ Number j

\ 606 \

\ 336 '

! Man-hours

\ 0.93

\ .97

The elements of the operation of placing cartons on a belt conveyor
are identical to those of placing standard boxes on a belt conveyor.
Since the weights of the two packed containers are approximately equal,
there should be no significant difference in the labor required to handle
the two types of containers.

Comparison of Handling Operations for
Industrial Lift Trucks of Various Capacities

In comparing the operating efficiencies of various sizes of
industrial lift trucks it was found that the efficiencies were related
to the size of the unit loads that could be handled. In ten plants in
which data were gathered, the industrial lift trucks, regardless of
size, travelled at approximately the same rate of speed. It is not
possible for the industrial trucks to travel at their maximum rate of
speed in most of the plants because of the possibility of boxes tipping
off the load in turns, sudden slowdowns or stops. Safety precautions
also tend to restrict the speed of the trucks in the plants, mainly
because of narrow aisles. In figure 134., regression lines are shown
for the various sizes and types of trucks. For the range of distance
that is most frequently travelled—100 to 300 feet—three of the lines
are very close together. The fourth line differs considerably from the
others because it is based on data taken on two gasoline powered fork-
lift trucks which were operated without governors and the speed of travel
in the plant was relatively unrestricted by turns and narrow aisles.
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MAN-HOURS
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.020

.010

1,000 LB. INDUSTRIAL CLAMP
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4,000 LB. ELECTRIC
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3,000 LB. ELECTRIC
FORK-LIFT TRUCKS

1 3,000 LB. GASOLINE
FORK-LIFT TRUCK

±
50 100 150 200 250

DISTANCE IN FEET
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Figure 13^. --Comparative labor requirements per unit load to transport boxes of apples

and return empty by use of pallets and industrial fork-lift trucks of various capacities.

Data on pick up and release by various sized industrial fork-lift
trucks are shown in table 179. Very little difference among the trucks
in man-hours per unit load occurs in ar^ of the operations because all
the elements in either pick up or release are the same for all sizes of
trucks. Data for industrial clamp-type lift trucks are not included in
the table. Industrial clamp trucks are frequently used in plants that
have been converted and consequently conditions are different than in
plants that were built for industrial equipment.

The elevating speed per unit load of the trucks seems to be fairly
uniform, possibly because the heavier unit loads offset the greater
power capacities of the larger trucks. From these data it can be con-
cluded that the relative efficiencies of the industrial lift trucks are
dependent upon the niamiber of boxes that can be handled at one time as a
unit load. Man-hoiirs per 1,000 boxes rather than the man-hours per unit
load are a measure of the operating efficiencies of industrial lift trucks.
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Table 179.—Comparative labor requirements for pick up and release per unit load and per 1,000 boxes
by use of industrial fork-lift trucks of various capacities

Unit load 1.000 boxes
Capacity of truck Road :

truck bed :

Floor :

level :

1st, 2nd,
3rd. tier

Road
truck bed

: Floor :

: level :

1st, 2nd,
3rd. tier

. Man-hours Man-hours Man-hoxirs Man-hours Man-hours Man-hours

Pick up !!

36-box
40-box
48-box

0.0036
.0036
.0034

0.0022
.0022
.0022

0.0043
.0046
.0043

0.10
.09
.07

0.060
.055
.045

0.12
.115
.09

Release 1/ i

36-box
40-box
48-box

~ 0.0014
.0020
.0019

0.0045
.0040
.0043

-
0.04
.05

.04

0.13
.10

.09

1/ Releases not made onto road truck beds.
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